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Milk Makes Me Sick
Exploration of the Basis of Lactose Intolerance
Lactose is milk sugar. It is composed of two molecules of "simple" sugars
chemically bonded together - glucose and galactose. The enzyme lactase breaks
down lactose into glucose and galactose which are easily digested by humans.
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. Since water moves across semipermeable
membranes, such as the intestine, 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 are
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.

Regular milk
Lactaid milk (Lactaid 100 is 100% lactose free; available at most grocery stores;
some stores now carry their own brands - just be sure it is 100% lactose free)
Lactase drops (ex. Dairy Ease brand) referred to as "mystery drops" (available in
most grocery or drugstores; cover the labels with paper or colored tape to hide the
identity of this "mystery drops" from the students.
Test tubes, to contain about 20ml fluid; minimum 3 per pair or group of students;
additional available for student's own ideas.
Glucose test strips for urine samples (available at drug stores; you may cut in half
length-wise to double the number you have) minimum 6 per group, but more
available to encourage students to test other hypotheses.
2% glucose solution: make by dissolving 2g or glucose (or dextrose) in 100 ml
water or by grinding one glucose tablets (4 grams/tablet; found in drugstores) in
200ml of water.
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No assembly needed.

1. Test that your glucose test strips work by testing them with positive and negative
controls. Follow the directions on your brand of strip, and dip strips into a) glucose solution
positive control), and b) water (the negative control). Wait for length of time specified by
strip directions, then record any color changes of the strip and compare to the key on the
bottle to determine glucose concentration of the tested fluid. If the strips determine that the
glucose solution has NO glucose in it, or registers far less than 2%, the strips are defective
and should be discarded. The experiment cannot be performed until new strips are
obtained. Teachers may wish to check the strips prior to introducing this activity to their
class. When performed by the class, the results of these controls should be recorded on the
board for future reference.
2. Pour about one half inch of regular milk (about 3 ml) and Lactaid (lactose free) milk into
separate test tubes, one of each for each group, and label "A" and "B" to hide the identity of
the fluids from the students.
3. Determine the glucose concentration of "A" by following the directions for your brand of
glucose test strips. Compare the color of the strip after dipping it in the milk (as per
directions on the test strip bottle) with the color-coded key on the side of the bottle to
determine the concentration of glucose in the milk.
4. Determine the concentration of glucose in "B" by using a fresh test strip, following the
directions on the bottle and comparing the color of the test strip after dipping it in the milk
with the color-coded key on the side of the bottle.
5. Class results should be tabulated on the board so that everyone can see them.
Acknowledge that small variations between groups may be due to differences in how the
procedure was carried out (for example; most strips require reading at an exact time after
dipping; if students do not follow the instructions exactly, small variations in results may be
obtained). Do not be overly concerned about small variations, as long as the water is
"negative" for glucose and the glucose solution is "positive" for glucose.
6. Add one drop of "mystery drops" to one half inch of "A" (the same "A" from step #3).
Warm the milk by rolling the tube back and forth in your hands for 2 minutes. Repeat the
glucose test with a fresh test strip as indicated in #3 above. Is the glucose concentration
now the same or different as compared to the concentration in "A" prior to adding the
"mystery drops"?
7. Add one drop of mystery fluid to "B" (the same "B" from step #4 above. Warm the milk
by rolling the tube back and forth in your hands for 2 minutes. Repeat the glucose test with
a fresh test strip as indicated in #4 above. Is the glucose concentration now the same or
different as compared to the concentration in "B: prior to adding the "mystery drops"?
8. Tabulate class results on the board, as in #5 above.
9. Explain your results. Is there a difference in glucose concentration between fluids "A" and
"B" before addition of the "mystery drops"? Postulate as to what the difference means. Do
the glucose concentrations of "A" and "B" change after the addition of the "mystery drops"?
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What could account for the change? At this point, students may conclude that somehow the
"mystery drops"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:
How do you know that the mystery drops are not glucose? The "mystery drops" are added
to a substance which had a negative glucose reaction,a and all of a sudden that same
substance gives a positive reaction. Unless the mystery drops (I.e. lactase drops)
themselves are tested with the glucose strips, no conclusions can be reached! Students
should then test the "mystery drops" with the glucose strips. Add the result of this test to
the data recorded on the board. Now what sort of conclusions can be drawn from the data?

