FIFTEENTH EDITION

UNDERSTANDIN
UTRITION

Whitney | Rolfes

Copyright 2019|Cengage Learning. All Rights Reserv g or duplicated, in whole or in part. WCN 02-200-203




Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.



Dietary Reference Intakes (DRI)

The Dietary Reference Intakes (DRI) include two sets of
nutrient intake goals for individuals—the Recommended
Dietary Allowance (RDA) and Adequate Intake (AI). The RDA
reflects the average daily amount of a nutrient considered
adequate to meet the needs of most healthy people. If there
is insufficient evidence to determine an RDA, an Al is set.
In addition, the Estimated Energy Requirement (EER) repre-
sents the average dietary energy intake considered adequate
to maintain energy balance in healthy people.

The DRI also include the Tolerable Upper Intake Level
(UL) that represents the estimated maximum daily 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. Note that the absence of
a UL for a nutrient does not indicate that it is safe to consume
in high doses, but only that research is too limited to set a UL.
Chapter 1 describes these DRI values in detail.

Estimated Energy Requirements (EER), Recommended Dietary Allowances (RDA), and Adequate Intakes (Al) for Water,
Energy, and the Energy Nutrients
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Males
0-0.5 — 62 (24) 6 (13) 0.7¢ 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 1" 1.20
1-3¢9 — 86 (34) 12 (27) 1.3 1046 130 19 — 7 0.7 13 1.05
4-89 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 3067" 130 38 — 17 1.6 56 0.80
31-50 22.5 177 (70) 70 (154)' 3.7 3067" 130 38 — 17 1.6 56 0.80
>50 22.5! 177 (70)' 70 (154)! 3.7 3067" 130 30 — 14 1.6 56 0.80
Females
0-0.5 — 62 (24) 6 (13) 0.7¢ 520 60 — 31 4.4 0.5 9.1 1.52
0.5-1 — 71(28) 9 (20) 0.8 676 95 — 30 4.6 0.5 Il 1.20
1-39 — 86 (34) 12 (27) 1.3 992 130 19 — 7 0.7 13 1.05
4-89 15.3 115 (456) 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 — 1 1.1 46 0.85
19-30 21.5 163 (64) 57 (126) 2.7 2403 130 25 — 12 1.1 46 0.80
31-50 21.5! 163 (64) 57 (126)' 2.7 2403 130 25 — 12 1.1 46 0.80
>50 21.5! 163 (64) 57 (126)' 2.7 2403 130 21 —_ 11 1.1 46 0.80
Pregnancy
1st trimester 3.0 +0 175 28 — 13 1.4 46 0.80
2nd trimester 3.0 +340 175 28 —_ 13 1.4 71 1.10
3rd trimester 3.0 +452 175 28 — 13 1.4 71 1.10
Lactation
1st 6 months 3.8 +330 210 29 — 13 1.3 71 1.30
2nd 6 months 3.8 +400 210 29 — 13 1.3 71 1.30

NOTE: BMl is calculated as the weight in kilograms divided
by the square of the height in meters. For all nutrients, values
for infants are Al. The glossary on the insert defines units of
nutrient measure. Dashes (—) indicate that values have not
been determined.

aThe water Al 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 = 33.8 fluid oz; 1 L = 1.06 qt;

1 cup = 8 fluid oz.

bThe Estimated Energy Requirement (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 8
and Appendix F provide equations and tables to determine
estimated energy requirements.

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

9The values listed are based on reference body weights.
¢Assumed to be from human milk.

fAssumed to be from human milk and complementary foods
and beverages. This includes approximately 0.6 L (~2% cups)
as total fluid including formula, juices, and drinking water.

9For energy, the age groups for young children are 1-2 years
and 3-8 years.

"For males, subtract 10 kcalories per day for each year of age
above 19.

'‘Because 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.

IFor females, subtract 7 kcalories per day for each year of age
above 19.

SOURCE: Adapted from the Dietary Reference Intakes
series, National Academies Press. National Academies of
Sciences.
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Recommended Dietary Allowances (RDA) and Adequate Intakes (Al) for Vitamins
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Infants
0-0.5 0.2 0.3 2 5 1.7 0.1 65 0.4 125 40 400 10 4 2.0
0.5-1 0.3 0.4 4 6 1.8 0.3 80 0.5 150 50 500 10 5 2.5
Children
1-3 0.5 0.5 6 8 2 0.5 150 0.9 200 15 300 15 6 30
4-8 0.6 0.6 8 12 3 0.6 200 1.2 250 25 400 15 7 b5
Males
9-13 0.9 0.9 12 20 4 1.0 300 1.8 375 45 600 15 11 60
14-18 1.2 1.3 16 25 5 1.3 400 2.4 550 75 900 15 15 75
19-30 1.2 1.3 16 30 5 1.3 400 2.4 550 90 900 15 15 120
31-50 1.2 1.3 16 30 5 1.3 400 2.4 550 90 900 15 15 120
51-70 1.2 1.3 16 30 5 1.7 400 2.4 550 90 900 15 15 120
>70 1.2 1.3 16 30 5 1.7 400 2.4 550 90 900 20 15 120
Females
9-13 0.9 0.9 12 20 4 1.0 300 1.8 375 45 600 15 1 60
14-18 1.0 1.0 14 25 5 1.2 400 2.4 400 65 700 15 15 75
19-30 1.1 1.1 14 30 5 1.3 400 2.4 425 75 700 15 15 90
31-60 1.1 1.1 14 30 5 1.3 400 2.4 425 75 700 15 15 90
51-70 1.1 1.1 14 30 5 1.5 400 2.4 425 75 700 15 15 90
>70 1.1 1.1 14 30 5 1.5 400 2.4 425 75 700 20 15 90
Pregnancy
=18 1.4 1.4 18 30 6 1.9 600 2.6 450 80 750 15 15 75
19-30 1.4 1.4 18 30 6 1.9 600 2.6 450 85 770 15 15 90
31-60 1.4 1.4 18 30 6 1.9 600 2.6 450 85 770 15 15 90
Lactation
=18 1.4 1.6 17 35 7 2.0 500 2.8 550 115 1200 15 19 75
19-30 1.4 1.6 17 35 7 2.0 500 2.8 550 120 1300 15 19 90
31-60 1.4 1.6 17 35 7 2.0 500 2.8 550 120 1300 15 19 90
NOTE: For all nutrients, values for infants are Al. The glossary on the inside back cover defines ¢Vitamin A recommendations are expressed as retinol activity equivalents (RAE).
units of nutrient measure. dVitamin D recommendations are expressed as cholecalciferol and assume minimal sunlight.
aNiacin recommendations are expressed as niacin equivalents (NE), except for recommendations ¢Vitamin E recommendations are expressed as o-tocopherol.

for infants younger than 6 months, which are expressed as preformed niacin.
bFolate recommendations are expressed as dietary folate equivalents (DFE).

Recommended Dietary Allowances (RDA) and Adequate Intakes (Al) for Minerals
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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 Al. The glossary on the inside back cover defines units of nutrient measure.
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Tolerable Upper Intake Levels (UL) for Vitamins

Gl — s = = < o aQ W oo

Age (yr) E E 22 E E E E E 22 E E
Infants
0-0.5 — — — — — 600 25 —
0.5-1 — — — — — 600 38 —
Children
1-3 10 30 300 1000 400 600 63 200
4-8 15 40 400 1000 650 900 75 300
9-13 20 60 600 2000 1200 1700 100 600
Adolescents
14-18 30 80 800 3000 1800 2800 100 800
Adults
19-70 35 100 1000 3500 2000 3000 100 1000
>70 35 100 1000 3500 2000 3000 100 1000
Pregnancy
=18 30 80 800 3000 1800 2800 100 800
19-50 35 100 1000 3500 2000 3000 100 1000
Lactation
=18 30 80 800 3000 1800 2800 100 800
19-50 35 100 1000 3500 2000 3000 100 1000
aThe UL for niacin and folate apply to synthetic forms °The UL for vitamin E applies to any form of supplemental
obtained from supplements, fortified foods, or a a-tocopherol, fortified foods, or a combination of the two.

combination of the two.
bThe UL for vitamin A applies to the preformed vitamin only.

Tolerable Upper Intake Levels (UL) for Minerals
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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 " 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 M 10 2000 20 1.0 1.8

51-70 2300 3600 2000 4000 350 45 40 1100 400 10,000 " 10 2000 20 1.0 1.8

>70 2300 3600 2000 3000 350 45 40 1100 400 10,000 " 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 " 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 " 10 2000 20 1.0 —

9The UL for magnesium applies to synthetic forms obtained from supplements or drugs only. SOURCE: Adapted from the Dietary Reference Intakes series, National Academies Press.

NOTE: An Upper Limit was not established for vitamins and minerals not listed and for those National Academies of Sciences.

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.
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Preface

Nutrition is a science. The details of a nutrient’s chemistry
or a cell’s biology can be overwhelming and confusing to
some, but it needn’t be. When the science is explained step
by step and the facts are connected one by one, the details
become clear and understandable. By telling stories about
fat mice, using analogies of lamps, and applying guidelines
to groceries, we make the science of nutrition meaning-
ful and memorable. That has been our mission since the
first edition—to reveal the fascination of science and share
the excitement of nutrition with readers. We have learned
from the thousands of professors and more than a million
students who have used this book through the years that
readers want an understanding of nutrition so they can make
healthy choices in their daily lives. We hope that this book
serves you well.

A Book Tour of This Edition

Understanding Nutrition presents the core information of an in-
troductory nutrition course. The early chapters introduce the
nutrients and their work in the body, and the later chapters
apply that information to people’s lives—describing the role
of foods and nutrients in energy balance and weight control,
in physical activity, in the life cycle, in disease prevention, in
food safety, and in hunger.

The Chapters Chapter 1 begins by exploring why we eat the
foods we do and continues with a brief overview of the nutri-
ents, the science of nutrition, recommended nutrient intakes,
assessment, and important relationships between diet and
health. Chapter 2 describes the diet-planning principles and
food guides used to create eating patterns that support good
health and includes instructions on how to read a food la-
bel. In Chapter 3 readers follow the journey of digestion and
absorption as the body breaks down foods into nutrients.
Chapters 4, 5, and 6 describe carbohydrates, fats, and pro-
teins—their chemistry, roles in the body, and places in the
diet. Then Chapter 7 shows how the body derives energy from
these three nutrients. Chapters 8 and 9 continue the story
with a look at energy balance, the factors associated with
overweight and underweight, and the benefits and dangers of
weight loss and weight gain. Chapters 10, 11, 12, and 13 com-
plete the introductory lessons by describing the vitamins, the
minerals, and water—their roles in the body, deficiency and
toxicity symptoms, and sources.

The next seven chapters weave that basic information into
practical applications, showing how nutrition influences peo-
ple’s lives. Chapter 14 describes how physical activity and nu-
trition work together to support fitness. Chapters 15, 16, and
17 present the special nutrient needs of people through the
life cycle—pregnancy and lactation; infancy, childhood, and
adolescence; and adulthood and the later years. Chapter 18
focuses on the dietary risk factors and recommendations as-
sociated with chronic diseases, and Chapter 19 addresses con-
sumer concerns about the safety of the food and water supply.
Chapter 20 closes the book by examining hunger, agriculture,
and the environment.

The nghllghts Every chapter is followed by a highlight
that provides readers with an in-depth look at a current, and
often controversial, topic that relates to its companion chap-
ter. Each highlight closes with Critical Thinking Questions
designed to encourage readers to develop clear, rational,
open-minded, and informed thoughts based on the evidence
presented in the text.

Special Features The art and layout in this edition
have been carefully designed to be inviting while enhanc-
ing student learning. In addition, special features help read-
ers identify key concepts and apply nutrition knowledge.
When a new term is introduced, it is printed in bold type,
and a definition is provided in the margin nearby. These
definitions often include pronunciations and derivations
to facilitate understanding. The glossary at the end of the
book includes all defined terms.

definition (DEF-eh-NISH-en): the meaning of a word.
e de = from
o finis = boundary

LEARNING GUIDE

The opening page of each chapter provides a Learning Guide that
serves as an outline and directs readers to the main heads within
the chapter. Each main head is followed by a Learn It—a learning
objective for the content covered in that section. The Learn It
also appears within the text at the start of each main section as
well as at the start of each Review It. After reading the chapter,
students will be able to demonstrate competency in the Learn It
objectives.
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Nutrition in Your Life

The opening paragraph of each chapter—called Nutrition in
Your Life—introduces the chapter’s content in a friendly and
familiar way. This short paragraph closes with a preview of
how readers might apply that content to their daily lives.

To

Many of the chapters include
“How To" features that guide
readers through problem-solving
tasks. For example, a “How To”

in Chapter 1 presents the steps
in calculating energy intake
from the grams of carbohydrate,
fat, and protein in a food.

> TRYIT Each “How To" feature ends with a “Try It” activ-
ity that gives readers an opportunity to practice these new
lessons.

/

REVIEW IT Each major section within a chapter concludes
with a Review It paragraph that summarizes key concepts.
Similarly, Review It tables cue readers to important summaries.

Each chapter ends with an invitation to explore activities in
the Understanding Nutrition MindTap.

What's Online

Visit www.cengagebrain.com to access
N I' MINDTAP MindTap, a complete digital course tha_t
U % From Cengage includes Diet & Wellness Plus, interactive
quizzes, videos, and more.

The Appendixes

The appendixes are valuable references for a number of pur-
poses. Appendix A summarizes background information on the
hormonal and nervous systems, complementing Appendixes B
and C on basic chemistry, the chemical structures of nutrients,
and major metabolic pathways. Appendix D describes mea-
sures of protein quality. Appendix E provides detailed coverage
of nutrition assessment, and Appendix F presents the estimated
energy requirements for men and women at various levels of
physical activity. Appendix G presents the 2014 publication
Choose Your Foods: Food Lists for Diabetes and Weight Management.
Appendix H features aids to calculations, a short tutorial on
converting metric measures and handling basic math prob-
lems commonly found in the world of nutrition. Appendix I
lists nutrition recommendations from the World Health
Organization (WHO), and Appendix ] presents the 2020
Healthy People nutrition-related objectives.

Xiv Preface

The Inserts

The inserts put commonly used information at your finger-
tips. Insert pages A-C present the current nutrient recommen-
dations. The Daily Values used on food labels plus a glossary
of nutrient measures are shown on page Y, and suggested
weight ranges for various heights are shown on page Z.

Notable Changes in This Edition

Because nutrition is an active science, staying current is para-
mount. Just as nutrition research continuously adds to and
revises the accepted body of knowledge, this edition builds
on the science of previous editions with the latest in nutrition
research. Much has changed in the world of nutrition and in
our daily lives since the first edition. The number of foods
has increased dramatically—even as we spend less time than
ever in the kitchen preparing meals. The connections between
diet and disease have become more apparent—and consumer
interest in making smart health choices has followed. More
people are living longer and healthier lives. The science of nu-
trition has grown rapidly, with new understandings emerg-
ing daily. In this edition, as with all previous editions, every
chapter has been revised to enhance learning by presenting
current information accurately and attractively. For all chap-
ters and highlights we have:

e Reviewed and updated content

e Created several new figures and tables and revised
others to enhance learning

Chapter 1

¢ Added new section on marketing to the food choices
section

e Expanded discussion on processed foods, clarifying the
distinction between minimally processed and ultra-
processed foods

e Simplified figure comparing inaccurate and accurate
view of nutrient intakes

e Created new figure illustrating how energy nutrients
contribute to the total

e Expanded discussion on misinformation from TV talk
shows and ads in fitness magazines

e Added short section on critical thinking

Chapter 2

e Revised entire section on Dietary Guidelines for
Americans, including texts, tables, and figures to re-
flect 2015-2020 edition

e Updated and simplified figure comparing recom-
mended and actual intakes from food groups

e Created new figure illustrating how the US population

exceeds recommended limits for added sugars, satu-
rated fats, and sodium
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¢ Added more details on food allergens and front-of-label
ingredients

Chapter 3
e Expanded discussion on microbiota

e Expanded discussion on celiac disease and introduced
nonceliac gluten sensitivity

Chapter 4

e Introduced FODMAP—fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols

¢ Simplified figure on glucose homeostasis

e Created new figure illustrating high- vs. low-glycemic
response

Chapter 5

e Revised recommendations and discussion for cholesterol
based on the 2015-2020 Dietary Guidelines for Americans

e Added a new table for the USDA Healthy Mediterranean
Eating Pattern

Chapter 6
e Reorganized the preview of protein metabolism
e Shortened sections on heart disease and osteoporosis
e Rewrote much of the supplement section

e Created new figure illustrating how genetics and life-
style factors influence health and longevity

Chapter 7

¢ Added a new paragraph on intermittent fasting
e Revised the table of blood alcohol effects

Chapter 8

¢ Introduced the term ectopic fat and expanded discussion on
obesity’s role in inflammation and the metabolic syndrome

e Revised and expanded discussion on “healthy obese”
and “metabolically normal obese”

e Introduced the term orthorexia nervosa

Chapter 9

e Updated figure of maps showing prevalence of obesity
among US adults

e Revised figure of surgical procedures for severe obesity
to include sleeve gastrectomy

e Created new table to summarize ghrelin and leptin

e Added new drugs to table of FDA-approved weight-loss
drugs

¢ Added new discussion of other medical procedures to
treat obesity, including endoscopic procedures, intragas-
tric balloons, and gastric aspiration

e Created new table to introduce SMART goals

Chapter 10

e Added a brief review of DRI terms to the introduction
e Deleted How To Estimate Niacin Equivalents

e Added a figure showing folate in its polygluta-
mate and monoglutamate forms; deleted the figure
showing decline in neural tube defects since folate
fortification

e Deleted How To Estimate Dietary Folate Equivalents

Chapter 11

e Simplified the figure showing the blood-clotting process

Chapter 12

e Reorganized water section

¢ Added new figure illustrating the color of urine in rela-
tion to hydration

e Deleted How To Estimate Your Calcium Intake

Chapter 13

e Deleted How To Estimate the Recommended Daily In-
take for Iron

Chapter 14

¢ Defined and discussed myokines

e Reorganized the section on glucose use during physical
activity

e Created a table of carbohydrate recommendations for
physical activities

e Updated protein recommendations for athletes and cre-
ated a table of food sources

e Added discussion of dietary nitrate as an ergogenic aid;
removed carnitine and chromium picolinate

Chapter 15

e Created new table of advice for pregnant (and lactating)
women eating fish

e Added discussions on dietary factors related to postpar-
tum depression, benefits of lactation in delaying onset
of type 2 diabetes in women with gestational diabetes,
and use of breast pumps

Chapter 16

e Updated table of supplements for infants

e Included current recommendations about peanut al-
lergy during infancy

e Added discussion about zinc when introducing comple-
mentary foods during infancy

e Updated the table of energy needs for children
e Revised section on children’s dietary patterns

e Created a “How To” feature for the figure of body mass
index for age percentiles

Preface XV
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Chapter 17

e Added discussion about influence of obesity on the
aging brain

Chapter 18

e Removed short discussion of HIV from the infectious
disease section

e Added brief discussion emphasizing the importance
of lifestyle choices to disease prevention, even in those
who are at a high genetic risk of disease

¢ Included new information about the importance of as-
sessing cardiorespiratory fitness as an indicator of heart
disease risk

¢ Added How To Count Carbohydrates feature in the sec-
tion on diabetes

¢ Added discussions about sugar alcohols and artificial
sweeteners in the diabetes section and about nitrites
and nitrates in processed meats in the cancer section

Chapter 19

e Expanded discussion on product date labeling

e Removed discussion on dioxin

Chapter 20

e Expanded discussion on sustainable diets

e Refocused section on agriculture and the environment

Student and Instructor Resources

MindTap: A new approach to highly personalized online
learning. Beyond an eBook, homework solution, digital sup-
plement, or premium website, MindTap is a digital learning
platform 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 accross a spectrum 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, im-
ages, instructor’s manual, videos, and more.
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Test Bank with Cognero: Cengage Learning Testing Powered
by Cognero is a flexible, online system that allows you to:

e write, edit, and manage test bank content from multiple
Cengage Learning solutions

e create multiple test versions in an instant

e 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 Behavior Change Planner helps you iden-
tify risks in your life and guides you through the key steps
to make positive changes. Diet & Wellness Plus is also avail-
able as an app that can be accessed from the app dock in
MindTap.

Global Nutrition Watch: Bring currency to the classroom
with Global Nutrition Watch from Cengage Learning. This
user-friendly website provides convenient access to thousands
of trusted sources, including academic journals, newspapers,
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.

Closing Comments

We have taken great care to provide accurate informa-
tion and have included many references at the end of each
chapter and highlight. To keep the number of references
manageable over the decades, however, many statements
that appeared in previous editions with references now ap-
pear without them. All statements reflect current nutrition
knowledge, and the authors will supply references upon re-
quest. In addition to supporting text statements, the end-of-
chapter references provide readers with resources for finding
a good overview or more details on the subject. Nutrition
is a fascinating subject, and we hope our enthusiasm for it
comes through on every page.

Ellie Whitney
Sharon Rady Rolfes
January 2018
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Nutrition in Your Life

Believe it or not, you have probably eaten at least 20,000 meals in your life.
Without any conscious effort on your part, your body uses the nutrients from
those foods to make all its components, fuel all its activities, and defend itself
against diseases. How successfully your body handles these tasks depends, in
part, on your food choices. Nutritious food choices support healthy bodies. As
you read this chapter, consider how your current food choices are influencing
your health and risk of chronic diseases.

Nutrition has always played a significant role in your life. Every day, several times a day,
you select foods that influence your body’s health. Each day’s food choices may benefit
or harm health only a little, but over time, the consequences of these choices become ma-
jor. That being the case, paying close attention to good eating habits now supports health
benefits later. Conversely, carelessness about food choices can contribute to chronic
diseases. Of course, some people will become ill or die young no matter what choices
they make, and others will live long lives despite making poor choices. For most of us,
however, the food choices we make will benefit or impair our health in proportion to how
well those choices meet the body's needs.

Although most people realize food habits affect health, they often choose foods for
other reasons. After all, foods bring pleasures, traditions, and associations as well as
nourishment. The challenge, then, is to combine favorite foods and fun times with a
nutritionally balanced diet. Take a moment to review the definition and note that diet
does not mean a restrictive food plan designed for weight loss. It simply refers to the
foods and beverages a person consumes. Whether it's a vegetarian diet, a weight-loss
diet, or any other kind of diet depends on the types of foods and beverages a person
chooses. Importantly, diets can change over time.

1.1 Food Choices

LEARN IT Describe how various factors influence personal food choices.

People decide what to eat, when to eat, how much to eat, and even whether to eat
in highly personal ways. A variety of food choices can support good health, and
an understanding of human nutrition can help a person make healthy selections
more often.

Preferences As you might expect, the number one reason most people choose
certain foods is taste—they like the flavor. Two widely shared preferences are for
the sweetness of sugar and the savoriness of salt.! High-fat foods also appear to be
a universally common preference.? Other preferences might be for the hot peppers
common in Mexican cooking or the curry spices of Indian cuisine. Research sug-
gests that genetics may influence taste perceptions and therefore food likes and
dislikes.? Similarly, the hormones of pregnancy seem to influence food cravings
and aversions (see Chapter 15).

Habhit People sometimes select foods out of habit. They eat cereal every morning,
for example, simply because they have always eaten cereal for breakfast. Eating a
familiar food and not having to make any decisions can be comforting. Similarly,
people may find certain foods and beverages most appropriate at certain times of
day—orange juice in the morning, for example.

Ethnic Heritage and Regional Cuisines Among the strongest influences on food
choices are ethnic heritage and regional cuisines. People tend to prefer the foods

nutrition: the science of the nutrients in foods and their
actions within the body. A broader definition includes the
study of human behaviors related to food and eating.

foods: products derived from plants or animals that can

be taken into the body to yield energy and nutrients for the
maintenance of life and the growth and repair of tissues.
chronic diseases: diseases characterized by slow progression
and long duration. Examples include heart disease, diabetes,
and some cancers.

e chronos = time

diet: the foods and beverages a person eats and drinks.

Food Choices 3
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PHOTO 1-1  An enjoyable way to learn
about a culture is to taste the ethnic foods.

ethnic foods: foods associated with particular cultural
groups.

cultural competence: having an awareness and acceptance
of cultures and the ability to interact effectively with people
of diverse cultures.

4 chapter1 An Overview of Nutrition
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they grew up eating, but they may also be willing to try new foods, especially
when traveling. Every country, and in fact every region of a country, has its own
typical foods and ways of combining them into meals. These cuisines reflect a
unique combination of local ingredients and cooking styles. Chowder in New
England is made with clams, but in the Florida Keys conch is the featured ingredi-
ent. The Pacific Northwest is as famous for its marionberry pie as Georgia is for its
peach cobbler. Philly has its cheesesteaks and New Orleans has its oyster po’boys.
The “American diet” includes many ethnic foods and regional styles, all adding
variety to the diet.

Enjoying traditional ethnic foods provides an opportunity to celebrate a per-
son’s cultural heritage (Photo 1-1). People offering ethnic foods share a part of
their culture with others, and those accepting the foods learn about another’s way
of life. Developing cultural competence honors individual preferences and is par-
ticularly important for professionals who help others plan healthy diets.*

Social Interactions Meals are often social events, and sharing food is part of hos-
pitality. Social customs invite people to accept food or drink offered by a host or
shared by a group—regardless of hunger signals. Such social interactions can be
a challenge for people trying to limit their food intake; Chapter 9 describes how
people tend to eat more food when socializing with others. People also tend to eat
the kinds of foods eaten by those in their social circles, thus helping to explain
why obesity seems to spread in social networks and weight loss is easier with a
partner.®

Marketing Another major influence on food choices is marketing. The food
industry competes for our food dollars, persuading consumers to eat more—
more food, more often. These marketing efforts pay off well, generating more
than $900 billion in sales each year. In addition to building brand loyalty, food
companies attract busy consumers with their promises of convenience.

Availability, Convenience, and Economy People often eat foods that are acces-
sible, quick and easy to prepare, and within their financial means. Consumers
who value convenience frequently eat out, bring home ready-to-eat meals, or have
food delivered. Even when they venture into the kitchen, they want to prepare a
meal in 15 to 20 minutes, using less than a half dozen ingredients—and those
ingredients are often semiprepared foods, such as canned soups and frozen foods.
Whether decisions based on convenience meet a person’s nutrition needs depends
on the choices made. Eating a banana or a candy bar may be equally convenient,
but the fruit provides more vitamins and minerals and less sugar and fat.

Given the abundance of convenient food options, fewer adults are learning the
cooking skills needed to prepare meals at home, which has its downside. People
who are competent in their cooking skills and frequently eat their meals at home
tend to make healthier food choices.® Not surprisingly, when eating out, consum-
ers often choose low-cost fast-food outlets over more expensive fine-dining res-
taurants. Foods eaten away from home, especially fast-food meals, tend to be high
in nutrients that Americans overconsume (saturated fat and sodium) and low in
nutrients that Americans underconsume (calcium, fiber, and iron)—all of which
can contribute to a variety of health problems.”

Unfortunately, healthful diets that include plenty of fruits, vegetables, fish,
and nuts tend to cost a little more (about $1.50 per person per day more) than
less healthful diets that feature meats, refined grains, and processed foods; also,
milk is more expensive than soda.® Strategies to help consumers improve diet
quality include reducing the price of fruits and vegetables, taxing processed
foods, placing healthy options in strategic locations, and limiting discounts on
less-healthy foods.’

Positive and Negative Associations People tend to like particular foods associ-
ated with happy occasions—such as hot dogs at ball games or cake and ice cream
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at birthday parties. By the same token, people can develop aversions to and dis-
like foods that they ate when they felt sick or that they were forced to eat in nega-
tive situations.'® Similarly, children learn to like and dislike certain foods when
their parents use foods as rewards or punishments. Negative experiences can have
long-lasting influences on food preferences. More than 50 years after World War II,
veterans who had experienced intense combat in the Pacific dislike Asian food
significantly more than their peers who were not engaged in battle or those who
fought elsewhere.

Emotions Emotions guide food choices and eating behaviors.!'! Some people
cannot eat when they are emotionally upset. Others may eat in response to a
variety of emotional stimuli—for example, to relieve boredom or depression or
to calm anxiety. A lonely person may choose to eat rather than to call a friend. A
person who has returned home from an exciting evening out may unwind with
a late-night snack. These people may find emotional comfort, in part, because
foods can influence the brain’s chemistry and the mind’s response. Carbohy-
drates and alcohol, for example, tend to calm, whereas proteins and caffeine are
more likely to stimulate. Eating in response to emotions and stress can easily
lead to overeating and obesity, but it may be helpful at times. For example, shar-
ing food at times of bereavement serves both the giver’s need to provide comfort
and the receiver’s need to be cared for and to interact with others as well as to
take nourishment.

Values Food choices may reflect people’s religious beliefs, political views, or
environmental concerns. For example, some Christians forgo meat on Fridays
during Lent (the period prior to Easter), Jewish law includes an extensive set of
dietary rules that govern the use of foods derived from animals, and Muslims
fast between sunrise and sunset during Ramadan (the ninth month of the Islamic
calendar). Some vegetarians select foods based on their support for animal rights.
A concerned consumer may boycott fruit picked by migrant workers who have
been exploited. People may buy vegetables from local farmers to save the fuel
and environmental costs of foods shipped long distances (see Photo 1-2). They
may also select foods packaged in containers that can be reused or recycled. Some
consumers accept or reject foods that have been irradiated, grown organically, or
genetically modified, depending on their approval of these processes (see Chapter
and Highlight 19 for a complete discussion).

