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It gives me great pleasure to write the foreword for the fourth edition of the book ‘Nutrition &
Dietetics’ by Shubhangini Joshi.

India had a green revolution. What it needs now is not only an evergreen revolution but also a
nutritional revolution. In that sense, | would say that the first edition of the book having been
published in 1992, the author had fully understood the needs of the hour.

The book deals with the fundamentals of nutrition, with some emphasis on fithess and sports. The
clinical aspects as applied in Dietetics/Therapeutic Nutrition are presented in a lucid manner. The
grave problem of Malnutrition in India are being tackled with various Programs. They are dealt with
in some depth. A good discussion on Food Commodities, their Safety aspects and various Food
Laws follow. Various food handling practices are then discussed with some valuable insights into
the ways of conserving the nutrients in foods by following good manufacturing practices.

India has always been a land of a variety of dietaries. | am very happy that the author has given
due recognition to this fact. She has also given emphasis on the lesser used millets like Jowar,
Bajra and Ragi (Nachni) their due attention.

Food security has gained a lot of attention all over the world and it is important that every
individual consumer should be food secure. Not only does a person have the right to food but
he must also have the right to the correct type of food. The problems of Over nutrition, Diabetes,
Cardiovascular diseases and such other lifestyle diseases also have to be addressed to avoid
them from becoming serious Public Health issues.

The author, in this, new edition, has paid special attention to Nutrigenomics or Nutrigenetics,
which may help in alleviating the problems of Lifestyle diseases In future. She has paid special
attention to aspects like breastfeeding for mothers especially those affected by HIV/AIDS as well
as management of diabetes during pregnancy and lactation The New Recommended Dietary
Allowances as per NIN/ICMR are included.

The book is replete with ready reckoner tables as well as quick references, solved case studies,
review questions for students as well as the layman. | hope the book will enable not only students
but also the allied healthcare and nursing professionals to better understand the Science and
Practice of Nutrition Care.

| congratulate the publishers McGraw Hill Education Pvt. Ltd. for having reposed their faith in the
author and consistently bringing out the editions revised with the latest information for the seeker.

The book, first published in 1992 has stood the test of time. This in itself is proof that the users
have received it very well. My congratulations to the author for writing a book with such a longevity
and making such a valuable contribution to this vital area, which will have a bearing on the much
needed nutritional revolution in India.

e

Dr. Raghunath Mashelkar

Tel :+91-20-2590 2197, 2590 2605 Email : ram@ncl.res.in Res : +91-20-2729 1269/69
Fax : +91-20-2590 2607
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Despite a plethora of books on Nutrition and Dietetics, the fact that this particular book has stood
the test of time with several reprints confirms its success. Nutrition and Dietetics are related, but
many universities recommend them as varied subjects in their syllabus. Nutrition, as a subject,
spans from Molecular Mechanisms to Epidemiology, from Physiology to Pharmacology, from
Biochemistry to Clinical Medicine. Dietetics is the integration and application of Principles of
Nutritional Science, Biochemistry, Physiology, Food Systems Management, Behavioral Science
and Social Science with the objective of attaining or sustaining the health of individuals.

It is imperative that students have access to updated and comprehensive information relevant
to the subject. The author has fully succeeded in addressing the needs of the students. Basic
nutrition and clinical nutrition are dealt with equal efficacy. The chapter on ‘Microorganisms and
their applications in foods’ offers unique insights. Food safety, an important area, is addressed
appropriately. The appendices are invaluable resources for the readers.

Overall, this text is a ready reckoner, suitable not only for students but also for practising
dietitians and nutritionists. The author, Ms Shubhangini Joshi and the publisher, McGraw Hill
Education (India), together deserve a pat on their back for this contribution of an excellent
textbook.

Dr B Sesikeran, MD

Director,

National Institute of Nutrition,
Hyderabad, India



Foreword to the Second Edition

This book on Nutrition and Dietetics is a timely contribution since all over the world, there is
increased realisation on the critical linkages between nutrition and a productive and healthy life.
Maternal foetal undernutrition has particularly serious consequences since this has an adverse
impact on brain development of the child. Therefore, there is need to adopt a whole lifecycle
approach to nutrition, starting with pregnant women and infants and extending up to old and
infirm persons.

The first chapter of the book provides a valuable introduction to the multi-faceted nature of
scientific nutrition. The book not only deals with the basic and applied aspects of dietetics but
also covers important areas like nutrition and specific health problems like diabetics and ulcers.
The approach is a food-based one and not one based on drugs. Therefore, this book will be
very valuable to all concerned about building a community-centred nutrition security system.
1, therefore, hope it will be widely read and used, particularly at the village level. Based on this
book, a nutrition toolkit can be developed which will be of special value to the one million women
members of elected Panchayats.

We owe a deep debt of gratitude to Ms Shubhangini Joshi for this scholarly book. Thanks are
also due to McGraw Hill Education (India) for the user-friendly manner in which the book has
been published.

M S Swaminathan

UNESCO Causteau Chair in Ecotechnology

and

Chairman, M S Swaminathan Research Foundation, Chennai



Preface to the Fourth Edition

Nothing can be more fulfilling than to see your work well accepted for more than two
decades by the users, in my case students, teachers, doctors, nutritionists, dieticians,
and, above all, the common person. Today, there are so many self-proclaimed diet
‘experts’ that the layperson is left in a state of confusion, what with some foods
becoming ‘miracle’ foods overnight and the same foods becoming ‘dangerous for
health’ in a short span of time! In the light of this, the book has stood the test of time
for over 22 years because of the authenticity of information it contains.

The users and reviewers of my book inspire me to improve the knowledge in the
book and I am greatly indebted to them for this. I hope they will continue to do so
in future.

RATIONALE OF THE REVISED EDITION

The field of Nutrition and Dietetics is experiencing much more awareness, new
information, and new developments. Some information becomes obsolete and
needs to be revised. The book has thus been restructured and redesigned to update
it with the current developments in the subject area. It is particularly well suited for
students of Bachelors in Foods, Nutrition and Dietetics, BSc (Biochemistry, Nursing,
Nutrition, Home Science, Food Service Management & Dietetics) Bachelors in
Hotel Management and Catering Technology, MBBS, BA (Home Science) as well
as Nutrition and Dietetics courses offered by IGNOU and other open universities. It
is also useful for persons pursuing courses in Sports Nutrition and Fitness. Real-life
case studies, interspersed with review questions, give useful insights into the field of
nutrition and are useful for self-understanding.

SALIENT FEATURES

m Encompasses all the fundamentals of the subject—Role of Nutrients, Balanced
Diet, Diet Therapy for Cardiovascular, Kidney, and Liver Diseases; Food Safety
Measures
m Case Studies for students, teachers, practicing nutritionists and dietitians
Use of tables to facilitate various concepts in nutrition
m The chapter on "Nutrition in HIV and AIDS’ is a special addition to this book,
which will enable students understand the health and nutritional problems
associated with this disease as well as the strategies for treatment
m The Appendices and Glossary serve as ready reckoners for students and make it a
valuable reference guide
m Pedagogy includes
e 10 Appendices on Statistics and Guidelines like RDA Exchange List, Standard
weights and measures, ICMR Data on Sports Nutrition, Statistical Data on
Malnutrition

® More than 250 figures and tables

® More than 175 Review Questions

e About 100 Objective-Type Questions



Preface to the Fourth Edition Xix

NEW TO THE EDITION

The Recommended Dietary Allowances (RDAs) have been revised by ICMR and are
included in this edition.The fast-emerging field of Nutrigenomics has been added.
Disadvantages of breastfeeding vs. bottle-feeding are given more exhaustively; and
the effects of fast foods on health are explored in-depth. Diabetes is on the rise and
is emerging as one of the prominent lifestyle diseases in India. New information for
nutritional management of diabetic mothers-to-be and pregnant diabetic mothers is
included. Other problems in pregnancy such as pica, gestational diabetes and pre-
eclampsia have also been dealt with in this edition. A new note on causes of high
blood pressure is included. Updated information in the field of sports nutrition such
as effective hydration and pre-event meals is given.

In Section II, the Health Care Team in a hospital setting is elaborated. New BMI
Classification (as per WHO/NIH) is given. The chapter on diabetes mellitus has been
revamped to a great extent, with inclusions such as alcohol guidelines for diabetics,
medicinal plants useful in diabetes, etc. A brief note on lactose intolerance and
cancer-fighting foods is also added.

WEB SUPPLEMENTS

The web supplements can be accessed at http://highered.meducation.com/
sites/9339220153 and contain Review Questions and Objective Type Questions.

USE OF TECHNOLOGY

In bringing out the fourth edition, the publishers and I have
taken advantage of recent technological developments to create
a wealth of useful information not present in the physical
book. For students using smartphones and tablets, scanning
QR codes located within the chapters gives them immediate
access to more resources like
case studies. HCI’ICC, the new For the solution, just scan the QR code given here B
edition is more in line with the OR visit http://qrcode.flipick.com/index.php/234. o

digital revolution that we are Also check out the MCQ’s related to this case in the next 36
gital revolu W OR code OR visit http://qreode flipick.com/index.php/305.
experiencing now. ¢

ACKNOWLEDGEMENTS

I am greatly indebted to Hon. Dr Raghunath Anant Mashelkar, former Director
General of CSIR, who led India’s crusade in the arena of Intellectual Property Rights,
for having spared his invaluable time to write the foreword to my 4" edition. I consider
myself blessed by the great contributors in the field of science and technology such
as Dr M S Swaminathan, Dr B Sesikeran and now Dr R A Mashelkar, who have
written the forewords to my 2", 3, and 4™ edition, respectively.

The National Institute of Nutrition and ICMR have been kind in permitting me to
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Dr C Gopalan, B V Rama Sastri, and S C Balasubramanian and revised and updated
by B S Narasinga Rao, Y G Deosthale, K C Pant, and others. I am grateful to the
World Health Organization for permitting me to use the data which is so important
and relevant for my book.
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The encouraging response of the users and detailed feedback of the reviewers of
my book has continued to inspire me and kept me going forward in improving my
work ever since the book was first published in 1992.

I am very thankful to Vibha Mahajan, Shalini Jha, Smruti Snigdha, Renu
Upadhyay, Anjali Razdan, Sohini Mukherjee of McGraw Hill Education (India) and
their entire team associated with printing the fourth edition of the book. Likewise, I
am also grateful to the following reviewers for giving me useful suggestions:

Sheeba Jeyaraj Anooja Thomas
Women s Christian College, Chennai, CMS College, Kottayam, Kerala
Tamil Nadu

I owe special thanks to my family members who have stood by me in the
entire process of bringing out this fourth edition. My daughter, Jidnyasa, helped in
computerization of the text matter to a very great extent and lent her expertise in
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Preface to the First Edition

This book is written mainly for the undergraduate students of nutrition but it is
expected to be valuable for all those who need basic training and introductory course
in nutrition and dietetics. Health-conscious people, with or without a background of
science, can gain an insight into this interesting subject related to our daily life.

This book is not for experts or students doing their masters with specialisation
in this subject. It is not meant to be used as a standard reference book for nutrition
or menu-planning for dietetics. It is meant to illustrate mainly the general principles
of nutrition and diet therapy as well as the practical aspects involved in nutritional
planning and management.

Each individual’s dietary requirements differ from those of another because of
many factors. Planning a diet of any kind for an individual calls for attention to
several major and minor aspects. Some of these include age, sex, height, weight,
cultural, social and economic background, mental and emotional state, food hab-
its, nature of work, individual likes and dislikes towards foods, climatic conditions,
family and medical history including genetic constitution or make-up with specific
reference to congenital defects.

This shows that serious and scientific diet planning needs proper consultation and
advice from an expert in the field.

Food is defined in various ways depending on the scientific, technical or legal
requirement (e.g., food as defined by the Prevention of Food Adulteration Act, 1954).

I would like to define food as follows: “Food is a group of substances consumed
normally in response to the stimulus of hunger and most of which is digested as well
as assimilated in the body for growth and maintenance.”

Experts may find this definition deficient or incomplete in one or more ways, but
it must be noted that some philosophical outlook is imbibed in it. Everything that
we eat is not to be considered as food. Food can qualify as a nutrient only when it
nourishes the body. Food in excess, i.e., over and above your nutritional needs, can
become a poison. Some people do not include or cover water in the definition of
food. Can food exist without water? Water is an integral part of food right from the
molecular level. Our body is made up of the food that we eat, and hence, acquires as
well as reflects the qualities which are characteristic of the nature of food consumed.

In India, it is culturally imbibed to respect food as God’s gift and the act of feed-
ing is treated as an essential ritual rather than a daily routine. Voracious eating and
wastage in the plate is discouraged. Disrespect towards food invites diseases, dis-
abilities and debilities. Students ought to understand these very basic, fundamen-
tal, qualitative differences present, deeply buried at the root level of this science.
Generalised, superficial concepts clash with these facts and contradict the common
beliefs propagated through partial or incomplete education. Toxicity cases due to
hypervitaminosis or excess nutrient and minerals and other such complications are
the result of incomplete knowledge and its blind practical application, though a few
may be accidental.

Food and feeding are one of the most lightly treated but important aspects of our
life. Though it is well known that food is a saviour, but it can also be a killer, it is
not given the attention it deserves. Of late, some signs of reversal in this trend have
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been noticed. This book has been inspired with the hope of enhancing this awareness
in the minds of the readers. This will help them cultivate good habits of proper food
choice and dietary attention. This will go a long way to achieve and enjoy good
health and physique.

There is a wonderful element of instinct in human beings for selecting their food.
This has been experimentally proved in children of very young age. The increase in
age and so-called knowledge blunts this edge of natural power. Having lost this nat-
ural wisdom, we need to take the help of external scientific knowledge from experts
to plan our diet. The very need of this kind is the base for genesis of a work like this
which is expected to educate the students of this young and developing science.

No single book can impart complete knowledge, and this book too does not claim
to be perfect and complete. The interested students could refer to other titles on the
subject for detailed or additional information. Some books are listed out at the end
for easy reference.

If this book generates serious interest in a few students of nutrition, I will consider
my sincere and humble efforts to have been rewarded.

SHUBHANGINI A JOSHI
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Chapter
1 Introduction to

Nutrition and
Dietetics

1.1 INTRODUCTION

Food is the basic necessity of life. Everybody eats food and most people enjoy
it. From the beginning, scientists were curious about the food they consumed, its
passage in the body and its effects. This curiosity led to the development of the
science of nutrition. Nutrition is defined as the scientific study of food and its relation
to health. It can also be defined as the science which deals with those processes by
which body utilizes food for energy, growth and maintenance of health.

The development of chemistry and other fields of science helped solve several
unanswered questions about food. In the late 18th century, Lavoisier began studies in
nutrition. He studied the role of respiration in metabolism of food. He is appropriately
called “the father of nutrition science”. Other important scientists who made valuable
contributions to the study of nutrition were Lusk, Atwater, McCollum, Benedict,
Rose and Rubner.

In our country since ages, dietary treatment has been used in conjunction with or
without medicine.

It has been practised by the Vaidyas (physicians) as they are termed in Ayurveda.
Every patient was given medication after thorough examination and diagnosis of
the disease and also asked to follow certain dietary practices at least till complete
recovery. This was known as pathya (dietary management). Many do’s and dont’s
were prescribed which were tailored to suit his health and constitution. The role
of diet as a part of treatment is increasing day-by-day with new observations and
experience.

In Ayurveda, we find instructions regarding the appropriate choice of food for
quick recovery as well as for preventing further diseases and complications.

Similarly, if we look into the recipes that have been used for generations, we find
that a majority of them are nutritionally well-balanced and season-oriented. Today,
in the light of nutrition education and scientific knowledge, we must appreciate the
instinctive approach of our ancestors towards food.

In the beginning of this century, interest in nutrition was mainly related to the
energy needs of the human body, i.e. how much energy is obtained from different
constituents of foods like carbohydrates, proteins and fats. Minerals were studied
in detail when they were discovered to be important nutrients. Along with minerals
came the discovery of vitamins. To follow were amino acids, fatty acids, trace
mineral elements and hormones.

Now nutrition is an important part of our life. We have realized that quality of
our health depends upon the nourishment that we provide to our body. However, our
dietary habits are influenced by many factors. This is shown in Fig. 1.1.
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Most people eat what they like or because it is a norm or out of habit. Their choice
of food is not influenced by the awareness of its nutritive value. Few people know
the way body utilizes food. It is also necessary to understand that a delicious dish is
not necessarily a nutritious one.

1.2 WHAT IS NUTRITION?

As defined earlier, nutrition is the science of food and its interaction with an organism
to promote and maintain health. Thus, nutrition is a combination of processes
by which all parts of the body receive and utilize the materials necessary for the
performance of their functions and for the growth and renewal of all the components
(rejuvenation).

Food is the substance taken into the body that will help meet the body’s needs for
energy, maintenance of health, growth and reproduction.

Optimum nutrition means that a person is receiving and utilizing essential
nutrients in proper proportions as required by the body while also providing a
‘reserve’.

Nutritional status is the condition of the body as it relates to consumption and
utilization of food. The nutritional status of a person may be either good or poor.
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Good nutritional status refers to the intake of a well-balanced diet, which supplies
all the essential nutrients to meet the body’s requirements. Such a person may be said
to be receiving optimum nutrition.

Poor nutritional status refers to an inadequate or even excessive intake or poor
utilization of the nutrients to meet the body’s requirements. Overeating can also
result in poor nutritional status of a person.

Malnutrition refers to the physical effects on the human body of a dietary intake
inadequate in quantity and/or quality.

Under nutrition refers to low food intake. Basal Metabolic Rate (BMR) is the
minimum energy expenditure necessary for body maintenance at rest with no
physical activity.

(] Signs of Good Nutritional Status

Shiny hair, smooth skin, clear eyes, alert expression and firm flesh on well-developed
structure reflect good nutritional status of a person. One ought to be of correct weight
in relation to one’s height (see Appendix V). His/Her physical and mental responses
should be normal.

Good nutritional status of a person is also reflected by his/her stamina and
resistance to diseases. Good nutrition also helps a person have regular sleep and
elimination habits. It may increase a person’s lifespan. In short, a person with a good
nutritional status can enjoy life fully.

(1 Signs of Poor Nutritional Status

The person has a poor physique, very little stamina, dull lifeless hair, dull eyes,
slumped posture, fatigue and depression. He/She may be grossly overweight or
underweight. The three important aspects namely those of diet, sleep and elimination
habits are irregular. Clinical symptoms of nutritional deficiency may be evident in
some. In most cases subclinical nutritional deficiencies may be present, but may not
exhibit any symptoms.

1.3 THE FOOD GUIDE PYRAMID

In 1992, the US Department of Agriculture released the Food Guide Pyramid,
featuring six food groups, designed to reflect the changing eating habits of
consumers, and to give the department’s official recommendation of what is good
for the human body. From a broad base, the design narrows progressively towards
the top. In the pyramid, the hierarchy and daily servings of the six food groups
are as follows:

Six to eleven servings of bread, cereal and pasta

Three to five servings of vegetables

Two to four servings of fruits

Two to three servings of milk, yogurt and cheese

Two to three servings of meat, poultry, fish, beans, eggs and nuts

At the apex of the pyramid and occupying the smallest space are the fats, oils
and sweets which are to be used sparingly.

AL e
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In India, foods are divided into five groups. Table 1.1 and Fig. 1.2 depict their
desirable intake in normal nutrition.

Table 1.1 Desirable intake of the five food groups

Food group Percentage
Cereals and millets 60
Body-building foods 15
Other vegetables and fruits 10
Protective foods 10
Energy group 5

5 D

EAT SPARINGL)

Fig.1.2 Indian food guide pyramid

1.4 WHAT ARE NUTRIENTS?

Nutrients are chemical components of food that supply nourishment to the body.
They are required by the body in the right amounts and they must be eaten regularly.
Each nutrient—Proteins, Carbohydrates, Fats, Minerals, Vitamins and Water—
performs a specific function in our body.

Let us look at the nutrients in Fig. 1.3.

Cellulose, though not a nutrient itself, plays an important role in the physiology of
digestion. Hence, it is considered to be a vital nutritional factor.

(U Functions of Nutrients

A nutrient must accomplish at least one of the following three functions:
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e Supply energy to the body
o Build and repair body tissues
e Regulate body processes

Carbohydrates and fats primarily supply energy. Proteins provide functional and
structural materials and also supply energy when the dietary intake of carbohydrates
and fats is low. Vitamins and minerals, along with water, help to regulate the body
processes such as respiration, reproduction, circulation, metabolism, digestion,
absorption and elimination. These processes take place continuously in our body
without our being conscious of them.

Water, which constitutes about 58 percent of the body weight, is found in all the
tissues. Its importance in the body cannot be underestimated. A man can live without
food for several days but cannot survive without water for even a few days. It is a
solvent and all enzymatic activities require water. Hence, metabolism in the body
and all physiological processes require water. It plays an important role in carrying
nutrients to all the tissues and removing wastes from them. Hence, an average person
must drink at least six to eight glasses of water or its equivalent in a day.

CARBOHYDRATES

i Bhakﬂ Bread = 5 g
ugar
Bananas 3 Jaggery
CELLULOSE
""i Roots & , Chapati {4

Leafy vegetables

Drumsticks

Fig. 1.3 The nutrient wheel
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Cellulose, though not a digestible part of the diet, is an indispensable one.
Cellulose or dietary fibre helps in the process of elimination of wastes in the form
of stools. It does so by binding the stools, along with water, and also stimulates the
gastro-intestinal tract which helps early defecation.

1.5 WHAT IS MALNUTRITION?

Malnutrition is a state in which a prolonged lack of one or more nutrients retards
physical development or causes specific clinical disorders, e.g. iron deficiency
anaemia, goitre, etc. Malnutrition can also be defined as an impairment of health
resulting from a deficiency, excess or imbalance of nutrients. It includes undernutrition
and overnutrition. Kwashiorkor, a protein-deficiency disease, highlights this fact
since in most cases of kwarshiorkor the cause is intake of poor quality protein rather
than inadequate quantity over a prolonged period of time. More recently malnutrition
is defined as an unintentional weight loss of more than 10 percent, associated with a
serum albumin level below 3.2 g/dl.

Some characteristics of people suffering from malnutrition are dull lifeless hair,
greasy pimpled facial skin, dull eyes, slumped posture; fatigue and depression are
easily evident by their spiritless expression and behaviour, and lack of interest in
their surroundings. Such people may be underweight or overweight. Sleep may be
affected, and also the elimination habits. Constipation is a common problem.

The problem of malnutrition cannot be taken lightly as it may sometimes prove
fatal. It may also cripple a person for the whole life, e.g. deficiency of vitamin A in
children leads to blindness.

A disease which results from lack of a certain nutrient is known as a deficiency
disease, e.g. iron-deficiency anaemia, is a very common deficiency disease in women
and young girls.

Menstrual losses and increased needs in pregnancy are some of the causes of
anaemia.

Persons prone to malnutrition are infants, pre-school children, adolescents,
pregnant women and elderly people. Pregnant women are especially prone to
malnutrition if they are adolescents and not mature enough to bear children.

Infants and pre-school children are dependent on their mother for nourishment
and if her selection of foods for them is incorrect, they may suffer from malnutrition.
During the process of weaning, most poor children are a prey to faulty nourishment
since they may be fed sago kanji (gruel) as a substitute for milk and no other foods
providing good-quality protein. Sago kanji supplies carbohydrates but very little
proteins, and lack of proteins in the diet may result in severe wasting of body tissues.
This may lead to multiple deficiencies and kwashiorkor results. This, in many cases,
is fatal or if the child on treatment does survive, it may leave its effect in the form of
an under-developed brain. Hence, the period of infancy, i.e. from birth to 18 months
is a very crucial period and thus protein quality and quantity in the diet should be
taken care of.

Usually, adolescents eat often but irregularly and mostly the wrong kind of
food. Snack items such as potato wafers, popcorn, cakes, soft drinks, candies,
pepsicolas are their favourite foods. These foods not only supply very limited
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nutrients but also cause a feeling of fullness. Such hollow or empty calorie foods
should not be allowed liberally. However, at this age what their friends eat and
do is what matters most to them. Crash diets are also commonly seen in this
age group. The resulting malnutrition due to wrong choice/selection of foods is
evident in an adolescent either in the form of anaemia or lack of stamina and their
school work is affected.

Pregnancy and lactation are stress periods in a woman’s life. The woman’s
appetite increases remarkably and so does the need for nutrients. The fast-growing
foetus has to be continuously nourished. This stress has to be even more carefully
managed when the mother-to-be is an adolescent. Her own growing needs as well
as those of the foetus put a burden or her body. The birth weight and health of
a newborn is influenced by its mother’s nutritional well-being during pregnancy.
Lactation also needs careful attention to food intake and its quality, since the quality
of the mother’s milk and the length to which she can satisfactorily breast-feed her
child depends on it.

Old people are also malnourished many a times as they may be unwell or not
properly looked after. Poor eating may result in poor nutritional status in them.
Dietary restrictions due to some disorders such as diabetes, high blood pressure, etc.
may add to this.

Malnutrition results in most of us since we do not heed to our body’s daily
requirements. As mentioned in the definition, malnutrition is evident as a deficiency
disease, e.g. rickets in children due to calcium-vitamin D deficiency. Also,
malnourished people are prone to continuous bouts of some illness or the other which
affects their work very often. This condition can be easily set right if we eat the right
food in the right amount daily, i.e. if we consume a balanced diet everyday, and
develop good eating habits for good health.

A balanced diet, in short, is a diet which contains all the nutrients in the right
amounts as required by an individual’s body needs.

What then are the guidelines for good health?

1.6 GUIDELINES FOR GOOD HEALTH

The general guidelines to good health that may be followed are:

1. Maintain regularity in your routine.

Eat as much natural foods as you can.

Consume seasonal foods as far as possible.

Eat well but do not ‘overeat’.

Avoid excessive salt and spices.

Avoid too much sweets, especially sugar.

Eat foods which contain carbohydrates, especially starch and fibre.

Avoid foods that contain large amounts of cholesterol and saturated fats.
9. Watch your weight and maintain ideal weight.

10. Avoid eating the same kind of foods all the time. Eat a variety of foods.

PN ERDD

Let us look at each of these in detail.
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(] Maintain Regularity in Your Routine

Our body can adapt to changes, but it has its own biological clock which is adapted
to our daily routine and also changes with seasons. Once you have conditioned your
body to a certain routine, it is necessary to maintain it. Regularity in maintaining
your routine presents certain advantages in determining regular sleeping habits,
elimination habits and at least two proper meals. People who suffer from constipation
or sleeplessness are those who do not listen to their biological clock.

] Eat Fresh, Natural Foods

Most natural foods are more nutritious than their preserved counterparts. A glass
of lime juice contains more vitamin C than lemon squash flavoured artificially. It
must be remembered that natural foods do not contain any additives which may
be natural or synthetic ingredients added to a food to increase its acceptability. All
natural foods with the exception of fruits and salads have to be processed. Cooking
is a method of processing which destroys microorganisms, softens foods making
them easier to chew and digest and also, in case of some foods, destroys the anti-
nutritional factors. Hence, most foods must be cooked and processed so as to enable
the consumer to benefit from them. Lathyrism, a debilitating disease, can be easily
prevented if the dal, Lathyrus sativus, is boiled before consumption. So, although
some foods are best consumed in their natural state, most foods require processing.
In the processed foods available in the market some amount of additives are added in
order to enhance the quality of the product or preserve it for a longer period. Some
of these are synthetic while some are natural. Saccharin, an artificial sweetener, is
used in many carbonated beverages. Therefore, excessive consumption of any food
containing synthetic additives must be avoided.

So next time you buy burfi, buy the one without colour added to it. Prefer natural
foods to those which resemble natural foods, e.g. soft-drink concentrates should not
replace your glass of fruit juice. Stress on consumption of all types of natural foods
has been laid down by naturopaths.

1 Adapt Yourself to Seasonal Variations

Changes in seasons have a tremendous impact on our body and this affects our
health. If the diet is modified according to the climatic conditions, our body suffers
minimum shock and adapts very easily to seasonal variations.

During summer, since sweat loss is much more than that in winter, one must
consume more water and electrolytes to replace the lost fluid. If the intake of fats
and carbohydrates is increased during winter, it helps in providing for the required
additional generation of heat by the body.

U Eat But Do Not Overeat

Eat three to four meals a day and at each meal eat well but do not overeat. According
to Ayurvedic practice, a meal should be eaten at the right time. Its quantity also
should be such that two parts of the stomach are occupied by the food, one part by
water and one part should be left empty in order to permit the flow of gastric juices
and the contents of the stomach to be churned so as to avoid indigestion. This will
explain very easily the main cause of indigestion.
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Good health can be maintained if at any given meal one does not overeat, be
it a snack or a dinner. Eating while watching TV, talking or reading can result in
overeating. Many readers must have experienced overeating during a buffet dinner.
Overeating, even if a little, can lead to overweight and obesity in the long run.

U Avoid Excessive Salt and Spices

Anything that is done in moderation cannot harm the body, but a slight excess
everyday can be harmful for the body in the long run.

A simple example is salt, a substance whose daily intake varies from person to
person. Salt which contains large amounts of sodium must be carefully handled,
more so by people who have a tendency towards high blood pressure. Clinically, a
definite correlation has been established between sodium and hypertension.

Table salt is the main source of sodium. In order to avoid consuming too much
sodium, a small amount of salt should be used while cooking and only a little salt
may be used at the table. Foods which are highly salted are salted peanuts, potato
chips, potato wafers, and salted popcorn. Masalas, pickles, cheese, brined vegetables,
tomato sauce and ketchup, brined onions, and soya sauce contain added sodium. It is
necessary to read the food labels carefully before consuming processed foods.

One can learn to enjoy the flavour of foods without salt by discrete use of lime
juice, black pepper powder, coriander, etc. Very spicy foods must be avoided since
they are harmful to the delicate lining of the gastro-intestinal tract.

) Avoid Excessive Consumption of Sweets,
Especially Sugar

Excessive consumption of sweets must be avoided. Sucrose has been proved to be
one of the causative agents of dental caries. Fresh fruits should be preferred to canned
fruits. Consumption of concentrated sugar sources like jams, jellies, marmalades
must be minimized.

(] Eat Foods that Contain Adequate Carbohydrates,
Especially Starch and Fibre

Consumption of complex carbohydrates, such as starches present in cereals, is more
advisable than that of the simpler sugars found in honey, fruits, table sugar and milk.
This is because the digestion of the complex sugars is relatively slower than that of
the simpler ones.

Starches can be substituted for fats and sugars, and foods that are a rich source
of fibre, such as whole-grain cereals, green leafy vegetables, pulses and legumes,
should be included in the diet. Fibre in the diet lowers blood cholesterol. Avoidance
of fibre or consumption of a fibre-free diet has proved to be a definite cause of rectal
disorders, poor bowel habits, colon cancer and chronic constipation.

1 Avoid Foods that Contain Large Amounts of Fat,
Cholesterol and Saturated Fats

This can be achieved by eating moderately, foods rich in cholesterol, such as meat, fish,
poultry, organ meats and eggs. Vegetable oils may be used. Controlled consumption of
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sweetmeat prepared in pure ghee, butter and vanaspati is necessary. It is essential to
restrict consumption of fried foods and high-sugar foods.
Only moderate consumption of these foods is the key to good health.

(] Watch Your Weight and Maintain Ideal Weight

It is always better to be slightly underweight than to be overweight. Every gram of
excess weight is a burden on the heart and vital body resources. If loss of weight is
advised then it should be done at the rate of half to one kg a week until your ideal
weight is reached. Weight loss should never be drastic as it may lead to major health
problems and can even be fatal. The process of losing weight depends on good eating
habits, i.e. eating slowly, chewing the morsel thoroughly, preparing smaller portions
and helpings. It is important to increase certain physical activities which help you
to lose weight, eat less fat and starchy foods, avoid empty calories such as those in
alcohol and soft drinks, and avoid sweets and sweetmeats. Appendix IV shows the
ideal weight for men and women.

(1 Avoid a Monotonous Diet—Eat a Variety of Foods

Most foods contain several nutrients, but no single food provides nutrients in the
right quantity for good health, e.g. milk is a complete food yet it is a poor source
of iron and vitamin C, so it is necessary to include citrus fruits which are a rich
source of vitamin C. This is not sufficient as it does not provide sufficient iron, hence
supplementation of diet with leafy vegetables or liver is necessary. This example only
goes to show that more the variety of foods in the diet, the better is the nutritional
value and lesser is the chance of nutritional deficiency. The following major food
groups may be used as a guide for selecting at least one food from each group.

Milk, dal, meat, fish, egg
Fresh fruits and vegetables
Cereals and cereal products
Oils, fats, sugar and jaggery.

1.7 DIETETICS AND ITS SCOPE

Dietetics is the branch of therapeutics which puts into practice the application of the
principles of nutrition to diet in relation to health.

It can also be defined as the science of applying the principles of nutrition to the
planning and preparation of foods and also regulation of the diet in relation to health
and disease.

The American Dietetics Association defines dietetics as “a profession in which
there is the integration and application of principles derived from the sciences of
food, nutrition, management, communication, biological, physiological, behavioural
and social sciences to achieve and maintain optimal human health.”

A dietitian is a person qualified in the field of nutrition and dietetics from a
recognised national institution or university. He/She applies the science of nutrition
to the feeding and education of people in both health as well as disease.
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A dietitian is also a multifaceted person who besides having the technical
knowledge in the field of nutrition must have additional knowledge and performance
competencies in the following areas:

Nutritional diagnosis and implementation of nutritional care process.
Counselling and behaviour management

General business management such as managing staff, interdisciplinary teams,
negotiations, generating revenue, communication skills, etc.

Practice management such as legal and ethical issues, cost-benefit, determining
value of products and services, marketing, reimbursement, etc.

Leadership

Knowledge about food such as cultural foods, product development, impact of
food processing on nutrient value, environmental and agricultural issues
Outcomes of research and evidence-based practice

Genetics

Other areas as needed to meet the current and future needs.

@ suvmary

Good nutrition is a goal which can be achieved by anyone who desires it. Moderation
in everything that we eat is the key to success. It is necessary to select wisely from
the different foods available in the market. A large variety of convenience foods
are meant to ease the burden of the modern housewife who may also be a working
woman. They may be used only as accompaniments to the daily diet. Always remem-
ber that no single food can be the complete health food for healthy living. Opt for
natural foods and eat foods to fulfil your nutritional requirements.

€@ CASE STUDIES

You are invited to address a group of adolescent boys and girls in a college.

1.
2.
3.

Nk W

o

List the points that you will need to emphasize for this age group.
Give day-to-day examples for healthy living.
How will you explain the importance of the Food Guide Pyramid to them?

@ REVIEW QUESTIONS

Define the following terms: nutrition, food, optimum nutritional status, mal-
nutrition, under-nutrition, over-nutrition, nutrients.

What are the signs of good nutritional status?

What are the signs of poor nutritional status?

List the functions of nutrients, giving examples.

What is the nutrient wheel? Which food group occupies the most space in the
wheel and which group the least?

What is the Food Pyramid? Which food group is at the apex and why?

List out the guidelines for good health.



Chapter

Food and
Our Body

The questions that spring to our mind after reading about nutrition and malnutrition
in the first chapter are:

o How do we decide our nutritional requirements?

e What food should we eat?

o How much food do we need? and

o How does the body utilize the food that we eat?

Answers to these questions are obtained from studies that have been carried out.
The composition of food is studied either by chemical analysis or by biological assay.

(1 Chemical Analysis

Chemical analysis enables one to obtain useful data regarding the approximate content
of carbohydrates, fats, proteins, minerals, vitamins and water in any given food. It
also enables us to determine with fair accuracy the amounts of mineral elements,
such as iron, calcium, phosphorus, sulphur, sodium and chlorine, present in different
foods. Vitamins can also be determined by chemical analysis, but other techniques
such as physical methods which measure absorption spectra, fluorescence, turbidity,
etc. or microbiological assay (influence of a particular vitamin on growth of bacteria)
can be used.
Figure 2.1 illustrates some instruments used in chemical analysis of food.

] Bioassay

In most common methods of bioassay, laboratory animals are first depleted of the
particular vitamin being studied by being fed a diet lacking in it. Then some of the
depleted animals are divided into different groups and fed graded doses of the known
vitamin, with each group receiving one of the doses in the series. The response of
the animals to the intake, in growth and/or other appropriate criteria, is measured
and recorded in a standard response curve. Simultaneously, a second set of depleted
animals is divided into different groups and fed increasing amounts of the food being
assayed, and the responses of each of these groups is recorded. Then, the vitamin
potency of the product being tested is estimated by comparing the responses of the
second set of the animals with the standard response curve of the first group.

Biological assays are laborious, time-consuming and costly. Large numbers of
samples are needed to produce statistically reliable results; the animals should be
of approximately the same age, sex and weight; it takes time to produce nutrient-
deficient animals; and quite often the data obtained are highly variable. In addition,
the data from one species are not always relevant to another species.
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Some Instruments used in Food Analysis. 1. Chemical balance—It is used for
weighing samples less than 100 grams with accuracy up to o.1 milligrams.
2. Rough balance—It is used for weighing samples less than 1 kilogram with
accuracy up to 500 milligrams. 3. Muffle furnace—It is used for preparing the
ash of samples to estimate the mineral content. 4. Oven—The air oven and the
vacuum oven are used for determining moisture in samples or for drying samples.
5. Soxhlet extraction apparatus—It is used when determining the lipids, crude
fat, fat-soluble vitamins and other such organic solvent-extracted materials in
samples. 6. Kjeldahl apparatus—It is used when computing the protein content
of samples on the basis of their nitrogen content. 7. Photoelectric colourimeter—
It is used for estimating the minerals, vitamins and other substances whose
amount in samples is proportionate to the colour they produce with certain
reagents. 8. Chromatography or Adsorption Analysis—It is a technique widely
adapted for estimating amino acids, sugars, lipids, dyes and flavours in samples.
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The fundamental value of the biological assay is that it gives positive proof of
biological activity. It is still the basis of comparison or standardization for new
microbiological or chemical methods.

Bioassay of vitamins A and D is usually done. For vitamin D, rats and chicks are
used as test animals; rats respond equally well to D2 and D3, whereas chicks respond
only to D3. The assays measure the alleviation (curative test) or the development
(prophylactic test) of vitamin D deficiency in terms of the degree of rickets produced.

A bioassay method known as the “line test” uses stained longitudinal sections of
the distal end of radius bones to evaluate calcification.

The empirical composition of the body is dependent on the quality of the food
eaten. You are what you eat.

2.1 BODY COMPOSITION

The body is structurally made up of organs, tissues and cells. These in turn are made
up of different chemical elements held together in varying combinations.

The predominating chemical elements in the body are 65 percent oxygen, 18
percent carbon, 10 percent hydrogen and 3 percent nitrogen. Together they represent
about 96 percent of body weight and account for the principal constituents of the
body, namely water, proteins, fats and a small amount of glycogen. The remaining
4 percent of body weight is made up of mineral elements, of which calcium and
phosphorus account for three-fourths.

Water is present in all body tissues and accounts for 55 to 70 percent of body
weight. The water content varies inversely with the amount of fat in the infant bodies
which have a low fat content and a high water content. Lean adults have a higher
body water content than obese adults.

About three-fourths of the body water is in the intracellular compartment (fluid
within the cells) and one-fourth is in the extracellular compartment, which includes
the blood circulation, the lymph and the interstitial fluids that bathe all cells. Tissues
vary considerably in their water content, with bones, teeth and adipose tissue, for
example, containing appreciably less water than muscle and nervous tissue.

Proteins account for about 18 percent body weight. The normal body fat content is
7 to 15 percent for men and 12 to 25 percent for women. Body fat content in excess
of 20 percent for men and 30 percent for women is generally regarded as obesity. A
gradual increase in body fat content occurs in both sexes with aging.

Only about 300 g carbohydrate in the form of glycogen is present in the body, with
very small additional amounts involved in the structure of various tissues. Many of
the important body constituents such as vitamins, hormones and enzymes are present
in such small amounts that they have no significant effect on total body weight.

The approximate chemical composition of our body is shown in Table 2.1 and the
distribution of the mineral elements is shown in Table 2.2.

The chief constituent elements of almost all organic compounds are carbon,
hydrogen and oxygen. They may be found in varying amounts but occur in the body
especially in carbohydrates, fats and proteins. Nitrogen is an essential constituent
of proteins. Some proteins also contain sulphur, phosphorus and iron. These four
elements, namely carbon, hydrogen, oxygen and nitrogen, make up about 96 percent
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of body weight. They are supplied to the body by carbohydrates, fats, proteins and
water present in the foods that we eat, water and beverages that we drink and oxygen
that we breathe.

Table 2.1  Percentage of total body weight

Body Component Man Woman
Protein 17.0 8.5
Fat 13.5 22.0
Carbohydrate 1.5 1.5
Water 62.0 62.0
Minerals 6.0 6.0
Total 100.0 100.0

Table 2.2 Mineral elements in our body

Mineral Proximate Mineral Proximate

percentage percentage

Calcium Iron 0.004
23-34

Phosphorus _| Manganese 0.0003

Potassium | Copper 0.00015

Sulphur Iodine 0.00004

Chlorine 0.95 percent

Sodium

Magnesium _|

The constitution of each living being is governed by its genetic make up, although
the basic building material (food) is the same. The basic molecules of the food
consumed by all living beings are identical. However, these molecules are converted
into body tissues which are specific not only to the various species but also to different
individuals within a species. Hence, no two individuals are alike.

2.2 CHOICE OF FOOD

The basic misconception about food is that we crave for the food which our body
needs. We very often hear ‘Let him eat it (whatever food he likes most). If he likes it
so much, may be he needs it more.’

Human beings are considered to be the most advanced when their intelligence
is compared to that of animals, but as far as food selection is concerned, man
does not retain this position. Choice of foods relating to the body’s requirement
is more accurate in the case of animals. The food choice of a human being is
influenced by his social life and cultural background as well as his learning.
Learning profoundly influences our food selection. It is interesting to note that
infants show a natural ability to select foods needed by their body. This ability is
lost as the child grows up.
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2.3 RECOMMENDED DIETARY ALLOWANCES
FOR INDIANS

The Nutrition Advisory Committee of Indian Research Association, now Indian
Council of Medical Research recommended for the first time, dietary allowances
for Indians of energy, proteins, iron, calcium, vitamin A, thiamine, ascorbic
acid and vitamin D. These recommendations were revised in 1958 in respect of
energy and protein. The Nutrition Expert Group of the Indian Council of Medical
Research revised in 1968 the earlier recommendations of nutrient allowances for
Indians in respect of all nutrients, except energy. This Committee also considered
the desirable levels of intake of additional nutrients like folic acid, vitamin B,
vitamin D and fat. In making these recommendations, the committee was guided
by the safe allowances of various nutrients suggested by the experts group of the
Food and Agricultural Organisation (FAO) and the World Health Organisation
(WHO) and data on nutrient requirement of Indians. These recommendations were
again revised in 1978 by an Expert Group of the ICMR and allowances were again
examined in detail by an Expert Committee of the ICMR in April 1988 and detailed
recommendations with respect to safe levels of intake of all nutrients were made.
The basis of these recommendations is discussed in detail in the Report of the
Committee.

The recommended intakes are given in Appendix III and the points on which they
are based and guidelines to use them are described below

1. Body Weight

(a) Reference man and woman: On the basis of height of adult, body weight of
60 kg and 55 kg for reference man and reference woman should be used in
arriving at RDA, instead of 55 kg and 40 kg used earlier.

(b) In case of growing infants and children, desirable body weights are to be
used. In the absence of Indian data, NCHS standards will be used for the
time-being.

2. Energy Allowance

(a) Energy requirement is expressed in terms of BMR values which are derived
from the body weight of Indians using the equation given by FAO, 1980 and
the values reduced by 5% to allow the lower BMR of Indians.

(b) Energy allowance for children and adolescents are for normally growing
healthy Indian children. Allowance is made for the age and no correction for
actual body weight of children needs to be made.

3. Protein Allowance Protein allowance are given in terms of mixed vegetable
proteins contained in Indian diets, the NPU of which is assumed to be 65. Adult
protein requirement is 1 g/kg body weight.

4. Fat Requirement Fat requirement was examined in great details and
more realistic estimates of minimum intakes have been given. In arriving at fat
requirements, the total invisible fat content of cereal-based diets eaten in India and
the minimum EFA requirement of various groups were considered.
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5. Minerals Iron requirements have been arrived at using the factorial approach
taking into account the basal loss in case of men, basal loss + menstrual loss in
case of women, basal loss + growth requirement in case of children. Dietary
iron requirements are given at levels of absorption of 5%, 3% and 2% applicable
respectively to the diet based on rice, based on mixed cereals (rice + wheat) and
based wholly on wheat or millets.

(a) Calcium and Phosphorus Because of close relationship of Ca and P,
allowances for both these nutrients are given. The desirable ratio of Ca:P is 1:5 in
case of infants and 1:1 in case of other groups.

(b) Trace Elements Desirable daily intakes of some trace elements have been
suggested for an adult: 65 g chromium, 2.2 mg copper and 5.5 ug manganese, 15.5
ug zinc and 500 pg molybdenum.

6. Vitamins

(a) Vitamin A The recommended level of vitamin A (retinol) for adult is 600 ug.

In terms of beta-carotene, it will be 2400 g, the conversion factor to be used in case

of retinol and beta-carotene is as follows:

1 ng B-carotene = 0.25 pg retinol. If diet contains retinol and B-carotene, its vitamin

A content can be expressed as follows:

(1) Retinol content (ug) = g Retinol + pg beta-carotene x 0.25, if retinol and beta-
carotene are expressed in Ug.

(i1) Retinol content (Lg) = Vitamin A IU x 0.3 + beta-carotene U x 0.15, if vitamin
A and beta-carotene are given in international units (IU).

(b) Thiamine, Riboflavin and Nicotinic Acid The daily allowance for these
vitamins is related to energy intake. The basic allowances per 1000 kcal are 0.5 mg
thiamine, 0.6 pg riboflavin, and 6.6 mg nicotinic acid and niacin equivalent.

Niacin allowance takes into account the contribution of tryptophan also, assuming
60 mg dietary tryptophan yielded 1 mg of niacin in the body.

Tryptophan content
60

(c) Folic Acid Allowance for folic acid is in terms of free foliate (L. casei activity)
present in foods. RDA of foliate in pregnancy will be 300 pg, in addition to normal
requirement of 100 pg. Since such high levels of foliate cannot be obtained, hence,
therapeutic supplementation becomes necessary in pregnancy. Folic acid requirement
can be expressed on the basis of body weight also, i.e. 3 ug/kg.

Niacin equivalent (mg) = Niacin content +

(d) Vitamin By, Recommended intake of vitamin By, is 1pg/day entirely derived
from animal foods. This provides justification for including some animal food in our
daily diet.

(e) Vitamin C Earlier reccommendations of 40 mg were retained. In case of infants,
the RDA was changed from 20 to 25 mg/day.

(f) Vitamin D No dietary recommendations for vitamin D were made since adequate
vitamin D can be obtained through exposure to sunlight. In case of conditions of
inadequacy of vitamin D medicinal supplements can be given.
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(g) Vitamin E An intake of 0.8 mg of vitamin E per g of polyunsaturated fatty
acids was suggested.

(h) Vitamin Bg Earlier (1978) recommendations were retained.

U Unit of Calories and Joule, and their Conversions

Quantitative food requirements are usually estimated in terms of energy, i.e. calories.
This unit of energy is a physiological calorie (also known as kilocalories-k cal). It is
the amount of heat necessary to raise the temperature of one kilogram of water by
1° celsius from 14.5°C to 15.5°C. This is 1000 times the physical caloric unit. The
reader of this book will henceforth understand that the calorie under reference is the
physiological calorie or kilocalorie (kcal).

More recently kcal is slowly being replaced by the new energy unit “joule”. A
Joule (J) is defined as the energy required to move 1 kilogram mass 1m by 1 Newton.
One Newton is the force needed to accelerate 1 kg by 1m per second.

1 cal =4.184 joule (physical unit)
1 kilocalorie (physiological unit) = 4.184 kilojoule (kJ)
1000 kilocalorie (physiological unit) = 4.184 Megajoule (MJ)

For practical purpose, the factor of 4.2 can be used for conversion of kilocalories
to kilojoules.
The important points regarding the RDA for Indians are as follows:

1. The dietary allowances suggested for adults are for a reference man weighing
60 kg and for a reference woman weighing 55 kg. The allowances for calories
and proteins and for B-complex vitamins should be increased or decreased
depending on the body’s weight.

The profiles of a reference man and a reference woman are as follows:

Reference Indian Adult Man and Woman The Indian Reference Man is
between 18-29 years of age and weighs 60 kg with a height of 1.73m, a BMI of 20.3
and is free from disease and physically fit for active work; on each working day, he
is engaged in 8 hours of occupation which usually involves moderate activity, while
when not at work, he spends 8 hours in bed, 4-6 hours in sitting and moving about,
2 hours in walking and in active recreation or household duties.

The Indian Reference Woman is between 18-29 years of age, Non-Pregnant
Non-Lactating (NPNL) and weighs 55 kg with a height of 1.61m and a BMI of 21.2,
is free from disease and physically fit for active work; on each working day she is
engaged in 8 hours of occupation which usually involves moderate activity, while
when not at work, she spends 8 hours in bed, 4-6 hours in sitting and moving about,
2 hours in walking and in active recreation or household duties.

2. The protein allowance recommended is about 1 gram per kilogram body
weight per day. Since Indians are predominantly vegetarians, this protein is
assumed to be derived from a mixture of vegetable foods.
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Proteins of animal origin have superior biological value as compared to vegetable
proteins. However, a mixture of vegetable proteins improves the biological value.
For infants and children as well as for pregnant and nursing women, it is desirable to
supply about 25 percent of the total protein requirement from animal foods such as
milk, meat, eggs, fish, etc.

3. The intake of fat should be limited to not more than 15 percent of the calories
in the diet. Of these, at least 15 g of vegetable oils should be included in the diet
to meet the requirements of the essential fatty acids. It is now recommended
that the human diet contain about 4 percent of calories as linoleic acid and
linolenic acid.

4. About 60—65 percent of the total calorie requirement may be met through
intake of carbohydrates.

5. Allowance of phosphorus is not mentioned since most dietary ingredients are
rich in phosphorus.

6. A normal well-balanced diet generally meets with the requirements for trace
elements like Mg, Cu, I, etc. Hence, no RDA for these is mentioned.

7. Vitamin A is found either as retinol or B carotene in the diet. The former is
preformed vitamin A while the latter is the precursor of vitamin A. Both yield
vitamin A. One mg B carotene is equivalent to 0.25 mg retinol. Total vitamin
A value of the diet as retinol (ug) B retinol (ug) = B carotene/4.

8. Vitamin D is formed in the body by conversion of its precursor by the action
of sunlight. Partial requirement of vitamin D may be met by this conversion
but it cannot be always relied upon especially in case of children. So, RDA
for vitamin D is given.

9. The requirement for thiamine, riboflavin and niacin are related to the calorie
intake of the person. The RDA of each of these per 1000 calories are:

Thiamine 0.5 mg
Riboflavin 0.55 mg
Niacin 6.6 mg

The RDA for niacin includes contribution of dietary tryptophan. 60 mg tryptophan
is equivalent to 1 mg niacin.

Thus, RDA are the levels of intake of essential nutrients considered to be adequate
to meet the known nutritional needs of all healthy persons according to the judgement
of the Nutrition Expert Group of the ICMR on Dietary Allowances, on the basis of
available scientific knowledge.

RDA are also used as a guide to determine the nutritional adequacy of
individual diets. One most important point to be remembered here is that RDA are
recommendations for the average daily amounts of nutrients that population groups
should consume over a period of time and cannot be directly applied to individual
cases.

They should not be confused with requirements for a specific individual because
the needs of each person may vary.

Also, the RDA do not cover abnormal problems such as premature birth, inherited
metabolic disorders, infections, chronic disease and the use of medications which
require special dietary and therapeutic measures.
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The RDA of all nutrients are estimated to exceed the requirements of most healthy
individuals. However, the total energy intake is an exception and is not overestimated.
The RDA, in all cover eleven nutrient factors.

(] Factors Affecting RDA

The nutritional requirements are affected by several factors such as the following:

® Age—(infant, adolescent, aged). Infants require more protein per kilogram of
body weight than adolescents, since their metabolic rate is much faster than
that of adolescents.

® Sex—(male or female) Adolescent girls require more iron than adolescent boys
in order to replace the iron lost during menstruation every month.

® Body size—(height, weight, surface area, stature). A tall heavily built man
needs more calories than a small-statured man, since his body surface area is
more than that of the latter.

® Physiological state—(pregnancy, lactation). A pregnant woman requires more
nutritious food than an ordinary adult woman, since she has to meet the addi-
tional nutritional requirements of the growing foetus.

® Type of work—(sedentary, moderate, heavy). A sedentary worker requires less
calories than a heavy worker, since the former expends less energy than the
latter during work.

The RDA may then be considered The Nutrition Yardstick.

] Uses of RDA

They are mainly used:

as a basis for all feeding programmes such as school-lunch programmes

to interpret food consumption records

to evaluate the adequacy of food supplies in relation to nutritional needs

to establish guidelines for public food assistance programmes

to develop and evaluate new food products developed by the food industry

to establish guidelines for labelling of food from the nutritional standpoint, and
most important

e to develop nutrition education programmes.

When studying RDA from Appendix 111, it must be remembered that an excess
for all nutrients except energy has been given. To be on the safe side, some people
may consume excess of these, but it must be borne in mind that not all nutrients
are well tolerated if taken in excess of RDA, e.g. vitamins A and D are stored in
the body and may cause toxic effects unlike water soluble vitamins B and C, which
if consumed in excess of the requirement will be excreted by the body. Also, an
excess of energy intake daily, however small, can result in overweight and lead to
obesity in the long run.

With regard to body requirements, the concept of bioavailability has emerged
recently. Bioavailability means how much of the nutrient that is ingested actually gets
digested and is absorbed across the intestines. This amount is the amount which is
actually made available to the body for further use. When considering the requirement
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of any nutrient, this important aspect has to be taken into account. Several studies in
this regard are being carried out. This idea is being developed and soon we will become
familiar with it as more data and knowledge is generated in the coming years.

2.4 ENERGY REQUIREMENTS OF THE BODY
(ENERGY METABOLISM)

Combustion (a process of energy release) in living beings was first described by
Lavoisier (1743—1794). This brilliant chemist discovered the true nature of oxygen
and how its combination (in the body) with carbon and hydrogen results in formation
of CO, and H,0 and the production of heat.

In 1842, Liebig announced that the substances burned in the body for energy
liberation were carbohydrate, fat and protein.

Energy is needed for maintenance of body tissues and body temperature, for
growth and also for physical and mental activity as well as for reproduction. In other
words energy is needed for all physiological processes that go on in the body. The
body expends energy for the following:

1. Voluntary actions, such as running, walking, swimming, typing and
talking. The energy requirement of different activities has been tabulated
in Table 2.3.

2. Involuntary actions such as expansion and contraction of the heart, respi-
ration, and digestion. Involuntary actions include energy needed for body
maintenance and is known as Resting Metabolism or the Basal Metabolic
Rate or BMR. This energy must be supplied to the body first, because energy
required by the heart for its normal functioning or for the constant supply of
blood to the brain are vital functions upon which survival of a living being
depends.

Basal metabolism, therefore, represents the irreducible minimum of energy
required to keep up the life processes, i.e. for the basic internal functioning of the
body. It is usually defined as the amount of energy required by the body when lying at
rest in a comfortable environment, mentally relaxed and without food (12—15 hours
after the last meal). The test measures the amount of oxygen consumed in such a
condition for 6—8 minutes.

1 Factors Influencing Basal Metabolic Rate (BMR) in Humans

1. Body Size Major determinant of energy expenditure in man, since more than
half the variability in BMR is due to this factor. Larger people have high BMR.
A weight difference of about 10 kg may affect BMR by 123 kcal in adult men or
women.

2. Body Composition Adipose tissue has lower metabolic rate than the fat-free
or lean body mass. Hence, BMR is better expressed in terms of fat-free or lean body
mass. However, since adipose tissue contributes to body size, the energy cost of
physical activity (body movements) must be calculated considering the body size.
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3. Age Energy expenditure declines rapidly as age advances. Childhood is
characterized by rapid growth and high physical activity. In infants, energy required
to maintain the body temperature also increases the energy cost. In adults, there is
a decrease in lean body mass and increase in adipose tissue, causing lowered BMR.

Table 2.3 Gross energy costs for different activities of average young adults*
(Inclusive of basal metabolism and influences of food)

Activity

Cal/min

Activity

Cal/min

Sleep (basal) 1.0-1.2 | Walking, 3.5 mph, level
Dressing, washing, etc. 3.0-4.0 | Weight, 100 1b 3.6
Light indoor activities: 140 Ib 4.6
Lying at ease 1.4-1.5 180 Ib 5.4
Standing at ease 1.7-1.6 | Walking, 3.5 mph, upwards
Sitting, writing 1.9-2.2 | 10 percent incline
Sitting at ease 1.5-1.9 | Weight, 155 1b 8.9
Sitting, playing cards Driving a car 2.8
or musical instruments’ 2.0-2.6 | Canoeing, 2.5 mph 3.0
Transportation: 4.0 mph 7.0
Walking, 2 mph, level Horse-riding, walk 3.0
Weight, 100 Ib 2.6 trot 2.8
140 1b 2.9 Cycling, 5.5 mph 4.5
180 1b 3.5 9.4 mph 7.0
Climbing stairs Recreation involving moderate exercise:
Weight 140 Ib 6.2
180 1b 8.6 Playing with children 3.5
Walking on loose snow, Dancing, waltz 5.7
Level, 2.5 mph, 180 Ib rhumba 7.0
man with 44 1b pack 20.2 twist 10.0
Work tasks: Archery 52
Sweeping floors 1.7 Tennis 7.0
Machining sewing 2.8 Recreation involving hard exercise:
Scrubbing, kneeling 34 Swimming 5.0-11.0
Ironing 4.2 Football 8.9
Typing 40 words/minute Cross country running 10.6
manual 1.5 Climbing, light load and slope 10.7
electric typewriter 1.3 large load and slope 13.2
Gardening, weeding 4.4-5.6 | Skiing hard snow
digging 8.6 level, 3.7 mph 9.9
Ploughing with tractor 4.2 uphill, max. speed 18.6
Light industry'" 2.2-3.0
Carpentry tasks 2.4-9.1
Coal mining tasks 5.3-8.0

* Adapted from Passmore, R and Durin, ] V G A Human energy expenditure, Physical. Rev. 35:801, 1955

T Playing Piano strenuously or instruments such as woodwinds, stringed instrument or drums—4.0-4.2.

'H' Industry such as printing, radio mechanics, shoe repairing.
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4. Diet 1t affects the BMR, both immediately as well as over a long period. Post
Prandial Thermogenesis (PPT) is greater when more proteins are consumed than
carbohydrates or fats. For a mixed diet which is predominantly vegetarian, the PPT
may be between 5 to 15 percent.

5. Climate This factor affects energy expenditure due to its role in maintaining
temperature. Temperatures below 25°C may increase energy expenditure, above
30°C may cause sweating and thereby increase energy expenditure.

6. Genetic Differences BMR varies up to 10 percent due to the ethnic, racial
and genetic variations.

7. Hormonal Sitate Endocrine disorders such as hyperthyroidism and
hypothyroidism affect energy expenditure to a very great extent. In the former, BMR
increases while it decreases in the latter. During pregnancy, initially there is a fall in
the BMR, which rises markedly at the end of the gestation accounting for the weight
gain. In lactation too the BMR falls.

