VANDERBILT STUDENT VOLUNTEERS FOR SCIENCE

http://studentorgs.vanderbilt.edu/vsvs
LACTOSE INTOLERANCE

Fall 2005 (Updated 9/26/05)
MATERIALS

15
1oz bottles containing a 30% glucose solution

15
1oz bottles containing water

8
pestles
8 
mortars

8
small scoops

8
6-well plates

1
6 oz. container with Regular milk (labeled ‘A’)

1
6 oz. container with Lactaid milk (labeled ‘B’)

1
6 oz. container labeled ‘Soy milk’ 

1
6 oz. container labeled ‘powdered milk’

15
packets each containing 13 Glucose test strips

Paper towels

20
Observation sheets

20
well plate diagrams in sheet protectors

1
container of lactase tablets

Milk carton fronts

1
model of lactose

I.  INTRODUCTION:

Ask students: What is sugar?

Sugars are the simplest forms of carbohydrates. They are one of the most important energy sources for your body and are sometimes called saccharides. Sugars tend to taste sweet, form crystals, and dissolve in water.
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Ask students: Is there just one kind of sugar, or are there many different kinds?

There are many different types of sugars, and they are grouped into two main types of saccharides: monosaccharides and disaccharides. Monosaccharides are the most basic type of sugar, having only a single sugar molecule. Examples of monosaccharides include fructose (fruit sugar), glucose (blood sugar), and galactose (found in milk). 
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Disaccharides, or double sugars, are made up of two sugar molecules connected together. Sucrose, lactose, and maltose are examples of disaccharides. Sucrose (table sugar) is a combination of glucose and fructose. Maltose (found in grain) is a combination of two glucose molecules.

Ask students to name different foods that contain sugar. Ask them if they know what kind of sugar is in the food product they named.

Ask students: Do ‘not sweet’ foods contain sugar?

Yes - milk is an excellent example.
Lactose is the sugar found in milk. It is composed of two molecules of “simple” sugars chemically bonded together – glucose and galactose. Show the model of lactose.  In order for the body to use the sugar in milk, it must break the sugar into smaller pieces. Your body uses chemicals called enzymes to ‘chew’ the sugar. The enzyme lactase breaks down lactose into glucose and galactose which are easily digested by humans.  Break apart the model where noted.  Which is glucose and which is galactose?
Ask students: What happens if the body cannot make lactase to digest the milk sugar?

Most human infants produce ample quantities of lactase for milk digestion. However, in the vast majority of adult humans, the gene which specifies production of lactase is turned “off” and these individuals cannot digest lactose – they are lactose intolerant. Symptoms of lactose intolerance include cramps and diarrhea. The lactose molecule, which is large, accumulates in the large intestine and affects the osmotic balance there. Water moves across semi-permeable membranes, and the intestines are a good example of a semi-permeable membrane. Because water moves from areas of high concentration to low concentration, the addition of large lactose molecules causes water to enter the intestine. This can result in the very unpleasant experience of watery stool or diarrhea. Since lactose is a sugar, it is an ideal food for the bacteria which normally inhabit our intestine (and are essential to digestion). However, the lactose will be fermented by these same friendly bacteria, and organic acids and gas are produced by them and we all know what discomfort intestinal gas can cause! So most folks who are lactose intolerant choose to avoid lactose-containing milk products, or modify the lactose, to avoid the cramps and diarrhea associated with the intolerance syndrome.

Ia.  LESSON PREPARATION

Organize the students into groups of 2-4.  Tell the students that they are going to prepare a reagent—something that they will use in their experiments.  
Go over the instructions before passing anything out.  

Give students a mortar, pestle, small scoop and lactase tablet (do not tell them what it is yet).  Tell the students to grind the tablet to a powder with the mortar and pestle.  They will use the scoop to measure out some of the powder when appropriate.
II.  TESTING FOR GLUCOSE

PROCEDURE

· Distribute 6-well plates and template sheets (picture with wells).

· Ask students if they know about testing for glucose with glucose strips.  Show the students a glucose strip and tell them that diabetics use these strips to monitor their glucose levels. 
· Tell students to remove the cap of the 1-oz glucose container.
· Refer students to 6-well plate diagram.  Tell students to pour the glucose into the appropriate well (top left)

· Tell students not to touch the end of the glucose test strips with their fingers.
· Dip the end of one test strip into the well holding the glucose solution and remove it from the well by pulling the strip past the edge to remove any excess solution. 

