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TOPIC 6
CELLULAR RESPIRATION
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During this topic we will be looking 
at…

1. Introduction
2. Mitochondrion
3. Importance and equation of cellular 

respiration
4. Aerobic respiration (4.1 Glycolysis; 4.2 

Kreb’s cycle; 4.3 Oxidative phosphorylation) 
5. Anaerobic respiration (5.1 Lactic 

fermentation; 5.2 Alcoholic fermentation; 5.3 
Role of anaerobic respiration in industry)

6. Comparing aerobic and anaerobic 
respiration

7. Practical investigations 
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1. Introduction

Living organisms need energy to survive. Plants are 
autotrophs, as they manufacture their own food. Animals 
are heterotrophs, since they cannot make their own food. 
They obtain energy by eating plants of other animals. 

Cellular respiration releases the energy in food, so that 
the organism can get the energy it requires. 

• When oxygen is available to a cell, aerobic respiration
take place and lots of energy is released and stored as 
adenosine triphosphate (ATP). 

• When oxygen is not available to a cell, anaerobic 
respiration occurs and little energy is released. 
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2. Mitochondrion
Please draw the mitochondrion
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3. Importance and equation of cellular 
respiration 
• All living organism are made of cells which are 

continuously doing work that requires energy. 

• Therefore the cells must have a constant supply of energy 
in the form of ATP (Adenosine Triphosphate).

𝐶 𝐻 𝑂 + 𝑂   𝐶𝑂 + 𝐻 𝑂 + 𝐴𝑇𝑃 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 + 𝑜𝑥𝑦𝑔𝑒𝑛  𝑐𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 + 𝑤𝑎𝑡𝑒𝑟 + 𝑒𝑛𝑒𝑟𝑔𝑦 
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4. Aerobic respiration 

Products formed during aerobic respiration:

• Carbon dioxide, which is released into the atmosphere 
and some of which is used during photosynthesis in 
plants

• Water, which is used metabolically 

• ATP (adenosine triphosphate), which is the energy that is 
released

Aerobic respiration occurs in three distinguished stages:

4.1 Glycolysis

4.2 Krebs cycle

4.3 Oxidative phosphorylation
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(4.1) GLYCOLYSIS

• Glycolysis occurs in the cytosol just outside the 
mitochondria.

• “Glyco” means glucose and “lysis” means splitting.

• Glucose (which consists of 6 carbon(C) atoms) is broken 
down step by step.

• Two molecules of pyruvic acid, with 3 carbon(C) atoms 
each are formed.

• Energy rich H-atoms (hydrogen atoms), as well as a small 
amount of energy is released and stored in ATP.

• Co-enzymes (hydrogen carriers) carry the energy-rich 
hydrogen atoms to the third phase (oxidative 
phosphorylation). 
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(4.2) KREBS CYCLE

• The Kreb’s cycle takes place inside the mitochondrion.

• This phase is an aerobic phase as it requires oxygen.

• Pyruvic acid enters the mitochondrion.

• A series of cyclic reactions take place.

• Energy-rich H-atoms and CO2 is released through the 
lungs.

• Coenzymes act as hydrogen carriers that transmit the 
energy-rich H-atoms to the next phase, Oxidative 
phosphorylation. 
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(4.3) Oxidative phosphorylation

• Oxidative phosphorylation takes place on the inner folded 
membrane (cristae) of the mitochondrion.

• This phase requires oxygen and is therefore an aerobic phase.

• Energy-rich H-atoms from the Kreb’s cycle carried to a 
hydrogen transfer system by co-enzymes.

• H-atoms are transferred from one hydrogen acceptor to the 
next.

• Every time an H-atom is transferred form one acceptor to the 
next, energy (E) is released.

• This energy binds a phosphate (P) molecule with ADP to form 
ATP, which is the energy carrier in the cell.

• Oxygen is the final hydrogen acceptor. 

• Two hydrogen atoms combine with one oxygen atom to form a 
molecule of water (H₂O)
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In summary:

Glycolysis

• Glucose is split up into two smaller molecules (known as 
pyruvic acid) that can diffuse easily into the mitochondrion.

• Some ATP, H and some CO₂ are released

Kreb’s cycle

• CO₂ and energy-rich hydrogen atoms are released.
• CO₂ is excreted by the lungs.

Oxidative 
Phosphorylation

• Energy-rich hydrogen loses energy which combines with 
ADP + P to form ATP.

• Energy-poor hydrogen combines with O₂ to form H₂O.
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5. Anaerobic respiration 

When respiration takes place in the absence of oxygen, it is 
known as anaerobic respiration. 

Glucose is only partially broken down and therefore less 
energy is released. 

Anaerobic respiration can be seen in three ways:

5.1 Lactic fermentation (in the muscles during exercise)

5.2 Alcoholic fermentation (in plants, e.g. yeast)

5.3 Role of anaerobic respiration in industry 
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5.1 Lactic fermentation (in the muscles 
during exercise)
• During vigorous exercise, the muscles do not receive 

enough oxygen. 

• The muscle cells must therefore respire anaerobically.

• Only glycolysis takes place.

• Glucose is broken down and pyruvic acid is formed.

• Only a small amount of energy is released.

• Pyruvic acid is converted into lactic acid, which is 
released in the muscle cells.

• Lactic acid is a toxin that leads to muscle stiffness and 
muscle pain. 
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5.2 Alcoholic fermentation (in plants, e.g. 
yeast)
• Only glycolysis occurs.

• Glucose is broken down and pyruvic acid is formed.

• Only a small amount of energy is released, pyruvic acid is 
broken down further.

• Carbon dioxide is released and alcohol (ethanol) is 
released. 
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5.3 Role of anaerobic respiration in 
industry 
• Yeast cells and other fungi respire anaerobically and are 

used to produce alcoholic beverages, such as beer and 
wine.

• Yeast cells are also used to cause bread to rise during the 
baking process.

• Certain bacteria can be used to produce cheese, yoghurt 
and sour milk under anaerobic conditions in the presence 
of sugar (lactose)

The use of these living organisms in industrial processes 
such as food processing, is known as biotechnology. 
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6. Comparing aerobic and anaerobic 
respiration
Aerobic respiration Anaerobic respiration

Occurs in the cytoplasm and
mitochondria of cells

Only occurs in the cytoplasm of cells

Occurs in the presence of oxygen Occurs in the absence of oxygen

All three stages of cellular respiration 
occurs: Glycolysis, Kreb’s cycle, 
Oxidative phosphorylation 

Glycolysis is the only stage of cellular 
respiration that occurs

Large amounts of energy is released 
(large amount of ATP produced) due to 
the complete breakdown of glucose

Small amount of energy is released 
(small amount of ATP produced) due 
to the incomplete breakdown of 
glucose

End products are carbon dioxide and 
water

End products are carbon dioxide and 
ethanol in fungi/ plants OR lactic acid 
in humans

Carbohydrates (glucose) are 
completely broken down

Carbohydrates are incompletely 
broken down.
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In summary:

Type of 
respiration

Raw materials Products Amount of ATP 
made per 
glucose 
molecule

Aerobic Glucose + Water Carbon dioxide +
water + ATP

38

Anaerobic Glucose Carbon dioxide + 
Ethanol + ATP

2
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7. Practical investigation
Investigation: Is oxygen used by living organisms during 
cellular respiration?
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