8. Psychological State Acute anxiety does increase energy expenditure.

9. Active Substances Caffeine and theophylline, the alkaloids found in beverages
like tea and coffee and other drugs like nicotine, amphetamines, etc., increase energy
expenditure.

10. Disease Accompanied by catabolic processes, fever, tumours, burns, etc.,
increase the energy expenditure.

2.5  SPECIFIC DYNAMIC ACTION (SDA) OR POST-PRANDIAL
THERMOGENESIS (PPT) OR THERMIC EFFECT OF
FEEDING (TEF)

Dubois has compared the effect of food on metabolism to a tax deducted at source,
which thus reduces the amount of income. This is the heat increment of feeding
which was earlier termed as SDA. Sometimes the term DIT is used, which refers
to Diet-Induced Thermogenesis. But, generally it refers to the long-term effects of
food intake on energy expenditure. For example, overfeeding markedly increases the
BMR.

PPT takes place due to energy expended in the digestion, absorption and transport
of ingested nutrients.

TEF is of two types:

(a) Obligatory, i.e. the energy cost of absorption, transport of nutrients and
synthesis and storage of carbohydrates, proteins and fats.

(b) Facultative, which is the excess energy expended above the obligatory ther-
mogenesis. It is partially mediated by the activity of the sympathetic nervous
system.

The rise in metabolic rate after eating carbohydrate is only about 6 percent of the
total fuel value of the food, i.e. energy expenditure increases by 6 cal for each 100
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cals of carbohydrate consumed. The increase in energy expenditure caused by fat is
also almost the same. But this figure for protein metabolism is about 30 percent. A
diet containing a lot of meat will have a PPT of around 10 percent. For an ordinary
mixed diet this may be taken as 6 percent, which is a sufficient allowance. Energy
expenditure increases for four to eight hours after food is eaten, and its magnitude and
duration depends upon the quantity and type of macronutrient consumed, i.e. proteins,
fats or carbohydrates.

2.6 CALORIFIC VALUE OF FOOD

The energy needs of the body are calculated in terms of calories (sometimes called
the kilocalorie or kcal) or in the metric system, the joule.

One calorie is equal to 4.184 joules which may be rounded off to 4.2 joules.

The number of calories obtained from a food is its calorific value. Every food
varies in its calorific value. See Table 2.4 A and B for the average calorific value of
some common foods.

The variation in calorific value of foods is due to the amount of carbohydrates,
fats and proteins in each of them, e.g. one paratha made of wheat flour and oil gives
about 250 calories while a glass of coconut water gives only 45. This is because the
former contains a large amount of carbohydrates, fair amount of proteins and some
fat, while the latter contains negligible quantity of carbohydrates, proteins and fats.

Table 2.4(A) ICMR standard chart

Food categories Measure Calories | Food categories | Measure | Calories
Milk (Cow) 90 ml 50 Biscuit (Sweet) 15¢g 70
Milk (Buffalo) 45 ml 50 Cake (Chocolate) | 50 g 225
Cheese 15¢g 50 Dosa (Plain) 1 medium 120
Butter 1 tbsp 50 Dosa (Masala) 1 medium 250
Ghee 1 tbsp 50 Pakoras 50g 175
FRUITS Puri 1 Large 85
Apple 1 small 50-60 |Samosa 1 piece 140
Banana 1 medium 50-60 |Medu Vada 1 small 70
Grapes 20 small 50-60 |PROTEIN/MEAT
Mango 1 small 50-60 |Fish 50g 55
Musambi 1 medium 50-60 |Mutton 1oz 75
Orange 1 small 50-60 |Egg (Hen) 2 pieces 100
VEGETABLES AND DAL MAIN DISH
Potato 1 medium 80 Mutton Biryani 1 cup 225
Dal 1 large katori 80 Veg. Biryani 1 cup 200

(contd.)
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(contd).

Food categories Measure Calories | Food categories | Measure | Calories
Mixed Vegetables | 150 gms 80 Chicken curry 100 gms 225
SWEETS Veg. Curry 100 gms 130
Carrot Halwa 100 gms 600 | Fried rice 85 gms 140
Jelebi 100 gms 500 Veg. Pulav 100 gms 130
Kheer 100 gms 180 | BEVERAGES
Rasgulla 100 gms 90 | Beer 12 F1. Oz 150
Shrikhand 100 gms 350 | Cola 200 ml 90
Basundi 100 gms 500 | Wine 3.51.0z 85
Puranpoli 100 gms 160
Gulab Jamun 100 gms 300

Table 2.4(B) Calorific value of some common foods

Food Average Quantity Calories
Milk (Buffalo’s) 1 cup 5oz 200
Tea 1 cup 5oz 60
Coffee 1 cup 5oz 75
Bread 1 slice 30g 75
Butter 1 tsp S5g 35
Cheese 1 piece 28 g 110
Biscuit 1 8¢g 30
Jam 1 tsp 20 g 55
Cornflakes 1 cup 25¢g 100
Cake, plain 1 piece 75¢g 220
Chapati 1 thin 15¢ 40
Puri 1 16 g 70
Paratha 1 70 g 250
Dal 1 cup 6 0z 200
Green vegetables 1 cup 6 0z 75
Potato 1 100 g 80
Potato chips 10 pieces 20 g 100
Rice khichdi 1 cup 210 g 250
Rice (puffed) 1 cup 15¢g 50
Oil, ghee 1 tsp S5g 45
Cream 1 tsp V2 0z 50
Fruit 1 100 g 60
Coconut water 1 glass 8 0z 45
Lemon juice 1 glass 8 oz 75
Coca cola, Gold spot 1 bottle 6 0z 80
Pie (apple) 1 serving 160 g 380
Jelly (plain) 1 tsp 65¢g 65
Sugar 1 tsp 5g 20

(contd.)
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(contd).
Food Average Quantity Calories

Tomato ketchup 1 tsp 15¢g 15
Idli 1 75¢g 75
Dosa (plain) 1 50g 110
Dosa (masala) 1 100 g 210
Almonds 15 30g 190
Cashewnuts 15 30g 170
Groundnuts 1 tsp I5g 90
Egg 1 50g 75
Omelette 1 40¢g 210
Chicken/mutton soup 1 serving 7 oz 35
Meat (cooked) 1 slice 30g 80
Chicken, roast 1 serving 100 g 200
Meat 1 serving 150 g 350
Fish fry 1 serving 100 g 220
Beer 1 glass 8oz 100
Whisky, gin/rum 1 measure 1% o0z 110

The contribution of calories from carbohydrates, fats, proteins and alcohol are

given in Table 2.5.

Table 2.5 Energy values of food and alcohol

In bomb
calorimeter

In human body

Substance (1 gram): keal keal kJ*
Protein 5.65 4 17
Carbohydrate 4.1 4 17
Fat 9.45 9 38
Alcohol (absolute ethanol) 7.1 7 29

* The values are rounded off for easy reference.

These values are derived with the help of an instrument called bomb calorimeter.

In this instrument, a small electric spark ignites the sample in the presence of
oxygen and catalyst such as platinum. The amount of heat energy released by the
complete oxidation of the sample raises the temperature of the surrounding water.

. Catalyst
Carbohydrate, protein or fat + oxygen —% ) heat energy + water

+ carbon dioxide

A similar process takes place in every cell of the human body but with a
difference. The human body always derives less energy than the bomb calorimeter
from a given amount of food. This is due to the body’s efficiency for utilization of
proteins, fats and carbohydrates. This is more true in the case of protein which is not
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oxidized completely in the body, a fact that limits the energy released and leads to the
formation of by-products such as urea and uric acid.

Thermometer

Electric
wires

er

Oxygen
chamber

| a8 |
Insulator

Fig. 2.2 The bomb calorimeter

From this we can understand that in the body:

1 g of carbohydrate yields 4.0 cal or 17 J
1 g of protein also yields 4.0 cal or 17 J
1 g of fat yields 9.0 cal or 38 J

Fats are a more concentrated source of energy than carbohydrates and proteins,
and limiting fats in the diet while cutting down on calories helps weight loss and
restricts weight gain.

2.7 DETERMINING YOUR OWN ENERGY NEEDS

The calorific needs of people of different ages and sex have been given by the RDI. At
times it is necessary or desirable to obtain a more specific estimate of one’s minimum
calorific requirement. This can be obtained in the following way. (Also refer to the
method described in Chapter 8.)

STEP 1 Determine your BMR. It is generally held to be equal to about 1 calorie
per kilogram per hour. Convert your body weight from pounds to
kilograms by dividing the pounds of body weight by 2.2 (2.2 pounds =
1 kilogram).

STEP 2 Multiply the number of kilograms of body weight by 24 (hours per day)
to obtain calorie expenditure for BMR for 24 hours.

STEP 3 Multiply the answer in Step 2 by 0.5 (50 percent).

STEP 4 Add answers in Steps 2 and 3. The total sum is your minimum daily
calorific requirement.
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This method of calculating the minimum energy requirement is applicable to
people who lead a moderately active life. It does not apply to heavy workers such
as labourers and athletes, whose calorie requirement is much higher depending on
their work.

The following example illustrates the method of calculating the total energy
requirement. A person weighing 50 kg will need 50 x 24 cal, i.e. 1200 cal per day
for BMR (Steps 1 and 2) 50 percent of 1200 is 600 kcal (Step 3). Therefore, his total
minimum calorie requirement is 1200 + 600 = 1800 kcal (Step 4 ).

Other methods of measuring the body’s energy requirement are by direct and
indirect calorimetry. Figure 2.3 illustrates direct calorimetry method.

(1 Consumption Units

Practical nutrition work often involves the assessment of the intake of a group of
persons. In such cases, it is commonly assessed by using an appropriate co-efficient
to the different age and sex groups. The needs of women and children are assessed in
terms of those of the average man.

The energy consumption of an average male during a sedentary work is taken
as one unit and the other coefficients are worked on the basis of their calorie
requirements relative to that of a sedentary man.

One unit of coefficient corresponds to energy requirement of 2400 kcal/day. It is
important to note that the scale of coefficients is applicable only to energy and must
not be applied when assessing the needs for other nutrients.

Cool water

Air out

Warm water

CO2 1
absorbed Measuring
and unit
measured
> >
O2 source

Fig. 2.3 Direct calorimetry method
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Refer Table 2.6 which can be used for calculating the energy needs of a group.

With the help of this table, balanced diets yielding approximately the right amount
of energy can be calculated. For this, the consumption units of a group is calculated
(approximately) and the daily energy requirement for the group calculated by
multiplying 2400 by the factor.

Table 2.6 Coefficient for computing calorie requirement of different groups

Group Consumption units (CU)
Adult male (sedentary worker) 1.0
Adult male (moderate worker) 1.2
Adult male (heavy worker) 1.6
Adult female (sedentary worker) 0.8
Adult female (moderate worker) 0.9
Adult female (heavy worker) 1.2
Adolescents 12 to 21 years 1.0
Children 9 to 12 years 0.8
Children 7 to 9 years 0.7
Children 5 to 7 years 0.6
Children 3 to 5 years 0.5
Children 1 to 3 years 0.4

REF- Page 41 NUTRITIVE VALUE OF INDIAN FOODS, ICMR

The total energy requirement of various age groups can also be expressed in
terms of basal energy requirement values. This takes care of differences in energy
requirement due to age, growth, etc. Since, BMR values are available for a large
number of subjects, computation of energy in any group becomes convenient. This
procedure is employed by the recent FAO/WHO/UNU Committee on Energy and
Protein requirements. This approach has also been adopted by the Expert Group of
the ICMR of 1988 in arriving at energy needs of Indians.

2.8 TRANSLATING RDA INTO DAILY FOOD INTAKE

The system of classifying foods into various food groups is a way of translating
RDA into a meaningful system that can be used for planning diets. The food group
system is used to convert quantitative nutrient data into food related information
that can be used both by the consumer and health professionals in planning diets
in order to achieve nutritional adequacy. A wise housewife can choose from these
groups and experience the difference that it makes to the health of her family.
Her selection from a wide variety of foods within the family budget to get all the
nutrients in the right amount can be guided by the simple principle of knowing the
basic food groups.
The five food group system can be used for the following purposes:

1. Nutritional assessment and screening by which the inadequacies of a diet can
be gauged.
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2. Nutritional counselling: A patient can be counselled easily with the help of
the five food group system.

3. Therapeutic dietary counselling: A patient can be scientifically explained
about the dietary modifications when planning his therapeutic diet.

4. Labelling of foods and surveillance system: A consumer can be well-informed
about the nutritional constituents of a commercial food product. It can also be
useful in nutrition surveillance systems.

A daily food guide for India (Table 2.7) very simply provides information about
the five basic food groups. If sufficient quantity of food (in terms of servings) from
each of the five food groups is included in the daily diet, the nutrient needs of the
body will be easily met. Such a diet is then termed as a balanced diet.

2.9 THE FIVE FOOD GROUPS

According to the food guide, the five food groups are:

1. Pulse-milk-egg-meat-fish group of body-building foods
2. Protective vegetable and fruits group
(a) Green and yellow vegetables and fruits group
(b) Amla-guava-citrus fruits group
3. Other vegetables and fruits group
4. Cereals and millets group
5. Oils, fats and sugars group

Table 2.7 Daily food guide

Food groups Foods Slze.qf No. of servings
serving :
1. Body Building Pulses/legumes, nuts 25¢g 3-6
Foods and oil-seeds One serving equivalent to

one cup medium thick da/
(pulse) or one cup usal
150 g (legume) or

Milk and milk products | 1 one cup milk
Eggs 30g or
Fish, poultry, meat one cup curd
or
one egg
or

one medium-size fish fillet
or chicken or meat piece

2. Protective Foods (A) Green leafy vege- 50-75g | 1 or more

Vegetables and tables and yellow, One serving
Fruits orange fruits and equivalent to half-cup
vegetables cooked leafy vegetable
or

one mango or half cup
shredded carrot

(contd.)
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(B) Vitamin C-rich 50-75g | 1 or more
vegetables and One serving
fruits equivalent to 1-2 slices of
Amla*, guava. drum- ripe papaya
stick orange, papaya, or
sweetlime, cashew, one small sweetlime
apple, tomato, etc. or
One orange
or
one medium-sized tomato
3. Other Vegetables Lady’s fingers, all 50-75g | 2 or more
and Fruits, Roots gourds, brinjal, One serving equivalent to
and Tubers Potatoes, yam, sweet half cup brinjal or bhendi
potato Banana, chiku curry or one banana
pear,
peach, etc.
4. Cereals and Millets | Bajra, jowar, maize 30g 6to 12
ragi, rice, wheat and One serving equivalent to
their preparations half cup cooked rice
or
one medium-sized chapati
or
one slice bread
or
2-3 small puris
5. Energy Group Oils, fats, and sugars
Oils and fats 25 g** 1 or more
Sugar and jaggery 25 g*** | 1 or more

* Only 10 g amla will suffice
** One serving equivalent to: 1 teaspoon fat or oil
**% One serving equivalent to: 1 teaspoon table sugar

The role of these five food groups in the diet is comprehensively shown in Table 2.8.
It must be remembered that each group supplies some nutrients and not all nutrients.
A combination of items selected from each of the five groups in the right proportion
is ideal and will work towards a balanced diet.
Let us look as to what comprises each group and what their rich contributions in
terms of nutrients are the following:
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Table 2.8

Food groups

Nutrition and Dietetics

Foods included in the group

Principal nutrients in the group

1. Body-building
foods
(A) Milk

Whole, skim, dry, evap-
orated, condensed milk,
cheese, ice-cream, yoghurt,
curds

The milk group is the best source
of calcium and riboflavin. It also
contains protein, phosphorus,
carbohydrate, thiamine, and vitamin
D. Whole milk contains in addition
to fat, vitamin A.

Do not substitute calcium tablets
because they do not contain protein
and riboflavin.

Do not substitute cream because it
is the fat content of milk. Do not
substitute condensed milk because it
has a very high sugar content.

(B) Meat, poultry,
fish and eggs

Mutton, keema (minced
meat), fish, shellfish, crabs,
crustaceans, chicken, eggs

Meat, poultry, fish and eggs supply
protein, iron, thiamine, niacin, fat,
phosphorus and some riboflavin.
Liver is an excellent source of
vitamin A and iron. Saltwater fish
contains iodine.

Eggs have protein, iron, thiamine,
phosphorus, riboflavin and the yolk
has vitamin A and fat.

(C) Dal, nuts and
oil-seeds

Tur, mung, masur and several
legumes and their dals. Nuts
include peanuts, coconuts
almonds, pistachios and
walnuts.

Oilseeds include sesame
(til), garden cress seeds
(haliv), etc.

This group supplies protein, iron
and thiamine. However, the protein
in legumes is of a lower quality than
that found in meat, fish and eggs.
The nuts supply fat, protein, iron,
thiamine, riboflavin and niacin.

2. Protective vege-
tables and fruits
group
(A) Yellow and
orange fruits
and vegeta-
bles and leafy
vegetables

(B) Vitamin C-rich
group

All leafy vegetables (sag,
keerai, palak) cabbage,
onion tops, carrots, orange,
mango, papaya.

All citrus fruits like amlas,
lemon, guava, lime, orange,
grapefruit, tomato and
vegetables like drumstick,
cabbage, etc.

The dark green and yellow vegeta-
bles are a rich source of vitamin A.
The leafy vegetables are rich source
of iron, fibre and some amounts of
vitamins and minerals.

Rich sources of vitamin C.

(contd.)
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Food groups

3. Other vegetables
and fruits, roots
and tubers

Foods included in the group

Brinjal, French beans,
gavar, papdi, yam, potatoes,
onions, cucumber, dudhi,
beetroot. bananas, grapes,
melons, apples.

Principal nutrients in the group

Potatoes have thiamine, iron, vita-
min C, besides being rich in starch.
Other vegetables supply small
amount of vitamins and minerals
besides supplying good amount of
fibre.

Vegetables and fruits from this group
should not be used to substitute
vegetables and fruits from group 2
(A) and (B). i.e. the vitamin A and
C-supplying foods.

4. Cereals and
millets

Rice, wheat, jowar, bajra,
ragi, maize and their prod-
ucts such as suji (rawa), rice
flakes (poha), puffed rice
(kurmura), vermicelli, spa-
ghetti, bread, pizza, noodles.

All cereals contain starch and some
incomplete protein. To achieve
protein of high biological value,
combine cereal and pulse prepara-
tion.

Whole grain cereals contain thia-
mine and cellulose.

Polished grains (e.g. polished rice)
are of poorer nutritive value than
their whole grain counterparts.
Bread manufactured by the large
companies which is pre-sliced con-
tains added nutrients like lysine and
is of better quality than the ordinary
baked ones.

Poha or riceflakes also supply some
amount to iron.

5. Oils and fats,
sugar and jaggery

All oils like groundnut,
mustard, #i/, sunflower,
corn, soya, etc. All fats such
as ghee, butter, vanaspati.
Sugar like khadisakhar
(large crystals) table sugar,
sugar cubes,

powdered sugar, etc.

Supply calories (1 g =9 cal) and
essential fatty acids.

Oils containing the PUFA*
(Poly-unsaturated fatty acids) are
advised for consumption (corn oil,
safflower oil and soya oil) than the
oils containing saturated fatty acids.
Refined oils are enriched with vita-
mins A and D.

Ghee, butter and vanaspati contain
saturated fatty acids; hence
consumption must be limited. Good
source of vitamins A and D.

Sugar and jaggery supply only
energy

(1g=4 cal).




36 Nutrition and Dietetics

U Pulse-Milk-Egg-Meat-Fish Group or Body-Building Foods

The foods included in this group are important for their protein content. Proteins are
required for replacing the wear and tear of the body and building of tissues. These
foods also supply some amount of the B-vitamins such as thiamin, riboflavin and
niacin. Eggs, milk and liver are good sources of iron and milk is a good source of
calcium. One serving of this group supplies about 5-6 grams of protein.

The following points should be kept in mind while choosing items from this
group:

1. Pulsesinclude all types of dals, e.g. mung dal, tur dal, masur dal, etc. Legumes
include all dry whole grams, beans, peas, etc. Nuts and oilseeds include those
in common use such as sesame, which can be included in sufficient amount
to contribute to the daily protein intake. Pulses and legumes offer a great deal
of variety and an alteration or combination of these adds to the quality and
delicacy of the diet. 25 g of each of these is taken as one serving unit. Milk
includes curds and other preparations containing whole milk (5—6 percent).
An average teacup or 150 ml is counted as one serving unit.

2. Eggin adiet means a hen’s egg. One egg (40-50 g) is considered as one
serving.

3. Meat-Fish-Poultry refer to lean parts of the animal. The protein content of
the lean parts is the same but if the adhering fat is not removed, the protein
content decreases in the portion of meat.

(1 The Protective Group Including Vegetables and Fruits

This group is a rich source of beta-carotene (a precursor of vitamin A). It includes the
dark green leafy vegetables such as spinach, fenugreek, radish, amaranth, coriander
leaves, the light green leafy vegetables such as cabbage, and onion-tops and deep
yellow vegetables and fruits such as carrots, orange, red pumpkin, mango, papaya
and apricots.

Half a cup or 50-75 g of the cooked vegetable or chopped fruit can be counted
as one serving unit. Whole fruits such as mango and orange may be counted as one
serving.

Almost half a day’s need for vitamin A is satisfied by one serving of this group.

(1 Vitamin C-rich Vegetables and Fruits

This group includes fruits and vegetables such as amla, lemon, ber, guavas,
drumsticks, cabbage, all citrus fruits such as oranges, grapes, and all other fruits such
as papaya, pineapple, tomato, strawberries, etc.

Half a cup of fruit or 50-75 grams of vegetable or a portion as ordinarily served
such as a slice of papaya or an orange is counted as one serving. The foods in this
group are a rich source of vitamin C and fibre.

At least one serving of this group must be eaten everyday.

1 Other-Vegetables-and-Fruits Group

These include brinjal, cucumber, pumpkin, bhendi, all ash-gourds, i.e. bottle,
snake, ridge gourds, etc., all immature beans and peas, beetroot, radish, potatoes,
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sweet potatoes and yam. Other fruits include bananas, apples, melons, grapes,
berries, etc.

Half a cup or 50-75 g of these may be considered as one serving unit. An intake
of at least two or more servings of this group is recommended per day.

1 Cereals-and-Millets Group

Foods in this group provide carbohydrates, proteins and calories. The seeds of plants
are richer in thiamine than all other portions of the plant. Cereals such as wheat and
rice may then be considered as a good source of thiamine.

The foods in this group are edible seeds of plants belonging to the grass family.
They are preparations of rice, wheat, jowar, bajra, maize, ragi (nachni) and their
products such as suji, rice flakes, vermicelli, etc.

Any preparation containing 25 g of the cereal may be counted as one serving.
In practice, it means half a cup of cooked rice or one medium chapati, two to three
puris, or one small roti, one slice bread, 25 g riceflakes or any ready-to eat-cereal.

At least six or more servings may be selected from this group. In order to improve
the quality of protein, the meal may include two or more cereals and using a cereal
and pulse-legume combination, e.g. khichdi using rice and fur dal, has better protein
quality than rice alone.

(] Sugar and Jaggery, Fats and 0il Group

Foods in this group mainly supply energy. This group is hence known as the
fuel group. Sugar and jaggery release energy very easily, while fats and oils are
concentrated sources of reserve energy.

Jaggery (gud) is the unrefined concentrate obtained from sugarcane juice. It is
commonly used in several preparations in our country. It is a good source of minerals
especially iron since it is prepared in iron vessels.

Sugar is mainly used to sweeten beverages like tea and coffee, sherbets and
squashes. About 25 g per day is sufficient.

Oils and fats are used for seasoning our food. They improve the palatability,
flavour, texture and satiety value of food. Apart from this, oils and fats are also
important as they carry fat-soluble vitamins like A, D, E and K into the body and to
the tissues. Hydrogenated fats are generally fortified with vitamin A. It is, therefore,
advisable to use these in the daily diet.

Oils include all vegetable oils such as groundnut, sesame, coconut, sunflower,
mustard, safflower, corn, soyabean, palm, etc.

Fats include ghee, butter, margarine as well as hydrogenated vegetable oils
commonly called vanaspati.

Oils, besides giving energy, are invaluable for the essential fatty acids
(polyunsaturated) that they supply. These fatty acids are found in all oils and fats
in more or less amounts. Especially rich in these are safflower, corn, soyabean,
cottonseed and sunflower oils (Table 2.9).

The Recommended Dietary Intakes (1988) suggested that fat in the diet should
not exceed an amount that can provide 15-20 percent of the total recommended
calorie intake. Fat intake should include at least 15 g of vegetable oils in order to
meet the requirement of essential fatty acids. In young children, fat in the diet should
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provide more than 25 percent of the total calories of the diet. However, for all age
groups about half of this will come from invisible fat in the diet.

Table 2.9 Poly-unsaturated fatty acids in some edible oils and fats

. Fat or oil PUFA content (g per 100 g)
1. Coconut oil 2
2. Cottonseed oil 50
3. Ghee (Butter fat) 4
4. Groundnut oil 28
5. Maize oil (corn oil) 45
6. Mustard oil 25
7. Olive oil 10
8. Rice bran oil 35
9. Safflower oil (Kusuma oil) 75

10. Sesame (Gingelly oil) 42

11. Soybean oil 55

12. Vanaspati 6

) Miscellaneous Foods

This category is not included in the basic five food groups, but the items listed herein
are an integral part of the Indian diet. They are spices and condiments, pickles, papads
and chutneys. All these either impart taste and typical aroma to food or contribute
to one or the other nutrients, e.g. the paan (betel leaf smeared with slaked lime or
calcium hydroxide) is a rich source of calcium. Salt is the essence of our daily food
and provides sodium, which is essential for our muscle control. Today, iodized salt is
very commonly used in cooking, providing iodine which is a boon to people living
in goitre-affected areas.

Some guidelines that may be followed in using the daily food guide for planning

and evaluation are the following:

1. Choose at least the minimum recommended number of servings from each of
the food groups.

2. Make choice within each group according to the nutritive value of the food to
be replaced.

3. Try to include at least one food from Group 1 in each meal.

4. Energy derived from cereals should be not more than 75 percent of total
energy requirement.

5. Ratio of cereal-protein to pulse-protein should be kept between4 : 1 and 5 : 1.

6. A minimum milk intake of 100 ml is included.

7. Energy derived from refined carbohydrates like sugar or jaggery should be
about 5 percent, and total calories from fat and sugar not to exceed 20 percent
of the required calories.

8. At least, 80 g of other vegetables and minimum required quantity of leafy
vegetables should be included in the diet.

Keeping in mind the basic principles of the five food groups, one can plan one’s
meal. Alternatively, the reader may try to evaluate his present diet to judge if he
follows the simple guidelines stressed upon by the basic five food groups.
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However, whether at home or in hospitals, when a housewife or a dietitian
professional or a health is required to make a quick but reasonably accurate appraisal
of the nutritive value of diets or if she is required to calculate diets with one or more
nutrients in restricted amounts, an easier method of calculating and planning a meal
comes in handy.

This method is known as using The Exchange Lists. It has two main purposes:

1. Rapid calculation of diets that need restrictions on carbohydrates, fat, protein
and calorific value.

2. Advising patients as to which foods can be used by them and in what amounts
in their diets.

NIN and ICMR have altered the five food group system which has been shown
in Table 2.10
Accordingly, the Food Exchange System also has 6 lists as shown in Table 2.11.

Table 2.10 Five food group system

Main nutrients

Food group

1. Cereals Grains and Products

Rice, Wheat, Ragi, Bajara, Maize, Jowar,
Barley, Rice flakes, Wheat flour

Energy, Protein, Invisible fat,
Vitamin B,, Folic Acid, Iron, Fibre

Pulses and legumes

Bengalgram, Blackgram, greengram,
Redgram, lentil (whole as well as dals),
Cowpea, Peas, Rajmah, soyabeans,
Beans, etc.

Energy, Protein, Invisible fat,
Vitamin B, Vitamin B,, Folic Acid,
Calcium, Iron, Fibre

Milk and Milk products
Milk Milk, Curd, skimmed milk, Cheese

Meat Chicken, Liver, Fish, Egg, Meat

Protein, Fat, Vitamin B,, calcium

Protein, Fat, Vitamin B,

Fruits and Vegetables

Fruits Mango, Guava, Tomato ripe,
Papaya, Orange, Sweet lime, Water melon
Vegetables (Green leafy) Amaranth,
Spinach, Gogu, Drumstick leaves,
coriander leaves, Mustard leaves,
Fenugreek leaves

Other vegetables Carrots, Brinjal,
Ladies fingers, Capsicum, Beans, Onion,
Drumstick

Carotenoids, Vitamin C, Fibre

Invisible fat, Carotenoids, Vitamin
B,, Folic acid, Calcium, Iron,
Fibre

Carotenoids, Folic Acid, Calcium,
Fibre

Fats and Sugars

Fats Butter, Ghee, Hydrogenated oils,
Cooking oils like Groundnut, Mustard,
Coconut

Sugars Sugar, Jaggery

Energy, Fat, Essential Fatty Acids

Energy
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Table 2.11  The food exchange system

S. No. | Exchange list | Serving size| Carbohydrate | Protein (g) | Fat(g) | Energy

or raw wt. (g) (Kcal)
(8)
1. Vegetables
Green leafy %2 Cup 6 Nil * 30-40
Other ¥ Cup 6-10 Nil Nil 50-60
2. Fruit Varies 10 Nil Nil 40
3. Cereal 25 19-21 2-3 * 85
4. Legumes & 25 15 6 & 85
Pulses
5. Milk & Y4 Cup 4 3.5 4.0 65
Meat 75 Nil 7.5 6.0 85
6. Fat # sugars 10 Nil Nil 10.0 90
10 10 Nil Nil 40
# Visible Fat * Invisible Fat. 1 Cup =200 ml.

2.10 THE EXCHANGE LIST SYSTEM

An exchange list can be defined as a list which contains a group of foods in specified
amounts, which have approximately equal carbohydrate, protein and fat values. This
does not mean that the values of two foods within the group are identical. There will
be some differences in their values but these tend to nullify each other because of the
variety of foods that are selected by the patient from within the group, day-to-day.
Hence, any food from the given exchange list can be substituted or exchanged for
any other food in that list. In the fruits list, e.g., one small mango can be substituted
for one medium sweet-lime or four small tomatoes.

In all, there are eight exchange lists:

Milk exchange

Legume and pulse exchange
Flesh food exchange
Vegetable A exchange
Vegetable B exchange

Fruit exchange

Cereal exchange

Fat exchange

NN R WD =

These are listed in Appendix V. The nutrients contributed by the eight exchanges
are given in Table 2.12 which is referred to as the Master Exchange List.

Items such as tea, coffee, soup, spices, herbs, do not contribute significant amounts
of the nutrients but make the diet more interesting. Hence, they may be included in
the diet plan without any calculation except for the amount of sugar and milk added
to tea and coffee.

Commercial Products The calorific value of some items such as jam, squashes,
syrups, biscuits, cakes, nankhatai are shown in Table 2.4 and may be used as
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sparingly as possible or, if included in the diet, an approximate number of calories
may be substituted from the other eight exchange lists.

The minimum number of exchanges that must be included daily in the diet of
a normal adult to ensure adequate intake of nutrients are given below. However,
certain exchanges may be altered to suit the purchasing power of the person. It
should be borne in mind that the alterations thus made, should fulfil the nutritional
requirements satisfactorily.

Table 2.12  Composition of food exchange lists (master list)

Food Group Measure/Weight | Carbohydrates | Fat (gram) Protein Energy
(ml/gram) (gram) (kcal)
1. |Milk Refer List* Refer List* | Refer List 5.0 100
2. |Legume and 30g 15 — 6.0 100
pulse
3. |Flesh food Refer List* — Refer List** | 10.0 70
4. |Vegetable A Use
Unlimited

5. |Vegetable B Refer List* 10 — — 50
6. |Fruit Refer List* 10 — — 50
7. |Cereal 30g 20 — 2.0 100
8. |Fat Refer List* — 11.0 — 100

* Details of each food group given in Appendix V.
** 13.0 g if two hen’s eggs are used (i.e. one exchange).

1.
2.
3.

Milk exchange—At least two exchanges.

Legume and pulse exchange—At least two exchanges.

Flesh food exchange—At least one exchange if the person is a non-vegetarian.
If not, one exchange of legume and pulse may be increased.

Vegetable A exchange—At least two exchanges must be taken. They include
all green leafy vegetables and some other vegetables which may be taken in
unlimited quantity. They do not contain appreciable quantities of calories,
protein, fat and carbohydrates, so they may be eaten liberally. However, of
the two exchanges mentioned for the group, one exchange of green leafy
vegetables and one exchange of the other vegetables will be the ideal
distribution in the diet.

Vegetable B exchange—At least two exchanges should be included. This
group includes root vegetables and some other vegetables. Similar to the
previous exchange, one exchange of the two exchanges should be supplied
by the root vegetables and one by the other vegetables given in the group.
Fruit exchange—At least two exchanges may be selected, one fruit from the
vitamin C or vitamin A-rich group and the other from the other fruits being
the ideal combination.

Cereal exchange—It includes all cereals and some cereal products. At least
6-12 exchanges may be included. One medium chapati or paratha or half a
cup of rice or 2-3 medium puris are prepared from 30 g of the cereal.
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8. Fat exchange—TIt lists some fats, oils and nuts which are generally eaten in a
middle-class household. Generally, 3—4 exchanges may be served everyday.

Besides these eight exchanges, sugar is commonly used, one teaspoon or 5 g sugar
contributes about 20 calories. 30-50 g sugar daily more than suffices.

U Procedure for Calculation

When a normal diet is planned based on the Exchange List system, the calories and
protein are calculated first. If the requirements of these are met satisfactorily, then it
can be safely assumed that the requirements for the other nutrients of the normal diet
will also be easily met.

For example, if a diet for a normal adult man is to be planned with 2400 cal and
53 g protein, refer to the master list.

1. Prepare a list of the minimum exchanges, especially of exchanges number 1,
2,3,4,5 and 6, and calculate the calories and protein contributed by them.

2. Most of the balance calories and protein may be filled in by the seventh

exchange list, i.e. cereals group.

Some of the calories may be contributed by the eighth exchange group.

4. The number of exchanges in group 1, 2 and may be increased in case of
pregnant and lactating women.

5. In case of toddlers, pre-schoolers, school-going children and adolescents,
adjustment may have to be made in groups 1, 2, 3, 7 and 8.

6. An increase in calories and protein of the diet can be achieved by increasing
the appropriate amounts of foods from lists 1, 2 and 7. An increase in calories
alone can be achieved by increasing items listed in list eight or the amount of
sugar in the menu plan.

w

Menu planning for an adult man and woman, using the exchange list, has been
illustrated in Tables 2.13 and 2.14.

Table 2.13 Menu plan for an adult man using exchange list
(Requirement—2400 keals; Protein—s55 g)

Food Exchange List
No. of Carbohydrates Protein Fat Energy
Food group Exchange (gram) (gram) (gram) (kcals)
1. Milk 3 15.0 15.0 15.0 300
2. Legume and pulse 2 30.0 12.0 — 200
3. Flesh food (Egg) 1 — 10.0 10.0 100
4. Vegetable A 2 — — — —
5. Vegetable B 2 20.0 — — 100
6. Fruit 2 20.0 — — 100
7. Cereal 10 200.0 20.0 — 1000
8. Fat 5 — — 55.0 500
9. Sugar 50g 50.0 — — 200
335.0 57.0 80.0 2500
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Menu Plan

Tea : 1 cup
Breakfast  : Bread and Egg sandwich, bread slice—2 (using 5 g butter)
Boiled egg—1
Banana milkshake—1 glass
Lunch : Tomato soup—1 bowl
Chapatis—2
Rice—1 cup
Alu palak— 1 cup
Dal—T1 cup
Curd—1 cup
Tea Tea—1 cup
Dinner : Chapatis—2
Green salad—1 small plate
Rice—1 cup
Urad-rajma dal—1 cup
Cauliflower curry—I cup
Curd—I1 cup

Table 2.14 Menu plan for an adult woman using exchange list
(Requirement— 2200 kcals; Protein—45 g)

Food Exchange List
Food Group No. of Carbohydrates Protein Fat Energy
Exchange (gram) (gram) (gram) (kcals)
1. | Milk 3 15.0 15.0 15.0 300
2. | Legume and pulse 2 30.0 12.0 — 200
3. | Flesh food 1 — 10.0 10.0 100
4. | Vegetable A 2 — — —
5. Vegetable B 2 20.0 — — 100
6. | Fruit 2 20.0 — 100
7. | Cereal 8 160.0 16.0 — 800
8. | Fat 4 — 44.0 400
9. Sugar 40¢g 40.0 — 160
285.0 53.0 69.0 2160
Menu Plan
Tea : 1 cup
Breakfast Coffee using milk and sugar
Bread butter—2 slices with butter
Egg fry—1
Banana—1 small
Lunch : Chapatis—2
Mung usal—1 cup
Rice—1 cup
Alu palak—1 cup
Dal—1 cup
Curd—1 cup

Orange—1 small
Tea : Tea—1 cup
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Dinner : Chapatis—2
Lady’s finger curry—1 cup
Green salad—1 small plate
Rice—1 cup
Dal palak—1 cup
Curd—I cup

2.11 UTILIZATION OF NUTRIENTS

Foods, when ingested in the body, release the nutrients contained in them, for the
sake of giving energy, for the various body processes, maintenance of body tissue or
reproduction.

The entire process that the food undergoes from the time it is eaten to its excretion
is known as metabolism of food.

Metabolism of food is a combination of two important processes that take place
in the body, namely:

® Anabolism—Process of building up of body substance.
® Catabolism—Process of breaking down of body substance.

Although food contains all the nutrients in various forms, i.e. complex as well
as simple, the body efficiently converts the complex substances into their simpler
constituents as only then they can be used for the various body functions.

The process of building new substances from the simple molecules present in the
food is called anabolism, e.g. proteins present in the food are made up of simpler
substances, i.e. amino acids and these are used for building new tissue proteins in the
body.

Catabolism is the process of breakdown of various tissues to their simpler
components, e.g. catabolism occurs in the breakdown of tissues during infections,
burns, high fevers, routine wear and tear and various energy liberation processes.

This building up and breaking down of substances is a continuous process in the
body and requires a constant supply of nutrients.

Nutrients are obtained from food by the process of metabolism that takes place in
the following steps:

® Digestion
® Absorption
® Assimilation

The digestive system is specially developed for this purpose. It begins at the mouth
and comprises the food pipe (oesophagus), stomach, small and large intestines, and it
ends at the anus. The liver, gall bladder, salivary glands and pancreas are associated
with the process of digestion. Figure 2.4 illustrates our digestive tract.

The function of each of the organs of the digestive system in brief are:

1. Mouth. Chewing the food (mastication) and mixing with saliva coming from
salivary glands.

2. Oesophagus. Passage for the food from mouth to stomach.

3. Stomach. Storage and churning of food along with various secretions such as
hydrochloric acid, pepsin, rennin.
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Fig. 2.4 Our digestive system

4. Small intestine. Made up of three parts, duodenum—a U-shaped loop of
the small intestine receives pancreatic and bile juices; jejunum and ileum
complete digestion and absorb the digested product through the villi (Fig.
2.5).

5. Pancreas. 1t is a diffused gland in the loop of the duodenum. It secretes
digestive enzymes and also insulin which is the hormone responsible for
carbohydrate metabolism.

6. Liver. One of the largest glands in the body as well as an important one,
secretes bile which is stored in the gall bladder. The liver also stores sugar in
the form of glycogen, the fat-soluble vitamins, etc.
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Fig. 2.5 Thevilli

7. Gall bladder. 1t is the storage gland for bile secreted by the liver. Bile has
several functions.

(a) Itis strongly alkaline, hence, the acidic food passing into the duodenum
on mixing with bile becomes alkaline. This change from the acidic state
to alkaline is essential for the action of enzymes in the small intestine.

(b) It prevents growth of bacteria.

(c) It emulsifies fat so that action of lipase is effectively brought about.

8. Large intestine, Colon and Rectum. The reabsorption of water and certain B
vitamins take place in the large intestine. The waste products pass down into the
colon and are stored in the rectum till they pass out as stools from the anus.

Let us see what happens to the food at the various levels of digestion in the
digestive tract.
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2.12 DIGESTION PROCESS

The enzymes present in our digestive system play a major role in the digestion
process. The various enzymes are shown in Table 2.15 along with the organ in which
they are secreted, the food on which they act and the products of their action.

The food moves through the gastro-intestinal tract by the regular contractions
of the smooth muscles of the system. These movements are wave-like and called
peristaltic movements and the process, peristalsis.

Digestion of carbohydrate takes the least time, protein the next and fat takes the
longest. Food takes about 12 to 24 hours to travel from the mouth to rectum. A
normal person digests and absorbs almost 90-95 percent of the food eaten.

Factors that affect digestion are the following:

(a) Consistency, Division and Type of Food Foods that are of liquid consistency
are more readily digested than food pieces which are solid and big, and require more
mechanical digestion (disintegration). Mastication or chewing of food reduces the
size of the food which is then accessible to the action of enzymes present in the
digestive juices. Swallowing food hastily with hardly any chewing and washing
it down with water or other fluids may, therefore, cause indigestion. So, all foods
containing large amounts of cellulose are digested more slowly than those which are
free from fibre. Cellulose itself is not digested at all.

Table 2.15 Enzymes and their action
(Final digestion products absorbed in the body are shown in italics)

Secretion Enzyme Food acted upon Product
Saliva amylase (ptyalin) starch maltose
Gastric juice pepsin protein polypeptides
amylases starches maltose
lipase fats glycerol and fatty acids
Pancreatic juice trypsin protein polypeptides
peptidases polypeptides amino acids
sucrase sucrose simple sugars
(Glucose + fructose)
maltase maltose simple sugars (Glucose)
lactase lactose simple sugars
(Glucose + galactose)
Intestinal juice lipase fats glycerol and fatty acids
peptidases polypeptides amino acids

(b) Bacterial Action The normal bacterial flora in our gastrointestinal tract is
either fermentative, putrefactive or bacteria of coli type. Some of these aid in the
process of digestion, especially that of carbohydrates.

(c) Chemical Factors Strong acids, meat extracts, spices, caffeine and other
substances stimulate the flow of gastric juices while natural fat retards it.

(d) Psychological Factors Anger, fright and worry are adverse to digestion since
they depress the secretion of gastric juices. The sight, smell and aroma of food as
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well as its taste enhance the process of digestion by encouraging the secretion of the
saliva and gastric juices.

Let us see the process of digestion in detail:

1. Digestion in the Mouth Food is chewed in the mouth where it mixes with
saliva. Digestion is initiated in the mouth though it may seem trivial. However, it
is not so. Proper chewing not only breaks the food into smaller fragments but also
releases more saliva. Saliva contains an enzyme ptyalin which has amylase or a starch
digesting enzyme. Saliva helps to partially digest the starch present in the food. If
food is not chewed properly or is swallowed hastily, sufficient amylase is not mixed
with it and also big pieces of food enter the stomach. This results in incomplete and
improper digestion. Saliva contains mucous secretions that wet food and make its
passage casy into the stomach through the food pipe.

2. Digestion in the Stomach In the stomach, muscular contractions churn the
food, break it up and mix it with the gastric juices secreted by the gastric glands in the
stomach wall. The gastric juices contain a lot of water, hydrochloric acid and an enzyme,
pepsin. The acid enhances hydrolysis and food breaks down into microfragments.
Pepsin acts on proteins to form polypeptides. Another enzyme, rennin, predominantly
found in infants, acts only on proteins of milk. While digestive action continues in
the stomach, the food is prevented from moving on through the alimentary canal by a
muscular valve, the pylorus. From time to time the pylorus relaxes, allowing some of
the chyme (semi-digested food) to pass into the small intestines.

3. Digestion in the Small Intestine The food that now enters the small intestine
is a semi-liquid mass. The first, portion of the small intestines is U-shaped, known
as the duodenum. Here, the chyme is mixed with the bile juice released from the
gall bladder. The gall bladder stores bile secreted by the liver. Bile, as seen earlier,
contains no digestive enzymes, but is vital for digestion. It is strongly alkaline. It not
only neutralises the acid that is mixed with the food in the stomach but produces an
alkaline semi-digested mass on which the intestinal enzymes work best. Bile also
emulsifies fat thereby increasing the surface area for the lipase, the fat-hydrolyzing
enzyme, to act upon. Its bacteriostatic action prevents the growth of harmful bacteria.

Next, the alkaline mass is mixed with pancreatic juice secreted by the pancreas.
This juice contains several enzymes that act upon carbohydrates, fats and proteins.
They are amylases, lipase, trypsin and peptidases. Amylases act on starches and
convert them to maltose. Lipase acts on the emulsified fats to form glycerol and fatty
acids. Trypsin converts protein to polypeptides, which are further broken down into
amino acids by peptidases.

The small intestine also secretes digestive juices. The enzymes found in the intestinal
juice are lipase, peptidase, lactase, maltase and sucrase. These enzymes act on lipids,
peptides and disaccharides lactose, maltose and sucrose. They convert them to glycerol
and fatty acids, amino acids and simple monosaccharides (galactose, glucose and
fructose) respectively. These final products of digestion are now ready for absorption.

Nearly the whole process of absorption of digested materials occurs in the lower
portion of the small intestine. The intestine is lined with small fingerlike projections
called the vil/li. Through these, the amino acids and simple sugars diffuse from the
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intestines into the blood. In the same way, the fatty acids and glycerol are absorbed
into lymph, which is another fluid of the circulatory system.

4. Digestion and Absorption in the Large Intestine Here, absorption of
water is the major task. Less absorption of water results in loose stools whereas
greater absorption results in dry stools (constipation). Along with water, sodium,
other minerals, vitamins and amino acids are also absorbed. The colon bacteria
synthesize vitamin K and some vitamins of the B-complex group (especially biotin
and folic acid) which are absorbed from the colon in sufficient amounts to meet
the daily requirement. The resulting mass is now made up of indigestible matter
(cellulose), undigested food, bacteria, mucus, cellular debris, and metabolic waste
products. The faeces (stools) are expelled from the alimentary canal through the
anus.

U Intestinal Microflora

About 35% to 50% of the contents of the human colon is composed of bacteria.
Pathogenic bacteria (e.g. Haemolytic Escherichia coli, Clostridium perfringens,
Campylobacter organisms and Listeria organisms) co-exist with beneficial bacteria
(bifido bacteria, Lactobacillus organisms and non-pathogenic strain of E.coli).
However, healthy GI microflora help the host by (1) forming a barrier against
pathogens, and (2) improve gut immunity and produce certain vitamins. Healthy
microflora can be developed by the use of prebiotics and probiotics.

1. Prebiotics These are nondigestible food products and their substrates that
stimulate the growth of symbiotic bacterial species which are already present
in the colon and improve the health of the host. These include dietary fibre and
Fructooligosaccharides (FOSs). FOSs are linked together by indigestible bonds that
cannot be hydrolyzed by enzymes in the small intestine, so carbohydrates from FOSs
are not digested and pass into the large intestine as such. Foods containing these
FOSs include honey, beer, onions, asparagus, rye, bananas, maple sugar, and oats.
FOSs selectively stimulate the growth of beneficial bacteria, including bifidobacteria
and lactobacillus organisms, which reduces the levels of pathogenic bacteria such as
salmonella organisms and clostridia in the GI tract. Components of dietary fibre such
as pectin, hemicelluloses, and inulin found in onions, asparagus, also function as
prebiotics and stimulate the production of SCFA’s (Short chain fatty acids).

2. Probiotics These are microbial foods or supplements that can be used to
change or improve intestinal bacterial balance to improve the health of the host. They
are organisms and substances that contribute to the intestinal microbial balance. The
most common include lactobacillus organisms and bifidobacteria. These organisms
compete with pathogenic bacteria for attachment sites and nutrients and prevent
their overgrowth. Lactobacilli and strains of beneficial bacteria also produce organic
acids that reduce intestinal pH, thus retard the growth of pathogenic acid-sensitive
bacteria. At the optimal pH, the organic acids produced by beneficial bacteria exert
other inhibitory influences on their growth. Fermented dairy products including live
culture curds, yogurts, kefir, and commercial probiotic preparations, contain various
forms of beneficial bacteria. Sauerkraut, miso, and tempeh and some other fermented
foods may also be cultured with lactobacillus strains.
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) Metabolism

Once absorbed, the nutrients enter the blood stream which distributes them to all cells
of the body where they undergo metabolism. We have seen earlier that metabolism is
the chemical process consisting of the following two processes (i) anabolism, which
is the process of converting absorbed food into body tissue, and (ii) catabolism,
which is the breaking down of the body tissue and production of energy required for
various vital processes.

Assimilation This term is synonymous with anabolism. It is the process whereby,
the already digested foodstuffs are absorbed and utilized by the tissues.

The assimilation of nutrients on absorption in the body is shown in Table 2.16.
Carbohydrates are absorbed in the blood in the form of glucose. Now the body
cells systematically metabolize this glucose and it undergoes the following process:

(a) It is oxidized for liberation of energy and results in production of carbon
dioxide and water as waste products. Thus, glucose is a quick source of
energy.

(b) It is changed to glycogen. If the amount of glucose is in excess, this
glycogen is stored in the liver.

(¢) Another form in which it is stored in the body is as fatty tissue. The excess
carbohydrates are converted to fat and deposited in the fatty tissue of the
body, resulting in obesity when it exceeds the limits.

Table 2.16 Assimilation of carbohydrates, fats and protein in metabolism

Nutrient Digestion Assimilation in metabolism
Carbohydrates | Absorbed in the form of Oxidized for energy to CO, and H,0O
glucose or other Changed to glycogen and stored in liver
monosaccharides Changed to fat and stored as fatty tissue
Fats Absorbed in the small New fat oxidized for energy to CO,

intestine in the form of fatty | and H,O or stored as fatty tissue. Some
acids and glycerol, which are | fat combines with phosphorus to form
recombined into a new fat phospholipids

after absorption

Proteins Absorbed in the small Are deaminized if not needed. Nitrogen
intestine in the form of removed, changed to urea and excreted;
amino acids (which builds converted to glucogenic and ketogenic
new tissue and repairs old amino acids, which enter Kreb’s cycle to
tissue) release energy and form CO, and H,0

Fats, like carbohydrates, are metabolized after being absorbed in the blood. The
simplest form of fats release fatty acids and glycerol. These are recombined to form
new fat in the process of assimilation.

(a) This new fat is oxidized for energy, producing carbon dioxide and water as
waste products. This is a slow process and the presence of oxygen is a must
for this conversion.

(b) The excess fat is stored in the fatty tissue (adipose tissue).
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(¢) Some fat combines with phosphorus to form phospholipids. Some
combines with protein, forming lipoproteins, which form a major part
of cell membrane.

Proteins, on digestion, are absorbed in the small intestine in the form of amino
acids and are converted to new proteins of an individual’s body. Each individual has
his own specific proteins. The primary function of proteins is to build new muscles
and other tissues and repair old worn out ones. But sometimes the person’s intake of
carbohydrates and fats is very low because of which his daily energy requirement is
not met with. The body then turns upon proteins for its energy source. This results in
the loss of body muscles and weakening of the body as a whole. The fate of protein
metabolism depends upon the stores of energy in the body. If adequate supply of
energy is present, the absorbed amino acids are used to

(a) Dbuild new tissues (muscles, blood, cells), and

(b) repair old tissues (healing, replenishing).
If inadequate supply of energy is found in the body then

(c¢) the amino acids are deaminated, nitrogen is removed, changed to urea and
excreted form the body. The remaining is converted into keto acids which
further form carbohydrate and fat intermediates, namely glucogenic acids
and ketogenic amino acids which enter Kreb’s cycle to release energy and
form CO, and H,0.

The other nutrients namely vitamins and minerals also undergo metabolism by
which the functions that each has to serve is fulfilled. The details are brought out in
Chapter 3.

@ suvmary

The composition of our body depends on the type of food that we eat. It the food
is deficient, the body will also reflect that deficiency. We need several nutrients, the
levels of which have been decided by the RDA, as given by the ICMR expert com-
mittee, 1981. The body systematically breaks down each food component to the
absorbable form, and each nutrient undergoes metabolism and is assimilated into the
body to be utilised for the specific function that it is meant to perform.

€& CASE STUDIES

Mrs A has a family of 5 members who consume a mixed diet. Her mother-in-law,
husband, daughter and son are aged 70 years, 45 years, 17 years and 14 years
respectively. She is 40 years old.

1. Determine the caloric needs of her family.
2. Decide the number of exchanges to make a choice of foods on a daily basis.
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@ REVIEW QUESTIONS

1.

W

N

10.

Write short notes on chemical analysis, biological assay, and composition of
our body.

Define: Calorie, Joule. RDA, Reference Man, Reference Woman, Basal
Metabolism, Specific Dynamic Action, anabolism, catabolism, villi.

What factors affect the RDA?

What factors affect the BMR?

List out the five food groups, giving two examples of foods in each food
group. Also briefly outline the principle nutrients in each food group.

What is an exchange list? What is its main use?

What is the function of bile?

Which principle enzymes act on the following food components:

(a) Starch (d) Maltose

(b) Fats (e) Lactose

(c) Polypeptides (f) Sucrose

What are the end products of digestion of the following:

(a) Carbohydrates such as starch

(b) Fats

(¢c) Proteins

How does chewing your food help digestion?



Chapter

Role of
Nutrients

We have learnt about the various nutrients and their role in the body metabolism,
and also the Recommended Dietary Allowances for each as given by ICMR. Let us
now study each nutrient, including vitamins and minerals, in detail for the following:

1. Chemical composition

Classification

Digestion and absorption into the body
Functions

Deficiency symptoms

Sources

St kW

Although details of each nutrient can be elaborated to a very great extent, an
attempt is made here to familiarize the reader with the basic knowledge about
each nutrient. This will also make it clear that the functions of several nutrients are
interlinked. Besides, there are several economical but rich sources of nutrients, but
yet people suffer from deficiency of such nutrients either due to ignorance or due to
their misuse. For example, deficiency of vitamin A is a problem which has acquired
glaring proportions in the developing countries. Though large quantities of its
precursor beta-carotene occurring in carrots, red pumpkin and green leafy vegetables
is available in plenty, vitamin A deficiency, resulting in irreversible blindness, is
found in several children in these countries.

3.1 CARBOHYDRATES

The process of obtaining energy from the solar system and converting it into assimilable
forms for future use is carried out by plants. Plants synthesize carbohydrates with
the help of water from the soil, carbon dioxide from the air and the green pigment
chlorophyll present in them (Fig. 3.1).

(1 Chemical Composition

A carbohydrate is a chemical compound made up of carbon, hydrogen and oxygen.
The basic unit of a carbohydrate is a monosaccharide. It contains a series of carbon
atoms linked together in a chain, attached with oxygen and hydrogen atoms.
Its formula is C4H;,Oq4. Figure 3.2 gives the structural formulae of some simple
carbohydrates. Glucose, a monosaccharide, is the most common sugar, which is used
to store and release energy (Fig. 3.3).
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Fig.3.2 Structural formulae of some simple carbohydrates
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Since carbohydrates in the form of glucose cannot be stored in nature on a large
scale, they form chain-like complex polymeric molecules with removal of water,
such as starch in plants and glycogen in animals. These, when required, are broken
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down to their simple form, i.e. glucose, in the presence of water. Glycogen is the
stored starch in animals and is found in liver and muscles, from where it is mobilized
as soon as the glucose levels in blood dip below normal.

(] Classification of Carbohydrates
Carbohydrates (refer Table 3.1) are classified as follows:
1. Monosaccharides They are the 3,4, 5, and 6 carbon unit sugars called trioses,

tetroses, pentoses and hexoses respectively. Glucose, fructose, galactose, arabinose,
ribose are examples of this class.

Glucose is the sugar which is necessary for all the body systems. It is abundantly
found in nature. Fructose is the fruit sugar found in honey and fruits.

Table 3.1 Classification of carbohydrates

Carbohydrates

Examples

Obtained from

. Monosaccharides
(simple sugars
which contain a
single unit)

(i) Glucose (dextrose)

(i) Fructose (levulose)
(iii) Galactose

Corn syrup, fruits, vegetables,
honey.

Honey, fruits, vegetables.
The digestion of lactose.

. Disaccharides
(double
sugars which
contain two

(i) Sucrose (1 glucose +
1 fructose)

(ii) Lactose (1 galactose +
1 glucose)

Cane, beet, fruits, vegetables

Milk

monosaccharide | (iii) Maltose (2 glucose) Starch in sprouting grains and
units) digestion of starch.
Digestible

. Polysaccharides (i) Starch (many units of Grain products, legumes, root
(complex glucose) vegetables.
compounds
which (i1) Dextrin Result of first chemical change
contain many in digestion of starch
monosaccharide | (iii) Glycogen (animal starch) Animal body converts glucose
units) into glycogen which can readily

be converted back into glucose.

Indigestible

(i) Cellulose

(i1)) Hemiccllulose
(a) Pectin
(b) Agar-agar commonly
used in food as China
grass

Structural parts of fruits.
vegetables, whole grain.
Cereals, seeds and nuts.
Fruits like guava, apple, etc.
A gelatinous product made
from seaweed.

2. Disaccharides When two molecules of monosaccharides combine with the
removal of one molecule of water, disaccharides are formed.
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Energy
CeH,06 + C¢H 1,06 ——» C1,H» 0y + H,O

(Glucose)  (Fructose) (Enzyme) (Sucrose)

2 Hexoses A disaccharide + watel'
Sucrose or table sugar is one of the disaccharides. The others are:

1. Glucose + Glucose —» Maltose
2. Glucose + Galactose — Lactose

Sucrose is found in almost all plants, sugarcane and beet, being rich sources.

Lactose is found predominantly in milk. It helps to absorb the calcium present in
large amounts in milk.

Maltose or malt sugar is found in all sprouted and malted products. It is produced
when starch is digested by amylases. Sprouted cereals and beer contain large amounts
of maltose.

3. Polysaccharides These are complex compounds with high molecular weights.
They are formed by a combination of more than two molecules of a monosaccharide.
Their structural formula is (C4H;(Os)n where n < 2. In the order of sweetness,
polysaccharides are least sweet, disaccharides are medium while monosaccharides
are the sweetest.

(a) Starch is the storage form of carbohydrates in plants and comprises the
primary source of energy in the diet. Cereal grains, seeds, roots, tubers such as
potatoes contain large quantities of starch. Starch on partial hydrolysis gives dextrin.

(b) Resistant Starch Resistant starch includes all the starch that escapes digestion
in the small intestines. It is the sum of starch and the products of starch degradation
not absorbed in the small intestines of healthy individuals.

There are three main forms of resistant starch:

1. Starch that is physically inaccessible to digestive enzymes owing to enclosure
in food structures such as intact cells or partly milled or whole grains or
seeds.

2. Resistant B-type starch granules occurring in (uncooked) potatoes and green
bananas.

3. Retrograded amylose occurring in processed foods.

These forms are named RS 1, RS 2, and RS 3 respectively.

Although the three main forms of resistant starch probably represent the main
forms of indigestible starch in most foods, a number of other reasons for resistance
should be kept in mind. These include amylose-lipid complexation, retrogradation
of amylopectin and the creation of new enzyme resistant glycoside bonds by dry
heating at high temperatures.

Disintegration of gross and cellular structures releases physically enclosed starch
and thereby, reduces the RS 1 content.

Gelatinization, which is usually more or less complete in most starchy foods as
eaten, with the exception of unripe fruits, would diminish RS 2 from the resistant
starch granules.
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RS 3 is formed by retrogradation of amylose during processing, cooling and
storage under moist conditions.

