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1 You are advised to read the whole question before you start.

Living organisms are made up of essential biological molecules that play critical 
roles in sustaining life and supporting cellular functions. 

These molecules vary in structure and function, contributing to processes such as 
energy provision, growth, and maintenance.

In this question, you are going to investigate the energy content in 1.0 g of 
unknown food samples S1 and S2.

thermometer

burning food sample (1.0 g) 
on a mounting needle

water (20 cm3)   

clamp to hold 
boiling tube

clamp to hold 
thermometer

retort stand

mounting needle attached 
to a test tube holder

white tile

Fig. 1.1

Step 1 Set up the experiment as shown in Fig. 1.1.

Step 2 Measure 20 cm3 of water and pour into a boiling tube.

Step 3 Measure and record the initial temperature of the water.

Step 4 Carefully stick the mounting needle into S1.

DO NOT remove the attached test tube holder.

Step 5 Use the mounted needle (attached to a test tube holder), to hold S1 in 
a flame until it starts to burn.

Ensure that you place your exam script away from the setup.

Step 6 Place S1 under the boiling tube while it is still burning.

Step 7 Keep S1 under the boiling tube until the flame goes out. 
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Repeat steps 5 and 6 until it no longer relights.

Step 8 Measure and record the highest temperature of the water. 

Step 9 Discard the burnt sample S1 into the waste container.

Step 10 Repeat steps 1 to 9 for a new sample of S1.

Step 11 Calculate the average rise in temperature for S1.

Step 12 Repeat the experiment for S2.

(a) State two variables that are kept the same during this investigation

1

2 [2]

(b) (i) Present your results in a table in the space provided. [5]
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(ii) The energy contained in S1 can be calculated using the formula below.

Energy
(J g-1) = volume of water (cm3) x average rise in temperature (oC) x 4.2

mass of S1 (g)
                     
                                            
                                                 
Use the formula to calculate the energy content (in joules per gram) of 
S1. 

Show your working in the space provided.

Present your answer in kilojoules per gram and to one decimal place.

 

Energy content of S1 kJ g-1 [2]

(c) (i) This is not a very accurate way of finding out the energy content of a 
piece of food.

Describe one key source of error and how it will affect the results of the 
experiment.

[2]

(ii) Suggest a modification to the procedure to reduce the effect of the error 
described in (c)(i).

[2]

(d) Table 1.1 shows the energy content per gram of different biological 
molecules.
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Table 1.1

biological molecule energy content / kJg-1

carbohydrate 16.0

fat 38.0

protein 17.0

Using information from Table 1.1, suggest whether it is possible to 
deduce the specific biological molecule present in S1 and S2. 

Explain why.

[2]
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(e) Plants undergo photosynthesis in the presence of light to produce glucose, which is 
subsequently stored as starch in leaves. 

Plants grown in different light intensities are reported to have different amounts of 
starch in their leaves.

Plan an experiment to investigate if there is a relationship on the effect of light 
intensity on the production of starch in leaves.

[6]

[Total: 21]

End of Question 1

Turn over to Page 8 for Question 2

2 Fig. 2.1 shows a photograph of the surface of a mammalian organ.
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R

P  Q

Fig. 2.1

(a
)

R refers to blood vessels embedded in the mammalian organ.

Describe the importance of R in the organ shown in Fig. 2.1.

[3
]

(b
)

Based on positions P and Q, identify the chambers of the heart and suggest 
how these chambers support blood circulation.

[3
]
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(c
)

Fig. 2.2 shows a cross-sectional view of an artery.

T

S

Fig 2.2

In the space provided, make a large outline drawing of Fig 2.2 to show the 
different regions of the artery.

[4]

(d) Describe one structural feature shown in Fig. 2.2 that enables the blood 
vessel to perform its function.

[2]
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(e) (i) The actual length between S and T across artery shown in Fig. 2.2 is 
3 mm.

Measure the length between S and T in Fig. 2.2 to calculate the 
magnification of the artery.

Show your working in the space provided below. 

Present your answer to one decimal place.

Magnification = X [2]

(ii) On your drawing in 2(c), draw a line at the same location as the line 
S–T shown in Fig. 2.2. Measure and record the length of this line.

mm [2]

(f) Use your measurements in 2(e)(i) and 2(e)(ii) to calculate the 
magnification of your drawing compared to Fig. 2.2.

Show your working clearly in the space provided below. 

Present your answer to one decimal place.

Magnification =    X [1]
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(g) Fig. 2.3 is a photomicrograph of a Planaria, a flatworm. 

A typical adult flatworm reaches an average size of up to 10 mm in length 
and 0.5 mm in thickness.

Fig. 2.3
Source: Wang, Y., Zayas, R. M., Guo, T., & Newmark, P. A. (2007). Nanos function is essential for 
development and regeneration of planarian germ cells. Proceedings of the National Academy of 
Sciences, 104(14), 5901–5906.

Describe how the structure of the flatworm allows it to survive without the 
organ shown in Fig. 2.1.

[2]

[Total: 19]

END OF PAPER
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1 You are advised to read the whole question before you start.

Proteins are an important part of our diet. These proteins are used in the body to make enzymes 
and other cell structures.

You are going to estimate the concentration of protein in two solutions, A and B, using a 
set of standard protein solutions.

You are provided with:

• 1% albumin solution, labelled 1% protein solution
• distilled water, labelled water
• biuret reagent, labelled biuret reagent
• albumin solution in a test-tube labelled A
• albumin solution in a test-tube labelled B
• seven empty test-tubes
• test-tube rack
• three 5 cm3 syringes
• white tile
• stop-watch

You should wear eye protection when carrying out the investigation.

