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What Makes Up the Foods We Eat?


[image: ]Imagine eating a pizza with all the works. Imagine if you could ‘see’ all the food molecules that make up that pizza just after it entered your mouth. These molecules are at the atomic-molecular scale. The molecules might look like what you see in Figure 2-1.

Group the molecules that you see in Figure 2-1 into 2 to 4 groups (based on any criteria that you would like) and then fill in the table below.

[bookmark: _Toc107325897][bookmark: _Toc107326054][bookmark: _Toc107387769]Table 2-1
	
[bookmark: _Toc107325898]Group
[bookmark: _Toc107325899]Name
	[bookmark: _Toc107325900]Molecules in Group
(list by number)
	What are the characteristics that the molecules in this group have in common with each other?

	[bookmark: _Toc107325901]A
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[bookmark: _Toc107325905]SCIENTISTS’ CATEGORIES OF FOOD MOLECULES

CARBOHYDRATES

Sugar and starch are part of a group of molecules called carbohydrates. Sugars are often called simple carbohydrates because they are relatively small and have simple chemical structures. One sugar that is typically found in our blood (as well as in our food) is glucose. Its simple chemical structure is often represented as a hexagon.  
Other common sugars are sucrose (table sugar) and fructose. (
 
)

Sugars, like glucose, are often linked together to form molecules like starch.  Starch is typically hundreds to thousands of glucose molecules linked together. Long chained molecules like starch are often called complex carbohydrates. 

Cellulose is also made up of long chains of glucose, so it is also considered a complex carbohydrate. However, the bonds holding the glucose molecules together in cellulose are different than those found in starch. Nutritionists sometimes simply refer to cellulose as fiber. 

What molecule(s) in Figure 2-1 might be sugar? ___________ number(s)

What molecule(s) in Figure 2-1 might be starch? ___________ number(s)

What molecule(s) in Figure 2-1 might be fiber? ____________ number(s)

What is the same about these types of molecules?
__________________________________________________________________________________________________________________________________________________________________________________________________________________

What is different?
__________________________________________________________________________________________________________________________________________________________________________________________________________________
PROTEINS
Proteins are another major component of food. Proteins are composed of smaller subunits called amino acids. Unlike complex carbohydrates, which are made up thousands of only one type of sugar (glucose) linked together, proteins are made up of hundreds of several different types of amino acids. There are actually twenty different types of amino acids.

What molecule(s) in Figure 2-1 might be protein? ______________ number(s)

The final major component of food that has been recognized are fats and oils. Fats and oils are greasy feeling and, do not mix well with water and are chemically very similar. But fats are solid at room temperature whereas oils are liquid at room temperature. Unlike carbohydrates and proteins, fats and oils are medium-sized molecules made up of four smaller subunits. Three of the four small molecules are almost identical and are called fatty acids. These three molecules are each linked to the fourth molecule called glycerol.

What molecule(s) in Figure 2-1 might be fats/oils? ______________ number(s)

Scientists have found that over ninety-five percent of almost all foods are composed of carbohydrates, proteins, and fats. All of these molecules are composed of carbon, hydrogen, and oxygen atoms. When molecules contain C-C (carbon-carbon) and C-H  (carbon-hydrogen) bonds, the molecules are said to have high-energy bonds. This means that the molecules found in our foods contains chemical energy.

How do the scientists categories of food molecules compare to the groups of food molecules you suggested in Table 2-1? ______________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ___________________________________ Date: ____________ Period: _____


What Happens to Food in Our Bodies?

Scientists have procedures to chemically “label” molecules so they can be traced through the body. Imagine that before the food molecules on the diagrams were consumed by the person, they were “labeled” so that they could be followed through the digestion process. At four different time intervals, samples were taken from different places in the body.
[image: ]

Think about the molecules you learned about—carbohydrates, proteins, and fats—found in a pizza with all the works.  The molecules in Figure 2-1 represent what you might see at the atomic-molecular scale just after taking a big bite of the pizza.


What happens to the molecules as they go through your digestive system? Where do the molecules go and how are they used by your body? Today you will begin to explore these questions.

On your own: Pretend that scientists collect data on the number and types of molecules found in your system after you eat the pizza. They collect data at different times, as the molecules move through your body. The data for the different time intervals were recorded and are illustrated in the Time 0 through Time 4 diagrams. Observe the changes in location and appearance of the molecules of food for each time interval. Record your observations in the table below.




	
	OBSERVATIONS

	
TIME INTERVAL
	
Observations about Location
	
Observations about materials

	

TIME 0 – TIME 1


	
	

	

TIME 1 – TIME 2


	
	

	

TIME 2 – TIME 3


	
	

	

TIME 3 – TIME 4


	
	



Now, count all the subunit molecules that are part of the large molecules originally in the mouth at Time 0. Then, count all the subunit molecules at Time 4 in the blood, the typical cell, and the fat cell whether they are ‘free’ or connected together to form larger molecules. Put your results for Time 0 and Time 4 in the table below.

