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Unit 2: Macronutrients

1. Introduction to Macronutrients

Macronutrients are the nutrients required by the human body in relatively large amounts. They form the major bulk of the
diet and are essential for the production of energy, growth, repair of tissues, maintenance of body structure, and
regulation of several physiological processes. The term “macro” itself indicates that these nutrients are needed in gram
quantities every day, unlike vitamins and minerals which are required in much smaller amounts.

In human nutrition, the principal macronutrients are carbohydrates, proteins, and fats. Water is also required in large
quantity and is physiologically indispensable, but in classical nutritional teaching, carbohydrates, proteins, and fats are
usually emphasized as the main macronutrients because they are the chief food components contributing to body energy
and structure.

Macronutrients are not merely “fuel.” Each one has multiple functions in the body, and none can fully replace the others. A
proper understanding of macronutrients is the foundation of nutritional science, meal planning, clinical dietetics, and
preventive health.

For beginners, one very important point should be remembered: the body does not simply need “food,” it needs the right
balance of different macronutrients. An excess or deficiency of any one of them can disturb normal physiology. Too
much carbohydrate may promote obesity and metabolic imbalance; too little protein may impair growth and repair; too
much fat, especially unhealthy fat, may increase disease risk. Therefore, the study of macronutrients is not only about
identifying them in food, but also about understanding their digestion, absorption, metabolism, functions, and ideal
distribution in the daily diet.

2. Meaning and Characteristics of Macronutrients

Macronutrients are those nutrients that:

are needed in relatively large amounts,

provide energy or contribute significantly to body structure,

are present in major proportions in the diet, and

play direct roles in growth, tissue maintenance, metabolism, and physiological regulation.

Each gram of carbohydrate provides approximately 4 kilocalories, each gram of protein also provides 4 kilocalories,
and each gram of fat provides 9 kilocalories. Thus, these nutrients are major determinants of daily energy intake.

However, their importance goes beyond caloric value. Carbohydrates are the main immediate source of energy, proteins
are the principal structural and functional components of body tissues, and fats act as concentrated energy reserves,
membrane constituents, and carriers of fat-soluble vitamins.

3. Major Types of Macronutrients

3.1 Carbohydrates

Carbohydrates are organic compounds composed mainly of carbon, hydrogen, and oxygen. They are the most common
and often the most abundant source of energy in the human diet. Cereals, millets, roots, tubers, fruits, sugar, and many
processed foods are rich in carbohydrates.
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3.2 Proteins

Proteins are nitrogen-containing organic compounds made up of amino acids. They are essential for tissue formation,
repair, enzyme production, hormone synthesis, immunity, and maintenance of body structure. Pulses, legumes, milk,
eggs, fish, meat, soy, and nuts are important sources of protein.

3.3 Fats

Fats are lipid substances composed mainly of fatty acids and glycerol. They provide highly concentrated energy and are
important for cellular integrity, hormone synthesis, insulation, and absorption of fat-soluble vitamins. Qils, ghee, butter,
nuts, seeds, milk fat, and animal fats are major dietary sources.

4. General Functions of Macronutrients

Before discussing each macronutrient separately, it is useful to understand their broad functions in the body.

4.1 Energy production

Carbohydrates and fats are the main energy-yielding nutrients, while proteins also contribute when required. The energy
derived from macronutrients is necessary for all physical and metabolic activities, including muscular work, breathing,
circulation, digestion, nerve conduction, glandular activity, and maintenance of body temperature.

4.2 Growth and tissue repair

Proteins are the primary nutrients responsible for building body tissues, but fats and carbohydrates indirectly support this
role by sparing proteins from being used for energy.

4.3 Structural role

Proteins and fats are major components of body structures. Cell membranes, enzymes, muscles, connective tissues, and
many biologically active compounds are derived from them.

4.4 Regulation of metabolism

Although micronutrients are classically associated with metabolic regulation, macronutrients also influence hormonal
balance, enzymatic pathways, satiety, glycemic response, and energy homeostasis.

4.5 Storage of excess energy

Excess carbohydrate and fat can be stored in the body for future use. Glycogen is stored in liver and muscles, while fat is
stored in adipose tissue as a long-term energy reserve.

5. Carbohydrates

5.1 Definition

Carbohydrates are organic compounds that primarily consist of carbon, hydrogen, and oxygen, usually in the approximate
proportion represented by the formula ((CH_20) n). They are the most economical and readily available source of energy
in the human diet.

