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2 Nutrition and respiration

Nutrition in flowering plants
Photosynthesis
Plants take in water through their roots and carbon dioxide through their 
leaves. These reactants (water and carbon dioxide) are then converted into 
glucose during photosynthesis. Oxygen is created as a by-product of this 
reaction. Energy from light is stored in glucose as chemical energy during 
photosynthesis. The word equation for this reaction is:

carbon dioxide + water 
light in

  glucose + oxygen

The balanced chemical symbol equation for photosynthesis is:

6CO2 + 6H2O 
light in

  C6H12O6 + 6O2

Photosynthesis only occurs when light is present. This is because it is an 
endothermic reaction that requires energy, which is provided by light. 
Photosynthesis occurs in a green compound called chlorophyll, which 
is present in sub-cellular structures called chloroplasts. Chloroplasts are 
found in high numbers in palisade mesophyll cells, which are located in 
the top layers of leaves.

Plants need mineral ions to keep them healthy and allow them to grow, 
just like humans need vitamins and minerals. Plants absorb these minerals 
by active transport from the soil through their root hair cells (see page 18). 
Examples of the minerals they need are:
l tiny amounts of magnesium ions to make chlorophyll for 

photosynthesis
l nitrate ions to make amino acids for protein synthesis. These proteins 

are required for growth and repair.

Typical mistake

A typical mistake is to say that plants photosynthesise to make 
oxygen for humans and other animals. Oxygen is just a by-product of 
photosynthesis. Plants only photosynthesise in order to make glucose 
for themselves.

Photosynthetic algae
As well as plants, algae can also photosynthesise. Some algae are single-
celled whilst others, like seaweed, are larger. Some algae have green 
chlorophyll like plants, but others use different coloured photosynthetic 
pigments. These are seen in brown and red seaweeds, for example. More 
than two-thirds of the oxygen made every day is by photosynthetic algae 
in our oceans rather than plants on land.

Exam tip

In both the word and symbol 
equations, you can write 
the two reactants and the 
two products either way 
around. However, you must 
not mix up the reactants and 
products as this would be 
incorrect.

Typical mistake

Don’t forget that the cells of 
all living things (including 
plants) respire at all times. 
A typical mistake that 
students make is to say 
plants just photosynthesise 
and animals respire.

Photosynthesis: A chemical 
reaction that occurs in the 
chloroplasts of plants and 
algae, which allows energy 
to be stored in glucose.

Endothermic reaction: A 
reaction in which energy 
is absorbed from the 
surroundings.

Chlorophyll: A green pigment 
found in chloroplasts that 
carries out photosynthesis.

Chloroplast: Small, 
green structures found 
in green plant cells. They 
contain chlorophyll for 
photosynthesis.

Palisade mesophyll cells: 
Cells found at the top of plant 
leaves, which contain high 
numbers of chloroplasts to 
maximise photosynthesis.
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Structure of the leaf
Leaves are plant organs, and different plants have evolved a large number of 
different shapes and sizes of leaf. Many have a similar structure and similar 
characteristics. For example, all leaves have a f lat surface, called the blade, and 
a midrib, which runs down the middle from the stem to the tip of the leaf. 
The leaf ’s veins branch out from this midrib. Almost all leaves are adapted to 
absorb sunlight for photosynthesis, and they often have a large surface area to 
maximise this absorption. Many leaves are also thin, so that there is a shorter 
distance for gases to diffuse in and out of their cells. 

Epidermal tissue
The outside layer of a plant is called its epidermis. This layer of cells has 
many functions including protection against water loss, exchange of gases 
between the leaves and the air, and also uptake of water in the roots. The 
epidermis is transparent to allow light to pass through it for photosynthesis.

Palisade mesophyll
Below the epidermis in leaves is the palisade mesophyll layer. This layer 
contains cells with very high numbers of chloroplasts to maximise the 
amount of glucose produced in photosynthesis. 

Spongy mesophyll
Below the palisade mesophyll layer of leaves is the spongy mesophyll 
layer. The cells in this layer have fewer chloroplasts because they are 
further from the sunlight, so less photosynthesis happens here. The cells 
of this layer are less regularly shaped than in the palisade mesophyll layer 
and so they have gaps between them. These gaps allow gases to diffuse 
from within the leaf into the air and vice versa. 