Body Weight and Health Sometimes people select certain foods and supple-
ments that they believe will improve their body weight, health, or allergies and
avoid those they believe might be detrimental. Such decisions can be benefi-
cial when based on nutrition science, but decisions based on fads or carried to
extremes undermine good health, as pointed out in later discussions of eating
disorders (Highlight 8) and dietary supplements commonly used by athletes
(Highlight 14).

Nutrition Finally, of course, many consumers make food choices they believe are
nutritious and healthy. Making healthy food choices 100 years ago was rather
easy; the list of options was relatively short and markets sold mostly fresh, whole
foods. Examples of whole foods include vegetables and legumes; fruits; seafood,
meats, poultry, eggs, nuts, and seeds; milk; and whole grains. Today, tens of thou-
sands of food items fill the shelves of super-grocery stores and most of those items
are processed foods. Whether a processed food is a healthy choice depends, in
part, on how extensively the food was processed. When changes are minimal,
processing can provide an abundant, safe, convenient, affordable, and nutritious
product.!? Examples of minimally processed foods include frozen vegetables, fruit
juices, smoked salmon, cheeses, and breads. The nutritional value diminishes,
however, when changes are extensive, creating ultra-processed foods. Ultra-
processed foods no longer resemble whole foods; they are made from substances

XiXinXing/Shutterstock.com

PHOTO 1-2 To protect the
environment, shop at local markets and
reuse cloth shopping bags. To enhance
your health, keep nutrition in mind
when selecting foods.

whole foods: fresh foods such as vegetables, grains,
legumes, meats, and milk that are unprocessed or minimally
processed.

processed foods: foods that have been intentionally
changed by the addition of substances, or a method of
cooking, preserving, milling, or such.

ultra-processed foods: foods that have been made from
substances that are typically used in food preparation, but not
consumed as foods by themselves (such as oils, fats, flours,
refined starches, and sugars) that undergo further processing
by adding a little, if any, minimally processed foods, salt and
other preservatives, and additives such as flavors and colors.
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PHOTO 1-3 Find pleasure in eating well.
Enjoy foods that meet both your nutrient
needs and dietary preferences.

energy: the capacity to do work. The energy in food is
chemical energy. The body can convert this chemical energy
to mechanical, electrical, or heat energy.

nutrients: chemical substances obtained from food and

used in the body to provide energy, structural materials, and
regulating agents to support growth, maintenance, and repair
of the body's tissues. Nutrients may also reduce the risks of
some diseases.

phytochemicals (FIE-toe-KEM-ih-cals): nonnutrient
compounds found in plants. Some phytochemicals have
biological activity in the body.

e phyto = plant

6 Chapter1 An Overview of Nutrition
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that are typically used in food preparation, but not consumed as foods themselves
(such as oils, fats, flours, refined starches, and sugars). These substances undergo
further processing by adding a little, if any, processed foods, salt and other pre-
servatives, and additives such as flavors and colors. Examples of ultra-processed
foods include soft drinks, corn chips, fruit gummies, chicken nuggets, canned
cheese spreads, and toaster pastries. Notably, these foods cannot be made in a
home kitchen using common grocery ingredients. Dominating the global market,
ultra-processed foods tend to be attractive, tasty, and cheap—as well as high in fat
and sugar.!?> Consumers who want to make healthy food choices will select fewer
ultra-processed foods and more whole foods and minimally processed foods.!*

REVIEW IT Describe how various factors influence personal food choices.

A person selects foods for a variety of reasons. Whatever those reasons may be, food choices
influence health. Individual food selections neither make nor break a diet’s healthfulness, but

the balance of foods selected over time can make an important difference to health."™ For this
reason, people are wise to think “nutrition” when making their food choices.

1.2 The Nutrients

LEARN IT Name the six major classes of nutrients and identify which are organic and
which yield energy.

Biologically speaking, people eat to receive nourishment. Do you ever think of
yourself as a biological being made of carefully arranged atoms, molecules, cells,
tissues, and organs? Are you aware of the activity going on within your body even
as you sit still? The atoms, molecules, and cells of your body continuously move
and change, even though the structures of your tissues and organs and your ex-
ternal appearance remain relatively constant. The ongoing growth, maintenance,
and repair of the body’s tissues depend on the energy and the nutrients received
from foods (see Photo 1-3).

Nutrients in Foods and in the Body Amazingly, our bodies can derive all
the energy, structural materials, and regulating agents we need from the foods we
eat. This section introduces the nutrients that foods deliver and shows how they
participate in the dynamic processes that keep people alive and well.

Nutrient Composition of Foods Chemical analysis of a food such as a tomato
shows that it is composed primarily of water (95 percent). Most of the solid
materials are carbohydrates, lipids (fats), and proteins. If you could remove
these materials, you would find a tiny residue of vitamins, minerals, and other
compounds. Water, carbohydrates (including fibers), lipids, proteins, vitamins,
and some of the minerals found in foods represent the six classes of nutrients—
substances the body uses for the growth, maintenance, and repair of its tissues.

This book focuses mostly on the nutrients, but foods contain other compounds
as well—phytochemicals, pigments, additives, alcohols, and others. Some are
beneficial, some are neutral, and a few are harmful. Later sections of the book
discuss these compounds and their significance.

Nutrient Composition of the Body A chemical analysis of your body would show that
it is made of materials similar to those found in foods (see Figure 1-1). A healthy
150-pound body contains about 90 pounds of water and about 20 to 45 pounds of
fat. The remaining pounds are mostly protein, carbohydrate, and the major minerals
of the bones. Vitamins and other minerals constitute a fraction of a pound.

Chemical Composition of Nutrients The simplest of the nutrients are the minerals.
Each mineral is a chemical element; its atoms are all alike. As a result, its identity
never changes. For example, iron may have different electrical charges, but the in-
dividual iron atoms remain the same when they are in a food, when a person eats
the food, when the iron becomes part of a red blood cell, when the cell is broken
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~ FIGURE1-1 Body Composition of Healthy-Weight Men and Women

The human body is made of compounds similar to those found in foods—mostly water (60 percent) and
some fat (18 to 21 percent for young men, 23 to 26 percent for young women), with carbohydrate, pro-
tein, vitamins, minerals, and other minor constituents making up the remainder. (Chapter 8 describes the
health hazards of too little or too much body fat.)

&

1%

down, and when the iron is lost from the body by excretion. The next simplest nu-
trient is water, a compound made of two elements—hydrogen and oxygen. Miner-
als and water are inorganic nutrients—which means they do not contain carbon.

The other four classes of nutrients (carbohydrates, lipids, proteins, and vita-
mins) are more complex. In addition to hydrogen and oxygen, they all contain
carbon, an element found in all living things; they are therefore called organic
compounds (meaning, literally, “alive”).* This chemical definition of organic dif-
fers from the agricultural definition. As Chapter 19 explains, organic farming
refers to growing crops and raising livestock according to standards set by the
US Department of Agriculture (USDA). Protein and some vitamins also contain
nitrogen and may contain other elements such as sulfur as well.

% Carbohydrate, protein,
vitamins, minerals in the body

% Fat in the body

B0 @3

% Water in the body

© Cengage

Essential Nutrients The body can make some nutrients, but it cannot make all of
them. Also, it makes some in insufficient quantities to meet its needs and, there-
fore, must obtain these nutrients from foods. The nutrients that foods must supply
are essential nutrients. When used to refer to nutrients, the word essential means
more than just “necessary”; it means “needed from outside the body”—normally,
from foods.

The Energy-Yielding Nutrients: Carbohydrate, Fat, and Protein
In the body, three of the organic nutrients can be used to provide energy: carbohy-
drate, fat, and protein. In contrast to these energy-yielding nutrients, vitamins,
minerals, and water do not yield energy in the human body.

Carbohydrate, fat, and protein are sometimes called macronutrients because
the body requires them in relatively large amounts (many grams daily). In con-
trast, vitamins and minerals are micronutrients, required only in small amounts
(milligrams or micrograms daily). Table 1-1 (p. 8) summarizes some of the ways
the six classes of nutrients can be described.

Energy Measured in kCalories The energy released from carbohydrate, fat, and
protein can be measured in calories—tiny units of energy so small that a single
apple provides tens of thousands of them. To ease calculations, energy is expressed
in 1000-calorie metric units known as kilocalories (shortened to kcalories, but

* Note that this definition of organic excludes coal, diamonds, and a few carbon-containing compounds that contain
only a single carbon and no hydrogen, such as carbon dioxide (CO,), calcium carbonate (CaCO,), magnesium
carbonate (MgCO;,), and sodium cyanide (NaCN).

inorganic: not containing carbon or pertaining to living
organisms. The two classes of nutrients that are inorganic are
minerals and water.

e in = not

organic: in chemistry, substances or molecules containing
carbon-carbon bonds or carbon-hydrogen bonds that are
characteristic of living organisms. The four classes of
nutrients that are organic are carbohydrates, lipids (fats),
proteins, and vitamins.

essential nutrients: nutrients a person must obtain

from food because the body cannot make them for itself in
sufficient quantity to meet physiological needs; also called
indispensable nutrients. About 40 nutrients are currently
known to be essential for human beings.

energy-yielding nutrients: the nutrients that break down
to yield energy the body can use:

e carbohydrate

o fat

e protein

calories or kcalories: a measure of heat energy. Energy
provided by foods and beverages is measured in kilocalories
(1000 calories equal 1 kilocalorie), abbreviated kcalories or
keal. One kcalorie is the amount of heat necessary to raise
the temperature of 1 kilogram (kg) of water 1°C. The scientific
use of the term kcalorie is the same as the popular use of the
term calorie.

The Nutrients 7
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TABLE 1-2 kCalorie Values of Energy
Nutrients

Nutrients Energy

Carbohydrate 4 keallg
Fat 9 keal/g
Protein 4 kcal/g

NOTE: Alcohol contributes 7 kcal/g that can be used for energy,
but it is not considered a nutrient because it interferes with the
body’s growth, maintenance, and repair.

energy density: a measure of the energy a food provides
relative to the weight of the food (kcalories per gram).

8 Chapter1 An Overview of Nutrition

© Cengage

TABLE 1-1 The Six Classes of Nutrients

Nutrient Organic Inorganic  Energy-yielding Macronutrient Micronutrient
Carbohydrates v v v

Lipids (fats) v v v

Proteins v v v
Vitamins v v
Minerals v v
Water v

commonly called “calories”). When you read in popular books or magazines that
an apple provides “100 calories,” it actually means 100 kcalories. This book uses
the term kcalorie and its abbreviation kcal throughout, as do other scientific books
and journals. How To 1-1 provides a few tips on “thinking metric.”

Energy from Foods The amount of energy a food provides depends on how much
carbohydrate, fat, and protein it contains. When completely broken down in
the body, a gram of carbohydrate yields about 4 kcalories of energy; a gram of
protein also yields 4 kcalories; and a gram of fat yields 9 kcalories (see Table 1-2).*
How To 1-2 (p. 10) explains how to calculate the energy available from foods.

Because fat provides more energy per gram, it has a greater energy density
than either carbohydrate or protein. Figure 1-2 compares the energy density of
two breakfast options, and later chapters describe how foods with a high energy
density contribute to weight gain, whereas those with a low energy density help
with weight loss.

One other substance contributes energy—alcohol. Alcohol, however, is not
considered a nutrient. Unlike the nutrients, alcohol does not sustain life. In fact, it
interferes with the growth, maintenance, and repair of the body. Its only common

> FIGURE1-2 Energy Density of Two Breakfast Options Compared

Gram for gram, ounce for ounce, and bite for bite, foods with a high energy density deliver more kcalo-
ries than foods with a low energy density. Both of these breakfast options provide 500 kcalories, but
the cereal with milk, fruit salad, scrambled egg, turkey sausage, and toast with jam offers three times
as much food as the doughnuts (based on weight); it has a lower energy density than the doughnuts.
Selecting a variety of foods also helps ensure nutrient adequacy.

Matthew Farruggio

= et e : = = >
LOWER ENERGY DENSITY HIGHER ENERGY DENSITY
This 450-gram breakfast delivers This 144-gram breakfast delivers
500 kealories, for an energy density of 1.1 500 kcalories, for an energy density of 3.5
(500 keal = 450 g = 1.1 keal/g). (500 keal =+ 144 g = 3.5 keal/g).

*For those using kilojoules: 1g carbohydrate = 17kJ; 1 g protein = 17kJ; 1g fat = 37kJ; and 1g alcohol = 29Kk]J.
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T0 1-1 Think Metric

\
Like other scientists, nutrition scientists use milliliters, liters, and grams. This practice scientists and journals report their findings in
metric units of measure. They measure food gives people an opportunity to gradually learn  kilojoules (kJ), many others, particularly those
energy in kilocalories, people’s height in to “think metric.” in the United States, use kcalories (kcal). To
centimeters, people’s weight in kilograms, A person might begin to “think metric” convert energy measures from kcalories to
and the weights of foods and nutrients in by simply observing the measure—nby notic- kilojoules, multiply by 4.2; to convert
grams, milligrams, or micrograms. For ease in ing the amount of soda in a 2-liter bottle, for kilojoules to kcalories, multiply by 0.24.
using these measures, it helps to remember example. Through such experiences, a person  For example, a 50-kcalorie cookie provides
that the prefixes imply 1000. For example, a can become familiar with a measure without 210 kilojoules:
kilogram is 1 rams, a milligram is 1/1 having t ny conversions.
ogra sOOOgg 8. a mirigra S/UO.O a gpdoayco ersions . 50 kcal X 4.2 = 210 kJ
of a gram, and a microgram is 1/1000 of a mil- The international unit for measuring food
ligram (or 1/1,000,000 of a gram). energy is the joule—the amount of energy Appendix H provides math assistance and
Most food labels and many recipes expended when 1 kilogram is moved 1 meter conversion factors for these and other units
provide dual measures, listing both by a force of 1 newton. The joule is thus a of measure.
household measures, such as cups, quarts, measure of work energy, whereas the kcalo-
and teaspoons, and metric measures, suchas  rie is a measure of heat energy. While many
! ‘:" = o
Volume: Liters (L) _—— ‘Q
1L = 1000 milliliters (mL) < £
0.95L = 1 quart . <
1'mL = 0.03 fluid ounces : - 2
240mL =1 cup — £
° .O.a £ f ! =
: P ! liquid is about 240 milliliters; a
A liter of liquid is approximately one US necup ot iguic Y
quart. (Four liters are only about 5 percent half-cup of liquid is about 120 milliliters.
more than a gallon.)
Weight: Grams (g)
1 g = 1000 milligrams (mg)
1g = 0.04 ounce (0z)
10z=28.35g(or30g) E
100g = 3% 0z £
1 kilogram (kg) = 1000 g S 2
1 kg = 2.2 pounds (Ib) 2 =
4549 ="11Ib f 3
Length: Centimeters (cm) g s
1cm=0.39 inches (in.) § £
1in.=2.54cm = &
5
. . . 6 T ) - g
A kilogram is slightly more A half-cup of vegetables weighs about 100 A 5-pound bag of potatoes weighs
than 2 |b1, conversely, a pound grams; one pea weighs about % gram. about 2 kilograms, and a 176-pound
is about %2 kg. person weighs 80 kilograms. The
height of a person 5 feet 10 inches
tall (70 inches) is 178 centimeters.
>TRY IT Convert your body weight from pounds to kilograms and your height from inches to centimeters. )

characteristic with nutrients is that it yields energy (7 kcalories per gram) when

metabolized in the body.

Most foods contain a mixture of the energy-yielding nutrients, vitamins, min-
erals, water, and other substances. For example, meat contains water, fat, vitamins,

The Nutrients 9
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10 Chapter1 An Overview of Nutrition

To calculate the energy available from the 81 fat kcalories by the total

a food, multiply the number of grams of 173 kcalories:
carbohydrate, protein, and fat by 4, 4, and 81 fat keal = 173 total keal = 0.468
9, respectively. Then add the results to- (rounded to 0.47)

gether. For example, 1 slice of bread with 1

tablespoon of peanut butter on it contains 1 1en multiply by 100 to get the

16 grams carbohydrate, 7 grams protein, percentage:
and 9 grams fat: 0.47 X 100 = 47%
16 g carbohydrate X 4 kcal/g = 64 kcal Dietary recommendations that urge people
7 g protein X 4 kcal/g = 28 keal to limit fat intake to 20 to 35 percent of kcal-
9 g fat X 9kcal/g = 81 kcal ories refer to the day’s total energy intake,

Total = 173 keal not to individual foods. Still, if the proportion
of fat in each food choice throughout a day
From this information, you can calculate  exceeds 35 percent of kcalories, then the

the percentage of kcalories each of day’s total surely will, too. Knowing that this
the energy nutrients contributes to the snack provides 47 percent of its kcalories

total. To determine the percentage of from fat alerts a person to the need to make
kcalories from fat, for example, divide lower-fat selections at other times that day.

>TRY IT Calculate the energy available from a bean burrito with cheese
(55 grams carbohydrate, 15 grams protein, and 12 grams fat). Determine the
percentage of kcalories from each of the energy nutrients.

and minerals as well as protein. Bread contains water, a trace of fat, a little protein,
and some vitamins and minerals in addition to its carbohydrate. Only a few foods
are exceptions to this rule, the common ones being sugar (pure carbohydrate) and
oil (essentially pure fat).

Energy in the Body When the body uses carbohydrate, fat, or protein to fuel its
activities, the bonds between the nutrient’s atoms break. As the bonds break, they
release energy. Some of this energy is released as heat, but some is used to send
electrical impulses through the brain and nerves, to synthesize body compounds,
and to move muscles. Thus the energy from food supports every activity from
quiet thought to vigorous sports.

If the body does not use these nutrients to fuel its current activities, it converts
them into storage compounds (such as body fat), to be used between meals and
overnight when fresh energy supplies run low. If more energy is consumed than
expended, the result is an increase in energy stores and weight gain. Similarly, if
less energy is consumed than expended, the result is a decrease in energy stores
and weight loss.

When consumed in excess of energy needs, alcohol, too, can be converted to
body fat and stored. When alcohol contributes a substantial portion of the energy
in a person’s diet, the harm it does far exceeds the problems of excess body fat.
Highlight 7 describes the effects of alcohol on health and nutrition.

Other Roles of Energy-Yielding Nutrients In addition to providing energy, car-
bohydrates, fats, and proteins provide the raw materials for building the body’s
tissues and regulating its many activities. In fact, protein’s role as an energy source
is relatively minor compared with both the other two energy-yielding nutrients and
its other roles. Proteins are found in structures such as the muscles and skin and
help to regulate activities such as digestion and energy metabolism. Chapters 4, 5,
and 6 present a full discussion on carbohydrates, fats, and proteins.
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The Vitamins The vitamins are also organic, but they do not provide energy.
Instead, they facilitate the release of energy from carbohydrate, fat, and protein
and participate in numerous other activities throughout the body.

Each of the 13 vitamins has its own special roles to play.* One vitamin
enables the eyes to see in dim light, another helps protect the lungs from air
pollution, and still another helps make the sex hormones—among other things.
When you cut yourself, one vitamin helps stop the bleeding and another helps
repair the skin. Vitamins busily help replace old red blood cells and the lining
of the digestive tract. Almost every action in the body requires the assistance of
vitamins.

Vitamins can function only if they are intact, but because they are complex
organic molecules, they are vulnerable to destruction by heat, light, and chemi-
cal agents. This is why the body handles them carefully, and why nutrition-wise
cooks do, too. The strategies of cooking vegetables at moderate temperatures for
short times and using small amounts of water help preserve the vitamins.

The Minerals In the body, some minerals are put together in orderly arrays
in such structures as bones and teeth. Minerals are also found in the fluids of the
body, which influences fluid balance and distribution. Whatever their roles, min-
erals do not yield energy.

Only 16 minerals are known to be essential in human nutrition.** Others
are being studied to determine whether they play significant roles in the human
body. Still other minerals, such as lead, are environmental contaminants that
displace the nutrient minerals from their workplaces in the body, disrupting
body functions. The problems caused by contaminant minerals are described in
Chapter 13.

Because minerals are inorganic, they are indestructible and need not be han-
dled with the special care that vitamins require. Minerals can, however, be bound
by substances that interfere with the body’s ability to absorb them. They can also
be lost during food processing or during cooking when they leach into water that
is discarded.

Water water provides the environment in which nearly all the body’s activities
take place. It participates in many metabolic reactions and supplies the medium
for transporting vital materials to cells and carrying waste products away from
them. Water is discussed fully in Chapter 12, but it is mentioned in every chapter
(see Photo 1-4). If you watch for it, you cannot help but be impressed by water’s
participation in all life processes.

REVIEW IT Name the six major classes of nutrients and identify which are
organic and which yield energy.

Foods provide nutrients—substances that support the growth, maintenance, and repair of the
body’s tissues. The six classes of nutrients include:

e (Carbohydrates e \/itamins
e Lipids (fats) e Minerals
e Proteins e Water

Foods rich in the energy-yielding nutrients (carbohydrate, fat, and protein) provide the major
materials for building the body’s tissues and yield energy for the body’s use or storage. Energy
is measured in kcalories—a measure of heat energy. Vitamins, minerals, and water do not
yield energy; instead they facilitate a variety of activities in the body.

*The water-soluble vitamins are vitamin C and the eight B vitamins: thiamin, riboflavin, niacin, vitamins B, and
B,,, folate, biotin, and pantothenic acid (see Chapter 10). The fat-soluble vitamins are vitamins A, D, E, and K (see
Chapter 11).

**The major minerals are calcium, phosphorus, potassium, sodium, chloride, magnesium, and sulfate (see Chapter 12).
The trace minerals are iron, iodine, zinc, chromium, selenium, fluoride, molybdenum, copper, and manganese

(see Chapter 13).

PHOTO 1-4 Water is an essential nutrient
and naturally carries varying amounts of
several minerals.

vitamins: organic, essential nutrients required in small
amounts by the body for health. Vitamins regulate body
processes that support growth and maintain life.

minerals: inorganic elements. Some minerals are essential
nutrients required in small amounts by the body for health.
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genome (GEE-nome): the complete set of genetic material
(DNA) in an organism or a cell. The study of genomes is called
genomics.

nutritional genomics: the science of how nutrients affect
the activities of genes (nutrigenomics) and how genes affect
the activities of nutrients (nutrigenetics).

12 Chapter1 An Overview of Nutrition

Without exaggeration, nutrients provide the physical and metabolic basis for
nearly all that we are and all that we do. The next section introduces the science of
nutrition with emphasis on the research methods scientists have used in uncover-
ing the wonders of nutrition.

1.3 The Science of Nutrition

LEARN IT Explain the scientific method and how scientists use various types of
research studies and methods to acquire nutrition information.

The science of nutrition is the study of the nutrients and other substances in foods
and the body’s handling of them. Its foundation depends on several other sciences,
including biology, biochemistry, and physiology. Nutrition is a relatively young
science, but much has happened in its short life. And it is currently experiencing
a tremendous growth spurt as scientists apply knowledge gained from sequenc-
ing the human genome. The integration of nutrition, genomics, and molecular bi-
ology has opened a whole new world of study called nutritional genomics—the
science of how nutrients affect the activities of genes and how genes affect the in-
teractions between diet and disease. Highlight 6 describes how nutritional genom-
ics is shaping the science of nutrition, and examples of nutrient-gene interactions
appear throughout later chapters.

Conducting Research Consumers sometimes depend on personal experience or
social media to gather information on nutrition. Such a personal account of an experi-
ence or event is known as an anecdote and is not accepted as reliable scientific infor-
mation (see Glossary 1-1 for definitions of research terms). In contrast, researchers use
the scientific method to guide their work (see Figure 1-3). As the figure shows, research
always begins with a problem or a question. For example, “What foods or nutrients
might protect against the common cold?” In search of an answer, scientists make an
educated guess (hypothesis), such as “foods rich in vitamin C reduce the number of
common colds.” Then they systematically conduct research studies to collect data that
will test the hypothesis. Some examples of various types of research designs are pre-
sented in Figure 1-4 (p. 14). Because each type of study has strengths and weaknesses,
some provide stronger evidence than others, as Figure 1-4 explains.

In attempting to discover whether a nutrient relieves symptoms or cures a dis-
ease, researchers deliberately manipulate one variable (for example, the amount
of vitamin C in the diet) and measure any observed changes (perhaps the number
of colds). As much as possible, all other conditions are held constant.

Controls In studies examining the effectiveness of vitamin C, researchers typi-
cally divide the subjects into two groups. One group (the experimental group)
receives a vitamin C supplement, and the other (the control group) does not.
Researchers observe both groups to determine whether one group has fewer,
milder, or shorter colds than the other.

In sorting subjects into two groups, researchers must ensure that each person has
an equal chance of being assigned to either the experimental group or the control
group. This is accomplished by randomization; that is, the subjects are chosen ran-
domly from the same population by flipping a coin or some other method involving
chance. Randomization helps to eliminate bias and ensure that the two groups are
“equal” and that observed differences reflect the treatment and not other factors.!®

Importantly, the two groups of subjects must be similar and must have the
same track record with respect to colds to rule out the possibility that observed
differences in the rate, severity, or duration of colds might have occurred anyway.
If, for example, the control group would normally catch twice as many colds as
the experimental group, then the findings prove nothing.

In experiments involving a nutrient, the diets of both groups must also be
similar, especially with respect to the nutrient being studied. If those in the
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FIGURE1-3 The Scientific Method

Research scientists follow the scientific method. Note that most research generates new questions, not
final answers. Thus, the sequence begins anew, and research continues in a somewhat cyclical way.

OBSERVATION AND QUESTION

Identify a problem to be solved or ask
a specific question to be answered.

HYPOTHESIS AND PREDICTION

Formulate a hypothesis—a tentative

solution to the problem or answer to

the question—and make a prediction
that can be tested.

v

EXPERIMENT

Design a study and conduct the
research to collect relevant data.

RESULTS AND INTERPRETATIONS

Summarize, analyze, and interpret
the data; draw conclusions.

&N

HYPOTHESIS SUPPORTED HYPOTHESIS NOT SUPPORTED
el NEW OBSERVATIONS
Develop a theory that integrates AND QUESTIONS

conclusions with those from
numerous other studies.

GLOSSARY 1-1

RESEARCH TERMS

anecdote: a personal account of an
experience or event; not reliable scientific
information.

blind experiment: an experiment in
which the subjects do not know whether
they are members of the experimental
group or the control group.

control group: a group of individuals
similar in all possible respects to the
experimental group except for the
treatment. Ideally, the control group
receives a placebo while the experimental
group receives a real treatment.

correlation (CORE-ee-LAY-shun):
the simultaneous increase, decrease, or
change in two variables. If A increases

as Bincreases, or if A decreases as B
decreases, the correlation is positive.
(This does not mean that A causes B or
vice versa.) If A increases as B decreases,
or if A decreases as B increases, the
correlation is negative. (This does not
mean that A prevents B or vice versa.)
Some third factor may account for

both A and B.

double-blind experiment: an
experiment in which neither the subjects
nor the researchers know which subjects
are members of the experimental group

and which are serving as control subjects,

until after the experiment is over.

experimental group: a group of
individuals similar in all possible respects
to the control group except for the
treatment. The experimental group
receives the real treatment.

© Cengage

hypothesis (hi-POTH-eh-sis): an
unproven statement that tentatively
explains the relationships between two or
more variables.

peer review: a process in which a
panel of scientists rigorously evaluates
a research study to ensure that the
scientific method was followed.

placebo (pla-SEE-bo): an inert, harmless
medication given to provide comfort and
hope; a sham treatment used in controlled
research studies.

placebo effect: a change that occurs

in response to expectations about the
effectiveness of a treatment that actually
has no pharmaceutical effects.

randomization (RAN-dom-ih-ZAY-shun):
a process of choosing the members

of the experimental and control groups
without bias.

replication (REP-lih-KAY-shun): repeating
an experiment and getting the same results.

subjects: the people or animals
participating in a research project.

theory: a tentative explanation that
integrates many diverse findings to further
the understanding of a defined topic.

validity (va-LID-ih-tee): having the quality
of being founded on fact or evidence.

variables: factors that change. A
variable may depend on another variable
(for example, a child's height depends on
his age), or it may be independent (for
example, a child’s height does not depend
on the color of her eyes). Sometimes both
variables correlate with a third variable (a
child’s height and eye color both depend
on genetics).
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> FIGURE1-4 Examples of Research Designs

EPIDEMIOLOGICAL STUDIES research the incidence, distribution, and control of diseases in a population. Epidemiological studies

include cross-sectional, case-control, and cohort studies.

