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Biology 160 Lab Module 7
The Scientific Method Revisited: Fermentation
Introduction

In Lab Module 1, we applied the scientific method to test factors that affect reaction time.  This week, we will again use the scientific method, this time to test factors that affect the rate of fermentation by baker’s yeast, Saccharomyces cerevisiae as well as fermentation in humans.
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Fermentation is a form of energy metabolism that is important in the production of many foods and beverages including cheeses, yogurt, sauerkraut, beer and other alcoholic beverages, and even things like chocolate and coffee.  Many organisms are capable of performing fermentation.  Their by-products vary, depending on the organic molecule that is fermented and the enzyme system that the organism uses.  In all cases, fermentation involves the breakdown of pyruvate and the oxidation of NADH to NAD+.  Human muscle cells, for example, convert pyruvate to lactate (lactic acid), as shown in the figure to the left (Figure 4.16 from Concepts Biology).  When Saccharomyces cerevisiae performs fermentation, ethanol and carbon dioxide (CO2) are produced.
Learning Outcomes
Upon successful completion of this lab, you should be able to demonstrate:

1. Formulation of a falsifiable hypothesis.
2. Design and implementation of a controlled experiment to test the hypothesis.
3. Appropriate evaluation of a falsifiable hypothesis.
4. The ability to relate the results of controlled experiment to the metabolic processes.
5. An understanding of the interaction between environmental variables and enzyme activity.
PRELIMINARY ACTIVITY:
· Review:  Concepts Biology (our textbook):  The Nature of Science—Paragraphs 1-3 (pages 21-22); Hypothesis Testing (pages 23-24)
· Read:  Concepts Biology (our textbook):  Section 4.4 Fermentation (pages 114-116).
· Watch: Lab Protocol—Fermentation in Yeast by Mark Garcia (https://www.youtube.com/watch?v=uN9POjK_iBE)

1. Think back to Lab Mod 1: The Scientific Method.  List two changes you would make to your drop-stick reaction time experiment that would improve the controlled experimentation or your ability to discern differences in reaction times.
a.
b.

2. What is the overall chemical equation for aerobic respiration?

3. What are the overall chemical equations for human muscle fermentation and for yeast fermentation?
STUDENT ACTIVITIES:
Work with a team of 3 to 4 students to conduct the following activities. 
Activity 1.
STANDARD PROTOCOL FOR MEASURING YEAST FERMENTATION RATE
In Activity 1, we will use graduated fermentation tubes (similar to the one in the following photo) to measure carbon dioxide production during yeast fermentation.
[image: image2.png]2 NAD*
2NADH
2NADH
2NAD*

uofielawseS v

Glucose

2 Pyruvate

SISAI09A1D V





"Einhorn's Fermentation Saccharometer" by National Museum of American History is licensed under CC BY-ND 2.0
When yeast are grown in graduated fermentation tubes, carbon dioxide molecules will accumulate in the vertical portion of the tube.  We will measure the growth of the carbon dioxide gas bubble over time as an indicator of fermentation rate.
Materials (per team of 3 to 4 students):

	· Dried Baker’s Yeast
	· Standard Concentration Glucose Solution

	· 2 Graduated Fermentation Tubes
	· Cotton Balls

	· 2 40 ml Beakers
	


Procedure:
1. Weigh out 0.5 grams of dried Baker’s Yeast.  Transfer the yeast to a 40 ml beaker.
2. Add 15 ml of standard concentration glucose solution to the beaker.  Mix with a glass rod.
3. VERY IMPORTANT: Let the yeast solution incubate (sit) at room temperature for 5 min.

4. Pour a small amount of the yeast suspension into a graduated fermentation tube.  Tip the fermentation tube on its side to fill the vertical portion of the tube (as shown in the Lab Protocol—Fermentation in Yeast video).

5. Pour the remaining yeast suspension in the graduated fermentation tube.

6. Plug the opening of the graduated fermentation tube with a ball of cotton. 

7. Repeat steps 1-6 for a second graduated fermentation tube.

8. Allow the yeast to ferment for 60 seconds.

a. Measure the carbon dioxide accumulation every 10 minutes by noting where the lowest point of the accumulated bubbles occurs.

b. Record your data in the table below.

