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Dietary Reference Intakes (DRI)
The Dietary Reference Intakes (DRI) include two sets of  
values that serve as goals for nutrient intake—Recom-
mended Dietary Allowances (RDA) and Adequate Intakes 
(AI). The RDA reflect the average daily amount of a nutri-
ent considered adequate to meet the needs of most healthy 
 people. If there is insufficient evidence to determine an 
RDA, an AI is set. AI values are more tentative than 
RDA, but both may be used as goals for nutrient intakes. 
 (Chapter 2 provides more details.)

 In addition to the values that serve as goals for nutrient 
intakes (presented in the tables on these two pages), the 
DRI include a set of values called Tolerable Upper Intake 
Levels (UL). The UL represent the maximum amount of a 
nutrient that appears safe for most healthy people to con-
sume on a regular basis. Turn the page for a listing of the 
UL for selected vitamins and minerals.

Estimated Energy Requirements (EER), Recommended Dietary Allowances 
(RDA), and Adequate Intakes (AI) for Water, Energy, and the Energy Nutrients

Age (yr)

MAles
0–0.5 — 62 (24) 6 (13) 0.7e 570 60 — 31 4.4 0.5 9.1 1.52
0.5–1 — 71 (28) 9 (20) 0.8f 743 95 — 30 4.6 0.5 11 1.20
1–3g — 86 (34) 12 (27) 1.3 1046 130 19 — 7 0.7 13 1.05
4–8g 15.3 115 (45) 20 (44) 1.7 1742 130 25 — 10 0.9 19 0.95
9–13 17.2 144 (57) 36 (79) 2.4 2279 130 31 — 12 1.2 34 0.95
14–18 20.5 174 (68) 61 (134) 3.3 3152 130 38 — 16 1.6 52 0.85
19–30 22.5 177 (70) 70 (154) 3.7 3067h 130 38 — 17 1.6 56 0.80
31–50 22.5i 177 (70)i 70 (154)i 3.7 3067h 130 38 — 17 1.6 56 0.80
50 22.5i 177 (70)i 70 (154)i 3.7 3067h 130 30 — 14 1.6 56 0.80

FeMAles
0–0.5 — 62 (24) 6 (13) 0.7e 520 60 — 31 4.4 0.5 9.1 1.52
0.5–1 — 71 (28) 9 (20) 0.8f 676 95 — 30 4.6 0.5 11 1.20
1–3g — 86 (34) 12 (27) 1.3 992 130 19 — 7 0.7 13 1.05
4–8g 15.3 115 (45) 20 (44) 1.7 1642 130 25 — 10 0.9 19 0.95
9–13 17.4 144 (57) 37 (81) 2.1 2071 130 26 — 10 1.0 34 0.95
14–18 20.4 163 (64) 54 (119) 2.3 2368 130 26 — 11 1.1 46 0.85
19–30 21.5 163 (64) 57 (126) 2.7 2403j 130 25 — 12 1.1 46 0.80
31–50 21.5i 163 (64)i 57 (126)i 2.7 2403j 130 25 — 12 1.1 46 0.80
50 21.5i 163 (64)i 57 (126)i 2.7 2403j 130 21 — 11 1.1 46 0.80

PregnAncy
1st trimester 3.0 10 175 28 — 13 1.4 46 0.80
2nd trimester 3.0 1340 175 28 — 13 1.4 71 1.10
3rd trimester 3.0 1452 175 28 — 13 1.4 71 1.10

lActAtion
1st 6 months 3.8 1330 210 29 — 13 1.3 71 1.30
2nd 6 months 3.8 1400 210 29 — 13 1.3 71 1.30

NOTE: For all nutrients, values for infants are AI. Dashes indicate that values have 
not been determined.
aThe water AI includes drinking water, water in beverages, and water in foods; in 
general, drinking water and other beverages contribute about 70 to 80 percent, 
and foods, the remainder. Conversion factors: 1 L 5 33.8 fluid oz; 1 L 5 1.06 qt;  
1 cup 5 8 fluid oz.

bThe EER represents the average dietary energy intake that will maintain energy 
balance in a healthy person of a given gender, age, weight, height, and physical 
activity level. The values listed are based on an “active” person at the reference 
height and weight and at the midpoint ages for each group until age 19. Chapter 9 
and Appendix H provide equations and tables to determine estimated energy 
requirements.

cThe linolenic acid referred to in this table and text is the omega-3 fatty acid known 
as alpha-linolenic acid.

dThe values listed are based on reference body weights.

eAssumed to be from human milk.

fAssumed to be from human milk and complementary foods and beverages. This 
includes approximately 0.6 L (~2½ cups) as total fluid including formula, juices, 
and drinking water.

gFor energy, the age groups for young children are 1–2 years and 3–8 years.

hFor males, subtract 10 calories per day for each year of age above 19.

iBecause weight need not change as adults age if activity is maintained, reference 
weights for adults 19 through 30 years are applied to all adult age groups.

jFor females, subtract 7 calories per day for each year of age above 19.

SOURCE: Adapted from the Dietary Reference Intakes series, National Academies 
Press. Copyright 1997, 1998, 2000, 2001, 2002, 2004, 2005, 2011 by the National 
Academy of Sciences.
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Recommended Dietary Allowances (RDA) and Adequate Intakes (AI) for Vitamins

Age (yr)
InfAnts
0–0.5 0.2 0.3  2  5 1.7 0.1  65 0.4 125 40 400 400 (10 μg) 4 2.0
0.5–1 0.3 0.4  4  6 1.8 0.3  80 0.5 150 50 500 400 (10 μg) 5 2.5
ChIldren
1–3 0.5 0.5  6  8 2 0.5 150 0.9 200 15 300 600 (15 μg) 6 30
4–8 0.6 0.6  8 12 3 0.6 200 1.2 250 25 400 600 (15 μg) 7 55
MAles
9–13 0.9 0.9 12 20 4 1.0 300 1.8 375 45 600 600 (15 μg) 11 60
14–18 1.2 1.3 16 25 5 1.3 400 2.4 550 75 900 600 (15 μg) 15 75
19–30 1.2 1.3 16 30 5 1.3 400 2.4 550 90 900 600 (15 μg) 15 120
31–50 1.2 1.3 16 30 5 1.3 400 2.4 550 90 900 600 (15 μg) 15 120
51–70 1.2 1.3 16 30 5 1.7 400 2.4 550 90 900 600 (15 μg) 15 120
70 1.2 1.3 16 30 5 1.7 400 2.4 550 90 900 800 (20 μg) 15 120
feMAles
9–13 0.9 0.9 12 20 4 1.0 300 1.8 375 45 600 600 (15 μg) 11 60
14–18 1.0 1.0 14 25 5 1.2 400 2.4 400 65 700 600 (15 μg) 15 75
19–30 1.1 1.1 14 30 5 1.3 400 2.4 425 75 700 600 (15 μg) 15 90
31–50 1.1 1.1 14 30 5 1.3 400 2.4 425 75 700 600 (15 μg) 15 90
51–70 1.1 1.1 14 30 5 1.5 400 2.4 425 75 700 600 (15 μg) 15 90
70 1.1 1.1 14 30 5 1.5 400 2.4 425 75 700 800 (20 μg) 15 90
PregnAnCy
18 1.4 1.4 18 30 6 1.9 600 2.6 450 80 750 600 (15 μg) 15 75
19–30 1.4 1.4 18 30 6 1.9 600 2.6 450 85 770 600 (15 μg) 15 90
31–50 1.4 1.4 18 30 6 1.9 600 2.6 450 85 770 600 (15 μg) 15 90
lACtAtIon
18 1.4 1.6 17 35 7 2.0 500 2.8 550 115 1200 600 (15 μg) 19 75
19–30 1.4 1.6 17 35 7 2.0 500 2.8 550 120 1300 600 (15 μg) 19 90
31–50 1.4 1.6 17 35 7 2.0 500 2.8 550 120 1300 600 (15 μg) 19 90