Stomata
Leaves have small pores called stomata, which are mainly found on 
the lower surface. They open and close to allow gases, including water 
vapour, to diffuse in and out. Stomata are surrounded by guard cells, 
which swell to open the stoma and shrink to close it.

Limiting factors
The rate of a reaction is how quickly the reaction occurs. The rate at 
which plants and algae photosynthesise decreases when:
l temperatures fall (as the particles involved have less kinetic energy)
l carbon dioxide levels drop
l light intensities reduce (see below)
l plants do not have enough chlorophyll.

If one or more of these conditions occurs, the rate of photosynthesis 
becomes limited. These problematic conditions are then called ‘limiting 
factors’. Farmers can reduce the effects of limiting factors by keeping 
their crops in greenhouses or polytunnels. Within these they can:
l raise the temperature
l add carbon dioxide (commonly by adding a burner)
l provide artificial light.

Photosynthesis provides plants and algae with chemical energy in the form of 
glucose. They then use this glucose in the six key ways shown in Figure 2.2.

Limiting factor: Anything 
that reduces the rate of 
a reaction or stops the 
reaction. 

Epidermis: The outermost 
layer of cells in an organism.

Spongy mesophyll: Cells 
found towards the bottom of 
leaves with spaces between 
them to allow gases to 
diffuse.

Stomata (singular stoma): 
The tiny holes in leaves that 
are bordered by guard cells. 
These stomata allow gases 
to diffuse in and out of the 
leaf as the stomata open.

nucleus cytoplasm
vacuole

sugars
phloem

xylem

water
and mineral

ions

guard cell

water gases
stoma

waxy cuticle

upper
epidermis

palisade
mesophyll
cell

chloroplasts
spongy
mesophyll
cell

air space

lower
epidermis

Figure 2.1 A cross-section of 
a leaf
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respiration to 
release energy 
for chemical 
reactions

making cellulose for 
structural growth, 
making new cell walls 
and increasing biomass

combining with 
nitrates to make 
amino acids and 
proteins for growth

producing
fats or oils for
storageforming sucrose

producing insoluble starch
in leaves and storage 
organs, e.g. potatoes 
and seeds

glucose
used
for

Plants or algae performing photosynthesis are present at the start of almost 
every food chain on our planet. This means that the process of photosynthesis 
provides the energy that supports almost all life on Earth, including your 
own. Without photosynthesis, there would be very little life on our planet.

Required practical 1

Investigate photosynthesis, showing the evolution of oxygen from a  
water plant
Equipment: 
l Lamp
l Metre ruler
l Boiling tube

l Pondweed
l Water
l Splint

Method: 
l The equipment was set up as shown in Figure 2.3. 
l The boiling tube with pondweed was placed 10 cm from the lamp. 
l The light was switched on and left for two minutes so the plant could acclimatise. 
l The number of bubbles of oxygen given off in one minute was then recorded. 
l The boiling tube was then moved further away in increments of 10 cm from the lamp and the 

experiment was repeated up to a maximum distance of 50 cm. 

lamp boiling tube clamped
in position

pond weed weighted
with paper clip

metre ruler

water

Figure 2.3 The equipment used to investigate the effect of light intensity on the  
rate of photosynthesis 

Results: 
l The results of the experiment produced the data in Figure 2.4. 
l A glowing splint was added to the tube to see if oxygen was being produced. The splint relit, which 

proved the presence of oxygen.

Figure 2.2 How plants make use of the 
glucose produced in photosynthesis

Exam tip

Students often confuse the 
effects of temperature, 
light intensity, carbon 
dioxide concentration and 
amount of chlorophyll on 
the rate of photosynthesis. 
It is important that you can 
describe what happens 
when each of these factors 
increases and decreases. 
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Light intensity
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cold day

photosynthesis
limited by
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photosynthesis
limited by light

Required practical 2

Investigate photosynthesis, showing the production of starch and the 
requirements of light and chlorophyll
Equipment: 
l A plant with at least two leaves
l Silver foil
l Bunsen burner
l Boiling tube
l Forceps

l Beaker
l Alcohol
l Spotting tile
l Iodine solution

Method: 
l One leaf of the plant was covered with a piece of silver foil. The other leaf was positioned so that 

sunlight fell on it. The plant was then left for two days.
l After two days, both leaves were removed from the plant and heated in boiling water for five minutes.
l Forceps were used to remove both leaves, which were then placed in a beaker of warm alcohol. 
l This warm alcohol removed all chlorophyll, which turned the leaf pale. 
l Both leaves were then placed on a spotting tile and covered in iodine solution to test for starch.

