
   LABORATORY
INVESTIGATION

A Study of Yeast Fermentation
The first stage of cellular respiration (glycolysis) produces two molecules of pyruvic acid, two 

molecules of NADH, two H+ and a net gain of two molecules of ATP for each molecule of glucose 
consumed.  The fate of the molecules of pyruvic acid, the NADH and the H+ depends on whether 
oxygen is available to the cell and on whether the cell contains mitochondria.  Without oxygen, 
yeast cells, which contain mitochondria, recycle their NAD+ by reducing (adding back H+ ions and 
electrons) the pyruvic acid with hydrogen ions and electrons from NADH.  This process produces 
alcohol, carbon dioxide, and NAD+.  The NAD+, free of its hydrogen, is then available to accept 
more hydrogen as glycolysis continues.

These reactions are summarized in the following equations:

1. Glycolysis
C6H12O6 + 2ATP + 2NAD+ ----- 2C3H4O3 + 2NADH +2H+ +4ATP

2. Alcoholic Fermentation
2C3H4O3 + 2NADH +2H+ ----- 2C2H6O + 2CO2 + 2NAD+

[KEY:   C6H12O6 is glucose;  C3H4O3 is pyruvic acid; and  C2H6O is ethyl alcohol]

During this laboratory you will investigate the rate of the fermentation reactions by indirectly 
measuring the output of carbon dioxide.  This is done using a pressure sensor.  The pressure sensor is 
already familiar to you as it was used previously to record oxygen output from the breakdown of 
hydrogen peroxide.  The equipment you will use is shown in Figure 1.

The class will be divided into two research companies, each competing to determine the 
optimal conditions under which yeast ferments the best.  Each company will elect one student 
C.E.O. who will be responsible for overseeing all data collection.  Your research must determine 
optimal fermentation conditions in the following areas:

1. Amount of yeast used
2. pH
3. Type of Monosaccharide (simple sugars)
4. Type of Disaccharide (double sugars)

Following data collection and analysis, you will be giving an group oral presentation of all aspects of 
your research.

Vernier Equipment
Pressure sensor, LabPro interface, gas pressure accessories kit 
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Materials
(All Teams)  Clock with second hand, water bath, reaction flask with valve and tubing, turkey 
baster, thermometer, source of hot and cold water, balance (decigram), 25 mL graduated cylinder, 
buffer pH 7, yeast, and sucrose.

(Research Groups):  yeast as needed; buffer ph 3, 5, 7, 9 11; various monosaccharides (glucose, 
galactose, fructose);  and various disaccharides (sucrose, maltose, lactose)

Safety
Wear safety goggles.  Open the valve of the reaction flask as soon as a run is completed.  The 
fermentation reaction will build up considerable pressure that must be released after each run.

Procedure

LoggerPro Setup

1. Check your computer lab station equipment for the following connections.  The cable of 
the pressure sensor is plugged into LabPro channel 1 (ch1).  The LabPro power supply is 
plugged into the LabPro AC adaptor port and a 110 volt outlet.  The USB cable is 
plugged into the LabPro and the computer USB port.

2. Start the data collection software by double clicking on the LabPro icon found on the desk top.  
A data table and graph appear on the screen.  The Y axis of the graph is labeled Pressure  
(KPa) and the X axis is labeled Time (s).  The Collect button at the top of the screen is also 
highlighted. If this is the case proceed to the next step.  If the computer did not detect the 
conductivity sensor, the graph is not labeled and the Collect button is faded, ask your teacher to 
manually set the sensor ID for you.
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3. The Logger Pro program divides the monitor window into two regions.  The left region 
contains the table for recording the pressure readings.  The right region contains the graph 
where the pressure readings are plotted.  Both the table and graph have titles and labels.  
You are now ready to start data collection.  Begin by single clicking the Collect button.

4. A plot of the room’s air pressure appears on the graph and new readings appear in the data 
table every second.  The plot of the pressure will fall just above or just below the 100 kPa line.  
Move the plot line down to near the bottom of the graph by changing the scale of the Y axis.  
Place the pointer on zero at the bottom of the Y axis.  A box appears.  Click in the box. vThe box 
is highlighted.  Type in the new value 95.  Click somewhere in the graph to initiate the 
change.  Move the pointer over the top number of the Y axis.  A new box appears.  Click in the 
box in highlight it.  Type  in the new value 120.  Click somewhere in the graph to change the 
upper scale value.  Change the sample time by moving the pointer over the last number of the X 
axis.  A box appears.  Click in the box to highlight it.  Type in the new sample time (300).  Click 
somewhere in the graph to change the X axis scale.  At this point the pressure sensor is in 
proper adjustment and should not be changed during the experiment.

5. Click stop in halt data collection.  Click on Experiment, drag to clear  latest run, release.  
Now you are ready for the first run of the experiment.