NOTE: For all nutrients, values for infants are AI. The table on page Y defines units 
of nutrient measure.
aNiacin recommendations are expressed as niacin equivalents (NE), except for 
recommendations for infants younger than 6 months, which are expressed as 
preformed niacin.
bFolate recommendations are expressed as dietary folate equivalents (DFE).

cVitamin A recommendations are expressed as retinol activity equivalents (RAE).
dVitamin D recommendations are expressed as cholecalciferol and assume an 
absence of adequate exposure to sunlight. Pregnant or lactating girls ages 14–18 
also need 15 micrograms vitamin D per day.
eVitamin E recommendations are expressed as a-tocopherol.
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Recommended Dietary Allowances (RDA) and Adequate Intakes (AI) for Minerals

Age (yr)
InfAnts
0–0.5  120  180  400  200 100  30 0.27 2 110 15 200 0.003 0.01 0.2  2
0.5–1  370  570  700  260 275  75 11 3 130 20 220 0.6 0.5 5.5  3
ChIldren
1–3 1000 1500 3000  700 460  80 7 3  90 20 340 1.2 0.7 11 17
4–8 1200 1900 3800 1000 500 130 10 5  90 30 440 1.5 1.0 15 22
MAles
9–13 1500 2300 4500 1300 1250 240 8 8 120 40 700 1.9 2 25 34
14–18 1500 2300 4700 1300 1250 410 11 11 150 55 890 2.2 3 35 43
19–30 1500 2300 4700 1000 700 400 8 11 150 55 900 2.3 4 35 45
31–50 1500 2300 4700 1000 700 420 8 11 150 55 900 2.3 4 35 45
51–70 1300 2000 4700 1000 700 420 8 11 150 55 900 2.3 4 30 45
70 1200 1800 4700 1200 700 420 8 11 150 55 900 2.3 4 30 45
feMAles
9–13 1500 2300 4500 1300 1250 240 8 8 120 40 700 1.6 2 21 34
14–18 1500 2300 4700 1300 1250 360 15 9 150 55 890 1.6 3 24 43
19–30 1500 2300 4700 1000 700 310 18 8 150 55 900 1.8 3 25 45
31–50 1500 2300 4700 1000 700 320 18 8 150 55 900 1.8 3 25 45
51–70 1300 2000 4700 1200 700 320 8 8 150 55 900 1.8 3 20 45
70 1200 1800 4700 1200 700 320 8 8 150 55 900 1.8 3 20 45
PregnAnCy
18 1500 2300 4700 1300 1250 400 27 12 220 60 1000 2.0 3 29 50
19–30 1500 2300 4700 1000 700 350 27 11 220 60 1000 2.0 3 30 50
31–50 1500 2300 4700 1000 700 360 27 11 220 60 1000 2.0 3 30 50
lACtAtIon
18 1500 2300 5100 1300 1250 360 10 13 290 70 1300 2.6 3 44 50
19–30 1500 2300 5100 1000 700 310 9 12 290 70 1300 2.6 3 45 50
31–50 1500 2300 5100 1000 700 320 9 12 290 70 1300 2.6 3 45 50

NOTE: For all nutrients, values for infants are AI. 
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Tolerable Upper Intake Levels (UL) for Vitamins

Age (yr)

InfAnts
0–0.5 — — — — —  600 1000 (25 μg) —
0.5–1 — — — — —  600 1500 (38 μg) —

ChIldren
1–3 10  30  300 1000  400  600 2500 (63 μg)  200
4–8 15  40  400 1000  650  900 3000 (75 μg)  300
9–13 20  60  600 2000 1200 1700 4000 (100 μg)  600

AdolesCents
14–18 30  80  800 3000 1800 2800 4000 (100 μg)  800

Adults
19–70 35 100 1000 3500 2000 3000 4000 (100 μg) 1000
70 35 100 1000 3500 2000 3000 4000 (100 μg) 1000

PregnAnCy
18 30  80  800 3000 1800 2800 4000 (100 μg)  800
19–50 35 100 1000 3500 2000 3000 4000 (100 μg) 1000

lACtAtIon
18 30  80  800 3000 1800 2800 4000 (100 μg)  800
19–50 35 100 1000 3500 2000 3000 4000 (100 μg) 1000

aThe UL for niacin and folate apply to synthetic forms 
obtained from supplements, fortified foods, or a combination 
of the two.

bThe UL for vitamin A applies to the preformed vitamin only.

cThe UL for vitamin E applies to any form of supplemental 
a-tocopherol, fortified foods, or a combination of the two.
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Tolerable Upper Intake Levels (UL) for Minerals

Age (yr)

InfAnts
0–0.5 — — 1000 — — 40  4 —  45 — —  0.7 — — — —
0.5–1 — — 1500 — — 40  5 —  60 — —  0.9 — — — —

ChIldren
1–3 1500 2300 2500 3000  65 40  7  200  90 1000  2  1.3  300  3 0.2 —
4–8 1900 2900 2500 3000 110 40 12  300 150 3000  3  2.2  600  6 0.3 —
9–13 2200 3400 3000 4000 350 40 23  600 280 5000  6 10 1100 11 0.6 —

AdolesCents
14–18 2300 3600 3000 4000 350 45 34  900 400 8000  9 10 1700 17 1.0 —

Adults
19–50 2300 3600 2500 4000 350 45 40 1100 400 10,000 11 10 2000 20 1.0 1.8
51–70 2300 3600 2000 4000 350 45 40 1100 400 10,000 11 10 2000 20 1.0 1.8
70 2300 3600 2000 3000 350 45 40 1100 400 10,000 11 10 2000 20 1.0 1.8

PregnAnCy
18 2300 3600 3000 3500 350 45 34  900 400 8000  9 10 1700 17 1.0 —
19–50 2300 3600 2500 3500 350 45 40 1100 400 10,000 11 10 2000 20 1.0 —

lACtAtIon
18 2300 3600 3000 4000 350 45 34  900 400 8000  9 10 1700 17 1.0 —
19–50 2300 3600 2500 4000 350 45 40 1100 400 10,000 11 10 2000 20 1.0 —
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dThe UL for magnesium applies to synthetic forms obtained from supplements or 
drugs only.

NOTE: A UL was not established for vitamins and minerals not listed and for those 
age groups listed with a dash (—) because of a lack of data, not because these 
nutrients are safe to consume at any level of intake. All nutrients can have adverse 
effects when intakes are excessive.

SOURCE: Adapted from the Dietary Reference Intakes series, National Academies 
Press. Copyright 1997, 1998, 2000, 2001, 2002, 2005, 2011 by the National 
 Academy of Sciences.
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entitled A Consumer’s Guide To . . ., lead readers through an 
often bewildering marketplace with scientific clarity, prepar-
ing them to move ahead with sound marketplace decisions. 
Each Consumer’s Guide ends with review questions to improve 
recall of the main points.

By popular demand, we have retained our Snapshots of 
vitamins and minerals, which now reflect the 2015 Daily Val-
ues. These concentrated capsules of information depict food 
sources of vitamins and minerals, present DRI values, and offer 
the chief functions of each nutrient along with deficiency and 
 toxicity symptoms.

New or major terms are defined in the margins of chapter 
pages or in nearby tables, and they also appear in the Glossary 
at the end of the book. The reader who wishes to locate any 
term can quickly do so by consulting the Index, which lists the 
page numbers of definitions in boldface type.

