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SCIENTIFIC PRINCIPLES
A scientific principle states a scientific idea that is believed to be true based on  

evidence. As your class decides on new principles in this unit, add them to the list.
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DRIVING QUESTION NOTES
Use this space to organize and record ideas that will help you
answer the Driving Question or your own original questions.
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How Does Food Provide My Body with Energy?
Use the following charts to organize information that will help you answer the 
Driving Question as you work through the unit.

Graphic Organizer of Chemical Reactions

Chemical Reactions
Reactants Products Energy Involved

Plants in the light 
(photosynthesis)
(cellular respiration)

Plants in the dark 
(cellular respiration)
Burning food

Food in the body 
(cellular respiration)

L  1

Why Do I Lose Weight 
When I Exercise?

Chemical Reactions that Break Down and Build Up Food Molecules

Reactants Products
Break down food molecules

Build up food molecules
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How Do I Get the Energy to Do Things?

1. How do food molecules compare to each 
other?

2. What do organisms do with food?

3. What is the original source of energy that 
food provides?

4. How do food molecules provide cells 
with energy?



LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

Activity 1.1: What Happens in 
My Body When I Run 

around the School?

What Will We Do?
We will collect and analyze data about the effect of exercise on the body.

Procedure
 a. What are you measuring in this investigation? Answers will vary.
 b. What exercise are you doing and for how long? Answers will vary.
 c. Predict: How do you think exercise will change the data you are collecting?

Why would you expect that change?

 d. Follow the procedures for the type of data/instrument you are using to collect data.

Pedometer Directions
 1. Your teacher has already entered values in the pedometer for an average student’s weight 

and distance walked in one step. The pedometer will use this information to calculate the 
number of Calories you burn while exercising.

 2. Make sure the counter is set to zero.
 3. Before exercising, record “0 Calories and 0 steps” in the Before Exercise column in your 

data table.
 4. Attach the pedometer to your waistband near your hip.
 5. Exercise.
 6. After exercising, record the number of Calories you used and steps you took in the After 

Exercise column on your data table.
 7. Find the difference in Calories and steps before and after exercising. Record these values 

in your data table in the Difference column.

SAFETY GUIDELINES

 • Tell your teacher if you have health problems that prevent you from exercising.

 • Always drink water after exercising.
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HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Carbon Dioxide (CO2) Probe Directions
1. Plug in the sensor interface.
2. Turn on the sensor interface and wait for one minute for the sensor to warm up.
3. Press the CAL button and wait for the light to begin blinking.
4. Take one deep breath and exhale into a plastic bag.
5. Press the arrow on the sensor interface to start reading CO2 concentration.

 6. Carefully open the bag enough to insert the entire black part of the sensor.
 7. Record the reading of CO2 ppm in the Before Exercise column in your data table. (The read-

ing will be very jumpy. Do your best to pick a reading you think is accurate.)
 8. Exercise.
 9. Immediately after exercising, repeat Steps 4– 7. Record the reading of CO2 “(parts per million) 

in the After Exercise column in your data table.
 10. Find the difference in CO2 concentration in your breath before and after exercising. Record 

these values in your data table in the Difference column.

Heart Rate Probe Directions
1. Plug in the sensor interface.
2. Turn on the sensor interface.
3. Place the black clip on the meaty part of the web between your thumb and pointer finger. 

The Pulse light on the sensor should blink red.
4. Press the arrow on the sensor interface to start reading your heart rate.
5. Record your heart rate in beats per minute in the Before Exercise column in your data table. 

(You may have to wait for your heart rate reading to stabilize.)
 6. Exercise.
 7. Immediately after exercising, repeat Steps 3– 5. Record your heart rate in the After Exercise 

column in your data table.
 8. Find the difference in your heart rate before and after exercising. Record these values in your 

data table in the Difference column.

Skin Temperature Probe Directions
1. Plug in the sensor interface.
2. Turn on the sensor interface.
3. Place the silver side of the sensor on the inside of your wrist.
4. Press the arrow on the sensor interface to start reading your skin temperature.
5. Record your skin temperature in degrees Celsius in the Before Exercise column in your data 

table. (Wait for the temperature to stop increasing before taking your reading.)
 6. Exercise.
 7. Immediately after exercising, repeat Steps 3– 5. Record your skin temperature in the After 

Exercise column in your data table.
 8. Find the difference in your skin temperature before and after exercising. Record these values 

in your data table in the Difference column.
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LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

Breathing Rate Directions
1. Count the number of breaths you take in one minute. One breath is one inhale and one 

exhale. Use a stopwatch or a clock with a second hand to measure a minute.
2. Record your breathing rate in breaths per minute in the Before Exercise column in your data table.
3. Exercise.
4. Immediately after exercising, repeat Steps 1– 2. Record your breathing rate in the After 

Exercise column in your data table.
 5. Find the difference in your breathing rate before and after exercising. Record these values 

in your data table in the Difference column.

Data
1. Complete the following table based on your data. Remember to include units whenever 

you measure in science.

Before Exercise After Exercise Difference

2. In the following tables, record the data from all groups.

Pedometer – Walking

Student

Calories 
before 
Exercise

Calories 
after 
Exercise

Difference 
in Calories

Steps 
before 
Exercise

Steps after 
Exercise

Difference 
in Steps

1

2

3

4

5

6

3
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Pedometer – Jogging

Student

Calories 
before 
Exercise

Calories 
after 
Exercise

Difference 
in Calories

Strides 
before 
Exercise

Strides 
after 
Exercise

Difference 
in Strides

1

2

3

4

5

6

Carbon Dioxide

Student
Carbon Dioxide before 
Exercise

Carbon Dioxide after 
Exercise (ppm)

Difference in Carbon 
Dioxide

1

2

3

4

5

6

4



 Lesson 1 Why Do I Lose WeIght When I exercIse?

Heart rate

Student

Heart Rate before 
Exercise  
(Beats per Minute)

Heart Rate after  
Exercise  
(Beats per Minute) Difference in Heart Rate

1

2

3

4

5

6

skin temperature

Student
Skin Temperature before 
Exercise (˚C)

Skin Temperature after 
Exercise (˚C)

Difference in Skin 
Temperature

1

2

3

4

5

6

5
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Breathing Rate

Student

Breathing Rate before 
Exercise  
(Breaths per Minute)

Breathing Rate after 
Exercise 
(Breaths per Minute)

Difference in Breathing 
Rate

1

2

3

4

5

6

Making Sense

1. What changes did you or your classmates notice in your bodies when the amount of 
your activity increased?
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 2. Write a scientific explanation to answer the question “What happens to fat stored in 
the body when people lose weight?”

7



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Lesson 1 Reading One: 
What Happens in My Body 

When I Run 
around the School?

Getting Ready
Amazing things are happening in your body all the time. Right now, as you read these words, 
your eyes are moving across the page, and your brain is helping you to understand the words 
you are seeing. For your eyes and your brain to do these activities, they need energy. Getting this 
energy is complicated. Your digestive system has to digest food, your heart has to pump blood 
around your body, and your lungs have to breathe in and out. All of these things have to happen 
together, and in the right way, for the chemical reactions that keep you alive to happen. These 
chemical reactions are happening in every cell of the body.

One of these very important chemical reactions is responsible for providing energy from food 
molecules when they react with oxygen so that your cells can do things. In this unit, you will learn 
about food and the chemical reactions it goes through to provide energy for your cells. You will 
also learn about the chemical reactions that produce the food molecules. Without these chemi-
cal reactions, there would be no food and no way for the cells of your body to obtain energy that 
you need to survive.

Before you begin, think about what you already know.

Write what you know about chemical reactions in living things.

Write what you know about energy conversions in living things.

8



LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

By the end of this unit, you will know much more about how chemical reactions in the body and 
food molecules react with oxygen to provide the cells with energy.

What Is the Right Way to Use the Word Energy?
To study energy in the body, you first have to understand what the word energy means. Energy 
is difficult to define because it is used differently outside and inside of science class.

Outside of science class, you have heard of energy drinks and energy food bars. You might not 
want to exercise because you feel like you do not have enough energy. You know that turning 
off lights saves energy. Some people are very interested in developing, alternative energy 
sources. Outside of science class, people use the word energy to mean many things. It can 
describe how people feel (full of energy), or it can describe what powers the lights (electrical 
energy). It is fine to use the word energy in this way outside of class. But scientists use energy 
in a very specific way.

In science class, the simplest way to describe energy. There are many types of energy, such as 
light, thermal, kinetic, elastic, and sound. Each of these types of energy can make things happen. 
For example, when light energy is absorbed by a solar panel, the energy can make something 
happen: It can heat water or generate electricity for a house. Energy can also make things 
happen in your body. One of the most important ideas about energy in science is that energy is 
never created or destroyed but is converted from one form to another.

Keep these differences between the ways people use the word energy outside and inside of 
science class in mind. You will mean different things when you say energy in each place. For 
example, think about saying, “I do not have enough energy.” If you say this outside of science 
class, you might mean that you want to take a nap. You are talking about the way that you feel. 
Inside of science class, when you say, “I do not have enough energy,” you are using the scientific 
definition of energy. You might mean that food molecules in your body do not react with oxygen 
to provide your muscle cells with enough energy to help you move quickly. This might mean 
that you need to eat.

How Do You Measure Energy?

All of the cells of your body need energy all the time to survive. 
If your cells cannot get any energy, they will quickly die. So even 
when you are not active, like when you are sleeping, your body 
is using energy. Different activities require different amounts of 
energy.

In class, you used a pedometer like the one shown in the photo-
graph. Ped means “foot,” and meter means “measure,” so a 

9



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

pedometer measures the distance a person travels by walking or running. The pedometer also 
calculates the amount of energy you need to walk or run. This amount of energy is calculated 
with a unit called a Calorie. (Notice that it starts with a capital “C.”) Food labels in the U.S. show 
Calories to indicate the amount of energy provided when food molecules and oxygen react.

In class, you saw that running requires more energy than walking. The following table shows 
how much energy a 100lb person needs to do different activities for 30 min. You can see the 
body needs more energy to do more active things.

Activity Energy Required by 100lb person  
for 30 min (Calories)

Football 204

Biking 181

Dancing 102

Vacuuming 79

Walking the dog 68

Sleeping 20

What Happens in Your Body When You Use Energy
You know that when you go from sitting to running, you increase the amount of energy your 
body needs. This increase in the amount of activity causes the changes you observed when 
you exercised in class. In this activity, your class collected data showing that after exercising

• your heart beat faster,
• you breathed faster,
• you breathed out more carbon dioxide, and
• your skin temperature decreased.

To provide energy for your body, a chemical reaction happens in your cells. In a chemical reac-
tion, molecules in the reactants (old stuff) rearrange to form new molecules in the products 
(new stuff). In the cells, food molecules react with oxygen to provide energy. Carbon dioxide is a 
product of this chemical reaction. When you exercise, you increase how much energy you need, 
so the rate of this chemical reaction must increase. The cells need more food and oxygen, and 
they need to get rid of more carbon dioxide.

10



LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

The systems of the body respond to your cells’ needs. Your cells need to get more oxygen and 
to get rid of more carbon dioxide, so you breathe faster using the respiratory system. Your 
cells need to exchange more food and oxygen and produce more carbon dioxide, so your heart 
beats faster to transport these substances using the circulatory system. Your skin temperature 
decreases because some of the blood that normally goes to the skin goes to the muscles. This 
is because during exercise, your muscle cells use much more energy than your skin cells. The 
muscle cells need more reactants than your skin cells do for the chemical reaction that provides 
energy from food. The circulatory system must bring these muscle cells the reactants of this 
chemical reaction. The circulatory system must also take the carbon dioxide the muscle cells 
produce to the respiratory system.

Although you may know a lot about this chemical reaction, you may still have unanswered 
questions. What kind of molecules make up food, and what makes up each of these molecules? 
How do the atoms in food and oxygen rearrange in the chemical reaction that provides energy 
to your body? Why do different foods provide the body with different amounts of energy? What 
happens to atoms in food when I lose or gain weight, or grow? In this unit, you will investigate 
these questions and many others. During your investigations, you will collect evidence to help 
you make claims that answer these questions.

What Would You Like to Learn More About?
In this unit, you will be investigating energy and food in living things. What questions do you have 
about these topics? List your questions in the space provided. You will be able to share them 
with the class, and you may be able to answer them by the end of the unit.

11



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Activity 1.2: How Can I Learn 
More about How Food 

Provides Energy to My Body?
What Will We Do?
We will burn a tortilla chip in the environment and compare that to what happens in your body 
when food molecules react with oxygen.

Part 1 - Chemical Reaction
Procedure

A. In the body: A chemical reaction happens in which food molecules react with oxygen 
(reactants) to provide energy for the cells to do various functions. Carbon dioxide is a 
product of this reaction.

 1. Predict: This means that the concentration of oxygen in the air that I exhale is more than/
less than/the same as the concentration of oxygen in the room air. (Circle one.)

I think this because .

 2. Predict: This means that the concentration of carbon dioxide in the air that I exhale is more 
than/less than/the same as the concentration of carbon dioxide in the room air. (Circle 
one.)

I think this because .

 3. In the data table, record the class data about the concentration of oxygen and carbon diox-
ide in the air you inhale and exhale.

 B. In the environment: You will burn a tortilla chip and investigate the products and reac-
tants to determine whether burning is similar to the chemical reaction happening in your 
cells.

SAFETY GUIDELINES

 • Never taste any object or material in the science lab. Even familiar substances may be 
contaminated.

 • Be careful of hair, clothing, and paper around the flame.

12



LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

1. Predict: When we burn a tortilla chip, I think the amount of oxygen in the closed system will 
increase/decrease/stay the same. (Circle one.)

I think this because .

2. Predict: When we burn a tortilla chip, I think the amount of carbon dioxide in the closed 
system will increase/decrease/stay the same. (Circle one.)

I think this because .

In the data table, record the class data about the concentration of oxygen and carbon 
dioxide in the air before and after burning the tortilla chip.

Data

Record the data about oxygen and carbon dioxide that you are inhaling and exhaling in the 
table below.

Concentration 
in the Room 
Air (the Air  
You Inhale)

Concentration 
in the Air  
You Exhale Change

Oxygen concentration (%)

Carbon dioxide concentration 
(ppm)

Record the data about oxygen and carbon dioxide before and after burning a tortilla chip 
in the tablet below.

Before 
Burning

After  
Burning Change

Oxygen concentration (%)

Carbon dioxide concentration 
(ppm)

13



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Part 2 – Energy Conversions
Procedure

A. In the body: A chemical reaction happens in which food molecules react with oxygen 
(reactants) to provide energy for the cells to do various functions. Carbon dioxide is a 
product of this reaction.

 1. Predict: What evidence will you see of energy conversions while the tortilla chip is burning?

 2. Your teacher will light the tortilla chip. Observe the tortilla chip while it is burning and record, 
in the data table, any evidence of energy conversions.

Data
Record your evidence for the energy conversions you observed while the tortilla chip is 
burning.

Type of Energy Observed Evidence

Making Sense

1. Based on the evidence collected in this activity, what claim can you make about the 
relationship between burning food outside the body and food reacting with oxygen 
inside the body?

14
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2. What evidence supports the claim you made in the last question?

15

3. Can you use burning as a model for the chemical reaction that provides energy to cells 
of your body from food that you eat? What limitations does this model have?



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Lesson 1 Reading Two: 
How Can I Learn More about 

How Food Provides 
Energy to My Body?

Getting Ready
You have probably heard that exercising helps “burn” Calories. People also say that they have to 
work out to “burn off” the extra cookies they ate. In class, you observed that the chemical energy 
can be converted into other types of energy through burning. Is burning a tortilla chip the same 
as “burning” Calories?

Think about whether or not it is scientifically accurate to say that humans “burn” Calories 
when they exercise? Record your ideas about this.

In this reading, you will compare your experiences with energy in the human body and burning 
a tortilla chip. The similarities and differences between these two chemical reactions will help 
you to think about how food provides the human body with energy.

How Do I Know that Food Can Provide Energy to the Body?
In previous science classes, you might have gathered evidence that food is the only source of 
energy for the body. One piece of evidence you might have seen is a nutrition facts label. This 
label shows that one ounce of tortilla chips contains 185 Calories. In the last activity, you learned 
that Calories are a measurement of energy. So, if tortilla chips have Calories, this is another way 
of saying that they can provide the body with chemical energy.

Another piece of evidence that food is a source of energy is the energy conversions you can 
see when food burns. When your teacher burned a tortilla chip, you observed several different 
types of energy. You saw that the flame from the tortilla chip produced light. You also know that 
flames give off thermal energy. Maybe you were close enough to see that the flame and smoke 
were moving, which is an example of kinetic energy. And if your class was quiet enough, you 
might have heard the tortilla chip popping. This is sound energy.

16
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Remember, you learned that energy cannot be created or destroyed, only converted from one 
type to another. During an energy conversion, energy changes from one type of energy to 
another. You may have observed energy conversions in previous science classes. For example, 
when two steel balls hit together with a sheet of paper between them, the collision burns a hole 
in the paper. This is an example of kinetic energy (moving steel balls) being converted to thermal 
energy (heat that burns a hole in the paper). Another example of energy conversion is when a 
flame from burning ethanol makes a paper cup spin in the air. In this activity, chemical energy 
(of the ethanol) is converted into kinetic energy (of the moving cup).

If energy can only be converted from one type to another, the energy you observed when the 
tortilla chip burned must have come from another type. Where do you think the energy you 
observed when the tortilla chip burned came from? Why type of energy was it originally?

You might have thought previously that the lighter your teacher used to start the tortilla chip burn-
ing was the original source of energy you observed. However, the tortilla chip continued to burn 
after the lighter was taken away. Burning continued because the chemical energy of the tortilla 
chip was being converted into the light, thermal, kinetic, and sound energy you observed. This 
energy conversion is your second piece of evidence that food is a source of energy for the body.

What Does It Mean to Burn Calories in My Body?
At the beginning of this reading, you thought about whether it is scientifically accurate to say that 
you burn Calories. You concluded in class that there are many similarities between the energy 
conversions during the chemical reactions that happen when you convert energy from food in 
the body and when you burn a tortilla chip, but there are differences too.

Think about the energy conversions that you observed during exercise and the burning torti-
lla chip demonstration. They are similar because in both cases chemical energy from food is 
converted into thermal and kinetic energy. Your body felt warm and moved, and the tortilla chip 
produced heat and the flame and smoke moved.

One big difference, however, is the amount of thermal energy produced. When your body con-
verts the energy in one tortilla chip, only a small amount is converted into thermal energy. When 
you burn a tortilla chip, the flame is so hot that you could injure yourself with it. Another differ-
ence is that a burning tortilla chip is so hot that some of the thermal energy is converted into 
light energy. However, your body does not produce any light when you exercise.

17



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

There are differences in the energy conversions that happen when the body converts energy 
from food and burning a tortilla chip. Therefore, it is not scientifically accurate to say that your 
body is “burning” food. Your body is not like a flame. Saying “burning Calories” or “burning food” 
are common outside of science class. That is because there are some similarities between what 
happens in your body when you use energy and what happens when you burn a tortilla chip. 
Outside of science class, it is fine to say “burning” Calories. In science class, you should say that 
a chemical reaction happens in your body that converts chemical energy from food into other 
types of energy.

How Does My Body Use Energy without Burning?
You found that some of the energy conversions that happen when you convert energy from food 
in the body and when you burn a tortilla chip are the same, and some are different.

The data you collected in class showed that the reactants and products of both of these chemi-
cal reactions are the same. When you use energy in the body, you need food and oxygen. You 
also needed oxygen to burn the tortilla chip. The reactants are food and oxygen in both cases. 
When your body converts energy from food, it produces carbon dioxide. Your data showed that 
a burning tortilla chip also produces carbon dioxide.

Since these chemical reactions are so similar, in this unit you will continue to investigate how 
your body converts the energy from food using a chemical reaction by studying burning. One 
of the next questions you will investigate is “What do food molecules look like, and how do they 
rearrange in a chemical reaction with oxygen?”

How do you think molecules of food rearrange when they react with oxygen in the cells of 
your body?

Are There Other Ways that My Body Gets Energy?

You might have learned that food is the only source of energy for your body, but people often 
say that they get energy from other things. You might feel refreshed after you sleep. So, does 
sleeping give you energy? You might feel more energetic after you drink a beverage with caf-
feine in it. Does caffeine give you energy? Does exercise give you energy? Do you get energy 
from being in the sun?

Remember from the last reading that the word energy is used in different ways outside and 
inside the classroom. In science class, when you talk about energy in the body, you are not 

18



LESSON 1 WHY DO I LOSE WEIGHT WHEN I EXERCISE?

talking about feeling awake. Instead, energy in science class means one of the types of energy, 
such as chemical, kinetic, electrical, and sound energy. These different types of energy can make 
things happen.

Keep the scientific definition of energy in mind. Do people get energy from other sources 
besides food? If yes, what are they?

You may have found in previous science classes that the body needs chemical energy, and only 
food can provide chemical energy to the body. Things like sleep, caffeine, and exercise might 
make you feel like you are more awake, but they do not give you the chemical energy you need to 
do activities. This is a difference between the ways you used the word energy outside and inside 
of science, but what do these other things do for the body if they do not provide it with energy?

Scientists do not know all of the reasons people need sleep. However, they do know that sleep 
helps humans grow, repair wounds, fight disease, and think better. You might have learned that 
during sleep all of the systems of the body are still using energy. Therefore, sleep cannot provide 
the body with energy. While sleep does not give the body energy, you need it to survive.

Caffeine feels like it gives the body energy, but it has no Calories. However, many foods and 
drinks that contain caffeine may also contain other ingredients that your body can use to do 
things. If a soda is not a diet soda, then it contains Calories, so you get energy from the Calories. 
However, diet soda contains no Calories but still has caffeine. The caffeine molecules trick your 
brain into feeling more awake, but because a diet soda contains no Calories, it cannot give your 
body energy.

