
Section

2 Respiration

Objectives
After this lesson, students will be able to
C.2.2.1 Describe the events that occur 
during respiration.
C.2.2.2 Tell what fermentation is.

Target Reading Skill
Using Prior Knowledge Explain that using 
prior knowledge helps students connect 
what they already know to what they are 
about to read.

Answers
Possible answers:
What You Know
The definition of respiration is breathing in 
oxygen by an organism because oxygen is 
needed by cells.
What You Learned
Respiration also means the process in which 
cells break down simple food molecules such 
as sugar and release the energy they contain.

Teaching Resources

• Transparency C15

Preteach

Build Background
Knowledge
Combustion and Respiration
Ask: What does a fire need to burn? (Fuel 
and oxygen) What is released when fuel is 
burned? (Energy in the form of heat and 
light) Tell students that a similar chemical 
process, called respiration, “burns” food 
molecules in cells. Like combustion, 
respiration uses fuel and oxygen to produce 
energy. The fuel comes from food, and the 
energy is used for cellular functions.

L1

Skills Focus Observing

Materials 2 test tubes with stoppers, 
warm water, 5 mL sugar, test tube rack, 
1.0 mL dried yeast, 2 straws

Time 20 minutes

Tips  CAUTION:  Advise students to 
handle the test tubes with care. If possible, 
use fast-acting yeast, which you can 

purchase at a food store. The water should 
be warm, but not hot.

Expected Outcome Students will 
observe bubbles in the sugar water but 
none in the plain water.

Think It Over The bubbles in the test 
tube containing the sugar are due to some 
process involving the yeast and the sugar.

2 Respiration

What Is a Product of Respiration?
1. Put on your goggles. Fill two test tubes half full of warm 

water. Add 5 mL of sugar to one of the test tubes. Put 
the tubes in a test-tube rack.

2. Add 0.5 mL of dried yeast (a single-celled organism) to each 
tube. Stir the contents of each tube with a straw. Place a 
stopper snugly in the top of each tube.

3. Observe any changes that occur in the two test tubes over the 
next 10 to 15 minutes.

Think It Over
Observing  What changes occurred in each test tube? How can 
you account for any differences that you observed?

Reading Preview
Key Concepts
• What events occur during 

respiration?

• What is fermentation?

Key Terms
• respiration   • fermentation

Target Reading Skill
Using Prior Knowledge  Your 
prior knowledge is what you 
already know before you read 
about a topic. Before you read, 
write a definition of respiration 
in a graphic organizer like the 
one below. As you read, revise 
your definition based on what 
you learn.

You and your friend have been hiking all morning. You look
for a flat rock to sit on, so you can eat the lunch you packed.
The steepest part of the trail is ahead. You’ll need a lot of
energy to get to the top of the mountain. That energy will
come from food.

Before food can provide your body with energy, it must
pass through your digestive system. There, the food is broken
down into small molecules. These small molecules can then
pass out of the digestive system and into your bloodstream.
Next, the molecules travel through the bloodstream to the cells
of your body. Inside the cells, the energy in the molecules is
released. In this section, you’ll learn how your body’s cells
obtain energy from the food you eat.

FIGURE 5
Energy  
Vigorous exercise, such 
as hiking, requires a lot 
of energy.  

What You Know

1. Definition of respiration:
  

What You Learned

1.
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Instruct

What Is Respiration?

Teach Key Concepts
Events During Respiration
Focus Remind students that the food they 
eat must be broken down to release the 
energy it contains.

Teach Ask: What is the process called that 
releases energy from food? (Respiration) 
Why is respiration important to cells? (It 
provides cells with the energy they need to 
carry out their functions.) What happens in 
the first stage of respiration? (Glucose is 
broken down into smaller molecules and a 
small amount of energy is released.) What 
happens in the second stage of respiration? 
(The smaller molecules are broken down into 
even smaller molecules and a large amount of 
energy is released.)

Apply Ask: Why do you think that muscle 
cells have many mitochondria? (The second 
stage of respiration, which produces lots of 
energy, takes place in the mitochondria. The 
large numbers of mitochondria in muscle cells 
supply a great amount of energy for 
movement.) learning modality: verbal

Teaching Resources

• Transparency C16

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Respiration

 

  Student Edition on Audio CD

L2

L2

Skills Focus Predicting

Time 5 minutes

Tips Remind students that cells need 
energy to carry out the many activities 
performed by the body.