Results: 
l The leaf in the sunlight turned from brown to blue/black with the addition of the iodine solution. 
l This showed that starch was present and so the leaf had photosynthesised (the glucose this produced 

would have been stored as starch). 
l The leaf covered in silver foil remained brown with the addition of the iodine solution. 
l This showed that starch was not present and therefore the leaf had not photosynthesised (no glucose was 

produced to be stored as starch). 

Now test yourself
 1 State the word equation for photosynthesis.
 2 State the balanced chemical symbol equation for photosynthesis.
 3 Besides plants, what other group of organisms completes 

photosynthesis? 
 4 Why is photosynthesis an endothermic reaction? 
 5 In which type of cell does most photosynthesis in leaves occur? 
 6 What four factors affect the rate of photosynthesis?
 7 How do farmers reduce limiting factors for photosynthesis? 
 8 Define the term limiting factor. 
 9 State the equipment that you would use to investigate how light 

intensity affects the rate of photosynthesis. 
10 Where are photosynthetic organisms usually found in a food chain?

Answers on p. 124–5

Figure 2.4 The effect of increasing light 
intensity on the rate of photosynthesis

Exam tip

This experiment could also be 
repeated with the addition of 
sodium hydrogen carbonate, 
which would provide a carbon 
source for the plant. More 
photosynthesis would then 
occur and so more bubbles of 
oxygen would be seen.

Exam tip

A similar experiment can 
be done using a leaf from a 
variegated plant. This type 
of plant has been bred to 
have both green and white 
parts on its leaves to make 
them look more attractive. 
The white parts have no 
chlorophyll so do not 
photosynthesise. They would 
not produce glucose or turn 
it into starch. Therefore, the 
iodine placed on the white 
areas would remain brown.
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Human nutrition
Balanced diets
A well-balanced diet is a diet that has the correct amounts of all food 
groups. This can be shown in a food pyramid, as in Figure 2.5. The 
pyramid shows that:
l A large part of your diet should be made up of carbohydrates like 

bread, potatoes and rice.
l Another large part of your diet should be fruits and vegetables. These 

contain natural sugars, healthy vitamins and dietary fibre. 
l Only a small part of your diet should be lipids (fats and oils). These are 

found in dairy products including milk and cheese. Dairy products are 
also high in protein but have high cholesterol levels, which is why they 
should be eaten in smaller quantities.

We don’t need the same amount of each food group throughout our lives. 
In fact, the amount of food we need can change significantly with our 
activity level, age and condition (for example, pregnancy). People like 
athletes, or those with more physical jobs, need more food than people 
who are less active. Similarly, teenagers are growing quickly so require 
more food, and pregnant women must ensure they have enough food for 
them and their developing baby.

Table 2.1 provides a summary of the major food groups.

Table 2.1 The key food groups explained

Food group Found in these foods Function in the body
Carbohydrate Bread, pasta, rice and potatoes A source of energy
Protein Meat, eggs, cheese, fish, nuts and 

seeds
Growth and repair

Lipids (fats 
and oils)

Oils, margarine, butter, cheese, 
cream

A source of energy

Vitamin A Cod liver oil, liver, ghee, sweet 
potato, carrot, broccoli

Growth and development, supports the immune 
system and good vision

Vitamin C Citrus fruits, broccoli, Brussels 
sprouts

Repair, making enzymes and supporting the immune 
system; insufficient vitamin C can lead to scurvy

Vitamin D Produced by your skin when 
exposed to sunlight; also found in 
fish, eggs, liver and mushrooms

Growth of bones; insufficient vitamin D can lead to 
rickets

Calcium Milk, cheese, butter, broccoli, 
cabbage

Growth of bones and teeth, regulates heartbeat and 
helps blood clot

Iron Meat, beans, nuts, dried fruit Healthy blood; insufficient iron in your diet can lead 
to anaemia

Water Water, fresh fruit and vegetables All cells of your body require water to function 
properly

Dietary fibre Foods that come from plants like 
fresh fruit and vegetables

Provides something solid for your digestive system 
to push along

Revision activity

Draw out Table 2.1 with only the headings and food groups. Try to fill 
the rest of the table in from memory to help you revise.