	SUBUNITS
	Number of Subunits at Time 0

	Number of Subunits at Time 4

	
[image: sugar]

	
	

	
[image: protein]


	
	

	
[image: fat]
[image: aminoacid]
	
	


Digestion and Distribution
In the diagrams, you observed that larger molecules were broken down into subunits before being reassembled in cells. This breakdown happens through the process of digestion. For food molecules to pass from the small intestine to the blood vessels, the food must first pass through the cells that line both the small intestine and blood vessels. The digestive process that goes on in the stomach and small intestine facilitates this transfer by making the molecules small enough to pass more easily into and out of cells. 

Special Case of Cellulose.
Cellulose is a major constituent of plant cell walls that cannot be digested by most animals. What this demonstrates is that not all carbon sources can be used for food. Approximately 50% of our waste (feces) consists of cellulose and other undigestible food products and 50% consists of dead bacteria which once lived in the digestive tract.
Some microorganisms that live outside our bodies can ‘digest’ cellulose. Into what subunits might these microorganism be able to digest cellulose? Explain your reasoning. _____________________________________________________________
____________________________________________________________________________________________________________________________________________
Special Case of Glycogen
Animals rarely build their structure out of carbohydrates. They use mostly proteins. They do, however, store sugar molecules in long chains like plants do. This long chained molecule is composed of subunits very similar to starch, but it is called glycogen. We have not mentioned glycogen previously because it is only a minor constituent of food. Though we store glycogen it never makes up more than about 1.5% of our total body weight. This is typical for almost all animals. How could glucose subunits that compose starch end up as part of glycogen in one of your cells? __________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________


ON YOUR OWN
Trace the path of molecules that make up pizza, as they are digested in your body.
1. Trace the path of glucose: _____________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Trace the path of starch: _______________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Trace the path of fiber/cellulose: _________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Trace the path of proteins: _____________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Trace the path of fats: _________________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________



[image: ]
[image: ]
[image: ]
[image: ]

Name: ___________________________________ Date: ____________ Period: _____


You Are What You Eat

Using chemical tests, scientists have been able to determine the chemical composition of foods we eat. The following table lists the composition of several common foods.
[image: nutrients_in_food]


Based on the table, what do you think is the chemical composition of most plants? What is your evidence? _______________________________________________________
____________________________________________________________________________________________________________________________________________

Based on the table, what do you think is the chemical composition of most animals? What is your evidence? __________________________________________________
____________________________________________________________________________________________________________________________________________

Scientists have also looked at the composition of typical humans. The table below shows the composition of typical humans.
[image: humans with bones]
The 5% under the vitamins and minerals category is almost entirely due to the minerals that compare bone. If we exclude minerals in bone from the calculations, the percentage of water, carbohydrates, protein, fats, and vitamins and minerals we be as follows in the table below.
[image: humans without bones]

Compare the composition of humans (excluding what makes up the bones) and the composition of food on the previous page. What do you notice about the compositions? ______________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________


Excluding such things as shells and bones, scientists have found that 99% of most organisms are composed of water, carbohydrates, proteins, and fats.


How do you think the foods we eat become part of our bodies when we grow? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Think back to what molecules look like in your cells at Time 3 and at Time 4. 
TIME 3
[image: cells time 3]
TIME 4
[image: cells time 4]
Reassembly and Growth
The breakdown of larger molecules into subunits during digestion also facilitates the reassembly of new molecules which are needed for growth and maintenance of organisms’ bodies. Sometimes the main function of these reassembled molecules is to make the structure of the organism. Other times these newly assembled molecules serve mainly as storage materials for later use within the organism. 

Cells are often likened to factories. If cells are like factories, then proteins would 1) make up most of the structure of the buildings, 2) make up most of the machinery in the buildings, and 3) serve as factory workers within the buildings. Carbohydrates and fats can play minor but essential roles as structure, machinery and workers, but the ‘bulk’ of the carbohydrates and fats have a much different role that you will learn more about later in this unit.


Diagram 1: Mouth at Time 0

[image: mouth time 0]


Diagram 2: Cells at Time 4

[image: cells time 4]


Consider the diagrams above. We are commonly told, “You are what you eat!” Discuss the accuracy of this statement based on what you have learned so far. Be very specific when answering this question. _____________________________________________
______________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: _______________________________________ Date: ______________ Period: ________


Mealworm Investigation

My Measurements:

	
	
	Start Mass Observation #1
	
Observation
#2
	
Observation #3
	
Observation # 4
	End Mass Observation 
#5
	
Change

	1
	Food



	
	Do not need to record
	
	

	2
	Mealworms



	
	Do not need to record
	
	

	3
	Food and mealworms


	
	
	
	
	
	

	4
	Food, mealworms, and cup


	
	
	
	
	
	



Mass of empty cup: ____________ Use this number to help you find out the mass in line 3 during Observations 1-5.
Questions about Mealworm Observations

1. Did the mass of your mealworms increase or decrease? ______________________



2. Did the mass of your food increase or decrease? ____________________________



3. How does your data show that some of the food eaten by mealworms helps them grow? ________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


4. Did the combined mass of the food and mealworms increase or decrease? ______________________________________________________________________


5. If the mass decreased, where do you think the matter went?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. There is chemical energy in food. How do you think this chemical energy changes when the mealworms grow? _______________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________


Name: ____________________________________ Date: _________ Period: ______

Movement and Weight loss- Homework

1. Think about how food and air help you move and exercise. How does matter and energy change in your body when you move and exercise? Use the process tool below to show how both change as the girl runs.
[image: GRprocess]














2. Some food and air helps animals grow and some helps animals move.  Trace the two different paths.
[image: DblAnimal]
[image: CricketProcessTool]3. What do you think happened to the matter and the energy in the crickets?

