
   LABORATORY
INVESTIGATION

The Digestion of Protein by Pepsin 
Proteins are enormous molecules containing hundreds of amino acids that are linked 

together into a chain like structure.  Complete digestion breaks the links of the protein chain 
freeing the individual amino acids one from another.  Following the digestive process the free 
amino acids are absorbed into the blood as the blood passes through the villi of the small 
intestine.  The first stage of protein digestion begins in the stomach where the enzyme pepsin 
reduces the large molecular chains into many shorter chains.  These smaller chain like 
fragments are known as polypeptides.  Later the polypeptides move out of the stomach and into 
the small intestine where their final breakdown into amino acids takes place.  In this 
investigation you will observe the partial digestion of a protein called albumen.  This substance 
is simply the familiar white of the egg.  To speed the digestive process, the egg has been 
cooked and the egg white finely ground. Grinding decreases particle size and increases the 
surface area presented to the enzyme.  The mixture of egg white and water has the appearance 
of milk but, unlike milk the particles tend to settle out, for this is not a true solution.  During 
digestion the particles will disappear as they are broken down into soluble polypeptide 
fragments.  In the end only a clear solution will remain and all the particles of the egg white 
protein will be gone.

 You will use the computer and the colorimeter to measure the rate of clearing of a mixture 
of water, egg white, acid and pepsin.  The milky solution absorbs light strongly and after 
digestion the absorbency of the remaining solution will be low.  This absorbency change will 
appear as a graph on the computer screen.  The graphic evidence collected will then allow you 
to decide if the amount of enzyme used changes the rate of digestion.

Read this laboratory investigation carefully and then develop a hypothesis that might 
explain how the amount of enzyme affects the rate of digestion. Record this hypothesis after 
question 1 in the analysis section of this report.  Later you will evaluate this hypothesis using 
the experimental data collected.

Vernier Equipment
LabPro Interface, Colorimeter

Materials
safety goggles. 5 vials pHydrion Papers (range 1 - 11),  egg white-acid solution, egg  white solution, 
pepsin solutions of 100%, 66%, 33% and 0% pepsin, dilute HCl, 5 4" X 4" glass plates, 5 glass stirring 
rods, distilled water, 5 rinse bottles, 5 graduates 10 ml, 10 beakers (50 ml)

Safety
Wear safety goggles and lab apron. Acids are destructive and spills should be avoided. Wipe up and 
spills with paper toweling and report the accident to your teacher.
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Procedure
1. Check your computer lab station equipment for the following connections. The cable of the 

colorimeter 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. Examine the colorimeter.  Open the cover by pushing the latch forward and lifting.  Notice the 
rectangular opening in the center of the colorimeter. This is the sample well.  Fill a cuvette 
with 3 ml of distilled water. Cover the cuvette with the plastic lid.  Place the cuvette into the 
sample cell with one of the clear sides of the cuvette facing the arrow in the opening above the 
cell.  Close the cover.

3. The green indicator light should be on and located below the 430 nm label.  If the light is 
located in one of the other positions move it by pressing one of the two arrow pads.

4. 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 Absorbance and the X axis is labeled Time (sec).  The Collect button at the top 
of the screen is highlighted. 

5. Click the Collect button to activate the collection procedure.  Data soon appears in both 
the table and graph.  It is the graph that we are most interested in.  The plot line 
should be on or just above the zero absorbance line. If the line appears above the 0.1 
level the colorimeter should be   recalibrated.  To recalibrate, stop data collection, 
press the colorimeter’s cal pad and hold for 30 seconds.  Click collect and the plot line 
should appear at the 0.0 absorbance level.
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6. Label a 50 ml. beaker "egg white acid solution".  Place 25 ml of egg white acid solution 
in this beaker.  Label a second beaker “egg white solution”.  Place 25 ml of eggwhite 
solution in this beaker. Label a third 50 ml beaker “pepsin solution”. Place 15 ml of 
100%pepsin solution in this beaker. Label a fourth beaker dilute HCl.  Place 15 ml of 
dilute HCl in this beaker.

7. Find and record the pH of the pepsin, dilute HCl, egg white solution and the egg white 
acid solution.  Place 4 short strips of pH paper on the glass plate.  With a  stirring rod 
transfer a drop of each solution onto a separate piece of pH paper.  Do this by first 
touching the solution with the rod tip and then touching the pH paper with the rod 
tip.  Repeat this step for each solution.   Compare the color of the spot that  forms on 
the paper with the pH color comparison table.  Wash the stirring rod between 
applications.