· Place this strip on the observation sheet in the rectangle for glucose solution and wait about 1-2 minutes before noting the color change

· Repeat the test the water with another glucose test strip, following the same procedure. 

· Ask students to compare the glucose test strip with the Glucose Results Color Chart, and record the color of the strip on the observation sheet.

· (Test strip should be dark green indicating the presence of lots of glucose.)

· YELLOW indicates NO GLUCOSE and shades of GREEN indicate the presence of GLUCOSE.  The darker the shade of green, the more glucose is present.  

· Ask students to record the color of the test strip for plain water.

· Test strip should be yellow indicating the absence of glucose.  If anyone’s strip did turn green, try to determine the reason the strip turned green.  This could happen due to contamination if glucose was spilled in the water or if a student touched the end of the strip after handling the glucose set-up.  

III.  TESTING REGULAR MILK AND LACTAID FOR GLUCOSE

PROCEDURE

Volunteers may need to do this:  Pour liquids A and B into the appropriate wells (middle left for A, middle right for B)
Ask students to examine the liquid in each of the wells. Ask them if they can see any differences. The liquid should appear exactly the same.

Have the students dip a glucose test strip into the well containing liquid A, place the strip on the appropriate spot on their observation sheet, wait 1-2 minutes and record the color change on their observation sheet next to “Liquid A”.

Have the students repeat the glucose test on liquid B with a different strip and record the results next to “Liquid B”.

Tabulate the class results on the board. Acknowledge that small variations between groups may be due to differences in how the procedure as carried out (for example: most strips require reading at an exact time after dipping; if students do not follow instructions exactly, small variations in results may be obtained.) Do not be overly concerned about small variations.

Ask students: Is there a difference in glucose concentration between fluids ‘A’ and ‘B’?

Yes.  Solution ‘A’ (milk) should test negative for glucose, and solution ‘B” (Lactaid) should show the presence of glucose.

.

EXPLANATION: 

Two different types of milk are used in this part of the activity – regular milk and lactose-free milk (Lactaid).  Show the students the labels from the cartons.  Do not tell them which well contains each of these liquids. 

Regular milk contains a high concentration of lactose, and no glucose, as shown by the negative reaction for the glucose test strip (no color change). 

The lactose-free milk has been treated with lactase which broke down the lactose into glucose and galactose; when lactose-free milk is tested, the glucose test strips will change color to indicate a high concentration of glucose present in the Lactaid milk. 

How can people who are “lactose intolerant” drink milk, or eat other products that contain lactose?

Tell the students to add a small scoopful of the powder that they ground earlier to well ‘A’ and to well ‘B’.  Let the liquids sit for about 2-3 minutes.  Test both wells again for the presence of glucose.  Wait 1-2 minutes for the color to change and record the color on the observation sheet.

Ask students: Do the glucose concentrations of ‘A’ and ‘B’ change after the addition of the powder? 

After adding the powder to fluid ‘A’, fluid ‘A’ should now test positive for glucose. 

After adding the powder to fluid ‘B’, fluid ‘B’ should still test positive for glucose. 

What could account for the change?

Students may conclude that the powder converted something in the regular milk to glucose. This may be true, but at this point one other possibility cannot be ruled out – see if the class can think of what that is. If they are unable to present an alternate hypothesis, prod them with the following question:

Ask students: How do you know that the powder is not glucose?

Dissolve 1 small scoop of the powder in the well containing water (top right).  Test with the glucose strips. Add the result of this test to the data recorded on the observation sheet.  The test will be negative for glucose.
EXPLANATION:

Show the students the container of lactase tablets.  Explain to them that the powder is lactase.
When lactase is added to the regular milk, the enzyme breaks down the lactose into glucose and galactose, as revealed by testing lactase treated milk with the glucose test trips. This makes milk digestible for people who are lactose intolerant.

Have the students deduce which liquid was milk (‘A’) and which liquid was Lactaid (‘B’).

IV.  TESTING MILK ALTERNATIVES FOR GLUCOSE

Tell the students they will now test other milk and milk-like products to see if they can be used by lactose-intolerant people.