You are required to prepare seven dilutions of protein solution using the 1% protein solution and 
distilled water.
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Step 1 Label seven empty test-tubes 1, 2, 3, 4, 5, 6 and 7.

Step 2 Make the seven solutions containing different concentrations of protein shown in           
Table 1.1.

To make solution 1, use a 5 cm3 syringe to measure the volumes of 1% protein 
solution and distilled water as stated in Table 1.1. Add these volumes to test-tube 
labelled 1. Continue this procedure until you have made all seven solutions in the 
seven labelled test-tubes.

test-tube number

1 2 3 4 5 6 7

volume of 1% protein solution / cm3 4.00 3.00 2.00 1.00 0.50 0.25 0.00

volume of distilled water / cm3 1.00 2.00 3.00 4.00 4.50 4.75 5.00

percentage concentration of protein 
solution 0.6 0.4 0.2 0.05 0

Table 1.1

(a) (i) Complete Table 1.1 by calculating the percentage concentration of the protein 
solutions in test-tubes 1 and 5. Write your answers in Table 1.1.

Show your working.

[2]

Step 3 Add 2 cm3 of biuret reagent to each of the solutions in test-tubes 1 to 7. Shake each 
test-tube gently to mix the contents.

Step 4 Place the test-tubes in a test-tube rack in order of concentration, from the least 
concentrated to the most concentrated. Leave for 5 minutes.

Step 5 You have been provided with two test-tubes labelled A and B. They contain protein 
solutions of unknown concentrations.

Add 2 cm3 of biuret reagent to the protein solution in the test-tube labelled A. Shake 
the test-tube gently to mix the contents.
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Step 6 Add 2 cm3 of biuret reagent to the protein solution in the test-tube labelled B. Shake 
the test-tube gently to mix the contents.

Step 7 Leave test-tubes A and B in a test-tube rack for 5 minutes. Continue with the other 
steps.

Step 8 Hold each of the test-tubes 1 to 7 against a white background and record the colour 
in your table.

Step 9 Give each of the test-tubes 1 to 7 a colour intensity score using the symbols in 
Table 1.2.

Test-tubes that have the same colour intensity should have the same score.

Table 1.2

colour intensity palest darkest

score + ++ +++ ++++

(ii) Present all your results for test-tubes 1 to 7 in a table in the space provided.
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[4]

Step 10 Compare the colour intensity of the solutions in test-tubes A and B with the colour 
intensity of the solutions in test-tubes 1 to 7. 

(iii) Record the colour intensity scores for test-tubes A and B.

colour intensity score for test-tube A .............................................................................

colour intensity score for test-tube B 
..............................................................................

[1]

(iv) Use your table in (a)(ii) and Table 1.1 to estimate the percentage concentration of the 
protein solutions in test-tubes A and B.

concentration of the protein solution in test-tube A 
......................................................%

concentration of the protein solution in test-tube 
B......................................................%

[2]

(b) (i) Identify the control for this experiment and explain why it is used.

control ............................................................................................................................
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explanation 
.....................................................................................................................

…………………………………………………………………………………………………..
.

……………………………………………………………….……………………………….[2]

(ii) Explain why the method used to find the concentration of the protein solutions in test-
tubes A and B can only be an estimate.

………………………………………………………………...………………………………
…

…………………………………………………………………………………………………..
.

…………………………………………………………………………………………………..

………………………………………………………………………………………………..[2]

(iii) State one possible source of error in this investigation and explain how you would 
improve the procedure to minimize the error.

source of error……………………………………………….…………………………………

improvement…………………………………………………………….……………………..

……………………………………………………………………………..……………………
.

……………………………………………………………………………….……………….[2]
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(c) Some proteins, such as mycotoxins, found in food can be toxic to humans when ingested. 
Mycotoxins are commonly found in cereals, dried fruits, and nuts. During the processing of 
these foods, enzymatic hydrolysis is carried out to improve the safety of food by breaking 
down mycotoxins. 

(i) Name an enzyme that can break down mycotoxins.

……………………………………………………………………………………….……….[1]

(ii) The maximum limit of mycotoxins in food is 20 mg/g or 0.02 percentage 
concentration of mycotoxin. A student would like to investigate the effectiveness of a 
particular enzyme used to break down mycotoxins in a sample of food so that it is 
safe for consumption.

Plan an investigation to find the concentration of enzyme needed to ensure safe 
levels of mycotoxin in a sample of food.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.

……………………………………………………………………………..……………………
.
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……………………………………………………………………………..……………………
.

……………………………………………………………………………….……………….[5]

[Total: 21]

2 The heart pumps blood to the body through the arteries. The rate of blood flow can be determined 
at certain sites around the body as a pulse. This can be used to estimate the heart rate.

(a) (i) On Fig. 2.1, label two sites where you can feel a pulse.

                                                                             Fig. 2.1                                                                       [2]

(ii) A student monitored their pulse rate after exercise. The student’s pulse rate before 
exercise was 62 beats per minute.

The results are shown in Table 2.1.

Table 2.1

time after exercise / minute pulse rate / beats per minute

0 156

1 108
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2 78

3 66

4 62

5 62

Use the grid provided to plot a graph to show how the pulse rate changes after 
exercise.

[4]

(iii) Describe the trend shown by the graph.

……………………………………………………………………………..……………………
.
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……………………………………………………………………………….……………….[1]

(b) The student monitored their pulse rate after exercise on three separate days and calculated 
their average pulse rate from the data they collected.

The results are shown in Table 2.2.

Table 2.2

time after 
exercise / 
minutes

pulse rate / beats per minute average pulse 
rate / beats per

0 156 154 158 156

1 108 107 106 107

2 78 80 76 78

3 66 67 65 66

4 62 120 64 63

5 62 60 62 61

Explain why the average pulse rate at 4 minutes after exercise is calculate as 63 beats per 
minute rather than 82 beats per minute.

