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INTRODUCE the

The Human Body

“Have you ever 
thought about the teamwork 

involved in tying your shoe? Your 
eyes locate the laces. Muscles, 

bones, and nerves coordinate an 
intricate series of maneuvers to pull them 

tight and tie the knot. In the background, 
lungs and bloodstream work constantly 
to bring oxygen and chemical fuel 
to those muscles and nerves. 
The body is an incredible 
machine, but what is most 
extraordinary is the way 

in which its systems 
and organs work 

together.”

• Homeostasis
• Structure and Function
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Dear Colleague,

 I still remember how it happened. I saw one of 

my teammates, took a step back, and looped a per-

fect pass over a defender right into his arms. It was 

only a touch football game, but it felt great to watch 

the ball spiral through the air—except for one little 

thing. One of guys on the other team tried to block 

the pass, and even though he failed, his arm col-

lided with my wrist as I followed though.

 It didn’t hurt much at fi rst. That night, I had 

to take a couple of aspirin tablets to dull the pain.

But in the morning, I couldn’t even move the hand. 

I had broken my navicular, a small bone in the palm 

just below the thumb. As he wrapped a cast around 

my hand, the doctor warned me that the navicular 

heals slowly. “Say goodbye to your hand,” he said. 

“You won’t see it for four months.”

 Unfortunately, he was right. But, during those 

four months, the most amazing things happened. 

The pain—my nervous system’s warning that some-

thing was broken—subsided. Bone cells tore up the 

matrix on both sides of the break, and then began 

to lay down a new matrix joining both parts of the 

bone back together. The digestive system extracted 

calcium from my food, while the endocrine and 

excretory systems made sure that the right amount 

of that calcium was put into the circulatory system. 

My skeletal system used the calcium, together with 

phosphate, to build a new bone matrix. In short, the 

body healed itself. Even my nervous and muscular 

systems adjusted, getting used to the extra weight 

from the cast on my right hand.

 Homeostasis is a complex process, but at its 

core is a simple idea. The body takes care of itself. 

It adjusts to changes in the environment, man-

ages adversity, keeps things on an even keel, and 

fi nally, as I found out when the cast came off, it can 

even heal itself. If we can teach these things to our 

students, we can help them learn to appreciate one 

of the most remarkable things about their lives—the 

wonder of the human body and the role that homeo-

stasis plays in keeping us alive.
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Chapter 30 • Flash Cards

Digestive and 
 Excretory Systems

Homeostasis
Q:  How are the materials that enter and leave your body 

related to the processes that maintain homeostasis? 

Food sellers display 
their goods at a fl oating 
food market on Dal Lake 
in northern India.
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Connect to the Big Idea
Use the photograph of the fl oating food 
market to help students connect to con-
cepts they will learn in this chapter. Point 

out that the human diet varies greatly from one 
region of the world to another, but all people require 
the same basic nutrients—water, carbohydrates, pro-
teins, fats, vitamins, and minerals—for energy and 
materials to maintain homeostasis. Ask students 
what the photograph indicates about the diet of 
people living in this part of India. (Sample answer: 
They seem to eat a great variety of vegetables and 
fruits.) Then, ask them to identify foods that are miss-
ing from the picture that would be found at a typical 
American food market. (Sample answers: dairy prod-
ucts, meats, bread) Ask students to anticipate the 
answer to the question, How are the materials 
that enter and leave your body related to the 
processes that maintain homeostasis? Have them 
explain why it is important that the body maintain a 
stable internal environment.

Have students read over the Chap-
ter Mystery and predict how a 
urine sample could be used to 

learn about health and behavior. Help students con-
nect the overlying concept of the Chapter Mystery—
the relationship between materials that enter the 
body and those that leave the body—with the Big 
Idea of Homeostasis.

 Have students preview the chapter 
vocabulary terms using the Flash Cards.

Understanding by Design
The topics covered in Chapter 30—organization of the human body, food and nutri-
tion, the digestive system, and the excretory system—help students master the 
Unit 8 Enduring Understanding: The human body is a complex system. The coordi-
nated functions of its many structures support life processes and maintain homeo-
stasis. The Big Idea, Essential Question, and Guiding Questions shown in the graphic 
organizer at right help frame their mastery.

PERFORMANCE GOALS

In Chapter 30, students will use written responses, models, and graphic organizers 
to show what they have learned about human body organization, food and nutri-
tion, and the digestive and excretory systems. At the end of the chapter, students will 
synthesize what they have learned to explain how the computer science phrase “gar-
bage in, garbage out” could be applied to the human body. 
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• Untamed Science Video  • Chapter Mystery

THE TELLTALE SAMPLE
On the fi rst day of summer 
football practice, all 
players were required 
to have a physical. Each 
student was handed a 
plastic cup and directed 
to the restroom. “Please 
provide me with a sample,” 
the physician requested. The athletes 
had no idea how much could be learned 
about their health and behavior from a 
small urine sample.

Immediately after handing over 
their samples, Philip and Seth were 
sent home and told to drink plenty of 
water before practice the next day. The 
next day, Andrew was told to see his 
family physician because he could have 
diabetes. Several days later, another 
student was dropped from the team 
for violating the school’s well-known 
antidrug policy. How was all of this 
information gained from a urine sample? 
As you read this chapter, look for clues to 
help you discover what can be learned 
about the body by simply examining 
what leaves it. Solve the mystery.

Never Stop Exploring Your World.
Finding the solution to the Telltale 
Sample mystery is only the beginning. 
Take a video fi eld trip with the 
ecogeeks of Untamed Science to see 
where this mystery leads.

Digestive and Excretory Systems 861

INSIDE:
• 30.1 Organization of the Human Body

• 30.2 Food and Nutrition

• 30.3 The Digestive System

• 30.4 The Excretory System
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Chapter 30 
Big Idea: 
Homeostasis

30.1 GQ: How is the human  body organized 
and regulated?

30.2 GQ: Why are the  essential nutrients 
important?

30.4 GQ: How does the  human body get rid 
of wastes?

30.3 GQ: How does the  human body convert 
food  into useful molecules?

Chapter 30 EQ: 
How are the 
materials  that go 
into your body  and 
the materials that 
 come from your 
body  related to 
homeostasis? 

What’s Online

 Extend your reach by using 
these and other digital assets offered at  
Biology.com. 

CHAPTER MYSTERY
Follow the mystery to fi nd out the immense amount 
of information that can be learned about a person’s 
health and behavior from a urine sample.

UNTAMED SCIENCE
The Untamed Science crew gets to the bottom of a 
stinky mystery: What can we fi nd out about animals 
from what they leave behind?

ART REVIEW
Students can drag and drop labels to help them 
learn about the different structures and functions of 
human body systems.

TUTOR TUBE
Online tutorials provide information about the nature 
of human body systems and homeostasis.

DATA ANALYSIS
Students analyze their own calorie and nutritional 
needs and plan a virtual meal that will help them 
meet those needs.

ART IN MOTION
Students watch an animation of peristalsis in 
the esophagus.
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UNIFYING CONCEPTS AND PROCESSES
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CONTENT

C.1.a, C.1.f, C.5.d

INQUIRY

A.1.b, A.1.c, A.2.a

Organization of the 
Human Body

Key Questions

 How is the human body 
organized? 

 What is homeostasis?

Vocabulary
epithelial tissue
connective tissue
nervous tissue
muscle tissue
homeostasis
feedback inhibition

Taking Notes
Preview Visuals Examine 
Figure 30 –2. For each system, 
describe how you think it interacts 
with at least one other system.

Organization of the Body
 How is the human body organized?  

Every cell in the human body is both an independent unit and an inter-
dependent part of a larger community—the entire organism. To com-
plete a winning play, a player at fi rst base has to use her eyes to watch the 
ball and use her brain to fi gure out how to position her body. With the 
support of her bones, muscles move her body to fi rst base. Meanwhile, 
the player’s lungs absorb oxygen, which her blood carries to cells for use 
during cellular respiration. Her brain monitors the location of the ball 
and sends signals that guide her glove hand to make the catch. 

How can so many individual cells and parts work together so 
effi ciently? One way to answer this question is to study the organiza-
tion of the human body.  The levels of organization in the body 
include cells, tissues, organs, and organ systems. At each level of 
organization, these parts of the body work together to carry out the 
major body functions. 

Cells A cell is the basic unit of structure and function in living things. 
As you learned in Chapter 7, individual cells in multicellular organisms 
tend to be specialized. Specialized cells, such as bone cells, blood cells, 
and muscle cells, are uniquely suited to perform a particular function.

Tissues A group of cells that perform a single function is called a tissue. 
There are four basic types of tissue in the human body—epithelial, 
connective, nervous, and muscle. Figure 30–1 shows examples of each 
type of tissue. 

862 • Lesson Overview  • Lesson NotesLesson 30.1

THINK ABOUT IT The batter slaps a ground 
ball to the shortstop, who fi elds it cleanly and 
throws the ball toward your position—fi rst 
base. In a single motion, you extend your 
glove hand, catch the ball, and extend 
your foot to touch the edge of the base. 
An easy out, a routine play. But think 
about how many systems of your 
body are involved in making this 
type of “routine” play. How do 
they all work together?
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epithelial tissue.

connective tissue.

nervous tissue.

muscle tissue.
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Getting Started

Objectives
30.1.1 Describe how the human body is organized.

30.1.2 Explain homeostasis.

Student Resources
Study Workbooks A and B, 30.1 Worksheets

Spanish Study Workbook, 30.1 Worksheets

Lab Manual B, 30.1 Hands-On Activity Worksheet

 Lesson Overview • Lesson Notes • 
Activities: Art Review, Tutor Tube • Assess-
ment: Self-Test, Lesson Assessment

For corresponding lesson in the 
Foundation Edition, see pages 714–718.

Teach for Understanding

ENDURING UNDERSTANDING The human body is a complex system. The coordinated 
functions of its many structures support life processes and maintain homeostasis.

GUIDING QUESTION How is the human body organized and regulated?

EVIDENCE OF UNDERSTANDING After completing the lesson, give students this 
assessment to show they understand that the human body is a complex, organized 
system. Have students work in small groups. Each group should write and prepare 
a short presentation in which an individual cell (portrayed by one student) explains 
how it is part of a tissue, organ, and organ system. 
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862 Chapter 30 • Lesson 1

Answers
IN YOUR NOTEBOOK Students’ tables should list: 
water, carbohydrates, fats, proteins, vitamins, and 
minerals; foods in which each is found; and a 
description of each nutrient’s role in the body.
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Epithelial Tissue Connective Tissue Nervous Tissue Muscle Tissue

Protection, absorption, and
excretion of materials 

Binding of epithelial tissue to
structures, support, and
transport of substances 

Receiving and transmitting 
nerve impulses 

Voluntary and involuntary
movements 

Skin, lining of digestive 
system, certain glands 

Under skin, surrounding
organs, blood, bones 

Brain, spinal cord, and
nerves 

Skeletal muscles, muscles 
surrounding digestive tract
and blood vessels, the heart 

LM 65 LM 280 SEM 295 LM 275

� Epithelial Tissue The tissue that lines the interior and exterior 
body surfaces is called epithelial tissue.epithelial tissue. Your skin and the lining of 
your stomach are both examples of epithelial tissue. 

� Connective Tissue A type of tissue that provides support for the 
body and connects its parts is connective tissue.connective tissue. This type of tissue 
includes fat cells, bone cells, and even blood cells. Many connective 
tissue cells produce collagen, a long, tough fi ber-like protein that is the 
most common protein in the body. Collagen gives tissues strength and 
resiliency, helping them to keep their shape even under pressure.

� Nervous Tissue Nerve impulses are transmitted throughout the 
body by nervous tissue.nervous tissue. Neurons, the cells that carry these impulses, 
and glial cells, which surround and protect neurons, are both examples 
of nervous tissue.

� Muscle Tissue Movements of the body are possible because of 
muscle tissue.muscle tissue. Some muscles are responsible for the movements you 
control, such as the muscles that move your arms and legs. Some mus-
cles are responsible for movements you cannot control, such as the 
tiny muscles that control the size of the pupil in the eye.

Organs A group of different types of tissues that work together to 
perform a single function or several related functions is called an 
organ. The eye is an organ made up of epithelial tissue, nervous tissue, 
muscle tissue, and connective tissue. As different as these tissues are, 
they all work together for a single function—sight.

Organ Systems An organ system is a group of organs that perform 
closely related functions. For example, the brain and spinal cord are 
organs of the nervous system. The organ systems interact to maintain 
homeostasis in the body as a whole. The organ systems, along with their 
structures and main functions, are shown on the next page.

FIGURE 30 –1 Types of Tissues 
The four major types of tissues in the 
human body are epithelial tissue, 
connective tissue, nervous tissue, and 
muscle tissue. Predict Which organ 
may not contain all four types of 
tissue?

Digestive and Excretory Systems 863
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Teach

Lead a Discussion
Tell students that the words complex and organized 
are often used to describe the human body. 

Ask What does it mean when someone describes 
the human body as “complex”? (Sample answer: 
Complex means “having many interconnected parts,” 
so when the word complex is used to describe the 
human body, it is referring to the fact that the body 
has many parts that are related to one another.)

Ask Why is the human body described as “organ-
ized”? (The many parts of the body are organized 
into systems based on their functions.)

DIFFERENTIATED INSTRUCTION

L1  Struggling Students Distribute four index cards 
or slips of paper to each student. Have students label 
the cards “cells,” “tissues,” “organs,” and “organ 
systems.” On the back of each card, ask students 
to write a brief defi nition of the term and list one 
or two examples from the human body. Then have 
them arrange the cards in a way that shows how 
the human body is organized. For example, students 
might stack the cards in the following order: organ 
systems, organs, tissues, and cells to show how tis-
sues are made up of cells, organs are made up of 
tissues, and organ systems are made up of organs. 
Have each student explain his or her arrangement 
to a partner. As they work through this lesson, have 
them continue to add information to their cards.

ELL  Focus on ELL: 
Build Background

BEGINNING AND INTERMEDIATE SPEAKERS 
Have students make a three-column chart with 
column heads “Background,” “Questions,” and 
“Predictions.” Show students pictures, diagrams, 
and models of the human body. Talk about 
these visuals to help students begin building 
background knowledge on the organization of 
the human body. Have them take notes on this 
discussion in the “Background” column of their 
charts. Then have them record any questions 
they have about the organization of the body in 
the “Questions” column. Ask students to look 
at the figures and headings in this lesson. Have 
them predict answers to their questions and 
record these in the “Predictions” column.
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Answers
FIGURE 30–1 Sample answer: The brain is an organ 
that does not contain all four types of tissue.

Biology In-Depth

TISSUE AND ORGAN TRANSPLANTS

Most people are aware that organs, such as the heart and kidneys, can be trans-
planted; however, many tissues, such as heart valves, corneas, and parts of bones can 
also be transplanted. The Food and Drug Administration regulates and monitors tis-
sue transplants, whereas the Health Resources and Services Administration regulates 
bone marrow and organ transplants. 

Although a liver transplant is considered an organ transplant, many times only part of 
a liver is removed from a deceased or living person and transplanted into the recipi-
ent. Unlike other organs, just a section of a healthy liver can regrow into a normal-
size liver in the organ recipient. When the liver tissue is taken from a living donor, the 
donor’s liver will regrow to normal size in just weeks. 
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Nervous 
System

Integumentary 
System

Immune/
Lymphatic Systems

Skeletal muscle,
smooth muscle,
cardiac muscle 

Works with
skeletal system to
produce voluntary
movement; helps
to circulate blood
and move food
through the 
digestive system 

Heart, blood
vessels, blood 

Transports
oxygen, nutrients,
and hormones
to cells; fights
infection; removes
cell wastes; helps
to regulate body
temperature 

White blood cells,
thymus, spleen,
lymph nodes,
lymph vessels 

Helps protect
the body from
disease; collects
fluid lost from
blood vessels and
returns it to the
circulatory system 

Skin, hair, nails,
sweat and oil
glands 

Guards against
infection and
injury and
ultraviolet
radiation from
the sun; helps to
regulate body
temperature 

Bones, cartilage,
ligaments, tendons 

Supports the 
body; protects 
internal organs; 
allows movement; 
stores mineral 
reserves; contains 
cells that produce 
blood cells 

Brain,
spinal cord,
nerves

Recognizes and
coordinates
the body’s
response to
changes in
its internal
and external
environments 

Muscular System Circulatory 
System

Respiratory System Digestive System Excretory System Endocrine System Reproductive System

Hypothalamus,
pituitary, thyroid,
parathyroids,
adrenals, pancreas,
ovaries (in females),
testes (in males)

Controls growth,
development,
and metabolism;
maintains
homeostasis 

Testes, epididymis,
vas deferens, urethra,
and penis (in males);
ovaries, Fallopian
tubes, uterus, vagina
(in females) 

Produces gametes; in
females, nurtures and
protects developing
embryo 

Nose, pharynx, larynx,
trachea, bronchi,
bronchioles, lungs 

Brings in oxygen needed
for cellular respiration
and removes excess
carbon dioxide from 
the body 

Mouth, pharynx,
esophagus, stomach,
small and large
intestines, rectum 

Skin, lungs, liver,
kidneys, ureters,
urinary bladder,
urethra 

Eliminates waste
products from the
body 

Breaks down food;
absorbs nutrients;
eliminates wastes
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Skeletal System

HUMAN BODY SYSTEMS
FIGURE 30 – 2 Although each of the organ systems 
shown here has a different set of functions, they all 
work together, as a whole, to maintain homeostasis.

864 Lesson 30.1 • Art Review
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homeostasis,

Feedback inhibition, 

inhibition inhibition
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Teach continued

Make sure students are familiar with all of the 
human body systems.

Ask What are the main structures of the circulatory 
system? (heart, blood vessels, blood)

Ask What are the functions of the digestive system? 
(breaks down food; absorbs nutrients; eliminates 
wastes)

Have students work in small groups to review the 
structures and functions of each of the human body 
systems. Have groups identify two organ systems 
that interact with one another and describe how 
they work together. For example, the respiratory sys-
tem brings oxygen into the body and the circulatory 
system transports this oxygen to the rest of the body. 
Call on each group to describe the two organ sys-
tems it selected and explain how the systems interact 
in the body. 