Two useful features close each chapter. First, our popular 
Concepts in Action diet and exercise tracking activities inte-
grate chapter concepts with the Diet & Wellness Plus program. 
The second is the indispensible Self Check that provides study 
questions, with answers in Appendix G to provide immediate 
feedback to the learner.

Controversies
The Controversies of this book’s title invite you to explore 
beyond the safe boundaries of established nutrition knowl-
edge. These optional readings, which appear at the end of each 
chapter, delve into current scientific topics and emerging con-
troversies. These fast-changing topics are relevant to nutrition 
science today.

Chapter Contents
Chapter 1 begins the text with a personal challenge to stu-
dents. It asks the question so many people ask of nutrition 
 educators—“Why should people care about nutrition?” We 

answer with a lesson in the ways in which 
nutritious foods affect diseases and present a 
continuum of diseases from purely genetic in 

origin to those almost totally preventable 
by nutrition. After presenting some 

beginning facts about the genes, 
nutrients, bioactive food compo-
nents, and nature of foods, the chap-
ter goes on to present the Healthy 
People goals for the nation. It con-
cludes with a discussion of scientific 
research and quackery.

Chapter 2 brings together the con-
cepts of nutrient standards, such as 

the Dietary Reference Intakes, and diet 
planning using the Dietary Guidelines for 

A billboard in Louisiana reads, “Come as you are. Leave dif-
ferent,” meaning that once you’ve seen, smelled, tasted, 

and listened to Louisiana, you’ll never be the same. This book 
extends the same invitation to its readers: come to nutrition 
science as you are, with all of the knowledge and enthusiasm 
you possess, with all of your unanswered questions and mis-
conceptions, and with the habits and preferences that now dic-
tate what you eat.

But leave different. Take with you from this study a more 
complete understanding of nutrition science. Take a greater 
ability to discern between nutrition truth and fiction, to ask 
sophisticated questions, and to find the answers. Finally, take 
with you a better sense of how to feed yourself in ways that not 
only please you and soothe your spirit but nourish your body 
as well.

For over 35 years, Nutrition: Concepts and Controversies has 
been a cornerstone of nutrition classes across North America, 
serving the needs of students and professors. In keeping with 
our tradition, in this, our 14th edition, we continue exploring 
the ever-changing frontier of nutrition science, confronting its 
mysteries through its scientific roots. We maintain our sense of 
personal connection with instructors and learners alike, writ-
ing for them in the clear, informal style that has become our 
trademark.

Pedagogical Features
Throughout these chapters, features tickle the reader’s inter-
est and inform. For both verbal and visual learners, our logi-
cal presentation and our lively figures keep interest high and 
understanding at a peak. The photos that adorn many of our 
pages add pleasure to reading.

Many tried-and-true features return in this edition: Each 
chapter begins with What Do You Think? questions to pique 
interest. What Did You Decide? at the chapter’s end asks read-
ers to draw conclusions. A list of Learning Objectives (LO) 
offers a preview of the chapter’s major 
goals, and the LO reappear under sec-
tion headings to make clear the 
main take-away messages. Do the 
Math margin features challenge 
readers to solve nutrition prob-
lems, with examples provided. 
My Turn features invite the 
reader to hear stories from stu-
dents in nutrition classes around 
the nation offer solutions to real-life 
situations. Think Fitness reminders alert 
readers to links among nutrition,  fitness, 
and health. Food Feature sections act as 
bridges between theory and practice; they are practical 
applications of the chapter concepts. The consumer sections, 

Preface

Workmans Photos/
Shutterstock.com
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Americans 2015–2020. Chapter 3 presents a thorough, but 
brief, introduction to the workings of the human body from 
the genes to the organs, with major emphasis on the digestive 
system and its microbiota. Chapters 4–6 are devoted to the 
energy-yielding nutrients—carbohydrates, lipids, and protein. 
Controversy 4 has renewed its focus on theories and fables  
surrounding the health effects of added sugars in the diet.  
Controversy 5, new to this edition, considers the scientific 
debate surrounding lipid guidelines.

Chapters 7 and 8 present the vitamins, minerals, and water. 
Chapter 9 relates energy balance to body composition, obesity, 
and underweight and provides guidance on lifelong weight 
maintenance. Chapter 10 presents the relationships among 
physical activity, athletic performance, and nutrition, with 
some guidance about products marketed to athletes. Chapter 11 
applies the essence of the first 10 chapters to disease prevention.

Chapter 12 delivers urgently important concepts of food 
safety. It also addresses the usefulness and safety of food addi-
tives, including artificial sweeteners and artificial fats, and 
explains the widely varying effects of processing on nutrients in 
foods. Chapters 13 and 14 emphasize the importance of nutri-
tion through the life span, with issues surrounding childhood 
obesity in Controversy 13. Chapter 14 includes nutrition advice 
for feeding preschoolers, schoolchildren, teens, and the elderly.

Chapter 15 devotes attention to hunger and malnutrition, 
both in the United States and throughout the world. It also 
touches on the vast network of problems that threaten the 
future food supply, and explores sustainable diets as part of 
the solution.

Our Message to You
Our purpose in writing this text, as always, is to enhance our 
readers’ understanding of nutrition science. We also hope the 
information on this book’s pages will reach beyond the class-
room into our readers’ lives. Take the information you find 
inside this book home with you. Use it in your life: nourish 
yourself, educate your loved ones, and nurture others to be 
healthy. Stay up with the news, too—for despite all the conflict-
ing messages, inflated claims, and even quackery that abound 
in the marketplace, true nutrition knowledge progresses with 
a genuine scientific spirit, and important new truths are con-
stantly unfolding.

New to This Edition
Every section of each chapter of this text reflects the changes in 
nutrition science occurring since the last edition. The changes 
range from subtle shifts of emphasis to entirely new sections 
that demand our attention. Appendix F supplies current ref-
erences; older references may be viewed in previous editions, 
available from the publisher.

Chapter 1
•	 New introductory section on water.
•	 Defines NHANES.
•	 Defines registered dietitian nutritionist (RDN).

•	 Condensed and enhanced Tables C1–2 and C1–3.
•	 Condensed Tables C1–5 and C1–6.

Chapter 2
•	 Integration of the Dietary Guidelines for Americans 

2015–2020.
•	 New table of shortfall and overconsumed nutrients.
•	 Defines empty calories.
•	 Introduces the American Diabetes Association’s Choose 

Your Foods lists.
•	 New figure of dining-out trends.
•	 Updated labeling discussion and new figure to illustrate 

proposed changes to the Nutrition Facts Panel.
•	 Newly approved Daily Values used in inside back cover, 

figures, and discussions.
•	 New front of package labeling information and figure.
•	 New phytochemical Point/Counterpoint table.

Chapter 3
•	 Clarified Figure 3–4.
•	 New section to introduce microbiota of the intestinal tract.
•	 New table of definitions of common digestive disorders.
•	 New Point/Counterpoint table summarizing issues of 

alcohol and health.

Chapter 4
•	 Expanded coverage of the health effects of fermentable 

fibers and their products.
•	 New coverage and table of the glycemic index.
•	 New nutrition guidelines for diabetes.
•	 New section on relationship between obesity and diabetes.
•	 Updated table of diabetes diagnostic criteria.
•	 New figure illustrating sugar alcohols on a label.
•	 New table of added sugar intake through the life span.
•	 New coverage of added sugars and blood pressure.
•	 New Point/Counterpoint table on the health effects of 

added sugars.