Hence, it must be noted that starch can be made resistant to digestion by altering
the processing techniques, by prolonging the moist stage after cooking, by repeated
cycles of heating, cooling and chilling, or even by freezing. Resistant starch content of
foods can be varied within wide limits by choice of raw materials and the processing
conditions.

The importance of amylose-lipid complexes, amylopectin retrogradation,
chemical modification and heat treatments in dry conditions are still being assessed.

The resistant starch content of common cereal foods like bread, breakfast
cereals, pasta and rice is generally below 3 percent, potato has about 4 to 5
percent, potato flakes 3 percent whereas fried, freeze dried and defatted potato
chips contain up to 32 percent resistant starch due to the effect of heat treatment
and processing.

Leguminous seeds generally have a comparatively high content of resistant starch
after processing due to the high resistance of cells towards disintegration in cooking
and the high content of amylose in these seeds, which is generally more than 30
percent. Cooking, freeze drying and milling of legumes such as peas and lentils
changes the level of resistant starch and increases it to 5 to 18 percent which amounts
to 12 to 40 percent of the starch content of the food.

Since resistant starch is not absorbed in the small intestines of healthy individuals
hence, it is not digested to free glucose and does not provide glucose to the body. The
presence of resistant starch in the gut digesta could also influence gastric emptying
and digestion of other nutrients and satiety. Therapeutic use of resistant starch
may also involve cholesterol-lowering effects and providing lower caloric value
(approximately 2 kcal/g). It may have health promoting effects in colonic health
especially lowering risk of colon cancer. However all the nutritional implications are
still being reviewed.

(c) Glycogen is an animal starch stored in all animals. Fresh oysters and liver
obtained immediately from a slaughtered animal are rich sources of glycogen. But
since glycogen is very rapidly broken down, ordinarily the diet contains none.

(d) Cellulose and Hemicellulose are abundantly found in nature in seedcoats,
skins of fruits and as a structural part of all plants. They are important for nutrition
since they make up a large proportion of dietary fibre. Although they are indigestible
by human digestive system, they help in increasing the bulk of intestinal contents
and by stimulating the peristaltic movements, aid in evacuation of the bowel. In other
words, they help prevent constipation.

Pectins, which are also indigestible carbohydrates, are found in fruits. Their main
property is to absorb water and form easy gels. They are used in preparing fruit jellies.

There are many other indigestible polysaccharides such as gums, agar, chitin,
mucilages, pentosans, etc. But they form a very minor part of the human diet and,
therefore, are not dealt with here.

(1 Digestion and Absorption

All digestible forms of complex carbohydrates, mainly starches, are broken down by
the action of the enzyme ptyalin in the mouth and further by pancreatic and intestinal
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enzymes amylase and maltase to the simple sugar glucose (monosaccharide) by the
process of enzyme hydrolysis.

amylase amylase maltase

—’ o
Starch 10 Dextrin —HZO' Maltose —HZOP Glucose

The simple sugars are absorbed mainly in the small intestine. Details about
digestion, absorption and assimilation are covered in Chapter 2.

() Functions
The functions of carbohydrates in the body are the following:

1. They provide an economical and quick source of calories. Each gram of
digestible carbohydrate supplies roughly four calories. One teaspoon sugar is
about five grams and supplies about 20 calories.

2. They spare proteins so that proteins can be used for their more important
function, i.e. to build and repair tissues. In case of deprivation of carbohydrates,
protein is deaminated and used to liberate energy in place of carbohydrates.

3. Adequate supply of carbohydrates determines the amount of fat to be
metabolized for energy, which in turn affects the formation and disposal
rate of ketones (intermediate products of fat metabolism). In the absence
of adequate supply of carbohydrates, more fat is used because of which
ketones accumulate in the body and this results in a disorder called ketosis or
acidosis (a condition encountered in uncontrolled diabetes). This shows that
carbohydrates have an anti-ketogenic effect which prevents harmful excess
of ketone accumulation in the body.

4. Lactose encourages the growth of favourable intestinal bacteria. It has

laxative properties and enhances the absorption of calcium.

Cellulose provides faecal bulk which facilitates elimination.

Glucose alone can work as a source of energy for the central nervous system.

7. Adequatehepatic (liver) glycogen storage enhances normal liver detoxification
ability.

AN

U Deficiency and Excess of Carbohydrates

A mild deficiency of carbohydrates in the diet results in utilization of fats for energy
purpose. However, in case of severe deprivation of carbohydrates, fats too cannot be
oxidized completely, which results in the accumulation of large amounts of ketone
bodies in the body. This is a harmful condition as pointed out earlier. Excess of
carbohydrates in the diet, especially the sugar sucrose, may do the following:

1. Increase the incidence of dental caries: Microorganisms living in the dental
plaque convert the sugar into acids which attack the tooth enamel and destroy
it, resulting in the formation of dental caries;

2. Cause obesity because more calories are ingested than expended.: The excess
carbohydrates are converted into fat for the purpose of storage in the body;

3. Irritate the gastro-intestinal mucosa: That is why large quantities of jams and
jellies are not used by the gastric ulcer patient;
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4. Depress appetite: If empty calories such as those found in synthetic soft
drinks are consumed instead of the basic five food groups, malnutrition could
result.

5. Increase the blood triglyceride level which in turn leads to heart diseases.

U Sources
1. Plant Sources

(a) Cereal Grains Rice, wheat, corn, barley, bajra, jowar, ragi contain large
amounts of starch. In addition to starch they also contain some proteins, minerals and
vitamins. Whole grain and enriched sources also contain iron, B-complex vitamins
and some fibre.

(b) Vegetables Roots, tubers and seeds contain large amounts of carbohydrates.
Starchy legumes, beans, peas, yam, tapioca and potatoes contain a large amount of
carbohydrates, whereas green leafy vegetables contain low levels. Besides starch,
vegetables also supply some iron, B-vitamins and fibre. Sugars present in fresh
vegetables change to starch on storage. Onions do not contain starch.

(c) Fruits These contain the simpler forms of carbohydrates namely the mono-and
disaccharides. Dry fruits contain large amounts of carbohydrates. Starch is present
in some raw, immature fruits. It slowly gets converted to the simpler sugar, e.g.
starch in raw banana gets converted to sugar on ripening. Fruits also contain some
cellulose and pectin. Nuts contain about 10-20 percent carbohydrates and are also a
rich source of proteins and fats.

(d) Sweets The ordinary table sugar, ground sugar (Pithishakar), maple syrup,
corn syrup and honey are concentrated sources of sugars but do not supply significant
amounts of nutrients in addition to calories. Such sources are said to supply empty
calories. Jaggery and molasses contain some minerals in addition to sugars.

2. Animal Sources

There are no important animal sources of carbohydrates except milk, which supplies
lactose. Glycogen or animal starch is stored in the animal’s liver but it rapidly
degrades, hence, only a small amount of may be found in meat, poultry and fish.

(J Requirement of Carbohydrates

Carbohydrates in a diet should not be more than 70 percent of the daily calorie
requirement of a person.

3.2 FATS

Fats are a more concentrated form of storage of energy than carbohydrates. They
are found in the adipose (fatty) tissue of animals. An ingested fat undergoes
emulsification, digestion and absorption. In the presence of an adequate supply of
carbohydrate, fat is stored in the fatty tissue.

An excess of daily intake of carbohydrates also results in its conversion and storage
as fat in the fatty tissue. Hence, overweight persons should not only avoid an intake
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of fat but also an excessive daily intake of carbohydrates. The stored fat is mobilized
to produce energy but this process of energy liberation is slow and, therefore, always
adopted secondarily, when the supply of carbohydrates is inadequate.

(1 Chemical Composition

Fat is a complex molecule constituting a mixture of fatty acids and an alcohol,
generally glycerol. Like carbohydrates, it contains carbon, hydrogen and oxygen, but
it differs from a carbohydrate in that it contains more carbon and hydrogen and less
oxygen. When oxidized, it gives 9.1 calories per gram fat which are approximately
2 Y times more than those supplied by one gram of carbohydrate.

(1 Classification of Fats (Lipids)
Fats can be classified into three main groups:

1. Simple Lipids The simple lipids are the neutral fats. These are chemically
made up of triglycerides. Triglycerides contain a glycerol base with three fatty acids.

C;H5(OH); + 3 Molecules of fatty acids — Neutral fat
These ‘neutral fats’ make up 98-99 percent of food and body fats.

2. Compound Lipids These are chemically made up of simple lipids containing
phosphorus, carbohydrate or protein. Such compound lipids are known as
phospholipids, glycolipids and lipoproteins respectively. Lipoproteins are the most

Glycerides
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Glycerol + Three fatty acids — Fat (triglyceride) + Three H,0 (water)
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Fig.3.4 Structure of a lipid
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important as they are the carriers of lipids in the blood and form cell membranes.
Phospholipids are associated commonly with the nervous system (nerve tissue).

3. Derived Lipids They are fat-like substances produced from fats and fatty
compounds. The important members of this group are glycerol and fatty acids.

(a) Glycerol It makes up about 10 percent of the fat. It is the water-soluble base of
triglycerides or neutral fat. During digestion glycerol is removed and is available for
formation of glucose when necessary.

(b) Fatty Acids They are the key, refined fuel form of fat that the cell burns for
energy. They are part of the basic structural units of a fat and they may be saturated
or unsaturated. Examples of fatty acids are oleic acid, linoleic acid, linolenic acid,
arachidonic acid, palmitic acid, myristic acid and stearic acid.

4. Unsaponifiable Lipids These include steroids, terpenoids, etc.

Steroids They are fat-related substances containing sterols. The important member
of this group is cholesterol.

The study of fatty acids, cholesterol, visible and invisible fats is important for
nutrition, which we will now see in detail.

] Saturated and Unsaturated Fatty Acids

Fatty acids in food are classified as saturated and unsaturated (Fig. 3.5), depending
on the absence or presence of double bonds between the carbon atoms in their
molecules. Food fats are generally a mixture of both types of fatty acids. The process
of hydrogenation can be carried out only on fats containing unsaturated fatty acids
while hydrogen cannot be added to fats containing saturated fatty acids since no
unsaturation or double bonds are present in them. Vanaspati, a common cooking
medium, is a hydrogenated fat. It is generally fortified with vitamin A and D at a level
of 700 IU and 50 IU respectively.
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R—C—-C—-C—-C-C-C—-C—-C—C—C—OH
[ R R S N S R
H HHHUHGBHTHTHHH
Saturated fatty acid
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Mono-unsaturated fatty acid
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| | | | [
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[ | | |
H H H H H

Poly-unsaturated fatty acid

Fig. 3.5 Structures of different types of fatty acids
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The predominance of saturated fatty acids in a fat makes it solid at room temperature.
A fat containing more unsaturated fatty acids is liquid at room temperature. Most
animal fats are saturated while most vegetable fats are unsaturated.

Table 3.2 Major types of fatty acids in fats and oils

Saturated Monounsaturated Polyunsaturated
Coconut, Palm Red palm oil, LINOLEIC a-LINOLENIC
kernel, Ghee, Palmolein, Groundnut, (n-6) (n-3)
butter, Vanaspati | Ricebran, Sesame
Low Red palm oil Rapeseed,
Palmolein Mustard
Soyabean
Moderate Groundnut,
Ricebran
Sesame
High Safflower,
Sunflower
Cottonseed,
Corn,
Soyabean

Reference: Dietary Guidelines for Indians, National Institute of Nutrition, Second Edition, Hyderabad, India, 2010

There are both mono-unsaturated and poly-unsaturated fatty acids (PUFA). Oleic
acid has only one double bond hence, it is a mono-unsaturated fatty acid while linoleic
(18:2) and linolenic acids (18:3) with their two and three double bonds respectively
make them poly-unsaturated fatty acids. Stearic acid and palmitic acid are examples
of saturated fatty acids.

Foods which contain predominantly mono-unsaturated fatty acids (oleic)
are avocado, olives, olive oil. peanut butter, peanut oils, lard, regular margarine,
vegetable shortening, pork, poultry, eggs, cashew fruits.

Foods which contain predominantly PUFA (linoleic and linolenic) are corn,
cottonseed, safflower, soybean and sunflower oil, walnuts, mayonnaise, French
dressing (if made with the above oils), fish and fish oils. The relative amounts of
fatty acids in foods and diets are expressed by P/S ratio (P = Poly-unsaturated, S
= Saturated fatty acids), A ratio of less than 2 : 1 P/S is considered nutritionally
undesirable. Hence, consumption of vanaspati should be controlled since it increases
the proportion of saturated fatty acids in the diet.

Saturated fatty acids, especially palmitic and stearic, are found in animal products
such as whole milk, cream, ice-cream, butter, cheese made from whole milk, egg-
yolk, meat (except poultry), fish, pork, lard; margarine, vanaspati, chocolates, rich
desserts, coconut and coconut oil.

Poly-unsaturated fats are found in vegetable oils including safflower, cottonseed,
soybean, corn, sunflower, groundnut, #i/, fish, salad dressing, etc. The type of
fatty acids present in the fat determines the nature of the fat, its flavour and other
properties. Stearic acid is found in beef suet, oleic acid in almost all fats and butyric
acid in butter.
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The PUFA have been shown to prevent an increase in serum cholesterol on a high
fat diet and are thus, considered anti atherogenic.
A nutritional classification of fatty acid is

1. Essential fatty acids, and
2. Non-essential fatty acids

Essential fatty acids are those which cannot be synthesized by the body and need
to be supplied through diet. Linolenic acid, linoleic acid and arachidonic acid are the
three essential fatty acids.

Non-essential fatty acids are those which can be synthesized by the body and need
not be supplied through diet. Palmitic acid, oleic acid and butyric acid are examples
of non-essential fatty acids.

() Essential Fatty Acids

Linoleic and arachidonic acids are the principal fatty acids which are essential for
the nutritional well-being of a person. These cannot be synthesized by the body and
hence, must be supplied through diet. The primary source of linoleic acid in a diet is
vegetable oils.

Many health disorders and especially those related to skin can be successfully
managed through proper supply of the essential fatty acids.

1. Cholesterol Cholesterol is a word we come across very often in advertisements
of fats and oils, in relation to heart diseases, vascular disorders and high blood
pressure.

Cholesterol, one of the sterols, is found in different concentrations in all animal
tissues and blood, and has several important functions in the body. It is present in
animal foods. It is synthesized in the body by the liver independent of the dietary
intake. The body normally synthesizes about 2 g of cholesterol daily. The normal
blood level of cholesterol is 150 to 300 mg/dl (100 ml) of blood. However, this level
of cholesterol is affected by the dietary intake of cholesterol-rich foods like egg-
yolk, organ meats, shell-fish and dairy fat. It is necessary to restrict their intake in
atherosclerotic conditions.

The intake of cholesterol should be maintained below 200 mg per day. This can
be achieved by limiting the intake of high-fat animal foods like butter, ghee, meat,
eggs, organ meats, and consuming foods like low fat or skimmed milk or toned
milk instead of full-cream milk.Although eggs contain appreciable amounts of
cholesterol, consumption of up to 3 eggs in a week is recommended since it has
several nutritional advantages. Elevation of cholesterol in blood is also affected by
the mode of consumption of fat. At the same level of total daily intake, frequent
consumption of smaller amounts of fat has been shown to cause less elevation of
blood cholesterol as compared to consumption of the same total daily fat intake at
one time of the day.

Cholesterol is a precursor of the bile salts. It is closely related to sex and adrenal
hormones, which are derived from it in the animal body.

2. Omega Fatty Acids Foods contain omega-3 and omega-6 fatty acids. Omega-3
(also called n-3) fatty acids are unsaturated fatty acids having double bond in »-3
position.
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Important dietary omega-3 fatty acids are

(@)
(b)
(c)

Alpha Linolenic Acid (ALA),
Eicosapentaenoic Acid (EPA), and

Docosahexaenoic Acid (DHA).

Our body cannot synthesize these fatty acids but can form 20- and 22-
carbon omega-3 fatty acids from 18-carbon ALA. Conversion of ALA to EPA
(eicosapentanoic acid) and DHA (docosahexaenoic acid) is low (5—-10% for
EPA and 2-10% for DHA) . Small amounts of omega-3 fatty acids are found
to contribute to healthy growth and also play an important protective role in
many other conditions.

Omega-6 (n-6) fatty acids occur in fat and oil sources. Linoleic Acid (LA) and
Arachidonic Acid (AA) are common omega-6 fatty acids. Since, they are essential
for normal growth in young children and animals, they are commonly known as the
essential fatty acids. They are also beneficial in skin integrity, renal function, etc.

Hence,

both omega-3 and omega-6 fatty acids are necessary to maintain good health.

Table 3.3 Quantities of foods required to furnish o.1 g ALA

Food Gram

Cereal/Millet

Wheat & Pearl millet (bajra) 70
Pulses

Blackgram (kala chana), kidney beans 20
(rajmah) & cowpea (lobia)

Other pulses 60
Vegetables

Green leafy 60
Other Vegetables 400
Fruits 400
Spices

Fenugreek seed (methi)

Mustard (sarson) 1
Unconventional

Flaxseed (alsi) 0.5
Perilla seeds (Bhanjira) 0.3

Reference: Dietary Guidelines for Indians, National Institute of Nutrition, Second Edition, Hyderabad, India, 2010
(a) Omega-3 Fatty Acids and Their Role in Good Health

®
(i)

(iii)

Omega-3 fatty acids reduce the LDL cholesterol which may thus reduce
risk of coronary heart disease.

People with problems of blood circulation such as varicose veins benefit
from consumption of omega-3 fatty acids since they stimulate blood
circulation and help to breakdown fibrin (clot).

They help to reduce blood pressure and blood triglycerides. Thus, their
regular intake lowers both primary and secondary heart attack risk,
rheumatoid arthritis and cardiac arrhythmias. They also impart anti-
inflammatory benefits.



Role of Nutrients 65

(iv) Omega-3 fatty acids can reduce joint tenderness and need for corticosteroids
in rtheumatic arthritis and oxidative stress.

(v) Maternal intake of omega-3 fatty acids must be sufficient to maintain
maternal tissue stores and to meet the needs of the growing fetus.
Recommended intake for omega-3 fatty acids for pregnant women is about
0.6—1.2% of energy requirement.

Other benefits of omega-3 fatty acids are reduction of Attention Deficit
Hyperactivity Disorder (ADHD)-related symptoms in children. They also reduce
hyperactivity in children with autism spectrum disorders.The omega-3 fatty acids
have also shown neuro-protective action in Parkinson’s disease and in Alzheimer’s
disease.

(b) Daily Values The Acceptable Macronutrient Distribution Range (AMDR) is
0.6% to 1.2% of total calories. Ideal ratio of omega-6 to omega-3 is about 5:1.

(c) Food Sources of Omega-3 Fatty Acids ALA: DGLV, Nuts, Vegetable oils
like Canola,Soya bean, Flax seeds.

EPA and DHA: Oily fish (Salmon, herring, mackerel, sardine, tuna), walnut.
EPA: Oil of brown algae (kelp).

EPA and DHA now are being extracted from marine sources including fish oil and
algae. Flax seeds contain linseed oil which is six times richer in omega-3 fatty acids
than fish oils.

A vegetarian diet contains low ALA compared with LA. Also, vegetarians
consume very little of EPA and DHA as these are usually obtained from non-
vegetarian sources. Vegetarians do not consume a fish diet or fish oil supplements.
Consequently, tissue levels of omega-3 FA are very low in vegetarians and they are
thus denied the benefits such as cardioprotective effects. Vegetarians who mostly
get their omega-3 through ALA must therefore, make dietary changes to improve
their omega-3 status.

Seed oils are now being developed that are rich in omega-3 fatty acids such as
transgenic varieties of canola (rapeseed), soybean and safflower rich in EPA and
DHA. These may prove to be a boon for vegetarians.

Omega-6 to omega-3* fatty acid ratios in some oils

Canola (Rape) oil 2:1
Soyabean oil 7:1
Olive oil 3-13:1
Flaxseed oil 1:3
Corn oil 46:1

* Qils from sunflower, peanut and cottonseed do not contain omega-3 fatty acids.

(d) Fortification of Foods with Omega-3 Fatty Acids Omega-3 supplementation
in food has been a recent trend with global food companies launching products which
have been fortified with omega-3 fatty acid, like bread, pizza, yogurt, orange juice,
milk confections and infant formulae. Since, cardiovascular diseases are on the rise,
these products may become desirable in the near future.
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(e) Caution in the Dietary Use of Omega-3 and Omega-6 Fatty Acids Omega-3
and omega-6 fatty acids form eicosanoids that have important biological functions
in the body and and these are metabolised in a short time. If synthesis of eicosanoids
exceeds their metabolism, they tend to accumulate in the body, which can have
deleterious effects. Eicosanoids from omega-3 fatty acids are anti-inflammatory while
those formed from omega-6 fatty acids are inflammatory as well as cause clumping
of platelets, arthritis, lupus and asthma. Thus, more than the absolute quantities of
the omega fatty acids, the ratio of omega-3 to omega-6 fatty acids should be balanced
in the diet.

(1 Choice of Cooking Oils

In view of the above, an ideal quality fat for good health is one which maintains a
balance so as to give a ratio of polyunsaturated/saturated (PUFA/SFA) 0f 0.8—1.0, and
linoleic/o-linolenic (n-6/n-3) of 5—10 in the total diet. For ensuring this appropriate
balance of fatty acids in cereal-based diets, it is necessary to increase the o~linolenic
acid intake and reduce the quantity of linoleic acid obtained from the cooking oil.
Hence, the choice of cooking oil should be as follows.

Groundnut / Sesame / Rice bran + Mustard Sunflower / Safflower + Palmolein / Olive

Groundnut / Sesame / Rice bran + Canola Safflower / Sunflower + Groundnut /
Sesame / Rice bran

Groundnut / Sesame / Rice bran + Soyabean
Palmolein + Soyabean

Safflower / Sunflower + Palmolein + Mustard

3. Hydrogenation of Fats Hydrogenation is a process which hardens a liquid fat
by converting unsaturated fatty acid components to their saturated form. Unsaturated
vegetable oils such as cottonseed, corn soyabean, etc. are treated with hydrogen to
produce a plastic fat for cooking purposes or to resemble and substitute a table fat
like butter and ghee. Vanaspati and margarine sold in the market are examples of
hydrogenated fats.

4. Visible and Invisible Fats Some fats and oils added to food or used for frying
are visible fats. Many food commodities like milk, cream, egg yolk, meat, fish and
even cereals and legumes contribute substantial amount of invisible fats to the diet.
The foods which contain visible and invisible fats are shown in Table 3.4.

Table 3.4 Visible and invisible fats

Visible Fats Invisible Fats
Pickles, salad dressings, all oils, Egg-yolk, baked goods, whole milk, all
vanaspati, margarine, butter sweetmeats, cream, cheese, ice-cream, nuts,
oilseeds

) Digestion and Absorption of Fats

Fats are not digested in the mouth and stomach. However, in the stomach the size of
the particle of fat is reduced. On entering the duodenum, a hormone cholecystokinin



Role of Nutrients 67

is secreted by the intestinal wall. The hormone controls the secretion of bile, produced
by the liver and stored in the gall bladder. Bile emulsifies fat and provides alkaline
medium for the action of pancreatic and intestinal lipase. The fat is broken down by
the enzyme into fatty acids and glycerol. Free fatty acids and monoglycerides are the
principal forms entering the intestinal mucosa where triglycerides are formed once
again. Along with the resynthesized fats, the other products of fat digestion entering
the lymph circulation are free fatty acids, mono- and diglycerides, phospholipids,
cholesterol esters and possibly some fats which have not been hydrolyzed at all.
Water-soluble short-chain fatty acids and glycerol are transported directly to the liver
via hepatic portal circulation.

(1 Functions of Fat in the Body

1. Fat supplies heat. One gram of fat gives about nine calories. Tissues, except
those of the central nervous system, can utilize fat as a source of energy in
the presence of oxygen.

2. Subcutaneous fat acts as an insulation and helps in retaining body heat.

3. Fat provides padding around the vital organs. It holds them in place and
helps them to absorb the shock of physical blows. However, excessive fat
around vital organs interferes with their functioning.

4. Fat is the carrier of the fat-soluble vitamins A, D, E and K.

5. The essential fatty acids are needed for the maintenance of body functions.
Their main functions include:

(a) maintenance of the functioning and integrity of cellular and subcellular

membranes;

(b) regulation of cholesterol metabolism by transporting it between the
blood and body tissues;

(c) act as precursors of an important group of hormone-like compounds
prostaglandins;

(d) delay blood clotting time.

6. Fats have sparing action on vitamin By, that is, if fat consumption is adequate,
not much vitamin By, is needed.

7. Fat slows down the secretion of hydrochloric acid, muscle contractions and
the rate of digestion. A fatty meal stays for a longer time in the stomach and
prevents the feeling of hunger. This prevention of hunger is called the ‘satiety
value’ of fats.

8. Fats add flavour to many foods. Non-fat (skimmed) milk does not taste like
whole milk.

9. The calories in fat spare proteins from being oxidized for energy.

10. Cholesterol is needed for synthesis of sex and adrenal hormones (steroid
hormones).

11. Substituting fat high in PUFA for a fat high in saturated fatty acids will, in
a majority of individuals, decrease the level of blood cholesterol and hence
the risk of heart disorders.

1 Deficiency and Excess of Fat in Diet

Deficiency of fat in the diet causes the deficiency of essential fatty acids, mainly
linoleic and arachidonic acids. Absence of these PUFA from the diet of animals has
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shown failure in growth and reproduction among rats. In infants, there have been
several cases where eczema of the skin was completely cured on the inclusion of
these fatty acids in their diet. A skin condition known as “Phrynoderma” (toad skin)
is observed in which the skin becomes rough and thick, horny papules of the size of a
pin head erupt in certain areas of the body, notably thighs, buttocks, anus and trunk.
This condition however, responds better to vitamin E and B-complex vitamins more
effectively than to essential fatty acids treatment.

Excess Fats in the Diet

1. Cause obesity because more than required calories are consumed. In
addition, the excess carbohydrates are also converted to fat for storage in the
body resulting in obesity. Hence, we restrict carbohydrates like sugar and
starch besides fat in a reducing diet;

2. Abnormally slow down the digestion and absorption of food product;

3. Interfere with the absorption of calcium by combining with calcium to
form an insoluble calcium soap. The soap cannot be absorbed through the
intestinal wall,

4. Cause ketosis unless adequate carbohydrate is present to complete the
oxidation of fat. A person who is losing weight is losing his own fat deposits
to produce calories needed by his body. Metabolizing either dietary or
body fat necessitates the concurrent metabolism of carbohydrate to prevent
ketosis, as seen in diabetes.

U Sources of Fat

1. Plant Sources All oils obtained from edible nuts and oilseeds such as peanut,
seasame (fi/), soyabean, mustard, safflower, cottonseed, sunflower, corn, coconut,
palm, walnut, cashew, pistachio, almond and other nuts are rich sources of visible
fats.

Hydrogenated vegetable oil, vanaspati, margarine and French dressing are also
rich sources of visible fats.

Cereals and pulses, fruits—except avocados and olives—and vegetables are poor
sources of fats. However, since cereals and legumes are consumed in large quantities
they contribute to the invisible fat in the diet. A cereal-pulse based diet not containing
any added (visible) fat can meet more than 50% of an individual’s needs for essential
fatty acids. It is now believed that a visible fat intake of 15 to 25 g per day can meet
the requirements for essential fatty acids for different physiological groups.

2. Animal Sources Whole milk, pork, poultry, eggs, lard, mayonnaise, fish, dairy

products (butter, ghee), etc. are rich sources of fats.

1 Requirement of Fat

The quantity of fat that should be included in a well balanced diet is not known
with any degree of certainty. Factors which influence the requirements are:
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The minimum amount of fat to meet the EFA requirements.

The amount needed to promote absorption of fat soluble vitamins.
The amount needed to provide palatability to food.

4. The undesirble effect of excessive intake of fat.

=

Table 3.5 Composition of some Common Dietary Fats

Unsaturated Mono ,
o Polyunsaturated Fat . Cholesterol
Fat (%) - Unsaturated

Dietary Fat

LA(%) | LNA |LA:LNA
(%) (%)
Fatty acid content normalised to 100%
Flaxseed oil 10 16 53 0.3) 20 0
Canola oil 6 22 10 2.2) 62 0
Walnut oil 12 58 12 (4.8) 18 0
Safflower oil 10 77 Trace 77) 13 0
Sunflower oil 11 69 - (69) 20 0
Corn oil 13 61 1 (61) 25 0
Olive oil 14 8 1 (8.0) 77 0
Soyabean oil 15 54 7 (7.7) 24 0
Margarine 17 32 2 (16) 49 0
Peanut oil 18 33 - (33) 49 0
Palm oil 51 9 0.3 (30) 39 0
Coconut oil 92 0 (2.0) 7 0
Chicken fat 31 21 1 21) 47 11
Lard 41 11 1 (11) 47 12
Beef fat 52 3 1 (3.0) 44 14
Butter fat 62 2 2 (1.0) 30 33

Ref: Nutrition Society of India, Proceedings on Cardiac Health and Fat, 2008

The requirements of essential fatty acids has been been placed at 3 to 6% of the
daily energy requirements. About 50% of the essential fatty acid requirements can be
provided by a cereal-based diet contributing about 15 g fat.

It should be remembered that the maximum intake of fat should not exceed 30%
of calories requirements, i.e. it must be less than 80 g per day.

1 Trans Fatty Acids

1. Definition Trans Fatty Acids (TFA) are unsaturated fatty acids with at least
one double bond in the trans configuration. Fatty acids in foods usually have the
cis configuration, i.e. the hydrogen atom with respect to the double bond is on the
same side of the molecule. The cis molecule thus, has a “V” shape. In TFA the
hydrogen atom is on the opposite side. The trans molecule thus, assumes a nearly
linear configuration which is similar to that of saturated fatty acids. This change
in configuration alters the physical property of the oils. Oleic acid which is the cis
isomer, is liquid at room temperature where as elaidic acid, its trans isomer is solid.
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2. Food Sources of TFA Partially hydrogenated vegetable oils are the major
contributors of TFA in foods. Partially hydrogenated vegetable oil have a long shelf
life, they are stable during frying and their semi-solidity can be customised to enhance
the palatability of baked goods and sweets. Elaidic acid (C18:1 9t) is the major trans
isomer (80-90%). Hence, TFA in the diet comes from deep fried fast foods, bakery
products, and packaged snack foods. Besides, small amounts of TFA are also formed
naturally in the stomach of ruminant animals by the action of bacteria. Hence, dairy
products and meat from cattle, sheep, goats, etc. also contain TFA (~5% of total fatty
acids). The major TFA present in ruminant fat is vaccinic acid (C18:1 11t).

3. Current Dietary Recommendations and Regulatory Aspects of TFA
Intake of TFA may result in considerable potential harm. Adverse effects are seen
even at very low levels of intake, i.e. 1-3% of energy intake or approximately 2—6
g for a person consuming 2000 calories per day. It is recommended that avoidance
of TFA is necessary to avoid risk especially due to CHD. Most of the developed
countries have made stringent rules to limit the intake of TFA. The European
countries have set an upper limit for the intake of TFA as 1-2% energy (2—4 g). The
latest joint FAO/WHO Committee recommended that TFA intake in the diet should
be below 1% of energy (2 g). From January, 2006 the FDA made it mandatory that all
conventional foods and supplements must indicate the TFA content. Some countries
have banned the presence of TFA in foods. Presently, in India there are no regulations
specifying TFA in foods.

3.3 PROTEINS

The word Protein comes from a Greek word meaning Primary, or holding first
place, which is an appropriate name for an essential life-forming and life-sustaining
substance of all organisms.

Proteins make up the major structure of all living cells and form most of the dry
weight of the body cells.

Proteins may be defined as organic substances that on digestion yield their
constituent, unit-building blocks-the amino acids. In other words, amino acids unite
to form the complex molecule of a protein.

Every species of organisms has characteristic proteins shared by no other
species. Even every individual organism may have proteins different from another
individual.

Molecules of fat are large, those of polysaccharides are larger still, but generally
protein molecules are much larger and complex.

Each amino acid contains a carboxyl (COOH) or acidic group and an amino (NH,)
or basic group. By varying the grouping which is attached to the carbon containing
the amino group, many different amino acids are formed, e.g.

Glycine CH,(NH,)-COOH
Alanine CH;-CH(NH,)-COOH
Lysine CH,-CH, CH,-CH-(NH,)-COOH

In all there are more than 21 amino acids important from the point of view of
human nutrition.
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Amino Acids Amino acids have been classified as essential and nonessential
amino acids.

(a) Essential Amino Acids cannot be synthesized by the body and their
requirement has to be met through dietary intake. In all there are 10 amino acids
considered essential for the human infant, out of which arginine and histidine are
considered non-essential for the adult.

Methionine Threonine Histidine
Isoleucine Tryptophan Arginine
Leucine Valine

Lysine Phenylalanine

(b) Non-essential Amino Acids can be synthesized by the body and they need not
be supplied through diet.

Cystine* Glycine Aspartic acid/Hydroxyproline
Cysteine Serine Glutamic acid/Norleucine
Proline Alanine Tyrosine*

* Semi-essential

Methionine can be converted to cystine but cystine cannot be converted to
methionine. Similarly, phenylalanine can be converted to tyrosine but not vice versa.
Yet these spare the requirement of the corresponding essential amino acid. Hence,
cystine and tyrosine are sub-classed as semi-essential amino acids.

Another way of classifying amino acids is on the basis of their reaction (Table 3.6).

(1 Chemical Composition

Proteins are complex organic compounds containing carbon, hydrogen and oxygen.
But unlike carbohydrates and fats, proteins contain in addition, nitrogen, usually
sulphur and sometimes iron, phosphorus, iodine and copper. Amino acids are the
building blocks which unite to form a protein molecule.

Protein formation (synthesis) is quite similar to that of polysaccharides which are
formed from simple sugars. The amino acids are mostly linked together in forming a
protein molecule through NH, group of one amino acid condensing with the COOH
group of another amino acid with the elimination of one molecule of water, and
a compound thus formed is called a peptide and the linkage is called as a peptide
linkage. When two amino acids join, they form a dipeptide. When three amino acids
join they form a tripeptide. A chain containing more than three amino acids is called
a polypeptide, which ultimately forms a protein. A protein may contain hundreds
or thousands of amino acid molecules. However, they are the same 21 amino acids
repeated to form the huge protein molecule.

Proteins are the building blocks of the body because no tissue can be built without
them, e.g. children need more proteins because growth demands more and faster
tissue build up.
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Table 3.6 Classification of amino acids

Essential Non-essential

Classification

amino acids amino acids

Aliphatic amino acids:

Monoamino-monocarboxylic Threonine Glycine

(neutral reaction) Valine* Alanine
Isoleucine* Serine
Leucine*

Sulphur containing Methionine Cysteine

(SH group)

Diamino dicarboxylic — Cystine**

(sulphur containing
neutral reaction)

Monoamino-dicarboxylic — Aspartic acid
(acid reaction) Glutamic acid
Diamino-monocarboxylic Lysine Arginine
(basic reaction) Hydroxylysine

Aromatic amino acids:

Monoamino-monocarboxylic Phenylalanine Tyrosine**
(neutral reaction)

Heterocyclic amino acids

Monoamino-monocarboxylic Tryptophan Proline
Histidine Hydroxyproline
(slightly basic)

* Also referred to as branched-chain amino acids.
** Semi-essential.

U Classification of Proteins

Proteins are classified into two types from the nutrition viewpoint:

1. Complete Proteins These proteins contain all the essential amino acids in
sufficient quantity and ratio to supply the body’s needs. They support life even if
supplied as the sole source of protein. These proteins are of animal origin, e.g. milk,
meat, poultry, products and fish. The quality of these proteins is much superior to
those of incomplete proteins.

2. Incomplete Proteins These proteins are deficient in one or more of the
essential amino acids and therefore, they do not support life on their own. All plant
sources of proteins, i.e. vegetables, fruits, cereals, pulses, nuts and oilseeds contain
proteins incomplete to varying degrees. If two sources of incomplete proteins are
combined in the same meal, the resulting protein may be of better quality, e.g.
khichdi prepared using tur or moong dal and rice is of better protein quality than rice
or dal cooked separately. Rice kheer is another example where animal and vegetable
proteins—milk and rice—are cooked together.
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Gelatin is the only animal protein which is an incomplete protein. It lacks three
essential amino acids namely tryptophan, valine and isoleucine and has only a small
amount of leucine. It is interesting to note that animals like rats too do not attempt to
feed on gelatin. They also prefer complete proteins.

(] Digestion and Absorption of Proteins

No digestion of proteins takes place in the mouth since saliva does not contain any
specific proteolytic enzyme.

In the stomach pepsin acts on the protein to hydrolyze it partially. In the small
intestine trypsin continues to split proteins by attacking the peptide linkages.
Peptidases act on the polypeptides of shorter chain-lengths liberating the end products
of digestion, i.e. the amino acids. These are absorbed from the small intestine.
A number of hormones, vitamin By (pyridoxine) and fibre affect the digestion of
proteins. Proteins require more time for digestion than carbohydrates. Hence, protein
in a diet has a satiety value too.

Most of the ingested food proteins are almost completely digested to release amino
acids in the gastro-intestinal tract and absorbed as such from the small intestine. The
absorption of amino acids involves an active transport mechanism as well as specific
transport proteins to be present in the intestinal mucosal cells. The pattern of amino
acid absorption from the small intestine depends largely on both the qualitative
as well as the quantitative composition of the mixture of the amino acids present.
Hence, a mixture of proteins such as dal/ and rice eaten at a meal complement each
other (compensates) for the limited amino acids present in each of them separately.

Certain antibiotics such as pyromycin, actinomycin-D inhibit the absorption of
amino acids by blocking the synthesis of transport protein in the intestinal mucosal
cell.

After absorption, the amino acids are taken up primarily by the blood capillaries
of the mucosa and are transported through the plasma and erythrocytes to the liver,
other organs and body tissues for metabolic utilization. A significant amount of the
absorbed amino acids also appears in the lymph.

In some persons small amounts of intact proteins are absorbed through the
intestinal mucosa. This leads to allergic reactions to certain food proteins.

U Functions of Proteins

1. Growth and Maintenance Proteins are the chief constituents of muscles,
organs and endocrine glands. They are the major and indispensable constituents of
skin, hair, nails, bones, teeth, blood, serum, etc. All body fluids, except bile and
urine, contain protein. In short, every living cell of our body contains protein and is
required for growth and maintenance of every cell in our body.

2. Regulation of Body Processes Proteins are required for highly specialized
functions in our body. These proteins are as follows:

(a) Immune proteins—Antibodies, necessary for immunity reactions, are protein
in nature. Resistance to diseases is an immunological response.

(b) Hormones—Hormones such as adrenocorticotrophic hormone (ACTH) and
insulin, are protein in nature.
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(¢) Enzymes— All enzymes are protein in nature and are required at every step
of digestion, absorption and metabolism.

(d) Nucleoproteins—These govern the synthesis of all body proteins.

(e) Contractile proteins—Actin and myosin are responsible for the action of
muscles.

(f) Blood proteins—Haemoglobin, the most familiar constituent of blood, is a
protein which carries oxygen. Other proteins found in blood are lipoproteins,
transferrin, retinol-binding protein, serum albumin and immunoglobins.
Serum albumin is also responsible for regulating osmotic pressure and
maintaining the fluid balance of the body. Nutritional oedema results if the
body is deficient in protein, level of blood protein falls and fluids accumulate
in the tissues.

(g) Specific functions—Some amino acids have specific and specialized functions
in the body, e.g. tryptophan is a precursor of niacin and serotonin (a blood
vessel constrictor); methionine supplies labile methyl groups for synthesizing
choline, which prevents accumulation of fat in liver; glycine is required for
the formation of the porphyrin ring of haemoglobin and is an important
constituent of nucleic acids.

3. Supply of Energy Protein is the last source that the body taps for energy.
Proteins, like carbohydrates, yield approximately 4.0 cal/g. However, the process
of obtaining energy from proteins is not advisable since deamination of amino acids
places tremendous load on the kidney, besides expending one of the costliest nutrient
for a function which can be satisfied by cheaper sources such as carbohydrates.
Utilization of protein for energy is a waste which weakens the body in all respects,
retards growth and reduces weight.

1 Symptoms of Protein Deficiency

The deficiency symptoms include weight loss, anaemia, reduced resistance to
infections, impaired healing of wounds, hepatic (liver) insufficiency, nutritional
oedema, easy fatigue and muscular illness. The vulnerable group is weaning
children especially those in the 3—5 years of age group. In case of lack of adequate
quantity or quality of protein, especially in the growing years, children fail to grow
properly, there is wasting of tissues, and they suffer from diarrhoea and oedema,
which is characterized by a swollen abdomen. These symptoms are also seen during
semi-starvation.

However, a particular type of complex symptom due to protein malnutrition is
seen especially in Central Africa. It is a high-mortality, deficiency disease known as
kwashiorkor meaning red boy. The name comes from the odd reddish orange colour
of the hair, as well as from a skin rash, characteristic of the disease. Other symptoms
are weakness, nervous irritability, inability to digest and absorb food normally,
oedema, anaemia and fatty degeneration of the liver. Since, animal protein foods
also supply minerals and B-vitamins, kwashiorkor is probably a protein deficiency,
complicated with deficiency of certain minerals and vitamins.

Dry skimmed milk is one of the most effective foods for treatment and prevention
of such protein malnutrition in children. Protein concentrates using locally
available foods are prepared and fed to susceptible young children. The diet may be
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supplemented with peanut or soyabean flour, other legumes, dried yeast or fish meal.
All these can provide an adequate mixture of proteins.

] Sources of Protein

Animal sources are complete proteins, such as meat, egg, fish and poultry, and they
are good protein foods in both quantity and quality. Milk is a valuable source of
protein because although, it does not contain a large quantity of protein, the quality
is excellent. Gelatin, a derived protein is an exception, since it contains three limiting
amino acids and hence, is a poor source.

Good sources of plant proteins are legumes, pulses, nuts and oilseeds. But their
quality is poorer than that of the flesh foods listed above. However, complementing
two plant sources or combining an animal and a vegetable source in one meal
increases the nutritional value of the meal tremendously.

All vegetables and fruits are a poor source of protein.

] Protein Requirement, Essential Amino Acids and
Protein Quality

Two basic measures must be considered for protein requirement, i.e. quantity and
quality. The higher the quality, lower the requirement and vice versa.

Protein quality varies from each type of protein. The value of a protein is
dependent upon its content of essential amino acids. Since, the essential amino
acid, tryptophan, is required least in the body, it is assigned the value of 1. On
the basis of the provisional amino acid pattern an ideal proportionality pattern
of amino acids required by an adult is constructed by the Food and Agriculture
Organization (FAO), against which the amino acid ratios in different foods may
be measured. According to this amino acid proportion pattern (see Table 3.7), eggs
and milk rank highest as reference proteins against which the protein quality of
other foods is measured.

Table 3.7 FAO’s ideal amino acid proportionality pattern

Amino acid Requirement (mg) Proportinality pattern
Tryptophan 250 1.0
Threonine 500 2.0
Isolecuine 700 2.8
Lysine 800 32
Valine 900 3.6
Total sulphur amino acid 950 3.8

(Methionine minimum) (325) (1.3)
Leucine 1050 4.2
Total aromatic amino acid 1550 6.2

(Phenylalanine minimum) (325) (1.3)
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(] Determination of Protein Quality

Protein quality is an important aspect of determining protein requirement. This
concept was developed in the mid 20th century.

A number of indices have been developed for measuring protein quality, several
of which are based on the nitrogen-balance principle.

Principle of Nitrogen Balance 1tis commonly used to determine the requirement
of protein. In a normal adult living under usual conditions, the amount of amino acid
ingested in a day undergoes degradation and the nitrogen from such a metabolism is
excreted every day. Nitrogen balance means the amount of nitrogen lost in a 24-hour
period is equal to that consumed during this period. This is so because the nitrogen
consumed is mainly from protein nitrogen sources. However, in a growing child or in
conditions of rapid growth, the body tries to conserve by allowing only a part of the
amino acids to undergo degradation, the remaining enter the process of net synthesis
of protein.

Nitrogen is lost from the body through urine, faeces, perspiration and such
functions as desquamation of epidermis, growth of hair and nails, as well as secretion
of nasal mucus, tears, etc. Nitrogen-balance studies, however, compute the intake
of food nitrogen and output of nitrogen in urine and faeces only, since, these two
constitute the major means of nitrogen loss.

In order to retain the nitrogen balance, it is necessary to ingest and absorb
sufficient amount of the eight essential amino acids. If any one of these is lacking,
nitrogen balance becomes proportionally negative. Addition of the missing essential
amino acid to such a diet helps restore the nitrogen balance promptly.

A person is said to be in nitrogen balance (equilibrium) when his intake and output
of nitrogen are equal. A person is said to be in positive nitrogen balance when more
nitrogen is retained in the body than that lost, while a person is said to be in negative
nitrogen balance when more nitrogen is lost than ingested. Normally, a positive
nitrogen balance is seen in growing children, convalescing patients and pregnant
women. A negative nitrogen balance, is observed during starvation, malnutrition,
fever, after extensive burns or trauma and in post-operative conditions.

U Indices for Determination of Protein Quality

1. Biological Value (BV) BV is an index of protein quality that reflects the
percentage of absorbed nitrogen from dietary protein actually retained by the body,
measured under standard conditions.

The basic formula for BV is

_ N retained

BV=——"7""7"—
N absorbed x

100
For example, if rats are fed on a controlled diet using a given protein food source,
the nitrogen content of the diet, urine and faeces is measured and BV is calculated as:
Dietary N-(Urinary N + Faecal N)

BV = - x 100
Dietary N-Faecal N




78 Nutrition and Dietetics

The greater the proportion of N retained, the higher is the BV or quality of the
protein being tested, e.g. eggs have a BV of 87-97.

Whey has a BV between 106-159

Cow’s milk has a BV of 85-90

Rice and Tofu (Soya-curds) have a BV of 75

With the exception of gelatin, no animal protein has a BV < 72. No plant protein
has a BV > 75.

The BV of a mixed diet is higher than the average of the BV’s of its individual
component proteins. This complementary effect is due to the fact that particular
amino acid deficiencies in one protein are often compensated by the other source.
Timing of ingestion of proteins is crucial to this synergistic effect of mixed proteins.
A combination of cereal and pulse in the ratio of 5:1 has been found to give an
optimum combination. Thus, the habitual diets of vegetarians in India based on
cereal and pulse has a rational basis.

2. Net Protein Utilization (NPU) NPU is an index that takes into account the
relative digestibility of proteins. Since, even the best mixture of amino acids will be
less available for use in the body if it is packaged in a protein that is only partially
digested.

Therefore, NPU = BV x digestibility

N retained
NPU = Dietary N x 100

Dietary N — (Urinary N + Faecal N) 100
= X
Dietary N

Proteins are generally easy to digest. Most proteins are 90 percent or more
digestible. Thus, in most cases, NPU approximates the BV.

3. Proftein Efficiency Ratio (PER) This indice is not based on nitrogen-balance
studies. It is, therefore, less precise than BV and NPU, but it is technically easier to
derive and use.

PER is defined as the change in body weight relative to the amount of protein
eaten. It is usually measured in laboratory rats kept under standardized diet
conditions.

PER = Weight gain in grams

Dietary protein in grams

For example, if a rat is given a standard diet nutritionally adequate in all respects,
containing 2 g of casein per day as the only source of protein and his weight gain is
found to be 5 g per day, then the PER of casein would be

2 225

2
Whole egg has a PER of 3.8, while gelatin has 0 PER.
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4. Protein Digestibility Corrected Amino Acid Score (PDCAAS) This
protein quality measurement was instituted by the FAO and WHO in 1985 and since
then it has been accepted internationally as the official assay for evaluating protein
quality.

It is based on the amino-acid requirements of children aged 2 to 5 years. It
represents the amino acid score after correcting for digestibility. The PDCAAS of 1.0
is assigned to those proteins that after correcting for digestibility provide aminoacids
equal to or in excess of the requirements, e.g. soyprotein has a PDCAAS of 1.0 since
it meets the protein needs of adult humans when consumed at a level of 0.6 g/kg
body weight as the only source of protein.

The PDCAAS of some foods are shown in Table 3.8:

Table3.8 PDCAAS of some foods

Food PDCAAS

Soybean 1.0

Milk 1.0

Egg 1.0

Beef 0.82
Peas 0.73
Oats 0.57
Groundnuts 0.52
Rice 0.47
Maize 0.42
Wheat 0.25

5. Amino Acid Score 1t is a chemical score based on chemical analysis of the
protein and not on a biological test. It compares the content of essential amino acids
in a protein or protein mixture with that found in a standard reference protein, defined
by FAO/WHO (1973) (see Table 3.9).

Table 3.9 Provisional amino acid scoring pattern

Amino acid Suggested level mg/g of protein

Isoleucine 40
Leucine 70
Lysine 55
Methionine + Cystine 35
Phenyalanine + Tyrosine 60
Threonine 40
Tryptophan 10
Valine 50

Total 360

The amino acid score is determined by the following formula:

mg of amino acid per gram of test protein
x 100

Amino acid score = - . .
mg of amino acid per gram of reference protein
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The score of the test protein is determined by the amino acid that is lowest in
proportion to its amount in the reference protein.

Soybeans have sulphur-containing amino acids, methionine and cystine, in the
smallest proportion to their level in the reference protein. Since, soybean protein has
only 74 percent as much of these amino acids as the reference protein, the amino acid
score of soybean protein is 74. Thus, the sulphur containing amino acids are said to
be limiting amino acids (Table 3.10).

Table 3.10 Limiting amino acids in categories of vegetable protein foods

Category Limiting Amino Acid(s)
Most grain products Lysine, threonine
(sometimes tryptophan)
Most legumes or pulses Methionine, tryptophan
Nuts and oil seeds Lysine
Green leafy vegetables Methionine
Leaves and grasses Methionine

Lysine, threonine, tryptophan and the sulphur-containing amino acids, cystine and
methionine, are the limiting amino acids in most foods, e.g. in wheat the limiting
amino acid is lysine.

The chemical scores, limiting amino acids and NPU of some foods is given in
Table 3.11 and 3.12.

Importance The concept of limiting amino acids has a number of practical
applications as in the following cases:

(a) In dietary planning of informed vegetarians. Vegetarian must include foods
providing complementary proteins at every meal, e.g. cereals + legumes in
one meal.

(b) In trying to develop a new product by nutritionists, using two plant proteins,
e.g. Incaparina developed for child feeding programmes in Guatemala.

(¢) Inagricultural research by which newer strains of wheat are being developed,
containing increased levels of lysine and tryptophan.

(d) In fortification of wheat flour with lysine in some developing countries, e.g.
bread.

(e) In protein-enriched products which are being developed, e.g. nutrela
nutrinuggets, meal maker, etc.

(1 Vegetarian Diets

A vegetarian diet consists of only foods of plant origin, and no meat, fish, eggs or
other animal products are allowed.
There are four types of vegetarians:

1. Ovolactovegetarians: This diet consists of plant foods, along with eggs, milk
and milk products.

2. Lactovegetarians: This diet is of plant origin, supplemented with milk and
milk products.

3. Pure vegetarians or vegans: Eat all foods of plant origin.
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Table 3.1 The protein quality of some common foods
§ ‘ = |5 ¢ g 2 ~
s | F |22 (Es|2S g
| § |88 |2§8¢|28¢| &[T
Unit g/100g | percent | percent | percent | percent
Eggs 13 99 94 94 30 3.92 | 100 | None
Cow’s 4 97 85 82 20 3.09 | 61 | Methionine
milk, whole and cystine
Fish 19 98 83 81 49 3.55| 75 | Tryptophan
Beef 18 99 74 74 21 23| 69 | Valine
Chicken 21 95 74 70 49 67 | Valine
Pork 12 = 74 = = —| 68 | Methionine
and cystine
Gelatin 86 - - 3 3 -1.25 0 | Tryptophan
Soybeans 34 90 73 66 22 2.32 | 46 | Methionine
and cystine
Common 22 73 58 42 11 1.48 | 34 | Methionine
dry beans and cystine
Peanuts 26 87 55 48 9 1.65 | 43 | Methionine
and cystine
Brewer’s 39 84 67 56 31 2.24 | 45 | Methionine
yeast and cystine
Wheat 12 91 66 60 9 1.5| 48 | Lysine
whole grain
Corn whole 9 90 60 54 5 1.12 | 40 | Lysine
grain
Brown rice 96 73 70 —| 56 | Lysine
White rice 98 64 63 2.18 | 53 | Lysine
Potato 89 73 5 — | 48 | Methionine
and cystine

4. Fruitarians: These vegetarians consume raw or dried fruit, nuts, honey and
olive oil. They may supplement their diet with grains and legumes.

1 Problems of Vegetarianism

() Energy Obtaining calories is not a problem for adults but for children, since,
foods contribute to bulk and are high in fibre.

(b) Protein The requirement for essential amino acids has to be met with foods
having lower digestibility. The essential amino acid in vegetarian food pattern is not
well balanced as in the foods of animal origin. Hence it is necessary to complement
foods in such a manner that the limiting amino acid of one food will be supplied by
another food eaten at the same meal. Combining a cereal and a pulse as in khichdi,
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Table 3.12 The chemical scores, limiting amino acids and net protein utlization (NPU)
of some foods

Chemical score based
on the egg essential

Food amino acid pattern Limiting amino acid

Egg 100 - 100
Egg albumin 90 Tryptophan 83
Spinach 90 Methionine and cystine -

Beef 80 Methionine and cystine 80
Cotton seed meal 80 Methionine and cystine 66
Sweet potato 75 Methionine and cystine 72
Fish 75 Tryptophan 83
Rice 75 Lysine 57
Oats 70 Lysine -

Peanut flour 70 Methionine and cystine 48
Soybean flour 70 Methionine and cystine 56
Sunflower seed 70 Lysine 65
Wheat germ 65 Methionine and cystine 67
Casein 60 Methionine and cystine 72
Milk (cow’s) 60 Methionine and cystine 75
Millet 60 Lysine 56
Peas 60 Methionine and cystine 44
Sesame seed 50 Lysine 56
White flour 50 Lysine 52
Potato 48 Methionine and cystine 71
Cornmeal 45 Tryptophan 55
Navy bean 42 Methionine and cystine 47
Cassava 40 Methionine and cystine -

Wheat gluten 40 Lysine 37

idli, dosa, are some common examples of complementing foods. A mixed diet based
only on plant proteins can meet the protein requirements of adult and older children,
provided that they consume enough diet to meet their energy needs. The protein
content of the diet must contribute about 10% of the total calorie requirement. For
growing children and pregnant and lactating women, the requirements are relatively
greater and it is desirable that some animal foods which have a high protein quality
should be included in their diets (especially if the protein quantity and quality in
the diet is low). Milk is the preferred choice for children since it is a good source of
calcium which is normally lacking in a vegetarian diet. Skim milk is a richer source
of protein than whole milk. Eggs, another source of good quality protein, can be used
in various forms such as boiled or fried. It is also a good source of a wide range of
nutrients especially B, which is absent in vegetarian foods.
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Curds and buttermilk which are probiotics normally used in the Indian dietaries
are also a good source of protein. Fish is also a good source of protein whenever
available and acceptable. It must be included in the diet especially that of the older
children and adults. In the Indian dietaries economic considerations often preclude
the inclusion of animal foods.

(c¢) Calcium If milk is omitted then the calcium in the diet may be marginal.
However, dark green leafy vegetables like colocasia, fenugreek (methi) are rich in
calcium. Fortified soybean milk, malted ragi may be consumed since they are a rich
source of calcium.

(d) Iron Plant sources of iron are absorbed less than animal iron. The concentration
ofiron is also lower. Therefore, vegetarians must choose good sources of iron as well
as ascorbic acid for enhancing the absorption of iron.

(e) Zinc Grains are a good source of zinc but its absorption may be affected due to
the presence of phytic acid. Yeast fermentation lowers phytic acid and increases the
availability of zinc and other trace minerals.

(f) Vitamin D Rich sources of vitamin D are animal sources. Exposure to sunlight
may fulfil the requirement of vegetarians but supplementation may be necessary.

(8) Riboflavin Major sources are meats, milk and dairy products. However,
legumes and whole grains may provide significant amounts.

(h]) Vitamin B,;: There are no known plant sources of this vitamin. Once a
deficiency occurs, effects on the nerves are not always reversible. Vitamin B, should
be provided by a supplement, by fortified foods such as soybean milk, meat analog,
or by yeast grown on a B, enriched media.

(1 Healthful Vegetarian Diets

This requires care in planning and knowledge of the strengths and weaknesses of the
various foods. For this purpose, the following steps should be taken:

1. Reduce substantially all high-calorie, low-nutrient density foods like soft
drinks (carbonated beverages). Such foodstuffs have empty calories. Instead
use unrefined foods as far as practical, which on a caloric basis supply their
share of nutrients.

2. Replace meat with legumes, seeds and nuts.

3. Increase the intake of whole grain breads and cereals, legumes, nuts and
seeds to maintain energy intake.

4. Use a variety of legumes and whole grains in order to complement the diet.

5. Use a variety of fruits and vegetables.

6. Eat dry fruits since they contain substantial quantities of several nutrients.
In order to meet the requirement of vitamin D, regularly expose the body to
the sun’s rays, and supplement the diet with vitamin By,.

7. Obtain additional food energy from sweeteners such as sugar, and jaggery

margarine, oils and shortenings.

Eat sufficiently to maintain ideal weight for height.

9. Ensure selection of nutritious foods.

10. Use vegetarian cookbooks and recipes for preparing tasty and nutritious

dishes.

®
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(] Advantages of Vegetarianism

Vegetarians on low total fat and high saturated fatty acid diets show decreased LDL
levels and elevated HDL cholesterol levels. HDL:LDL cholesterol ratios are also
found to be increased. Addition of eggs (which contain high amounts of cholesterol)
to the diet of lacto-vegetarians increases LDL-lipoprotein levels in three weeks.

An improvement in HDL:LDL cholesterol ratio is found in non-vegetarians who
are fed lacto-vegetarian diet for six weeks.

Lacto-vegetarian have altered platelet linoleic and arachidonic acid levels in
comparison with non-vegetarians. Vegans and vegetarians do not differ in serum
thromboxane or prostacyclin levels or platelet aggregation.

Non-vegetarians show changes in platelet function when saturated fatty acids are
decreased and P:S ratios are increased. Platelet aggregation to thromoboxane and
clotting activity of platelets is decreased and Saturated fatty acids increase thrombin
aggregation. Platelet function can be decreased by altering diets.

Hepatic encephalopathy may be precipitated if a high protein diet is consumed,
particularly one that is derived from animal proteins.

Choline present in foods like wheat germ, soybean, peanuts and skimmed milk
may prevent the formation of a fatty liver.

Overall, there are more advantages in a vegetarian diet than a non-vegetarian one.

3.4 WATER

Water is second only to oxygen in its vital importance to the body. One can live
without food for a longer time than one does without water.

Our body contains about 65 percent water. An infant’s body contains more water
than that of an adult. A thin person has a higher percentage of water than a fat person.
Men have more body water than women. All body tissues have water but there is a
wide variation, e.g. a striated muscle contains 75-88 percent, blood contains 85-90
percent, whereas teeth contain only about 5 percent and bone contains 20-25 percent.

Dehydration is nothing but depletion of water in the body. A 10 percent loss of
body water causes very serious symptoms while a 20 percent loss often results in
death.

