
   LABORATORY
INVESTIGATION

Large Calories, Small Calories and Food
Food gives the energy needed for our physical activities, for the completion of our life functions 

and for the heat production that  maintains our body temperature. The daily energy required for these 
purposes is obtained through the oxidation of food in a process known as cellular respiration. During 
this process carbon and hydrogen, from the food, are oxidized to carbon dioxide and water and much of 
the food's energy is converted into a new chemical form that is useful to the cell.

Chemical energy is measured in units called calories. A calorie is the amount of energy needed 
to raise the temperature of 1 gram (1 ml) of water 1oC.  However, the energy contained in food is usually 
reported in units of 1 thousand calories.  This larger unit is called a kilo calorie (kcal) or large Calorie.  
Nutrition and diet tables always report the energy content of food in large Calories.

Estimates of the caloric content of food are obtained by burning weighted samples of the food in 
an atmosphere of pure oxygen.  Heat energy released during the burning process is captured by a water 
bath surrounding the combustion chamber.  Knowing the amount of water in the chamber and the change 
in temperature of the water it is possible to calculate the quantity of energy released from the food 
sample.  Results of some food caloric measurements are shown in Table 1. Note that the foods containing 
fats are more energy rich than those containing mostly carbohydrate.  Note also that foods containing 
much protein release the smallest amount of energy when burned.

To gain better understanding of calorimetry, you will measure the energy content of two foods 
that burn well in air.  For the measurements you will use a calorimeter (Figure 1) that is both 
simplified and far less expensive than the professional variety.  Yet with careful use, the calorimeter 
should allow you to make reliable energy comparisons between marshmallows and walnuts.  Your task 
is to figure out which food contains the most energy.  State your prediction as a hypothesis and record it 
after question 1 in the analysis section of this report.

Vernier Equipment
Temperature sensor, LabPro interface

Materials
Safety goggles, lab apron, calorimeter, 25 ml. graduated cylinder, beaker 100 ml., balance, forceps, 
kitchen matches, small piece of sandpaper, pot holder, aluminum foil, walnuts and small 
marshmallows, non-absorbent cotton

Safety
Wear safety goggles and lab apron.  Tie back long hair and roll up long sleeves.  Familiarize yourself 
with the location of the laboratory fire extinguishers.  Use care when working with the matches and be 
sure they are extinguished in a beaker of water after using.  Do not consume any of the food samples in 
the laboratory. 
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Procedure - Calorimeter Assembly - Part A
1. Review the names of  the parts of the calorimeter (Figure 1).

2. Clear a wide area of your work space of flammable materials.

3. Place the table insulator with ceramic fiber center on the table top.

4. Weigh the food substance that is to be burned.  Record the mass in table 2.

5. Fashion a small nearly flat container out of aluminum foil to hold the food substance as it burns.

6. Place the container holding the food on the calorimeter support grating.

7. Place the support grating, container and food on the ceramic fiber insulator.

8. Place the aluminum inner calorimeter chamber over the support grating and its contents.

9. Place the outer calorimeter chamber over the inner chamber.  The small notches in the outer 
chamber should be at the top. The large opening should be at the bottom and the opening should 
be turned as figure 1 shows.
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10. Fill the test tube with 20 ml. of water. Record the volume of the water and the mass of the 
water in table 2.

11. Adjust the rubber support ring of the test tube so that it is 2.5 cm. from the lip.

12. Place the insulating cover on top of the outer chamber.  Center the hole so that it is above the 
opening of the inner chamber.

13. Place the test tube and water into the center hole of the cover.

Procedure - Measurement - Part B
1. Check your computer lab station equipment for the following connections.  The cable of 

the temperature sensor is plugged into LabPro channel 1 (ch1).  The LabPro power 
supply is plugged into the LabPro AC adaptor port and a 110 volt outlet.  The USB cable 
is plugged into the LabPro and the computer USB port.

2. Double click on the Logger Pro desk top icon to load the software program.  The experiment is set 
up automatically and the computer screen displays a data table and graph.  The data table has 
two columns, one labeled time and the other labeled Temperature.  The Y axis of the graph is 
labeled Temperature and the X axis is labeled time.

3. Click on collect and a plot of the temperature of the air appears on the graph and individual 
data readings appear in the table.  Click on stop to end data collection.