Chapter 5
•	 Expanded coverage of dietary fat and satiety.
•	 Updated lipid intake recommendations.
•	 New emphasis on fat sources in Mediterranean eating 

patterns.
•	 Updated presentation of fast food choices.
•	 New figure explaining the Supplement Facts panel of a fish 

oil supplement.
•	 New Do the Math feature on percentages of fat in ground 

meats.
•	 New practical tips for consuming fish and seafood in Food 

Feature.
•	 New Controversy on scientific debate surrounding lipid 

guidelines, concluding with new eating patterns approach.
•	 New Point, Counterpoint table on lipid guidelines debate.

Chapter 6
•	 Expanded section on gluten-free diets, celiac disease, and 

gluten sensitivity.
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•	 New discussion of protein labeling.
•	 New figure highlighting protein labeling.
•	 New Point/Counterpoint table on vegetarian and meat-

containing diets.

Chapter 7
•	 Introduces the role of obesity in vitamin D deficiency.
•	 New table highlighting current research on the role of 

vitamin D in disease.
•	 New Daily Values for vitamins reflected in the Snapshots.
•	 New explanation of food fortification with B vitamins.
•	 New Point/Counterpoint table on arguments for and 

against dietary supplements.

Chapter 8
•	 New sports-drink labeling figure in Consumer’s Guide.
•	 New Daily Values for minerals throughout the Snapshots.
•	 Revised and updated graph on sodium intakes of U.S. 

adults.
•	 Revised and updated graph on calcium sources in the 

U.S. diet.
•	 New presentation of lifetime plan for healthy bones.
•	 New Point/Counterpoint table on arguments for and 

against calcium supplements.

Chapter 9
•	 New table on underweight, overweight, and obesity in 

U.S. adults.
•	 New table presents American College of Cardiology/ 

American Heart Association Task Force Guidelines.
•	 New coverage of intermittent fasting for weight control.
•	 Updated table of eating patterns for weight loss to reflect 

recent research and reviews.
•	 New figure and text coverage of calorie labels on restau-

rant menus.
•	 New section on potential benefits and risks, including 

nutrient deficiency risks, of obesity surgery.
•	 Added Contrave and Saxenda information.
•	 New discussion of the idea of binge eating as addiction.

Chapter 10
•	 New table on benefits of fitness.
•	 New discussion of exercise factors as molecular links 

between physical activity and health.
•	 Condensed and reorganized fitness sections.
•	 New major section on the body’s three energy systems 

that support physical activity.
•	 Explains the “train low, compete high” theory.
•	 Expanded coverage of protein intakes for athletes.
•	 New table of protein-rich snacks for athletes.
•	 New coverage of vitamin D for athletes.
•	 Added DMAA and DMBA as unsafe supplements for athletes.

Chapter 11
•	 Enhanced the table of selected nutrients’ roles in immune 

function.

•	 Newly revised tables of recommendations and strategies 
to reduce the risk of CVD and recommendations and strat-
egies to reduce the risk of cancer.

•	 Emphasizes the role of obesity as a major risk factor for 
other chronic diseases throughout the chapter.

•	 New information related to the 2013 American College 
of Cardiology/American Heart Association guidelines for 
assessment of CVD risk and lifestyle modifications for 
reducing the risk of heart disease.

•	 New emphasis on risks and benefits of alternative therapies.
•	 New figure summarizing the relationship between risks 

and benefits.

Chapter 12
•	 Updated hand washing figure to reflect new guidelines.
•	 New table on how to wash produce.
•	 New figure depicting imported food in the U.S. diet.
•	 Updated figure on organic food labels.
•	 New table on natural toxins.
•	 New discussion of arsenic in apple juice and rice.
•	 New discussion of artificial sweeteners and GI flora.

Chapter 13
•	 New discussion of choline during pregnancy.
•	 New table of complications associated with smoking dur-

ing pregnancy.
•	 New discussion of the importance of zinc in complemen-

tary foods for breastfed infants.
•	 Restructured and simplified table of nutrient supplements 

for infants.
•	 Reorganized Controversy 13.
•	 New table of physical complications of obesity during 

childhood.
•	 New figure demonstrating how to read a growth chart.
•	 New figure of sleep, screen time, and obesity in children.

Chapter 14
•	 Updated energy intake needs for children.
•	 New table of healthy snack ideas from each food group.
•	 Updated USDA Eating Pattern calorie intakes for children.
•	 New figure of physical symptoms of lead toxicity in 

children.
•	 New discussion on vitamin D and PMS.
•	 Increased coverage of dietary protein and muscle protein 

synthesis in the elderly.
•	 Caffeine information from the Scientific Report of the 2015 

Dietary Guidelines Advisory Committee.

Chapter 15
•	 Title change reflects current trends in sustainability 

research.
•	 New table of U.S. food security terms.
•	 New figure of expenditures for U.S. food programs.
•	 Reorganized world hunger and malnutrition section.
•	 New figure on mid-upper arm circumference.
•	 Defines wasting, stunting, and marasmic kwashiorkor.
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Appendixes:
Appendix D: Presents the 2014 Food Lists for Diabetes and 
Weight Management.
Appendix E: Presents Eating Patterns recommended by the 
2015–2020 Dietary Guidelines for Americans: Healthy U.S.-
Style, Healthy Vegetarian, and Healthy Mediterranean-Style, 
and support materials for the Mediterrranean diet.
Appendix H: Offers tables and figures to support physical 
activity.
Appendix I: New appendix of selected nutrient chemical 
structures.

Ancillary Materials
Students and instructors alike will appreciate the innovative 
teaching and learning materials that accompany this text.

MindTap: A new approach to highly personalized online 
learning. Beyond an eBook, homework solution, digital supple-
ment, or premium website, MindTap is a digital learning plat-
form that works alongside your campus LMS to deliver course 
curriculum across the range of electronic devices in your life. 
MindTap is built on an “app” model allowing enhanced digital 
collaboration and delivery of engaging content across a spec-
trum of Cengage and non-Cengage resources.

Instructor Companion Site: Everything you need for your 
course in one place! This collection of book-specific lecture and 
class tools is available online via www. cengage.com/login.  Access 
and download PowerPoint presentations, images,  instructor’s 
manual, videos, and more.

Test Bank with Cognero: Cengage Learning Testing Pow-
ered by Cognero is a flexible online system that allows you to:

•	 Author, edit, and manage test bank content from multiple 
Cengage Learning solutions.

•	 Create multiple test versions in an instant.

•	 Deliver tests from your LMS, your classroom, or wherever 
you want.

Diet & Wellness Plus: Diet & Wellness Plus helps you un-
derstand how nutrition relates to your personal health goals. 
Track your diet and activity, generate reports, and analyze 
the nutritional value of the food you eat. Diet & Wellness Plus 
includes over 75,000 foods as well as custom food and recipe 
features. The new Behavior Change Planner helps you identify 
risks in your life and guides you through the key steps to make 
positive changes.

Global Nutrition Watch: Bring currency to the classroom 
with Global Nutrition Watch from Cengage Learning. This 
user-friendly website provides convenient access to thou-
sands of trusted sources, including academic journals, news-
papers, videos, and podcasts, for you to use for research 
projects or classroom discussion. Global Nutrition Watch 
is updated daily to offer the most current news about topics 
 related to nutrition.
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1 Food Choices  
and Human Health

what do you think?
Can your diet make a real difference between getting sick  
or staying healthy?

Are supplements more powerful than food for ensuring  
good nutrition?

What makes your favorite foods your favorites?

