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Energy Content of Food


Student Inquiry Worksheet


Energy Content of Food
Driving Questions
There are many different food sources available for animals to extract energy from.

Do different foods have different amounts of energy stored in them?
Background
When burning food warms a known quantity of water, the amount of thermal energy given off by the food is theoretically equal to the amount of thermal energy gained by the water. The following equation describes this idea:
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The value for Q is the amount of thermal energy; m is the mass of the water; c is the specific heat of the water; and ∆T is the change in temperature of the water.

 The specific heat (c) of water equals 4.186 joules. People may be more familiar with saying that the specific heat of water equals one calorie. However, this familiarity is tricky. When people think about how many "calories" are listed on packages of food, the technically correct reference is "Calorie" with an upper case "C". Also called a kilocalorie or kcal, one Calorie equals 1000 calories. The metric equivalent of a Calorie is 4186 joules. 

Although it may add to confusion, "kilojoule" (1000 joules) is another common term. A calorie (lower case "c") equals 4.186 kilojoules. A calorie (lower case "c") is the amount of energy it takes to raise the temperature of 1 gram of water by 1 degree Celsius. This is the "c" in the equation.
Materials and Equipment
For each student or group:

	· Data collection system
	· Graduated cylinder, 100-mL

	· Temperature sensor
	· Food sample (2)

	· Extension cable
	· Aluminum can, 354-mL (12 ounce)

	· Large base support and rod
	· Distilled water, 50 mL (per sample)

	· Food holder (10 x 10 cm cardboard, aluminum foil, 
	· Matches (one book)

	paper clips)
	· Wood splint (4)

	· Balance
	


Safety
Add these important safety precautions to your normal laboratory procedures:

· If you have a food allergy to one of the foods used in this lab, let another lab partner handle the food.

· Take care when using matches and wooden splints.

Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 

Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Set Up

Note: Use the balance through this procedure to measure mass. 

Note: Referenced throughout this procedure, Table 1 is in the Data Analysis section. 

1.
(
Start a new experiment on the data collection system. � (1.2)
2.
(
Connect an extension cable into a port on the data collection system. Connect the other end of the extension cable to the temperature sensor. � (2.1)
3.
(
Display the Temperature (°C) on the y-axis versus Time in seconds (s) on the x-axis of a graph. �(7.1.1)
4.
(
Measure the mass of the aluminum can and record it in Table 1.  
5.
(
Add 50 mL of distilled water to the aluminum can. Measure the total mass of the can plus the water and record it in Table 1.
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6.
(
Bend a large paper clip and hang one hooked end to the support rod that is attached to the large base. (See the illustration.) 

7.
(
Using the other hooked end of the bent paper clip, hang the aluminum can filled with water by the pop-top tab. (See the illustration.)
8.
(
Build a food holder as directed by your teacher. 

Note: Building a food holder involves covering a 10 by 10 cm cardboard with foil, poking bent paper clips through the cardboard and taping them, then linking them together. 

9.
(
Place a cashew, the first food sample, on the linked paper clips of the food holder. 

10.
(
Adjust the support rod as needed so that the food sample on the paper clips will be 2 to 3 centimeters below the aluminum can.

11.
(
Measure the total mass of the food sample and food holder and record it in Table 1.

12.
(
Insert the temperature sensor into the water, taking care not to let the end of the sensor rest on the bottom of the can.

Note: Depending on the type of can, you might need to use a utility clamp to support the sensor
Collect Data 

13.
(
Start data recording. � (6.2)
Note: Prepare to quickly place the burning food sample directly under the aluminum can and to leave it there until it stops burning.
14.
(
Adjust the scale of the graph to show all data. � (7.1.2)
15.
(
Light a wooden splint with a match, and use the splint to light the food sample on the food holder. 

Note: Remain still while the food is burning. Any breeze may divert the flames from the food sample making contact with the bottom of the aluminum can.

16.
(
Immediately after the food sample stops burning, gently twirl the can to stir the water with the sensor still in it.

17.
(
Stop recording data when the temperature stops rising, which may be 45 seconds or more after the food sample stops burning. � (6.2)
18.
(
Name data run 1, to a name appropriate for the type of food that was burned. � (8.2)
19.
(
Measure the mass of the burned food sample and holder and record it in Table 1.

20.
(
Why do you need to measure the final mass of the burned food sample?

21.
(
Remove the temperature sensor from the can.

22.
(
Empty the water from the can.

23.
(
Add 50 mL of fresh distilled water to the can, and hang it from the support rod as before.

24.
(
Make sure all food is removed from the food holder before testing the next sample.
25.
(
Refer to the previous steps to capture data for the other food sample, starting with placing a food sample on the linked paper clips of the food holder. Name data run 2, to a name appropriate for the type of food that was burned.� (8.2)
Note: Make sure, as with the first run, that each food sample is placed two to three centimeters from the aluminum can.