8. Remove the cuvette from the colorimeter.  Dump the distilled water and dry the 
cuvette.

9.  Transfer 0.5 ml of 100% enzyme into the cuvette. 

10. This  next step must be done very quickly to capture the first stages of the digestion 
process.  Transfer 2.5 ml. of egg white acid solution into the cuvette containing the 
enzyme.  Cap the cuvette with the lid.  Then place the cuvette containing the enzyme 
and egg white acid solutioin into the colorimeter.  Close the cover.  Click on start.

11. A line appears near the top of the graph.  As time passes the line falls and curves down 
toward the bottom of the graph.

12. Continue collecting data until the line on the graph reaches the X axis or until 300 
samples have been taken, then click stop.  To label this trial, go to the tool bar and 
click on insert.  Scroll down to text annotation and click on it.  A box and a line will 
appear on the graph.  Click on the end of the line until a hand appears.  Drag the hand 
to  the line you have just createdthen release.  Go to the box attached to this line and 
click.  Inside this box  write a label  that identifies the acid concentration of this trial. 

13. Find the slope of the fastest part (linear portion) of the graph.  To do this, using the 
moust, highlight the portion of the graph that is linear.  Then apply the linear fit 
function form the tool bar to get the slope.  Record the solpe of this trial in your data 
table.  Then, again go to the tool bar and click on experiment and click on store latest 
run.  This data is now stored on the graph and you are ready to run another trial.

14. Remove the cuvette from the colorimeter, examine the contents of the tube and record 
any changes in the appearance of the solution.

15. Dump the contents of the cuvette.  Wash and dry the cuvette.  Repeat steps 9 -14 for 
enzyme concentrations in order of 66%, 33% and 0%.  These solutions are at the supply 
table, you do not have to mix them.

16. Repeat steps 9 - 14 using 2.5 mL of egg white without acid and  0.5 mL of 100% enzyme 
solution.

17. Close Logger Pro.  Clean up your laboratory area.  Dump any unused solutions then wash 
and dry the glassware.
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Analysis
In this investigation you observed the digestive action of the enzyme pepsin on albumin, a type 

of protein.  The following questions and activities are to help you interpret the data collected.  Start by 
examining your original hypothesis.

1. Write your hypothesis statement using proper form.

2. List the variable plotted on the X axis of the graph.  Is this the independent or 
dependent variable?

3. List the variable plotted on the Y axis of the graph.  Is this the independent or 
dependent variable?

4. You should have 1 graph with 5 lines.  Print a title at the top of the graph.  The title 
should take the general form, The Effect of   (the independent variable) on (the 
dependent variable)..

5. Is the relationship of the variables direct or inverse?  Do any  graphs show no change?

6. Examine the  different lines on the graph.  If you have not already done so, find the 
slope of the linear portion of each graph. Ask you teacher for assistance if you need 
help with this task.  Remember, the slope is a numerical estimate of the rate of change 
of the absorbency of the solution.  We are assuming the change in absorbance is caused 
by digestion of the egg white.  Record the 5 slope values in Table 2.

7. Plot a line graph of the rate of change of absorbance  (absorbance/ min) for enzyme 
concentrations of 100%, 66%, 33% and 0%.

8. Identify the conditions of the experiment held constant.  Why is it necessary to hold all 
conditions of an experiment constant except the one being tested?

9. Identify the experimental variable or variables.

10. Write a summary of your investigation.  Tell the reader what you learned about the 
enzyme pepsin.  Offer proof for the statements made by referring the reader to specific 
evidence developed from the enzyme study.

 Going Further
1. Continue your study of pepsin using other concentrations of substrate (egg white) while 

holding the enzyme concentration constant.

2. Continue your study of pepsin using other pH levels while holding the substrate and 
enzyme concentrations constant.

3. Continue your study of pepsin by varying the temperature of the enzyme's environment.
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             Table 1.    Protein Digestion

pH

Pepsin

Dilute HCl

Egg White

Acid - Egg White mixture

Appearance

Acid - Egg White mixture before digestion

Acid - Egg White mixture after digestion  

Reaction Rate (Absorbance/ Sec)

Egg white, no acid, 100% enzyme
Egg white, acid, 0% enzyme
Egg white, acid, 33% enzyme
Egg white, acid, 66% enzyme
Egg white, acid, 100% enzyme

Cuvette Contents
Table 2. Absorbance Change with Time
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