DIFFERENTIATED INSTRUCTION

L1  Special Needs The large amount of information 
in Figure 30–2 might overwhelm some students. For 
these students, go over the information, system by 
system. Point to each body system and make a sim-
ple statement about how that system helps the body 
function. For example, you might say, “The nervous 
system helps the body function by sending messages 
from one part of the body to another.” If desired, 
have students use blank sheets of paper to cover all 
of the systems you are not discussing.

  Students can match organ systems 
with their main structures and functions by 
completing the Art Review: Human Body 
Systems activity. 
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Biology In-Depth 

ORGANIZATION OF ANIMAL BODY PLANS 

Not all animals have the same types of organ systems. In fact, organ systems with 
similar functions can take very different forms in different animals. For example, tube 
worms found near deep-sea hydrothermal vents include species with virtually no 
digestive system. These worms do not consume food. Instead their digestive tracts 
consist of only a specialized organ that houses symbiotic chemosynthetic bacteria that 
produce organic nutrients that fuel the tube worms. In contrast, ruminants, such as 
cows, have a more complicated digestive system than humans, including a stomach 
with four distinct compartments. Bacteria that can break down hard-to-digest foods 
such as hay inhabit parts of their stomachs.

864 Chapter 30 • Lesson 1
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Thermostat senses
temperature change and turns 

heating system on or off.

Room temperature
increases.

Room temperature
decreases.

ONOFF

Homeostasis
 What is homeostasis?

Some things are easy to observe. When you run or swim 
or even write the answer to a test question, you can see your 
body at work. But behind the scenes, your body’s systems are 
working constantly to do something that is diffi cult to see 
and that few people appreciate —maintain ing a controlled, 
stable internal environment. This stable environment is 
called homeostasis,homeostasis, which means “similar standing.” 

 Homeostasis describes the relatively constant 
internal physical and chemical conditions that organisms 
maintain despite changes in internal and external 
environments. Homeostasis may not be obvious, but for a 
living organ ism, it’s literally a matter of life or death.

Feedback Inhibition If you’ve ever watched someone 
driving a car down a relatively straight road, you may have 
noticed how the person constantly moves the wheel left or 
right, adjusting direction to keep the vehicle in the mid-
dle of the lane. In a certain sense, that’s how the systems of 
the body work, too, keeping internal conditions within a 
certain range, and never allowing them to go too far to one 
side or the other.

� A Nonliving Example One way to understand homeo-
stasis is to look at a nonliving system that automatically 
keeps conditions within a certain range like a home heating 
system. In most homes, heat is supplied by a furnace that 
burns oil or natural gas. When the temperature within the 
house drops below a set point, a thermostat sensor switches 
the furnace on. Heat produced by the furnace warms the 
house. When the temperature rises above the set point, the 
thermostat switches the furnace off, keeping the tempera-
ture within a narrow range.

A system like this is said to be controlled by feedback 
inhibition. Feedback inhibition,Feedback inhibition,  or negative feedback, is 
the process in which a stimulus produces a response that 
opposes the original stimulus. Figure 30–3 summarizes 
the feedback inhibitioninhibition process in a home heating system. 
When the furnace is switched on, it produces a product 
(heat) that changes the environment of the house (by 
raising the air temperature). This environmental change 
then “feeds back” to “inhibit” the operation of the furnace. 
In other words, heat from the furnace eventually raises the 
temperature high enough to trigger a feedback signal that 
switches the furnace off. Systems controlled by feedback 
inhibition are generally very stable. 

In Your Notebook Describe another example of a 
nonliving system that requires constant adjustment.

FIGURE 30 – 3 Feedback Inhibition 
A home heating system uses a feedback 
loop to maintain a stable, comfortable 
environment within a house. 
Interpret Diagrams What is the stimulus 
in this feedback loop?

BUILD Vocabulary
ACADEMIC WORDS The 
noun inhibitioninhibition means “the 
act of blocking the action of.” 
Therefore, feedback inhibition 
refers to a response that blocks 
further actions of a stimulus. 

865Lesson 30.1 • Tutor Tube
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Use Models
Review the information in the text that uses a home 
heating system as a model for temperature control in 
the body. 

Ask What is the overall function of a home heating 
system? (to maintain a stable and comfortable tem-
perature in the home)

Ask How is this similar to temperature control in the 
human body? (A stable temperature within a certain 
range must also be maintained in the human body.)

Ask Name another condition, other than tempera-
ture, that you think needs to be stable in the human 
body? (Sample answer: The amount of water in the 
body must be kept within a certain range.)

DIFFERENTIATED INSTRUCTION

L3  Advanced Students The model described on 
this page describes feedback inhibition, or negative 
feedback, and its role in maintaining homeostasis. 
Explain that positive feedback also occurs in the 
human body. In positive feedback mechanisms, 
the response does not oppose the original stimu-
lus, instead it reinforces the original stimulus. Two 
 examples of positive feedback are the release of 
 oxytocin during childbirth and chemicals released 
during blood clotting. Have advanced students 
research and fi nd an example of positive feedback 
in the human body. Have students share what they 
learn with the class.

 Have students use the Tutor Tube: 
Working Together to Stay Balanced to 
explore how the body responds to environ-
mental change and maintains homeostasis.

Answers
FIGURE 30–3 High room temperature is the opposing 
stimulus to cold room temperature.

IN YOUR NOTEBOOK Sample answer: A nonliving 
system that requires constant adjustment is a bicycle 
being ridden over hilly terrain. The gearing of the 
bicycle must be repeatedly adjusted to maintain an 
optimal speed.
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Check for Understanding

HAND SIGNALS 

Present students with the following questions, and ask them to show a thumbs-up 
sign if they can answer the questions, a thumbs-down sign if they defi nitely can’t, or 
a waving-hand sign if they are not sure.

What is homeostasis?• 

How is feedback inhibition important in maintaining homeostasis?• 

Why is a home heating system a good model for feedback inhibition in the body?• 

ADJUST INSTRUCTION 

If students are struggling with one or more questions, ask them to review the 
 material about homeostasis on this page. Then, have students work in pairs to discuss 
the questions.

0860_mlbio10_Ch30.indd   60860_mlbio10_Ch30.indd   6 6/29/09   2:05:35 PM6/29/09   2:05:35 PM



Cold environment
causes body 

temperature to 
decrease.

Body temperature 
increases.

STARTSTOP
Hypothalamus senses temperature 

change and sends signals that 
start or stop heat production.

Hypothalamus senses temperature 
change and sends signals that 

start or stop cooling mechanisms.

Warm environment
and exercise cause
body temperature 

to increase.

Body temperature 
decreases.

STARTSTOP

� A Living Example Could biological systems 
achieve homeostasis through feedback inhibition? 
Absolutely. All that is needed is a system that regu-
lates some aspect of the cellular environment and 
that can respond to feedback from its own activities 
by switching on or off as needed. Such mechanisms 
are very common, not only in the human body, but 
in all forms of life.

One example is the maintenance of body tempera-
ture. The body regulates temperature by a mechanism 
that is remarkably similar to that of a home heating 
system. You can follow body temperature regulation 
in Figure 30–4. A part of the brain called the hypo-
thalamus contains nerve cells that monitor both the 
temperature of the skin at the surface of the body and 
the temperature of organs in the body’s core.

If the nerve cells sense that the core temperature 
has dropped much below 37°C, the hypothalamus 
produces chemicals that signal cells throughout the 
body to speed up their activities. Heat produced by 
this increase in activity, especially cellular respiration, 
causes a gradual rise in body temperature, which is 
detected by nerve cells in the hypothalamus. 

Have you ever been so cold that you began to 
shiver? If your body temperature drops well below its 
normal range, the hypothalamus releases chemicals 
that signal muscles just below the surface of the skin 
to contract involuntarily—to “shiver.” These muscle 
contractions release heat, which helps the body tem-
perature to rise toward the normal range.

If body temperature rises too far above 37°C, the 
hypothalamus slows down cellular activities to reduce 
heat production. This is one of the reasons you may 
feel tired and sluggish on a hot day. The body also 
responds to high temperatures by producing sweat, 
which helps to cool the body surface by evaporation. 

You will receive a thermometer and three beak-
ers of water at the following temperatures: 
25°C, 35°C, and 40°C. Develop a method to 
keep the temperature of the 35°C water within 
one degree for a period of fi fteen minutes. You 
may use the contents of the other two beakers.

Analyze and Conclude
1. Compare and Contrast Compare this experi-
ment to what happens in your own body during 
temperature regulation. 

2. Interpret Visuals Make a feedback loop similar 
to the ones in Figure 30 – 4 that shows how feedback 
inhibition was involved in this activity.

FIGURE 30 – 4 Body Temperature Control In the human 
body, temperature is controlled through various feedback 
inhibition mechanisms. Infer Why do you think moving 
around on a cold day helps to keep you warm?

Maintaining Temperature 

866 Chapter 30 • Lesson 1
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Teach continued

Lead a Discussion
Explain that maintaining stable temperature condi-
tions is important for the chemical reactions that 
occur in the body. Point out that most of the bio-
chemical processes that are essential for life occur 
in a very limited temperature range. Temperatures 
above or below this range can inhibit or denature 
enzymes, which means that chemical reactions can-
not occur as needed. 

DIFFERENTIATED INSTRUCTION

LPR  Less Profi cient Readers Have students work 
in small groups to make Flowcharts that organize 
the information in the text about body temperature 
control. Each group should make two fl owcharts: 
one that begins with “Body temperature drops” and 
one that begins with “Body temperature rises.” Have 
each group share its fl owcharts with the class. Dur-
ing the class discussion, point out the importance 
of keeping the body’s temperature within a certain 
range by briefl y explaining the role of temperature in 
biochemical reactions.

Study Wkbks A/B, Appendix S25, Flowchart. 
 Transparencies, GO8.

Answers
FIGURE 30–4 Moving around on a cold day will help 
you stay warm because when muscles work, they 
produce heat.

PURPOSE Students will maintain a 
beaker of water at a stable temperature 
to model maintenance of a stable body 
temperature.

MATERIALS three 250-mL beakers, 
water, thermometers

SAFETY Have students use caution 
when handling the hot water. Remind 
them to report any broken glassware 
immediately.

PLANNING Each student or group of 
students will receive water at 25°C, 
35°C, and 40°C. Heat a sufficient 
quantity of water to each temperature, 
and then divide it among the students. 

ANALYZE AND CONCLUDE 

This experiment is similar to what 1. 
happens in the body, because the 
water is heated or cooled in order to 
maintain a stable temperature. 

Students’ feedback loops should 2. 
resemble those in Figure 30–4, but 
should reflect temperature control in 
a beaker of water rather than in the 
human body.
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The lab test of 
Andrew’s urine 
sample showed 
an abnormal 
amount of a certain 
substance. What 
substance do you 
think it was?

Review Key Concepts  

1. a. Review What are the four types of tissues?
 b. Explain Describe the function of three organ sys-

tems depicted in Figure 30 –2. 
 c. Classify Compare the characteristics of two types 

of tissues. Identify parts of the body that contain 
these types of tissues.

2. a. Review What is homeostasis? 
 b. Explain What are two roles of the liver in 

 maintaining homeostasis?
 c. Apply Concepts Do you think that feelings of 

hunger and fullness are an example of feedback 
inhibition? Explain.

3. Draw a Venn diagram to relate the 
four basic levels of organization in the 
human body. Provide at least three 
examples for each level of organiza-
tion. Hint: Your Venn diagram should 
have a nesting structure. One set of 
examples could be skin cells, epithelial 
tissue, skin, and the integumentary 
system. 

The Liver and Homeostasis The liver is technically part of the 
digestive system because it produces bile, which aids in the digestion 
of fats. However, it is also fair to say that the liver is one of the body’s 
most important organs for homeostasis. 

For example, when proteins are broken down for energy, ammonia, 
a toxic byproduct, is produced. The liver quickly converts ammonia 
to urea, which is much less toxic. The kidneys, as you will read a bit 
later, then remove urea from the blood. The liver also converts many 
dangerous substances, including some drugs, into compounds that 
can be removed from the body safely.

One of the liver’s most important roles involves regulating the level 
of a substance we take almost for granted as something completely 
harmless—the simple sugar, glucose. Glucose is obtained from the 
foods we eat, and cells take glucose from the blood to serve as a source 
of energy for their everyday activities. Naturally, right after a meal, 
as the body absorbs food molecules, the level of glucose in the blood 
begins to rise. That’s where the liver comes in. By taking glucose out 
of the blood, it keeps the level of glucose from rising too much. As the 
body uses glucose for energy, the liver releases stored glucose to keep 
the level of the sugar from dropping too low.

The liver’s role in keeping blood glucose levels within a certain 
range is critical. Too little glucose, and the cells of the nervous system 
will slow down to the point that you may lose consciousness and pass 
out. On the other hand, too much glucose gradually damages cells in 
the eyes, kidneys, heart, and even the immune system. Abnormally 
high levels of glucose are associated with a disease called diabetes. In 
diabetes, changes occur in either the pancreas or body cells that affect 
the cells’ ability to absorb glucose. Diabetes, one of the fastest-growing 
health problems in the developed world, is the unfortunate result of 
failure of homeostasis with respect to blood glucose levels.

Lesson 30.1 • Self-Test  • Lesson Assessment
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Students should infer that the sub-
stance in Andrew’s urine was glucose. 
Then, have students explain why the 

presence of glucose in the urine could indicate dia-
betes. Students can go online to Biology.com to 
gather their evidence. 

Assess and Remediate 
EVALUATE UNDERSTANDING

Call on volunteers to describe how the human body 
is organized. Have them discuss the different levels 
of organization. Then, have students complete the 
30.1 Assessment.

REMEDIATION SUGGESTION

L1  Struggling Students If students have trouble 
with Question 2c, have them work in small groups 
to make a cycle diagram similar to Figure 30–4 
showing how feelings of hunger and fullness are 
part of a feedback loop that helps maintain homeo-
stasis in the body. 

  Students can check their under-
standing of lesson concepts with the Self-
Test assessment. They can then take an online 
version of the Lesson Assessment.
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 1a.  epithelial, connective, nervous, muscle

 1b.  Answers will vary. Students should choose 
three systems from Figure 30–2 and cor-
rectly identify their functions.

 1c.  Sample answer: Epithelial tissue functions 
in protection, absorption, and excretion. 
Nervous tissue receives and transmits nerve 
impulses. Epithelial tissue is found in the 
skin, lining of the digestive system, and 
some glands; nervous tissue is found in the 
brain, spinal cord, and nerves.

 2a.  Homeostasis is the relatively stable inter-
nal conditions that organisms maintain 
despite changes in internal and external 
environments.

 2b.  The liver regulates blood sugar and breaks 
down toxic substances.

 2c.  Yes, because the stimuli hunger and 
fullness are opposing stimuli. Hunger 
stimulates a person to eat. Fullness then 
stimulates a person to stop eating, which 
opposes the original action.

 3. Students’ Venn diagrams should have a 
nesting structure, with concentric circles 
representing the four levels of organiza-
tion, from smallest and simplest (cells) 
to largest and most complex (organ sys-
tems). Examples might include a neuron 
for “cells,” nervous tissue for “tissues,” 
brain for “organs,” and nervous system for 
“organ systems.”

Assessment Answers
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INQUIRY

A.1.c

Food and Nutrition

Key Questions

 Why do we need to eat? 

 What nutrients does your 
body need?

 What is meant by the term 
“ balanced diet”? 

Vocabulary
Calorie
carbohydrate
fat
protein
vitamin
mineral

Taking Notes
Outline Before you read, make 
an outline of the major headings 
in the lesson. As you read, fi ll 
in main ideas and supporting 
details for each heading.

Food and Energy
 Why do we need to eat?

Have you ever wondered why you need food? The most obvious 
answer is energy. You need energy to climb stairs, lift books, run, and 
even to think. Just as a car needs gasoline, your body needs fuel, and 
food is that fuel.  Molecules in food contain chemical energy that 
cells use to produce ATP. Food also supplies raw materials your body 
needs to build and repair tissues. 

Energy The energy available in food can be measured in a laboratory 
in a surprisingly simple way—by burning it! When food is burned, 
most energy in the food is converted to heat, which is measured in 
terms of calories. A calorie is the amount of heat needed to raise the 
temperature of 1 gram of water by 1 degree Celsius. The “Calories” 
you’ve heard about in food are actually dietary Calories, written with 
a capital C. One dietary CalorieCalorie is equal to 1000 calories, or 1 kilo-
calorie (kcal). As you may recall, the energy stored in food molecules 
is released during cellular respiration and used to produce the ATP 
molecules that power cellular activities.

Raw Materials Chemical pathways, including cellular respiration, 
can extract energy from almost any type of food. So why does it mat-
ter which foods you eat? The reason is that food also supplies the raw 
materials used to build and repair body tissues. Some of these raw 
materials are needed to make enzymes, the lipids in cell membranes, 
and even DNA. In fact, food contains at least 45 substances that the 
body needs but cannot manufacture. A healthy diet ensures that your 
body receives all of these required substances.

In Your Notebook Prepare a table to fi ll in with information about 
the nutrients. For each nutrient, include foods in which it is found and 
describe its role in the body.

868 Lesson 30.2 • Lesson Overview  • Lesson Notes

THINK ABOUT IT When you 
feel hungry, how would you 
describe the feeling? Do you feel 
full of energy and ready to go? 
Or do you feel weak and just a 
little bit lazy? Why? What do 
these sensations tell us about the 
purpose of food in the body?
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868 Chapter 30 • Lesson 2

Getting Started

Objectives 
30.2.1 Explain how food provides energy.

30.2.2 Identify the essential nutrients your body 
needs and tell how each is important to the body.

30.2.3 Explain how to plan a balanced diet.

Student Resources
Study Workbooks A and B, 30.2 Worksheets

Spanish Study Workbook, 30.2 Worksheets

Lab Manual B, 30.2 Data Analysis Worksheet

 Lesson Overview • Lesson Notes • 
Activity: Data Analysis • Assessment: Self-Test, 
Lesson Assessment

For corresponding lesson in the 
Foundation Edition, see pages 719–722.