U Functions of Water

1. Wateris more important than food. In the human body it is found as intracellular
fluid and also around organs as extracellular fluid, and between the cells as
intercellular fluid. All the constituents of protoplasm are suspended in water.
It is a structural component; it cushions all cells. 0.4 g water is found per g of
protein, while 0.2 g water is found per gram of fat. In some tissues such as
bone it is tightly bound, but in most cells there is a constant interchange of
ICF and ECF in order to maintain osmotic pressure. Turgidity of tissues and
cells is due to the water content.

2. TItacts as a solvent in all stages of digestion. We feel more thirsty after a meal.

3. It keeps nutrients in solution form so that they may be absorbed through the
intestinal walls.

4. It transports nutrients through blood to all the tissues.
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5. It acts as a vehicle for the waste products which are excreted either through
the bowels or through the kidneys.

6. It is a lubricant and prevents friction between the moving parts. Saliva in
the mouth helps us in swallowing food. The fluids around joints, mucous
secretions of the gastro-intestinal tract, the genito-urinary and respiratory
tracts are some other examples.

7. Water regulates body temperature through evaporation from the lungs and
skin. Its cooling effect is necessary to get rid of metabolic heat generated
in the body. Each litre of water lost through perspiration represents a heat
exchange of about 600 kcal.

U Sources of Water

The body has three sources of water. Besides drinking water, the following are the
sources of water:

1. The water contained in food, e.g. fruits and vegetables contain 80—90 percent
water. Milk contains 80—88 percent. Flour, crackers and bread contain 5-35
percent. Meats contain 40—75 percent water.

2. In addition to water, ingested fluids such as kheer (milk-based preparation),
soups and beverages, also supply essential minerals and vitamins.

3. Metabolic water is formed by the metabolism of food in the body. It may
amount to about 450 ml per day.

Oxidation
CeH1,0¢ ———» CO, + H,O (water + energy)

Glucose (sugar)

Oxidation of 100 g fat ——» 107 ml water
100 g protein —» 41 ml water
100 g carbohydrates —» 56 ml water

To ensure adequate fluid intake, at least five to six glasses and preferably six to
eight glasses of water or other beverages should be taken daily.

Water is lost through faeces, urine, lungs (expiration), skin—(invisible
perspiration and visible perspiration) amounting to about 2—3 litres per day. During
infections and fever, the liquid intake should be increased as losses are higher. A
moderate amount of water taken with or preceding a meal is an aid to digestion,
since, it promotes the secretion of gastric juice in the stomach. Hence, a moderate
amount of water may be taken during meals but should not be used to wash down
the food. Large quantities of an iced beverage before or during meals slows down
digestion.

U Deficiency of Water

Dehydration results in extreme deficiency of water and fluids. Symptoms of
dehydration are fatigue, headache, sullenness and, in extreme cases, collapse.
The steps in the progression of dehydration are as follows:

1. Thirst
2. Stronger thirst, vague discomfort, loss of appetite
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Decreasing blood volume, impaired physical performance
Increased effort for physical work, nausea
Difficulty in concentrating
Failure to regulate excess temperature
Dizziness, laboured breathing with exercise, increased weakness
Muscle spasms, delirium, and wakefulness
9. Inability of decreased blood volume to circulate normally
10. Failing renal function, less or no urine formed

S A ol

Excessive loss of water takes place due to vomiting, diarrhoea, haemorrhage,
excessive perspiration, exudating burns, uncontrolled diabetes mellitus, fever,
strenuous exercise and hot weather.

It can be fatal and causes death in several children which could be easily avoided
by proper fluid intake or oral rehydration therapy.

ORT Oral Rehydration Therapy is a method of treating dehydration by making
the patient drink readily available preparations, such as Electral, Electrose, Peditral,
etc. dissolved in water as per the manufacturer’s instructions. In case these are not
available, a similar solution can be prepared by dissolving salt and sugar in boiled
and cooled water.

A typical ORT formula as recommended by WHO is given in Chapter 12.

) Water Intoxication

Water intoxication results due to excess intake of water. This results in an increase
in the volume of intracellular fluid. This condition can lead to headache, nausea,
vomiting, muscle twitching, and convulsions. It can even be fatal.

3.5 DIETARY FIBRE (DF)

Vegetable fibre or cellulose is not a true nutrient since it is not digested by the human
digestive system nor is it assimilated in the body, but it has a regulatory function in
the diet.

(J Chemical Composition

This vegetable fibre, which is a polysaccharide, should not be confused with animal
fibre as found in meats. It is the term collectively given to indigestible carbohydrates
in plant foods. They comprise polysaccharides and lignins not digested by the
endogenous secretions of the human GI tract.

DF is further subclassified into:

IDF (Insoluble Dietary Fibre): which are non viscous slowly fermentable,
e.g., Cellulose, lignin and some portions of hemicellulose.

SDF (Soluble Dietary Fibre): which are viscous and fermentable, e.g.,
Pectins, gums, Beta-glucans, mucilages and major portions of hemi cellulose.

DF is found to have hypoglycemic and hypolipidemic effects. IDF is effective in

reducing constipation and diverticulosis. SDF is effective in reducing the incidence
of CHD, Type II diabetes (NIDDM) and obesity.



Role of Nutrients 87

Foods such as fenugreek seeds which have a high level of IDF (48.6%) and SDF
(20.0%) have been shown to be effective in reducing blood glucose and cholesterol
levels. Some supplements such as psyllium, gum karaya and gum acacia, which have
a high SDF, have shown to reduce body weight.

Also, TDF contributes to the bulk in the diet thereby reducing energy intake and
helping to reduce body weight.

Dietary fibre is supplied through fruits, vegetables and the coats of grains
(Fig. 3.7). Dietary fibre is mostly made up of cellulose besides pentosans,
hemicellulose, lignins, pectins and other indigestible plant matter in small quantities.
Cellulose is a fibrous material found only in plants.

Fibre is defined as the component of dietary plant materials that cannot be
digested by human enzymes and consist of a heterogenous mixture of complex
polysaccharides and non-polysaccharide polymers.

Hairs of brush

Starch cell in
protein matrix

Endosperm

Rudimentary
shoot

Germ

Rudimentary
primary root

Bran

Fig. 3.7 Parts of a grain
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Table 3.13 Classification of food polysaccharides

Role in the plant/food

TBypes of polysaccharides Products of digestion

Storage Starch: Mono- and di-saccharides
polysaccharides Amylose
(available carbohydrates) Amylopectin
Fructans Galactomannans
Structural components of the | Non-cellulosic: Short chain fatty acids:
plant cell walls (non- Pectins Acetate
available carbohydrates) Hcemicellulosc Propionate
Cellulose Butyrate
Isolated polysaccharides Gums Carbon dioxide,
Naturally occurring Mucilages hydrogen, methane
Pectin
Polysaccharide Gums
food additives Algal
Polysaccharides
Modified celluloses
Modified starches

Major fibre types are celluloses, hemicelluloses, pectins, gums, mucilages, algal
polysaccharides and lignins. All except lignins are polysaccharides.

Fibres can also be classified according to their water solubility. Those, which are
insoluble in water and non-fermentable, are the structural fibres like cellulose, lignin
and some hemicelluloses. The non-fermentable, insoluble fibre fractions affect the
intestinal function by retaining the water in the stools, thereby increasing the faecal
bulk and decreasing the transit time.

Natural gel forming fibres, which are water soluble and fermentable, are pectins,
gums, mucilages and the remaining hemicelluloses. The fermentable, soluble fibre
fractions also contribute to the decrease in the transit time by stimulating microbial

Table 3.14 Benefits and examples of good sources of soluble and insoluble fibre

Natural Fibre
Components

Soluble Fibre

Gums, mucilages, pectins

Insoluble Fibre

Cellulose, lignins, some hemicelluloses,
some hemicelluloses

Benefits

May help in reducing blood
cholesterol and reducing
blood glucose levels.
Decreases faecal bulking.
Slows gastric emptying.
Prolongs small bowel transit.

May help prevent colon cancer. Helps
prevent constipation. Increases resistance
to digestion. Increases resistance to
fermentation. Reduces carbohydrate
availability. Increases faecal bulking.
Induces propulsion in small intestine.
Alters hormone profiles. Increases faecal
bile acid secretion. Reduces post prandial
glycemia.

Good Sources

Oat bran, beans (navy
kidney, pinto or lima) barley,
vegetables and fruits.

Whole-wheat bread, beans (navy, kidney,
pinto or lima), cereals and the skins of
vegetables and fruits.
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growth in the intestine, which increases the faecal bacterial mass. Additionally,
soluble fibre slows glucose absorption and lowers serum cholesterol.

The major food sources of fibre are fruits, vegetables and whole grain cereals.
Although, food sources of fibre are complex, they may be rich in specific types of
fibre, e.g. oat bran is rich in water-soluble gums and is a good source of viscous fibre
while wheat bran contains more insoluble fibre.

Vegetables and grain products contain large amounts of cellulose; bran cereals
and other whole grain products are the most concentrated sources of hemicellulose;
and apples and citrus fruits contain a large amount of pectin.

Fibre is estimated by different methods. Earlier, Weende’s method was used to
estimate the crude fibre content of foods. Today, it is still being used to estimate fibre
in animal feeds, etc. Later, it was proposed that dietary fibre should be measured as
the non-starch polysaccharide in plant foods, which gives the best index of plant

Table 3.15 Comparison of crude fibre and total dietary fibre content of various foods

Total Non-cellulose Cellulose | Lignin
Crude dietary polysaccharides | (insoluble | (insoluble
fibre® fibre® (soluble fibre) fibre) fibre)
Food | /100 g edible portion
Cereals
Flour, white 0.3 3.2 2.5 0.6 0.03
Flour, whole 2.3 9.5 6.3 2.5 0.8
Wheat bread, white 0.2 2.7 2.0 0.7 Tr
bread, whole wheat 1.6 8.5 6.0 1.3 1.2
Fruits
Apples 0.6 1.4° 0.9 0.5¢ 0.1°
Oranges (peeled) 0.5 0.29 0.22 0.04 0.03
Pears 1.8 11.0° 5.04¢ 2.9¢ 3.0°
Banana 0.5 1.8 1.1 0.4 0.3
Peaches 0.6 2.3 1.5 0.2 0.6
Legumes and nuts
Kidney beans 1.8 7.3 5.7 1.4 0.2
White beans 1.7 7.3 5.7 1.4 0.2
Peanuts (roasted) 2.0 9.3 6.4 1.7 1.2
Peas 2.0 7.1 4.5 2.4 0.2
Vegetable
Beans, green 1.0 3.4 1.9 1.3 0.2
Carrots 1.0 3.7 2.2 1.5 Tr
Cabbage, white 0.8 2.8 1.8 0.7 Tr
Cauliflower 1.0 1.8 0.7 1.1 Tr
Lettuce, romaine 0.6 1.5 0.5 1.0 Tr
Pepper, green 1.4 0.9 0.6 0.3 Tr
Potato, with skin 0.05 3.5 2.5 1.0 Tr
Corn, cooked 0.8 4.7 43 0.3 0.1
Tomatoes, fresh 0.5 1.4 0.7 0.4 0.3
Turnips, raw 0.9 2.2 1.5 0.7 Tr
Tr = Traces

a = Crude fibre, g/100 g edible portion, method of Weende, in Composition of Foods (Agricultural Handbook No.
456), Washington D.C.: U.S. Department of Agriculture, 1975.

b = Total dietary fibre, Southgate method, D.A.T. Southgate et al., J. Human Nutr. 30:303-313, 1976.

¢ = Flesh only.
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cell wall polysaccharides. By the method of Southgate, from which the Englyst’s
procedure evolved, it is possible to differentiate between the soluble and non-soluble
dietary fibre of foods.

U Functions

It is not digestible by the human digestive system. It performs two very important
functions: (i) providing the faecal bulk, and (ii) stimulating the large intestine for
easy movements. There are a few others but the mechanism of its action is not yet
understood.

1. Providing Faecal Bulk The chief function of fibre is to provide bulk. Starch,
proteins and fats are usually 90-98 percent digestible. Absorption of minerals
and vitamins is also fairly complete under favourable conditions. Faecal bulk is
therefore, made up of cellulose besides indigestible substances, bacterial cells and
water, which are also present. Cellulose binds the undigested and excretory matter.
It absorbs water and thus increases intestinal bulk. This prevents hardening of stools
and promotes laxation.

Constipation, which is a very common disorder of daily life, can easily be
prevented if adequate quantity of fibre is included in the daily diet. Agar from
seaweed and pectin from fruits are commonly used as therapeutic aids to overcome
constipation. These have several advantages over chemical laxatives like castor oil
or mineral oils such as paraffin as well as laxatives available in tablet form. Mineral
oils interfere in the absorption of fat-soluble vitamins.

This is more important for older persons who prefer food which is soft and
smooth. Such a diet combined, with an inadequate fluid intake leads to persistent
constipation. Although, rough fibres such as those found in drumsticks, fruit skins,
lettuce, cabbage and nuts are not advised for older persons, the fibre of tender
vegetables, peeled fruits and whole-grain cereals help in the normal evacuation of
the bowels.

2. Stimulating Peristalsis Fibre is essential for the movement of the bowel as it
stimulates the large intestines. When the large intestines contract, the faccal matter is
pushed and the undigested food and other excretory matter is then eliminated.

Fibre, which is also called roughage, plays this important role of bowel motility.
Due to its coarse surface it mechanically stimulates (irritates) the intestinal mucosa.
This helps peristaltic movements which are vital for the perfect functioning of the
digestive system. This process is important for the passage of food in the gastro-
intestinal tract.

A few years ago fibre in the diet was considered unnecessary. White bread was
preferred to brown bread, refined and highly processed foods were considered
superior to their unrefined and unprocessed counterparts. These and similar trends
of excluding fibre from the diet because of the ignorance of its, nutritive value
did great harm. More and more people suffered from constipation, colon cancer,
cardiovascular diseases, etc. When these disorders were proved to be related to
the lack of fibre in the diet, the trend reversed. Now it is a proven fact that fibre
is nutritionally important though it has no nutritive value. Today, it is considered
very important to include a good amount of fibre in the diet to promote good
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health. Fibre content of food items is advertised regularly and many such foods are
available in the market.

1 Deficiency of Fibre

There are many diseases for which epidemiological data is being collected to see if
dietary fibre plays any part. These are:

1. Alimentary tract diseases such as diverticulosis, hiatus hernia, gall bladder
disease, appendicitis, polyps and colon cancer.

2. Cardiovascular conditions such as ischemic heart disease, occlusive vascular
disease, varicose veins, hemorrhoids and deep vein thrombosis.

3. Other metabolic conditions such as obesity and diabetes.

U Sources of Fibre

Fruits and vegetables (except peeled potatoes) provide about 1 gram of cellulose per
serving.

Whole grain cereals and nuts supply 1/2—1 1/2 gram of cellulose per serving.

In a normal adult diet, an intake of about 40 g of fibre per day is recommended,
which can be easily supplied through whole grain cereals, fruits and vegetables
commonly included in an Indian diet.

The fibre content of various food groups is listed in Table 3.16 and details of each
group given in Appendix VI.

Table 3.16 Average fibre content of foods

Food group Percentage of fibre
1. Cereals and pulses 2.3
2. Leafy vegetables 1.2
3. Roots and tubers 0.8
4. Other vegetables 1.9
5. Nuts and oil seeds 3.2
6. Fruits 2.2

3.6 VITAMINS

Vitamin is a word which is commonly heard. Advertisers claim that their products
contain some vitamin or the other which is good for health, etc. But, what is a
vitamin? Does it really play an important role in our health?

A vitamin is a vital substance. It is needed in a very small quantity for growth
and good health. Vitamins are vital body regulators. They may be defined as a name
given to a group of potent organic compounds which are not carbohydrates, proteins
or fats in nature, but are present in foods and are essential in minute quantities for
specific body functions of growth, maintenance and reproduction. Most of them are
not synthesized by the body and must be supplied through diet, except a few whose
requirement may be partially met by synthesis in the body, such as folic acid and
vitamin D.
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Discovery and Nomenclature of Vitamins Numerous scientists have
contributed to the discovery of vitamins. The word vitamin was coined by Casimir
Funk who discovered a water-soluble substance in rice polishings which prevented
beri-beri. He described this vitamin as a vital amine. Hence, he named the substance
vitamine. The e was dropped later when it was discovered that other similar vital
substances were a variety of organic compounds and not just amines.

] Characteristics of Vitamins

The two essential characteristics of a compound in order to be classified as a
vitamin are:

1. It is a vital organic dietary substance which is not a carbohydrate, protein,
fat or mineral. It is required in a very small quantity to perform a particular
metabolic function or to prevent an associated deficiency disease.

2. It cannot be synthesized by the body and must, therefore, be supplied through
food, though there are some exceptions to this rule.

When the vitamins were discovered, they were named for convenience in
an alphabetical order. Vitamin A was discovered before vitamin C hence, the
corresponding alphabet assigned to it. But as new vitamins were discovered rapidly
and some substances which were thought to be single units turned out to be a group
of substances, numbers were assigned to them along with alphabets, e.g. vitamins B;
B,, B;, B, B, etc. Sometime later, meaningful names were given to the vitamins to
describe their chemical nature or functions, such as vitamin C was given the name
antiscorbutic vitamin or ascorbic acid. However, many vitamins are still referred
to by their alphabetical names. Table 3.17 shows a list of vitamins along with their
synonyms or descriptive terms.

Some of the vitamins are quite unstable. So food must be carefully prepared,
processed and stored to retain these vitamins. Refining of food, improper storage, or
thermal processing of food may cause heavy loss of certain vitamins. Hence, addition
of synthetic vitamins as supplements is recommended for several processed foods.

1 Classification of Vitamins
Vitamins are classified according to their solubility in fat and water.

1. Fat-soluble vitamins are A, D, E and K
2. Water-soluble vitamins are B group vitamins and vitamin C

It is necessary to explain the term provitamin (or precursor) here. A provitamin is
a substance which the human body can convert into the vitamin, e.g. beta carotene,
a precursor of vitamin A is called provitamin A since our body can convert it into
vitamin A.

Dehydrocholesterol and Ergosterol are precursors (provitamins) of vitamin D.

1 Chemical Characteristics of Fat-soluble
Vitamins—A, D, E and K

Following are the general properties of these vitamins:
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1. They are not easily destroyed by ordinary cooking methods.
2. They are stored in the body and, at times, cause toxicity when supplied
in excess. This phenomenon is called hypervitaminosis. It is dealt with

individually under each fat soluble vitamin.
3. They are destroyed by rancidity as they are always associated with fats.
4. They are not absorbed if mineral oil is present in the intestine.

Detailed chemical characteristics of the fat-soluble vitamins, A, D, E and K, can
be seen from Tables 3.18 and 3.19.

Table3.17 Nomenclature of vitamins

Vitamin

Synonym/descriptive term

A group Antixerophthalmic vitamin
A Retinol
A, Dehydroretinol
A acid Retinoic acid (Tretinoin)
Provitamin A Carotene (alpha and beta) cryptoxanthin
(hydroxy betacarotene)
B group Formerly vitamin B complex
Thiamine Vitamin B, aneurin, anti-beriberi vitamin
Riboflavin Vitamin B,, lactoflavin
Niacin Nicotinic acid and nicotinamide, pellagra-preventive
factor
Pantothenic acid Formerly vitamin B;
Bs Pyridoxine, pyridoxal, pyridoxamine
Biotin Co-enzyme R
Folacin Folic acid (pteroylmonoglutamic acid, PGA) and
polyglutamates, tetrahydrofolic acid (formerly
citroverum factor, folinic acid)
B, Antipemicious anaemia vitamin, cyanacobalamin,
hydroxobalamin (Formerly vitamin By, b)
(nitriocobalamin) (formerly vitamin By, c)
C L-ascorbic acid, antiscorbutic vitamin
D group Antirachitic vitamin
D, Ergocalciferol (formerly calciferol) activated ergosterol
D, Cholecaciferol, activated 7-dehydrocholesterol.
E group
Alpha (a) tocopherols Possess vitamin E activity in varying degrees.
Beta (b) and tocotrienols | They occur as fatty acid esters.
Gamma (g)
Delta  (d)
K group
K, Antihaemorrhagic vitamin
K Phylloql}mone:| Naturally occurring
K; Farnoquinone
KK, Menadione, menaquinone
Biologically active analogues of menadione (synthetic)
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Table 3.18

Name of the

vitamin

Chemical characteristics of fat-soluble vitamins

Forms of the
vitamin

Nutrition and Dietetics

Characteristics

Unit of measurement of
the vitamin

Vitamin A |Retinol- Vitamin A, |e Mineral oil interferes with |(a) Measured in
Vitamin A absorption international units
alcohol
Retinyl esters o Stable to acid and alkali 1 IU = 0.3 mg retinol
Vitamin A esters
Retinaldehyde o Destroyed by wilting 11U =0.3 mg beta
Vitamin A aldehyde, carotene
retinene, retinol e Destroyed by rancidity 1 IU = 1.2 mg other
carotenoids
Retinoic acid o Stable to heat by the (b) Measured in terms of
Vitamin A acid usual cooking methods retinol equivalent
but slowly destroyed by
exposure to air, heat, 1 RE = 1 mg retinol
drying (3.331U)
1 RE = 6 mg betacarotene
o Stored in the liver (10 1U)
1 RE = 12 mg other
o Bile is necessary for carotenoids (10 IU)
absorption
Vitamin D | Vitamin D, o Stable to heat and (a) Measured in
(Ergocalciferol, oxidation international units (IU)
Calciferol or
viosterol) e Destroyed by rancidity 11U = 0.025 mg pure
crystalline vitamin D3
Vitamin Dj o Skin synthesis by activity |(b) Measured in micrograms
(Activated of ultraviolet light on (mg) of cholecalciferol
7-dehydrocholesterol, | cholesterol
cholecalciferol) o Stored in the liver
¢ Enhance absorption of (c) Line test
calcium and phosphorus Amount of vitamin D
that must be fed for 7-10
days to young rats on
a rachitogenic diet to
produce a good calcium
line
Vitamin E | Tocopherols— most |e Stable to light and heat (a) a-tocopherol equivalents
potent is a-tocopherol | except fat frying (TE)
Tocotrienols o Fat-soluble 1 mg d-a-tocopherol =
1aTE
e Destroyed by rancidity (b) Total vitamin E activity
o Destroyed by ultraviolet (mg a TE) in a mixed diet
radiation =mg a tocopherol = b.
o [s a strong antioxidant, tocopherol =0.5 = (mg g
prevents oxidation of tocopherol 0.1) = (mg a
PUFA and phospholipids  |tocotrienol = 0.3)
o Synthesis in the intestine

(Contd.)
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(Contd.)
Name of the

Unit of measurement of

vitamin Characteristics the vitamin

o Vitamin E spares vitamin A
and C by preventing these
from oxidation
Vitamin K | Quinones o Fat-solubie vitamin mg of test material required
Vitamin K,— o Easily destroyed by light, |to prevent haemorrhage in
Phylloquinone alkali young chicks. Menadione
Vitamin K,— o Fairly stable to heat, is used as the standard
Menaquinone oxygen for measuring vitamin K
Menadione— o Synthesis in the intestine | potency.
Synthetic o Mineral oil interferes with
Compound absorption
Table 3.19 Deficiency, toxicity and sources of fat-soluble vitamins

Vitamin

Deficiency

Hypervitaminosis or

Important
sources

symptoms

toxicity symptoms

legs, poor teeth,
lowered amount of
calcium and phosphorus
in the blood, poor
posture, enlargement

of junctions between
the ribs and breastbone
forming a series of
knobby protuberances
called rachitic rosary.

and vomiting,
diarrhoea and polyuria,
weakness, headache,
renal damage,
calcification in the soft
tissues of the heart,
blood vessels, lungs,
stomach and renal
tubules

Vitamin A o Rough, scaly skin, dry |e Anorexia e Liver and liver
(Retinol) mucous membranes, o Fatigue sausages, butter, cream,
(Precursor— causing a general low |e Weight loss whole milk, egg-yolks
Carotene) resistance to microbe |e Irritability o Green and yellow
invasion o Skin lesions vegetables, yellow
e Poor tooth formation |e Joint and bone pains fruits, ripe pains
e Xerosis of conjunctiva |e Spleen and liver tomatoes, fortified
of eye. enlargements margarine
Bitot’s spots on o Loss of hair o Fish liver oils
conjunctiva of eye o Increased intracranial
o Corneal Xerosis of pressure
eye, perforation,
Keratomalacia and loss
of sight
Vitamin D e Rickets o Anorexia, fatigue o Milk, in small amounts
(Calciferol) Soft bones, bowed weight loss, nausea in butter, egg-yolk,

liver, salt-water fish.
Fish oils, organ meats.

o Projection of
breastbone (pigeon
breast)

o Narrow pelvis,
spinal curvature,
knock knees, skull
deformation, various
muscle

(Contd.)
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(Contd.)

Vitamin
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Deficiency

Hypervitaminosis or

Important
Sources

Symptoms

e Malformation of the
teeth, Osteomalacia
(in adults), weakening
of bones increased
porosity decreased
density in bones
resulting in various
deformities, pain in the
bones of the legs and
lower back, general
physical weakness,
difficulty in walking
and susceptibility to
bone fractures

Toxicity Symptoms

blood. Haemorrhage in
the new-born.

in infants, jaundice,
kernicterus, mild

Vitamin E In severe deficiency—  |Relatively non-toxic, Vegetable oils, green
Increased haemolysis elevation of serum leafy vegetables
of RBC, Creatinuria, lipids, impaired blood margarine, egg-yolk milk
deposition of brownish  |coagulation, reduction of |fat, nuts, wheat germ oil
ceroid pigment in smooth |senim thyroid hormones
muscle, development of
muscular dystrophy

Vitamin K Delay in clotting of the |Hyper-bilirubinaemia Green leafy

vegetables, liver
cauliflower, cabbage

haemolytic anaemia

(1 Chemical Characteristics of Water-Soluble
Vitamins—B Group and Vitamin C

1. Compared to the fat-soluble vitamins they are unstable since they are easily
affected by factors such as heat, light, oxidation, radiation, contamination by
metals, etc.

2. They are affected by preparation practices, e.g. if the water in which the food
is cooked (some vitamins are mixed with the water) is thrown away.

3. Excess intake of these vitamins results in urinary excretion of the surplus that
the body cannot retain.

Detailed chemical characteristics of B group of vitamins and vitamin C can be
seen from Table 3.20.

3.7

Vitamin A was the first fat-soluble vitamin discovered. Animal nutritionists observed
growth failure in calves born of cows maintained on wheat or oats alone, whereas
whole corn plant supported growth and development of the animals. The vitamin was
found to occur in green or pigmented plants. Further study revealed that the vitamin

VITAMIN A AND CAROTENE
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Fig. 3.8 Structural formulae of fat soluble and water soluble vitamins

is essential for the maintenance of normal tissue structure and for other important
physiological functions such as vision and reproduction.

1 Chemistry and Chemical Characteristics of Vitamin A

Vitamin A is represented primarily by the cyclic polyene alcohol vitamin A (retinol)
with an empirical formula of C,,H;,0 and its four conjugated double bonds in the
side chain are in the frans arrangement.
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The other two forms are vitamin A, and neovitamin A-a. Both have low biological
activity.

Vitamin A is a pale yellow crystalline compound, soluble in fat-solvents and has
an ultraviolet absorption maximum at 328 nm wavelength. It is not readily destroyed
by heat but is easily oxidized and is less stable in acid than in alkaline solution.
The esters of vitamin A, with the fatty acids, acetic and palmitic, are commercially
important since, they are considerably more stable than alcohol.

Beta carotene, a precursor of vitamin A is found in all yellow, chlorophyll-
containing compounds. Alpha carotene and cryptoxanthin also exhibit provitamin
A activity but less than that of beta carotene. The utilizaton efficiency of beta
carotene is generally considered to be 1/6th for humans. In other words, one gram
of beta carotene would have the same biological activity as 0.167 g of retinol. This
conservatively takes into account the decremental effects on carotene utilization of
absorption, transport and tissue conversion to the active vitamin.

Like vitamin A; the carotenes are soluble in fat-solvents, in crystalline form
appear deep orange or copper-coloured and have characteristic absorption spectra.

(] Digestion and Absorption of Vitamin A

Retinyl esters in food are hydrolyzed by pancreatic and intestinal enzymes to form
free retinol. After absorption, the retinol, is reesterified and transported to blood.

Carotenes are split in the intestines to form retinaldehyde which is then reduced
to retinol. Some carotene may be absorbed intact and later converted to vitamin A in
the liver or kidney. Bile is necessary for the absorption of vitamin A and carotene.
Vitamin E in the intestinal tract prevents oxidation of the vitamin. Mineral oil hinders
absorption since it dissolves the vitamin but is not absorbed.

U Functions of Vitamin A

Vitamin A is mainly associated with vision and tissue growth.

1. Vision The retina of the human eye contains two distinct photoreceptor
systems. The rods, which are the structural components of one system, are especially
sensitive to light of low intensity. A specific vitamin A—aldehyde is essential for
the formation of rhodopsin (the high-molecular-weight glycoprotein part of the
visual pigment within the rods) and for the normal functioning of the retina. By
virtue of this relation to the visual process, vitamin A alcohol has been named retinol
and the aldehyde form, retinal. A person with vitamin A deficiency has an impaired
adaptation to darkness.

Wald’s Visual Cycle Retinol is transported to the retina via the circulation, where
it moves into the retinal pigment’s epithelial cells. There, retinol is esterified to form
a retinyl ester that can be stored. When needed, retinyl esters are hydrolyzed and
isomerized to form 11-cis-retinal, which can be oxidized to form 11-cis-retinal.
11-cis-retinal can be shuttled to the rod cell where it binds to a protein called opsin
to form the visual pigment rhodopsin (visual purple).

Absorption of the photon of light catalyzes the isomerization of 11-cis-retinal to
all trans-retinal cells and results in its release. This isomerization triggers a cascade
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of events, leading to the generation of an electrical signal to the optic nerve. The
nerve impulse generated by the optic nerve is conveyed to the brain where it can be
interpreted as vision.

Once released, all-frans-retinal is converted to all-frans-retinol, which can be
transported across the inter-photoreceptor matrix to the retinal epithelial cell to
complete the visual cycle.

Capillary |Retinal pigment Epithelium Photoreceptor (Rod) Cell|  X\> A <7
11-cis-retinal 11-cis-retinal e =
£ Vi QA

Capil !
apriary Inter Rhodopsin
11-cis-retinol Photo -~ ——> Neuronal
4 receptor Opsin signalling
. Matrix :
All All-trans-retinyl ester All-trans-retinal
transretinol y
N —  All-frans-retinol

All-trans-retinol VISION

Fig. 3.9 The visual cycle

2. Tissue Growth Vitamin A also helps maintain the integrity of the epithelial
membranes that normal structures may be substituted by stratified keratinizing
epithelium in the eyes and para-ocular glands, respiratory, alimentary and genito-
urinary tracts, under the stress of a deficiency. The basal cells do not lose their
function under such conditions, however, and are able to restore themselves to
normal function when sufficient vitamin A is absorbed.

] Deficiency Symptoms of Vitamin A

The deficiency symptoms of Vitamin A progress gradually, giving some early
warning signs which, if heeded, may help to save blindness, especially in children.
Some of the important symptoms of vitamin A deficiency are the following:

1. Changes in the Eye The early symptoms start with itching, burning and
inflammation of eyelids followed by various eye conditions.

Prolonged Vitamin A deficiency results innyctalopia, or nocturnal amblyopia,
or night blindness. Night blindness, or impaired vision in dim light and in the dark,
is due to impaired functioning of certain specialized vision cells.

One is unable to see well in dim light, particularly after exposure to a bright light.
‘Blindness’ is explained by the fact that Vitamin A is combined with a protein in the
retina of the eye to form a pigment called visual purple or rhodopsin. Rhodopsin is
formed by the combination of Vitamin A-aldehyde (retinone) and protein (opsin).
This is bleached in strong light. During the photochemical reaction, some amount of
Vitamin A is lost. If Vitamin A stores in the body are adequate then the eyes adapt
quickly in subdued light and one can see almost at once.

Night blindness is more common in poor people. Males suffer more than females.
A pregnant woman frequently suffers from night blindness partly due to underlying
diseases and partly due to increased demand of Vitamin A. This Vitamin A deficiency
condition is referred as functional night blindness.
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Xerophthalmia occurs when deficiency of Vitamin A is severe and prolonged.
Xerophthalmia occurs due to changes in the epithelial tissues of the eye. The
cornea becomes dry, wrinkled, lustreless, hazy and pigmented. The tear glands stop
secreting tears which keep the eyes moist, and wash away bacteria and other foreign
matter. Hence, it results in dry, inflamed eyelids and loss of the glistening transparent
appearance of the eye. The inflammation results in ulceration. The final stage is
keratomalacia—softening and destruction of eyeball leading to blindness which is
incurable.

Xerophthalmia is sometimes associated with Bifot’s spots which are well-
demarcated foamy white or greyish irregular areas found on the temporal side of the
cornea. These spots do not interfere in vision. Keratomalacia more commonly affects
children between 1-5 years due to absence of Vitamin A in their diet.

2. Changes in the Epithelial Tissue Deficiency of Vitamin A leads to atrophy
(degeneration) and keratinisation (hardening) of the epithelium. These cells get
flattened and collect one upon the other in a heap. There is increased susceptibility
to severe infection of the eye, nasal passages, sinuses, middle ear (incus), pharynx,
mouth, respiratory tract, lungs and the urinogenital tract. The epithelium of the eye
gets so severely damaged that the condition is incurable.

3. Changes in the Skin Deficiency of Vitamin A may lead to xeroderma (dry
and scaly skin with itching) and follicular Ayperkeratosis (dry, rough, scaly skin).
Thickening of the keratin layers of the skin on the palms and soles occurs. Follicles
like goose pimples appear first on the upper arms and thighs, then along the shoulders,
back, abdomen and buttocks. The sweat glands of the skin become blocked with
horny plugs of keratin so that their secretion diminishes. This condition is known as
phrynoderma or toad skin.

4. Changes in the Respiratory Tract The linings of the respiratory organs like
nose, throat, trachea and bronchi become dry and rough. Thus, the respiratory tract
becomes prone to bacterial infections.

5. Changes in the Alimentary Tract Due to Vitamin A deficiency, the
alimentary tract dries up resulting in diminished secretion of digestive juices, lack of
absorption and increased susceptibility to intestinal infection and diarrhoea.

6. Changes in the Reproductive Tract Keratinizing metaplasia occurs in the
renal pelvis, bladder, uterus, oviduct and accessory sex glands. Vaginitis in females
can occur.

7. Urolithiasis This is a condition in which urinary calculi (stones) are present.
The stones are composed of calcium phosphate. Keratinization of the urinogenital-
tract epithelium takes place due to Vitamin A deficiency which is later followed by
bacterial invasion.

8. Changes in the Skeletal System Irregular development of the skeleton,
including the skull and vertebral column, are seen. This leads to distortion and injury
of the brain and the spinal cord. Growth of bone and teeth are markedly impaired.
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9. Lowered Resistance to Infection Vitamin A is needed for the maintenance
and functioning of the mucous membranes of the body. Due to its deficiency, the
membranes become thin, dry, porous and flaky. They are unable to perform their
protective functions and bacteria have ready access. It lowers barriers to certain
infections and the person becomes susceptible to infections.

] Measurement of Vitamin A

This vitamin is commonly measured in international units (IU) but now the measure
of retinol equivalents (RE) is being adopted by most countries. In general carotene,
the precursor of vitamin A, has 1/6 the value of vitamin A, in the diet because of the
differences in intestinal absorption and the necessity for conversion of carotene to
vitamin A, by the liver.

One IU is equivalent to 0.6 mg of pure beta carotene or 0.3 mg of retinol. One RE
is equivalent to one mg retinol (3.33 IU) or six mg beta carotene (10 IU).

U Sources of Vitamin A

Richest sources of carotene are yellow and green leafy vegetables and yellow fruits.
Preformed vitamin A, is supplied primarily from the fat of dairy products and egg-
yolk, but other important sources are liver, kidney and fish. Vanaspati in our country
is fortified with vitamins A and D.

(] Toxicity of Vitamin A

Prolonged ingestion of excessive vitamin A can lead to the development of toxicity.
It includes pathogenic changes in bones, periosteal tissues, skin, mucous membrane
and liver. It was observed that vitamin A toxicity had occurred in infants who were
given liver in their diet daily for a period of three months.

For other toxicity symptoms refer to Table 3.19.

3.8 VITAMIN D

It is the anti-rachitic vitamin effective in promoting calcification of body structures.
It is formed by the action of ultraviolet rays from the sun on the precursor sterols in
the skin. Therefore, exposure to sunlight has powerful anti-rachitic effect. The term
rachitic denotes the condition of a person affected with vitamin D deficiency disease,
rickets.

U Chemical Characteristics of Vitamin D

The two biological precursors (provitamins of vitamin D) are 7-dehydrocholesterol
and ergosterol. Under the influence of UV-rays each undergoes a chemical change
yielding vitamin Ds (cholecalciferol) and vitamin D, (ergocalciferol).

Pure vitamins are white, odourless crystals that are soluble in fat and fat-solvents
but insoluble in water. Both these forms are stable to oxidation by air, moderate
heat, in neutral and alkaline solutions. Vitamin D is stable over long periods in oil
solutions but quite unstable in the presence of mineral salts.
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(] Digestion and Absorption of Vitamin D

Dietary vitamin D is absorbed along with dietary fats in the small intestines and
transported to the lymph system. Bile is essential for the absorption of this vitamin.
Excess vitamin is stored in the body.

1 Functions of Vitamin D (Dihydrochole-
calciferol—DHCC)

The major part of the vitamin circulating in the blood is neither D, or D; but the
metabolite 25, hydroxy cholecalciferol (25-HCC) to which the ingested vitamin
is converted in the liver. A more potent metabolite 1, 25-dihydroxycholecalciferol
(1, 25-DHCC) or calcitriol is synthesized in the kidney. It appears in the intestinal
mucosal cells, bones and skeletal muscles for regulating calcium absorption and
metabolism. Vitamin D is, therefore, a precursor of true hormone 1, 25-DHCC which
performs a vital function. Vitamin D through the action of these active metabolites
performs the following functions:

1. Absorption of calcium from digested food.
2. Reabsorption of phosphate in the renal tubule.
3. Calcification of osteoblast cells of growing skeletal structures.

(1 Deficiency Symptoms of Vitamin D

Deficiency of vitamin D causes impairment of all these functions, resulting in rickets
in children and a form of rickets called osteomalacia in adults. Both these represent
the failure of the process of calcification.

Skeletal malformations occur because of the inability of soft bones to withstand
the stress of body weight.

Delayed closure of fontanelles and softening of skull in infants, soft fragile bones
with bowing of legs, spinal curvature, swelling of wrists, knee and ankle joints,
poorly developed muscles, restlessness and nervous irritability are some of the other
symptoms.

Rickets is difficult to diagnose in the early stages.

] Measurement of Vitamin D

Vitamin D is measured in terms of international units (IU) of cholecalciferol (vitamin
D;). One U is equivalent to 0.025 mg of pure crystalline vitamin D;.

] Sources of Vitamin D

Vitamin D is supplied very little by conventional foods. Egg-yolks, which are the
best source, vary in content depending mostly upon the content of the vitamin in
the hen’s diet. Dairy products contain some vitamin D, the potency varying with
the season. Fish supply appreciable quantities of the vitamin. Liver of fish and
oils extracted from the livers are extremely rich sources. Vitamin D is added to
fortify vanaspati.
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U Toxicity of Vitamin D

Vitamin D has a serious toxic potential. An intake of about 1000 to 3000 IU/ kg
body weight per day, which is only about 80 to 100 times the RDA, may lead to
hypercalcemia and other complications such as metastatic calcification and renal
calculi in adults while as little as 2000 IU can inhibit linear growth in normal children.
In advanced stages, demineralization of bones occurs and multiple fractures may
result from very slight trauma. For other toxicity symptoms see Table 3.19.

3.9 VITAMIN E

Vitamin E was named tocopherol from a Greek word meaning childbirth or to
bring forth. Chemically, Vitamin E designates the group of compounds (tocol and
tocotrienol derivatives) which exhibit qualitatively the biological activity of alpha
tocopherol. It was shown to be necessary for reproduction in rats. It is erroneously
termed the anti-sterility vitamin, since, it is not known to specifically function in this
capacity in humans.

] Chemical Characteristics of Vitamin E

As with several other vitamins, there is a series of closely related compounds,
tocopherols, known to occur in nature. Biological activity associated with vitamin
E is exhibited by four compounds designated as alpha, beta, gamma and delta
tocopherols. All of these exist in various stereo-isomeric forms. Of these, alpha
tocopherol is the most important because of its biological activity and occurrence.

Tocopherols are oily liquids at room temperature. High temperature and acidic
pH do not affect its stability but its oxidation occurs in the presence of iron or rancid
fat. Tocopherols themselves act as anti-oxidants. Delta tocopherol shows the highest
anti-oxidant power.

(1 Digestion and Absorption of Vitamin E

Fat and bile salts facilitate absorption of vitamin E in the intestinal wall. The vitamin
is then carried to the liver. However, very little vitamin E is transferred to the infant
across the placenta. Hence, a newborn infant has very low tissue level of vitamin E.

U Functions of Vitamin E

1. Exact biochemical mechanism of its function in human body is still unknown,

but it is certain that its most critical function is in the membranous part of the

cell. Here, it integrates with phospholipids, cholesterol, triglycerides—the

three main structural elements of membrances.

Vitamin E converts the free radicals into less reactive and non-toxic form.

3. It works as protector against oxidation. The nutritional interaction is seen
with a wide variety of nutrients such as vitamin A, selenium, sulphur, amino
acids, polyunsaturated fatty acids and to some extent with vitamin C.

g

In general, vitamin E plays an important role in maintaining stability and integrity
of cell membrane.
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1 Deficiency Symptoms of Vitamin E

A clearly defined, uncomplicated vitamin E deficiency disease has not been
recognized as a public health problem.

It appears that in severe deficiency there is increased haemolysis of the red blood
cells, creatinuria, deposition of brownish ceroid pigment in smooth muscle and
development of muscular dystrophy.

] Measurement of Vitamin E

It is measured in terms of mg (milligram) of DL-alpha-tocopherol acetate, or as
tocopherol equivalent (TE).

U Sources of Vitamin E

Vitamin E is ubiquitous in its distribution and is found particularly in vegetable fats,
oils, dairy products, meat, eggs, cereals, nuts, leafy green vegetables and yellow
vegetables. It is difficult to prepare a diet deficient in vitamin E and see how vitamin
E deficiency in humans may occur.

1 Toxicity of Vitamin E

Vitamin E is relatively non-toxic. Toxicity symptoms include elevation of serum
lipids, impaired blood coagulation and reduction of serum thyroid hormones. For
other toxicity symptoms refer to Table 3.19.

3.10 VITAMIN K

Vitamin K is also a group of substances having similar biological activity. It is
widespread in nature.

The first compound of this group was isolated from alfalfa and the other from
putrefied fish meal. It is essential in diet due to its involvement in synthesis of
prothrombin and other blood clotting factors.

] Chemical Characteristics of Vitamin K

The parent structure of the K family of vitamins is 2-methyl, 1, 4-naphtho-quinone
or menadione which is manufactured synthetically.

Vitamin K; (isolated from alfalfa) is 2-methyl, 1, 4-naphthoquinone called
phylloquinone. Vitamin K, obtained from putrefied fish meal exists as a chemical
series.

The naturally occurring substances in pure form are light yellow solids or
oils, insoluble in water but soluble in fat-solvents. Vitamin K compounds have
characteristic absorption spectra in the ultraviolet and are sensitive to alkali, light
and ionizing radiation.

(] Digestion and Absorption of Vitamin K

More than half the human requirement of vitamin K is met by the synthesis by
symbiotic bacteria in the lower intestinal tract of the human body. Extended treatment
with anti-bacterial drugs that alter the enteric flora increases the dietary vitamin K
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requirement in man since the useful symbiotic bacteria are destroyed. Since, it is a
fat-soluble dietary factor, it requires bile for its absorption. This takes place in the
upper part of the small intestine. Menadione, however, can be absorbed even in the
absence of bile.

U Functions of Vitamin K

Prothrombinogen and other blood clotting factors are formed in the liver with the
help of vitamin K. These factors are necessary for the clotting of blood. For new
born infants and especially those born premature, a single dose of 1 mg of vitamin K,
immediately after birth is often a routine measure to prevent haemorrhagic disease.

1 Deficiency of Vitamin K

Its deficiency interferes with the formation of prothrombinogen and thus, reduces
the clotting tendency of blood. In other words, the blood clotting time is prolonged.
Clinically this condition is called hypoprothrombinemia. Internal or external
haemorrhages may ensue either spontaneously or following injury or surgery.

A premature infant is sensitive to lack of this vitamin.

] Measurement of Vitamin K

It is measured in terms of biological equivalency to milligrams or micrograms of
menadione in a chick-feeding test.

U Sources of Vitamin K

It is widely distributed in nature. The green leafy vegetables, tomatoes, cauliflower,
egg-yolk, soybean oil and liver are good sources.

We also utilize vitamin K synthesized by certain enteric bacteria and probably
obtain a large part of our requirement from this source.

U Toxicity of Vitamin K

Its toxicity may be exhibited in the form of hyperbilirubinemia. In infants jaundice,
kernicterus and mild haemolytic anaemia may be seen. For other toxicity symptoms
refer to Table 3.16.

3.11 ASCORBIC ACID OR VITAMIN C

This vitamin derived its name because of its antiscorbutic or antiscurvy properties.
Scurvy has been recognized since the middle ages and was found to be widespread
in northern Europe, and among the crews of sailing ships. During the 18th century
it was learned that when fresh fruit was made available on board the sailing vessels,
scurvy was avoided. In 1907, Holst and Frolich observed a scurvy-like syndrome in
guinea pigs that was similar to human scurvy and cured it by feeding citrus juices.
This gave an experimental means for the rapid development of our knowledge of
vitamin C.
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(1 Chemical Composition and Characteristics of Vitamin C

Chemically the structure of ascorbic acid is almost identical to that of glucose. All
animals except humans, monkeys and guinea pigs can synthesize ascorbic acid from
glucose.

Ascorbic acid is a white, crystalline compound structurally related to the
monosaccharides. It exists in nature both as reduced and oxidized form called
dehydroascorbic acid. These substances are in a state of reversible equilibrium in
biological systems, and both have the same biological activity. (Figures 3.2 and 3.8
show the structural formulae of glucose and ascorbic acid, respectively.)

Ascorbic acid is an unstable, highly reducing, easily oxidizable acid. It can be
destroyed by oxygen, alkalies and high temperature. Oxidation is accelerated by
heat, light, alkalies, oxidative enzymes, and traces of copper and iron. Hence, food
should be cooked for as short a period of time as possible and kept covered even
after cooking. Soda, an alkali commonly used in cooking by Indian housewives,
should not be added to cook the food faster or to preserve the colour. To avoid loss
of vitamin C vegetables should not be cut into small pieces, since larger chunks
have less area of exposure, resulting in less destruction of vitamin C. Fruit juices
should not be left uncovered. Vegetables should be cooked in minimum quantity of
water which should not be thrown away, since ascorbic acid is readily lost due to
its solubility in water. They should be covered tightly and cooked until just tender
to retain maximum ascorbic acid. Pressure cooking maintains a good amount of the
vitamin as cooking time is short and exposure to oxygen is minimum.

(1 Digestion and Absorption of Vitamin C

Being soluble in water, it is rapidly absorbed from the gastro-intestinal tract and
distributed to the various tissues.

U Functions of Vitamin C

(a) Intercellular Cement Substance Vitamin C is required to build and maintain
bone matrix, cartilage, dentine (tooth), collagen, capillaries and connective and
general body tissue. In scorbutic tissues the amorphous ground substance and the
fibroblasts in the area between the cells appear normal but without the matrix of
collagen fibres. These bundles of collagenous material appear within a few hours
after the administration of ascorbic acid.

(b) General Body Metabolism Tissues which are metabolically, more active, such
as the adrenal gland, brain, kidney, liver and pancreas, contain more vitamin C. It is
closely associated with protein in tissue growth, tissue building and rebuilding and
in cell metabolic processes. Hence, requirement of vitamin C is higher in periods of
stress.

(c) Building Haemoglobin Vitamin C helps in formation of haemoglobin and
development of red blood cells by influencing the absorption of iron for haemoglobin
formation.

(d) Healing of Wounds Including Internal Fractures of Bones Vitamin C is
needed in large amounts for extensive tissue building such as in severe burns. It is
also essential for healing bone fractures.
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(e) Fevers and Infections Resistance to infections is helped by optimum tissue
stores of vitamin C. There is much controversy regarding the effectiveness of massive
doses of vitamin C in the prevention of common cold.

(f) Stress Large amounts of ascorbic acid are required by adrenal tissue during
any body stress. Even emotional stress increases the need for ascorbic acid.

(8) Growth Periods such as pregnancy, infancy and childhood demand more
ascorbic acid. This may be due to demand for foetal growth and maternal tissues.

(h) Metabolism of Tyrosine Vitamin C is necessary for the metabolism of tyrosine.
Its action is on the enzyme p-hydroxyphenyl pyruvic oxidase which catalyzes the
conversion of p-Hydroxy-pyruvic acid to Homogentisic acid which later enters the
tri-carboxylic acid cycle.

U Deficiency Symptoms of Vitamin C

Deficiency of vitamin C results in defective formation of the intercellular cementing
substance. Shooting joint pains, irritability, retardation of growth in an infant or
child, anaemia, shortness of breath, poor wound-healing, increased susceptibility to
infections are some of the symptoms of vitamin C deficiency.

During the deficiency of ascorbic acid, the blood vessels and capillaries are
particularly affected and the latter become fragile, rupture easily and bleed. The
tendency to bruise easily gives the first indication of deficiency of vitamin C. The
occurrence of petechiae—pin-point haemorrhages that occur in the skin under
reduced pressure—is a symptom for the diagnosis of scurvy.

The deficiency syndrome of vitamin C is scurvy. When this antiscorbutic vitamin
is not supplied in the diet for long, especially in case of infants above six months,
a gross deficiency may precipitate. There is pain, tenderness and swelling of the
thighs and legs. The baby does not move and cries when handled. There is pallor
and constant irritability. This may be accompanied by fever, infections and vomiting.
The gums are likely to have swelling, tenderness (sponginess) and bleeding. Bones
become brittle and cease to grow, and normal structures are replaced by connective
tissue that contains calcified cartilage. Anaemia is a common symptom in scurvy
caused by an impairment of haematopoiesis.

In adults, scurvy is manifested as black and blue spots on the skin, swelling,
infection and bleeding of gums, and anaemia. Even a slight injury causes bleeding.

] Measurement of Vitamin C

Ascorbic acid is measured in terms of milligrams by chemical methods that depend
on its reducing property.

1 Sources of Vitamin C

Ascorbic acid is found in all fresh fruits, vegetables and their juices. Citrus fruits
such as sweet lime, lemon, oranges, pineapple, etc. contain large amounts of vitamin
C. In our country, amla or avla is the richest sources of vitamin C. As compared to
other fruits it is the cheapest and consuming a small quantity of it (eight to ten g)
may meet our daily requirement of vitamin C. (100 g of amla contains 600 mg of
ascorbic acid.)
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Tomatoes, lettuce, cabbage, sweet potatoes, potatoes, green and yellow vegetables,
green peppers and guavas are good sources of vitamin C.

Vitamin C can be easily oxidized, hence, the handling, preparation, cooking and
processing of any food source should be considered in evaluating the nutritional
contribution of this unstable vitamin.

3.12 B VITAMINS

The water-soluble B of McCollum, or the anti-beriberi vitamine of Funk, has
now been differentiated into at least eleven separate and distinct chemical entities.
It has been established that eight of these are required by the human body. These
are thiamin, riboflavin, niacin, folacin, pyridoxine, biotin, pantothenic acid and
cyanocobalamin. Paraamino-benzoic acid (PABA), choline and inositol have an
essential part in cellular metabolism in plants and animals, but this alone does not
constitute presumptive evidence of their importance in human nutrition.

When the dietary intake of methionine is adequate, choline can be synthesized
endogenously. Hence, the requirement of choline is related to the methionine intake
just like niacin is related to tryptophan.

Similarly, it is found that human beings do not require an exogenous source of
PABA. Inositol is required more in infants and milk is a good source of it.

These eight vitamins are grouped together since their functions are closely related.
These vitamins are vital in several metabolic functions. They serve as vital control
agents in many reactions as coenzymes in energy metabolism and tissue-building
and rebuilding. They can be considered under three groups as given in Table 3.21.

Table 3.21 Classification of B-Vitamins

Group I — Classic disease factors : Thiamin — B,
Riboflavin — B,
Niacin — B;
Group I — More recently discovered : Pyridoxine — By
coenzyme factors Pantothenic acid

Group 111 — Blood-forming factors : Folic acid

Cyanocobalamin —B;,

U Group I—Classic Disease Factors

1. Thiamine (B;) Thiamine or B is the beriberi preventing factor. It was isolated
first from rice polishings.

(a) Chemical Characteristics of Thiamine It is a water-soluble, fairly stable
vitamin. It is destroyed by alkalies. It has a faint yeast-like odour and a salty nut-like
taste. It is stable in the dry form. It is stable in acidic medium, but is easily destroyed
by cooking foods in neutral or alkaline medium. It is insoluble in fat-solvents.

(b) Digestion and Absorption of Thiamine Thiamine that is consumed through
food is available in the free form or bound as thiamine pyrophosphate or in a protein
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phosphate. The bound forms of thiamine are split before being absorbed in the
duodenum. The vitamin is then distributed to various body tissues. Metabolically
active tissues such as heart, brain, liver, kidney and muscles contain large amounts
of thiamine.

(c) Functions of Thiamine Thiamine functions mainly as thiamine pyrophosphate
(TPP), also known as cocarboxylase. TPP is formed by the action of ATP. The TPP
acts as a coenzyme in a number of enzyme systems. Its functions are:

(i) Control of energy metabolism The main function of B; is to act as
a controlling agent in energy metabolism. It does so by acting as a
coenzyme TPP in key reactions that produce energy from glucose or that
convert glucose to fat for tissue storage. Thus the symptoms of beriberi
such as muscle weakness, disturbances and neuritis are manifestations of
impairment of these basic functions of B;.

(ii) Production of keto acids Thiamine pyrophosphate is also a coenzyme in
Transketolase which is an enzyme that is required to produce keto acids.

(d) Deficiency of Thiamine Polyneuritis (malfunctioning of the nervous system)
or beriberi is a deficiency disease of B; Since B, is the key energizing control agent in
the cells, clinical effects are seen in the gastro-intestinal, nervous and cardiovascular
systems.

The symptoms include loss of appetite, indigestion, loss of muscle tone, general
apathy, emotional instability, irritability, depression and fatigue. As deficiency
persists, heart muscles weaken and cardiac failure may result. Oedema in the lower
extremities may also be observed.

Peripheral neuritis is a pathological condition of the nerves of the extremities.
Usually both legs are affected and sometimes the arms as well. Peripheral neuritis
is characterized by a feeling of heaviness and weakness of the legs followed by
tenderness and cramping of calf muscles and burning and numbness of the feet.

Dry beriberi is characterized primarily by emaciation and multiple neurotic
symptoms which proceed from foot, then to calf muscles and then to the thighs.

Wet beriberi is characterized by severe oedema which masks the emaciation.
Enlargement of the heart, tachycardia (increase in the rate of heart-beat), dyspnoea
and palpitations of the heart even on the slightest exertion are some other symptoms
of beriberi.

As thiamine acts on the nerves, its deficiency can become complicated leading
even to paralysis. In laboratory animals this paralysis can be reversed, but not in
human beings. Table 3.22 summarizes deficiency of Thiamine.

(e) Requirement and Measurement Our requirement of thiamine is closely
related to the calorific needs, and increase in intake of calories also increases the
thiamine requirement. The average adult requires from 0.23 to 0.5 mg per 1000
calories. The RDA states that 0.5 mg thiamine should be taken for every 1000
calories.

(f) Sources of Thiamine Good sources of thiamine include most foods rich in
protein, i.e. lean pork, beef, liver, nuts, whole or enriched grains, legumes, eggs
and fish. Some vegetables are also good sources. Cooking losses of thiamine vary
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Table 3.22.  Clinical features of thiamine deficiency

Type of Deficiency Symptoms
Early stage of deficiency Anorexia
Indigestion
Constipation

Heaviness and weakness of legs
Tender calf muscles

Numbness of Legs

Increased pulse rate and palpitations

Wet beriberi Oedema of legs, face, and trunk
Tense calf muscles

Fast pulse

Distended neck veins

High blood pressure

Decreased urine volume

Dry beriberi Worsening of early-stage polyneuritis symptoms
Difficulty in walking

Wernicke-Korsakoff syndrome:

Possible Encephalopathy

Loss of immediate memory

Disorientation

Nystagmus (jerky movements of eyes)

Ataxia (Staggering gait)

Infantile beriberi Acute stage symptoms:

(2-5 months of age) 1 Decreased urine output

2. Excessive crying, thin and plaintive whining
3. Cardiac failure

Chronic stage symptoms:

1. Constipation and vomiting
2. Fretfulness

3. Soft toneless muscles

4. Pallor of skin with cyanosis

widely but are increased with high temperature, prolonged cooking or overcooking,
discarding of water in which the food was cooked. Addition of an alkali like soda
during cooking destroys thiamine. Sophistication and processing of foods generally
tend to reduce the thiamine supply, e.g. in preparation of wheat flour, separation of
the bran coat and germ removes three-fourth or more of the thiamine present in the
whole wheat. Hence enrichment of flours with thiamine is essential.

2. Riboflavin (By;) Riboflavin was formerly known as vitamin B, or C; and
lactoflavin. Its discovery as one of the components of the B group of vitamins was
based on its characteristic fluorescence and pigmenting quality in such common foods
as milk and egg-yolk. Isolation and characterization of the yellow protein enzyme
originally from yeast led to studies on the essential nature of the flavin pigment part
of the enzyme in human metabolism, growth and health.



112 Nutrition and Dietetics

(a) Chemical Characteristics of Riboflavin Riboflavin or B, is a yellow-green
fluorescent pigment that forms yellowish-brown, needle-like crystals. It is water-soluble
and relatively stable to heat but is easily destroyed by visible light and irradiation. Like
B, it is sensitive to alkalies, stable in acidic media and is not easily oxidized.

(b) Digestion and Absorption of Riboflavin Riboflavin in food is present either
in free state or in combination with a phosphate or with protein and phosphate. This
vitamin is absorbed in the upper part of the small intestine and is then phosphorylated
in the intestinal wall. In the body it is present as the coenzyme or flavoproteins.

(c) Functions of Riboflavin The main function of B, is to act as a control agent
in both energy production and tissue-building. It does so by acting as a coenzyme.

(i) Coenzyme in protein metabolism Riboflavin is a vital factor in protein
metabolism just like By is in carbohydrate metabolism. It controls removal
of amino nitrogen from certain D and L amino acids.

(i) Coenzyme in carbohydrate metabolism B, is a part ofkey enzyme production
reactions taking place in the cell. The two coenzymes of which riboflavin is
a constituent are riboflavin monophosphate or Flavin Monucleotide (FMN)
and Flavin Adenine Dinucleotide (FAD). Functionally, these enzymes are
closely associated with niacin nucleotides—NAD, NADP. Some of the
flavin enzymes contain metallic constituents. These metalloflavoproteins
may contain iron, copper or molybdenum, e.g. succinic dehydrogenase
contains iron and xanthine oxidase contains molybdenum as well as iron.

