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Name _____________________
Class ______________
Date _________


Activity B03: The Effect of Temperature on Yeast
(Pressure Sensor, Temperature Sensor)

	Concept
	DataStudio
	ScienceWorkshop  (Mac)
	ScienceWorkshop (Win)

	cellular respiration
	B03 Yeast. DS
	See Appendix
	See Appendix


	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Pressure Sensor (CI-6532)
	1
	Thermometer (SE-9084)
	1

	Temperature Sensor (CI-6505)
	1
	Tongs
	1

	Base and support rod (ME-9355
	1
	Tubing (w/ sensor)
	1

	Beaker, 250 mL
	1
	Protective gear
	PS

	Beaker, 600 mL
	2
	Chemicals and Consumables
	Qty

	Clamp, buret (SE-9446)
	1
	Cup, insulated (e.g. Styrofoam)
	1

	Connector (w/ sensor)
	1
	Glycerin
	1 mL

	Coupling, quick-release (w/sensor)
	1
	Glucose solution 
	2.5 mL

	Hot plate
	1
	Vegetable oil in dropper bottle
	1 mL

	Pipette, 10 mL (or larger)
	1
	Yeast suspension
	2.5 mL

	Stopper, one hole, for test tube
	1
	Water, cold
	500 mL

	Test tube, 18 by 150 mm
	1
	Water, hot
	500 mL


What Do You Think?

[image: image13.wmf][image: image14.png]


When yeast is used to leaven bread, the bread dough is allowed to ‘rise’ in a warm place before it is baked. When wine is aged, the casks are stored in temperature controlled rooms or in underground cellars where the temperature varies by only a few degrees. How does the temperature effect the rate of anaerobic cellular respiration (fermentation) of yeast?

Take time to write an answer to this question in the Lab Report section.

Background
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Organisms whose internal body temperature is determined by their surroundings are called ectotherms. Yeast cells are an example of this type of organism. The surrounding temperature can determine their metabolism. Bakers know that if the yeast they use for leavening is not warmed properly, it can’t convert sugar into carbon dioxide gas and other metabolic products fast enough to cause the bread to ‘rise’. 

When yeast break down glucose anaerobically (without oxygen), they release ethyl alcohol (ethanol) and carbon dioxide.
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As the yeast break down glucose in a closed container, the carbon dioxide gas they release will change the pressure inside the container. 

	SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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For You To Do

Start Heating the Water

· For this part you need the following: hot plate, beaker (600-mL), water.

· Put about 200 mL of water into a beaker and put the beaker on a hot plate. Turn on the hot plate to start heating the water to about 65 ˚C. Use a thermometer to check the progress as you set up the rest of the equipment.

Use the Pressure Sensor to measure the change in pressure in a test tube containing a mixture of activated yeast and a glucose solution that is kept at a specific temperature in a water bath. Use the Temperature Sensor to monitor the temperature of the water bath as you measure the pressure.

Use DataStudio or ScienceWorkshop to record and display the data. Use the software to analyze the data. Compare the results at one temperature to the results at other specific temperatures.

PART I: Computer Setup
[image: image16.wmf]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Pressure Sensor DIN plug into Analog Channel A on the interface.

3.
Connect the Temperature Sensor DIN plug into Analog Channel B on the interface.

4.
Open the file titled as shown:

	DataStudio
	ScienceWorkshop  (Mac)
	ScienceWorkshop (Win)

	B03 Yeast. DS
	See Appendix
	See Appendix


•
The DataStudio file has a Workbook display. Read the instructions in the Workbook. The file has a Graph of pressure versus time and Digits displays of pressure and of temperature.

•
Data recording is set at 1 measurement per two seconds. Data recording is set to stop automatically at 900 seconds (15 minutes).

NOTE: See the Appendix at the end of this activity for instructions about setting up a ScienceWorkshop file. 

PART II: Sensor Calibration and Equipment Setup
Sensor Calibration

•
You do not need to calibrate the sensors for this activity.

Set Up the Equipment

1.
Put a drop of glycerin on the barb end of the quick-release coupling and insert the barb into one end of the plastic tubing.

[image: image17.wmf]CONNECTOR
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2.
Put a drop of glycerin on the smaller diameter end of the connector that will go into the rubber stopper. Insert the small diameter end into the plastic tubing. 


[image: image18.wmf]3.
Put a drop of glycerin on the larger diameter end of the connector that will go into the rubber stopper, and insert the end into the rubber stopper. 