Repeat the same procedure with the samples labeled ‘Soy milk’ and ‘powdered milk’.

1. Test the liquids with the glucose strips, place the strip on the appropriate rectangle on their observation sheet and record the results on the observation sheet.

2. Add a small scoopful of lactase.

3. Let the liquids sit for 2-3 minutes.

4. Test the liquids again, waiting 1-2 minutes to observe a color change.

The powdered milk is a variation of the milk they tested earlier.  It contains lactose which is broken down to glucose by the powdered lactase.  The soy milk does not contain any lactose, so it does not test positive for glucose after the powdered lactase is added.

V.  TOPICS FOR DISCUSSION
The vast majority of the world’s peoples are lactose intolerant. All Eskimos and American Indians studied thus far, as well as most sub-Saharan African peoples, Mediterranean, Pacific, and Near Eastern groups and those of Indian, Southeastern and East Asian descent are lactose intolerant. In general, only Northern Europeans, who drink much milk, seem to have a high degree of lactose tolerance in the adult population. Many Americans are lactose tolerant, due to mixing of ethnicities—lactose tolerance seems to be genetically transmitted. The speculation is that at some point, a mutation occurred which caused individuals to produce lactase throughout their lives and for some reason this trait gave these individuals a survival advantage and was selected for during natural selection. In very early human societies, people did not consume milk beyond early childhood, so the lactase gene was “turned off.” As people migrated to distant parts of the worlds and domesticated cattle, in some instances, dairy products provided a food source through adverse winter conditions. Hence, Northern Europeans whose lactase gene remained active could consume milk products without becoming ill, thus providing a survival advantage. This was not an issue in warmer climates where food was cultivated year round and societies were not tied to dairy cattle for sustenance. Thus, the majority of the world’s populations, whose ancestors were not dependent upon dairy products for survival, retained the characteristic of adult lactose intolerance with no adverse consequences to them.

Speculation as to why the lactose gene “turns off” is a fascinating topic. One theory suggests that lactase deficiency evolved early in mammalian history, perhaps 75 million years ago, as a means to facilitate weaning and shortening the dependence of the child on the parent for lactation. The gas and diarrhea produced by lactose intolerance would stimulate the child to become weaned. One competing theory suggests that lactose intolerance in adults prevents competition of adults with infants for food (who can only digest milk early in life), and another theory proposes that lactose intolerance evolved as a defense mechanism against intestinal infections.

For those of you with some chemistry background, it’s interesting to note that the reaction which causes a color change in the glucose test strip is also catalyzed by enzymes. Glucose oxidase present in the test strip catalyzes the formation of gluconic acid and hydrogen peroxide from the oxidation of glucose.

Lesson by: Jennifer Sexton, Chetna Khosla, NSF Undergraduate Teaching Fellows.


      Pat Tellinghuisen, Coordinator, Vanderbilt Students Volunteering for Science.
Revised by Joe Lopez, Ph.D., Assistant Director, Vanderbilt Students Volunteering for Science.

OBSERVATION SHEET FOR LACTOSE INTOLERANCE
Name______________________________

	
	Color of Glucose Strip
	Is Glucose present?

(Yes or No)

	GLUCOSE
	
	

	WATER
	
	

	POWDER
	
	


	
	Color of Glucose strip before powder is added
	Is Glucose present?

(Yes or No)
	Color of Glucose strip after powder is added
	Is Glucose present?

(Yes or No)

	LIQUID ‘A’
	
	
	
	

	LIQUID ‘B’
	
	
	
	

	SOY MILK
	
	
	
	

	POWDERED MILK
	
	
	
	


ANSWER KEY 

OBSERVATION SHEET FOR LACTOSE INTOLERANCE

	
	Color of Glucose Strip
	Is Glucose present?

(Yes or No)

	GLUCOSE
	Green
	Yes

	WATER
	Yellow
	No

	POWDER
	Yellow
	No


	
	Color of Glucose strip before powder is added
	Is Glucose present?

(Yes or No)
	Color of Glucose strip after powder has been added
	Is Glucose present?

(Yes or No)

	LIQUID ‘A’
	yellow
	no
	green
	yes

	LIQUID ‘B’
	green
	yes
	green
	yes

	SOY MILK
	yellow
	no
	yellow
	no

	POWDERED MILK
	yellow
	no
	green
	yes
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