Brown Out FLINN

A Student-Designed Scientific Method Experiment SCIENTIFIC

) BIOJ V!

Ever bite into an apple and hit a brown spot? Did you spit the brown out? What causes apples, potatoes, pears, and other
foods to turn brown? Can it be prevented?

Introduction

Concepts

* Enzymatic browning * Scientific method
Materials

Apples Student experimental designs will dictate equipment needs.
Safety Precautions

Any food-grade items that bave been brought into the lab are considered laboratory chemicals and are for lab use only. Do not taste or inget
any food in the lab and do not remove any remaining food items. Follow all laboratory safety precautions. Follow safe lab procedures with
all the equipment used by students in their experimental designs. Do not allow students to work alone or conduct unsafe experiments at
home. Please review current Safety Data Sheets for all chemicals that will be used in the lab.

Preparation

"This lab will be introduced on day one with a teacher-led demonstration followed by time for discussion and designing
experiments. The next lab period should be spent conducting the student-designed experiments.

On day one, provide each team with a slice of cooked apple, a slice of raw apple that has been sitting out for at least three
hours, and a slice that has just been cut. (Prepare cooked apples by boiling, baking or microwaving whole apples.)

Ask each team to generate a list of differences they can observe among the apple slices and then to consider these questions:
1. In what order were the slices most likely cut?
2. Which slices are similar in color?
3. How uniform is the color?
4. How deep is the color in the apple?
5. How can this browning be prevented?

After an initial observation period, instruct each team to list their ideas on their record sheet. Give students time to brain-
storm. Then have a discussion to pool all of their ideas regarding how the browning can be prevented. Ideas will likely
come from personal experiences with apples. Some will recall cooking experiences or experiences with plastic wraps, lemon
juice, water or oils. Eventually consider the fact that the browning phenomenon is a chemical reaction that is controlled by
an enzyme (if you have previously studied enzyme activity). Ask students to consider all of the variables that they predict
may affect this chemical reaction. The lists will be varied but might include light, air, pH, temperature, moisture, carbon
dioxide, and oxygen.

Next, give each team time to select a hypothesis and design an experiment to test their hypothesis. Ask probing questions of
each group, encouraging them to quantify and control their experiment as much as possible. Try to direct students toward
designs that are possible in your lab and with readily available materials. Also remind teams that experiments that disprove

a factor are just as valid as experiments that prove a factor. Have each team submit a materials request list before leaving
class. This will give you time to locate the needed materials before the next class period.

Be sure to approve each experiment and check for safety precautions before students start their work.
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Brown Out continued

Procedure
1. Consider the demonstration apples provided by your teacher.
2. Record all the class discussion ideas about why apples turn brown and how to prevent the browning.
3. Which hypothesis has your team selected? How do you anticipate stopping the browning?
4. Describe your experimental design in detail. Be sure to include:

a. Materials list—all the materials needed for the experiment. Be sure to note which materials you need to collect your-

self.
b. Detailed description of your procedures and experimental setup. (Use drawings if they are helpful.)
c. Safety precautions that must be followed.
5. Conduct your apple experiment.
6. Make appropriate data tables and record the results from your experiment.

7. Write up your complete experiment. Include all the information from above. Discuss any unusual results or discrepancies as
they relate to your original hypothesis.

8. Continue work with additional experiments or literature research.

Disposal

Please consult your current Flinn Scientific Catalog/Reference Manual for general guidelines and specific procedures, and review
all federal, state and local regulations that may apply, before proceeding. It is anticipated that all materials used in this experi-
ment will be safe.

NGSS Alignment

"This laboratory activity relates to the following Next Generation Science Standards (2013):

Disciplinary Core Ideas: Middle School Science and Engineering Practices | Crosscutting Concepts
MS-PS1 Matter and Its Interactions Asking questions and defining problems Cause and effect
PS1.A: Structure and Properties of Matter Planning and carrying out investigations Structure and function
PS1.B: Chemical Reactions Constructing explanations and designing Stability and change
MS-LS1 From Molecules to Organisms: Structures solutions

and Processes
LS1.A: Structure and Function
Disciplinary Core Ideas: High School
HS-PS1 Matter and Its Interactions
PS1.B: Chemical Reactions
HS-LS1 From Molecules to Organisms: Structures
and Processes
LS1.A: Structure and Function

Tips
* Do this activity after your standard lab work with enzymes and when students are ready to design and conduct their own

experiments.

* Establish a procedure to approve students’ experiments before they begin their experiments. Encourage students to
incoporate controls into their experiments and to design experiments that are within the time and equipment constraints
you may have. Do not stifle creative ideas for experiments, however, even if it is not possible to perform them in class.
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Brown Out continued

* Some possible ideas for experiments:
A.Oil the slices.
B. Place apple slices under water.
C. Use different wrapping materials. (Example: Does the wrap let oxygen through? Saran™ Wrap vs. Glad® Wrap).
D. Generate oxygen to speed up the browning process.
E. Generate carbon dioxide and test its effect.
F. Change the pH (lemon, vinegar, acid, base, etc.) of the apple slices.
G. Investigate the effect of temperature.
H. Use preservatives such as salt, citric acid, ascorbic acid (Vitamin C), sugar, etc.

* You may want to avoid duplicate experiments. Instead, have all groups work on different variables and then pool the
results as a post-lab discussion.

Discussion

The “browning phenomenon” exhibited by some fruits and vegetables is explained in terms of the basic chemistry of naturally
occurring phenolic compounds and enzymes. Phenols such as dihydroxyphenylalanine (see Figure 1) are colorless compounds.
They are, however, easily oxidized and the oxidation products are often colored. The oxidation reactions are generally
controlled by enzymes, thus the process is called enzymatic browning.

For example, cutting the fruit disrupts the cells, releases their content, and exposes them to the oxygen in the air. This allows
enzymes to catalyze the first step in the oxidation process, changing the phenolic compounds into compounds known as
quinones. (see Figure 1). Quinones are also colorless, and natural inhibitors of bacteria and fungi. The oxidation process
continues as the quinones react with amino acids and oxygen to produce the brown pigment, melanin. This melanin is the same
compound responsible for darkening human skin when exposed to sunlight. Research has indicated that melanin also has anti-
microbial properties. As the amount of melanin in the fruit increases, the exposed fruit becomes brown.

Preventing browning can be accomplished by either destroying the enzyme (cooking for example) or by preventing the cut
surface from being exposed to oxygen (keeping under oil, water, cover, etc.) Precut apple slices sold in grocery stores are treated
with ascorbic acid (Vitamin C), a naturally occurring antioxidant that prevents oxidation of other substances. Any other factors
affecting the rate of the enzyme activity will also affect the rate of browning. Students may wonder about the cause of
browning in uncut fruit. Naturally occurring air spaces, bruising, insects, and other physical damage may explain the browning
of uncut fruit. Waxing the skin of apples may not only prevent drying, but by cutting off the oxygen, the wax will help prevent
any chemical reactions requiring oxygen.
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Materials for Brown Out are available from Flinn Scientific, Inc.

Catalog No. Description
C0231 Citric Acid, monohydrate, 100 g
A0077 L-Ascorbic Acid, 25 g

Consult your Flinn Scientific Catalog/Reference Manual for current prices.
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