4. Think about your cricket investigation and what you learned about how animals change matter. When people and other animals lose weight, where does the mass go? What happens to the mass? _______________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. What happens to energy when animals lose weight?  What are things that you can see and feel that support your answer? ______________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: __________________________________ Date: _____________ Period: _____


Modeling Cell Respiration

In your groups, you will use molecular model kits to model the process of cellular respiration. You will build the substances that go into cells, and then use the models to show how those substances change inside cells. Follow the directions below to build your models:

Look at the equation for cell respiration:

MATTER		Glucose + Oxygen 		 	Carbon dioxide + Water
ENERGY		Chemical Energy			Motion Energy + Heat

Glucose is a sugar that comes from food, and oxygen comes from the air that you breathe. In order to model cell respiration, you will first need to build your glucose molecule and your oxygen molecules.

[image: glucose ring]Build Glucose Molecule
Step 1: Build the Glucose Ring. Look at the diagram to the right. This shows the first part of the glucose molecule. It shows 5 carbon atoms (black) and 1 oxygen atom (grey). This ring will start your glucose molecule.

Step 2: Look at the diagram and circle on the right. You will work first with the carbon that is to the left of the oxygen in your ring. On this carbon, first connect a second carbon. On this second carbon, attach 2 hydrogen atoms and 1 oxygen. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. There should be no empty holes.
Step 3: Move to the next two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.




Step 4: Move to the last two carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the diagram to the right. There should be no empty holes on these atoms.





Check that there are no empty holes on your glucose molecules and that it looks like the diagram. Now you’re ready to build your oxygen molecules!


Build Oxygen Molecules.

Step 5: You will need 12 oxygen atoms to build 6 oxygen molecules. Each molecule contains 2 oxygen atoms. These are bonded together twice (a double-bond). Build 6 oxygen molecules that look like the molecule on the right,
Look at your glucose and oxygen molecules. Glucose is a sugar that our bodies get directly from food or from breaking down more complex substances. Oxygen comes from the air that we breathe. Count the number of atoms that you have total.

How many carbon atoms are in your molecules?	____________
How many oxygen atoms are in your molecules?	____________
How many hydrogen atoms are in your molecules?	____________

Look at the glucose molecule. Does glucose have chemical energy? Why or why not? _____________________________________________________________________
_____________________________________________________________________

Look at the oxygen molecules. Does oxygen have chemical energy? Why or why not? _____________________________________________________________________
_____________________________________________________________________

Record this information in the table below:
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	Chemical Energy
Yes or No?

	Glucose
	

	
	
	

	Oxygen
	

	
	
	

	Total Atoms
	

	
	
	
LEAVE BLANK



Think about this question: Using the information above, do you think oxygen supplies chemical energy for the cell to work?

The glucose and oxygen make in to a cell in your brain. In order for that cell to have usable energy, it must break down the glucose molecule. Use what you know about cell respiration to break down the glucose and oxygen molecules to make the waste products of cell respiration: carbon dioxide and water.

Glucose + oxygen 				carbon dioxide + water 


Below are diagrams of carbon dioxide and water to help you reassemble your molecules. Make as many carbon dioxide and water molecules as you can with the atoms that were originally in the glucose and oxygen. 

 (
CARBON DIOXIDE MOLECULE
) (
WATER MOLECULE
)







Once you have made your carbon dioxide and water molecules, count the number of atoms in these molecules.

How many carbon atoms are in your molecules?	____________
How many oxygen atoms are in your molecules?	____________
How many hydrogen atoms are in your molecules?	____________

Check to see that you have the same number of atoms that you started with. There should be no extra atoms either. All of the atoms you began with should be part of either a carbon dioxide or water molecule. Remember atoms cannot be created or destroyed!

Look at the bonds in the carbon dioxide and water molecule. What type of bonds are they? Do you think these molecules have chemical energy?  Complete the table below.
	
	Matter
	Energy

	
	Carbon atoms
	Oxygen atoms
	Hydrogen atoms
	Chemical Energy
Yes or No?

	Began with…
	
	
	
	

	Glucose

	
	
	
	

	Oxygen

	
	
	
	

	End with…
	
	
	
	

	Carbon Dioxide
	

	
	
	

	Water
	

	
	
	



Answer the following questions:

1.  The carbon dioxide we breathe out contains carbon. Using what you learned about cell respiration, where was this carbon atom before it was in carbon dioxide? ________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

2. You modeled that cell respiration is a process where cells take substances with chemical energy and rearrange the atoms into substances that do not have chemical energy. What happens to the energy during this process? _______________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________






OPTIONAL ACTIVITY PAGES

Name: ____________________________________ Date: ___________ Period: ________


What Makes Up the Foods We Eat?

How can we determine the composition of our foods?
All food is primarily composed of carbohydrates, proteins and fats. However, do foods always contain all three types of food molecules, or do some foods contain just protein and others just carbohydrates, and still others just fats and carbohydrates. In this activity you will learn how scientists determine which components (carbohydrates, proteins, and fats) are found in which types of food.