Some people also say that exercise gives them more energy. This is because during exercise, 
the body releases molecules in the brain that make the person feel better. You might also be a 
person who feels happier when the sun is shining. Exercise and sunlight can make people feel 
better, but they do not give a body energy. Only eating food can bring the type of energy into your 
body that you can use to do things.

As you know, energy is important for your survival. It is important to every living thing on the 
planet. In the next lesson, you will start to think about energy in other organisms.
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Activity 2.1: What Should 
I Consider When Designing

 Scientific Investigations?

What Will We Do?
We will discuss how to design a scientific investigation that yields good results.

Procedure
 a. Read a scenario.
 b. Look for problems with the design of the investigation.
 c. Answer the questions after the scenario.

Scenario 1
John and Grace wanted to investigate whether the backyard of their school is a good place for 
a garden. They planted one pea seed in the ground. They watered the soil for weeks, but they 
saw nothing.

From these data, John made the following claim: “The pea seed was dead from the beginning. 
That is why it did not grow.” From these data, Grace made the following claim: “The seed was 
okay, but the experiment proves that the backyard is not a good place for a garden. Nothing will 
grow there.”

 1. Can the data from the experiment described here support John’s claim? Why?
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2. Does the evidence collected from Emma’s investigation support her claim?

3. How could John and Grace set up a new experiment to decide if the backyard is a good 
place for a garden? Write down your suggestions and explain them.

Scenario 2
Emma wanted to know which side of the schoolyard is better for a garden. She planted 50 sun-
flower seeds on the east side of the yard. She watered the soil regularly.

After a few weeks, most of the seeds sprouted. Emma was very pleased and made the claim, 
“The east side of the yard is more suitable than the west side for setting a garden.”

1. Does Emma’s investigation support her claim? Why?

2. How could Emma set up a new experiment that will help her decide if the east or west 
yard is better for a garden? Write your suggestions and explain them.
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Scenario 3
Randall and Tasha wanted to investigate the conditions needed for sunflowers to grow inside 
their house. They decided that both of them will grow sunflower seeds in different conditions.
• Randall and Tasha will take care of two different groups of seeds.
• Randall will water his seeds every day; Tasha will water hers once a week.
• Randall will expose his seeds to light for 6 hours a day; Tasha will expose her seeds to light 

for 12 hours every day.
• Randall will change the direction of light every day; Tasha will keep it constant.
• Randall will use heavy soil, and Tasha will use light soil.
• Randall will keep his room (where his plants are) at a constant temperature of 65ºF, and 

Tasha will keep her room (where her plants are) at a constant temperature of 75ºF.

They were sure that their design took into consideration all variables that can actually affect 
the sunflowers’ growth. After a few weeks, 4 out of 5 seeds in Randall’s room grew, while only 2 
out of 5 seeds in Tasha’s room grew. When discussing the reason why more of Randall’s seeds 
grew than Tasha’s, the family had the following conversation:

• Tasha claimed, “It must be the water because I did not give them enough water.”
• Randall claimed, “It must be the light. Your plants had too much light.”
• Mom claimed, “It must be the soil. Sunflowers like heavy soil.”
• Dad claimed, “You just need to wait a few more days, and more sunflowers will probably 

bloom.”

1. Can the evidence from Randall and Tasha’s investigation support any of their family’s 
claims?

2. Suggest a better setup that would help Randall and Tasha get evidence that can sup-
port a claim.
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Scenario 4
Anna wanted to design an experiment using plants for her school’s science fair. She planned 
to grow her plants at home. She made the following list of questions that she was interested in 
studying.

• Will plants grow taller if you decrease gravity?
• Does fertilizing plants increase the number and size of flowers?
• Which flowers are more beautiful—roses or lilies?
• Which type of flower causes my brother to have the worst allergies?
• Is it okay to pick flowers if that means they are going to die?

1. Which of Anna’s questions is the best for her science fair project? Why is it good?

2. List the reasons that the other questions are not good for Anna’s science fair project.

Scenario 5
Juan wanted to measure the effect of darkness on plant growth. He observed 10 plants over  
2 weeks. Five plants he kept in the light. Five plants he kept in the dark. He kept his data written 
in the following journal.

Day 1: 1cm, 3cm, 3cm, 6cm, 1cm, 1cm, 2cm, 2cm, 4cm, 1cm

Day 7: 2cm, 2cm, 2cm, 5cm, 3cm, 2cm, 3cm, 4cm, 6cm, 4cm

Day 14: 4cm, 7cm, 5cm, 3cm, 3cm, 6cm, 4cm, 7cm, 2cm, 3cm

Juan claimed that plants in the dark grow as well as plants in the light. His friend Rita did not 
believe Juan’s claim and asked to see the data that supported it in his notebook.
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Scenario 5 Questions

1. Will looking at Juan’s notebook allow Rita to know if Juan’s claim is supported by his 
data? Why?

2. What could Juan have done with his data to make it easy for anyone to understand it?

Scenario 6
Darin wanted to determine the effect of different amounts of water on plant growth. He watered 
plants with three different amounts of water: 0mL, 15mL, and 30mL. He measured the height of 
his plants every 15 minutes for one hour. Here is his data table.

Plant
Water 
(mL) 0 min 15 min 30 min 45 min 60 min

1 0 10cm 10cm 10cm 10cm 10cm

2 0 11cm 11cm 11cm 11cm 11cm

3 0 12cm 12cm 12cm 12cm 12cm

4 15 10cm 10cm 10cm 10cm 10cm

5 15 9cm 9cm 9cm 9cm 9cm

6 15 10cm 10cm 10cm 10cm 10cm

7 30 12cm 12cm 12cm 12cm 12cm

8 30 10cm 10cm 10cm 10cm 10cm

9 30 10cm 10cm 10cm 10cm 10cm

From these data, Darin claimed the amount of water has no effect on plant growth.
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Scenario 6 Questions

1. Do you agree with Darin’s claim? Why?

 2. How would you change Darin’s experiment so that the evidence collected can support 
a claim about the effect of water on plant growth?

Making Sense

1. With your class, make a list of the issues that the students in the scenarios did not take 
into account in their investigations.

2. With your class, discuss how you will take each of these issues into account in your 
plant investigation.
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Activity 2.2: What Do Plants 
Need To Grow?

What Will We Do?
We will design and set up a plant investigation to test ________________________________________.

Procedure
Discuss Questions 1–6 to help set up your plant investigation.

1. What question will you be able to answer with this experiment?

2. What variable are you changing in your plant investigation? What are the conditions?

3. What variable(s) are you keeping the same in your plant investigation?

4. Predict: How do you think the variable in Question 2 will affect the growth of the seeds 
in your experiment?
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6. Completely describe how you will collect data. Include the type of data you will collect 
and how often you will collect it.

7. Write your first journal entry for your plant experiment including all of the information 
that you discussed in Questions 1– 6. You may use the “Driving Question Notes” section 
as your journal.

5. Completely describe the setup for your experiment. Include the number of cups of 
plants you will use in the control and experimental groups and how many seeds you 
will plant in each cup (sample size). Also include who will water the plants and how 
often.
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8. In your journal, draw the table (or tables) you will use to organize the data you will collect 
from the plants. You can look back at Activity 1.1 or Activity 1.2 for examples of tables. 
Remember to label the columns so that anyone can read the table.



LESSON 2 WHAT DO PLANTS NEED TO GROW?

Making Sense

1. Imagine that all of your plants accidentally die during your experiment. What will you 
be able to learn from your experiment?

2. You are using many seeds in your investigation. Why is using many seeds important?

3. Why is it important to have a control group in the experiment?

4. Why can you not change more than one variable in your experiment?
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Lesson 2 Reading One:  
What Do Plants  
Need to Grow?

Getting Ready
A redwood tree in California can grow from a tiny seed into a tree so big that cars can drive 
through a tunnel cut into its trunk. The tallest redwood trees grow more than 110 m tall (120 
yd). If one of these trees were cut and laid on a football field, the tree would be as long as the 
entire field plus the two end zones. As you might imagine, these trees need a lot of food and 
energy to grow.

Plants do not eat, so how do they get energy they need to grow 
and survive? The simple answer, which you already know, is that 
plants get their energy from the sun. But to answer the Driving 
Question, you must go beyond what you learned in earlier science 
classes. In this unit, you will investigate how plants get energy 
from the sun and how they use this energy to do things. However, 
because plants take a long time to grow, you needed to start your 
plant investigation today. You will be collecting plant data for a 
few weeks to learn more about how plants get their energy.

Why Study Plants to Learn about My 
Own Body?

In class, you saw that burning a tortilla chip converts chemical 
energy stored in the tortilla chip into thermal energy and light energy. The data from this inves-
tigation provided evidence that humans can get energy from eating plants, as the tortilla chips 

How was this tree able to grow 
so large from a tiny seed?
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 You might already know that trees get energy from the sun. But how do trees use this 
energy? How do you think that plants use light energy to do things?
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activity illustrated. Your body converts the chemical energy stored in a plant into energy that 
your cells can use. Therefore, by studying plants and how they get energy, you will learn about 
how you get the energy you need.

Planning Your Plant Investigation
You needed to ask many questions before you started your plant experiment. If you did not think 
about these questions, you might collect data from your experiment that cannot be trusted. You 
might make bad claims about what plants need to get energy.

The questions you asked apply to many scientific investigations. They are not just important 
for students in school to consider; scientists consider these same questions when they plan an 
investigation.

Asking a Research Question
To begin, you need to ask a question that is possible to research. You might be able to think of 
many interesting questions about plants, but not all of them can be investigated in your class-
room. For example, in the classroom, you may not have the necessary materials to set up your 
experiment or collect data. You may have wanted to ask the question, “How does tempera-
ture affect plant growth?” but there was no way in your classroom to grow plants at different 
temperatures.

Write another research question about plant growth that you cannot answer in your classroom.

You also cannot test opinions, like whether dark green or light green plants are prettier. The 
answer is, “It depends on which you like better.” That is an opinion question and an opinion 
answer. You need to ask questions that have answers you can measure.

Designing the Investigation
Conditions
Your research question guides what you do next. For example, if you ask, “How does light affect 
plant growth?” you must set up your investigation so that plants get different amounts of light. 
Some plants need to bekept in the dark. These are called conditions of the investigation. Con-
ditions are the circumstances under which you will test something. The usual, or normal, or 
typical environment is called the control condition or the control group. Plants usually grow in 
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light, so growing plants in light is the typical or control condition. The condition that is going to 
be different is the experimental condition or the experimental group. Without a control condition 
to compare with an experimental condition, you cannot make claims about how light affects 
plant growth.

Variables
Anything you are going to change in your experiment is called an independent variable. You 
are going to change the amount of light the plants receive. So, your independent variable is 
the amount of light. A good scientist only changes one variable at a time. If you change more 
than one, you will not be able to tell which one was responsible for your results. For example, 
suppose you kept some plants in the light and some in the dark, but then you also used some 
young plants and some old plants. You would not know whether it was the amount of light, the 
age of the plant, or both that affected how the plants grew. Changing one variable at a time is 
very, very important to designing and carrying out a in science investigation.

Your research question also guides what it is that you will measure. If you ask, “How does light 
affect plant growth?” you must measure the growth of each plant. You can measure plant growth 
in different ways and using different tools. Sometimes you use your senses, and sometimes you 
use instruments. Everything that you measure in an investigation is called a dependent variable.

Sample Size
For your investigation and for the question, “How does light affect plant growth?” you need to 
consider how many seeds to plant. Scientists know that something can go wrong in an experi-
ment, and some of the data may not be useful. They choose a sample size based on what seems 
to make sense for an investigation. Collecting more data makes it more believable. For example, 
if one seed placed in the dark never grew, you could not be sure if the seed died because it was in 
the dark or because it was dead before you planted it. One plant— or one piece of data— is almost 
never enough to make a claim about what happened in an investigation. If you tried to grow 10 
seeds in the dark and 10 in the light and none of the 10 in the dark grew but all of the 10 in the light 
did, then your claim about plants growing in darkness would be much stronger. It is less likely that 
of the 20 seeds you planted, you happened to put 10 dead seeds in the dark and 10 live seeds in 
the light. Sample size is one more important consideration in all investigations.
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While having more than one seed is good, it is not always the best idea to have as many 
seeds in your experiment as possible. Why would it have been a bad idea for you to plant 
100 seeds in your plant experiment?
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Collecting Data
Think back to one month ago. What did you have for dinner? Which homework assignments 
did you work on? You probably cannot remember because the details do not stick in your mind. 
If you had kept a journal of everything you ate and every homework assignment you did, you 
would have a record. Scientists keep some kind of laboratory notebook to record observations 
and measurements in their investigations, too. Even the best scientist cannot remember specific 
details for weeks. Recording data is important for supporting claims at the end of an experiment. 
If your class does not believe your claim at the end of your investigation, they may ask to see 
your journal. Your journal should have all the evidence you used to support your claim.

What evidence do you think your class will want to see at 
the end of your experiment to believe your claim?

It is also important to record information about the environment of your plants. Sometimes, 
other circumstances can affect an investigation. For example, maybe a plant was close to the 
heater or to a cold window. Maybe some days were cloudy and cold, but others were sunny 
and warm. Circumstances like these can affect plants, so careful observations may help you 
determine why a plant does or does not grow. Even when experiments fail, scientists learn a lot 
from their observations and from what went wrong. The next time they design an experiment, 
they use what they learned to create a better design.

What Affects Plant Growth?
Your class used these ideas about asking research questions, designing investigations, and 
journaling to design experiments about plant growth. Each group is conducting a different inves-
tigation to determine how soil, light, water, and other variables affect plant growth. Over the next 
several weeks, you will collect data and then present your findings to the class. All of the plan-
ning you did will help you make good claims. These claims will be true about all plants, not just 
the ones growing in your classroom. You will also be able to make claims about the growth of 
redwoods you read about in the Getting Ready section.

Predict how you think each of the variables your class is testing will affect plant growth.
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 Soil

 Water

 Light

 Any other variables tested by your class
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Activity 3.1: Do Different 
Foods Provide Different 

Amounts of Energy?

What Will We Do?
We will burn different types of food to see which food molecule provides the body with the most energy

Procedure
 a. Your class will burn three items: marshmallows, potato chips, and cooking oil. What type(s) 

of food molecules (carbohydrates, proteins, fats) are in each of the items?
 • Marshmallows: 
 • Potato chips/cheese puffs: 
 • Oil: 

 b. Predict: In the first column, rank the items in order from the most (1) to the least (3) chemi-
cal energy you think will be released during burning.

  Results: After you finish the experiment, in the “Results” column, rank the items in order from 
the most (1) to the least (3) chemical energy based on your data.

Prediction Results

Marshmallows Marshmallows

Potato Chips Potato Chips

Oil Oil

c. Explain how you decided which one will release the most or least amount of energy in the 
prediction.
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 d.Your teacher will show you the materials your class will use for the experiment that will allow 
you to compare the amount of chemical energy each item will release when burned.

 e. Discuss the following with your class.

• What will be different in each setup?
• What will be the same in each setup?
• How will you measure the amount of energy each item releases?
• When will you take measurements? Why will you record data then?

 f. Agree with your class on a procedure for the experiment. In the following space, write the 
procedure.

Your teacher will light the samples. Record the data in the following table.
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Data

Substance 
Burned

Water  
Temperature 
before  
Heating (˚C)

Water  
Temperature 
after  
Heating (˚C)

Change in 
Water  
Temperature 
(˚C) Observation

Marshmallow

Potato chips/
cheese puffs

Oil
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Making Sense

1. Return to your predictions and rank the item in order from the most (1) to the least (3) 
amount of energy released when burned. Does this agree with your prediction?

2. Write a scientific explanation that answers the question, “Which type of food molecule 
releases the most energy— carbohydrates or fats?” Support your claim with evidence 
and reasoning.
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3. How did you design this experiment to make it a fair test of the amount of energy food 
molecules release? How does this affect the claim you made in your scientific 
explanation?

4. How could you improve the design of this experiment to strengthen the claim you 
made? Justify your answers.
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Lesson 3 Reading One:  
Do Different Food Molecules 

Provide Different  
Amounts of Energy?

Getting Ready

Imagine you were eating chicken, mashed potatoes, and salad for dinner. You decide to 
bring a scale to dinner to measure out 100g of each. Which would provide the body with 
the most energy— 100g of chicken, 100g of mashed potatoes, or 100g of lettuce?

What Is Food?
Before you learn about how food provides the body with energy, you need to know what food is. 
You have learned that scientists call something “food” if it contains fat, protein, or carbohydrates. 
Foods can contain one, two, or all three of these types of molecules. Even things that are not 
exactly good for you (like soda pop, gum, and candy bars) are considered food, according to 
scientists, because they contain one or more of these types of molecules.

Scientists have a reason for considering fat, carbohydrates, and proteins to be food. They define 
food as anything that does both of these tasks in the body.

• provides energy
• can be used as a building material

I think 
provides the body with the most energy because .

In this reading, you will review what you have learned about food and think about why 
different types of food molecules provide the body with different amounts of energy.
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It is because carbohydrates, proteins, and fats do both of these jobs that they are considered 
food. Substances that you eat, like calcium or water, can be used as building materials, but they 
do not give the body energy. They are not food.

Do I Need to Eat Other Things to Survive?
Even though they are not food, you need vitamins, minerals, and water to survive. About 60% 
of your body weight is actually water. Water is important in many ways. In fact, it plays a role in 
many of the chemical reactions that take place inside of you. Water is so important that humans 
on average cannot live for more than three days without drinking water. In comparison, humans 
can live for about a month without eating food.

You also need vitamins and minerals. They do many different jobs, such as preventing disease 
and building bones. Although water, vitamins, and minerals are essential for survival and good 
health, they are not considered food because the body cannot use them as a source of energy. 
To be considered a food, something must provide the body with energy and building materials.

Together, all of the substances your body needs are called nutrients. Proteins, carbohydrates, 
fats, water, vitamins, and minerals are all nutrients. People need all of them to survive. However, 
not all of these are considered food. This table shows which nutrients are food and which are 
not food.

Nutrients Food Not Food

Carbohydrates x

Proteins x

Fats x

Water x

Vitamins x

Minerals x

Substances like ice, artificial sweeteners, and caffeine have zero Calories. They have no 
carbohydrate, protein, or fat molecules. That means they cannot be used by the body for energy, 
so they are not considered food. Items like cheese, meat, vegetables, potato chips, and candy 
bars are not all equally nutritious. However, they can be used by the body for energy and building 
materials, so they are all considered food.
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How Can I Tell How Much Chemical Energy Food Molecules 
Can Release?
Burning a tortilla chip in class gave you evidence that food molecules can provide energy to the 
body. The burning reaction converted the chemical energy released from the tortilla chip into the 
thermal and light energy you saw in the form of a flame. You can determine how much energy 
can be released from food by measuring how much chemical energy is converted into thermal 
energy when food is burned.

In class, you designed an experiment to measure the amount of chemical energy that can be 
released by a marshmallow, oil, and a potato chip. In this experiment, you burned these items 
under a beaker of water. You used the change in the temperature of the water as an indication 
of how much energy each item released.

Which Type of Food Molecules Releases the Most Energy?
The items that you burned in class were made of carbohydrate and fat molecules. Some things 
you eat are made of just one type of molecule. For example, marshmallows are made of only 
carbohydrates, and oil is made only of fat. Other things you eat, like potato chips, are a mixture 
of carbohydrate and fat molecules.

In your investigation in class, the material that raised the temperature of the water the most 
when it burned was the one with the most fat. This is evidence that fat molecules release more 
energy than carbohydrates or proteins. Nutritionists have found that 1g of fat can provide nine 
Calories, but 1g of carbohydrate or protein only can provide four Calories. (The following table 
summarizes these data.) This means that if you eat 1g of fat, you take in more than double the 
amount of energy than if you eat 1g of carbohydrate or protein.

Food Calories per 1g

Fat 9

Carbohydrate 4

Protein 4

1g of fat has more than twice the Calories of 1g of carbohydrate or protein. Now that you have 
more information, think back to the Getting Ready question.
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What types of food molecules make up mashed potatoes?

What types of food molecules make up chicken?

What types of food molecules make up lettuce?

Based on this information, which has the most Calories— chicken, mashed potatoes, or 
lettuce? Explain.

This information can help you to answer the Driving Question: How Do Food Molecules Provide 
My Body with Energy? Now you know that fat molecules can provide more energy to your body 
than carbohydrates or proteins.

Why do fat molecules provide the body with more than twice as much energy as carbohydrate 
or protein molecules? Think about these molecules.

What do you think might be different between fat molecules and carbohydrate and protein 
molecules?

How do you think the differences in these molecules affect the amount of energy fats, 
carbohydrates, and proteins can provide the body?

In the next activity, you will see if your ideas about why different molecules can release different 
amounts of energy are supported by evidence..
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Activity 3.2: Why Do Different 
Food Molecules Provide 

Different Amounts of Energy?
What Will We Do?
We will construct models of proteins, carbohydrates, and fats and compare them.

Procedure
 a. Divide your poster board into three sections. Label the sections Carbohydrates, Proteins, 

and Fats. (You will need a lot of space for the fats and very little for the carbohydrates and 
proteins.)

 b. Cut out all of the models on the following pages.

Building Carbohydrate Models
 c. Using the carbohydrate subunits you cut out, build models of carbohydrates with 1, 2, and 

3 subunits.
 d. Glue your models to your poster board and label them with the number of subunits they 

contain.

Building Protein Models
 e. Repeat Steps c and d for the protein models.

Building Fat Models
 f. For fats, build a model of a fat droplet.
 g. Glue your model to your poster board and label it.

Making Sense

1. Compare the structure of carbohydrates, proteins, and fats using the Venn diagram.
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2. Equal amounts of carbohydrates and proteins provide the body with the same amount 
of energy. But the same amount of fat will provide the body more energy. Based on 
your Venn diagram, what might cause this?

