SOTM LAB: B13                                                           12/99

I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: Anaerobic Respiration Using Yeast 

Developers of lab: Jennifer Mortellaro JD 449,  Jim Prockup JD 575,  Joe Busse JD 405.

OVERVIEW OF LAB


DESCRIPTION:

This laboratory activity investigates anaerobic respiration using a simple organism called yeast.  The second section of the lab studies what type of carbohydrate source is used most readily as an energy source by yeast.  

CURRICULUM CONSIDERATIONS:

Regents biology during respiration.  The first section can be completed in one 40-min. Lab period.  The inquiry section will take an additional 30-40 min. Lab period. 

REAL WORLD APPLICATIONS:

Bread Making, Brewing, Wine, Cheese-Making, Biofuel Production of “Gasohol”

SAFETY CONSIDERATIONS:

Students should wear goggles just in case the yeast bubbles out of the flask.  

Do not let the students drink the yeast culture.

Make sure the setup is as far away from the laptops as possible in case of any spills.


BACKGROUND INFORMATION



A.  SCIENTIFIC VIEWPOINT:

Commercially, alcoholic fermentation is used in such diverse products as bread-making, brewing, wine and cheese-making, as well as biofuel production of “gasohol.”  It is only the type of carbohydrate that is fermented that varies in each of these processes.  Baker’s yeast is probably the most commonly used microbe in the world.  In the absence of oxygen, this yeast ferments simple sugars to carbon dioxide and ethanol.   The CO2 is produced as small gas bubbles, which “carbonate” liquids within sealed containers, or lighten (leaven) the texture of dough causing it to rise.  The ethanol produced remains in liquids but evaporates off during the baking process in breads.  The yeast also imparts a characteristic odor and flavor to the final product.

Recall that all living organisms need energy in the form of ATP for cellular activities.  Organisms can produce ATP from food sources through several pathways.  This activity introduces the process of anaerobic respiration in the form of alcoholic fermentation by yeast.  Yeasts are members of the fungi kingdom, which can utilize different carbohydrate sources to produce energy in the absence of oxygen, producing ethyl alcohol (ethanol) and CO2 as by-products.


C6H12O6 ----> 2C2H5OH + 2CO2 + 2ATP 

The more fermentation that takes place by the yeast, the more ATP produced.  So we can deduce that the more readily a carbohydrate allows ATP to be produced, the better a source of energy it is for the yeast.  ATP and ethanol are difficult to measure in the lab, but the other by-product of fermentation, carbon dioxide, can be easily detected and measured.  Bromthymol blue is an indicator solution that changes from blue to yellow (or greenish-yellow) in the presence of carbon dioxide.  We will also use the Pasco software and a pH probe to measure carbon dioxide production.



B.  COMMON MISCONCEPTIONS:

1.   Yeast is not a living organism.

2.   Carbon dioxide is produced in the lungs from oxygen.

3. Fermentation is only used to make bread and alcohol.

OBJECTIVES

After a lab on measuring fermentation rate of yeast, the student will be able to:

· Determine fermentation rate of yeast by measuring pH.

· Correlate pH changes to carbon dioxide concentration and rate of fermentation.

· Determine which type of energy source yeast utilizes most efficiently for fermentation.

· Interpret graphical results 

· Compare and contrast anaerobic respiration and aerobic respiration.

EQUIPMENT/MATERIALS


PROVIDED BY SOTM:

· Rubber Tubing

· Carbohydrate Sources (Molasses, Lactose)

· Bromthymol Blue Solution

· Pasco Setup: Laptop, pH Meter, 300 Or 500 Interface

125ml Erlenmeyer Flasks with Stoppers and tubing

    *Hot Plates

    *NaOH Solution

    *HCl Solution

    *Electronic Balance

    *Dry Active Yeast


*Optional, by request

PROVIDED LOCALLY

You will need one of each per setup:

· 2 Beakers (At Least 80 Ml)  

· Water (Tap Is Fine) – 35 – 40( C

· Graduated Cylinder (~50 Ml)

· Stirring Rod of Some Sort

· Glucose (Karo Syrup)

· Sucrose

You will also need at least one balance if you are going to have the students weigh out the yeast.