Learning to use chemical indicators
Scientists recognize that specific groups of molecules (like carbohydrates, proteins, and fats) can react with other chemicals in consistently predictable ways. Scientists have even found that certain chemicals, when reacting with specific other chemicals, will actually change color. These chemicals that change color in this way are called indicator chemicals or just indicators.

In this activity, you will learn the appropriate procedures to determine if a particular food contains carbohydrates, proteins, and/or fats. In the case of carbohydrates, you will use one procedure to determine if the food contains the complex carbohydrate starch, and a different procedure to determine if the food contains simple carbohydrates, or sugars. 


Experiment #1: Testing for Fats and Oils

Materials: You will need the following for your group:
one piece of filter paper, 90 mm diameter
clean piece of paper
forceps
one Petri dish half, larger than 90 mm diameter
five droppers
indicator solution #1
glass bowl or large Petri dish
timers
gloves
pencil
Four solutions and 1 sample of water (5 samples total)


[image: ]Procedure: Testing for Fats/Oils

Indicator #1 (Sudan IV) for testing fats/ oils.


With your group: Place the filter paper on a clean piece of paper (not on the laboratory counter which may be dirty). Using a pencil, draw four circles approximately 1 cm in diameter on each piece and label the circles with the numbers corresponding to each solution. Draw the circles so that they are away from the edge and as far away from each other as possible. Place a circle in the center for your water sample (label with a “W”). See Figure 2-2.

Place one drop of each of the four different test solutions into the labeled circles (solutions #1-4). Make sure to use a different dropper for each solution.

Place the filter paper in a Petri dish half. Indicator #1 can stain your hands and clothing, so put on gloves and protect porous surfaces. Cover the paper with Indicator #1 (approximately 10 mL) and let the paper soak in the Indicator for three minutes.

While the paper is soaking, fill the glass bowl or large Petri dish half with water.  

After three minutes, place the filter paper into the bowl or Petri dish that is half full of water. Rinse gently for one minute. Remove the filter paper from the water with the forceps, place in an empty Petri dish half, and observe the color of the circles.

Record your observations in the table below. 

The filter paper can be disposed of in a designated solid waste container. The Indicator solution in the Petri dish should be rinsed with alcohol and can be disposed of in a designated liquid waste container.

Observations of Indicator #1 (Test for Fats/Oils)

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions likely have fats/oils in them.





Experiment #2: Testing for Simple Carbohydrates (Sugar)

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
250 mL beaker
hot plate
indicator solution #2 (Benedict’s solution)
4 solutions plus water sample (5 samples total)
timer
disposable pipettes

Procedure: Testing for Simple Carbohydrates (Sugars)- Benedict’s Solution

1. Label the test tubes with the numbers corresponding to each of the solutions. Use “W” for water sample.
2. Using a ruler, draw a line on each test tube 1 cm from the bottom of the tube.  Place the marked test tubes in the test tube rack.
3. Place 100 mL of water in a 250 mL beaker and place it on a hot plate. Set the temperature control to high until the water boils.
4. Fill test tubes to the line with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
5. Fill a dropper with indicator solution #2. What color is the indicator solution? ____________
6. Add 10 drops of indicator solution #2 to each test tube. Gently shake the test tubes to mix.
7. Using a test tube holder/tongs, carefully place the tubes into the boiling water for 2 minutes.
8. Using the test tube holder remove the tubes and observe the color in each test tube. 
9. Turn off the hot plate.
10. Record your observations in the table below.
11. The solutions with the indicator can be disposed of in a designated waste container.
12. Wash the test tubes with soapy water and rinse.


Observations of Indicator #2 (Test for Simple Carbohydrates (sugar))

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have sugars in them.




Experiment #3: Testing for Complex Carbohydrates (Starch)

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
indicator solution #3 (Potassium Iodide)
4 solutions plus water sample (5 samples total)
disposable pipettes

Procedure: Testing for Complex Carbohydrates (Starch)- Potassium Iodide

1. Used the clean test tubes from previous experiment. These tubes are already labeled with #1-4 and a “W”.
2. Fill test tubes to the line (don’t go over the line!) with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
3. Fill a dropper with indicator solution #3. What color is the indicator solution? ____________
4. Add 1 drop of indicator solution #3 to each test tube. Gently shake the test tubes to mix.
5. Record your observations in the table below.
6. The solutions with the indicator can be disposed of in a designated waste container.
7. Wash the test tubes with soapy water and rinse.


Observations of Indicator #3 (Test for Complex Carbohydrates (starch))

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have starch in them.

Experiment #4: Testing for Proteins

Materials: You will need the following for your group:
goggles
ruler
permanent pen (Sharpie)
five test tubes
test rack
test tube holder
indicator solution #4 (Biuret solution)
4 solutions plus water sample (5 samples total)
disposable pipettes

Procedure: Testing for Proteins- Biuret Solution

1. Used the clean test tubes from previous experiment. These tubes are already labeled with #1-4 and a “W”.
1. Fill test tubes to the line (don’t go over the line!) with the test solutions so that there is one test solution in each of the tubes. Fill the 5th test tube to the line with your water sample.
1. Fill a dropper with indicator solution #4. What color is the indicator solution? ____________
1. Add 10 drops of indicator solution #4 to each test tube. Gently shake the test tubes to mix.
1. Record your observations in the table below.
1. The solutions with the indicator can be disposed of in a designated waste container.
1. Wash the test tubes with soapy water and rinse.