Hidratos 
de carbono

Grasas

Proteínas
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Honey Rice Eggs Butter
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Lesson 3 Reading Two: 
Why Do Different Food 

Molecules Provide Different 
Amounts of Energy?

Getting Ready
The following four items have carbohydrate, protein, and fat molecules. Honey has simple 
sugars. Rice has starch— a complex sugar. Eggs contain protein, and butter contains fats.

The carbohydrate, protein, and fat molecules in food are similar because they provide the body 
with both energy and building materials. But these molecules are different from each other as 
well. You learned that fats can provide the body with more energy per gram than carbohydrates 
or proteins. In this reading, you will learn about how the structure of fats is different from that 
of carbohydrates or proteins and why they provide the body with more energy. As you read, 
compare what you learn about carbohydrate, protein, and fat molecules.

What Makes the Properties of Substances Similar or 
Different?
You might have learned previously that color, taste, and melting point are properties of a 
substance. A property is a characteristic or something that describes the substance. The amount 
of energy per gram that a substance can provide the body is also a property. Fats can provide 
nine Calories per gram, while carbohydrates and proteins can provide four Calories per gram. 
This information describes these food molecules.
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One Subunit

Two Subunits

Three Subunits

Carbon OxygenHydrogen

Carbon OxygenHydrogen

Carbon OxygenHydrogen

Use the previous model to answer the following questions. (At the end of this reading, you will 
use this information to compare carbohydrates, proteins, and fats.)

Glucose—C6H12O6 

One carbohydrate molecule made 
of one subunit
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The properties of a substance are determined by the type, number, and arrangement of atoms 
in the molecules of that substance. This means that the reason why fats, proteins, and carbo-
hydrates have different properties is because they are made of different types of atoms, they 
are made of different numbers of atoms, or their atoms are connected differently. To investigate 
why fats provide the body with more chemical energy than do proteins and carbohydrates, you 
must study the type, number, and arrangement of atoms in these molecules.

How Do Subunits Build Up to Make Large Molecules?
Food molecules can be simple or complex. In class, you built models of carbohydrate and pro-
tein molecules with different numbers of subunits. A subunit is a simple molecule that can be 
linked together with other similar subunits to make a more complex molecule. The following 
diagram shows how subunits can be linked together. Each rectangle represents one subunit.

Carbohydrate or protein subunits can link 
together. This changes the arrangement 
of atoms and the properties of the sub-
stance. For example, carbohydrates with 
only one subunit taste sweet (like honey), 
but carbohydrates with long chains of 
subunits do not (like white potatoes).

Fat molecules do not link together like car-
bohydrates and proteins do. Instead, the 
fat molecules are attracted to one another to form a fat droplet. This makes the properties of 
fats different from proteins and carbohydrates.

What Is the Structure of Carbohydrates?
In your model of carbohydrates in class, the subunit was called glucose. Glucose is found in 
many sweet foods. The following model shows glucose. Notice that the glucose molecule forms 
a ring shape.
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What three types of atoms are in a glucose molecule?

Compare the number of each type of atom in the glucose molecule.

Carbohydrates can also be made of two subunits. A common carbohydrate with two subunits is 
lactose, the sugar found in milk. You might know someone who is lactose intolerant. This means 
that he or she cannot digest lactose. The following model shows lactose.

Draw a line between the two subunits in the following molecule.

Lactose— 
C12H22O11 

One carbohydrate molecule made 
of two subunits

The properties of carbohydrates made of one or two 
subunits are similar because their structures are both 
fairly simple. Both types of molecules form crystals, 
dissolve in water, and have a sweet taste. Honey, 
fruits, and some vegetables taste sweet because 
they are made of carbohydrates with one subunit. 
Milk and table sugar taste sweet because they are 
made of carbohydrates with two subunits. However, 
the properties of carbohydrates made of thousands 
of subunits are very different. These molecules are 
much more complex than carbohydrates made of 
one or two subunits. Because the structures of the 
molecules are different, the substances they make up 
have different properties. For example, starch cannot 
be dissolved in water without heating. And if you 
have tasted rice or white potatoes (which have a lot 
of starch), you probably know that starch is not sweet. Part of starch—

One molecule made of many subunits
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The previous molecule is a starch molecule. This part of starch has five subunits. Some of the 
rings you can see, but some you cannot because of the way the model is angled. If you were able 
to rotate the model to look at it from a different direction, you would be able to see other rings 
in the molecule. An entire starch molecule can be made of thousands of subunits. From this 
model, you can see that when carbohydrate subunits are joined together, they form a long chain.

What Is the Structure of Proteins?
Like carbohydrates, proteins are also made of many subunits joined together. Protein subunits 
are called amino acids. There are 20 different amino acids. The following model shows two.

This model shows two amino acids. An amino acid is a subunit for protein.

Amino Acid (Alanine) 
—C3H7NO2

Amino Acid (Cysteine)—
C3H7NO2S

What four types of atoms are in all amino acids? What type of atom is in some amino acids 
and not others?
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Use the previous model to answer the following questions.
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What is different about the types of atoms in carbohydrates and proteins?

Compare the number of carbon, hydrogen, and oxygen atoms in an amino acid.

This molecule is made of 
three amino acid subunits.

Triglyceride—One Fat Molecule—
C56H110O6
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The diagram to the right shows only a part of a protein. It shows three 
protein subunits joined together, but proteins are formed when hun-
dreds of amino acids are joined together.

Proteins are found in many things we eat, like meat, cheese, eggs, and 
nuts. In the body, proteins are very important, and they do many jobs. 
For example, some proteins make your muscles contract, while other 
proteins are a part of your immune system.

What Is the Structure of Fats?
Fats are made up of molecules called triglycerides. Foods like whole milk, butter, and oil contain 
triglycerides. The following model shows a triglyceride.
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Compare the ratio of carbon, hydrogen, and oxygen atoms in a triglyceride to the ratio in a 
carbohydrate or protein.

Use the previous model to answer the following questions.

Compare the number of carbon, hydrogen, and oxygen atoms in a triglyceride.

Compare the types of atoms in triglycerides to the types of atoms in carbohydrates and 
proteins.

Carbohydrates, Proteins, Fats, and Energy
In class and in this reading, you noticed many similarities and differences among carbohydrates, 
proteins, and fats. All of these ideas are summarized in the Venn diagram.

In the center of the Venn diagram, where all three circles overlap, you can see that carbohydrates, 
proteins, and fats are similar because they all provide the body with energy and building materials. 
They also all contain carbon, hydrogen, and oxygen atoms.

The other parts of the Venn diagram show you how carbohydrates, proteins, and fats are 
different. If you think back to the beginning of this reading, you may remember that you are 
trying to explain why fats provide the body with nine Calories per gram, but carbohydrates and 
proteins provide the body with four Calories per gram. You also know that properties, like amount 
of energy, are determined by the type, number, and arrangement of atoms in a substance. Since 
carbohydrates and proteins can provide the same amount of energy to the body, they must have 
something in common in their structures. Fats must have a structure that is different because 
they provide the body with more energy.
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• Very few oxygen atoms
• Provide the body with more
 energy than carbohydrates
 and proteins

• Subunits do not join together
 like carbohydrates and 
 proteins

• Provide the body
 with energy and
 building materials.
• Contain carbon,
 hydrogen and
 oxygen atoms

• About the same number
 of carbon and oxygen
 atoms, and twice as
 many hydrogen atoms
• Carbohydrates and
 proteins provide the
 body with less energy
 than fats.
• Subunits join together 
 to form complex 
 molecules

• Also contain nitrogen
 and sometimes sulfur
 atoms

Carbohydrates

Fats

Proteins
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If you look at the Venn diagram, you can see that carbohydrates and proteins have about the 
same number of carbon and oxygen atoms and twice as many hydrogen atoms. For example, 
glucose, a carbohydrate, has 6 carbon atoms, 6 oxygen atoms, and 12 hydrogen atoms to make 
C6H12O6. Fats have very few oxygen atoms compared to carbon atoms. The chemical formula 
for the triglyceride shown in this reading is C56H110O6. This difference in the numbers of oxygen 
atoms is the reason fats provide the body with more energy than carbohydrates and proteins. 
Later in this unit, you will learn why having fewer oxygen atoms allows fats to provide your body 
with more energy. For now, knowing that fats provide more energy to the body than carbohy-
drates and proteins because of the number, type, and arrangement of atoms is a good start.

Think about how this idea, that carbohydrates, proteins, and fats provide different amounts of 
energy, relates to the Driving Question: How Do Food Molecules Provide My Body with Energy? 
Imagine you wanted to exercise to convert the energy in food you ate.

Do you think you would have to exercise longer to use the energy that can be released from 
three grams of carbohydrate, fat, or protein? Why?

You will explore this question in the next activity.
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Activity 3.3: How Much  
Do I Need to Exercise?

What Will We Do?
We will calculate the amount of energy a food molecule provides and the amount of time that 
we have to run or walk to convert that energy.

Procedure
 a. Prediction: How many minutes do you think you would have to exercise like you did in 

Activity 1.1 to convert the energy that can be released by each of these items?
100g of marshmallows 
100g of potato chips/cheese puffs 
100g of oil 

 b. Calculate the amount of energy you converted in one minute in Activity 1.1.
Number of calories used 

  (from Activity 1.1)
  Number of minutes exercised  
  (from Activity 1.1)
  = Calories used in 1 min  

 c. Calculate how many minutes you have to exercise like you did in Activity 1.1 to convert the 
energy that can be released from 100g of marshmallows.

Calories in 100g marshmallows 
(from nutrition facts label)

Calories used in 1 min 
(from b)

= Minutes of exercise 
 d. Calculate how many minutes you have to exercise like you did in Activity 1.1 to convert the 

energy that can be released from 100g of potato chips.
Calories in 100g potato chips 

(from nutrition facts label)
Calories used in 1 min 

(from b)
= Minutes of exercise 

 e. Calculate how many minutes you have to exercise like you did in Activity 1.1 to convert the 
energy that can be released from 100g of oil.

Calories in 100g oil 
(from nutrition facts label)

Calories used in 1 minute 
(from b)

= Minutes of exercise 
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Data
Complete the table for your group.

Food 
Sample

Calories in 100g of 
Food

Amount of Exercise Needed to Use 
the Calories in 100g of Food 
(Minutes)

Marshmallow

Potato chips

Oil

What is the relationship between the amount of energy that can be released from food and 
the amount of exercise you need to do to use that energy?

Compile the data from the class in the following table. Start with the data from the group 
that performed the easiest exercise, working up to the group that performed the hardest 
exercise.
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Exercise 
Performed

Amount of  
Exercise 
Needed to  
Convert the 
Energy in 100g 
of Marshmallow 
(Minutes)

Amount of 
Exercise 
Needed to  
Convert the 
Energy in 100g 
of Potato Chips 
(Minutes)

Amount of  
Exercise 
Needed to  
Convert the 
Energy in 100g 
of Oil (Minutes)

Using the previous table, what is the relationship between the difficulty of exercise and the 
length of time you need to perform that exercise to use the energy that can be released 
from food?

Making Sense

1. How does information about Calories and exercise relate to people’s lives outside of 
science class?

66



LESSON 3 DO DIFFERENT FOODS PROVIDE DIFFERENT AMOUNTS OF ENERGY? 67

Lesson 3 Reading Three: How 
Much Do I Need to Exercise?

Getting Ready
On average, teenage girls need to eat about 2,000 Calories per day. Teenage boys need about 
2,500 Calories. The number of Calories you need depends on many factors, such as how much 
muscle you have, how active you are, and how much you are growing. All of these Calories you 
need come from the molecules of carbohydrates, proteins, and fats in the food you eat. How 
many Calories do you eat in a day? It is important that you eat enough food so that your body 
can grow and do all the activities you like to do.

You might be surprised to find out how many Calories are in the foods you eat. For today, make 
a list of the things that you eat. Also, record how many Calories these items have if you can 
find that information. Make sure to pay attention to the serving size and the number of servings 
you ate. The example shows how many Calories you would drink if you had two small bottles 
of soda pop.

Remember, you can find Calorie information on nutrition labels. If you eat out, ask at the res-
taurant how many Calories your food contains. You can also go online (www.NutritionData 
.com) to search for Calorie information at fast food restaurants or for foods, like vegetables, that 
do not have packaging with nutrition labels.

What You Ate
Calories per 
Serving

Number of 
Servings Total Calories

Small soda pop (16 oz) 150 2 300
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What Is the Link between Junk Food, Fat Molecules, and Obesity?
It seems sometimes as though parents and adults are always saying, “Stop eating so much junk 
food!” and “Fast food is bad for you!” Why? You probably hear all the time that eating a bunch of 
hamburgers or potato chips causes weight gain, but then why does eating a bunch of carrots 
not cause weight gain?
You gain weight when you eat more Calories than you use. Eating a lot of junk food is not the 
only way that you can eat more Calories than you need, but it is an easy way. A lot of junk food 
is greasy or fried. When you fry the things you eat, some of the fat molecules that make up the 
cooking oil or fat get added to what you are cooking. For example, 100g of fast-food French 
fries (a little bigger than a kid’s meal size) contains 274 Calories. However, 100g of a plain 
baked potato (about a third of a potato) from the same restaurant only contains 109 Calories. If 
both items come from potatoes, why do French fries have so many more Calories than baked 
potatoes?

Other junk foods naturally contain a lot of fat molecules. Hamburgers have a lot of fat because 
beef is made up of protein and fat molecules. Pizza also has a lot of fat because cheese and 
meat toppings are made up of protein and fat molecules. Have you ever seen a puddle of oil on 
top of a slice of pepperoni pizza? That puddle is made up of millions of molecules of fat from 
cheese and meat.

Item Calories

Bacon double cheese burger

Large french fries

Large soda pop

2 chocolate chip cookies
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What is the most interesting thing you found from keeping a list of all the things you ate 
in one day?
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Total

Because fat provides the body with twice the amount of energy as carbohydrates or protein, 
it is easy to consume a lot of Calories from fat in a small amount of food. Did you know that 
a bacon double cheeseburger, large fries, a large soda, and two chocolate chip cookies totals 
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1,843 Calories? This one meal contains almost as many Calories as you need for the entire 

day. This meal is so high in Calories because the burger, fries, and cookies all have some protein 
and a lot of fat and carbohydrates.

Can you suggest a meal that would have fewer Calories? Why does it have fewer Calories?
The meal with fewer Calories I would like to eat is

What Is the Link between Portion Size and Obesity?
Another way that you can gain weight by eating junk food is by eating too much of it. Junk food 
is okay if you eat only a little bit and do not eat it very often. But this is not how people usually 
eat junk food. Some people eat fast food for almost every meal or can drink liters of soda pop 
a day. The energy that this much junk food can provide is much more than your body needs. 
When people do not use all of the food molecules they eat for energy, they are stored in their 
body for later.

Sometimes, you can even gain weight by eating a lot of food that is not junk food. If you eat large 
portions of some types of food, you can easily take in more Calories than you need. For example, 
bread and pasta are not usually considered junk food. They are mostly made up of starch, a 
complex carbohydrate. However, if you eat large portions of them very often, the energy that all 
of those starch molecules will provide your body will be more than you need.

Why do you not gain weight then if you eat a lot of carrots? Carrots, and many other fruits and 
vegetables you eat, have very few Calories because they are mostly made up of water and a 
plant molecule (cellulose) that your body cannot digest. You know that water provides the body 
with no energy. Cellulose, since it cannot be digested, also does not provide the body with any 
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energy. Since most of the molecules in a carrot cannot provide you with energy, it is very hard to 
eat so many carrots that you take in more Calories than you need. However, a diet of just carrots 
would be very unhealthy. It would not provide you with the balanced diet that you need. To have 
a healthy diet, nutritionists say that you need to get 68% of your Calories from carbohydrates, 
17% from protein, and 15% from fat. Eating some fat molecules is necessary for your health. 
Additionally, you must eat vitamins and minerals and drink plenty of water.

How Much Exercise Does It Take for Me to Use the Calories 
I Eat?
Many people watch their diets so that they do not gain weight. To keep the same weight, they 
do not have to convert all of the energy they take in by exercising. The body uses energy to do 
all sorts of activities when you are not exercising. For example, it takes energy to make your 
heart beat, to turn a page in your book, or to text on your phone. If everyday tasks and exercise 
together use the same amount of energy that you take in from food molecules, you will keep 
the same weight.

In this lesson, you learned that different food molecules provide different amounts of energy, 
because they have different chemical structures. Since fat molecules provide the body with 
more than two times the Calories of protein or carbohydrate molecules, if you ate the same 
mass of fat, protein, and carbohydrates, you would have to exercise more than twice as long to 
convert the energy in the fat than in the protein or carbohydrates.

What Else Does Food Do?
Food molecules are important because they provide the cells of your body with energy. Now 
you know that it is important to be careful about what you eat because you need to balance 
the amount of energy that you are taking in with the amount of energy that you are converting 
to do things. But you learned that food molecules do two jobs. They give you energy and are 
the building materials for your cells. In the next few lessons, you will gain evidence that shows 
how food molecules are used to help the body grow and repair itself.
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Activity 4.1: How Does My 
Mouth Change Carbohydrates?

What Will We Do?
We will use indicators to investigate the molecular breakdown of starch.

Part 1 –  Introduction to Indicators for Starch and Simple Sugars
Procedure
 a. Your teacher will demonstrate using the indicator Benedict’s solution to test for simple 

sugars in tubes with three different substances: (1) water, (2) glucose solution, and 
(3) starch.

 b. After the tubes with the Benedict’s solution have been in hot water for 5 to 10 minutes, 
record the color the indicator turned in the data table.

 c. While you wait for the Benedict’s solution to react, your teacher will demonstrate using the 
indicator iodine to test for starch in tubes with three different substances: (1) water, 
(2) glucose solution, and (3) starch.

 d. Immediately record the color of the substances and the iodine in the data table.

SAFETY GUIDELINES

 • Never taste any object or material in the science lab. Even familiar substances may 
be contaminated in the lab.

 • Amylase, iodine, and Benedict’s solution may irritate your eyes, skin, and respiratory 
tract if you handle them incorrectly.

 • Iodine stains skin and clothing.

 • Although you are using an enzyme found in your saliva (amylase), do not use your 
own saliva in this experiment because of the possibility of making others sick.
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Data
Record the color Benedict’s solution (a test for simple sugar) turned when it reacted with each 
of the solutions.

1. Water 2. Glucose 3. Starch

Record the color iodine (a test for starch) turned when it reacted with each of the solutions.

1. Water 2. Glucose 3. Starch
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Making Sense

1. Based on the data, how will you know if

• starch is present?

• starch is not present?

• simple sugars are present?

• simple sugars are not present?

2. Discuss an experiment using these tests with your class to address the question, “What 
happens to molecules of starch in my mouth?”
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Part 2 – Testing for Starch and Simple Sugars
Procedure

e. Place one cracker into a mortar and grind it into powder (sugar size or smaller) using a pestle. 
Make sure the cracker is in very small pieces so it does not clog your pipette in later steps.

 f. Measure 0.5g of cracker powder using a clean spatula.

 g. Place the 0.5g cracker powder into a test tube and add 15mL hot water to dissolve the starch 
in the cracker. Let stand for three minutes.

 h. While the test tube is cooling, number 10 plastic tubes: 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 5A, 
and 5B. All the tubes with an “A” you will test for glucose. All the tubes with a “B” you will test 
for starch. (In Tubes 5A and 5B, you will add an enzyme that is part of your saliva. These 
tubes contain the enzyme Amylase like what is in your mouth when you chew a cracker.)

 i. Using the following table, add 10 drops of the appropriate solution to each tube. Use a dif-
ferent pipette for each solution.

Tube 
Number

1A and 1B 2A and 2B 3A and 3B 4A and 4B 5A and 5B

Contents 10 drops of 
water

10 drops of 
0.1% starch 
solution

10 drops of 5% 
glucose 
solution

10 drops of 
cracker 
solution

10 drops of 
cracker 
solution and 
10 drops of 
enzyme

2. Explain why you believe your prediction is correct.

1. Predict: Think about how the taste of a cracker changes when you chew it for a long 
time. Based on this change in taste, what do you think happens to the starch molecules 
in your mouth (or in Tubes 5A and 5B)?
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Testing for Glucose
1. Add 10 drops of Benedict’s solution to all “A” test tubes.

2. Place all the tubes in a warm water bath for five minutes to let the enzyme work.

3. Move the tubes to a hot water bath for 10 minutes. Set up “B” tubes while waiting.

4. Using the data table for glucose, write the color of the solution in each tube and use the 
Benedict’s color chart to judge the amount of glucose.

Testing for Starch
1. Add one drop iodine solution to all “B” test tubes.

2. Place “B” tubes in a warm water bath for five minutes to let the enzyme work.

3. After five minutes, write the color of the solution in each tube in the data table for glucose 
and whether starch is present.

Data
Glucose

Tube 
Number

1A 2A 3A 4A 5A

Contents 10 drops of 
water

10 drops of 
0.1% starch 
solution

10 drops of  
5% glucose 
solution

10 drops of 
cracker 
solution

10 drops of 
cracker 
solution and 
enzyme

Color after 
warm water 
bath

Is glucose 
present? (use 
color chart)
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Starch

Tube 
Number

1B 2B 3B 4B 5B

Contents 10 drops of 
water

10 drops of 
0.1% starch 
solution

10 drops of 5% 
glucose 
solution

10 drops of 
cracker 
solution

10 drops of 
cracker 
solution and 
enzyme

Color after 
warm water 
bath

Is starch 
present?

Color of Solution after  
Boiling with Benedict’s

Amount of Glucose

Blue –

Green A trace

Yellow +

Orange ++

Red +++
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Making Sense

3. From the data, what molecules are present in a cracker

• before digestion (Tube 4)?

• after digestion in the mouth (Tube 5)?
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4. Write a scientific explanation about the chemical reaction that happens when a cracker 
is digested. Include your claim, evidence, and reasoning.