Expected Outcome Students will 
predict that the rate of cellular respiration 
will decrease when the animal goes into 

hibernation because the animal’s body no 
longer needs to carry out many of the 
activities that require energy.

Extend  Point out that many plants lose 
their leaves in winter. Ask: Why would 
plants need to use stored energy during 
the winter? (When plants lose their leaves, 
they cannot photosynthesize.) learning 
modality: logical/mathematical

Predicting
During the winter months, 
some animals go into a state 
called hibernation. During 
hibernation, an animal does 
not eat and its body activities 
are greatly reduced. Predict 
what will happen to an 
animal’s rate of cellular 
respiration when the animal 
goes into hibernation. 
Explain your prediction.

What Is Respiration?
After you eat a meal, your body converts some of the food into
glucose, a type of sugar. Respiration is the process by which cells
obtain energy from glucose. During respiration, cells break
down simple food molecules such as sugar and release the
energy they contain. Because living things need a continuous
supply of energy, the cells of all living things carry out respira-
tion continuously. Plant cells, as well as animal cells, respire.

Storing and Releasing Energy  Energy stored in cells is
something like money you put in a savings account in a bank.
When you want to buy something, you withdraw some of the
money. Cells store and use energy in a similar way. During
photosynthesis, plants capture the energy from sunlight and
“save” it in the form of carbohydrates, including sugars and
starches. Similarly, when you eat a meal, you add to your
body’s energy savings account. When cells need energy, they
“withdraw” it by breaking down the carbohydrates in the pro-
cess of respiration.

Breathing and Respiration  The term respiration has two
meanings. You have probably used it to mean “breathing,” that
is, moving air in and out of your lungs. To avoid confusion, the
respiration process that takes place inside cells is sometimes
called cellular respiration. The two meanings of the term
respiration do point out a connection, however. Breathing
brings oxygen, which is usually necessary for cellular respira-
tion, into your lungs.

What is respiration?

FIGURE 6
Energy From Respiration  
All organisms need energy to 
live. The leopard frog uses 
energy to leap great distances. 
Although the mushrooms  
don’t move, they still need 
energy to grow and 
reproduce.   
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Differentiated Instruction

Measuring Carbon Dioxide

Materials 100 mL tap water, flask, 
phenolphthalein, 0.4% sodium hydroxide 
solution, 2 plastic droppers

Time 20 minutes

Focus Tell students that the carbon dioxide 
in exhaled breath can be measured.

Teach Breathe for one minute into a flask 
containing the water. Add five drops of 
phenolphthalein to the water, and then add 
the sodium hydroxide solution, drop by 
drop, until the water turns light pink. 
Explain that the more sodium hydroxide that 
is needed to turn the water pink, the greater 
the concentration of carbon dioxide.

Apply Ask students to infer how exercise 
affects the amount of carbon dioxide in 
exhaled breath. (The amount would be 
greater because more respiration is needed to 
provide energy for the activity.) learning 
modality: visual

Use Visuals: Figure 7
Focus Remind students that respiration 
occurs in plant and animal cells.

Teach Ask students to locate where the first 
stage of respiration takes place. (Cytoplasm) 
Ask: What happens in the cytoplasm? 
(Glucose is broken down.) Have students 
locate the mitochondrion in the cell. Ask: Do 
you think plants have mitochondria? (Yes, 
because they need to break down energy for 
their functions.) In which stage is oxygen 
involved? (The second stage, in the 
mitochondrion) How do most animals get 
rid of carbon dioxide? (They breathe it out.)

Apply Ask: How do plants get rid of 
carbon dioxide and water vapor? (Through 
their stomata) learning modality: visual

Teaching Resources

• Transparency C17

L2

Less Proficient Readers
Comparing Breathing and Cellular 
Respiration  Make a copy of What Is 
Respiration? and have students read and 
highlight phrases that will help to answer 
the following questions: How are 
breathing and cellular respiration 
similar? (Both involve using or taking in 

oxygen and releasing carbon dioxide and 
water.) How are breathing and cellular 
respiration different? (Breathing takes 
place in the lungs and provides the body with 
oxygen, whereas cellular respiration takes 
place inside cells and provides the cells with 
energy.) learning modality: verbal

Monitor Progress L2

Skills Check Have students create a 
compare and contrast table of the two stages 
of cellular respiration.

Answer
Figure 7  The second stage

                            The process by which cells 

obtain energy from glucose

Stage 1   In the cytoplasm, 
glucose is broken down into 
smaller molecules. A small 
amount of energy is released.