Strengths: Weaknesses:
e Can narrow down the list of possible causes e Cannot control variables that may influence the development or
e Can raise questions to pursue through other research the prevention of a disease
e Cannot prove cause and effect
CROSS-SECTIONAL STUDIES CASE-CONTROL STUDIES COHORT STUDIES
e
2
2 < [
g g 5
2 = o)
3 ] T
© < - .
Researchers observe how much and what 2 3
kinds of foods a group of people eat and z ]
how healthy those people are. Their findings F
identify factors that might influence the - Blood cholesterol
incidence of a disease in various
populations. Researchers compare pepple who do and Researchers analyze data collected from
do not have a given condition such as a a selected group of people (a cohort) at
Example. Many people in the disease, closely matching them in age, intervals over a certain period of time.
Mediterranean region drink more wine, eat gender, and other key variables so that
more fat from olive oil, and yet have a lower  differences in other factors will stand out. Example. Data collected periodically over the
incidence of heart disease than northern These differences may account for the past several decades from more than 5000
Europeans and North Americans. condition in the group that has it. people randomly selected from the town of
Framingham, Massachusetts, in 1948 have
Example. People with goiter lack iodine revealed that the risk of heart attack
in their diets. increases as blood cholesterol increases.

EXPERIMENTAL STUDIES test cause-and-effect relationships between variables. Experimental studies include laboratory-based
studies—on animals or in test tubes (in vitro)—and human intervention (or clinical) trials.

Strengths: Weaknesses:

e Can control conditions (for the most part) e Cannot apply results from test tubes or animals to human beings

e Can determine effects of a variable e Cannot generalize findings on human beings to all human beings

e Can apply some findings on human beings to some groups of e Cannot use certain treatments for clinical or ethical reasons
human beings

LABORATORY-BASED LABORATORY-BASED HUMAN INTERVENTION

ANIMAL STUDIES IN VITRO STUDIES (OR CLINICAL) TRIALS
~ r Ry ~—-7—*

USDA Agricultural Research Service
David Buffington/Getty Images

Remi Benali/Gamma-Rapho/Getty Images

Researchers feed animals special diets Researchers examine the effects of a Researchers ask people to adopt a new
that provide or omit specific nutrients specific variable on a tissue, cell, or behavior (for example, eat a citrus fruit,
and then observe any changes in health. molecule isolated from a living organism. take a vitamin C supplement, or exercise
Such studies test possible disease daily). These trials help determine the
causes and treatments in a laboratory Example. Laboratory studies find that fish effectiveness of such interventions on the
where conditions can be controlled. oils inhibit the growth and activity of the development or prevention of disease.
bacteria implicated in ulcer formation.
Example. Mice fed a high-fat diet eat Example. Heart disease risk factors
less food than mice given a lower-fat improve when men drink fresh-squeezed
diet, so they receive the same number orange juice daily for 2 months compared
of kcalories—but the mice eating the with those on a diet low in vitamin C—even
high-fat diet become obese. when both groups follow a diet high in

saturated fat.
14 cChapter 1 An Overview of Nutrition
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experimental group are receiving less vitamin C from their usual diet, then any
effects of the supplement may not be apparent.

Sample Size To ensure that chance variation between the two groups does not
influence the results, the groups must be large. For example, if one member of a
group of five catches a bad cold, he will pull the whole group’s average toward bad
colds; but if one member of a group of 500 catches a bad cold, she will not unduly
affect the group average. Statistical methods are used to determine whether differ-
ences between groups of various sizes support a hypothesis.

Placebos If people who take vitamin C for colds believe it will cure them, their
chances of recovery may improve. Taking pills believed to be beneficial may
shorten the duration and lessen the severity of illness regardless of whether the
pills contain active ingredients. This phenomenon, the result of expectations, is
known as the placebo effect. In experiments designed to determine vitamin C’s
effect on colds, this mind-body effect must be rigorously controlled. Severity of
symptoms is often a subjective measure, and people who believe they are receiv-
ing treatment may report less severe symptoms.

One way experimenters control for the placebo effect is to give pills to all
participants. Those in the experimental group, for example, receive pills contain-
ing vitamin C, and those in the control group receive a placebo—pills of similar
appearance and taste containing an inactive ingredient. This way, the expecta-
tions of the two groups will be equal. It is not necessary to convince all subjects
that they are receiving vitamin C, but the extent of belief or nonbelief must be the
same in both groups. A study conducted under these conditions is called a blind
experiment—that is, the subjects do not know (are blind to) whether they are
members of the experimental group (receiving treatment) or the control group
(receiving the placebo).

Double Blind When both the subjects and the researchers do not know which
subjects are in which group, the study is called a double-blind experiment.
Being fallible human beings and having an emotional and sometimes financial
investment in a successful outcome, researchers might record and interpret results
with a bias in the expected direction. To prevent such bias, the pills are coded by a
third party, who does not reveal to the experimenters which subjects are in which
group until all results have been recorded.

Analyzing Research Findings Research findings must be analyzed and
interpreted with an awareness of each study’s limitations. Scientists must be
cautious about drawing any conclusions until they have accumulated a body of
evidence from multiple studies that have used various types of research designs.
As evidence accumulates, scientists begin to develop a theory that integrates the
various findings and explains the complex relationships.

Correlations and Causes Researchers often examine the relationships between
two or more variables—for example, daily vitamin C intake and the number
of colds or the duration and severity of cold symptoms. Importantly, research-
ers must be able to observe, measure, or verify the variables selected. Findings
sometimes suggest no correlation between variables (regardless of the amount
of vitamin C consumed, the number of colds remains the same). Other times,
studies find either a positive correlation (the more vitamin C, the more colds)
or a negative correlation (the more vitamin C, the fewer colds). Notice that in
a positive correlation, both variables change in the same direction, regardless of
whether the direction is “more” or “less”—“the more vitamin C, the more colds” is
a positive correlation, just as is “the less vitamin C, the fewer colds.” In a negative
correlation, the two variables change in opposite directions: “the less vitamin C,
the more colds” or “the more vitamin C, the fewer colds.” Also notice that a posi-
tive correlation does not necessarily reflect a desired outcome, nor does a negative
correlation always reflect an undesirable outcome.

The Science of Nutrition 15
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PHOTO1-5 Knowledge about the nutrients
and their effects on health comes from
scientific studies.

systematic review: a critical and integrative summary of
evidence gathered from multiple selected studies to answer a
specific question and develop a qualitative review.

meta-analysis: an objective and statistical summary of
evidence gathered from multiple selected studies to develop a
quantitative review; often derived from a systematic review.
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Correlational evidence proves only that variables are associated, not that one
is the cause of the other. To actually prove that A causes B, scientists have to find
evidence of the mechanism—that is, an explanation of how A might cause B.

Cautious Conclusions When researchers record and analyze the results of their
experiments, they must exercise caution in their interpretation of the findings.
For example, in an epidemiological study, scientists may use a specific segment
of the population—say, men 18 to 30 years old. When the scientists draw conclu-
sions, they are careful not to generalize the findings to older men or women of
any age. Similarly, animals may provide a suitable model for some human studies
but scientists must be cautious in applying animal findings to human beings.!”
Conclusions from any one research study are always tentative and take into ac-
count findings from studies conducted by other scientists as well. As evidence
accumulates, scientists gain confidence about drawing conclusions and making
recommendations. Even then, their statements are worded cautiously, such as “A
diet high in fruits and vegetables may protect against some cancers.”

Puhlishing Research The findings from a research study are submitted to a
board of reviewers composed of other scientists who rigorously evaluate the study
to ensure that the scientific method was followed—a process known as peer review.
The reviewers critique the study’s hypothesis, methodology, statistical significance,
and conclusions. They also note the funding source, recognizing that financial sup-
port and other conflicts of interest may bias scientific conclusions.'® If the review-
ers consider the conclusions to be well supported by the evidence—that is, if the
research has validity—they endorse the work for publication in a scientific journal
where others can read it. This raises an important point regarding information found
on the Internet: much gets published without the rigorous scrutiny of peer review.
Consequently, readers must assume greater responsibility for examining the data and
conclusions presented. Highlight 1 offers guidance in determining whether Internet
information is reliable. Table 1-3 describes the parts of a typical research article.

Even when a new finding is published or released to the media, it is still only pre-
liminary and not very meaningful by itself. Other scientists will need to confirm or
disprove the findings through replication and reanalysis.!” To be accepted into the
body of nutrition knowledge, findings must stand up to rigorous, repeated testing in
experiments conducted by other researchers. What we “know” in nutrition results
from years of research findings. Communicating the latest finding in its proper con-
text without distorting or oversimplifying the message is a challenge for scientists
and journalists alike.2® For a helpful scientific overview of topics in nutrition, look
for review articles in scholarly journals such as Nutrition Reviews. Reviews may be
either a systematic review, which provides a qualitative summary of the evidence or
a meta-analysis, which provides a quantitative summary.?!

With each report from scientists, the field of nutrition changes a little—each
finding contributes another piece to the whole body of knowledge (see Photo 1-5).
People who know how science works understand that single findings, like single

TABLE 1-3 Parts of a Typical Research Article

Abstract: The abstract provides a brief overview of the article.

Introduction: The introduction clearly states the purpose of the current study and provides a
comprehensive review of the relevant literature.

Methodology: The methodology section defines key terms and describes the study design,
subjects, and procedures used in conducting the study.

Results: The results report the findings and may include tables and figures that summarize
the information.

e Discussion: The discussion draws tentative conclusions that are supported by the data

and reflect the original purpose as stated in the introduction. Usually, it answers a few
questions and raises several more.

References: The references reflect the investigator's knowledge of the subject and should
include an extensive list of relevant studies.
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frames in a movie, are just small parts of a larger story. Over years, nutrition knowl-
edge gradually changes, and dietary recommendations change to reflect the current
understanding of scientific research. Highlight 5 provides a detailed look at how di-
etary fat recommendations have evolved over the past several decades as researchers
have uncovered the relationships between the various kinds of fat and their roles in
supporting or harming health.

REVIEW IT Explain the scientific method and how scientists use various types of
research studies and methods to acquire nutrition information.

Scientists learn about nutrition by conducting experiments that follow the protocol of scientific
research. In designing their studies, researchers randomly assign control and experimental
groups, seek large sample sizes, provide placebos, and remain blind to treatments. Their find-
ings must be reviewed and replicated by other scientists before being accepted as valid.

The characteristics of well-designed research have enabled scientists to study the
actions of nutrients in the body. Such research has laid the foundation for quanti-
fying how much of each nutrient the body needs.

1.4 Dietary Reference Intakes

LEARN IT Define the four categories of the DRI and explain their purposes.

Using the results of thousands of research studies, nutrition experts have pro-
duced a set of standards that define the amounts of energy, nutrients, and other
dietary components that best support health. These recommendations are called
Dietary Reference Intakes (DRI), and they reflect the collaborative efforts of re-
searchers in both the United States and Canada.* The insert of this book provides
a handy reference for DRI values.

Establishing Nutrient Recommendations The DRI Committee consists
of highly qualified scientists who base their estimates of nutrient needs on careful
examination and interpretation of scientific evidence. These recommendations
apply to healthy people and may not be appropriate for people with diseases that
increase or decrease nutrient needs. The next several paragraphs introduce the
four categories of the DRI, explain their purposes, and discuss specific aspects of
how the committee goes about establishing these values:

e Estimated Average Requirements (EAR)

® Recommended Dietary Allowances (RDA)
® Adequate Intakes (Al)

e Tolerable Upper Intake Levels (UL)

Estimated Average Requirements (EAR) The committee reviews hundreds of re-
search studies to determine the requirement for a nutrient—how much is needed
in the diet. The committee selects a specific criterion for each nutrient based on
its roles in supporting various activities in the body and in reducing disease risks.

An examination of all the available data reveals that each person’s body is unique
and has its own set of requirements. Men differ from women, and needs change as
people grow from infancy through old age. For this reason, the committee clusters its
recommendations for people into groups based on gender and age. Even so, the exact
requirements for people of the same gender and age are likely to be different. Person
A might need 40 units of a particular nutrient each day; person B might need 35; and
person C might need 57. Looking at enough people might reveal that their indi-
vidual requirements fall into a symmetrical distribution, with most near the mid-
point and only a few at the extremes (see the left side of Figure 1-5, p. 18). Using this
information, the committee determines an Estimated Average Requirement (EAR)

*The DRI reports are produced by the Food and Nutrition Board, Institute of Medicine of the National Academies,
with active involvement of scientists from the United States and Canada.

Dietary Reference Intakes (DRI): a set of nutrient intake
values for healthy people in the United States and Canada.

These values are used for planning and assessing diets and
include:

e Estimated Average Requirements (EAR)

e Recommended Dietary Allowances (RDA)

e Adequate Intakes (Al)

e Tolerable Upper Intake Levels (UL)

requirement: the lowest continuing intake of a nutrient that
will maintain a specified criterion of adequacy.

Estimated Average Requirement (EAR): the average daily
amount of a nutrient that will maintain a specific biochemical
or physiological function in half the healthy people of a given
age and gender group.

Dietary Reference Intakes 17
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Recommended Dietary Allowance (RDA): the average
daily amount of a nutrient considered adequate to meet the
known nutrient needs of practically all healthy people; a goal
for dietary intake by individuals.

deficient: inadequate; a nutrient amount that fails to

meet the body's needs and eventually results in deficiency
symptoms.

Adequate Intake (Al): the average daily amount of a
nutrient that appears sufficient to maintain a specified
criterion; a value used as a guide for nutrient intake when an
RDA cannot be determined.

18 Chapter1 An Overview of Nutrition

FIGURE1-5 Estimated Average Requirements (EAR) and Recommended Dietary
Allowances (RDA) Compared
Each square in the graphs below represents a person with unique nutritional requirements. (The text dis-
cusses three of these people—A, B, and C.) Some people require only a small amount of nutrient X and
some require a lot. Most people, however, fall somewhere in the middle.
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The Estimated Average Requirement
(EAR) for a nutrient is the amount that
meets the needs of about half of the
population (shown here by the red line).

The Recommended Dietary Allowance
(RDA) for a nutrient (shown here in
green) is set well above the EAR,
meeting the needs of about 98% of the
population.
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for each nutrient—the average amount that appears sufficient for half of the popula-
tion. In Figure 1-5, the EAR is shown as 45 units.

Recommended Dietary Allowances (RDA) Once a nutrient requirement is estab-
lished, the committee must decide what intake to recommend for everybody—the
Recommended Dietary Allowance (RDA). As you can see by the distribution in
Figure 1-5, the EAR (shown in the figure as 45 units) is probably closest to every-
one’s need. If people consumed exactly the average requirement of a given nutrient
each day, however, approximately half of the population would develop deficien-
cies of that nutrient—in Figure 1-5, for example, person C would be among them.
Recommendations are therefore set greater than the EAR to meet the needs of
most healthy people.

Small amounts greater than the daily requirement do no harm, whereas
amounts less than the requirement may lead to health problems. When people’s
nutrient intakes are consistently deficient (less than the requirement), their nutri-
ent stores decline, and over time this decline leads to poor health and deficiency
symptoms. Therefore, to ensure that the nutrient RDA meet the needs of as many
people as possible, the RDA are set near the top end of the range of the popula-
tion’s estimated requirements.

In this example, a reasonable RDA might be 63 units a day (see the right side of
Figure 1-5). Such a point can be calculated mathematically so that the needs of about
98 percent of a population are included. Almost everybody—including person C,
whose needs were more substantial than the average—would consume enough of
the nutrient if they met this dietary goal. Relatively few people’s requirements would
exceed this recommendation, and even then, they wouldn't exceed it by much. No-
tice that Figure 1-5 illustrates how the EAR meets the needs of about half of the pop-
ulation, whereas the RDA meets the needs of about 98 percent of the population.

Adequate Intakes (Al) For some nutrients, such as vitamin K, there is insufficient
scientific evidence to determine an EAR (which is needed to set an RDA). In these
cases, the committee establishes an Adequate Intake (AI) instead of an RDA. An
Al reflects the average amount of a nutrient that a group of healthy people con-
sumes. Like the RDA, the Al may be used as a nutrient intake goal for individuals.

Although both the RDA and the Al serve as nutrient intake goals for individ-
uals, their differences are noteworthy. An RDA for a given nutrient is based on
enough scientific evidence to expect that the needs of almost all healthy people
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FIGURE1-6 Inaccurate versus Accurate View of Nutrient Intakes
The RDA (or Al for a given nutrient represents a point that lies within a range of appropriate and reasonable intakes
between toxicity and deficiency. Both of these recommendations are high enough to provide reserves in times of
short-term dietary inadequacies, but not so high as to approach toxicity. Nutrient intakes above or below this range
may be equally harmful.

Danger

a ﬂ If a person's usual intake regularly falls above
uL the UL, the intake is probably excessive and
the possibility of toxicity likely.

e 9 If a person’s usual intake falls above the RDA,
the intake is probably adequate because the
RDA meets the needs of almost all people.

Intake

RDA (or Al) 0 A usual intake that falls between the RDA and

the EAR is more difficult to assess; the intake

RDA EAR may be adequate, but the chances are
o greater or equal that it is inadequate.
Danger Danger @ 1 a person's usual intake falls below the EAR,

the intake is probably inadequate and the
possibility of deficiency likely.

Inaccurate Accurate
view view
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will be met. An Al, on the other hand, must rely more heavily on scientific judg-
ments because sufficient evidence is lacking. For this reason, Al values are more
tentative than RDA values. The insert (p. A) identifies which nutrients have
an RDA and which have an Al. Later chapters present the RDA and Al values for
vitamins and minerals.

Tolerable Upper Intake Levels (UL) As mentioned earlier, the recommended intakes
for nutrients are generous, yet they may not be sufficient for every individual for ev-
ery nutrient. Nevertheless, it is probably best not to exceed these recommendations
by very much or very often. Individual tolerances for high doses of nutrients vary,
and somewhere greater than the recommended intake is a point beyond which
a nutrient is likely to become toxic. This point is known as the Tolerable Upper
Intake Level (UL). It is naive—and inaccurate—to think of recommendations as
minimum amounts. A more accurate view is to see a person’s nutrient needs as fall-
ing within a range, with marginal and danger zones at each end for intakes that are
either inadequate or excessive (see Figure 1-6).

Paying attention to the UL is particularly useful in guarding against the over-
consumption of nutrients, which may occur when people use large-dose dietary
supplements and fortified foods regularly. Later chapters discuss the dangers as-
sociated with excessively high intakes of vitamins and minerals, and the insert
(p- C) presents tables of the UL for selected nutrients.

Establishing Energy Recommendations 1n contrast to the RDA and Al
values for nutrients, the recommendation for energy is not generous. Excess en-
ergy cannot be readily excreted and is eventually stored as body fat. These reserves
may be beneficial when food is scarce, but they can also lead to obesity and its

associated health consequences. Tolerable Upper Intake Level (UL): the maximum daily

i i amount of a nutrient that appears safe for most healthy
Estimated Energy Requirement (EER) The energy recommendation—called the  people and beyond which there is an increased risk of

Estimated Energy Requirement (EER)—represents the average dietary energy in- adverse health effects.

take (kcalories per day) that will maintain energy balance in a person who has a Es"“‘a_“idkE"t‘;’gV R_e‘:“_"e"‘e"‘ (Fbﬂl‘): the a\(/jeragg E'Etﬁ;]y
. . P . energy Iintake that maintains ener alance and good nea

healthy body weight and level of physical activity. Balance is key to the energy rec- o o g

in a person of a given age, gender, weight, height, and level of
ommendation. Enough food energy is needed to sustain a healthy and active life. physical activity.
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PHOTO1-6 The DRI “alphabet soup” of
nutrient intake standards makes sense when
you learn their purposes.

Acceptable Macronutrient Distribution Ranges
(AMDR): ranges of intakes for the energy nutrients that
provide adequate energy and nutrients and reduce the risk of
chronic diseases.
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Because any amount in excess of energy needs will result in weight gain, no UL for
energy has been determined.

Acceptable Macronutrient Distribution Ranges (AMDR) People don't eat energy
directly; they derive energy from foods containing carbohydrates, fats, and pro-
teins. Each of these three energy-yielding nutrients contributes to the total energy
intake, and those contributions vary in relation to one another. The DRI commit-
tee has determined that the composition of a diet that provides adequate energy
and nutrients and reduces the risk of chronic diseases is:

e 45 to 65 percent kcalories from carbohydrate
e 20 to 35 percent kcalories from fat
® 10 to 35 percent kcalories from protein

These values are known as Acceptable Macronutrient Distribution Ranges
(AMDR). Figure 1-7 illustrates that diets with varying amounts of carbohydrate,
fat, and protein can all fall within the AMDR and when the contribution of any of
the energy nutrients increases or decreases, the contribution of the others shifts
as well.

Using Nutrient Recommendations Although the intent of nutrient rec-
ommendations seems simple, they are the subject of much misunderstanding
and controversy (see Photo 1-6). Perhaps the following facts will help put them in
perspective:

1. Estimates of adequate energy and nutrient intakes apply to healthy people.
They need to be adjusted for malnourished people or those with medical
problems who may require supplemented or restricted dietary intakes.

2. Recommendations are not minimum requirements, nor are they necessarily
optimal intakes for all individuals. Recommendations target most of the
people and cannot account for individual variations in nutrient needs.

3. Most nutrient goals are intended to be met through diets composed of a
variety of foods whenever possible. Excess intakes of vitamins and minerals
are unlikely when they come from foods. Using dietary supplements to meet
nutrient goals raises the risks of toxicity.

FIGURE1-7 Energy Nutrient Contributions to the Total

The three energy nutrients—carbohydrate, fat, and protein—all contribute to the total energy (kcalorie)
intake. Each of these three bars illustrates percentages that fall within the Acceptable Macronutrient
Distribution Ranges (AMDR). Notice that whenever the percentage of any one of them increases or de-
creases, the percentages from the others change as well.
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4. Recommendations apply to average daily intakes. Trying to meet the recom-
mendations for every nutrient every day is difficult and unnecessary. The
length of time over which a person’s intake can deviate from the average
without risk of deficiency or toxicity varies for each nutrient, depending on
how the body uses and stores the nutrient. For most nutrients (such as thia-
min and vitamin C), deprivation would lead to rapid development of defi-
ciency symptoms (within days or weeks); for others (such as vitamin A and
vitamin B,,), deficiencies would develop more slowly (over months or years).

5. Each of the DRI categories serves a unique purpose. For example, the EAR
are most appropriately used to develop and evaluate nutrition programs for
groups such as schoolchildren or military personnel. The RDA (or Al if an
RDA is not available) can be used to set goals for individuals. The UL serve as
a reminder to keep nutrient intakes less than amounts that increase the risk
of toxicity—not a common problem when nutrients derive from foods, but a
real possibility for some nutrients if supplements are used regularly.

With these understandings, professionals can use the DRI for a variety of purposes.??

Comparing Nutrient Recommendations More than 80 nations have
published nutrient standards similar to those used in the United States. Slight
differences may be apparent, reflecting differences both in the interpretation
of the data from which the standards were derived and in the food habits and
physical activities of the populations they serve.

Many countries use the recommendations developed by two international groups:
FAO (Food and Agriculture Organization) and WHO (World Health Organization).
The FAO/WHO nutrient recommendations are considered sufficient to maintain
health in nearly all healthy people worldwide and are provided in Appendix I.

REVIEW IT Define the four categories of the DRI and explain their purposes.

The Dietary Reference Intakes (DRI) are a set of nutrient intake values that can be used to plan
and evaluate diets for healthy people. The Estimated Average Requirement (EAR) defines the
amount of a nutrient that supports a specific function in the body for half of the population. The
Recommended Dietary Allowance (RDA) is based on the Estimated Average Requirement and
establishes a goal for dietary intake that will meet the needs of about 98 percent of the popula-
tion. An Adequate Intake (Al) serves a similar purpose when an RDA cannot be determined. The
Estimated Energy Requirement (EER) defines the average amount of energy intake needed to
maintain energy balance, and the Acceptable Macronutrient Distribution Ranges (AMDR) define the
proportions contributed by carbohydrate, fat, and protein to a healthy diet. The Tolerable Upper
Intake Level (UL) establishes the highest amount that appears safe for regular consumption.

1.5 Nutrition Assessment

LEARN IT Explain how the four assessment methods are used to detect energy and
nutrient deficiencies and excesses.

What happens when a person doesn’t consume enough or consumes too much
of a specific nutrient or energy? If the deficiency or excess is significant over
time, the person experiences symptoms of malnutrition. With a deficiency of
energy, the person may display the symptoms of undernutrition by becoming
extremely thin, losing muscle tissue, and becoming prone to infection and dis-
ease. With a deficiency of a nutrient, the person may experience skin rashes,
depression, hair loss, bleeding gums, muscle spasms, night blindness, or other
symptoms. Similarly, over time, regular intakes in excess of needs may also have
adverse effects. With an excess of energy, the person may become obese and vul-
nerable to diseases associated with overnutrition, such as heart disease and dia-
betes. With a sudden nutrient overdose, the person may experience hot flashes,
yellowing skin, a rapid heart rate, low blood pressure, or other symptoms.
Malnutrition symptoms—such as diarrhea, skin rashes, and fatigue—are easy
to miss because they resemble the symptoms of other diseases. But a person who

malnutrition: any condition caused by excess or deficient
food energy or nutrient intake or by an imbalance of nutrients.

e mal = bad
undernutrition: deficient energy or nutrients.
overnutrition: excess energy or nutrients.

Nutrition Assessment 21
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nutrition assessment: a comprehensive analysis of a
person’s nutrition status that uses health, socioeconomic,
drug, and diet histories; anthropometric measurements;
physical examinations; and laboratory tests.

health history: an account of a client's current and past
health status and disease risks.

drug history: a record of all the drugs, over-the-counter and
prescribed, that a person takes routinely.

diet history: a record of eating behaviors and the foods a
person eats.

anthropometric (AN-throw-poe-MET-rick): relating to
measurement of the physical characteristics of the body, such
as height and weight.

e anthropos = human

e metric = measuring
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has learned how to use assessment techniques to detect malnutrition can identify
when these conditions are caused by poor nutrition and can recommend steps to
correct it. This discussion presents the basics of nutrition assessment; many more
details are offered in later chapters and in Appendix E.

Nutrition Assessment of Individuals To prepare a nutrition assessment,
a trained health-care professional uses:

e Historical information

¢ Anthropometric measurements
¢ Physical examinations

e Laboratory tests

Each of these methods involves collecting data in various ways and interpreting
each finding in relation to the others to create a total picture.??

Historical Information One step in evaluating nutrition status is to obtain informa-
tion about a person’s history with respect to health status, socioeconomic status, drug
use, and diet. The health history reflects a person’s medical record and may reveal a
disease that interferes with the person’s ability to eat or the body’s use of nutrients.
The person’s family history of major diseases is also noteworthy, especially for condi-
tions such as heart disease that have a genetic tendency to run in families. Economic
circumstances may show a financial inability to buy foods or inadequate kitchen fa-
cilities in which to prepare them. Social factors such as marital status, ethnic back-
ground, and educational level also influence food choices and nutrition status. A drug
history, including all prescribed and over-the-counter medications, may highlight
possible interactions that lead to nutrient deficiencies (as described in Highlight 17).
A diet history that examines a person'’s intake of foods, beverages, and dietary sup-
plements may reveal either excess or inadequate intakes of nutrients or energy.

To take a diet history, the assessor collects data about the foods a person eats.
The data may be collected by recording the foods the person has eaten over a
period of 24 hours, 3 days, or a week or more or by asking what foods the person
typically eats and how much of each. The days in the record must be fairly typi-
cal of the person’s diet, and portion sizes must be recorded accurately. To deter-
mine the amounts of nutrients consumed, the assessor usually enters the foods
and their portion sizes into a computer using a diet analysis program. The asses-
sor then compares the calculated nutrient intakes with the DRI to determine the
probability of adequacy. Alternatively, the diet history might be compared against
standards such as the USDA Food Patterns or Dietary Guidelines for Americans
(described in Chapter 2).

An estimate of energy and nutrient intakes from a diet history, when combined
with information from other assessment results, can help confirm or rule out the
possibility of suspected nutrition problems. A sufficient intake of a nutrient does
not guarantee adequacy, and an insufficient intake does not always indicate a de-
ficiency. Such findings, however, warn of possible problems.

Anthropometric Measurements A second technique that may help reveal nutri-
tion problems is taking anthropometric measures such as height and weight. The
assessor compares a person’s measurements with standards specific for gender
and age or with previous measures on the same individual. (Chapter 8 presents in-
formation on body weight and its standards; Chapter 16 and Appendix E include
growth charts for children.)

Measurements taken periodically and compared with previous measurements
reveal patterns and indicate trends in a person’s overall nutrition status, but they
provide little information about specific nutrients. Instead, measurements out of
line with expectations may reveal such problems as growth failure in children,
wasting or swelling of body tissues in adults, and obesity—conditions that may
reflect energy or nutrient deficiencies or excesses.
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Physical Examinations A third nutrition assessment
technique is a physical examination looking for clues to
poor nutrition status. Visual inspection of the hair, eyes,
skin, posture, tongue, and fingernails can provide such
clues (see Photo 1-7). In addition, information gathered
from an interview can help identify physical symptoms.
The examination requires skill because many physical
signs and symptoms reflect more than one nutrient de-
ficiency or toxicity—or even nonnutrition conditions.
Like the other assessment techniques, a physical exami-
nation alone does not yield firm conclusions. Instead,
physical examinations reveal possible imbalances that
must be confirmed by other assessment techniques, or
they confirm results from other assessment measures.

