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Unit 1: Photosynthesis and Respiration   
  

Requirement for, and products of photosynthesis and 
respiration  

Duration  20 min  

Activity outcomes: By the end of this unit participants will 

be able to state:  

• The requirements of photosynthesis and respiration.  
• The products of photosynthesis and respiration.  
• Conduct an investigation to test for the presence of 

carbon dioxide in exhaled air.   

Method  Group work  

Resources: NS CAPS document, textbooks and science equipment   

  

  

Background knowledge  
  

All living organisms require energy to survive. The interactions in ecosystems are driven by 

the need for energy. That is why photosynthesis and respiration play a big role in the survival 

of most organisms. It is the two most important processes conducted by living organisms to 

obtain usable energy.   

 

 

 

 The sun is one of the most important sources of energy, and supplies energy in the form of heat 

and light. Most plants photosynthesise, while animals must satisfy their energy needs by the 

process of respiration.  

 Photosynthesis  

  

Photo means ‘light’ and synthesis means ‘to make’.   
  

 Photosynthesis is the process by which plants use carbon dioxide, water and light energy  

 in the series of chemical reactions to produce glucose (food).  
 

 

 

Plants need the following to photosynthesize: 
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Light energy  

  
  

  
  
  
Light energy is provided by the sun.  

Carbon dioxide  

  

  
  
Plants obtain carbon dioxide from the (CO2) sun.  

Water  

  

  
  
Plants obtain water from the ground.  

Chlorophyll  

  

  
  
Green plants contain the pigment chlorophyll.  

  

  

Photosynthesis occurs through the series of chemical reactions. The simplified chemical 

reaction for photosynthesis is as follows:  

 
  

Plants absorb carbon dioxide and release oxygen through the stomata by means of a 

process known as gaseous exchange. Gaseous exchange is the absorption and emission 

of gases. Stomata are found mainly on the leaves. However, stomata can also be found 

on the other parts of the plant that are above the ground, such as stems.  Water is 

absorbed from the ground through the root hairs of the plant.  

  

Plants use glucose to respire. The energy that is released through respiration is used for 

the following life processes: propagation, cell division, growth and other life processes.   
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Some glucose is converted into cellulose which forms cell walls. Excess glucose is stored 

as starch. Stored starch is served as a food source for other living organisms.  

    

Any extra food a plant makes through photosynthesis is stored in its tissue as starch. Testing 

a leaf for starch is one way to test whether it has been performing photosynthesis. (Teacher 

supervision is required.)   

Activity 1.1. Conduct an investigation to show that leaves produce starch.  
  

a) Aim of the investigation:  

  

_______________________________________________________  

  

b) Investigative question:  

_______________________________________________________  

  

_______________________________________________________ 

c) Hypothesis:  

_______________________________________________________  

  

_______________________________________________________  

  

d) Apparatus:  

  

• Different coloured leaves from healthy plants that have been growing 

outside  

• a glass beaker or container  

• water  

• Bunsen burner or spirit burner  

• tripod & gauze   

• test tube  

• ethanol/methylated spirits 

• forceps   

• white tile or other white surface   

• iodine solution   

• dropper  

• timer  

  

e) Method:  

  

1. Heat a beaker of water on the tripod stand with gauze over a Bunsen burner until the 

water boils.   

2. Use the forceps to put a leaf in the boiling water for one minute.   

3. Switch off the Bunsen burner.   
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4. Use the forceps to remove the leaf from the water and place it into a test 

tube filled with ethanol or methylated spirits.   

5. Place the test tube in the beaker of hot water (the water must not be boiling). Do not 

let the water flow into the test tube. The ethanol will boil because it has a lower boiling 

point than water.   

6. Use the forceps to take the leaf out of the test tube and rinse it in the hot 

water in the beaker.   

7. Use the forceps to place the leaf gently on the white tile.   

8. Use the dropper to add a drop of iodine solution to the surface of the 

leaf.   

9. Observe any changes.  

  

   

f) Questions:  
  

i) Why do you have to boil the leaf in water first, before boiling it in ethanol?  

______________________________________________________ 

ii) Why do you have to heat ethanol over water and not over an open flame?  