Prepare the Water Bath for the Yeast

· For this part you will need the following: Styrofoam cup, beaker (250-mL), beaker of hot water, beaker of cold water, pipette, tongs, Temperature Sensor.

A water bath is a quantity of water that is kept at a specific temperature. Use the water bath to keep the yeast at a controlled and constant temperature.

[image: image19.wmf]1.
Put the Styrofoam cup into the 250-mL beaker. Place the Temperature Sensor in the cup. Mix hot and cold water together in the cup until the mixture reaches the temperature you were assigned. 
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CAUTION! Use tongs to handle the beaker of hot water.

2.
Use the software to monitor the temperature of the water. (Hint: In DataStudio, click ‘Monitor’ in the Experiment menu. In ScienceWorkshop, click the MON button. Watch the temperature in the Digits display.)

3.
Fill the cup about three-quarters full of water. (Note: Use the pipette to add or remove small amounts of water to maintain the water at the specific temperature you need.)

Note: After you have mixed the hot and cold water to reach the specific temperature you need, return the beaker of hot water to the hot plate. Add more water to the beaker if needed. 

[image: image21.wmf]Incubate the Yeast

1.
Put 2.5 mL of glucose solution into a clean test tube.

2.
Gently  stir the yeast suspension and add 2.5 mL of the yeast suspension to the glucose solution.

3.
Put several drops of vegetable oil on the surface of the liquid in the test tube so the oil completely covers the surface. 

4.
Use the clamp to support the test tube in the water bath so the water covers at least half of the test tube.

5.
Incubate the yeast/glucose mixture in the water bath for 10 minutes. Use the software to monitor the temperature. If you need to add warm or cold water to raise or lower the temperature of the water bath, remove as much water as you add so the level of water stays the same. (Hint: Use the pipette if you need to add or remove water.)

[image: image22.wmf]

Part III: Data Recording – Glucose Solution and Yeast Suspension
1.
In the software, stop monitoring the temperature of the water bath. Hint: Click ‘Stop’ ([image: image5.png]


) or ([image: image6.png]


).

[image: image23.wmf]2.
Stopper the test tube with the rubber stopper. Use a twisting motion to get a tight fit. 

3.
Align the quick-release connector on the end of the plastic tubing with the connector on the pressure port of the Pressure Sensor. Push the connector onto the port, and then turn the connector clockwise until it clicks (about one-eighth turn). 


[image: image24.wmf]
4.
Start recording data.Hint: In DataStudio, click the ‘Start’ button ([image: image7.png]


). In ScienceWorkshop, click the ‘REC’ button ([image: image8.png]


). 

•
Continue to watch the Digits display of the temperature of the water bath. Don’t let the temperature change by more than one or two degrees. If you need to add water, remove the same amount so the beaker does not overflow. 

5.
Allow the yeast to metabolize for about 15 minutes and then stop recording data. 

•
Be sure you have stopped recording before you carefully remove the stopper.

6.
Dispose of the yeast/glucose mixture as instructed. 

Analyze the Data
1.
Set up your Graph display so it shows your data.

2.
Use the Graph display’s built-in statistics to determine the rate of respiration. 

· Hint: Find the slope of the plot of pressure versus time. In DataStudio, click the ‘Fit’ menu button ([image: image9.png]


) and select ‘Linear’. The formula for the best linear fit appears next to the plot. In ScienceWorkshop, click the ‘Statistics’ button to open the statistics area of the Graph. Click the ‘Statistics Menu’ button ([image: image10.png]


) and select ‘Curve Fit, Linear Fit’ from the Statistics menu. The formula for the best linear fit appears in the statistics area.

3.
Record the temperature of your water bath and the respiration rate (slope of the pressure versus time plot). Also record the results from other groups for the other temperatures.

Optional

· Use the data from the other groups to create a graph of respiration rate (in kilopascals per minute) versus temperature (in degrees Celsius). 

· Hint: See the instructions at the end of the Lab Report section.

Record your results in the Lab Report section.

Lab Report - Activity B03: The Effect of Temperature on Yeast

When yeast is used to leaven bread, the bread dough is allowed to ‘rise’ in a warm place before it is baked. When wine is aged, the casks are stored in temperature controlled rooms or in underground cellars where the temperature varies by only a few degrees. How does the temperature effect the rate of anaerobic cellular respiration (fermentation) of yeast?

Answers will vary. Based on their experiences with the previous activity (Fermentation in Grape Juice) students may predict that the rate of respiration will be a maximum at around 35˚ C, and that the rate will be less than maximum below or above that temperature. 