Laboratory Tests A fourth way to detect a developing
deficiency, imbalance, or toxicity is to take samples of
blood or urine, analyze them in the laboratory, and
compare the results with normal values for a similar
population. Laboratory tests are most useful in uncov-
ering early signs of malnutrition before symptoms ap-
pear. In addition, they can confirm suspicions raised by
other assessment methods.

Iron, for Example The mineral iron can be used
to illustrate the stages in the development of a
nutrient deficiency and the assessment tech-
niques useful in detecting them. The overt, or
outward, signs of an iron deficiency appear at
the end of a long sequence of events. Figure 1-8
describes what happens in the body as a nutrient
deficiency progresses and shows which assess-
ment methods can reveal those changes.

First, the body has too little iron—either be-
cause iron is lacking in the person’s diet (a primary
deficiency) or because the person’s body doesn't
absorb enough, excretes too much, or uses iron in-
efficiently (a secondary deficiency). A diet history
provides clues to primary deficiencies; a health his-
tory provides clues to secondary deficiencies.

Next, the body begins to use up its stores of
iron. At this stage, the deficiency might be de-
scribed as a subclinical deficiency. It exists as a
covert condition, and although it might be de-
tected by laboratory tests, outward signs are not
yet apparent.

Finally, the body’s iron stores are exhausted.
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FIGURE1-8 Stages in the Development of a Nutrient Deficiency

Internal changes precede outward signs of deficiencies. Outward signs of sickness,
however, need not appear before a person takes corrective measures. Laboratory tests
can help determine nutrient status in the early stages.

WHAT HAPPENS IN
THE BODY

WHICH ASSESSMENT
METHODS REVEAL CHANGES

Primary deficiency caused by
inadequate diet
or
Secondary deficiency caused
by problem inside the body

y

Declining nutrient stores
(subclinical)
and
Abnormal functions inside the body
(covert)

v

Physical signs and
symptoms (overt)

Diet history

Health history

Laboratory tests

Physical examination and
anthropometric measures

PHOTO 1-7 A peek inside the mouth provides clues to a person’s nutrition
status. An inflamed tongue may indicate a deficiency of one of the B vitamins, and
mottled teeth may reveal fluoride toxicity, for example.

Now, it cannot make enough iron-containing

red blood cells to replace those that are aging and dying. Iron is needed in red
blood cells to carry oxygen to all the body’s tissues. When iron is lacking, fewer
red blood cells are made, the new ones are pale and small, and every part of the
body feels the effects of oxygen shortage. At this point in time, the overt symp-
toms of deficiency appear—weakness, fatigue, pallor, and headaches, reflecting
the iron-deficient state of the blood. A physical examination and interview will

reveal these symptoms.

Nutrition Assessment of Populations To assess a population’s nutri-
tion status, researchers conduct surveys using techniques similar to those used on

overt (0h-VERT): out in the open and easy to observe.
e ouvrir = to open

primary deficiency: a nutrient deficiency caused by
inadequate dietary intake of a nutrient.

secondary deficiency: a nutrient deficiency caused

by something other than an inadequate intake, such as a
disease condition or drug interaction that reduces absorption,
accelerates use, hastens excretion, or destroys the nutrient.

subclinical deficiency: a deficiency in the early stages,
before the outward signs have appeared.

covert (KOH-vert): hidden, as if under covers.
e couvrir = to cover
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PHOTO 1-8 National surveys provide valuable information
about the kinds of foods people eat.

individuals. The data collected are then used by various agencies for nu-
merous purposes, including the development of national health goals.

National Nutrition Surveys National nutrition surveys gather in-
formation about the population’s dietary, nutritional, and related
health status. One survey collects data on the kinds and amounts of
foods people eat.* Another survey examines the people themselves,
using anthropometric measurements, physical examinations, and
laboratory tests.** The data provide valuable information on sev-
eral nutrition-related conditions, such as growth impairments, heart
disease, and nutrient deficiencies. National nutrition surveys often
oversample high-risk groups (low-income families, pregnant women,
adolescents, the elderly, African Americans, and Mexican Americans)
to obtain an accurate estimate of their health and nutrition status.
The resulting wealth of information from the national nutrition
surveys is used for a variety of purposes (see Photo 1-8). For example,

Healthy People: a national public health initiative under the
jurisdiction of the US Department of Health and Human Services
(DHHS) that identifies the most significant preventable threats
to health and focuses efforts to eliminate them.
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Congress uses this information to establish public policy on nutrition
education, food assistance programs, and the regulation of the food supply. Scien-
tists use the information to establish research priorities. The food industry uses these
data to guide decisions in public relations and product development. The Dietary
Reference Intakes and other major reports that examine the relationships between
diet and health depend on information collected from these nutrition surveys. These
data also provide the basis for developing and monitoring national health goals.

National Health Goals The Healthy People program sets priorities and guides
policies that “increase the quality and years of healthy life” and “eliminate health
disparities.” At the start of each decade, the program sets goals for improving the
nation’s health during the next ten years. Nutrition is one of many topic areas,
each with numerous objectives. Appendix J lists the nutrition and weight status
objectives for 2020, as well as nutrition-related objectives from other topic areas.

Progress in meeting the 2020 goals is mixed. The objective to meet physical
activity and muscle-strengthening guidelines has been achieved, but the objective
to eat more fruits and vegetables showed no improvement.?* Trends in overweight
and obesity actually worsened. Clearly, “what we eat in America” must change if
we hope to meet the Healthy People goals.

National Trends What do we eat in America and how has it changed over the past
45 years? The short answer to both questions is “a lot.” We eat more meals away
from home, particularly at fast-food restaurants. We eat larger portions. We drink
more sweetened beverages and eat more energy-dense, nutrient-poor foods such
as candy and chips. We snack frequently. As a result of these dietary habits, our
energy intake has risen and, consequently, so has the incidence of overweight and
obesity. Overweight and obesity, in turn, profoundly influence our health—as the
next section explains.

REVIEW IT Explain how the four assessment methods are used to detect energy
and nutrient deficiencies and excesses.

People become malnourished when they get too little or too much energy or nutrients. Defi-
ciencies, excesses, and imbalances of nutrients lead to malnutrition diseases. To detect malnu-
trition in individuals, health-care professionals use a combination of four nutrition assessment
methods. Reviewing historical information on diet and health may suggest a possible nutri-
tion problem. Laboratory tests may detect a possible nutrition problem in its earliest stages,
whereas anthropometric measurements and physical examinations pick up on the problem

only after it causes symptoms. National surveys use similar assessment methods to measure
people’s food consumption and to evaluate the nutrition status of populations.

*This survey is called What We Eat in America.
**This survey is known as the National Health and Nutrition Examination Survey (NHANES).
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1.6 Diet and Health

LEARN IT Identify several risk factors and explain their relationships to chronic
diseases.

Foods play a vital role in supporting health. Early nutrition research focused on
identifying the nutrients in foods that would prevent such common diseases as
rickets (the vitamin D-deficiency disease) and scurvy (the vitamin C-deficiency
disease). With this knowledge, developed countries have successfully defended
against nutrient deficiency diseases. World hunger and nutrient deficiency dis-
eases still pose a major health threat in developing countries, however, but not
because of a lack of nutrition knowledge (as Chapter 20 explains). More recently,
nutrition research has focused on obesity and chronic diseases associated with
energy and nutrient excesses.?> Chronic diseases are responsible for 7 out of 10
deaths among US adults and account for more than 85 percent of US health care
costs.2¢ Once thought to be “rich countries’ problems,” overconsumption of un-
healthy foods and chronic diseases have escalated worldwide in recent decades.?’

Chronic Diseases Table 1-4 lists the ten leading causes of death in the United
States. These “causes” are stated as if a single condition such as heart disease
caused death, but most chronic diseases arise from multiple factors over many
years. A person who died of heart disease may have been overweight, had high
blood pressure, been a cigarette smoker, and spent years eating a diet high in satu-
rated fat and getting too little exercise.

Of course, not all people who die of heart disease fit this description, nor do all
people with these characteristics die of heart disease. People who are overweight
might die from the complications of diabetes instead, or those who smoke might
die of cancer. They might even die from something totally unrelated to any of
these factors, such as an automobile accident. Still, statistical studies have shown
that certain conditions and behaviors are linked to certain diseases.

Table 1-4 highlights four of the top seven causes of death as having a link
with diet. Notice that these four diseases—heart disease, cancers, strokes, and
diabetes—account for more than half of the deaths each year.

Risk Factors for Chronic Diseases Factors that increase or reduce the risk
of developing chronic diseases can be identified by analyzing statistical data. A
strong association between a risk factor and a disease means that when the factor
is present, the likelihood of developing the disease increases. It does not mean that
all people with the risk factor will develop the disease. Similarly, a lack of risk fac-
tors does not guarantee freedom from a given disease. On the average, though, the
more risk factors in a person’s life, the greater that person’s chances of develop-
ing the disease. Conversely, the fewer risk factors in a person’s life, the better the
chances for good health.

Risk Factors Persist Risk factors tend to persist over time. Without intervention,
a young adult with high blood pressure will most likely continue to have high
blood pressure as an older adult, for example. Thus, to minimize the damage,
early intervention is most effective.

Risk Factors Cluster Risk factors tend to cluster. For example, a person who is
obese may be physically inactive, have high blood pressure, and have high blood
cholesterol—all risk factors associated with heart disease. Multiple risk factors
act synergistically to increase the risk of disease dramatically. Intervention that
focuses on one risk factor often benefits the others as well. For example, physi-
cal activity can help reduce weight. Physical activity and weight loss will, in turn,
help lower blood pressure and blood cholesterol (see Photo 1-9).

Risk Factors in Perspective The most prominent risk factor—contributing to
one of every five deaths each year in the United States—is tobacco use, followed

TABLE 1-4 Leading Causes of Death
in the United States

Percentage of
Total Deaths

1. Heart disease 23.5
2. Cancers 22.5
3. Chronic lung diseases 5.7
4. Accidents 5.0
5. Strokes 5.0
6. Alzheimer's disease 3.3
7. Diabetes mellitus 2.9
8. Pneumonia and influenza 2.2
9. Kidney disease 1.8
10. Suicide 1.6

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

SOURCE: J. Q. Xu and coauthors, Deaths: Final data for 2013,
National Vital Statistics Reports 64 (Hyattsville, MD: National
Center for Health Statistics, 2016).

Jacek Chabraszewski/Shutterstock.com

PHOTO 1-9 Physical activity can be both
fun and beneficial.

risk factor: a condition or behavior associated with an
elevated frequency of a disease but not proved to be
causal. Leading risk factors for chronic diseases include
obesity, cigarette smoking, high blood pressure, high blood
cholesterol, physical inactivity, and a diet high in added fats
and low in vegetables, fruits, and whole grains.
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TABLE 1-5 Factors Contributing to Deaths
in the United States

Percentage
Factors of Deaths
Tobacco 18
Poor diet/inactivity 15
Alcohol 4
Microbial agents 3
Toxic agents 2
Motor vehicles 2
Firearms 1
Sexual behavior <1
lllicit drugs <1

SOURCE: A. H. Mokdad and coauthors, Actual causes of death
in the United States, 2000, Journal of the American Medical
Association 291 (2004): 1238-1245, with corrections from
Journal of the American Medical Association 293 (2005): 298.
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LEARN IT Recognize misinformation and describe how
to identify reliable nutrition information.

Nutrition Information
and Misinformation

How can people distinguish valid nutrition information from misinfor-
mation? One excellent approach is to notice who is providing the in-
formation. The “who” behind the information is not always evident,
though, especially in the world of electronic media. Keep in mind that
peaople create websites on the Internet, just as people write books and
report the news. In all cases, consumers need to determine whether
the person is qualified to provide nutrition information.

This highlight begins by examining the unique potential as well
as the problems of relying on the Internet and the media for nutrition
information. It continues with a discussion of how to identify reliable
nutrition information that applies to all resources, including the Inter-
net and the news. (Glossary H1-1 defines related terms.)

This discussion recognizes that identifying nutrition misinformation
requires more than simply gathering accurate information, although
that is a good start; it requires critical thinking. Critical thinking al-
lows a person who has gathered information to:

Will & Deni Melntyre/Science Source

delivers an abundance of incomplete, misleading, and inaccurate infor-
mation.Z Simply put: anyone can publish anything.

With hundreds of millions of websites, searching for nutrition in-
formation can be an overwhelming experience, with no guarantees
of finding accurate information. When using the Internet, keep in
mind that the quality of health-related information available covers a
broad range. You must evaluate websites for their accuracy, just as
you would any other source. How To H1-1 provides tips for determining
whether a website is reliable.

One of the most trustworthy sites used by scientists and others is
the US National Library of Medicine’s PubMed, which provides free
access to more than 25 million abstracts of research papers published
in scientific journals around the world. Many abstracts provide links to
the full articles. Figure H1-1 (p. 30) introduces this valuable resource.

Did you receive an e-mail warning of the health dangers associ-
ated with reusing or freezing plastic water bottles? If so, you've been

e Understand the connections between concepts

¢ |dentify and evaluate the pros and cons of an argument
e Detect inconsistencies and errors

e Solve problems

¢ |dentify the relevance of information

To that end, the questions at the end of the highlights that follow all
chapters are intended to help develop critical thinking skills.

Nutrition on the Internet

Got a question? The Internet has an answer. Almost 75 percent of
Internet users look online for health information.! The Internet offers
endless opportunities to obtain high-quality information, but it also

GLOSSARY H1-1

to reach an informed conclusion based on

diploma mills: entities without valid
evidence.

public health dietitians: dietitians who

Academy of Nutrition and Dietetics:
the professional organization of dietitians
in the United States; formerly the
American Dietetic Association.

accredited: approved; in the case of
medical centers or universities, certified
by an agency recognized by the US
Department of Education.

certified nutritionist or certified
nutritional consultant or certified
nutrition therapist: a person who has
been granted a document declaring his or
her authority as a nutrition professional.

critical thinking: the mental activity

of rationally and skillfully analyzing,
synthesizing, and evaluating information

dietetic technician: a person who has
completed a minimum of an associate’s
degree from an accredited university

or college and an approved dietetic
technician program that includes a
supervised practice experience. See
also dietetic technician, registered.

dietetic technician, registered
(DTR): a dietetic technician who has
passed a national examination and
maintains registration through continuing
professional education.

dietitian: a person trained in nutrition,
food science, and diet planning. See also
registered dietitian nutritionist.

accreditation that provide worthless
degrees.

DTR: see dietetic technician, registered.

fraudulent: the promotion, for financial
gain, of devices, treatments, services,
plans, or products (including diets and
supplements) that alter or claim to alter a
human condition without proof of safety
or effectiveness.

license to practice: permission under
state or federal law, granted on meeting
specified criteria, to use a certain title
(such as dietitian) and offer certain
services. Licensed dietitians may use the
initials LD after their names.

misinformation: false or misleading
information.

specialize in providing nutrition services
through organized community efforts.

RDN: see registered dietitian nutritionist.

registered dietitian nutritionist
(RDN): a person who has completed a
minimum of a bachelor's degree from

an accredited university or college, has
completed approved course work and

a supervised practice program, has
passed a national examination, and
maintains registration through continuing
professional education; also called
registered dietitian (RD).

registration: listing; with respect

to health professionals, listing with a
professional organization that requires
specific course work, experience, and
passing of an examination.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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 victim of urban scarelore. When nutrition
information arrives in unsolicited e-mails, be
suspicious if:

The person sending it to you didn't
write it and you cannot determine who
did or if that person is a nutrition expert

The phrase “Forward this to everyone
you know" appears

The phrase “This is not a hoax” appears,
because chances are good that it is

The news is sensational and you've never
heard about it from legitimate sources

The language is emphatic and the text
is sprinkled with capitalized words and
exclamation marks

No references are given or, if present, are
of questionable validity when examined

The message has been debunked on
websites such as www.quackwatch
.0rg, WWw.snopes.com, or
www.urbanlegends.about.com

To determine whether a website offers reli-
able nutrition information, ask the following
questions:

o Who? Who is responsible for the site? Is it
staffed by qualified professionals? Look for
the authors’ names and credentials. Have
experts reviewed the content for accuracy?

o When? When was the site last updated?
Because nutrition is an ever-changing sci-
ence, sites need to be dated and updated
frequently.

o Where? Where is the information coming
from? The three letters following the dot
in a Web address identify the site’s affili-
ation. Addresses ending in “gov” (govern-
ment), “edu” (educational institute), and
“org” (organization) generally provide
reliable information; “com” (commercial)
sites represent businesses and, depending
on their qualifications and integrity, may or
may not offer dependable information.

o Why? Why is the site giving you this
information? Is the site providing a public
service or selling a product? Many com-
mercial sites provide accurate information,
but some do not. When money is the prime
motivation, be aware that the information
may be biased.

If you are satisfied with the answers to all
of the previous questions, then ask this final
question:

o What? What is the message, and is
itin line with other reliable sources?
Information that contradicts common
knowledge should be questioned. Many
reliable sites provide links to other sites
to facilitate your quest for knowledge,
but this provision alone does not guaran-
tee a reputable intention. Be aware that
any site can link to any other site without
permission.

Nutrition in the News

Consumers get much of their nutrition infor-

> TRY IT Visit a nutrition website and answer the five “W" questions to
determine whether it is a reliable resource.

/

mation from Internet websites, television

programs, and magazine articles, which have heightened awareness
of how diet influences the development of diseases. Consumers ben-
efit from news coverage of nutrition when they learn to make lifestyle
changes that will improve their health. Sometimes, however, popular
reports mislead consumers and create confusion. They often tell a
lopsided story quickly instead of presenting the integrated results of
research studies or a balance of expert opinions.

Tight deadlines and limited understanding sometimes make it difficult
to provide a thorough report. Hungry for the latest news, the media of-
ten report scientific findings quickly and prematurely—uwithout benefit
of careful interpretation, replication, or peer review. Biases influence
choices and perspectives.? Usually, the reports present findings from a
single, recently released study, making the news current and controver-
sial. Consequently, the public receives diet and health news fast, but not
always in perspective. Reporters may twist inconclusive findings into
“meaningful discoveries” when pressured to write catchy headlines and
sensational stories.

As a result “surprising new findings” sometimes seem to contradict
one another, and consumers may feel frustrated and betrayed. Occa-
sionally, the reports are downright false, but more often the apparent
contradictions are simply the normal result of science at work. A single
study contributes to the big picture, but when viewed alone, it can eas-
ily distort the image. To be meaningful the conclusions of any study

must be presented cautiously within the context of other research
findings.

Televised talk shows frequently offer health advice—most com-
monly, dietary advice. Such advice may sound valid, especially when
delivered by a doctor, but viewers need to remember that the primary
purpose of these programs is entertainment. One study examining 160
episodes of two popular medical talk shows found that fewer than half
of the recommendations were based on evidence.

Fitness magazines and Internet websites are particularly trouble-
some because many of them present both valid and invalid nutrition
information along with slick advertisements for nutrition products.
Advertisements often feature colorful anatomical figures, graphs, and
tables that appear scientific. Some ads even include references, citing
or linking to such credible sources as the American Journal of Clinical
Nutrition and the Journal of the American Medical Association. These
ads create the illusion of endorsement and credibility. Keep in mind,
however, that ads are created to sell products, not to teach. A careful
reading of the cited research might reveal that the ads have exagger-
ated the significance of the findings or presented them out of context.
For example, an ad might claim that its dietary supplement increases
lean body mass, when in fact, the researchers concluded that “supple-
ment use is not justified.”

Nutrition in the News 29
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FIGURE H1-1 PubMed: Internet Resource for Scientific
Nutrition References

The US National Library of Medicine’s PubMed website (www.ncbi.nim.nih.gov/pubmed)

provide adequate nutrition care.® Often they wisely refer cli-
ents to a qualified nutrition expert—a registered dietitian
nutritionist (RDN).

offers tutorials to help beginners use the search system effectively. Often, simply visiting the

site, typing a query in the “Search for” box, and clicking “Go” will yield satisfactory results.
For example, to find research concerning calcium and bone health, typing “calcium

bone” yields more than 55,000 results. Try setting limits on publication dates, types of

articles, languages, and other criteria to obtain a more manageable number of abstracts and

articles to peruse.

Type search

Registered Dietitian Nutritionist (RDN)

A registered dietitian nutritionist (RDN) has the educational
background and clinical experience necessary to deliver reli-
able nutrition advice and care.® To become an RDN, a per-
son must earn a degree from an accredited school based
on course work that typically includes food and nutrition
sciences, foodservice systems management, business,
economics, computer science, sociology, biochemistry,
physiology, microbiology, and chemistry; complete an ac-
credited and supervised practice program; pass a national
examination administered by the Academy of Nutrition

1OrMS NEre  yungmases Pubted Tose o osorrn and Dietetics; and maintain registration by participating
%ﬂh — :;“gm in required continuing education activities.
s e pr—— Many states provide a further guarantee: a state regis-
s e tration, certification, or license to practice. In this way,
e P S oty S states identify people who have met minimal standards of
Use tutorial — SR S et education and experience. Still, these state standards may
;SSC\’AL/’;BS to f::nm-«w« m«amwamm ;M*:mr“m'rm £ fall short of those defining an RDN. Similarly, some alterna-
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utritionist, certified nutritional consultant, or certi-

n
ied nutrition therapist—terms that sound authoritative
but lack the credentials of an RDN.
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Identifying Nutrition Experts

Regardless of whether the source is electronic, print, or video, con-
sumers need to ask whether the person behind the information is
qualified to speak on nutrition. If the creator of an Internet website
recommends eating three pineapples a day to lose weight, a trainer at
the gym praises a high-protein diet, or a health-food store clerk sug-
gests an herbal supplement, should you believe these people? Can
you distinguish between accurate news reports and infomercials on
television? Have you noticed that many televised nutrition messages
are presented by celebrities, athletes, psychologists, food editors, and
chefs—that is, almost anyone except a dietitian? When you are con-
fused or need sound dietary advice, whom should you ask?

Physicians and Other Health-Care
Professionals

Many people turn to physicians or other health-care professionals for
dietary advice, expecting them to know about all health-related mat-
ters. But are they the best sources of accurate and current information
on nutrition?

Most physicians and other health-care professionals appreciate
the connections between health and nutrition. Those who have spe-
cialized in clinical nutrition are especially well qualified to speak on
the subject. Few, however, have the education, time, or experience to

30 Highlight 1

Courtesy of U.S. National Library of Medic!

Dietitians perform a multitude of duties in many settings
in most communities.” They work in the food industry, pharma-
ceutical companies, home health agencies, long-term care in-
stitutions, private practice, public health departments, research centers,
education settings, fitness centers, and hospitals. Depending on their
work settings, dietitians can assume a number of different job respon-
sibilities and positions. In the food industry, dietitians conduct research,
develop products, and market services. In hospitals, administrative di-
etitians manage the foodservice system; clinical dietitians provide client
care; and nutrition support team dietitians coordinate nutrition care with
other health-care professionals. Recent rulings now allow qualified dieti-
tians to order therapeutic diets and nutrition-related lab tests without the
supervision or approval of a physician, thus improving the nutritional diag-
nosis and treatment plans of hospitalized patients.?

Public health dietitians who work in government-funded agen-
cies such as health departments or clinics play a key role in deliver-
ing nutrition services to people in the community. Among their many
roles, public health dietitians help plan, coordinate, and evaluate food
assistance programs; act as consultants to other agencies; manage fi-
nances; and much more.

Dietetic Technician, Registered (DTR)

In some facilities, a dietetic technician assists an RDN in both ad-
ministrative and clinical responsibilities. A dietetic technician has been
educated and trained to work under the guidance of an RDN; upon
passing a national examination, the title changes to dietetic techni-
cian, registered (DTR).
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Other Dietary Employees

In addition to the dietetic technician, other dietary employees may in-
clude clerks, aides, cooks, porters, and assistants. These dietary em-
ployees do not have extensive formal training in nutrition, and their
ability to provide accurate information may be limited.

Identifying Fake Credentials

In contrast to an RDN, thousands of people obtain fake nutrition de-
grees and claim to be nutrition consultants or doctors of “nutrimedi-
cine.” These and other such titles may sound meaningful, but most of
these people lack the established credentials and training of an RDN. If
you look closely, you can see signs of their fake expertise.

Consider educational background, for example. The minimum stan-
dards of education for an RDN specify a degree in food science and
human nutrition or related fields from an accredited college or univer-
sity.* Unfortunately, fake nutrition degrees are available from schools
“accredited” by phony accrediting agencies. Acquiring false degrees and
credentials is especially easy today, with diploma mills and fraudu-
lent businesses operating via the Internet.

Knowing the qualifications of someone who provides nutrition in-
formation can help you determine whether that person’s advice might
be harmful or helpful. Don't be afraid to ask for credentials. Table H1-1
lists credible sources of nutrition information.

Red Flags of Nutrition Quackery

Figure H1-2 (p. 32) features eight red flags consumers can use to
identify nutrition misinformation. Sales of unproven and dangerous
products have always been a concern, but the Internet now provides
merchants with an easy and inexpensive way to reach millions of
customers around the world. Because of the difficulty in regulating
the Internet, fraudulent and illegal sales of medical products have hit
a bonanza. As is the case with the air, no one owns the Internet, and
similarly, no one has control over the pollution. Countries have dif-
ferent laws regarding sales of drugs, dietary supplements, and other
health products, but applying these laws to the Internet marketplace
is almost impossible. Even if illegal activities could be defined and
identified, finding the person responsible for a particular website is
not always possible. Websites can appear and disappear in a blink
of a cursor. Now, more than ever, consumers must heed the caution
“Buyer beware.”

In summary, when you hear nutrition news, consider its source. Ask
yourself these two questions: Is the person providing the information
qualified to speak on nutrition? Is the information based on valid sci-
entific research? If not, find a better source. After all, your health de-
pends on it.

TABLE H1-1 Credible Sources of Nutrition Information

Government agencies, volunteer associations, consumer groups, and professional organizations provide consumers with reliable health and

nutrition information. Credible sources of nutrition information include:

o Nutrition and food science departments at a university or community
college

e Local agencies such as the health department or County Cooperative
Extension Service

e Government resources such as:

Centers for Disease Control and
Prevention (CDC)

Department of Agriculture (USDA)

Department of Health and Human
Services (DHHS)

Dietary Guidelines for
Americans

Food and Drug Administration (FDA)

Health Canada

Healthy People

Let's Move!

MyPlate

National Institutes of Health

Physical Activity Guidelines for
Americans

www.cdc.gov

www.usda.gov
www.hhs.gov

fnic.nal.usda.gov
/dietary-guidance
www.fda.gov

www.healthypeople.gov
www.letsmove.gov
www.choosemyplate.gov
www.nih.gov

e \olunteer health agencies such as:
American Cancer Society
American Diabetes Association
American Heart Association

www.cancer.org
www.diabetes.org

www.hc-sc.ge.ca/index-eng.php

www.health.gov/paguidelines

www.heart.org/HEARTORG

e Reputable consumer groups such as:
American Council on Science and
Health
International Food Information Council

www.acsh.org

www.foodinsight.org

e Professional health organizations such as:
Academy of Nutrition and Dietetics
American Medical Association
Dietitians of Canada

www.eatright.org
Www.ama-assn.org
www.dietitians.ca

e Journals such as:
American Journal of Clinical Nutrition
Journal of the Academy of Nutrition
and Dietetics
New England Journal of Medicine
Nutrition Reviews

ajcn.nutrition.org
www.andjrnl.org

www.nejm.org
www.ilsi.org

© Cengage

*To ensure the quality and continued improvement of nutrition and dietetics education programs, an agency of the Academy of Nutrition and Dietetics known as the Accreditation Council for Educa-
tion in Nutrition and Dietetics (ACEND) establishes and enforces eligibility requirements and accreditation standards for programs preparing students for careers as registered dietitian nutritionists or

dietetics technicians. Programs meeting those standards are accredited by ACEND.
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> FIGURE H1-2 Red Flags of Nutrition Quackery
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CRITICAL THINKING QUESTIONS

A. How would you judge the accuracy or validity of nutrition information?

B. You have just received a forwarded e-mail from a friend warning that the
artificial sweetener aspartame is a TOXIN that causes muscle spasms, leg
numbness, stomach cramps, vertigo, dizziness, headaches, tinnitus, joint pain,
depression, anxiety, slurred speech, blurred vision, and memory loss. It goes
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on to say that this DEADLY POISON causes blindness, multiple sclerosis, brain
tumors, and cancer! The message alleges that aspartame remains on the
market because of a conspiracy between the FDA and the manufacturer to
keep these dangers hidden from the public. How can you determine whether
these claims are legitimate warnings or an irresponsible hoax?

5. P. M. Kris-Etherton and coauthors, Introduction to nutrition education in

training medical and other health care professionals, American Journal of
Clinical Nutrition 99 (2014): 1151S-11528.
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principles can be used to plan a healthy diet.
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Nutrition in Your Life

You make food choices—deciding what to eat and how much to eat—more than
1000 times every year. We eat so frequently that it’s easy to choose a meal with-
out giving any thought to its nutrient contributions or health consequences.
Even when we want to make healthy choices, we may not know which foods to
select or how much to consume. With a few tools and tips, you can learn to plan
a healthy diet. As you read this chapter, consider how your current diet compares
with a healthy eating plan.