26.
(
Save your experiment � (11.1) and clean up according to your teacher's instructions. 

Data Analysis
For each food sample many of the rows are filled in directly based on steps in the Procedure section. The following instructions help you calculate the remaining rows.

1. (
Make a sketch of your data for Temperature versus Time. Identify which food was used in each sample. Label the overall graph, the x-axis, the y-axis, and include units on the axes. 

Sample 1:
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Sample 2:
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1.
(
Using available tools on your data collection system find Temperature values for Table 1 in the Data Analysis section. �(9.1)
2.
(
For the mass of water subtract the mass of the container from the mass of the container plus the water.

3.
(
For the change in mass of the food sample subtract the mass of the sample + holder after burning from the mass of the sample + holder before burning.

4.
(
For the change in temperature of the water (∆T) subtract the temperature after burning from the temperature before burning.

5.
(
For the generated heat in the water used (Q) multiply the mass (m) of the water times the change in temperature (∆T) of the water times the specific heat of water (c). Since the unit of measure in the table is kilojoules instead of joules, divide the result by 1000.


[image: image4]
Note: The value "c" is the specific heat of water. The number of joules, 4.186, is expressed in grams per degree Celsius.

6.
(
For the energy content of the food sample divide the generated heat in the water (Q) by the change of mass of the sample.

7.
(
For the average energy content of the food sample, add the energy content number of every student in the class and divide by the number of energy content results that were obtained in the activity.

Table 1: Energy content of a cashew and a marshmallow

	Item
	
	

	Mass of empty container (grams)
	
	

	Mass of container + water (grams)
	
	

	Mass of water (grams)
	
	

	Mass of sample + holder before burning (grams)
	
	

	Mass of sample + holder after burning (grams)
	
	

	Change in mass of food sample (grams)
	
	

	Water temperature before burning (°C)
	
	

	Water temperature after burning (°C)
	
	

	Change in temperature, ∆T (°C)
	
	

	Generated heat, Q (kilojoules)
	
	

	Energy content or heat per gram of sample (kilojoules per gram)
	
	

	Average energy content of all samples tested in the class (kilojoules per gram)
	
	


Analysis Questions

1.
Which food had the highest energy content?

2.
Which food had the lowest energy content?

3.
Do you think that all of the energy released by the burning food sample was absorbed by the water? Why or Why not? 
4.
What are some things you would do to change the procedure in this activity? 
Synthesis Questions
Use available resources to help you answer the following questions.

1.
Based on your the samples you tested what can you conclude about the relative energy content of fats and carbohydrates?

2.
What advice would you give to a sports team about the energy content of these foods?

3.
For each of the sample foods how many minutes of reading could you manage from a 50-gram serving. (A light activity such as reading consumes about 7 kilojoules per minute.) 
Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
In what form do animals store glucose (carbohydrates)?
A.
amylose 
B.
glycogen
C.
glycerol
D.
guanine
2.
Which of the following will yield the most energy per gram, when burned?
A.
carbohydrates 

B.
sugars
C.
fats
D.
proteins
3.
Which of the following is the most accessible for cells to use to convert into ATP? Hint: It is used first during cellular respiration.

A.
carbohydrates
B.
protein

C.
fat

D.
DNA

Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
A ____________ is a large lipid made from two kinds of smaller molecules: glycerol and fatty acids. The main function of fats is ____________. A gram of fat stores more than ____________ as much energy as ____________. This compact energy storage enables mobile animals to get around much better than if the animal had to carry its stored energy in the bulkier form of carbohydrates. In addition to storing energy, fat tissue cushions vital organs and insulates the body.

2.
Water can absorb or release relatively large amounts of ____________ in the form of heat with only a slight change in its own temperature. This property of water is called ____________ and is used to capture the energy released from the burning food samples in the experiment.

3.
____________ in your diet provide energy for powering cellular processes. The energy available in food is measured in kilocalories, which are equal to 1,000 ____________. A calorie is the amount of heat energy required to ____________ the temperature of 1 gram of water 1 degree Celsius. The greater the number of calories in a quantity of food, the ____________ energy the food contains.
Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	

	carbohydrates

energy storage

fat

muscle building

protein

three times
twice


	carbohydrates

energy

energy storage

specific heat

	calories

deficiencies

grams

less 
lower

more 
nutrients

raise

	











Measure the final mass of the burned food sample.
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Keep the sensor in the water at least 45 seconds after the sample stops burning.





 





Place the food sample on the food holder and light with a wood splint.





 





Measure the mass of an aluminum can with 50 mL of distilled water.





 





Obtain or construct something that will hold the burning food.
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