Figure 2.5 A balanced diet 
represented as a food pyramid.
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The digestive system
Your digestive system is about 9 metres long and runs from your mouth 
to your anus. It breaks down the large, insoluble bits of food that you eat 
into smaller, soluble pieces that can be absorbed into your blood. They 
are then transported around your body to the cells that need them.

Functions of the parts of the digestive system
The digestive system is also known as the alimentary canal. The 
functions of the parts of your digestive system are found in Table 2.2.

Table 2.2 The parts of the digestive system and their functions

Component Function

Salivary glands Glands in your mouth that produce saliva. Saliva 
lubricates food as it passes along your oesophagus. It 
also contains a carbohydrase enzyme called amylase, 
which begins the breakdown of starch into sugars.

Oesophagus Short tube that connects the mouth and stomach.

Stomach Small bag about the size of your fist. It has ridges 
that allow it to increase in size when you eat food. The 
food is mixed with stomach acid to kill any pathogens. 
Stomach acid does not break down food. Protease 
enzymes are mixed with food in the stomach to begin 
the breakdown of proteins. 

Liver Food does not pass through the liver, but it produces 
bile to break down fats into smaller pieces. This is 
called emulsification. Breaking fats into smaller 
pieces increases the surface area to allow lipase 
enzymes to work more effectively.

Gall bladder Food does not pass through the gall bladder, but it 
stores bile before the bile is released into the small 
intestine.

Pancreas Food does not pass through the pancreas, but 
it produces carbohydrase, protease and lipase 
enzymes, which it releases into the small intestine.

Small intestine Digested food is absorbed into the blood here. The 
small intestine is about 7 metres long. The first 30 cm 
or so is called the duodenum. This is the major site of 
breakdown of food by enzymes.

The jejunum is the middle section of the small 
intestine. Here, most digested food molecules are 
absorbed into the blood.

The ileum is the final 2 to 4 metres of your small 
intestine. It is the major site of absorption of broken 
down food by villi. The surface of the small intestine 
has millions of these tiny, finger-like projections. They 
increase the surface area of the small intestine to 
allow more food to be absorbed into the blood. 

Food is pushed through your small intestine by 
peristalsis. This is the rhythmical contraction and 
relaxation of the muscles in the lining of the small 
intestine. This movement forces lumps of food along it 
like you might squeeze toothpaste out of a tube.

Digestive system: The organs 
and glands in your body that 
are responsible for breaking 
down food into smaller, 
soluble pieces that can be 
absorbed into your blood.

Insoluble: Things that cannot 
be dissolved.

Soluble: Things that can be 
dissolved.

Alimentary canal: Another 
name for the digestive 
system.

Pathogen: A disease-
causing micro-organism 
(bacterium, fungus, protist 
or virus). 

Bile: A green/yellow-
coloured liquid produced 
by your liver, stored by your 
gall bladder and released 
into your small intestine to 
break down fats. 

Villi (singular: villus): Tiny, 
finger-like projections that 
poke into your digestive 
system in your small 
intestine to increase the 
surface area and so absorb 
more digested food.

Peristalsis: The rhythmical 
contraction of muscle 
behind food in the digestive 
system to push it along.

Ë
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Component Function
Large intestine 
(colon and 
rectum)

All that is left of your food when it leaves the small 
intestine is water and fibre that you cannot digest. 
The colon is the first part of the large intestine, which 
absorbs water, leaving fibre, which forms your solid 
waste (faeces).

The rectum is the final 10 cm of your large intestine. 
Here faeces is stored until it is removed when you 
defecate.

Anus This opening controls when you release faeces when 
you go to the toilet.

proteins – a chain of
amino acids 

proteases
in stomach

peptides

proteases
in small intestine

individual
amino acids

thin wall of villus allows the
absorption of the products of
digestion into blood capillaries
and lymph vessel (lacteal) 

amino acids absorbed
into capillary

capillary network
within villusstarch – a branched

chain of glucose sugars

amylases in
mouth and small

intestine

maltose – pairs of
glucose molecules 

individual
glucose molecules 

maltase in
small intestine sugars absorbed

into capillary

lacteal vessel
within villus

lipids – fatty acids linked to glycerol

fatty acid

glycerol

lipase enzymes

helped by bile

individual fatty acid
and glycerol molecules

glycerol

fatty acid

glycerol and
fatty acids

absorbed into
lacteal

Figure 2.6 Villi are small, hair-like structures in your small intestine. 
They increase the surface area over which molecules of digested food 
can be absorbed.