5. Discuss with your class whether digestion gives the cells of the body the energy to do 
things.
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Lesson 4 Reading One: 
How Does My Mouth Change 

Carbohydrates?

Getting Ready
Do you remember playing with plastic toy building blocks after 
someone else had been playing with them? You can connect 
the pieces to make whatever you imagine, but before you can 
start, you have to take apart what the other person had built.

Your body does the same thing with food. When you eat complex 
carbohydrates like starch, they go through chemical reactions 
in your mouth to take apart the carbohydrate subunits. Then 
after digestion is complete, the subunits can go through other 
chemical reactions to build new molecules. This breakdown of 
starch happens in your mouth. However, but if you add water to 
a potato outside of your mouth, it does not break down.

What is different about adding water to a potato inside of your mouth and outside of your 
mouth? The answer is saliva. Saliva, what you might call spit, in your mouth is very important. 
It protects you from germs and helps you to make the food you chew wet and easy to swallow. 
However, there is also something in your saliva that helps starch to break down.

In this reading, you will learn about the chemical reactions that break food down and what is in 
saliva that helps those chemical reactions to occur.

Is the Breakdown of Starch a Chemical Reaction?
You may have done an activity in science class where you chewed a cracker for a long time. 
Crackers contain a lot of starch molecules. You may have noticed that while you chewed the 
cracker, its taste changed from bland to sweet. This change in taste is evidence that a chemical 
reaction occurred. Taste is a property, and you may remember that when a chemical reaction 
happens, the properties of the products will be different from the reactants. The taste of the 
cracker changes because the atoms of the molecules in the reactants rearrange to form new 
products. Even though you cannot tell what is happening to the molecules of starch in the 
cracker, your tongue can detect this change in the arrangement of atoms.

How does your mouth break 
down the starch in potatoes?
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In class, you modeled how a very large carbohydrate like starch changes in your mouth. You 
modeled that when starch molecules break down, they rearrange with water molecules.

When starch is broken down it becomes .

Explain why you think this.

One molecule of starch has thousands of carbohydrate subunits. The following model shows 
the breakdown of a portion of the starch molecule (with two subunits). In this chemical reaction, 
the carbohydrate made of two subunits splits between the two subunits. One of the hydrogen 
atoms from the water molecule separates from the water molecule and combines with one 
subunit. The other oxygen atom and hydrogen atom from the water molecule combine with 
the other subunit. Notice in the following model that when starch breaks down, it does not 
become smaller pieces of starch. The starch molecule also does not break down into atoms 
of carbon, hydrogen, and oxygen in the model. You can see that the atoms are still connected 
together. When starch breaks down, it turns into carbohydrate subunits. These subunits are new 
molecules that form a new substance— glucose— which has very different properties than starch.
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What in My Saliva Changes Food Molecules?
You have read that something in your saliva helps starch go through the chemical reaction 
of breaking down into smaller subunits. Your saliva is made of water, salts, mucus, antigerm 
compounds, cells from your mouth, and enzymes. Enzymes are substances in your body that 
are involved in many processes like digestion. The enzymes in your saliva are very important in 
helping your body break down the foods you eat. Your body can only use foods when they are 
broken down.

Remember that enzymes are helpers. They speed up the chemical reaction that breaks down 
food, but they are not changed or used up by the chemical reaction. It is the job of the enzyme 
to bring the food molecule together with water to react. When they are in the right position, the 
carbohydrate and water molecule can go through a chemical reaction. The enzyme is not going 
through the chemical reaction with the carbohydrate and the water molecule because none of 
the atoms of the enzyme get rearranged. After the breakdown is complete, atoms in both the 
carbohydrate and the water molecules have been rearranged. However, the enzyme is the same. 
In fact, the enzyme can do its job again with another carbohydrate.

Why Do We Need 
Enzymes?
Did you know that the fireworks exploding 
and the metal rusting are chemical 
reactions? Something that varies among 
all chemical reactions is the time it takes 
for them to happen. Fireworks explode 
immediately, but the rusting of metal can 
take years. You know that digestion is 
also a chemical reaction. Digestion must 
be fast. When you eat a sandwich, you 
cannot wait for years to break down the 
food you eat today. Enzymes speed up the 
breakdown of food molecules.

Without enzymes, you would not be able to use food molecules, because it would take too long 
to break them down. Lactose intolerance is an example of a condition that is caused by not 
having an enzyme to break down a particular food molecule. People who are lactose intolerant 
cannot break down the carbohydrate lactose found in dairy foods. When people who are not 
lactose intolerant eat dairy foods, the lactose is broken down into new molecules that their 
bodies can use. When people who are lactose intolerant eat dairy foods, the bacteria in their 
intestines break down the lactose. Bacteria instead the human body breaking down lactose, 
cause a lot of unpleasant symptoms like gas and cramps.

Fireworks involve a 
chemical reaction that 

happens quickly.

Rusting involves a 
chemical reaction that 

happens slowly.
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Do Enzymes Only Break Down Starch?
Crackers only contain carbohydrates, but many things you eat and drink have all three food 
molecules— carbohydrates, proteins, and fats— in them. Pizza is one example. Pizza contains 
carbohydrates, proteins, and fats. The crust and veggies contain carbohydrates. The meats and 
cheese contain both protein and fat.

So far, you have discovered that during digestion, enzymes help starch break down. Starch is a 
carbohydrate that is formed by linking thousands of carbohydrate subunits. Proteins are formed 
by linking many protein subunits (amino acids). There are different enzymes that can break 
down proteins into amino acids during digestion. Pepsin is an enzyme found in your stomach. 
You might remember using this enzyme in previous science classes to break down the protein 
found in egg. The pepsin breaks down the protein into amino acids. However, since fats do not 
link together, they do not break down the same way.

When you eat pizza, the very large carbohydrates in the crust and vegetables break down into 
carbohydrate subunits. The proteins in the meat and cheese break down into amino acids.

Think of pizza toppings that you like that contain proteins. List them here.

Describe what you think happens to these protein molecules when you digest them.

Where Else Can I Find Enzymes?
Enzymes help with a lot of chemical reactions inside of the body, such as digestion. But enzymes 
can work outside of the body, too. Think about a baby being fed baby food from a jar. When the 
spoon is put back into the jar, enzymes from the baby’s mouth mix with the food in the jar. If the 
baby does not eat the food all at once, the next time the jar is opened, the baby food will look 
watery. This is because the baby’s enzymes have broken down the food in the jar.

Companies have also used enzymes when making cleaning detergents. A lot of tough stains 
on your clothing (like blood and food) are made out of proteins. Detergent companies wanted 
to make a product that would help get these stains out of your clothes. Scientists who studied 
enzymes thought they might be able to use them in detergents to remove protein from clothing. 
They were right! Many detergents with stain- fighting ingredients contain enzymes.
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What Is the Point of Learning about Food Breakdown?
You might be surprised to learn that at the end of digestion, food molecules have not provided 
the cells with any energy. In fact, breaking down food molecules does not provide plants or 
animals with energy, but it is a very important first step. Before an organism can use food for 
energy, it must first break down the molecules.

Organisms need to break down food molecules for two reasons. First, complex food molecules 
are too big to fit inside of cells, but the subunits can easily get into a cell. Once the food molecule 
is in the cell, it can go through more chemical reactions to be used for energy and building 
materials. Second, different organisms need different kinds of carbohydrates and proteins. For 
example, when you eat an egg, you are eating the proteins that are important for chickens. 
However, you do not need chicken proteins to live. You need human proteins. Those chicken 
proteins must be broken down into their subunits so that your body can make a protein that is 
useful for you.

The Driving Question asks: How Do Food Molecules Provide My body with Energy? Now you 
understand the step that happens before your food molecules provide the body with this energy.

Self- Test
What Happens When You Digest a Piece of Toast?

How do you think the enzymes get rid of these stains?
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Activity 5.1: Where Do Proteins 
Go When They Are Eaten?

What Will We Do?
We will analyze data to investigate the molecular nature of using food for building materials 
for cells..

Procedure
The following research used cutting- edge techniques (for 1939) to change the way scientists 
of the time thought about how food molecules were used for building materials in the body. 
Discuss each part of the article with your class and answer the questions.

 Studies in Protein Metabolism: The Metabolic Activity of Body 
 Proteins Investigated with Leucine Containing Two Isotopes
 Authors: Rudolf Schoenheimer, S. Ratner, and 
 D. Rittenberg (rewritten by Kathryn Drago)
 From the Department of Biochemistry, College of Physicians
 and Surgeons, Columbia University, New York
 Received for publication July 26, 1939

 a. What questions do you have about the title of the paper? (You may be able to answer 
them by the time you are finished reading.)

Introduction
Food molecules are the building materials in all living things. In this study, we focus on one food 
molecule— proteins. Proteins contain nitrogen atoms in addition to having carbon, hydrogen, and 
oxygen atoms like the other food molecules. The fact that proteins contain nitrogen will be very 
important in this experiment.
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Scientists studying metabolism (the chemical reactions in living things that involve breaking 
down food and building up new structures) have found that adult rats excrete the same amount 
of nitrogen in their urine and feces that they take in through eating proteins. When scientists 
increase the amount of protein they feed rats, the rats begin to excrete more nitrogen. This is 
called nitrogen equilibrium— rats excrete the same amount of nitrogen that they take in.

Currently, scientists think that the nitrogen in rat urine comes from two places. First, they believe 
that most of the nitrogen in rat urine comes from the proteins rats eat. This means that very little 
of the nitrogen from proteins rats eat goes to the cells of rats. Second, most scientists also think 
that some of the proteins in the body need replacement because they get old. This means that 
some of the proteins that rats eat help make new proteins. Because of this, some of the protein 
in urine must come from old proteins that need to be replaced. Up until now, scientists have 
been unable to perform experiments to determine how much of the nitrogen in urine comes from 
proteins rats eat versus old proteins from the body. They had no way to tell where the nitrogen 
in rat urine comes from. Therefore, one of the research questions in this study is: How much 
of the protein that is eaten is excreted, and how much becomes part of proteins in the body?

Amino acids made with isotopes are a new tool that scientists can use to address this question. 
Amino acids are the subunits of proteins. When they link together, they can form very complex 
protein molecules. As stated before, proteins are made from carbon, hydrogen, oxygen, and 
nitrogen atoms. Each type of these atoms usually has the same mass. Most hydrogen atoms 
weigh the same as other hydrogen atoms, and most nitrogen atoms weigh the same as other 
nitrogen atoms. But isotopes are different; they weigh more. For example, the isotope of hydro-
gen weighs more than normal hydrogen atoms. The isotope of nitrogen weighs more than 
normal nitrogen atoms. Isotopes are rarely found in nature. This means that almost all of the 
proteins in the body of rats are made up of amino acids with normal atoms. When scientists 
feed rats amino acids made with hydrogen and nitrogen isotopes, they can follow these heavier 
atoms. This gives scientists a way to tell the difference between nitrogen that came from the 
food rats ate and nitrogen that is from the body of the rats.

b. What research question are the scientists in this paper studying?

 c.  What is the hypothesis that most scientists have about this research question?
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d. How will amino acids made with isotopes help scientists to answer this question?

Literature Review
Scientists have already performed a few experiments with amino acids made with isotopes. These 
experiments indicate that the proteins that are eaten go through many more chemical reactions 
than scientists had previously thought. For example, in one study, scientists fed an amino acid made 
with isotopes to rats. They found that only 50– 60% of the nitrogen that rats ate was excreted. The 
remaining 40– 50% of nitrogen was found in the rats’ cells. Some of it remained in the original amino 
acid, but some of it was found in other molecules. This means that amino acids can go through many 
chemical reactions to become building materials for the body.

e. How do the results from this previous study differ from most scientists’ hypothesis 
about what happens to proteins when they are eaten?

f. Predict: Based on the results from the previous study, where do you think the scien-
tists in this study will find the nitrogen isotope from the amino acids the rats eat?

Methods
There are 20 common amino acids. We chose to conduct this experiment with the amino acid 
called leucine because it is a very important dietary amino acid. The body cannot make this 
amino acid. It must be eaten. The following model shows the amino acid we created. This amino 
acid has two isotopes: hydrogen and nitrogen. The (*) represents the isotope of hydrogen, and 
the (•) represents the isotope of nitrogen.

85



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

We mixed this amino acid that contains isotopes with the regular amino acid. We fed four adult 
rats 23 mg of this amino acid mixture each day in addition to their regular diet. The animals 
kept their weight constant during the experiment. We collected their urine and feces over three 
days and analyzed them for the isotopes. At the end of three days, we killed the animals and 
investigated their blood and a variety of organs for the isotopes.

 g. Discuss the model of leucine with your class.

 h. Why is it important that the scientists in this study used four rats instead of one?

Have you been able to answer any of your questions about the title of this research article? 
If yes, write your answers here.
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Results
Table 1

Location of Nitrogen Isotope after Feeding Leucine

Percent of Heavy
Nitrogen Administered

Excreted Feces 2.1

Urine 27.6

Animal Body Non-protein 7.8

Protein 57.5

Total 95.0

Location of Nitrogen Isotope—Table I shows the nitrogen isotope in the feces and urine of the 
rats as well as in the protein and nonprotein parts of the body. Only 2.1% of nitrogen isotope 
was in the feces, and only 27.6% was excreted in the urine. The remainder replaced nitrogen in 
the rats’ bodies. Most of the nitrogen found in the bodies (57.5%) had entered proteins, while the 
amount of nitrogen in the nonprotein part of the body was small (7.8%). The amount of nitrogen 
isotope that stayed in the bodies in this experiment was higher than that found in previous 
experiments.

 i. Where did scientists find most of the nitrogen that the rats ate?

 j. Compare this finding to the hypothesis of most scientists and to your hypothesis.

87



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Table 2

Nitrogen Isotope Concentration in Protein Nitrogen of Blood and 
Organs from Four Rats Given Leucine

Organ Nitrogen Isotope Concentration

Blood plasma 0.108

Erythrocytes 0.019

Liver 0.061

Intestinal wall 0.097

Kidney 0.089

Heart 0.058

Spleen 0.072

Testes 0.050

Skin 0.012

Muscle 0.020

Carcass 0.030

Nitrogen Isotope Concentration in Protein—Table 2 shows the analysis of the proteins from 
many organs. Some parts of the body accepted more nitrogen isotope that the rats ate than 
others. The blood plasma had the highest concentration of the nitrogen isotope; the internal 
organs (intestinal wall, liver, kidney, heart, spleen, testes) had a little less. The concentration of 
nitrogen isotope in the muscle and skin was the lowest. However, because muscle and skin 
make up such a large part of the body, these organs still had a lot of nitrogen from the amino 
acids the rats ate. Importantly, the nitrogen isotope was found in all parts of the body tested. 
This means that all of the organs of the body replaced old proteins by building up new proteins 
from the amino acids the rats ate.

 k. How do these data support the claim that proteins are important building materials 
for the body?
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Discussion
Based on this experiment, we can make the following claim: Some amino acids that rats eat 
are excreted as waste, but most of these amino acids are built up into proteins that are used as 
building materials in cells. Our evidence that most of the amino acids that are eaten stay in the 
body is that 57% of the nitrogen isotope that the rats ate was found in proteins in the rats’ bod-
ies. Therefore, the amino acids the rats ate are the reactants of a chemical reaction that produce 
proteins that are used in the body.

The results from this study and earlier findings demonstrate that these chemical processes 
happen constantly in the body, even when an organism is not growing or gaining weight. The 
nitrogen that rats eat is constantly replacing the nitrogen in the old proteins of the body.

l. How did this study change what scientists previously thought about what happens to 
proteins that you eat?

Importance
Humans, just like the rats in this study, eat food that contains protein made up of amino acids. But 
what does the body do with these amino acids? Some are excreted in feces or urine and some 
become a part of proteins in the body. Before this paper was published, scientists suspected 
that most of the amino acids that were eaten were excreted, but this paper suggested something 
different. Scientists were surprised to find that the majority of the nitrogen from the amino acid 
the rats in the study ate became a part of proteins in all parts of the body. Old proteins and cells 
have to be replaced in all organisms, including human children and adults. Chemical reactions 
are constantly happening so that proteins that you eat can become a part of your body. This is 
true for carbohydrates and fat molecules as well.

1. Based on what happens to proteins in rats in this research article, what happens when 
you eat protein?

Making Sense
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The newly hatched chicken  
developed using only food 

found inside of its egg.

Lesson 5 Reading One: What 
Allows Organisms to Grow?

Getting Ready
You have probably heard of the saying “you are what you eat.” 
This does not mean that eating an egg makes you a chicken. 
Instead, this saying means that the molecules that make up the 
egg become a part of your body.

For example, athletes may want to build muscle. To get the 
protein needed to build muscle, athletes today might supplement 
their diet with drinks made of protein powder. Before protein 
shakes were available in stores, athletes used to drink raw eggs 
to get the protein they wanted.

How Do You Think What You Eat Can Affect Your Body?

In this reading, you will learn two things. First, you will learn how food is used for building materials 
in many organisms. Second, you will learn about the chemical reaction involved in this process.

What Happens to Your Growth If You Do Not Get Enough 
Food?
Your adult height will be affected by genetics and by your environment. If your family is tall, it is 
likely that you will be tall as well. But your environment can change that. What would happen if 
you did not get enough food to eat as a child? Nutrition scientists used data from two groups 
of Mayan people to investigate this question.

The ancestors of both of these groups of people lived in Central America. (These two groups are 
genetically very similar, so differences in height were mostly caused by their environment.) The 
Mayans in Group 1 moved to Guatemala (a country in Central America). The Mayans in Group 
2 moved to the United States.

Group 1—The Mayan children in Guatemala did not get enough to eat. During the study, food in 
Guatemala became very expensive and there was widespread disease. Also in Guatemala, the 
children did not have health care, clean drinking water, or free food programs for women and children.
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Mayan children in Guatemala and the United States grow to different heights.

Group 2—The Mayan children in the United States were able to eat enough. There, the Mayan- 
American students could get free breakfast/lunch programs at their schools and they were not 
as poor.

Scientists measured the height of the children in these two groups between ages 5 and 12. 
Researchers made the following graph of their data. (10cm is approximately 4 in.)
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Cells must divide to 
heal a scraped knee.

Compare the heights of the Mayan children living in the U.S. and Guatemala.

Why do you think the heights of the children are different?

After the study, the nutrition scientists concluded that one of the reasons Mayan children in 
the United States grew taller than the children in Guatemala was the amount they had to eat. 
Children in the United States ate more, so they had more building materials to make new cells. 
However, these scientists cannot claim that food was the only factor, since the children in the 
United States also had better health care.

From your plant experiments, you might remember that if you change more than one part 
of a setup, it is impossible to tell which factor caused the difference in data. In this case, a 
combination of more food and better health care probably allowed the children in the United 
States to grow taller.

Food Is Needed for Repair Even after You Stop Growing
The Mayan children in the study were growing, but even after you stop 
growing, the cells in your body still need new building materials. This is 
because your body constantly needs to repair itself. For example, cells divide 
when your body heals a wound. When you fall down and scrape your knee, 
you lose layers of skin. Your knee bleeds, and a scab forms. The cells in the 
skin surrounding your scrape divide to replace the skin you lost.

Even when you are not injured, your body needs a constant supply of food 
to supply building materials for repair every day. Your skin and other organs 
are constantly shedding cells. As the old cells die, new cells are made to 
replace them. To make these new cells, your body needs food. Additionally, 
the proteins doing important jobs inside of the cells also need to be replaced. For example, 
enzymes, antibodies, and the molecules that carry oxygen in your red blood cells are all proteins. 
When these proteins get old, your cells get rid of them and make new ones. To make new protein, 
your body needs new building materials from food.
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Do you think the rats in the experiment were using the amino acids as building materials 
for growth or repair?

What Happens to Amino Acids Once They Are Eaten?
You know that organisms, like humans, use food molecules for growth and repair. All organisms, 
even plants and bacteria, do this. But what happens to these food molecules when they are used 
as building blocks? In class, you found that complex carbohydrates and proteins must be built 
by the cells of the body.

You focused on the building up of proteins from amino acids in the bodies of rats. The rats ate amino 
acids, and scientists found these amino acids in proteins all over the bodies of the rats. The amino acids 
had been built up into proteins. Building up of complex molecules also happens with carbohydrates. 
Building up of molecules happens whenever an organism needs to grow or repair itself.

During growth, an organism gets bigger by using food molecules as the building materials for 
new cells. During repair, an organism uses food molecules as the building materials to replace 
old proteins or cells or to heal from an injury.

Is Building Up Food Molecules a Chemical Reaction?
The following model shows what happens to food molecules inside the cells of an organism 
when they are being built up. Building up is a chemical reaction. In building up, an organism can 
combine two subunits of a food molecule to make new complex molecules with many subunits. 
For example, when cells build proteins, the subunits of proteins (amino acids) are joined together 
by removing a water molecule. This is the chemical reaction that occurred in the cells of the 
rats to build up new proteins from the amino acids that they ate. The rats then used these new 
proteins to do important jobs in their cells.

The following is an example of making one larger molecule from two protein subunits.
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In the chemical reaction building a molecule with two protein subunits, two amino acids join 
together by removing a water molecule.

 Proteins are made from linking many amino acids. You learned previously that carbohydrates 
are also formed from combining carbohydrate subunits. The chemical reactions that build up 
proteins and carbohydrates are similar. When carbohydrates build up, two carbohydrate subunits 
are combined when a water molecule is removed.

Notice that this chemical reaction is the opposite of breaking down food molecules. When food 
molecules are broken down, the subunits separate and a water molecule is added. Look back 
at the models in your last reading to compare building up and breaking down food molecules.