______________________________________________________ 

iii) Why do you need to boil the leaf in ethanol?  
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_____________________________________________________ 

iv) What do you observe after the leaf has been boiled in ethanol? 

______________________________________________________  

v) Why do you have to boil the leaf in water the second time?  

______________________________________________________ 

vi) What colour was the iodine solution: 

1) before it was placed on the leaf? _____________________________ 

2) when it came into contact with the leaf? _____________________  

               vii) What does the change in colour in vi) above indicate? 

  ___________________________________________________________________________ 

 

  

Respiration   
  

Background knowledge  
  

Plants and animals need the energy that is stored in food for life processes such as 

growth and movement. To release the energy stored in food, the food must be broken 

down into simpler substances in a process called respiration. Respiration involves a 

series of chemical reactions, but you do not need to know all of them. The overall 

process of respiration can be summarised by the following word equation:  

 

glucose + oxygen → carbon dioxide + water (+ energy)  
  

Plants and animals need the following for respiration:  

 glucose, which contains potential energy. Plants make glucose during 

photosynthesis. Animals get glucose from the food they eat.   

 oxygen, which is absorbed from the air. Plants absorb air through tiny openings 

in their leaves called stomata. Animals absorb oxygen through their lungs, skin or 

gills.   

Respiration produces the following products:  

Carbon dioxide: This gas is a by-product of respiration. Plants release carbon dioxide 

into the air through the stomata in their leaves. Animals release carbon dioxide into the 

air from their lungs, gills or skin.   

Water: This is also a by-product of respiration. Plants release water into the air in the 

form of water vapour through their stomata. Animals release water in the form of sweat, 

urine or water vapour in exhaled air.   

Energy: Glucose is broken down into energy-rich molecules that are used in all the life 

processes in plants and animals.  
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One way to find out whether respiration has taken place is to test for one the by-

products of the process, namely carbon dioxide.   

Too much carbon dioxide is toxic to cells and needs to be removed from the cells 

continuously. In our bodies, carbon dioxide dissolves into the blood. In the lungs, 

oxygen from inhaled air replaces the carbon dioxide in the blood. The carbon dioxide 

moves into the air and is then exhaled. Testing exhaled air for the presence of carbon 

dioxide is therefore a simple test for the process of respiration.   

  

Activity 1.2. Complete the table below by listing the requirements and products 

of each process.  
  

Process  Requirements  Products  

  
Photosynthesis  

  
  
  
  
  
  

  
  

Respiration    
  
  
  
  
  

  

  

  

Activity 1.3. Test for the presence of carbon dioxide in exhaled air  
  

Aim: To test for the presence of carbon dioxide in exhaled air using clear lime water  

  

Apparatus:  

Test tube or clear glass container  

Clear lime water  

Drinking straw  

  

Method  

1. Pour some of the clear limewater into the beaker.  

2. Gently exhale air into the clear limewater using a drinking 

straw, as shown in the picture on the right.  

3. Observe any changes.   
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4. Results  

5. What do you observe when you blew exhaled air into the clear limewater?  

     ____________________________________________________________________________ 

6. Conclusion  

7. What conclusion can you draw from your results?   

 

     _______________________________________________________________________________ 

  

8. Additional questions 
 
i) Name a process that occurs in cells of living organisms that could produce the 

carbon dioxide in exhaled air? 

_____________________________________________________ 

ii) Explain the importance of the process in question i). 

_____________________________________________________

_____________________________________________________ 

iii) Name another by – product that is produced in this process. 

_____________________________________________________ 

iv) Suggest how you could test for the presence of the by – product in question iii) in 

exhaled air. 

____________________________________________________ 

      ____________________________________________________ 
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Unit 2  Cells as the basic units of life  

Cell structure  Duration  20 min  

Activity outcomes: By the end of this unit participants 
will be able to understand:  

• The onion cell  
• Human cheek cell  
• Conduct an investigation to identify differences 

between plant and animal cells  

Method  Group work  

Resources: NS CAPS document, textbooks and science equipment   

 

Background information 

Cell organelles 

Have you ever wondered what the inside of a cell looks like? If you think about the rooms in 

our homes, the inside of any animal or plant cell has many similar room-like structures 

called organelles. Here are some names and descriptions of organelles and other parts 

commonly found in cells.  