from stomach

small intestine

muscles contract
pushing bolus
downward

muscles
relax bolus of food

to large intestine

Figure 2.7 The rhythmical contraction and relaxation of the muscles 
that line much of the digestive system is called peristalsis

Digestive enzymes
There are three types of digestive enzyme. The molecules of food they 
break down are called substrates (see pages 10-11). The three types of 
enzyme are summarised in Table 2.3 on the following page.

Revision activity

Draw out a rough sketch of 
the human body and include 
the components from Table 
2.2. Label each part and 
write down its function, 
with arrows showing the 
movement of both food and 
other digestive substances.

Exam tip

To help you remember what 
peristalsis is, picture yourself 
pushing a tennis ball through 
a pair of tights. The tennis ball 
represents a bolus of food 
and the tights represent your 
digestive system.

SAMPLE
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Table 2.3 The enzymes, substrates and products of the digestive system

Enzyme Substrate Product Location

Carbohydrase Carbohydrates Sugars Mouth, pancreas and small intestine

Protease Proteins Amino acids Stomach, pancreas and small intestine

Lipase Fats and oils (lipids) Fatty acids and glycerol Pancreas and small intestine

Some digestive enzymes have specific names. The carbohydrase enzyme 
found in your saliva and small intestine is called amylase. This enzyme 
breaks down the carbohydrate starch into maltose. Another carbohydrase 
enzyme called maltase is produced by your pancreas. This breaks down 
the sugar maltose into glucose in the small intestine.

Salivary glands
produce amylase
(an example of
a carbohydrase
enzyme).

Stomach lining cells produce
protease enzymes. Protein
digestion starts in
the stomach.

Pancreas produces
carbohydrase, protease
and lipase enzymes.

Pancreatic enzymes
complete breakdown
of carbohydrates, proteins
and lipids into small
soluble molecules in the
small intestine.

Gall bladder 
stores alkaline 
bile.

Acidic food 
neutralised 
here.

mouth

liver

Bile
Bile is not an enzyme because it does not break down lipids into fatty 
acids and glycerol like lipase enzymes do. Bile is actually an emulsifier 
that breaks down large globules of fat into smaller ones. This increases the 
surface area for lipase enzymes to work on and speeds up their digestion.

Bile is also an alkaline substance that neutralises any excess stomach acid 
at the beginning of the small intestine. This provides the enzymes in the 
small intestine with their optimum pH.

Figure 2.8 Digestive enzymes 
control reactions that take place in 
the digestive system. No enzymes 
are made or used in the oesophagus, 
liver (bile is not an enzyme), gall 
bladder, large intestine or anus.

Revision activity

Draw out Table 2.3 with only 
the headings. Try to fill in 
the rest of the table from 
memory.

Exam tip

Students often mix up the 
locations where digestive 
enzymes are produced (see 
Table 2.3). It is important 
that you can describe what 
the different enzymes do 
and where they do it, as 
well as being able to state 
simple word equations 
for the reactions of these 
breakdown enzymes.

Typical mistake

Students often think that bile 
is an enzyme, but it is not. It 
is actually an emulsifier – a 
chemical substance that 
emulsifies (breaks up) fats.

SAMPLE
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Required practical 3

Investigate the energy content in a food sample
Equipment: 
l Measuring cylinder
l Boiling tube
l Thermometer
l Boss

l Clamp
l Retort stand
l Forceps
l Food samples

Method: 
l 5 cm3 of water was placed into a boiling tube. 
l A thermometer was used to measure the temperature. 
l A boss, clamp and retort stand were used to hold the tube. 
l Forceps were used to hold the food sample below the boiling tube. 
l The food sample was lit and kept under the tube until it went out. 
l The temperature of the water was re-measured and the increase was calculated. 
l The experiment was repeated with identical masses of other foods, and the different results were 

compared.

Results: 
l Foods that contained more energy increased the temperature of the water more than foods with lower 

energy contents. 