What Would Happen to an Organism If It Could Not Build 
Up Large Food Molecules?
Bacterial cells, just like human cells, need to be able to build new proteins to grow and divide. If 
bacteria cannot build proteins from amino acids, they will die. Some antibiotics, or drugs that 
cure bacterial infections, take advantage of this fact. These drugs block the bacterial cell from 
combining amino acids into proteins. Then the bacterial cells cannot build the proteins they need 
to survive. The bacteria die, and you are cured.

What do you think would happen if you could no longer make new proteins?

What Else Happens to Large Food Molecules?
The body builds up new molecules from the subunits of food you eat. These new molecules are 
used to create new cells that help you grow taller and repair injuries. These new molecules are 
also used to replace old parts of cells. But sometimes you can eat more food than is needed by 
the body for growth, repair, and energy.

What do you think your body does with food it does not need immediately?
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Activity 5.2: Do Animals and 
Plants Store Food for Later?
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The X-ray on the left is a person with 
average weight. The X-ray on the right is a 
person who is overweight. This body has  

36mm- thick layer that contains fat 
molecules.

Lesson 5 Reading Two A: 
Do Animals and Plants Store 

Food for Later?
Getting Ready
The picture is an X-ray of two different people. It shows 
what you would see inside the body if you could cut 
through the abdomen (stomach) area. The person on 
the left has an average weight. The spine is the big 
white shape, and the little white dots are the ribs. The 
gray line around the body is skin. Look at the picture 
to see if you can find these body parts.

The person on the right is overweight. You can 
see that between the ribs and skin, there is a layer 
36mm (or about 1.4in) thick around the whole body. 
That layer contains fat molecules that the body has 
stored. Look at the picture now to see the differences 
between outsides of the body on the left and right.

What happened to the molecules of food the person on the right ate before they were 
stored in this layer of fat?

In this reading, you will learn about what happens to molecules of food when they are stored 
in both animals and plants. In animals, this storage can lead to being overweight and health 
problems. But storage of food molecules also can help some organisms to survive. Therefore, 
the chemical reactions that food molecules go through before the body stores them are very 
important.

How Is Obesity Related to Eating Too Much?
In the movie Super Size Me, you saw that your body stores food as fat. Originally, this ability to 
store food helped humans to survive. Humans could live off of the food molecules they stored 
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The elephant seal nurses her 
young without eating for weeks.

in their bodies when they could not find animals to hunt or plants to gather. However, in many 
countries today, very few humans experience food shortages. Sometimes, these humans eat 
more food than they need but never experience times when food is scarce. When these humans 
build stores of food in their bodies for a long time, they build up fat molecules and eventually 
become obese. Humans are not the only animals that can become obese after storing too many 
fat molecules.

Long- Term Storage Can Also Be Very Helpful for Animals
For both obese people and obese house pets, storing 
food in the body as fat for a long time can be harmful to 
their health. But storing food molecules for a long time 
is actually very important for many organisms. Without 
being able to store food molecules for months, many 
organisms would die when their food is not available.

For example, the female elephant seal depends on the fat 
molecules she has stored in her body to feed her baby. 
The elephant seal usually lives at sea. She comes on land 
for about five weeks a year to give birth to her young. 
During this time, the female elephant seal stays on the 
beach and does not eat because her food is in the ocean. The baby elephant seal gets all the 
food it needs from its mother’s milk. While she is on land nursing her baby and not eating, she 
loses 35% of her body weight, or about 8kg (17.5lb) a day.

Explain what happens to the fat molecules in the female elephant seal’s body when she 
loses weight.

Some animals also need to store food molecules in their bodies for months because they 
hibernate in the winter. Animals like bats, rodents, hedgehogs, and marsupials hibernate during 
the winter because it is difficult for them to find food and deal with cold temperatures. During 
hibernation, these animals slow their breathing and heartbeat, reduce their body temperatures, 
and decrease the rate they use food. However, these animals still need energy. Since they do 
not eat while hibernating, they must rely on the food molecules they ate and stored in their 
bodies before hibernation began. Indeed, animals eat huge amounts of food before they start 
hibernating.

The next time you eat yogurt, think about the fact that you are putting helpful organisms in your 
body. If you don’t eat yogurt, you might want to try it. Remember, “live cultures” are important if 
you want to choose the healthiest yogurt!
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Food can be stored 
in seeds as carbohy-

drates, protein, or oil.

Lesson 5 Reading Two B: 
Plants Also Store Food 

Molecules for Long 
Periods of Time

Plants can also store food molecules for later use. You may remember that 
plants capture energy from the sun for their food molecules. When there is 
very little sun, plants cannot make their own food. During this time, plants 
must depend on food they have stored to give them energy.

Some plants can store food in and around seeds. A few examples include 
corn, beans, peanuts, and grains. Why does a plant store food molecules 
in seeds? Think about a seed when it is planted. It is below soil and cannot 
get any sunlight to help it make food. During this time, its only source of 
food is the carbohydrate, protein, or oil (a type of fat) stored in the seed.

What Chemical Reactions Happen to Food Molecules 
before Storage?
You have read that both plants and animals can store food molecules for later use. But what 
happens to those molecules before they can be stored? When the man in Super Size Me ate 
a lot of fast food, his body did not store pieces of hamburger for later. His body changed the 
molecules it ate before it stored them.

In class, you learned food molecules that are eaten by organisms undergo chemical reactions 
before they are stored. Many people are surprised to find out that all three types of food molecules 
(carbohydrates, proteins, and fats) can go through chemical reactions and then be stored as fat. 
See the following diagram.
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Fat is the best type of molecule to store food for a long time for animals because it can provide 
the body with a lot of energy in a small mass of food molecules. When you burned different foods, 
you observed that 1g of fat provides the body with nine Calories, whereas 1g of carbohydrates 
and 1g of protein provide only four Calories each. Because carbohydrates can go through a 
chemical reaction to turn into fats, people who are on low- fat diets might not lose weight if they 
are still eating a lot of carbohydrates.

Why might someone who is on a diet and eating very few fat molecules not lose weight?

Reviewing Food Molecules in Organisms
You are getting closer to answering the Driving Question: How Do Food Molecules Provide My 
Body with Energy? Before you could answer that question, you had to investigate food. You got 
evidence through burning a tortilla chip that food molecules contain energy.

Do you think that food molecules are the only source of energy for the body? Explain.

Now you know that there are three types of food molecules: carbohydrates, proteins, and fats. 
Each of these molecules has two purposes: (1) they give organisms energy, and (2) they give 
organisms building materials.

What evidence (aside from the burning tortilla chip) do you have that food molecules 
have energy?
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Why do fat molecules contain more energy than carbohydrate and protein molecules? 
(Look back at the models of food molecules for a hint.)

  What evidence do you have that food molecules give organisms building materials?

You also know from your experiments burning different foods that different food molecules 
contain different amounts of energy.

Finally, you found that food molecules can be used immediately by an organism or can be stored 
to use later. Animals can store food molecules for a long time as fat, and plants can store food 
as starch, protein, and oil. Before organisms store food molecules, they go through a chemical 
reaction to change them into a form that can be stored. You have learned a lot about what 
food is, what it is used for, and when it can be used, but you might still have questions about 
food. Maybe something that you learned about food made you think of a new question. In the 
following lessons, you will learn about where food molecules come from originally and what 
happens to them so that organisms can use them for energy. You might also have a question 
about these ideas.

In the following space, write a question that you still have about food. (Your teacher might 
place this question on the Driving Question Board.)
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Activity 6.1: What Do Plants 
Need to Grow?
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Lesson 6 Reading One: 
What Do Plants 
Need to Grow?

Getting Ready
All organisms need food for energy to do things as well as 
for building materials. But the ways that organisms get their 
food are different. Many organisms get food by bringing it 
in from the outside environment. For example, humans and 
other animals have to eat to get food into their bodies. Fungi 
(like mushrooms) and some organisms with only one cell (like 
bacteria) can absorb food through their cell walls. The only 
organisms that do not have to bring food in from the outside 
environment are plants. Plants can make their own food.

Plants can make their own food, 
but the gardener must eat.

Van Helmont’s plant 
gained 165lb (about  

75kg) in five years. The soil 
lost no weight.

Why do you think plants making their own food is important for answering the Driving 
Question: How Do I Get the Energy to Do Things?

In this lesson, you will learn what plants need to grow. Because humans get energy from plants 
in the form of food, this will also help you understand how you get the energy to do things.

Do Plants Get the Material They Need to 
Grow from Soil?
You know that animals get the building materials they need to grow from 
food. For example, you found that children who eat well grow taller than 
children without proper nutrition. The children who ate less had fewer 
building materials to use for new cells. Just like humans, plants also use 
food molecules to grow. However, plants do not eat. Plants must get food 
molecules some other way. When you grow plants, you put them in soil 
and water them, and they are exposed to air.
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Do you think that plants can get the building materials they need to grow from soil, water, 
or air? Which ones? Explain your answer.

This lettuce is grown 
hydroponically—  

without soil.

In the 17th century, a scientist named Jean-Baptiste Van Helmont conducted an experiment to 
determine where the building materials for a growing plant come from. Van Helmont planted a 
5lb (about 2.2kg) willow tree in a pot with 200lb (about 90kg) of soil. Five years later, he weighed 
the tree and the soil again. After five years, the tree weighed 170lb, (about 77kg) but the weight 
of the soil remained the same.
In the following table, organize the data from Van Helmont’s experiment. Calculate the change 
in the weight of the tree and the weight of the soil during the experiment.

Sample Weight of Tree Weight of Soil

Beginning of Experiment (Year 0)

End of Experiment

Change in Weight

You may remember that matter cannot be created or destroyed. Therefore, if the matter the tree 
used for growth came from the soil, the change in the weight of the soil must be the same as the 
change in weight of the tree. Van Helmont found that while the tree gained 165lb, (about 75kg) 
the soil did not lose any weight. Soil cannot give plants the material 
they need to grow.

Why Do Most Plants Grow in Soil?
Plants do not get their building materials for growth from soil. How-
ever, most of the plants you have seen have probably been growing 
in soil. This is because soil is useful to plants for many other rea-
sons. Most importantly, soil provides vitamins, minerals, and nitrogen 
atoms (for making proteins) that plants need. Trying to grow a plant 
without the nutrients found in soil is like you trying to survive without 
calcium or iron. Soil also holds water so that plants do not get too 
dry. Lastly, roots of plants hold onto the soil so that the plant does 
not fall over.
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Plants do need the nutrients from soil, but they do not need soil itself. The nutrients that plants 
normally get from soil can be dissolved in water. Plants grown in this nutrient- rich water will grow 
without soil. Many farmers, gardeners, and scientists use this technique to grow plants inside 
without soil. Growing plants without soil is called hydroponics. Hydroponics allows you to grow 
twice as many plants in half the space. However, it requires special equipment for watering and 
holding the plants. The photograph shows lettuce growing hydroponically. Notice that the plant 
is not growing in soil, so you can easily pick it up and see its roots.

Why might growing plants hydroponically be useful?

In hydroponics, people grow plants without soil by providing them with the nutrients they need. 
However, there are some types of plants that grow naturally without being rooted in soil. One 
plant that does not need to be rooted in soil is called Spanish moss. Spanish moss is a plant 
that hangs in the limbs of trees in the southern United States and other warm areas. It has no 
roots. The food and nutrients it needs are dissolved in rainwater.

In lessons later in this unit, your class will experiment with a water plant that also does not 
need to be rooted in soil. This plant is called elodea. The nutrients that elodea plants need are 
dissolved in the water where they live. These two examples, Spanish moss and elodea, give you 
more evidence that plants do not get the building materials they need for growth from the soil. 

Both Spanish moss (left) and elodea (right) grow without soil.
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Neither of these plants lives in soil, but both grow.
Most plants live in areas where the soil can provide them with vitamins, minerals, and nitrogen 
they need. However, some plants live in areas where the soil is poor. For example, the soil where 
the Venus flytrap lives lacks the nitrogen the plant needs. Without this nitrogen, Venus flytraps 
could not make the protein they need. To get this nitrogen, Venus flytraps digest insects. The 
insects contain the nitrogen the plants need. Still, insects are not food for Venus flytraps.

Where Do Plants Get the Material They Need to Grow?
These three examples—hydroponics, plants growing without soil, and insect-eating plants—
provide you with evidence that soil is not necessary for plant growth. Soil is important because 
usually it provides nutrients for plants. However, plants can get these nutrients in other ways. 
Most importantly, no plants get food molecules they need to grow from soil. Plants also are 
exposed to air and water. In the next lesson, you will learn which of these substances contains 
the matter plants use to grow.
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 Activity 7.1: What Do Plants 
Produce in the Light?

What Will We Do?
We will investigate the products of photosynthesis.

Part 1 –  Starch
Procedure:
Your teacher has already performed steps a–d of the procedure.

 a. Grow a geranium plant with leaves in the light or dark for two to three days. Cover the leaves 
grown in the dark with aluminum foil.

 b. On the day of the investigation, remove the leaves from the geranium plant, keeping the 
ones grown in the light separate from those grown in the dark.

 c. Cut the leaves into quarter- sized pieces.

 d. Boil the leaf pieces in water for five minutes. (Boiling opens up the cells of the leaves to 
iodine.)

 e. Predict: Will you find starch in a plant leaf grown in the light? Why?

SAFETY GUIDELINES

 • Iodine stains skin and clothing.
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f. Predict: Will you find starch in a plant leaf grown in the dark? Why?

 g. Get two small cups. Label one Dark and the other Light.

 h. Get one piece of leaf that was grown in the dark and one that was grown in the light. Place 
the leaves in the correct cups.

 i. Cover each leaf in the cup with one dropper full of iodine solution.

 j. Remove each leaf from the cup (keeping track of which is light and which is dark). Place 
them on a paper towel, and pat dry.

 k. Observe the color of each leaf.

 l. Label the table and record your data.

Data

Leaf Grown in the Light Leaf Grown in the Dark

Color

Making Sense

1. Where did the starch molecules come from in the leaf grown in the light?

2. Why did you not find starch molecules in the leaf kept in the dark?
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Part 2 – Oxygen
Procedure

a. Place a dissolved oxygen probe in a container with water and a water plant.

b. Record the oxygen concentration every minute for 30 minutes or more.

Data
A Data Table needs to record measurements 30 times. Share the oxygen concentration data 
collected with the class.

Making Sense

1. Discuss what the data suggest is happening to the concentration of oxygen in the light.

2. Can plants produce oxygen in the dark? Explain your answer.

3. How would you improve this experiment to make your claim in Question 1 stronger?

109



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

Lesson 7 Reading One: 
What Do Plants Produce 

in the Light?

Getting Ready
Imagine two identical plants sitting by a sunny window. 
One plant is exposed to the sun. The other plant is covered 
by a cardboard box. The box allows air in and out. The 
difference between the plants is that the sun can shine on 
one plant, but the other is in the dark. Both plants are the 
same temperature. Think about the chemical reactions 
occurring in the two plants.

How would the chemical reactions occurring in the plant 
grown in the light be different from the chemical reactions 
in the plant grown in the dark?

In the light, plants can carry out photosynthesis. This means they are making glucose and 
oxygen. In the dark, they cannot.

In this reading, you will learn how sunlight is involved in the chemical reaction plants use to 
make their own food.

How Do Plants Get Food?
You have learned that plants and animals both use food molecules for energy and building 
materials. Animals eat to obtain important molecules from food, but plants do not. You found 
that plants also do not take in food molecules from the soil. Instead they must make their own 
food. This must happen through a chemical reaction since plants are making something new 
from something old.

Plants obtain the energy and building blocks they need through a chemical reaction. You now 
have two pieces of evidence about this chemical reaction. First, you tested for starch in leaves 
grown in the light and the dark. Remember, starch is a very large carbohydrate made by plants 
from many subunits of glucose. You found that leaves grown in the light have starch, but those 
in the dark do not. Therefore, plants can make glucose and store it as starch, but only if they are 
exposed to light.
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Second, your teacher exposed water plants (elodea) to a strong light source. After a few minutes, 
the water plants started making bubbles. Using a probe, you discovered that these bubbles were 
oxygen. Therefore, plants in the light produce oxygen.

Plants produce glucose and oxygen in a chemical reaction called photosynthesis. The word 
photo means light, and synthesis means making. Photosynthesis means that plants are making 
glucose with the use of light.

How Is Light Related to Photosynthesis?
The Getting Ready section had you consider the chemical reactions taking place in two plants in 
the light and dark. You know that photosynthesis is a chemical reaction that can only happen in 
the light. The chemical reaction was not happening in the plant covered with the cardboard box.

Why can photosynthesis only occur if a plant has been in the light?

Can photosynthesis occur in plants that have been kept in the dark if they are warm? 

Explain your answer.

Although plants usually grow during warm seasons, plants do 
not use the thermal energy from the sun for photosynthesis. 
If you were to place a plant in a warm box, it would not be 
able to make its own food. This is because plants need 
light energy to carry out the chemical reaction that makes 
glucose molecules. Although temperature is important for plants, plants need light to undergo 
photosynthesis.

Indoor gardeners often put their plants under grow lamps like the ones shown. Grow lamps 
stay on all the time so the plants can carry out photosynthesis 24 hours a day. Plants that 

are under a grow lamp grow much faster than indoor plants placed near a window.
Why would allowing a plant to undergo photosynthesis 24 hours a day cause it to grow faster?
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Why Can Plants Only Make Food Molecules in the Light?
You have learned that food molecules—carbohydrates, proteins, and fats—all provide organisms 
with energy. You collected evidence that food can provide energy when you burned tortilla chips 
and marshmallows in class. You also learned that all food molecules originally come from 
plants. Everything you eat is either a plant (like vegetables) or an animal that ate plants (such 
as a cow).

Think about these two ideas: (1) food molecules provide energy, and (2) all food molecules 
originally came from plants. Together, this means that plants are originally responsible for 
providing all of the energy that you need to do things because they can use light energy to 
produce food molecules. Think of a hamburger, for example. Wheat plants produced the food 
molecules that are in the bun. The meat came from a cow. Grass plants that the cow ate also 
provided it with food molecules. The energy from the grass was then transferred to the cow.

Your class found in the wheatgrass experiments that plants only make food in the light. Without 
light, plants cannot produce food molecules. In the light, plants perform a chemical reaction 
that rearranges the atoms of the reactants into oxygen and glucose. Therefore, light— usually 
sunlight— is the original source of the energy that is converted and used by most organisms.
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Where do plants get energy?

Without plants, would you be able to get the energy to do things? Explain.
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Why Is Photosynthesis Important?
Photosynthesis is important to plants because it is necessary for synthesizing glucose. Plants 
need food for the same reasons you do— for energy and building materials. In photosynthesis, 
plants use light energy to create glucose. Glucose molecules produced during photosynthesis 
are built up by the plant into starch and stored until needed. Through other chemical reactions 
in plants, glucose can also be changed into the protein and fat that plants need.

Plants are the only organisms that can perform photosynthesis because they are the only 
organisms that can use light energy to make food molecules. Although your body cannot 
perform photosynthesis, this reaction is very important to you. Without plants producing food 
molecules, you could not get the energy to do things or make building materials for your cells. 
This is why plants are called producers. Plants produce the food molecules used for the energy 
and building materials that most all organisms need to survive. Photosynthesis is also important 
because it produces oxygen. You may know that you breathe in oxygen, and later you will find 
out the reason why oxygen is important for all organisms.

Now you know that all food molecules originally come from plants and are produced through 
photosynthesis. Your next step is to find out what plants need to produce oxygen and glucose 
during photosynthesis.
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Activity 7.2: How Do 
I Know that Plants 

Use Carbon Dioxide?
What Will We Do?
We will investigate whether plants use carbon dioxide in the light.

Procedure
Your teacher will do these steps.

a. Using a straw, blow into a beaker of bromothymol blue (BTB) solution until it turns from 
blue- green to yellow- green.

b. Get two test tubes. Place a sprig of a water plant (elodea) in one test tube.

c. Fill both test tubes up to the top with the yellow- green BTB solution and cover the test 
tubes.

 d. Place both test tubes under a strong light source overnight. Follow Steps e–h.

 e. Label the following table before you collect data.

 f. In the table, record the color of the BTB solution at the beginning of the activity for each 
tube.

 g. Predict: Do plants use carbon dioxide in the light? Why?

 h. The next day, record in the following table the color of each tube.
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Data

Beginning End

Color of BTB in tube without elodea

Color of BTB in tube with elodea

Making Sense

• in the tube without the elodea when it is exposed to the light?

1. What do the data suggest is happening to the level of carbon dioxide
• in the tube with the elodea when it is exposed to the light?

2. Write a scientific explanation about how plants produce food molecules. Use carbon 
dioxide, water, oxygen, glucose, and light energy in your scientific explanation.
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Lesson 7 Reading Two:  
How Do I Know That Plants 

Use Carbon Dioxide?

Getting Ready
Your class has been investigating what plants need to make food molecules through a chemical 
reaction called photosynthesis. In your experiments with wheatgrass, you may have found that 
plants grow best when given the proper amount of water, sunlight, and nutrients. However, there 
are many variables that you did not test. Some variables may have been too complicated to test 
in class. Maybe you did not have the equipment to test other variables.

In your wheatgrass experiments, you could not test the effect of the substances in the air on 
plant growth. You may remember that air is made up of many molecules, such as nitrogen, 
oxygen, carbon dioxide, and water. In this reading, you will continue your exploration of the 
molecules plants use in photosynthesis.

Do Plants Need Carbon Dioxide to Make Food Molecules?
You may have heard that plants “breathe in” carbon dioxide and “breathe out” oxygen, but 
what is your evidence that plants need carbon dioxide, and why do they need it? In your plant 
investigations with wheatgrass, you did not gather data about the effect of the substances in air 
on plant growth because you cannot measure them without an indicator or probe.

In Activity 7.1, your teacher used a liquid indicator to show that plants do use carbon dioxide. 
This indicator (called BTB) is normally blue, but it turns yellow in the presence of carbon dioxide. 
Someone in your class blew into this indicator with a straw. The carbon dioxide in his or her breath 
dissolved in the indicator and turned it yellow. The color change showed that the concentration 
of carbon dioxide in the indicator was much higher after someone exhaled (blew) into it.