 

Cell Wall: Protective Coat in Plant Cells  

The presence of a cell wall is what provides the most significant difference between plant and 

animal cells, as it is present only in plant cells and covers the cell membrane. The cell wall is 

rigid and is composed of cellulose fibre, polysaccharides, and proteins. Despite the rigidity of 

the cell wall, chemical signals and cellular excretions are allowed to pass between cells.  

Cell Membrane: Protective Coat in Animal Cells  

The cell membrane is found in both plants and animals, and it is the outer most layer in the 

animal cell, that separates the contents of the cell from the outside world. It consists of both 
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lipids and proteins and is selectively permeable, which means it permits only some 

molecules to pass through it.  

Cytoplasm: Cell’s Inner Space  

Cytoplasm is a jelly-like material that is eighty percent water and is usually clear in colour. It is 

also called cytosol. Cytoplasm contains all the organelles inside the cell membrane. The cytosol 

contains dissolved nutrients, helps break down waste products, and moves material around the 

cell through a process called cytoplasmic streaming. 

Nucleus: The Control Centre  

The nucleus is known as the control centre of the cell. It contains the regulatory 

machinery responsible for all the activities inside the cell. It is the largest organelle in the cell 

and it contains the DNA of the cell. DNA contains all the information that helps 

cells live, perform their functions and reproduce. The nucleus has a double layered 

covering called nuclear membrane.  

Vacuoles: Cell’s Storage Space  

A vacuole is a membrane-bound organelle that stores solid and liquid contents. 

Vacuoles are found in both animal and plant cells, but are much larger in plant cells. Vacuoles 

are formed by the fusion of multiple membrane vesicles and are effectively just larger forms 

of these. The organelle has no basic shape or size; its structure varies according to the needs 

of the cell.  

Before exploring the details of cell structure, let us understand the differences in the 

structure of an onion cell and a human cheek cell.  

Onion Cell  

An onion is a multicellular (consisting of many cells) plant organism. As in all plant cells, 

the cell of an onion peel consists of a cell wall, cell membrane, cytoplasm, nucleus 

and a large vacuole. The nucleus is present at the periphery of the cytoplasm. The vacuole 

is prominent and present at the centre of the cell. It is surrounded by cytoplasm. The presence 

of a cell wall and a large vacuole are indicators that help identify plant cells, such as seen in 

the onion peel.  

Human Cheek Cell  

As in all animal cells, the cells of the human cheek do not possess a cell wall. A cell membrane 

that is semi-permeable surrounds the cytoplasm. Unlike plant cells, the cytoplasm in an 
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animal cell is denser, granular and occupies a larger space. The vacuole in an animal cell is 

smaller in size, or absent. The nucleus is present at the centre of the cytoplasm. The absence 

of a cell wall and a prominent vacuole are indicators that help identify animal cells, such as 

cells seen in the human cheek.  

  

The activities below assists identify the differences between the plant and animal cells  

Activity 2.1. To prepare stained temporary mount of onion peel  

Materials required  

 onion  

 scalpel or knife  

 dissecting needle  

 forceps  

 microscope slides  

 coverslips 

 dropper  

 tissue paper or filter paper  

 distilled water  

 iodine solution  

 light microscope  

Precautions  

• Use a brush to transfer the peel from one apparatus to another.  

• Staining of peel should neither be too dark, nor too light.  

• Extra glycerine stain should be removed using blotting paper.  

Method 

 Prepare your microscope and slides as discussed in the safety methods above.  

 Cut the onion into blocks of about 1 cm square with a sharp knife or scalpel. 

 Use forceps to pull or peel a small piece of the very thin membrane-like epidermis lining 

off one of the inner layers of the onion. 
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 Place a drop of iodine solution onto the slide. 

 Place the membrane directly in the drop on the slide. 

 Gently lower a coverslip at an angle onto the onion cells. Hold the coverslip up with a 

dissection needle and gently lower the slip. This prevents air bubbles from getting trapped 

under the cover slip. 

 Wipe off excess fluid around the edge of the coverslip with tissue paper or filter paper.  