ADVANCE PREPARATION

Depending on time constraints, the teacher may want to pre-weigh the yeast and make up the sugar solutions for the students.  Then, the students would only have to combine ingredients and collect their measurements.  The sugar solutions should be 10% solutions to match the sugar concentration of the original molasses solution.  You may also want to add a very small amount of dilute base (NaOH) to the distilled water to bring it up to a pH of about 8 or 9.  This will show the best color changes of the bromthymol blue from a dark blue to yellow.  If your tap does not provide water of about 35-40 (C water, you may want to have a flask of warm water setup for the students to use for the yeast solution.

II. PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS
Prior to the students coming into the classroom, place some yeast and warm water in a bottle.  Cover the top of a bottle with a balloon.  When the students come into the room, ask them what is going on with the bottle in the front of the room (if their interest isn’t already peaked by the expanding balloon).  Do not tell them what is in the bottle.  Create a list on the board of possibilities for the expansion of the balloon.  Lead this into a discussion of yeast and anaerobic respiration.

DISCUSSION OF PRECONCEPTIONS

Ask the students if they have ever seen or made yeast bread.  Ask them why the bread should sit for a while before baking?  What makes the mixture bubble and rise?  Why does the bread stop rising after baking?


You might also want to review the requirements of all organisms in carrying out basic l
life functions.

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & INTRODUCTION OF EXPERIMENTAL PROTOCOL

PROBLEM

Your task is to quantify the rate of fermentation of yeast by measuring carbon dioxide production. 

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT

*Note:  The teacher may want to have a control fermentation apparatus set up with sugar water minus the yeast.

PROCEDURE:

1.  Obtain the following supplies: 

 
#4 or 5 one hole rubber stopper with tubing attached

erlenmeyer flask (150 ml)

2 beakers (at least 80 ml)  

45 ml tap water  35 – 40 (c

graduated cylinder (~50 ml)

dry active yeast – 3 g

50 ml tap water – any temperature

carbohydrate source – 5 ml of molasses

bromthymol blue solution

Pasco setup: laptop, ph meter, 300 or 500 interface, interface cables

2. Have half of your group set up the computer while the other half assembles the fermentation equipment.

COMPUTER SETUP:
1. Attach the Pasco interface to the laptop using the beige interface cable. The cable plugs into the back of the computer and the back of the interface.

2. Plug in the power supply cord for the laptop in the back of the computer and into the surge protector.

3. Plug in the power supply cord for the interface in the back of the interface and into the surge protector.

4. Turn on the interface – the switch is in the back.  The green light should light up on the front.

5. Turn on your laptop with the switch on the left side.

6. While it is booting up, plug in the pH probe to slot A in the front of the interface.  Be sure to line up the pins and push in gently.

7. Double click on the “Science Workshop” icon on the desktop to open the program.

8. Tell the computer that you have the pH probe connected by clicking and dragging the probe icon onto slot A of the picture of the interface.

9. When prompted, choose “pH” for what you will be measuring.

10. Also, click and drag a table and a graph onto the pH probe icon. 

11. In the box under Record, Play, etc., click on the button labeled “sampling options.”  Change the sampling rate to every 2 seconds by clicking on the dot next to “slow,” then clicking on the arrows until you see 2 seconds displayed.  Click “ok.”

12. Maximize your graph and table so you can see them easily.  

13. Change the scale of the y-axis so that the max is 10 and the min is 4 by left clicking on any of the numbers of the y-axis.

14. Fill one of the beakers with 50 ml of tap water and place 1 ml of bromthymol blue into the distilled water.  Place the pH probe into this solution.  Click on the “Mon” button in Science Workshop to monitor the pH of the solution in order to make sure that the pH is stable.

FERMENTATION SETUP:

1. Weigh out 3 g of dry yeast on a piece of weighing paper.  Be sure not to get any liquid into the container of yeast!  Set it aside.

2. Measure 45 ml of warm tap water (35 – 40 (C) into another beaker.  Add enough molasses to bring the solution up to the 50-ml mark on the beaker.  It doesn’t have to be EXACT, but get as close as you can.  Stir the mixture until the molasses is dissolved.