………………………………………………………………………...…………..…………………….

………………………………………………………………………...…………..…………………….

………………………………………………………………………...…………..…………………….

……………………………………………………………………………………….……………….[2]
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(c) Fig. 2.2 shows a cross-section of an artery and a vein as seen using a light microscope.

artery

vein

x 125

Y

X

 

Fig. 2.2

(i) Make a line drawing of the artery only as shown in Fig. 2.2. Show the layers present 
clearly. 

Label the lumen of the artery on your drawing.
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[4]

measured 

The diameter of the blood vessel in Fig. 2.2, shown by line XY, can be calculated using:

magnificati
on

                             diameter = 

(ii) Measure, in mm, the length of line XY on Fig. 2.2.

measured length of XY ................................................... mm [1]

(iii) Use the information above and your answer to (ii) to calculate the diameter shown by 
line XY, in mm.

Show your working. Give your answer to one decimal place.

diameter ................................................... mm [1]

(iv) The length of XY is not the most accurate measurement of the diameter of the blood 
vessel in Fig. 2.2.

Suggest how you could determine a more accurate measurement of the diameter.

…………………………………………………………………………………………….…….
.
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…………………………………………………………………………………………….…….
.

…………………………………………………………………………………………….…….
.

…………………………………………………………………………………………….….[2]

(iv) State two visible differences between the artery and the vein shown in Fig. 2.2.

1……….………………………………………………………………………………………...

…………………………………………………………………………………………………..
.

2…………...……………………….……………………………………………………….......
.

…………………………………………………………………………………………….….[2]

[Total: 19]
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2 
 

You are advised to read the whole question before you start. 
 
1 Part 1 

 
Rice contains starch. Amylase is an enzyme that catalyses the breakdown of starch 
to form reducing sugars. 
 
You are to investigate the effect of amylase on cooked rice. 

 

  
You are provided with: 
 

• 2 boiling tubes each containing 15 g cooked white rice labelled W and A 

respectively 

• distilled water 

• test-tube rack and holder 

• 30 cm3 of 1% amylase solution in a small beaker labelled amylase solution 

• empty 250 cm3 beaker labelled 40°C 

• supply of hot water at approximately 40°C 

• 2 test-tubes 

• 2 plastic droppers 

• 25 cm3 measuring cylinder 

• stopwatch 

• paper towels 

• marker pen 

  
Carry out Step 1 to Step 9 
 
Step 1 Label one empty test-tube W10 and label the other empty test-tube A10.                                                                                   

Step 2 Label one of the boiling tubes containing rice W and the other boiling tube 
containing rice A.  
 

Step 3 Put both boiling tubes containing rice in the empty beaker labelled 40°C.  
 

Step 4 Collect a suitable volume of warm water from the 40°C water bath to fill 
the beaker labelled 40°C. 
 

Step 5 Use the measuring cylinder to add 20 cm3 of distilled water to the rice in 
the boiling tube labelled W. 
 

Step 6 Use the measuring cylinder to add 20 cm3 of amylase solution to the rice in 
the boiling tube labelled A. 

 
Step 7 Start the stopwatch and leave the boiling tubes of rice in the 40°C beaker 

for 10 minutes. While waiting, prepare a boiling water bath for step 14, 15 
and 16.  
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3 
 
Step 8 

 
After 10 minutes, use a clean dropper to remove 2 cm3 of the liquid 
surrounding the rice in boiling tube W. Put the 2 cm3 of liquid into test-tube 
W10. 
 

Step 9 Repeat step 8 with boiling tube A and test-tube A10. Leave the test-tubes 
W10 and A10 aside for now. Both test-tubes will be used in Step 16 later. 

  
 

 Continue with Part 2. 
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Part 2 
 
You will: 

• Prepare a range of known concentrations of reducing sugar by serial dilution of the 
2.0 % reducing sugar solution, R. 
 

• Carry out the Benedict’s test on the known concentrations of reducing sugar and 
the solutions in test-tubes W10 and A10 collected in steps 8 and 9. 

 

• Use the results to estimate the concentration of reducing sugar in the solution in 
test-tube A10. 
 

You are provided with: 
 

• 25 cm3 of 2.0 % reducing sugar solution labelled R 

• distilled water 

• 5 boiling tubes 

• 2 10 cm3 syringe 

• 6 test-tubes 

• Benedict’s solution 

• empty 250 cm3 beaker to use for boiling water 

• bunsen burner 

• tripod stand and wire gauze 

• stopwatch 

  
Step 10 

 
Label five boiling tubes 1 to 5. 

   

 Step 11 Use the distilled water and the 2.0 % reducing sugar solution, R, to make five 
different concentrations in the labelled boiling tubes, as shown in Table 1.1. 
 
You are advised to use the syringes provided. 

 
Table 1.1 

 

boiling tube concentration of 

reducing sugar 

solution / % 

volume of 

distilled water / 

cm3 

volume of 

2.0 % reducing 

sugar solution 

R / cm3 

1 0.2 9.0 1.0 

2 0.5 7.5 2.5 

3 1.0 5.0 5.0 

4 1.5 2.5 7.5 

5 2.0 0.0 10.0 
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Step 12 
 
Prepare a boiling water bath for step 13. 
 

 Step 13 Label five test-tubes 1 to 5. Follow steps 14-15 to carry out the Benedict’s test 
on each of the concentrations of reducing sugar solution. Test each solution 
separately. 
 