Observations of Indicator #4 (Test for Proteins)

	
	#1
	#2
	#3
	#4
	W

	Color of reaction


	
	
	
	
	




Keep track of which solutions have proteins in them.



Summary Table:

Combine your observations tables from each experiment. Include a “Y” if there was a presence of the substance in the solution and an “N” if there was not a presence.

	
	#1
	#2
	#3
	#4
	W

	Color of reaction to indicator 1 Fat/Oils

	
	
	
	
	

	Color of reaction to indicator 2 
Sugar

	
	
	
	
	

	Color of reaction to indicator 3 
Starch

	
	
	
	
	

	Color of reaction to indicator 4 Protein

	
	
	
	
	

	

CONCLUSIONS
What substances are found in each solution?




	
	
	
	
	





Experiment #5: Testing Common Foods

As a class you will determine the chemical composition of several foods plus vitamins: 
1. milk
1. potatoes
1. soda pop
1. vitamins

Each group will test each of the four foods listed above for ONE particular chemical group (fat, sugar, starch, or protein).

Your instructor will tell you which of the food molecules (starch, sugar, fat, protein) you should test for in the three foods and vitamins.

You will use the same materials as in Experiments 1-4 depending on which chemical group you are testing. In addition, you will need a sample of each of the 3 foods & vitamins listed above.

OBSERVATION FOR YOUR CHEMICAL GROUP

Chemical Group: _______________________________(Fats, Proteins, Starch, Sugar)

	FOOD
	YES/NO
	How do you know?

	Milk


	
	

	Potatoes


	
	

	Soda Pop


	
	

	Vitamins


	
	




OBSERVATIONS FROM YOUR CLASS

	Food
	Fats/Oils
	Sugar
	Starch
	Proteins

	Milk

	
	
	
	

	Potatoes

	
	
	
	

	Soda Pop

	
	
	
	

	Vitamins

	
	
	
	




ENERGY IN FOOD[footnoteRef:2]* Lab Instructions [2: * Vernier Software & Technology  13979 S.W. Millikan Way • Beaverton, OR 97005-2886 Toll Free (888) 837-6437 • (503) 277-2299 • FAX (503) 277-2440   info@vernier.com • www.vernier.com 
] 

 
Food supplies energy for all animals—without it we could not live. The quantity of energy stored in food is of great interest to humans. The energy your body needs for running, talking, and thinking comes from the foods you eat. Not all foods contain the same amount of energy, nor are all foods equally nutritious for you. An average person should consume a minimum of 2,000 kilocalories per day. That is equivalent to 8,360 kilojoules. Calories and joules are both units of energy. We will use joules in this lab since it is the accepted SI metric standard. 

You can determine energy content of food by burning a portion of it and capturing the heat released to a known amount of water. This technique is called calorimetry. The energy content of the food is the amount of heat produced by the combustion of 1 gram of a substance. It is measured in kilojoules per gram (kJ/g). 

[image: ]MATERIALS
1 Computer
1 Vernier computer interface/software
1 Logger Pro
1 Temperature probe
1 100mL graduated cylinder
1 Digital balance
1 Food holder
2 Food samples (nut, popcorn, marshmallow)
1 Ring stand and 10cm ring
1 Small can
1 Spilt 1-hole stopper
2 One-hole rubber stoppers
2 Stirring rods
1 Utility clamp
1 Wood splint
Warm and cool water
Matches

SAFETY
· Obtain and wear goggles during entire investigation
· Do not eat food being tested during the investigation
· Keep hair and clothing away from open flame

PROCEDURES
1. Obtain a sample of food and a food holder similar to the one shown in Figure 1. Mount the food onto the food holder so that it can burn without damaging the holder. Find and record the initial mass of the food sample and food holder. 
2. Connect the Temperature Probe to the computer interface. Prepare the computer for data collection.

3. Set up the apparatus shown in Figure 1. 
a. Determine the mass of an empty can. Record the value in Table 1. 
b. Place about 50 mL of cold water into the can. 
c. Determine and record the mass of the can plus the water. 
d. Insert a stirring rod through the holes in the top of the can and hold it in place with two one-hole stoppers. Position the can 2.5 cm (~1 inch) above the food sample. 
e. Use a utility clamp and split stopper to suspend the temperature probe in the water. The probe should not touch the bottom or side of the can. 

4. Click [image: ] to begin data collection. Record the initial (minimum) temperature of the water in Table 1. 

5. Remove the food sample from under the can and use a wooden splint to light it. Quickly place the burning food sample directly under the center of the can. Stir the water constantly. 

