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Measuring respiratory quotient
The purpose of this activity is:

· to use a respirometer to measure the oxygen uptake of some respiring plant or animal material

· to use the respirometer again to measure the net volume of gas exchanged by the respiring material and hence calculate the volume of carbon dioxide given out by the material

· to calculate the respiratory quotient (RQ) for the respiring material

· to use the RQ as evidence of the respiratory substrate in use 

Procedure 

Potassium hydroxide and soda lime are corrosive. Wear goggles when handling and seek first aid immediately if any gets in your eyes.

Push the parts of the equipment together firmly but gently to get airtight seals, but reduce the risk of breaking any glass apparatus and injuring yourself.

Preparation

a Use a funnel to pour 5 cm3 of potassium hydroxide solution (corrosive) into each respirometer vessel. Make sure none of the potassium hydroxide touches the sides of the vessels. 
b Add small rolls of filter paper to act as wicks.
c Fill the basket or cage with respiring material and put it into vessel B. Make sure that the seeds or invertebrates are not touching the potassium hydroxide or the wick. Add water to vessel A to match the volume of respiring material in vessel B (see diagram overleaf).
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d Fit vessel A with a bung holding two connecting tubes – one with a screw clip on flexible tubing. Alternatively fit a bung with a 3-way tap connected to the same items.
e Fit vessel B with a bung holding a 1 cm3 syringe and a connecting tube as shown in the diagram. Alternatively fit a bung with a 3-way tap connected to the syringe and tube.
f Draw some coloured fluid into the manometer U-tube. The fluid must be free of bubbles and come to about the middle of the scale on each side.
g Open the screw clip and remove the syringe, then connect the manometer U-tube. To check that the apparatus is airtight, move the marker fluid in the manometer to one end with the syringe and leave for a few minutes. The fluid should not move.
h Set the piston of the syringe at about the 0.5 cm3 mark and insert the syringe as shown. Close the screw clip. Use the syringe to adjust the manometer so that the fluid levels are the same on both sides.
i Record the exact position of the syringe piston, the position of the menisci on both sides of the manometer, and the time.

Investigation

j Record new positions of the manometer fluid at regular intervals for 30 minutes. When it nears the end of the scale on one side, restore it to its original position and note the new position of the syringe piston.
k Find the amount of oxygen absorbed by germinating seeds in a period of 30 minutes at 20 °C. This is Vol1.
l Remove the potassium hydroxide solution from both vessels and wash them out with water.
m Replace the basket containing seeds or invertebrates in one vessel, an equivalent volume of water in the other vessel and the bungs in both. Set up the respirometer a 20 °C again and record any increase or decrease in gas volume over the next 30 minutes. This is Vol2.
n Calculate the volume of carbon dioxide produced.
o Calculate the respiratory quotient.

QUESTIONS

1 Use this table to record your results and guide your calculations. Compare your results with those of others in your class.

	Net volume change in 30 minutes with carbon dioxide absorbed = oxygen taken in
	Net volume change in 30 minutes with no CO2 absorbed
	Amount of carbon dioxide absorbed
	Respiratory quotient = 

(carbon dioxide produced)/  

(oxygen absorbed)

	Vol1
	Vol2
	Vol1 + Vol2
	(Vol1 + Vol2) / Vol1

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2 What respiratory substrate would you expect to find in seeds? 
3 Does your value for RQ support your thinking?
4 What tests can you think of that would allow you to find out what substrates are present?
5 What would you expect to be the RQ of a growing culture of yeast?
6 Suggest three different explanations for respiring material in this test producing an RQ of 1.0.

ANSWERS

1 Calculations: this will depend on experimental results.
2 Seeds such as sunflower contain oils. Other seeds contain more carbohydrates. All contain proteins – raw materials for the initial growth of seedlings.
3 An RQ value around 0.7 is what you would expect for oils.
4 You could carry out standard food tests to confirm the components of seeds. To test for oils: Crush the seeds and shake with about 1 cm3 of ethanol. Use a pipette to collect some of the ethanol and drip into water. If the water becomes cloudy as an emulsion forms, this suggests the presence of oils or fats in the seeds. To test for starch: crush a couple of seeds and add to a drop of iodine solution on a dimple tile. A blue-black colour indicates the presence of starch.
5 If the yeast culture is growing rapidly and respiring anaerobically, it will take in very little oxygen and so the RQ will be very large and effectively meaningless.
6 Three explanations for respiring material in this test producing an overall RQ of 1.0 are:

· aerobic respiration of a carbohydrate substrate,

· aerobic respiration of two substrates together – one with an RQ above 1.0 and the other with an RQ below 1.0,

· aerobic respiration of a substrate with a respiratory quotient less than 1.0 and anaerobic respiration of another substrate.
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