Food Science Experiments for Highschool Sciences

Experiment 1

Catalase Activity
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New Zealand Institute of Food Science and Technology (NZIFST)

Teacher’s Guide

Expected Outcomes

This experiment will illustrate that enzymes naturally present in plant tissue can be inactivated by heating.  The experiment uses potatoes as an example of a vegetable that contains high levels of the catalase enzyme.  Increased heating will result in a decrease in catalase activity.  The activity of the enzyme is monitored by its ability to convert hydrogen peroxide into oxygen and water.  As oxygen is produced, the paper disk in the test tube will rise.  As the catalase is inactivated, oxygen production decreases, and the ascent of the disk in the test tube will slow down.

Activity Objectives

This experiment will illustrate to the student that:

1. Enzymes are naturally present in plant tissue.

2. Enzymes can be controlled by altering their environment, e.g. heating

3. Enzymatic activity (catalase enzyme) can be determined by monitoring the enzyme’s ability to decompose hydrogen peroxide into oxygen and water.

Activity Length

· Set-up and preparation time (including making potato filtrate): 20-30 minutes.

· Experiment: 1 hour (incl. completion of results table, graph, and study questions).  

Materials

50 g Red-skinned potato

250 ml Water

Blender

Large funnel (line with filter paper)

Beaker (250 ml)

Heating plate

Ice bath

Thermometers (4-5)

35 Plastic cups (30 ml) (7 per group)

35 Test tubes (13 mm x 100 mm) (7 per group)

200 ml Hydrogen peroxide solution (3%)

Pasteur pipettes for dispensing the hydrogen peroxide

5 Small glass rods (1 per group)

Filter paper 

Paper punch

Marker pens

5 Rulers (1 per group)

5 Timers (1 per group)

5 Tweezers (1 per group)

Instructional Strategies and Procedures

Part 1: Preparation and heat treatment of potato mixture

1. Place 250 ml of water into the blender.  Cut up the potato and add it to the water.  Blend until smooth.  Filter the mixture through clean filter paper into a 250 ml beaker.  

2. Divide the class into 5 groups.  Give each group 7 plastic cups and instruct them to number their cups from 1 to 7.

3. Take the temperature of the potato filtrate and have the students record it as the ‘initial temperature’ on the data table.  Then pour approximately 5 ml of the filtered potato mixture into each group’s cup #1.  Tell them to set this aside until later.

4. Place the beaker on the heating plate and begin heating (stir regularly).  When the temperature of the mixture reaches 30˚C, transfer approximately 25 ml to one group’s cup #2.  Have one student from the group place the cup in an ice bath.  Instruct the student to stir the mixture until the contents reach the ‘initial temperature’.  The cup should then be removed from the ice bath and set aside until later.

5. Continue heating the mixture on the heating plate, removing additional samples at 35, 40, 45, 50, and 55˚C.  The samples should be placed in cups 3-7, respectively, and cooled as described in step 4.  The cooled mixtures should be divided up so that each group has 7 cups of material to test for Part 2.  Have each group follow the steps outlined in Part 2.

Part 2: Testing for catalase activity (students to complete this)

1. Number the test tubes from 1-7 and place a mark 5 cm from the bottom of each tube.  Then add hydrogen peroxide up to the mark in each tube using a pipette.

2. Punch out 7 disks from a  piece of clean filter paper using a hole punch.  Using tweezers, dip one filter paper disk into the potato mixture in cup 1 (unblanched).  Then place the disk in tube 1 and push it to the bottom with a glass rod.  When the disk reaches the bottom of the tube, remove the rod and begin timing to determine how long it takes for the disk to float to the surface of the liquid.  Record the time in the data table.  Repeat the procedure for the samples in cups 2-7.  Calculate class averages and record them in the data table.

3. Graph the average time versus temperature.

Teaching Tips

· Red skinned potatoes are the richest in catalase.  For comparison, turnips or other tubers could be used.

· The potato mash can be prepared and held for several hours without any significant loss in activity.

· Hydrogen peroxide can be obtained from a pharmacy ($5.00 for 100 ml).  The plastic cups are available from the supermarket.  Coffee filters can be used for the filter paper.

· Sample data tables and graphs are provided along with model answers to the questions.

Answers to Questions

1. What causes the disk to move to the top of the liquid in the test tube?

The enzyme catalase acts as a catalyst for the reaction which converts hydrogen peroxide to oxygen and water.  The oxygen bubbles produced from this reaction lift the paper disk to the surface of the liquid.

2. According to your graph, at what temperature does catalase begin to lose activity?

30˚C

3. At what temperature is catalase completely inactivated?

55˚C

4. How could you show that the potato is the source of the catalase enzyme?

By dipping the filter paper in plain water and testing the activity

5. Can you think of any other ways, besides heat, that can be used to control enzymatic activity?

By altering the pH

6. Why was it necessary to mark a line 5 cm from the bottom of the test tube?

To have a constant distance for each disk to travel

7. Would you expect catalase to be inactivated under normal blanching conditions (60-65˚C) for potatoes?  Why or why not?

Yes, because catalase is inactivated at 55˚C or higher temperatures.
Assessment Strategies

· Skills checklist, short essay exam or multiple-choice test.

· Students will

· Accurately complete data tables

· Accurately construct a time vs temperature graph

· Correctly answer key questions

· Conduct the tests carefully and accurately

Table 2: The effect of heating on catalase activity in potatoes

	Tube #
	Temperature (˚C)
	Time (sec)

	
	
	Group Data
	Class Average

	1
	Initial:       19
	4
	4

	2
	30
	6
	5

	3
	35
	7
	6

	4
	40
	7
	8

	5
	45
	14
	12

	6
	50
	70
	67

	7
	55
	>120
	>120
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Figure 2: Effect of heating on catalase activity (time for disk to travel to the top of the test tube)
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