Are news and media nutrition reports informative or confusing?
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Chapter 1 Food Choices and Human Health 

I f you care about your body, and if you have strong feelings about food, then you 
have much to gain from learning about nutrition—the science of how food nour-

ishes the body. Nutrition is a fascinating, much talked-about subject. Each day, news-
papers, Internet websites, radio, and television present stories of new findings on  
nutrition and heart health or nutrition and cancer prevention, and at the same time, 
advertisements and commercials bombard us with multicolored pictures of tempting 
foods—pizza, burgers, cakes, and chips. If you are like most people, when you eat 
you sometimes wonder, “Is this food good for me?” or you berate yourself, “I probably 
shouldn’t be eating this.”

When you study nutrition, you learn which foods serve you best, and you can work 
out ways of choosing foods, planning meals, and designing your diet wisely. Know-
ing the facts can enhance your health and your enjoyment of eating while relieving 
your feelings of guilt or worry that you aren’t eating well.

This chapter addresses these “why,” “what,” and “how” questions about nutrition:

 ▪ Why care about nutrition? Why be concerned about the nutrients in your foods? 
Why not just take supplements?

 ▪ What are the nutrients in foods, and what roles do they play in the body? What 
are the differences between vitamins and minerals?

 ▪ What constitutes a nutritious diet? How can you choose foods wisely, for nutri-
tion’s sake? What factors motivate your choices?

 ▪ How do we know what we know about nutrition? How does nutrition science 
work, and how can a person keep up with changing information?

Controversy 1 concludes the chapter by offering ways to distinguish between 
trustworthy sources of nutrition information and those that are less reliable.

A Lifetime of Nourishment
LO 1.1 Discuss the impact of food choices on a person’s health.

If you live for 65 years or longer, you will have consumed more than 70,000 meals, 
and your remarkable body will have disposed of 50 tons of food. The foods you choose 
most often have cumulative effects on your body.1* As you age, you will see and feel 
those effects—if you know what to look for.

Your body renews its structures continuously, and each day, it builds a little mus-
cle, bone, skin, and blood, replacing old tissues with new. It may also add a little fat if 

food medically, any substance that the body 
can take in and assimilate that will enable it to 
stay alive and to grow; the carrier of nourish-
ment; socially, a more limited number of such 
substances defined as acceptable by each 
culture.

nutrition the study of the nutrients in foods 
and in the body; sometimes also the study of 
human behaviors related to food.

diet the foods (including beverages) a person 
usually eats and drinks.

nutrients components of food that are indis-
pensable to the body’s functioning. They provide 
energy, serve as building material, help maintain 
or repair body parts, and support growth. The 
nutrients include water, carbohydrate, fat, pro-
tein, vitamins, and minerals.

When you choose foods with nutrition in 
mind, you can enhance your own well-being.
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*Reference notes are found in Appendix F.

2

Learning Objectives
After reading this chapter, you should be able to accomplish the following:

LO 1.1 Discuss the impact of food choices on a person’s 
health.

LO 1.2 List seven major categories of nutrition and 
weight-related objectives included in the publica-
tion Healthy People 2020.

LO 1.3 Specify the six classes of nutrients.

LO 1.4 Recognize the challenges and solutions to choosing 
a health-promoting diet.

LO 1.5 Describe the science of nutrition.

LO 1.6 Explain the significance of behavior change in 
improving a person’s diet.

LO 1.7 Discuss the importance of nutrient density in  
creating an effective diet plan.

LO 1.8 Evaluate the authenticity of nutrition information 
sources.

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



A Lifetime of Nourishment

you consume excess food energy (calories) or subtract a little if you consume less than 
you require. Some of the food you eat today becomes part of “you” tomorrow.

The best food for you, then, is the kind that supports the growth and maintenance 
of strong muscles, sound bones, healthy skin, and sufficient blood to cleanse and 
nourish all parts of your body. This means you need food that provides not only the 
right amount of energy but also sufficient nutrients—that is, enough water, carbohy-
drates, fats, protein, vitamins, and minerals. If the foods you eat provide too little or 
too much of any nutrient today, your health may suffer just a little today. If the foods 
you eat provide too little or too much of one or more nutrients every day for years, 
then in later life you may suffer severe disease effects.

A well-chosen diet supplies enough energy and enough of each nutrient to prevent 
malnutrition. Malnutrition includes deficiencies, imbalances, and excesses of nutri-
ents, alone or in combination, any of which can take a toll on health over time.

Key POints

 ▪ The nutrients in food support growth, maintenance, and repair of the body.
 ▪ Deficiencies, excesses, and imbalances of energy and nutrients bring on the 

diseases of malnutrition.

The Diet and Health Connection
Your choice of diet profoundly affects your health, both today and in the future. Only 
two common lifestyle habits are more influential: smoking and using other forms 
of tobacco and drinking alcohol in excess. Of the leading causes of death listed in  
Table 1–1, four—heart disease, cancers, strokes, and diabetes—are directly related to 
nutrition, and another—accidents—is related to drinking alcohol.

Many older people suffer from debilitating conditions that could have been largely 
prevented had they known and applied the nutrition principles known today. The 
chronic diseases—heart disease, diabetes, some kinds of cancer, dental disease, 
and adult bone loss—all have a connection to poor diet. These diseases cannot be 
prevented by a good diet alone; they are to some extent determined by a person’s 
genetic constitution, activities, and lifestyle. Within the range set by your genetic 

malnutrition any condition caused by excess 
or deficient food energy or nutrient intake or by 
an imbalance of nutrients. Nutrient or energy 
deficiencies are forms of undernutrition; nutrient 
or energy excesses are forms of overnutrition.

chronic diseases degenerative conditions 
or illnesses that progress slowly, are long in 
duration, and lack an immediate cure; chronic 
diseases limit functioning, productivity, and the 
quality and length of life. Examples include heart 
disease, cancer, and diabetes.

Percentage of total Deaths

 1. Heart disease 23.7

 2. Cancers 22.9

 3. Chronic lung diseases 5.7

 4. Strokes 5.1

 5. Accidents 4.9

 6. Alzheimer’s disease 3.4

 7. Diabetes mellitus 2.9

 8. Pneumonia and influenza 2.1

 9. Kidney disease 1.8

10. Suicide 1.5

Note: The diseases highlighted in bold have relationships with diet.

Source: J. Xu and coauthors, Mortality in the United States, 2012, NCHS Data Brief 168, October 2014.

table 1–1

Leading Causes of Death in the United states

3
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Chapter 1 Food Choices and Human Health 

inheritance, however, the likelihood of developing these diseases is strongly influ-
enced by your daily choices.

Key POint

 ▪ Nutrition profoundly affects health.

Genetics, Nutrition, and Individuality
Consider the role of genetics. Genetics and nutrition affect different diseases to vary-
ing degrees (see Figure 1–1). The anemia caused by sickle-cell disease, for example, 
is purely hereditary and thus appears at the left of Figure 1–1 as a genetic condition 
largely unrelated to nutrition. Nothing a person eats affects the person’s chances of 
contracting this anemia, although nutrition therapy may help ease its course. At the 
other end of the spectrum, iron-deficiency anemia most often results from under-
nutrition. Diseases and conditions of poor health appear all along this continuum,  
from almost entirely genetically based to purely nutritional in origin; the more  
nutrition-related a disease or health condition is, the more successfully sound nutri-
tion can prevent it.

Furthermore, some diseases, such as heart disease and cancer, are not one dis-
ease but many. Two people may both have heart disease but not the same form; one 
person’s cancer may be nutrition-related, but another’s may not be. Individual people 
differ genetically from each other in thousands of subtle ways, so no simple statement 
can be made about the extent to which diet can help any one person avoid such dis-
eases or slow their progress.

