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Experiment 11: How Many Calories are in a Nut? 

If you have a nut allergy, please inform your instructor so that precautions can be taken to protect 

you. 

Abstract 

In this lab you will determine the amount of heat released from burning a particular fuel.  When you 

burn a known amount of fuel, the heat given off will be trapped in a water bath of known mass.  You 

will then use the equation below (eqn. 1) to calculate the calories contained in the amount of fuel you 

burned.  One of your fuels will be edible – nuts!  You will measure the accuracy of your determination 

by comparing your calculations to the nutritional information listed on the nuts’ label. 

Equipment Needed 
 

Pop cans, wire, aluminum foil, 100 mL graduated cylinder, paper clip, thermometers, wooden matches, 

nuts, candle, ice. 

Theory 

The formation of a chemical bond is an endothermic process, meaning that energy is absorbed and 

stored in the bond itself.  Breaking chemical bonds is an exothermic process, meaning that the energy 

previously stored in the bond is now released as heat, which can be trapped and absorbed by a known 

amount of water.  The water’s temperature will increase proportionally to the energy gained, thus 

allowing the following equation to be used to calculate the amount of energy originally contained in the 

bond: 

heat lost by the fuel (qfuel) = heat gained by the calorimeter + water (qcal) 

qfuel = mcal x Ccal x T + mH2O x CH2O x T               (1) 

This type of analysis is known as calorimetry; “calor” means heat and “metry” means study or 

measure in Latin.  Calorimetry can be used on all organic substances to allow us to determine how much 

chemical energy the substance contains, and thus the maximum amount of work we can expect to get out 

of the substance when it is burned.  

Nutritional labels on common foodstuffs list the caloric content of the food, a direct measure of the 

energy content of the food’s chemical bonds.  Diet manuals and calorie counter books will, for many 

different types of foods, list the serving size and the approximate amount of calories that you consume 

when eating it.  The caloric content of foods is most often measured through a type of calorimetry that 

uses a bomb calorimeter, or a thick-walled device in which food can be combusted.  The foodstuff to be 

measured is placed in a small basket and with a wire capable of carrying electric current attached to 

serve as the source of ignition.  The container is sealed off and pressured with an excess of oxygen gas 

through the lid and placed in a water bath of known mass.  The initial temperature of the water bath is 

measured.  Current is then passed through to the ignition wire to combust the entire foodstuff inside the 

bomb.  As a result of the combustion, the surrounding water bath increases in temperature and the 

maximum temperature reached recorded.  Since the mass of the water bath and the heat capacity of the 

calorimeter are known, the amount of energy released by the combustion of the foodstuff can be 
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calculated from an equation similar to the one listed in eqn. 1.  The original mass of the foodstuff can be 

used to calculate the calories per gram, giving the measurements listed on the nutritional facts on the 

food’s label. 

The food you eat won't actually be burned inside your body in the same manner as it is burned inside the 

bomb calorimeter.  Instead, the food will be chemically oxidized inside your cells in a biochemical 

process known as the Krebs Cycle.  This particular process allows your cells to "burn" the food you eat 

in a chemical reaction and release the chemical energy for use in making compounds of importance to 

your body.  A healthy lifestyle requires you to balance the number of calories you consume due to your 

food intake with the amount of energy needed to run your bodily functions, move your muscles, fuel 

your brain, and the like. 

Nutritional energy is usually measured in units of the kilocalorie (kcal) or (Cal.) Calorie, which is 1,000 

gram calories (cal.).   A gram calorie is the amount of heat required to raise one gram of water from 

14.5˚ to 15.5˚ C at one atmosphere of pressure.  The official SI unit of energy is the joule (J), which is 

slowly catching on in nutritional science as well.  One joule is the energy expended when one kilogram 

is moved one meter by a force of one newton.  The magnitude of energy the body consumes and uses is 

relatively large and thus usually expressed in kilojoules  (kJ = 10
3
 J) or megajoules (MJ = 10

6
 J).  One 

kilocalorie is equivalent to 4.186 kilojoules.  

The energy present in food can be determined directly by measuring the output of heat when the food is 

oxidized in a calorimeter.  Heats of combustion of individual proteins, fats, and starches are about 5.4, 

9.3, and 4.1 kilocalories (23, 39, and 17 kilojoules) per gram, respectively.  Not all of this energy is 

available to the body because some ingested material is not absorbed from the gut and is lost in the 

feces.  Furthermore, the nitrogenous compounds are not completely combusted and some of the energy 

in proteins is lost in the urine mostly as urea. Corrections for these losses give physiological values for 

dietary protein, fat, and carbohydrate of approximately four, nine, and four kilocalories (17, 38, and 17 

kilojoules) per gram, respectively.  These are called the Atwater factors, after the American physiologist 

Wilbur Olin Atwater, who, between 1895 and 1905, calculated the quantitative aspects of energy 

exchanges.  