6. If the temperature of the water exceeds 60°C, blow the flame out. Do not stop the computer yet. 
7. After 4 minutes, if the food is still burning, blow the flame out. Record the maximum temperature of the water in Table 1. 
8. Once the water temperature begins to decrease, end data collection by clicking [image: ]
9. Determine the final mass of the food sample and food holder. 
10. Place burned food, matches, and wooden splints in the container supplied by your instructor. 12. You can confirm your data by clicking the Statistics button [image: ] The minimum temperature (t2) and maximum temperature (t1) are listed in the floating box.
11. Repeat Steps 4–12 for a second food sample. Be sure to use a new 50 mL portion of cold water.
[image: ]
Alternative set-up

Name: _________________________________ Date: __________ Period: ________

ENERGY CONTENT IN FOOD

DATA 
	TABLE 1

	
	Sample 1
	Sample 2

	Food Used 

	
	

	Mass of empty can (g)

	g
	g

	Mass of can plus water (g)

	g
	g

	Mass of water heated (g)

	g
	g

	Initial temperature of water (°C)

	°C
	°C

	Final temperature of water (°C)

	°C
	°C

	Initial mass of food (g)

	g
	g

	Final mass of food (g)

	g
	g

	
	
	

	∆mass of food (g)

	g
	g

	∆t of water (°C)

	°C
	°C



1. Calculate the energy gained by the heated water. To do this, use the following equation: 
Energy gained by water (heat)(J) = (mass of water) X (∆t of water) X (4.18 J/g°C)

2. Convert the energy you calculated in Step 3 to kilojoules (1 kJ = 1000 J). 
3. Use your answer to calculate the energy content of each food sample (in kJ/g):  
Energy content of food (kJ/g) = Energy gained by water (kJ) / ∆mass of food (g)


	Table 2

	
	Sample 1
	Sample 2

	Energy gained by water (J)

	J
	J

	Energy content of food (kJ/g)

	kJ/g
	kJ/g



QUESTIONS 

1. How did energy change during this investigation? What form(s) of energy did you start with? What form(s) of energy were products? _________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Which of the tested foods is the best energy source? Why? _________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Why might some foods with lower energy content be better energy sources than other foods with higher energy content? ____________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ________________________________________Date: ____________ Period: ______
 
Cricket Laboratory Investigation

Make Predictions:

1. What do you think will happen to the CO2 level over time? ____________________

2. What do you think will happen to the O2 level over time?______________________

3. Explain your predictions:
	










Results and Conclusions:
Make a line graph from your teachers’ computer:

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	





Key: 	CO2 of crickets	----------
	O2 of crickets		----------
	

Summary Questions

1. Explain why the carbon dioxide and oxygen levels changed? In your explanation, include the matter inputs and matter outputs that happen during this process.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


2. The data show that crickets were doing cellular respiration. Why do crickets and other living organisms do cellular respiration? In your explanation, think about the role that energy plays in this process.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ____________________________________ Date: ____________ Period: ________


What Happens When Sugar Burns?

To better understand what happens to molecules, such as sugar, when they seem to ‘disappear’ inside a cell, you will examine what happens to marshmallows (which are composed mostly of sugar) when we burn them. 

Materials: 
· two large marshmallows 
· quart jar with an opening large enough to comfortably light a marshmallow 
· 30 cm long wire made into a stand with one of the ends of the wire pointing up 
· open balance 
· wire shaped as a stand to hold a marshmallow 
· gas igniter 

Procedures:
1. Place the quart jar on an open balance.
2. Pierce a marshmallow onto the vertical wire of the stand.
3. Place the marshmallow and stand inside the quart jar.
4. Tare the balance.
5. Using the igniter, light the marshmallow until it starts to burn. Remove the igniter. Relight if necessary until marshmallow has completely burned.
6. Note the change in mass of the marshmallow: _________


Questions: 
1. What happened to the mass of the marshmallow as you burned it? _____________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________

2. Let’s pretend for the moment that the marshmallow is pure sugar (it almost is), then the marshmallow would be made up of millions and millions of sugar molecules. What do you think happened to millions of sugar molecules when you burned the marshmallow?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


3. Burn the second marshmallow as you did in the previous experiment only this time quickly screw the lid on the jar. What happened to the burning marshmallow under these new conditions? __________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


OBSERVATIONS OF O2 GAS LEVELS

	
	O2 %

	Initial Reading

	

	Final Reading

	



4. Look at the oxygen concentration around the marshmallow. What do you think happened to the oxygen? __________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________

5. It seems that the oxygen disappeared and the sugar disappeared. Did anything seem to appear during the burning of the marshmallow? Examine the chamber carefully.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________


6. When sugar burns, the bonds that hold the two oxygen atoms together in the oxygen molecule (O2) and the bonds that hold the carbon, hydrogen and oxygen atoms together in the sugar molecule (C6H12O6) actually break, and the atoms rearrange themselves into new molecules. We have evidence that at least some of the hydrogen and oxygen atoms might have formed water molecules. What atom(s) still need to be accounted for if the atoms in sugar and oxygen molecules did indeed rearrange themselves into new molecules? __________________
________________________________________________________________________________________________________________________________________________________

OBSERVATIONS OF CO2 GAS LEVELS
	
	CO2 %

	Initial Reading

	

	Final Reading

	



7. What can you conclude about how matter and energy change while burning a marshmallow?
[image: MM_PT]


Name: __________________________________ Date: ____________ Period: _________

Telling a Starch Story

Work with your group to tell a story of a starch molecule.  It was in a potato that I ate last night, and right now it is supplying my brain cells with energy to think.  Tell a story that includes:


•	What are the raw materials (matter) and energy source that combined to make the starch molecule in the potato plant?
•	What happened in the leaves, stem, and roots of the potato plant to result in a starch molecule stored in the potato?
•	What happened to the starch molecule in my digestive system?
•	How the parts of the starch molecule (matter) made it to my brain?
•	How my brain cells got energy from the parts of the starch molecule?
•	What forms of matter and energy were left at the end of the process?