The identification of the human genome establishes the entire sequence of the 
genes in human DNA. This work has, in essence, revealed the body’s instructions 
for making all of the working parts of a human being. The human genome is 99.9% 
the same in all people; all of the normal variations such as differences in hair color, 
as well as variations that result in diseases such as sickle-cell anemia, lie in the 0.1% 
of the genome that varies. Nutrition scientists are working quickly to apply this new 
wealth of knowledge to benefit human health. Later chapters expand on the emerging 
story of nutrition and the genes.

Key POints

 ▪ Diet influences long-term health within the range set by genetic inheritance.
 ▪ Nutrition has little influence on some diseases but strongly affects others.

Other Lifestyle Choices
Besides food choices, other lifestyle choices affect people’s health. Tobacco use and  
alcohol and other substance abuse can destroy health. Physical activity, sleep, emotional 
stress, and other environmental factors can also modify the severity of some diseases. 

anemia a blood condition in which red blood 
cells, the body’s oxygen carriers, are inadequate 
or impaired and so cannot meet the oxygen 
demands of the body.

genome (GEE-nome) the full complement of 
genetic information in the chromosomes of a 
cell. In human beings, the genome consists of 
about 35,000 genes and supporting materials. 
The study of genomes is genomics. Also defined 
in the Controversy section of Chapter 11.

genes units of a cell’s inheritance; sections  
of the larger genetic molecule DNA (deoxyribo-
nucleic acid). Each gene directs the making of 
one or more of the body’s proteins.

DNA an abbreviation for deoxyribonucleic  
(dee-OX-ee-RYE-bow-nu-CLAY-ick) acid, the 
thread-like molecule that encodes genetic  
information in its structure; DNA strands coil  
up densely to form the chromosomes (Chapter 3 
provides more details).

Adult bone loss
(osteoporosis)
Cancer
Infectious diseases

Diabetes
Hypertension
Heart disease

Iron-deficiency
anemia
Vitamin deficiencies
Mineral deficiencies
Toxicities
Poor resistance to
disease

Down syndrome
Hemophilia
Sickle-cell anemia

More
nutrition-
related

Less
nutrition-
related

Figure 1–1

nutrition and Disease 

Not all diseases are equally influenced by diet. Some are almost purely genetic, like the anemia of sickle-cell disease. 
Some may be inherited (or the tendency to develop them may be inherited in the genes) but may be influenced by diet, 
like some forms of diabetes. Some are purely dietary, like the vitamin and mineral deficiency diseases.

4
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5Healthy People: Nutrition Objectives for the Nation

Physical activity is so closely linked with nutrition in supporting health that most 
chapters of this book offer a feature called Think Fitness, such as the one above.

Key POint

 ▪ Life choices, such as being physically active or using tobacco or alcohol, can 
improve or damage health.

Healthy People: Nutrition Objectives 
for the Nation
LO 1.2 List seven major categories of nutrition and weight-related objectives included 

in the publication Healthy People 2020.

In its publication Healthy People, the U.S. Department of Health and Human Ser-
vices sets specific 10-year objectives to guide national health promotion efforts.2 The  
vision of Healthy People 2020 is a society in which all people live long, healthy lives. 
Table 1–2 (p. 6) provides a quick scan of the nutrition and weight-related objectives 
set for this decade. The inclusion of nutrition and food-safety objectives shows that 
public health officials consider these areas to be top national priorities.

In 2015, the nation’s health report was mixed: the number of adults meeting phys-
ical activity and muscle strengthening guidelines increased from 18 percent to over  
20 percent of the population, but most people’s diets still lacked enough vegetables, and 
obesity rates were creeping higher among people aged two years and older.3 To fully 
meet the current Healthy People goals, our nation must take steps to change its habits.

The next section shifts our focus to the nutrients at the core of nutrition science. As 
your course of study progresses, the individual nutrients will become like old friends, 
revealing more and more about themselves as you move through the chapters.

Key POint

 ▪ Each decade, the U.S. Department of Health and Human Services sets health and 
nutrition objectives for the nation.

Think Fitness Why Be Physically Active?

Why should people bother to be 
physically active? A person’s daily food 
choices can powerfully affect health, 
but the combination of nutrition and 
physical activity is more powerful 
still. People who combine regular 
physical activity with a nutritious diet 
can expect to receive at least some of 
these benefits:

 ▪ Reduced risks of cardiovascular 
diseases, diabetes, certain cancers, 
hypertension, and other diseases.

 ▪ Increased endurance, strength, and 
flexibility.

 ▪ More cheerful outlook and less likeli-
hood of depression.

 ▪ Improved mental functioning.

 ▪ Feeling of vigor.
 ▪ Feeling of belonging—the compan-

ionship of sports.
 ▪ Stronger self-image.
 ▪ Reduced body fat and increased lean 

tissue.
 ▪ A more youthful appearance, 

healthy skin, and improved mus-
cle tone.

 ▪ Greater bone density and lessened 
risk of adult bone loss in later life.

 ▪ Increased independence in the 
elderly.

 ▪ Sound, beneficial sleep.
 ▪ Faster wound healing.
 ▪ Reduced menstrual symptoms.
 ▪ Improved resistance to infection.

If even half of these benefits were yours 
for the asking, wouldn’t you step up to 
claim them? In truth, they are yours to 
claim, at the price of including physical 
activity in your day. Chapter 10 explores 
the topics of fitness and physical activity.

start now!  Ready to make 
a change? Go to Diet & Wellness 
Plus online and track your physical 
activities—all of them—for three days. 
(The Concepts in Action activity at 
the end of this chapter will use this 
information.) After you have recorded 
your activities, see how much time 
you spent exercising at a moderate to 
vigorous level. Could you increase your 
level and amount of activity?

move
 it! 

The aim of Healthy People 2020 is to help 
people live long, healthy lives.
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Chapter 1 Food Choices and Human Health 

The Human Body and Its Food
LO 1.3 Specify the six classes of nutrients.

As your body moves and works each day, it must use energy. The energy that fu-
els the body’s work comes indirectly from the sun by way of plants. Plants capture  
and store the sun’s energy in their tissues as they grow. When you eat plant-derived 
foods such as fruits, grains, or vegetables, you obtain and use the solar energy they 

energy the capacity to do work. The energy in 
food is chemical energy; it can be converted to 
mechanical, electrical, thermal, or other forms of 
energy in the body. Food energy is measured in 
calories, defined on page 8.

Chronic Diseases

 ▪ Reduce the proportion of adults with osteoporosis.

 ▪ Reduce the death rates from cancer, diabetes, heart disease, and stroke.

 ▪ Reduce the annual number of new cases of diabetes.

Food safety

 ▪ Reduce outbreaks of certain infections transmitted through food.

 ▪ Reduce severe allergic reactions to food among adults with diagnosed food allergy.

Maternal, infant, and Child Health

 ▪ Reduce the number of low birthweight infants and preterm births.

 ▪ Increase the proportion of infants who are breastfed.

 ▪ Reduce the occurrence of fetal alcohol syndrome (FAS).

 ▪ Reduce iron deficiency among children, adolescents, women of childbearing age, and pregnant women.

 ▪ Reduce blood lead levels in children.

 ▪ Increase the number of schools offering breakfast.

Food and nutrient Consumption

 ▪ Increase vegetables, fruits, and whole grains in the diets of those aged 2 years and older, and reduce solid fats and added sugars.

eating Disorders

 ▪ Reduce the proportion of adolescents who engage in disordered eating behaviors in an attempt to control their weight.

Physical Activity and Weight Control

 ▪ Increase the proportion of children, adolescents, and adults who are at a healthy weight.