Chapter 1 explained that the nutrients delivered by the foods people eat support the
body’s many activities. Food choices made over years and decades influence the body’s
health, and consistently poor choices increase the risks of developing chronic diseases.
Stated positively, optimal nourishment supports a robust life of vigorous activity and good
health. This chapter shows how a person can select from the tens of thousands of avail-
able foods to create a nutritionally balanced diet that meets the body’s nutrient and en-
ergy needs. Fortunately, most foods provide several nutrients, so one trick for wise diet
planning is to select a combination of foods that deliver a full array of nutrients.

This chapter begins by introducing the diet-planning principles and dietary guidelines
that promote good health and reduce disease risks. It continues by showing how people
can use diet-planning guides to create eating patterns that will deliver sufficient nutrients
without excess energy (kcalories). Learning how to read food labels eases the task of
making healthy selections at the market.

2.1 Principles and Guidelines

LEARN IT Explain how each of the diet-planning principles can be used
to plan a healthy diet.

How well you nourish yourself does not depend on the selection
of any one food (see Photo 2-1). Instead, it depends on the over-
all eating pattern—the combination of many different foods and
beverages at numerous meals over days, months, and years.! Diet-
planning principles and dietary guidelines are key concepts to keep
in mind whenever you are selecting foods—whether shopping at
the grocery store, choosing from a restaurant menu, or preparing a
home-cooked meal.

Diet-PIanning Principles Diet planners have developed sev-
eral ways to select foods. Whatever plan or combination of plans they
use, though, they keep in mind these basic diet-planning principles:

e Adequacy §

e Balance £

* KkCalorie (energy) control >PHOTO 2-1 To ensure an adequate and balanced diet,

® Nutrient density eat a variety of foods daily, choosing different foods from

® Moderation each group.

® Variety

Adequacy Adequacy reflects a diet that provides sufficient energy and enough
of all the nutrients to meet the needs of healthy people. Take the essential nutri-
ent iron, for example. Because the body loses some iron each day, people have to
replace it by eating foods that contain iron. A person whose diet fails to provide

eating pattern: customary quantities, proportions, and
frequencies of consuming various foods and beverages
over time.

adequacy (dietary): providing all the essential nutrients,
fiber, and energy in amounts sufficient to maintain health.

Principles and Guidelines 35
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balance (dietary): providing foods in proportion to one
another and in proportion to the body’s needs.

kealorie (energy) control: management of food energy
intake.

nutrient density: a measure of the nutrients a food provides
relative to the energy it provides. The more nutrients and the
fewer kcalories, the higher the nutrient density.

empty-kcalorie foods: a popular term used to denote
foods that contribute energy but lack protein, vitamins, and
minerals.

nutrient profiling: ranking foods based on their nutrient
composition.

36 Chapter2 Planning a Healthy Diet

enough iron-rich foods may develop the symptoms of iron-deficiency anemia: the
person may feel weak, tired, and listless; have frequent headaches; and find that
even the smallest amount of muscular work brings disabling fatigue. To prevent
these deficiency symptoms, a person must include foods that supply adequate
iron. The same is true for all the other essential nutrients introduced in Chapter 1.

Balance Balance in the diet helps to ensure adequacy. The art of balancing the
diet involves consuming enough—but not too much—of different types of foods
in proportion to one another. In a balanced diet, foods rich in some nutrients do
not crowd out foods that are rich in other nutrients. The essential minerals cal-
cium and iron, taken together, illustrate the importance of dietary balance. Meat
is rich in iron but poor in calcium. Conversely, milk is rich in calcium but poor in
iron. Eat some meat for iron; drink some milk for calcium; and be sure to include
other foods, too, because a diet consisting of milk and meat alone would not be
adequate. For the other nutrients, people need to eat other protein foods, whole
grains, vegetables, and fruits.

kCalorie (Energy) Control Designing an adequate diet within a reasonable kcal-
orie allowance requires careful planning. Once again, balance plays a key role.
The amount of energy coming into the body from foods should balance with the
amount of energy being used by the body to sustain its metabolic and physical ac-
tivities. Upsetting this balance leads to gains or losses in body weight. The discus-
sion of energy balance and weight control in Chapters 8 and 9 examines this issue
in more detail, but one key to kcalorie control is to select foods of high nutrient
density.

Nutrient Density Nutrient density promotes adequacy and kcalorie control. To
eat well without overeating, select nutrient-dense foods—that is, foods that de-
liver the most nutrients for the least food energy.? Consider foods containing
calcium, for example. You can get about 300 milligrams of calcium from either
1%2 ounces of cheddar cheese or 1 cup of fat-free milk, but the cheese delivers
about twice as much food energy (kcalories) as the milk. The fat-free milk, then, is
twice as calcium-dense as the cheddar cheese; it offers the same amount of calcium
for half the kcalories. Both foods are excellent choices for adequacy’s sake alone,
but to achieve adequacy while controlling kcalories, the fat-free milk is the better
choice. (Alternatively, a person could select a low-fat cheddar cheese with kcal-
ories comparable to fat-free milk.) How To 2-1 describes how to compare foods
based on nutrient density.

Just as a financially responsible person pays for rent, food, clothes, and tuition
on a limited budget, healthy people obtain iron, calcium, and all the other essen-
tial nutrients on a limited energy (kcalorie) allowance. Success depends on get-
ting many nutrients for each kcalorie “dollar.” As Figure 2-1 illustrates, a breakfast
of cereal, fruit, egg, and sausage delivers many more nutrients than a couple of
doughnuts—even though they both provide about the same number of kcalories.
A person who makes nutrient-dense choices can meet daily nutrient needs on a
lower energy budget. Such choices support good health.

Foods that are notably low in nutrient density—such as potato chips, candy,
and colas—are called empty-kcalorie foods. The kcalories these foods provide are
called “empty” because they deliver a lot of energy (from added sugars, solid fats,
or both) but little, or no, protein, vitamins, or minerals.

The concept of nutrient density is relatively simple when examining the con-
tributions of one nutrient to a food or diet. With respect to calcium, milk ranks
high and meats rank low. With respect to iron, meats rank high and milk ranks
low. But it is a more complex task to answer the question, which food is more
nutritious? To answer that question, we need to consider several nutrients—
including both nutrients to encourage as well as those to limit. Ranking foods
based on their overall nutrient composition is known as nutrient profiling.
Researchers have yet to determine the best system to rate foods based on nutrient
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One way to evaluate foods is simply to
notice their nutrient contribution per
serving: 1 cup of milk provides about
300 milligrams of calcium, and %2 cup
of fresh, cooked turnip greens provides
about 100 milligrams. Thus a serving of

milk offers three times as much calcium as
a serving of turnip greens. To get 300 mil-
ligrams of calcium, a person could choose

either 1 cup of milk or 1% cups of turnip
greens.

Another valuable way to evaluate foods
is to consider their nutrient density—their

nutrient contribution per kcalorie. Fat-fre
milk delivers about 85 kcalories with its
300 milligrams of calcium. To calculate

e

the nutrient density, divide milligrams by
kcalories:

300 mg calcium
85 keal

Do the same for the fresh turnip greens, which
provide 15 kcalories with the 100 milligrams of
calcium:

= 3.5 mg per kcal

100 mg calcium
15 keal

The more milligrams per kcalorie, the
greater the nutrient density. Turnip greens are
more calcium-dense than milk. They provide
more calcium per kcalorie than milk, but milk
offers more calcium per serving. Both ap-
proaches offer valuable information, especially

= 6.7 mg per kcal

when combined with a realistic appraisal.
What matters most is which are you more
likely to consume—1%; cups of turnip greens
or 1 cup of milk? You can get 300 milligrams of
calcium from either, but the greens will save
you about 40 kcalories (the savings would be
even greater if you usually use whole milk).

Keep in mind, too, that calcium is only
one of the many nutrients that foods provide.
Similar calculations for protein, for example,
would show that fat-free milk provides more
protein both per kcalorie and per serving
than turnip greens—that is, milk is more
protein-dense. Combining variety with nutri-
ent density helps ensure the adequacy of all
nutrients.

>TRY IT Compare the thiamin density of 3 ounces of lean T-bone steak (174 kcalories, 0.09 milligrams thiamin) with %2 cup of fresh

cooked broccoli (27 kcalories, 0.05 milligrams thiamin).

/

profiling, but when they do, nutrient profiling will be most helpful in identifing

nutritious foods and planning healthy diets.3

Moderation Moderation contributes to adequacy, balance, and kcalorie control.
Foods rich in solid fats and added sugars often provide some enjoyment and lots
of energy (kcalories) but relatively few nutrients; in addition, they promote weight
gain when eaten in excess. A person practicing moderation eats such foods only on
occasion and regularly selects foods low in solid fats and added sugars, a practice
that automatically improves nutrient density. Returning to the example of cheddar
cheese versus fat-free milk, the fat-free milk not only offers the same amount of
calcium for less energy, but it also contains much less saturated fat than the cheese.

~ FIGURE 2-1

Nutrient Density of Two Breakfast Options Compared

moderation (dietary): providing enough but not too much of
a substance.

solid fats: fats that are not usually liquid at room
temperature; commonly found in most foods derived from
animals and vegetable oils that have been hydrogenated.
Solid fats typically contain more saturated and trans fats than
most oils (Chapter 5 provides more details).

added sugars: sugars and other kcaloric sweeteners that are
added to foods during processing, preparation, or at the table.
Added sugars do not include the naturally occurring sugars
found in fruits and milk products.

Chapter 1 presented these two breakfasts to illustrate energy density—that for the same number of kcalories, the breakfast on the left delivered less energy per
gram of food, which benefits weight management. These two breakfasts also illustrate nutrient density—that for the same number of kcalories, the breakfast on the

left delivers more nutrients per kcalorie.
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Variety Variety improves nutrient adequacy. A diet may have all of the virtues
just described and still lack variety, if a person eats the same foods day after day.
People should select foods from each of the food groups daily and vary their
choices within each food group from day to day for several reasons. First, dif-
ferent foods within the same group contain different arrays of nutrients. Among
the fruits, for example, strawberries are especially rich in vitamin C while apri-
cots are rich in vitamin A. Second, no food is guaranteed to be entirely free of
substances that, in excess, could be harmful. The strawberries might contain
trace amounts of one contaminant, the apricots another. By alternating fruit
choices, a person will ingest very little of either contaminant. (Contamination
of foods is discussed in Chapter 19.) Third, as the adage goes, variety is the spice
of life. A person who eats beans frequently can enjoy pinto beans in Mexican
burritos today, garbanzo beans in a Greek salad tomorrow, and baked beans
with barbecued chicken on the weekend. Eating nutritious meals need never
be boring.

Dietary Guidelines for Americans What should a person eat to stay
healthy? The answers can be found in the Dietary Guidelines for Americans, an ev-
idence-based document used to develop federal food, nutrition, and health poli-
cies and programs. These guidelines help translate the nutrient recommendations
of the DRI (presented in Chapter 1) into food recommendations.

By law, the Dietary Guidelines for Americans are reviewed and revised as needed
every 5 years. Each edition shares some similarities with previous editions but
also sets precedent in new ways. Perhaps most noteworthy to the current edition
is the focus on eating patterns—the foods and beverages a person consumes over
time. The 2015-2020 Dietary Guidelines for Americans recognize that “healthy eat-
ing patterns and regular physical activity can help people achieve and maintain
good health and reduce the risk of chronic disease throughout all stages of the
lifespan.™

Table 2-1 presents the current guidelines and key recommendations. The
first guideline encourages a healthy eating pattern at an appropriate kcalorie
level to support adequate nutrition, good health, and a healthy body weight
throughout life. The second guideline notes that
a focus on variety, nutrient density, and amounts
help a person meet nutrient needs within kcalo-
rie limits. The third guideline advises people
to limit their intake of added sugars, saturated
fats, sodium, and alcoholic beverages (for adults
of legal age who partake). The fourth guideline
recognizes that people will need to make shifts
in their food and beverage choices to achieve
a healthy eating pattern. And finally, the fifth
guideline acknowledges that all segments of our
society have a role to play in supporting healthy
choices. These guidelines are accompanied by
key recommendations that provide tips on how
individuals can establish healthy eating patterns
by specifying which foods and food compo-
nents to include and which to limit; these key
recommendations, along with additional rec-
ommendations for specific population groups,
> PHOTO 2-2 The Dietary Guidelines encourage Americans to increase the appear throughout the text as their subjects are
energy (kcalories) they expend through physical activity. discussed.

nullplus/Shutterstock.com

Note that the key recommendations also include

encouragement to meet the Physical Activity Guidelines for Americans.> Some people

variety (dietary): eating a wide selection of foods within might wopder why dietr.lry recommendations refer.to physical activity (see. Photo
and among the major food groups. 2-2). The simple answer is that most people who maintain a healthy body weight do
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TABLE 2-1 2015-2020 Dietary Guidelines for Americans: The Guidelines and Key Recommendations

The Guidelines

The following guidelines “encourage healthy eating patterns, recognize that individuals will need to make shifts in their food and beverage choices to
achieve a healthy pattern, and acknowledge that all segments of our society have a role to play in supporting healthy choices.”

1. Follow a healthy eating pattern across the lifespan. All food and beverage choices matter. Choose a healthy eating pattern at an appropri-
ate kcalorie level to help achieve and maintain a healthy body weight, support nutrient adequacy, and reduce the risk of chronic disease.

2. Focus on variety, nutrient density, and amount. To meet nutrient needs within kcalorie limits, choose a variety of nutrient-dense foods
across and within all food groups in recommended amounts.

3. Limit kcalories from added sugars and saturated fats and reduce sodium intake. Adopt an eating pattern low in added sugars, satu-
rated fats, and sodium. Cut back on foods and beverages higher in these components to amounts that fit within healthy eating patterns.

4. Shift to healthier food and beverage choices. Choose nutrient-dense foods and beverages across and within all food groups in place of
less healthy choices. Consider cultural and personal preferences to make these shifts easier to accomplish and maintain.

5. Support healthy eating patterns for all. Everyone has a role in helping to create and support healthy eating patterns in multiple settings
nationwide, from home to school to work to communities.

Key Recommendations

The following key recommendations provide more detailed tips on how individuals can establish healthy eating patterns to meet the guidelines.
Adopt a healthy eating pattern that accounts for all foods and beverages within an appropriate kcalorie level.

A healthy eating pattern includes:

e A variety of vegetables from all of the subgroups—dark green, red and orange, legumes (beans and peas), starchy, and other.

e Fruits, especially whole fruits.

e Grains, at least half of which are whole grains.

e Fat-free or low-fat dairy, including milk, yogurt, cheese, and/or fortified soy beverages.

A variety of protein foods, including seafood, lean meats and poultry, eggs, legumes (beans and peas), and nuts, seeds, and soy products.
Oils.

A healthy eating pattern limits:

e Saturated fats and trans fats to less than 10 percent of kcalories per day.
e Added sugars to less than 10 percent of kcalories per day.
Sodium to less than 2300 milligrams per day.

If alcohol is consumed, it should be consumed in moderation—up to one drink per day for women and up to two drinks per day for men—and only
by adults of legal drinking age.

Meet the Physical Activity Guidelines for Americans (https://health.gov/paguidelines).

NOTE: These guidelines and key recommendations are designed for individuals 2 years of age or older and should be applied in their entirety; they are interconnected, and each dietary component
can affect the others.

SOURCE: U.S. Department of Health and Human Services and U.S. Department of Agriculture, 2015-2020 Dietary Guidelines for Americans, 8" ed. (2015), https://health.gov
/dietaryguidelines/2015/guidelines/.

more than just eat right. They also exercise—the equivalent of 30 to 60 minutes or
more of moderately intense physical activity on most days. As you will see through-
out this text, food and physical activity choices are integral partners in support-
ing good health, reducing the risk of chronic disease, and maintaining a healthy
body weight.
Much controversy surrounded the release of the 2015-2020 Dietary Guidelines
for Americans. Most nutrition professionals applauded the work of the commit-
tee and its scientific report, but many objected to the final report, which had
been substantially revised, claiming that those revisions reflected the special
interests of food industries and politicians. Specific wording became vague
and a new chapter on sustainable diets had been deleted. Food sustainabil-
ity recognizes that foods and beverages have a large environmental impact—
from farm to plate to waste—and that a sustainable food supply is essential to a
healthy population and planet both for today and in the future. Many of those
in the food industry opposed the inclusion of sustainability and convinced pol-
iticians that sustainability was outside the scope of providing dietary guidance.
Such controversies remind us that food politics plays an ongoing role in defin-
ing nutrition policy and health recommendations.® The food labels illustrated ) ) ,
. . . . . .. sustainable diets: patterns of eating that promote health
in Figure 2-10 later in this chapter provide an example. Chapter 20 revisits the and provide food security for the present population while
topic of food sustainability in its discussion of hunger and the environment. sustaining environmental resources for future generations.
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TABLE 2-2 Estimated Energy Needs for

Sedentary Adults

Women

19-25yr 2000
2650 yr 1800
51+ yr 1600
Men

19-20 yr 2600
21-40 yr 2400
41-60 yr 2200
61+ yr 2000

NOTE: Sedentary describes a lifestyle that includes only the

activities typical of independent living.

food group plans: diet-planning tools that sort foods into
groups based on nutrient content and then specify that people

should eat certain amounts of foods from each group.

40 cChapter2 Planning a Healthy Diet
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REVIEW IT Explain how each of the diet-planning principles can be used to plan a
healthy diet.

A well-planned diet delivers adequate nutrients, a balanced array of nutrients, and an appropri-
ate amount of energy. It is based on nutrient-dense foods, moderate in substances that can be
detrimental to health, and varied in its selections. The Dietary Guidelines apply these principles,
offering practical tips on how individuals can establish healthy eating patterns by specifying
which foods and food components to include and which to limit.

2.2 Diet-Planning Guides

LEARN IT Use the USDA Food Patterns to develop a meal plan within a specified energy
allowance.

To plan a diet that achieves all of the dietary ideals just outlined, a person needs
tools as well as knowledge. Among the most widely used tools for diet planning
are food group plans that build a diet from clusters of foods that are similar in
nutrient content. Thus each food group represents a set of nutrients that differs
somewhat from the nutrients supplied by the other groups. Selecting foods from
each of the groups eases the task of creating an adequate and balanced diet.

USDA Food Patterns The Dietary Guidelines encourage consumers to adopt
a balanced eating pattern, using the USDA’s Food Patterns. Eating patterns that
follow USDA Food Patterns support good health—increasing life expectancy and
reducing risks of chronic diseases. Notably, no one eating pattern is “the best.””
Healthy eating patterns can be flexible enough to accommodate an individual’s
personal, cultural, and traditional preferences within a reasonable budget.

The USDA Food Patterns assign foods to five major groups—fruits, vegeta-
bles, grains, protein foods, and milk and milk products—and recommend daily
amounts of foods from each group to meet nutrient needs. Figure 2-2 (pp. 42-43)
presents the food groups, the most notable nutrients of each group, the serving
equivalents, and the foods within each group. Chapter 16 provides a food guide
for young children.

Recommended Amounts All food groups offer valuable nutrients, and people
should make selections from each group daily. The amounts from each food
group needed daily to create a healthful diet differ depending on a person’s
energy (kcalorie) needs. Energy needs, in turn, vary depending on a person’s
age, sex, height, weight, and level of physical activity. Table 2-2 presents esti-
mated daily energy needs for sedentary adults; people who are more physically
active need more kcalories per day (see Chapter 8 and Appendix F). Table 2-3
presents the recommended daily amounts from each food group for one of the
USDA Food Patterns—the Healthy US-Style Eating Pattern. (Highlight 2 in-
cludes the Healthy Vegetarian Eating Pattern and Highlight 5 introduces the
Healthy Mediterranean-Style Eating Pattern.) As Table 2-3 shows, an adult need-
ing 2000 kcalories a day, for example, would select 2 cups of fruit; 2% cups of
vegetables; 6 ounces of grain foods; 5% ounces of protein foods; and 3 cups of
milk or milk products.* Additionally, a small amount of unsaturated oil, such as
vegetable oil, or the oils of nuts, olives, or fatty fish, is required to supply needed
nutrients.

All vegetables provide an array of nutrients, but some vegetables are especially
good sources of specific nutrients. For this reason, the vegetable group is sorted
into five subgroups. The dark-green vegetables deliver the B vitamin folate; the red
and orange vegetables provide vitamin A; legumes supply iron and protein; the
starchy vegetables contribute carbohydrate energy; and the other vegetables fill in
the gaps and add more of these same nutrients.

*Milk and milk products also can be referred to as dairy products. Recommendations are based on age rather than

on kcalorie level: 2 cups for children 2 to 3 years; 22 cups for children 4 to 8 years; and 3 cups for older children,
adolescents, and adults.
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TABLE 2-3 USDA Food Patterns: Healthy US-Style Eating Pattern

1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Fruits 12c 1% c 2¢ 2¢ 2c 2c 2% ¢ 2% ¢
Vegetables 2c 2% ¢ 2% ¢ 3c 3c 3%c 3%c 4c
Grains 50z 6 oz 6 oz 7 oz 8 oz 9oz 10 oz 10 oz
Protein foods 50z 50z 5% oz 6 oz 6% oz 6% oz 7 oz 7 oz
Milk and milk products 3c 3c 3c 3c 3c 3c 3c 3c
Oils 5 tsp 5 tsp 6 tsp 6 tsp 7 tsp 8 tsp 8 tsp 10 tsp
Limit on kcalories available 130 kcal 170 kcal 270 kcal 280 kcal 350 kcal 380 kcal 400 kcal 470 kcal

for other uses*

*The limit on kcalories for other uses describes how many kcalories are available for foods that are not in nutrient-dense forms; these kcalories may also be referred to as discretionary kcalories
(discussed on p. 44).

In a 2000-kcalorie diet, then, the recommended 22 cups of daily vegetables
should be varied among the subgroups over a week’s time. In other words, con-
suming 24 cups of potatoes or even nutrient-rich spinach every day for seven
days does not meet the recommended amounts for vegetables. Potatoes and spin-
ach make excellent choices when consumed in balance with vegetables from the
other subgroups. One way to help ensure selections for all of the subgroups is to
eat vegetables of various colors—for example, green broccoli, orange sweet pota-
toes, black beans, yellow corn, and white cauliflower. Intakes of vegetables are
appropriately averaged over a week’s time—it is not necessary to include every
subgroup every day.

For similar reasons, the protein foods group is sorted into three subgroups.
Perhaps most notably, each of these subgroups contributes a different assortment
of fats. Table 2-4 presents the recommended weekly amounts for each of the sub-
groups for vegetables and protein foods.

Notable Nutrients As Figure 2-2 notes, each food group contributes key nutrients.

This feature provides flexibility in diet planning because a person can select any

food from a food group (or its subgroup) and receive similar nutrients. For exam-

ple, a person can choose milk, cheese, or yogurt and receive the same key nutri-

ents. Importantly, foods provide not only these key nutrients, but small amounts

of other nutrients .as well. . L . legumes (lay-GYOOMS or LEG-yooms): plants of the bean

Legumes contribute the same key nutrients—notably, protein, iron, and zinc— and pea family, with seeds that are rich in protein compared

as meats, poultry, and seafood. They are also excellent sources of fiber, folate, and  with other plant-derived foods.

TABLE 2-4 Recommended Weekly Amounts from the Vegetables and Protein Foods Subgroups

Table 2-3 specifies the recommended amounts of total vegetables and protein foods per day. This table shows those amounts dispersed among five
vegetable and three protein foods subgroups per week.

1600 kcal 1800 kcal 2000 keal 2200 keal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Vegetable Subgroups
Dark green 1% c 1 c 1% ¢ 2¢c 2¢c 2% ¢ 2% ¢ 2% ¢
Red and orange 4c 5% ¢ 5% ¢ 6¢c 6¢c 7c 7c 7% ¢
Legumes 1c 1% ¢ 1% ¢ 2¢c 2¢c 2% ¢ 2% ¢ 3¢
Starchy 4c 5¢ 5¢ 6¢c 6¢c 7¢c 7c 8¢
Other 3%c 4c 4c 5¢ 5¢ 5% c 5% c 7c
Protein Foods Subgroups
Seafood 8 oz 80z 80z 9oz 10 oz 10 oz 10 oz 10 oz
Meats, poultry, eggs 23 0z 23 0z 26 oz 28 0z 310z 310z 330z 330z
Nuts, seeds, soy products 4 oz 4 0z 50z 50z 50z 50z 6 oz 6 oz
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> FIGURE2-2 USDA Food Patterns: Food Groups and Subgroups

Fruits contribute folate, vitamin A, vitamin C, potassium, and fiber.

Consume a variety of fruits, and choose whole or cut-up fruits more often than
fruit juice.

Apples, apricots, avocados, bananas, blueberries, cantaloupe, cherries, grapefruit,
grapes, guava, honeydew, kiwi, mango, nectarines, oranges, papaya, peaches, pears,
pineapples, plums, raspberries, strawberries, tangerines, watermelon; dried fruit
(dates, figs, prunes, raisins); 100% fruit juices

Limit these fruits that contain solid fats and/or added sugars:
Canned or frozen fruit in syrup; juices, punches, ades, and fruit drinks with added
sugars; fried plantains

1 c fruit =
1 c fresh, frozen, or canned fruit
Y2 ¢ dried fruit
1 ¢ 100% fruit juice

Polara Studios Inc.

Vegetables contribute folate, vitamin A, vitamin C, vitamin K, vitamin E, magnesium,
potassium, and fiber.

Consume a variety of vegetables each day, and choose from all five subgroups
several times a week.

Dark-green vegetables: Broccoli and leafy greens such as arugula, beet greens, bok
choy, collard greens, kale, mustard greens, romaine lettuce, spinach, turnip greens,
watercress

Red and orange vegetables: Carrots, carrot juice, pumpkin, red bell peppers, sweet
potatoes, tomatoes, tomato juice, vegetable juice, winter squash (acorn, butternut)

Legumes: Black beans, black-eyed peas, garbanzo beans (chickpeas), kidney beans,
lentils, navy beans, pinto beans, soybeans and soy products such as tofu, split peas,

1 c vegetables = white beans

1 ¢ cut-up raw or cooked vegetables
1 ¢ cooked legumes Starchy vegetables: Cassava, corn, green peas, hominy, lima beans, potatoes
1 c vegetable juice

2 ¢ raw, leafy greens Other vegetables: Artichokes, asparagus, bamboo shoots, bean sprouts, beets,

brussels sprouts, cabbages, cactus, cauliflower, celery, cucumbers, eggplant, green
beans, green bell peppers, iceberg lettuce, mushrooms, okra, onions, seaweed, snow
peas, zucchini

Limit these vegetables that contain solid fats and/or added sugars:
Baked beans, candied sweet potatoes, coleslaw, french fries, potato salad, refried
beans, scalloped potatoes, tempura vegetables

Polara Studios Inc.

Grains contribute folate, niacin, riboflavin, thiamin, iron, magnesium, selenium, and
fiber.

Make most (at least half) of the grain selections whole grains.

Whole grains: amaranth, barley, brown rice, buckwheat, bulgur, cornmeal, millet, oats,
quinoa, rye, wheat, wild rice and whole-grain products such as breads, cereals,
crackers, and pastas; popcorn

Enriched refined products: bagels, breads, cereals, pastas (couscous, macaroni,
spaghetti), pretzels, white rice, rolls, tortillas

Limit these grains that contain solid fats and/or added sugars:
Biscuits, cakes, cookies, cornbread, crackers, croissants, doughnuts, fried rice,
granola, muffins, pastries, pies, presweetened cereals, taco shells

1 oz grains =
1 slice bread
Y2 ¢ cooked rice, pasta, or cereal
1 oz dry pasta or rice
1 c ready-to-eat cereal
3 ¢ popped popcorn

Polara Studios Inc.
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> FIGURE2-2 USDA Food Patterns: Food Groups and Subgroups (continued)

Protein foods contribute protein, essential fatty acids, niacin, thiamin, vitamin Bg,
vitamin By, iron, magnesium, potassium, and zinc.

Choose a variety of protein foods from the three subgroups, including seafood in
place of meat or poultry twice a week.

Seafood: Fish (catfish, cod, flounder, haddock, halibut, herring, mackerel, pollock,
salmon, sardines, sea bass, snapper, trout, tuna), shellfish (clams, crab, lobster,
mussels, oysters, scallops, shrimp)

Meats, poultry, eggs: Lean or low-fat meats (fat-trimmed beef, game, ham, lamb, pork,
veal), poultry (no skin), eggs

Nuts, seeds, soy products: Unsalted nuts (almonds, cashews, filberts, pecans,
pistachios, walnuts), seeds (flaxseeds, pumpkin seeds, sesame seeds, sunflower
seeds), legumes, soy products (textured vegetable protein, tofu, tempeh), peanut butter,

oz protein foods = peanuts

1 gz cooked lean meat, PO . Limit these protein foods that contain solid fats and/or added sugars:
99 ‘Bacon; baked beans; fried meat, seafood, poultry, eggs, or tofu; refried beans; ground

% c cooked legumes or tofu g . . . : i in- : i
1 tbs peanut butter e beef; hot dogs; luncheon meats; marbled steaks; poultry with skin; sausages; spare ribs

Y2 0z nuts or seeds

108

Polara Stud

Milk and milk products contribute protein, riboflavin, vitamin Bj,, calcium,
potassium, and, when fortified, vitamin A and vitamin D.