	Time (min)
	CO2 in Tube 1 (cm)
	CO2 in Tube 2 (cm)
	Avg CO2 Product (cm)
	Class Avg CO2 (cm)

	0
	
	
	
	

	10
	
	
	
	

	20
	
	
	
	

	30
	
	
	
	

	40
	
	
	
	

	50
	
	
	
	

	60
	
	
	
	


c.
Graph the data using the graph paper below.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


ACTIVITY 2.  YEAST CELL ANATOMY
While you are waiting to take measurements on CO2 production, make a wet mount of a drop of your yeast suspension (using the procedure we learned in Lab Mod 6).  View this wet mount using the scanning lens, low power lens, and high power lens (but not the oil immersion lens).
Draw your microscopic observation of yeast cells (include a size scale) in the following space:

Is yeast eukaryotic or prokaryotic? What evidence provides this? 


ACTIVITY 3.  HUMAN FERMENTATION RATE

Humans also produce carbon dioxide.  In this activity (which you can complete while you are waiting for the yeast fermentation experiment to complete) you will measure your carbon dioxide output before and after vigorous exercise.
Materials (per team of 3 to 4 students):

	· 100 ml beaker (1 per person + 1 more)
	· Drinking straws (one per person)

	· 1 bottle Phenolphthalein
	· 1 bottle NaOH


Procedure:
1. Pour 50 ml of dH2O to one 100 ml beaker.

2. Add five drops of phenolphthalein to the water.  Swirl to mix.

3. Add NaOH, one drop at a time, until the solution turns light pink and remains stable at this color for two minutes.
a. Phenolphthalein is a pH indicator.  Phenolphthalein is clear at pH < 7 (acid conditions) and is pink at pH > 7 (neutral to alkaline).
b.
This beaker will act as your color comparison.

4. Repeat steps 1-3 for another 100 ml beaker (your CO2 test beaker).  Try to get the solution to be the same stable shade of pink as the color comparison beaker.
5. Using your straw, gently bubble air into the your CO2 test beaker for 10 seconds.
a.  You should notice the solution turn clear because adding CO2 to H2O produces carbonic acid (H2CO3).
6.
Add NaOH to the CO2 test solution, one drop at a time (keep track of the number of drops), until the solution returns to the same stable shade of pink as the color comparison beaker.
a.  The number of drops of NaOH should be equal to the amount of carbonic acid produced and therefore the amount of CO2 you blew into the water.

b.  Record the number of drops of NaOH in the table below.

7.
Now perform vigorous exercise (do not perform this part if your health does not permit it) such as jogging for five minutes or running up and down stairs.

8.
Immediately after exercising, repeat steps 5 and 6.  Record the number of drops of NaOH in the table below.

	Student
	Drops of NaOH Before Exercise
	Drops of NaOH After Exercise

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Questions:
1.
What do the drops of NaOH indicate in terms of metabolic output?

2.
Did the number of drops of NaOH decrease after exercise (compared to before exercise) for some people?  Explain why this happened (refer to the overall chemical equations of aerobic respiration and human muscle fermentation in your explanation).

ACTIVITY 4.  YEAST FERMENTATION RATE—EFFECTS OF ENVIRONMENTAL FACTORS

In this Activity, you will use the standard protocol for measuring yeast fermentation rate to examine the effects of environmental factors on yeast fermentation.  You have access to the following environmental factors:

Glucose Concentration:  
Standard Concentration (1X), Half Concentration (0.5X), Double Concentration (2X)

Temperature:
Room Temperature, Ice Bath, 42°C incubator

pH:
dH2O, 1M HCl solution, 1M NaOH solution

State Your Research Question:

State Your Hypothesis:

Detail Your Experimental Design (Materials and Methods):

Include identification of control group and experimental group, sample sizes, and all other pertinent details.

Describe Your Results in Words, Table, and Graph Forms:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Draw Conclusions About Your Hypothesis:

Describe How Your Experimental Results Relate to Yeast Fermentation:


