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Learning outcomes
1.5.1 explain the adaptations of respiratory surfaces 
in plants and animals, including large surface area, 
thin, moist, permeable, good blood supply and 
diffusion gradient;

1.5.2 demonstrate knowledge and understanding 
of the effect of exercise on the depth and rate of 
breathing;

1.5.3 demonstrate knowledge and understanding 
that respiration is an exothermic reaction, taking 
place in mitochondria, continuously releasing 
energy in all cells that organisms can use for 
heat, movement, growth, reproduction and active 
transport;

1.5.4 recall the word equation for respiration:

glucose + oxygen      energy + carbon dioxide 
+water

and the balanced chemical equation:

C6H12O6 +6O2      energy + 6CO2 + 6H2O

1.5.5 compare and contrast anaerobic respiration in 
mammalian muscle, including the word equation:

glucose      energy + lactic acid 

with anaerobic respiration in yeast, including the 
word equation: 

glucose      energy + alcohol + carbon dioxide 

1.5.6 carry out practical work to investigate the 
respiration of yeast.

What is Respiration?
Respiration is a chemical process that occurs in 
every cell of an organism. Energy is released from 
the breakdown of food (glucose).

Respiration requires oxygen to fully break down 
food in the form of glucose into water, carbon 
dioxide and energy, as shown in the word equation 
below:

glucose + oxygen      energy + water + carbon 
dioxide

OXYGEN is taken in and used in the process (Aerobic 
respiration only)

CARBON DIOXIDE is released following this process.

HOW AND WHERE DOES THIS EXCHANGE 
OF GASES OCCUR?
The gas exchange surface in mammals is the alveoli 
in the lungs and the leaf in plants.

Even though these surfaces look very different, they 
share certain characteristics that allow gases to 
pass through them.

Breathing and the Respiratory System
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Many alveoli are found in 
the lungs, at the end of each 
bronchus and bronchioles.
They appear like bunches of 
grapes covered in a vast network 
of blood vessels.

The walls of the alveoli are thin, 
only 1 cell thick. So there is a 
very short distance between the 
alveoli and the blood vessels.
Gas can pass from the alveoli 
into the surrounding blood and 
pass from the blood into the 
vessels.©
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A leaf is very thin. The distance from the upper 
surface to the lower surface is very short.

The internal structure of a leaf shows air spaces 
allowing gas to move through the leaf.

Feature Alveoli Leaf

Large Surface area Large numbers providing lots of 
surface area

Large or made up of many leaflets 
providing lots of surface area

Permeable Thin walls Air spaces

Moist Surrounded by blood vessels and 
water produced in respiration.

Water taken in through the roots 
enters the leaves through the veins

Vascular system Surrounded by millions of blood 
vessels

Specialised cells in the leaf carry 
food and water

EXCHANGE OF GASES IN MAMMALS:
Mammals breathe in oxygen. This travels down 
the bronchus and into the alveoli. The air in the 
alveoli now has a higher concentration of oxygen 
than the surrounding blood. So oxygen will diffuse 
down the concentration gradient, from where it is 
in high concentration (alveoli) to where it is in low 
concentration (blood).

At the same time, carbon dioxide made in the cells 
has travelled in the blood to the lungs. The blood 
has a high concentration of carbon dioxide while 
the alveoli have a lower concentration. The carbon 
dioxide therefore diffuses down the concentration 
gradient from the blood to the alveoli, and it is then 
breathed out.

In this way the oxygen is exchanged for carbon 
dioxide from the blood. It can now travel in the 
blood to the cells where it is used in respiration.

NOTE:
Respiration is NOT the same as breathing.
Breathing is ventilation whereas respiration is a 
cellular process. However they are dependent on 
each other.

Because energy is released during the process of 
respiration, it is said to be exothermic. 

In chemical reactions heat is taken in and given 
out. The heat energy taken in is used to break 
bonds in molecules and when new bonds are 
made, energy is released in the form of heat. 

During respiration, heat energy is taken in to 
break the bonds in the glucose molecules, and 
energy is released when new bonds are formed 
during the construction of water and carbon 
dioxide. Since there is more energy given out 
than taken in, respiration is described as being 
exothermic.
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This energy is used in many different ways 
including:
• Growth and repair of cells
• Using small molecules to build larger ones i.e. 

amino acids into proteins
• Allowing chemical reactions to take place
• Active transport
• Maintaining body temperature

Respiration occurs in the mitochondria of cells. 

