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Name _____________________
Class ______________
Date _________


Activity B02: Fermentation in Grape Juice 
(Pressure Sensor – Absolute, Temperature Sensor)

	Concept
	DataStudio
	ScienceWorkshop  (Mac)
	ScienceWorkshop (Win)

	cellular respiration
	B02 Fermentation. DS
	B03 Glycolysis
	B03_GLYC.SWS


	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Pressure Sensor – Abs. (CI-6532)
	1
	Stopper, one hole, for flask
	1

	Temperature Sensor (CI-6505)
	1
	Tubing (w/ sensor)
	

	Balance (SE-8723)
	1
	Protective gear
	PS

	Beaker, 250 mL 
	1
	Chemicals and Consumables
	Qty

	Connector (640-030)
	1
	Glycerin
	1 mL

	Flask, 250 mL
	1
	Grape juice
	300 mL

	Graduated cylinder
	1
	Sodium fluoride, solid
	1 g

	Hot plate 
	1
	Weighing paper
	1

	Magnetic stirrer & spin bar
	1
	Yeast suspension
	20 mL


What Do You Think?

[image: image9.wmf]How does the pressure inside a closed vessel change as yeast converts the sucrose in grape juice into ethanol and carbon dioxide?

[image: image10.png]


What factors can alter the rate of the fermentation of grape juice and what changes would you expect to see as you apply those factors? 

Take time to write answers to these questions in the Lab Report section.

[image: image11.wmf]QUICK-RELEASE 

CONNECTOR

(640-021)

CONNECTOR

(640-030)

Background

[image: image12.wmf]All life forms need to convert or transform energy-rich organic molecules like sugars into forms of energy that can be used to perform cell work. Cellular respiration is the set of chemical reactions during which molecules are broken down to release energy. There are two types of cellular respiration – aerobic and anaerobic – and both begin with glycolysis. Prior to glycolysis, the zymase enzyme breaks a molecule of sucrose into glucose and fructose. During glycolysis, the glucose breaks down into pyruvic acid. Animal cells and some unicellular organisms convert the pyruvic acid to lactic acid (lactic acid fermentation). Some plant cells and unicellular organisms convert the pyruvic acid to ethanol and carbon dioxide gas (alcoholic fermentation). In this activity, the yeast cells use fermentation to transform the sugars in grape juice into useful energy and carbon dioxide.

As in most biological reactions, cellular respiration is controlled by a series of enzymes (such as zymase). The enzymes that help this system of chemical events are often sensitive to physical and chemical conditions such as temperature and pH.

	SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
	[image: image1.wmf]
	[image: image2.wmf]
	[image: image3.wmf]


For You To Do

Use the Pressure Sensor to measure the change in pressure in a flask containing a mixture of activated yeast and grape juice. Then repeat the measurement for a mixture of activated yeast, grape juice, and a small amount of a chemical – sodium fluoride. Use DataStudio or ScienceWorkshop to record and display the data. Use the software to analyze the data.

PART I: Computer Setup
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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)

	B02 Fermentation. DS
	B03 Glycolysis
	B03_GLYC.SWS


•
The DataStudio file has a Workbook display. Read the instructions in the Workbook.

•
The ScienceWorkshop file has a Graph display of Pressure versus Time.

•
Data recording for the Pressure Sensor is set at 1 measurement per five seconds. 

NOTE: In the DataStudio file, data recording for the Temperature Sensor is set at 2 measurements per second (or 2 Hz). See the Appendix for instructions about how to set up the ScienceWorkshop file to measure temperature.

PART II: Sensor Calibration and Equipment Setup
Sensor Calibration
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•
You do not need to calibrate the Pressure Sensor for this activity since you will measure the change in pressure.

Prepare the Grape Juice

1.
Put 150 mL of grape juice in a beaker. Place the beaker on a hot plate. Place the Temperature Sensor in the grape juice.

2.
Turn on the hot plate. Warm the juice to a temperature of 35˚ Celsius. Use the software to monitor the temperature of the grape juice.

[image: image15.wmf]CONNECTOR

(640-030)

RUBBER

STOPPER

•
Hint: In DataStudio, click ‘Monitor’ in the Experiment menu. In ScienceWorkshop, click the MON button. Watch the temperature in the Digits display.

· Do not warm the grape juice above 40°C. The yeast will begin to die at around 42°C. The optimum temperature for the yeast is around 35°C.

Set Up the Equipment

3.
Put a drop of glycerin on the barb end of the quick-release connector and insert the barb into one end of the plastic tubing.

[image: image16.wmf]4.
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: image17.wmf]5.
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. 
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6.
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). 


Part IIIA: Data Recording – Graph Juice and Yeast Suspension
1.
Remove the Temperature Sensor from the beaker. In the software, stop monitoring the temperature of the grape juice. 

2.
Transfer the warmed grape juice to the flask. Add a spin bar to the flask.[image: image19.wmf]
3.
Gently add 10 mL of yeast suspension to the juice. (Remember, the yeast are alive!) 

4.
Stopper the flask with the rubber stopper. Use a twisting motion to get a tight fit. Place the flask on the magnetic stirrer. Turn on the stirrer and adjust to a moderately fast stirring rate. 
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5.
Start recording data.