The lactase enzyme breaks down milk sugar, that is lactose, into glucose and galactose,
making it digestible for people with lactose intolerance.
Regular milk contains a high concentration of lactose, and no glucose, as shown by the
negative reaction of 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 milk. When lactase drops are 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 strips. It's very important that someone in
the class test the lactase drops - after all, they're the " mystery drops" and how do you
know it isn't just a bottle of glucose? Usually we let a student figure out that the "mystery
drops" should be tested, and they will give a negative reaction to the glucose test.
The vast majority of the worlds' peoples are lactose malabsorbers (lactose intolerant). All
Eskimos and American Indians studied thus far, as well as most sub-Saharan African
peoples, Mediterranean and Near Eastern groups as well as those of Indian, Southeastern
and East Asian descent, and Pacific groups contain a vast majority of lactose malabsorber.
There is a strong correlation of the incidence of adult lactose absorbers (lactose tolerant)
and those whose ancestry included dairying as a means of subsistence. For example, among
hunter-gatherer societies which traditionally lack dairy animals, about 2.5% of the !Kung
Bushmen are lactose absorbers, ranging to a maximum of 22.7% of the Twa Pygmies of
Rwanda. The average percentage of adult lactose absorbers for nondairying agriculturalists
(such as theYor uba and Hausa of Africa) is 15.5%, as contrasted to milk-dependent
pastoralists (such as the Arabs of Saudi Arabia and Tussi in Africa) where the average
percentage of lactose absorbers is 91.3%. Dairying peoples of northern European descent
average 91.5% adult lactose absorbers. Some groups of peoples do have intermediate
percentages of lactose absorbers in their populations, but these groups are the vast
minority and stem from societies which have ancestry in both absorber/nonabsorber
populations. These mixed populations are largely the dairying peoples of North Africa and
the Mediterranean, including Jews in Israel, Ashkenazic and other Jews, Arabs, Egyptians
and Greeks. These peoples average 38.8% adult lactose absorbers, with a range of 0%
(non-Saudi Arabs) to 52.1% (mainland Greeks) among individual ethnic groups.
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
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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 world 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
malabsorption with no adverse consequences to them.
Speculation as to why the lactose gene "turns of" 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 shorten the dependence of the child on the parent for
lactation. The gas and diarrhea produced by lactose malabsorption would stimulate the child
to become weaned. One competing theory suggests that lactose malabsorption 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. A second enzyme impregnated in the test strip,
peroxidase, catalyzes the reaction of hydrogen peroxide with a potassium iodide chromogen
(in the strip ) to produce changes in the test strip colors ranging from green to brown. This
information is included in the product information sheets included in the box with the
glucose test strips.

This activity can also be used as an exploration of enzyme function. Concentration of lactase
enzyme, effects of temperature, acids, bases on its activity can all be tested. Since nearly
all enzymes are proteins, these macromolecules are subject to the physical properties which
affect protein structure. The proper functioning of enzymes are directly related to their
three-dimensional structure. Physical factors such as heat, extremes of pH and salinity can
cause the denaturation, or unfolding of the enzyme's three-dimensional structure, thus
preventing it from normal functioning. Gentle heating and cooling, as well as the
concentration of the enzyme in a chemical reaction, may affect how long the reaction takes
to complete. These enzyme properties can all be easily tested in the context of this lactase
experiment. For example, heat a bottle of lactase to boiling prior to use. Let cool. Repeat
the experiment as outlined above. Are there any differences in results? The lactase should
be denatured, and will not be able to convert lactose into glucose and galactose.
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