(d) Deficiency of Riboflavin Ariboflavinosis is manifested as tissue inflammation
and tissue breakdown. The symptoms include delayed wound-healing, swelling of
lips with characteristic cheilosis (cracks at the corner of lips), photo-cracks and
irritation at nasal angles. The tongue becomes red and swells (glossitis); eyes become
sensitive to light (Photophobia) and are easily tired, with itching and burning.
Corneal vascularization—development of proliferating capillaries is seen. These are
some of the early signs of riboflavin deficiency. Growth failure in children has also
been noticed as a symptom.

(e) Requirement of Riboflavin Unlike B, the requirement of B, is not related to
the calorie intake but to the protein intake. The protein intake of a person is related to
the rate of metabolism and growth. The parameter used to express these most closely
is the metabolic body size, represented as kilogram of body weight taken to power
three-fourth. It is necessary to supply B, daily to the body through dietary sources.
Hence, 0.55 mg of B, for 1000 calories intake is found to be sufficient.

(f) Sources of Riboflavin The most important source of this vitamin is milk. Milk
contains lactoflavin which is the mild form of B,. Other good sources are organ meats
such as liver, kidney and eggs. While some vegetables and fruits furnish a small but
constant supply. Polished cereals and their flours are a poor source of riboflavin.

Since, B, is a light sensitive vitamin, protection of food sources, especially milk
from exposure to light is necessary to prevent its destruction. If milk is bottled in clear
glass, almost three-fourth of the vitamin is lost in a short time. So also, considerable
loss can occur if food is cooked using open containers and excess water. Hence,
cooking in covered containers with minimum water is advisable.
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3. Niacin (B3) Nicotinic acid (niacin) and nicotinamide (niacinamide) have same
properties as vitamins. Both compounds have been known for sometime before their
biological significance was realized. In 1867, nicotinic acid was synthesized by
oxidation of nicotine with nitric acid. But it was not until 1937 that it was isolated
from biological sources and found to be effective in the cure of black tongue in dogs
and later, pellagra in humans. It should be remembered that niacin has none of the
pharmacological properties of nicotine.

Niacin or nicotinic acid is the P-P vitamin or pellagra-preventing vitamin. The
vitamin is related to an essential amino acid, tryptophan. Tryptophan is a precursor
of niacin. It can be used by the body to be converted to niacin. Due to this inter-
relationship between niacin and tryptophan the term niacin equivalent is used. 60
mg of tryptophan produces 1 mg niacin. This amount of tryptophan is designated as
a niacin equivalent.

(a) Chemical Characteristics of Niacin Niacin exists in two forms—nicotinic
acid and nicotinamide. The latter is the easily converted amide form of nicotinic
acid. Niacin is the generic term which includes both these forms. It is water-soluble,
fairly stable to acid and heat, alkali, light and oxidation. Boiling and autoclaving do
not decrease the niacin value of food. Of all the B vitamins, niacin is the most stable.

(b) Digestion and Absorption of Niacin Niacin is easily absorbed from the small
intestine. Tryptophan, the precursor of niacin, is converted to the vitamin in the body
in the presence of pyridoxine. This amino acid present in large amounts in milk and
eggs, prevents niacin deficiency even if the diet does not contain niacin.

(c) Functions of Niacin

(i) Itfunctionsas coenzymes in tissue oxidation. Two coenzymes, nicotinamide
adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide
phosphate (NADP), are present in the body. Niacin is needed with riboflavin
in the process whereby protein is deaminated and converted to glucose.

(if) These coenzymes are also needed in the system that oxidizes glucose to
release controlled energy.

(d) Deficiency of Niacin Generally, deficiencies of niacin and riboflavin are
observed simultaneously since, both are closely interrelated as control agents in cell
metabolism. Pellagra, which means rough skin, is primarily the deficiency disease
due to lack of sufficient niacin in the diet and it appears only after months of dietary
deprivation. The condition involves the gastrointestinal tract, the skin and the
nervous system. Deficiency of niacin leads to weakness, headaches, lassitude, loss
of weight, loss of appetite, indigestion and various skin eruptions. The skin and the
central nervous system are the most affected. In the more advanced state, there is
severe diarrhoea. Dermatitis has a characteristic appearance and occurs at those sites
which are subject to exposure or irritation. In such cases the skin lesions are usually
bilaterally symmetrical; Glossitis is common and mental symptoms vary. A confused
mental state with hallucinations, mania, and delirium is seen in advanced stages of
the disease. Neurologic symptoms include confusion, dizziness, poor memory, and
irritability, and these lead to hallucinations and dementia. Pellagra is characterized
by dermatitis, diarrhoea, dementia and death.
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(e) Requirement of Niacin 6.6 mg of nicotinic acid is the ideal intake for every
1000 calories. This requirement is inclusive of the niacin obtained from conversion
of tryptophan.

(f) Sources of Niacin Protein-rich foods such as poultry, fish, meat, peanuts, beans
and peas are all good sources of niacin. All grains are also fair sources. However,
corn and rice are poor sources since they are low in tryptophan. Some green leafy
vegetables, potatoes, legumes, milk, eggs and cheese are poor sources of preformed
niacin but rich sources of tryptophan.

U Group 1l

1. Pyridoxine (Bs) Vitamin B does not denote a single substance but is rather
a collective term for a group of naturally occurring pyridines that are metabolically
and functionally interrelated.

(a) Chemical Characteristics of Pyridoxine Three basic forms in the body
namely pyridoxal, pyridoxamine and pyridoxine undergo conversion to the phosphate
form (B4-PO,) which is the most potent and active form of pyridoxine. Pyridoxine
is water-soluble, stable to heat and acids. It is sensitive to light and alkalies. Of the
three forms mentioned here, pyridoxine is more resistant to food processing and
storage conditions.

(b) Digestion and Absorption of Pyridoxine Pyridoxine, which is water-soluble,
is easily absorbed in the body. The active form of Vitamin Bg is pyridoxal phosphate
which can be formed from any of the three compounds.

(c) Functions of Pyridoxine

(i) Coenzyme in Protein Metabolism In our body several reactions governing the
use of amino acids take place. Pyridoxine in its active phosphate form, either as
pyridoxal phosphate or pyridoxamine phosphate, is the active coenzyme controlling
agent for these reactions. These are:

e Deamination and transamination of amino acids to form new amino acids. This
is important in the formation of nonessential amino acids in the body.

® Decarboxylation of amino acids, the resultant amines being active metabolic
control agents. Thus, serotonin, a potent constrictor of blood vessels, which
stimulates cerebral activity and brain metabolism, is formed from tryptophan.

e Formation of niacin from tryptophan.

o Trans-sulphuration or sulphur transfer reactions which help to form sulphur-
containing amino acids from precursors, e.g. cystine is formed from methionine.

® Incorporation of two amino acids into haeme part of the core of haemoglobin.

(77) Coenzyme in Carbohydrate and Fat Metabolism Pyridoxine helps to control
reactions to produce energy from carbohydrates and fats. It also participates in the
conversion of linoleic acid to arachidonic acid, both being essential fatty acids.

(d) Deficiency of Pyridoxine Notable deficiency of pyridoxine does not exist,
probably because it is widely distributed in nature and the requirement is so small that
a deficiency is unlikely. Severe deficiency of pyridoxine may lead to anaemia since,
haeme is not formed. Central nervous system disturbances such as hyperirritability,
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and convulsive seizures are seen. Anaemia, weakness, vomiting and abdominal pain
are some of the other symptoms.

(e) Requirement of Pyridoxine It is between 2.0 to 2.5 mg for adults. During
pregnancy, requirement of pyridoxine is increased. Women taking oral contraceptives
need more pyridoxine since the state of tryptophan to niacin metabolism is altered.

(f) Sources of Pyridoxine The amount of pyridoxine available in foods is very
small. Good sources include yeast, wheat, corn, liver, kidney, other meats, poultry
and fish. Milk, eggs, potatoes, sweet potatoes and vegetables are fair sources. Whole
grains are a good source of pyridoxine but most of it is lost due to milling.

2. Pantothenic Acid Pantothenic is a word derived from the Greek word
pantothen which means in every corner or from all sides. This implies that it is
widespread in nature. It is also synthesized by intestinal bacteria. These two things
together make deficiency of pantothenic acid unlikely.

(a) Chemical Characteristics of Pantothenic Acid Pantothenic acid is a free
acid, unstable, viscous yellow oil, soluble in water. It is sensitive to acids, bases and
heat.

(b) Functions of Pantothenic Acid Pantothenic acid is of the highest biological
importance because of its incorporation into coenzyme A. Coenzyme A is the
functional, active form of pantothenic acid in the body. It is involved in several vital
enzymatic reactions.

(i) The most important of these reactions is the formation of active acetate
which is an important common molecule in the process of energy production
in the cell from carbohydrates and fats.

(ii) This active form of acetate is also a precursor of cholesterol and as such
of steroid hormones. Active acetate is also required for the production of
haeme in the synthesis of haemoglobin.

(iii) Itis involved in the degradation and synthesis of fatty acids.

(c) Requirement and Deficiency of Pantothenic Acid Since it is widespread in
nature, deficiency is unlikely. Hence, no RDA is prescribed for it.

(d) Sources of Pantothenic Acid Yeast and metabolically active tissues such
as liver and kidney are rich sources. Good sources include egg-yolk and skimmed
milk powder. Fair sources are lean meat, beef, cheese, legumes, sweet potatoes and
yellow corn.

U Group Il

1. Folic Acid The name folic acid is derived from the Latin word folium which
means the leaf because the sources of its isolation were dark green vegetables like
spinach. A reduced form of folic acid, folinic acid, has also been discovered.

(@) Chemical Characteristics of Folic Acid Folacin is the generic term for folic
acid or pteroylglutamic acid and other compounds having the activity of folic acid.
Folic acid is a substance made up of three linked components, a pteridine group,
para-amino benzoic acid and glutamic acid.
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It is slightly water-soluble and some small amount of folic acid is also synthesized
by intestinal bacteria. It is not stable at acidic pH and is readily destroyed by boiling
in acidic medium. It is also easily oxidized in an acid medium and is sensitive to
light.

(b) Digestion and Absorption of Folic Acid In foods, about 25 percent of
folacin is in free form and is completely absorbed. But the polyglutamate forms of
folacin having two to eight glutamic acid groups can only be absorbed after they are
acted upon by conjugase, an enzyme that is present in the intestinal mucosal cells.
Conjugase removes the extra glutamate groups, thereby releasing the absorbable
folic acid.

In the body the active form of folic acid is tetrahydrofolic acid. Ascorbic acid is
present in the body along with this potent form and prevents its oxidation.

(c) Functions of Folic Acid Coenzymes of folacin known as tetrahydrofolates are
necessary for the following functions:

(i) Formation of purines, pyrimidines and amino acids Folic acid is essential
for the interconversions of various amino acids and in purine and pyrimidine
synthesis. The biosynthesis of purines and pyrimidines is ultimately linked
with that of nucleotides and ribo- and deoxyribonucleic acids, which are
the functional and genetic elements of all cells. It is also required for the
interconversion of the amino acids glycine and serine.

(ii) Formation of haemoglobin Folic acid helps to form haeme, the iron
containing part of haemoglobin. Folic acid is one of the important
haemopoietic agents necessary for proper blood formation.

(d) Deficiency of Folic Acid Deficiency of folic acid results in megaloblastic
anaemia. It is characterized by a reduction in the number of red blood cells in blood
and release of large nucleated cells into the blood circulation. The haemoglobin level
as well as leukocyte (WBC) and platelet level fall especially during pregnancy and
infancy. Glossitis, diarrhoea and weight loss are the other symptoms of megaloblastic
anaemia. Folic acid has been found to be effective in the treatment of sprue, a kind of
intestinal malabsorption disease.

(e) Requirement of Folic Acid The actual requirement has been recommended
to be 100 mg per day for a normal healthy adult. This requirement increases during
pregnancy and lactation.

(f) Sources of Folic Acid Fresh green leafy vegetables like spinach and lettuce.
Liver, kidney, dry beans and pulses are good sources of the vitamin. Fruit, milk,
poultry and eggs are relatively poor sources.

2. Cyanocobalamin (Bj) Vitamin B,,, recently discovered as one of the B
group, was isolated from liver fractions in crystalline form in 1948 and was soon
shown to be specific for the treatment of Addisonian pernicious anaemia.

It is the extrinsic factor in the prevention of pernicious anaemia.
(a) Chemical Characteristics of Cyanocobalamin Vitamin B, or

cyanocobalamin molecule contains in its core a single atom of cobalt. It occurs
as a protein complex in foods. Its food sources are almost entirely of animal
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origin. It is synthesised in small measure in the intestines of humans, although the
amount supplied from this source is not known. It occurs in several forms known
as cobalamins.

(b) Digestion and Absorption of Cyanocobalamin Vitamin B, is a very large
molecule, requiring a special mechanism for absorption. It is broken down from
its complex form and bound to the intrinsic factor secreted by the stomach. This
forms a complex with calcium which is then transferred across the intestinal mucosa
and finally bound to a protein transcobalamin II in order to be transported by the
circulating blood.

(c) Functions of Cyanocobalamin The vitamin is essential for the normal
functioning of all cells, but particularly for cells of the bone marrow, the nervous
system and the gastro-intestinal tract.

(i) As Coenzyme Vitamin B, acts as an important coenzyme control agent
along with folic acid in the synthesis of deoxyribonucleic acid and vital
proteins in the cell.

(ii) Formation of RBC Vitamin By, is necessary for the formation of red blood
cells.

(iii) It is also required for the activation of folic acid coenzymes.

(d) Deficiency of Cyanocobalamin A deficiency of vitamin B, results in
pernicious anaemia characterized by large nucleated red blood cells. It has been
found to be effective in the treatment of the intestinal disease, sprue.

(e) Requirement of Cyanocobalamin The requirement of vitamin B, by man
has not been defined accurately and appears to be very small; estimated to be under
1 mg per day.

() Sources of Cyanocobalamin Vitamin B, is supplied almost entirely by
animal foods. The richest sources are liver, kidney and lean meat. Milk, eggs and
cheese supply a fair amount of it whereas vegetables and fruits do not contain any.

3.13  MINERAL ELEMENTS

Minerals constitute three to four percent of the total body weight. A mineral is
an inorganic element occurring in the form of its salt, e.g. calcium, phosphorus,
potassium, sodium, iodine, iron, copper, molybdenum, sulphur, chlorine, magnesium,
manganese, etc. Minerals help to build tissues, regulate body fluids or assist in
various body functions. They too, like the vitamins, are required in small quantities
and are vital to the body. They should be supplied daily as they are excreted through
the kidney, the bowel, and the skin.

They may be present in the body as organic compounds such as phospho-proteins,
phospholipids, haemoglobin, thyroxine, or as inorganic compounds such as sodium
chloride, calcium phosphate, and as free ions. Minerals may be classified into three
groups.

1. Major minerals or macrominerals These are required in large amounts, at
least 100 mg/day, e.g. calcium, phosphorus, sodium, chlorine, potassium.
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2. Minor minerals These are required in small quantities, less than a few mg a
day, e.g. iron, sulphur, magnesium.

3. Trace elements (micro) Their requirement is of the order of a few micrograms,
e.g. iodine, fluorine, molybdenum, zinc.

The ICMR, 2010, has recommended daily dietary allowance only for two minerals
(see Appendix III). The requirement of the other mineral is very small and is easily
met in a normal diet: hence, the RDA, for them is not given.

Functions of minerals vary widely but may be generalized as follows:

1. They are structural components of bones, teeth, soft tissues, muscles, blood
and nerve cells.

2. They help in regulating the activity of nerves with regard to stimuli and
contraction of muscles.

3. They help maintain the acid-base balance of the body fluids.

4. They control the water balance in the body by means of osmotic pressure and
by regulating the permeability of cell membranes.

5. They help to utilize food by helping in the process of digestion.

6. They are part of the molecules of hormones and enzymes. Many elements are
part of metallo-enzymes.

7. They act as enzyme activators.

8. They regulate cellular oxidation.

Table 3.23 Mineral requirement of various tissues

Tissue Elements especially Deficiency symptoms
needed
Bones and teeth Calcium and Stunted growth, weakened or soft
Phosphorus bones.
Malformed or decaying teeth, and
rickets.
Hair, nails and skin, soft Potassium
tissues Phosphorus
Sulphur
Chlorine
Nervous tissue Phosphorus
Blood Tron Lack of iron or copper results in less
Calcium than normal amount of haemoglobin
Sodium in blood, a condition called
Phosphorus nutritional anaemia.
Copper
Glandular secretions:
Gastric Chlorine Lack of iodine results in enlargement
Intestinal Sodium of thyroid gland-simple goitre.
Thyroid Iodine
Pancreas (Insulin) Zinc
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(1 Minerals as Body Regulators

To maintain normal Sodium, potassium, chlorine, bicarbonate,
exchange of body fluids magnesium
(osmosis)

Contractility of muscles Balance of calcium with sodium and

Irritability of nerves Potassium

Clotting of blood Calcium

Oxidation processes Iron, iodine, selenium and manganese,

pH of body fluids Balance between: Basic elements—sodium,

potassium, calcium, magnesium and iron. Acid
elements— phosphorus, sulphur, chlorine.

(1 Digestion and Absorption of Minerals

Most of the minerals are best absorbed by the body in their soluble form. Organic
form is better absorbed by the body, than inorganic form, e.g. iron in the inorganic
form in poha (rice flakes) and jaggery, is not absorbed as much as that in meat.

For a normal adult a balance exists between the intake of an element and its
excretion. Homeostasis is a mechanism by which the continuous flow of nutrients
into the cell and out of it takes place, e.g. bone. This tissue of the body is thought to
be inert, but it is not so. It is an active tissue in its uptake and release of nutrients,
especially minerals. In spite of this there is always a state of balance so that at any
given time there is an adequate supply of nutrients. Figure 3.10 illustrates this point
to show the different mechanisms which control the amount of calcium that is
absorbed.

Indian diets are generally deficient in calcium, iron and iodine. If these three
minerals are supplied by a diet in adequate amounts the requirement for the rest will
be easily met.

U Calcium

Of all minerals, this is the most abundant mineral found in the skeletal and bone
tissues. Approximately 1200 g of calcium is found in our body, of which 99 percent
is combined as salts—mainly as calcium phosphate—which gives hardness to the
bones and enable them to hold the weight of a body.

The remaining one percent performs the following function:

1. It catalyzes the clotting of blood. Injury to a cell is taken care of as follows:

Ca++
Blood platelets —» Thromboplastin
Thromboplastin + prothrombin — Thrombin

Thrombin + fibrinogen CaL} Fibrin (the clot)

2. It activates several enzymes such as pancreatic lipase, adenosine
triphosphatase and some proteolytic enzymes.
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Food Calcium

Factors Inhibiting Absorption

m Little or no exposure to sunlight
m Too little vitamin D

m Phytic aci Calcium binders

m Oxalic aci inhibit absorption
m Abnormal Ca : P Ratio (ideal 1:1)
v

Small Intestine —————) Faecal Calcium

Factors Favouring Absorption

m Body needs

m Gastric acidity
m Vitamin D Intestinal Secretions
m Lactose (milk sugar)

m Vitamin C (ascorbic acid)
m Certain amino acids

v

Calcium in Blood Plasma

Factors Favouring Ossification Factors Favouring Bone

m Vitamin D Resorption

m Vitamin C or ascorbic acid m Parathyroid hormone
m Calcitonin (antagonist to m Parathormone
Parathormone) m Excess Vitamin D
m Bone immobilization
v v v v
Teeth Bones Urinary Calcium

Fig. 3.10 Utilization of calcium

3. Itis necessary for synthesis of acetylcholine, a substance that is necessary for
transmitting nerve impulses.

4. It helps to absorb vitamin By, in the ileum.

5. Its vital function is to regulate contraction and relaxation of muscles,
including the beating of heart.

6. It helps the absorption process by increasing the permeability of cell
membranes.

1. Deficiency of Calcium A severe deficiency of calcium leads to rickets in
children and osteomalacia in adults.

(a) Rickets It is seen more often in premature infants than full-term infants as
their growth and calcification rate demand more calcium and vitamin D. The
characteristics of rickets are delayed closure of the fontanelles, bulging or bossing of
the forehead and soft and fragile bones. There may be bowing of the legs or knock-
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knees if there is enlargement of wrist, knee and ankle joints. Muscle development is
poor and walking may be delayed. There may be restlessness and nervous irritability.

Rachitic rosary is seen in the breast region as enlargement of the costochondrial
junction. Projection of the sternum causes pigeon breast.

(b) Osteomalacia or Adult Rickets Calcium requirements are also increased
during pregnancy to meet the needs of a growing foetus and during lactation to
compensate for calcium secreted in the breast milk. A healthy breast fed baby of
3 months draws its supply of calcium from mother’s milk. If the mother’s diet is
deficient in calcium content, the calcium from her bones will be depleted predisposing
her to fractures of the bones. Hence, adequate supply of calcium is essential during
pregnancy and lactation periods. This explains softening of the bones which may
be seen in women due to repeated pregnancies and low intake of vitamin D and
calcium. It can also be seen in patients suffering from diseases with interference in
fat absorption and in patients with renal disease.

Osteomalacia is characterised by softening which usually takes place in the bones
of the legs, spine, thorax and pelvis, which may bend and show deformities. Other
symptoms of the disease are rheumatic-type pain in bones of the legs and lower part
of the back, general weakness, especially while walking and climbing stairs, and
spontaneous multiple fractures.

(c) Hypercalcemia Excessive intake of calcium can result in raising the blood
calcium, thereby causing an increased deposition of calcium in the soft tissues and
increased excretion of calcium in urine.

This has been observed in patients with peptic ulcers who consume excessive
alkalies along with a large amount of milk for a long period of time. It may be
accompanied by symptoms such as vomiting, gastro-intestinal bleeding and an
increase in blood pressure.

Infants who are given excessive doses of vitamin D exhibit gastro-intestinal
upsets and retarded growth. It can be corrected by removal of the vitamin from their
diet.

2. Sources of Calcium Rich sources include milk in any form and cheese. Good
sources are green leafy vegetables such as amaranth, drumstick leaves, mustard
greens, spinach, colocasia, fenugreek (methi), etc. Root vegetables, such as tapioca,
are a good source. Millet ragi (nachni) is a particularly rich source of calcium. Some
of the pseudocereals such as rajkeera (grain amaranth) are also good sources. Small
fish such as mandeli, when eaten with the bone, is also a good source of calcium. In
India, paan is very commonly eaten after meals. Since, it is smeared with calcium
(chuna) it provides a fair amount of calcium, besides aiding the process of digestion.

Meat and cereal grains, especially rice, are poor sources of calcium.

U Chlorine

Chlorine is found in the body as chloride ion. Large amounts of chloride are found
in the extracellular fluid but some amount is also found in the red blood cells and to
a lesser degree in other cells.
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1. Functions of Chlorine Our body contains approximately 50 mEq of chloride
per kilogram of our body weight and it performs the following functions:

(a) In the extracellular fluid, chloride is necessary for the regulation of osmotic
pressure, water balance, and acid-base balance.

(b) In the gastric juice it is the chief anion along with hydrogen ion because of
which hydrochloric acid is formed. It provides an acid medium for activating
digestion enzymes as well as enabling digestion in the stomach.

(¢) Chloride activates amylases.

2. Deficiency of Chlorine Severe deficiency of chloride occurs in cases of
excessive vomiting, and diarrhoea when large amounts of chloride is lost resulting in
alkalosis due to replacement of chloride with bicarbonate.

3. Sources of Chlorine Table salt is the main source of chloride in diet. Generally
as much chloride is ingested as is sodium.

Table 3.29 gives a list of 14 mineral elements, with their sources, functions and
deficiency symptoms.

] Copper

Along with iron, copper too is involved in haemoglobin synthesis. Liver, brain,
heart and kidney contain high concentrations of copper. It performs the following
functions in the human body:

1. Functions of Copper

(a) Copper-protein complex known as ceruloplasmin is the major complex
of copper. Some amount is bound to albumin. The ceruloplasmin plays an
important role in the transport of iron in transferrin for haemoglobin synthesis.

(b) Other functions include taste, sensitivity, formation of melanin pigment,
maturation of collagen and elastin formation, integrity of the myelin sheath,
synthesis of phospholipids and bone development.

(c) It is a part of several enzymes like cytochrome oxidase, dehydrogenase,
tyrosinase, etc.

2. Deficiency of Copper Deficiency of copper is uncommon in human beings.
It may be observed in kwashiorkor, nephrotic syndrome, sprue and sometimes in
anaemia, or in patients being given total parenteral nutrition.

A daily intake of 2-3 mg can satisfy its requirement. Excessive dosage of copper is
toxic. It leads to hepatitis, lenticular degeneration, renal malfunction and neurologic
disorders. Workers in copper mines often suffer from such toxic conditions.

3. Sources of Copper Organ meats, shell-fish, whole-grain cereals, legumes and
nuts are good sources of copper, while milk is a poor source.

U Fluorine or Fluoride

Fluoride is the term for the ionized form of the element fluorine, as it occurs in
drinking water. The two terms, fluorine and fluoride, are used interchangeably.
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Fluorine is present in small but widely varying concentrations in practically all
soils, water supplies, plants and animals. It is therefore, a constituent of all normal
diets. Also, fluorine is one of the atmospheric contaminants of industries which use
coal, ore or earthy phosphates.

The adult human contains less than 1.4 mg of fluorine most of which is in the
bones and teeth. In small amount, fluorides help develop strong bones and teeth, but
in excessive amounts, bones become porous and soft and teeth become mottled and
easily worn down.

A proper intake of fluorine is essential for maximum resistance to dental caries
(tooth decay), a beneficial effect that is particularly evident during infancy and early
childhood, and which is persistent through adult life.

1. Functions of Fluorine Although fluorine is found in various parts of the body,
it is particularly abundant in bones and teeth; it normally constitutes 0.02% percent
to 0.05% percent of these tissues. Fluorine is necessary for sound bones and teeth.

The fluoride ions, at proper levels of intake, assist in the prevention of dental
caries. When children under five years of age consume drinking water containing
one ppm of fluorine, the teeth have fewer dental caries in childhood, adolescence
and throughout life. This has led to fluoridation of water supplies in many countries.

The mechanism by which fluorine increases caries resistance of the teeth is not fully
understood. However, it appears that crystals of fluoroapatite can replace some of the
calcium phosphate crystals of hydroapatite that are normally deposited during tooth
formation, and that it may also replace some of the carbonate normally found in the
tooth. Apparently these fluoride substances are more resistant to mouth acids. Flourine
may also inactivate oral bacterial enzymes which create acids from carbohydrates.

Increased retention of calcium, accompanied by a reduction in bone
demineralization, has been observed in patients receiving fluoride salts. This indicates
the possibility that dietary fluorine is essential for optimal bone structure and for the
prevention of osteoporosis in humans. This has prompted some medical doctors to
use fluorine therapeutically in the treatment of osteoporosis in the aged.

2. Deficiency Symptoms Deficiency of fluorine results in excess dental caries.
Also, there is indication that its deficiency results in osteoporosis in the aged.
However, excess of fluorine is of more concern than its deficiency.

Fluorine is a cumulative poison; hence, chronic fluorine toxicity, known as
fluorosis, may not be noticed for some time. The enamel of the teeth is likely to lose
lustre and become chalky and mottled when one of the following conditions prevail:

(a) When the fluoride content of the drinking water exceeds 2.5 ppm.

(b) When the amount of fluorine ingested exceeds 30 to 40 ppm of the dry matter
of the diet.

(¢) When a person consumes (in food and water) fluorine in excess of 20 mg/day
over an extended period of time. The degree of mottling depends on the level
of fluorine intake and individual susceptibility. Mottling of teeth in children
has been observed if fluoride concentrations in the diet and drinking water are
two to eight ppm.
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In India fluorosis occurs as an endemic disease in Andhra Pradesh (AP) (Nalgonda
District) and in Punjab (Patiala district). In AP, another clinical manifestation of
fluoride toxicity called “Genu valgum” has been idenfied recently. However, besides
high intakes of fluorine other factors associated are high levels of molybdenum and
low levels of copper.

Fluorosis also affects the bones. They lose their normal colour and lustre, become
thickened and softened, and break more easily.

3. Recommended Daily Allowances of Fluorine The ranges suggested are
obtained without difficulty in areas with a water supply containing at least 1 mg/litre
of fluoride, either naturally or through fluoridation.

Fluoridation of water supply is the simplest and most effective method of providing
such added protection, although it is possible to add fluorine to milk, cereals and salt
or to take it in tablet form as sodium fluoride. The range of safety in fluoride intake
is wide enough to accommodate normal fluctuations in the fluoride content of foods
without the risk of inducing mottling.

4. Sources of Fluorine Fluorine is widely, but unevenly, distributed in nature.
It is found in many foods, but seafood and tea are the richest dietary sources. Food
alone can supply 0.3—0.8 mg fluorine.

The fluorine content of foods varies widely and is affected by the fluorine
content of the environment (air, soil and water) in areas in which they are produced.
Nevertheless, some foods do accumulate and contain more fluorine than others. One
must bear in mind that it is the total fluorine ingested over an extended period of time
that is important.

An average daily diet provides 0.25 to 0.35 mg of fluorine. In addition, the
average adult may ingest 1.0 to 1.5 mg daily from drinking and cooking water that
contains 1 ppm of fluorine. For children in the age group of one to 12 years, water
may contribute anywhere from 0.4 to 1.1 mg of fluorine per day.

Fluorine tablets and fluorine toothpaste can serve as reliable, though expensive,
sources of this element.

5. Fluoridation of Water Supplies Fluoridation of water supply to bring the
concentration of fluoride to 1 ppm (one part of fluorine to a million parts of water) has
proved to be a safe, economical and efficient way to reduce tooth decay. It is a highly
important public health measure in areas where natural water supplies do not contain
this amount. Extensive medical and public health studies have clearly demonstrated
the safety and nutritional advantages that result from fluoridization of water supplies.
In communities in which fluoridation has been introduced, the incidence of tooth
decay in children has been decreased by 50 percent or more.

The concentration of fluoride in public water supplies should be adjusted slightly
to allow for differences in water consumption with seasonal temperature changes.

6. Fluorosis Fluorosis is a chronic disease resulting from the accumulation of
toxic levels of the mineral fluorine in the teeth and bones. It is a crippling disease
characterized by bone overgrowth, brittle bones, stiff joints, weakness, weight
loss and anaemia. Mottling of the teeth may occur if the exposure was during the
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formation of enamel. Contaminated water and food are the principal sources of
excessive fluoride.

U lodine

This is a trace element required in minute quantities by our body. But this miniscule
amount has a far-reaching effect on the growth and metabolism of our body.

1. Functions of lodine The only known function of iodine is as a constituent of
the thyroid hormones, thyroxine and triiodothyronine. In these hormones, tyrosine
along with iodine, regulates the rate of oxidation within the cells and in doing so
determines the rate of metabolism.

2. Deficiency of lodine

(a) Goitre Pcople of the hilly regions and those who are far from the sea suffer
from iodine deficiency syndrome, namely simple or endemic goitre. The soil in these
regions lacks iodine, therefore, consumption of vegetables, cereals and pulses grown
here does not contribute iodine in appreciable amounts. The entire population in such
areas suffers from goitre, hence, the name endemic goitre.

Goitre is an enlargement of the thyroid gland since the size (hypertrophy) and the
number of (hyperplasia) epithelial cells in the gland increase. The BMR is normal.
Women are more affected than men, especially in adolescent and pregnant women it
is more pronounced.

Endemic goitre is a matter of serious concern since, infants of women suffering
from goitre and who are unable to meet the foetus demand for iodine, suffer from
cretinism.

Cretinism is characterized by low basal metabolic rate, muscular flabbiness and
weakness, dry skin, rough hair, enlarged tongue, thick lips, retardation of skeletal
development and severe mental retardation. Administration of desiccated thyroid
brings relief to a certain extent in that physical growth is improved and mental
retardation is less severe, but damage to the central nervous system cannot be
reversed and is a permanent feature of the cretin.

(b) Myxoedema Hypothyroidism, which is seen more commonly today, is a
clinical syndrome in which the bodily metabolic processes slow down due to a
deficiency or absence of thyroid hormone. The symptoms of hypothyroidism can
manifest in all organ systems and the severity differs according to the degree of
hormone deficiency. The disease typically progresses over months to years but can
recur rapidly if the thyroid replacement medicines are discontinued or even if the
thyroid gland is surgically removed.

The term myxoedema refers to the thickened, non-pitting, oedematous changes
to the soft tissues of patients in a markedly hypothyroid state. A rare, life-
threatening condition called Myxoedema coma can occur late in the progression
of hypothyroidism. The condition is seen typically in elderly women and is often
precipitated by infection, medication, environmental exposure, or other metabolic-
related stresses. The diagnosis may be made on clinical grounds and treatment should
be started promptly.
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(c) Goitrogens Substances known to interfere with the activity of thyroxine to
produce goitre in spite of a normal intake of iodine are known as goitrogens.

Goitrogens, generally thio-cyanates, are found in cabbage, turnips, rutabagas,
cauliflower, brussel sprouts, peanuts and mustard. However, the goitrogens in these
foods are inactivated by cooking that involves high temperature.

3. Sources of lodine The daily requirement for adults is 100—-150 mg. Saltwater
fish, shellfish, seaweed contain large amounts of iodine. The iodine content of eggs,
dairy products, meat and poultry depends upon the iodine content of the animal’s
diet. Vegetables and fruits that are grown in soil that is rich in iodine are good sources
of iodine. Hence, the iodine content of the food obtained from animals or plants
depends upon the iodine in the animals’ diet or the soil in which the plant is grown.

Fortification of common salt with potassium iodate is a recommended method
of making iodine easily available. lodised salt must be used after cooking is over to
prevent heat losses. Special government subsidies are available for preparing iodized
salt. Even legislative measures making it compulsory to make iodine available
through common salt are under way. This will go a long way in preventing iodine
deficiency in our country.

U fIron

Besides calcium and iodine, iron is an essential nutrient, but it is generally deficient
in the Indian diet. Anaemia is commonly seen in all age groups in India, especially
in women in their reproductive years. Iron performs the following functions in our
body:

1. Functions of Iron

(a) Iron is present principally as haemoglobin of the Red Blood Cell (RBC).
Haemoglobin acts as a carrier of oxygen from the lungs to the tissues and
indirectly helps in the return of carbon dioxide to the lungs.

After the life span of the RBC is complete (120 days), the iron from it is
removed and sent to the bone marrow where it is used for synthesis of new
red blood cells (haemopoiesis).

Myoglobin is the iron-protein complex found in muscles, which stores
some oxygen for immediate use by the cell. Transferrin or siderophilin is the
circulating form of iron. Ferritin or haemosiderin is the storage form of iron.

(b) Several oxidase enzymes such as catalase, cytochrome oxidase, xanthine
oxidase contain iron as an integral part of their molecular structures.

Table 3.24 depicts the various forms in which iron exists in the body.
2. Deficiency of Iron

(a) Anaemia This deficiency is found commonly in infants, pre-school children,
adolescent girls and pregnant women. Iron-deficiency anaemia is a major public
health problem. Causes of iron deficiency anaemia could be due to the following:
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Table3.24 Forms of iron in the body

Iron type Function

Metabolic proteins

Heme proteins:

Haemoglobin Oxygen transport from lungs to tissues

Myoglobin Transport and storage of oxygen in muscle

Enzymes: heme

Cytochromes Electron transport

Cytochromes P-450 Oxidative degradation of drugs

Catalase Conversion of hydrogen peroxide to oxygen and water

Enzymes: nonheme

Iron-sulphur and metalloproteins |Oxidative metabolism

Enzymes: iron dependent

Tryptophan |0Xidati0n of tryptophan

Transport and Storage Proteins

Transferrin Transport of iron and other minerals
Ferritin Storage

Haemosiderin Storage

(i) Blood Loss

® Gastrointestinal
Diaphragmatic hiatus hernia
Drugs
Infection, inflammation or malignancy
Long distance running
Peptic ulcer disease
Telaniectasia

®  Genitourinary
Infection, inflammation, pulmonary malignancy
Menstruation
e  Phlebotomy
Blood donation
Diagnostic phlebotomy
Polycythemia
Self-inflicted blood loss
o Respiratory
Infection, inflammation or malignation haemosiderosis

e  Surgery
e Trauma

(ii) Decreased Iron Absorption or Utilization
Malabsorption syndromes
Partial gastrectomy
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(iii) Inadequate Iron Ingestion/Increased Iron Requirements
Infancy and childhood
Pregnancy

Characteristic symptoms are a low serum level of iron, high iron-binding capacity,
low haemoglobin, low red cell volume, low mean corpuscular haemoglobin and
small and pale cells (microcytic, hypochromic).

(b) Potential Diagnosis of Anaemia The haematological picture may be based
on the Complete Blood Count or Mean Corpuscular Volume.

Normocytic-Normochromic

I. Reticulocytes—low/normal : Renal insufficiency
:  Bone marrow infiltration
(Leukaemia, Lymphoma, Metastasis)
Anaemia of chronic disease
Endocrine disease
Myelodysplastic Syndrome

: Others
II. Reticulocytes increased :  Acute haemorrhage
:  Haemolytic anaemia-hereditary or acquired
Others
Microcytic-Hypochromic
Ferritin reduced : Iron deficiency anaemia
Ferritin normal/increased :  Thalassemia

Sideroblastic anaemia
Anaemia of chronic disease
: Others
Macrocytic/Normo or Hyperchromic
I. Reticulocytes low/normal
Non-megaloblastic :  Liver disease
Myelodysplastic Syndrome
Hypothyroidism
Others
Megaloblastic :  Vitamin B, deficiency anaemia
Foliate deficiency
: Others
II. Reticulocytes increased : Prior haemorrhage
: Prior haemolysis
Treated deficiency diseases: Vitamin By,
Folate
Others

Adapted with modifications from Wintrobe's Clinical Haematology, 9" ed. 1993.

The symptoms are insidious and are seen when the haemoglobin drops below 7
to 8 g/dl. The symptoms are early fatigue, breathlessness, palpitations, tiredness,
weakness, body ache, inability to concentrate, giddiness, fragile, brittle and cracked
nails, flat, concave nails (platynychia, koilonychia) tongue may be smooth, pale
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and red, difficulty in swallowing, mild hepatic splenomegaly, pica (perversion of
appetite-to eat mud, ice, soap, rice, etc), menorrhagia, amenorrhoea, dry and dull
hair, premature greying. In severe cases it may result in anginal pain and sometimes
even heart failure.

Although green leafy vegetables are abundant in India and several are available
throughout the year, they are not consumed often; and the green leaves of vegetables
like cauliflower, beet and radish are thrown away while only the root or flower is
consumed. This results in a loss of an important nutrient source due to ignorance.

Women suffer from anaemia more than men or children. This is due to the loss
of menstrual blood every month. Delivery of every child means heavy blood loss.
Due to repeated pregnancies, even before recovering from this loss a woman may
conceive and this may cause a stress condition, which increases the requirement of
iron. Therefore, women must make every attempt to include iron-rich foods in their
diet every day. Medicinal iron in the form of iron salts and other haematinics have to
be provided to correct the anaemia.

Children, due to unhygienic conditions and unclean drinking water, are prone
to helmenthic diseases. These do not allow absorption of iron. In chronic stage of
infection with round worm (ascaris) or hook worm (oxyuris), anaemia occurs.

(c) Haemosiderosis This deficiency occurs when there is abnormal destruction of
the red blood cells as in haemolytic anaemia. An excessive intake of iron daily produces
typical symptoms of cirrhosis of the liver as the iron is stored in it in large amounts.

3. Sources of Iron Liver, lean meats, fish and poultry are good sources of iron
in the form of haeme. Legumes, dry fruits, whole-grain cereals and hand pounded
cereals as well as green leafy vegetables are good sources.

Jaggery and rice flakes contain inorganic iron since they are processed in iron
vessels and are a fair source.

The high incidence of anaemia could be due to insufficient intake of iron or poor
bioavailability. The absorption of haem iron is much better than that of non-haem
iron. Enhancing the bioavailability is as important as increasing the intake.

The absorption could be enhanced by including ascorbic acid and beta-carotene
containing fruits and vegetables into recipes of iron containing food preparations.
Improving the bioavailability of iron of food preparations will improve the iron
status of women.

In view of the widespread prevalence of iron deficiency anaemia in many parts
of the world fortification is being advocated. In our country, fortification of common
salt with iron has been successfully developed and can prevent anaemia if used
regularly in place of ordinary salt.

(] Magnesium

This mineral is found in the body in much smaller amounts than calcium and
phosphorus. It is found mainly as phosphate and carbonate. Magnesium is found
close to the surface of the bone. It performs the following functions in the body:

1. Functions of Magnesium

(a) Itis a catalyst in numerous metabolic reactions.
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(b) Itisrequiredto activate the enzymes involved in the oxidative phosphorylation
of ADP to ATP and also for the return of ATP to cyclic AMP, which in turn
regulates parathormone secretion.

(¢) Itis required to be in balance in the extracellular fluid with Ca, Na and K so
that transmission of nerve impulses and the consequent muscle contraction
can be regulated. Magnesium is essential for the functioning of heart-beat
and maintenance of blood pressure.

2. Deficiency of Magnesium A daily dietary intake should intake should be
around 350 mg. Deficiency of magnesium does not occur under normal health
conditions and food intake, but a continuous poor intake of magnesium accompanied
by increased excretion leads to a rapid lowering of the plasma magnesium.

Symptoms that are seen are similar to those in hypocalcemic tetany, i.e. muscle
tremor, paresthesias and sometimes convulsive seizures and delirium.

Conditions of magnesium deficiency often result in chronic alcoholism, cirrhosis
of the liver, kwashiorkor, severe vomiting, diabetic acidosis, and diuretic therapy. In
the last two cases, loss of magnesium from the body is increased.

3. Sources of Magnesium Dairy products (excluding butter), fresh green
vegetables, meat, nuts, sea food and legumes are good sources of magnesium.
Cereals, pulses and nuts contain 40—200 mg of magnesium per 100 grams.

) Potassium

Potassium is necessary for the human body mainly in all tissue cells. Like sodium, it
is also found in the extracellular fluid.

1. Functions of Potassium Our body contains approximately 2.6 g of potassium
per kg of our body weight, and performs the following functions:

(a) Potassium is an obligatory component of all cells, hence, the greater the
number of cells, the more is the increase in potassium.

(b) Potassium is required for the maintenance of osmotic pressure and fluid
balance within the cell. Sodium is found to perform the same function in the
extracellular fluid.

(¢) Potassium is required for enzymatic reactions which take place within the cell.
Some potassium is bound to phosphate in the process of formation of glucose
to glycogen. When glycogen is broken down to glucose, potassium is released.

(d) However small the concentration of potassium in the ECEF, it is required to
transmit nerve impulses and for muscle fibres, along with other ions.

2. Deficiency of Potassium Under normal dietary intake, potassium deficiency
does not occur. But it may occur in instances of severe malnutrition, chronic
alcoholism, anorexia nervosa, low carbohydrate diets and in weight reduction
regimes in which food intake is restricted.

In severe tissue injury, losses may exceed replacement as in the case of burns,
post-surgery period and during prolonged fevers.

Characteristics of potassium deficiency are low plasma levels of potassium
(hypokalemia), and the symptoms include nausea, vomiting, listlessness,
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apprehension, muscle weakness, hypotension, tachycardia (increased heartbeats),
arrhythmia and an altered electrocardiogram. Heart muscle may be affected so
severely that it may stop during diastole (relaxation phase of heartbeat).

3. Hyperkalemia Hyperkalemia or excess of potassium may occur in conditions
of severe dehydration, renal failure, after very rapid administration of potassium and
in adrenalin insufficiency. Hyperkalemia may be fatal, since heart muscles may stop
during systole (contraction phase of heartbeat). Other symptoms are paresthesias of
the scalp, face, and tongue; muscle weakness, poor respiration, cardiac arrhythmia
and changes in the ECG.

4. Sources of Potassium Potassium is easily available in foods. Good sources
are meat, poultry, fish, milk and curds. Rich sources are whole-grain cereals and
pulses, vegetables and fruits, e.g. bananas, potatoes, tomatoes, carrots, celery, orange,
grapes, chiku and custard apple.

1 Phosphorus

Phosphorus is a vital mineral forming the very matrix of the genetic substances DNA
and RNA, which are substances that control heredity.

About 85 percent of it is in inorganic combination with calcium in bones and
teeth. The remaining amount functions as organic compounds for the following:

(a) Itisa constituent of the sugar-phosphate linkage in the structures of DNA and
RNA.

(b) Phosphorus as phospholipids regulates the transport of cell solutes in and out
of the cell. Phospholipids facilitate the transport of fats in circulation.

(¢) Phosphorus regulates many metabolic processes that involve phosphorylation.
These include absorption of glucose from the intestine and its uptake by the
cell, as well as resorption of glucose by the renal tubules.

(d) Adenosine diphosphate and adenosine triphosphate system it is necessary
for a continuous storage and controlled release of energy, in nicotinamide
dinucleotide-nicotinamide adenine-dinucleotide phosphate and for the active
form of thiamine as TPP (Thiamine Pyrophosphate).

(e) The active forms of many vitamins are their phosphate derivatives, e.g. By,
B,, Bg, pantothenic acid.

(f) High energy storage compounds are phosphate esters of organic compounds,
e.g. ATP, creatine phosphate, etc.

1. Deficiency of Phosphorus Symptoms of phosphorus deficiency are rare
since, diet which furnishes adequate protein and calcium fulfils the requirement of
phosphorus.

Retarded growth, poor teeth and bone formation, rickets, weakness, anorexia
and pain in the bones are some of the symptoms of phosphorus deficiency. Other
symptoms of deficiency are almost like those of calcium deficiency.

2. Sources of Phosphorus 1t is widely distributed in foods. The most important
sources are milk and meat.
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Whole-grain cereals and flours, legumes, nuts and fish are a good source of
phosphorus. However, many seeds contain phosphorus in the form of phytic acid,
the phosphorus form which is often not available but renders other metal ions also
unavailable.

U Selenium

This trace element is a component of the enzyme glutathione peroxidase which
along with vitamin E, catalase and dismutase is a component of one of the
anti-oxidant defence systems of the body.

4 Sodium

Sodium chloride or common salt is the taste-giver in our diet. Common salt always
occupied a very important position in history. The term salary comes from the word
salaria (meaning salt) since salt served as a medium of exchange in the past.

1. Functions of Sodium Our body contains approximately 1.8 g of sodium per
kilogram of our weight and performs the following functions:

(a) Sodium is the principal electrolyte in the extracellular fluid which maintains
normal osmotic pressure and water balance. It serves as a base in the
extracellular fluid.

(b) It contributes alkalinity to the gastro-intestinal secretions.

(¢) Along with other ions, it maintains the normal irritability of nerve cells and
helps muscle contractions.

(d) It regulates cell permeability.

(e) It maintains electrolyte differences between intracellular and extra-cellular
fluid compartments.

2. Deficiency of Sodium Sodium depletion occurs in athletes and persons
engaged in heavy labour. They lose significant amounts of sodium in sweat. These
losses must be replaced by eating more salt. Fluids must be taken liberally.

A hormonal deficiency of ACTH in Addison’s disease leads to large losses of
sodium so that the patient hungers for sodium. Other instances of sodium depletion
are during continuous vomiting and diarrhoea.

Deficiency symptoms include weakness, giddiness, nausea, lethargy, muscle
cramps and in case of severe depletion there is circulatory failure.

3. Sodium Imbalance 1t is necessary to curtail the intake of sodium from
childhood as it predisposes the child to hypertension in the long run. Communities
having a daily intake of salt of about 10-25 g have been found to have a high
incidence of hypertension while communities consuming less than two grams salt
daily do not suffer from hypertension.

4. Sodium Retention In cardiac and renal failure, excretion of sodium is reduced.
It is retained in the cell along with excess of extracellular fluid and this results in
oedema or swelling. Other causes of sodium retention are excessive secretion of
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cortical hormones by adrenal tumours. Similarly, ACTH used therapeutically in a
variety of conditions also increases the retention of sodium.

5. Sources of Sodium Table salt is the main source of sodium, containing
about 40 percent of it. It is used in cooking for preserving and improving the taste
of the food. One teaspoon salt contains about 2000 mg to 2400 mg sodium. Other
sources of sodium are milk, egg-white, meat, poultry, fish and some vegetables such
as spinach, beets, celery, etc. Other sources that contain low amounts of sodium
are vegetables, fruits, cereals and legumes. Drinking water generally contains low
amounts of sodium.

In India, awareness about sodium and hypertension is not much. Hence, sodium-
free foods have not yet entered the market. The commonly used sodium compounds in
prepared foods are baking soda, baking powder, monosodium glutamate (ajinomoto),
sodium citrate and sodium propionate.

U Sulphur

This mineral is present in all body cells, especially as sulphur containing amino
acid—methionine, cystine and cysteine. Sulphur is a constituent of thiamine and
biotin, two water-soluble vitamins. Skin, hair, nails and connective tissue are rich in
sulphur.

1. Functions of Sulphur The sulphur absorbed from the intestines is mainly
in the organic form as the sulphur-containing amino acids methionine, cysteine and
cystine. It performs the following functions:

(a) Sulphuris astructural constituent of mucopolysaccharides such as chondroitin
sulphate which is found in cartilage, tendons, bones, skin and the heart valves.
In enzymes it is present as —SH group.

(b) Sulpholipids are found in large amounts in tissues of liver, kidney, salivary
glands and the white matter of brain.

(¢) Other compounds which contain sulphur are insulin and heparin, an
anticoagulant.

(d) Sulphur compounds required in oxidation-reduction reactions are coenzymes
of thiamine, biotin, coenzyme A, lipoic acid and glutathione.

2. Deficiency of Sulphur Deficiency of sulphur is unknown, since a diet that
is adequate in methionine and cystine is considered to fulfil our requirement of
sulphur.

3. Sources of Sulphur All protein foods rich in methionine, cystine, and
cysteine supply adequate amount of sulphur. Meat, milk, eggs, fish, poultry, cheese
and nuts are good sources.

U Zinc

Zinc is an essential element for humans. It is widely distributed throughout the body,
but the highest concentrations are found in the skin (the skin contains 20 percent
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of the total body zinc), hair, nails, eyes and prostate gland. Traces occur in the
liver, bones and blood. Also, it is a constituent of enzymes involved in most major
metabolic pathways. In total, the human body contains about 2.2 g of zinc—more
than any other trace element except iron.

1. Absorption, Metabolism and Excretion Less than 10 percent of dietary
zinc is absorbed into the body, primarily, in the duodenum. It appears that metallic
zinc as well as its carbonate, sulphate and oxide forms are all absorbed equally well.
Large amounts of calcium, phytic acid or copper inhibit zinc absorption. Cadmium
appears to be a zinc antimetabolite.

After zinc is absorbed in the small intestine, it combines with plasma proteins
for transport to the tissues. Relatively large amounts of zinc are deposited in bones,
but these stores do not move into rapid equilibrium. The body pool of biologically
available zinc appears to be small but has a rapid turnover, as evidenced by the
prompt appearance of deficiency signs in experimental animals.

Most of the zinc derived from metabolic processes is excreted in the intestine—in
pancreatic, intestinal and bile secretions. Only small amounts are excreted in the
urine.

2. Functions of Zinc Zinc is needed for normal skin, bones and hair. It imparts
bloom to the hair. It is a component of several different enzyme systems which are
involved in digestion and respiration. Also, zinc is required for the following functions:

(a) Transfer of carbon dioxide in red blood cells.

(b) Proper calcification of bones.

(¢) Synthesis and metabolism of proteins and nucleic acids.
(d) Development and functioning of reproductive organs.
(e) Healing of wounds and burns.

(f) Functioning of insulin.

(g) Normal taste acuity (the ability to taste accurately).

3. Deficiency Symptoms The most common cause of zinc deficiency is an
unbalanced diet, although other factors may also be responsible. For example, the
consumption of alcohol may precipitate zinc deficiency by flushing stored zinc out
of the liver and into the urine.

Lack of zinc in the human diet has been studied in detail in Egypt and Iran, where
the major constituent of the diet is unleavened bread prepared from low extraction
wheat flour. The phytate present in the flour limits the availability of zinc in these
diets, with the result that the requirements for the element are not satisfied. Zinc
deficiency has also been observed in young children from middle class homes in the
United States who consume less than 30 g of meat per day.

Zinc deficiency is characterized by loss of appetite, stunted growth in children,
skin changes, small sex glands in boys, loss of taste sensitivity, lightened pigment
in hair (dull hair), white spot on fingernails and delayed healing of wounds. In the
Middle East, pronounced zinc deficiency in man has resulted in hypogonadism and
dwarfism. In pregnant animals, experimental zinc deficiency results in malformation
and behavioural disturbances in the offspring— a finding that suggests that the same
thing may happen to human foetuses.
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4. Interrelationships Zinc is involved in many relationships.

(a) Inthe metabolism of carbohydrates, fats, proteins and nucleic acids.

(b) In interference with the utilization of copper, iron and other trace minerals,
when there are excess dietary levels of zinc.

(¢) In protection against the toxic effects of cadmium, when there is ample
dietary zinc.

(d) In reduced absorption, when there are high dietary levels of calcium,
phosphorus and copper.

5. Recommended Allowance of Zinc Studies have shown that in healthy adults
equilibrium or positive balance is obtained with intakes of 12.5 mg of zinc per day,
when this intake is derived from a mixed diet. This has been accepted as a minimum
requirement since, the balance studies did not take into account sweat and skin losses.

6. Toxicity Toxicity of zinc is characterized by anaemia, depressed growth,
stiffness, haemorrhages in bone joints, bone resorption, depressed appetite, and in
severe cases, death.

The anaemia appears to result from an interference with iron and copper
utilization because addition of these two elements can overcome the anaemia caused
by excessive zinc.

Zinc poisoning may result from eating foods that have been stored in galvanized
containers.

7. Sources of Zinc The zinc content of the total diet is influenced by the range of
food items selected as well as by the degree of refinement of any cereals included in
the diet. Fat does not contain zinc and tends to lower the zinc content of the total diet.
Lean meat is an excellent and a highly available form of zinc. Many staple foods and
animal sources are good source of zinc. However, fats, oil, sugar and alcohol have
very low zinc content. Green leafy vegetables and fruits contain moderate amount of
zinc since, they contain high amount of water.

Table 3.25 shows the amount of zinc in various foods:

Human colostrum (the first secretion from the mammary glands after childbirth)
is a good source of zinc. The zinc content of most municipal drinking water is
negligible.

Common food sources of zinc are as follows:

Rich sources Beef, liver, oyster, spices, wheat bran.

Good sources Cheddar cheese, crab, lamb, peanut butter, peanuts, popcorn, pork
and poultry.

Fair sources Beans, clams, eggs, fish, sausages and luncheon meats, turnip greens,
wheat cereals, whole grain products (wheat, rye, oats, rice, barley.)

Negligible sources Beverages, fats and oils, fruits and vegetables, milk, sugar,
white bread.

Supplemental sources Wheat germ, yeast (torula), zinc carbonate, zinc gluconate,
zinc sulphate. (Zinc carbonate or zinc sulphate is commonly used where zinc
supplementation is necessary.)
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Table 3.25 Zinc content of food groups on a weight basis and in relation to their
protein and energy contents*

mg/kg raw wet

Food weight mg/gm protein mg/MJ

Whole grains, wholemeal bread, 30-40 0.2-0.4 2-4
unpolished rice

Pulses and legumes 25-35 0.1-0.2 2-3
Rice (polished) corn 10-12 0.2-0.3 1-2
Wheat, low extraction rate 810 <0.1 <1
Roots, tubers 3-5 0.1-0.2 <1
Coconut 5 0.1-0.2 <0.5
Milk 3-5 0.1 1-2
Cheese 3040 0.2 2-4
Red meat (lean) 40-50 0.2-0.3 8-10
Red meat (fat) 10-15 0.1 <0.5
Pork (lean) 20-30 0.1 3.5
Pork (fat) 4-5 <0.1 <0.5
Chicken 7-20 <0.1 1-3
Fish 3-5 <0.1 =~

* Sandstrom, unpublished data.

3.14 ACID-BASE BALANCE

Acid-Base balance is the dynamic state regulation which brings about an equilibrium
in hydrogen ion concentration of the body. The arterial blood pH level must be
maintained between 7.35-7.45 which is crucial for many physiologic functions and
biochemical reactions. The efficient regulatory mechanisms of the kidneys, lungs,
and buffering systems enable the body to maintain the blood pH level against the
food acids and acids formed during tissue metabolism. An imbalance of the acid-
base balance occurs when the body’s regulatory capabilities cannot cope up with the
load or when the mechanisms become ineffective. These disturbances may be caused
by certain diseases such as diabetes, ingestion of toxins, changes in fluid status, and
certain medical and surgical treatments. If left untreated, it can result in harmful
effects which can even result in death.

U Some Terms Associated with Acid-Base Balance

1. Osmotic Pressure means the pressure exerted by the cell contents on the cell
membrane. The osmotic pressure of the intracellular fluid is a function of potassium
in it because potassium is the predominant cation in the intracellular fluid. On the
other hand, the osmotic pressure of extracellular fluid is due to its sodium content
because sodium is the major cation present in extracellular fluid. Besides, sodium
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and potassium ions, chloride and phosphate also influence water balance. Proteins
which cannot diffuse because of their size also play an important role in maintaining
osmotic equilibrium.

2. Oncotic Pressure or colloidal osmotic pressure, is the pressure at the capillary
membrane. It is maintained by dissolved proteins in the plasma and interstitial fluids.
It retains water within blood vessels and prevents its leakage from plasma into the
interstitial spaces. In conditions of very low plasma protein levels, water from the
plasma leaks into the interstitial spaces thus causing oedema.

Osmoles and milliosmoles is the expression of the concentrations of ionic
constituents of extracellular or intracellular fluids.

1 mmole = gram molecular weight of a substance
1 mmole dissolved in 1L water = 1 osmole (Osm)
1 mOsm = 1/1000 of Osm

Eg. 1 mmole of NaCl =2 mOsm

(] Osmolality and Osmolarity

In the steady state (homoeostasis), our total body-water content and salt content
remain constant. An increase or decrease in water and salt intake causes an equivalent
change in renal water and salt excretion. Homoeostasis is achieved through the
process of glomerular filtration of plasma to produce an ultrafiltrate. The tubules then
process this ultrafiltrate so that the final urine flow rate and solute excretion meet the
homoeostatic needs of the body.

Osmolality and osmolarity are measurements of the solute concentration of a
solution and there is negligible difference between the absolute values of the different
measurements and, hence, both terms are often used interchangeably.

1. Osmolality 1t is the estimation of the osmolar concentration of plasma. It
is proportional to the number of particles per kilogram of solvent; expressed as
mOsmol/kg (or mmol/kg). The normal osmolality of extracellular fluid is 280-295
mOsmol/kg.

2. Osmolarity 1t is the estimation of the osmolar concentration of plasma. It is
proportional to the number of particles per litre of solution; expressed as mmol/l. It is
derived from the measured Na+, K+, urea and glucose concentrations. It is unreliable
in various conditions such as pseudohyponatraemia, hyperlipidaemia in nephrotic
syndrome, or hyperproteinaemia.