For many populations, especially in developing countries, carbohydrates form the bulk of the daily food intake because
staple foods such as rice, wheat, maize, and millets are rich in them.
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5.2 Classification of Carbohydrates

Carbohydrates may be classified in several ways, but the most common classification is based on chemical complexity.
(a) Monosaccharides

These are the simplest sugars and cannot be hydrolyzed into smaller carbohydrate units. Examples include:

e Glucose
e Fructose
e Galactose

Glucose is the most important monosaccharide because it is the main fuel used by body cells, especially the brain and red
blood cells.

(b) Disaccharides
These are formed by the combination of two monosaccharide molecules. Examples include:

e Sucrose = glucose + fructose
e Lactose = glucose + galactose
e Maltose = glucose + glucose

These sugars must be digested into monosaccharides before absorption.
(c) Polysaccharides
These are complex carbohydrates made up of many monosaccharide units. Examples include:

e Starch
e Glycogen
e Cellulose

Starch is the main storage form of carbohydrate in plants and is a major dietary carbohydrate. Glycogen is the storage
form in animals. Cellulose is a structural carbohydrate found in plant cell walls and acts as dietary fibre in human nutrition.

5.3 Dietary Sources of Carbohydrates
Carbohydrates are widely distributed in foods. Major sources include:

Cereals such as rice, wheat, maize

Millets such as bajra, jowar, ragi

Roots and tubers such as potato, sweet potato, tapioca
Sugars, jaggery, honey

Fruits

Pulses (in moderate amounts)

Milk (lactose)

5.4 Functions of Carbohydrates
Carbohydrates serve several important functions in the body.
(a) Main source of energy

This is their most important function. Carbohydrates are broken down to glucose, which is oxidized to produce energy.
They are especially important for the brain, nervous tissue, and red blood cells.
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(b) Protein-sparing action

When adequate carbohydrate is available, proteins are used mainly for tissue building and repair rather than for energy.
This is called the protein-sparing effect.

(c) Regulation of fat metabolism

Carbohydrates help in the proper oxidation of fats. In carbohydrate deficiency, incomplete fat metabolism may occur,
leading to the formation of ketone bodies.

(d) Glycogen storage

Excess carbohydrate is stored as glycogen in the liver and muscles. This stored glycogen acts as a short-term energy
reserve.

(e) Role in digestive health

Some forms of carbohydrate, especially dietary fibre, help maintain bowel regularity, improve stool bulk, support gut
microbiota, and reduce constipation.

(f) Structural and metabolic functions

Certain carbohydrates form part of glycoproteins, glycolipids, and nucleic acids, thereby contributing to cell structure and
physiological processes.

5.5 Dietary Fibre as a Functional Carbohydrate

Dietary fibre is the indigestible portion of plant foods. Though it does not provide direct caloric energy in the usual sense,
it plays an important role in digestive and metabolic health.

Fibre is broadly of two types:

e Soluble fibre, which may help lower blood cholesterol and regulate blood sugar
e Insoluble fibre, which adds bulk to stool and promotes bowel movement

Major sources include whole grains, fruits, vegetables, legumes, and bran.
5.6 Effects of Deficiency and Excess
Carbohydrate deficiency may lead to:

e weakness and fatigue

e increased protein breakdown

e ketosis

e reduced physical work capacity

Excess carbohydrate intake, especially from refined sugars and processed foods, may contribute to:

e obesity

e insulin resistance

e dental caries

e hypertriglyceridemia

Thus, both quality and quantity of carbohydrate are important.
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6. Proteins

6.1 Definition

Proteins are complex nitrogenous organic compounds composed of amino acids linked together by peptide bonds. They
are essential components of all living cells and are indispensable for growth, repair, maintenance, and the proper
functioning of the body.

Among all nutrients, proteins are often considered the most vital from the structural point of view because they form the
building blocks of body tissues.

6.2 Composition and Structure

Proteins contain carbon, hydrogen, oxygen, and nitrogen, and many also contain sulfur and phosphorus. Their basic units
are amino acids. There are about 20 major amino acids commonly found in human proteins.

These amino acids are of two types:

e Essential amino acids: cannot be synthesized sufficiently by the body and must be obtained from diet
o Non-essential amino acids: can be synthesized by the body

The quality of a dietary protein depends largely on the type and proportion of essential amino acids it contains.
6.3 Sources of Proteins

Protein sources are generally classified into animal and plant sources.