Next, your teacher put a water plant (called elodea) into a test tube and covered it with the yellow 
indicator. As a control, your teacher also poured the indicator into a second test tube with no 
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that you think affect the ability of plants to produce food molecules.
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plant. After a while under a strong light, the indicator in the test tube with the plant turned blue. 
This change in color meant that the concentration of carbon dioxide in that tube was decreasing. 
The color of the indicator in the control without the plant remained yellow. This showed you that 
the color change you saw in the tube with the water plant was not due to placing the tube in 
bright light. The color of the indicator changed from yellow to blue because the plant in the tube 
was using carbon dioxide in the light.
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What was the plant using the carbon dioxide for?

Predict what would happen to a plant if you grew it in a room without carbon dioxide. Why?

If your teacher repeated the experiment with the water plant in a test tube of indicator for 
carbon dioxide in the dark, would the color of the indicator change from yellow to blue? 
Why?

What Substances Do Plants Need to Make Their Own Food?
You have evidence about the two substances plants need to grow. In your wheatgrass experiment, 
you found that plants need water because plants without water die. However, by looking at the 
atoms that make up water— hydrogen and oxygen— you knew that plants must need another 
substance to make food molecules. All food molecules contain carbon, hydrogen, and oxygen 
atoms. Water contains hydrogen and oxygen atoms, but water does not contain carbon atoms.

Now you have evidence for where plants get the carbon atoms they use to make food molecules. 
Your class found that plants kept in the light use carbon dioxide. The carbon dioxide is the source 
of the carbon atoms in the food molecules that plants make.
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In plants exposed to light, carbon dioxide and water react to form oxygen  
and glucose.

Plants use these two substances— carbon dioxide and water— in a chemical reaction to make 
their own food. The following model shows the entire chemical reaction.
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In the previous model, you can see that carbon dioxide and water molecules are the reactants. 
The atoms in these molecules rearrange to form oxygen and glucose. These are the products 
of photosynthesis.

The model shows you that to make one molecule of glucose, you need six molecules of carbon 
dioxide and six molecules of water. This chemical reaction also produces six molecules of oxygen.

You are almost finished with your investigation about photosynthesis, the chemical reaction that 
plants use to make their own food molecules. In the next activity, you will model this chemical 
reaction to learn about how the atoms in the reactants are rearranged to form the products. With 
this information, you will understand the chemical reaction that produces most of the food on 
Earth. The food molecules produced during this chemical reaction ultimately provide your cells 
with the energy they need to function.

Why does photosynthesis require six molecules of carbon dioxide and six molecules of 
water to make one molecule of glucose?
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Activity 7.3: What Do Plants 
Produce in the Light?
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Your teacher will provide instructions for this page.
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Activity 8.1: What Does Food 
Need to Burn?

121

What Will We Do?
We will investigate the reactants and products of burning food molecules.

Part 1 –  Refining Your Scientific Explanation
Using what you have learned so far in this unit, revise your scientific explanation from Activity 
1.1 to answer the question “What happens to fat stored in the body when people lose weight?”

Part 2 –  Reactants and Products of Burning Food Molecules

Procedure
 a. Predict: (Circle your answer for each.) When you burn oil in a closed system, what do you 

think will happen to the amount of the following?

Oil increase decrease stay the same

Oxygen (O2) increase decrease stay the same

Water (H2O) increase decrease stay the same

Carbon Dioxide (CO2) increase decrease stay the same

 b. Explain your predictions.

Your teacher will do these steps.
 1. Place 1.5mL of cooking oil in a ceramic bowl. Create a wick out of a paper towel and place 

it in the bowl.
 2. Record the mass of the bowl with oil and wick in the Starting column in the following table.
 3. Cover the oxygen, humidity, and carbon dioxide probes with a large glass container (e.g., 

upside-down aquarium).
 4. Record the following data in the Starting column in the following table.
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• concentration of oxygen
• concentration of carbon dioxide
• absolute humidity (concentration of water vapor)

 5. Light the sample of oil and quickly place it under the glass container.
 6. When the flame goes out, record the following data in the Ending column in the following 

table.
• concentration of oxygen
• concentration of carbon dioxide
• absolute humidity (concentration of water vapor)

 7. Remove the ceramic bowl with oil and wick from the glass container and record its mass in 
the Ending column in the following table.

Data

Starting Ending Change
Absolute humidity g/cm3

Mass of oil/bowl/wick (g)

Concentration of oxygen (%)

Concentration of carbon dioxide 
(ppm)

1. Based on the data you collected, write the chemical reaction for food burning.

 

Making Sense
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3. How is this chemical reaction related to photosynthesis—the chemical reaction plants 
use to make food molecules?

2. How is this chemical reaction related to the chemical reaction that provides energy to 
the cells?
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Lesson 8 ReadingOne: What 
Can Burning Food Teach 

Me about Food Providing 
Energy to My Body?

Getting Ready
The bus runs on a fuel called biodiesel. Biodiesel is not like normal gasoline—it does not come 
from oil drilled from the earth. Instead, biodiesel comes from vegetable oil. This bus is powered 
with soybean oil.

How do you think burning soybean oil can make this bus go?

Burning soybean oil releases energy. A very similar chemical reac-
tion provides your cells with energy. In this reading, you will learn 
more about burning food so that you can better understand the 
chemical reaction that happens in your cells.

What Are the Reactants of Burning Food?
You are using burning food as a model for the chemical reaction 
that provides your cells with energy. In chemical reactions, old stuff 
(reactants) changes into new stuff (products). Your class performed 
one investigation with many probes to learn about the reactants and 
products of burning oil. Your teacher might have burned the oil under 
a large glass container (see picture). This container trapped all the 
reactants and products of burning the oil so that your probes could 
measure the changes.

You learned from this experiment that there are two reactants 
involved when oil burns. First, you found that the mass of oil 
decreased. Second, you found that the concentration of oxygen 
in the container also decreases. This shows you that both oil and 

This bus burns fuel from  
soybeans for energy.
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oxygen molecules are being used up in this chemical reaction. During burning, the atoms in the 
molecules of oil and oxygen rearrange to form the products of this chemical reaction.

What Happens When You Add More Reactants?
In this lesson, you are studying burning food, but many substances burn using the same chemi-
cal reaction. In forests, wildfires burn plants in a chemical reaction that requires oxygen. Wild-
fires are deadly natural disasters that cause millions of dollars of damage in the United States 
each year. A strong wind can make a wildfire especially hard to fight. Not only does wind push 
the fire along, but it also brings more air to the fire.

Air makes fires stronger because of one of the gases that is in the 
air. Air is 21% oxygen gas. Therefore, adding more air to the fire adds 
more of this reactant and keeps the fire going longer and stronger.

What Gases Are Produced from Burning 
Reactions?
When your class burned oil, you found that there are two products 
that are both gases. Both the concentration of carbon dioxide and water vapor increased when 
you burned oil. This means that atoms in the reactants of burning rearranged to form carbon 
dioxide and water molecules. When you put all of your evidence together, you find that the chemi-
cal reaction for burning oil is the following.

The following model shows these molecules in a burning reaction. In this model, you can see 
that there are hundreds of molecules taking part in this reaction.

Why does more air 
make a fire stronger?

Oil + Oxygen   Water + Carbon Dioxide

125

Why would having a lot of air fuel a wildfire?
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Soybeans are plants. Where did the energy the soybean oil provides to the bus come from 
originally?

After burning the oil, there were water droplets in the glass container. Where did the water 
come from?

After burning the oil, there was more carbon dioxide in the glass container. Where did 
it come from?

The bus in the Getting Ready section runs because of a similar chemical reaction. Inside of 
the bus, oxygen reacts with the soybean oil. When the products form, energy is converted into 
thermal energy and kinetic energy that the bus can use to move. When the bus burns soybean 
oil, it produces water and carbon dioxide. The products and reactants of burning cooking oil in 
class and soybean oil in the bus are very similar.
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What Is the Connection between Burning Oil and Other 
Chemical Reactions?
In this unit, you have learned about several chemical reactions, and they all have important 
connections to one another. First, in this lesson you investigated burning oil, but you have also 
burned lots of other foods in this unit— tortilla chips, wheatgrass, marshmallows, and potato 
chips. It is important to realize that all of these foods are made of molecules of carbohydrate, 
protein, or fat. All of these foods contain carbon, hydrogen, and oxygen atoms. Because of the 
similarities between these molecules, all of them can burn using a similar chemical reaction. 
All of these food molecules produce carbon dioxide and water. When these new molecules are 
formed, they release energy, typically thermal and light energy. That is why we see flames and 
feel heat during burning. The molecules of carbon dioxide and water have greater kinetic energy.

The connection between burning foods and the chemical reaction that provides energy to your 
cells is also important. These two chemical reactions are very similar. They use the same prod-
ucts and reactants and both can convert energy. Remember, however, that there is an important 
difference. When you burn food outside of the body, it produces thermal and light energy. Food 
inside of your body does not provide light energy and provides less thermal energy than burning.
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Lastly, there is an important connection between burning and photosynthesis. The following 
model shows the chemical reaction involved in burning glucose. This chemical reaction happens 
when you burn a marshmallow. The chemical reaction shows glucose and oxygen reacting to 
form water and carbon dioxide.
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You may remember that photosynthesis, the chemical reaction plants use to make food mol-
ecules, uses the same molecules, but the products and reactants are reversed. The following 
box compares these two chemical reactions.

These two chemical reactions have opposite products and reactants. The purposes of these 
chemical reactions in living things are reversed as well. Photosynthesis is a chemical reaction 
that uses energy to produce food molecules. Burning, on the other hand, uses up food molecules 
and releases energy.

Because the molecules involved in these two chemical reactions are the same, it can be easy 
to confuse photosynthesis and burning. It might help you to think about the purposes of these 
chemical reactions when you are trying to remember the correct reactants and products for 
each one. Photosynthesis is a chemical reaction that makes food molecules. Therefore, a prod-
uct of photosynthesis is glucose. Burning uses food molecules, so food molecules are reactants 
in this chemical reaction.

Now you know about the reactants and products of burning food. In the next lesson, you will 
learn about the reaction that is similar to this that provides your cells with energy. It will help you 
to answer the Driving Question: How Do Food Molecules Provide My Body with Energy?

Photosynthesis: Water + Carbon Dioxide Glucose + Oxygen

Burning: Glucose + Oxygen Water + Carbon Dioxide
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In the following space, write any questions you still have about burning or how it relates to 
the chemical reaction happening in your cells.
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Activity 9.1: Does A Reaction 
Similar toBurning 

Happen in My Cells?

What Will We Do?
We will analyze data to determine what cells use and produce during cellular respiration.

Part 1 –  Oxygen and Carbon Dioxide
Procedure
Think about what you know about oxygen and carbon dioxide in the body and data that you 
collected in science class.

 a. Predict: Do the cells of the body use or produce oxygen? Where do you think oxygen 
concentration is high in the body? Explain.

 b. Predict: Do the cells of the body use or produce carbon dioxide? Where do you think 
carbon dioxide concentration is high in the body? Explain.

 c. Doctors measured the amount of oxygen and carbon dioxide in blood in different 
places in the body. Analyze the data they collected in the data table.
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Data

Location 

Normal Content 

O2 (mL Oxygen per  
100mL Blood)

CO2 (mL Carbon Dioxide per 
100mL Blood)

Blood going to the cells of the 
body from the lungs

20 48

Blood coming from the cells of 
the body to the lungs

15 52

Part 2 –  Glucose
Procedure
Think about what you know about the digestive system and how food molecules move into the 
body.

Compare the content of oxygen in blood going to and coming from the cells of the body. 
Do the data suggest that the cells of the body use or produce oxygen?

Compare the content of carbon dioxide in blood going to and coming from the cells of the 
body. Do the data suggest that the cells of the body use or produce carbon dioxide?

Were your predictions about oxygen and carbon dioxide correct? Explain.
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Predict: Do the cells of the body use food molecules? Where do you think the concentration 
of food molecules is high in the body? Explain.

Data

Researchers gave dogs a glucose drink and measured the amount of glucose in their blood in 
three locations.

Were your predictions about food molecules correct? Explain.
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Look at the data 45 minutes after the dogs consumed the glucose (dotted vertical line). 
Using these data, compare the amount of glucose in the three different places.  
What do these data suggest happens to food molecules as the blood moves through the 
body?
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2. What is the purpose of cellular respiration?

3. In the exercise investigation in Activity 1.1, you collected data about your body before and 
after exercise. Use the information you learned in this activity to explain your responses.

• Skin temperature decreases.

• Breathing rate increases.

• Heart rate increases.

Making Sense

1. Based on the data you analyzed in this activity, what is the chemical reaction for cellular 
respiration? Compare it to burning.
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• Carbon dioxide concentration in the air you exhale increases.

133

4. Using what you have learned about food storage and cellular respiration, revise your 
scientific explanation from Activity 1.1 to completely answer the question “What hap-
pens to fat stored in the body when people lose weight?”
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Lesson 9 Reading One: Does  
a Reaction Similar to Burning 

Happen in My Cells?

Getting Ready
Scientists estimate that the human body is made up of over 100 trillion 
cells. Written out, that is 100,000,000,000,000 cells. Each of these cells 
has an important job. Red blood cells help you transport oxygen; fat cells 
help you store fat; muscle cells help you move; immune-system cells 
help you fight disease; and nerve cells help you transmit signals in your 
body. To do these jobs, each of these cells needs energy. Did you know 
that each of the 100 trillion cells in your body must get its own energy? 
That is right— food molecules must provide energy to all cells in your 
body. For example, when a muscle contracts, the movement we see is 
a result of all the muscle cells using energy provided by food molecules.

Your body has 20 
to 30 trillion red 

blood cells.

How does every single cell in the body get the substances it needs to carry out the chemical 
reaction that provides it with energy?

As you read, you will learn (1) the reactants and the products of the chemical reaction that 
convert energy in the cells and (2) how every cell in the body obtains the reactants and removes 
the products of this chemical reaction.

Do Cells Need Oxygen to Provide Them with Energy from 
Food?
Food provides your body with energy in a chemical reaction called cellular respiration. Cellular 
respiration is similar to burning. You have evidence that burning food requires oxygen. In class, 
when oil burned inside of a glass jar (a closed system), the reaction stopped when the amount 
of oxygen inside of the jar decreased. The same is true for cellular respiration. Food molecules 
cannot provide the cells of the body with energy through cellular respiration without oxygen.

In class, you analyzed data that showed you that the cells do use oxygen. The concentration of 
oxygen in the blood going to the cells of the body is higher than the concentration of oxygen in 
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the blood coming from the cells. This is because cells use oxygen to react with food molecules 
during cellular respiration.

What Would Happen If You Did Not Get Enough Oxygen?
Every cell in your body, from the skin cells protecting your toes to the nerve cells helping you to 
read this, needs energy. If cellular respiration provides cells with energy, then each cell needs 
oxygen.

Sometimes a person’s body cannot provide its cells with the oxygen they need.

What do you think happens to the cells when they do not get the oxygen they need? Why?

The cells of people who suffer from a disease called sickle-cell anemia have difficulty getting 
oxygen they need. Sickle-cell anemia is an inherited disease that affects about 1 in 625 Americans, 
mostly of African descent. People who have sickle-cell anemia have red blood cells that are an 
unusual shape. Red blood cells are usually round. However, people who have sickle-cell anemia 
have red blood cells that look like the blade of a farming tool called a sickle. In the following 
pictures, you can see how the sickle- shaped red blood cell is similar in shape to a farming sickle.

A sickle is a sharp, curved 
blade on a handle used 

for cutting plants.
Normal red blood cells are round. Blood cells of a person with 

sickle-cell anemia are curved like a sickle.

Sickle- shaped cells do not flow through blood vessels as easily as round blood cells. They end 
up getting stuck, clogging blood vessels, and preventing oxygen from reaching some cells. 
See the picture that shows a clot of sickle cells stuck inside of a blood vessel. People with this 
disease also have fewer red blood cells than healthy people do, so less oxygen can be carried 
to the body’s cells.
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Normal red blood cells slide easily through blood vessels, but sickle-shaped cells 
clog blood vessels.

One of the symptoms of sickle-cell anemia is becoming very tired after only a little bit of 
exercise. Why would people with sickle-cell anemia get tired more easily healthy people?

How Does Every Cell in My Body Get the Reactants of 
Cellular Respiration?
If cellular respiration takes place in every cell, then the reactants of this chemical reaction must 
be transported to every cell.

Previously, you learned that when you eat very complex carbohydrates (starch molecules), they 
are broken down into subunits (glucose molecules). Then glucose molecules move from the 
small intestine into the blood vessels in the circulatory system. Finally, the glucose molecules 
travel to all the cells of the body.

At the same time, your body takes in oxygen through your lungs when you breathe. Then the 
blood vessels in the circulatory system carry that oxygen to every cell of the body.
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How do food molecules and oxygen get to each cell of the body?
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Imagine that a person ate a cracker. Use the following model of the human body to keep track 
of all the molecules that are necessary for providing cells with energy from the cracker.

Food molecules
1. Starch molecules in a 
cracker enter the body.

2. Starch breaks down 
through a chemical reaction
into carbohydrate subunits 
(glucose).

3. Glucose enters the 
circulatory system.
Now glucose travels 
through the circulatory 
system.

4. Glucose enters a 
muscle cell in the leg.

Oxygen
5. Oxygen enters the 
circulatory system. Now 
oxygen travels through 
the circulatory system.

6. Oxygen enters a muscle
cell in the leg.
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What Is Produced When Oxygen and Food Molecules React?
In cellular respiration, food molecules react with oxygen in the cells. These reactants can also 
burn. If cellular respiration is similar to burning, the products must be the same too. The products 
of burning are carbon dioxide and water. The data you analyzed in class showed that cellular 
respiration also produces carbon dioxide. In the blood vessels, the amount of carbon dioxide 
coming from the cells is higher than the amount of carbon dioxide going to the cells. This is 
because carbon dioxide is produced by a chemical reaction in the cells.

You do not have evidence that the cells of the body produce water because water is very difficult 
to track in the body. You investigated burning outside of the body, which is a chemical reaction that 
involves the same substances as cellular respiration, therefore you know water must be a product.

Draw a line from the number on the list to the place where each process occurs in the body. 
(The first one has been done for you.)

What two molecules are in the muscle cell at the end of the processes listed in the model?
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Why do people who exercise more produce more carbon dioxide?
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The following model shows the chemical reaction that occurs in the cells of your body to provide 
energy from food. Again, this chemical reaction is called cellular respiration, and it has the same 
reactants and products as burning.

Although burning and cellular respiration are very similar, the two chemical reactions have some 
important differences. As you continue investigating cellular respiration, you will learn what 
those differences are.

How Does Every Cell in My Body Get Rid of Carbon Dioxide?
In this lesson, you learned the circulatory system performs many jobs during cellular respiration. 
The red blood cells bring oxygen to all the cells of the body through the circulatory system. The 
blood also carries glucose to all of the cells of the body. Once the circulatory system brings 
glucose and oxygen to the cells, they can undergo cellular respiration. This chemical reaction 
produces carbon dioxide and water.

The cells of the body need to get rid of carbon dioxide because it is waste that can poison the 
cell, so it is also the job of the circulatory system to bring the carbon dioxide from all of the cells 
of the body back to the lungs. There, your lungs exhale the carbon dioxide when you breathe out. 
Depending on your activity level, you exhale about 1kg (2.2lb) of carbon dioxide per day. People 
who exercise more exhale more carbon dioxide.
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Carbon dioxide
1. Carbon dioxide leaves 
the cell and enters
the circulatory system.
Now, carbon dioxide
travels through the 
circulatory system.

2. Carbon dioxide leaves
the circulatory system
and enters the lung.

3. Carbon dioxide leaves
the body.

Cell

Can Plants Perform Cellular Respiration?
In this activity, you analyzed data that suggested that cellular respiration, a chemical reaction 
similar to burning, happens in every cell of the body. Your data came from humans and dogs. 
Do you think this chemical reaction also happens in plants? What data would support the claim 
that the cells of plants also perform a similar chemical reaction to convert energy from food?

If plants perform a chemical reaction similar to burning, the cells of plants would use

If plants perform a chemical reaction similar to burning, the cells of plants would produce
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Inside the cell, write the chemi-
cal reaction that the muscle 
cell uses to provide energy 
from the cracker.

Draw a line from each number 
on the list to the place where 
the listed event happens in the 
body.

Complete the following sentences.

The diagram shows one muscle 
cell in the leg of the person who 
ate the cracker. Use this diagram, 
and follow the directions.

You have already found that when plants perform photosynthesis in the light, they use carbon 
dioxide and water and produce glucose and oxygen. During photosynthesis, plants make their 
own food. In the next activity, you will investigate whether plants can also perform cellular 
respiration to convert the energy in the food molecules they make.
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Activity 9.2: How Do Food 
Molecules Provide 

Plants with Energy?
What Will We Do?
We will analyze the results of three investigations to determine if plants use cellular respiration 
to provide energy to their cells.

Part 1 – Carbon dioxide
Procedure

a. Predict: (Circle your answer for each.) For plants growing in the dark, what do you think will 
happen?

Carbon dioxide (CO2) increase decrease stay the same

Oxygen (O2) increase decrease stay the same

Starch increase decrease stay the same

b. Explain your predictions.