Experiment
1. Organize your small team.  You will need a leader and two or three good workers.  

Assign one person in your team the responsibility of measuring and adjusting the 
temperature of the water bath in order to keep it at a constant temperature of 25 degrees 
C.  Radiation of heat from the bath will cause the water to become cooler.  The 
monitor's responsibility is to add small volumes of warm water to the bath and to 
remove small volumes of cooler water from the bath.  Water is added to and removed 
from the bath with the turkey baster.  Another person should mix the solutions and 
have each test batch ready to go.  Another person should run the computer and the last 
person should handle data analysis and record keeping.  If you have fewer than four 
people in your group some assignments will need to be combined.

2. Run one test using the standard conditions.  a.  temperature 25 degrees Celsius, b.  25 ml. of 
buffer pH 7, c. 2 grams of sucrose, d. 2 grams of yeast.  Combine the three substances together 
in the reaction flask.  Mix the contents of the flask by swirling.

3. Place the flask and solution in the 25C  water bath with the stopper firmly in place but, 
with the valve open.  Wait 10 minutes for the yeast to become active .

4. After 10 minutes seal the flask by closing the valve.  Click on the collect button.  A line, 
representing the pressure, should appear on the graph and individual measurements should 
appear in the data table.

5. Continue recording for 300 seconds or until the pressure reaches 120 kPa.  Pressure above 120 
kPa is likely to cause the stopper to pop out of the flask.

6. Release the pressure in the flask by opening the value. This should be done immediately 
after the run.

7. Once the readings have stopped go to “Experiment” on the toolbar and click “Store latest 
run”.  Find the slope of the linear portion of the graph and record the value of the slope in 
your teams data table (this may also be performed at the end of the experiment after you 
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have printed your graphs).

8. Empty the contents of the flask in a sink.  Wash the flask in warm soapy water and then 
dry it with a paper tower.

9. Continue the investigation of the variables assigned to your group by your C.E.O. by following 
steps 2 (with your modifications) through 8. Once you are finished print your graphs of each 
experimental run on the same page.  Find the rate of reaction (slope of the linear portion of each 
graph) for each run.  Record the rate values (kPa/min.) in the team’s data table.  Multiply the 
slope value (kPa/sec) by 60 before recording.  Variables that need testing are as follows:

10. Amount of Yeast:  4.0 g, 3.0 g., 2.0 g., 1.0g., and 0.0 g. of  yeast.  All other variables are standard.

11. pH Buffers of pH 3,5,7,9, and 11.  All other variables are standard.

12. Monosaccharides:  glucose, fructose, galactose and no sugar.  All other  variables are standard.

13. Disaccharides:  lactose, maltose, sucrose and no sugar.  All other variables are standard.

14. Determine which type of graph, line or bar, is most appropriate for each variable plotted.  

15. Close the Logger Pro data collection program. Turn off the power supply to the LabPro interface. 
Turn off the computer if told to do so by your instructor. Organize the lab station for the next user 
group.

Page 4



Analysis
1. Each research company will give an oral report to the class following collection and 

analysis of the data.  Remember, you are part of a research group at a large bakery or 
brewery (you decide).  Your team has been given the responsibility of finding one ideal 
fermentation condition for a new process at the company.  Your salary (grade) will depend 
on the quality of this report.  You will need visuals for this presentation so all class 
members can see the data your team collected.

2. Your oral report should furnish information about the problem investigated, relevant 
background information, the procedure used, the variables tested, the conditions held 
constant, the control set-up, the data obtained, and the conclusions drawn.  Report 
difficulties experienced and any recommendations for future studies.

3. Following the formal report, your team is expected to be able to answer questions pertaining 
to your experiment. Some questions will come from other class members but most will come 
from the DIRECTOR OF COMPANY RESEARCH (your teacher).  Sample questions appear 
below.

What chemical change did you measure?
How do you know the yeast cells caused the change?
How do you know the reaction requires a fuel molecule?
What was the fuel molecule?
Why do yeast cells carry out this reaction?
What was the independent variable of your experiment?
What was the dependent variable?
What conditions did you control?
How did you find the slope of the pressure line?
What information does the slope provide?
Is there. a relationship between which monosaccharides and which  disaccharides 
work well?
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Sample Data Tables:

4 grams
3 grams
2 grams
1 gram
0 grams

Fermentation Rate (kPa)/min.Amount of Yeast

Table 1. Title:

11
9
7
5
3

Fermentation Rate (kPa)/min.pH

Table 2.  Title:  

Monosaccharides

No sugar
Galactose
Fructose 
Glucose

Fermentation Rate (kPa)/min
Table 3  Title
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No Sugar
Sucrose
Maltose
Lactose

Fermentation Rate (kPa)/minDisaccharides

Table 4  Title
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