Animal sources

Milk and milk products

Eggs

Fish

Meat
Poultry

These are usually considered high-quality proteins because they contain all essential amino acids in good proportion.
Plant sources

Pulses and legumes
Soybean

Nuts and seeds

Cereals (moderate amount)

Most plant proteins are relatively lower in one or more essential amino acids, but by combining different plant foods,
protein quality can be improved. For example, cereal-pulse combinations such as rice with dal provide better amino acid
balance.

6.4 Functions of Proteins
Proteins perform a very wide range of functions.
(a) Growth and repair

This is the primary function of protein. It is needed for growth of children, maintenance of adult tissues, healing of wounds,
and replacement of worn-out cells.
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(b) Formation of body structures
Muscles, skin, blood, connective tissue, nails, hair, and internal organs all contain significant amounts of protein.
(c) Enzymes and hormones

Many enzymes and several hormones are proteins or peptides in nature. Without them, metabolic reactions cannot
proceed properly.

(d) Immune function
Antibodies are protein compounds that help defend the body against infection.
(e) Transport and storage

Some proteins help transport substances in the body, such as hemoglobin transporting oxygen and plasma proteins
transporting hormones and drugs.

(f) Maintenance of fluid balance

Proteins, especially plasma proteins like albumin, help maintain oncotic pressure and regulate the distribution of body
fluids.

(g) Acid-base balance

Proteins act as buffers and help maintain normal pH in body fluids.

(h) Energy source when required

If carbohydrate and fat are insufficient, proteins may be broken down to provide energy.
6.5 Protein Quality

Not all proteins are nutritionally equal. The quality of protein depends on:

essential amino acid content

digestibility

bioavailability
ability to support growth and tissue maintenance

Animal proteins are generally of high biological value. Soy protein is also considered a good-quality plant protein. Mixed
diets improve the overall quality of protein intake.

6.6 Effects of Protein Deficiency and Excess
Protein deficiency may lead to:

poor growth in children

muscle wasting

edema due to low plasma proteins
weakness and fatigue

poor immunity

delayed wound healing

Severe deficiency contributes to protein-energy malnutrition conditions such as kwashiorkor and marasmus.

Excess protein intake, especially over prolonged periods and in susceptible individuals, may increase metabolic load on
kidneys, raise uric acid in some cases, and displace other essential components from the diet if balance is poor. However,
in healthy individuals, moderate increases within recommended limits are usually tolerated.
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7. Fats

7.1 Definition

Fats are organic compounds belonging to the group called lipids. They are mainly composed of fatty acids and glycerol and
serve as concentrated sources of energy. Among the three major macronutrients, fats provide the highest caloric value per
gram.

Fats are essential not only for energy storage but also for membrane structure, hormone production, insulation, and the
absorption of fat-soluble vitamins.

7.2 Classification of Fats

Fats may be classified on the basis of their chemical structure and nutritional significance.
(a) Simple fats

These include triglycerides, which are the main form of fat in foods and body: stores.

(b) Compound fats

These include phospholipids and glycolipids, which are important.in cell membranes.

(c) Derived fats

These include cholesterol and fatty acids derived from other lipids.

From a nutritional point of view, fats are also classified as:

e Saturated fats
¢ Unsaturated fats
o Monounsaturated fats
o Polyunsaturated fats
e Trans fats

7.3 Sources of Fats
Major dietary sources include:

e Visible fats: ghee, butter, oils
e Invisible fats: nuts, seeds, milk, eggs, meat, cereals, pulses

Different foods contain different types of fatty acids. Vegetable oils are generally richer in unsaturated fats, whereas
animal fats and certain tropical oils contain more saturated fats.

7.4 Functions of Fats

Fats perform several essential functions in the body.

(a) Concentrated energy source

Fat provides 9 kilocalories per gram, making it the most concentrated dietary source of energy.
(b) Energy reserve

Excess fat is stored in adipose tissue and acts as a long-term reserve for future energy needs.
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(c) Structural role

Fats are essential constituents of cell membranes, especially phospholipids and cholesterol.
(d) Absorption of fat-soluble vitamins

Dietary fat is necessary for the absorption and transport of vitamins A, D, E, and K.

(e) Supply of essential fatty acids

Certain fatty acids such as linoleic acid and alpha-linolenic acid are essential because the body cannot synthesize them
adequately.