Now test yourself
11 What food groups are present in a balanced diet? 
12 What are lipids? 
13 Why do pregnant women require more food? 
14 Which foods are high in carbohydrate? 
15 Why is calcium important in your diet?
16 What does the pancreas do as part of your digestive system? 
17 What are the duodenum and ileum part of? 
18 Describe the process of peristalsis.
19 What are the three main enzyme types in the human digestive system? 
20 Where is bile produced and stored?

Answers on p. 125

Respiration
Aerobic respiration
Energy is released from glucose during aerobic respiration. This reaction is 
essential for all living organisms. It occurs continuously in specially adapted 
cell components called mitochondria, which are found in the cytoplasm. 

Respiration releases energy, which is used by the cell to convert a 
chemical substance called ADP to ATP. ATP has more energy stored 
within its chemical bonds than ADP. When the cell needs energy, ATP is 
converted back to ADP and the extra energy stored in the chemical bonds 
is released. ATP is often called the ‘energy currency’ of the cell.

The energy released when ATP is converted back to ADP is used to 
complete the eight life processes (see page 1). The word equation for 
aerobic respiration is:

glucose + oxygen  
energy out

    carbon dioxide + water

Exam tip

The energy values given in 
the nutritional information 
on food packaging have 
been calculated using 
this technique. Usually an 
automated machine called a 
calorimeter is used to burn 
the food and calculate the 
energy present. One food 
calorie is the energy needed 
to increase 1 cm3 of water 
by 1 °C.

Aerobic: In the presence of 
oxygen. 

ATP (adenosine 
triphosphate): A molecule 
found in all cells in which 
energy from respiration is 
stored.
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The balanced chemical symbol equation for respiration is:

C6H12O6 + 6O2
 energy out

    6CO2 + 6H2O

Respiration is an exothermic reaction so it transfers energy to its 
surroundings. Unlike photosynthesis, respiration occurs at all times not 
just during the day.

Conversion of energy in respiration (and 
photosynthesis)
The equations for photosynthesis and respiration are the opposite of 
each other: the reactants in respiration are the same as the products in 
photosynthesis and vice versa. They are also opposite in terms of their 
energy use. Photosynthesis is endothermic and so takes energy from its 
surroundings (light) and stores this in glucose. Respiration is exothermic 
and so releases energy from glucose.

Photosynthesis and respiration work together to support almost all life 
on our planet. The Sun’s energy drives nearly all food chains as its light 
energy is converted by plants and algae into a chemical store of energy 
(glucose) during photosynthesis. The energy for life processes is then 
transferred from glucose during respiration. 

This energy has two main uses. It is converted into:
1 heat energy to keep homoeothermic (warm-blooded) animals warm
2 chemical stores of energy that are used in reactions to build larger 

molecules and drive processes like movement.

Anaerobic respiration in animals
Anaerobic respiration occurs in animals when there is not enough 
oxygen for aerobic respiration. An example might be when you have 
been exercising vigorously. This means you are unable to breathe quickly 
and deeply enough to supply your cells with sufficient oxygen. This is the 
equation for anaerobic respiration in animals:

glucose  
energy out (only 5%)

    lactic acid

When your cells respire anaerobically, there is insufficient oxygen to 
make carbon dioxide and water, so a product called lactic acid is made 
instead. Many scientists think that lactic acid build-up in muscles causes 
cramp. During long periods of vigorous exercise, your muscles become 
fatigued and could stop contracting efficiently.

Crucially, only 5% of the energy provided by aerobic respiration is 
released. The remaining 95% is stored within the lactic acid.

When you have finished exercising, your breathing rate and volume 
(depth) do not return to normal immediately. They remain high until 
your body has absorbed enough oxygen to remove the lactic acid that 
has built up. This is called paying your oxygen debt. This releases the 
remaining 95% of the energy that was originally stored in the glucose.

Lactic acid builds up in cells that are respiring anaerobically. This lactic acid 
diffuses into the bloodstream from a higher concentration in the cells to a 
lower concentration in the blood. It is then transported to the liver where it 
diffuses from a higher concentration in the blood to a lower concentration 
in the liver. Once in the liver, it is then converted back to glucose.

Exothermic reaction: A 
reaction in which energy 
is transferred to the 
surroundings. This is the 
opposite of an endothermic 
reaction.

Homoeothermic: Warm-
blooded, like birds and 
mammals.