Make fat-free or low-fat choices. Choose other calcium-rich foods if you don’t
consume milk.

Fat-free or 1% low-fat milk and fat-free or 1% low-fat milk products such as buttermilk,
cheeses, cottage cheese, yogurt; fat-free fortified soy milk

Limit these milk products that contain solid fats and/or added sugars:

2% reduced-fat milk and whole milk; 2% reduced-fat and whole-milk products such as
cheeses, cottage cheese, and yogurt; flavored milk with added sugars such as
chocolate milk, custard, frozen yogurt, ice cream, milk shakes, pudding, sherbet;
fortified soy milk

1 ¢ milk or milk product =
1 ¢ milk, yogurt, or fortified soy milk
12 oz natural cheese
2 oz processed cheese

Polara Studios Inc.

Oils are not a food group, but are featured here because they contribute vitamin E and
essential fatty acids.

Use oils instead of solid fats, when possible.

Liquid vegetable oils such as canola, corn, flaxseed, nut, olive, peanut, safflower,
sesame, soybean, sunflower oils; mayonnaise, oil-based salad dressing, soft
trans-fat-free margarine; unsaturated oils that occur naturally in foods such as avocados,
fatty fish, nuts, olives, seeds (flaxseeds, sesame seeds), shellfish

Limit these solid fats:
Butter, animal fats, stick margarine, shortening

1 tsp oil =
1 tsp vegetable oil
1 tsp soft margarine
1 tbs low-fat mayonnaise
2 tbs light salad dressing

© Matthew Farruggio
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discretionary kcalories: the kcalories remaining in a
person's energy allowance after consuming enough nutrient-
dense foods to meet all nutrient needs for a day; also referred
to as kcalories available for other uses.

serving sizes: the standardized quantity of a food; such in-
formation allows comparisons when reading food labels and
consistency when following the Dietary Guidelines.

FIGURE 2-3 Discretionary kCalories in a
2000-kCalorie Diet

potassium, which are commonly found in vegetables. To encourage frequent con-
sumption of these nutrient-rich foods, legumes are included as a subgroup of both
the vegetable group and the protein foods group. Thus legumes can be counted
in either the vegetable group or the protein foods group. In general, people who
regularly eat meat, poultry, and seafood count legumes as a vegetable, and veg-
etarians and others who seldom eat meat, poultry, or seafood count legumes in
the protein foods group.

The USDA Food Patterns encourage greater consumption from certain food
groups to provide the nutrients most often lacking in the diets of Americans—
dietary fiber, vitamin D, calcium, and potassium. In general, most people need
to eat:

® More vegetables, fruits, whole grains, seafood, and milk and milk products.

e [Less sodium, saturated fat, and trans fat and fewer refined grains and foods
and beverages with solid fats and added sugars.

Nutrient-Dense Choices A healthy eating pattern emphasizes nutrient-dense
options within each food group. By consistently selecting nutrient-dense foods,
a person can obtain all the nutrients needed and still keep within kcalorie lim-
its. In contrast, eating foods that are low in nutrient density makes it difficult
to get enough nutrients without exceeding energy needs and gaining weight.
For this reason, consumers should select nutrient-dense foods from each group
and foods without solid fats or added sugars—for example, fat-free milk instead
of whole milk, baked chicken without the skin instead of hot dogs, green beans
instead of french fries, orange juice instead of fruit punch, and whole-wheat
bread instead of biscuits. Notice that Figure 2-2 (pp. 42-43) indicates which
foods within each group contain solid fats and/or added sugars and therefore
should be limited. Oil is a notable exception: even though oil is pure fat and
therefore rich in kcalories, a small amount of oil from sources such as nuts, fish,
or vegetable oils is necessary to provide nutrients lacking from other foods.
Consequently, these high-fat foods are listed among the nutrient-dense foods
(see Highlight 5 to learn why).

Discretionary kCalories It takes a certain number of kcalories to keep our bod-
ies functioning. Ideally, the foods providing those kcalories will also deliver all
the nutrients needed to keep our bodies functioning optimally. People who con-
sistently choose nutrient-dense foods may be able to meet their nutrient needs
without consuming their full allowance of kcalories. Still, relatively few kcalories
will be available for other uses; these kcalories may be referred to as discretionary
kcalories (see Figure 2-3).
Discretionary kcalories allow a person to choose whether to:

e Eat additional nutrient-dense foods, such as an extra serving of skinless
chicken or a second ear of corn.

e Select a few foods with solid fats or added sugars, such as cheddar
cheese or sweetened cereal.

® Add a little fat or sugar to foods, such as butter or jelly on toast.

o000 I e Consume some alcohol. (Highlight 7 explains why this may not be a
— Ener i . e
al ow%ﬁ ce _&Eésa?gﬁgznafy good choice for some individuals.)
n Alternatively, a person wanting to lose weight might choose to:
1500 [~ . . .
" ® Not use discretionary kcalories.
] . . .
5 Table 2-3 (p. 41) includes these kcalories that are available for other
8 1000 = Energy intake to uses, which reflect about 5 to 15 percent of total kcalories.
-~ meet nutrient needs
500 | Serving Equivalents Recommended serving amounts for fruits, veg-
» etables, and milk are measured in cups, and those for grains and pro-
£ tein foods, in ounces. Figure 2-2 (pp. 42-43) provides the serving
0 = © sizes and equivalent measures for foods in each group specifying, for
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example, that 1 ounce of grains is equivalent to 1 slice of bread or %2 cup of
cooked rice.

Consumers using the USDA Food Patterns can learn how standard serving
sizes compare with their personal portion sizes by determining the answers to
questions such as these: What portion of a cup is a small handful of raisins? Is a
“helping” of mashed potatoes more or less than a half cup? How many ounces of
cereal do you typically pour into the bowl? How many ounces is the steak at your
favorite restaurant? How many cups of milk does your glass hold? Photo 2-3 illus-
trates the difference between serving sizes and portion sizes.

Ethnic Food Choices People can use the USDA Food Patterns and still enjoy
a diverse array of culinary styles by sorting ethnic foods into their appropriate
food groups. For example, a person eating Mexican foods would find tortillas in

the grains group, jicama in the vegetable group, and guava in the fruit group. E
Table 2-5 features some ethnic foods sorted into food groups. “Z
Vegetarian Food Guide Vegetarian diets are plant-based eating patterns that rely = g
mainly on grains, vegetables, legumes, fruits, seeds, and nuts. Some vegetarian o N ~e
diets include eggs, milk products, or both. People who do not eat meats or milk > PHOTO2-3  Most bagels today weigh in at
products can use the USDA Healthy Vegetarian Eating Pattern to create an ade- 4 Ounces or more—meaning that a person
quate diet.® Highlight 2 defines vegetarian terms and provides details on planning ~ ¢ating one portion of these large bagels for
h - . breakfast is actually getting four or more grain
ealthy vegetarian diets. .
servings, not one.
Mixtures of Foods Some foods—such as casseroles, soups, and sandwiches—fall
into two or more food groups. With a little practice, consumers can learn to see portion sizes: the quantity of a food served or eaten at one
these mixtures of foods as items from various food groups. For example, from the  meal or snack; nota standard amount.
TABLE 2-5 Ethnic Food Choices
Milk and Milk
Grains Vegetables Fruits Protein Foods Products
Rice, noodles, Amaranth, baby Carambola, Soybeans and soy Usually
§  milet corn, bamboo guava, products such as excluded
e shoots, chayote, kumquat, soy milk and tofu,
2 bok choy, mung lychee, squid, duck eggs,
s bean sprouts, persimmon, pork, poultry, fish
{ % sugar peas, straw  melons, and other seafood,
2 mushrooms, water mandarin peanuts, cashews
s chestnuts, kelp orange
Mediterranean
T Pita pocket Eggplant, Olives, Fish and other Ricotta,
I bread, pastas, tomatoes, grapes, seafood, gyros, provolone,
rice, couscous, peppers, figs lamb, chicken, parmesan,
¢  polenta, bulgur, cucumbers, beef, pork, feta,
‘_E’ focaccia, Italian grape leaves sausage, lentils, mozzarella,
z bread fava beans and goat
e cheeses;
= yogurt
Tortillas (corn Chayote, corn, Guava, Refried beans, Cheese, custard
or flour), taco jicama, tomato mango, papaya, fish, chicken,
shells, rice salsa, cactus, avocado, plantain,  chorizo, beef,
8 cassava, bananas, oranges  eggs
£ tomatoes,
£ yams, chilies
<
=
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FIGURE2-4 MyPlate

MyPlate

SOURCE: USDA, www.choosemyplate.gov.

46 Chapter2 Planning a Healthy Diet

USDA Food Patterns point of view, a taco represents four different food groups:
the taco shell from the grains group; the onions, lettuce, and tomatoes from the
vegetables group; the ground beef from the protein foods group; and the cheese
from the milk group.

MyPlate The USDA created an educational tool called MyPlate to illustrate the
five food groups. Figure 2-4 shows the MyPlate icon, which was designed to re-
mind consumers to make healthy food choices from all food groups.

The MyPlate icon divides a plate into four sections, each representing a food
group—fruits, vegetables, grains, and protein foods. The sections vary in size, in-
dicating the relative proportion each food group contributes to a healthy diet. A
circle next to the plate represents the milk group (dairy).

The MyPlate icon does not stand alone as an educational tool. A wealth of in-
formation can be found at the website (www.choosemyplate.gov). Consumers can
choose the kinds and amounts of foods they need to eat each day based on their
height, weight, age, gender, and activity level. Information is also available for
children, pregnant and breastfeeding women, and college students. In addition to
creating a personal plan, consumers can find daily tips to help them improve their
diet and increase physical activity. A key message of the website is to enjoy food,
but eat less by avoiding oversized portions.

Recommendations versus Actual Intakes The USDA Food Patterns and MyPlate
were developed to help people choose a balanced and healthful diet. Are consum-
ers actually eating according to these recommendations? The short answer is “not
really.”® In general, consumers are not selecting the most nutrient-dense items from
the food groups.!® Instead, they are consuming too many foods high in solid fats and
added sugars—soft drinks, desserts, whole milk products, and fatty meats. They are
also not selecting the suggested quantities from each of the food groups, typically
eating too few fruits, vegetables, whole grains, and milk products (see Figure 2-5).

FIGURE 2-5 Actual Intakes Compared with Recommended Intakes (100%)
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80 |
60 [
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0

Grains®  Vegetables Fruits Milk  Protein foods

Percentage of recommended amounts consumed

Food groups
*Whole grains account for about 10 percent of grain servings.

SOURCE: U.S. Department of Health and Human Services and U.S. Department of Agriculture.
2015-2020 Dietary Guidelines for Americans. 8th ed. (December 2015), http://health.gov
/dietaryguidelines/2015/guidelines/.
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An assessment tool, called the Healthy Eating Index, can be used to measure
how well a diet meets the recommendations of the Dietary Guidelines.'! Various
components of the diet are given scores that reflect the quantities consumed. For
most components, higher intakes result in higher scores. For example, selecting
at least 1.5 ounces of whole grains (per 1000 kcalories) gives a score of 5 points,
whereas selecting no whole grains gives a score of 0 points. For a few compo-
nents, lower intakes provide higher scores. For example, less than 0.7 grams
of sodium (per 1000 kcalories) receives 10 points, but more than 2 grams gets
0 points. An assessment of recent nutrition surveys using the Healthy Eating In-
dex reports that the American diet scores about 58 out of a possible 100 points.'?
To improve this score, the American diet needs to decrease kcalories from solid
fats and added sugars; increase fruits, vegetables, and milk products; maintain
the quantity of grains but shift the quality to more whole grains; and reduce salt.
Eating patterns with high scores are associated with a lower risk of chronic dis-
eases and mortality.!3

MyPlate Shortcomings MyPlate is not perfect, and critics are quick to point out
its flaws. The first main criticism is that MyPlate fails to convey enough informa-
tion to help consumers choose a healthy diet. MyPlate contains few words and
depends on its website to provide key information—which is helpful for those
who have Internet access and are willing to take the time to become familiar with
its teachings. The second main criticism is that MyPlate fails to recognize that
some foods within a food group are healthier choices than others. For example,
MyPlate does not distinguish between fish sticks and salmon or between broccoli
and french fries. Many of the upcoming chapters examine the links between diet
and health, and Chapter 18 presents a complete summary, including a look at an
alternative Healthy Eating Plate created by the faculty members in the Harvard
School of Public Health.

Food Lists Food group plans are particularly well suited to help a person
achieve dietary adequacy, balance, and variety. Food lists, formerly known as
exchange lists, provide additional help in achieving kcalorie control and modera-
tion. Originally developed as a meal planning guide for people with diabetes,
food lists have proved useful for general diet planning and weight management
as well.

Unlike the USDA Food Patterns, which sort foods primarily by their vitamin and
mineral contents, the food lists group foods according to their energy-nutrient con-
tents. Consequently, foods do not always appear on the food list where you might
first expect to find them. For example, cheeses are grouped with meats on the protein
list because, like meats, cheeses contribute energy from protein and fat but provide
negligible carbohydrate. (In the USDA Food Patterns presented earlier, cheeses are
grouped with milk because they are milk products with similar calcium contents.)

For similar reasons, starchy vegetables such as corn, green peas, and potatoes
are listed with grains on the starch list in the food list system, rather than with the
vegetables. Likewise, olives are not classed as a “fruit” as a botanist would claim;
they are classified as a “fat” because their fat content makes them more similar
to oil than to berries. Cream cheese, salt pork, and nuts are also on the fat list to
remind users of their high fat content. These groupings highlight the characteris-
tics of foods that are significant to energy intake. To learn more about this useful
diet-planning tool, study Appendix G, which gives details of the 2014 publication
Choose Your Foods: Food Lists for Diabetes and Weight Management.

Putting the Plan into Action Familiarizing yourself with each of the
food groups is the first step in diet planning. Table 2-6 (p. 48) shows how to use
the 2000-kcalorie USDA Food Pattern to plan a diet. The amounts listed from
each of the food groups (see the second column of the table) were taken from
Table 2-3 (p. 41). The next step is to assign the food groups to meals (and snacks),
as shown in the remaining columns of Table 2-6.

Healthy Eating Index: a measure that assesses how well a
diet meets the recommendations of the Dietary Guidelines for
Americans.

food lists: diet-planning tools that organize foods by their
proportions of carbohydrate, fat, and protein; formerly
known as exchange lists. Foods on any single list can be used
interchangeably.

Diet-Planning Guides 47

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.



TABLE 2-6 Diet Planning Using the 2000-kCalorie USDA Food Pattern

This diet plan is one of many possibilities. It follows the amounts of foods suggested for a 2000-kcalorie diet as shown in Table 2-3 (p. 41), with a little

less oil.

Food Group Amounts Breakfast Lunch Snack Dinner Snack
Fruits 2c iZXe Yac 1c
Vegetables 2% ¢ 1c 1 c
Grains 6 oz 1oz 20z Y 0z 20z Y 0z
Protein foods 5% oz 20z 3% oz
Milk and milk products 3c 1c 1c 1c
Oils 6 tsp 1% tsp 4 tsp

48 Chapter2 Planning a Healthy Diet

At this point, a person can begin to fill in a plan with real foods to create a
menu. For example, the breakfast calls for 1 ounce grain, %2 cup fruit, and 1 cup
milk. A person might select a bowl of cereal with banana slices and milk:

1 cup cereal = 1 ounce grain
5 large banana = % cup fruit
1 cup fat-free milk = 1 cup milk
Or Y2 English muffin and a bowl of strawberries topped with yogurt:
2 English muffin = 1 ounce grain
Y5 cup strawberries = 4 cup fruit
1 cup fat-free plain yogurt = 1 cup milk

Then the person can continue to create a diet plan by creating menus for lunch,
dinner, and snacks. The final menu might look like the one presented in Table 2-7.

TABLE 2-7 A Sample Menu

This sample menu provides about 1850 kcalories and meets the recommendations to
provide 45 to 65 percent of kcalories from carbohydrate, 20 to 35 percent from fat, and 10 to
35 percent from protein.

Amounts Sample Menu Energy (kcal)
1 oz whole grains 1 ¢ whole-grain cereal 108
1 ¢ milk 1 c fat-free milk 100
Y ¢ fruit 1 medium banana (sliced) 105
2 oz meats, 2 oz whole grains 1 turkey sandwich on whole-wheat roll 272
1% tsp oils 1% tbs low-fat mayonnaise 71
1 ¢ vegetables 1 ¢ vegetable juice 50

Y2 0z whole grains 4 whole-wheat reduced-fat crackers 86
1 ¢ milk 1% oz low-fat cheddar cheese 74
Y ¢ fruit 1 medium apple 72

2 ¢ vegetables 1 c raw spinach leaves 8
Y c vegetables Y c shredded carrots 1"
1 0z meats Y4 ¢ garbanzo beans 71
2 tsp oils 2 tbs oil-based salad dressing 76
and olives
% c vegetables, 22 oz meat,  Spaghetti with meat and tomato 425
2 oz enriched grains sauce
Y, c vegetables Y, c green beans 22
2 tsp oils 2 tsp soft margarine 67
1 ¢ fruit 1 ¢ strawberries 49
Y2 0z whole grains 3 graham crackers 90
1 ¢ milk 1 c fat-free milk 100
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As you can see, we all make countless food-related decisions daily—whether
we have a plan or not. Following an eating pattern that incorporates health rec-
ommendations and diet-planning principles helps a person make wise nutrition
decisions.

From Guidelines to Groceries Dietary guidelines emphasize nutrient-
dense foods such as whole grains, fruits, vegetables, lean meats, poultry, seafood,
and low-fat milk products. You can design such a diet for yourself, but how do
you begin? Start with the foods you regularly enjoy eating and then try to make a
few improvements. For most people that will mean eating less red meat, cheeses,
and salted snacks and more fruits, vegetables, whole grains, legumes, nuts, milk
products, and seafood. Such changes can dramatically improve the diet. When
shopping, think of the food groups, and choose nutrient-dense foods within each
group.

Be aware that many of the tens of thousands of food options available today are
processed foods that have lost valuable nutrients and gained sugar, fat, and salt as
they were transformed from farm-fresh foods to those found in the bags, boxes,
and cans that line grocery-store shelves. As Chapter 1 explains, their value in the
diet depends on the original food and how extensively it was processed. Frozen
corn, for example, is a minimally processed food that closely resembles farm-fresh
corn on the cob in appearance, flavor, and nutrients. In contrast, caramel corn
and corn chips are ultra-processed foods that have little in common with corn on
the cob and deliver few nutrients and an abundance of sugar, fats, and salt. Such
food choices have resulted in most of the US population exceeding the recom-
mended limits for added sugars, saturated fats, and sodium (see Figure 2-6). By
eating fewer ultra-processed foods and more fresh foods and minimally processed
foods, consumers can reduce their intakes of added sugars, solid fats, and sodium
for relatively little effort. Minimally processed foods that have been fortified
to improve their nutrient contents can be helpful in increasing dietary intake of
specific vitamins and minerals.

Grains When shopping for grain products, you will find them described as refined,
enriched, or whole grain—terms that refer to the milling process and the making of
grain products (see Figure 2-7, p. 50). Refined grains have lost many nutrients
during processing; enriched grains have had some nutrients added back; and
whole-grain products have all the nutrients and fiber found in the original grain.

FIGURE2-6 Actual Intakes Compared with Recommended Intakes: Added
Sugars, Saturated Fats, and Sodium

Most of the US population exceeds the recommended limits for added sugars, saturated fats, and
sodium. Each figure in the graph represents 10 percent of the population.
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© Cengage

fortified: the addition to a food of nutrients that were either
not originally present or present in insignificant amounts.
Fortification can be used to correct or prevent a widespread
nutrient deficiency or to balance the total nutrient profile of
afood.

refined: the process by which the coarse parts of a food are
removed. When wheat is refined into flour, the bran, germ,
and husk are removed, leaving only the endosperm.

enriched: the addition to a food of specific nutrients to
replace losses that occur during processing so that the food
will meet a specified standard.

whole grain: a grain that maintains the same relative
proportions of starchy endosperm, germ, and bran as the
original (all but the husk); not refined.
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FIGURE2-7 A Wheat Plant

The protective coating of bran around the kernel of
grain is rich in nutrients and fiber.

The endosperm contains starch and proteins.

The germ is the seed that grows into a wheat
plant, so it is especially rich in vitamins and
minerals to support new life.

The outer husk (or chaff) is the inedible part of a grain.

W

Whole-grain products contain much of the germ and bran, as well as the endosperm; that is why they are so nutritious.
Refined grain products contain only the endosperm. Even with nutrients added back, they are not as nutritious as
whole-grain products, as shown in Figure 2-8 (p. 51).
Common types of flour: \
¢ Refined flour: finely ground endosperm that is usually enriched wi

and bleached for whiteness; sometimes called white flour. )
o Wheat flour: any flour made from the endosperm of the wheat kernel,
¢ Whole-wheat flour: any flour made from the entire wheat kernel. |

|
|nutrients

The difference between white flour and white wheat is noteworthy. Typiqjall'y, white
flour refers to refined flour (as defined above). Most flour—whether refined, white,
or whole wheat—is made from red wheat. Whole-grain products made [from red
wheat are typically brown and full flavored.

To capture the health benefits of whole grains for consumers who prefer,white
bread, manufacturers use an albino variety of wheat called Whiz‘elvggaj
Whole-grain products made from white wheat provide the nutrients andl fiber of a
whole grain with a light color and natural sweetness. Read labels carefully—white
bread is a whole-grain product only if it is made from whole white wheg&.

© Thomas Harm & Tom Peterson/Quest Photographic, Inc.

As such, whole-grain products support good health and should account for at least
half of the grains daily. Adding more whole grains to the diet can be as easy as eat-
ing oatmeal for breakfast and popcorn for a snack or substituting brown rice for
white rice and whole-wheat bread for enriched white bread. To find whole-grain
products, read food labels and select those that name a whole-grain first in the
ingredient list (see Photo 2-4). Examples of whole grains include:

e Amaranth

© Cengage/Christine Myaskovsky

: * Barley
[ ]
—@__ LW Buckwheat
PHOTO 2-4 When shopping for bread, ® Bulgur
look for the descriptive words whole grain or e Corn (and popcorn)
whole wheat and check the fiber content on the o Millet

Nutrition Facts panel of the label—the more
fiber, the more likely the bread is a whole-
grain product. ® Quinoa

¢ QOats (and oatmeal)

® Rice (brown or wild)
e Whole rye
* Whole wheat

Products described as “multi-grain,

"o

. . o stone-ground,” or “100% wheat” are usually not
bran: the protective coating around the kernel of grain, rich in

nutrients and fiber. whole-grain products. Brown color is also not a useful hint, but fiber content often is.
germ: the seed that grows into a mature plant, especially rich When it became a common practice to refine the wheat flour used for bread by
in vitamins and minerals. milling it and throwing away the bran and the germ, consumers suffered a tragic
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loss of many nutrients. As a consequence, in the early 1940s Congress passed leg-
islation requiring that all grain products that cross state lines be enriched with
iron, thiamin, riboflavin, and niacin. In 1996, this legislation was amended to
include folate, a vitamin considered essential in the prevention of some birth
defects. Most grain products that have been refined, such as rice, pastas such as
macaroni and spaghetti, and cereals (both cooked and ready-to-eat types), have
subsequently been enriched. Food labels must specify that products have been
enriched and include the enrichment nutrients in the ingredients list.

Even though the enrichment of flour helps prevent deficiencies of these added
nutrients, it fails to compensate for the losses of many other nutrients and fiber.
As Figure 2-8 shows, whole-grain items deliver many more nutrients than the en-
riched ones. Whole-grain products, such as brown rice and oatmeal, provide more
nutrients and fiber and contain less salt, sugar, and fat than refined grain prod-
ucts, which helps explain why diet quality tends to be better for consumers who
eat more whole grains.

Speaking of processed foods, ready-to-eat breakfast cereals are the most highly
fortified foods on the market. Like an enriched food, a fortified food has had nutri-
ents added during processing, but in a fortified food, the added nutrients may not
have been present in the original product. (The terms fortified and enriched may be
used interchangeably.) Some breakfast cereals made from refined flour and for-
tified with high doses of vitamins and minerals are actually more like dietary
supplements disguised as cereals than they are like whole grains. They may be
nutritious—with respect to the nutrients added—but they still may fail to convey
the full spectrum of nutrients that a whole-grain food or a mixture of such foods
might provide. Still, fortified foods help people meet their vitamin and mineral
needs and improve the overall nutritional quality of diets.'*

> FIGURE 2-8 Nutrients in Bread

Whole-grain bread is more nutritious than other breads, even enriched bread. For iron, thiamin, riboflavin,
niacin, and folate, enriched bread provides about the same quantities as whole-grain bread and signifi-
cantly more than unenriched bread. For fiber and the other nutrients (those shown here as well as those
not shown), enriched bread provides less than whole-grain bread.
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PHOTO 2-5 Consumers can remember to
eat a variety of fruits and vegetables every day
by selecting from each of five colors.

FIGURE2-9 Maeals Featuring Legumes

PhotoDisc/Getty Images

Add rice to red beans for a hearty meal.
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Vegetables Posters in the produce section of grocery stores encourage consumers
to “think variety, think color” (see Photo 2-5). Such efforts are part of a national
educational campaign to increase fruit and vegetable consumption. Easy ways to
effectively increase vegetable consumption include serving a variety of vegetables
at meals, increasing the portion sizes, and adding pureed vegetables to recipes
such as muffins or casseroles.

Choose fresh vegetables often, especially dark-green leafy and red and or-
ange vegetables such as spinach, broccoli, tomatoes, and sweet potatoes. Cooked
or raw, vegetables are good sources of vitamins, minerals, and fiber. Frozen and
canned vegetables without added salt are acceptable alternatives to fresh. To con-
trol fat, energy, and sodium intakes, limit butter and salt on vegetables.

Choose often from the variety of legumes available:

¢ Adzuki beans
e Black beans
¢ Black-eyed peas
® Fava beans
e Garbanzo beans
® Great northern beans
¢ Kidney beans
® Lentils
¢ Lima beans
e Navy beans
® Peanuts
® Pinto beans
® Soybeans
e Split peas
Legumes are an economical, low-fat, nutrient- and fiber-rich food choice. Com-

bining legumes with foods from other food groups creates delicious meals (see
Figure 2-9).

Fruit Choose fresh fruits often. Frozen, dried, and canned fruits without added
sugar are acceptable alternatives to fresh. Fruits supply valuable vitamins, miner-
als, and fibers. They add flavors, colors, and textures to meals, and their natural
sweetness makes them enjoyable as snacks or desserts.

Fruit juices are healthy beverages but contain little dietary fiber compared with
whole fruits. Whole fruits satisfy the appetite better than juices, thereby help-
ing people to limit food energy intakes. For people who need extra food energy,
though, 100 percent fruit juices are a good choice. Be aware that sweetened fruit
“drinks” or “ades” contain mostly water, sugar, and a little juice for flavor. Some
may have been fortified with vitamin C or calcium but lack any other significant
nutritional value.

Cwhb/Shutterstock.com

Enjoy a Greek salad topped with garbanzo beans Abit of meat and lots of spices turn kidney
for a little ethnic diversity. beans into chili con carne.
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Protein Foods Protein foods include seafood, meats, poultry, eggs, legumes, soy
products, nuts, and seeds. In addition to protein, these foods provide B vitamins,
vitamin E, iron, zinc, and magnesium.

Serving sizes for meats, poultry, and seafood reflect weight after cooking and
without bones. In general, 4 ounces of raw meat is equal to about 3 ounces of
cooked meat. Some examples of 3-ounce portions include 1 medium pork chop,
V> chicken breast, or 1 steak or fish filet about the size of a deck of cards. When
cooking meats, poultry, and seafood, bake, roast, broil, grill, or braise them (but
do not fry them in fat); remove the skin from poultry after cooking; trim visible
fat before cooking; and drain fat after cooking. Chapter 5 offers many additional
strategies for making heart-healthy choices.

Milk and Milk Products Shoppers find a variety of fortified foods in the dairy
case. Examples are milk, to which vitamins A and D have been added, and soy
milk, to which calcium, vitamin D, and vitamin B, have been added. Be aware
that not all soy beverages have been fortified. Read labels carefully.

Milk is often described by its fat contents:

¢ Fat-free milk (also called nonfat, skim, zero-fat, or no-fat)
® Low-fat milk (also called 1% milk)

® Reduced-fat milk (also called 2% milk)

e Whole milk

When shopping, choose fat-free or low-fat milk, yogurt, and cheeses. Such selec-
tions help consumers meet their vitamin and mineral needs within their energy
and saturated fat allowances.

REVIEW IT Use the USDA Food Patterns to develop a meal plan within a

specified energy allowance.

Food group plans such as the USDA Food Patterns help consumers select the types and
amounts of foods to provide adequacy, balance, and variety in the diet. They make it easier to
plan a diet that includes a balance of grains, vegetables, fruits, protein foods, and milk and milk
products. In making any food choice, remember to view the food in the context of the total diet.
The combination of many different foods provides the array of nutrients that is so essential to a
healthy diet.

