
MACROS - THEORY
W H A T  A R E  T H E Y  &  W H A T  D O  T H E Y  D O ?



Food provides us with nutrients that play one or more physiological or biochemical
roles in the body and there are 6 nutrient categories.
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MACRONUTRIENTS

We eat foods, but we do not eat nutrition or nutrients. The food we eat is part of our nutrition
and contains nutrients

JEUKENDRUP, 2014

The functions of each nutrient can be
further categorised into 3 different
roles. 

With respect to the roles of each
macronutrient, the promotion of
growth and development is mainly
performed by proteins while the
provision of energy is mainly
concerned with carbohydrates and fat. 

Finally, the regulation of metabolism is
mainly concerned with proteins in the
form of enzymes.
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The other nutrient categories also play vital roles in each of the above mentioned
categories, however they are not the focus of this educational series

Carbohydrates, fat and protein are termed MACROnutrients for good
reason. That is because our daily intake should be greater than just a few
grams in order for our body to function correctly. 

Despite there being individual macronutrients, not all foods are exclusively
made up of one macronutrient. Many foods contain varying amounts of
each. 

Macronutrients are energy containing compounds and thus when we eat,
we obtain energy alongside other beneficial compounds and chemicals
such as vitamins, minerals and other health promoting phytochemicals. 

Key Insight

MACROS (CTD)



Carbohydrates are found in all living cells and we obtain almost all of our  this nutrient
intake from plant sources. One gram of carbohydrate substrate contains 4 kilocalories
(Calories)

Glycogen is the storage form of carbohydrate in our bodies and a person can store up
to 1000 grams depending on their size and training status! 

CARBOHYDRATES
Carbohydrates are appropriately named as they are molecules built of carbon (carbo),
hydrogen and water (hydrate)! 

300-900 grams

Of glycogen stored in

the muscles

80-100 grams ~4 grams 2.7 grams

Of glycogen stored in

the liver

Of glucose circulating

in the blood

Of water bound to each

gram of stored

carbohydrate

Carbohydrate is an essential fuel source for attaining and maintaining high levels of
physical performance, in particular intense exercise. Additionally, it plays a crucial role
in the recovery between exercise bouts by replenishing glycogen stores. 

Alongside its critical role in performance, glucose is the favored fuel source of the
central nervous system and the brain. Glucose is also a fuel used by red and white
blood cells, highlighting  important roles in areas such as immune health.

The carbohydrates of importance in respect to diet and exercise include glucose,
sucrose, glucose polymers and starch. Carbohydrates can be broken into different
classifications where types of carbohydrate can be grouped according to their
chemical structure. 

As 2.7 grams of water is bound to each gram of stored
carbohydrate, our body weight can change daily according to
our diet composition and exercise completed. 
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Glucose is the only carbohydrate that can be oxidised in our muscles. Fructose and
galactose must be converted into glucose before they can be oxidised. This
conversion takes place in the liver and occurs slowly. 

Disaccharides are combinations of two monosaccharides & there are 3 present in our
diet. 

Monosaccharides are the basic unit of carbohydrate & there are 3 present in
our diet. 

Glucose

Lactose

All sugars are carbohydrates and all carbohydrates are sugars. Sugar is not the enemy. 

Fructose Galactose

Polysaccharides are combinations of 10 or more monosaccharides. Polysaccharides
containing 10 to 20 monosaccharides are often referred to as glucose polymers or
maltodextrins. Polysaccharides containing 20 to thousands of saccharides are termed
either starch, glycogen or fibre. 

Maltose Sucrose

Oligosaccharides are combinations of 3 or more monosaccharides and are found in
most vegetables. 

Polysaccharides containing 20 to thousands of saccharides are termed either starch,
glycogen or fibre. 
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CARBOHYDRATES (CTD)



Fuel for the work required

The importance of carbohydrate in exercise performance can easily be shown by the
following graph which plots muscle glycogen content against time in varying exercise
protocols.
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What this shows is the depletion of muscle glycogen at different exercise intensities
over time. What is clearly evident is that as exercise intensity increases, the depletion
of carbohydrate stores is exponentially higher. 

When exercise intensity is lower the demand for carbohydrate is lower and fat
oxidation can occur, thus reducing the rate of depletion. 

If you are exercising at higher intensities then you need to be consuming carbohydrates to
fuel for these sessions. You also need to prioritise intakes after training to ensure full recovery
before your next training session. 
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CARBOHYDRATES (CTD)

Key Insight



Oligosaccharides

Polysaccharides are commonly
referred to as "complex"

carbohydrates. 

Being "complex" is indicative of the
foods slower rate of digestion and

absorption.

Fruits and fruit juices 
Sweets
Baked goods
Jams
Honey
Syrup 
Candy 
Sugar
Sports Drinks
Chocolate
Beer
Sugary cereals

Carbohydrate Classification Flow

Monosaccharides  Oligosaccharides Polysaccharides

Simple Sugars  FibreStarch

Found in
most
vegetables 

Cereals
Potatoes 
Pasta
Rice 
Bread

Wholegrain
cereals & breads
Oats
Fruits
Vegetables

Starches

Fibers

CARBOHYDRATES (CTD)

Disaccharides
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Everyone associates protein with muscle growth and nothing else. 

However, proteins are not just molecules that are essential for growth and repair,
they play wide ranging roles that are essential to life. There are thousands of different
proteins present in the human body and each is likely to perform a specific, unique
role. On average, an adult contains 10 to 12 kg of protein! 