You will need to complete this story in partners.  Everyone should fill out the chart on the next page as best as you can.  The lists below suggest what might go in each column for some key stages in the process. Do you think that you could trace what happens to the individual carbon, oxygen, and hydrogen atoms as they go through the entire process? Each group should also figure out an interesting way to tell the story that includes the essential information from the chart and share their story with the other groups.


	Some important chemical processes include:

--photosynthesis
--cellular respiration
--digestion

	Some important forms of matter include:

--carbon dioxide
--water
--glucose (and other simple sugars)
--starch
	Some important forms of energy include:

--sunlight
--chemical potential energy in C-C and C-H bonds
--chemical potential energy in ATP
--heat
	Some important locations include:

--air and soil
--leaves and stems of potato plants
--potatoes
--brain cells
--blood
--digestive system




 Starch Table (You may not need every row in the table)
	Name of process
	Change in matter (from --- to ---)
	Change in form of energy (from --- to ---)
	Change in location (from ---- to ----)

	





	




	
	

	





	




	
	

	





	




	
	

	





	
	
	

	





	
	
	

	




	
	
	

	




	
	
	




Name:_____________________________________ Date:__________ Period: _____
Black Bear Hibernation
Investigation problem[footnoteRef:3]* [3: * This activity was originally developed by Hui Jin.] 


[image: :BlackBear1.jpg]








[bookmark: _Toc85537515]







You will explore the following problem: 
[bookmark: _Toc85537516]
Why do black bears lose fat during hibernation? Where does the fat go? How can we explain this using the concept of energy?
[bookmark: _Toc85537517]
Procedures:
[bookmark: _Toc85537518]Read the article - Black Bear Hibernation. As you read think about how the bear gains mass by storing food for hibernation and how the black bear uses its stored fat during hibernation. 

After you read the article, complete the energy transformation chart based on what you know about what is happening in the bear. Identify what happens in the cells of the bear and explain how energy and matter change in these cells.

Then in partners or small groups, compare your charts and discuss what you think is happening while the bear hibernate. Discuss the following questions:

What chemical process is happening while the bear hibernates? WHY is this process occurring?
Where does the bear get energy for its body to function while it sleeps? Explains what happens to the energy through this process.
The bear loses mass as it sleeps. Where does this mass go?

After your group discusses the energy charts and the three questions above, then complete the summary questions at the end of the activity. You may be asked to share your ideas or ideas from your group with the rest of the class, so make sure to explain as much as you know about what is happening as the bear sleeps.



BLACK BEAR HIBERNATION[footnoteRef:4] [4:  This article was developed from two sources: 
Rogers, L. (1992). Watchable wildlife: the black bear. USDA Forest Service, North Central Forest Experiment Station, 
St. Paul Minnesota. 
Lundberg, D. A., Nelson R. A., Wahner, H. W., Jone, J. D. (1976), Protein metabolism in the Black bear before and 
during hibernation. Mayo Clinic Proceedings. 51(11): 716-22.
] 



[image: :BlackBear2.jpg]

Black bears are classified as members of the order Carnivore, and their teeth, claws, strength, and size make them look like predators. The bears’ body is designed for storing fat and conserving heat in the winter, so they lack the agility required to catch healthy, adult prey. The few prey they catch are mainly nesting birds, newborn mammals, penned livestock, or spawning fish. Their long canine teeth are used mostly for biting into insect-ridden logs or for tearing apart carrion. Their claws are tightly curved for tree climbing, unlike grizzly claws, so black bears have an advantage over grizzly bears, deer, and wild hogs when competing for acorns, nuts, and fruits.	

A problem for bears living in northern evergreen forests is that fruits and nuts are very scarce after August. Acorns, beechnuts, and hickory nuts, which are fall foods, are scarce or absent in many of those forests, leaving the bears little food in fall. As a result, the hibernation of black bears is more an adaptation for escaping winter food scarcity than an adaptation for escaping winter cold. In the months before hibernation black bears can gain up to forty pounds of fat per week. Hibernation lasts up to 7 months in the northern regions. Bears that find food year-round in the South may not hibernate at all, but black bears in the North hibernate so deeply that they may be jostled and prodded for several minutes in mid-winter before they awaken. To survive long winters without eating, drinking, exercising, or passing wastes, hibernating bears cut their metabolic rates in half.  Sleeping heart rate drops from a summer rate of between 60 and 90 beats per minute to a hibernating rate between 8 and 40 beats per minute. Body temperature drops only slightly, though, from 99-102 F in the summer to 88-98 F during hibernation. The body temperature of hibernating bears is appreciably higher than that of other hibernating animals. During the period of hibernation, the black bear usually lose 15 – 25% of its body weight, most of which is fat. 