Answers
IN YOUR NOTEBOOK Students’ tables should list: 
water, carbohydrates, fats, proteins, vitamins, and 
minerals; foods in which each is found; and a 
description of each nutrient’s role in the body.
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Teach for Understanding
ENDURING UNDERSTANDING The human body is a complex system. The coordinated 
functions of its many structures support life processes and maintain homeostasis.

GUIDING QUESTION Why are the essential nutrients important?

EVIDENCE OF UNDERSTANDING After the lesson, students should complete this 
assessment to show they understand why essential nutrients are important. Have 
students keep a food diary for one week. For each entry, ask students to write 
several sentences discussing their diet in relation to the essential nutrients. Students 
could answer questions such as: Do they think they are consuming enough of the 
essential nutrients? If not, how could they change their diet to consume more 
essential nutrients? What tools could they use to further assess their diets? 

0860_mlbio10_Ch30.indd   90860_mlbio10_Ch30.indd   9 6/29/09   2:05:47 PM6/29/09   2:05:47 PM



Digestive and Excretory Systems 869

Calorie
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Fruits contain simple 
sugars and fiber.

Milk is one of few 
nonplant foods that 
is a rich source of 
carbohydrates.

Whole-grain products contain 
more fiber than processed grains.

FIGURE 30 – 5 Carbohydrates Pastas and cereals 
are also foods that are rich in carbohydrates. Simple 
carbohydrates do not have to be digested or broken 
down. Complex carbohydrates, such as those found in 
whole grains, must be broken down before they can be 
used by the body. Infer Which type of carbohydrate—
simple or complex—provides the body with quick energy?

Nutrients
 What nutrients does your body need?

Nutrients are substances in food that supply the energy and raw 
materials your body uses for growth, repair, and maintenance. 

 The nutrients that the body needs include water, 
 carbohydrates, fats, proteins, vitamins, and minerals.

Water The most important nutrient is water. Every cell in the 
human body needs water because many of the body’s processes, 
including chemical reactions, take place in water. Water makes 
up the bulk of blood, extracellular fl uid, and other bodily fl uids. 
On hot days or when you take part in strenuous exercise, sweat 
glands remove water from your tissues and release it as sweat 
on the surface of your body. Water is also lost from the body in 
urine and with every breath you exhale.

Humans need to drink at least 1 liter of fl uid each day. If 
enough water is not taken in to replace what is lost, dehydra-
tion can result. Dehydration leads to problems with many body 
systems, and under extreme conditions it can be fatal.

Carbohydrates Simple and complex carbohydratescarbohydrates are a major 
source of energy for the body. Figure 30–5 shows some of the 
foods that contain carbohydrates. The sugars found in fruits, 
honey, and sugar cane are simple carbohydrates, or monosaccha-
rides and disaccharides. The starches found in grains, potatoes, 
and vegetables are complex carbohydrates, or polysaccharides. 
Starches are broken down by the digestive system into simple 
sugars. These molecules are absorbed into the blood and car-
ried to cells throughout the body. Excess blood sugar is converted 
into glycogen, which is stored in the liver and in skeletal muscles. 
Excess sugar may also be converted to and stored as body fat.

Whole-grain breads, bran, and many fruits and veg-
etables contain the complex carbohydrate cellulose, often 
called fi ber. Although the human digestive system can-
not break down cellulose, you need fi ber in your diet. 
The bulk supplied by fi ber helps muscles move food 
and wastes through your digestive system. Fiber may 
also have other benefi ts, such as reducing the risk of 
heart disease and Type II diabetes.

Philip’s and Seth’s 
samples were 
both a very dark 
yellow. Neither boy 
drank water before 
or during practice. 
Why do you think 
they were sent 
home from practice? 

Digestive and Excretory Systems 869
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Teach 

Build Science Skills
Explain that populations with high-fi ber diets have 
been found to have lower rates of colon cancer than 
populations with low-fi ber diets. Add that people 
who eat high-fi ber diets often also have low-fat 
diets, which are known to lower colon cancer rates 
as well. Challenge students to identify the data they 
would use to determine if high-fi ber diets, low-fat 
diets, or a combination of the two is responsible 
for the lower colon cancer rates in these popula-
tions. (Students should say they would compare 
colon cancer rates of the following four populations: 
high-fiber, low-fat diets; high-fiber, high-fat diets; 
low-fiber, high-fat diets; and low-fiber, low-fat diets. 
These comparisons should allow students to deter-
mine whether amounts of fiber, fat, or a combina-
tion of the two affect colon cancer rates.)

DIFFERENTIATED INSTRUCTION

L1  Struggling Students Help students build their 
research and inquiry skills by performing some addi-
tional background research on a particular nutrient. 
Point out that scientists regularly conduct back-
ground research to help them design their experi-
ments and keep abreast of current research in their 
fi elds. Have students choose one of the vitamins or 
minerals described in this lesson and ask them to 
fi nd out as much as they can about it. Then have 
them prepare a short essay or make a poster explain-
ing the results of their research.

Have students review the importance of 
water as a nutrient before they respond 
to the question. Students should 

respond that the boys were sent home because they 
were dehydrated. Students can go online to Biology.
com to gather their evidence. 
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Answers
FIGURE 30–5 Simple carbohydrates provide the body 
with quick energy.

Quick Facts 

HOW SWEET IT IS

Milk does not taste sweet; therefore, many students are surprised to learn that it con-
tains sugar. In fact, 8 ounces of milk contains 11 grams of sugar, more than half the 
sugar in the same amount of orange juice. Most of the sugar in milk is lactose, which 
is broken down into simpler sugars in the digestive tract by the enzyme lactase. Most 
human infants produce lactase and can digest lactose. Many human adults, on the 
other hand, do not produce enough lactase. When someone who is lactose-intolerant 
drinks milk, the lactose ferments in their intestines causing gas, cramps, and diarrhea. 
To get around the problem, these individuals can take lactase enzyme supplements 
to help them digest foods containing lactose, or they can consume foods with 
reduced lactose.
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BUILD Vocabulary
PREFIXES The prefi x poly- is Greek 
for “many.” Polyunsaturated fats 
contain more than one double 
bond. The prefi x mono- means 
“single.” Monounsaturated fats, 
such as olive oil, contain only one 
double bond.

FIGURE 30 – 6 Fats At room 
temperature, most saturated fats are 
solid and most unsaturated fats are 
liquid. Saturated fats have been tied 
to many health problems. Consuming 
limited amounts of unsaturated fats, 
such as those found in avocados and 
olive oil, may have some benefi ts.

Fats Because our society places great emphasis on a trim appear-
ance, the word “fat” has a bad reputation. But fats, or lipids, are an 
important part of a healthy diet. FatsFats help the body absorb fat-soluble 
vitamins and are a part of cell membranes, nerve cells, and certain 
hormones. Deposits of fat protect and insulate body organs and are a 
source of stored energy.

Fats usually form when a glycerol molecule combines with fatty 
acids. Some of these acids, called essential fatty acids, cannot be made 
in the body and are needed to perform many of fat’s functions. Based 
on the structure of their fatty acid chains, fats are classifi ed as satu-
rated or unsaturated. When there are only single bonds between the 
carbon atoms in the fatty acids, each carbon atom has the maximum 
number of hydrogen atoms and the fat is said to be saturated. Most 
saturated fats, such as butter, are solids at room temperature.

Unsaturated fats have one or more double bonds between car-
bon atoms, which reduces the number of hydrogen atoms in their 
fatty acids. Unsaturated fats are usually liquids at room temperature. 
Because many vegetable oils contain more than one double bond, they 
are called polyunsaturated.

Food manufacturers often modify unsaturated fats in vegetable oils 
by adding hydrogen to them. These processed fats are called trans fats. 
Trans fats are solid at room temperature and have a longer shelf life 
than unsaturated fats. However, recent studies suggest that trans fats 
may be associated with serious health concerns, including heart disease.

Proteins Proteins have a wide variety of roles in the body. ProteinsProteins 
supply raw materials for growth and repair of structures such as skin 
and muscle. Many enzymes that control cellular chemistry by increas-
ing the rates of chemical reactions are made of proteins. Proteins also 
have regulatory and transport functions. For example, the hormone 
insulin is a protein that regulates the level of sugar in the blood. 
Hemoglobin, a protein found in red blood cells, helps transport oxygen. 
Proteins can also be used as energy sources when other nutrients, such 
as carbohydrates and fats, are in short supply.

Proteins are polymers of amino acids. The body is able to synthe-
size only 12 of the 20 amino acids used to make proteins. The other 
eight are called essential amino acids. Essential amino acids must 
be obtained from the foods that you eat. Foods shown below, such as 
meat, fi sh, eggs, and milk, generally contain all eight essential amino 
acids. Foods derived from plants, such as grains and beans, do not. 
People who don’t eat animal products must eat a combination of plant 
foods, such as beans and rice, to obtain all of the essential amino acids.

870 Chapter 30 • Lesson 2
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Teach continued

Lead a Discussion
Have students review the functions served by fats 
and proteins in the body. 

Ask What might be some consequences of not 
consuming enough fat? (Sample answers: You 
would not be able to absorb enough fat-soluble vita-
mins. The function of the nervous system could be 
impaired, because fats form parts of nerve cells.)

Ask What might be some consequences of not 
consuming enough protein? (Sample answers: The 
chemical reactions that occur as a part of many body 
functions would be impaired because enzymes are 
made of protein.)

DIFFERENTIATED INSTRUCTION

LPR  Less Profi cient Readers Struggling readers 
may become overwhelmed by the amount of infor-
mation presented on this page. Suggest students 
work in small groups to come up with a short list 
of summary sentences for Fats and Proteins. Sug-
gest that they write at least three sentences for each 
nutrient. Then have volunteers from each group 
share their sentences. 
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Check for Understanding

ORAL QUESTIONING 

Use the following prompts to gauge students’ understanding of lesson concepts.

How are carbohydrates, fats, and proteins similar to one another?• 

How is each used by the body?• 

How do nutrients help the body maintain homeostasis?• 

ADJUST INSTRUCTION

If students have diffi culty making the connection between nutrients and homeostasis, 
point out that they would not expect a car to run without gasoline and other fl uids. 
In the same way, food supplies what the body needs to make it run effi ciently and 
maintain homeostasis.

870 Chapter 30 • Lesson 2
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Fats

Proteins
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FunctionSourcesVitamin

A (retinol)

D (calciferol)

E (tocopherol)

K

B1 (thiamine)

B2 (riboflavin)

Niacin

B6 (pyridoxine)

Pantothenic acid

Folic acid

B12 (cyanocobalamin)

C (ascorbic acid)

Biotin

Choline

Yellow, orange, and dark-green vegetables;
fortified dairy products

Fish oils, eggs; made by skin when exposed
to sunlight; added to dairy products

Green leafy vegetables, seeds, vegetable oils

Green leafy vegetables; made by bacteria
that live in human intestine

Whole grains, pork, legumes, milk

Dairy products, meats, vegetables, whole grains

Liver, milk, whole grains, nuts, meats, legumes

Whole grains, meats, vegetables

Meats, dairy products, whole grains

Legumes, nuts, green leafy vegetables,
oranges, broccoli, peas, fortified grains

Meats, eggs, dairy products, enriched cereals

Citrus fruits, tomatoes, red or green peppers,
broccoli, cabbage, strawberries

Legumes, vegetables, meat

Egg yolk, liver, grains, legumes

Important for growth of skin cells; important
for night vision

Promotes bone growth; increases calcium
and phosphorus absorption

Antioxidant; prevents cellular damage

Needed for normal blood clotting
 

Metabolism of carbohydrates

Growth; energy metabolism
 
Important in energy metabolism

Important for amino acid metabolism

Needed for energy metabolism

Involved in nucleic acid metabolism; prevents
neural-tube defects

Involved in nucleic acid metabolism;
maturation of red blood cells

Maintains cartilage and bone; antioxidant;
improves iron absorption; important for
healthy gums and wound healing

Coenzyme in synthesis of fat; glycogen
formation; amino acid metabolism

Part of phospholipids and neurotransmitters

Vitamins

Vitamins Organic molecules that the body needs in very small 
amounts are called vitamins.vitamins. Most vitamins are needed by the body 
to help perform chemical reactions. If we think of proteins, fats, and 
carbohydrates as the building blocks of the body, then vitamins are the 
tools that help to put them together. As shown in Figure 30–7, most 
vitamins must be obtained from food. However, the bacteria that live 
in the large intestine are able to synthesize vitamins K and B12.

There are two types of vitamins: fat-soluble and water-soluble. The 
fat-soluble vitamins A, D, E, and K can be stored in the fatty tissues of 
the body. The body can build up small deposits of these vitamins for 
future use. The water-soluble vitamins, which include vitamin C and 
the B vitamins, dissolve in water and cannot be stored in the body. 
Therefore, they should be included in the foods you eat each day.

A diet lacking certain vitamins can have serious health consequences. 
Eating a variety of foods will supply the daily vitamin needs of most 
people. Large doses of vitamin supplements do not benefi t the body. 
Excessive amounts of the fat-soluble vitamins A, D, and K can be toxic.

FIGURE 30 – 7 Vitamins This table 
lists the food sources and functions of 
14 essential vitamins. The fat-soluble 
vitamins are listed in the fi rst four 
rows. Interpret Tables What is the 
function of vitamin K? 
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Use Visuals
Use the information in Figure 30–7 to introduce the 
sources and functions of vitamins. 

Ask How important are vitamins to the proper func-
tion of your body—could you do without them? (No. 
Vitamins provide valuable functions to the human 
body, such as promoting bone growth and helping 
with normal blood clotting.)

Ask Look at the different vitamin sources listed 
in the fi gure. What are some vitamin-rich foods? 
( vegetables, dairy products, meat, eggs, and whole 
grains)

Ask Do you think soda is vitamin-rich? What might 
you drink instead? (No. I might drink milk or fruit 
juice instead of soda.)

DIFFERENTIATED INSTRUCTION

L1  Struggling Students For students who become 
overwhelmed by the level of detail in the table, write 
on the board: Vitamins help the body use fats, pro-
teins, and carbohydrates. Start by focusing on this 
general concept with students, rather than detailed 
information about specifi c vitamins. Once students 
have grasped the main idea, explain that the table 
tells them about how different vitamins function in 
the human body.

Address Misconceptions
Dietary Supplements Students may not understand 
the potential health hazards of dietary supplements, 
such as vitamin and mineral supplements and herb-
based products. Students may think that “more is 
better” when it comes to vitamins and minerals. 
Explain that this is not the case, and that many vita-
mins and minerals can be harmful in excessive doses. 
Point out that products made with herbs can also 
have many harmful side-effects, including negative 
interactions with prescription and over-the-counter 
medications. Also explain to students that supple-
ments are not regulated in the same way as medi-
cations. Just because they are sold in stores does 
not mean they are safe. Ask interested students to 
research specifi c examples of health hazards related 
to the overuse of dietary supplements. Have them 
share their examples with the class.
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Answers
FIGURE 30–7  Vitamin K is needed for normal blood 
clotting. 

How Science Works 

HOW VITAMINS WERE NAMED

In the 1800s, sailors in the Japanese navy developed a nervous disorder named beri-
beri when they were fed a diet that consisted mostly of white rice. The sailors became 
extremely weak and suffered uncontrollable muscle spasms. Toward the end of the 
1800s, a Dutch doctor noticed that prisoners who were fed mostly white rice also 
developed beriberi, whereas prisoners who were fed brown rice did not. The doctor 
inferred that some factor in the hull of the rice, which is removed when brown rice 
is converted to white rice, was needed by the body to prevent beriberi. A short time 
later, a Polish chemist isolated the factor and called it “vital amine.” The word vital 
means “necessary for life” and amine refers to a chemical structure. He was incorrect; 
the substance was not an amine, but the name stuck and gave rise to the term vita-
min. Now it is known that beriberi is specifi cally caused by a lack of thiamine.
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Minerals Inorganic nutrients that the body needs, usually in small 
amounts, are called minerals.minerals. Figure 30–8 lists some of the minerals 
needed by the body. Calcium, for example, is required to produce the 
calcium phosphate that makes up bones and teeth. Iron is needed to 
make hemoglobin, the oxygen-carrying protein in red blood cells. 
A constant supply of minerals in the diet is needed to replace those 
lost in sweat, urine, and digestive wastes.

FIGURE 30 – 8 Minerals A healthful 
diet should include small amounts 
of certain minerals to maintain a 
healthy body. Infer Why do you 
think some cities and towns add 
fl uoride to their water supplies?

Nutrition and a Balanced Diet 
 What is meant by the term “balanced diet”?

The science of nutrition—the study of food and its effects on the 
body—tries to determine how food helps the body meet all of its vari-
ous needs. Because of the work of nutritionists, many tools have been 
developed to help people plan healthful diets.  A balanced diet 
provides nutrients in adequate amounts and enough energy for a 
person to maintain a healthful weight.

Balancing Your Diet Food labels can be used to choose healthful 
foods. Food labels provide general information about nutrition as well 
as specifi c information about the product. They can be used to deter-
mine if you are consuming enough of some of the important vitamins 
and minerals.

In Your Notebook List seven types of information you can learn 
about a food from its food label.