The following equations can be used to calculate osmolarity:
Calculated osmolarity =2 (Na*) + 2 (K*) + Glucose + Urea (all in mmol/L)
OR
Calculated osmolarity =2 (Na") + Glucose + Urea (all in mmol/L)

3. Clinical Importance The osmolality of the ECF is approximately equal to
that of the ICF. Therefore, plasma osmolality is a guide to intracellular osmolality.
Changes in ECF osmolality have a great effect on ICF osmolality.
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e In normal people, increased osmolality in the blood will stimulate secretion of
antidiuretic hormone (ADH), resulting in increased water reabsorption, more
concentrated urine, and less concentrated blood plasma.

® Alow serum osmolality will suppress the release of ADH, resulting in decreased
water reabsorption and more concentrated plasma.

Table3.26 Causes of changes in serum and urine osmolality

Serum osmolality Urine osmolality Causes
Normal or Increased ¢ Dehydration
increased ¢ Renal disease and uraemia

o Congestive heart failure

o Addison’s disease

¢ Hypercalcaemia

Diabetes mellitus/hyperglycaemia
¢ Hypernatraemia

Alcohol ingestion

e Mannitol therapy
Normal or Decreased ¢ Diabetes insipidus
increased
Decreased Increased ¢ Syndrome of inappropriate ADH
secretion (SIADH)

Decreased Decreased (with ¢ Overhydration

no increase in e Hyponatraemia

fluid intake) ¢ Adrenocortical insufficiency

Sodium loss (diuretic or a low-salt
diet)
Note: The above table is only indicative. The effect on serum and urine osmolality can vary depending on the individual

clinical situation.
Adapted from Guyton, AC; Hall, JE: Textbook of Medical Physiology. 12th edition, Elsevier, London, 2010

A gain or loss of water or solute causes an osmolar imbalance.

Osmolality between 235 to 295 mOsm/L = Normal values
Osmolality less than 235 mOsm/L = Excess of water
Osmolality more than 295 mOsm/L = Deficit of water

This balance between the acids and bases of the body on any given day in a
normal individual is very intricate. The mechanisms which maintain this balance are
efficient in a normal healthy person. However, this is disturbed in some conditions
such as:

Uncontrolled diabetes mellitus which exhibits acidosis,
Fasting during weight reduction

During renal failure

Severe dehydration.

These disturbances are listed in Table 3.27.
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Table 3.27 Disturbances in acid-base balance

(A) Respiratory Imbalance

1. Respiratory acidosis

(Increased carbonic acid)

Condlitions when caused:
Starvation cachexia
Decreased lung surface area as in COPD or emphysema, asthma
ARDS (Adult Respiratory Distress Syndrome)
Restrictive or obstructive lung disease
Certain neuromuscular diseases
Obesity hypoventilation syndrome
Sleep apnoea
Aspiration of foreign object

2. Respiratory alkalosis

(Decreased carbonic acid)

Conditions when caused:
Centrally mediated (head injury, pain, cerebro-vascular accident, anxiety,

tumours)
Peripheral stimulation (pneumonia, hypoxemia, high altitudes, pulmonary
embolism, congestive heart failure, interstitial lung disease

Intense exercise
Early sepsis

(B) Metabolic Imbalance

1. Metabolic acidosis (Increased H ion concentration) Fall in pH OR Excessive
loss of bicarbonates via the kidneys or intestinal tract
Condlitions when caused.
Ketoacidosis from uncontrolled diabetes mellitus, lactic acidosis
Uraemia
Starvation
High fat, low-carbohydrate diet
Drugs
Toxin ingestion
2. Metabolic alkalosis (Decreased H ion concentration) Rise in pH OR Increased
bicarbonates (High blood pH or alkalemia)
Conditions when caused:
Excessive loss of acid (e.g. gastric suctioning),
Use of diuretics
Increased ingestion of alkali
Vomiting
Loss of chloride
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(1 Definition of Acid-Base Balance

Acid-base balance refers to the regulation of hydrogen ion concentration of body
fluids.

Diet and production of acids and alkalis are closely related. Foods are metabolized
by the body and broken down to their metabolic products. Depending on whether their
final degradation products are acidic (contributing H* ions) or basic (contributing
OH' ions), they may be classified as acid-producing or alkali-producing foods.

The net acidic or basic effect of food can be found by calculating the amount of
mineral constituents in the food. The mineral acid and base forming elements are
given in Table 3.28.

The evidence of this effect is given by the acidity or alkalinity observed in the body
fluids and reflected in the pH of the blood plasma. The pH (H* ion concentration) of
normal blood plasma must be within the narrow limits of 7.35-7.45. At pH below and
above these figures, the individual is very ill and therapeutic measures must be taken
immediately. Generally, a person is able to survive a pH range of 6.8-7.8, at which
extremes the person can be said to be ill and should be treated promptly.

Molybdenum (xanthine oxidase), selenium (glutathione peroxidase) and nickel
(urease) are also necessary trace elements.

Table 3.28 Acid-forming and base-forming elements

Acid-forming elements Base-forming elements
Sulphur (SO,) Sodium (Na*)
Phosphorus (PO}) Potassium (K*)
Chlorine (CI") Calcium (Ca®)

Magnesium (Mg")
Iron (Fe™)
Anionic elements Cationic elements

Certain foods like vegetables, fruits and milk, when metabolized, yield excess
cations (Na*, K¥, Ca™, Mg™) in the body fluid. When excess of cations remains in
the body fluid on metabolism of food, the food is said to produce alkaline ash. The
excess of cations allow the body to retain more bicarbonate ions and produce an
alkaline reaction (alkaline state).

Certain foods like meat, fish, poultry, egg, cheese and cereals, when metabolized,
yield excess anions (PO, CI', SO,) that are not removed from the body immediately.
Such foods are said to produce acid ash. The excess of anions (acid state) allows less
bicarbonate ions to exist in the body and thus, produce an acidic reaction.

Conversion of bicarbonate ions to carbonic acid increases the acidity. Certain
foods with acid taste (sour) and containing free organic acids yield alkaline ash
because the anions of the acids are quickly oxidized by the body to carbon dioxide
and water, and the excess of cations left behind yield alkaline ash.

Foods such as fats, sugars and starches do not contain mineral elements. These
foods, therefore, do not form excess of either cations or anions and thus do not
contribute to an acidic or alkaline reaction.

Table 3.30 shows foods which are acid-forming, base-forming and neutral in their
reaction.
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Table3.30 Reaction of foods

Acid-forming Alkali-forming Neutral
Bread All fruits Butter
Cereals (all except ragi) Milk Coffee
Cheese Molasses Cooking fats
Corn Nuts: Cream
Eggs Almond Starch
Fish Coconut Sugars
Lentils Charoli Syrup
Mayonnaise Vegetables, except corn. Tapioca
Meat Pulses, except lentil and Tea
Nuts: roasted peas.
Brazil Leafy vegetables
Peanuts
Walnuts

Carrots

Poultry

Cauliflower

Knol-khol

Peas

Red-gram (tender)

3.15 NON-NUTRIENT COMPONENTS OF FOODS
AND THEIR IMPORTANCE

In nature several natural substances occur which determine the overall quality of the
food. Several of these compounds are designed by nature to protect the plants against
external predators. These substances may have pharmacological properties or may
have non-nutritional factors or toxins that affect the overall nutritional content of the
food. It is, therefore, important to consider the health impact of these substances in
diets based on natural foods.

U Anti-nutritional Factors

These interfere with the assimilation of nutrients like protein, iron, zinc, calcium
and iodine. They include trypsin inhibitors, phytates, oxalates, tannins, lectins and
goitrogens.

(] Trypsin Inhibitors

These are proteins widely distributed in foods like legumes, egg white, soyabean,
lima bean, kidney bean and duck egg white. However, the trypsin inhibitors in the
former two foods are easily inactivated by autoclaving at 120°C for 15 to 30 mins.
However, more drastic heat treatment is needed to inhibit the inhibitors in soya,
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lima and kidney beans as well as duck egg white. Once the trypsin inhibitors are
inactivated the utilization of protein in that food improves considerably. Foods
contain other protease inhibitors but they do not pose a nutritional hazard.

1 Phytates

Chemically, phytates are hexaphosphate compounds of inositol. They are widely
distributed in seeds, the richest source being unrefined cereals and millets. For the
germinating seeds they act as a source of phosphorus. They bind iron, zinc, calcium
and magnesium. They form insoluble complexes with iron in the presence of calcium
and magnesium thereby adversely affecting the absorption of iron in cereal based
diets. The phytate content of unrefined cereals is more than its refined counterpart.
However, on germination of the grains, the phytate content falls down due to
enzymatic breakdown of phytate.

U Tannins

These are condensed polyphenolic compounds widely distributed in plants. Foods
rich in tannins are the seed coat of most legumes, spices, tamarind, turmeric, certain
vegetables and fruits. Millets like bajra, ragi and sorghum also contain a fair amount
of tannin. Tannins bind with iron, forming compounds which are not absorbed in
the gut. A typical vegetarian diet based on cereals, legumes, vegetables and spices
contains 2 to 3 g of tannin. Besides this, tea also contributes to the dietaries of Indians,
who as we all know are avid tea drinkers. In order to reduce the tannin content of
the diet, legumes must be consumed after removing the seed coat, while intake of
tamarind and turmeric (and of course tea) must be minimised in the diet. Tannins are
also known to bind proteins and reduce their availability. This is a food for thought
for nutritionists in planning good vegetarian diets.

] Oxalates

Oxalic acid, a dicarboxylic acid or its salts (oxalates) are widely distributed in plant
foods generally as calcium salts. DGLYV, green vegetables and some legumes are rich
sources of oxalates. The highest oxalate content is found in horsegram and kesari
dal. Oxalates interfere with calcium salts by forming insoluble calcium salts. Dietary
oxalates can be absorbed and contribute to increased excretion of oxalates in the
urine, which may predispose the person to oxalate urinary stones.

1 Goitrogens (Anti-thyroid Substances)

These substances are found in plant foods especially in the leaves of Brassica genus
and family cruciferae such as cabbage, cauliflower, rape leaves, radish, rapeseed
(mustard), water cress, broccoli, brussel sprouts, turnips, etc. Soyabean and other
legumes, bajra, peanut, lentils, common bean also contain goitrogens.

Chemically they are thiocyanate, iso-thiocyanate and their derivatives like
chemline (glycoside of 3-methy-sulphonyl propyl isothicyanate, glucoinolates, etc.)
and interfere with the uptake of iodine by the thyroid gland. They may predispose a
person to suffer from goitre especially if the intake of iodine is marginal.
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(] Other Toxic Agents

Kesari dal (Lathyrus sativus), Broad beans (Vicia faba) and cassava contain
toxic substances but these can be made safe for consumption by appropriate heat
treatments, e.g. the toxic amino acid (BOAA) from khesari dal can be removed by
using a process similar to that of parboiling paddy. Similarly cyanogenic glycosides
of cassava can be leached out with water.

] Other Xenobiotics

This term is used for compounds which impart flavour or taste or may have
pharmacological activity. They are normally metabolised and disposed off by the
body. However, some xenobiotics have been found to be potential carcinogenics.

3.16 PHYTOCHEMICALS

Phytochemicals are non-nutritive plant chemicals that have protective or disease
preventive properties. There are more than thousand known phytochemicals. It is
well-known that a plant produces these chemicals to protect itself but recent research
demonstrates that they can protect humans against diseases. Some of the well-known
phytochemicals are lycopene in tomatoes, isoflavones in soy and flavonoids in fruits.
They are not essential nutrients and not required by the human body for sustaining
life.

(1 Functions of Phytochemicals

There are many phytochemicals and each works differently. These function as the
following:

1. Antioxidant Most phytochemicals have antioxidant activity and protect our
cells against oxidative damage and reduce the risk of developing certain types
of cancer. Phytochemicals with antioxidant activity: allyl sulfides (onions, leeks,
garlic), carotenoids (fruits, carrots), flavonoids (fruits, vegetables), polyphenols
(tea, grapes).

2. Hormonal Action Isoflavones, found in soy, imitate human estrogens and help
to reduce menopausal symptoms and osteoporosis.

3. Stimulation of Enzymes Indoles, which are found in cabbages, stimulate
enzymes that make the estrogen less effective and could reduce the risk for breast
cancer. Other phytochemicals which interfere with enzymes are protease inhibitors
(soy and beans), terpenes (citrus fruits and cherries).

4. Interference with DNA Replication Saponins found in beans interfere with
the replication of cell DNA, thereby, preventing the multiplication of cancer cells.
Capsaicin, found in hot peppers, protects DNA from carcinogens.

5. Anti-bacterial Effect The phytochemical allicin from garlic has anti-bacterial
properties.
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6. Physical Action Some phytochemicals bind physically to cell walls thereby,
preventing the adhesion of pathogens to human cell walls. Proanthocyanidins are
responsible for the anti-adhesion properties of cranberry. Consumption of cranberries
will reduce the risk of urinary tract infections and will improve dental health.

(1 Sources of Phytochemicals

Foods containing phytochemicals are already part of our daily diet. In fact, most
foods contain phytochemicals except for some refined foods such as sugar or alcohol.
Some foods, such as whole grains, vegetables, beans, fruits and herbs, contain many
phytochemicals. The easiest way to get more phytochemicals is to eat more fruits
(strawberries, blueberries, cranberries, cherries, apple) and vegetables (cauliflower,
cabbage, carrots). It is recommended that we should take daily at least 5 to 6 servings
of fruits or vegetables. Fruits and vegetables are also rich in minerals, vitamins and
fibre and low in saturated fat.

(] List of Phytochemicals

Alkaloids
e (Caffeine
e Theobromine

e Ferulic acid
e Scopoletin

X Isoflavones

e Theophylline e Daidzein
Anthocyanins e Genistein

® Cyan%d%n Lignans

e Malvidin e Silymarin
Carotenoids Monophenols

° BetaTCarotene e Hydroxytyrosol

e Lutein

e Lycopene Monoterpenes

e Geraniol

Coumestans e Limonene
Flavan-3-Ols
Flavonoids Organosulphides

e Epicatechin e Allicin

e Hesperidin e Glutathione

e Isorhamnetin e Indole-3-Carbinol

e Kaempferol e [sothiocyanates

e Naringin e Sulforaphane

* Nobiletin - Other Phytochemicals

° ProanthQCyanldlns e Damnacanthal

e Quercetin e Digoxin

° Resyeratrol e Phytic acid

e Rutin

e Tangeretin Phenolic Acids

Hydroxycinnamic Acids
e Chicoric acid
e Coumarin_

e (Capsaicin
e Ellagic Acid
e Gallic acid
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e Rosmarinic acid
e Tannic Acid

Triterpenoids
e Ursolic acid

Phytosterols Xanthophylls
e Beta-Sitosterol e Astaxanthin
e Saponins e Beta-Cryptoxanthin

(J Some Common Plants Containing Phytochemicals

Vegetables e Opium Poppy
e Broccoli e Passion Fruit
e Fennel e Periwinkle
e Garlic e Wintergreen
* Tomato Common Herbs
Fruits and Nuts e Aloe vera
e Acai e American Ginseng
e Almond e Dandelion
e Blueberry e Hop
e Black Raspberry e Indian Cress
e Blackberry e Korean Ginseng
e Blackcurrant e Lemon Balm
e Cranberry e Lemon Verbena
e Grape e Marigold
e Mangosteen e Milk Thistle
e Olive e Red clover
e Orange e Rosemary
e Pomegranate e Sage
e Red Raspberry e Tea
Medicinal Plants Beans
e Ginkgo e Cocoa

e Goat’s Rue

e Soyabean

3.17

The earlier belief for optimal health—food should be safe containing macronutrients
and micronutrients—is now replaced by the fact that it is necessary to examine the
role of diet, especially its non-nutritive components in reducing chronic diseases. In
India, we have been blessed with Ayurveda, Unani and such traditional medicines
which were the backbone of medical practice and primary health care before the
advent of allopathy. But, it appears that we have lost our faith in this traditional form
of prevention and cure which was earlier known to every mother and grandmother
in India. India has also been blessed with a wealth of herbs and spices, and their use
needs to be optimised in maintaining the overall health of the population.

Like Ayurveda, there are Traditional Chinese Medicines (TCM), Tibetan herbal

NUTRACEUTICALS
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medicines, Japanese herbal medicines (Kampo), Indonesian traditional medicines
(Jamu), etc. which have been using traditional forms of medicine.

More importantly, the geriatric population is on the rise, and to prevent the health
care facilities from buckling under pressure, it is necessary to use the beneficial
effects of these forms of medicines to help prevent diseases rather than cure them. As
the old adage goes— “prevention is better than cure”.

The new wave of diet-based disease prevention is on the rise and hence, some
knowledge of this new front of nutrition is necessary.

The earlier term for these foods was “functional foods”. Then, it was termed as
“designer foods” to describe foods which naturally contain or are enriched with
non-nutritive biologically active chemical components of plants (phytochemicals)
that are effective in reducing cancer risk. In 1989, Dr Stephen DeFelice coined the
term “Nutraceutical” to refer to any substance that may be considered as food or
part of a food and provides medical or health benefits, including the prevention and
treatment of diseases. Since 1989, this field has been evolving rapidly as well as the
terms used to describe it, namely, pharmafoods, phytofoods, phytogenic substances,
performance foods, smart foods, therapeutic foods, genetically engineered foods,
genomic foods and phytochemical sources.

A definition published by the Institute of Medicine in “Opportunities in the
Nutrition and Food Sciences” states “functional foods” as “those that encompass
potentially healthful products” including “any modified food or food ingredient that
may provide a health benefit beyond the traditional nutrients it contains.”

The recent interest in this field is mainly due to the fact that the diet is implicated
as an important factor in death, due to several diseases like diabetes mellitus,
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cardiovascular diseases, cancer, liver diseases, etc. Secondly, it is found to be a factor
that can prevent certain diseases which may not be fatal but are disabling diseases.
Thus, the preventive aspect has gained so much importance that pharmaceuticals are
now pledging their faith in nutraceuticals and have intensified their research in the
field of physiologically functional foods for health promotion. Thirdly, the recent
technological advances in the food industry have made it possible for functional
foods to evolve.

Any health claim being made on the label (written or picture representation)
should be well understood by the consumer. If not, it may be categorised as a
“misinformation” or “misbranding”.

The US FDA has permitted health claims for food labelling in 7 out of 10 areas,
e.g. calcium and osteoporosis, sodium and hypertension, saturated fat, cholesterol
and CHD, to name a few.

The field of functional foods is vast, and if regulated and well researched in
conjunction with consumer education and nutrition labelling, it can

1. Encourage product innovations

2. Help consumers in selecting foods that can lead to healthier diets
3. Eliminate consumer confusion

4. Protect consumers from unfounded, imaginary health claims.

In the long run, functional foods are bound to have a profound effect on the food
industry since R and D of functional foods will be a central issue. There are several grey
areas since labelling of foods and drugs are governed by different rules and regulations.
Since nutritional foods are not drugs and yet make heath claims, its category needs
to be affirmed. Many foods such as garlic, turmeric, pepper, ginger, coriander, honey,
and fenugreek have been used in India as medicine for ages to alleviate some common
complaints. The consumer should have a certain level of education in order to read and
understand the label, which means the level of literacy is important. After all, one of the
purpose of a nutritional label is to enable the consumer to make an informed choice.

In some South-east Asian countries, functional foods are perceived as an alternative
to drug therapy. There are certain classes of ingredients which are considered
physiologically functional and are categorised as Foods for Specialised Health Use.
This has led to a flood of functional foods in the market and R and D in a few hundred
companies! In some European countries, marketing exclusivity for making health
claims is granted on the basis of proprietary research. This provides an incentive for
the private sector to invest in functional foods research and development.

The field of biotechnology has been expanding to achieve advances in genetic
engineering to obtain technically improved foods (e.g. improved fruit ripening)
as well as to develop a wide variety of agronomic effects (e.g. enhanced yields).
Transgenic plants are being used as human food. These techniques are useful for
mankind but food safety is of primary concern. Hence, it is of importance to use
substances at the optimum levels and not allow them to be a cause of toxicity.

Impact of health claims can be tremendous for the product sales volume. This has
been evident in the marketing of Kellogg’s All-Bran breakfast cereal or the increased
demand for oat-bran cereals. These are just a few examples of the economic need to
focus on functional foods.

In future, there may be an alliance between food and pharmceutical companies to
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capitalise on the potential, beneficial actions of food ingredients, in developing new
product concepts which will eventually benefit the health of the consumer.

Note: For additional reading, please refer Nutrition Labeling Handbook, edited
by Ralph Shapiro, Marcel Dekker Inc., 1995, New York.

@ suvmary

In this chapter, some details of all the nutrients recommended by ICMR, 1981
and 1988 and 2010 have been given. An understanding of their chemistry, types,
functions, deficiency symptoms and sources will enable the reader to gauge their
importance in the maintenance of good health.

€@ CASE STUDIES

I Mrs B is a non-vegetarian. Recently, she has come across several articles
regarding the benefits of a vegetarian diet. She wants to know:

1. The advantages and disadvantages of a vegetarian and non-vegetarian diet.
2. How she can get the best of both the dietary regimes.

I Mrs K is worried about her teenage daughter who has been crash dieting and
recently diagnosed with iron deficiency. What will you advise Mrs K about:
1. Important nutrient requirements for teenage girls.
2. Requisite knowledge regarding crash dieting.

III Mr H is an extremely health-conscious executive and likes to use a lot of multi-
vitamin supplements.
1. How will you convince him to make use of dietary sources rather than
artificial supplements.
2. Make a list of at least 5 foods rich in each of these B-vitamins—B,, B,, B;,
folic acid and By,.

IV Mr D is a marketing executive and has experienced repeated bouts of dehydration
in recent months.
1. What will you advise him about sources of water apart from water?
2. Give him hints to recognise the symptoms of dehydration.

@ REVIEW QUESTIONS

1. Define carbohydrates, fats, proteins, vitamins, fibre, minerals, and acid-base
balance.

2. List and explain the functions of carbohydrates, fats, proteins, fat-soluble
vitamins A, D, E, K, water-soluble vitamins of the B-complex group,
vitamin C, minerals.

3. Differentiate between fat-soluble vitamins and water-soluble vitamins.

Which are acid-forming elements and base-forming elements?

5. What are the best food sources of carbohydrates, fats, proteins, vitamins A,

>
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D, E, K, vitamins B,, B,, B3, folic acid, B;,, B¢, and pantothenic acid, iron,
iodine, calcium and phosphorus?

What are the co-enzymes of B, B,, B3, folic acid?

Which are the precursors of vitamin A, D, niacin?

Write the steps showing the role of calcium in the formation of fibrin (the
blood clot).

Which foods are acid-forming in the body?

Which foods are alkali-forming in the body?



Chapter

4 Menu Planning
and Meal
Preparation

Planning the menu is the most important aspect of a nutritious diet. The home-maker
has to maintain variety in the diet, taking into consideration the nutritional needs
of her family as well as individual likes and dislikes of specific foods. Such a plan
requires skilful balance in order to promote good health.

4.1 DEVELOPING GOOD EATING HABITS

Developing good eating habits benefits a person in the long run. Our selection of
food is a reflection of our habits which we have acquired over a long period of time.
Our food habits are influenced by our cultural background, religious beliefs, social
norms, our geographical location, and the availability of particular food items.

Customs within individual communities also influence our /ikes and dislikes, certain
accepted and contra-indicated foods and certain eating habits. Many dietary habits of
an individual can be traced to the association of such foods with pleasant or unpleasant
experiences in childhood. The emotional and psychological needs of a person greatly
influence his choice of food. Unfortunately, our physiological needs influence the least.
Our dietary patterns do not always match our physiological requirements.

In India we find both vegetarians and non-vegetarians.

A vegetarian diet includes the use of dairy products, fruits, vegetables, cereals
and cereal products. All animal food sources are rejected. The egg too is not eaten
by many strict vegetarians. However, egg in the concealed forms as in cakes may
be eaten. Jains are a vegetarian community who besides not consuming eggs, do
not allow the use of all root vegetables, onion and garlic. They restrict the use of
anything that grows below the level of soil. However, their diet can also be very
fulfilling if items permitted in their religion are included in the right proportions
everyday.

The non-vegetarian diet includes animal foods, fruits and vegetables and cereals
and cereal products, and also dairy products. However, many people do not consume
sufficient fruits and vegetables along with animal foods.

Good food habits can be developed. The environment plays an important part in
determining what a person is and will be. Food, therefore, influences the social and
emotional growth as well as the chemical and physical growth of a person.

A child’s appetite determines the volume of food that a child eats. The
appetite, in turn, is influenced by several factors like pleasant experiences with
food, healthy atmosphere, hunger, satisfaction and physical well-being. A tired
child, although hungry, may not eat with his own hands but if fed he may eat to
his satisfaction.
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A child imitates the food habits of those around him. If persons around the child eat
all that is served to them and do not strongly exhibit their likes and dislikes then the
child too eats everything. If most vegetables, fruits, cereals and dals are introduced to
him in the first year of life, he develops a taste for a wide range of products. It should
be remembered by parents that no food should be used as a reward or bribe to the
child. Similarly, no food should be withheld as a punishment.

Meal times should not be used to discipline the child. Encourage the child to eat
as much with his own hands as possible. He will learn to enjoy food as well as eat
as much as he needs. However, the parent must know when the child is too ill, or
too tired to eat by himself and needs to be fed. Also, if the child tries to play with his
food, it should be casually removed.

Do not mix medications with the meal, or do not give medicines forcibly before or
after the meal. Such unpleasant association mars one’s appetite. Regularity in meals
is a must. So also, hot foods must be served hot and cold foods cold. Extremes of
temperatures should be avoided as far as possible.

4.2 FOOD MISINFORMATION

Certain foods and fallacies prevail in our country; for example, milk should not be
eaten with fish and meat. The concept of /0t and cold foods is engraved in our minds.
All flesh foods and eggs are termed as hot while milk and curds are termed cold.

Certain foods are not given to the young child. Pregnancy is accompanied by
several restrictions and taboos about eating foods. Pickles, eggs, puddings prepared
with the colostrum of animals (kkarvas), etc. are generally not eaten by an expectant
mother. These and many fallacies about foods restrict their use as well as unnecessarily
cause avoidance of nutritious ones. However, the effect of these on any individual
should be evaluated and the fad or fallacy borne out by individual experience.

Most of the social customs and religious functions in our country are associated
with food. It is a custom to distribute mithai or sweetmeats on any auspicious
occasion. Meals for guests in marriages and other such functions are generally
heavily-spiced, oily and may contain one or more sweets. This attitude towards
food greatly influences our eating habits and hence, many people are sweet-foothed.
The attitude of one’s parents towards food influences the eating habits of one’s
children. The parents unknowingly transfer their likes and dislikes to their children
by exhibiting them very strongly in front of them.

4.3 SNACKS

In today’s world, the pace of life is fast and it has become virtually impossible
to follow the three or four meal pattern that was traditionally accepted. Now the
emphasis has shifted to include more snacks in the meal pattern. It has been found to
be more convenient to prepare a snack which can at least partially meet the nutritional
needs of the family.

It does not matter when one eats. It is more important to consider what one eats
and how much. 1t is beneficial to have a snack time. Some people find it better than
the three-meal pattern because that is the best way to receive adequate calories and
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nutrients by eating more often. Children and adolescents who seem to be al/ways
hungry can satisfy their appetite by eating nutritious snacks. Children who have small
appetites may eat more often by way of snacks, thereby meeting their physical needs.

However, as a general rule, snacks should not replace breakfast, which is the first
and the most important meal of the day.

) Selection of a Snack

No snack can be a perfect one. However, some snacks are more nutritious than
others. A snack should be selected and planned according to the needs of the family.

It should be nutritious, supplying as many nutrients as it can. The timing of the
snack should be such that it should be eaten when needed most, e.g. children returning
home from school may be so hungry that potato wafers, chocolates or chiwda may
be nibbled in order to satisfy their hunger. If a plate full of snacks is at hand, they
would willingly eat them. Hence, planned intake of snacks can be an effective means
of meeting the energy and nutrient needs of a growing and active child.

Most snack foods are high in energy value but contain little protein, vitamins
or minerals. Table 4.1 illustrates the nutritive value of snacks. Most fruits make
an excellent snack, such as a banana or an apple. A fruit yoghurt is cooling and
refreshing like the fruit milk shakes.

) Fast Foods

Nowadays, several small wholesome meals are eaten by teenagers. Pizzas,
hamburgers, noodles are some of the western fast foods which have become
popular in the metropolitan cities of our country. However, we are not new to the
concept of fast foods. Idlis, dosas, meduwadas, chaats were always served in our
restaurants. Wadapav is the latest and cheapest fast food available on our streets.
Fast food can be considered to be nutritious food. It should be cautioned here that
fast food should be eaten only once in a while. If not supplemented with a balanced
diet, they could prove to be recipes for disaster. A fast food can never replace a
good, wholesome meal.

Many people in the urban areas prefer fast food since it is a relatively low-cost
food purchased at an outlet which gives quick service and, is convenient. Fast food,
many a time referred to as junk food, makes an important contribution to the nutrient
requirement, e.g. a cheese or chicken burger with a little lettuce, tomatoes and onions,
if eaten along with some french fries and a milk shake, is nutritionally as adequate
as a meal.

(] Nutrients Supplied by Snacks and Fast Foods

1. Proteins Fast foods supply good amounts of protein if prepared using animal
sources such as fish, beef, chicken, cheese and milk, or in a cereal—pulse combination
as in idli or dosa.

2. Fat Some of the major components of fast foods, like beef, cheese, mayonnaise
and deep-fat frying, causes the foods to be a rich source of fat. People who are on a
reducing diet need to avoid such foods.



154 Nutrition and Dietetics

Table 4.1 Nutritive value of snacks

Calorie
Value Protein
Snack One Serving Size (kcal) (gram)
1. Chiwda (puffed rice and peanuts) | 3/4 cup 154 3.7
2. | Batatawada 2 medium 190 4.0
3. Chiwda (rice flakes and peanuts) 3/4 cup 210 43
4. Batata pohe 3/4 cup 170 2.3
S. Potato chips 10 pieces 100 —
6. Vegetable sandwich 2 pieces 150 3.2
7. Cheese sandwich 2 pieces 230 9.3
8. | Eggsandwich 2 pieces 230 9.8
9. Plain dosa 1 dosa 210 5.6
10. Medu wada 2 medium 200 5.0
11. Uttappam 1 medium 205 5.5
12. Potato bhajia 5 medium 210 6.3
13. Fruit yoghurt 1 medium cup 150 3.0
14. Plain yoghurt (Dahi or curd) 1/2 cup 85 43
15. Apple 1 medium 60 —
16. Banana 1 medium 120 1.2
17. Misal 3/4 medium cup 215 10.2
18. Fruit milkshake 1 medium glass 150 3.0
19. Chana usal 3/4 bowl 220 6.6
20. Groundnut chikki 4 pieces 2" X 2" 290 7.0
21. Rava upma 3/4 cup 150 2.5
22. Rava sheera (using milk) 3/4 cup 280 4.6
23. Sabudana khichdi 3/4 cup 310 4.3
24. Dahiwada 2 medium 200 6.4
25. Sukhadi 2 pieces 2" X 2" 159 1.5

3. Carbohydrates and Fibre Carbohydrates are found in some of the foods like
soft drinks, shakes, fried foods, etc. However, the fibre content of most fast foods
is low except when green vegetables, tomatoes, carrots, cucumber, onions, etc. are

added to them.

4. Calories The calorie value of snacks and fast food is generally very high.

5. Vitamins Most fast-food meals provide adequate amounts of vitamins, mainly
thiamine, riboflavin, niacin, pyridoxine and cyanacobalamin. Vitamin A is relatively
low except in foods where use of carrots, dark green leafy vegetables, and tomatoes.

is in abundance.
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6. Minerals Most shakes and milks are high in calcium and phosphorus.
Hamburgers prepared with meat are a good source of iron. However, sodium is found
in very high amounts in salted fast foods such as chips, french fries, etc. Therefore,
people advised to lower their salt intake should eat such fast foods sparingly.

One of the main drawbacks of a fast-food restaurant is its lack of variety. This
is especially so for people who frequently visit them. It may, therefore, be best to
incorporate balanced meals with food eaten at fast food outlets. This will assure an
adequate nutrient intake.

Fast foods also contain several synthetic additives such as preservatives, artificial
colours, artificial sweeteners, which if consumed over a long period of time, can be
harmful. Also, fast foods cost about twice as much as when prepared at home. For
more information on ‘Fast Foods’ refer Chapter 19 on ‘Foods Commodities.’

4.4 FAST-FOOD CONSUMPTION AND ITS IMPACT ON
HEALTH

A “fast food” can be defined as “food that can be prepared quickly and easily and is
sold in restaurants and snack bars as a quick meal or to be taken out.”

There have been substantial increases in mean body weight in wealthy countries
and even developing countries. These changes have been accompanied by dramatic
transformations in people’s dietary patterns, most importantly, an increase in the
consumption of ultra-processed foods, including fast foods.

Although some feel that fast-food consumption has played a negligible role in the
obesity epidemic, several studies have shown that it is actually the opposite.

It has been seen that persons who visited fast-food restaurants more than twice a
week, gained significant weight in the long run. Significant associations have been
found between the density of fast-food restaurants and obesity in certain areas.

Increased findings suggest strong association between soft-drink consumption
and higher rates of overweightness and obesity.

Some studies show that the spread of fast food and obesity is co-related with
several factors such as the following:

e Trade liberalization and foreign investment in the food-and-beverage industries
have resulted in the proliferation of large transnational food companies.

e High-income countries with market-liberal welfare regimes have easier access
to fast food.

However, a reassuring factor is that regulations in the agricultural sector are
negatively correlated with obesity.

In the US, the availability and consumption of fast foods is much more compared
to our country. The observations of one study indicate that almost 30% of children
in the age group of 4 to 19 years consume fast food. Due to this, their consumption
of total calories, total fat, total carbohydrates, and added sugars is far more than
their recommended dietary intakes. On the other hand, their intake of total fibre,
milk, fruits and non-starch vegetables is to a very great extent, low. It is, thus, not
surprising that the problem of overweight, obesity and associated non-communicable
diseases is on the rise.
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In India, aping the west in the consumption of fast foods is bound to have similar
outcomes.
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important implications for policy. In particular, the findings suggest that government
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the obesity epidemic and curb the spread of transnational fast-food companies.
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4.5 MENU PLANNING FOR THE FAMILY

Implementation of the principles of nutrition in one’s daily diet in an appetizing
way is menu planning. It is necessary to plan foods needed daily by the family
properly in order to ensure good nutrition. A meal plan proves to be a time, energy
and money saver. It also avoids unwanted, unappetizing and unsatisfying meals. It is
more important to plan the meals for a family with a low budget to ensure sufficient
and nutritionally balanced food in order to make the best utilization of the available
money resources.

Any meal plan needs to be flexible enough to take into account changes due to
price fluctuations, seasonal foods, family tastes and desires, holidays, fasts, special
family functions and guests.

Every member of the family requires the same basic foods. However, the quantity
and texture may have to be altered in case of children and old members of the family.
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Milk is required in larger amounts by children than adults. However, children require
smaller quantities of foods than adults. Very young children may require smaller
servings and also a change in the method of preparation, e.g. spices and oil may be
restricted in foods to be served to small children. Weight watchers in the family need
the same basic foods but some modifications in the foods such as use of skim milk
instead of whole milk, trimmed meat (fat is removed), use of broiling, steaming and
roasting rather than deep frying, use of more fresh fruits and raw vegetables than
sweets and desserts.

Similar changes in the family meal may be made when any member of the
family is under therapeutic control of a disease such as diabetes, high blood
pressure, etc.

Good meal planning is both a science and an art. Science shows us the way to
include nutritious foods in the diet, while art is involved in combining the needed
nutritious foods into meals that are attractive, appetizing and satisfying in all ways.

Following are some of the factors which should be considered when planning
meals for the family.

1. Include foods from all the basic five food groups every day.
Each meal should have at least three of the five basic food groups. Besides
these a good source of protein should be included in every meal (one serving
from the protein-rich group).

3. Variety in appearance of food.

e Colour Should be attractive and appealing. Avoid a menu of all white or
neutral coloured foods.

e Texture Use contrasting textures such as soft foods and crisp foods.

e Flavour Both types of flavours, bland and spicy, should be well blended.

e Shape Different shapes in a dish make it more attractive. Round, flat,
shredded, sliced or diced, cubes, spheres are the different shapes that may
be used.

e Satiety value A meal should be satisfying. Fat and protein have a higher
satiety value than carbohydrates.

e Jariety of foods Including all foods rich in proteins or carbohydrates or
fats is monotonous. A combination of carbohydrates and protein food
interspersed with fat add variety. Emphasis should be equally placed on
all foods. The greater the variety of foods used from day-to-day, the better
it is for health. The foods served may be cooked using different methods
such as boiling, broiling, roasting, frying, baking, stewing, etc. to add
variety to a meal. Raw salads increase visual appeal.

4. Sociological preference They include religious and social customs. These
influence the food that is eaten on fast days. It may be necessary to alter the
plan on such days and use appropriate substitutes.

5. Personal preference Old people cannot eat hard foods that involve a lot of
chewing (mastication). Very young children cannot tolerate highly spiced and
oily foods. A diabetic person cannot eat concentrated carbohydrate foods. But
the menu that is planned for such a family should give them all the required
nutrients.
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6. Time and Energy These are factors of prime importance to the working
woman. Not only does she have limited time for cooking at her disposal but
her energy is used up in both places—at home and at the place of work.
Efficient organization on her part can help to balance between the two. Not
only the working woman but even the housewife needs to save time and
energy since, she too may have some hobbies and social activities. It is not
necessary to spend the whole day or most of the time in the kitchen to prepare
balanced meals. She has, therefore, to plan simple, easy-to-prepare yet tasty
and nutritious items.

7. Appearance The general appearance of the food that is served whets or kills
one’s appetite. A clean plate in clean surroundings is pleasant. A dish placed
on a table where a lot of food has been split or which is cluttered with utensils
is certainly not a pleasant sight for the eater, especially one with an aesthetic
sense.

8. Economical use of fuel 1t is necessary to save time and the amount of fuel
that is consumed. Elaborate cooking methods and long-winded recipes use up
a lot of fuel. Maximum use of the pressure-cooker saves not only the fuel but
a lot of nutrients.

9. Food costs People generally spend a lot of money on food and its preparation.
It cannot be definitely stated that a specific amount of money should be spent
on food but roughly the following division of expenditure on food may work
as a guideline.

25 percent on meat, fish, eggs, cheese, poultry, legumes and pulses.
20 percent on milk.

20 percent on fruits and vegetables.

20 percent on cereals, breads and biscuits.

15 percent on fats and sweets.

If storage space is available in the house, one can store food-items like rice, wheat,
dals, oils, sugar and jaggery during the seasons in which they are available in plenty
and at relatively lower cost than in the off-season.

A refrigerator can lower wastage and thereby decrease the cost of meals. Leftover
food may be slightly modified to be used as new dishes.

In India, the urban family has one major meal, i.e. dinner. Breakfast is taken in
a hurry and most members of the family carry packed lunch to work. After coming
home in the evening, a cup of tea or coffee is accompanied by light snacks like
savoury biscuits. Dinner is the meal at which all members of the family join together.
Therefore, more stress is to be laid on dinner to supply the necessary nutrients to the
family members according to their requirements.

Careful planning is necessary for the other meals too. A typical meal pattern
usually followed by an urban family is shown in Table 4.2.

Anon-vegetarian family may substitute da/ with fish or meat sometimes but generally
on weekends a fully non-vegetarian diet accompanied with salads may be enjoyed.

Soups and desserts are not normal in the diet of an urban household where the
man and woman are both working. However, a clever housewife can plan some
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Table 4.2 Typical meal pattern for an urban family

Non-vegetarian Vegetarian
Milk, tea or coffee Breakfast Milk, tea, coffee
Bread with butter Vadalidli with
Egg fried or boiled chutney or sambar
Banana/seasonal fruit Banana/seasonal fruit

Lunch (Packed for Office)

Chapatis, parathas or puris

Dry vegetable (generally from the other vegetable group)
or usal (legume preparation)

Banana/some seasonal fruit

OR
Rice and dal or pulao

Carrot/cucumber salad or usal/vegetable curry
Banana or some seasonal fruit

OR

Sliced bread with butter
Boiled or fried egg or omelette
Banana or some seasonal fruit

Snacks with tea

Tea or coffee
Biscuits, chiwda or farsan (savoury mixture)

Dinner (At Home)

Chapatis/parathas/puris

Dal or curry (vegetable/fish/meat)
Rice

Vegetable or usal

Salad

Curd or buttermilk

sweets and also soups for dinner. A typical meal plan for an urban family is shown
in Table 4.3.

While planning packed lunch for children who are in school for the major part of
the day, the mother should pack nutritious foods and discourage them from eating
outside. Table 4.4 shows some sample packed lunches.

In general, planning meals in advance helps to balance the required nutrition. It is
not only more economical with regard to time and money but also ensures balanced
and attractive meals.
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Table 4.4 Some Sample Packed Lunches*

Chapati | Pizza | Paratha | Puris Bread

Bhaji (dry) e O e Stuffed bhaji or sandwich
(vegetable, cheese, paneer,
egg, chicken)

Usal (dry) or egg *ok ok ok ** | Plain bread—all according

preparation to other groups

Pickle ek ek sk kK ek

Sweet—chikki, kopra *k *k *k Hk Hok

pak, sukhadi, burfi

Fruit—Banana, apple, wox Rt S Wi e

chiku, orange, sweet

lime

* Provide about one-third of daily requirements (about 700 kcal and 14 g protein)
** Variations in the packed lunch, especially for those who are predominantly rice eaters, can be achieved by packing
dal and rice/rice khichdi/fried rice/lemon rice/tamarind rice/tomato rice/egg rice or dosa, idli, uttappam instead of
wheat preparations, along with other items as listed above.

4.6 MENU PLANNING IN HOSPITAL SETTINGS

The menu is a central management tool which directs and controls any food service
operation. The homemaker in the home or a dietitian in a hospital, develop the menu,
taking into consideration the items to be purchased, the cost, the staff and resources
required and the type of service needed. So whether on a small or large scale, menu
planning is intricate. It is based on the following:

1. Knowing the needs of the persons for whom it is planned.

2. Exercising control in the processes of purchase, storage and preparation of
the commodities.

Accurately standardizing the product as well as its portioning.

Effectively controlling every step from purchase to service.

Devising measures to prevent plate waste.

Restructuring and modifying taking into account the feedback from the client.

AN

Good menu planning requires a lot of skill and it forms the core of other activities
for the homemaker in the home or the dietitian in a hospital and a food and beverage
manager in a hospitality establishment.

Persons who are involved in menu planning must have a fair knowledge of the
variety of foods, methods of food preservation especially ways to optimize the
retention of nutrients in them, presentation skills and the likes and dislikes of the
persons for whom the menu is being planned.

Planning is an activity which helps in achieving the desired goal since, selection,
purchase and storage of raw materials can be done in advance. It avoids chaos in
time management as well as saves efforts whether it be a kitchen in a home or in a
large hospital. Since, there may be variations in the diets of patients in a hospital, the
dietitian must hone her skills in hospitality management.
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Good menu planning entails:

1. Using a variety of foods and yet maintaining consistency in quality.
Selection of recipes that can be easily prepared according to seasonal
availability of raw materials.

3. Seclection of preparations which are generally used day to day.

4. Selecting menus which use ingredients that are easy to utilize hygienically.

There are several types of menus namely a la carte, table d’hote, special function,
ethnic, institutional menus (offices, boarding schools, hostels, etc). However, hospital
menus are entirely different from these menus in that the dietitian, in consultation
with the physician treating the patient, decide the menu since, no food that can
be detrimental to the health of the patient be given to him. Besides this, the
patients in a hospital are a captive clientele. Their preference for a vegetarian or a
non-vegetarian diet may be noted on the menu card since, it is important to respect
their religious preferences.

Hospital menus are of 2 or 3 courses. Cyclical menu pattern is the most suitable
since, the menus are compiled for a given period of time such as one month or 3
months. The menu plan is rotated at odd days cycle. At the end of the period the
menus can be used all over again. The menu cycle can be predetermined according
to the time of the year and availability of foods. These type of menus require careful
monitoring. Patient’s requirements and weather conditions may affect the demand
for certain dishes.

Cyclical menus offer certain advantages:

1. Save time since menu plans are for long periods.

2. Standardization of recipes and portions is sufficient for the entire cycle.

3. Better efficiency in time and labour.

4. Lower need for holding stocks of commodities and help in storage
requirements.

5. Cost efficient.

6. Ensure that good menu planning is practised.

7. Construction of menus can be well balanced in terms of texture, colour
ingredients, temperature, structure, etc.

8. Menus can be planned taking into account the kitchen and service equipment
as well as the capability of the staff.

9. The quality of the food preparation is better since the service staff is familiar
with the recipes and have prepared them repeatedly.

The disadvantages of cyclical menus are:

1. The pre-planned and pre-designed menus may be too limited and may not
appeal to all the patients.

2. They may reduce job satisfaction for the staff who have to prepare and serve
the menu repetitively.

3. They can become monotonous if the cycle is short particularly for the patient
who has been hospitalized for a long period of time.
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Menu planning in a hospital setting does not have much freedom since diets
may be restricted in several ways. A hospital menu plan is based on a normal diet
with variations in nutrients and texture according to disease, age, stage of recovery,
nutritional requirements. Seasonal variations may affect the fruits and vegetables
that are being served.

However, the dietitian can exercise creativity in devising variations especially in
case of patients who may require special attention. At all times she needs to check
the amount of food wastage and exercise control in order to minimize food wastage.

While constructing the cyclic menu, a dietitian must:

e Decide on the menu plan

e Decide as to the flexibility it offers.

e Decide the variations of the main dish for the cycle, so that variations in colour,
taste, texture can be done in other food items in the menu.

e Repetition of any menu item on consecutive days must be avoided.

e Food items which may generally not be liked should not be made a part of the
daily menu but as a variation.

@ suvmary

The importance of menu planning and developing good food habits has been shown
to be of great relevance to the family’s health. Adaptation of a normal family diet plan
to improve the health of the family members, taking into account the fluctuations of
prices, seasons, etc. can be easily done. Some factors which should be considered in
planning meals for the family have been given.

€@ CASE STUDIES

I. As a dietitian working in a 100-bedded multi-specialty hospital, you are
required to plan a normal menu of 3 weeks cycle. List the points that you
will bear in mind while planning this menu.

II. A mother of 3 kids, aged 3, 7 and 11 years, living in a joint family of 3 adults,
aged between 45 to 68 years, needs advice on planning meals for her family.
The family consumes a mixed diet and is generally healthy. What will your
advice be with regards to:

1. Meal plans for the children.

2. Meal plans for the adults.

3. Cycle for purchasing the perishable items.

4. Cycle for purchasing the non-perishable items.

@ REVIEW QUESTIONS

1. Why is it important to develop good eating habits in children?
2. Write a short note on the nutritional contribution of fast foods in our diets.
3.  Which factors must be considered when planning a meal for the family?
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Why should snacks be planned in the daily meal? Which foods can be
consumed in the form of snacks?

What are the safety precautions to be exercised when reusing previously
cooked foods?

How will you ensure wholesomeness in a packed lunch?

Which factors must be considered when planning a menu for a family?
Plan a menu for a family of six which includes 2 grandparents, a working
middle aged couple and 2 young children aged 6 and 11 years old.

List five ways of preventing the wastage of nutrients while cooking foods.
Make a list of snacks prepared by 5 families known to you.



Chapter
5 Balanced Diet and
Nutrition During
Normal Life Cycle

The human body requires a continuous supply of nutrients. These nutrients are
utilized by the body to maintain health. The nutrients ought to be supplied daily in
the right proportion for optimum utilization and proper body maintenance. This can
be achieved by taking a balanced diet every day.

5.1 BALANCED DIET

A balanced diet is one which includes all the nutrients in correct proportion or
adequate amounts to promote and preserve health.

The recommended food and dietary allowances as per the ICMR 2010 have been
shown in Appendix III. Tables 5.1, 5.2, 5.3 and 5.4 give the food items that are
required to be eaten in a balanced diet by the different age groups.

These tables give weights that should be considered as raw food weight, e.g. an
adult sedentary woman should consume 300 g cereals. Cereals may include wheat,
rice and millets depending on the dietary habits of the family. If a family includes
any one cereal in their diet, then the raw weight of that cereal should be taken into
account. However, if the family includes three or four cereals and millets daily in
the diet, the total uncooked weight of the cereals and millets together should be
taken into account. The daily intake of articles, as given by ICMR, may appear to be
heavy but it is aimed at giving optimum nourishment according to the Recommended
Dietary Intakes given in Appendix III. However, the intake may be affected by the
prevailing weather conditions and eating habits.

5.2 DIETS DURING A NORMAL LIFE CYCLE

Diets for different age groups, stress periods and work can be classified into groups.
The life cycle of each person goes through five basic stages. These are as follows:

(i) Pregnancy : in which human life begins and develops to birth.
(i) Infancy . is the rapid first year of growth.
(iii) Childhood : is the period in which the child goes through a lot of

dietary changes from the age of two onwards. He also
begins attending elementary school.

(iv) Adolescence : is the teenage of rapid growth and sexual maturing.

(v) Adulthood . is the period during which growth levels off and gradually
a plateau is reached.
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Table 5.1  Balanced diet for an adult man**

Sedentary work Moderate work Heavy work

Veg. (g) | Non-veg. (g) | Veg. (g) | Non-veg. (g) | Veg. (g) | Non-veg. (g)

Cereals 400 400 475 475 650 650
Pulses 70 55 80 65 80 65
Green leafy 100 100 125 125 125 125
vegetables

Other vegetables 75 75 75 75 100 100
Roots and tubers 75 75 100 100 100 100
Fruits 30 30 30 30 30 30
Milk 200 100 200 100 200 100
Fats and oils 35 40 40 40 50 50
Meat and fish — 30 — 30 — 30
Eggs — 30 — 30 — 30
Sugars and jaggery 30 30 40 40 55 55
Groundnuts — — — — 50 50*

* An additional 30 g of fats and oils can be included in the diet in place of groundnuts.
** Source: Nutritive Value of Indian Foods, NIN, Hyderabad, 1985.

Table 5.2 Balanced diet for an adult woman**

Additional
Sedentary Moderate Heavy allowance
work work work during:
Veg. | Non-veg. g. | Non-veg. . | Non-veg | Preg- | Lacta-
(2) (2) (2) nancy tion
(&) (g

Cereals 300 300 350 350 475 475 50 100
Pulses 60 45 70 55 70 55 — 10
Green leafy 125 125 125 125 125 125 25 25
vegetables
Other 75 75 75 75 100 100 — —
vegetables
Roots and 50 50 75 75 100 100 — —
tubers
Fruits 30 30 30 30 30 30 — —
Milk 200 100 200 100 200 100 125 125
Fats and oils 30 35 35 40 40 45 — 15
Sugar and 30 30 30 30 40 40 10 20
Jjaggery
Meat and fish| — 30 — 30 — 30 — —
Eggs — 30 — 30 — 30 — —
Groundnuts — — — — 40* 40* — —

* An additional 25 g of fats and oils can be included in the diet in place of groundnuts.
** Source: Nutritive Value of Indian Foods, NIN, Hyderabad, 1985.
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Table 5.3 Balanced diet for children*

Pre-school children School children
1-3 years 4—6 years 7-9 years 10-12 Years
Veg. |Non-veg. g. | Non-veg. g. |Non-veg.| Veg. |Non-veg.

(8) () g (8) (g) (g) (g)
Cereals 150 150 200 200 250 250 320 320
Pulses 50 40 60 50 70 60 70 60
Green leafy 50 50 75 75 75 75 100 100
vegetables
Other 30 30 50 50 50 50 75 75
vegetables
Roots and
tubers
Fruits 50 50 50 50 50 50 50 50
Milk 300 200 250 200 250 200 250 200
Fats and oils 20 20 25 25 30 30 35 35
Meat and fish| — 30 — 30 — 30 — 30
Eggs — 30 — 30 — 30 — 30
Sugars and 30 30 40 40 50 50 50 50
Jaggery

* Source: Nutritive Value of Indian Foods, NIN, Hyderabad, 1985.

Table 5.4 Balanced diet for adolescent boys and girls**

Boys Girls
13-15 Years 16—18 Years 13—-18 Years
Veg. (g) | Non-veg. | Veg.(g) | Non-veg. | Veg.(g) | Non-veg.

(g) (g) (g)
Cereals 430 430 450 450 350 350
Pulses 70 50 70 50 70 50
Green leafy 100 100 100 100 150 150
vegetables
Other vegetables 75 75 75 75 75 75
Roots and tubers 75 75 100 100 75 75
Fruits 30 30 30 30 30 30
Milk 250 150 250 150 250 150
Fats and oils 35 40 45 50 35 40
Meat and fish — 30 — 30 — 30
Eggs — 30 — 30 — 30
Sugar and jaggery 30 30 40 40 30 30
Groundnuts — — 50%* 50%* — —

* An additional 30 g of fats and oils can be included in the diet in place of groundnuts.
** Source: Nutritive Value of Indian Foods, NIN, Hyderabad, 1985.
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5.3 NUTRITION DURING PREGNANCY

The gestation period is a rapid growth period. Growth of the foetus and other
developments that take place to facilitate its maintenance throughout pregnancy
and delivery of the child involve an increase in the nutritional requirements of the
pregnant woman. The fertilized ovum attaches itself to the uterine wall and with
help of the placenta, enables the developing foetus to respire, acquire nourishment
and eliminate wastes. Exchange of nutrients and wastes take place in the placenta
much as they do in the gastro-intestinal tract; oxygen and nutrients pass in from
the mother to the foetus; carbon dioxide and metabolic wastes pass the opposite
direction. Water and the fat-soluble vitamins diffuse to the foetal circulation. Other
nutrients such as amino acids, glucose, the water-soluble vitamins and minerals
such as calcium, sodium and iron are actively transported.

An exception to the passage of nutrients is the protein molecule. These do not
cross the placenta as they are too large to penetrate the cells of the placental villi. The
exception to this phenomenon is a specific maternal antibody which is structurally
able to penetrate and which provides the foetus with invaluable immuno-resistance
to infections that lasts for six months or more after birth.

So, the increase in the nutritional requirements of a pregnant woman can be
attributed to:

Rapid growth of the foetus

Development of the placenta

Enlargement of maternal tissues namely the breast and uterine tissues
Increase in maternal circulating blood volume

Formation of amniotic fluid

Storage reserves

Mineralization of the skeletal and bone structure of the foetus as well as tooth
buds

To meet the additional nutritional requirement, foods which supply all the
nutrients in greater amount to sustain and support the pregnancy must be consumed
by the pregnant woman.

1 Exercise During Pregnancy

During pregnancy, the woman should exercise at a level that keeps her heart rate
below 140 bpm. A good fitness program would be about 1 hour of physical activity 3
days in a week. The intensity should be such that it maintains the maternal heart rate
between 120 and 130 bpm. Walking, jogging, stationary cycling, and swimming are
exercises that provide the best cardiovascular and psychological benefits with the
least pregnancy risks. Besides, these exercises, the pregnant woman should perform
her daily chores as she would do earlier in order to remain active until the delivery.

U Protein Requirement

The requirement of protein in pregnancy increases by about 30 percent over the
normal requirement, e.g. if the normal requirement of an adult woman is 45 grams
per day, during pregnancy she would be required to take an additional 14 g per day as
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per the RDI during the second and third trimester of pregnancy. Good quality protein
as that obtained from milk, meat, fish, eggs and cheese should be eaten. Additional
requirement of protein for vegetarians may be obtained from a combination of whole
grains, legumes and nuts.

(] Calorie Requirement

Calories should be sufficient to meet energy and nutrient demands and to spare
protein for tissue-building. The RDI includes an increase of about 300 calories in the
second half of pregnancy.

(U Mineral Requirement

Calcium and iron are the two minerals the need for which is urgent during pregnancy.
Increased calcium is required for the growth and development of bones as well as
tooth buds in the growing foetus. It is also an important constituent of the blood-
clotting mechanism. More calcium is needed in the third trimester of pregnancy
as rapid mineralization of the skeletal tissues takes place during the period. Dairy
products are the primary sources of calcium. Additional calcium may be obtained
from legumes and leafy vegetables. The physician may, in addition, advise the intake
of calcium tablets. A woman requires more iron than a man in normal situations.
She needs to maintain a daily intake of 32 mg of iron throughout her child-bearing
years. This amount not only replenishes her menstrual losses but also restore her
tissue reserves after each pregnancy. The physician usually recommends intake of
iron supplements to dietary sources to meet the iron requirement of pregnancy.

(] Vitamin Requirement

All the vitamins, especially vitamins A, B complex, C and D, and folic acid are
required in increased doses during pregnancy.

Vitamin A requirement increases by about 25 percent over the usual adult intake.
This requirement can be met by consuming good food sources of this vitamin which
include liver, egg-yolk, butter, dark green and yellow vegetables and fruits.

In the B complex group, folic acid supplementation may be required to protect
against megaloblastic anaemia. Requirements for folic acid increase during
pregnancy in order to keep up with the demands for maternal erythropoiesis, for
foetal and placental growth, and to prevent Neural Tube Defects (NTDs). The
neural tube closes by 28 days of gestation, before most mothers realize that they are
pregnant. Hence, folic acid supplementation must begin before conception.

In folic acid deficiency, Deoxyribonucleic Acid (DNA) synthesis and mitotic
activity in individual cells is markedly reduced. Symptoms of megaloblastic anaemia
develop in the most advanced stage of foliate deficiency, which may not be until
the third trimester. However, white cell morphologic and bio-chemical changes
may be seen before the symptoms of anaemia appear. Foliate deficiency may cause
spontaneous abortion and obstetric complications such as preterm labour and LBW.
The importance of folic acid during pregnancy cannot be underestimated in its role
in preventing NTD’s, which are among the most common birth defects. The other
B vitamins, especially thiamine, riboflavin and niacin, are also required in larger
quantities since they are the co-enzymes in a number of metabolic activities, especially



Balanced Diet and Nutrition during Normal Life Cycle 171

energy production and in the functioning of muscle and nerve tissues. Vitamin B6
helps the pregnant woman to synthesize the non-essential amino acids needed for
growth. It also helps to synthesize vitamin B6 — dependent niacin from tryptophan.
Vitamin B6 has been found to help alleviate severe nausea and vomiting during
pregnancy. It catalyzes numerous reactions involving neurotransmitter production.
Large doses of vitamin B6 have been found to be necessary to achieve anti-emetic
effects. However, this must be done under only close medical supervision.

Vitamin C, besides its normal functions, is involved in developing the connective
tissue and vascular system as well as in the absorption of iron. It may be obtained by
eating fresh fruits and drinking fresh fruit juices.

The need for calcium and phosphorus is increased hence, the requirement of
vitamin D cannot be overlooked as it is involved in their absorption and utilization.
As plenty of sunshine is available in our country, the requirement of vitamin D can
be easily met through its biosynthesis in the skin. Food sources include butter, liver,
egg-yolk and fish liver oil.

A typical diet plan for pregnant woman is given in Table 5.5.

Table 5.5 Diet in pregnancy
Requirements: energy—2200 + 300 = 2500 kcal
Protein—45 + 14 =59 ¢

Food Exchange List
Food group No. of exchanges Protein (g) Energy (kcal)
1. | Milk 4 20.0 400
2. | Legumes and pulses 2 12.0 200
3. | Flesh food 1 10.0 100
4. | Vegetable A 2 — —
5. | Vegetable B 2 — 100
6. | Fruits 3 — 150
7. | Cereals 9 18.0 900
8. | Fats 5 — 500
9. | Sugar 40 g — 160
60.0 2510
Menu Plan
Tea : lcup Tea : leup
Dry biscuits — 2 Roasted
Breakfast : Milk 1 glass peanuts — 2 tablespoon
Bread butter — 2slices Dinner : Chapatis — 2
Boiledegg — 1 Dal palak — lcup
Banana — 1 small Rice — 1/2 cup

(contd.)
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(contd.)