 Step 14  For each concentration of reducing sugar solution prepared in step 11, use a 
plastic dropper to measure out 2.0 cm3 of the solution and add it into the 
respective test-tube. Perform Benedict’s test. 
 

 Step 15 Record in (a)(i) the time taken for the first appearance of any colour change.  
Record the time taken to the nearest second. 
If there is no colour change after 120 seconds, record as ‘> 120’. 
 

 (a) (i) Record your results in an appropriate table.                                                [3] 

   

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Step 16 Carry out the Benedict’s test on the solution in test-tubes A10 and W10 from 
step 9. 
 
Record in (a)(ii) the time taken for the first appearance of any colour change. 
 
If there is no colour change after 120 seconds, record as ‘> 120’. 

 
  (ii) State the time taken for the first appearance of any colour change in 

step 16.  
  

   time taken for A10  s  

    
time taken for W10 

  
s 

   
[2] 

    

www.KiasuExamPaper.com 
56



 

EDG/PRELIM-25/BIO/PAPER3/4EXP/TOHSQ                                                                                   [Turn over 

6 
    
  (iii) Based on the results in (a)(i), give an estimate of the concentration of 

reducing sugar in test-tube A10.  
 

    [1] 

    
  (iv) State one key variable that was kept constant in this investigation and 

explain why it was important to keep it constant.  
     
   key variable  

    
    

    
   explanation  

    
    [2] 

     
 

  (v) State the purpose of boiling tube W that contains distilled water and cooked 
rice. 

    
 

    
    [1] 

    
  (vi) Describe two significant sources of error when carrying out this 

investigation and state how you would improve the procedure to minimise 
the error. 

     
   source of error 1  

    
    

    
   improvement  

    
 

    
   source of error 2  

    
    

    
   improvement  

    
 

 
[4] 
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(b)  
 
Some students investigated the effect of temperature on the rate of amylase 
activity. They measured the mass of reducing sugars produced in five 
minutes, at different temperatures. 
 
The results of this investigation are given in Table 1.2.  

     
   Table 1.2  
    
  temperature / °C mass of reducing sugars produced 

in five minutes / mg 

5.0 6.0 

10.0 12.0 

20.0 28.0 

30.0 41.0 

35.0 45.0 

40.0 35.0 

45.0 22.0 

55.0 4.0 
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(i) 
 
Plot a graph of the data shown in Table 1.2 on the grid in Fig. 1.2. 
 
Use a sharp pencil. 
  

   

 [4] 
    

Fig 1.2 

  
  (ii) Based on the graph drawn, describe the effect of temperature on the activity 

of amylase. 
    

 

    
    

    
    

    
    [2] 
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(iii) 
 
Use the graph to estimate the rate of amylase activity, in mg / min, at a 
temperature of 42 °C. Show your working in the space below. 
 
 
 
 
 
 

 
 

     mg / min [2] 

   
 (c) pH is another factor that affects amylase action. 

 
Plan an investigation to find out the optimum pH of the salivary amylase. 

 
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   [6] 

    
    [Total: 27] 
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2 The species Musa acuminata produces banana fruits. Fig. 2.1 shows a cross-section 

of a banana.   
  

 
magnification 1.5X 

 
Fig. 2.1 

  
 (a) (i) Make a large drawing of the cross-section of the banana fruit as shown in Fig. 

2.1. 
    

 
 
 
 
 
 
 
 
 
 
 
 
 [3] 

     
  (ii) Draw a straight line on the photograph joining the lines labelled A and B to 

show the diameter of the banana in Fig. 2.1. Measure line AB and record the 
measurement. 

 
     
   diameter of the banana  [1] 

     
  (iii) Indicate on your drawing in a(i) to show the diameter of the drawing of the 

banana and record the measurement. 
    

 
diameter of the drawing of the banana 

  
 

[1] 

A B 
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(iv) 
 
The magnification of the photographed specimen in Fig. 2.1 is 1.5X. 
 
Calculate the magnification of your drawing in comparison with the actual 
banana shown in the photograph. Show your working. 
 
 
 
 
 

 
   magnification  [2] 

 

 (b) You are provided with part of a banana on a white tile. 
 

• Cut a transverse section of the banana, approximately 1 cm thick. 
 

• Lay this banana section flat on a white tile, with the freshly cut surface 
facing upwards. 

 

• Completely cover the cut surface with iodine solution and leave this for 
five minutes. 

 

• After five minutes, pick up the banana section with forceps. Use distilled 
water to carefully rinse off the excess iodine solution.  

     
  (i) Label your drawing in a(i), to describe the effect of iodine solution on the 

different tissues. 
[2] 

 
  (ii) State what you can conclude from your observations.  
    

 

    
    [1] 

     
  (iii) The farmer sprays insecticide on the banana plants to improve his crop-yield 

of bananas. 
 
Explain how this has an impact on the biodiversity of his fields. 

    
 

    
    

    
    

    
    [3] 

     
   [Total: 13] 
   END OF THE PAPER  
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You are advised to read the whole question before you start.

1 Mammals have different adaptations which help them to maintain their body 
temperature in different climates. Boiling tubes containing hot water can be used as a 
model of an animal’s body to investigate the heat loss.

You are going to investigate how different adaptations affect temperature loss 
by setting up a simulation.

You are provided with:

 three boiling tubes
 boiling tube rack
 retort stand
 large glass beaker
 large plastic beaker 
 cotton wool
 tissue 
 rubber bands
 dropper
 three thermometers
 stop-watch
 ruler
 marker pen
 supply of hot water

Read the procedure on pages 2, 3 and 4, and prepare a table to record your 
results in the space provided in part 1(a) before beginning your investigation.

You should exercise caution when using hot water.

Step 1 Label three boiling tubes as A, B and C with a marker.

