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Key Question of the Day: Will it take more Calories to create butter than the Calories you will get from eating the butter? 
Learning Objectives
As a result of this lesson, students will be able to:
Know how to churn heavy cream into butter

Hypothesize on energy (Calories) required to make butter

Calculate the amount of energy (Calories) in butter

Form a conclusion of their hypothesis

Identify qualitative and quantitative data 
Required Materials for Daily Lesson
Per group of three

50 mL of emulsified colloid of liquid butterfat in H20 (heavy cream)

0.25 g of sodium chloride, NaCl (salt)

500 mL chilled H20

Graduated cylinder, 100 mL

Balance or electric scale

Filter paper

One plastic jar with lid, or test tube with stopper

Plastic knife 

Crackers

Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
Bell Work- Read through the Energy In –Energy Out lab today. 

Teacher – Reads or goes over the Calorie or calorie section. 

Teacher- solicits some student hypotheses 
Teacher- goes over supply locations and procedures. 
Ask for questions to check for understanding of the lab.

Middle – 40 minutes 
Energy In – Energy Out procedures
Teacher circulates

Closing – 5 minutes
Teacher will close this day with a discussion of Connection to Future Project section.
Energy In – Energy Out

Adaptation from Butter Battle in Gourmet Lab by Sarah Reeves Young
Preparation

1. It is important that the cream is at room temperature, around 16.6°C  (62°F).  If the cream is too cold, students will end up with whipped cream rather than butter. Depending on the day, set out the cream 20-30 minutes before the lab is to begin. Only set out sealed containers, as open containers are more likely to spoil.

2. Place water into plastic bottles and place in a refrigerator to cool. Wash bottles or dropper bottles work well, and keep the science equipment theme of the lab, but you can use any container that is available. I do not recommend placing these in freezer. 

3. Students can use test tubes and stoppers, plastic jars with lids, or baby food jars to create butter.

Materials: (for each group)

50 mL of emulsified colloid of liquid butterfat in H20 (heavy cream)

0.25 g of sodium chloride, NaCl (salt)

500 mL chilled H20

Graduated cylinder, 100 mL

Balance or electric scale

Filter paper

One plastic jar with lid, or test tube with stopper

Plastic knife 

Crackers

Start by reading about the lab together. It is important to connect the Calorie or calorie section to their prior knowledge. (see Student Handout)

Procedure

1. Read through the entire Procedures section before beginning.

2. Gather all your materials at your lab station. If you notice any of the materials are dirty or discolored, notify your teacher.

3. Using the balance, find the mass of your container without the lid and record the mass in your data table.

4. Measure 50 mL of emulsified colloid of liquid butterfat in H2O in the 100 mL graduated cylinder.

5. Pour the 50 mL of emulsified colloid of liquid butterfat in H2O into your container (plastic jar or test tube with stopper)

6. Cap the container with the lid and seal it tight

7. Before you begin shaking, start a stop watch.

8. Shake the container about 20 times. Open the top slightly to relieve the pressure, and then reseal.

9. Continue to shake the container until all the liquid appears to have solidified. Once you have a complete solid, stop the stop watch and record the time in the data table.

10. Open the container and inspect the contents. Use the edge of your knife or your finger to taste a small amount of the contents. Describe the taste and texture of the contents in the data table. 

11. Close your container tightly, start the stop watch, and continue to shake until lumps of solid fat form surrounded by a thin and opaque liquid. The liquid is known as buttermilk. Record the time in the data table when you reach this phase.

12. Open the container and taste the liquid buttermilk. Record your observations in the data table. 

13. Pour the liquid buttermilk out of the container, being careful not to lose any of the solidified fat.

14. Add fresh, cold water until the container is about one-third full. Replace the lid and shake about five times. Pour off the wash water and repeat the washing until the water pours off clean. Record the number of rinses you completed. 

15. Once the water pours off clean, use the balance to record the mass of the container with the butter and record this in your data table. Complete the calculations necessary to determine the mass of the butter you created. 

16. Place the butter on a cracker and eat.

17. Clean your lab area and answer the Data Analysis and Conclusion and Connections questions that follow. 

DATA ANALYSIS ANSWER KEY
For each of the following questions, be sure to explain using detail and complete sentences. If the question requires you to complete calculations, show all of your work.

1. How much time did it take you to transform your cream into butter? Use the recorded times in your data table.

On average, it takes students 15-20 minutes total to go from the heavy cream to the butter. This number depends on the speed of their agitation, and the starting temperature of their cream. 
2. If the average person burns 135 Calories while shaking for 30 minutes, how many Calories did you burn while making the butter? If you shared the shaking job, calculate this if one person did this to determine Energy In (measured in Calories).

135 Calories  ÷ 30 minutes = 4.5 Calories/minute
Students’ answers will vary based on the time it took them to create butter, which was calculated in Data Analysis question 1. A student group that took 18 minutes to create its butter would have the following calculations:

18 minutes x 4.5 Calories/minute = 81 Calories burned

3. If butter contains 1,628 Calories per cup (227 g), then how many Calories are in a single gram of butter?

1,628 Calories (227 g) = 7.172 Calories/gram

4. How many grams of butter did you transform from the original cream? How many Calories are in that butter? Energy Out (measured in Calories)
The amount of butter created will depend on the students, but averages around 30-35 grams of butter. To find the Calories in the butter they created, students need to multiply the mass of butter by 7.172 Calories/gram. For example, a team who made 30 g of butter would have the following calculations: 

30g x 7.172 Calories/gram = 215 Calories
CONCLUSION AND CONNECTIONS

1. Was your hypothesis correct or incorrect? Explain using data to support your answer.

Connection to Future Project

1. Give at least one example of a quantitative data during this experiment.

Time to make butter, any calculations from the data analysis, any mass measurements
2. Give at least one example of a qualitative data during this experiment.

Any taste, texture, appearance observations
3. What may explain the reason a person’s weight is maintaining but they are increasing their level of activity through exercise?

Weight balance is a result of energy in equaling energy out. If weight is maintaining but a person is increasing their activity through exercise they must be also increasing the energy in (Calories).

