The Caloric Content of Food
Learning Objectives
· Understand how caloric content is measured 
· Determine the energy content of various foods 
Laboratory Skill
· The use of a homemade calorimeter 
Equipment and Materials
· Empty Soda Can
· Glass rod
· Ring
· Ring stand
· Funnel
· 3-prong extension with clamp
· 50-mL Graduated cylinder
· Thermometer or Vernier temperature probe
· Large paper clips
· Cork stopper
· Food Samples: Cheetos®, Reduced Fat Cheetos®, Protein Puffs®, A solid snack food item of your choice 
· Hot pad
· Distilled water
· Lighter or Matches
Safety and Hazard Information
· Before the beginning of the lab ensure that you can locate the lab’s fire extinguisher and pull back your hair if it is long. Clear your benchtop of any unnecessary debris (especially paper). Exercise caution at all times while using the lighter and igniting the food items. If, at any time, something other than the food or matches ignite, immediately inform the instructor. If any clothes or accessories on your body catch fire, stop, drop and roll. 
Background Information
The expected caloric content in food is associated with carbohydrates, fat and protein.  The Food and Drug Administration (FDA) has regulated the reporting of such macronutrients (carbohydrates, fats, protein) on food items in the United States.  The label is referred to as the Nutrition Facts label on food packaging.  This label provides the size of the serving (in grams or ounces [1 ounce (oz) ~ 28.3 grams]).  Appropriate scaling of the food serving size has to be taken into consideration for accurate caloric content. Typical energy content values (kcal/g) for the macronutrients are:
	Carbohydrate – 4 kcal/g		Fat – 9 kcal/g		Protein – 4 kcal/g
In order to obtain caloric content in food, food scientists perform an indirect measure of the amount of heat generated from the burning or combusting of a food item. Surprisingly, the combustion of food is very similar to what takes place in your body. After digestion, food is generally converted into glucose and combined with oxygen in a combustion reaction to generate energy for your body. When measuring the energy content of food in the lab, water is the medium that is used to monitor this heat that is generated. A calorimeter is usually an isolated environment in which the heat absorbed or generated can be accurately measured. The temperature change of the water, combined with its mass and heat capacity, allow for the heat released by a food item to be determined. 
The equation for heat capacity (q) is:
  				(Equation 1)
where m = mass of system in grams, C = specific heat capacity of the medium (water, for this lab) in  , and ΔT = temperature change in C.

The specific heat capacity of water is 1 calorie per gram per C .  The calorie in this compound unit is a scientific calorie.  A conversion is required between scientific calories (calories) to food calories (Calories): .

You will construct a calorimeter using a soda can.  The food will serve as the system and the suspended water will be the surroundings.  As a result of the conservation of energy, the sum of the heat of the system (qsys) and the heat of the surroundings (qsurr) must equal zero calories:
  				(Equation 2)
So, you will really monitor the qsurr which represents:
  					(Equation 3)
This negative quantity for heat of the system is heat released by the system.
The change in temperature of a system can provide a representation of the amount of heat that the system (food) absorbs.  In this experiment, you will expose a soda can of distilled water to the heat generated by the combustion of a solid food item.  The food items in this lab include regular Cheetos®, Reduced Fat Cheetos®, a protein puff (brand will be available in lab) and a solid food item of your choice. The food item will be suspended below the can of water.  Once ignited, the observation of initial and final temperatures of the water in the can will provide data on the temperature difference in degrees Celsius. 
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Procedure
Measuring the caloric content of food 
1. [image: ]Measure the mass (in grams) of the can.  Record it on the Experimental Report.        
2. Construct the soda can calorimeter according to Figure 1. Insert the glass rod through the loop of the can opening.  Suspend the glass rod above the ring. Clamp the three-prong extension on the ring stand (above the ring) and place the temperature probe (or thermometer) in the three-prong extension and ensure that the probe just above the bottom of the can. Make sure that the cord for the temperature probe is away from any open flames.Figure 1: Soda can calorimeter - Experimental setup

3. Use a 50-mL graduated cylinder to fill the soda can with 50 mL of distilled water.  Use a funnel as needed for the liquid transfer.  Measure the mass (in grams) of the water and record it on the Experimental Report.
4. Anchor the Cheeto® below the soda can using the large paper clip on a cork as shown in Figure 2. Adjust the height of the food item within 1-2 inches of the bottom of the can.
5. Weigh a regular Cheeto® on the cork/paper clip stand and record the mass (in grams) in Table 1.  Be sure to include all digits viewable on the balance; all digits are significant!
6. Record the initial temperature (in Celsius) of the water in Table 1.
     