Exam tip

When writing the word 
and symbol equations, the 
two reactants and the two 
products can be put either 
way around. However, you 
must not mix up reactants 
with products as this would 
be incorrect.

Exam tip

When describing cellular 
respiration, remember to 
say that it is an exothermic 
reaction that is continuously 
occurring in all cells.

Anaerobic: In the absence of 
oxygen.

Product: A substance 
produced in a reaction.

Oxygen debt: A temporary 
shortage of oxygen in 
respiring tissues and 
organs.

Exam tip

When comparing aerobic 
and anaerobic respiration, 
you should be specific about 
the relative amounts of 
energy that are released.

SAMPLE



31

2 
N

ut
ri

tio
n 

an
d 

re
sp

ir
at

io
n

Edexcel International GCSE (9–1) Biology

Anaerobic respiration in plants and  
micro-organisms
Some micro-organisms such as yeast respire anaerobically:

glucose  
energy out

    ethanol + carbon dioxide

This reaction in yeast is called fermentation. It is an economically 
important reaction because we use it to make bread and beer. The ethanol 
produced is commonly called alcohol, and it is present in concentrations 
of around 4% in beer, 12% in wine and 40% in spirits.

Required practical 4

Investigate the evolution of carbon dioxide from respiring seeds or other 
suitable living organisms
Equipment: 
l Boiling tubes l Screw clips
l Cotton wool l Capillary tubes
l Soda lime l Invertebrates
l Bungs

Method:
l The equipment was set up as shown in Figure 2.9. 
l The distances from the rubber bungs to the water drops in each capillary were measured. 
l The experiment was left for one hour. 
l The distances to the bubbles were re-measured and the distances they had moved were recorded.

cotton wool
soda lime

screw clip

rubber tubing

grasshopper capillary tube water drop cricket

Figure 2.9 The equipment used to investigate the production of carbon dioxide from living organisms

Results: 
l Like all other animals and plants, both the grasshopper and the cricket produced carbon dioxide when 

they respired. 
l This was absorbed by the soda lime as it was produced, which caused a partial vacuum. 
l The bubble of water therefore moved towards the bung. 
l The greater the respiration of the invertebrates, the further the bubble moved.

Please note: When using animals in experiments it is very important that they are properly looked after. 
If you carry out this experiment, you should ensure it is completed before the oxygen in the boiling tubes 
runs out.

Fermentation: The chemical 
breakdown of glucose 
into ethanol and carbon 
dioxide by respiring micro-
organisms such as yeast. 

SAMPLE
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Required practical 5

Investigate the evolution of heat from respiring seeds or other suitable 
living organisms
Equipment:
l Two flasks
l Two thermometers
l Germinating seeds

l Boiled (so non-germinating) seeds
l Cotton wool

Method: 
l The equipment was set up as shown in Figure 2.10. 
l The starting temperature was measured and the experiment was left for one hour. 
l The temperature was re-measured and the difference was calculated.

flask A

seeds that have
been killed by
boiling

flask B vacuum
flask

cotton
wool plug

thermometer

living
material
(germinating seeds)

Figure 2.10 The equipment used to show that heat is given off by living material during respiration

Results: 
l The germinating seeds respired. 
l The temperature in their flask increased as a result. 
l The boiled (non-germinating) seeds did not respire and so their temperature remained the same.

Now test yourself
21 State the word equation for aerobic respiration.
22 State the balanced chemical symbol equation for aerobic 

respiration.
23 Why is respiration an exothermic reaction?
24 When do plants complete respiration and photosynthesis?
25 What are the two main uses of the energy produced in respiration 

in warm-blooded animals? 
26 What does anaerobic mean? 
27 State the word equation for anaerobic respiration in animals.
28 What is lactic acid converted into? 
29 What is anaerobic respiration in yeast also known as? 
30 State the word equation for anaerobic respiration in yeast.