Step 2 Draw a line 5 cm from the top of each boiling tube. This will indicate 
the level to which hot water will be filled in the boiling tubes. 
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Step 3 Arrange the cotton wool around boiling tube A in the beaker shown in 
Fig 1.1.

Fig. 1.1

Step 4 Wrap tissue paper around boiling tube B and secure it with rubber 
bands. Support boiling tube B using a retort stand as shown in Fig. 
1.2.

Fig. 1.2

Step 5 Support boiling tube C in a boiling tube rack.

Step 6 When you are ready, collect hot water using the plastic beaker 
provided from the hot water point.

Step 7 Using the dropper, drip hot water onto the tissue paper around boiling 
tube B to completely moisten it.

boiling tube
ine on boiling tube

cotton woo
beake

   boiling tube
 rubber ban

 tissue paper
 rubber band etort stand
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Step 8 Add hot water to each of your boiling tubes up to the lines that you 
have marked.

Step 9 Place the thermometers in each set-up and start the stop-watch. 
Immediately record the temperature of the water in each boiling tube.

Step 10 Record the temperature of the water in each boiling tube at 
two‑minute intervals for 12 minutes.

     
(a) Present all your results in a table in the space provided. 

www.KiasuExamPaper.com 
84



5

NAS/2025/PRELIM/4E/BIOLOGY(6093/03)

[6]
(b) Use the grid provided to plot three best fit graphs to show the effect of 

different adaptations on temperature loss over a period of 12 minutes.

[6]

www.KiasuExamPaper.com 
85



6

NAS/2025/PRELIM/4E/BIOLOGY(6093/03)

(c) From the graph, calculate the rate of temperature loss in boiling tube A at 3 
min. Show your working in the space provided below. Give your answer to 
three significant figures.

Rate of temperature loss in boiling tube A at 3 min = 
…………………………[3]

(d) State one similarity and one difference about the heat loss between boiling 
tubes A, B and C as shown in your graph.

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

……………………………………………………………………………………..[2]

(e) Suggest what adaptation is simulated by boiling tube B.

……………………………………………………………………………………..[1]

(f) Suggest and explain two ways to improve this investigation to make the 
results more reliable and accurate.

improvement explanation
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[2]
(g) Humpback whales are large aquatic mammals that maintain a constant 

body temperature of 38°C. They spend part of the year in cold water 
around the North or South poles and part of the year in warm water around 
the equator.

Design an investigation that you could carry out to discover the effect of 
different surrounding water temperatures on the loss of heat from the 
humpback whale.

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

………………………………………………………………………………………..

……………………………………………………………………………………..[5]
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[Total: 25]
2 Bacteria can be grown on agar jelly in a Petri dish. When they grow and multiply, the 

clear agar jelly becomes cloudy.

Beta-lactam antibiotics are a broad class of antibiotics which can prevent the growth 
of bacteria by inhibiting the synthesis of the cell wall. Discs of filter paper dipped in an 
antibiotic solution can be placed on the surface of the agar. If the area around a disc 
remains clear, the antibiotic has prevented the growth of the bacteria. The larger the 
clear area, the more effective the antibiotic is.

A student investigated the effect of distilled water (E) and four different Beta-lactam 
antibiotics (F, G, H and J) on some bacteria using the method described. She set up 
three identical Petri dishes and measured the diameter of the clear areas around the 
filter paper discs after a few days. There was no clear area around disc E in any of 
the Petri dishes. Fig. 2.1 shows the results for Petri dish 3.

Fig. 2.1

Most of the measurements for the clear areas around the discs with antibiotics F, G, 
H and J are shown in Table 2.1. 

Table 2.1

antibiotic diameter of clear area / mm
Petri dish 1 Petri dish 2 Petri dish 3 mean

F 12 6 12 10.0

G 15 14 14 14.3

H 20 21 21

cloudy area where bacteria have grown
F

E

J

H

G
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J 8 8 8 8.0
(a) Calculate the mean diameter of the clear areas around the discs with antibiotic 

H. Write the calculated value in Table 2.1.  
[1]

(b) State which antibiotic was most effective at preventing growth of the bacteria.

…………………………………………………………………………………………..[1]

(c) The student realised that one of their measured diameters was anomalous. 
Circle the anomalous measurement in Table 2.1 and suggest what the student 
should do about it.

……………………………………………………………………………………………...

…………………………………………………………………………………………..[2]

(d) F, G, H and J are beta-lactam antibiotics which can prevent the growth of 
bacteria by inhibiting the synthesis of the cell wall. Explain why this inhibition can 
be harmful to bacterial cells.

……………………………………………………………………………………………...

…………………………………………………………………………………………..[2]

(e) Suggest why these antibiotics only target bacterial cells and not human cells.

……………………………………………………………………………………………...

…………………………………………………………………………………………..[1]

[Total: 7]
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3 Fig. 3.1 is a photomicrograph of a section through a kidney showing some kidney 
tubules.

Fig. 3.1

(a) K and L indicate the diameter of a collecting duct. Draw a straight line to join K 
and L in the photomicrograph. Measure the length of the line and record it.

Length: ……………………………[1]

(b) The actual distance between K and L is 0.06 mm. Calculate the magnification of 
the photomicrograph and record it to the nearest whole number. Show your 
working.

collecting duc

oop of Henle
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Magnification x …………………………[2]
(c) In the space below make a large drawing of the collecting duct and loop of 

Henle that are labelled in Fig. 3.1. Draw them as they appear in the 
photomicrograph. Identify and label any visible structures in the cells.

[5]

[Total: 8]

– End of Paper –
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You are advised to read the whole question before you start. 