Your teacher will complete these steps.

c. Using a straw, blow into a beaker of BTB solution until it turns from blue to yellow.
 d. Get two identical test tubes. Place a sprig of a water plant (elodea) in one test tube.
 e. Fill both test tubes up to the top with the yellow BTB solution (high carbon dioxide 

concentration) and stopper.
 f. Place both test tubes under light overnight.
  The class follows these steps.
 g. Make a table for your data in the data section. You will have data from four test tubes: (1) 

elodea + high-concentration CO2 BTB in the light, (2) no plant + high-concentration CO2 BTB 
in the light, (3) elodea + low-concentration CO2 BTB in the dark, and (4) no plant + low-
concentration CO2 BTB in the dark.
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You will collect data from these four test tubes twice: (1) start and (2) after 24 hours.
h. In your data table, record the color of the two test tubes your teacher set up.

 i. Get two identical test tubes. Place a sprig of a water plant (elodea) in one test tube.
 j. Fill both test tubes with blue BTB solution (low carbon dioxide concentration) and 

stopper.
 k. Record the color of your two test tubes in your data table.
 l. Wrap the test tubes completely in aluminum foil and leave overnight.
 m. After 24 hours, record the color of all the tubes on your data table.

Data

Start After 24 hours

Color of BTB in tube with 
elodea in light

Color or BTB in tube without 
elodea in light

Start After 24 hours

Color of BTB in tube with 
elodea in dark

Color or BTB in tube without 
elodea in dark

Part 2 – Oxygen
Procedure
Your teacher will complete these steps.

a. Place an elodea sprig in a flask with 200mL water. Insert the dissolved oxygen probe into 
the liquid in the flask, making sure the metal band is covered in liquid.

b. Wrap the flask in aluminum foil and/or place in a dark space (such as a desk drawer or 
closet).

c. Set dissolved oxygen probe to take readings every 30 min overnight.
 d. Record observations by downloading the results using DataStudio.
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1. Based on the data you collected and discussed in this activity, write the chemical reac-
tion that provides plant cells with energy.

2. You had two hypotheses about cellular respiration in plants:

a. Food molecules do not provide plant cells energy through cellular respiration.
b. Food molecules do provide plant cells energy through cellular respiration, but it hap-

pens at a slower rate than photosynthesis.

Which of these hypotheses is supported by your data? Why?

3. Under what condition does cellular respiration happen in plants and animals? (Circle 
your answer.)
in the dark  in the light  never  both

4. Explain your answer.
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Part 3 – Glucose
Discuss the results of the geranium experiment in Lesson 7.

Making Sense



LESSON 9 HOW DO FOOD MOLECULES PROVIDE MY CELLS WITH ENERGY?

5. You know that cellular respiration must happen in the light in plants because plant cells 
need energy all the time. Why do your data not support the idea that cellular respiration 
happens in the light in plants?
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Lesson 9 Reading Two A: 
How Do Food Molecules 

Provide Plants with Energy?

Getting Ready
It is easy to see why animals need energy. You can see squirrels running, fish swimming, and 
people talking. These activities need energy. Do you think that plants need energy too? Some 
plants, like the Venus flytrap, can move very quickly to capture insects between their leaves. Other 
plants, like the snow buttercup, also have leaves or flowers that move during the day so that they 
always face the direct rays of the sun. This plant movement requires energy. However, you also 
know that when you are not moving, your cells still require energy. The same is true for plants. Their 
cells require energy all the time to function, even when you cannot see plants moving.

The Venus flytrap uses energy to 
close its leaves.

The flowers of the snow buttercup use  
energy to turn to face the sun.

What happens inside the cells of a plant that needs energy?

In the last lesson, you found that cellular respiration was the chemical reaction that provides 
energy to animals’ cells. This chemical reaction is similar to burning. In cellular respiration, food 
molecules (carbohydrates, proteins, and fats) and oxygen react to produce carbon dioxide and 
water. Does cellular respiration also provide plant cells with energy?

For you to conclude that cellular respiration also occurs in plants, you must have evidence. You 
must find that food molecules and oxygen react in plant cells and produce carbon dioxide and 
water. In this reading, you will read about these substances in plants. This information will help 
you to conclude how plant cells get the energy they need to survive.
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Glucose is transported to all the cells 
in a plant through a type of circula-

tory system.

Do Plant Cells Have Food Molecules?
One of the reactants of cellular respiration is food molecules (carbohydrates, proteins, and fats). 
If plants use cellular respiration to provide energy, they must use these food molecules. The 
experiment with the geranium leaves that you performed earlier in this unit provided you with 
evidence that plants do use food molecules. In that experiment you compared the amount of starch 
(a carbohydrate) in leaves, that had been grown in the light, and in the dark. The leaves in the light 
had starch. You found starch in these leaves because in the light plants can use photosynthesis 
to make glucose. The plant can use some of this glucose immediately, but the rest is built up into 
starch molecules and stored for later use.

In contrast, the leaves in the dark had far less starch. These leaves used up their stored starch 
and could not make any more food molecules because photosynthesis cannot happen without 
light. These data provide you with one piece of evidence that plants might perform cellular 
respiration just like animals.

In the last lesson, you also learned that for cellular 
respiration to happen in animals, food molecules 
must be brought to all of the cells using the circulatory 
system. Blood vessels carry food molecules from the 
small intestine to all the cells in the body. For plants 
to carry out cellular respiration, food must also get 
to every cell in the plant. For example, glucose must 
move from the leaves, where it is made, to the trunk of 
the tree and the roots. To do this, plants have a type 
of circulatory system, too. In the picture of the celery, 
you can see the vessels in plants that transport food 
molecules to all the cells. The next time you see a stalk 
of celery, see if you can find these vessels.

What Evidence Do You Have that Plants Use Oxygen?
If cellular respiration occurs in plants, you must also have evidence that they use oxygen. Oxygen 
is a reactant in cellular respiration. Your class performed an investigation to determine if plants use 
oxygen. Your teacher placed a sprig of a water plant, elodea, in water overnight in the dark. Then 
your teacher used a probe to measure the amount of oxygen every 30 min that was dissolved in the 
water overnight. The amount of oxygen dissolved in the water with the elodea decreased overnight. 
Therefore, the elodea was using the oxygen. Now you have evidence that plants use oxygen and 
glucose. These reactants are the same as the ones in burning food and in cellular respiration.

When you studied photosynthesis in the light, you found that plants produce oxygen. In this 
investigation in the dark, you found that plants use oxygen.
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Were you surprised to find that plants do not always produce oxygen? Explain.

Why did the plants in this experiment not produce oxygen?
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Reading Two B – Do Plants 
Give Off Carbon Dioxide?

Now that you know that plants have the reactants necessary for cellular respiration, you have to 
find evidence that plants give off the products carbon dioxide and water. You put the elodea in 
water that had an indicator for carbon dioxide (BTB). You placed the elodea in this indicator in 
the dark overnight. At the beginning of the experiment, the indicator was blue. When the indicator 
is blue, there is very little carbon dioxide. The next day, the indicator had turned yellow. When the 
indicator is yellow, there is more carbon dioxide. This change in color in the indicator overnight 
from blue to yellow showed you that the amount of carbon dioxide in the water increased. This 
increase in carbon dioxide provides you with evidence that plants do produce carbon dioxide. 
Therefore, plants do give off one of the products of cellular respiration.

The other product of cellular respiration, water, is hard to investigate in living things. For animals, 
you were not able to collect evidence that cells produce water. The same is true for plants. You 
have no evidence that plant cells produce water. However, based on your previous work with 
burning, you can assume that water must also be a product of this chemical reaction in plants.

How Do Plants Take In Oxygen and Give Off Carbon 
Dioxide?
For animal cells to carry out cellular respiration, oxygen needs 
to get to every cell. During cellular respiration, carbon dioxide is 
produced. This gas then needs to be removed from every cell. In 
animals, this transport of oxygen and carbon dioxide happens 
with the help of the respiratory and circulatory systems. Animals 
take in oxygen through their lungs and transport it to all the cells 
of the body in the blood. The carbon dioxide that is produced 
in the cells is taken in the blood to the lungs and then exhaled.

However, plants do not have lungs. To take in oxygen, they use 
pores or holes in their leaves. The carbon dioxide that is produced exits the plant through these 
same pores. The picture shows a magnified plant leaf. Each of the holes you see is a pore that 
allows oxygen to enter and carbon dioxide to leave. These holes are about the same width as 
a very fine human hair. Humans have pores in their skin, too, but human pores do not take in 
oxygen and allow carbon dioxide to leave. That is the job of the respiratory system.

Pores allow oxygen to enter and 
carbon dioxide to leave plants.
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Photosynthesis: Water + Carbon Dioxide Glucose + Oxygen

Burning: Glucose + Oxygen Water + Carbon Dioxide

Cellular 
Respiration

Evidence you
Collected

Glucose and
oxygen

decreased

Uses a little
glucose and

oxygen

Carbon
dioxide

increased

Makes a little
carbon dioxide

and water

In the Dark
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In the Dark

What Chemical Reactions Happen in Plants?
In this unit, you have learned about two chemical reactions that happen in plants— photosynthesis 
and cellular respiration. These chemical reactions can be easy to confuse because they involve 
the same substances. However, the reactants and products and purposes of these two chemical 
reactions are opposites.

It is important to remember that cellular respiration is the chemical reaction that releases energy 
from food molecules that is then used by cells. Because the cells of plants need energy all the 
time, cellular respiration must happen all the time. Cellular respiration occurs when plants are in 
the dark and the light. The reactants of cellular respiration are food molecules and oxygen, and 
the products of cellular respiration are carbon dioxide and water.

For photosynthesis, it is important to remember that it is the chemical reaction that plants use 
to make food molecules. It can only happen in the light because light energy is necessary for 
this chemical reaction to occur. The reactants of photosynthesis are water and carbon dioxide, 
and the products are glucose and oxygen. The following compares photosynthesis and cellular 
respiration.

What Chemical Reactions Happen in Plants in the Dark?
Plants in the dark carry out cellular respiration but do not carry out photosynthesis. In the dark, 
plants use the food molecules they have stored for cellular respiration. They react these stored 
food molecules with oxygen to produce carbon dioxide and water. This chemical reaction 
provides plant cells with the energy they need to function. Because photosynthesis does not 
happen in the dark, you were easily able to collect evidence for cellular respiration. The following 
table shows the chemical reaction happening in plants in the dark and the evidence you collected.
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Cellular 
Respiration

Photosynthesis
Evidence 

You Collected

Uses a little 
glucose and 

oxygen

Makes a lot
of glucose and

oxygen

Glucose and 
oxygen 

increased

Makes a little
carbon dioxide

and water

Uses a lot of
carbon dioxide

and water

Carbon 
dioxide

decreased

In the Light

What would happen to a plant that did not perform cellular respiration in the light?

In science, it is important to have evidence that supports your claims. When plants grow in the 
light, you do not have evidence that cellular respiration is happening in plant cells. However, you 
can explain why you cannot collect this evidence and why you know cellular respiration must 
be happening.

The reason why you cannot collect evidence of cellular respiration for plants in the light is 
because photosynthesis is happening at the same time, but at a higher rate. The products 
and reactants of cellular respiration and photosynthesis are reversed. Because much more 
photosynthesis happens than cellular respiration, the reactants and products of photosynthesis 
cancel out the evidence that you can collect for cellular respiration. The following table explains 
the evidence you collected. For example, the top row shows that in the light plants use a little bit 
of glucose and oxygen in cellular respiration. However, they make a lot of glucose and oxygen 
in photosynthesis. The little bit they use is cancelled out by the large quantity that they produce. 
Therefore, your evidence shows that plants produce glucose and oxygen in the light.
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What Chemical Reactions Happen in the Light?
In the light, both cellular respiration and photosynthesis happen in plants. Cellular respiration 
must happen all the time because plant cells need energy all the time. Photosynthesis happens 
because plants use light energy to make food molecules.

Although you know that both of these chemical reactions must happen in the light, you are only 
able to collect evidence of photosynthesis. It is important to remember that cellular respiration 
happens all the time, even though you cannot collect evidence for it in the light.



HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?150

This evidence only supports the idea that plants need light to carry out photosynthesis. You 
know that cellular respiration is happening too, though. Plants cells must use energy all the time, 
so they must carry out cellular respiration all the time.

What Have You Learned about Food Molecules Providing 
Energy to Plant and Animal Cells?
You now know that a chemical reaction that is similar to burning happens in both plants and 
animals. This chemical reaction is called cellular respiration. Cellular respiration provides energy 
to both plant and animal cells so that they can function.

What forms of energy do you think are provided by cellular respiration in both plants and 
animals? In the next activity, you will learn how cellular respiration provides cells with the energy 
to function.
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Activity 9.3: How Do Food 
Molecules Provide Energy?

Your teacher will provide instructions for this page.
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Lesson 9 Reading Three: 
How Can I Tell that Food 

Molecules Provide My Cells  
with Energy?

Getting Ready
In the last few lessons, you learned that cellular respiration (a chemical reaction 
similar to burning) is taking place inside your body. When you burn a match, 
you observe thermal and light energy. In contrast, during cellular respiration, you 
have evidence for much less thermal energy and no light energy.

As you read this, every cell in your body is performing cellular respiration to 
provide energy. However, you are not releasing thermal energy and light energy 
the same way the match does. This suggests that while the reactants and 
products of burning and cellular respiration are similar, how the energy is used 
is different.

How is it possible that the products and the reactants of these chemical reactions are the 
same, but the wood has a flame and your body does not?.

In this reading, you will learn about the similarities and differences in the types of energy involved 
in burning and cellular respiration.

How Are the Reactants of Cellular Respiration Rearranged 
to Form the Products?
You know that cellular respiration is a chemical reaction. You have evidence that food molecules 
and oxygen are the reactants, and carbon dioxide and water are the products. This means that 
the carbon atoms in the food molecules you eat are rearranged and become part of the carbon 
dioxide molecules that you exhale. It is amazing to think that some of the atoms of the things 
you eat become part of a gas that you breathe out! The same is true when your body uses stored 
fat for energy. The carbon molecules in the fat leave your body in carbon dioxide.
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In class, you modeled cellular respiration and saw that the carbon atoms in carbon dioxide had 
to come from food molecules. To investigate this claim, scientists conducted an investigation 
following the path of carbon atoms that people ate. The scientists used special glucose molecules 
in their experiment that had “marked” carbon atoms. (You may remember that you analyzed data 
from a similar experiment in which dogs drank a glucose solution with marked carbon atoms.) 
The scientists gave research participants a drink containing these marked glucose molecules 
and then later analyzed the carbon dioxide in participants’ breath.

The scientists found some of the marked atoms in the participants’ breath. This is because the 
atoms in the glucose molecules that the participants drank went through cellular respiration. 
The atoms in the glucose molecules were rearranged. The carbon atoms from these glucose 
molecules became part of carbon dioxide molecules and were breathed out.

How Is Cellular Respiration Related to 
Thermal Energy in the Body?

You know that cellular respiration provides energy to the cells. You 
have evidence that thermal energy is provided by this chemical 
reaction. The human body keeps a constant warm temperature of 
98.6°F (37.0°C). The warmth that is produced from the human body is 
evidence that cellular respiration provides thermal energy to the body.

The movie you watched in class recorded with an infrared camera is another piece of evidence 
that cellular respiration provides thermal energy. The infrared camera measures temperature. 
You could see in this movie that all the organisms that use cellular respiration are warm. This is 
because cellular respiration provides thermal energy.
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Compare the amount of thermal energy provided from burning a match to the amount of 
thermal energy provided during cellular respiration in your body.

What Is Another Important Type of Energy that Cellular 
Respiration Provides?
So far you have learned that cellular respiration provides a small amount of thermal energy in the 
human body. In the body, kinetic energy provided by cellular respiration is also very important. 
Cells can use energy for many functions, like transporting molecules and moving. Movement 
occurs at many different levels in the body. Inside cells, food molecules are being transported 
in, and waste is being transported out. Movement also occurs in tissues. Movement of tissues 
occurs when many cells move at the same time. There is movement when your heart beats to 
pump blood or when your intestines contract to move food. Of course, entire parts of your body 
can also move, such as when you walk, talk, write, and play sports. All of these different types 
of movement happen because cellular respiration provides energy to your cells.

Why Is Cellular Respiration 
Different from Burning Food?
You now know that cellular respiration is the chemical 
reaction that happens constantly to provide energy 
to plant and animal cells. This chemical reaction is 
similar to burning, but it is different in the types and 
amounts of energy involved. The reason for this 
difference is that while burning happens in one step, 
cellular respiration happens in many steps. You have 
been investigating a simplified version of cellular 
respiration.

Like runners passing a baton in a relay 
race, the process of cellular  

respiration goes from one chemical 
reaction to another and so on.
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You can think about cellular respiration like the relay race shown in the picture. In a relay race, 
runners pass the baton many times before the final runner crosses the finish line. Cellular 
respiration is like this because many chemical reactions happen before this process is complete.

Both cellular respiration and burning convert chemical energy into thermal energy, but there is 
an important difference.
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Explain why the energy provided by burning is different than cellular respiration.

Why does cellular respiration happen in many steps instead of one step like in burning reactions 
outside of the body? If cellular respiration happened in one step, it would not be useful for your 
body. Your body could not control the energy provided, and most of the energy would be provided 
as thermal energy and light. Cells cannot survive high temperatures and cannot use light to 
function. However, cells can use kinetic energy. The many steps of cellular respiration allow 
energy to be provided to cells in a form that they can use.

How Do Food Molecules Provide My Body with Energy?

You now know most of the answer to the Driving Question: How Do Food Molecules Provide My 
Body with Energy? You can trace the journey of a molecule of glucose from when a plant makes 
it to when you eat it, store it for later, and then use it for cellular respiration.

In the next lesson, you will learn about how different organisms rely on each other to get the energy 
they need to survive. For example, you will learn how plants depend on animals and vice versa.

How do you think cellular respiration depends on photosynthesis?
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Burning: Oxygen and Food Molecules  

Cellular  
Respiration:  Oxygen and Food Molecules 
  
Burning is a chemical reaction with one step. 
Cellular respiration is a chemical reaction with many steps.
The reactants and final products of these two chemical reactions are the same.

Water and Carbon Dioxide

Water and Carbon Dioxide

The reactants for cellular respiration are oxygen and food molecules, and the final products 
are carbon dioxide and water. However, other chemical reactions occur in the middle of the 
process. It is only important right now that you know the reactants and the final products. But 
it is interesting to know why the energy involved in burning and cellular respiration is different. 
The following model shows you these differences.
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What Will We Do?
We will create a model of how matter cycles through the ecosystem.

Procedure
 a. Complete the following table based on what you have learned in this unit.

Question Animals Plants

1.  How does the organism get food 
molecules?

2.  What chemical reaction do the cells 
perform to provide energy from food 
molecules? (Include the chemical 
equation.)

3.  What types of energy are released (in 
Question 2)?

4.  Can the organism make food molecules? 
If yes, through what chemical reaction? 
(Include the chemical equation.)

5.  What type of energy is needed 
(for Question 4)?

 b. Read about the following experiment that shows how plants and animals depend on each 
other.

Activity 10.1: How Do Matter 
Transfer between Organisms?
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In 1777, an English chemist, Joseph Priestley, performed an experiment that showed how there 
is always enough oxygen for organisms to perform cellular respiration. In this experiment, he 
made simple environments out of two closed glass containers that did not allow matter in or out. 
(Previously, you used a similar setup when you burned food inside a glass container to determine 
the reactants and products of burning.)

On the right are a mouse and a plant in a glass container. On the 
left, there is just a mouse in a container. The mouse on the left side 

cannot breathe after a while.

Look at the setup for Priestley’s experiment on the right. Priestley placed a mouse and a plant 
in one container. The mouse was separated from the plant and could not eat it. However, gases 
could transfer between the two organisms. In a second container, Priestley placed only a mouse. 
He observed the mice in the two containers and saw that the mouse with the plant was able to 
breathe longer than the mouse without the plant.

Making Sense
Discuss the following questions.
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1. The following diagram shows both containers in Priestley’s experiment. In each con-
tainer, draw the possible transfers of matter.



LESSON 10 HOW DO MATTER AND ENERGY MOVE BETWEEN ORGANISMS?

2. What chemical reactions are taking place in the plant? Write their chemical 
equations.

3. What molecules leave the plant? Can either the plant or mouse use them?

4. What chemical reactions are taking place inside the mouse? Write the chemical 
equation.

 5. What molecules leave the mouse? Can either the plant or the mouse use them?

 6. After a while, why was the mouse in the container without the plant not able to breathe? 
Why could the mouse in the container with the plant still breathe?
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7. Why do mice (and most other organisms) need oxygen?

8. The diagram shows both containers in Priestly’s experiment if it took place in the dark. 
In each container, draw the possible transfers of matter in the dark.

9. What is the difference between the chemical reactions happening in Questions 1 and 
8? What is the reason for this difference?

10. Will there be a difference in the length of time the mice in Question 8 are able to 
breathe? Explain.
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Lesson 10 Reading One: 
How Does Matter Transfer 

between Organisms?
Getting Ready
Do you recycle? Maybe you recycle glass, plastic, or metal 
containers. Did you know that every day you are also recycling 
atoms? Earth has a limited number of atoms, so they all must 
be reused. Inside your body, you have atoms that were once 
in the ocean, rocks, plants, animals, and dinosaurs. Scientists 
have even calculated that you have about 20 billion atoms that 
were once inside the body of George Washington.

Explain how you think it is possible that atoms that were once in the body of George Wash-
ington are now in your body.

In this reading, you will learn how matter moves through an ecosystem, and this will explain how 
George Washington’s atoms are in your body.

How Are Plants and Animals Dependent on Plants for 
Oxygen?
You have learned that food molecules provide energy to plants and animals during cellular 
respiration. Without this chemical reaction, cells could not get the energy they need to function. 
The following chemical equation shows that oxygen is needed for cellular respiration to occur.
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Oxygen on Earth is constantly being used in cellular respiration, but we never run out. How 
do you think we have a constant supply of oxygen?

You collected evidence to support your claim from an experiment that you read about in class. 
In this experiment, the scientist (Joseph Priestley) placed mice in two large glass containers. 
In one container, he also added a plant. The scientist found that the mouse with the plant was 
able to breathe longer than the mouse without the plant.