Proteins, fats, and carbohydrates can, within wide limits, be interchanged as sources of energy. Among 

the members of prosperous communities, most diets provide 12 percent of the energy as protein, about 

40 percent as fat, and 48 percent as carbohydrate. In many poor agricultural societies for whom cereals 

provide most of the energy, the figures for the individuals' diets are 10 percent for protein, 10 percent for 

fat, and 80 percent for carbohydrate. Throughout most of the world, protein provides between 8 and 14 

percent of the energy ingested.  High-fat diets are associated with a high incidence of arteriosclerosis 

(deposits of lipid material in the larger arteries).  Wide variations in the proportions of fat and 

carbohydrate in the diet may, nevertheless, be compatible with good health, at least in the short term.  

Ethyl alcohol, also known as ethanol and the compound found in alcoholic beverages, is another source 

of energy to the body.  Only a small part of the alcohol intake, usually less than 5 percent, is excreted in 

the urine and expired air; most is oxidized in the liver, where it serves as a source of energy with a value 

of seven kilocalories (29 kilojoules) per gram (almost that of pure fat).  Muscle cannot utilize alcohol, 

and alcohol intake reduces the use of fat and carbohydrate by the liver.  In this way alcoholic drinks 

increase the energy value of a diet and often contribute to obesity and fat deposits in the liver.  
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Procedure: Read steps 1-4 and take all items with you to the balance room at one time. 

1)  Prepare a soda can so it can be supported by a ring stand 

as shown to the right. 

2)  Weigh the dry soda can and the aluminum foil skirt to 

the nearest 0.0001 g and record this mass in your lab book. 

3)  Using a 100 mL graduated cylinder, add 100 mL of cool 

water at approximately 5°C, reweigh, and record the exact 

mass of the can plus the water in your lab book.  

4) Weigh a nut to as many digits as your scale displays 

and construct the nut support system shown to the right. 

Weigh the nut, paper clip and aluminum foil together and 

record these weights in your lab book. The paper clip will 

support the nut for easy ignition and the foil will catch 

any dripping oils from the burning nut. 

5) Support the thermometer in the can using a split stopper and a utility clamp so the thermometer is 

about 2 cm from the bottom of the can yet submerged in the water. Place the nut support system under 

the can and adjust the height of the can to about 3 cm above the nut. 

6) Record the temperature of the water in the can. The temperature may be as high as 10°C by now. If 

the temperature is above 10 °C cool it down in an ice bath and dry the outside of the can.  

7) Light the nut and adjust the can so the top of the flame is 1 cm below the bottom of the can to assure 

complete combustion. Allow the peanut to burn until it goes out.  

8) After the flame goes out, stir and measure the temperature until the temperature stops rising. Record 

the maximum temperature. After the flame goes out, it may take 20 to 30 seconds to reach the maximum 

temperature.    

9) Weigh of the nut support device and any residue on it. Record this weight. 

10) Repeat for a second trial. 

11) Repeat these steps with a candle; however only allow a 20°C rise in temperature.  

We will average the data from the entire class to get a final number which we will compare to the known 

caloric content of each of the fuels.

 

Wire Supports 

Aluminum can 

Aluminum foil skirt 

Nut support system 

Nut 

Paper clip 

Aluminum foil 
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Report Sheet 

Data Trial 1 Trial 2 

Mass of empty can and aluminum foil skirt (g)   

Mass of can plus water (grams)   

Mass of nut (grams)   

Mass of nut, paper clip, and aluminum foil   

Initial temperature (°C)   

Final temperature (°C)   

Mass after burning (grams)   

Dietetic Calories per serving from nut can   

Serving size (grams)   

Calculated and Tabular Values   

Specific heat of water (calorie/g°C)   

Specific heat of aluminum (calorie/g°C)   

Mass of nut burned (grams)    

T, change in temperature (°C)   

Heat absorbed by can (calories)   

Heat absorbed by water (calories)   

Total heat absorbed by can plus water (calories)   

Heat of combustion of nuts (calories/gram)   

Dietetic Calories per serving calculated   

Percent Error of your dietetic Calories/serving   
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Post-Laboratory Assignment 

1) Compare the calories per gram values you calculated to the known values for each fuel. List five 

major sources of error in this experiment might cause your numbers to be different from the 

known values? 

 

 

 

 

 

2) How many times could a 70 kg woman jump rope with the energy contained in one serving of 

nuts? Assume that each jump is 10.0 cm high and that nut energy is converted completely to 

potential energy. (Hint: PE = mgh where m is mass, g is the gravitational acceleration and h is 

the height. Use SI units to get energy joules.) 

 

 

 

 

 

 

 

3) What is meant by the "specific heat" of a substance? How might you take advantage of a 

substances specific heat in designing a home that is passively heated in the winter? 
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Pre-Laboratory Assignment 

1 Why do the instructions direct you to read steps 1 through 4? 

 

 

2 What is the purpose of the aluminum foil skirt? 

 

 

3 Why is it important to keep the flame of the burning nut from touching the bottom of the 

can? 

 

 

4 How is energy stored in a nut? Where did this energy originally come from? 

 

 

 

5 What are the specific heats for aluminum and water in both Joules/g°C and calories/ g°C? 

Record these values in your lab book for reference in this experiment. 

 

 

6 A 1.00 g walnut is burned and the heat is absorbed by a soda can calorimeter containing 200g 

of water. The temperature increased from 10.0 °C to 45.0 °C. How many dietetic Calories are 

present in the walnut? Neglect the soda can in your calculations. 

 

   

 