STRUCTURE
Providing structure to all cells in the human body and being an integral part of muscle, bone,
skin, hair and nails. 

Acting as enzymes that accelerate biochemical reactions, vital for the provision of energy for
muscle contraction. 

ENZYMES

TRANSPORT AND STORAGE
Transporting and storing substances, e.g. in our blood, oxygen is transported by the protein
haemoglobin! 

HORMONES
Functioning as hormones that regulate different roles in the body such as the release of insulin
from the pancreas which regulates our blood glucose levels.

SIGNALLING 
The insulin receptor in the cell membrane of a muscle cell is bound by insulin released from the
pancreas which signals to increase the uptake of glucose into the muscle cells. 

MOVEMENT
Contracting our muscles! The proteins in our muscles turn chemical energy stored in the bonds
of ATP into mechanical work! 

IMMUNE HEALTH
Supporting immune health by the creating antibodies to fight infections! 

GROWTH AND DEVELOPMENT
Having a regulatory role in the formation of new proteins and thus muscle growth and the
development of new proteins involved in exercise metabolism. 
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Everything we do, everything we are and everything we become depend on the action of
thousands of different proteins

- HOUSTON , 2006

PROTEIN



Amino acids are the building blocks of all proteins. 

Amino acids are connected by peptide bonds and once
connected, they are called peptides. The majority of
proteins are polypeptides, poly meaning many, containing
up to 300 amino acids! 

There are 20 different amino acids found in proteins.

11 are "non-essential
amino acids"

9 are "essential
amino acids"

"Non-essential"
means they can be
made in the body 

"Essential" means they
cannot be made in the body

They must be obtained
from the diet

What are they? 

PROTEIN (CTD)
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Amino acids in animal based sources are NOT better quality than plant based
sources. In fact, despite common misbelief, they are identical! The quality of a
source of protein source is determined more so by the kinds of amino acids
present. A short supply of essential amino acids will interfere with normal
protein synthesis.

Vegetarians, however, are at risk for incomplete
protein intake due to plant based sources lacking
in certain amino acids. 

Incomplete protein intake is unable to sustain life
and for that reason, our diet must include all
essential amino acids in adequate amounts. 

If you tried to build a wall without cement to bind
the bricks, the wall would not be standing for a
long time! You need all of the equipment to do
the job properly. The same goes for protein
intake. We need all amino acids to sustain life.

Because muscle is mostly protein, meat is a good source of protein. That being said,
protein sources are not exclusively animal based, there are also many plant based
protein sources. 

Diet diversity is therefore extremely important for vegetarians to ensure they get all
essential amino acids in adequate quantities. 

Similarly to carbohydrate, 1 gram of substrate yields 4 calories. However, protein
does not contribute to the provision of energy like carbohydrate and fat. 

The run-down 

PROTEIN (CTD)
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Waxes Steroids Others

FAT
Fats, otherwise known as lipids, are compounds that are soluble in an organic solvent such
as ether (i.e. they dissolve in ether). There are three classes of lipids. 

1

Simple 
Lipids

2

Compound
Lipids

3

Derived
Lipids

Fats

Phospholipids Glycolipids Lipoproteins

Important
source of
energy Implicated in

health 

Implicated in
growth &

others 

There is an abundant store of fat in the human body. Fat is more energy dense when
compared to carbohydrate and protein, with 1 gram of substrate yielding 9 kcal. This
is more than double that of carbohydrate and fat! If a person has a 15% fat mass at
70g or 10.5kg of fat mass, this equates to a whopping 93,212 kcal!

Fat also plays a protective role by protecting organs such as the heart and brain
with 2 to 4% of total body fat surrounding vital organs. 

Fat soluble vitamins (A,D,E & K) also rely on fats to provide a medium of
transport in the body
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Fat, unlike carbohydrates cannot be used during high-intensity exercise, though they are an
important source of energy between high-intensity bouts and during prolonged aerobic exercise 

Lipids are stored in the body as triglycerides or triacylglycerols (TAGs) as shown
below.

The useable form of energy are the fatty acids,
intramuscular triglycerides (stored in the muscle cell)
and circulating plasma triglycerides. Lipids can be
found in adipose tissue, muscles and in the blood. 
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Fatty Acid

Triglycerides must be broken down to individual fatty acids and glycerol to be used as
an energy source by a process called lipolysis. 

Triacylglycerols (TAGs) are the most abundant form of fat consumed by humans.
These can be either be saturated ("unhealthy fats") or unsaturated ("healthy fats").

Higher saturated fat intakes are linked to higher prevalences of coronary heart
disease and instances of certain cancer such as colon cancer. 
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FAT (CTD)



Linolenic, linoleic acids and arachidonic acids are known as essential fatty acids.
Linolenic acid is commonly known as omega-3 fatty acid and linoleic acid is known as
omega-6 fatty acid. 

Being essential fatty acids implies that it is essential to obtain them from the diet
regularly or else symptoms of deficiency can present. 
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FAT (CTD)



Many people are unaware of the crucial roles fat plays in both health and exercise
performance. Below is a graph indicating the role of fat as a fuel source. 
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What this demonstrates is that when you exercise at a lower intensity, the %
contribution of fat to energy is higher. Once the exercise intensity increases,
carbohydrate becomes the dominant source for energy provision. 

A caveat to this is the inter-individual differences between subjects. People will
have varying rates of fat oxidation at the same absolute intensity, this is
impacted upon by training status, diet and other factors. 
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FAT & EXERCISE 