2.3 Food Labels

LEARN IT Compare the information on food labels to make selections that meet specific
dietary and health goals.

Many consumers, especially those interested in preventing chronic diseases,
read food labels to help them make healthy choices. Food labels appear on
virtually all packaged foods, and posters or brochures provide similar nutri-
tion information for fresh fish, fruits, and vegetables. A few foods need not
carry nutrition labels: those contributing few nutrients, such as plain coffee,
tea, and spices; those produced by small businesses; and those prepared and
sold in the same establishment. Markets selling nonpackaged items may vol-
untarily present nutrient information, either in brochures or on signs posted
at the point of purchase.

Restaurants with 20 or more locations will provide menu listings of an item's
kcalories, grams of saturated fat, and milligrams of sodium. In addition, kcalorie
information will be provided for prepared foods and beverages at supermarkets,
convenience stores, movie theaters, and vending machines. Other restaurants
need not supply nutrition information for menu items unless claims such as “low-
fat” or “heart healthy” have been made. When ordering from menus, keep in mind
that restaurants tend to serve large portions—two to three times standard serving
sizes. In general, most consumers support restaurant menu labeling and use the
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kcalorie information when making selections.!> Menu labeling is especially help-
ful when comparing two unlike items—for example, a bacon cheeseburger with
fettuccine Alfredo.!

The Ingredient List an packaged foods must list all ingredients—including
additives used to preserve or enhance foods, such as vitamins and minerals added
to enrich or fortify products. The ingredients are listed on the label in descending
order of predominance by weight. Knowing that the first ingredient predominates
by weight, consumers can learn much about the product. Compare these prod-
ucts, for example:

® A beverage powder that contains “sugar, citric acid, natural flavors . . .” ver-
sus a juice that contains “water, tomato concentrate, concentrated juices of
carrots, celery . ..”

e A cereal that contains “puffed milled corn, sugar, corn syrup, molasses, salt
.." versus one that contains “100 percent rolled oats”

e A canned fruit that contains “sugar, apples, water” versus one that contains
simply “apples, water”

In each of these comparisons, consumers can see that the second product is more
nutrient dense.

The small type size and unfamiliar words on ingredients lists can overwhelm
and confuse even the most conscientious consumer. One suggestion to ease deci-
sion making is to list the top three ingredients on the front of packages with a
comment about how many total ingredients are in the product.!” For example,
a cereal might claim whole grain wheat, raisins, and wheat bran on the front of
the box with the added comment “+5 more ingredients (see side panel for de-
tails).” Another cereal might claim sugar, corn flour blend, and wheat flour with
the added comment “+18 more ingredients (see side panel for details).” Such an
approach quickly shows consumers whether a cereal choice is mostly whole grain
wheat or sugar and whether it is manufactured from fewer than 10, or more than
20, ingredients. In general, the longer the ingredient list, the more processed
the product.

Food labels must also list the presence of common allergens in plain language,
using the names of the eight most common allergy-causing foods. For example,
a food containing “textured vegetable protein” must say “soy” on its label. Sim-
ilarly, “casein” must be identified as “milk.” Food producers must also prevent
cross contamination during production and clearly label foods in which it is likely
to occur. For example, equipment used for making peanut butter cookies must
be scrupulously clean before being used to make oatmeal cookies; even then, the
oatmeal cookie label warns consumers that this product “may contain peanuts” or
“was made in a facility that uses peanuts.”

Nutrition Facts Panel The Nutrition Facts panel provides valuable nutrition
information such as serving sizes, nutrient quantities, and Daily Values. Updated
revisions to the nutrition facts panel reflect current nutrition science, actual serv-
ing sizes, and an improved design (see Figure 2-10).

Serving Sizes Because labels present nutrient information based on one serving,
they must identify the size of the serving. The Food and Drug Administration
(FDA) has established serving sizes for various foods and requires that all labels
for a given product use the same serving size. These serving sizes reflect typical
eating habits, not recommended portion sizes. The proposed standard serving
size for all ice creams, for example, is 2/3 cup. This facilitates comparison shop-
ping. Consumers can see at a glance which brand has more or fewer kcalories or
grams of saturated fat, for example.

When examining the nutrition facts on a food label, consumers need to
compare the serving size on the label with how much they actually eat and

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.



FIGURE2-10 Example of a Food Label

The original food label first appeared about 20 years ago; the updated label was approved and scheduled to be on the market by July 2018, but this deadline

may be delayed.
Original Label Updated Label
- Nutrition Facts Nutrition Facts
SED0SHO 0+ e 220 Size 25 cup 550 . . Sening ses e,
per container 9 Servings Per Container About 8 8 servings per container bold type; Sgrvmgﬂ
. . sizes revised to reflect
_ _ Amount Per Serving Serving size 2/3 cup (559) « actual portion sizes
kGalofiesiperserving » Calories 230 Calories from Fat 72 -
and kcalories from fat Amount per serving . .
% DalyValue'llil ~2 lories 230 - ﬁiglesbgﬁdr per
Total Fat 8g 12% kcaloriés from fat r’10t
: - Saturated Fat 1g 5% % Daily Value* listed
Nutrient quantities per Trans Fat Og Total Fat 8g 10%
serving listed in actual
amounts and in » Cholesterol Omg 0% Saturated Fat 1g 5% Saivval —
% Daily Values based - aily Values revise
on 2000-kcalorie diet Sodium 160mg 7% ([l _ansFatog €= 15 some nutrients,
Total Carbohydrate 37¢ 12% ||| Cholesterol Omg 0% tno?;ltg; Ectil fjrta.’:tlgd
- ; R r
Dietary Fiber 4g 16% |||| Sodium 160mg 7% 4
Sugars 1g Total Carbohydrate 37g 13%
Protein 3g Dietary Fiber 4g 14%
I 28
Nutrients required for ' Vitamin C 8% Inclludes 10g Added Sugars _ 20% « grams and as % Daily
Daily Values Calcium 20% ||| _Protein 3g Value
. 0 0000000000000 |
Iron 45% Vitamin D 2mcg 10% Nutrients required for
* Percent Daily Values are based on a 2,000 calorie Calcium 260mg 20% Daily Values reVISed
diet. Your daily value may be higher or lower Iron 8mg 45% « to reﬂect. nutrients of
depending on your calorie needs, - concern; ?Ctual
Potassium 235mg 5% amounts listed as well
Calories: 2,000 2,500
Daily Values reminder Total Fat Lessthan 659 80g * The % Daily Value (DV) tells you how « Footnote explains
for selected nutrients Sat Fat Lessthan 20g  25g much a nutrient in a serving of food Daily Values
for a 2000- and a » Cholesterol Lessthan 300mg  300mg contributes to a daily diet. 2000
2500-kcalorie diet Sodium Lessthan 2,400mg 2,400mg| calories a day is used for general o
Total Carbohydrate 300mg  375mg nutrition advice. S
Dietary Fiber 259 30g g

adjust their calculations accordingly. For example, if the serving size is four
cookies and you eat only two, then you need to cut the nutrient and kcalorie
values in half; similarly, if you eat eight cookies, then you need to double the
values. Packages, such as a 15-ounce can of soup, that contain more than one
but less than two servings and are commonly eaten at one time will be labeled
as one serving. For packages that contain two to four servings, food labels will
present two columns, listing information both “per serving” and “per pack-
age.” Such dual listings are particularly helpful for people who may consume
the entire package in a single sitting. Examples include pints of ice cream and
20-ounce sodas.

Nutrient Quantities In addition to the serving size and the servings per container,
the Nutrition Facts panel presents nutrient information in two ways—in quanti-
ties (such as grams) and as percentages of standards called the Daily Values. The
proposed Nutrition Facts panel must provide the nutrient amount, percent Daily
Value, or both for the following:

¢ Total food energy (kcalories)

e Total fat (grams and percent Daily Value)—note that the updated label does
not include kcalories from fat

Daily Values (DV): reference values developed by the FDA
specifically for use on food labels.

percent Daily Value (%DV): the percentage of a Daily Value
recommendation found in a specified serving of food for key
nutrients based on a 2000-kcalorie diet.
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Saturated fat (grams and percent Daily Value)
Trans fat (grams)

Cholesterol (milligrams and percent Daily Value)
Sodium (milligrams and percent Daily Value)

Total carbohydrate, which includes starch, sugar, and fiber (grams and
percent Daily Value)

Dietary fiber (grams and percent Daily Value)

Total sugars, which includes both those naturally present in and those
added to the food (grams)

Added sugars, which includes only those added to the food (grams and per-
cent Daily Value)—note that the original label does not include a separate
line for added sugars

Protein (grams)

The updated labels will no longer include information for vitamins A and C, but

must

present nutrient content information in actual amounts and as a percent

Daily Value for the following nutrients of concern:

Vitamin D
Calcium
Iron

Potassium

The Daily Values Table 2-8 presents the Daily Value standards for nutrients that are
required to provide this information. Food labels list the amounts of some nutrients
as a percentage of its Daily Value, which makes the numbers more meaningful to
consumers. A person reading a food label might wonder, for example, whether
1 milligram of iron or calcium is a little or a lot. As Table 2-8 shows, the Daily Value
for iron is 18 milligrams, so 1 milligram of iron is enough to notice—it is more than
5 percent, and that is what the food label will say. But because the current Daily
Value for calcium on food labels is 1000 milligrams (and the updated is 1300),
1 milligram of calcium is insignificant, and the food label will read “0%.”

The Daily Values reflect dietary recommendations for nutrients and dietary
components that have important relationships with health. For example, for heart

TABLE 2-8 Daily Values for Food Labels

Food labels must present the “% Daily Value” for these nutrients.

health, consumers are advised to limit saturated fat to 10 percent of
energy intake. For a 2000-kcalorie diet, 10 percent is 200 kcalories, or
22 grams of fat. (Remember that fats deliver 9 kcalories per gram.) As
Table 2-8 shows, the Daily Value for saturated fat has been rounded

Nutrient Original Daily Values  Updated Daily Values down to 20 grams.
Fat (total) 659 789 The “% Daily Value” column on a label provides a ballpark esti-
Saturated fat 209 209 mate of how individual foods contribute to the total diet. It compares
Cholesterol 300 mg 300 mg key nutrients in a serving of food with the goals of a person consum-
Sodium 2400 mg 2300 mg ing 2000 kcalories per day. A 2000-kcalorie diet is considered about
Carbohydrate (total) 300 g 2759 right for sedentary younger women, active older women, and seden-

; tary older men. Young children and sedentary older women may need
Fiber 259 289 . . . L. .

. fewer kcalories. By comparison, a 2500-kcalorie diet is considered
Protein 509 509 about right for many men, teenage boys, and active younger women.
Added sugars — 509 People who are exceptionally active may have still higher energy needs.
Vitamin D 10 ng 20 ug People who consume 2000 kcalories a day can simply add up
Calcium 1000 mg 1300 mg all of the “% Daily Values” for a particular nutrient to see if their
Iron 18 mg 18 mg 8 diet for the day fits recommendations. People who require more
Potassium 3500 mg 4700 mg § or less than 2000 kcalories daily must do some calculations to see

NOTE: Daily Values were established for adults and children aged 4 years and older
and are based on an energy intake of 2000 kcalories a day. The %DV for protein is only

required when a protein claim is made or the food is intended for young children.
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how foods compare with their personal nutrition goals. Those in-
terested can use the Calculation Factors column on the insert (p. Y)
or the suggestions presented in How To 2-2.
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The Daily Values on food labels are designed for 450 kcal from fat = 9 keal/g = 50 g fat
a 2000-kcalorie intake, but you can calculate
a personal set of Daily Values based on your

energy allowance. Consider a 1500- of the 2000-kcalorie intake used for

Alternatively, a person can calculate
that 1500 kcalories is 75 percent

kcalorie intake, for example. To calculate a daily

goal for fat, multiply energy intake by 30
percent: 1500 kcal =+ 2000 kcal = 0.75

0.75 X 100 = 75%

Daily Values:

1500 kcal % 0.30 kcal from fat
= 450 kcal from fat

Then, instead of using 100 percent of

the Daily Value, a person consuming

1500 kcalories will aim for 75 percent (or less,
in this example). Similarly, a person consum-
ing 2800 kcalories would use 140 percent:

2800 kcal =+ 2000 kcal = 1.40 or 140%

>TRYIT Calculate the Daily Values for a 1800-kcalorie diet and revise the Daily Value percentages on one of the food labels found

on p. 55.

Daily Values help consumers readily see whether a food contributes “a little”
or “alot” of a nutrient. For example, the “% Daily Value” column on a package of
frozen macaroniand cheese may say 20 percent for saturated fat. This tells the con-
sumer thateach servingofthis food contains about 20 percent of the day’s allotted
20 grams of saturated fat. Be aware that for some nutrients (such as saturated
fat and sodium) you will want to select foods with a low “% Daily Value” and
for others (such as calcium and fiber) you will want a high “% Daily Value.” To
determine whether a particular food is a wise choice, a consumer needs to con-
sider its place in the diet among all the other foods eaten during the day.

Daily Values also make it easy to compare foods. For example, a consumer might
discover that frozen macaroni and cheese has a Daily Value for saturated fat of 20 per-
cent, whereas macaroni and cheese prepared from a boxed mix has a Daily Value of
15 percent. By comparing labels, consumers can make informed decisions.

Front-of-Package Labels Some consumers find the many numbers on Nutrition
Facts panels overwhelming. They want an easier and quicker way to interpret in-
formation and select products. Some food manufacturers responded by creating
front-of-package labels that incorporate text, color, and icons to present key nutri-
ent facts.!® Without any regulations or oversight, however, different companies
used a variety of different symbols to describe how healthful their products were.
To calm the chaos and maintain the voluntary status of front-of-package labels,
major food industry associations created a standardized presentation of nutrient
information called Facts Up Front (see Figure 2-11). In general, consumers find
front-of-package labeling to be a quick and easy way to select products.'’

Claims on Labels In addition to the Nutrition Facts panel, consumers may
find various claims on food labels. These claims include nutrient claims, health
claims, and structure-function claims.

> FIGURE 2-11  Facts Up Front

This example of front-of-package labeling (created by Grocery Manufacturers Association and the Food
Marketing Institute) presents key nutrient facts.

450 | 5, |360mg| 14, |500.,
CALORIES || SAT FAT SODIUM POTASSIUM
@ GA @
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PHOTO 2-6 Consumers can read food
labels to learn about the nutrient contents of a
food or to compare similar foods.

nutrient claims: statements that characterize the quantity
of a nutrient in a food.

health claims: statements that characterize the relationship
between a nutrient or other substance in a food and a disease
or health-related condition.

structure-function claims: statements that characterize
the relationship between a nutrient or other substance in a
food and its role in the body.
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Nutrient Claims Have you noticed phrases such as “good source of fiber” on a box of
cereal or “rich in calcium” on a package of cheese? These and other nutrient claims
may be used on labels so long as they meet FDA definitions, which include the con-
ditions under which each term can be used. For example, in addition to having less
than 2 milligrams of cholesterol, a “cholesterol-free” product may not contain more
than 2 grams of saturated fat and trans fat combined per serving. Glossary 2-1 de-
fines nutrient terms on food labels, including criteria for foods described as “low,”
“reduced,” and “free.” When nutrients have been added to enrich or fortify prod-
ucts, they must appear in the ingredients list.

Some descriptions imply that a food contains, or does not contain, a nutrient.
Implied claims are prohibited unless they meet specified criteria. For example, a
claim that a product “contains no oil” implies that the food contains no fat. If the
product is truly fat-free, then it may make the no-oil claim, but if it contains an-
other source of fat, such as butter, it may not.

Health Claims Health claims describe a relationship between a food (or nutri-
ent) and a disease or health-related condition. In some cases, the FDA authorizes
health claims based on an extensive review of the scientific literature. For exam-
ple, the health claim that “Diets low in sodium may reduce the risk of high blood
pressure” is based on enough scientific evidence to establish a clear link between
diet and health. In cases where there is emerging—but not established—evidence
for a relationship between a food or nutrient and disease, the FDA allows the use
of qualified health claims that must use specific language indicating that the evi-
dence supporting the claim is limited. A qualified health claim might read: “Very
limited and preliminary research suggests that eating one-half to one cup of tomatoes
and/or tomato sauce a week may reduce the risk of prostate cancer. The FDA concludes
that there is little scientific evidence supporting the claim.”

Structure-Function Claims Unlike health claims, which require food manufac-
turers to collect scientific evidence and petition the FDA, structure-function
claims can be made without any FDA approval. Product labels can claim to “slow
aging,” “improve memory,” and “build strong bones” without any proof. The only
criterion for a structure-function claim is that it must not mention a disease or
symptom. Unfortunately, structure-function claims can be deceptively similar to
health claims, and most consumers do not distinguish between different types of
claims.2® Consider these statements:

e “May reduce the risk of heart disease”
e “Promotes a healthy heart”

The first is a health claim that requires FDA approval and the second is an
unproven, but legal, structure-function claim. Figure 2-12 compares label
claims.

Consumer Education Food labels are a primary source of information for
consumers trying to make healthy diet choices (see Photo 2-6), which is why
FDA recently updated labels to place a bigger emphasis on total kcalories, added
sugars, and nutrients of concern, such as vitamin D and potassium. In addition,
the FDA has designed several programs to educate consumers. Consumers who
understand how to read labels are best able to use the information to establish
healthful eating patterns. Table 2-9 (p. 60) shows how the key recommendations
from the Dietary Guidelines, the USDA Food Patterns, and food labels coordinate
with one another.

REVIEW IT Compare the information on food labels to make selections that meet
specific dietary and health goals.

Food labels provide consumers with information they need to select foods that will help them
meet their nutrition and health goals. When labels contain relevant information presented in a
standardized, easy-to-read format, consumers are well prepared to plan and create healthful diets.
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FIGURE 2-12 Label Claims

Nutrient claims characterize the level of a
nutrient in the food—for example, “fat free”

or “less sodium.”

GLOSSARY 2-1

FOOD LABEL TERMS

GENERAL TERMS

free: “nutritionally trivial” and unlikely
to have a physiological consequence;
synonyms include without, no, and zero.
A food that does not contain a nutrient
naturally may make such a claim, but only
as it applies to all similar foods

(for example, “applesauce, a fat-free food").

gluten-free: a food that contains less
than 20 parts per million of gluten from
any source; synonyms include no gluten,
free of gluten, or without gluten.

good source of: the product provides
between 10 and 19 percent of the Daily
Value for a given nutrient per serving.

healthy: a food that is low in fat,
saturated fat, cholesterol, and sodium
and that contains at least 10 percent of
the Daily Values for vitamin D, potassium,
iron, calcium, protein, or fiber.

high: 20 percent or more of the Daily Value
for a given nutrient per serving; synonyms
include rich in or excellent source of.

less: at least 25 percent less of a given
nutrient or kcalories than the comparison
food (see individual nutrients); synonyms
include fewerand reduced.

light or lite: one-third fewer kcalories
than the comparison food; 50 percent

or less of the fat or sodium than the
comparison food; any use of the term
other than as defined must specify what it
is referring to (for example, “light in color”
or “light in texture"”).
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Health claims characterize the relationship
of a food or nutrient to a disease or
health-related condition—for example,
“soluble fiber from oatmeal daily in a diet
low in saturated fat and cholesterol may
reduce the risk of heart disease” or “a diet
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low in total fat may reduce the risk of some

cancers.”

low: an amount that would allow fre-
quent consumption of a food without
exceeding the Daily Value for the nutrient.
A food that is naturally low in a nutrient
may make such a claim, but only as it
applies to all similar foods (for example,
“fresh cauliflower, a low-sodium food”);
synonyms include /ittle, few, and low
source of.

more: at least 10 percent more of the
Daily Value for a given nutrient than the
comparison food; synonyms include added
and extra.

organic: on food labels, that at least

95 percent of the product’s ingredients
have been grown and processed according
to USDA regulations defining the use

of fertilizers, herbicides, insecticides,
fungicides, preservatives, and other
chemical ingredients.

ENERGY

kcalorie-free: fewer than 5 kcalories
per serving.

low kcalorie: 40 kcalories or less per
serving.

reduced kcalorie: at least 25 percent
fewer kcalories per serving than the
comparison food.

FAT AND CHOLESTEROL®

cholesterol-free: less than 2 milligrams
of cholesterol per serving and 2 grams

or less of saturated fat and trans fat
combined per serving.

extra lean: |ess than 5 grams of fat,
2 grams of saturated fat and trans
fat combined, and 95 milligrams of

cholesterol per serving and per 100 grams
of meat, poultry, and seafood.

lean: less than 10 grams of fat,

4.5 grams of saturated fat and trans

fat combined, and 95 milligrams of
cholesterol per serving and per 100 grams
of meat, poultry, and seafood. For mixed
dishes such as burritos and sandwiches,
less than 8 grams of fat,

3.5 grams of saturated fat, and

80 milligrams of cholesterol per reference
amount customarily consumed.

fat-free: less than 0.5 gram of fat per
serving (and no added fat or oil); synonyms
include zero-fat, no-fat, and nonfat.

less cholesterol: 25 percent or less
cholesterol than the comparison food
(reflecting a reduction of at least

20 milligrams per serving), and 2 grams
or less of saturated fat and trans fat
combined per serving.

less fat: 25 percent or less fat than the
comparison food.

less saturated fat: 25 percent or less of
saturated fat and frans fat combined than
the comparison food.

low cholesterol: 20 milligrams or less
of cholesterol per serving and 2 grams
or less of saturated fat and trans fat
combined per serving.

low fat: 3 grams or less of fat per
serving.

low saturated fat: 1 gram or less of
saturated fat and less than 0.5 gram of
trans fat per serving.

percent fat-free: may be used only if
the product meets the definition of low fat

Supports Immunity

FORMULAS

Structure-function claims describe the
effect that a substance has on the structure
or function of the body and do not make
reference to a disease—for example,
“supports immunity and digestive health”
or “calcium builds strong bones.”

or fat-free and must reflect the amount of
fatin 100 grams (for example, a food that
contains 2.5 grams of fat per 50 grams
can claim to be “95 percent fat-free”).

saturated fat-free: less than 0.5 gram
saturated fat and 0.5 gram of trans fat per
serving.

trans fat-free: less than 0.5 gram
of trans fat and less than 0.5 gram of
saturated fat per serving.

CARBOHYDRATES:
FIBER AND SUGAR

high fiber: 5 grams or more of fiber per
serving. A high-fiber claim made on a food
that contains more than 3 grams of fat per
serving and per 100 grams of food must
also declare total fat.

sugar-free: less than 0.5 gram of sugar
per serving.

SoDIuM

low sodium: 140 milligrams or less per
serving.

sodium-free and salt-free: less than
5 milligrams of sodium per serving.

very low sodium: 35 milligrams or less
per serving.

Foods containing more than 13 grams of total fat per
serving or per 50 grams of food must indicate those
contents immediately after a cholesterol claim. As you
can see, all cholesterol claims are prohibited when the
food contains more than 2 grams of saturated fat and
trans fat combined per serving.
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TABLE 2-9 From Guidelines to Groceries

Dietary Guidelines

Choose a healthy eating
pattern at an appropriate
kcalorie level to help achieve
and maintain a healthy body
weight, support nutrient
adequacy, and reduce the
risk of chronic disease.

USDA Food Patterns/MyPlate

Enjoy your food, but eat less.

Food Labels

Read the Nutrition Facts to see how many kcalories are in a

Select the recommended amounts from each food
group at the energy level appropriate for your energy
needs; meet, but do not exceed, energy needs.

serving and the number of servings that are in a package.

Look for foods that describe their kcalorie contents as free,
low, reduced, light, or less.

Limit foods and beverages with solid fats and added

sugars.

Use appropriate portion sizes; avoid oversized

portions.

Increase physical activity and reduce time spent in

sedentary behaviors.

Adopt an eating pattern low
in added sugars, saturated
fats, and sodium.

Choose foods within each group that are low in salt

or sodium.

Choose foods within each group that are lean, low
fat, or fat free and have little solid fat (sources of
saturated and trans fats); use unsaturated oils instead
of solid fats whenever possible.

Choose foods and beverages within each group

that have little added sugars; drink water instead of

sugary beverages.

If alcohol is consumed by adults, use in moderation
(no more than one drink a day for women and two

drinks a day for men).

Read the Nutrition Facts to see how much sodium, saturated
fat, trans fat, and cholesterol is in a serving of food.

Look for foods that describe their salt and sodium contents
as free, low, or reduced, foods that describe their saturated
fat, trans fat, and cholesterol contents as free, less, low, light,
reduced, lean, or extra lean; foods that describe their added
sugar contents as free or reduced.

Look for foods that provide no more than 5 percent of the
Daily Value for sodium, saturated fat, and cholesterol.

A food may be high in solid fats if its ingredients list begins
with or contains several of the following: beef fat (tallow,
suet), butter, chicken fat, coconut oil, cream, hydrogenated
oils, palm kernel oil, palm oil, partially hydrogenated oils, pork
fat (lard), shortening, or stick margarine.

A food most likely contains trans fats if its ingredients list
includes: partially hydrogenated oils.

A food may be high in added sugars if its ingredients list
begins with or contains several of the following: brown
sugar, confectioner’s powdered sugar, corn syrup, dextrin,
fructose, high-fructose corn syrup, honey, invert sugar,
lactose, malt syrup, maltose, molasses, nectars, sucrose,
sugar, or syrup.

Light beverages contain fewer kcalories and less alcohol than
regular versions.

To meet nutrient needs
within kcalorie limits,
choose a variety of nutrient-
dense foods across and
within all food groups in
recommended amounts.

Make half your plate fruits and vegetables.
Choose a variety of vegetables from all five
subgroups (dark green, red and orange, legumes,
starchy vegetables, and other vegetables) several

times a week.

Choose a variety of fruits; consume whole or cut-up
fruits more often than fruit juice.

Choose potassium-rich foods such as fruits and

vegetables often.

Choose fiber-rich fruits, vegetables, and whole

grains often.

Look for foods that describe their fiber, calcium, potassium,
iron, and vitamin D contents as good, high, or excellent.

Look for foods that provide at least 10 percent of the Daily
Value for fiber, calcium, potassium, iron, and vitamin D from a
variety of sources.

A food may be a good source of whole grains if its ingredients
list begins with or contains several of the following: barley,
brown rice, buckwheat, bulgur, corn, millet, oatmeal, popcorn,
quinoa, rolled oats, rye, sorghum, triticale, whole wheat, or
wild rice.

Choose whole grains; make at least half of the grain
selections whole grains by replacing refined grains
with whole grains whenever possible.

Choose fat-free or low-fat milk and milk products.
Choose a variety of protein foods; increase the
amount and variety of seafood by choosing seafood
in place of some meat and poultry.

Choose nutrient-dense
foods and beverages across
and within all food groups
in place of less-healthy
choices.

Select nutrient-dense foods and beverages within
and among the food groups.

Keep foods safe.

Look for foods that describe their vitamin, mineral, or fiber
contents as a good source or high.

Follow the safe handling instructions on packages of meat
and other safety instructions, such as keep refrigerated, on
packages of perishable foods.

60 Chapter2 Planning a Healthy Diet

This chapter provides practical information on implementing the dietary guidelines
and offers helpful tips for selecting nutritious foods. For additional information on
foods, including organic foods, irradiated foods, genetically modified foods, and
more, turn to Chapter 19.
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HIGHLIGHT > 2

Vegetarian Diets

The waiter presents this evening's specials: a fresh spinach salad
topped with mandarin oranges, raisins, and sunflower seeds, served
with a bowl! of pasta smothered in a mushroom and tomato sauce and
topped with grated parmesan cheese. Then this one: a salad made
of chopped parsley, scallions, celery, and tomatoes mixed with bul-
gur wheat and dressed with olive oil and lemon juice, served with a
spinach and feta cheese pie. Do these meals sound good to you? Or is
something missing . . . a pork chop or chicken breast, perhaps?

Would vegetarian fare be acceptable to you some of the time?
Most of the time? Ever? The health benefits of a primarily vegetarian
diet seem to have encouraged many people to eat more plant-based
meals. The popular press sometimes refers to individuals who eat small
amounts of meat, seafoad, or poultry from time to time as “flexitarians.”

People who choose to exclude meat and other animal-derived foods
from their diets today do so for many of the same reasons the Greek
philosopher Pythagoras cited in the sixth century B.C.: physical health,
ecological responsibility, and philosophical concerns. They might also
cite world hunger issues, economic reasons, ethical concerns, or re-
ligious beliefs as motivating factors.! Whatever their reasons—and
even if they don't have a particular reason—people who exclude meat
will be better prepared to plan well-balanced meals if they understand
the nutrition and health implications of their choices.

Vegetarian diets generally are categorized, not by a person’s moti-
vations but by the foods that are excluded (see Glossary H2-1). Some
diets exclude red meat only; some also exclude poultry or seafood; oth-
ers also exclude eggs; and still others exclude milk and milk products as
well. In contrast, emniverous diets do not exclude foods, but include
many foods derived from both animals and plants.

