Digestion Simulation

In this activity, you will simulate the action of digestion from beginning to end. You will need a minimum of three people per group.
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Items needed (*optional):
Food and drink to digest
Ziplock bag
Simulated stomach acid
Simulated gastric juice
Simulated pancreatic juice			
Simulated mucus		
Container to catch fluid			



Simulated bile salts
Simulated large intestine bacterial flora
Pantyhose/tights
Long sock
Empty beaker
Scissors
Knife and cutting surface*
Simulated saliva*
Pipette*


WEAR GLOVES AND GOGGLES DURING THIS ACTIVITY.

1. Chew and spit chewed food into ziplock bag, which represents your stomach. (Alternatively, cut food into very small pieces and moisten with simulated saliva using a pipette.)  Pour or spit some of drink into the ziplock bag as well. You represent the start of the digestive process by using your own teeth and saliva to macerate the food. 

2. Add simulated stomach acid to the ziplock bag, then add simulated gastric juice to the bag. SEAL THE BAG COMPLETELY, releasing as much air from the bag as possible. Use your hands to simulate the churning action of the stomach muscles. Do this for 5 minutes minimum. BE CAREFUL NOT TO BREAK THE BAG! 

3. Once the “stomach” contents are in a near liquid state, you have created chyme. The chyme is now ready to move to the small intestine (pantyhose). Be sure you do the next steps over the plastic container so that the liquid will be contained. One person should hold the small intestines open at the open end (over the container). A second person should hold the small intestines shut about 6 inches below the opening. The third person will transfer the stomach contents to the small intestine.

4. Cut off a corner of the ziplock bag, simulating the opening of the pyloric sphincter. Transfer the chyme to the small intestine. After you add some chyme to the small intestine, add the simulated mucus, simulated pancreatic juice and simulated bile salts. 

5. When all of the chyme has been transferred, tie off the top of the small intestine and turn the small intestine horizontally. Use your hands to perform both segmentation and peristalsis on the chyme. TAKE YOUR TIME and GRADUALLY move the chyme down the length of the small intestine. Group members can take turns during this step if they wish. Stop about an inch before the end of the intestine. A lot of liquid will come out as you do the muscular movements.  This liquid represents the digested nutrients crossing the intestinal wall and entering the rest of the body. 

6. Have a group member open the long sock over the container and another group member holding the sock closed about 6 inches below the opening before transfer. Cut off the end of the pantyhose and transfer the partially digested chyme (the entire amount) into the sock (large intestine). Add to the large intestine the simulated large intestine bacterial flora.  Once all of the small intestine’s contents are transferred to the large intestine, tie off the top of the large intestine. Gently squeeze the sock so that more fluid is released but not waste itself. This represents the final absorption of digested nutrients and the reabsorption of lost fluids back into the body. Simulate peristalsis muscular movements to the large intestine to move the waste down the tube. TAKE YOUR TIME.

7. When the remaining undigested food reaches about an inch before the end of the large intestine, cut off the end of the sock and release the undigested food into the empty beaker. This represents the relaxation of the internal and external anal sphincters and the elimination of feces. 

Clean up your lab area thoroughly. All liquid can go down the drain. The simulated feces can be disposed of in trash or flushed down the toilet in a restroom.

When you have finished the laboratory exercise, answer the questions below.

QUESTIONS:

1. List the components and function of each component of human gastric juice. What cells produce these components?








2. List the components and function of each component of pancreatic juice. What cells produce these components?
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3. What is the function of bile salts? What organ PRODUCES bile salts?






4. What is the function of the mucus?  What would happen to the intestines if this component was omitted?







5. How would you modify this activity to more accurately simulate the other digestive organs and processes (rather than just adding the components they produce from tubes)?











6. This demonstration only simulated digestion. What other processes associated with digestion are missing from this activity? What other structures in the body are associated with these processes?









Instructor notes and recipes

Recipes:

Simulated saliva = water and a few drops of clear dish soap
Simulated gastric acid = white vinegar (not diluted)
Simulated gastric juice = get enzyme tablets that are enzymes (eg, Papaya Plus), ground up and diluted in water
Simulated mucus = water and cooking oil
Simulated pancreatic juice = same as simulated gastric juice (can add food color to make it look different)
Simulated bile salts = egg beaters (the yellow kind) + oil + salt, mixed together
Simulated large intestine bacterial flora = some form of green kombucha

Other notes:

Getting a meal like a “Happy Meal” - or some other burger/fries combination, with soda or iced tea or coffee works well. If students object to chewing up the food and spitting it into the ziplock bag, have them cut the food up into very small bits and moisten with simulated saliva using a pipette. In order to get a reasonable sized end product, you need some relatively large meal items that won’t fully dissolve in the simulated fluids.

Simulated fluids can be put into 50 mL conical tubes. Exact measurements and volumes are not terribly important unless you wish to reinforce volumetric measurements through the laboratory exercise.

This is very messy and can potentially upset some students due to cultural norms that tend to conceal viewing digestive processes. Students in healthcare-related training could benefit from this exercise by getting acquainted with having to experience parts of the human body and processes that are normally not viewed by others. Students can be reassured that discomfort is normal during this exercise. 

At the same time, this activity offers a rich opportunity for interdisciplinary conversations about social mores and cultural taboos as they relate to the human body. Some additional resources that might be helpful for furthering this discussion include:
· Blackman, Lisa.  “Lived Bodies.” In The Body: The Key Concepts.  Berg Publishing, 2008.
· Howson, Alexandra. “The Civilized Body.” In The Body in Society. Polity Press, 2013.
· Roach, Mary.  Gulp: Adventures in the Alimentary Canal.  W.W. Norton, 2014.