FunctionSourcesMineral

Calcium

Phosphorus

Iron

Chlorine

Sodium

Potassium

Magnesium

Fluorine

Iodine

Zinc

Dairy products, salmon, kale, tofu,
collard greens, legumes

Dairy products, meats, poultry, grains

Meats, eggs, legumes, whole grains,
green leafy vegetables, dried fruit

Table salt, processed foods

Table salt, processed foods

Meats, dairy products, fruits and
vegetables, grains

Whole grains, green leafy vegetables

Fluoridated drinking water, tea, seafood

Seafood, dairy products, iodized salt

Meats, seafood, grains

Bone and tooth formation; blood clotting; nerve
and muscle function

Bone and tooth formation; acid-base balance

Component of hemoglobin and of electron
carriers used in energy metabolism

Acid-base balance; formation of gastric juice

Acid-base balance; water balance; nerve and
muscle function

Acid-base balance; water balance; nerve and
muscle function

Activation of enzymes in protein synthesis

Maintenance of bone and tooth structure

Component of thyroid hormones

Component of certain digestive enzymes

Important Minerals

872 Lesson 30.2 • Data Analysis
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Teach continued

Connect to Health
Ask students to bring in a variety of food labels (or 
alternatively, you could provide the labels). Have stu-
dents analyze the serving size information found on 
each label. Point out that the nutrition information 
listed applies to a single serving of food, which might 
differ greatly from a typical portion. Have students 
work in small groups to make a display that shows a 
serving size of commonly consumed foods, such as 
breakfast cereal, pasta, or bread. 

Ask Why is serving size an important piece of infor-
mation for you to know as you plan your meals? 
(Sample answer: It helps me figure out how many 
Calories I’m consuming and the nutrients I’m getting 
when I eat a certain amount of food.)

DIFFERENTIATED INSTRUCTION

ELL  English Language Learners Some of the lan-
guage on food labels, especially the ingredients list, 
may be diffi cult for English language learners to read 
and understand. If possible, encourage students to 
bring in food labels that are in their native language. 
Bring in a comparable product with a label in Eng-
lish. Have students analyze and discuss the informa-
tion on these labels. Then have them work with 
native English speakers to translate as much informa-
tion from the native-language food label as they can 
into English. 

  Students analyze caloric and nutri-
tional needs tailored to their age, gender, 
body mass, and activity level. They then plan 
a virtual meal that will meet those needs in 
Data Analysis: Balance Your Virtual Diet.

Answers
FIGURE 30–8 Fluoride is not found in many foods; 
adding it to drinking water helps ensure that people 
get enough fluoride to maintain the health of their 
bones and teeth. 

IN YOUR NOTEBOOK Sample answer: serving size, 
servings per container, calories per serving, total fat 
per serving, total carbohydrates per serving, how 
much calcium it contains, its ingredients
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Check for Understanding

ONE-MINUTE RESPONSE 

Write the following prompt on the board and give students about a minute to write a 
quick response summarizing their understanding:

Why is it important to consume a balanced diet? • (Responses should mention that 
eating a balanced diet provides the nutrients and energy required to maintain a 
healthy body and weight.)

ADJUST INSTRUCTION

If responses are incorrect or incomplete, ask students to think about the role each 
nutrient described in the lesson plays in helping the body maintain homeostasis. 
Then, point out that eating a balanced diet is the way to provide the body with opti-
mal amounts of each nutrient.

872 Chapter 30 • Lesson 2
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Note on the food label shown in Figure 30–9 that fat contains 
about 9 Calories per gram, while carbohydrate and protein contain 
4 Calories per gram. Why the difference? The carbon atoms in fats 
generally have more C–H (carbon to hydrogen) bonds than the car-
bon atoms in carbohydrates or proteins. Oxidizing these C–H bonds 
releases a great deal of energy. Because of this, oxidizing a gram of fat 
releases more energy than does oxidizing a gram of protein or carbo-
hydrate, giving fats a greater energy value in Calories per gram.

When using food labels, it is important to remember that  Percent 
Daily Values are based on a 2000-Calorie diet. However,  nutrient needs 
are affected by age, gender, and lifestyle. The daily energy needs of an 
average-sized teenager who exercises regularly are about 2200 Calories 
for females and about 2800 Calories for males. People who are more 
active than average have greater energy needs. When a person stops 
growing or becomes less active, energy needs decrease.

Maintaining a Healthful Weight Inactive lifestyles and high-
Calorie diet are contributing factors to the growing rate of obesity 
in the United States during the last several decades. Exercising about 
30 minutes a day and eating a balanced diet can help maintain a 
healthful weight. Regular physical activity helps to maintain a health-
ful weight by burning excess Calories. Other benefi ts of physical activ-
ity include strengthening of the heart, bones, and muscles.

The American Heart Association recommends a diet with a 
maximum of 30 percent of Calories from fat, of which only 7 percent 
should be from saturated fats and 1 percent from trans fats. Controlling 
fat intake is important for several reasons. Foods that contain a high 
amount of any type of fat are high in Calories. A diet high in saturated 
fats and trans fats increases the risk for developing heart disease, Type II 
diabetes, or both.

Review Key Concepts 
1. a. Review What are the two reasons humans need to eat?
 b. Infer Foods that contain many Calories but few raw 

materials are said to contain empty Calories. What do you 
think the phrase empty Calories means?

2. a. Review List six nutrients that the body needs.
 b. Compare and Contrast How are saturated and unsatu-

rated fats similar? How are they different?
3. a. Review How can food labels be used to plan a 

balanced diet?
 b. Calculate One serving of a particular food contains 16 g 

of carbohydrates, 2 g of protein, and 10 g of fats. Approxi-
mately how many Calories does it contain?  

Examine Figure 30 –9 and answer 
the questions.
4. a. Calculate If you ate 2 cups 

of this product, how many 
grams of fat would you eat? 
How many total Calories 
would you eat? 
b. Evaluate This product’s 
packaging advertises that it 
contains 0 g of trans fat. Does 
that mean the product contains 
no trans fat? Explain.

FIGURE 30 –9 Food Label Reading 
food labels can help you track how 
many Calories you consume in a 
day and if you are meeting your 
requirements for important nutrients.

Lesson 30.2 • Lesson Assessment  • Self-Test
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Assess and Remediate 
EVALUATE UNDERSTANDING

Have students write a short summary sentence for 
each of the six nutrients. Their sentences should 
explain why the nutrient is important for the proper 
function of the human body. Have them discuss their 
sentences in small groups. Then, have students com-
plete the 30.2 Assessment.

REMEDIATION SUGGESTION

ELL English Language Learners If students have 
diffi culty answering Question 1b, explain that the 
phrase empty Calories is a fi gure of speech. Tell 
students that a fi gure of speech should not be inter-
preted literally. 

  Students can check their under-
standing of lesson concepts with the Self-
Test assessment. They can then take an online 
version of the Lesson Assessment.
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 1a. Humans need to eat to get energy and to 
get the materials they need to build and 
repair tissue.

 1b.  The phrase empty Calories refers to foods 
that supply Calories without also supplying 
raw materials the body needs.

 2a.  water, carbohydrates, fats, proteins, vita-
mins, and minerals

 2b.  Saturated and unsaturated fats are similar 
in that they both help the body absorb fat-
soluble vitamins and are part of cell mem-
branes, nerve cells, and some hormones. 

They are different because saturated fats 
contain only single bonds between their 
carbon atoms while unsaturated fats 
have one or more double bonds between 
carbon atoms. Saturated fats are solid at 
room temperature, while unsaturated fats 
are liquid.

 3a.  Food labels display the amounts of nutri-
ents contained in a serving of food; so 
food labels can be used to plan a diet that 
contains all of the nutrients your body 
needs and the right amount of Calories.

 3b.  162 Calories 

 4a.  4 grams of fat, 220 Calories

 4b.  This product contains 0.5 g trans fats, so 
the statement on the packaging does not 
mean that it contains no trans fat.

Assessment Answers
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As old subway cars are replaced and new sport 
stadiums are built, a trend is obvious. Seats are 
much larger than they used to be. For example, 
in the old arena of the Indiana Pacers, seats were 
18 inches wide. In the new arena, the smallest seats 
are 21 inches wide. Advertisers tout that the seats are 
more comfortable. But the reality is, larger seats are 
needed because Americans have become fatter.

From the late 1970s to the early 2000s, the per-
centage of adults in the United States who are obese 
increased from 15 percent to 32.9 percent. During 
the same time period, the percentage of adoles-
cents (ages 12 to 19) who are overweight more than 
tripled, from 5 percent to 17.4 percent. The trend 
shows no sign of changing. 

The causes for what has been called the “obesity 
epidemic” seem apparent—a lifestyle of high-Calorie 
diets and lack of exercise. But the solutions are not 
so obvious. Many state and local governments have 
tried to gain control of the epidemic by removing 
high-Calorie foods from schools. Some people sup-
port these efforts, but others believe the government 
is encroaching too closely on personal lives. Should 
the government play a role in fi ghting obesity by 
controlling the foods served in school?

Viewpoints
The Government Must Play a Role Obesity 
increases the risk of high blood pressure, Type II 
diabetes, stroke, arthritis, and some cancers. An 
increase in the rates of these diseases will strain the 
healthcare system and affect the economy by reduc-
ing the number of healthy adults in the workforce. 

Overweight children are likely to become obese 
adults. Schools should play an active role in limit-
ing students’ exposure to high-Calorie foods that 
are not nutritious.

The Government Should Not Play a Role 
Food choices are a personal decision. Keeping 
unhealthful foods out of school will not prepare 
students for making healthful decisions in the real 
world. Parents and educators should teach children 
how to make healthful choices, rather than simply 
controlling their options.

Who Should Solve America’s Obesity Problem?

Research and Decide

1. Evaluate Discuss changes that have been 
proposed or made recently in your school to 
address the obesity epidemic. Have some foods 
been removed from the cafeteria? Have the offer-
ings in vending machines changed? Explain.
2. Form an Opinion Do you think that recent 
changes in your school menu, if any, are positive 
changes? Should more be done? Or should less 
be done? Explain.

 Many schools through-
out the country have 
replaced vending 
machines that offered 
soda and other sugary 
drinks with those that 
offer only water, milk, 
or 100 percent juice.

BiologyBiology&&SocietySociety
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Biology In-Depth

ADVERTISING IN SCHOOLS

In addition to concerns about foods available in school cafeterias and vending 
machines, there is concern about food advertising that occurs at school. Many food 
products are advertised directly to students, through posters, free gifts such as book 
covers, athletic scoreboards, videos, and other means. The food products being 
advertised are typically candy, soda, and other high-Calorie foods. In return for allow-
ing this advertising to occur, schools may receive cash, equipment, or other incentives.

874 Chapter Feature

Lead a Discussion
Have students consider how food choices at school 
can affect students’ overall diets.

Ask Do you think schools should offer only healthy 
food choices in vending machines and in the caf-
eteria? (Accept all well-supported responses.)

Ask What are some other ways that schools and the 
government can encourage healthy food choices 
and physical activity? (Sample answers: Schools 
could encourage healthy food choices by educating 
students about the advantages of healthy eating. 
Schools could also encourage fund-raising events 
that do not involve selling candy or baked goods.
The government could encourage physical activity by 
mandating that schools offer physical education.)

Answers

RESEARCH AND DECIDE 

Answers may vary. Students’ responses should 1. 
accurately reflect recent changes in foods available 
at their school.

Answers may vary. Students’ opinions should be 2. 
supported by reasonable explanations.
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FIGURE 30 –10 
The Digestive System

The Digestive System

Functions of the Digestive System
 What are the functions of the digestive system? 

The need for food presents every animal with at least two challenges. 
The fi rst is how to obtain it. Once an animal has caught or gathered 
its food, its body faces a new challenge—how to convert the food into 
useful molecules. In humans and many other animals, this is the job 
of the digestive system.  The digestive system converts food into 
small molecules that can be used by the cells of the body. Food is 
processed by the digestive system in four phases—ingestion, diges-
tion, absorption, and elimination.

Ingestion Naturally, the fi rst step in digestion is getting food into the 
system. Ingestion, as the process is called, is the process of putting food 
into your mouth—the opening to the digestive tract.

Digestion As food passes through the digestive 
system, it is broken down in two ways—by mechani-
cal and chemical digestion. Mechanical digestionMechanical digestion is 
the physical breakdown of large pieces of food into 
smaller pieces. These smaller pieces can be swal-
lowed and accessed by digestive enzymes. During 
chemical digestion,chemical digestion, enzymes break down food into 
the small molecules the body can use. 

Absorption Once food has been broken into small 
molecules, it can be absorbed by cells in the small 
intestine. From the small intestine, the molecules 
enter the circulatory system, which transports them 
throughout the body. 

Elimination The digestive system cannot digest 
and absorb all the substances in food that enter 
the body. Some materials, such as cellulose, travel 
through the large intestine and are eliminated from 
the body as feces.

Key Questions

 What are the functions 
of the digestive system?

 What occurs during 
digestion?

 How are nutrients 
absorbed and wastes 
eliminated?

Vocabulary
mechanical digestion •
chemical digestion •
amylase • esophagus •
peristalsis • stomach •
pepsin • chyme •
small intestine • villus •
large intestine

Taking Notes
Flowchart Make a fl owchart 
that shows the route food takes 
through the digestive system.

875Lesson 30.3 • Lesson Overview  • Lesson Notes

THINK ABOUT IT When you’re hungry, your whole body needs 
food. But the only system in the body that food actually enters is the 
digestive system. So, how does food get to the rest of the body after the 
process of digestion?
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Getting Started

Objectives
30.3.1 Describe the organs of the digestive system 
and explain their functions.

30.3.2 Explain what happens during digestion.

30.3.3 Describe how nutrients are absorbed into 
the bloodstream and wastes are eliminated from 
the body.

Student Resources
Study Workbooks A and B, 30.3 Worksheets

Spanish Study Workbook, 30.3 Worksheets

 Lesson Overview • Lesson Notes 
• Activity: Art in Motion • Assessment: Self-
Test, Lesson Assessment

For corresponding lesson in the 
Foundation Edition, see pages 723–728.

Build Background
Create a class Cluster Diagram on the digestive sys-
tem. In the center of the board, write the term diges-
tive system inside a circle. Have volunteers come up 
to the board and add facts they know about the 
digestive system. 

Study Wkbks A/B, Appendix S19, Cluster Diagram. 
Transparencies, GO2.
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Teach for Understanding

ENDURING UNDERSTANDING The human body is a complex system. The coordinated 
functions of its many structures support life processes and maintain homeostasis.

GUIDING QUESTION How does the human body convert food into useful molecules?

EVIDENCE OF UNDERSTANDING Have students complete this assessment to show 
they understand how the body converts food into useful molecules. Have students 
work in small groups to develop an analogy for each of the four functions of the 
digestive system. For example, putting food in a blender is a good analogy for 
mechanical digestion. Have each group share its analogies with the class.
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Molars

Bicuspids

Cuspid

Incisors

The Process of Digestion
 What occurs during digestion?

The human digestive system, like those of other chordates, is built 
around an alimentary canal—a one-way tube that passes through 
the body.  During digestion, food travels through the mouth, 
 esophagus, stomach, and small intestine. Mechanical digestion and 
chemical digestion are the two processes by which food is reduced 
to molecules that can be absorbed. Both mechanical digestion and 
 chemical digestion start in the mouth. 

The Mouth As you take a forkful of food into your mouth, 
the work of the digestive system begins. Teeth and saliva start 
to work on your food fi rst. Chewing begins the process of 
mechanical digestion. Chemical digestion begins as digestive 
enzymes in saliva start the breakdown of complex carbohy-
drates into smaller molecules. 

� Teeth The teeth, shown in Figure 30–11, are anchored in 
the bones of the jaw. The surfaces of the teeth are protected 
by a coating of mineralized enamel. The teeth do much of 
the mechanical work of digestion. The incisors, cuspids, and 
bicuspids cut into and tear at food. The molars grind and 
crush food into a fi ne paste that can be swallowed. Mean-
while, your tongue moves food around so that it comes in 
contact with your teeth.

� Saliva As the teeth cut and grind the food, the salivary 
glands secrete saliva, which helps to moisten the food and 
make it easier to chew. The release of saliva is under the 
control of the nervous system and can be triggered by the 
scent of food—especially when you are hungry!

Saliva not only eases the passage of food through the digestive sys-
tem but also begins the process of chemical digestion. Saliva contains 
an enzyme called amylaseamylase that begins to break the chemical bonds in 
starches, forming sugars. If you chew on a starchy food like a cracker 
long enough, it will begin to taste sweet—the result of amylase’s work 
in breaking down starches into sugars. Saliva also contains lysozyme, 
an enzyme that fi ghts infection by digesting the cell walls of many 
bacteria that may enter the mouth with food. 

Once food is chewed, the combined actions of the tongue and 
throat muscles push the clump of food, called a bolus, down the 
throat. When you swallow, the bolus fi rst enters the area at the back of 
the throat called the pharynx. As this occurs, a fl ap of connective tissue 
called the epiglottis closes over the opening to the trachea. This action 
prevents food from moving into the air passageways to the lungs as it 
passes through the pharynx and into the esophagus. 

In Your Notebook Explain in your own words two protective 
functions of the mouth and throat.

BUILD Vocabulary
WORD ORIGINS The prefi x amyl- 
refers to starch and has both Greek 
(amylon) and Latin (amylum) origins. 
The suffi x -ase is commonly used 
to indicate that a substance is an 
enzyme. AmylaseAmylase is an enzyme that 
acts on starch.

FIGURE 30 –11 The Mouth 
Digestion begins in the mouth, where 
the tongue, teeth, and saliva form 
food into a moist lump that can be 
swallowed. Infer How do human 
teeth refl ect an omnivorous diet?

876 Chapter 30 • Lesson 3
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Teach

Use Visuals
Use Figure 30–11 to start a discussion relating 
mouth structures to their function in digestion. 

Ask How do your teeth help you ingest and digest 
food? (Sample answer: For ingestion, teeth help 
me cut and tear bites of food. They then start the 
process of mechani cal digestion as they cut, grind, 
and crush food into a bolus.) Point out that a small 
amount of absorption also occurs in the mouth. 

DIFFERENTIATED INSTRUCTION

L1  Struggling Students Have students review 
Figure 30–11 to reinforce what they have learned 
about the mouth. Explain how the mouth ingests 
and starts breaking down food. Point out that 
humans have different types of teeth that help break 
down food in different ways. For example, incisors, 
cuspids, and bicuspids tear and cut food, while 
molars crush food. Ask them to think of some analo-
gies for how teeth work.

Ask Can you think of tools that perform similar 
mechanical functions as human teeth? (Sample 
answers: Knives and saws cut food, like incisors, cus-
pids, and bicuspids, and hammers or mallets crush 
like molars.)