· Hint: In DataStudio, click the ‘Start’ button ([image: image4.png]


). In ScienceWorkshop, click the ‘REC’ button ([image: image5.png]


). 

•
What happens to the pressure in the flask? What do you think the yeast are doing to the grape juice that causes this effect?

· At first, there will be little if any change in pressure. After about 5-10 minutes the pressure will begin to measurably increase and continue to increase throughout the experiment. The yeast is breaking down the sucrose to other metabolic products, including CO2.

6.
Allow the yeast to metabolize the grape juice for about 40 minutes and then stop recording data. 

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

7.
Dispose of the grape juice/yeast mixture as instructed. 

Part IIIB: Data Recording – Grape Juice, Yeast Suspension and Sodium Fluoride
Prepare the Grape Juice and Sodium Fluoride

[image: image21.wmf]1.
Put 150 mL of grape juice in a beaker. Add 1.0 g of sodium fluoride to the grape juice.

2.
Place the beaker on a hot plate. Place the Temperature Sensor in the grape juice.

3.
Turn on the hot plate. Warm the juice to a temperature of 35˚ Celsius. Use the software to monitor the temperature of the grape juice.

•
Hint: In DataStudio, click ‘Monitor’ in the Experiment menu. In ScienceWorkshop, click the MON button. Watch the temperature in the Digits display.

· Do not warm the grape juice above 40°C. The yeast will begin to die at around 42°C. The optimum temperature for the yeast is around 35°C.

Record Data

1.
Remove the Temperature Sensor from the beaker. In the software, stop monitoring the temperature of the grape juice. 

2.
Transfer the warmed grape juice/sodium fluoride mixture to the flask. Add a spin bar to the flask.

3.
Gently add 10 mL of yeast suspension to the juice. (Remember, the yeast are alive!) 

4.
Stopper the flask with the rubber stopper. Use a twisting motion to get a tight fit. Place the flask on the magnetic stirrer. Turn on the stirrer and adjust to a moderately fast stirring rate. 

5.
Start recording data.

•
What happens to the pressure in the flask?

6.
Allow the yeast to metabolize the grape juice for about 40 minutes and then stop recording data. 

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

7.
Dispose of the grape juice/yeast mixture as instructed. 

Optional


Variations to this activity can be performed by different lab teams and the results can be shared and analyzed by the entire class.

1.
Vary the pH Level: Vary the pH level in the yeast/juice mixture by adding 25 mL of any of the following buffer solutions to 125 mL of grape juice: (a) pH buffer 2, (b) pH buffer 3, (c) pH buffer 4, and (d) pH buffer 6. (e) pH buffer 10

2.
Vary the Yeast Concentration: Vary the amount of yeast by mixing and using suspensions of 100 mL of water and (a) 1 g, (b) 3 g, (c) 6 g, (d) 12 g, or (e) 20 g of dry yeast.

Analyzing 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 Ending Pressure, the Starting Pressure, the Ending Time and the Starting Time for the first run of data.

· Hint: In DataStudio, click the ‘Statistics’ menu button ([image: image6.wmf]) and select ‘Show All’. In ScienceWorkshop, click the ‘Statistics’ button to open the statistics area of the Graph. Click the ‘Statistics Menu’ button ([image: image7.png]


) and select ‘All of the Above’ from the Statistics menu.

3.
Record the minimum X as Starting Time in the Data Table in the Lab Report section. Record the maximum X as Ending Time.

4.
Record the minimum Y as Starting Pressure in the Data Table. Record the maximum Y as Ending Pressure.

5.
Calculate the difference/change in pressure and record it in the Data Table. Calculate the difference/change in time and record it in the Data Table.

6.
Calculate the rate of production of carbon dioxide by the yeast from grape juice and record the rate.


Divide the difference in Pressure readings by the difference in Time.

[image: image8.wmf]Rate of Carbon Dioxide Production
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7.
Repeat the process for the second run of data (grape juice and sodium fluoride). 

Optional: 

· Collect the data from the other experimental runs conducted in class and record them. Calculate the rate of production of carbon dioxide for each of the experimental runs.

Record your results in the Lab Report section.

Lab Report - Activity B02: Fermentation of Grape Juice

How does the pressure inside a closed vessel change as yeast converts the sucrose in grape juice into ethanol and carbon dioxide?

What factors can alter the rate of the fermentation of grape juice and what changes would you expect to see as you apply those factors? 

Data Table

	Item
	Initial Trial
	With NaF 
	At pH = 10

	Starting Time 
	min
	min
	 min

	Ending Time 
	min
	min
	 min

	Difference in Time
	min
	min
	 min

	Starting Pressure
	kPa
	kPa
	 kPa

	Ending Pressure
	kPa
	kPa
	 kPa

	Difference in Pressure
	kPa
	kPa
	 kPa

	Rate of CO2 Production
	kPa/min
	kPa/min
	kPa/min


Questions

1.
What is the rate of production of carbon dioxide gas for the grape juice and yeast mixture?

2.
What happens to the rate of carbon dioxide production in the flask when the sodium fluoride is added to the grape juice? 

Appendix: Set Up ScienceWorkshop
Modify the ScienceWorkshop file to monitor temperature as you warm the grape juice.

Set Up the Sensor

[image: image22.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 Up the Display
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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.
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