Name _______________________________

Class __________________

Date_______________

Investigative
Investigative Lab
Lab 29
8

Breaking Down Fat Digestion
How Bile and Pancreatic Juice Affect Fat Digestion
Question What are the roles of bile and pancreatic juice in fat
digestion?
Lab Overview In this investigation you will determine the roles of
bile and pancreatic juice in fat digestion. You will use whole milk as a
source of fat, samples of bile and pancreatic juice, and the pH indicator phenol red.
Introduction In the Prelab Activity you will examine part of the
experimental design and complete the plan. Then, you will answer
questions about how the design of the experiment will help you determine the effects of bile and pancreatic juice on fat digestion.
Background From the stomach, food enters the small intestine. Several chemicals that are secreted into the small intestine continue the
chemical digestion of food there. Two of these chemicals, bile (made in
the liver and secreted by the gallbladder) and pancreatic juice (made
and secreted by the pancreas), play roles in the digestion of fat.

From liver

Objective to design
and perform an
experiment to determine the roles of bile
and pancreatic juice
in fat digestion
NOTE: You may wish
to have the class do
this lab before you
cover Concept 29.2,
which discusses the
roles of bile and pancreatic juice in fat
digestion.
Inquiry Skills
• designing experiments
• making measurements
• analyzing data
• drawing conclusions
Time
• 15–20 min for
Prelab Activity
• 45 min for Lab
Activity
• 20 min for
Analysis and
Conclusions
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When fat molecules are digested, the result is molecules of glycerol
and fatty acids. The presence of fatty acids can be detected with a pH
indicator such as phenol red. In a basic solution, phenol red is hot
pink, while in an acidic solution, it is orange. The faster a solution
changes from basic to acidic, the faster the color change occurs. In this
lab you’ll use phenol red to determine when milk fat is broken down,
and to compare how quickly it is broken down in different samples.

Pancreatic juice contains lipase, an
enzyme that breaks
the bonds between
glycerol and fatty
acids in fat
molecules. Bile is an
emulsifier that
breaks up fats into
smaller droplets.
This increases the
available surface
area of the fats,
enabling lipase to
break down the
molecules more
efficiently.
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Prelab Activity You will use four test tubes in the investigation.
Examine the set-up of test tubes 1, 3, and 4 below.

1

2
1 mL pancreatic
juice
1 mL bile
1 mL phenol
red

3

4
1 mL water

?

3 mL milk

1 mL pancreatic
juice

2 mL water

1 mL phenol
red

1 mL phenol
red

3 mL milk

3 mL milk

Prelab Questions
1. What should go in Tube 2? What is the purpose of this tube in the
lab?
Suggested answer: Tube 2 should contain 3 mL milk, 1 mL phenol red, 1 mL bile, and 1 mL water.
Tube 2 will show the effect of bile on fat.

2. How will you be able to tell if either bile or pancreatic juice
breaks down fats? Explain.
Suggested answer: The contents in Tubes 1, 2, and/or 3 will change from pink to orange because
the breakdown of fats will produce fatty acids, which will cause the phenol red to turn orange.

Suggested answer: By comparing the time it takes for the solutions in Tubes 2 and 3 to turn from
pink to orange. If one is more effective than the other, the color change will occur more quickly in.
the tube testing only that chemical.

4. How will you be able to tell if bile and pancreatic juice must both
be present for fat to be broken down?
Suggested answer: Only the tube with both bile and pancreatic juice (Tube 1) will change color.
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3. If both bile and pancreatic juice break down fats, how will you be
able to tell if one is more effective than the other? Explain.

Name _______________________________

Class __________________

Date_______________

5. Explain why Tube 3 contains 1 mL pancreatic juice and 1 mL
water rather than 2 mL pancreatic juice.
Suggested answer: The concentration of pancreatic juice should be the same in both tubes.

6. Predict what you think will happen in this experiment.
Answers will vary, but the following would be a good response: Since both bile and pancreatic juice
are secreted at the same time into the small intestine, they probably interact as they break down fat.
I predict that the solution in Tube 1 will change color the fastest.

Materials
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•
•
•
•
•
•
•
•
•
•
•
•

4 test tubes
labeling tape
pen or marker
4 plastic film squares, stoppers, or caps
test-tube rack
graduated transfer pipettes
12 mL whole milk solution
2 mL bile solution
2 mL pancreatic juice solution
4 mL water
4 mL phenol red solution
stopwatch or clock with second hand

See the end of this lab for Advance
Preparation.
Safety and Disposal
Ask if any students are allergic to milk
products. Remind students to wear goggles, aprons, and gloves during the investigation. Phenol red can stain skin and
clothing. The bile and pancreatic juice
(which contains protease) solutions are
acidic. If any solution gets into a student’s
eye, flush the eye immediately with water
and seek medical attention. Tell students
to notify you immediately of broken glass.
Remind them not to pick up any broken
glass. Students should wash their hands
after the lab. Follow school guidelines for
glass disposal. Solutions can be flushed
down the drain with excess water.