Answers on p. 125

Revision activity

Draw a mind map of all 
the content in this chapter. 
You could use the topic 
headings: nutrition in 
flowering plants, human 
nutrition, and respiration.SAMPLE
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Summary
l The word equation for photosynthesis is: 

carbon dioxide + water 
light in

  glucose + oxygen

l The balanced chemical symbol equation for photosynthesis is: 

6CO2 + 6H2O 
light in

  C6H12O6 + 6O2

l Photosynthesis is an endothermic reaction in which light energy is transferred to the chloroplasts in 
plant cells.

l The rate of photosynthesis is affected by temperature, light intensity, carbon dioxide concentration 
and the amount of chlorophyll.

l These limiting factors can interact. They are important in the economics of obtaining optimum 
conditions in greenhouses for growing food.

l Glucose produced in photosynthesis is used for respiration, converted into sucrose or starch for 
storage, and used to produce fats or oils for storage, cellulose for growth and amino acids for protein 
synthesis.

l A well-balanced diet has the correct amounts of all food groups. Carbohydrates provide an energy 
source. Proteins are required for growth and repair. Lipids (fats and oils) are another source of 
energy. Fibre provides solidity for peristalsis. Vitamins and minerals are required in smaller 
quantities to keep you healthy.

l The digestive system is an organ system that breaks down large lumps of insoluble food into smaller, 
soluble molecules that are absorbed into the blood. Digested food is absorbed into your blood in your 
small intestine. Water is absorbed into your blood in your large intestine.

l Enzymes are proteins that speed up reactions including digestion of food. 
l Carbohydrase enzymes are made in your mouth, pancreas and small intestine. They break down 

larger carbohydrates into sugars. 
l Protease enzymes are produced in your stomach, pancreas and small intestine. They break down 

proteins into amino acids. 
l Lipase enzymes are made in your pancreas and small intestine. They break down lipids into fatty acids 

and glycerol.
l Respiration can occur with oxygen (aerobic) or without (anaerobic). 
l The energy transferred by respiration supplies all the energy needed by living organisms. It is needed 

for chemical reactions to build larger molecules, movement and keeping warm (in warm-blooded 
animals).

l The word equation for aerobic respiration is: 

glucose + oxygen  
energy out

    carbon dioxide + water

l The balanced chemical symbol equation for aerobic respiration is: 

C6H12O6 + 6O2
 energy out

    6CO2 + 6H2O

l During exercise, the heart and breathing rates increase, as does the depth of breathing. This supplies 
respiring cells with more oxygen. Without enough oxygen, anaerobic respiration occurs.

l The equation for anaerobic respiration in animals is: 

glucose  
energy out (only 5%)

    lactic acid

l Only around 5% of the energy is released in anaerobic respiration. The rest remains within lactic acid. 
When an oxygen debt has been paid, the rest of the energy is released.

l Lactic acid is transported to the liver where it is converted back to glucose. The oxygen debt is the 
amount of extra oxygen needed to react with and remove the lactic acid.

l The equation for anaerobic respiration in plant and yeast cells is: 

glucose  
energy out

    ethanol + carbon dioxide

l Anaerobic respiration in yeast is called fermentation. This is economically important in the making of 
bread and alcoholic drinks.

SAMPLE



34

2 
N

ut
ri

tio
n 

an
d 

re
sp

ir
at

io
n

Exam practice answers and quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads

Exam practice
1  Photosynthesis occurs in the green parts of all plants.

(a)  In which of the following cell components does photosynthesis occur? [1]
A Vacuole
B Ribosomes
C Mitochondria
D Chloroplasts

(b)  Explain why photosynthesis is important for all life on Earth, and not just plants and algae. [2]
(c)  State the word equation for photosynthesis. [2]
(d)  Describe a procedure you would use to investigate the effects of light intensity on 

photosynthesis. [4]
(e)  Describe the uses of glucose produced by photosynthesis. [6]

2  Respiration releases energy for cells to complete life processes.
(a)  What are the product(s) of anaerobic respiration (fermentation) in micro-organisms? [1]

A Lactic acid
B Ethanol and carbon dioxide
C Water and carbon dioxide
D Glucose and oxygen

(b)  Define the term oxygen debt. [1] 
(c)  Compare and contrast the reactions of aerobic respiration and photosynthesis. [6]

3  Your digestive system is responsible for breaking down food, which is absorbed into your blood. 
Enzymes have an important role in this process.

A

C

B

(a)  The diagram shows a human digestive system. Name the parts A to C. [3]
(b)  Name the two products when lipase enzymes break down lipids. [2]
(c)  Describe how the lock and key theory is used to explain how enzymes break down substrates. [3]
(d)  Explain how extremes of pH or temperature might affect an enzyme’s function. [3]

Answers and quick quizzes online

SAMPLE