ELL Focus on ELL: 
Extend Language

ADVANCED SPEAKERS Have students draw a 
box in the middle of a piece of paper and a box 
in each corner of the paper. Students should 
connect the boxes in the corners to the box in 
the middle with lines. Have students write the 
term digestive system in the middle box. Ask 
them to write words related to the digestive 
system in each corner box. Then, inside each 
corner box, have them define each word and 
write a list of synonyms if possible. Discuss with 
students the relationships between the words in 
the corner boxes to the term digestive system.
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Answers
FIGURE 30–11 Sample answer: Some types of teeth 
have a structure that allows them to tear into meat. 
Others have a structure that allows them to grind 
plant materials.

IN YOUR NOTEBOOK Lysozyme in saliva can kill 
bacteria in food. The epiglottis prevents food and 
liquid from entering the airway.

How Science Works 

WATCHING AS THE STOMACH CHURNS

In 1822, a U.S. Army surgeon named William Beaumont was called upon to treat 
a gunshot wound in the stomach of a Canadian fur trapper. Although the wound 
healed enough for the trapper to survive, it left a permanent hole in his stomach. 
Beaumont saw this as a rare opportunity to study the role of the stomach in diges-
tion. With his patient’s reluctant permission, Beaumont inserted bits of food tied to 
strings into his stomach through the hole. Then, he withdrew them periodically to see 
the extent of digestion. Beaumont also siphoned off gastric secretions and had their 
chemical composition analyzed. He learned that digestion is primarily a chemical proc -
ess and that gastric secretions consist mostly of hydrochloric acid. These and other 
results of Beaumont’s innovative research remain valid today.
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Muscles
contracted

Bolus

Stomach
Esophagus

The Esophagus From the throat, the bolus passes through a tube 
called the esophagusesophagus into the stomach. You might think that gravity 
draws food down through the esophagus, but this is not correct. In 
fact, you can swallow quite well in zero gravity, as astronauts do, or 
even while standing on your head. The reason is that contractions of 
smooth muscles, known as peristalsisperistalsis (pehr uh stal sis), provide the 
force that moves food through the esophagus toward the stomach. 
Peristalsis in the esophagus is shown in Figure 30–12. 

After food passes into the stomach, a thick ring of muscle called the 
cardiac sphincter closes the esophagus. This prevents the contents of 
the stomach from flowing back. Overeating or drinking excess caffeine 
can cause a backflow of stomach acid into the esophagus. The result 
is a burning sensation in the center of the chest known as heartburn. 
Despite its name, heartburn has nothing to do with the heart. None-
theless, persistent heartburn can cause serious damage to the esopha-
gus and is a reason to visit a doctor.

FIGURE 30 –12 Peristalsis Muscles 
in the walls of the esophagus contract 
in waves. Each wave pushes the 
chewed clump of food, or bolus, in 
front of it. Eventually, the bolus is 
pushed into the stomach.

Chemical Digestion in the Stomach The stomachstomach is a large muscu-
lar sac that continues the chemical and mechanical digestion of food. 
The lining of the stomach contains millions of microscopic gastric 
glands that release many substances into the stomach. Some of these 
glands produce hydrochloric acid. Other glands release an enzyme 
called pepsin that is activated in and functions best in acidic conditions. 
PepsinPepsin breaks proteins into smaller polypeptide fragments. 

Another stomach gland produces mucus, a fl uid that lubricates and 
protects the stomach wall. If this protective layer fails, acids may erode 
the stomach lining and cause a sore called a peptic ulcer. For years, 
physicians thought that the primary cause of ulcers was too much 
stomach acid. They prescribed drugs that reduced symptoms but did 
not cure ulcers. Scientists have since discovered that most peptic ulcers 
are the result of infection with the bacterium Helicobacter pylori. Most 
peptic ulcers can now be cured with antibiotics that kill the bacteria.

Mechanical Digestion in the Stomach Alternating contractions 
of the stomach’s three smooth muscle layers thoroughly churn and 
mix the swallowed food. The churning causes further breakdown of 
the chunks of swallowed food and allows enzymes greater access to 
the food. Gradually, a mixture with an oatmeal-like consistency called 
chymechyme (kym) is produced. After an hour or two, the pyloric valve, 
which is located between the stomach and small intestine, opens, and 
chyme begins to spurt into the small intestine.

FIGURE 30 –13 Helicobacter 
pylori After many years of blaming 
lifestyle factors for ulcers, researchers 
discovered that these bacteria are 
the cause. H. pylori burrow into the 
stomach wall and cause infl ammation
(SEM 6800�).
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Check for Understanding

INDEX CARD SUMMARIES 

Give each student an index card. Ask students to write one concept about digestion 
that they understand on the front of the card. Then, have them identify something 
about digestion they do not understand and write it on the back of the card in the 
form of a question.

ADJUST INSTRUCTION 

Read over students’ cards to identify concepts that are well understood and those 
that are causing confusion. Choose several representative questions to discuss with 
the class.

Expand Vocabulary
Write the word esophagus on the board. Point out 
that the word esophagus contains the root word 
phage, which means “to eat.” Ask students to iden-
tify other scientifi c terms that contain this root word. 
(Sample answers: bacteriophage—a virus that infects 
bacteria, phagocytosis—a form of active transport 
in which a cell’s cytoplasm engulfs a particle and 
brings it into the cell) Then, have students relate the 
meaning of the root word phage to the function of 
the esophagus. (When food is eaten, the esophagus 
“engulfs” the food when it is swallowed.)

DIFFERENTIATED INSTRUCTION

LPR  Less Profi cient Readers Have students pre-
view the vocabulary on the page. Pronounce each 
word aloud for students and give a quick defi nition. 
Then, have them write a sentence that uses each 
word. Suggest they share their sentences with a part-
ner before reading the text.

  Students can learn more about 
peristalsis using an animated version of 
Figure 30–12 by watching Art in Motion: 
Peristalsis.
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Digestion in the Small Intestine As chyme is pushed through the 
pyloric valve, it enters the duodenum (doo oh dee num). The duode-
num is the fi rst part of the small intestine,small intestine, and it is where almost all of 
the digestive enzymes enter the intestine. Most of the chemical diges-
tion and absorption of the food you eat occurs in the small intestine. As 
chyme enters the duodenum from the stomach, it mixes with enzymes 
and digestive fluids from the pancreas, the liver, and even the lining of 
the duodenum itself. The pancreas and liver are shown in Figure 30–15.

� Pancreas Just behind the stomach is the pancreas, a gland that 
serves three important functions. One function is to produce hor-
mones that regulate blood sugar levels. Within the digestive system, 
the pancreas has two other roles. It produces enzymes that break down 
carbohydrates, proteins, lipids, and nucleic acids. The pancreas also 
produces sodium bicarbonate, a base that quickly neutralizes stomach 
acid as chyme enters the duodenum. The enzymes produced by the 
pancreas, unlike those produced in the stomach, would be destroyed 
by strong acid, and therefore the sodium bicarbonate is necessary for 
digestion to proceed.

� The Liver and Gallbladder Assisting the pancreas in fat digestion 
is the liver. The liver produces bile, a fluid loaded with lipids and salts. 
Bile is stored in a small, pouchlike organ called the gallbladder. When 
fat is present in the duodenum, the gallbladder releases bile through a 
duct into the small intestine. Fats tend to glob together, which makes 
fat digestion by enzymes such as lipase diffi cult. Bile breaks up the 
globs of fat into smaller droplets that disperse in the watery environ-
ment of the small intestine. This action makes it possible for enzymes 
to reach the smaller fat droplets and break them down.

In Your Notebook Summarize the two roles of the pancreas in 
fat digestion.

FIGURE 30 –14 Effects of 
Digestive Enzymes Digestive 
enzymes hasten the breakdown of 
foods and make nutrients available 
to the body. Interpret Tables Where 
in the body does the digestion of 
carbohydrates begin?

1  Add 10 mL of water and 
2 drops of olive oil into two 
test tubes.

2  Add 3 mL of a 5 percent 
liquid soap solution to one 
test tube. 

3  Stir the contents of 
both tubes. Record your 
observations.

Analyze and Conclude
1. Observe Describe the 
appearance of the liquid 
contents in both tubes. 

2. Draw Conclusions Based 
on these observations, 
explain in your own words 
how bile aids fat digestion.

Effects of Digestive Enzymes

Effect on FoodEnzymeActive Site

Mouth

Stomach

Small 
intestine
(released from 
pancreas)

Small
intestine

Salivary
amylase

Pepsin

Pancreatic
amylase

Trypsin

Lipase

Maltase,
sucrase, lactase

Peptidase

Breaks down starches into disaccharides

Breaks down proteins into large peptides

Continues the breakdown of starch

Continues the breakdown of protein

Breaks down fat

Breaks down remaining disaccharides
into monosaccharides

Breaks down dipeptides into amino acids

Modeling Bile Action
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0001_Bio10_se_Ch30_S3.indd   878 6/11/09   4:16:44 PM 0001_Bio10_se_Ch30_S3.indd   5 6/3/09   3:26:50 PM

Teach continued

Lead a Discussion
Point out that although the pancreas, liver, and gall-
bladder serve important functions in digestion, food 
does not pass through these organs.

Ask The enzymes produced by the pancreas break 
down which types of nutrients? (proteins, fats, 
and carbohydrates)

Ask Bile, which is produced by the liver and released 
by the gallbladder, affects digestion of which type of 
nutrient? (fats)

DIFFERENTIATED INSTRUCTION

L1  Struggling Students Point out that most chemi -
cal digestion occurs in the small intestine. 

Ask Where do the substances that digest food in the 
small intestine come from? (Some are made by the 
small intestine itself; some are produced in the pan-
creas and released into the small intestine; some are 
produced in the liver and released from the gallblad-
der into the small intestine.)

Address Misconceptions
Enzymes Many students think that enzymes are 
made up of cells. Point out that the cell is the basic 
unit of life, but not all substances within the body 
are made up of cells. Remind students that enzymes 
are proteins, a kind of macromolecule. Students 
should review the information about the chemistry 
of life found in this book if they have more questions 
about enzymes. 

Answers
FIGURE 30–14 Digestion of carbohydrates begins in 
the mouth.

IN YOUR NOTEBOOK The two roles of the pancreas 
in fat digestion are the production of lipase that 
breaks down fats and the production of sodium 
bicarbonate, a substance that allows enzymes to 
function by neutralizing stomach acid.

PURPOSE Students will model the role 
of bile in the digestion of fat.

MATERIALS large test tubes,10-mL 
graduated cylinder, olive oil, 5% liquid 
soap solution

SAFETY Remind students to be careful 
handling glassware.

PLANNING Make the 5% liquid soap 
solution by mixing 5 mL liquid soap in 
100 mL water. 

ANALYZE AND CONCLUDE 

Students should observe that the olive 1. 
oil in the tube with only water forms 
large drops; the olive oil with water 
and soap forms small droplets.

Bile aids fat digestion by breaking 2. 
the fat into smaller droplets, allowing 
enzymes to act on more of the fat.
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Mouth Teeth tear and grind food 
into small pieces. Enzymes in saliva 
kill some pathogens and start to 
break down carbohydrates. 1 minute

Esophagus The bolus travels from 
the mouth to the stomach via the 
esophagus. Food is squeezed 
through by peristalsis. 2–3 seconds

Stomach Muscle contractions 
produce a churning motion that 
breaks up food and forms a 
liquid mixture called chyme. 
Protein digestion begins.  
2–4 hours

Small Intestine Chyme is slowly 
released into the small intestine. 
Bile, which is made in the liver, is 
released from the gallbladder into 
the small intestine and aids in fat 
digestion. Enzymes from the pan-
creas and duodenum complete 
digestion. Nutrients are absorbed 
through the small intestine wall. 
3–5 hours

Large Intestine The large intestine 
absorbs water as undigested material 
moves through and is eliminated from 
the body. 10 hours–several days

Epiglottis

Bolus

Liver

Pancreas

Gallbladder

The cardiac sphincter 
closes after food passes 
into the stomach. 

Glands in the stomach 
lining release hydrochloric 
acid, pepsin, and mucus. 

Large intestine

Salivary gland

Pharynx

1

2

3

4

5

SEM 340

THE DIGESTIVE SYSTEM
FIGURE 30 –15 Food travels through 
many organs as it is broken down 
into nutrients your body can use. 
The time needed for each organ to 
perform its role varies based on the 
type of food consumed.

Digestive and Excretory Systems 879
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Have students use Figure 30–15 to trace the path 
of food through the digestive system. Ask them to 
work in pairs to talk about what happens to the food 
as it passes through, or by, each digestive structure. 
Then, suggest they review the four functions of the 
digestive system—ingestion, digestion, absorption, 
and elimination. Have them talk about how each 
labeled structure is involved in one or more of 
these functions.

DIFFERENTIATED INSTRUCTION

L1 Struggling Students Have groups of students 
work through the visual step by step. Ask them to 
carefully read and discuss the caption for each num-
bered step. Suggest they discuss reasons why the 
steps take the time that they do and that they take 
notes on the discussion.

ELL English Language Learners Photocopy Fig-
ure 30–15. Next to each structure’s English name, 
write its name in your students’ native language. For 
example, if your students are Spanish speakers, write 
the word Boca next to Mouth. Pass out the photo-
copy and have students use it to help them review 
digestive structures.  

How Science Works 

VIEWING THE DIGESTIVE SYSTEM

In 2004, the Food and Drug Administration approved the use of a miniature camera, 
which is swallowed like a pill, for use in diagnosing problems with the digestive sys-
tem. The camera transmits images as it moves through the digestive system, allow-
ing doctors to visualize and diagnose conditions such as gastroesophageal refl ux, 
unexplained abdominal pain, or polyps. Recent improvements in this technology 
allow doctors to manipulate the camera as it moves through the digestive system via 
a magnetic device held outside the body. This is particularly helpful for viewing parts 
of the digestive system through which the camera moves very rapidly, such as the 
esophagus and the upper part of the stomach. 
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Small Intestine

Circular folds

Villi Epithelial cells

Capillaries

Vein

Artery

Lymph vessel

Microvilli
Villus

Absorption and Elimination
 How are nutrients absorbed and wastes eliminated?

Once the small intestine has completed the digestive process, nutrients 
must be absorbed from the alimentary canal.  Most nutrients 
from food are absorbed through the walls of the small intestine. 
The large intestine absorbs water and several vitamins and prepares 
waste for elimination from the body.

Absorption From the Small Intestine After leaving the duodenum, 
chyme moves along the rest of the small intestine. By this time, most 
of the chemical digestion has been completed. The chyme is now a 
rich mixture of small- and medium-sized nutrient molecules that are 
ready to be absorbed. 

The small intestine is specially adapted for absorption of nutrients. 
Its folded surface and fi ngerlike projections provide an enormous 
surface area for absorption of nutrient molecules. The fi ngerlike pro-
jections, called villivilli (singular: villus), are covered with tiny projections 
known as microvilli. As slow, wavelike contractions move the chyme 
along the surface, microvilli absorb nutrients. Figure 30–16 illustrates 
villi and microvilli.

Nutrient molecules are rapidly absorbed into the cells lining the 
small intestine. Most of the products of carbohydrate and protein 
digestion are absorbed into the capillaries in the villi. Most fats and 
fatty acids are absorbed by lymph vessels.

By the time chyme is ready to leave the small intestine, it is basi-
cally nutrient-free. Complex organic molecules have been digested and 
absorbed, leaving only water, cellulose, and other undigestible sub-
stances behind. 

FIGURE 30 –16 The lining of the 
small intestine consists of folds that 
are covered with tiny projections 
called villi. Within each villus there 
is a network of blood capillaries and 
lymph vessels that absorb and carry 
away nutrients.

ABSORPTION IN THE 
SMALL INTESTINE

880 Chapter 30 • Lesson 3
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Teach continued

Have students examine the structure of the small 
intestine shown in Figure 30–16.

Ask How is the structure of the small intestine 
related to its function? ( The many folds and projec-
tions of the small intestine result in an enormous 
surface area. Because absorption requires contact 
between the nutrient molecules and the cells lining 
the small intestine, a large surface area is critical to 
the function of the small intestine.)

DIFFERENTIATED INSTRUCTION

L1  Special Needs Have students feel and exam-
ine a terrycloth towel. Ask them to note the many 
tiny loops of thread that make up the surface of 
the towel. Tell students these loops help the towel 
soak up water. Relate the structure and function of 
the bath towel to the structure and function of the 
small intestine.

L1  Struggling Students Make sure students 
understand the relationships between the differ-
ent structures pictured in Figure 30–16. Start by 
pointing at the picture of the small intestine. Explain 
that the diagram directly to the right shows a larger 
version of two of the circular folds circled in the 
small intestine diagram. Walk through the rest of 
the diagram with students. Have students discuss 
how each labeled structure helps the small intestine 
absorb nutrients.
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Check for Understanding

DEPTH OF UNDERSTANDING

Write the following question on the board:

Does the process of digestion release chemi-• 
cal energy from food and form ATP for use in 
cell processes? Explain.

Students with a superfi cial understanding of 
the processes of digestion and cellular respira-
tion may answer yes to this question. These 
students may not have a clear understanding 
of how digestion affects food molecules (diges-
tion breaks down food molecules into small 

 molecules), or how these molecules are used 
after being transported to the body’s cells.

Students with a sophisticated understanding of 
the processes of digestion and cellular respira-
tion will answer no to this question. These stu-
dents understand that the molecules that result 
from the process of digestion are transported 
to the body’s cells, where they may be used to 
make ATP molecules through the processes of 
cellular respiration and fermentation (in active 
muscle cells).

ADJUST INSTRUCTION 
If students answer yes to the question, have 
them review the functions of the digestive 
system, which are described in this lesson, 
and the process of cellular respiration, which 
is described in Chapter 9. Then, suggest they 
discuss the answer in small groups.
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0860_mlbio10_Ch30.indd   210860_mlbio10_Ch30.indd   21 6/29/09   2:06:51 PM6/29/09   2:06:51 PM



villi

0001_Bio10_se_Ch30_S3.indd   6 6/3/09   3:26:57 PM

As material leaves the small intestine and enters the large 
intestine, it passes by a small saclike organ called the appendix. 
In some mammals, the appendix processes cellulose and other 
materials. The only time humans notice their appendix is 
when it becomes clogged and infl amed, causing appendicitis. 
The remedy for appendicitis is to remove the infected organ 
by  surgery—as quickly as possible—before it can rupture or 
break open.