Lunch : Chapatis 2 Mung Usal — lcup
Rice — 12 cup Curds — lcup
Dal — lcup Bedtime : Fruit milk — 1 glass
Tomato shake
palak soup — 1 bowl
Parwar curry — 1 cup
Curds — lcup

5.4 COMPLICATIONS DURING PREGNANCY

U Toxaemia

Preeclampsia is a leading cause of maternal and perinatal mortality.

Toxaemia is the general term given to an acute hypertensive disorder appearing
after about the 20th week of pregnancy or following delivery and accompanied by
increased oedema, protein (albumin) in urine and in severe cases convulsions and
coma, especially if treatment is delayed. The syndrome involves reduced placental
perfusion and maternal endothelial dysfunction.

Toxaemia accounts for many maternal deaths and for the majority of deaths of
all newborn infants. Malnutrition is the cause of toxaemia and it could be prevented
by good parental care which should always include attention to good nutrition.
If toxaemia is found to be present in a pregnant woman, adequate quantities of
proteins of high biological value may be included in her diet. Restriction of salt was
previously held to help relieve toxaemia but now it is recognized that salt is needed
in pregnancy and that a normal amount should be supplied. Vitamins and minerals
are the regulatory agents which are particularly needed to avoid the general state of
malnutrition which precedes toxaemia. Several risk factors are nutrition related such
as maternal obesity, diabetes, hypertension and homocystinemia.

] Anaemia

Anaemia is common during pregnancy. Severe anaemia in pregnancy is defined as
haemoglobin of less than 40 g/L and is a medical emergency. Eliminating severe
anaemia in pregnancy can reduce maternal disease burden. Several pregnant women
suffer from anaemia which may be classified as follows:

1. Iron-Deficiency Anaemia This is the most common anaemia in pregnancy
because the requirement of iron by a pregnant woman far exceeds her reserves and
hence, anaemia may result if her diet is not enriched with iron-rich foods.

2. Haemorrhagic Anaemia This is more likely to result after delivery than
during pregnancy since loss of blood during delivery is heavy. However, blood loss
may occur in pregnancy if there is an abortion or ruptured tubal pregnancy. Most
such patients receive blood transfusion but iron therapy in addition may be indicated
to support the formation of haemoglobin needed for adequate blood replacement.
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3. Megaloblastic Anaemia In this condition large, immature red blood cells
containing little or no haemoglobin are formed and this malformation in red cells
is the result of folic acid deficiency. Folic acid requirement is greatly increased
in pregnancy and deficiency is manifested in nausea, vomiting and anorexia. As
anaemia progresses, loss of appetite is even more, aggravating nutritional deficiency.
Most of the morning sickness symptoms characteristic of pregnancy could be due to
deficiency of folic acid and pyridoxine.

(1 Nausea and Vomiting

This is commonly called morning sickness. This is usually a mild complaint limited
to early pregnancy. It occurs more often after rising than later in the day; hence, the
term morning sickness. The reasons are physiological and also psychological due
to the tensions and anxieties concerning pregnancy itself. Simple treatment usually
improves the person’s tolerance towards food. Dry biscuits eaten before rising from
the bed decrease nausea. Small meals with liquids taken in between meals rather than
with the meals give better results. If excessive, persistent and prolonged vomiting
(Hyperemesis gravidarum) is seen, then the doctor may hospitalize the patient and
feed her intravenously to prevent complications and dehydration.

(1 Constipation

Generally, this is a minor complaint of pregnancy. The pressure of the enlarging
uterus on the lower portion of the intestine causes some difficulty during elimination.
Including roughage in the diet such as that obtained from eating fruits with their
skins (chiku, guava, apple, pear, peach), whole wheat chapatis, fruit juices and green
leafy vegetables usually induces regularity. Laxatives should not be used except
under medical supervision.

(] Pica Picais an eating disorder. It can be defined as “the persistent ingestion of
non-nutritive substances for at least 1 month”. It is seen in persons at an age for which
this behaviour is developmentally inappropriate. In some pregnant women, it may be
observed as a craving for non-food substances like chalk, earthen materials, etc. Pica
may not cause harm in many cases, but it can have life-threatening consequences
also.

The resultant problems of pica vary and depend upon the substances ingested.
In poisoning or exposure to infectious agents, the reported symptoms are extremely
variable and are related to the type of toxin or infectious agent ingested.

Physical findings may include the following:

e Manifestations of toxic ingestion (e.g. lead poisoning)

e Manifestations of infection or parasitic infestation (e.g. toxocariasis and
ascariasis)

o GI manifestations (e.g. mechanical bowel problems, constipation, ulcerations,
perforations, and intestinal obstructions)

e Dental manifestations (e.g. severe tooth abrasion, surface tooth loss)

Complications of pica, if any, must be addressed with urgency.
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] Diabetes and Pregnancy

A pregnant woman who has been diagnosed with gestational diabetes or who was
diabetic prior to the pregnancy has nutritional requirements essentially the same as
those of a pregnant woman without diabetes. However, pregnancy magnifies the
importance of abiding by the principles of nutrition management, controlling glucose
levels and avoiding ketonuria.

1. Nutritional Management of Diabetic Pregnancies There are specific
nutritional issues that surround the management of pregnant women with diabetes.
The nutritional needs of women with pre-existing Type 1 diabetes and Type 2
diabetes differ from those for women who become glucose-intolerant in pregnancy.

Ideally, nutritional advice should start before pregnancy and should be modified
at each antenatal visit by the dietician who is an integral part of the multidisciplinary
diabetic-obstetric team. The dietician must take into account the metabolic and
physiological changes associated with a diabetic pregnancy.

Over the last few decades, the antenatal population has become older, more obese
and less physically active. These changes explain the rise in the number of pregnant
women with preexisting Type 2 diabetes and gestational diabetes. It is important
that perinatal morbidity and mortality in diabetic pregnant women is higher than for
non-diabetic pregnant women. Active dietary management for all types of diabetic
pregnancies can lessen complications during pregnancy and improve pregnancy
outcome for the mother and child.

2. Consequences of a Diabetic Pregnancy Maternal hyperglycaemia results
in excess maternal-foetal transfer of glucose which results in foetal hyperglycaemia
and foetal hyperinsulinaemia and this can lead to congenital malformations. Diabetic
mothers are seen to deliver large-for-gestational-age (LGA) infants, especially
in poorly controlled diabetic pregnancies. By managing the diabetic pregnancy
effectively, one can reduce the long-term risk of the child becoming obese and
insulin-resistant in adult life.

3. Therapeutic Aim The aim in the management of all diabetic pregnancies is
to achieve normoglycaemia while avoiding maternal hypoglycaemia. This approach
will optimize foetal growth and minimize short- and long-term complications. Many
women with gestational diabetes (GDM) will be able to achieve them with dietary
intervention alone. The use of oral agents that do not cross the placenta or insulin
should be done under medical supervision.

Dietary advice must be based on sound nutritional principles and the patient
closely monitored. Folic-acid supplementation is necessary as for other non-diabetic
pregnancies.

Women with diabetes must be encouraged to achieve the best glycaemic control
during the preconception period. Congenital malformations can be significantly
reduced when HbA . levels are within the normal range. Dietetic input is required to
build confidence, reduce hypoglycaemia and limit unnecessary weight gain.

Achieving near-normal glycaemic control is possible in most women with Type 2
and Type 1 diabetes. However, in women with a long duration of Type 1 diabetes and
significant autonomic neuropathy, the risk of severe hypoglycaemia is high. The diet
counsellor must ensure that adequate carbohydrate intake and low glycaemic index
snacks are being consumed between meals.
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A weight-reducing diet in obese women prior to conception has been shown to
improve both glycaemic control and pregnancy outcome.

4. Some General Guidelines for Diabetic Pregnant Women Once pregnancy
has been confirmed, the diet must contain

o The recommended intakes of minerals, vitamins including folate and iron

e Adequate amounts of antioxidants including vitamins C and E to reduce the
risk of pre-eclampsia and congenital malformation

e Adequate amounts of calcium and vitamin D as well must take supplements
during both pregnancy and lactation

Nutritional intake should be monitored from the beginning of the pregnancy.
Caloric intake should be adequate. Caloric requirements are based on pre-pregnancy
weight, height, age, activity level, and usual intake. In the first trimester, the daily
caloric intake should be between 30 and 38 kcal/kg of the ideal pre-pregnancy
weight. This should be increased to 36 to 38 kcal/kg of ideal pre-pregnancy weight
in the second and third trimesters. This increase in caloric intake is for increases in
maternal blood volume and increases in breast, uterus, and adipose tissue; placental
growth; foetal growth and amniotic fluids. It must be borne in mind that close
monitoring of blood glucose levels and weight must be done.

Besides adequate calories, pregnant women need adequate protein (0.75 g/kg per
day plus an additional 10 g per day). The meal distribution would generally be three
meals and three snacks spaced about 2 hours apart.

The distribution of calories is as follows:

Carbohydrate Protein Fat

40% to 50% of | 20% to 25% of | 30% to 40% of
total calories total calories total calories

During the first trimester a pregnant woman having normal weight should gain 2 to
5 pounds. Thereafter, gain of 1 pound per week is acceptable. However, underweight
women should gain 1.1 pounds per week, and overweight women should gain only
0.7 pound per week.

An underweight pregnant woman must gain about 25-40 lbs during the pregnancy,
as against 25-35 lbs and 15-25 Ibs for a normal and overweight person respectively.

5.5 NUTRITION DURING LACTATION

A mother derives great satisfaction if she is able to nurse her baby at least for a period
of three to six months. Breastfeeding has several advantages for the baby, but for the
mother its two main advantages are physiological and emotional. Physiologically,
breastfeeding helps the uterus regain its normal size from the enlargement during
pregnancy, and it promotes emotional bonding between the mother and the baby as
she holds the child close to her body while feeding.

When a mother is nursing her baby, it makes greater demands on her body. The
nutritional requirements of pregnancy continue in lactation except that they are
increased during the latter.
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1. Protein Requirement An increase in protein intake is recommended for
women during lactation. The average protein content of breast milk of the Indian
woman is 1.2 g/dl. The efficiency of conversion of dietary protein is not known and
it is generally assumed that protein is used for milk protein synthesis as efficiently as
for body protein synthesis. An average milk volume of 850 ml during the lactating
period, from birth to six months, increases the protein allowance of an adult woman
from 45 grams per day to 70 grams per day, i.e. an increase of 25 grams per day. This
additional requirement is in excess since, the efficiency of synthesis of milk protein
is not definitely known.

2, Calorie Requirement On an average, a lactating woman secretes about 800—
850 ml milk, the calorific value of which is about 500—600 calories (about 65 calories
per 100 ml milk). So also the metabolism involved in producing this amount of milk
requires about 200400 calories.

In view of these two amounts totalling to about 700—-1000 calories, the mother
who feeds her baby must have adequate stores of energy required during the entire
lactating period.

3. Mineral Requirement Calcium and iron required by the lactating mother are
the same as required during pregnancy. The calcium that was used for mineralization
of bones of the foetus during pregnancy is now diverted to the production of milk.

Iron is not secreted much into the milk hence, the requirement of iron remains the
same as during pregnancy.

4. Vitamin Requirement The increase in vitamin C requirement indicated during
pregnancy continues during lactation. However, no further increase is needed since,
milk contains very little vitamin C. The requirement of vitamin A and B complex
vitamins, especially riboflavin and niacin, is also increased as they are secreted into
milk.

5. FHuid Requirement Intake of fluid is increased. Water and beverages such as
juices, tea, coffee and milk help in providing the fluid necessary to produce milk.

U Role of Galactogogues

Galactogogues are substances that are used to induce, augment, or maintain lactation.
The most popular of the galactogues are given below.

1. Fenugreek Fenugreek, Trigonella foenumgraecum, is a herb from the Fabaceae
family, which includes peas and peanuts. This herb is very commonly recommended
as a supplement to increase lactation. The active ingredients are present in the seed,
although, the mechanism of action is not clear. It should be used in small amounts.
In Indian cuisine, fenugreek is widely used in daily cooking. Side effects include
diarrhoea and flatulence, but the most noticeable is a body odour which is similar to
maple syrup. In some cases it may elicit allergic reactions.

2. Blessed Thistle Blessed Thistle, Cnicus benedictus, is another herb which is
used to enhance lactation. It is distinctly different from milk thistle. It is a member
of the Asteraceas/Compositae family. The plant may have bacteriostatic, antitumour,
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and antihistamine activity. Its mechanism of action as a galactogogue is unknown.
Side effects include gastrointestinal irritation and mild allergic reaction.

3. Alfalfa Alfalfa is a common, mild galactologue that is often used along with
other more powerful galactogogues like fenugreek. Alfalfa is a highly nutritive plant
which is very high in essential vitamins, minerals and other micronutrients. It is,
perhaps, these nutrients that may boost milk supply in breastfeeding mothers.

4. Anise Anise is a member of the apiaceae family of flowering plants and is native
to the Mediterranean and Southwest Asia region. The herb has been traditionally used
as a galactologue in India, China and other parts of Asia. Anise does have estrogenic
compounds which perhaps contribute to its use as a galactogogue.

5. Fennel Fennel is in the same family as anise, also a herbal galactogogue. Fennel
is a commonly used and highly effective herbal galactogogue that is often used in
concert with other herbal galactogogues. Fennel is widely used in tonics and over-
the-counter preparations for breastfeeding mothers. Fennel is native to Southern
Europe and Southwestern Asia where it is used amply in local cuisine.

6. Goat’s Rue Goat’s rue is a traditional galactologue that has been used for
centuries. Goat’s rue, like fenugreek, belongs to fabaceae family of flowering plants.

U Rest and Relaxation

Physical and mental rest, relaxation and adequate exercise are conducive to
production of milk in the lactating mother, but these are often neglected.
A typical diet plan for a lactating woman is shown in Table 5.6.

5.6 NUTRITION FROM INFANCY TO
ADOLESCENCE (EARLY GROWTH PERIOD)

There are four phases in the life of a human being, namely infancy, childhood,
adolescence and adulthood.

Why is it necessary to treat diet for children separately from that for adults?
Although the nutritional needs of children are similar to those of the adults, i.e.
energy, protein, mineral elements and vitamins, yet they differ from those of adults
in three main respects.

1. Their energy requirement per unit of weight is higher than that of adults.

2. Their food should contain a higher proportion of tissue-building materials,
namely proteins and mineral elements as well as of vitamins, than that of
adults.

3. Their diet should be made up of foods which are suitable to the digestive
abilities of any given age, and the scope of the foods that can be readily
handled should increase as the child grows older.

U Infancy

This period, which spans from birth to one year of life, is a rapid growth period. By
the end of the first six months after birth a child nearly doubles his birth-weight and by
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one year he triples it. So a newborn 2.7 kg at birth, will be about 5.4 kg at six months
and eight kilogram by one year. During this period a child begins to crawl, babble,
sit and some may even walk. Girls are generally quicker in these aspects than boys.

Table 5.6 Diet during lactation (up to six months)
Requirements: energy—2200 + 550 = 2750 kcal
Protein— 45 + 25 = 70 grams

Food Exchange List
Food group No. of exchanges Protein (g) Energy (kcal)
1. | Milk 6 30.0 600
2. | Legumes and 3 18.0 300
pulses
3. | Flesh food 1 10.0 100
4. | Vegetable A 2 — —
5. | Vegetable B 2 — 100
6. | Fruits 4 — 200
7. | Cereals 11 22.0 1100
8. | Fats 5 — 500
9. | Sugar 40 ¢g — 160
80.0 3060

Menu Plan
Tea : lecup
Breakfast Rawa porridge — 1 bowl

Boiled egg — 1

Banana/orange — 1
Mid-morning Methi laddoo — 1
Lunch . Chapatis —  2/Bhakri (bajra roti) 1 and 1/2

Rajma-urad usal 1 cup

Methi leaves curry 1 cup

Dal 1/2 cup

Rice 1 cup

Curds 1 cup
Tea 1 cup

Batata pohe 1 cup

Chiku 1
Late evening 1 glass fruit milk shake
Dinner Chapatis 2

Pumpkin-gavar curry 1 cup

Mung usal 1 cup

Dal 1/2 cup

Rice 1 cup

Egg 1

Buttermilk 1 glass
Bedtime Hot milk 1 glass
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1 Childhood

This period is a slow growth period in which occasional spurts of growth may occur
but generally it is not as demanding as infancy and adolescence. On an average
the child gains about 5-10 cm height and 1.8-3.6 kg weight per year. During the
second and third year of the child’s life there may be decline in the growth-rate which
generally spurts up at the time of puberty and reaches a maximum during adolescence,
which begins somewhat earlier for girls than for boys, and then gradually declines
until growth ceases and body structure stabilizes.

Heredity and environment play a major role in the growth and development
of a child. It is important for a child to have a weight proportionate to his height.
Deviations in weight and height are of concern only when they are extreme or when
the child shows other evidence of lack of vigour.

Many children could grow to a larger size if the best kind of diet were furnished
to them and all conditions of optimum nutrition made as favourable as possible.
Today, parents are realizing this and adequate nourishing diets as well as vitamin
and mineral supplements are given to their children who, therefore, grow taller and
bigger in stature than their parents.

] Adolescence

At the time of puberty, the second rapid growth spurt occurs. Because of the hormonal
changes involved, multiple body changes occur including growth of long bones (such
as femur), development of sex characteristics and fat and muscle development. This
growth period is earlier for girls, beginning at around eight years and ending by 13
to 15 years of age. For boys this period begins slightly later—around nine years of
age—and ends by around 18 years.

U Adulthood

This is the final growth phase of a normal life cycle. Growth spurt stops and continues
on the adult plateau and then gradually declines during old age. The nutrients are
required for the maintenance of health and for providing energy for the physiological
and physical activities.

5.7 WAYS OF MEASURING GROWTH

A child grows in more than one way. It relates to his physical, mental, emotional,
social and cultural growth. One is apt to compare one’s child with others of his age
group. It should be remembered by parents that children are individuals and should
not be compared.

(] Physical Growth

This can be judged by various parameters such as the following:

1. Anthropometric Methods Alteration in body measurements is not a very
early manifestation of malnutrition. This is so because physiological changes take
place before structural changes, and these can be tested by biochemical tests. The
most affected structural change is in the fat and muscle mass, which is reflected in
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the body weight, and arm and calf circumferences. The exact age of the child must
be recorded to interpret anthropometric measurements correctly.

Weight and Height These are common general measures of physical growth.
However, it is a crude index which does not take individual variations into
consideration, although it has served a useful parameter. Measurement of weight and
height is relatively easy. Low weight or failure to gain weight gives an adequately
reliable indication of the nutritional status. Height is not greatly affected by early
malnutrition.

2. Body Measurements These are helpful indications of the child’s growth.
The mother can keep track of the infant’s growth by measuring his length as he
is lying flat and later by measuring his standing height as he grows older. Other
measurements may include head circumference, measures of chest, abdomen and leg
from the calf, pelvic breadth, skin-fold thicknesses and similar measure. One should
look for all the signs indicative of the well-being of the individual including both
physical and mental aspects. In a newborn child the head circumference is greater
than the chest circumference. This becomes equal by nine to twelve months of age.
In malnourished children the head continues to remain bigger up to 30—38 months.

The weight/head circumference ratio reflects the changes in the weight. This ratio
is especially useful if a child’s age is not known. The mid-arm circumference is a
measurement taken when the left arm is hanging by the side of the trunk. Between
two to five years age it is found to be between 16.25-16.75 centimetres. Children
with measurements below 80 percent of the average, i.e. 12.8 centimetres, are
malnourished.

The measurement of subcutaneous fat at mid-triceps is one of the reliable methods
of assessing the nutritional status of children below five years of age.

The mid-arm/head circumference ratio can also be used to detect malnutrition
since, it is not much affected by age and sex.

In the field as well as in the medical health centres it is necessary to use a
quick and economical method to assess the health of a child. For this a modified
QUAC-stick method is used. In this method a strip of paper mentioning the height
in centimetres, figures of arm circumference and against these the percentage
denoting the nutritional status are given. This can be hung on a wall or a stick which
can be fixed to the ground anywhere. It is a simple, fairly reliable, inexpensive
and objective method to detect the nutritional status.

3. Biochemical Tests The laboratory tests include studies of blood and urine,
X-rays (Roentgenograms) of the wrist to observe degree of bone development. The
biochemical tests are based on the alterations that take place in protein metabolism,
hence, limited to extreme cases of protein malnutrition. The parameters involved
are serum albumin, non-essential/essential amino acids ratios in urine and serum,
hydroxyproline excretion in urine, urinary creatinine/height ratio, urinary urea/
creatinine ratio, serum transferin and many others.

4. Nutritional Analysis The general eating habits of a child may be observed and
this will give a general measure of the adequacy of his diet.
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1 Mental Growth

This development is gradual as the child grows. Mental growth involves testing the
child’s ability to speak and use other forms of communication. As the child grows,
his capacity to handle abstract and symbolic ideas improves. He can handle single
ideas and develop constructive concepts. The 1Q (Intelligence Quotient) of children
born of well-nourished mothers is generally higher than those whose mothers were
undernourished during pregnancy and lactation periods. The first three years of a
child’s life are an important milestone in determining his mental growth and the full
potential to which it can develop.

U Emotional Growth

This is measured by the child’s capacity for love and affection and the ability to
handle frustration, anxiety and ability to control aggressive impulses. As he matures
he is able to channel his impulses from destructive to creative or constructive
activities, which should be encouraged.

U Social and Cultural Growth

The social development of a child is measured in terms of his ability to relate to
others and how he can participate within a group. His social and cultural behaviour
is first learned through his relationship with parents and family. As he grows, his
circle of friends widens and he develops friends outside his family. As his horizons
broaden, his interaction with outsiders increases and improves.

5.8 RELATIONSHIP OF NUTRIENTS TO THE GROWTH
PROCESS

It is necessary at this stage to review the role of nutritional requirements during
growth.

] Calories

During childhood the need for calories is greater. Increase in physical activity
demands a lot of calories. Also, the basal metabolism of children is higher than that
of adults. The major portion of this requirement of calories by children must be
met by carbohydrates since they spare proteins. This will ensure that protein which
is vital for their growth will not be diverted for energy needs. Fats too should be
supplied in sufficient quantity so that essential fatty acids, especially linoleic acid is
supplied. However, an excess of fat, especially animal fats, should be avoided.

] Protein

Protein is the growth factor. It should be supplied in sufficient quantities so that amino
acids which are necessary for building of new tissue and for compensating the wear
and tear of the tissue are supplied in ample quantities. It is essential to remember the
all or none law governing protein synthesis, according to which all the amino acids
necessary for tissue synthesis must be present simultaneously in proper amounts and
proportion. Hence, a variety of protein food sources is recommended at the same time.
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U Water

Water is vital for life. Infants—whose body contains a greater percentage of water
than that of adults—tend to lose it more easily and need more water than adults.
Generally, an infant consumes water equivalent to about 10—15 percent of his body
weight while an adult consumes water equivalent to 2—4 percent of his body weight.

] Minerals

All minerals are necessary for the overall growth of the child. However, two minerals
namely calcium—necessary for rapid growth of bones and developing teeth—and
iron—necessary for the formation of haemoglobin—need special emphasis and
should be adequately supplied.

] Vitamins

All vitamins, viz. the fat-soluble A, D, E and K and the water-soluble vitamin C
and the B complex group, should be supplied in adequate amounts for the variety of
functions that they perform.

Hypervitaminosis A and D should be guarded against since parents, out of
ignorance, misunderstanding or carelessness, feed large doses of vitamin A and D,
which may lead to toxicity. Symptoms of excess vitamin dosage, such as loss of
appetite, slow growth, drying and cracking of the skin, enlargement of the liver and
spleen, are reported. Toxicity symptoms of vitamin D include nausea, diarrhoea,
weight loss, excess or night urination. Eventually, it leads to calcification of even
soft tissues including those of the kidneys, blood vessels, bronchi, stomach and heart.

5.9 NUTRITIONAL REQUIREMENTS OF
DIFFERENT AGE GROUPS

The needs of every age group are given in the Recommended Dietary Intakes
prepared by the NIN Expert Committee and are shown in Appendix 1.
The nutritional requirements for each of the age groups are discussed here.

U Infant (Birth to One Year)

An infant grows rapidly in the first year of his life. Hence, his energy requirements
are very high. ICMR recommends an intake of 120 cal/kg body weight in the first
six months, and 100 cal/kg body weight in the next six months. Rapid growth also
demands higher intake of protein. Simple easily digestible protein, ideally supplied
through breast milk, is recommended. The ICMR has recommended a protein intake
of 2.3-1.8 g/kg body weight in the first six months and 1.8-1.5 g/kg body weight in
the next six months.

Simple carbohydrates should be fed initially since, amylase, the enzyme which
digests starch, is not produced. However, as starch is introduced in the third or fourth
month, this enzyme begins to function. More fluids are necessary for the urinary
excretion. The infant has no teeth, so liquid or semi-solid food should be given until
teeth begin to develop. As he has limited iron stores, supplementation with iron,
vitamins and minerals, especially calcium and phosphorus, is necessary. They may



Balanced Diet and Nutrition during Normal Life Cycle 183

be given as drops of liquid oral preparation initially, and later mixed with milk or
fruit juices, avoiding excess amounts.

Breast milk is the ideal milk for an infant, but if a working mother has to resume
her office when the infant is three or four months old, it is necessary to wean him off
the breast and begin to bottle-feed so that he adjusts well to the new method of feeding.

(] Food and Feeding

Breast milk has several advantages over tinned milk or infant milk powder
formulations. If the mother cannot breastfeed the child owing to lack of adequate
milk-flow or other health complications, only then the doctor may suggest infant
milk formulae suited to the infant. Cow’s milk is a better substitute to breast milk
than infant milk formulae since its composition is closest to that of breast milk as
compared to other milks and infant milk formulae. However, importance of breast
milk in the first few months of the child’s life cannot be underestimated.

Breast milk is ideally suited for the physiological, nutritional and psychological
needs of all infants. Breastfeeding usually meets the needs of the young infant up to the
age of four to six months. Colostrum is the milk secreted during the first three to five
days after childbirth before the formation of true milk is established. The colostrum
contains less fat and lactose than mature milk and more sodium, chlorine and zinc.
It is high in antibody-rich protein especially immunoglobin A (IgA) and lactoferrin.
It guards the infant against infection and also helps to clear out the meconium. The
proportion of PUFA (mainly long chain) is much higher in colostrum than in mature
milk. Several misconceptions about colostrum prevail in our country because of
which it may be discarded and not given to the infant.

Mature milk which is secreted after about five days following delivery has several
advantages over other milks. They are:

e Human milk provides all nutrients in the right proportion as needed for the rate
of growth of the infant and in easily digestible forms.

e Human milk forms a much finer and more flocculent curd in the stomach than
does cow’s milk. Buffalo milk curd has highest curd tension, hence difficult to
digest by infants.

e Since the mother feeds the baby and milk flows directly from the nipples in the
infant’s mouth, no possibility of contamination is feared. However, adequate
care of the nipples during pregnancy and their cleaning before and after nursing
the child must be done.

e The protein level, though low as compared to cow’s milk, especially the
proportion of casein being low, result in soft curd and easy digestibility.

e The major carbohydrate, i.e. disaccharide lactose is high and plays a major role
in maintaining low electrolyte concentration.

e Fat in breast milk comprise PUFA especially linoleic acid and alpha linoleic
acid which are higher in breast milk than cow’s milk. The concentration of fat
in mature milk may go up to 40 g/litre.

e The fat-soluble and water-soluble vitamins are in good amounts but their
concentration depends largely on the mother’s diet.

e Among minerals, the sodium content is low, a fact which is of considerable
clinical importance because of the limited capacity of the newborn’s kidneys to



184 Nutrition and Dietetics

deal with a heavy load of solute. Calcium and phosphorus, though lower than
other milks, are supplied because of the ample intake of the milk. Iron content,
though low in breast milk, is well-absorbed.

e Human milk contains specific immunological factors such as lymphocytes.
These help in the production of immunoglobin A (IgA).

e Breast milk contains antibodies that can protect the infant against infections
such as E. coli. It is remarkable that human milk contains IgA antibodies which
counter act against several antigens from microorganisms usually found in the
gut. Other non-specific anti-infective factors in human milk are phagocytes,
lactoferrin, lysozyme, lactoperoxidase and the bifidus factors (nitrogen-
containing polysaccharides found in human milk). All these help in preventing
infections in the breast-fed infant.

e Human milk has anti-allergic properties and is invaluable especially for infants
who are at a high risk of developing atopic allergy. Breast-feeding of infants at
risk, by avoiding foreign proteins, may diminish the risk of developing allergy.

e During breastfeeding the child is very close to the mother and this feeling of
security and warmth forms a very strong, emotional bond between the mother
and the child, which is not formed in any other type of feeding. The WHO has
done a great deal to clarify the controversy regarding breast milk vs. infant
formula milk. The large-scale advertisement campaign by the manufacturers
of infant milk formulae has led many mothers to put their infants on formulae
milk instead of breast feeding in spite of their ability to do so. Although, the
sale of formula milk went up, the incidence of malnutrition and death in infants
also rose due to their improper use. This led to a campaign by WHO to educate
mothers all over the world to breast-feed their babies as far as, and as much as
possible at least for three to six months. Cow’s milk is recommended next for
the infant. The composition of cow’s milk as compared with mother’s milk can
be seen from Table 5.7.

Table 5.7 Composition of cow milk and breast milk

Water Fat Lactose (Milk sugar) Protein Mineral

0,
70

Buftalo (Indian) 81.76 8.10 5.00 4.33 0.82

Cow (Indian) 85.28 5.67 4.69 3.69 0.76
Cow 87.70 3.61 4.65 3.29 0.75
Breast Milk 88.20 3.30 6.80 1.50 0.20

1. Bottle Feeding The objective in mixing a formula for feeding an infant is to
modify cow’s or buffalo’s milk to make it as nearly like human milk as possible.

Since, the carbohydrate content of cow’s milk is lower than that of human milk,
dilution of cow’s milk will have to be accompanied by addition of an external
carbohydrate source, such as table sugar, to the formula. Hence, the ingredients of a
dilution formula are milk, water and sugar. Initially the dilution of the formula may
be more and as the number of feeds per day decreases, the dilution may be gradually
reduced. Up to two weeks a 50 percent dilution may be required which may be
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decreased to 25 percent by the time the infant becomes two months old. After two
months the dilution may be decreased to give the child whole milk by the time he is
five to six months old.

Care should be taken to use thoroughly boiled water for dilution. The feeding
bottle and nipples should be boiled to sterilize them every time before using. A
simple evaporated milk formula is usually the most economical one.

In any type of feeding the mother should hold the child upright and allow him to
burp by gently patting his back.

2. Advanitages and Disadvantages of Formula Feeding
(a) Advantages

e When the baby has some medical condition, it is important to know the volume
of milk being received at each feed. Formula/bottlefeeding allows exact
measurement.

e The baby who is receiving formula feeds is not affected if the mother is taking
medications or is physically unable to breastfeed.

e The entire family can become intimately involved in all aspects of the baby’s
care, including feedings. It allows the mother to get more rest.

e Formula-fed babies actually need to eat somewhat less often since formula is
less readily digested by the baby than human milk.

(b) Disadvantages

e [t is expensive.

e No formula milk can exactly duplicate the ideal composition of breast milk.

e [t does not contribute to the immunity-giving antibodies present naturally in
breast milk.

3. Advantages of Breastfeeding (for Infants) The breastfed infants have
several metabolic advantages over formula-fed infants, most importantly, providing
natural protection because of the readily available antibodies in mother’s milk. The
other areas of protection are:

Infectious Morbidity: Several innate immune factors in milk provide protection
against infection. Glycoproteins prevent binding of intestinal pathogens such as Vibrio
cholerae, Escherichia coli and rotavirus. Glycosaminoglycans in milk reduce the
risk of HIV transmission. Human milk lipids contribute to innate immunity, with
activity against Giardia lamblia, H influenzae, group B streptococci, S epidermidis,
respiratory syncytial virus (RSV), and herpes simplex virus type 1 (HSV-1).

Otitis media: Nearly 44% of infants will have at least one episode of otitis media
in the first year of life; risk among formula-fed infants is doubled in comparison
to infants who are exclusively breastfed for more than 3 months. Oligosaccharides
prevent attachment of common respiratory pathogens, such as Haemophilus
influenzae and Streptococcus pneumoniae, to respiratory epithelium. Oligosaccharides
and antibodies in human milk provide protection from infection to common
respiratory pathogens in the infant’s environment.

Gastroenteritis and other digestive disorders: Bioactive factors in human milk
appear to facilitate the more favourable gut colonization in breastfed infants. These
oligosaccharides, cytokines and immunoglobulins regulate gut colonization and
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development of gut-associated lymphoid tissue and govern differentiation of T-cells
that play a role in host defence and tolerance.

Formula-fed infants face an increased risk of gastroenteritis and diarrhoea. In
many cases, it may be also due to unhygienic conditions of handling and preparing
the formula feeds. Premature infants who do not receive breast milk have been found
to be at an increased risk of Necrotizing Enterocolitis (NEC).

Lower respiratory tract infections: Infants who are not breastfed face a very high
risk of hospitalization for lower respiratory tract infection in the first year of life
compared to infants who were exclusively breastfed for more than 4 months. The
majority of respiratory hospitalizations for infants result from infection with RSV.
Lipids in human milk appear to have antiviral activity against RSV.

Infants not breastfed are prone to elevated risks of childhood obesity, type
1 and type 2 diabetes, leukemia, and Sudden Infant Death Syndrome (SIDS).
Formula feeding is associated with a higher risk of infant mortality compared with
breastfeeding.

Formula-fed children are at a very high risk of developing asthma with a positive
family history of asthma or atopic dermatitis and those infants without a family
history of asthma are also at a high risk as compared to those who are breastfed for
3 months or more.

4. Advantages of Breastfeeding (for Mothers) For mothers, breastfeeding
reduces the incidence of

Pre-menopausal breast cancer
Ovarian cancer

Retained gestational weight gain
Type-2 diabetes

The metabolic syndrome

5. Feeding of Solid Foods (Supplementary Feeding) There is no set pattern
for adding solid foods to the basic milk diet of the infant. Also, the individual needs
and responses of the infants vary. However, when the infant has developed sufficient
muscular coordination, involving the tongue and swallowing reflex to be able to eat
solid foods, they may be introduced gradually.

Some do’s and don’ts about introducing solid foods are as follows:

e Do not start solid foods until the infant is three to five months old. This timing
is considered appropriate both from the developmental point of view as well as
physiological and nutritional needs.

e Do not introduce more than one food at a time.

e The first supplementary foods should be those supplying iron and of smooth
texture to be acceptable.

e Cereals in the form of puddings or kheer may be initially given along with
cooked and strained mashed fruit.

e Egg may be given using at first only the egg white and gradually adding the
yolk. Later, the whole egg may be given.

e Strained cooked vegetables, meat and potato may be added then. By the end of
one year, the infant usually should consume a basic meal pattern of three meals
and intervening snack.
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e [f the child refuses a food, do not force him to eat it. He may develop an
aversion to it.

e Initially, very small portions of the food such as half to one teaspoon may be
given and gradually the portion size may be increased.

e Check that the temperature of the food is neither too hot nor too cold.

e Avoid giving a heavily-spiced food to the child. Slight seasonings such as
turmeric, coriander-cumin powder, asafoetida and cinnamon may be used.

e Feed the baby every day at the same time and in the same room with the
other members of the family. A pleasant room and the company of the other
family members enhances appetite and establishes a wholesome pattern for
the future.

e Finger foods such as sticks of carrot, pieces of cucumber, a piece of meat, and
toast should be given after six months when a coordination of the hand and
mouth has been established and gums are getting tougher.

e [f a new food has been refused by the child, it may be reintroduced a second
time after some days. A new food should be introduced when the child is
hungry.

A list of supplementary foods is given in Table 5.8.

Commercial weaning foods available in the market, such as Nestum, Cerelac,
Farex, etc. are either rice-based or wheat-based. They contain besides cereal, milk
powder. Sometimes they may be fortified with iron, B group vitamins as well as the
fat-soluble vitamins. They are ready to serve and may be mixed with fruits or soft-
cooked vegetables to enhance their nutritive value and appeal.

Table 5.8 Supplementary foods for infants

Name of the food Age at which to Approximate Remarks
introduce quantity per
feeding
1. Fruit juice and Five months One to two All fruit juices may be

soups, prepared teaspoons twice given without adding
using tomato, a day sugar. Soups may be
onion, carrot, seasoned only with salt
spinach, mung dal and a dash of pepper.
and a little rice. A blob of butter may

enhance taste. Quantity
may be increased slowly
to the acceptable limits.

2. Mashed banana, Five months One to two tea- Banana or sour fruit
chiku, stewed apple, spoons twice a may cause cough or cold
prepared, with day especially in winter.
cream, milk or as Therefore, they may
such, papaya— preferably be introduced
stewed or boiled, in summer.

pear, mango.

(Contd.)
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Name of the food
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Age at which to
introduce

Approximate
quantity per

Remarks

3. Porridge prepared
using roasted rava
with a little ghee
and milk. Other
cereals that can
replace rava are
dalia (broken
wheat) ragi
(nachni), sago,
rice powder and
custard, prepared
using flavoured
custard powder and
milk.

One week after
starting banana
or any other
fruit listed
above

feeding

One to two tea-
spoons twice a
day

Quantity may be
increased every three to
four days.

4. Soft boiled egg

One week after
introducing
porridge

One teaspoon
yolk

Egg should be boiled
for a minute and
immediately cooled
under running water to
prevent discolouration.
Gradually increase
quantity of egg-yolk and
include egg-white. By
four weeks from the day
egg was introduced the
child should be able to
eat one whole egg.

5. Mashed and
well-cooked

One week after
introducing egg,

One to two tea-
spoons twice a

Potato, pumpkin, dark
green leafy vegetables,

introducing
vegetables

spoons

vegetables day carrot and peas, boiled to
soften completely.
6. Curds One week after | Two to four tea- | Fruit yoghurts may also

be given. Curds should
be just enough set and
not be too sour.

7. Mashed and well-
cooked rice, dal or
khichdi

One week after
introducing
curds

One to two
teaspoons

Seasoned with a little
ghee and may add a
little oil or butter while
serving. A dash of haldi
may be used.

* Other foods that may be introduced are biscuits, chapati soaked in thin dal or in milk, bone marrow and minced
meat, but without spices.

The nutritive value of commercial weaning foods is shown in Table 5.9. Compared
to supplementary foods which are made with readily available food commodities
at home, they are much more expensive. Home-cooked supplementary foods also
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Table 5.9 Nutritive value of commercial weaning foods*

Name of Ingredients Nutritive value
product (per 100 g)

Carbohydrate | Protein Fat Iron
© g (8 (mg)

1. Farex Cereal powder, 68 15.5 10.0 7.5 424
milk powder, sugar,
vitamins, minerals

2. Nestum | Rice, sugar, 86 6.0 1.0 18.5 373
vitamins, minerals
3. Cerelac | Milk, wheat flour, 67.4 15.5 9.0 7.5 413

sugar, corn oil,
minerals, vitamins

* As declared on the respective labels.

prepare the child for normal meals which he will soon be consuming along with the
other family members and give him a sense of belonging.

U Nutrition in Childhood

1. Toddler (One to Three Years) Growth during infancy is very rapid, and
the dietary needs are correspondingly high. Toddlers eat less food and have less
appetite. In the second year and through the years of childhood, the child’s muscle
development is more and bones begin to lengthen although the skeletal growth is
slower. Hence, during this period the child needs less calories but more protein and
minerals for growth. Teething continues from infancy to early childhood.

Food and Feeding As scen carlier, the emphasis in these years is on proteins,
minerals and vitamins. If supplementation of the diet has been done carefully then
the child consumes a three meal pattern diet but without heavy spices, oils and fats.
So also all bran and coarse cereal must be avoided. It is necessary in the case of some
toddlers who dislike milk, to feed them with curds or milk solids in mashed potatoes,
soups, custards or puddings. On the other hand, some toddlers may drink more
milk than required and exclude some solid food in the diet. For such children, food
and mealtimes may be made more attractive so that acceptance of food is readily
accomplished.

It must be emphasized here that refined sweets and fried foods must be totally
avoided. A variety of foods must be offered in smaller amount to provide key
nutrients.

The mother may encourage some degree of food choice and self-feeding so that
eating can be a pleasant and positive means of development.

2. Pre-Schooler (Three to Six Years) Growth during this period is in spurts.
While at times the child is engaged in continuous and active play, he is passive at
other times. The mental capacities of the child are also being developed. His growth
is fostered by a new environment in school.
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During these years specific nutrients such as protein, calcium and iron
need emphasis since bone growth and muscle development continues. Protein
requirements also remain high. Vitamins, especially C and A, are required for growth
and development of tissues.

Food and Feeding The pre-schooler demands a lot of variety in foods. Sometimes
he may gorge himself, at other times he may appear disinterested in food. He
generally prefers single foods with simple flavours rather than complicated foods
and dishes such as heavily-spiced curries. The child appears to be interested in the
texture, colour and form of the food. His need is to identify each food on the basis of
its characteristics and name it. Finger foods such as raw fruit and vegetables cut in
finger size are much acceptable in this age group.

Milk is less preferred by the pre-schoolers. The emphasis of the diet should be on
quality and quantity. If a child is given smaller servings, a greater number of them
may be consumed. As they prefer to do things by themselves, they should be given
opportunities to do so.

In the nursery and school, there may be situations where group-eating habits are
developed. In this age food habits widen and the child forms new relationships.

Table 5.10 shows a sample menu for a pre-schooler.

3. Young School Age (Six to Twelve Years) During this period the child’s
growth is not rapid but continues gradually. Boys and girls have to build up resources
for the adolescent period that lies ahead of them, the period in which growth of
every tissue is very rapid. Boys usually grow slower during these pre-adolescent
years than girls.

Food and Feeding During this period the growth of the child is slow and the
requirement of food per unit body weight is less. This decline continues until the
preadolescence spurt. Likes and dislikes may have developed in the earlier years.
Eating of snacks, especially in the mid afternoon, becomes increasingly common
and it is here that the mother’s role gains importance in offering a wide variety of
nutritious meals and snacks.

A sample menu for a school-going child is shown in Table 5.11.
Some snacks that may be of interest to school-going children are listed here.

Groundnut chikki

Chiwda prepared with puffed rice or rice flakes with groundnuts
Besan laddoo

Shakkarpara (sweet)
Shakkarpara (hot)

Sukhadi

Thalipith

Farsipuri (with pepper)

Bread butter with jam/cheese/egg
Coconut burfi

Mawa cake

Karanji

Nankhatai
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o Khakra
e Toast and milk

4. Adolescent (Twelve to Eighteen Years) The adolescent period is
characterized by the onset of puberty which is the final growth spurt of childhood.
Maturation of children varies widely. Boys tend to mature later than girls. This
fluctuation in development accounts for the wide differences in metabolic rates, in
requirement of food and in scholastic capacity.

Table 5.10 Diet for toddler
Requirements: energy—1200 kcals; proteins—:22 g

Food Exchange List
Food Group No. of Exchanges* Protein (g) Energy (kcal)
1. Milk 3 15.0 300
2. Legumes and pulse 1 6.0 100
3. Flesh food 1/2 5.0 50
4. Vegetable A 1 — —
5. Vegetable B 1 — 50
6. Fruit 2 — 100
7. Cereal 4 8.0 400
8. Fat 2 — 200
(Use one exchange for nuts)
9. Sugar 25¢g — 100
34.0 1300*

Menu Plan
Breakfast : Milk — 1glass

Bread with butter —  1slice

Egg boiled/fried — 1
Lunch . Chapati — 172 or phulka—1

Rice —  12cup

Dal — 12cup

Potato curry — lcup

Curds —  12cup
Midafternoon ~ : Banana or orange — 1 small

Milk — 1glass

Two teaspoon roasted nuts
Dinner : Tomato/palak soup —  1/3 bowl

Chapati — 172 or phulka—1

Rice —  12cup

Pumpkin vegetable —  12cup

Dal —  12cup

Curds —  12cup

* For a pre-schooler whose calorie requirements are 1500 kcals, increase 15 g sugar (60 kcals) and one exchange
cereal (100 kcals).
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Table 5.1 Diet plan for a school-going child
Requirements: energy—2000 kcal; proteins—40 g

Food Exchange List
Food Group No. of Exchanges* Protein (g) Energy (kcal)
1. | Milk 3 15.0 300
2. | Legume and pulse 2 12.0 200
3. | Flesh food 1/2 5.0 50
4. | Vegetable A 2 — —
5. | Vegetable B 2 — 100
6. | Fruit 2 — 100
7. | Cereal 8 16.0 800
8. | Fat 3 — 300
9. | Sugar 35¢g — 140
48.0 1990

Menu Plan
Breakfast : Bread toast — 2 slices with butter

Egg omelette — 1

Fruit milk shake — 1glass
Lunch : Potato paratha — 1 medium

Cucumber raita — 12 cup

Dal palak — 12 cup

Rice — 12 cup

Curds — lecup
Snacks : Milk — lecup

Cornflakes/Oats — 12 cup

Banana/any seasonal fruit — 1
Dinner : Phulka — 4

Mixed vegetables — lecup

Rice — 12 cup

Dal — lecup
Bedtime : Milk — 1glass

* Quantities of the foods will vary according to the age.

The body changes in girls and boys are the result of the hormonal changes that
regulate the development of sex characteristics. This difference in growth pattern
also emerges as a difference in other aspects such as in the case of girls there is an
increase in the accumulation of subcutaneous fat, especially, in the abdominal area.
There is increased bone development, especially/around the pelvic region. Boys,
although slow in growth, beat the girls in height and weight since they put on much
more muscle mass and there is growth of the long bones. The sweat glands show
more activity and acne of the face and back is a common problem in this age group.

Food and Feeding The adolescent period is characterized by heavy demands of
calories and proteins. The appetite of the child increases and he tends to consume
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more carbohydrate foods and fewer protein foods. The need for calcium and iron to
support bone and muscle growth continues. In the case of girls, menstrual iron losses
may predispose them to simple iron deficiency anaemia. Their needs, for iron are
more than those of boys of similar age.

Since, the rate of metabolism is high, the need for iodine is also increased. This
nutrient must be taken care of in areas lacking adequate iodine in soil and, therefore,
in foods. It can easily be supplied through use of iodized salt. The B vitamins are
required in greater amounts by boys than girls to meet their extra demands of energy
and muscle tissue development. Intakes of vitamins C and A may be low due to
improper habits of eating snacks.

It is necessary to take more care of girls than boys, who may be vulnerable to
malnourishment. If the physical activity of a girl does not match her intake, it may
result in excessive fat deposits.

Secondly, if she is figure-conscious she may follow some crash diets which will
predispose her to malnutrition. The hazards of such crash diets can be gauged from
the fact that her body is preparing itself for motherhood which in conditions of
undernourishment or malnutrition can spell danger for the future mother.

A sample menu for an adolescent boy and girl is shown in Table 5.12.

5.10 NUTRITION FOR THE AGING AND THE AGED

We have seen the three phases of a normal life cycle pattern. Adulthood and the old
age are the last phases of this life cycle.

The aging process continues throughout life. Although physical growth is
completed by early adulthood, the body tissues and cells remain in a dynamic
state, with catabolism slightly exceeding anabolism, resulting in a net decrease in
the number of cells. Several theories have been put forward to ascribe the changes
while aging to several factors. Aging is probably multifactorial, resulting from the
interaction of several mechanisms.

After the years of adolescence which cause upheavals in the life of the person,
the individual struggles to emerge as an adult who knows who he is and what his

goals are.
Adulthood may be divided into three such phases. These are:
Young Adulthood — 18 to 40 years
Middle Adulthood — 40 to 60 years
Old Adulthood — 60 to 80 years and above

U Young Adulthood

It is a phase characterized by years of stress and also fulfilments. The person who
can settle down comfortably will enter into marriage and build an intimate and close
relationship with his spouse. These are years of building one’s career, establishing
one’s own home, of parenthood and of bringing up young children through the same
stages of life. In these years the adult struggles to make a niche for himself and his
family.
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Table 5.12  Diet plan for adolescent boy and girl (16-18 years old)*
RDI: energy—2820 kcal; proteins—53 g

Food Exchange List
Food Group No. of Exchanges* Protein (g) Energy (kcal)
1. Milk 4 20.0 400
2 Legume and pulse 2 12.0 200
3. Flesh food 1 10.0 100
4. Vegetable A 2 — —
5. Vegetable B 2 — 100
6. Fruit 4 — 200
7. Cereal 12 24.0 1200
8. Fat 4 — 400
9. Sugar 50g — 200
66.0 2800

Menu Plan
Breakfast :  Bread toast — 3 slices with butter

Poached egg — 1

Fruit milk shake — 1glass
Lunch . Potato paratha — 2

Cucumber salad —  12cup

Rajmah-urad usal — lecup

Rice — lecup

Buttermilk — 1glass
Snacks : Milk — lecup

Rava laddoo — 1

Banana — 1
Dinner . Chapatis — 2

Mixed vegetables curry — lecup

Rice — lecup

Dal palak — lecup

Curds —  12cup
Bedtime : Milk with protinules — 1glass

* For an adolescent girl reduce milk exchange to three and cereal exchange to eight.

U Middle Adulthood

The children have now grown and there is an emptiness in one’s life. It is a period in
which the adult can reminisce on all that has passed in his life and he must come to
terms with what life has offered. This period can be fulfilling if engaged in activities
through which the adult regenerates his life in the lives of young persons following
the same path.

4 Older Adulthood

This is the last stage of life. If the earlier years have been fulfilling, the older adult
arrives at this phase equipped to face the problems that this age poses. If on the other
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hand, there is no sense of completeness it torments the old person. He feels unneeded
and unwanted.

Many families in our country are closely knit. The old in such homes have a sense
of belonging, and are an essential part of the family. The old have been enriched by
life’s experience in their maturing process. Such old people in turn try to enrich the
lives of others and such relationships are mutually rewarding.

(1 Biological Changes in the Aging Process

As a person grows older his organs show reduced ability to perform physiological
functions. This is because there is cell loss and reduced cell metabolism. For example,
rate of blood flow through kidney is reduced by 65 percent. In a glucose tolerance
test, the blood sugar level takes a longer time to return to the normal level. Such and
similar changes take place while aging.

Some changes, that take place in old age may affect food patterns, such as
decreased secretion of digestive juices, decreased motility of the gastro intestinal
tract and decreased absorption and utilization of nutrients.

(1 Problems of the Aging process

It is necessary to take into consideration the changes that ageing brings with it.
Generally, the elderly have a higher percentage of body fat, a lower lean body mass,
and a lower calorie requirement. The decrease in calorie needs depends on health
status and activity levels.

Eating patterns in the elderly are determined by many physical, mental, and
emotional factors, such as impaired vision, smell, hearing, taste, poor teeth or ill fitting
dentures. There is decreased dexterity and work capacity, poor memory; loneliness
and depression; illness and multiple medications; limited financial resources; and
problems of mobility and transportation.

Foods which are fibre-rich, such as fresh fruits, vegetables, or whole-grain cereals
or breads, are more difficult to chew. The aged thus, tend to eat foods low in fibre,
high in sugar and fat. Depression and physical limitations can limit access to food or
their ability to prepare it.

It is best to keep the meal-planning regimen of the elderly simple. Nutritional
goals should be to provide simple, balanced, consistent meals that fit their eating
habits and their physical and psychological needs. It is futile trying to change their
long-standing food habits. It must be remembered that many elderly have the time
and interest in their health management and will eagerly follow instructions.

1 Nutritional Requirement of Adults

The requirement for all nutrients continues. If the dietary habits have been well
formed and set during adolescence then it is necessary to maintain the same pattern
even in adulthood since the same body processes are taking place in the adult years.

1. Calorie Requirement (Energy Requirement) The requirement for calories
decreases with advancing age. After the growth spurt seen in adolescence the energy
requirements decrease steadily. This is because the basal metabolism of an adult is
reduced, accompanied by decrease in his physical activities.
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Thus, after the age of 23 years, the calorie requirement is decreased by 7.5 percent
for every 10 years. The calorie requirement then can be considered adequately met
for the adult if he maintains his normal weight. However, the calorie requirement
for two individuals of the same age will be different because the physical and
physiological activity of each individual varies.

2. Carbohydrates Since, the calorie requirement of adults is lowered, it is
necessary to control the intake of carbohydrates especially the simple sugars like
table sugar and glucose. Consumption of complex carbohydrates can be encouraged
to include foods such as whole grain cereals, potatoes and dried legumes in the diet.
These foods should supply about 40 to 50 percent of the total calorie requirement.
About 5 to 10 percent of the total energy requirement may come from sugars. It is
important to include high amounts of soft fibre foods in the diet especially for the
older adults since, it helps to maintain the intestinal function and prevent constipation

3. Fats Itis necessary to consume fats comprising about 10—15 percent of the total
calorie intake. This is because many adults are prone to heart disease for which this
preventive measure needs to be paid attention to. Serum cholesterol levels increase
after the age of 50 years. Therefore, one should completely avoid foods containing
high levels of cholesterol such as egg yolk, whole milk, organ meats, etc. Adequate
use of polyunsaturated fats, less or no fried foods and trimmings of all visible fats
from meats would minimize the intake of saturated fats.

4. Proteins The rate of protein synthesis decreases every year as age advances.
No new tissue is formed except that there is maintenance of worn out tissues. The
requirement for dietary protein decreases by about 30 percent. It is necessary to
supply protein at about 15-20 percent of the calorie requirement. This applies to
people who have good health and do not suffer from any problems. Older persons
suffering from gastro-intestinal problems, infection or changed metabolic efficiency
as a result of disease or medication should increase their protein intake appropriately.

5. Vitamins The requirement for these is similar as for adults. However, due to
the normal aging process, the ability to store fat-soluble vitamins decreases. The
problem of vitamin deficiency in the old may stem from inadequate intake rather than
from increased need. The need for the fat-soluble vitamins, especially A and D, may
be met easily through the diet but their absorption and storage may be hampered due
to lack of dietary fat, inadequate bile secretion, use of laxatives and antibiotics, and/
or pancreatic insufficiency.

Special attention needs to be given to vitamin D since, bone decalcification is very
common in the later years. If its requirement is not met through the diet, supplements
may have to be given. Other fat-soluble vitamins may be supplied through diet.

Older adults may require supplementation of B vitamins especially thiamine,
pyridoxine, cyanocobalamin, and folic acid because their daily food intake is
decreased, hence, the decreased intake of dietary vitamins. The increased needs
for these vitamins may be due to less efficient absorption or altered metabolism
and excretion resulting not only from physiological change but also from certain
medications. (Refer to Table 7.1 on drug-nutrient interaction in Chapter 7.)
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6. Minerals Special attention needs to be given to two minerals, iron and calcium,
since, these may be lacking in poor diets and may need to be supplemented. The
requirement of iron for women may be higher than that of men until they attain
menopause. But after completion of menopause their requirement for iron is similar
to that of men.

Absorption of calcium decreases with age, resulting in osteoporosis and fragile
bones which fracture easily. Calcium is also important for maintaining health of the
oral tissues.

7. Water The need for this important nutrient factor varies with the environment.
Adequate amounts of fluids should be consumed every day. In most old persons this
is ignored resulting in decreased urine output and constipation.

5.11 COMPLICATIONS COMMONLY OCCURRING IN LATE
ADULTHOOD

] Overweight and Obesity

These two are a cause for concern since, they make the adult prone to other more
dangerous diseases such as heart diseases. This is so because the adult continues his
food habits as in the developing years or younger age, which results in accumulation
of fat and, finally obesity. Such individuals should be persuaded to reduce energy
intake before it is too late.

] Diabetes Mellitus

This disease is characterized by high levels of sugar in blood and urine due to
inadequate supply of insulin in the body. Onset of diabetes during maturity normally
sets in after the age of 40. Diabetes has shown to have an adverse effect on almost all
systems of the body. Diabetes in middle and old adulthood can usually be controlled
by diet, weight loss and medication. Insulin therapy is very rarely necessary.

(] Digestive System Concerns

Dentition is a matter of concern since most people lose all their teeth above the age
of 65 years. Chewing, therefore, becomes very difficult. Those who have satisfactory
artificial dentures do not face much problems, but those who have ill-fitting dentures
or those who cannot afford them cannot chew food and this limits their food intake.

U Peptic Ulcer

Ulcers are lesions or scars in the lining of the gastrointestinal tract. Gastric ulcers
occur in the stomach while duodenal ulcers are located in the upper part of the small
intestine. Ulcers may cause gastric discomfort for several hours after eating, when
the stomach is empty and its excessive acid content is in direct contact with the
stomach or intestinal lining.

Treatment for ulcers consists of rest, antacid therapy and regular and frequent
bland meals.
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U Gall-Bladder Disease

The incidence of this disease increases with age. Formation of cholesterol-containing
gall stones may necessitate the removal of the gall bladder. A high fat diet aggravates
the pain of such people, hence, a low fat diet is recommended. Surgical removal of
the gall bladder helps such persons to revert to their normal diet.

] Malabsorption

Malabsorption is the inability of the body to absorb nutrients. This often occurs in the
case of vitamin B, and calcium due to advancing age, possibly as a result of lower
gastric acidity.

U Diverticulosis

Occurs when pouching (diverticulosis) forms in the intestinal wall due to intralumenal
pressure. This disease is accompanied by severe pain. Lack of dietary fibre has been
pointed to as a contributing factor.

) Constipation

May result due to intake of foods containing low amounts of fibre or roughage,
such as processed foods and easy to chew foods. It is also a side effect of constant
intake of antacids that contain aluminium and carbonates. The treatment preferred
for constipation is consumption of high-fibre foods which increase the bulk of stools
and reduce transit time through the gastrointestinal tract. Such a diet should be
accompanied by a generous fluid intake and exercise.

] Anaemia

Reduced levels of haemoglobin in the red blood cells means anaemia. Nutritional
anaemia occurs more often in older people due to multiple deficiency of iron, protein,
B,,, folacin and/or ascorbic acid along with reduced gastric acidity.

(1 Atherosclerosis and Coronary Heart Diseases

These diseases result due to narrowing of the blood vessels because of accumulation
of fatlike substances such as cholesterol, resulting in reduced blood supply to the
organs which then cannot function optimally. When such a condition occurs in case
of arteries leading to the heart it can result in heart attack and ultimately heart failure.

Many causative factors have been pointed at, which lead to atherosclerosis and
coronary heart diseases. They are obesity, stress, lack of exercise, smoking, excessive
dietary cholesterol, saturated fat and sodium, excessive intake of cola, alcohol and
caffeine found in all stimulating beverages. Men as well as women face the risk of
coronary heart diseases. Timely diagnosis can respond to medication, weight loss
and nutritional management as well as to behavioural and life style changes to reduce
stress and other contributing factors.

(1 Hypertension

Increased blood pressure is implicated as a risk factor for coronary heart disease.
Lowered intake of sodium can lower the blood pressure and so also can weight loss.



Balanced Diet and Nutrition during Normal Life Cycle 199

(1 Bones and Joints

Diseases of the joints and bones are common afflictions of the old. Diseases such as
arthritis which affect the joints are osteoporosis and osteomalacia which reduce bone
mass occur in many persons in their middle and later years. No nutritional therapy
has been devised for arthritis except weight control to minimize the burden on joints
and aspirin taken with food, milk or an antacid.