 ▪ Reduce the proportions of children, adolescents, and adults who are obese.

 ▪ Reduce the proportion of people who engage in no leisure-time physical activity.

 ▪ Increase the proportion of schools that require daily physical education for all students.

Food security

 ▪ Eliminate very low food security among children in U.S. households.

Source: www.healthypeople.gov.

Many other Objectives for the Nation are available at www.healthypeople.gov.

table 1–2

Healthy People 2020, selected nutrition and Body Weight Objectives
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The Human Body and Its Food

have stored. Plant-eating animals obtain their energy in the same way, so when you 
eat animal tissues, you are eating compounds containing energy that came origi-
nally from the sun.

The body requires six kinds of nutrients—families of molecules indispensable to its 
functioning—and foods deliver these. Table 1–3 lists the six classes of nutrients. Four 
of these six are organic; that is, the nutrients contain the element carbon derived 
from living things.

Meet the Nutrients
The human body and foods are made of the same materials, arranged in different 
ways (see Figure 1–2). When considering quantities of foods and nutrients, scientists 
often measure them in grams, units of weight.

organic carbon containing. Four of the six 
classes of nutrients are organic: carbohydrate, 
fat, protein, and vitamins. Organic compounds 
include only those made by living things and do 
not include compounds such as carbon dioxide, 
diamonds, and a few carbon salts.

grams units of weight. A gram (g) is the weight 
of a cubic centimeter (cc) or milliliter (ml) of 
water under defined conditions of temperature 
and pressure. About 28 grams equal an ounce.

The nutrients that contain carbon are organic.

Carbon Oxygen Hydrogen nitrogen Minerals

Carbohydrate ✓ ✓ ✓

Fat ✓ ✓ ✓

Protein ✓ ✓ ✓ ✓ b

Vitamins ✓ ✓ ✓ ✓a b

Minerals ✓

Water ✓ ✓

aAll of the B vitamins contain nitrogen; amine means nitrogen.
bProtein and some vitamins contain the mineral sulfur; vitamin B12 contains the mineral cobalt.

Figure 1–2

Components of Food and the Human Body 

Vitamins
Minerals
Fat
Protein
Carbohydrate
Water

Foods and the human body are made of the same materials.

table 1–3

elements in the six Classes of nutrients
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Chapter 1 Food Choices and Human Health 

The Energy-Yielding Nutrients Of the four organic nutrients, three are energy- 
yielding nutrients, meaning that the body can use the energy they contain. The 
carbohydrates and fats (fats are also called lipids) are especially important ener-
gy-yielding nutrients. As for protein, it does double duty: it can yield energy, but it also 
provides materials that form structures and working parts of body tissues. (Alcohol 
yields energy, too—see the note to Table 1–4).

Vitamins and Minerals The fourth and fifth classes of nutrients are the vitamins 
and the minerals, sometimes referred to as micronutrients because they are present 
in tiny amounts. These provide no energy to the body. A few minerals serve as parts 
of body structures (calcium and phosphorus, for example, are major constituents of 
bone), but all vitamins and minerals act as regulators. As regulators, the vitamins 
and minerals assist in all body processes: digesting food; moving muscles; disposing of 
wastes; growing new tissues; healing wounds; obtaining energy from carbohydrate, 
fat, and protein; and participating in every other process necessary to maintain life. 
Later chapters are devoted to these six classes of nutrients.

Water Although last on the list, water is foremost in quantity among the six 
classes of nutrients. The body constantly loses water, mainly through sweat, breath, 
and urine, and that water must constantly be replaced. Without sufficient water, the 
body’s cells cannot function.

The Concept of Essential Nutrients When you eat food, then, you are pro-
viding your body with energy and nutrients. Furthermore, some of the nutrients are 
essential nutrients, meaning that if you do not ingest them, you will develop defi-
ciencies; the body cannot make these nutrients for itself. Essential nutrients are found 
in all six classes of nutrients. Water is an essential nutrient; so is a form of carbohy-
drate; so are some lipids, some parts of protein, all of the vitamins, and the minerals 
important in human nutrition.

Calorie Values Food scientists measure food energy in kilocalories, units of heat. 
This book uses the common word calories to mean the same thing. It behooves the 
person who wishes to control food energy intake and body fatness to learn the cal-
orie values of the energy nutrients, listed in Table 1–4. The most energy-rich of the 
nutrients is fat, which contains 9 calories in each gram. Carbohydrate and protein 
each contain only 4 calories in a gram. Weight, measure, and other conversion fac-
tors needed for the study of nutrition are found in Appendix C at the back of the book.

Scientists have worked out ways to measure the energy and nutrient contents of 
foods. They have also calculated the amounts of energy and nutrients various types 
of people need—by gender, age, life stage, and activity. Thus, after studying human 
nutrient requirements (in Chapter 2), you will be able to state with some accuracy just 
what your own body needs—this much water, that much carbohydrate, so much vita-
min C, and so forth. So why not simply take pills or dietary supplements in place of 
food? Because, as it turns out, food offers more than just the six basic nutrients.

Key POints

 ▪ The energy-yielding nutrients are carbohydrates, fats (lipids), and protein.
 ▪ The regulator nutrients are vitamins and minerals.
 ▪ Foremost among the nutrients in food is water.
 ▪ Essential nutrients in the diet prevent deficiencies.
 ▪ Food energy is measured in calories; nutrient quantities are often measured in grams.

Can I Live on Just Supplements?
Nutrition science can state what nutrients human beings need to survive—at least for 
a time. Scientists are becoming skilled at making elemental diets—life-saving liquid 
diets of precise chemical composition for hospital patients and others who cannot eat 
ordinary food. These formulas, administered for days or weeks, support not only con-
tinued life but also recovery from nutrient deficiencies, infections, and wounds. Formu-
las can also stave off weight loss in the elderly or anyone in whom eating is impaired.

energy-yielding nutrients the nutrients the 
body can use for energy—carbohydrate, fat, and 
protein. These also may supply building blocks 
for body structures. Also called macronutrients.

essential nutrients the nutrients the body 
cannot make for itself (or cannot make fast 
enough) from other raw materials; nutrients 
that must be obtained from food to prevent 
deficiencies.

calories units of energy. In nutrition science, 
the unit used to measure the energy in foods is 
a kilocalorie (also called kcalorie or Calorie): it  
is the amount of heat energy necessary to raise 
the temperature of a kilogram (a liter) of water  
1 degree Celsius. This book follows the common 
practice of using the lowercase term calorie 
(abbreviated cal) to mean the same thing.

dietary supplements pills, liquids, or 
powders that contain purified nutrients or other 
ingredients (see Controversy in Chapter 7).

elemental diets diets composed of purified 
ingredients of known chemical composition;  
intended to supply all essential nutrients to 
people who cannot eat foods.

The energy a person consumes in a 
day’s meals comes from these three 
energy-yielding nutrients; alcohol, if 
consumed, also contributes energy.

energy nutrient energy

Carbohydrate 4 cal/g

Fat (lipid) 9 cal/g

Protein 4 cal/g

Note: Alcohol contributes 7 cal/g that the human 
body can use for energy. Alcohol is not classed as a 
nutrient, however, because it interferes with growth, 
maintenance, and repair of body tissues.

table 1–4

Calorie Values  
of energy-yielding nutrients
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The Challenge of Choosing Foods

The Energy-Yielding Nutrients Of the four organic nutrients, three are energy- 
yielding nutrients, meaning that the body can use the energy they contain. The 
carbohydrates and fats (fats are also called lipids) are especially important ener-
gy-yielding nutrients. As for protein, it does double duty: it can yield energy, but it also 
provides materials that form structures and working parts of body tissues. (Alcohol 
yields energy, too—see the note to Table 1–4).