Absorption From the Large Intestine When chyme leaves 
the small intestine, it enters the large intestine,large intestine, or colon. The 
large intestine is actually much shorter than the small intes-
tine. The large intestine gets its name due to its diameter, 
which is much greater than the small intestine’s diameter. The 
primary function of the large intestine is to remove water from 
the undigested material that is left. Water is absorbed quickly 
across the wall of the large intestine, leaving behind the undi-
gested materials. Rich colonies of bacteria present in the large 
intestine produce compounds that the body is able to absorb 
and use, including vitamin K. When large doses of antibiotics 
are given to fi ght an infection, they can destroy these bacteria, 
and vitamin K defi ciency can occur. 

Elimination The concentrated waste material—the feces—that 
remains after most of the water has been removed passes into the rec-
tum and is eliminated from the body through the anus. When some-
thing happens that interferes with the removal of water by the large 
intestine, you usually become aware of it right away. If not enough 
water is absorbed, a condition known as diarrhea occurs. If too much 
water is absorbed from the undigested materials, a condition known 
as constipation occurs.

Review Key Concepts  

1. a. Review Explain the function of the digestive system. 
 b. Compare and Contrast What is the difference between 

mechanical digestion and chemical digestion?
2. a. Review List the structures that food travels through during 

digestion and give the function of each. 
 b. Relate Cause and Effect Some people have a disorder in 

which their stomach muscles cannot contract and churn food. 
What effect do you think this has on the length of time food 
stays in the stomach? 

3. a. Review Explain how nutrients are absorbed. 
 b. Apply Concepts What impact do the folds and villi of the 

small intestine have on absorption?

Matter and Energy
4. How would the rate of 

digestion be affected if the 
various organs and glands 
did not release enzymes? 
Hint: You may wish to refer 
to Chapter 2 for a review of 
enzyme action.

FIGURE 30 –17 The Large Intestine 
This X-ray shows the large intestine 
and its contents. 

Lesson 30.3 • Self-Test  • Lesson Assessment
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Assess and Remediate
EVALUATE UNDERSTANDING

Ask students to write a short paragraph that 
describes the path food takes through the digestive 
system. Call on volunteers to share what they have 
written with the class. Then, have students complete 
the 30.3 Assessment.

REMEDIATION SUGGESTION

L1  Struggling Students If students have diffi culty 
answering Question 2b, ask them to explain what 
happens when the stomach churns. (Food is mixed 
with digestive enzymes.) Then, have students con-
sider what would happen if this mixing did not occur. 
(Chemical digestion would proceed more slowly.) 

  Students can check their under-
standing of lesson concepts with the Self-
Test assessment. They can then take an online 
version of the Lesson Assessment.
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 1a. to get food into the body and to break 
it down into small molecules that can be 
used by the body

 1b.  Mechanical digestion is the physical break-
down of large pieces of food into smaller 
pieces; chemical digestion changes large 
food molecules into smaller molecules. 

 2a.  the mouth, where ingestion occurs and 
digestion begins; the esophagus, through 
which food passes on its way to the 
stomach; the stomach, where digestion 
continues; and the small intestine, where 

chemical digestion is completed and 
absorption of nutrients occurs

 2b. If a person’s stomach cannot contract and 
churn, food must stay in the stomach lon-
ger in order to be digested. 

 3a.  Nutrients are absorbed when they come 
into contact with the villi in the small intes-
tine. They are absorbed into and carried 
away by networks of capillaries and lymph 
vessels inside the villi.

 3b.  The folds and villi of the small intestine 
greatly increase its surface area, thereby 

increasing the amount of nutrients that 
can be absorbed.

 4. The rate of digestion would be 
decreased if various organs and 
glands did not release enzymes. 

Assessment Answers
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The Excretory System

Key Questions

 What is the principal role 
of the structures of the excretory 
system? 

 How do the kidneys clean 
the blood?

 How do the kidneys 
help maintain homeostasis? 

Vocabulary
excretion
ureter
urinary bladder
urethra
nephron
fi ltration 
glomerulus
Bowman’s capsule
reabsorption
loop of Henle

Taking Notes
Preview Visuals Examine 
Figure 30–19. What does this 
Figure reveal about the impor-
tant functions of the kidneys?

Structures of the 
Excretory System

 What is the principal role of the structures of the 
excretory system?
The chemistry of the human body is a marvelous thing. An intricate 
system of checks and balances controls everything from your blood 
pressure to your body temperature. Nutrients are absorbed, stored, and 
carefully released when they are needed. However, every living system, 
including the human body, produces chemical waste products, some of 
which are so toxic that they will cause death if they are not eliminated.

For example, as a normal consequence of being alive, every cell 
in the body produces waste compounds, including excess salts and 
carbon dioxide. Ammonia, one of the most toxic of these waste com-
pounds, is produced when the amino acids from proteins are used 
for energy. Ammonia is converted to a less toxic compound called 
urea, but it, too, must be eliminated from the body. The process by 
which these metabolic wastes are eliminated to maintain homeostasis 
is called excretionexcretion.. Excretion is one part of the many processes that 
maintain homeostasis.

 The excretory system, which includes the skin, lungs, liver, 
and kidneys, excretes metabolic wastes from the body. The ureters, uri-
nary bladder, and urethra are also involved in excretion. Figure 30–18 
shows the major organs of excretion. 

In Your Notebook Make a two-column table that lists the organs of 
excretion in the fi rst column and their function in the second column.

882 Lesson 30.4 • Lesson Overview  • Lesson Notes

THINK ABOUT IT It’s a hot day, 
and you’ve been getting thirsty for 
hours. Finally, you get the chance to 
go inside, and you gulp down more 
than a liter of water. The water tastes 
great, but as you drink, you begin 
to wonder. Where’s  all that water 
going? Will it just dilute your blood, 
or is something in your body  making 
sure that everything stays in balance? 
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Ureters
urinary bladder,

urethra.
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Getting Started

Objectives
30.4.1 Describe the structures of the excretory 
system and explain their functions.

30.4.2 Explain how the kidneys clean the blood.

30.4.3 Describe how the kidneys maintain 
homeostasis.

Student Resources
Study Workbooks A and B, 30.4 Worksheets

Spanish Study Workbook, 30.4 Worksheets

 Lesson Overview • Lesson Notes • 
Assessment: Self-Test, Lesson Assessment

For corresponding lesson in the 
Foundation Edition, see pages 729–733.

Activate Prior Knowledge
Have students discuss what might happen if a city’s 
trash removal program stopped working. ( Trash 
would begin to pile up in the city.) Then ask how this 
might relate to what students will be learning in this 
lesson. (The excretory system collects and removes 
wastes much like a city’s trash removal system.)

Answers
IN YOUR NOTEBOOK Students’ tables should list skin, 
lungs, liver, kidneys, ureters, urinary bladder, and 
urethra, and the function of each.
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Teach for Understanding

ENDURING UNDERSTANDING The human body is a complex system. The coordinated 
functions of its many structures support life processes and maintain homeostasis.

GUIDING QUESTION How does the human body get rid of wastes?

EVIDENCE OF UNDERSTANDING At the end of the lesson, give students this 
assessment to show they understand how the excretory system helps the body 
maintain homeostasis. Break the class into small groups. Have each group develop 
a pamphlet that describes the importance of the excretory system to the body. Have 
each group share its pamphlet with the class. 
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Urine is released 
through a tube called 
the urethra.

The urinary bladder 
stores urine until it is 
released from the body.

Ureters transport urine 
from each kidney to the 
urinary bladder.

Skin

Lung

Liver

Kidneys

2. Calculate Approximately how many times 
more concentrated is urea in urine than in the 
blood? 

3. Infer Recall that urea is a byproduct of 
amino acid breakdown. How might the urea 
concentration vary in the blood and urine as the 
result of high protein diets? Explain.

The Composition of Urine
The kidneys are selective fi lters. As blood 
passes through them, urea, other impurities, 
and excess salts are removed from the 
blood. But important substances such as 
water, protein, and glucose remain in cir-
culation. The collected waste products are 
excreted in urine. The concentrations of 
certain substances in the blood compared 
to their concentration in urine reveal the 
important work of the kidneys.

1. Interpret Data Which substances listed have 
the highest and lowest concentrations in the 
blood? Which substances have the highest and 
lowest concentrations in the urine? 

Calcium

Glucose

Potassium

Sodium

Urea

0.01

0.10

0.02

0.32

0.03

Average Concentration
in Blood (g/mL)

Substance Average Concentration
in Urine (g/mL)

0.02

0.00

0.20

0.60

2.00

Concentrations of Selected Substances
in Blood and Urine

The Skin The skin excretes excess water, salts, 
and a small amount of urea in sweat. By releas-
ing sweat in very small amounts, this process 
eliminates wastes even when you may not think 
you’re sweating.

The Lungs The blood transports carbon diox-
ide, a waste product of cellular respiration, from 
the body cells to the lungs. When you exhale, 
your lungs excrete carbon dioxide and small 
amounts of water vapor.

The Liver The liver plays many important roles 
in excretion. As we have seen, one of its principal 
activities is the conversion of potentially danger-
ous nitrogen wastes, a product of protein break-
down, into less toxic urea. Urea, which is highly 
soluble, is then transported through the blood to 
the kidneys for elimination from the body.

The Kidneys The major organs of excretion are 
the kidneys, a pair of fi st-sized organs located 
on either side of the spinal column near the 
lower back. Through a complex fi ltering pro-
cess, the kidneys remove excess water, urea, and 
metabolic wastes from the blood. The kidneys 
produce and excrete a waste product known as 
urine. UretersUreters transport urine from the kidneys 
to the urinary bladder,urinary bladder, where the urine is stored 
until it is released through the urethra.urethra.

FIGURE 30 –18 The Excre-
tory System The organs of 
the excretory system include 
the skin, lungs, liver, kidneys, 
ureters, urinary bladder, and 
urethra.

Digestive and Excretory Systems 883
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Teach

Use Visuals
Have students examine the structures of the excre-
tory system, which are shown in Figure 30–18. Have 
students talk about how each of the labeled struc-
tures help the body remove wastes.

DIFFERENTIATED INSTRUCTION

LPR  Less Profi cient Readers Help students relate 
the labeled structures in Figure 30–18 to the infor-
mation in the text. Show them that each boldface 
paragraph head and its associated text correspond 
with a label on the left side of the diagram. Then, 
point out that each lesson vocabulary term on this 
page is described in a text box on the right side of 
the diagram. Make sure students understand that all 
seven labeled structures in the diagram are organs of 
the excretory system.

L3  Advanced Students Have advanced students 
make connections between the excretory system and 
waste removal at the cellular level. Point out that, 
like the human body, individual cells also need to 
remove wastes.

Ask What structures in your cells are involved in 
waste removal? Explain. (Lysosomes break down and 
recycle macromolecules. The cell membrane regu-
lates materials leaving the cell.) 

Then have them write a short paragraph describing 
why waste removal at the cellular level is important.
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PURPOSE Students will examine and 
interpret data to identify substances 
that are removed from the blood by the 
kidneys and those that are not.

PLANNING Remind students to carefully 
read the heading of each column of 
the table. 

ANSWERS

Sodium has the highest concentration 1. 
in the blood; calcium has the lowest 

concentration in the blood. The sub-
stance that has the highest concentra-
tion in urine is urea; glucose has the 
lowest concentration in urine.

Urea is approximately 67 times 2. 
more concentrated in urine than it is 
in blood.

A high-protein diet includes more 3. 
amino acids than a typical diet, so the 
urea concentrations in both blood 
and urine would increase as a result.
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Excretion and the Kidneys
 How do the kidneys clean the blood?

What does a kidney do?  As waste-laden blood enters the kidney 
through the renal artery, the kidney removes urea, excess water and 
minerals, and other waste products. The clean, fi ltered blood leaves 
the kidney through the renal vein and returns to circulation.

Each kidney contains nearly a million individual processing units 
called nephrons.nephrons. These nephrons are where most of the work of the 
kidney takes place—impurities are fi ltered out, wastes are collected, 
and purifi ed blood is returned to circulation. Blood purifi cation in 
the kidneys is complex and involves two distinct processes: fi ltration 
and reabsorption.

Filtration Passing a liquid or gas through a fi lter to remove wastes 
is called fi ltration.fi ltration. The fi ltration of blood mainly takes place in the 
glomerulusglomerulus (gloh mur yoo lus). A glomerulus is a small but dense 
network of capillaries (very small blood vessels) encased in the 
upper end of each nephron by a hollow, cup-shaped structure called 
Bowman’s capsule.Bowman’s capsule. A glomerulus is shown in Figure 30–19.

Because the blood is under pressure and the walls of the  capillaries 
and Bowman’s capsule are permeable, much of the fl uid from the capil-
laries fl ows into Bowman’s capsule. The material that is fi ltered from 
the blood is called the fi ltrate. The fi ltrate contains water, urea, glucose, 
salts, amino acids, and some vitamins. Large substances in the blood, 
such as proteins and blood cells, are too large to pass through the 
 capillary walls.

Reabsorption Nearly 180 liters of fi ltrate pass from the blood into 
nephron tubules every day. That’s the equivalent of 90 2-liter bottles of 
soft drink. Thank goodness, not all of those 180 liters are excreted. In 
fact, nearly all of the material that moves into Bowman’s capsule makes 
its way back into the blood. The process by which water and dissolved 
 substances are taken back into the blood is called reabsorption.reabsorption.

A number of materials, including salts, vitamins, amino acids, fats, 
and glucose, are removed from the fi ltrate by active transport and 
reabsorbed by the capillaries. Because water follows these materials by 
osmosis, almost 99 percent of the water that enters Bowman’s capsule 
is actually reabsorbed into the blood. In effect, the kidney fi rst throws 
away nearly everything and then takes back only what the body needs. 
This is how the kidney is able to remove drugs and toxic compounds 
from the blood—even chemicals the body has never seen before.

A section of the nephron tubule called the loop of  Henleloop of  Henle is respon-
sible for conserving water and minimizing the volume of the fi ltrate. 
The waste material—now called urine—that remains in the tubule is 
emptied into a collecting duct.

Urine Excretion From the collecting ducts, urine fl ows to the ureter 
of each kidney. The ureters carry urine to the urinary bladder for stor-
age until the urine leaves the body through the urethra.

BUILD Vocabulary
WORD ORIGINS The word 
glomerulusglomerulus derives from the Latin 
words glomus, which means “ball 
of yarn,” and glomerare, which 
means “to form into a ball.” The 
twisted capillaries of a glomerulus 
resemble a ball of yarn.

The illegal drug 
taken by one of the 
athletes contained a 
synthetic compound 
never found in 
nature. How did his 
body remove the 
compound from his 
blood and eliminate it 
in urine?
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Teach continued

Use Models
Point out that the function of the kidneys is to fi l-
ter out wastes from the blood and reabsorb useful 
substances. Model how the kidney works by pour-
ing water mixed with food coloring and clean sand 
through a coffee fi lter. Invite students to examine the 
contents of the coffee fi lter and the colored water 
that emerges from it. 

Ask What process did this model demonstrate? 
(filtration)

Ask What substances in blood are modeled by the 
sand in this demonstration? (blood cells and large 
molecules)

Ask In the kidney, what process follows fi ltration? 
(reabsorbtion)

DIFFERENTIATED INSTRUCTION

L1  Special Needs Have a classmate describe the 
model to visually-impaired students. As they discuss 
the model, remind students that the model simulates 
only fi ltration, not reabsorption. 

Students should note that almost every 
substance is removed from blood during 
the process of fi ltration; then substances 

needed by the body are reabsorbed. Students can go 
online to Biology.com to gather their evidence.
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Check for Understanding

QUESTION BOARD 

Establish a section of a bulletin board or white board in the classroom that can be 
used by students to post questions about concepts or processes that they do not 
understand. After discussing excretion and the kidneys, ask students to post their 
questions in the designated area. Assure students that they do not need to post their 
names with their questions.

ADJUST INSTRUCTION 

Read over students’ questions to identify common topics that students are struggling 
to understand. Then, have students form small groups. Assign one of these topics to 
each group. Have each group prepare a short report on its assigned topic. 
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nephrons.

fi ltration.
glomerulus

Bowman’s capsule.

reabsorption.

loop of  Henle

glomerulus
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To ureter

Collecting
duct

Vein

Artery

Loop of
Henle

Bowman’s
capsule

Glomerulus

Renal artery

Renal vein

Waste-laden blood
enters kidney.

Filtered blood 
leaves kidney.

To the bladder

Ureter

Nephron

Renal cortex

Renal
medulla

Nephron

Kidney

Capillaries

Tubule Filtration Blood enters a nephron through 
a capillary. From the glomerulus, filtrate 
flows into a tubule. Blood cells and large 
substances remain in the capillary. 

1

2 Reabsorption As the filtrate moves through 
the tubule, water and many other sub-
stances that are important to the body 
are reabsorbed through capillary walls 
into the blood. 

3 Urine Excretion Once water and other 
important substances are reclaimed by 
the blood, the filtrate is called urine. 
Collecting ducts gather urine and trans-
port it to a ureter. 

FIGURE 30 –19 Kidneys are made up of nephrons. Blood enters the 
nephron, where impurities are fi ltered out and emptied into the collecting 
duct. Purifi ed blood leaves a nephron through a vein. Interpret Visuals  
List in order the structures that blood fl ows through in a kidney.

STRUCTURE AND FUNCTION OF THE KIDNEYS

Digestive and Excretory Systems 885
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Ask students to use Figure 30–19 to examine how 
kidneys and nephrons remove wastes. Have small 
groups of students trace the path of a urea molecule 
from blood in a renal artery to urine in a ureter. Have 
them talk about what is happening in the nephron at 
different points in this path. 