After reading this article, think about information that was given that can help you explain the process happening in the bear and how energy can help explain the loss of fat after hibernation.



[image: :BlackBear3.jpg]
For example, before hibernation bears eat a lot. They eat fruit, nuts, acorns, insects, and certain leaves and plants. They catch occasional small animals, but lack agility to catch most adult prey. In the months before hibernation black bears can gain up to forty pounds of fat per week. Think about the types of molecules that are being made and stored in the bears’ body during the summer and fall months. What do you know about the energy stored in these types of molecules? What does this information tell you about how the bears get and store energy for hibernation? 




Think about these questions and complete the first part of the Energy Chart.


[image: :BlackBear4.jpg]Now think about what happens during hibernation.  The sleeping heart rate drops from a summer rate between 60 and 90 beats per minute to a hibernating rate between 8 and 40 beats per minute. The bears’ body temperature drops from regular 99-102°F to 88-98°F during hibernation. But the bear is still alive and all of its body functions are still happening. Where does the bears’ body (and organs) get energy to keep functioning? What metabolic process helps you explain what is happening? What energy transformations are happening during hibernation? 

Think about these questions and complete the second part of the Energy Chart.

 Summary Questions

First complete the process tool. Then answer the questions below.
[image: BearProcessTool]



1. Where do you think the mass of the bear’s fat goes during hibernation?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Where does the bear get energy for its body to function during hibernation? What form of energy is it?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Energy is required to keep the bear’s heart beating during hibernation. Where does the energy come from and how does it change form for the heart to beat?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


4. Energy is required to keep the bear’s body temperature warm. Where does the energy come from and how does it change form to keep the bear’s body warm?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ______________________________ Date: __________ Period: __________

Building and Breaking Molecules

The figure below shows a representation of a typical fatty acid and a glycerol molecule. Note: the double parallel lines linking one of the carbon and oxygen molecules, C=O, indicates that the carbon is double bonded to the oxygen. The single lines connecting the atoms represent single bonds.)

[image: fat 1]

The figure below shows how three fatty acids can be bonded to a glycerol molecule to make a fat molecule.

[image: fat 2]

In what ways is the bonding of fatty acids to glycerol to make fat similar to the bonding of glucose molecules together to make starch? ________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

[image: AA]PROTEINS

Remember that there are many different kinds of amino acids. The figure shows two examples of amino acids.


[image: AA 2]The figure below shows how two amino acids are bonded.

When two amino acids bond, what larger molecule do they form? _______________

In what way is the bonding of amino acids together to make proteins similar to the bonding of glucose molecules to make starch? ________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________

Name: ______________________________________ Date: ___________ 


Web Research:  Sustainable Table


1.  Go to the web page with this URL:  http://www.circleofresponsibility.com/

2.  Click to listen to Fedele Bauccio speak.  What can this website help you do?




3.  Click on Community at the top, then on the “benefits of buying local” in the text.  List the 5 best reasons (in your opinion) to buy food locally.













4. Click on Environment at the top. On this page click on the “Produce What does “organic” mean?” line.  Click on the “certified organic” and answer the following questions:


What things do farmers use to grow organic crops?




What are things used to grow crops that organic crops do not use?





5.  Click on the “What You Can Do” bar on the left side of the page.  Choose 3 actions you would consider taking.  Describe each action you chose and why you chose it.



	Action 1: 






Action 2: 






Action 3: 




Name: ________________________________________ Date: ______________

Web Research: Eat Low Carbon
1. Go to the web page with this URL: www.eatlowcarbon.org
2. Read the first page. Then click “Calculate My Impact Now!”
3. Click on “What do these points mean?” As a class, or with a classmate, read through the frequently asked questions (FAQs).  How does the choice in food we eat relate to greenhouse gases being given off into the atmosphere? Do you have any ideas about the connection?



4. Using the “Drag and Drop” feature, select the best choices to show food that you eat in a typical day. Make sure to include all the meals, snacks, and beverages. List the foods below and their CO2e value.
	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



What is the total CO2e points for the food you consume in a typical day? ____________

5. Now explore other food choices. For example, explore all the “breakfast” or “entrée” meals. Look for patterns in what increases or decreases the CO2e points. Write down your ideas below.

Pattern 1: __________________________________________________________

Why do you think this pattern increases or decreases CO2e points?






Pattern 2: __________________________________________________________

Why do you think this pattern increases or decreases CO2e points?






Pattern 3: __________________________________________________________

Why do you think this pattern increases or decreases CO2e points?

Name: ____________________________________ Date: ________________


Analysis:  Eat Less Beef, Make More Biofuels

1.  What does professor Lee Lynd think is the key to building a more successful biofuel industry?  Explain how efficiency of land use is tied to this idea.







2.  Data Presented:  Examine each graph and the data presented in the article; label each graph from the information presented, then answer the question below.

			[image: ]
[image: ][image: ]

Explain the differences between a crop cow  human food chain and a crophuman food chain in the way they affect the environment?







3.  What does the United States biofuel mandate require to happen by 2022?  







4.  What developments did that spur in 2007?  







5.  What are the reasons some groups are protesting the mandate?








6.  What could we do as individuals to help free up more agricultural land for producing biofuels?  Would you be willing to do that?  Why or why not?
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