Stage 2   In the mitochondria, the smaller 
molecules combine with oxygen to produce 
water and carbon dioxide. This reaction 
releases a large amount of energy.

Glucose

Oxygen
Mitochondrion

Cytoplasm

Water

Energy

Energy

Smaller molecules

Smaller molecules

Carbon dioxide

The Two Stages of Respiration  Like photosynthesis, res-
piration is a two-stage process. The first stage takes place in the
cytoplasm of the organism’s cells. There, molecules of glucose are
broken down into smaller molecules. Oxygen is not involved, and
only a small amount of energy is released.

The second stage of respiration takes place in the mitochon-
dria. There, the small molecules are broken down into even
smaller molecules. These chemical reactions require oxygen, and
they release a great deal of energy. This is why the mitochondria
are sometimes called the “powerhouses” of the cell.

Trace the steps in the breakdown of glucose in Figure 7.
Note that energy is released in both stages. Two other products of
respiration are carbon dioxide and water. These products
diffuse out of the cell. In most animals, the carbon dioxide and
some water leave the body during exhalation, or breathing out.
Thus, when you breathe in, you take in oxygen—a raw mate-
rial for respiration. When you breathe out, you release carbon
dioxide and water—products of respiration.

The Respiration Equation  Although respiration occurs in a
series of complex steps, the overall process can be summarized in
the following equation:

Notice that the raw materials for respiration are sugar and
oxygen. Plants and other organisms that undergo photosyn-
thesis make their own sugar. The glucose in the cells of animals
and other organisms comes from the food they consume. The
oxygen used in respiration comes from the air or water sur-
rounding the organism.

C6H12O6 � 6 O2 ——➔ 6 CO2 � 6 H2O � energy

sugar  oxygen  carbon dioxide  water   

FIGURE 7
Two Stages of Respiration  
Respiration, like photosynthesis, 
takes place in two stages.  
Interpreting Diagrams  In which 
stage of respiration is oxygen 
used?

L1
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Differentiated Instruction

help them to write the answers. learning 
modality: visual

English Learners/Intermediate
Comprehension: Ask Questions Have 
students do the Beginning activity. Then, 
ask questions that cannot be answered 
directly from the equation, such as: What 
part of the equation represents what you 
breathe out?  learning modality: visual

L2

For: Links on cellular 
respiration
Visit:  www.SciLinks.org
Web Code: scn-0322

Download a worksheet to guide students’ review of 
cellular respiration.

Fermentation

Teach Key Concepts
Obtaining Energy Without Oxygen
Focus Tell students that some organisms, 
such as yeasts, are able to release energy 
without oxygen.

Teach Ask: What is the process in which 
energy is released without using oxygen? 
(Fermentation) What are the products of 
alcoholic fermentation? (Alcohol, carbon 
dioxide, and energy) What is a product of 
lactic-acid fermentation? (Lactic acid) 
When might your body release energy 
using fermentation? (If you are exercising so 
hard or long that your muscle cells cannot take 
up oxygen faster than it is being used)

Apply Ask students to compare and 
contrast fermentation and respiration. (Both 
produce energy. Respiration uses oxygen and 
produces more energy, while fermentation does 
not use oxygen and produces less energy.) 
learning modality: verbal

L2

English Learners/Beginning
Comprehension: Ask Questions Write the 
chemical equations for photosynthesis and 
respiration on the board. Read the 
equations aloud, pointing to the chemical 
symbols and labels. Ask students questions 
such as: What is one product of 
respiration? What do plants use to make 
food? Have students answer orally. Then 

L1

Sugar and Oxygen

Carbon Dioxide and Water

Photosynthesis
During photosynthesis, plants use
carbon dioxide and release oxygen.

6 CO2 + 6 H2O       C6H12O6 + 6 O2

Respiration
During respiration, organisms use
oxygen and release carbon dioxide.

C6H12O6 + 6 O2       6 CO2 + 6 H2O   

Mitochondrion

Chloroplast

Comparing Photosynthesis and Respiration  Can you
notice anything familiar about the equation for respiration?
You are quite right if you said it is the opposite of the equation
for photosynthesis. This is an important point. During photo-
synthesis, carbon dioxide and water are used to produce sugars
and oxygen. During respiration, the sugar glucose and oxygen
are used to produce carbon dioxide and water. Photosynthesis
and respiration can be thought of as opposite processes. 