Cells that require more energy contain more 
mitochondria so that more respiration can take 
place. 

Animal cell illustration showing 3 mitochondria. 
This number will vary depending on location and 
function of the cell.

EXERCISE
When we exercise our muscles require energy. This 
energy is taken in when we eat food. The digested 
food is transported in our blood to our cells. At the 
same time oxygen is breathed in and travels via the 
red blood cells to the cells. Once the food (glucose) 
and oxygen is in the cell, respiration can happen in 
the mitochondria, releasing energy for immediate 
use.

Our muscle cells in our legs have lots of 
mitochondria ensuring a plentiful supply of energy.

However if the oxygen is used up, aerobic 
respiration cannot happen. Anaerobic respiration 
begins where the food will be partially broken 
down to lactic acid. This lactic acid builds up in 
the muscles and causes a burning sensation, 
sometimes called a ‘stitch’. It often occurs after 
extended periods of exercise when the oxygen has 
been used up.

The body now requires more oxygen, so our 
breathing rate will increase as our lungs strive to 
get more oxygen in, which can then travel to the 
cells and aerobic respiration can start again. The 
food and lactic acid will be completely broken down 
to carbon dioxide and water and more energy will 
be released.

To investigate the effect of exercise on breathing 
rate:
Count the number of in-breaths per minute. Engage 
in simple exercise, such as jogging on the spot, for 
2 mins. Then count the number of in-breaths per 
minute again.

It is clear that the rate of breathing increases as 
the body tries to get more oxygen to the cells to 
provide energy to the muscles to keep moving. At 
the same time the carbon dioxide produced during 
respiration has to be removed from the body, this is 
done during exhalation.

It should also be noted that the pulse rate increases 
as the heart speeds up to pump extra food (glucose) 
and oxygen to the muscle cells, where they are 
needed for respiration.

The time it takes for the breathing rate and pulse 
rate to return to normal is called the recovery time. 
The fitter a person is the shorter their recovery time. 
This is because as a person trains and becomes 
fitter, their heart is able to pump more blood in 
each beat, allowing more food and oxygen to be 
pumped around the body and their lung capacity 
increases, allowing more oxygen to be taken in with 
each breath. This reduces the lactic acid produced 
and so shortens the time required to repay oxygen 
debt. 
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AEROBIC vs ANAEROBIC RESPIRATION
Aerobic Respiration requires oxygen to fully break 
down food in the form of glucose into water, carbon 
dioxide and energy, as shown in the word equation 
below:

glucose + oxygen      energy + water + carbon 
dioxide

Or the balanced symbol equation

C6H12O6 + 6O2      energy + 6H2O + 6CO2

Anaerobic respiration occurs in the absence of 
oxygen.  In mammalian muscles the glucose is 
broken down to lactic acid. 

glucose      energy + lactic acid

Less energy is released during anaerobic respiration 
in the muscles, and so they begin to feel tired.

Anaerobic respiration also occurs in yeast. The 
yeast acts on the glucose and without oxygen it will 
break down the sugar into alcohol.

glucose      alcohol + carbon dioxide + energy

This is also known as fermentation. 

Depending on the source of the glucose, different 
flavours of alcohol can be made. If the glucose 
comes from grapes, we call the alcoholic product 
wine, and it has a very different flavour to the 
alcoholic product from barley which we call beer.

To investigate the respiration of yeast:
Yeast is a single celled fungus that can respire 
aerobically and anaerobically.

When baking bread, the yeast in the flour will 
start to respire aerobically at first. Carbon dioxide 
is released as a result and it causes the bread to 
rise. Eventually the oxygen runs out and the yeast 
respires anaerobically. Any alcohol produced is 
burned off by the high temperature of the oven 
during baking.

The amount of carbon dioxide produced by yeast 
can be measured by measuring the height of the 
froth produced as shown in the diagram.

Leave both flasks in a warm environment and 
measure the height of the froth. This is caused by 
the carbon dioxide produced. Flask A will have little 
or no froth, whereas Flask B will have a lot more. 
This is because the yeast is acting on the glucose 
and producing carbon dioxide during aerobic 
respiration.

However if oxygen is removed then anaerobic 
respiration can be investigated.
To prove that carbon dioxide is released, the 
equipment below can be used. Limewater will go 
milky white if CO2 is released. Hydrogencarbonate 
indicator will change from red to yellow as CO2 
increases.
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FOUNDATION QUESTIONSDouble Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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Double Award Science: Unit B1 and Separate Biology: Unit 1 
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