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Lactose is a sugar found in milk and dairy products.  Each lactose molecule is composed of two simple sugars, glucose and galactose,  
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Glucose is a molecule we cannot

do without.  Most of our energy

comes from the metabolic

breakdown of glucose in the
cells of our body.
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Glucose             water + carbon dioxide + useful energy + heat          
It is the heat released by the chemical breakdown of glucose that keeps our bodies warm.  We use the energy to walk, run, play, and think (yes, our brains need to burn a little glucose just to read this paragraph).
The lactose in milk cannot be used by the body until it is converted to glucose.  The enzyme lactase in the small intestine breaks down lactose to glucose and galactose.  Then another enzyme converts the galactose to glucose.   Result: all of the lactose is converted to glucose.         
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Mammals, including humans, produce a milk rich in protein, fat, and lactose for their babies.  Many teenagers and adults continue to include milk in their diet.   Others are not so lucky.  In about 70% of the world's people the production of lactase gradually stops during childhood.  When these people drink milk and some kinds of milk products the lactose is not broken down to glucose.  Instead it goes into the large intestine, where masses of bacteria live.  the bacteria are happy to break down lactose.  Instead of producing glucose, they give off hydrogen, methane, and carbon dioxide gases.  
                 

People who cannot digest lactose are said to be lactose intolerant.  If they drink milk they soon feel nauseated, swell up with gas, and get diarrhea.  The condition is uncomfortable, but not dangerous.  How do you know if you are lactose intolerant?   Just chug-a-lug a carton of milk and you will know soon enough.
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A clue to the reasons for lactose intolerance lies in its geographic distribution.   Americans whose ancestors came from northern Europe 

- such as the British, Irish, Germans, Poles, and Scandinavians - are usually lactose tolerant.  Americans from the rest of the world – Native Americans, Hispanics, Afro-Americans, Asians – are often lactose intolerant. 

For at least two thousand years northern Europeans have gotten some of their nutrition from the milk or cows, goats, and even horses.   In most of the rest of the world milk was always was converted into cheese, which contains little lactose, or was not part of the diet at all.   
In early humans the gene coding for lactase probably quit working in children after they were weaned.  In northern Europeans the gene did not shut down after weaning (it may have mutated) and people could continue to drink milk.   About 90% of people of northern European ancestry produce lactase their entire lives. 



Enzyme – a molecule in living things that can catalyze a chemical reaction, either building up or breaking down another substance.  Most enzymes (such as lactase) are proteins.
Glucose – a simple sugar molecule that is used by the body as a fuel for energy.  The technical term for a simple sugar such as glucose or galactose is a monosaccharide.
Lactase – an enzyme found in the small intestine that breaks down lactose to glucose and galactose.

Lactose – a complex sugar molecule composed of the simple sugars glucose and galactose.  the technical term for a molecule composed of two simple sugars is a disaccharide.  Lactose is found in milk and milk products.
Lactose intolerance – the inability to digest lactose because the enzyme lactase is absent.  Bacteria in the large intestine do break down the lactose to gases and other substances, causing bloating, nausea, and diarrhea.
Go now to the Lactose Digestion Worksheet.










Name__________________________







Partner(s)_______________________







_______________________________

                                                                 Period__________Date___________

I.   

If a lactose food product is originally glucose-free, and it later tests positive for glucose, lactase must have been added to the product to convert the lactose to glucose.  The more glucose is present, the less lactose remains.  A positive test for glucose tells us:


TEST MATERIALS
Spot plates

Glucose test strips

Glucose standard solution

Ugly Cow brand Skim milk

Lactose-begone brand Treated milk product.

"Blood" sample from Mr. Crank

"Blood" sample from Ms. Tum

Pretend commercial containers of milk and milk product

TEST PROCEDURE

1. Take a spot plate and label (or keep track of) three wells.

     1.Place two drops of Ugly Cow skim milk in the first well

     2.Place two drops of Lactose-begone treated milk product in the 

     second well.

     3.Place two drops of glucose standard solution in the third well.
2. Each of the three solutions will be tested for glucose using glucose test strips.   For solution one, touch a test strip in the solution in the well and remove the strip after 2 or 3 seconds.  Wait 10-12 seconds and compare the color of the strip to the color standard card.  Do no wait longer to determine color.   Higher concentrations of glucose cause the strip to turn deeper purple.  

Repeat the test for the other two solutions.  Use a different glucose strip for each.
Enter your results in the table below.  Judge the concentration of glucose by the shade of purple on the test strip.
RESULTS

                                                Glucose Concentration
	Solution tested
	  Low glucose
	Medium glucose
	  High glucose

	Well 1- skim milk
	
	
	

	Well 2 – treated

Milk product
	
	
	

	Well 3 – glucose

standard
	
	
	


a.  What does the glucose test tell you about the amount of lactose in the skim milk?

b. Woud it be advisable for a lactose-intolerant person to drink this skim milk?  Explain your answer.

c. What does the glucose test tell you about the amount of lactose in the dairy product treated with lactase?

d. Would it be advisable for a lactose-intolerant person to consume the treated milk product?  Explain your answer.
   II.  


a. The case of Mister Crank
Mr. Crank is nauseous and bloated after eating a gallon of vanilla ice cream.  His doctor takes a sample of his blood an hour after eating the ice cream.  From the results of the blood test, is Mr. Crank lactose intolerant?  Or is he just an ice cream hog?  Explain your answer.

b. The case of  Ms. Tum
Ms Tum suffered stomach cramps after eating two dozen oysters and drinking a glass of milk.  From the blood test does it appear that Ms. Turnip is lactose intolerant?  Or was she was poisoned by the oysters?  Explain your answer.
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PENNSYLVANIA STANDARDS


  3.2 Inquiry and Design


    3.2.7


         B. Apply process knowledge to make and interpret observations.


Describe relationships by making inferences and predictions.


Design controlled experiments, recognize variables, and manipulate variables.


Interpret data, formulate models, design models, and produce solutions.


3.3 Biological Sciences


  3.3.7


      B. Describe the cell as the basic structural and functional unit of living things.


Compare life processes at the organismal level with life processes at the cellular level.


Explain disease effects on structures or functions of an organism.
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(1)The product has been treated with lactase.





(2) Some of the lactose has been converted to glucose.


If a large amount of glucose is present, not much lactose can remain, so it is safe for a lactose-intolerant person to consume the food product. 








Stuation: a doctor wishes to confirm whether a patient is lactose intolerant or not.  The doctor gives the patient a liquid rich in lactose to drink.   An hour later a blood sample is taken. If the patient has lactase in his/her gut, the enzyme will break down the lactose into glucose.   There will be a temporary rise in blood glucose.





A patient who is lactose intolerant because he/she has no lactase in the gut will not be able to break the lactose down to glucose.  The


level of blood glucose will not rise.
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