3. Pour the molasses solution into the Erlenmeyer flask.  

4. Before adding the yeast, make sure the computer is set up and ready to record your data.

DATA COLLECTION:

1. When ready, add the 3g of yeast to the Erlenmeyer flask and stir with a stirring rod until the yeast has begun to dissolve.

2. Cap the Erlenmeyer flask with the rubber stopper and place the other end of the tubing into the beaker with the bromthymol blue solution.  

3. Click on the “Rec” (record) button in science workshop.  Make sure that you see that it has begun recording.

4. Gently swirl the yeast + sugar solution once every 30 seconds until you begin to see bubbles forming on the top of the solution.  

5. Observe the bromthymol blue solution.  Once you begin to see bubbles coming out of the tubing, gently swirl the beaker ensure mixing.

6. Observe any changes in pH and also color change in the beaker.  Note what the pH was for each color of the bromthymol blue solution.

7. When the foam on top of the yeast + sugar solution gets ½ way up the flask, gently swirl the flask so that the foam dissolves.  This will ensure that your solution does not bubble into the tubing.

8. Record your data for 10 – 20 min. depending on what your teacher instructs.

ANALYSIS:

1. What happened to the pH of the bromthymol blue solution?

2. Did the color of the bromthymol blue solution stay the same?  If not, what color (s) did it turn and what was the pH of each color change?

3. What was the gas that was produced into the tubing?  How do you know?

4. How does pH relate to fermentation?

5. Can you determine the rate of fermentation from your results?  If so, how?

6. Why did we use warm water?

7. Could we have used any kind of sugar?  Why did we use molasses?

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

INQUIRY-BASED STUDENT INVESTIGATION

PROBLEM

Your task is to design an experiment that will investigate factors that play a role in the rate of fermentation.  Choose ONE variable to change at a time and design a procedure to test your hypothesis.  Predict what will happen to the rate of fermentation for your experiment.

HYPOTHESIS OR PREDICTION

What variable can I alter that will affect the rate of fermentation of yeast?  Predict what will happen to the rate of fermentation.

EXPERIMENTAL DESIGN

To design your procedure to test your hypothesis, consider the following questions:

· What are you trying to determine?

· What variable are you altering and why have you selected this variable?

· What environmental conditions will you keep constant?

· How will you provide for a control?

· How can you measure this data?

· What materials/equipment will you require?

· What steps will you have to take to conduct your investigation?

· How will you present your findings and experimental data? (Tables, graphs, charts?)

Checkpoint  (Teacher checks students’ experimental design for feasibility.)

PLAN FOR DATA COLLECTION & ANALYSIS

· How are you going to explain inconclusive data?

· How will you prove that your data is valuable and accurate?

Checkpoint  (Teacher checks students’ plan for feasibility.)

CONDUCTING THE EXPERIMENT

· Be sure that you have only altered one variable from the original experiment.

Checkpoint (Teacher monitors students’ investigations in progress.)

ANALYSIS OF DATA
Checkpoint (Teacher checks students’ analysis.)

DISCUSSION OF RESULTS

COMPARE

· Does your data match your hypothesis?  Why or why not?

PERSUADE

· Write a brief paragraph persuading me that your data is valuable to the general public.

RELATE

· Relate your findings to something that can be useful in everyday life.  It does not have to be useful DIRECTLY to you, but can indirectly affect you. 

V.  EVALUATION

POST-LAB SURVEY OF STUDENTS’ CONCEPTIONS


Have students retake the Pre-Lab Exercise.  Compare pre-lab and post-lab responses.

TRADITIONAL

Have the students do a traditional lab write up using their own data and the rest of the class’ data, especially from the inquiry section.  Ask the students to decide which carbohydrate source the yeast used most efficiently and what variable tested had the most effect on rate of fermentation.

ALTERNATIVE

Have students write a commercial or an advertisement for their “new” finding about the effects of rate of fermentation and its application to real life.  For example, if they determined that equal was the most efficient source of energy for yeast fermentation, they can write an ad for its inclusion in new bread recipes instead of traditional sugar.

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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