  

1 Amylase is an enzyme that catalyses the breakdown of starch into reducing sugars.  

 

Amylase is produced by seeds during germination.  

 

You are provided with extract U, which is made from germinating seeds.  

 

You are going to estimate the concentration of amylase in seed extract U by 

comparing it to known concentrations of amylase.  

  

 Read all the instructions but DO NOT CARRY THEM OUT until you have drawn 

a table for your results in the space provided in 1(a)(ii).       

     

 You should use the eye protection provided while you are carrying out the practical 

work.  

     

 Step 1 Label four small containers, A, B, C and D.  

   

 Step 2 Use a syringe to add the volumes of 2% amylase and distilled water 

shown in Table 1.1 to each labelled container.   

   

Table 1.1 

   

container 

volume of 2% 

amylase solution / 

cm3 

volume of distilled 

water / cm3 

final percentage of 

concentration of 

amylase solution 

A 10.0 0.0 2.0 

B 7.5 2.5 1.5 

C 5.0 5.0 1.0 

D 2.5 7.5  
 

   

 (a) (i) Complete Table 1.1. by determining the final percentage concentration of 

amylase solution for container D.  

     

 

 

 

 

 

 

 

 

   ……………………………. % [1] 
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 Step 3 Label five test-tubes A, B, C, D and U. 

   

 Step 4 Use a syringe to add 3cm3 of starch suspension to each labelled test-

tubes.  

   

 Step 5 Prepare two white tile by using a dropper to put drops of iodine solution in 

five columns labelled A, B, C, D and U, as shown in Fig. 1.1.  

There should be 8 drops of iodine solution in each column.  

   

 
   

Fig. 1.1 

   

 Step 6 Use a clean syringe to add 1cm3 of amylase solution from container A to 

test-tube A and shake gently to mix.  

   

 Step 7 Clean the syringe using water in the beaker labelled ‘for washing’. 

Repeat step 6 using containers B, C, D and U and test-tubes B, C, D and 

U.  

   

 Step 8 Start the stopwatch.  

   

 Step 9 After two minutes use a clean dropper to remove one drop of solution 

from test-tube A and add it to the first drop of iodine solution, A1, on white 

tile. Observe any colour change.  

   

 Step 10 Repeat step 9 using:  

   

  • the contents of test-tube B and iodine solution drop B1 

• the contents of test-tube C and iodine solution drop C1 

• the contents of test-tube D and iodine solution drop D1 

• the contents of test-tube U and iodine solution drop U1 

   

 Step 11 After one minute, repeat step 9 and 10 using iodine solution drop A2, B2, 

C2, D2 and U2.   

   

drop of iodine solution 

white tiles 
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 Step 12 Continue to test the contents of the test-tubes at one-minute intervals until 

a drop of the mixtures in the test-tubes have been added to all eight rows 

of iodine solution drops on the white tile.   

   

 

 

Step 13      Observe the colour of each drop of iodine solution on the white tile and 

determine the time at which the starch in each test-tube was broken down.  

 

In your table in 1(a)(ii), record the time taken for the starch to be broken 

down.  

 

If starch was still present in row 8 record the time taken as >8. 

   

  (ii) Prepare a table to record your results. 

     

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    [4] 

     

  (iii) Explain how you decided when all of the starch had been broken down in 

step 13.  

     

   …………………………………………………………………………………… 

     

   …………………………………………………………………………….. [1] 
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  (iv) Estimate the concentration of amylase in seed extract U using your results 

in 1(a)(ii).  

 

State the evidence that support your choice.  

     

   estimated amylase concentration of U ………………………………………. 

     

   evidence ………………………………………………………………………… 

     

   …………………………………………………………………………….. [1] 

     

  (v) Describe how you would test for the presence of reducing sugars.  

 

State the results for a positive test.  

     

   procedure ………………………...…………………………………………….. 

     

   …………………………………………………………………………………… 

    

   …………………………………………………………………………………… 

    

   …………………………………………………………………………………… 

    

   positive test result ……………………………………………………………… 

     

   …………………………………………………………………………….. [3] 
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 (b) Seeds contain starch as a store of energy. Amylase in the seeds catalyses the 

breakdown of the stored starch into reducing sugars. Seeds use the reducing 

sugars to provide some of the energy required for germination.  

 

By grinding the seeds to obtain seed extract, plan an investigation to find out 

how temperature affects the activity of amylase in germinating seeds.   

     

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………………… 

   

  …………………………………………………………………………………….. [6] 
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 (c) A scientist investigated how the activity of amylase in a seed changed as it 

germinated. 

 

She measured the activity of amylase in a germinating seed over a period of 18 

days.  

 

The results are shown in Table 1.2.  

     

  Table 1.2 

     

time / days activity of amylase / arbitrary units 

0 0 

3 0 

6 40 

9 240 

12 240 

15 120 

18 65 
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  (i) Plot a line graph of the data in Table 1.2. 

     

 

[4] 

     

  (ii) With reference to Table 1.2, describe the results as shown in your graph. 

     

   …………………………………………………………………………………… 

     

   …………………………………………………………………………………… 

    

   …………………………………………………………………………………… 

    

   …………………………………………………………………………….. [2] 
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 (d) (i) The data in Table 1.2 did not enable the scientist to determine precisely 

when the amylase was most active.  

 

Explain why.  

     

   …………………………………………………………………………………… 

     

   …………………………………………………………………………….. [1] 

     

  (ii) Suggest what further data is needed to be able to determine exactly when 

amylase was most active.  

     

   …………………………………………………………………………………… 

     

   …………………………………………………………………………….. [1] 
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 (e) Fig. 1.2 shows a photograph of two winged seeds from a plant.  