[image: ]Figure 2. Burning the food item

7. Carefully ignite the Cheeto® using a lighter or matches.
8. Once the Cheeto® is fully combusted, record the final temperature (in Celsius) of the water in Table 1. Then remove the ignited food item using the cork stand and blow out the flame.
9. Once the food item has cooled, carefully take that burned food item on the cork stand to the balance to weigh the burned product.  Record this mass in Table 1.
10. Allow the water to cool to within a few degrees of the initial temperature. If needed, use the hot pad to move the soda can and just replace the heated water with a new sample of water.
11. Repeat steps 3 to 8 with each other food item.  


Experimental Report

Mass of the can _______________________________________ grams
Mass of water in can _________________________________ grams
Table 1: Water temperature before and after food combustion
	Food
	Mass of Food Sample + Stand (g)
	Ti (C)
	Tf (C)
	ΔT (C)
	Mass of Burned Sample + Stand (g)
	Mass of Food Consumed (g)

	Cheetos®
	
	
	
	
	
	

	Reduced Fat Cheetos®
	
	
	
	
	
	

	Protein Puffs
	
	
	
	
	
	

	A Solid Food of Your Choice:
________________
	
	
	
	
	
	


Data Analysis

Calculate the mass of the water or mass of the surroundings:
Mass of water = (Mass of can + water) - (Mass of can)	(Equation 4)


Temperature change:    	 (Equation 5)
Calculate the change in temperature (as shown in Equation 5 above) of the water of each combusted food item and report this difference in Table 1. 





 
 
(Equation 6)	 
Calculate the change in mass (as shown in Equation 6 above) of the food item and report this difference in Table 1. 






Using the temperature change, mass of the surroundings, and the specific heat capacity of water (1 cal per g per ˚C) and Equation 1, determine the quantity of heat (q) released by combusting each food per gram food consumed in Table 1. Record this energy/mass value (in calories/gram) in Table 2, Column 1.   





Table 2: Caloric content of various foods 
	Food
	Heat released (in calories/gram food) 
	Heat released (in Food Calories/gram food)
	Expected Food Calories (Cal/gram) from Macronutrients 
	Percent Error (%) 

	Cheetos®
	
	
	
	

	Reduced Fat Cheetos®
	
	
	
	

	Protein Puffs
	
	
	
	

	A Food of Your Choice
	
	
	
	



Convert the scientific calories above in Column 1 of Table 2 into food calories and report this value in Column 2 of Table 2. .





Follow-up questions
[image: 35 Cheese Puffs Nutrition Label - Label Design Ideas 2020][image: Cheeto Calorimetry | Chemdemos]
Figure 3. Cheetos Puffs		Figure 4. Reduced Fat Cheetos Puffs, 0.7 oz pkg

1. Using information on the nutrition label of the food sample, calculate the Cal/gram. (Divide Calories per serving by the number of grams in a serving.) Report this quantity (in Food Calories) in Column 3 of Table 2. 





		(Equation 7)
2. Calculate the percent error (use Equation 7 above) between the expected calories as calculated by the macronutrient content with your experimental determination of the caloric content.  Report this percentage in Column 4 of Table 2.








3. In your calculation, you assumed that all the heat released by the combusted food item was absorbed by the water. Do you think this is true or not? If it is not true, would this tend to make your estimated calories too big or too small? 






4. Use the macronutrients (product reported quantities of carbohydrates, fat, and protein) of each food item to determine the energy content (kcal) per gram of the combusted foods and report this below.  (Multiply the bolded energy content by the mass of the respective macronutrient.) Which food had the highest energy content per gram? Why?
Carbohydrate – 4 kcal/g	Fat – 9 kcal/g		Protein – 4 kcal/g
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Ingredients: Enriched Com Meal (Com Meal, Ferrous

fate, Niacin, Thiamin Mononitrate, Riboflavin, Folic
or Sunflower Qi)
[Milk, Cheese

from Con, Natural and Arfcial Favors, ai, Wy
Protein Concentrate, Monosodium Glutamate, Lactc Acid
Citri Acid, Arificial Coor [Yellow 6}), and Salt

CONTAINS MILK INGREDIENTS.

Nutrition Facts
Serving size About 13 pieces (28g)
e e

160

% Daily Value*

Calories

| Total Fat 10g 13%
| Saturated Fat 1.59 8%
| ~Trans Fatog
| Cholesterol 0mg 0%
Sodium 270mg 12%
Total Carbohydrate 169 6%
Dietary Fiber less than 1g 3%
Total Sugars 1g
Protein 2g
—
Vitamin D Omeg 0
Calcium 20mg 0%
ron 0.4mg 2%

| Potassium 60mg 0%
Not a significant source of added sugars

The % Dally Value (OV) te a nutrent
in a serving of food con
calones a day is
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