Osteoporosis and osteomalacia are due to decrease in the calcium content of the
bones. While the former affects women mainly due to relative estrogen deficiency,
physical inactivity and inadequate calcium intake, the latter affects older adults who
do not drink milk or get enough sunlight or who have conditions which interfere
with calcium absorption, such as liver or kidney disease, or who take anticonvulsions
medication.

Treatment of both these deficiency diseases is to use calcium and vitamin D
supplements.

(] Osteoporosis

Osteoporosis is the most common disease in the world, and it is becoming even more
significant as the global population grows and ages. The World Health Organization
(WHO) has identified the bone disease as a “priority health issue” along with other
major non-communicable diseases.

According to the International Osteoporosis Foundation, the lifetime risk for a
woman to have an osteoporotic fracture is 30-40%. The prevalence of osteoporosis
in men is higher than previously thought, with approximately 20% men affected.

1. Osteoporosis is Both Preventable and Treatable Unfortunately, many
people are not diagnosed in time to receive effective therapy during the early phase
of the disease, because there are no warning signs before a fracture occurs.

Following are the recommendations for prevention, risk assessment, diagnosis
and treatment of postmenopausal osteoporosis, based on guidelines published by the
National Osteoporosis Foundation (NOF) http://www.nof.org/physguide/.

2. Risk Assessment Characterized by low bone mass, microarchitectural
deterioration, compromised bone strength, and an increase in the risk of fracture,
osteoporosis is often defined clinically by an intermediate outcome: low Bone
Mineral Density (BMD).

Bone Mineral Density (BMD) measurements are effective in assessing fracture
risk, confirming a diagnosis of osteoporosis and monitoring the effect of treatment.

After menopause, all women should be evaluated clinically for osteoporosis risk
in order to determine the need for BMD testing. The more risk factors a woman has,
the greater her risk of fracture.

The major factors, associated with an increased risk of osteoporotic fracture in
post-menopausal woman are

Personal history of fracture as an adult.

History of fragility fracture in a first-degree relative.

Low body weight (< 127 1lbs)

Constant smoking.

Use of oral corticosteroid therapy for more than 3 months.
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Additional risk factors include impaired vision, estrogen deficiency at an early
age (< 45 years), dementia, poor health, recent falls, lifetime low calcium intake, a
sedentary lifestyle, and high alcohol consumption.

Osteoporosis can also result from numerous medical conditions and certain
medications, including anticonvulsants, cytotoxic drugs, gonadotropin-releasing
hormone antagonists, lithium, long term heparin use, and tamoxifen.

3. Diagnosis 1In general, BMD testing should be performed on all women aged
65 and older, regardless of risk factors, younger postmenopausal women with one
or more risk factors, and postmenopausal women who present with fractures (to
confirm diagnosis and determine severity of the disease).

It is important to note that women with slight builds will usually have a lower
BMD. In addition, metabolic bone diseases other than osteoporosis, such as
hyperparathyroidism or osteomalacia, may also be associated with a low BMD.

The following tests are good predictors of future fracture:

Dual X-ray Absorptiometry (DXA)

Peripheral Dual X-ray Absorptiometry (pDXA) and Single-energy X-ray
Absorptiometry (SXA)

e Quantitative Computed Tomography (QCT)

e Ultrasound densitometry

Markers of bone turnover in the serum or urine are sometimes used to help
assess risk of fracture, predict bone loss, or assess response to antiresorptive
therapy. However, biochemical marker tests cannot replace BMD testing. Several
interventions to reduce fracture risk include an adequate intake of calcium and
vitamin D, lifelong participation in regular weight-bearing and muscle-strengthening
exercise, avoidance of tobacco use, identification and treatment of alcoholism, and
treatment of other risk factors for fracture such as impaired vision.

4. Treatment Considerations Before initiating drug therapy, it is important
to counsel all patients about reducing risk factors and adhering to universal
recommendations about calcium, vitamin D, and exercise. Physicians should also
evaluate patients for secondary causes of osteoporosis and have central DXA
measurements, when available.

FDA-approved pharmacologic options for the prevention and/or treatment of
postmenopausal osteoporosis include, bisphosphonates (alendronate, alendronate
plus D, ibandronate and risedronate or risedronate with 500 mg of calcium as the
carbonate), calcitonin, estrogens (estrogen and/or hormone therapy), parathyroid
hormone [PTH (1-34), teriparatide], and selective estrogen receptor modulators or
SERMs (reloxifene).

5. Monitoring Treatment Osteoporosis needs lifelong management. It is
important that patients adhere and be encouraged to comply with their therapies to
reduce fracture risk.

Changes can be monitored every year during pharmacologic therapy for
osteoporosis. It is important to note that the drugs may decrease a patient’s risk of
fracture even when there is no apparent increase in BMD. As with most tests, BMD
has some precision error.
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Biochemical markers of bone turnover can be used to monitor response to
treatment. The decrease in turnover and the increase in BMD induced by antiresorptive
therapies contribute to their antifracture efficacy. Biochemical markers show
considerable variability within individuals such that fairly large changes are required
to indicate a treatment effect; however, with antiresorptive therapy, the changes are
often substantial.

It must be remembered that with increasing life expectancy, osteoporosis will
continue to increase in prevalence.

(1 Neurological Disorders

1. Alzheimer’s Disease Alzheimer’s disease is a brain disorder named for
German physician Alois Alzheimer, who first described it in 1906. Some features
about Alzheimer’s:

e It is a progressive and fatal brain disease. All over the world several million
people are living with Alzheimer’s disease. Alzheimer’s destroys brain cells, hence
there are problems with memory (which are the characteristic of Alzheimer’s)
and even thinking and behaviour. These may be severe enough to affect work,
lifelong hobbies or social life. It gets worse over time, and it is fatal.

e It is the most common form of dementia. Dementia is the general term for
loss of memory and other intellectual abilities of a person which can be serious
enough to interfere with daily life. Vascular dementia is caused by reduced
blood flow to parts of the brain. In mixed dementia, Alzheimer’s and vascular
dementia occur together. A person could be in any stage of dementia—early,
middle or late. Experts estimate that today several people in their 30s, 40s and
50s have Alzheimer’s disease or a related dementia.

e It has no cure presently. However, there are some treatments for some
symptoms. Most important is the availability to the right services and support.
There is a worldwide effort to find better ways to treat the disease, delay its
onset, or prevent it from developing.

Causes The abnormality in the brain is found to develop due to the plaques build
up between nerve cells. They contain deposits of a protein fragment called beta-
amyloid. Tangles are twisted fibres of another protein called tau. The plaques and
tangles tend to form in a predictable pattern, beginning in areas important in learning
and memory and then spreading to other regions. It is believed that somehow they
block communication among nerve cells and disrupt activities that cells need to
survive.

In the early-stage of Alzheimer’s disease there are problems with memory,
thinking and concentration. Individuals in the early-stage need very little assistance
with simple daily routines. The term younger-onset refers to a person under age
65. Since, such individuals may be employed or have dependent children, there are
numerous issues which the family has to cope with.

2. Parkinson’s Disease (PD) Parkinson’s disease is a motor system disorder. It
occurs as a result of the loss of dopamine-producing brain cells.
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The four primary symptoms of PD are:

e tremor, or trembling in hands, arms, legs, jaw, and face;

o rigidity, or stiffness of the limbs and trunk;

e bradykinesia, or slowness of movement;

e and postural instability, or impaired balance and coordination.

As these symptoms become more pronounced, patients may have difficulty
walking, talking, or completing simple tasks. This disease usually affects people over
the age of 50. Early symptoms are subtle and occur gradually. In case of some people
the disease progresses more quickly than in others. As the disease progresses, the
shaking, or tremor, which affects the majority of PD patients may begin to interfere
with daily activities. Other symptoms may include depression and other emotional
changes; difficulty in swallowing, chewing, and speaking; urinary problems or
constipation; skin problems; and sleep disruptions.

Presently, there are no laboratory tests to diagnose sporadic PD. Hence, the
diagnosis is based on medical history and a neurological examination. Doctors may
sometimes refer to the brain scans or laboratory tests of patients in order to rule out
other diseases.

Treatment At present, there is no cure for PD, but a variety of medications provide
dramatic relief from the symptoms. Usually, patients are given levodopa combined
with carbidopa. Carbidopa delays the conversion of levodopa into dopamine until it
reaches the brain. Nerve cells can use levodopa to make dopamine and replenish the
brain’s dwindling supply. Although levodopa helps several Parkinsonian cases, not
all symptoms respond equally well to the drug. Bradykinesia and rigidity respond
best, while tremors may be only marginally reduced. Problems with balance and
other symptoms may not be alleviated at all. Anticholinergics may help control
tremor and rigidity. Other drugs that are being tried are bromocriptine, pramipexole,
and ropinirole,

In some cases, surgery may be required. A therapy called Deep Brain Stimulation
(DBS) is used in which, electrodes are implanted into the brain and connected to a pulse
generator that can be externally programmed. DBS reduces the need for levodopa and
related drugs, which in turn decreases the involuntary movements called dyskinesias
that are a common side effect of levodopa. It also helps to alleviate fluctuations of
symptoms and to reduce tremors, slowness of movements, and gait problems. DBS
requires careful programming of the stimulator device in order to work correctly.

PD is both chronic and progressive. Its symptoms grow worse over time. While
some people become severely disabled, others experience only minor motor
disruptions. Tremor is the major symptom for some patients, while for others tremor
is only a minor complaint and other symptoms are more troublesome. The symptoms
and the intensity of the symptoms also varies from person to person.

Presently, research in this field is using animal models to study how the disease
progresses and to develop new drug therapies. Scientists are looking for the cause
and to search for possible environmental factors, such as toxins, that may trigger the
disorder, and also study genetic factors. Work is on to develop new protective drugs
that can delay, prevent, or reverse the disease.

A sample menu for an old person is shown below.
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Table 5.13 Diet plan for an old person (60-8o years)
Energy requirement for a 65 years old—1757 kcals*

Protein—55¢
Food Exchange List
Food Group No. of Exchanges Protein (g) Energy (kcal)
1. | Milk 4 20.0 400
2. | Legumes and pulses 2 12.0 200
3. | Flesh food 1/2 5.0 50
4. | Vegetable A 2 — —
5. | Vegetable B 2 — 100
6. | Fruit 2 — 100
7. | Cereal 6 12.0 600
8. | Fat 2 — 200
9. | Sugar 25¢g — 100
49.0 1750

Menu Plan
Tea : lcup
Breakfast : Bread — 3 slices with 1/2 tsp butter

Egg (soft-boiled) — 1

Milk — 1 cup with sugar

Banana — 1 small
Lunch . Chapati — 1

Rice — 12 cup

Dal — lecup

Alu palak — lecup

Curds — 12 cup

Orange or sweet lime — 1
Tea : Tea — lecup

Biscuits — 2
Dinner . Chapati — 1

Rice — 12 cup

Mung usal — lecup

Dudhi/pumpkin vegetable — 1 cup

Curd — 12 cup

Salads — Cooked beet, carrot, raw onion, cabbage
Bedtime : Warm milk — lcup

* Energy requirements at 25 years of age is 2400 kcals. For every 10 years, decrease energy requirements by 7.5
percent.

@ suvmary

Infancy, childhood, adolescence, adulthood and old age are the various stages in a life
cycle. A balanced diet at every stage can be beneficial to the health and well-being of
a person. A pregnant and lactating mother has greater responsibility towards the health
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of her child since her nutritional status during these periods affects the baby’s physical
and mental development. Balanced diets for every stage of life have been specified.

€@ CASE STUDIES

I A young pregnant woman, aged 27 years and in her third trimester, has
approached you for advice about improving her weight since she is slightly
underweight. She is suffering from morning sickness and showing signs of
toxaemia. She is also slightly anaemic. Write a note as to how you will guide
her for the same.

II A lactating mother needs information on supplementary feeding for her 5S-month-
old infant. Can you guide her? Give the steps which she should follow for
successful weaning.

III Plan a week’s menu for a 7-year-old boy who carries a lunch tiffin to school
everyday. Also, list out snacks that his mother can cook to feed him when he
returns from school in the evening.

IV A BPO executive is suffering from hyperacidity and complains of a burning
sensation in the epigastric region. State what dietary and lifestyle changes he
needs to make.

V  Awoman aged 72 years is living by herself and cooks her own food. She has lost
all her teeth and suffers from constipation. She is also slightly hypertensive and
has hypothyroidism since the last 5 years. Outline the following:

1. Foods which she should use more often.

2. Dietary and lifestyle changes which she needs to make in order to be able to
overcome the problem of constipation.

3. Hints to manage hypothyroidism.

@ REVIEW QUESTIONS

1. What is a balanced diet?

What are the five important stages in a man’s life cycle?

3. Why is it important for a pregnant woman to meet her additional nutritional
requirements adequately?

4. What is the importance of mother’s milk to an infant?

What are the advantages of breast-feeding to the lactating mother?

6. What precautions must be exercised in early adulthood in order to ensure a
healthy old age?

L

ol



Chapter

Nutrition for
Fitness and Sports

Today, the competitive sportsman has been made aware of the important role that
nutrition can play in both training as well as competition. There is clear evidence
to show that improved eating habits not only benefit health but also influence an
individual’s endurance and capacity to perform exercise. Changing your diet will not
automatically make you run faster or jump higher. Diet is just one of the many factors
involved in improving athletic performance.

Exercise is the master conditioner for the healthy and a major therapy for the
ill. Fitness implies a dynamic homeostasis, the ability to respond to life’s physical,
emotional and social demands. Exercise allays anxiety with resultant relaxation. It is
nature’s sedative for the tense and tired individuals.

Mild exercise consumes calories without increasing food intake, thus slowly but
steadily reducing body weight. More strenuous exercise increases food intake but
within limits—only enough to offset the increased metabolism and, therefore, no
weight increase follows.

Goals of persistent and strenuous exercise are an improvement of the organic
vigour, the performance, the physique and the participation of the individual as an
effective member of his home and his wider social group.

Sports and energy consuming recreational activities endow several benefits to the
body, which include flexibility, coordination, equilibrium, agility, speed, strength and
endurance.

6.1 FITNESS AND ITS MEASUREMENT

Fitness can be gauged through conducting various tests, i.e. performing tasks and
measuring the score, which can be compared with standards, and ranking can be
done. The ranking is generally descriptive, i.e. (1) Fair, (2) Good, (3) Very good, and
(4) Excellent. The scores vary with weight, height, age, sex, etc. The scores given
here are for normal average adults.

Several commonly used terms with reference to sports are:

1. Flexibility

2. Coordination
3. Equilibrium
4. Speed

5. Agility

6. Strength

7. Endurance



206 Nutrition and Dietetics

Their description and test performed to gauge the ranking is as follows:
Note: FEach of these test actions has to be performed with ease and without
stretching or straining.

1. Flexibility 1t is the ability to move the body easily and smoothly during various
actions such as bending, twisting and stretching. Ease of action and capacity to reach
various positions without injury is a measure of flexibility.

Test Stand with your feet together and bend down slowly to touch toes and floor
without bending your knees. Do not bounce.

Score Fair: Touch toes easily.
Good: Touched floor.
Very good: Touched knuckles to floor.
Excellent: Touched palms flat to floor.

2, Coordination 1t is the smooth working of the entire body. It involves coherent
and meaningful movements of the organ to achieve a particular task or goal. For
example, the combined action of eyes and hand to hit the moving the ball in cricket,
tennis, volleyball, football, etc. Coordination improves with practice.

Test Stand about six feet from a flat wall. Using one hand toss a tennis ball
underhand against the flat wall. Catch the ball with the other hand and quickly toss
it back. Repeat this action speedily in succession. Keep a count of the number of
catches in one minute.

Score Fair 48-50 catches

Good: 54-56 catches
Very good: 62—64 catches
Excellent: 70—72 catches

3. Equilibrium 1t is the ability to balance oneself without much swaying or losing
balance.

Test Stand on your toes. Stretch you hands in front of or above your shoulders,
touching the ears and try to stay in this position as long as you can. Time yourself.

Score Fair: 15 seconds

Good: 20 seconds
Very good: 25 seconds
Excellent: 30 seconds

4. Speed A measure of movement of the body parts, e.g. to run, chase, etc.
Test  Run 100 m and time it.

Score Fair: 20 seconds
Good: 18 seconds
Very good: 16 seconds
Excellent: 14 seconds
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5. Agility 1t is the quickness of reaction with fast and sure movements. Springing
to your feet, and dodging are examples of being agile.

Test Use a skipping rope. Keep a track of the number of times you can skip without
tripping in one minute.

Score Fair: 90 skips
Good: 110 skips
Very good: 130 skips
Excellent: 150 skips

6. Strength 1t is the ability to use muscle power to lift, push, pull, etc.

Test It can be tested by static or dynamic methods. There is no correlation
between the result of these two methods. Here, the scores are based on the hand grip
dynamometer. Readings are in kilograms.

Males Females
Fair 49-52 29-31
Good 53-55 32-34
Very good 56-58 34-36
Excellent 59+ 36+

7. Endurance 1t is the most important test of physical fitness. Even if you are
excellent or very good or good in all the other tests, poor endurance can be a sign
considered as being physically unfit. It is the ability of the body to withstand stress
for a prolonged period of time: the shorter the time, the poorer the endurance; the
longer the time, the stronger the endurance. Performance of the heart and oxygen
carrying capacity of the blood mainly determines the endurance. It depends on the
number of times the person can repeat the movement. It is measured in terms of floor
push-ups, pull ups (chin-ups), dips on the parallel bars, sit-ups and squat jumps.

The score depends upon the type of movement and strength of the body.

Score: (Number of pushups)

Males Females
Poor Less than 10 Less than 7
Fair 15 12
Good 20 15
Very good 25 18
Excellent 30 21

It can also be measured in terms of time taken to cover a fixed distance or the
distance covered in a fixed given time by normal speed of walking. Under any
circumstances returning to normal breathing and heartbeats within 10 minutes after
the test is an indication of good and normal health (cardiovascular performance).



208 Nutrition and Dietetics

6.2 OBJECTIVES OF NUTRITIONAL MANAGEMENT

1. To provide adequate nutrients in terms of energy, protein, vitamins and
minerals according to the individual needs.

2. To maintain fluid and electrolyte balance for optimum performance and also
for proper hydration (to prevent dehydration).

3. To formulate tailor-made diets ideal for the sports person during training,
competitions and after competitive sports.

Performance is an intricate combination of factors like heredity, training, nutrition
and coaching.

The hereditary factors cannot be controlled, but all the other factors can be
combined for optimal performance.

6.3 MEASUREMENT OF BODY COMPOSITION

The composition of an individual’s body can be measured directly and indirectly.
The methods used are as follows:

1. Direct Methods These are not performed on live subjects and involve
measurement of body fat and fat-free components of the body. This requires chemical
analysis of the animal carcass or human cadaver. One technique uses a chemical
solution, which literally dissolves the body for determining the fat-free components
of the mixture.

Another technique involves the physical dissection of fat, fat-free adipose tissue,
muscle and bone. Such analyses are not only time consuming but tedious and require
highly specialized laboratory equipment. Also, since they involve post-mortem
methods, they raise ethical questions and legal problems and cannot be used for live
subjects.

2. Indirect Methods Hydrostatic weighing (weighing a person under water) can
be used to compute the body fat from the body density. This method can be used on
live subjects. Other procedures used to predict body fat are measurement of skin
fold thickness and girth, x-ray, total body electrical conductivity or impedance, near
infra-red interactance, ultrasound, computed tomography, air plethysmography and
Magnetic Resonance Imaging (MRI).

6.4 METHODS OF MEASURING ENERGY EXPENDITURE

Since, an athlete’s success depends largely on his body’s capacity for peak
performance, energy metabolism plays a key role.
There are two main methods of measuring energy expenditure. These are:

1. Directly, i.e. by measuring heat given off by the body.
2. Indirectly, i.e. by measuring the rate at which oxygen is consumed.

Measuring heat production is the most appropriate way of determining energy
expenditure but practically it has several drawbacks. Hence, the latter method is used
to measure the rate of metabolism.
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Oxygen uptake (VO,) of an individual at rest is relatively low, i.e. around 0.2 to
0.4 litres per minute. It is determined by collecting the air exhaled by an individual,
at rest or during exercise, and measuring the amounts of oxygen removed from
the atmosphere and CO, produced. The highest VO, achieved is designated as the
maximal oxygen uptake (VO, max). VO, max is determined primarily by hereditary
factors although training can influence it to a certain extent. The greatest VO, max is
seen in the elite endurance athletes, especially rowers, cyclists and marathon runners
who record values as high as five to six litres per minute. In contrast, VO, max for an
untrained individual is generally around two to three litres per minute.

6.5 SOURCES OF ENERGY IN THE BODY

Our body’s ability to obtain energy from food nutrients and transfer the energy to
the contractile elements in the skeletal muscles determines our capacity to swim,
run, cycle and ski long distances at high intensity. The energy is obtained from
carbohydrates, fats and proteins.

The following table shows the approximate contribution of these macronutrients
in energy metabolism, at rest and during various intensities of exercise:

Nutrient At rest Light/moderate | High-intensity, | High-intensity,
exercise short duration long duration
exercise endurance
(e.g. sprint) exercise
Protein percent 2-5 2-5 2 5-8
Glucose and 35 40 95 70
glycogen percent

Fat percent 60 55 3 15

» Average values based on various reports.

Energy transfer occurs through many complex aerobic and anaerobic biochemical
reactions that require macro and micronutrients along with a continual supply of
oxygen, if the process is aerobic.

Activities are of different types, and the energy pathway that will be used by the
body depends upon the speed with which the energy is demanded by the action and
nutrient available for its release, as well as the stores of the body.

Table 6.1 depicts the energy pathway used by our body according to the energy
requirements of the sporting event.

Aerobic pathway requires oxygen in the energy reaction while anaerobic pathway
involves chemical reactions that generates energy rapidly for short duration without
oxygen.

Rapid energy transfer maintains a high standard of performance in maximal short-
term efforts such as sprinting in track sports and swimming or repeated stop-and-go
sports like soccer, basketball, water polo, lacrosse, volleyball and field hockey.

Therefore, anaerobic and aerobic breakdown of ingested food nutrients supply
energy in order to synthesize the fuel, which powers all forms of biological work.
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Event
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Duration

Energy source

Energy pathways used by the body for various sporting events

Fuel used

m; speed skating 800 m;
most gym events; 100 m

lactic acid system

Sprinting—100 m dash, | Up to 10 secs | Anaerobic— Phosphate system
throws, jumps, Alactic ATP (ATPand C P
weightlifting, ski- produced stored in muscle)
jumping, diving, vaulting absence of

in gymnastics oxygen

Swimming—100 to 400 | 10 to 40 secs | Anaerobic— Glycogen to lactic

acid

cycling track

Swimming 100 m, track | 40 secs to Aerobic Glycogen

800 m, canoeing 500 m | 2 mins pathway completely
speed skating 100-m floor utilized in the
exercising—gymnastics, presence of
alpine skiing, 1000 m oxygen
cycling track

Middle-distance 2 to 6 mins Aerobic pathway | Glycogen
swimming, speed completely
skating, canoeing 100 utilized in the
m, boxing, wrestling, presence of
martial arts oxygen
Long-distance track, Up to 2 hours | Aerobic pathway | Fats utilized in
swimming, speed the presence of
skating, canoeing, cross oxygen
country skiing, rowing,

cycling, road racing

All events at no. 5 Up to 3 hours | Aerobic pathway | Proteins utilized

in the presence of
oxygen

Biological work may be of three types, namely:

e Mechanical, such as muscle contraction;

e Biochemical, such as synthesizing cellular molecules; and

e Transport work that concentrates substances in the Extra Cellular Fluid (ECF)
and Intra Cellular Fluid (ICF).

Figure 6.1 is depicting the metabolism of nutrients in various pathways.

1 Energy Phosphate Bonds

The ATP molecule is present in all body cells and is used for all cellular activities
including muscle contraction. It carries free energy obtained from carbohydrates,
proteins and fats. The energy is released in the following manner:

All inter-conversions are possible as seen in the figure, except fatty acids which
cannot contribute to glucose synthesis.

ATP + H,O —Atpase ADP + P — 7.3 kcal per molecule
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Fig. 6.1 Metabolism of nutrients in various pathways

Since energy from ATP powers all forms of biological work, it is said to be the
cell’s “energy currency”. Oxygen is not required to split the ATP molecule; hence, it
is an anaerobic reaction. Therefore, all activities that need an instantaneous supply of
energy can be performed with the help of intra-muscular ATP energy. For example,
push-ups, sprinting, and sprint-swim.

A continuous replenishment of the ATP from the ADP molecules must be done
during any activity. Our body stores some amount of ATP, which is sufficient for
several seconds of exercise spurt. Hence, an alternate source of a high-energy
phosphate bond, i.e. Creatine phosphate, (CP) which is found in skeletal muscle,
may be utilized. The body stores about four to six times more CP than ATP. Under
anaerobic condition, hydrolysis of CP releases energy in about 10 seconds. CP cannot
be used directly as an energy source to power muscular contraction. When energy is
required immediately, ATP is broken down to ADP and is then restored very rapidly
by CP under the influence of creatine kinase, as follows:

Creatine kinase

CP+ ADP ———— > ATP + C

After the work is over, CP is resynthesized using a reverse process, which is
fueled by new ATP created during oxidative metabolism. Because of the role of CP
in keeping energy in the form of ATP, it is sometimes called “ATP sparer”. If energy
is required for more than 10 to 15 seconds, glucose must be utilized anaerobically
by the glycolytic pathway. By this pathway ATP is produced, so also is lactic acid.
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This source can last for work up to one minute. Longer duration bouts require a
decrease in intensity and the use of oxidative pathways, which use both, sugars as
well as fats.

Fat as well as glycogen can transfer energy under anaerobic conditions. Energy
released from glycogen is about four times faster than that released from fat. This
is due to the high activity rate of the creatine phosphokinase reaction present in the
muscle.

1 Energy from Carbohydrates

The first phase of metabolizing carbohydrates to obtain energy is glycolysis. It is a
series of 10 enzymatically controlled chemical reactions which create two molecules
of pyruvate from the anaerobic breakdown of glucose. When NADH oxidation does
not keep pace with lactic-acid formation in glycolysis, lactic acid accumulates in the
muscle, i.e. when excess H ions from NADH combine temporarily with pyruvate.

The second phase is the Kreb’s cycle, which is also known as Citric Acid Cycle or
Tri Carboxylic Acid cycle. Here, the pyruvate enters the second metabolic pathway.
As seen from the earlier figure, pyruvate irreversibly converts to Acetyl CoA, a form
of acetic acid. Acetyl CoA degrades to CO, and H atoms within the mitochondria.
The H atoms are oxidized during electron transport by oxidative phosphorylation
with subsequent regeneration of ATP molecules.

Oxygen does not participate in Kreb’s cycle reactions. A major portion of the
chemical energy in pyruvate transfers to ADP through the aerobic process of electron-
transport oxidative phosphorylation. In the presence of adequate oxygen, including
enzymes and substrate NAD™ and FAD, regeneration takes place and Kreb’s cycle
metabolism continues in a cyclic, uninterrupted manner.

U Energy from Fats

Triglycerides are broken down into their glycerol and fatty acid components. After
being released from adipocytes, glycerol and free fatty acids (FFA) are transported
by blood, the FFA being bound to plasma albumin. Fats which are stored in the
muscle also degrade to glycerol and fatty acids to provide energy.

During glycolysis, glycerol enters the energy pathway. The fatty acids enter the
kreb’s cycle through Beta-oxidation. The electron transport chain accepts hydrogen,
which is released during glycolysis, Beta-oxidation and Kreb’s cycle metabolism.

The energy contribution of fat depends upon the athlete’s current nutritional and
fitness status as well as the intensity and duration of the exercise.

1 Energy from Proteins

The role of protein is significant as an energy substrate especially during endurance
type activities and heavy training. The amino acids, mainly the branched-chain
ones like leucine, isoleucine, valine, glutamine and aspartate must be first either
deaminated or transaminated. The nitrogenous waste products are discarded via
the urine and sweat after being dissolved in water. The carbon skeleton, which
remains behind, goes through the Kreb’s cycle and forms ATP molecule. See
Figure 6.2.

Some amino acids like alanine are gluconeogenic, i.e. they form intermediate
products required for gluconeogenesis. Alanine forms pyruvate, which can be
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Fig. 6.2 Kreb’s cycle and stage of entry of the carbon skeleton of 20 amino acids

synthesized to glucose. During prolonged exercise, this gluconeogenic step keeps
up a continuous supply of energy. Regular exercise has shown to enhance the liver’s
capacity for gluconeogenesis.

Some amino acids like glycine are ketogenic and form intermediary products of
the Kreb’s cycle. These compounds cannot be converted to glucose. Instead they are
converted to fat or are catabolized for energy in the Kreb’s cycle.

It must be borne in mind that excessive protein catabolism increases the body’s
needs for fluids.

6.6 FACTORS AFFECTING FUEL UTILIZATION

Five main factors dictate the relative utilization of fuel during exercise, namely:

e Intensity
e Duration
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e Type of exercise
e Training status
e Preceding diets of the individual

Higher intensity and shorter duration activities place a greater demand on
anaerobic energy transfer, while light and moderate, repetitive activities of longer
duration are of lesser intensity and rely on aerobic energy transfer.

Exercise and training increases the capacity of the muscles to oxidize carbohydrates
and store glycogen. In addition, if the exercise intensity is tapered off, it helps to
increase the glycogen stores of the body.

A high carbohydrate diet in which about 80 percent of the energy requirements
are met by carbohydrates, increases the endurance capacity of the muscles by almost
three times than a high fat diet. A diet which is deficient in carbohydrates, rapidly
depletes muscle and liver glycogen. Such a diet also affects the performance in
short-term (anaerobic) exercises and in prolonged high intensity endurance (aerobic)
activities. In all conditions, carbohydrates, especially muscle-glycogen, play the role
of the major fuel particularly during aerobic exercises of high intensity.

Fat, on the other hand, is oxidized during exercises of low-intensity. About
22 to 25 percent of the energy requirements during aerobic exercises are met by
its oxidation. As the exercises continue beyond an hour or so, the oxidation of
fat increases to a great extent. However, during moderate exercises, the energy
contribution of carbohydrates and fats is almost equal. If the athlete performs
aerobic exercises regularly, it improves the muscles ability to oxidize long chain fatty
acids and triglycerides stored within the active muscles during mild and moderate
intensity exercises. Such training adaptations help the endurance athlete to exercise
at the highest absolute level of sub-maximal exercises before being fatigued due to
glycogen depletion.

In contrast to carbohydrates and fats, proteins (amino acids) are broken down
only moderately with exercise. On the other hand, synthesis of muscle proteins
rises markedly following both endurance and resistance type exercises. Utilization
of proteins (amino acids) as energy fuel depends on the nutritional status and the
intensity of the exercise training. This is applicable especially to branched-chain
amino acids that oxidize within the skeletal muscles rather than within the liver.

6.7 NUTRITION AND ATHLETIC PERFORMANCE

It is a firm belief that physical activity, athletic performance and recovery from
exercise are enhanced by optimal nutrition. Hence, it is necessary that appropriate
selection of foods and fluids, timing of intake, and supplement choices for optimal
health and exercise performance is ensured.

It is imminent that the sports nutritionist is update with all scientific facts related
to energy needs, assessment of body composition, strategies for weight change,
nutrient and fluid needs, special nutrient needs during training and competition, the
use of supplements and ergogenic aids, nutrition recommendations for vegetarian
athletes, and above all the roles and responsibilities of the sports dietitian.
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Energy and macronutrient needs, especially carbohydrate and protein, must
be met during times of high physical activity to maintain body weight, replenish
glycogen stores, and provide adequate protein to build and repair tissue. Fat intake
should be sufficient to provide the essential fatty acids and fat-soluble vitamins and
to contribute energy for weight maintenance.

It must be borne in mind that exercise performance can be affected by body weight
and composition. Adequate food and fluid should be consumed before, during,
and after exercise to help maintain blood glucose concentration during exercise,
maximize exercise performance, and improve recovery time.

Athletes should be well hydrated before exercise and drink enough water and
fluids during and after exercise to balance losses of body fluids. Sports beverages
containing carbohydrates and electrolytes may be consumed before, during, and after
exercise to help maintain blood glucose concentration, provide fuel for muscles, and
decrease risk of dehydration and in the long run, hyponatremia.

Vitamin and mineral supplements are generally not needed if sufficient energy
to maintain body weight is consumed from a well-balanced diet having variety of
foods. However, athletes who restrict energy intake, use severe weight-loss practices,
restrict or sometimes even eliminate one or more food groups from their diet, i.e.
consume unbalanced diets with low micronutrient content may require supplements.

Nutritional ergogenic aids should be used with caution and only after careful
evaluation of the product for safety, efficacy, potency and legality. A qualified
sports dietitian should provide individualized nutrition direction and advice after a
comprehensive nutrition assessment of the athlete.

6.8 EFFECTIVE HYDRATION FOR FITNESS AND SPORTS

Water is the most essential component of the human body as it plays an important
role in the functioning of cells. More than half weight of the human body is made
up of water and it is impossible to sustain life without it. Some important functions
of water include transport of nutrients, elimination of waste products, regulation and
maintenance of body temperature through sweating, maintenance of blood circulation
and pressure, lubrication of joints and body tissues and facilitation of digestion.

Dehydration is the loss of fluids and salts essential to maintain normal body
function. Dehydration occurs when the body loses more fluids than it consumes.
Symptoms of dehydration include muscle fatigue, loss of coordination, inability
to regulate body temperature, muscle cramps, decreased energy and athletic
performance.

Normally, exercise increases body temperature, which depends on the intensity
and duration of exercise, environmental conditions, clothing worn and metabolic
rate. Exercise can cause heavy loss of water and electrolytes from sweat leading
to dehydration especially among athletes. If these losses are not replaced, the
performance and overall health of the athlete will be adversely affected.

To check the hydration status, an athlete must weigh himself before and after
exercise. Based on this, drinking enough fluids to replenish these losses will maintain
hydration. As a rule of thumb, loss in body weight over 1% indicates dehydration and
over 5% indicates serious dehydration. Thirst is not a good indicator of hydration and
should not be used to monitor hydration status.
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Another important indicator of hydration status is the colour of urine. A large
amount of light-coloured urine indicates good hydration. As the level of dehydration
increases, the colour of the urine becomes darker.

Intake of alcohol increases urine output and decreases hydration. Palatability of a
fluid can be improved with added flavour, salt (sodium) and by cooling it (15-21°C).

A sports beverage helps replenish the glycogen stores and its electrolytes help in
rehydration. Sports beverages generally contain 4-8% carbohydrate, 20-30 meq/L
sodium and 2—-5 meq/L potassium. Sports drinks should not exceed 8% carbohydrate.

Ideally, half to one litre of a sports drink should be ingested each hour to maintain
hydration. Over-hydration or water intoxication can result in behavioural changes,
confusion, drowsiness, nausea, vomiting, hyponatremia, weight gain, muscle cramps,
weakness, paralysis and risk of death.

6.9 NUTRITIONAL REQUIREMENTS OF ATHLETES

U Proteins

According to the RDA, a normal person is required to consume 0.8 g to 1.0 g protein/
kg body weight. However, since, the consumption of calories for the different
categories of sports events ranges between 50 to 80 cals/kg/day, the amount of
protein ingested by the athlete also rises proportionately. About 15 percent of the
energy requirement is met by proteins, of which 55 percent must be met by animal
protein. In case of vegetarians, complementing the vegetable protein sources help to
meet their daily requirements. Soya-protein, nuts, oilseeds, legumes and pulses, milk
and milk products can be used to fulfil the protein requirements adequately.

It is necessary to draw the attention of sports persons who believe in the fallacy
that if simple amino acids are taken, they will be absorbed easily and it will bring
about expected muscle growth. It must be remembered that only training can bring
on desired muscle growth and tone. Heavy workouts will improve strength or power.
In fact, there is no evidence to show that amino acid supplementation in any form
above the RDA significantly increases muscle mass or improves muscular strength,
power or endurance. On the contrary, a concentrated solution of amino acids draws
water into the intestine, which may lead to irritation, cramping and diarrhoea.

() Lipids

According to National Institute of Nutrition (NIN), about 30 percent of the energy
requirement must be met through lipids. Of this, about 70 percent should come from
the unsaturated fatty acids. It must be noted that significant reduction in the lipid
content of the diet would compromise exercise performance. It would be difficult to
increase carbohydrate and protein intake to bridge the energy gap caused by lowering
lipid intake. This may affect the body weight and muscle-mass of the athlete. Also,
adequate lipid intake helps to fulfil the essential fatty acids and fat-soluble vitamin
requirements through the diet.
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1 Carbohydrates

The National Institute of Nutrition (NIN) has recommended that about 55 percent
of the energy requirement must be met through carbohydrates. If lower levels of
carbohydrates are consumed, they may result in glycogen depletion, resulting in
staleness that affects performance in training and competition.

A large proportion of unrefined complex carbohydrate foods must be included in
the daily diets of athletes. This includes whole-wheat flour, millets like jowar, bajra,
ragi, legumes especially moong, matki, chawli (lesser of the gas forming legumes
like chana, vaal, rajmah, etc.), vegetables and fruits. Athletes undergoing heavy
training must consume about 10 g of carbohydrates per kilogram of body weight. The
recommendations made by the NIN closely match the carbohydrate requirements of
athletes.

In order to improve the glycogen reserves in the body, carbohydrate loading is
practised. This involves a period of exercise during which carbohydrates intake is
restricted, followed by a high carbohydrate diet, which super-compensates muscle
glycogen levels much beyond the normal pre-exercising levels. This is a specific
diet-exercise technique, which is practised prior to the endurance competition.

In the first stage, carbohydrates are depleted in the diet to about 100 g or 400 kCal
per day. After this, in the second stage, 400 to 625 g of carbohydrates are fed, which
amounts to 1600 to 2500 kcal per day. A particular combination of diet and exercise
result in a significant “packing” of glycogen in muscle. This is the technique used
by endurance athletes for carbohydrate loading or glycogen super-compensation.
Normally, a muscle contains 1.7 g glycogen per 100 g while glycogen loading
increases itto4to 5 g.

One must remember that muscle glycogen takes time to replenish; liver glycogen
restores at a faster rate. It takes about one to two days of rest or light exercise
combined with a high carbohydrate intake to re-establish the pre-exercise muscle
glycogen levels after exhaustive training or competition.

] Vitamins

The requirement for vitamins is no different from that recommended for normal
individuals in the RDA. However, since intake of carbohydrates is high, a proportionate
increase in the B-complex vitamins must take place. The B-complex vitamins play
key roles as co-enzymes in important energy-yielding reactions during carbohydrate,
fat and protein catabolism. They are also required in haemoglobin synthesis as
well as RBC production. Vitamin C intake through fresh fruits and vegetables will
increase the level of antioxidants in the body, vital in the removal of free radicals that
are formed during heavy bouts of aerobic exercise. Free radicals tend to overtake the
body’s natural defences and pose a health risk from an increased level of oxidative
stress. They also promote muscle injury, especially eccentric muscle action and
unaccustomed exercise. Rich dietary sources of antioxidants are:

1. B-carotene foods, i.e. carrots, dark green leafy vegetables like spinach,
colocasia, fenugreek, coriander, amaranth (red and green), beet, pumpkin,
sweet potatoes, mangoes and papaya.
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2. Vitamin C rich foods like citrus fruits and juices, cabbage, berries, amla.

3. Vitamin E rich foods namely poultry, seafood, vegetable oils, wheat germ,
fish liver oil, whole grain breads and fortified cereals, nuts and oilseeds, green
leafy vegetables and eggs.

Selenium and other trace minerals such as copper, manganese and zinc may
also possess antioxidant properties due to its incorporation within the structure of
glutathione peroxidase and other enzymes, which protect plasma membranes from
free-radical damage. Vitamin C also helps decrease upper respiratory tract infections.
Free radicals are injurious to the body and antioxidants are required for their removal.

As generally believed, vitamin supplements do not improve exercise performance
or increase blood levels of these micronutrients.

(1 Vitamin and Mineral Supplements and Exercise—Some
Facts and Myths

The use of vitamin and mineral supplements by sportspersons and fitness-conscious
persons is widespread. A cursory estimate is that more than half the endurance athletes
regularly consume vitamin and mineral supplements. Use of daily supplements is
also prevalent among other groups of athletes. Proponents of vitamin and mineral
supplementation argue that daily consumption of these supplements enhances
performance, provides a source of energy and prevents illness and injury. There is no
scientific evidence to support these claims.

Physical activity may increase the need for some vitamins and minerals which
can be met by consuming a balanced diet based on a variety of foods. Persons who
consume a low-energy diet for extended periods of time are at risk for low vitamin
and/or mineral intake and may develop marginal, subclinical nutrient deficiency.
There is no scientific evidence to support the general use of vitamin and mineral
supplements to improve athletic performance or its ergogenic benefit.

It is, thus, best to consume foods rich in Vitamins A, C and E like carrots, whole milk,
skim milk, peanuts, papaya, oranges and its juice, sweet lime, broccoli, spinach,
DGLYV, apple, amla, melon, strawberries, etc.

] Minerals

Minerals are of great importance since loss of water and mineral salts, primarily
sodium and potassium, through sweat and their replenishment poses a challenge.
Excessive loss of water and electrolytes can lead to severe dysfunction in the form
of heat cramps and lead to heat strokes. It may surprise the reader that an athlete can
lose about four kilograms of water from sweating during a game lasting for about
two hours. This corresponds to about six to eight grams minerals lost through sweat.

Vigorous exercise causes release of hormones such as vasopressin, renin and
aldosterone, which minimize loss of water and sodium through kidneys. Trace
minerals like copper, selenium, chromium, manganese and zinc are involved in
intricate functions involving metabolism of carbohydrates, fats and proteins. They
are also required as enzyme and co-enzyme factors as well as in antioxidant functions.

A normal, balanced diet will provide adequate minerals (including trace minerals).
Hence, trace mineral deficiency does not pose a problem. Also, it must be remembered
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that by consuming mineral supplements above recommended levels on an acute or
chronic basis, the athlete does not benefit in terms of exercise performance or training
responsiveness. Such indiscreet use may result in chronic toxicity.

6.10 WATER AND OTHER FLUIDS

During exercise, when the rate of energy utilization rises, the rate of heat produced
also increases. Therefore, in order to prevent an excessive rise in body temperature
(hyperthermia), the body tries to dispose of this additional heat.

The body loses heat by radiation, convection or conduction depending on the
relative temperatures of the body and the environment surrounding it. The constant
body temperature is between 37°C to 38°C (98 °F to 100°F). Sweating is a very
effective way of cooling the body and maintaining body temperature. For every one
litre of sweat about 600 kcal/2500 kJ of heat may be released from the body. Losses
of fluid that are equivalent to two percent of body weight can seriously impair the
capacity to perform muscular work. Most athletes may lose one to five percent of
their body weight during prolonged exercises even when the climate is temperate and
fluids are taken regularly. Under extreme conditions, when temperature and humidity
are high, body weight decreases by as much as eight to ten per cent. Loss of fluid
results in reduction in plasma volume and movement of water between ICF and ECF.
About 50 mEq of sodium and 5 mEq of potassium are lost with every litre of sweat.

When sweat losses greatly exceed replacement, the following effects may be seen
in the body:

1. The circulatory system is unable to cope and skin blood flow falls.

2. As sweating continues, the volume of blood available for circulation
decreases. This makes it more difficult to satisfy the energy demands of the
muscle and promote heat transfer through the skin.

3. Due to reduction in the plasma volume, the amount of blood pumped by the
heart with each beat drops. Heart rate therefore increases and blood flow to
the skin decreases.

4. If the athlete continues the exercise, body temperature increases to the
danger zone, i.e. 41°C or 105°F. Performance of the sports person falls off
rapidly. Ultimately, this may lead to heart exhaustion with potentially fatal
consequences.

Great care must be exercised to attend to the fluid intake of an athlete since, sweat
losses can increase up to 30 ml/min, which amounts to about 18 kcal/min lost during
maximal exercise. The body temperature can rise by 1°C every five to seven minutes.
Rise in body temperature is harmful and may be fatal at 41°C. Hence, adequate
hydration is necessary at all times. Pre-exercise hydration does provide some
protection against heat stress since it helps delay dehydration, increases sweating,
which cools the body and thereby minimizes rise in the core temperature of the body.

A technique called hyperhydration, i.e. consuming about 500 ml of cool water
about 20 minutes before beginning the exercise in the heat, is practised. However,
hyperhydration does not replace the need for continuous replacement of fluids during
exercise.
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The athlete must therefore not underestimate his requirements for fluids. Various
factors influence fluid absorption, but how much fluid the athlete drinks, what
solution he drinks and how hard he exercises depends upon the athlete himself.

It is believed that colder solutions are absorbed more rapidly than warmer ones.
Hence, it is generally advised that the ideal temperature at which solutions must be
consumed is 8°C to 13°C or 46°F to 55°F. However, some people believe that the
colder fluids may clash with the high body temperature. It is, therefore, best left to an
individual’s experience and tolerance.

Large volumes (up to 600 ml) are absorbed more rapidly than smaller portions,
but many athletes find it uncomfortable to exercise on a full stomach since, it tends to
interfere with their breathing and hence, they prefer to sip the fluids at shorter intervals.

The duration of an exercise has little effect on the fluid absorption but its intensity
is very important. Therefore, the harder you work the more difficult it is to replace
the fluids lost in sweat in a short time.

As more fluid is lost than electrolytes, the concentration of electrolytes in the
plasma increases or remains constant. This is because the body reduces the excretion
of electrolytes in the urine and in sweat through the action of aldosterone.

Thirst is not a good indicator of the need to start taking fluids. The athlete should
ensure that the body is fully- or over-hydrated prior to exercise, and never dehydrated.
He should also accustom himself to take fluids at all exercise intensities, both during
training and competition.

Monitoring the fluid intake of endurance athletes is more important since, their
fluid loss is far in excess of fluid absorption from the stomach. About 1000 ml of
fluid is absorbed by the body every hour while body losses of fluids may be almost
double of this.

Adequacy of rehydration may be decided on the basis of change in body weight
during and after exercise or athletic competition.

Flavoured drinks containing about six to eight percent carbohydrates and 1053
to 1170 mg per litre of sodium chloride have been found to significantly help
voluntary rehydration. Addition of sodium to the fluid facilitates more complete
rehydration, than plain water. In addition, a small amount of potassium (2 to 5
mmol/1) enhances the retention of water in the intercellular space and lowers the
loss of potassium due to sodium retention by the kidneys. Under all circumstances,
depletion of sodium in the body (hyponathremia) must be prevented. Ideally the
oral rehydration fluid must taste good to be absorbed rapidly in the body, should
cause no gastro-intestinal distress, maintain proper ECF volume as well as its
osmolality and enhance exercise performance. Commercial preparations available
in the market generally give the range of carbohydrates, sodium and potassium
present in them.

For the Indian athlete, the above can be achieved by using coconut water,
lemon sherbet or kokam sherbet. In the year 2000, FAO has declared that coconut
water can be used as a sports drink. A coconut between six and nine months old
contains about 750 ml of water. It is a natural isotonic beverage, with the same
level of electrolytic balance as in our blood. Today, most coconut water is still
consumed fresh in tropical coastal areas. Once exposed to air, the liquid rapidly
loses most of its nutritional characteristics, and begins to ferment. A new cold
sterilization process that retains its flavour and all its nutritional characteristics
is being standardized.



Nutrition for Fitness and Sports 221

The approximate composition of coconut water is given in Table 6.2.

Table 6.2 Composition of coconut water

Nutrient (mg /100 ml) Sports beverage Coconut water
Potassium 10-13 250-300
Sodium 3645 22-28
Chloride 3545 115-120
Magnesium 6-8 812
Sugar (g/100ml) 5-7 4-6

It is advisable to avoid salt tablets since our diet contains sufficient salt. Suitable
clothing to cope with prevailing climatic conditions must be worn. Some amount
of fluid about 250-500 ml water must be consumed 20 to 40 minutes prior to the
exercise. Plain water is the best fluid.

6.11 SPORTS SUPPLEMENTS

Any fitness goal can be achieved first by a strong base in training. Only therafter, the
extra edge can be achieved by using:

1. Macronutrient supplements
2. Anti-catabolics

3. Ergogenics

4. Fat burners

] Macronutrient Supplements

They can be obtained through food and supplements. They can be varying in proteins,
carbohydrates and fats. They also supply vitamins and minerals. There are 3 major
macronutrient or protein supplements, namely pure proteins, weight gainers and
meal replacements. These can be used for

e minimizing catabolism
e boosting power and muscle growth
e stimulating greater fat loss

They are generally available in powder form but may also be the ready to drink
type of liquids. These are protein pre-mixes in the liquid form which are convenient
to use. They may be zero carb whey proteins, meal replacements or weight gainers.

Macronutrient supplements may also contain essential fatty acids, MCT’s, fibre,
digestive enzymes, colostrum, blood protein isolates, etc.

1. Pure proteins are 65 to 90% proteins obtained from a high biological value
protein source such as whey, casein, egg albumin, soya or a blend of these.
They do not contain added carbohydrates and fats except that which comes
from the protein source. Other substances such as glutamine, enzymes, may
also be present. This group of supplements is useful for people targeting
weight loss, or as an addition to the diet of a person desiring weight gain.
These pure proteins can also be used to meet the protein requirement of any
exercising individual.
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They are available as powders which can be made into a drink.

2. Weight gainers: They are calorie dense products and may range from 500 to
1000 kcals per serving. The ratio of carbohydrates to proteins in these products
may be 2:1, 5:1, but the most optimum ratio is 3:1. The preferred protein in
them is generally casein. They have high glycemic index sugars, starches,
polymers, glucose, complex carbohydrates and dietary fibre. Most products
contain 5 to 10 grams fat low in saturated fat, trans fat and cholesterol. Some
may contain vitamins and minerals, n-3 fatty acids and finer micronutrients
such as chromium, creatine and glutamine.

These are generally available as powders.

3. Meal replacements are alternative to a meal containing good quality
carbohydrates, proteins, fats, vitamins and minerals and are convenient and
practical. Generally, the carbohydrate to protein ratio is 1:2. Some may be
4:1. The protein source is generally casein and may be 40 to 50 grams per
serving. The glycemic index is generally low supplied by starches, glucose
polymers and sorbitol. This would enable slow absorption of glucose and
maintain steady levels of insulin. A good dietary meal replacement contains
adequate dietary fibre to maintain glucose levels in blood and contributes
to the satiety value of the meal replacement. The lipids constitute omega
fatty acids and less quantity of saturated fats. The vitamins and minerals in
the meal replacement must satisfy at least half the day’s requirement. Anti-
catabolics such as glutamine, glutamate and glutamine peptide may also be
found.

Meal replacements are good for body builders as a pre-workout meal. They are
available in the form of bars and ready to drink beverages.

U Anti-Catabolics

They include anti-oxidants and amino acids such as glutamine and Branched Chain
Amino Acids (BCAA) At a higher level ergogenic substances such as creatine will
aid muscle growth.

They reduce muscle breakdown and indirectly contribute to anabolism. A fat loss
program will not succeed without anticatabolics. They fight free radical attack and
the use of amino acids for energy or other physiological functions. Anti-oxidants
such as vitamins C, E, beta-carotene, selenium, zinc, manganese, copper are effective
anti-catabolics.

Amino acids such as glutamine are important for maintaining or increasing
immunity. A low level of this amino-acid is found to predispose the training individual
to infections, slow wound healing and fever. Hence, it is necessary to be adequately
replenished in the post-workout phase. It has a powerful anti-catabolic effect thereby,
reducing muscle breakdown.

Glutamine has shown anabolic effectively enhancing protein synthesis and it also
serves to regulate glucose. It also raises the level of glutathione which is also a strong
anti-oxidant. By playing an active role in the recover and healing of tissues, it is a
valuable addition in anticatabolic products.
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The other anti-catabolics are BCAA’s, namely leucine, isoleucine and valine.
Their requirement is met adequately if high biological value proteins are consumed
in the diet. They have an important role to play even in surgery, starvation, burns and
other states of trauma. Therefore, both glutamine and BCAA’s prevent catabolism,
promote growth and recovery.

(1 Ergogenic Substances

They help to increase the work capacity of which the most popular is creatine.
Creatine Phosphate (CP) is required for energy production for muscle contraction.
Creatine is also known as methyl guanidoacetic acid. Since, it plays an important
role in the formation of ATP from ADP, it is a powerful source of energy for intense
training individuals. Food sources of CP are animal sources with fish such as herring,
tuna and salmon containing the highest quantity. Beef and pork are also good sources.

(1 Thermogenics or Fat Burners

They are also known as fat-loss supplements. They help in losing fat but only after all
other factors have been optimized. Examples of this group are caffeine and aspirin.

6.12  NUTRITIONAL ALLOWANCES AS GIVEN BY NIN

The National Institute of Nutrition (NIN) has formulated allowances and menus for
four basic groups of players and athletes, which are shown in Table 6.3. Also refer
Appendix IX.

Table 6.3 General grouping of sports events for suggesting allowances

Group | Average body keal/kg Total Type of activity
weight (kg) /day kcal/day
I 80-90 70 6000 Power events of higher weight
(80 and above) category: Heavyweight lifting, boxing

wrestling and judo and throwing events
(hammer, shot-put and discus)

11 65 (60-70) 80 5200 Endurance events: Marathon, long-
distance running, long-distance

walking, road cycling, rowing, middle
and long distance swimming (200 m and
above).

I 65 (60-70) 70 4500 Team events and Power events of
middle-weight category: Hockey,
football, volleyball, basketball, tennis,
track cycling, javelin, badminton,
handball, jumpers, sprint running and
swimming (below 200 m), water polo,
middle-weight categories of Power events
like boxing, wrestling,

weightlifting and judo (60-80 kg).

v 60 60 3600 Events of lightweight category:
Gymnastics, table tennis and power
events of lightweight category (60 kg and
below and yachting)

\'% 60 50 3000 Skill games: Shooting, archery, and
equestrian.
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Group III (Power events of middle-weight categories) is considered the core
group. Since, endurance events like marathon, long distance running, etc. require
sustained energy supply, sportspersons are advised to consume a higher proportion of
calories from carbohydrate sources. Table 6.4 gives the nutrients suggested by NIN
for the four major categories of sportspersons.

Table 6.4 Suggested nutrient allowances for major categories of sports persons

Group | Protein | Fat | Calcium | Iron | Retinol | Bl B2 | Niacin | Vitamin

(g) (g) (g) (mg) (ug) (mg) | (mg) (mg) (mg)
1 225 200 3.0 85 2500 6 6 60 150
1I 195 144 2.5 75 2000 5 5 50 125
111 160 120 2.0 60 1500 4 4 40 100
v 135 120 1.5 50 1000 3 3 35 80

In order to fulfil the nutrient requirements as specified in Table 6.4 NIN has
given the details of consumption of food commodities by sports person of various
categories, which are shown in Table 6.5.

Table 6.5 Food commodities to fulfil nutritional requirements of sports persons

Food commodity Group 111 Group 11 Group 1 Group IV
Cereals (g) 550 630 730 400
Pulses (g) 40 40 60 40
Green leafy 150 150 150 150
Vegetables (g)
Other vegetables (g) 200 200 210 200
Roots and tubers (g) 150 150 160 150
Fruits (g) 150 300 450 150
Milk (ml) 750 750 750 750
Oil (ml) 50 50 60 50
Butter (g) 25 25 50 —
Sugar (g) 80 130 80 60
Jam (g) 20 40 40 20
Meat (g) 250 250 350 250
Eggs (g) 100 150 200 50
Calories 4560 5320 6155 3700
Protein (g) 170 186 230 148
Fat (g) 155 164 164 125
% energy from 15 14 15 16
protein (55% animal (54% animal | (56% animal (58% animal
protein) protein) protein) protein)
% energy from fat 13 28 31 30
(42% vegetable | (41% vegetable |(38% vegetable| (50% vegetable
fat) fat) fat) fat)
% energy from 54 58 54 54
carbohydrates
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Skim milk powder, whey protein isolate or concentrate, defatted soy flour and soy
chunks or granules and various protein supplements available in the market may be
used to fortify the protein requirements.

Table 6.6 Sample diet for a wrestler

Item Exchange | Carbohydrates Protein Fat Calories
(No.) (&) (g (&)
Milk 6 — 30 32 600
Legumes and pulse 4 90 24 — 400
Flesh food 3 — 20 26 140
Vegetable A 6 — — — —
Vegetable B 6 60 — — 300
Fruit 6 60 — — 300
Cereals 18 360 36 — 1800
Fat 6 — — 66 600
Sugar (g) 50 50 — — 200
Total — 620 110 124 4340
(1 Menu Plan for the Day
Morning: Whole milk: 1 glass
Almonds: 5
Mid-morning: Ragi malt: 1 glass
Eggs: 2 or Usal (Sprouted legume): 1 cup
Bananas: 2
Lunch: Jowar/Bajra/Ragi Bhakris: 4

Colocasia vegetable: 2 cups
Paneer bhurji: 1 cup
Fish fry /curry: 3 big pieces
Brinjal vegetable (with soy chunks): 2 cups
Cucumber/Beet salad: 1 cup
Dal: 1 cup
Rice: 2 cups
Curd: 1 cup
Mid noon:  Fruit milk-shake fortified with protein supplement
(providing at least 20 g protein): 1 glass.

Evening: Upma | Uttappa | Thalipith: 2 servings
Egg: 1 Banana / Apple: 1

Dinner: Jowar | Bajra | Ragi | Bhakris: 4
Spinach Paneer vegetable: 2 cups
Potato vegetable (with soy chunks): 2 cups
Tomato/Beet salad: 1 cup
Dal: 2 cups
Rice: 2 cups
Curd: 1 cup
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Bedtime: Fruit milk shake with protein supplement (providing at least 20 g
protein): 1 glass.

6.13  BROAD GUIDELINES FOR SPORTS PERSONS

1. Follow the advice of your physician, nutritionist and coach.

2. Frequent meals rather than only two or three meals per day improve overall
performance.

3. The last meal must be eaten at least three hours prior to competition. It should
be high in carbohydrates having a high glycemic index but low in proteins
and fats. It should not contain strong spices and oils. Preferably, it should be
a beverage. Avoid eating simple sugars.

4. A high-carbohydrates diet gives better endurance and higher muscular
effectiveness than a high fat diet.

5. Optimal amounts of proteins, vitamins and minerals are beneficial. However,
excessive intake of these does not improve performance.

6. For long duration events, carbohydrate is a better fuel than fat or protein,
while for short duration, high carbohydrate, low lipid is a better combination
(4:1 ratio).

(a) Exercise tapering must be done 48 hours before the competition and
resting 24 hours before the event.

(b) There must be a shift to a high carbohydrate diet in the meal immediately
preceding the event. (Cereals, e.g. oatmeal, toast, jam or honey can be
given). Carbohydrate loading may be done two to four days prior to the
event.

7. Bulky foods and high-protein foods must be avoided. Proteins are a source
of fixed acids, which can be eliminated mainly by urinary excretion. Protein
intake is therefore best reduced to a minimum at the meal preceding the event.
Similarly, bulk foods are best eliminated from the diet (lettuce, tomatoes, etc.)
48 hours preceding the contest. Highly spiced foods should also be avoided
during the last 48 hours.

8. Alcoholisbestavoided since even in small amounts it may have some effect on
coordination. Coffee and tea, while stimulants, may have a depressing effect
three or four hours after intake and thus impair performance if consumed at
the meal 