     

 

 
magnification × 

     

Fig. 1.2 

     

  (i) Make a large drawing of the two winged seeds shown in Fig. 1.2. 

 

Do not label your drawing.  

     

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    [4] 

     

  (ii) Measure the length of line AB on the winged seeds on Fig. 1.2. 

     

   length of line AB …………………………….mm  

     

  (iii) Use the magnification shown in Fig. 1.2 to calculate the actual seed length 

to two significant figures.  

 

Show your working.  

     

    [2] 

     

 [Total: 30 marks] 

seed 

seed 
wing 
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2 (a) Warm blooded animals need to maintain a constant internal body temperature.  

 

You are going to investigate heat loss from the outer surface of the bodies of two 

animals.  

 

You are provided with a large test-tube and a small test-tube to represent the 

two animals.  

 

The large test-tube has a lower surface area to volume ratio.   

 

The small test-tube has a higher surface area to volume ratio.   

     

 Step 1 Place the two test-tubes in a rack.  

    

 Step 2 Raise your hand to ask for hot water.  

   

 Step 3 Use a dropper to fill the large test-tube with hot water to 5cm from the top.  

Fill the small test-tube to the same depth as the large test-tube.  

 

Caution: the test-tubes will be hot.  

   

 Step 4 Immediately measure the temperature of the water in each test-tube and 

record your measurements in Table 2.1.  

 

After 2 minutes, measure the temperature of the water in each test-tube 

again and record your measurements in Table 2.1.  

 

Measure the temperature of the water in each test-tube every 2 minutes 

for 10 minutes and record your measurements in Table 2.1.  
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 (a)  Record your results in Table 2.1.  

    

Table 2.1 

     

time / minutes 

temperature / C 

large test-tube small test-tube 

0   

2   

4   

6   

8   

10   
 

    [2] 

     

 (b) (i) Suggest and explain two ways to improve this method to make the results 

more reliable.  

     

   improvement 1 …………………………………………………………..…….. 

    

   ……………………………………………………………………………..…….. 

    

   explanation ……………………………………..……………………………… 

    

   ……………………………………………………………………………..…….. 

    

   improvement 2 …………………………………………………………..…….. 

    

   ……………………………………………………………………………..…….. 

    

   explanation ……………………………………..……………………………… 

     

   …………………………………………………………………………….. [4] 

                  

  (ii) With reference to Table 2.1, describe what you can conclude about heat 

loss in large and small animals.     

     

   ……………………………………………………………………………..…….. 

     

   ……………………………………………………………………………..…….. 

    

   …………………………………………………………………………….. [1] 
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 (c) Penguins are animals that need to maintain a constant body temperature. They 

can be found living in cold climates near the South Pole as well as in the warmer 

climate of New Zealand.  

 

With reference to Table 2.1, suggest and explain 

     

  (i) the difference in the size of the penguins found in these two areas;  

     

   size …………………………...…………………………………………..…….. 

    

   ……………………………………………………………………………..…….. 

    

   explanation …………………………………………………………..…..…….. 

    

   ……………………………………………………………………………..…….. 

    

   …………………………………………………………………………….. [2] 

     

  (ii) why penguins stand very close together in groups when external 

temperatures are very low.  

     

   ……………………………………………………………………………..…….. 

    

   ……………………………………………………………………………..…….. 

     

   …………………………………………………………………………….. [1] 

     

[Total: 10 marks] 

     

End of Paper 
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2 
 

PRELIM BIOLOGY 2025 6093/3 

1 You are advised to read the whole question before you start. 

 

Amylase is an enzyme that catalyses the digestion of starch to maltose. 

 

You will investigate the effect of the concentration of amylase on the time taken to 

completely digest starch to maltose. 

 

(a) Describe and explain how reducing the concentration of amylase is expected to affect the 

time taken to completely digest starch to maltose. 

 

 
 

 
 

 
 

  
[2] 

 

You are provided with: 

• 0.1% stock amylase solution A, in a container labelled A 

• deionised water W, in a beaker labelled W 

• starch solution S, in a container labelled S 

• iodine solution in a container labelled iodine 

• five capped 50 cm3 containers 

• five test tubes 

• test-tube rack 

• two 10.0 cm3 syringes 

• two 5.0 cm3 syringes 

• five droppers 

• stop-watch 

• one white tile 

• marker 

• paper towels 

• gloves 

• safety goggles 

 

Amylase solution A is an irritant and iodine solution is a stain. Suitable eye protection 

should be worn. If A or iodine solution comes into contact with your skin, wash it off 

immediately under a tap. 
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Part 1 Follow this procedure to prepare different concentrations of amylase solution. 

 

You are required to prepare three dilutions of sodium chloride solution using 0.1% amylase 

solution, A, and deionised water. 

 

The final volume of each solution that you prepare must be 20 cm3. 

 

(b) Complete Table 1.1 to show how you will prepare the three dilutions: 0.075%, 0.05%, 

0.025%. The volume of stock amylase, A and deionised water, W, in 0.0% and 10% 

solutions have been included in the table for your reference. 

 

You may use the space for working. 

 

 

 

 

 

 

 

 

 

Table 1.1 

concentrate of amylase 
solution / % 

volume of A / 
cm3 

volume of W / 
cm3 

total volume of 
solution / cm3 

0.100 20.0 0.0 20.0 

0.075    

0.050 10.0   

0.025    

0.000 0.0 20.0 20.0 

[2] 

Read steps 1–12 before starting the investigation. 

 

Proceed as follows. 

 

Step 1 Prepare the concentrations of amylase solution as shown in Table 1.1, in the capped 

containers provided. 

 

Step 2 Label test-tubes 0.100, 0.075, 0.050, 0.025, 0. Put each labelled test-tube into the test 

tube rack. 
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Step 3 Label the white tile as shown in Fig. 1.1. The numbers indicate the sampling times in 

seconds. 