(f) Protection and insulation
Fat around internal organs cushions them against injury and helps maintain body temperature.
(g) Satiety and palatability

Fats improve the taste, texture, and satiety value of meals, making food more enjoyable and helping reduce hunger
between meals.

(h) Hormonal and metabolic role

Cholesterol is a precursor for steroid hormones, bile acids, and vitamin D.

7.5 Essential Fatty Acids

Essential fatty acids are fatty acids that must be supplied through the diet. They are important for:

cell membrane integrity
skin health

growth

reproductive function
inflammatory regulation

Deficiency may result in skin lesions, poor growth, and other physiological disturbances.
7.6 Effects of Deficiency and Excess
Fat deficiency may lead to:

inadequate energy intake

poor absorption of fat-soluble vitamins
dry scaly skin

essential fatty acid deficiency

poor growth in children

Excess fat intake, particularly saturated and trans fats, may increase the risk of:

obesity

dyslipidemia
atherosclerosis
cardiovascular disease
fatty liver

Thus, while fats are indispensable, the type and quantity of fat matter greatly.
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8. Comparative Overview of the Three Macronutrients

Feature Carbohydrates Proteins Fats
Main role Energy Growth and repair Concentrated energy, structure
Energy value 4 kcal/g 4 kcal/g 9 kcal/g
Basic unit Monosaccharides Amino acids Fatty acids + glycerol
Storage form Glycogen No true storage form Adipose tissue
Major dietary sources Cereals, sugars, fruits Pulses, milk, eggs, meat, soy Oils, ghee, nuts, seeds

Special importance  Brain fuel, protein-sparing Tissue building, enzymes, immunity Essential FA, vitamin absorption

This comparison helps students understand that all three are necessary and that each performs unique functions that
cannot be completely replaced by the others.

9. Macronutrients and Balanced Diet

A balanced diet must include all three macronutrients in proper proportion. If one nutrient is taken in excess and another
in deficiency, health problems may appear even if total calories are adequate.

A healthy diet generally emphasizes:

e adequate carbohydrates from whole grains, fruits, vegetables, and pulses
e sufficient protein from mixed plant and/or animal sources
e moderate fat intake with preference for healthy unsaturated fats

The appropriate proportion varies according to age, activity, health condition, and physiological state, but the principle
remains the same: balance, variety, moderation, and quality.

For meal planning, the student should understand that:

e carbohydrates usually form the bulk of staple meals,
e protein foods must beincluded regularly in all major meals, and
e fats should be used wisely to-improve energy density and nutrient absorption without causing excess.

10. Macronutrients in Practical Nutrition

In real-life meal management, macronutrients are not consumed in isolation. Almost all foods contain a combination of
them. For example:

milk provides protein, fat, and carbohydrate

pulses provide protein and carbohydrate

nuts provide fat, protein, and some carbohydrate

cereals mainly provide carbohydrate but also contain some protein

Therefore, practical nutrition requires understanding both the dominant nutrient in a food and its total nutritional
contribution.

For beginners, this is very important: the goal is not to memorize nutrients mechanically, but to learn how to identify food
groups and combine them intelligently to create meals that are nourishing, satisfying, affordable, and suitable for
individual needs.
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11. Summary of the Unit

Macronutrients are the major nutrients required in large amounts by the human body. The three primary macronutrients
are carbohydrates, proteins, and fats. Carbohydrates are the chief source of immediate energy and also support digestive
health through fibre. Proteins are essential for growth, repair, enzymes, hormones, immunity, and tissue maintenance.
Fats are concentrated sources of energy and are necessary for cell structure, hormone synthesis, insulation, and
absorption of fat-soluble vitamins. Each macronutrient has distinct functions, dietary sources, and physiological
importance. A proper balance among them is essential for health, growth, work capacity, and disease prevention.

12. Review Questions

Define macronutrients and explain their general importance in human nutrition.

Describe the classification, sources, and functions of carbohydrates.

Explain the structure and nutritional significance of proteins.

Discuss the functions of fats in the body.

What are essential fatty acids? Why are they important?

Differentiate between saturated, unsaturated, and trans fats.

Explain the protein-sparing action of carbohydrates.

Discuss the effects of deficiency and excess of carbohydrates, proteins, and fats.

Compare carbohydrates, proteins, and fats in terms of structure, energy value, and function.
Explain the importance of macronutrient balance in planning a healthy diet.
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