(NOTE: In the Prelab Activity you determined the contents of Tube 2.
Check your answer with your teacher before proceeding with the
investigation.)
Procedure
1. Label the test tubes 1–4. Fill the test tubes with the volumes of
different liquids listed in the Prelab Activity. Place the test tubes
in the test-tube rack.
2. Tightly cover each tube with a plastic film square, stopper, or cap.
Thoroughly mix the sample in each tube by inverting the tube
(turning it upside down). After mixing, place each tube back in
the test-tube rack. Record the start time and the initial color of
each sample in Data Table 1 on the next page.

Point out to students
that the reaction
time within the small
intestine is faster
than at room temperature due to its
higher temperature.
In fact, you can cut
the reaction time in
the lab by simulating
internal conditions.
Incubate the sealed
test tubes in a warm
water bath at 37ºC
(98.6ºF).
Be sure that students
know the proper way
to use transfer
pipettes. Bulbs
should be squeezed
slightly to pull the
liquid up to the correct measurement
line. The liquid is
then dispensed by
squeezing the bulb
completely.
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3. When you observe a color change in a tube invert the tube again.
Then, record the time and a description of the observed color in
Data Table 1 below.

See the end of the
lab for Expected
Results.

Data Table 1
Test Tube

Start time/
Initial color

Time/
Color

Time/
Color

Time/
Color

Time/
Color

1. Pancreatic juice
and bile

2.

3. Pancreatic juice
and water

4. Water only

Analysis and Conclusions

Bile alone does not break down fats. However, bile must have some role in fat digestion because the
test tube containing pancreatic juice and bile changed color faster than the test tube containing just
pancreatic juice.

2. From the results of your experiment, what conclusions can you
draw about the effect of pancreatic juice on fat digestion?
Pancreatic juice does break down fats into glycerol and fatty acids.
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1. From the results of your experiment, what conclusions can you
draw about the effect of bile on fat digestion?

Name _______________________________

Class __________________

Date_______________

3. What was the purpose of Tube 4 in the experimental design?
Tube 4 was the control. The control was needed to show that neither phenol red nor water had an
effect on the milk fat.

4. How might fat digestion be affected if the pancreas, liver, or gallbladder were not functioning properly? Explain your answer.
Sample answer: If a person’s pancreas is not functioning properly, his or her body may be incapable
of digesting fats. If a person has liver or gallbladder problems, his or her body may be not produce
or secrete bile in adequate amounts. Without bile, the rate of fat digestion is impaired.

Extension
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The fat in butter is mostly saturated fat, while the fat in margarine is
mostly monounsaturated or polyunsaturated fat. Design an experiment to determine if there is a difference in the rate of fat digestion
between butter and margarine. CAUTION: Always check with your
teacher before carrying out any investigations.

Extension
Review students’
experimental
designs. If students
will be carrying out
their experiments,
assist them with the
preparation of
solutions.

Advance Preparation
A couple of weeks before the lab
Review the ingredients for the various solutions. See the front of this Laboratory Manual Teacher’s Edition for
supplier information.
One day before the lab
Make the solutions. The amounts below are enough for 15 lab groups.
Phenol red solution: Mix 0.4 g phenol red powder with 100 mL water.
Milk solution: Mix 400 mL whole milk with 100 mL 0.1M NaOH to raise the pH of the milk. Keep refrigerated
until needed. 14 mL of household bleach could be used instead of NaOH.
CAUTION: Wear safety goggles and plastic gloves. Concentrated NaOH can cause blindness. If NaOH pellets
come in contact with your skin, immediately wash the area thoroughly with water.
Test the pH of the solution before the lab by mixing 3 mL milk with 1 mL phenol red. If the solution is orange
or salmon-colored, rather than hot pink, you need to add more base.
Pancreatic juice: Mix 3 g pancreatin with 100 mL distilled or bottled water. Keep refrigerated until needed.
This solution will not keep for more than one day.
Bile: Mix 3 g bile salts with 100 mL distilled or bottled water.
Expected Results
At room temperature, Tube 1 will generally change color after about 10 min. Tube 3 will reach the same color
as Tube 1 after about 30 min. However, the reaction times will vary depending on the conditions in the room
and other factors. Perform the lab ahead of time in your lab room to determine how long the reaction will
take. If you find there is a significant delay between the color change in different tubes, you may want to suggest that students check their samples at specific time intervals, such as every 5 min. You also may want to
have planned activities for the students to do while they wait for the color changes.
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