Cooking with Bacteria
Usually you think of bacteria as something that can make you sick. But some types of bacteria are useful in food preparation. When cabbage is salted and kept in a closed container, bacteria in the cabbage cause it to ferment and become sauerkraut. The salt kills some bacteria but the sauerkraut-producing bacteria on the cabbage survive. In this activity, you will conduct a 24-hour measurement to compare how fast lactic acid is produced during the fermentation of raw cabbage and cabbage that has been boiled.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
How can bacteria help in food production?

•
How does the amount of bacteria affect the rate of lactic acid pro​duction during thefermentation of cabbage?


	Measure the change in pH during the fermentation of cabbage.

Hypothesize what is responsible for the production of lactic acid during the fermen​tation of cabbage.


	LabPro or CBL 2 
TI-83 Plus or TI-84 Plus graphing calculator 
link cable 
EasyData application
AC power adapters 
Vernier pH Sensors (2)

ring stand (2)

test-tube clamps (2)

250-mL beakers, sterilized (2)

400-mL beaker

wash bottle

glass stirring rod

shredded raw cabbage

shredded boiled cabbage

distilled water

tongs (2)

non-iodized salt

plastic food wrap

aluminum foil


Safety Precautions

•
Always wear safety goggles and a lab apron. CAUTION: Never eat lab materials.

Pre-Lab

1.
In the production of sauerkraut, the natural sugar in cabbage is broken down into lactic acid and carbon dioxide. What organism is responsible for this process?

2.
As lactic acid is produced during the fermentation process, will the pH of the cabbage solution rise or fall?

3.
How would boiling the cabbage affect the amount of lactic acid that is produced?

4.
Hypothesize how the graphs of pH would differ if you measure the pH change in raw cabbage placed in salt water and boiled cabbage placed in salt water.
Part A: Preparing for Data Collection
1.
Turn on the calculator. Connect the calculator and an AC power adapter to the data-collection interface. Connect the pH Sensors to Channels 1 and 2 of the data-collection interface as shown in Figure 1. 
Figure 1 (Need New Graphic of 1 data-collection interface)
2.
Set up EasyData for data collection

a. Start the EasyData application, if it is not already running. 
b. Select [image: image1.png](File)



 from the Main screen, and then select New to reset the application.
c. Select [image: image2.png]


 from the Main screen, then select Time Graph…
d. Enter 1800 as the time between samples in seconds.

e. Select [image: image3.png][ Next



.

f. Enter 48 as the number of samples and select [image: image4.png][ Next



. Data collection will last 24 hours.

g. Select [image: image5.png]


 to return to the Main screen.

Part B: Collecting Data

1.
Prepare a salt solution by mixing 10 g of salt in 400 mL of distilled water.

2.
Using sterilized tongs, place boiled cabbage into one of the 250-mL beakers. Using another set of sterilized tongs, place raw cabbage into the other beaker. Fill both beakers to the 200-mL mark with cabbage. Then fill both beakers almost to the brim with salt solution.

3.
Cover the beakers with plastic wrap, then with a square of aluminum foil. The plastic wrap and foil should have a small hole in the center to allow a pH Sensor to fit through it.

4.
Remove the storage-solution bottles from the pH Sensors. Slide the cap up the sensor barrel, out of the way. Over a sink or empty beaker, use a wash bottle of distilled water to thoroughly rinse the sensors. 
5.
Attach each of the sensors to a ring stand and place the ends of the sensors in the solution in the beakers. Arrange the plastic wrap and aluminum foil so that the beakers are completely covered..

6.
Wait a few minutes to allow the pH readings to stabilize. Select [image: image6.png](Start |



 to begin the 24-hour measurements. Follow the displayed Remote Data Collection instructions to begin collecting data. You may now turn off the calculator. The data-collection interface will continue collecting data.

7.
After 24 hours, when the data collection is complete, press [image: image7.png]


 to turn on the calculator. 

8.
Start EasyData. A screen will appear reminding you that data has been collected. Select [image: image8.png]


 to retrieve the collected data. A graph of the data should appear. Sketch and label the graph in your Science Journal.
Part C: Examining the Data

 1.
Select [image: image9.png]


 and choose Statistics….
 2.
Select [image: image10.png]


 to set the left statistics boundary at the beginning of the pH graph. Select [image: image11.png]


 to set the right statistics boundary at the end of the pH graph.
 3.
The Statistics Results along with the minimum and maximum pH values are displayed. Determine which of these is the initial pH and which is the final pH. Round these values to the hundredths place and record them in the Data Table. Select [image: image12.png]


 to return to the Graph screen.
4.
When you are finished with the graph, select [image: image13.png][ Main |



 to return to the Main screen. 
5.
Select [image: image14.png][ Quit )



 and then select [image: image15.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists. Turn off the calculator.
Cleanup and Disposal

1.
Remove the pH Sensors from the beakers of cabbage. Use distilled water in a wash bottle to rinse the sensors thoroughly and place them in the storage-solution bottles. 

2.
Disconnect the calculator, sensors, and data-collection interface. Follow your teacher’s instructions for disposing of the contents of the beakers. 

3.
Clean and return all equipment as directed by your teacher.

Data Table: pH Changes of Raw and Cooked Cabbage


Type of
Initial
Final
pH
Cabbage
pH
pH
Change


Cooked
6.12
5.60
–0.52

Raw
6.03
4.71
–1.32

Conclude and Apply

1.
Compare the pH graphs for the raw and boiled cabbage. Determine the pH change of each by subtracting the initial pH from the final pH. Why were the pH changes different?

For the boiled cabbage, the pH was stable at first then dropped very slowly. For the raw cabbage, the pH dropped rapidly. Bacteria in the raw cabbage produced lactic acid, causing the pH to fall rapidly. The boiled cabbage had fewer bacteria, so its pH fell much slower.
2.
Compare your results to your hypothesis in Pre-Lab question 4. Explain the source of any differences. 

Students may have thought the pH of the boiled cabbage wouldn’t change at all. The pH drops slowly  in the boiled cabbage because there was a smaller number of bacteria than in the raw cabbage.