Vitamins and Minerals The fourth and fifth classes of nutrients are the vitamins 
and the minerals, sometimes referred to as micronutrients because they are present 
in tiny amounts. These provide no energy to the body. A few minerals serve as parts 
of body structures (calcium and phosphorus, for example, are major constituents of 
bone), but all vitamins and minerals act as regulators. As regulators, the vitamins 
and minerals assist in all body processes: digesting food; moving muscles; disposing of 
wastes; growing new tissues; healing wounds; obtaining energy from carbohydrate, 
fat, and protein; and participating in every other process necessary to maintain life. 
Later chapters are devoted to these six classes of nutrients.

Water Although last on the list, water is foremost in quantity among the six 
classes of nutrients. The body constantly loses water, mainly through sweat, breath, 
and urine, and that water must constantly be replaced. Without sufficient water, the 
body’s cells cannot function.

The Concept of Essential Nutrients When you eat food, then, you are pro-
viding your body with energy and nutrients. Furthermore, some of the nutrients are 
essential nutrients, meaning that if you do not ingest them, you will develop defi-
ciencies; the body cannot make these nutrients for itself. Essential nutrients are found 
in all six classes of nutrients. Water is an essential nutrient; so is a form of carbohy-
drate; so are some lipids, some parts of protein, all of the vitamins, and the minerals 
important in human nutrition.

Calorie Values Food scientists measure food energy in kilocalories, units of heat. 
This book uses the common word calories to mean the same thing. It behooves the 
person who wishes to control food energy intake and body fatness to learn the cal-
orie values of the energy nutrients, listed in Table 1–4. The most energy-rich of the 
nutrients is fat, which contains 9 calories in each gram. Carbohydrate and protein 
each contain only 4 calories in a gram. Weight, measure, and other conversion fac-
tors needed for the study of nutrition are found in Appendix C at the back of the book.

Scientists have worked out ways to measure the energy and nutrient contents of 
foods. They have also calculated the amounts of energy and nutrients various types 
of people need—by gender, age, life stage, and activity. Thus, after studying human 
nutrient requirements (in Chapter 2), you will be able to state with some accuracy just 
what your own body needs—this much water, that much carbohydrate, so much vita-
min C, and so forth. So why not simply take pills or dietary supplements in place of 
food? Because, as it turns out, food offers more than just the six basic nutrients.

Key POints

 ▪ The energy-yielding nutrients are carbohydrates, fats (lipids), and protein.
 ▪ The regulator nutrients are vitamins and minerals.
 ▪ Foremost among the nutrients in food is water.
 ▪ Essential nutrients in the diet prevent deficiencies.
 ▪ Food energy is measured in calories; nutrient quantities are often measured in grams.

Can I Live on Just Supplements?
Nutrition science can state what nutrients human beings need to survive—at least for 
a time. Scientists are becoming skilled at making elemental diets—life-saving liquid 
diets of precise chemical composition for hospital patients and others who cannot eat 
ordinary food. These formulas, administered for days or weeks, support not only con-
tinued life but also recovery from nutrient deficiencies, infections, and wounds. Formu-
las can also stave off weight loss in the elderly or anyone in whom eating is impaired.

energy-yielding nutrients the nutrients the 
body can use for energy—carbohydrate, fat, and 
protein. These also may supply building blocks 
for body structures. Also called macronutrients.

essential nutrients the nutrients the body 
cannot make for itself (or cannot make fast 
enough) from other raw materials; nutrients 
that must be obtained from food to prevent 
deficiencies.

calories units of energy. In nutrition science, 
the unit used to measure the energy in foods is 
a kilocalorie (also called kcalorie or Calorie): it  
is the amount of heat energy necessary to raise 
the temperature of a kilogram (a liter) of water  
1 degree Celsius. This book follows the common 
practice of using the lowercase term calorie 
(abbreviated cal) to mean the same thing.

dietary supplements pills, liquids, or 
powders that contain purified nutrients or other 
ingredients (see Controversy in Chapter 7).

elemental diets diets composed of purified 
ingredients of known chemical composition;  
intended to supply all essential nutrients to 
people who cannot eat foods.

Formula diets are essential to help sick people to survive, but they do not enable 
people to thrive over long periods. Even in hospitals, elemental diet formulas do 
not support optimal growth and health and may even lead to medical compli-
cations. Although serious problems are rare and can be detected and corrected, 
they show that the composition of these diets is not yet perfect for all people in all 
settings.

Lately, marketers have taken these liquid supplement formulas out of the medi-
cal setting and have advertised them heavily to healthy people of all ages as “meal 
replacers” or “insurance” against malnutrition. The truth is that real food is superior 
to such supplements. Most healthy people who eat a nutritious diet need no dietary 
supplements at all.

Food Is Best Even if a person’s basic nutrient needs are perfectly understood and 
met, concoctions of nutrients still lack something that foods provide. Hospitalized cli-
ents who are fed nutrient mixtures through a vein often improve dramatically when 
they can finally eat food. Something in real food is important to health—but what is 
it? What does food offer that cannot be provided through a needle or a tube? Science 
has some partial explanations, some physical and some psychological.

In the digestive tract, the stomach and intestine are dynamic, living organs, 
changing constantly in response to the foods they receive—even to just the sight, 
aroma, and taste of food. When a person is fed through a vein, the digestive organs, 
like unused muscles, weaken and grow smaller. Medical wisdom now dictates that a 
person should be fed through a vein for as short a time as possible and that real food 
taken by mouth should be reintroduced as early as possible. The digestive organs also 
release hormones in response to food, and these send messages to the brain that bring 
the eater a feeling of satisfaction: “There, that was good. Now I’m full.” Eating offers 
both physical and emotional comfort.

Complex Interactions Foods are chemically complex. In addition to their 
nutrients, foods contain phytochemicals, compounds that confer color, taste, and 
other characteristics to foods. Some may be bioactive food components that interact 
with metabolic processes in the body and may affect disease risks. Even an ordinary 
baked potato contains hundreds of different compounds. Nutrients and other food 
components interact with each other in the body and operate best in harmony with 
one another. In view of all this, it is not surprising that food gives us more than just 
nutrients. If it were otherwise, that would be surprising.

Key POints

 ▪ Nutritious food is superior to supplements for maintaining optimal health.
 ▪ Most healthy people who eat a nutritious diet do not need supplements at all.

The Challenge of Choosing Foods
LO 1.4 Recognize the challenges and solutions to a health-promoting diet.

Well-planned meals convey pleasure and are nutritious, too, fitting your tastes, per-
sonality, family and cultural traditions, lifestyle, and budget. Given the astounding 
numbers and varieties available, a consumer can easily lose track of what individual 
foods contain and how to put them together into a health-promoting diet. A few defi-
nitions and basic guidelines can help.

The Abundance of Foods to Choose From
A list of the foods available 100 years ago would be relatively short. It would consist 
mostly of whole foods—foods that have been around for a long time, such as vegeta-
bles, fruits, meats, milk, and grains (see Table 1–5 for a glossary of food types, p. 10). 
These foods have been called basic, unprocessed, natural, or farm foods. By whatever 
name, choosing a sufficient variety of these foods each day is an easy way to obtain 
a nutritious diet. On a given day, however, well over 80 percent of our population  

phytochemicals compounds in plant-derived 
foods (phyto, pronounced FYE-toe, means 
“plant”).

bioactive having chemical or physical proper-
ties that affect the functions of the body tissues. 
See also the Controversy in Chapter 2.

Some foods offer phytochemicals in  
addition to the six classes of nutrients.
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