 Make sure the lowest power objective lens (this is the shortest lens) is in line with the 

eyepiece. Switch on the lamp or use the mirror to reflect the light onto your stage. Place 

the prepared slide onto the stage and secure it with the stage clips. 

 While on the low power, look from the side and lower the objective lens to just above the 

coverslip. Then look through the eyepiece and use the fine focus to focus your image.  

 Magnify your cells by swapping the objective lens to a higher powered lens. Only use the 

fine focus adjustment to focus clearly.  

 Make careful drawings of your observations in the space below and remember to label 

what you see. Add a heading including the specimen, the stain used and the magnification. 

 

 

 

 

 

Activity 2.2. To prepare stained temporary mount of human cheek cells 

Now that you have prepared slides of onion cell specimens, use a toothpick to gently scrape the 

inside of your cheek to collect cheek cells using the side of the toothpick or ice cream stick. Follow 

the same instructions as above to prepare the cheek cell specimen and to view it under the 

microscope. Draw and label the cheek cells that you viewed under the microscope in the space 

below.  
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Activity 2.3: Animal and plant cells have a number of key similarities, but also some noted 

differences. Complete the table below by stating some of the common similarities and differences 

between plant and animal cells.  

 Plant cells Animal cells 

Size & shape   

Cell wall   

Vacuole   

Chloroplast   

Plastids   

Plasma membrane   

Lysosomes   
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Unit 3                      A healthy diet  

Activity outcomes: By the end of this unit participants 
should be able to conduct a starch test and grease test on a 
variety of foods.  

Duration  20 min  

Method  Group work  

Resources: NS CAPS document, textbooks and science equipment   

 

Background information 

Our human bodies are very active. Our bodies need a huge variety of different nutrients and 

substances in order to perform all its processes. We obtain these nutrients from the food we eat. 

The human body needs a balanced, healthy diet to keep it functioning properly. 

 

There are various chemical tests which are used to easily identify the type of food molecules present 

in different foods. Once such test is the starch test. We can also test for the presences of fats and 

oils using the emulsion test. 

 

Activity 3.1 Conduct an investigation to test for the presence of starch and grease 

(fats and oils) in food 

 

Note: In this investigation, participants will be provided with the background information 

and basic instructions. They will have to design the investigation themselves and then write 

up their findings in an experimental report. 

 

The materials required are: 

• various food items to test for starch: for example, pieces of bread, apple, tomato, boiled egg, 

cheese, cucumber, potato, yoghurt, ham (some substances must contain starch and some not) 

• various food items to test for fats and oil: for example, the above food items can be used, 

and in addition, you could also provide peanut butter and butter  

• petri dish per group or learner for the starch test  

• bottle of iodine solution and dropper  

• several test tubes for the fat emulsion test  

• water  

• glass rod (or any other suitable round hard item) for crushing food substances for fat 

emulsion test  

• bottle of ethanol  

• forceps 
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Instructions: 

1. You need to conduct an investigation to test whether the food substances you have been 

provided with contain starch or fats and oils or both.  

2. A summary of each test is given below. You will need to design your investigation and conduct 

it.  

3. Before starting, think about how you will record your results and write out your proposed 

method. 

 

Starch iodine test 

As you have noted in Unit 1 of this manual that iodine solution is an orange-brown colour. When 

iodine is added to a substance which has starch in it, the iodine reacts with the starch to produce a 

blue-black colour. The blue-black colour indicates the presence of starch. 

 

Fat emulsion test 

To conduct the test, crush a piece of the food (or liquid) in a small amount of ethanol. Pour some 

of the mixture onto paper. Once the ethanol has evaporated, oil stains on the paper will indicate 

the presence of fats or oils in the food. 

 

Write the experimental report by answering the questions below. 

 

1. What is the aim of your investigation? 

    ___________________________________________________________ 

 

2. What is your hypothesis for this investigation?  

     ___________________________________________________________ 

 

3. List the materials and apparatus you used in this investigation. 
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4. Write down the method which you followed in this investigation. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________ 

 
5. Record your results and observations from your investigation. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
6. Discuss and evaluate your results and findings and the importance of food tests. 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________ 

7. What do you conclude from this investigation? 

________________________________________________________________

________________________________________________________________ 
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