 

 

 

 

 

 

 

 

Fig. 1.1 

Step 4 Put one drop of iodine solution on the white tile under each labelled sampling time as 

shown in Fig. 1.1. 

Part 2 Follow these steps to investigate the effect of different concentrations of amylase on 

time taken for starch to be digested into maltose. 

Iodine solution turns from an orange brown colour to a blue-black colour when starch is present. 

The course of the reaction can be monitored by sampling at intervals and using iodine solution 

to test for the presence of starch. The end-point is when all the starch has been digested by 

amylase. 

At the end-point, the colour of the iodine solution may be slightly different to the colour 

of the original iodine solution and there may be some specks of blue black. These specks 

of blue black can be ignored. 

Step 5 Use a 5.0 cm3 syringe to put 5.0 cm3 of S into each of the labelled test-tubes. 

 

Step 6 Use another 5.0 cm3 syringe to put 5.0 cm3 of 0.1% amylase solution into the test-

tube labelled with this concentration. Start timing immediately. 

 

Step 7 Use a dropper to mix the amylase solution and draw up some of the mixture. 

 

Step 8 After 15 seconds, and every 15 seconds from then on, drop one drop of mixture from 

the test-tube into the drop of iodine solution on the while tile that corresponds to the 

correct sampling time.  

 

Step 9 If the dropper runs out of mixture you may draw up more from the test-tube. Continue 

testing further drops of the mixture from the test-tube, as described in step 9, until 

the end-point is reached. If the end-point has not been reached within 180 seconds, 

do not test further samples from the test-tube. 

 

Step 10 Record, in (c), the time taken to reach the end-point. If the end-point has not been 

reached after 180 seconds, record the result as ‘more than 180’. 

 

15 30 45 60 

75 90 105 120 

135 150 165 180 

drop of iodine solution 
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Step 11 Rinse the white tile with running water from a tap and wipe dry with a paper towel. If 

the labels are no longer visible, you will need to label the white tile again, as shown 

in Fig 1.1. 

 

Step 12 Prepare the tile with fresh supply of iodine by repeating step 4. 

 

Step 13 Repeat steps 6–11 with each of the other concentrations of amylase that you prepared 

in step 1. Ensure that you wash the syringe used in step 6 before every transfer. 

 

(c) Present all of your results in a table in the space provided. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[4] 

(d) Suggest why washing the syringe in step 6 is mandatory but would not be necessary if the 

experiment were to be carried out with increasing concentration of amylase solution (i.e 

from 0.0% to 0.100%) 

 

 
 

 
 

 
 

  
[2] 
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(e) Suggest one limitation in accurately measuring the time to the end-point. 

Suggest an improvement to the method that will increase the accuracy of the measuring 

the time to the end-point. 

limitation  

 
 

 

 
improvement 

 

 
 

 

  
[2] 

 

(f) Identify two possible significant sources of error in the procedure that you have followed. 

Describe how you would minimise each source of error that you have identified. 

 

source of error how you would minimise the source of error 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

[4] 
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BLANK PAGE 
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(g) A teacher suggested that more accurate results can be obtained by adding amylase directly 

into a mixture of starch and very diluted iodine shown in Fig 1.2. 

 

 

 

 

 

 

 

Fig. 1.2 

A student performed the experiment using various concentration of amylase solution and 

measured the time it takes for the mixture to become colourless. The result is shown in 

Table 1.2. 

Table 1.2 

concentration of amylase / % time taken for mixture to turn colourless / s 

0.10 30 

0.08 45 

0.06 65 

0.04 95 

0.02 150 

 

  

starch solution containing  

very dilute iodine (light blue) 

amylase solution 
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Using the grid, plot a graph to show the effect of different concentration of amylase 

solution on the time taken for mixture to turn colourless.  

[4] 
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(h) Human amylase was found to be stable over a wide range of pH values (5.0 to 10.5). 

 

Plan an investigation using the setup in Fig. 1.2 which can help the student determine the 

optimum pH of amylase. Include in your planning briefly how solution of different pH can be 

obtained. 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
[6] 

 

[Total: 26]  
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2 Fig 2.1 is a pictogram of the alveoli in the lungs of a person who has never smoked. 

 
magnification: ×300 

Fig. 2.1 

(a) Make a large drawing of the five alveoli in the square. Label one bronchiole. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[4] 
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(b) Using only the information visible in Fig 2.1, explain how two structural features of alveoli 

are adapted for gas exchange. 

 

 
 

 
 

 
 

 
 

 
 

 
 

  
[4] 

 

(c) Fig. 2.2 is a photomicrograph of a damaged alveoli in the lungs of a long-term smoker. 

 

 

 

 

 

 

 

 

 

 

 

 

 

magnification: ×300 

Fig. 2.2 

(i) Using the outline on Fig 2.2, measure the circumference of alveolus X in Fig. 2.2. 

 

 

 

 

circumference of X:   mm [1] 

X 
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(ii) Suggest how accuracy of the measurement can be improved. 

 

  
[1] 

 

(iii) The magnification of Fig. 2.2 is ×300, find the actual circumference of alveolus X. 

 

Show your working and give your answer in micrometre (µm) to one decimal place. 

1 µm = 0.001 mm. 

 

 

 

 

 

 

(d) Compare Fig. 3.2 with Fig. 3.1. State two visible changes in the alveoli of a long-term 

smoker.  

 

 
 

 
 

 
 

  
[2] 

 

[Total: 14] 

 

 

 

 

 

 

 

 

 

End of Paper 

 

actual circumference of X:  µm [2] 
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