Together, these two processes form a cycle that keeps the
levels of oxygen and carbon dioxide fairly constant in Earth’s
atmosphere. As you can see in Figure 8, living things use both
gases over and over again.

Which process—photosynthesis or respiration—
produces water?

Fermentation
Some cells are able to obtain energy from food without using
oxygen. For example, some single-celled organisms live where
there is no oxygen, such as deep in the ocean or in the mud of
lakes or swamps. These organisms obtain their energy through
fermentation, an energy-releasing process that does not require
oxygen. Fermentation provides energy for cells without using
oxygen. The amount of energy released from each sugar mole-
cule during fermentation, however, is much lower than the
amount released during respiration.

FIGURE 8
Photosynthesis and Respiration  
You can think of photosynthesis 
and respiration as opposite 
processes.  
Comparing and Contrasting  
Which process uses oxygen? Which 
uses carbon dioxide?

For: Links on cellular respiration
Visit: www.SciLinks.org
Web Code: scn-0322
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Monitor Progress L2

Answers
Figure 8 Respiration uses oxygen. 
Photosynthesis uses carbon dioxide.

Respiration

Alcoholic fermentation

Assess

Reviewing Key Concepts
1.  a. Cells break down simple food 
molecules such as sugar and release the 
energy they contain.  b. C6H12O6 

(sugar) + 6 O2 (oxygen) → 6 CO2 (carbon 

dioxide) + 6 H2O (water) + energy c. Both 
involve the same chemical compounds, but 
they are reverse processes.  d. Cellular 
respiration produces carbon dioxide, while 
photosynthesis uses up carbon dioxide in the 
atmosphere.
2.  a. Fermentation  b. If an athlete’s 
muscles ran out of oxygen and fermentation 
did not occur, the athlete would not be able 
to continue the activity.  c. Fermentation is 
more likely to take place during a short, fast 
run than in a long, less intense walk. For the 
short run, the athlete is pushing the muscles 
hard to run very fast, so the muscles will use 
up oxygen sooner.

Reteach
As a class, make flowcharts showing what 
happens during respiration and 
fermentation.

Performance Assessment
Writing Have students describe how plants 
maintain the level of oxygen in the 
atmosphere.

Teaching Resources

• Section Summary: Respiration
• Review and Reinforce: Respiration
• Enrich: Respiration

L1

L2

L2Make Bread         Students will explain 
that yeast cells use the sugar in the dough for 
alcoholic fermentation, which releases 
carbon dioxide. The carbon dioxide, in turn, 
causes the dough to rise and small holes to 
form in the baked bread.

Section 2 Assessment

Target Reading Skill
Using Prior Knowledge  Review your graphic 
organizer about respiration. List two things that 
you learned about respiration.

Reviewing Key Concepts
1. a. Reviewing  What happens during 

respiration?
b. Reviewing  What is the equation for 

respiration?
c. Comparing and Contrasting  Compare 

the equations for respiration and 
photosynthesis.

d. Relating Cause and Effect  Explain why 
cellular respiration adds carbon dioxide to the 
atmosphere, but photosynthesis does not.

2. a. Identifying  What is the process in which cells 
obtain energy without using oxygen?

b. Inferring  How would athletes be affected if this 
process could not take place?

c. Predicting  Is this process more likely to occur 
during a short run or a long-distance run? 
Explain your answer.

FIGURE 9
Lactic Acid Fermentation  
When an athlete’s muscles run 
out of oxygen, lactic acid 
fermentation supplies the cells 
with energy.  

Make Bread With an adult family member, 
follow a recipe in a cookbook to make a loaf 
of bread using yeast. Explain to your family 
what causes the dough to rise. After you bake 
the bread, observe a slice and look for 
evidence that fermentation occurred.

2

Alcoholic Fermentation  One type of fermentation occurs
when yeast and some other single-celled organisms break
down sugars. This process is sometimes called alcoholic fer-
mentation because alcohol is one of the products. The other
products are carbon dioxide and a small amount of energy.

The products of alcoholic fermentation are important to
bakers and brewers. The carbon dioxide produced by yeast
creates air pockets in bread dough, causing it to rise. Carbon
dioxide is also the source of bubbles in alcoholic drinks such as
beer and sparkling wine.

Lactic Acid Fermentation  Another type of fermentation
takes place at times in your body. You’ve probably felt its effects.
Think of a time when you ran as fast as you could for as long as
you could. Your leg muscles were pushing hard against the
ground, and you were breathing quickly.