Data Table 1

	Temperature (˚C)
	Rate of Respiration (kPa/min)

	
	


Data Table 2 (Class Data)

	Temperature (˚C)
	Rate of Respiration (kPa/min)

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	


Questions

1.
Based on your results and the results from the other groups, does temperature affect yeast? Describe the effect of temperature on yeast.

2.
What is the temperature at which yeast have the highest respiration rate? 

3.
What happens to the respiration rate at high temperature? What do you think causes this to happen?

4.
What is the purpose of the vegetable oil on top of the glucose/yeast mixture in the test tube?

5.
Based on your results, would you say that the following statement is true or false?

“The metabolism of ectotherms usually doubles with every 10˚ C increase in the temperature of their environment.”

Create a Graph of Respiration Rate versus Temperature

In DataStudio, do the following:

[image: image25.wmf]Select ‘New Empty Data Table’ from the Experiment menu. The empty Table display has two columns labeled ‘X’ and ‘Y’ and the number in the first cell of the ‘X’ column is highlighted. 
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To change the default column labels, double-click ‘Editable Data’ in the Data list to open the Data Properties window.

[image: image27.wmf][image: image28.wmf]In the Data Properties window, change the Y Label from ‘Y’ to ‘Respiration Rate’ and the Units to ‘kPa/min’.

Click the ‘X Label’ tab. Change the X Label from ‘X’ to ‘Temperature’ and the Units to ‘deg C’. Click ‘OK’ to return to the Table display.

[image: image29.wmf]In the Table, enter the first temperature from the class data, press the <enter> key, and enter the first respiration rate from the class data. Press the <tab> key to move to the second row. Enter the rest of the ‘temperature-respiration rate’ pairs. After you enter your data, click the ‘Edit’ tool ([image: image11.png]


) in the table toolbar. 

[image: image30.wmf]Click and drag ‘Graph’ from the Displays list onto ‘Data’ in the Data list. 

In ScienceWorkshop, do the following:

Select ‘Notes Window’ from the Experiment menu. In the Notes Window, enter the ordered pairs of temperature and respiration rate in the following manner:

‘Temperature’ <tab> ‘Respiration Rate’ <return>

[image: image31.wmf]After you have entered all the ordered pairs into the Notes Window, choose ‘Select All’ from the Edit menu to highlight all the ordered pairs. 

Then select ‘Copy’ from the Edit menu.

Click the Experiment Setup window to make it active. Select ‘Paste’ from the Edit menu to open the ‘Enter Data Cache Information’ window.

[image: image32.wmf]Enter ‘Respiration Rate’ as the Long Name and ‘Respiration’ as the Short Name and ‘kPa/min’ as the Units and click ‘OK’.

[image: image33.wmf]Click the Graph display to make it active. Click the Channel A Input Menu button ([image: image12.png]s




) and select ‘Data Cache, Respiration Rate’ from the menu.

Appendix: Set Up ScienceWorkshop
Create a ScienceWorkshop file to measure pressure and monitor temperature.

Set Up the Sensor

[image: image34.wmf][image: image35.wmf]In the Experiment Setup window, click and drag the analog sensor plug to Channel A. Select ‘Pressure Sensor (Absolute)’ from the list of sensors. Click ‘OK’ to return to the Experiment Setup window.

[image: image36.wmf]In the Experiment Setup window, click and drag the analog sensor plug to Channel B. 

Select ‘Temperature Sensor’ from the list of sensors. Click ‘OK’ to return to the Experiment Setup window

Set the Sampling Options
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[image: image38.wmf]Click the ‘Sampling Options’ button in the Experiment Setup window or select ‘Sampling Options’ from the Experiment menu to open the Sampling Options window. Under ‘Periodic Samples’ click ‘Slow’ and then click the left arrow to set the sample rate at ‘2 s’ (one measurement every two seconds.). 

Under ‘Stop Condition’ click ‘Time’. Type ‘900’ as the amount of time. Click ‘OK’ to return to the Sampling Options window. Click ‘OK’ again to return to the Experiment Setup window. 

Set Up the Display

In the Experiment Setup window, click and drag the Graph display icon to the Pressure Sensor icon.


In the Experiment Setup window, click and drag the Digits display icon to the Temperature Sensor icon.

Arrange the windows so you can see the Digits display of temperature.

Click-and-drag ‘Graph’ onto ‘Data’.
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