4. Place the temperature sensor into the test tube containing the water.  The sensor should be 
immersed in the water but it should not touch the glass sides or bottom of the test tube.  Bend 
the wire leading to the sensor if necessary.  Use a plug of non-absorbent cotton to hold the sensor 
wire in place.

5. Click on Collect and read and record the temperature of the water.  Take sufficient time for the 
temperature to stabilize.  Record the reading in table 2.  

6. Click on Stop.

7. Pull the gauze support stand forward through the opening in the inner and outer chambers.  Pull 
it forward until the food is outside the chamber walls.  Set fire to the food with a kitchen 
match.  This may require several attempts!  Discard burned matches in a beaker of tap water.

8. Quickly click on Collect and push the gauze and burning food back into the calorimeter.  Center 
the burning food under the test tube.

9. Record the temperature of the water after the food has stopped burning and the readings 
stabilize.  Record the maximum reading in Table 2.

10. Disassemble the apparatus and prepare for a new test.  Handle the parts with tongs and pot 
holders to prevent skin burns!

11. Repeat steps 3 -13 Part A and steps 2 - 7 Part B for the second food.

12. Close the experiment.  Disassemble and clean the calorimeter components. Dispose of the 
burned matches as directed by your teacher.
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Analysis
1. Write a hypothesis statement in proper form.

2. Make the calculations necessary to complete the analysis of both foods. See Table 2.

3. From your analysis, which food, contains the largest quantity of energy?

4. Which of the organic substances, protein, fat or carbohydrate do you think is more abundant in 
marshmallows?  Walnuts?

5. Evaluate your original hypothesis considering evidence you have collected.

6. Collect the results of this investigation from the other class teams.  Enter all readings in a 
spread sheet and average them.  Make a bar graph showing the average values and the values 
obtained by your team.

7. Compare your teams results with the class average.  Suggest reasons why there is so much 
variability in the data.

8. Obtain published values from your teacher of the energy content of marshmallows and walnuts.  
Calculate the percent of error in the class average measurements.  Percent error = difference 
between published and measured values divided by the published value times 100.

9. Active females your age need approximately 2300 (kcal) Calories per day.   Active males need 
approximately 3100 (kcal) Calories per day.  What weight of marshmallows would you need to 
eat each day to supply this energy?   What weight of walnuts would you need to eat to supply 
this energy?

Going Further
1. Using the same procedure, measure the energy content of other kinds of nuts.  Compare your 

results with published values.

2. Keep a record of the type and amounts of food you eat in one day.  Weigh the food using a food 
scale or small postage balance. Various books on nutrition contain the information necessary for 
you to calculate your total energy intake for one day.
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                   Table 1  Caloric Content of Food                   Table 1  Caloric Content of Food                   Table 1  Caloric Content of Food                   Table 1  Caloric Content of Food
Name Calories per 100 g. Name Calories per 100 g.

Butter 716 Milk whole 68
Cheese Swiss 370 Strawberries 37
Oranges 45 Pears 63
Corn Flakes 385 Bread White 275
Doughnuts 425 Apple Pie 246
Almonds 597 Peanuts 559
Pecans 696 Hamburger 364
Rib Roast 319 Cod Fish 74
Flounder 68 Chicken 112
Fudge 411 Potatoes 83
Sugar 385 Carrots 42
Asparagus 21 Spinach 20
Beans 90 Popcorn 386
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Table 2  Food Energy Value Calculations

Name of Food _______________________
Weight of Food (grams) ________________
Volume of Water (ml.)__________________
Initial Water Temperature _______________
Final Water Temperature _______________
Temperature Increase _________________

Volume of Water X Temperature Increase = Food Energy Released

_____________ X _________________ = ______________ calories

calories released  / 1000            = Kilo calories of Energy Released

___________  calories / 1000  = ____________ Kilo calories

Kilo calories released / Weight of Food = Kilo calories of Energy Released

_________ kilo calories /_________ grams = _________Kcal.  per gram

Kilo calories per gram X 100 = Kilo calories of Energy Released 

________Kcal. per gram X 100 grams = _________ Kcal per 100 grams
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Volume of Water X Temperature Increase = Food Energy Released

_____________ X _________________ = ______________ calories
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