No matter how hard you breathed, your muscle cells used
up the oxygen faster than it could be replaced. Because your
cells lacked oxygen, fermentation occurred. The fermentation
supplied your cells with energy. One product of this type of
fermentation is an acid known as lactic acid. When lactic acid
builds up, you feel a painful sensation in your muscles. Your
muscles feel weak and sore.

Which kind of fermentation is important to 
bakers?
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Exhaling Carbon 
Dioxide

Prepare for Inquiry
Skills Objectives
Students will be able to
• design an experiment
• predict the outcome of their experiment

Class Time 30 minutes

Teaching Resources

• Lab Worksheet: Exhaling Carbon Dioxide

Safety 

   Make  sure  

students  know how to blow into the straw 
without sucking solution back into their 
mouths. Use a clean straw for each student. 
CAUTION: Excuse students with health 
problems from physical activity. Review the 
safety guidelines in Appendix A.

Guide Inquiry
Introduce the Procedure
Demonstrate the proper procedure for 
blowing into the solution without sucking 
solution back through the straw. Explain that 
bromthymol blue is an indicator solution (a 
solution that changes color) that can test for 
the presence of carbon dioxide.

Analyze and Conclude
1. Between 25 and 45 seconds
2. Exercising decreased the amount of time 
required for the solution to change color.
3. More carbon dioxide is produced during 
exercise. If students predicted that the 
amount of time would decrease after 
exercise, their predictions were accurate.

4. Possible answers: Volume of bromthymol 
blue solution; force used to exhale through 
the straw; type, intensity, and length of 
exercise; amount of time between the end of 
exercising and start of exhaling through the 
straw

5. Paragraphs will explain that increased 
cellular respiration results in an increased 
output of carbon dioxide.

Extend Inquiry
More to Explore
The bromthymol blue probably would not 
change color, because the plants use up 
carbon dioxide during photosynthesis.

Exhaling Carbon Dioxide

Problem
Is there a relationship between exercise and the 
amount of carbon dioxide you exhale?

Skills Focus
predicting, controlling variables 

Materials
• 2 250-mL beakers
• bromthymol blue solution (0.1% solution), 30 mL 
• 2 straws
• stopwatch or watch with second hand   
• graduated cylinder, 25 mL
• paper towels

Procedure
PART 1 Testing for Carbon Dioxide

1. Label one beaker “Beaker 1” and the other 
beaker “Beaker 2.” Beaker 1 will be the con-
trol in the experiment.

2. Bromthymol blue can be used to test for the 
presence of carbon dioxide. To see how this 
works, fill each beaker with 15 mL of brom-
thymol solution. CAUTION: Bromthymol 
blue can stain skin and clothing. Avoid spill-
ing or splashing it on yourself.

3. Note and record the color of the solution in 
both beakers.

4. Place a straw in Beaker 2. Gently blow 
through the straw into the solution until the 
solution changes color.  CAUTION: Use the 
straw to breathe out only. Do not suck the 
solution back through the straw. Your part-
ner should begin timing when you first blow 
through the straw and stop as soon as the 
solution changes color. Record the time that 
has elapsed.

PART 2 Exercise and Carbon Dioxide

5. In Part 1 you timed the change of color with-
out exercising first. Predict how long it 
would take the solution to change color if 
you conduct the test after you exercise. 
Design an experiment to test your predic-
tion. Be sure to include a plan for  recording 
your results and steps to review your results.

6. Write down the steps of your experiment 
and get your teacher’s approval. Then, con-
duct your experiment. CAUTION: Do not 
over-exert yourself. If you have a medical 
condition that limits your ability to exercise, 
do not take part in the exercise portion of 
this experiment.

Analyze and Conclude
1. Measuring  How long did it take for the solu-

tion to change color the first time you did 
the test (without exercising)? 

2. Drawing Conclusions  How did exercising 
affect the amount of time it took for the 
solution to change color?

3. Predicting  What was your prediction in Step 
5 based upon?  Was your prediction accurate?

4. Controlling Variables  In Part 2, what vari-
ables did you need to control? Explain how 
you controlled those variables.

5. Communicating  Write a paragraph that 
relates the results of your experiment to the 
process of cellular respiration. Be sure to 
explain how increased cellular activity affects 
carbon dioxide output.

More to Explore
Some plants grow in water. How would you 
design an experiment that would test whether 
these plants produced carbon dioxide during 
photosynthesis? Obtain your teacher’s approval 
before beginning your experiment.

L2
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