DIFFERENTIATED INSTRUCTION

L1  Struggling Students Some students might 
be overwhelmed by the amount of information 
presented in Figure 30–19. Have students work in 
groups of three to review the fi gure. For the informa-
tion in the numbered boxes, suggest each students 
in the group choose a different box to focus on. Ask 
students to summarize the information in their boxes 
for their group members. Call on groups to share 
summaries with the class.

ELL  Focus on ELL: 
Access Content

BEGINNING AND INTERMEDIATE SPEAKERS Have 
students draw a Flowchart titled “How do 
the kidneys clean blood?” Have students label 
three squares in the flowchart “filtration,” 
“reabsorption,” and “urine excretion.” Ask 
students to write an explanation and add an 
illustration to each box. Allow for less-than-
precise content words for beginning speakers.

Study Wkbks A/B, Appendix S25, Flowchart. 
Transparencies, GO8.

Answers
FIGURE 30–19 Blood enters the kidney through the 
renal artery. In the kidney, blood enters a nephron 
and moves through a network of capillaries called 
the glomerulus where filtration occurs. It then passes 
through more capillaries where reabsorption takes 
place. Blood leaves the kidney through the renal vein.

How Science Works 

BRIGHT’S DISEASE 

In 1827, an English physician named Richard Bright published his fi ndings that people 
who suffered from edema (swelling of body tissues), which was then called “dropsy,” 
have a substance in their urine that coagulates when the urine is boiled. This sub-
stance has since been identifi ed to be serum albumin, and it is not excreted normally 
in urine. Serum albumin in urine is a sign that the patient has nephritis, or infl amma-
tion of the kidneys. Because of Bright’s pioneering work, nephritis is still sometimes 
called Bright’s disease. Today, urinalysis is routinely used to detect a large number of 
disorders. Dipsticks are available that can be used to easily perform multiple assays on 
a single urine sample. These dipsticks usually test urine pH; specifi c gravity; and pres-
ence of proteins, glucose, ketones, nitrites, and white blood cells. The results of these 
assays can help medical professionals diagnose specifi c disorders.
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The Kidneys and Homeostasis
 How do the kidneys help maintain homeostasis?

The kidneys play an important role in maintaining homeostasis. 
Besides removing wastes, the kidneys also maintain blood pH and 
regulate the water content of the blood.  The kidneys respond 
directly to the composition of the blood. They are also infl uenced 
by the endocrine system. Disruption of proper kidney function can 
lead to serious health problems.

Control of Kidney Function To a large extent, the activity of the 
kidneys is controlled by the composition of the blood itself. For exam-
ple, if you eat salty food, the kidneys will respond to the excess salt in 
your blood by returning less salt to your blood during reabsorption. 
If the blood is too acidic, then the kidneys excrete more hydrogen 
ions in the urine. If your blood glucose levels rise past a certain point, 
the kidneys will even excrete glucose into the urine. This is one of the 
danger signals of diabetes, a disease caused by the body’s inability to 
control the concentration of glucose in the blood.

Glands release hormones that also infl uence kidney function. For 
example, if you have not consumed enough fl uids or if you have sweat 
excessively, your pituitary gland releases antidiuretic hormone (ADH) 
into your blood. This hormone causes the kidneys to reabsorb more 
water and to excrete less water in the urine. If the blood contains 
excess water, ADH secretion stops and more water is excreted.

Did you know that the color of your urine is an indicator of how 
hydrated you are? A pale yellow color indicates that you are well 
hydrated because your kidneys are releasing a good amount of water. 
A darker color indicates that the water level in your blood is low, caus-
ing your kidneys to conserve water.

Urine Testing Medical professionals can learn a lot about a person’s 
health from a simple urine sample. The presence of protein or glucose 
in urine can be indicators of diseases such as dangerously high blood 
pressure or diabetes. Although many fi ltered substances are reabsorbed 
into the blood, drugs generally remain in the fi ltrate and are eliminated 
in urine. This is why the effects of many drugs wear off over time and 
why urine tests are often used to detect the use of illegal drugs.

In Your Notebook Explain in your own words why urine can reveal 
a lot about a person’s health.

Kidney Disorders The kidneys are the master chemists of the blood 
supply. If anything goes wrong with the kidneys, serious medical 
problems will likely follow. Three of these problems are kidney stones, 
kidney damage, and kidney failure.

� Kidney Stones Sometimes substances such as calcium, magnesium, 
or uric acid salts in the urine crystallize and form kidney stones. When 
kidney stones block a ureter, they cause great pain. Kidney stones are 
often treated using ultrasound waves. The sound waves pulverize the 
stones into smaller fragments, which are eliminated with the urine.

Would Seth’s and 
Philip’s blood 
contain a high 
level or low level 
of ADH?
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Teach continued

Lead a Discussion
After students have read the text, lead a class discus-
sion on how the kidneys help maintain homeostasis. 
Encourage students to talk about the different ways 
kidneys respond to the composition of the blood. 

Ask How do the kidneys respond to very high lev-
els of glucose in the blood? ( They excrete glucose 
into urine.)

Then, talk about what happens when kidneys do 
not function well. Discuss how kidney stones, kid-
ney damage, and kidney failure all affect a person’s 
homeostasis. 

DIFFERENTIATED INSTRUCTION

LPR  Less Profi cient Readers Help students organ-
ize the information in the text by writing the key 
question How do the kidneys help maintain homeo-
stasis? on the board. Then, as students read the 
information on the page, have them identify ways 
kidneys help maintain homeostasis. As they make 
suggestions, write them in a list under the key ques-
tion. For example, you might list remove excess salt 
and excrete hydrogen ions to raise blood pH.

Remind students that Philip and Seth 
were told to drink water. Ask students 
to explain how the body responds when 

it needs to conserve water. (It produces ADH.) Use 
students’ answers to guide them to the conclusion 
that the boys’ blood likely contains a high level of 
ADH. Students can go online to Biology.com to 
gather their evidence.
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Answers
IN YOUR NOTEBOOK Urine can reveal what 
substances were put into the body, as well as 
indicate the level of hydration and the presence of 
certain diseases and disorders.

Check for Understanding

FOLLOW-UP PROBES 

Ask  The kidneys are essential for maintaining homeostasis in the body. Why? 
( Kidneys remove wastes from the body. Without the kidneys, wastes can accumulate 
to levels that disrupt homeostasis and can cause damage to the body or death.)

ADJUST INSTRUCTION 

If responses indicate that students do not understand the role of the kidneys in the 
maintenance of homeostasis, ask them to think about the relationship between mate-
rials that enter the body and those that leave the body. Then, ask students to consider 
what would happen if substances could not be removed from the body.

886 Chapter 30 • Lesson 4

0860_mlbio10_Ch30.indd   270860_mlbio10_Ch30.indd   27 6/29/09   2:07:34 PM6/29/09   2:07:34 PM



Digestive and Excretory Systems 887

0001_Bio10_se_Ch30_S4.indd   5 6/3/09   3:28:29 PM

Review Key Concepts 
1. a. Review List the organs that are involved in 

excretion.
 b. Classify Why is excretion important for 

homeostasis?
2. a. Review What substances do the kidneys remove 

from blood?
 b. Sequence Explain what happens during fi ltra-

tion, reabsorption, and urine excretion.
3. a. Review Describe how the kidneys help maintain 

water balance.
 b. Apply Concepts Why do you think protein and 

glucose in the urine are signs of kidney damage?

4. Two words that are often used inter-
changeably are excretion and secretion. 
They have two distinct meanings, 
however. An excretion is usually a 
waste product of metabolism that is 
expelled from an organism. A secretion 
is a useful substance that is released 
inside or outside an organism. Name 
one example each of an excretion and 
a secretion from this lesson.

� Kidney Damage Many diseases, injuries, and 
exposure to hazardous substances can lead to 
impaired kidney function. But most cases of 
kidney damage in the United States are related to 
high blood pressure and diabetes. Excessive blood 
pressure damages the delicate fi ltering mecha-
nism, and high blood sugar levels cause the kid-
neys to fi lter more blood than normal. Over time, 
the tubules weaken, and the kidneys may fail to 
keep up with the demands placed upon them.

� Kidney Failure When kidneys can no longer 
cleanse the blood and maintain a state of homeo-
stasis in the body, a person is said to be in kidney 
failure. A patient with kidney failure must receive 
dialysis or undergo a kidney transplant as shown in 
Figure 30–20.

During dialysis, a machine performs the role of 
the kidneys. The patient’s blood is pumped through 
the machine, cleansed, and pumped back into the 
body. Although the procedure is painless, it is very 
time-consuming. Most patients receive dialysis 
treatments three times a week for about four hours 
each time. To prevent the buildup of fl uid and 
harmful materials between treatments, patients 
must restrict their fl uid intake and eat foods low in 
potassium, phosphorus, and salt.

In transplantation, a patient receives a kidney 
and ureter from a compatible donor. Fortunately 
for the donor, a person can survive with just one 
healthy kidney.

Transplanted
kidney

Diseased
kidneys

Adrenal
glands

Artery
Vein

Transplanted
ureter

Bladder

Patient’s
ureters

FIGURE 30 –20 Kidney Transplantation 
Unless the patient’s diseased kidneys are 
causing infection or high blood pressure, 
they are left in place when a healthy kidney 
and ureter are transplanted from a donor.

Lesson 30.4 • Lesson Assessment  • Self-Test
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Assess and Remediate
EVALUATE UNDERSTANDING
Write the following question on the board: How 
does the body get rid of wastes? Ask each student 
to generate a quick written response to the ques-
tion. Call on several students to share their responses 
with the class. Then, have students complete the 
30.4 Assessment.

REMEDIATION SUGGESTION

L1  Struggling Students If students have diffi culty 
answering Question 1b, lead a class discussion 
about the importance of excretion in the mainte-
nance of homeostasis. Remind students that materi-
als that enter the body and those that leave the body 
are both related to homeostasis.

  Students can check their under-
standing of lesson concepts with the Self-
Test assessment. They can then take an online 
version of the Lesson Assessment.

 1a. skin, lungs, liver, kidneys, ureter, urinary 
bladder, urethra 

 1b.  Excretion removes wastes from the body. 

 2a.  Substances removed from the blood 
include excess water, metabolic wastes, 
carbon dioxide, and urea.  

 2b.  In filtration, materials such as water, urea, 
glucose, salts, amino acids, and some vita-
mins are removed from the blood. During 
reabsorption, water and many other sub-
stances are reabsorbed into the blood. In 

urine excretion, urine flows through the 
ureters, collects in the urinary bladder, and 
then leaves the body through the urethra.

 3a.  Kidneys help maintain water balance by 
excreting more or less water in response to 
the body’s level of hydration.

 3b.  Protein and glucose in the urine indicate 
kidney damage because the presence of 
these substances signals that filtration and 
reabsorption are not occurring properly.

 4. Urine is an example of an excretion. ADH is 
a secretion. 

Assessment Answers
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CONTENT C.1.b, F.1

NATIONAL SCIENCE EDUCATION STANDARDS

Pre-Lab: Digestion of Dairy Products
Problem How can an enzyme defi ciency affect 
digestion?

Materials well plate, sheet of paper, glucose solution, 
milk, milk-digestion aid, toothpicks, glucose test strips

Lab Manual Chapter 30 Lab

Skills Focus Control Variables, Infer, 
Draw Conclusions

Connect to the Food is both a source of 
raw materials and a source of energy for your body. First 
the food must pass through your digestive system, where 
mechanical and chemical processes break the food down 
into smaller molecules. Enzymes play an essential role 
in chemical digestion. Different enzymes are needed to 
digest proteins, fats, and carbohydrates. In this lab, you  
will explore the role of enzymes in the digestion of milk 
and other dairy products.

Background Questions
a. Review What is an enzyme? Why are enzymes 

necessary for maintaining homeostasis?

b. Review Where do most digestive enzymes enter the 
digestive system?

c. Compare and Contrast Use glucose and sucrose to 
explain the difference between a monosaccharide 
and a disaccharide.

Pre-Lab Questions
Preview the procedure in the lab manual.

1. Design an Experiment What is the purpose of the 
glucose solution?

2. Control Variables What is the control in this lab?

3. Communicate Read the instructions on the package 
of glucose test strips. Then, briefl y describe how you 
will test your samples for the presence of glucose.

GUIDED INQUIRY

 Visit Chapter 30 online to test yourself on chapter 
 content and to fi nd activities to help you learn.

Untamed Science Video Hold your noses as you 
join the Untamed Science crew to learn what scientists 
can discover about animals by investigating their scat.

Data Analysis Use nutrient data to plan a lunch that 
meets your own personal requirements.

Tutor Tube Tune in to Tutor Tube for another perspec-
tive on how homeostasis works in the human body.

Art Review Review your understanding of human 
body systems.

Art in Motion Watch peristalsis in action in the 
esophagus.

Chapter 30
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Pre-Lab
Introduce students to the concepts they will explore 
in the chapter lab by assigning the Pre-Lab questions.

Lab
Tell students they will perform the chapter lab Digest-
ing Dairy Products described in Lab Man ual A.

L1  Struggling Students A simpler version of the 
chapter lab is provided in Lab Manual B.

SAFETY

Remind students not to eat or drink any substance in 
the laboratory, including food products. They should 
wash their hands thoroughly after the lab.

 Look online for Editable Lab 
Worksheets.

For corresponding pre-lab in the 
Foundation Edition, see page 734.
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Pre-Lab Answers

BACKGROUND QUESTIONS

a. An enzyme is a protein that speeds up 
the rate of a biological reaction. Without 
enzymes, many biological reactions in cells 
could not take place (or at least not quickly 
enough to be useful).

b. Most digestive enzymes enter the small 
intestine (specifically the upper part of 
the small intestine, which is called the 
duodenum). 

c. Sample answer: Monosaccharides, such as 
glucose, consist of single sugar molecules. 
Disaccharides are compounds made by join-
ing two simple sugar molecules together. 
The two molecules that join to form sucrose 
are glucose and fructose.

PRE-LAB QUESTIONS

1. The glucose solution will show what a 
positive test for glucose looks like.

2. The sample of milk without the milk-
 digestion aid is the control. 

3. Depending on the type of test strips used, 
students will either dip a fresh strip into each 
solution or use toothpicks to place a bit of 
each solution on a single strip.

888 Chapter 30 • Pre-Lab
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Study Guide
 Homeostasis

The foods you eat provide energy and materials to cells. 
Excretions contain the wastes produced as the result of 
cellular activities. Homeostasis requires an appropriate 
balance of these inputs and outputs. 

30.1  30.1  Organization of the Human Body

 The levels of organization in the body include 
cells, tissues, organs, and organ systems.

 Homeostasis describes the relatively constant 
internal physical and chemical conditions that organ-
isms maintain despite changes in internal and exter-
nal environments.

epithelial tissue (863) muscle tissue (863)
connective tissue (863) homeostasis (865)
nervous tissue (863) feedback inhibition (865)

 30.2   30.2   Food and Nutrition

 Molecules in food contain chemical energy 
that cells use to produce ATP. Food also supplies raw 
materials your body needs to build and repair tissues.

 The nutrients that the body needs include water, 
carbohydrates, fats, proteins, vitamins, and minerals.

 A balanced diet provides nutrients in adequate 
amounts and enough energy for a person to maintain 
a healthful weight.

Calorie (868) protein (870)
carbohydrate (869) vitamin (871)
fat (870) mineral (872)

3030
30.3   The Digestive System

 The digestive system converts food into small 
molecules that can be used by the cells of the body. 
Food is processed by the digestive system in four 
phases—ingestion, digestion, absorption, and 
elimination.

 During digestion, food travels through the 
mouth, esophagus, stomach, and small intestine. 
Mechanical digestion and chemical digestion are the 
two processes by which food is reduced to molecules 
that can be absorbed.

 Most nutrients from food are absorbed through 
the walls of the small intestine. The large intestine 
absorbs water and several vitamins and prepares 
waste for elimination from the body.

mechanical digestion (875) pepsin (877)
chemical digestion (875) chyme (877)
amylase (876) small intestine (878)
esophagus (877) villus (880)
peristalsis (877) large intestine (881)
stomach (877)

30.4  30.4   The Excretory System

 The excretory system, which includes the skin, 
lungs, liver, and kidneys, excretes metabolic wastes 
from the body.

 As waste-laden blood enters the kidney through 
the renal artery, the kidney removes urea, excess water 
and minerals, and other waste products.

 The kidneys respond directly to the composition 
of the blood. They are also infl uenced by the endo-
crine system. Disruption of proper kidney function 
can lead to serious health problems.

excretion (882) fi ltration (884)
ureter (883) glomerulus (884)
urinary bladder (883) Bowman’s capsule (884)
urethra (883) reabsorption (884)
nephron (884) loop of Henle (884)

Visual Thinking 
Create a fl owchart that shows the path of a glucose 
molecule through a healthy nephron. 

889Chapter 30 • Match It  • Chapter Assessment
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Study Online

  REVIEW AND ASSESSMENT 
RESOURCES

Editable Worksheets Pages of Study Workbooks 
A and B, Lab Manuals A and B, and the Assessment 
Resources Book are available online. These docu-
ments can be easily edited using a word-processing 
program.

Lesson Overview Have students reread the Lesson 
Overviews to help them study chapter concepts.

Vocabulary Review The Flash Cards and Match 
It provide an interactive way to review chapter 
vocabulary.

Chapter Assessment Have students take online ver-
sions of the Chapter 30 Assessment.

Standardized Test Prep Students can take an 
online version of the Standardized Test Prep. You will 
receive their scores along with ideas for remediation. 

Diagnostic and Benchmark Tests Use these tests 
to monitor your students’ progress and supply 
remediation.

S
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D
Y
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U
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Answers

THINK VISUALLY

Students’ fl owcharts should show a glucose mole-
cule moving from the glomerulus into the Bowman’s 
capsule as it is fi ltered out of blood, then back into 
the capillary as it is reabsorbed.