In both containers, the mice are performing cellular respiration so that food molecules can 
provide energy to their cells. This chemical reaction uses up oxygen and food molecules and 
produces water and carbon dioxide. You also learned that cellular respiration happens all the 
time in plants. However, when they are in the light, plants perform photosynthesis at a much 
higher rate than cellular respiration. Photosynthesis uses carbon dioxide and water and pro-
duces food molecules and oxygen.

Placing a plant in the container allowed the mouse on the right to 
breathe longer than the mouse on the left.
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The mouse in the container on the left could not breathe after a while because it used up all the 
oxygen in the container during cellular respiration. The mouse on the right also used oxygen 
during cellular respiration, but this oxygen was replaced by the oxygen that the plant produced 
during photosynthesis.

Imagine you performed this experiment again. This time, you had a container with one 
mouse and a second container with two mice. Neither container has plants. Which mouse 
would be able to breathe longest? Why?

Imagine you performed this experiment again. This time, you had a container with one mouse 
that did not move and a second container with a mouse that ran constantly. Neither container 
has a plant. Which mouse would be able to breathe longer? Why?

How Do Plant and Animal Dependence Relate to the 
Carbon Cycle?
In Priestley’s experiment, he showed that animals are dependent on plants for oxygen. Plants 
and animals are also dependent on each other for carbon- containing molecules. Carbon is an 
extremely important element for living things. It is found in all food molecules— carbohydrates, 
proteins, and fats. Also, during photosynthesis, plants use carbon dioxide gas, which contains 
carbon atoms, to make glucose.

One way that carbon- containing molecules can be transferred between organisms is when an 
animal eats another organism. For example, in the following picture, corn cells are made of car-
bohydrates, proteins, and fats. All of these molecules contain carbon atoms. When the mouse 
eats the corn, these carbohydrates, proteins, and fats in the corn enter the mouse’s body. When 
the snake eats the mouse, the carbohydrates, proteins, and fats that made up the cells of the 
mouse’s body then enter the snake.

A second way that carbon- containing molecules are transferred between organisms is when 
a plant or animal releases carbon dioxide during cellular respiration and a plant takes it in for 
photosynthesis. Remember that both plants and animals produce carbon dioxide through cel-
lular respiration all the time. However, only plants can use carbon dioxide during photosynthesis.
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Through a food chain, carbon atoms are transferred from corn to a mouse to a snake.

In summary, animals eat the carbon- containing food molecules that plants make. The carbon 
atoms in these food molecules then are rearranged into carbon dioxide during cellular respi-
ration. And finally, the carbon atoms in carbon dioxide are rearranged again by plants during 
photosynthesis and used to make food molecules. This movement of carbon atoms between 
different organisms in the environment is a cycle. It is part of the carbon cycle, a very important 
cycle in science that can explain the movement of carbon through rocks, fossil fuels, animals, 
plants, air, and oceans. Right now, it is enough for you to know that part of the carbon cycle 
involves the movement of carbon atoms between plants and animals as part of carbon dioxide 
and carbohydrates, proteins, and fat.

The following model shows how carbon cycles between food molecules and carbon dioxide. 
This cycle happens because carbon- containing molecules are repeatedly going through cellular 
respiration and photosynthesis.

This model shows part of the carbon cycle. During photosynthesis, plants produce carbon-
containing food molecules using the carbon from carbon dioxide. Plants and animals use 
these molecules during cellular respiration. Carbon dioxide is produced, which contains 

carbon. Plants can use this carbon dioxide again for photosynthesis.
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On the bottom of the cycle in the diagram, carbon exists as carbon dioxide gas in the air. Carbon 
is the gray atom in this molecule. Plants take in this carbon dioxide through their pores and use 
it during the process of photosynthesis. Plants react this carbon dioxide with water to make 
carbon- containing food molecules and oxygen. Again, the carbon atoms are gray in the model 
of glucose at the top of the model.

Now, carbon exists in food molecules— carbohydrates, proteins, and fats. Some of these carbon 
atoms are transferred to other organisms in the food chain. For example, when a mouse eats 
corn, carbon atoms from the corn are transferred into the body of the mouse. Later, a snake eats 
the mouse. The carbon atoms from the mouse are then transferred to the snake.

Finally, all organisms (plants and animals) use food molecules to provide energy to cells. Cellular 
respiration produces carbon dioxide. This means that in the food chain previously shown, the 
corn, mouse, and snake are producing carbon dioxide during the reaction between food mol-
ecules and oxygen. This carbon dioxide is then released into the air through the plant’s pores, 
or breathed out by the animal, and can begin the cycle again. These same carbon atoms will go 
through photosynthesis and cellular respiration again and again.

Now you know the complete answer to the Getting Ready question. When George Washington 
was alive, the cells in his body were performing cellular respiration to get energy. This means 
that food molecules in his body reacted with oxygen to form carbon dioxide and water. His body 
released this carbon dioxide into the air.

Then plants took in the carbon dioxide molecules that George Washington produced. These 
plants used this carbon dioxide for photosynthesis to make new food molecules. These food 
molecules might have been transferred to other organisms when the plants were eaten, or the 
plant could have released them as carbon dioxide after performing cellular respiration.

Whatever the path of these carbon atoms, they have gone through the cycle of photosynthesis 
and cellular respiration countless times. The food you eat contains carbohydrates, proteins, and 
fats. These food molecules contain carbon that has been cycling between carbon dioxide and 
food molecules. Some of these molecules contain carbon atoms that were once in the carbon 
dioxide that George Washington breathed out of his body. At any moment, about 20 billion atoms 
that were in his body are in yours.

From this example, you can see how carbon molecules cycle through the environment. These carbon 
molecules have been cycling for as long as organisms have been using photosynthesis and cellular 
respiration. That means that the atoms in your body are also the same atoms that were in dinosaurs.

In the next activity, you will learn about how energy flows between organisms.
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Activity 10.2: How Does Energy 
Move between Organisms?

What Will We Do?
We will model the flow of carbon and energy between organisms.

Procedure
Answer the following questions about the organism you are using to investigate matter and 
energy movement.

a. Write the name of organism you are working with here and in the middle of the sheet 
of paper that your teacher gave you.  

 b. Does your organism perform cellular respiration, photosynthesis, or both?

Part 1 –  Matter
Use your answers to discuss the following questions with your group. Assume it is sunny.

 c. In what form are carbon atoms entering the organism (carbon dioxide, food 
molecules)?

 d. In what form are carbon atoms leaving the organism?
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e. Use your answers above to make a model of carbon flow through your organism.
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Part 2 –  Energy
Discuss the following questions with your group.

f. What forms of energy can your organism use (light, energy provided by food)?

g. What forms of energy can your organism release (light, thermal, kinetic)?
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plants
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insects
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plants

Aquatic
insects

Foxes

Thermal
Kinetic

Thermal
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h. On the sheet of paper with your organism’s name, use your answers to questions 
above to show what forms of energy your organism uses and what forms it releases. 
Use a different color than the one you used for carbon.

Data
The space provided shows two identical setups of all of the organisms your class studied. 
In the upper model, add arrows to show how carbon flows between these organisms. In the 
lower model, add arrows to show how energy flows between these organisms.

On the sheet of paper with your organism’s name, show which forms of carbon enter your 
organism and which forms leave. 
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Part 1 – Carbon Atoms
Answer the following questions about the flow of carbon atoms in the model ecosystem you drew.

Can carbon atoms be transferred from

• animal to animal? Example?

• plant to animal? Example?

• animal to plant? Example?

• plant to plant? Example?

Part 2 –  Energy
Answer the following questions about the flow of energy in the model ecosystem you drew.

Can energy flow from

• animal to animal? Example?
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• plant to animal? Example?

• animal to plant? Example?

• plant to plant? Example?

1. Compare the flow of energy and carbon atoms in an ecosystem. What causes the 
similarities and differences?

Making Sense

2. Can oxygen also be transferred between organisms? How? Is the transfer of oxygen 
like carbon or energy?
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Lesson 10 Reading Two: 
How Does Energy Flow 

through the Environment?
Getting Ready
What if there were no more light energy on Earth? Try to imagine it. It would be very dark. You 
would not be able to see anything. Now think about how not having any light would affect 
your ability to carry out cellular respiration. You know that the cells of your body carry out this 
chemical reaction all the time, even when it is dark. But if the entire Earth were dark for a long 
time, the reactants that you need for cellular respiration— food molecules and oxygen— would 
start to run low.

Why would Earth run out of the reactants of cellular respiration if there were no light energy 
for a long time?

In this reading, you will continue to learn how cellular respiration and 
photosynthesis are connected. Think about how these chemical 
reactions connect to the flow of energy through the environment.

How Can the Carbon Cycle Connect to 
Energy Flow?
Energy is all around us in many different forms. Every day, you experience 
light energy from the sun, electrical energy that powers your appliances, 
and heat energy that warms your water for showering. Although this 
energy is everywhere, your cells can only use the energy that food 
molecules can provide to function. Therefore, it is very important that 
plants create food molecules.

Which type of energy is the original source for the energy that food molecules can provide?

What would happen to 
you without light  

energy?
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You have learned that plants need light energy to make food molecules during photosynthesis. 
This is the original source of the energy that food molecules can provide cells. Also during 
photosynthesis, plants produce oxygen. Now you know the answer to the Getting Ready question. 
If there were no light energy on Earth for a long time, plants would not be able to make food 
molecules or oxygen. The cells of your body then would have no food molecules or oxygen to 
use for cellular respiration, so they could not get the energy they need to function.

Now think about the types of energy that food provides to your cells. Cellular respiration provides 
the thermal energy to keep your body at a constant warm temperature. This chemical reaction 
also provides the kinetic energy that your cells, organs, and whole body use to move. Putting 
the pieces of energy flow together, the sun provides light energy to make food molecules during 
photosynthesis, and food molecules provide thermal and kinetic energy to your cells during 
cellular respiration.

The following model shows how energy moves through the environment and how this movement 
is connected to photosynthesis and cellular respiration. In the center of the model, you can see 
how carbon cycles through living systems during these two chemical reactions. Outside of that 
model is a representation of how energy flows through the environment. The two phenomena 
are shown together because the cycling of carbon and the flow of energy are related.

Part of the carbon cycle is connected to the flow of energy. During photosynthesis, plants use 

light energy to produce carbon- containing food molecules using the carbon in carbon dioxide. 
Plants and animals use these molecules during cellular respiration to provide thermal and kinetic 
energy. Carbon dioxide, which contains carbon, is produced from cellular respiration. Plants can 
use this carbon dioxide again for photosynthesis. While carbon cycles, energy does not. The 
environment needs a constant supply of sunlight for plants to carry out photosynthesis and all 
organisms to carry out cellular respiration.

On the left of the model, energy exists in the form of light from the sun. During photosynthesis, 
plants use this light energy to make food molecules. Energy would not be available to the 
organisms on Earth in a usable form if plants did not perform photosynthesis. If Earth had no 
plants, the sun would still provide us with light energy, but no organisms would be able to use 
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this energy to make food molecules. In other words, without plants, organisms could not get 
energy from the sun.

The right side of the model shows that after photosynthesis, food molecules can provide 
organisms with energy during cellular respiration. Plants can use the food molecules they made 
during photosynthesis to provide energy to their cells through cellular respiration. Animals can 
also eat plants or other animals and use the food molecules that they consume to provide 
energy to their cells during cellular respiration.

Why Do We Constantly Need the Sun to Provide Us with 
Light Energy?
Unlike carbon atoms, energy is not recycled in the environment. Energy flows, while carbon 
cycles. We constantly need the sun to provide us with light energy to survive. This is because, 
although energy cannot be created or destroyed, only some forms of energy are useful to help 
cells do the jobs they need to survive.

Follow the thick arrows in the energy model previously shown. The energy that all living things 
use originally comes from the sun. Photosynthesis uses light energy. Cellular respiration 
provides thermal and kinetic energy to cells. Once the body uses the thermal and kinetic energy 
to do things, it can no longer be used by organisms to survive. Organisms then need more 
food molecules and oxygen to perform more cellular respiration. If the sun stopped providing 
Earth with light, organisms would use up all of the food molecules and oxygen during cellular 
respiration. No new food molecules and oxygen would be produced. Organisms would no longer 
be able to get the energy they need to do things.

Self-Test
The Carbon Cycle and Energy Flow through Living Things

Through a food chain, carbon atoms are transferred from corn to a mouse to a snake.
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2. Make a model starting with the sun that shows how your cells get the energy to 
function.

1. Pick a famous person. In the following space, use cellular respiration and photosyn-
thesis to explain how carbon atoms from this person are now in your body.
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Activity 10.3: How Can the 
Flow of Matter  

and Energy Change?
What Will We Do?
We will use our model to predict and explain what would happen to the organisms on Earth if 
something happened to change the cycle of carbon and energy.

Procedure

Use the answers to the following questions to help you create a presentation about how a 
change to the flow of matter and energy will change Earth.

 1. Describe the event that you are predicting and explaining.

 2. Does this event affect photosynthesis? If yes, how?

 3. Does this event affect cellular respiration? If yes, how?

 4. Which organisms on Earth will die because of this event (none, plants, animals, or both)? 
Why will they die?
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Lesson 10 Reading Three: 
What Else Is There to Learn 

about Energy?

Getting Ready
In May 2006, scientists opened an underground cave in Israel that had been cut off from the rest 
of Earth for millions of years. During that time, nothing could get in or out of Ayalon Cave. Inside 
the cave was completely dark, and no oxygen, carbon dioxide, water, or food molecules came in 
from the outside world. Amazingly, scientists found life inside the cave. In fact, scientists found 
eight previously unknown species— and this is just the beginning of their research.

How did living things survive in this cave for millions of years without light? You know most life 
on Earth depends on photosynthesis. Plants use photosynthesis to make the food molecules 
they need to provide energy. Animals eat plants or other animals that eat plants to get the 
food they need for energy. But some organisms have evolved to survive in the most extreme 
conditions. Because there was no light in Ayalon Cave for millions of years, no photosynthesis 
could take place there. The organism that produced food in the cave must get its energy through 
another chemical reaction. This organism is not alone. Scientists are constantly finding new 
organisms that do not originally get their energy from the sun.

How do you think that the organisms in Ayalon Cave got the energy to survive and repro-
duce for millions of years without light?

In this lesson, you will learn about several organisms that do not use photosynthesis or cellular 
respiration. As scientists discover more organisms, they are constantly finding new ways that 
living things get the energy they need to survive.
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What Organisms Do Not Depend on Photosynthesis for 
Energy?
Probably almost all of the living things you know are plants that make food using photosynthesis 
or are animals that depend on plants making food. Even animals that do not eat plants depend 
on them to feed the animals that they eat. For example, lions do not eat grass, but the zebras 
that the lions eat do. Plants are probably a part of every food chain that you can think of.

In the space provided, draw a food chain containing something you ate today. Does it con-
nect to plants?

You know that plants use light energy to make food molecules during photosynthesis. Plants 
make it possible for other organisms to use the energy that comes from light. Sometimes, 
however, light is not available in an environment like in Ayalon Cave. In this case, the organism 
that produces food molecules must get its energy from another source.

The only organisms that can get energy from a source other than light or food molecules are 
bacteria.

In the space provided, write what you know about bacteria.
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There are many different kinds of bacteria, but all bacteria are single-celled organisms. They 
grow almost everywhere. Some places you might find bacteria are on your skin, on countertops, 
and in the soil. However, some bacteria can also grow in extreme conditions. Bacteria can grow 
in hot springs with temperatures over 180°F, in environments 10 times saltier than the ocean, 
and even on radioactive waste.

Not only do bacteria live in all sorts of places, but they also can get the energy they need to 
survive from a variety of sources. Some bacteria, like the bacteria that live on the soap scum 
in your shower or in your intestine, get their energy from reacting carbon- containing food 
molecules with oxygen just like animals do. Other bacteria, like the green slimy stuff found inside 
of an aquarium, can use photosynthesis to make their own food and use this food for cellular 
respiration. Still other bacteria can get their energy from a source that is not food molecules that 
they consume or make. These amazing bacteria can get energy from chemical reactions with 
substances like iron, ammonia, sulfur, and hydrogen. No plants or animals can do this.

How Do Bacteria Get Energy from Such Strange Substances?
In this unit, you read about organisms using energy from only two sources. Plants can use light 
energy during photosynthesis. Plants and animals also use the energy that food molecules can 
provide during cellular respiration. However, cellular respiration is not the only chemical reaction that 
can provide energy. This means that if your cells had the ability to carry out other chemical reactions, 
other substances aside from food could provide them with energy. For example, you know that when 
you burn paper, you release light and thermal energy. You can chew paper and swallow it, but your 
body cannot get any energy from it. Paper cannot provide your body with energy because your cells 
are not able to perform the chemical reactions necessary for this to happen.

Your body can only perform chemical reactions with food molecules— carbohydrates, fats, 
and proteins— to provide energy. But some bacteria have the ability to perform other chemical 
reactions that serve the same purpose. These chemical reactions give bacteria 
the ability to get energy from substances that plants and animals cannot use.

Where Do Bacteria that Use Alternative Energy 
Sources Live?
Many houses in America get their water from a well dug into the ground. 
Sometimes, the water in homes with these wells starts to taste funny. At the 
same time, the pipes might get clogged like the one in the photo, or the inside 
of the toilets may be covered with a brown- colored slime. All of these suggest 
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perform the right chemical reactions.
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that iron bacteria are living in the well. Iron bacteria use a chemical reaction with iron to provide 
energy. Since water can contain a lot of iron, it is a good source of energy for these bacteria. Can 
you imagine eating iron to get energy to do things?

While iron bacteria cause problems, some bacteria that use alternate energy sources can be very 
helpful to humans. For example, every day you produce sewage. Sewage is water that has been 
used in your toilets, sinks, showers, and washing machines. Before this water can be returned to 
the environment, it must be treated to remove harmful substances. Some bacteria can use one 
of these harmful substances— ammonia— to get energy. The chemical reaction that the bacteria 
perform with ammonia is helpful. It changes the harmful ammonia into a new substance that 
can be easily removed from the water. Therefore, these bacteria help water treatment plants 
clean up sewage. At a water treatment plant, people treat sewage with these bacteria before 
they return it to streams and lakes.

Other bacteria can perform a chemical 
reaction with sulfur to provide energy. These 
bacteria can live in a variety of places. Some 
live in the hot springs in Yellowstone National 
Park, while others live in the hydrothermal 
vents on the ocean floor. Other bacteria 
that use sulfur to provide energy live in 
marshes or in your intestine. Researchers 
at the cave described in the Getting Ready 
section think that the bacteria that live there 
most likely get their energy using a chemical 
reaction involving sulfur in the cave’s water. 
Sometimes you can smell the presence of 
bacteria that use chemical reactions with 
sulfur to provide energy. These bacteria are 
responsible for the rotten-egg smell in hot 
springs and marshes as well as in intestinal gas.

These are only a few examples of the different ways that bacteria use unusual chemical reactions 
to provide energy.

What Organisms Use Food Molecules to Provide Energy 
without Oxygen?
Most of the organisms you know perform cellular respiration using oxygen. However, food 
molecules can provide energy through other chemical reactions that do not require oxygen. 
For example, in the process of wine making, the carbohydrates from grapes provide yeast with 
energy in a chemical reaction that does not use oxygen as a reactant.

Steaming hot springs at Yellowstone National Park 
and hydrothermal vents at the bottom of the ocean 

have bacteria that use sulfur to provide energy.
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Some organisms cannot use cellular respiration because they die when they are exposed to 
the normal levels of oxygen in the air. The bacteria that cause the deadly diseases tetanus and 
gangrene cannot survive in air. They use a different chemical reaction that does not require 
oxygen in order to provide the energy to function.

Yeast and bacteria are not the only organisms that can use food molecules for energy without 
cellular respiration. At times, like during extreme exercise, animal muscle cells may not have 
enough oxygen to carry out cellular respiration. For a short period of time, these cells can use 
a different chemical reaction to provide the energy they need to function. However, one of the 
products of this chemical reaction is harmful when it builds up in your muscles. This is why after 
difficult exercise your muscles become sore.

Why Are Organisms that Use Different Sources of Energy 
Important?
Today, the conditions on most of Earth allow organisms to carry out photosynthesis and cellular 
respiration. Most organisms live where sunlight is available for photosynthesis and oxygen is 
available for cellular respiration. However, the conditions on Earth were not always like they are 
today.

Earth scientists approximate that Earth is about 4.5 billion years old. Although Earth scientists 
do not fully understand how Earth’s air has changed during this time, evidence suggests that 
oxygen has only been in the air for the past 2.2 to 2.7 billion years. Evolutionary biologists use 
fossil records to show that bacteria did exist on Earth in this time frame. Since there were no 
plants and little oxygen when Earth was younger, some of these bacteria probably got their 
energy from chemical reactions other than photosynthesis or cellular respiration.

Additionally, as we look for life on other planets, we see that the conditions on these far- off 
worlds are often very different than here on Earth. However, since organisms can use many 
different chemical reactions to provide energy, finding life may be possible. Recently, space 
scientists have discovered that Mars contains small amounts of methane. You are probably 
most familiar with methane as the gas used in a cooking stove. Some bacteria on Earth can use 
a chemical reaction with methane to provide energy, which increases the possibility that similar 
bacteria may exist on Mars.

Do you think there is life on other planets? Do you think this life will get energy the same 
way that you do? Why?
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HOW DOES FOOD PROVIDE MY BODY WITH ENERGY?

What Else Is There to Learn about Energy in Living Systems?
Now you can answer the Driving Question: How Do Food Molecules Provide My Body with 
Energy? You have learned about food molecules and how they can be broken down, built up, 
and stored for later. You have also learned about cellular respiration and photosynthesis, the 
two most important chemical reactions that organisms perform on Earth, but scientists are still 
discovering new information about how organisms use energy. Our understanding of how all 
organisms use energy will improve as scientists conduct more research.

What questions do you still have about how organisms get their energy?
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