Performance Tasks

SUMMATIVE TASK Have each student assume 
the role of a doctor. Have them imagine that 
a patient has come to them complaining of a 
lack of energy. Ask students to develop a list 
of questions they would ask the patient and 
a list of tests they might request to gauge 
the patient’s body conditions. Have students 
consider the following:

the materials that enter the patient’s body• 

the way the patient’s body functions to pro-• 
cess those materials

the materials that leave the patient’s body• 

TRANSFER TASK Explain to students that 
in the field of computer science, there is a 
common phrase: garbage in, garbage out. The 
phrase summarizes the idea that, no matter 
how good a computer or computer program 
is, it will not produce reliable results unless the 
data fed into the computer are accurate and 

reliable. Ask students to write a paragraph 
that explains how this phrase could be applied 
to the human body. Tell students to consider 
the role of materials entering the body in 
the maintenance of homeostasis, how the 
materials that enter the body are processed, 
and how the materials that leave the body 
reflect what enters the body and how well the 
body is functioning.
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 a. 320   c. 120
b. 200   d. 100

 30.3   30.3   The Digestive System

Understand Key Concepts
 14. Where does mechanical digestion begin?
 a. the esophagus

b. the large intestine
c. the mouth
d. the small intestine

 15. An enzyme in saliva that can break the chemical 
bonds in starch is
 a. pepsin.   c. amylase.
b. bile.   d. chyme.

 11. In what three ways are proteins important to the 
body?

Think Critically
 12. Infer Many food manufacturers have replaced trans 

fats in their foods with other types of fats that may 
not have the same level of heart disease risk. Some 
nutritionists fear that people will think foods such as 
French fries, doughnuts, and cookies are healthful if 
they are not made with trans fats. Explain why these 
foods are still not healthful choices.

 13. Calculate If a person consumed 2000 Calories while 
following the typical diet, how many more of those 
Calories would be from saturated fat than if they 
were following the recommended diet?  

 30.1   30.1  Organization of the Human Body

Understand Key Concepts
 1. The type of tissue that covers the body, lines 

 internal surfaces, and forms glands is
 a. muscle tissue. c. epithelial tissue.
 b. connective tissue. d. nervous tissue.

 2. The process of maintaining a relatively constant 
internal environment despite changes in the 
 external environment is called
 a. regulation.  c. synapse.
 b. homeostasis.  d. stimulation.

 3. What do all types of tissue have in common?
 a. They are all made of connective tissue. 
 b. They are all made of cells. 
 c. They are all found in every organ. 
 d. They are all made of organs. 

 4. Why is it important for an organism to maintain 
homeostasis?

 5. Name the four types of tissues and describe one 
characteristic of each.

Think Critically
 6. Classify Would you classify blood as a cell, a 

 tissue, or an organ? Explain.

 7. Predict Infections may lead to an immune response 
that results in a high fever. Considering what you 
have learned about the action of enzymes, predict 
what may happen if a person’s body temperature 
remains abnormally high.

 30.2    30.2   Food and Nutrition

Understand Key Concepts
 8. Energy in food is measured in

 a. ATP.   c. Calories.
 b. fats.   d. disaccharides.

 9. Inorganic nutrients that your body needs, usually 
in small amounts, are called
 a. vitamins.   c. proteins.
 b. minerals.   d. amino acids.

 10. Which nutrients provide the body with energy?

Assessment3030

Carbohydrate

Unsaturated fat

Saturated fat

Protein

21%

16%

15%

48%

21%

6%

18%

55%

Typical American Diet Recommended Diet
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Lesson 30.1

UNDERSTAND KEY CONCEPTS

 1.  c 2. b 3. b

 4.  Maintaining homeostasis provides a stable 
internal environment, which allows vital body 
proc esses, such as the functioning of enzymes, 
to occur.

 5.  Epithelial tissue functions in protection, absorp-
tion, and excretion. Nervous tissue is involved 
in receiving and transmitting nerve impulses. 
Connective tissue provides support for the body 
and connects its parts. Muscle tissue is respon-
sible for movement.

THINK CRITICALLY

 6.  Blood is a tissue because it is a group of cells 
that perform a function.

 7.  If a person’s temperature remains abnormally 
high, enzymes might not be able to function, 
resulting in a disruption of body functions.

Lesson 30.2

UNDERSTAND KEY CONCEPTS

 8.  c 9.  b

 10.  fats, carbohydrates, and proteins

 11.  Proteins supply raw materials for growth and 
repair of body structures; some proteins make up 
enzymes; and some proteins function in regula-
tory and transport functions.

THINK CRITICALLY

 12.  French fries, doughnuts, and cookies supply 
a great number of Calories without providing 
many of the nutrients the body needs.

 13.  b

Lesson 30.3

UNDERSTAND KEY CONCEPTS

 14.  c   15. c

 16.  Food does not enter the airway when swallowed 
because a flap of connective tissue, called the 
epiglottis, closes the opening to the trachea.

 17.  Enzymes break down large food molecules into 
smaller molecules that can be absorbed and 
used by cells of the body.

 18.  The pancreas produces hormones that regulate 
blood sugar. It produces enzymes that break 
down carbohydrates, proteins, lipids, and nucleic 
acids. It also produces sodium bicarbonate, a 
base that neutralizes stomach acids.
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1 9.  The villi contain a network of capillaries 
and lymph vessels that absorb nutrients 
from the small intestine. Each villus 
is covered with fingerlike projections 
called microvilli that greatly increase the 
surface area available for absorption of 
nutrients.

THINK CRITICALLY

 20.  No, individuals could not survive with-
out a small intestine; they would be 
unable to absorb nutrients.

 21.  An antibiotic that killed all the bac-
teria in your body would destroy the 
beneficial bacteria in the large intes-
tine. A vitamin K deficiency could 
result because these bacteria produce 
 vitamin K.

890 Chapter 30 • Assessment
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 16. Explain why swallowed food does not normally 
enter the airway leading to the lungs.

 17. What is the importance of enzymes during 
digestion?

 18. Describe the functions of the pancreas.

 19. How is the structure of the villi adapted to their 
function?

Think Critically
 20. Infer Individuals who have had part, or even all, of 

their stomachs removed can survive if fed predi-
gested food. Could these individuals also survive 
without a small intestine? Explain.

 21. Predict Suppose that your doctor prescribed an 
antibiotic that killed all the bacteria in your body. 
What effect would this have on your digestive 
system?

30.4    30.4    The Excretory System

Understand Key Concepts
 22. Which of the following is the basic functional 

unit in a kidney?
 a. nephron.
b. glomerulus.
c. Bowman’s capsule.
d. loop of Henle.

 23. Urine is excreted from the body through the
 a. ureter.
b. urinary bladder.
c. urethra.
d. renal vein.

 24. What is the role of the skin in excretion?

 25. What materials are fi ltered from blood in the 
kidney? What materials do not leave the blood-
stream?

 26. How is the water-regulating activity of the kidney 
controlled?

Think Critically
 27. Apply Concepts Explain why kidney failure can 

be a fatal condition. 

28. Infer When there is too much fl uid in the blood, 
the heart must pump harder. Diuretics are sub-
stances that stimulate the kidneys to remove more 
fl uid from the body. Why do you think diuretics 
are used to treat high blood pressure?

THE TELLTALE SAMPLE
For centuries, people have 
used urine for clues to health 
and disease. The Greeks, for 
example, knew that diabetics 
had excessive sugar in their 
urine and called the disease 
diabetes mellitus. Mellitus is 
the Greek word for honey.

•  Physical Examination During this step, the 
color and clarity are examined. The shade of 
yellow indicates the amount of water being 
released by the kidneys. Urine of a color other 
than yellow could indicate the presence of 
blood. Or, it could simply indicate someone 
has eaten a lot of beets. Urine should be clear, 
rather than cloudy. 

•  Microscopic Examination The presence of 
mucus, white blood cells, or microorganisms 
in urine indicates a probable infection. 
Cloudy urine may also be caused by crystals, 
which could indicate kidney stones or a meta-
bolic problem. 

•  Chemical Examination Hundreds of chemi-
cal tests can be performed on urine. Chemical 
dipsticks are used that change color in the 
presence of other chemicals. These tests can 
reveal a lot about kidney function, liver func-
tion, and overall homeostasis in the body. 

 1. Infer How does urine reveal so much about 
the health of the human body? 

2. Form an Opinion Most drug urine tests 
performed for schools do not test for alcohol 
or tobacco. Why do you think this is the case? 
Do you agree or disagree? Explain.

3. Connect to the  Ketones are a 
product of the breakdown of fat for energy. 
Ketones in the urine can be an indication of 
diabetes. Why do you think this is?

891Chapter 30 • Untamed Science Video  • Chapter Mystery
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After students have read through 
the Chapter Mystery, discuss how 
the body’s waste products refl ect 

what is put into the body. Ask students to explain 
how urine can be used to identify diseases and disor-
ders that disrupt homeostasis in the body.

Ask How could a physical examination of urine 
reveal that a person is dehydrated? (If urine is dark 
yellow, it indicates that a person’s kidneys are con-
serving water.) 

Ask What problems can be revealed by microscopic 
examination of urine? How do these problems relate 
to homeostasis? (Kidney stones, metabolic problems, 
and infection can all be detected by microscopic 
examination of urine. Each of these disrupts homeo-
stasis in the body by disrupting the normal functions 
of the body.) 

Ask How does chemical examination of urine reveal 
the relationship between the materials that enter the 
body and those that leave the body? (Materials that 
enter the body are processed, and their byproducts 
are eliminated as wastes. Chemical examination of 
urine, a waste that leaves the body, can reveal what 
has been taken into the body.)

CHAPTER MYSTERY ANSWERS

 1.  Urine contains many waste products of normal 
reactions that occur in the body. It also contains 
excess materials that the body does not need. By 
examining its contents, a doctor can determine 
if many different body processes are occurring as 
they should.

 2.  Answers will vary. Accept responses supported 
by a logical explanation.

 3. Diabetes is a disease that affects the 
body’s use of glucose. If a person has 
diabetes, his or her cells may not be 

able to efficiently break down glucose for 
energy. If cells cannot use glucose for energy, 
they may break down fat instead. Since ketones 
are a byproduct of the breakdown of fat, they 
will build up in the blood and be excreted.

Follow the Untamed Science 
crew in Drat . . . I Smell Scat! 
as they discover the treasure of 

information that can be unearthed from the most 
unlikely place: animal scat.

Lesson 30.4

UNDERSTAND KEY CONCEPTS

 22.  a 23. c

 24.  The skin excretes water, salts, and a 
small amount of urea.

 25. Water, urea, glucose, salts, amino 
acids, and some vitamins are filtered 
from the blood. Blood cells and large 
substances such as proteins remain 
in the blood.

 26.  The water-regulating activity of the 
kidney is controlled by the composi-
tion of blood itself and by hormones.

THINK CRITICALLY

 27. Kidney failure can be fatal because, 
without the kidneys to filter wastes 
and excess water from the blood, 
these substances can accumulate to 
toxic levels.

2 8.  Diuretics stimulate the kidneys to 
remove fluid from the blood. If the 
blood contains less fluid, the heart 
doesn’t have to work as hard and 
the person’s blood pressure should 
be reduced.
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MyPyramid classifi es food into six categories: 
grains, vegetables, fruits, milk, meat and beans, 
and oils.  Personalized eating plans can be found 
at mypyramid.gov. This pyramid contains daily 
 recommendations for Ryan, a 15-year-old male 
who weighs 140 pounds, is 5 feet 7 inches tall, and is 
physically active about 30 to 60 minutes a day. 

 33. Predict If Ryan were to become less active, what 
would happen to the number of extra Calories 
he could consume? Explain.

 34. Infer For Ryan to meet his grain require-
ments, which group of foods would be his 
BEST choice in a single day?

 a. sweetened cereal, pasta, white bread
b.  whole-grain bagel, a doughnut, and pasta

 c.  whole-grain cereal, potato chips, and 
whole-grain bread

 d.  oatmeal, whole-grain bread, and a 
sweet potato

    Connecting Concepts

Use Science Graphics
Pancreatic secretions contain sodium bicarbonate and 
enzymes. The graph shows the secretions of the pancreas 
in response to three different substances in chyme. Use 
the graph to answer questions 29 and 30.
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Pancreatic Secretions

 29. Interpret Graphs Each pair of bars represents the 
response of the pancreas to a different variable. 
What are the three variables?

 30. Analyze Data Compare the composition of pan-
creatic secretions in the presence of hydrochloric 
acid and fat.

Write About Science
 31. Creative Writing A children’s television work-

shop wants to explain the process of digestion 
to young viewers. You are asked to write a script 
that describes the travels of a hamburger and bun 
through the digestive system. Write an outline of 
your script, including information about what 
happens to the different nutrients in each part of 
the digestive system.

 32. Assess the  Using Figure 30–2, 
choose fi ve body systems that are involved in 
maintaining homeostasis in your body as you 
 answer these assessment questions. Explain how 
these fi ve body systems work together.

MEAT & BEANSOILS MILK

10 ounces (at least 
5 ounces whole grain)

3.5 cups

8 teaspoons 3 cups 7 ounces

VEGETABLESGRAINS FRUITS

2.5 cups

VEGETABLESGRAINS FRFFFFFFFFF UITS

Total Calories:
2800

Extra Calories:
425 

Exercise:
60 minutes
most days

MyPyramid.gov
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PURPOSE Students will analyze data to 
understand and interpret information 
provided by MyPyramid.gov.

PLANNING Remind students that the 
eating plan shown in the Analyzing Data 
feature is a personalized eating plan 
based on age, gender, and activity level; 
it is not right for everyone. 

ANSWERS

 33.  If Ryan were to become less active, 
the number of extra Calories he 
should consume would decrease.

 34.  d

Connecting Concepts
USE SCIENCE GRAPHICS

 29.  hydrochloric acid, protein, fat

 30.  In the presence of hydrochloric acid, the pan-
creatic secretions are mostly bicarbonate with a 
small amount of digestive enzymes; in the pres-
ence of fat the reverse is true: the secretions are 
mostly digestive enzymes with a small amount 
of bicarbonate.

WRITE ABOUT SCIENCE

 31.  Students’ scripts will vary, but should include 
information about the processes that occur in 
the organs of the digestive system, mechanical 
and chemical digestion, and the role of enzymes 
in the digestion of fats and proteins (the ham-
burger) and carbohydrates (the bun).

 32.  Sample answer: As I answer these 
questions, my digestive system is 
digesting and absorbing the lunch I 

ate. The circulatory system is gathering the 
 broken-down molecules of food and delivering 
them to cells all over my body for energy and 
repair. Meanwhile, the circulatory system is also 
picking up oxygen from and delivering carbon 
dioxide to the lungs of the respiratory system. 
Most of these activities are being managed by 
my nervous system. All of the wastes that are 
being produced by these many processes are 
being removed by the excretory system.  
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Answers
 1. C

 2.  D

 3.  C

 4.  D

 5.  A

 6.  D

 7.  D

 8.  C

 9.  B

1 0.  Diets that include a limited variety of food may 
be unhealthy because they may not provide all 
of the nutrients needed for good health. 
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Multiple Choice

 1. Which of the following is NOT a kind of tissue in 
the human body?
A epithelial
B connective
C interstitial
D nervous

 2. Each of the following aids in the process of 
 digestion EXCEPT the
A teeth.  C stomach.
B saliva. D kidney.

 3. In the human body, hydrochloric acid is respon-
sible for the low pH of the contents of the 
A kidney. C stomach.
B gallbladder. D liver. 

 4. Which is NOT a function of the kidneys?
A removal of waste products from the blood
B maintenance of blood pH
C regulation of water content of the blood
D excretion of carbon dioxide

 5. The main function of the digestive system is to 
A  break down large molecules into smaller 

 molecules. 
B excrete oxygen and carbon dioxide. 
C  synthesize minerals and vitamins needed for a 

healthy body. 
D remove waste products from the blood.

 6. In the kidneys, both useful substances and wastes 
are removed from the blood by
A reabsorption. C dialysis.
B excretion. D fi ltration. 

 7. Which of the following is NOT a role of fats in 
the body?
A Deposits of fat act as insulation.
B They are components of cell membranes. 
C  They help with absorption of fat-soluble 

 vitamins.
D They are hormones and enzymes.

Questions 8–9

A student is studying the effect of temperature on the 
action of an enzyme in stomach fl uid. The enzyme 
digests protein. An investigation was set up using fi ve 
identical test tubes. Each tube contained 40 mL of 
stomach fl uid and 20 mm of glass tubing fi lled with 
gelatin. Each tube was subjected to a different temper-
ature. After 48 hours, the amount of gelatin digested in 
each tube was measured in millimeters. The results for 
the fi ve test tubes are shown in the table.

 8. Which is the manipulated (independent) variable 
in this investigation?
A gastric fl uid
B length of glass tubing
C temperature
D time

 9. Another test tube was set up that was identical to 
the other test tubes and placed at a temperature 
of 15°C for 48 hours. What amount of digestion 
would you expect to occur in this test tube?
A less than 3.0 mm
B between 3.0 mm and 4.5 mm
C between 4.5 mm and 8.0 mm
D more than 8.0 mm

Open-Ended Question

 10. Fad diets that boast of rapid weight loss often 
become popular. Many of these diets involve eat-
ing only a limited variety of foods. Explain why 
these diets are an unhealthful way to lose weight.

Standardized Test Prep

If You Have Trouble With . . .
Question 1 2 3 4 5 6 7 8 9 10

See Lesson 30.1 30.3 30.3 30.4 30.3 30.4 30.2 30.3 30.3 30.2

Temperature
(˚C)

1

2

3

4

5

2

10

22

37

100

Amount of Digestion 
After 48 Hours

0.0 mm

3.0 mm

4.5 mm

8.0 mm

0.0 mm

Effect of Temperature
on Enzyme Action

Test
Tube
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Test-Taking Tip

INTERPRET EXPERIMENTAL DATA

Tell students that when a question is based on experimental data, they should read 
the description of the experiment carefully to determine the steps that were followed. 
As students read the description, they should try to identify the independent and 
dependant variables, the hypothesis, and the controls that were used. Then, students 
should examine the data to identify trends that show relationships between the vari-
ables. These steps will help students correctly answer questions about the experimen-
tal procedure and results.
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