As you will see, though, the foods a person excludes are not nearly
as important as the foods a person includes in the diet. Plant-based
diets that include a variety of whole grains, vegetables, legumes,
fruits, and nuts and seeds offer abundant complex carbohydrates and
fibers, an assortment of vitamins and minerals, a mixture of phyto-
chemicals, and little saturated fat—characteristics that reflect current
dietary recommendations aimed at maintaining good health and an
appropriate body weight. This highlight examines the health benefits
and potential problems of vegetarian diets and shows how to plan a

GLOSSARY H2-1

pattern based on mostly plant foods such

macrobiotic diet: a philosophical eating

well-balanced vegetarian diet. Highlight 20 includes a discussion of
the environmental benefits of a sustainable plant-based diet.

Health Benefits of Vegetarian Diets

Research findings suggest that well-planned vegetarian (and vegan)
diets offer sound nutrition and health benefits to adults.? Eating pat-
terns that include very little, if any, meat are associated with a lower
rate of death from all causes.® Some researchers estimate that elimi-
nating even one serving of red meat per day would lower mortality risk
by 7 to 19 percent.*

Obesity

Vegetarians tend to maintain a lower and healthier body weight than non-
vegetarians. In general, red and processed meat intake is associated with
an increased risk of obesity and the prevalence of obesity is lower among
vegetarians.? Because obesity impairs health in a number of ways, veg-
etarian diets offer several health advantages.

tofu (TOE-foo): a curd made from
soybeans, rich in protein and often

omnivorous: an eating pattern that
includes foods derived from both animals

lactovegetarian diet: an eating pattern
that includes milk and milk products, but
excludes meat, poultry, seafood, and eggs
from the diet.

e lacto = milk

lacto-ovo-vegetarian diet: an eating

pattern that includes milk, milk products,
and eggs, but excludes meat, poultry, and
seafood from the diet.

® ovo = egg

as whole grains, legumes, and vegetables,
with small amounts of fish, fruits, nuts,
and seeds.

® macro = large, great

e biotic = life
meat replacements: products
formulated to look and taste like
meat, seafood, or poultry; usually

made of textured vegetable
protein.

and plants.
e omni = all
e vores = to eat

plant-based diets: an eating pattern
that derives most of its protein from plant
products (although some animal products
may be included).

tempeh (TEM-pay): a fermented-
soybean food, rich in protein and fiber.

fortified with calcium; used in many Asian
and vegetarian dishes in place of meat.

vegan (VEE-gan) diet: an eating pattern
that excludes all animal-derived foods
(including meat, poultry, fish, eggs, and
dairy products); also called pure vegetarian,
strict vegetarian, or total vegetarian.

vegetarian diet: a general term used to
describe an eating pattern that excludes
meat, poultry, fish, or other animal-
derived foods from the diet.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.

Polara Studios Inc.



Diabetes

Obesity and weight gains are strong risk factors for diabetes, which
partially explains why nonvegetarian diets are more often associated
with diabetes than vegetarian diets. Even when body weight and life-
style factors are taken into account, vegetarian eating patterns seem
to protect against diabetes.®

Hypertension

Vegetarians tend to have lower blood pressure and lower rates of
hypertension than nonvegetarians.” Appropriate body weight helps
maintain a healthy blood pressure, as does a diet high in fiber, fruits,
vegetables, whole grains, low-fat milk products, and protein from plant
sources. Lifestyle factors also influence blood pressure: smoking and
alcohol intake raise blood pressure, and physical activity lowers it.

Heart Disease

Meat -based diets are associated with an increased risk of heart dis-
ease and related deaths.® The dietary factor most directly related to
heart disease is saturated fat, and in general, meat-based diets are
higher in saturated fat than typical plant-based diets. The fats common
in plant-based diets—the monounsaturated fats of olives, seeds, and
nuts and the polyunsaturated fats of vegetable oils—are associated
with a decreased risk of heart disease. Furthermore, vegetarian diets
are generally higher in dietary fiber, antioxidant vitamins, and phyto-
chemicals—all factors that help control blood lipids and protect against
heart disease. These plant-based diets may also reduce the risk of heart
disease (and diabetes) by promoting a favorable population of microbes
in the gastrointestinal tract (Chapter 3 provides more details).®

Cancer

Vegetarians (and fish eaters) have a lower risk of cancer than meat
eaters.' Their low cancer rates may be due to their high intakes of
fruits and vegetables (as Highlight 11 explains)." In fact, the ratio of
vegetables to meat may be the most relevant dietary factor respon-
sible for cancer prevention.

Some scientific findings indicate that vegetarian diets are as-
sociated not only with lower cancer rates in general, but also with
lower incidence of cancer at specific sites as well, most notably,
colon cancer." Evidence for an association between red and pro-
cessed meats and colon cancer is convincing.” The Healthy US-
Style Eating Pattern introduced earlier in the chapter recommends
26 ounces per week of meats, poultry, and eggs (for a 2000-kcalorie
diet). Some cancer experts recommend limiting consumption of red
meat to no more than 11 ounces a week, with very little (if any)
processed meat.

Other Diseases

In addition to obesity, diabetes, hypertension, heart disease, and some
cancers, vegetarian diets may help prevent osteoporosis, diverticular
disease, gallstones, cataracts, and rheumatoid arthritis. Health ben-
efits of a vegetarian diet depend on wise diet planning.

© Cengage

Vegetarian Diet Planning

The vegetarian has the same meal-planning task as everyone else—
using a variety of foods to deliver all the needed nutrients within an en-
ergy allowance that maintains a healthy body weight. Vegetarians who
include milk, milk products, and eggs can meet recommendations for most
nutrients about as easily as nonvegetarians. Such eating patterns may
rely on some fortified foods, but generally provide enough energy, pro-
tein, and other nutrients to support the health of adults and the growth
of children and adolescents. The USDA Healthy Vegetarian Eating Pattern
is flexible enough that a variety of people can use it: people who have ad-
opted various vegetarian diets, those who want to make the transition to
a vegetarian diet, and those who simply want to reduce their meat intake
and include more plant-based meals in their diets. The Healthy Vegetarian
Eating Pattern is similar to the Healthy US-Style Eating Pattern presented
earlier in the chapter, with a slight increase in grain servings and notable
differences in the protein foods quantities and subgroups, as shown in
Table H2-1 (p. 64).

Vegan diets exclude milk, milk products, and eggs and in-
clude protein foods such as legumes, nuts, and seeds as well as
foods made from them, such as peanut butter, tempeh, and tofu.
Vegans who do not use milk can use soy “milk“—a product made
from soybeans that provides similar nutrients if fortified with cal-
cium, vitamin D, and vitamin B, , (see Figure H2-1). Similarly, “milks”

FIGURE H2-1 Low-Fat Milk and Soy Milk Compared

A comparison of low-fat milk and enriched soy milk shows that they provide
similar amounts of key nutrients.

A

Nutrition Facts

8 servings per container
Serving size 1 cup (240 mL)

Amount per serving

Calories 102
% DV*
Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat Og
Cholesterol 12mg 4%
Sodium 107mg 5%
Total Carbs 129 4%
Dietary Fiber Og 0%
Sugars 1g

Includes Og Added Sugars 0%
Protein 8g

Nutrition Facts

8 servings per container
Serving size 1 cup (240 mL)

Amount per serving

Calories 100
% DV*
Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat Og
Cholesterol Omg 0%
Sodium 120mg 5%
Total Carbs 37g 13%
Dietary Fiber 1g 4%
Sugars 1g

Includes Og Added Sugars 0%
Protein 79

[ VitaminD3yg  15% | [ VitaminD29ug  15% |
Calcium 305mg 23% Calcium 299mg 23%
Iron Omg 0% Iron 1mg 6%
Potassium 366mg 8% Potassium 299mg 6%

Riboflavin 0.5mg 38%
Vitamin B12 3ug 125%
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TABLE H2-1 USDA Food Patterns: Healthy Vegetarian Eating Pattern

The table first lists recommended amounts from each food group per day and then shows the amounts for vegetables and protein foods dispersed
among subgroups per week. The highlighted rows indicate which food groups and serving sizes differ from the Healthy US-Style Eating Pattern

(see Tables 2-3 and 2-4, p. 41).

Recommended Daily Amounts from Each Food Group

Food Group 1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Fruits 1c 1 c 2c 2c 2c 2c 2% ¢ 2% ¢
Vegetables 2c 2% c 2% c 3¢ 3¢ 3%c 3%¢c 4c
Grains 5% oz 6% oz 6% oz 7% oz 8% oz 9% oz 10% oz 10% oz
Protein foods 2Y2 0z 30z 3%z 0z 320z 4 oz 4%z 0z 5 oz 5%2 0z
Milk and milk products 3c 3c 3c 3c 3c 3c 3c 3c
Oils 5 tsp 5 tsp 6 tsp 6 tsp 7 tsp 8 tsp 8 tsp 10 tsp
Limit on kcalories available for 180 kcal 190 kcal 290 kcal 330 kcal 390 kcal 390 kcal 400 kcal 440 kcal
other uses?®
Recommended Weekly Amounts from Each Food Group

1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Vegetables Subgroups
Dark green 1% c 1% c 1% c 2c¢c 2c¢c 2% ¢ 2% ¢ 2% ¢
Red and orange 4c 5% c 5% ¢ 6¢c 6c¢c 7c 7c 7% c
Legumes 1c 1% ¢ 1% ¢ 2c 2¢c 2% ¢ 2% ¢ 3¢
Starchy 4c 5¢ 5¢ 6¢c 6¢c 7c¢c 7¢c 8c
Other 3%¢ 4c 4c 5¢ 5¢ 5% c 5% ¢ 7c
Protein Foods Subgroups
Eggs 30z 30z 30z 30z 30z 30z 4 0z 4 0z
LegumesP 4 0z 6 0z 6 0z 6 oz 8oz 9oz 10 oz 11 oz
Soy products 6 oz 6 oz 8 0z 80z 9oz 10 oz 11 oz 12 oz
Nuts and seeds 5 oz 6 oz 7 oz 7 oz 8 0z 9oz 10 oz 12 oz

aThe limit on kcalories for other uses describes how many kcalories are available for foods that are not in nutrient-dense forms; these kcalories may also be referred to as discretionary kcalories

(discussed on p. 44).

5About half of total legumes are listed as vegetables (measured in cup-equivalents) and half as protein foods (measured in ounce-equivalents); an ounce-equivalent of legumes in the protein foods
subgroup is equal to % cup. To convert legumes from the protein foods subgroup from ounce-equivalents to cups, divide by 4. Using the 1600-kcalorie recommendations for an example, the total
legumes would be 2 cups—1 cup from the vegetable subgroup and the 1 cup from the protein foods subgroup (1 0z = % cup; therefore, 4 0oz = 1 cup).

NOTE: Milk and eggs are included in the Healthy Vegetarian Eating Pattern because they are commonly consumed as part of most vegetarian diets. To plan vegan diets, use fortified soy beverages

(soymilk) or other plant-based dairy substitutes instead of milk and milk products and replace eggs with legumes, soy products, and nuts and seeds.
SOURCE: U.S. Department of Health and Human Services and U.S. Department of Agriculture. 20715-2020 Dietary Guidelines for Americans. 8th ed. (December 2015), http://health.gov

/dietaryguidelines/2015/guidelines/.

made from rice, almonds, and oats are reasonable alternatives, if
adequately fortified. Vegan eating patterns must include fortified
foods or supplements to provide adequate intakes of all essential
nutrients.

MyPlate includes tips for planning vegetarian diets. When
selecting from the vegetable and fruit groups, vegetarians may
want to emphasize particularly good sources of calcium and iron.
Green leafy vegetables provide almost five times as much calcium
per serving as other vegetables. Similarly, dried fruits deserve spe-
cial notice in the fruit group because they deliver six times as much
iron as other fruits.

The nutrient profiles of vegetarian and nonvegetarian eating pat-
terns differ markedly, which may explain some of the differences in
the risks for obesity and chronic diseases mentioned earlier.!* Non-
vegetarians tend to have higher intakes of animal protein, saturated

64 Highlight 2

fat, and frans fat, whereas vegetarians tend to have higher intakes of
plant proteins and fiber. In addition, vegetarians easily obtain large
quantities of other nutrients that are abundant in plant foods, including
folate, vitamin C, vitamin A, and vitamin E. Well-planned vegetarian
eating patterns help ensure adequate intakes of the nutrients vegetar-
ian diets might otherwise lack, including protein, iron, zinc, calcium,
vitamin B, vitamin D, and omega-3 fatty acids. Table H2-2 presents
good vegetarian sources of these key nutrients.

Protein

The protein RDA for vegetarians is the same as for those consum-
ing other types of diets. Lacto-ovo-vegetarian diets that include
animal-derived foods such as milk and eggs, deliver high-quality pro-
teins and are likely to meet protein needs. Even vegans who adopt
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TABLE H2-2 Good Vegetarian Sources of Key Nutrients

Nutrients Grains Fruits

Vegetables

Protein Foods

Protein? Whole grains Legumes, seeds, nuts, Milk, cheese, yogurt
soy products (tempeh, (for lactovegetarians)
tofu, veggie burgers)
Eggs (for ovo-
vegetarians)
Iron Fortified cereals, Dark green leafy Dried fruits Legumes (black-eyed
enriched and whole  vegetables (spinach, (apricots, peas, kidney beans,
grains turnip greens) prunes, raisins)  lentils)
Zinc Fortified cereals, Legumes (garbanzo Milk, cheese, yogurt
whole grains beans, kidney beans, (for lactovegetarians)
navy beans), nuts,
seeds (pumpkin
seeds)
Calcium Fortified cereals Dark-green leafy Fortified juices, Fortified soy Milk, cheese, yogurt
vegetables (bok choy, figs products, nuts (for lactovegetarians)
broccoli, collard greens, (almonds), seeds Fortified soy milk
kale, mustard greens, (sesame seeds)
turnip greens,
watercress)
Vitamin B,, Fortified cereals Eggs (for ovo- Milk, cheese, yogurt
vegetarians) (for lactovegetarians)
Fortified soy Fortified soy milk
products
Vitamin D Milk, cheese, yogurt
(for lactovegetarians)
Fortified soy milk
Omega-3 Flaxseed, walnuts, Flaxseed oil,
fatty acids soybeans walnut oil,
soybean oil

aAs Chapter 6 explains, many plant proteins do not contain all the essential amino acids in the amounts and proportions needed by human beings. To improve protein quality, vegetarians can eat
grains and legumes together, for example, although it is not necessary if protein intake is varied and energy intake is sufficient.

only plant-based diets can readily meet protein needs provided that
their energy intakes are adequate and the protein sources varied. The
proteins of whole grains, vegetables, legumes, and nuts and seeds
can provide adequate amounts of all the amino acids. An advantage
of many vegetarian sources of protein is that they are generally lower
in saturated fat than meats and are often higher in fiber and richer in
some vitamins and minerals.

Vegetarians sometimes use meat replacements made of textured
vegetable protein (soy protein). These foods are formulated to look and
taste like meat, seafood, or poultry. Many of these products are forti-
fied to provide the vitamins and minerals found in animal sources of
protein. Some of these products may be high in salt, sugars, and satu-
rated fats. A wise vegetarian learns to read labels and use a variety
of whole, and minimally processed foods often and commercially fab-
ricated foods less frequently. Vegetarians may also use soy products
such as tofu to bolster protein intake.

Iron

Getting enough iron can be a problem even for meat eaters, and those
who eat no meat must pay special attention to their iron intake. The
iron in plant foods such as legumes, dark-green leafy vegetables,

iron-fortified cereals, and whole-grain breads and cereals is poorly ab-
sorbed. Because iron absorption from a vegetarian diet is low, the iron
RDA for vegetarians is higher than for others (see Chapter 13 for more
details).

Fortunately, the body seems to adapt to a low-iron vegetarian diet
by increasing iron absorption and decreasing iron losses. Furthermore,
iron absorption is enhanced by vitamin C, and vegetarians typically eat
many vitamin C—rich fruits and vegetables. Consequently, vegetarians
tend to be no more iron deficient than other people.

Zinc

Zinc is similar to iron in that meat is its richest food source, and zinc
from plant sources is not well absorbed. In addition, phytates and
fiber, which are common in vegetarian diets, interfere with zinc ab-
sorption. Consequently, poor zinc intakes and mild deficiencies are
prevalent.” Perhaps the best advice to vegetarians regarding zinc
is to eat a variety of nutrient-dense foods; include whole grains,
nuts, and legumes such as black-eyed peas, pinto beans, and kid-
ney beans; and maintain an adequate energy intake. Those who
include seafood in their diets should keep in mind that oysters, crab-
meat, and shrimp are rich in zinc.
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Calcium

The calcium intakes of those following a lactovegetarian diet are
similar to those of the general population, but vegans who use no milk
or milk products may not get enough calcium to defend against bone
fractures.'® To ensure adequate intakes, vegans can select calcium-rich
foods, such as calcium-fortified juices, soy milk, and breakfast cere-
als, in ample quantities regularly. This advice is especially important
for children and adolescents. Other good calcium sources include figs,
some legumes, some green vegetables such as broccoli and turnip
greens, some nuts such as almonds, certain seeds such as sesame
seeds, and calcium-set tofu.* The choices should be varied because
calcium absorption from some plant foods may be limited (as Chap-
ter 12 explains).

Vitamin B12

The requirement for vitamin B, , is small, but this vitamin is found
only in animal-derived foods. Consequently, the risk of deficiency is
relatively high among vegetarians, in general, and vegans who eat
no foods of animal original, in particular.”” Fermented soy products
such as tempeh may contain some vitamin B,, from the bacteria,
but unfortunately, much of the vitamin B,, found in these products
may be an inactive form. Seaweeds such as nori and chlorella sup-
ply some vitamin B,,, but not much, and excessive intakes of these
foods can lead to iodine toxicity. To defend against vitamin B, , de-
ficiency, vegans must rely on vitamin B, ,—fortified sources (such as
soy milk or breakfast cereals) or supplements. Without vitamin B,
the nerves suffer damage, leading to such health consequences as
loss of vision.

Vitamin D

The vitamin D status of vegetarians is similar to that of nonvegetar-
ians. People who do not use vitamin D—fortified foods and do not re-
ceive enough exposure to sunlight to synthesize adequate vitamin D
may need supplements to defend against bone loss. This is particularly
important for infants, children, and older adults. In northern climates
during winter months, young children on vegan diets can readily de-
velop rickets, the vitamin D—deficiency disease.

Omega-3 Fatty Acids

Both Chapter 5 and Highlight 5 describe the health benefits of un-
saturated fats, most notably the omega-3 fatty acids commonly
found in fatty fish. A diet that includes some fish provides more
omega-3 fatty acids than a vegetarian diet.'® Vegetarians can ob-
tain the essential omega-3 fatty acids from plant sources such
as flaxseed, walnuts, soy, and canola oil; supplements derived
from marine algae that contain omega-3 fatty acids may also be
beneficial.”®

*Calcium salts are often added during processing to coagulate the tofu.
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Later chapters provide details on how vegetarian diets can meet nu-
trient needs for various stages of the life cycle, including pregnancy,
lactation, infancy, childhood, and adolescence. As mentioned earlier,
well-planned vegetarian eating patterns may lower the risk of mor-
tality and several chronic diseases, including obesity, diabetes, high
blood pressure, heart disease, and some cancers. But there is noth-
ing mysterious or magical about a vegetarian eating pattern. A dietary
pattern that includes small amounts of meat can be equally healthy.?
The quality of the diet depends not on whether it includes meat but on
whether the other food choices are nutritionally sound. A plant-based
eating pattern that includes ample fruits, vegetables, whole grains,
legumes, nuts, and seeds is higher in fiber, antioxidant vitamins, and
phytochemicals and lower in saturated fats than meat-based diets.
Variety is key to nutritional adequacy in a vegetarian diet. Restrictive
plans that limit selections to a few grains and vegetables cannot pos-
sibly deliver a full array of nutrients.

Some religions practice vegetarianism, but vegetarianism itself is
not a religion; it is merely an eating pattern that selects plant foods to
deliver needed nutrients. That said, some vegetarians choose to follow
a macrobiotic diet; they select natural, organic foods and embrace
a Zen-like spirituality. In other words, a macrobiotic diet represents a
way of life, not just an eating pattern. Such a diet emphasizes whole
grains, legumes, and vegetables, with small amounts of fish, fruits,
nuts, and seeds. Practices include selecting locally grown foods, eating
foods in their most natural state, and balancing cold, sweet, and pas-
sive foods with hot, salty, and aggressive ones. Some items, such as
processed foods, alcohol, hot spices, and potatoes are excluded from
the diet. Early versions of the macrobiotic diet followed a progression
that ended with the “ultimate” diet of brown rice and water—a less
than nutritionally balanced diet. Today’s version reflects a modified
vegetarian approach with an appreciation of how foods can enhance
health. With careful planning, a macrobiotic diet can provide an array
of nutrients that support good health.

If not properly balanced, any diet—vegetarian, macrobiotic, or
otherwise—can lack nutrients. Poorly planned vegetarian diets typi-
cally lack iron, zinc, calcium, vitamin B, ,, and vitamin D; without plan-
ning, meat-based diets may lack vitamin A, vitamin C, folate, and fiber,
among others. Quite simply, the negative health aspects of any diet,
including vegetarian diets, reflect poor diet planning. Careful atten-
tion to energy intake and specific nutrients of concern can ensure
adequacy.

Keep in mind, too, that diet is only one factor influencing health.
Whatever a diet consists of, its context is also important: no smoking,
alcohol consumption in moderation (if at all), regular physical activity,
adequate rest, and medical attention when needed all contribute to
good health. Establishing these healthy habits early in life seems to
be the most important step one can take to reduce the risks of chronic
diseases later in life (as Highlight 16 explains).

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.



CRITICAL THINKING QUESTIONS

A.
B.

What are the strengths and weaknesses of vegetarian diets?

Your interest in nutrition has been piqued by the concept of a vegetarian
diet, and you wisely recognize that a well-planned diet involves more than
simply replacing a turkey sandwich with peanut butter crackers. Design
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Nutrition in Your Life

Have you ever wondered what happens to the food you eat after you swallow

it? Or how your body extracts nutrients from food? Have you ever marveled at
how it all just seems to happen? Follow foods as they travel through the diges-
tive system. Learn how a healthy digestive system takes whatever food you give
it—whether sirloin steak and potatoes or tofu and brussels sprouts—and extracts
the nutrients that will nourish the cells of your body. As you read this chapter,
consider whether your current eating habits are supporting a healthy digestive
system.

Each cell in the body needs a continuous supply of many specific nutrients to maintain
itself and carry out its work. These nutrients derive from the foods a person eats, but be-
fore the body’s cells can use the nutrients, foods must first be broken down mechanically
and chemically. This chapter follows the journey that breaks down foods into the nutrients
featured in the later chapters. Then it follows the nutrients as they travel through the
intestinal cells and into the body to do their work.

As you read about the complexities and intricacies of these processes, take a mo-
ment to appreciate the beauty and wisdom of the body. Recognize that the activities of
the digestive system are finely coordinated and fully integrated with those of the cir-
culatory, nervous, and hormonal systems. Then be thankful that your body can efficiently
take care of its business without any direction from you, but know that it performs its
best when you have given it optimal nourishment. This introduction presents a general
overview of the processes common to all nutrients; later chapters discuss the specifics
of digesting and absorbing individual nutrients.

3.1 Digestion

LEARN IT Explain how foods move through the digestive system, describing the actions
of the organs, muscles, and digestive secretions along the way.

Digestion is the body’s ingenious way of breaking down foods into nutrients in
preparation for absorption (see Photo 3-1). In the process, the body overcomes
many challenges without any conscious effort. Consider these challenges:

1. Human beings breathe, eat, and drink through their mouths. Air taken in
through the mouth must go to the lungs; food and beverages must go to
the stomach. The throat must be arranged so that swallowing and breathing
don’t interfere with each other.

2. Positioned below the lungs is the diaphragm, a dome of muscle that sepa-
rates the upper half of the torso from the lower half. The body needs a pas-
sageway that will allow food from the mouth to pass through the diaphragm
to reach the stomach below.

3. The contents of the digestive tract should be kept moving forward, slowly
but steadily, at a pace that permits all reactions to reach completion.

4. To move through the system, food must be lubricated with fluids. Too much
would form a liquid that would flow too rapidly; too little would form a paste
too dry and compact to move at all. The amount of fluids must be regulated to
keep the intestinal contents at the right consistency to move along smoothly.

5. For digestive enzymes to work, foods must be broken down into small particles
and suspended in enough liquid so that every particle is accessible. Once diges-
tion is complete and nutrients have been absorbed from the GI tract into the
body, the remaining waste must be excreted. Excreting all the water along with

Hurst Photo/Shutterstock.com

>PHOTO 3-1 The process of digestion breaks
down all kinds of foods into nutrients.

digestive system: all the organs and glands associated with
the ingestion and digestion of food.

digestion: the process by which food is broken down into
absorbable units.

o digest = take apart

absorption: the uptake of nutrients by the cells of the small
intestine for transport into either the blood or the lymph.

e absorb = suckin

Digestion 69
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the solid residue, however, would be both wasteful and messy. Some water must
be withdrawn, leaving a solid waste product that is easy to pass.

6. The digestive enzymes are designed to digest carbohydrate, fat, and protein.
The cells of the GI tract are also made of carbohydrate, fat, and protein. These
cells must be protected against the powerful digestive juices that they secrete.

7. Once waste matter has reached the end of the GI tract, it must be excreted,
but it would be inconvenient and embarrassing if this function occurred
continuously. Evacuation needs to occur periodically.

The following sections show how the body elegantly and efficiently handles these
challenges. Each section follows the GI tract from one end to the other—first de-
scribing its anatomy, then its muscular actions, and finally its secretions.

Anatomy of the Digestive Tract The gastrointestinal (GI) tract is a flex-
ible muscular tube that extends from the mouth, through the esophagus, stom-
ach, small intestine, large intestine, and rectum to the anus. Figure 3-1 traces the
path followed by food from one end to the other. In a sense, the human body
surrounds the GI tract. The inner space within the GI tract, called the lumen, is
continuous from one end to the other. (GI anatomy terms appear in boldface type
and are defined in Glossary 3-1.) A nutrient or other substance must pass through
the GI tract’s wall to enter the body proper; some materials pass through the
GI tract without being digested or absorbed.

Mouth The process of digestion begins in the mouth. During chewing, teeth
crush large pieces of food into smaller ones, and fluids from foods, beverages, and
salivary glands blend with these pieces to ease swallowing.* Fluids also help dis-
solve the food so that the tongue can taste it; only particles in solution can react
with taste buds. When stimulated, the taste buds detect one, or a combination, of
the five basic taste sensations: sweet, sour, bitter, salty and umami (0o-MOM-ee),
a savory flavor commonly associated with monosodium glutamate. In addition to
these chemical triggers, aroma, appearance, texture, and temperature also influ-
ence a person'’s taste perceptions.

gastrointestinal (Gl) tract: the digestive tract. The principal

organs are the stomach and intestines.
e gastro = stomach
e intestinalis = intestine

GLOSSARY 3-1

Gl ANATOMY TERMS

anus (AY-nus): the terminal outlet of the
Gl tract.

appendix: a narrow blind sac
extending from the beginning of the
colon that contains bacteria and
lymph cells.

duodenum (doo-oh-DEEN-um or doo-
0DD-num): the top portion of the small
intestine (about “12 fingers’ breadth” long
in ancient terminology).

e duodecim = twelve

epiglottis (epp-ih-GLOTT-iss): cartilage
in the throat that guards the entrance

to the trachea and prevents fluid or

food from entering it when a person
swallows.

e epi = upon (over)
e glottis = back of tongue

The tongue provides taste sensations and moves food around the mouth, facili-

tating chewing and swallowing. When a mouthful of food is swallowed, it passes
through the pharynx, a short tube that is shared by both the digestive system and

esophageal (ee -SOFF-ah-GEE-al)
sphincter: the circular muscle at the
upper or lower end of the esophagus.

The lower esophageal sphincter is also
called the cardiac sphincter because of its
proximity to the heart.

esophagus (ee-SOFF-ah-gus): the food
pipe; the conduit from the mouth to the
stomach.

gallbladder: the organ that stores and
concentrates bile. When it receives the
signal that fat is present in the duodenum,
the gallbladder contracts and squirts bile
through the bile duct into the duodenum.

ileocecal (ill-ee-oh-SEEK-ul) valve: the
sphincter separating the small and large
intestines.

ileum (ILL-ee-um): the last segment of
the small intestine.

jejunum (je-JOON-um): the first
two-fifths of the small intestine beyond
the duodenum.

large intestine or colon (COAL-un): the
lower portion of intestine that completes
the digestive process. Its segments are
the ascending colon, the transverse colon,
the descending colon, and the sigmoid
colon.

e sigmoid = shaped like the
letter S (sigma in Greek)

lumen (LOO-men): the space within a
vessel such as the intestine.

mouth: the oral cavity containing the
tongue and teeth.

pancreas: a gland that secretes
digestive enzymes and juices into the
duodenum. (The pancreas also secretes
hormones into the blood that help
maintain glucose homeostasis.)

pharynx (FAIR-inks): the passageway
leading from the nose and mouth to the
larynx and esophagus, respectively.
pyloric (pie-LORE-ic) sphincter: the
circular muscle that separates the stomach

*The process of chewing is called mastication (mass-tih-KAY-shun).
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from the small intestine and regulates the
flow of partially digested food into the small
intestine; also called pylorus or pyloric valve.

e pylorus = gatekeeper

rectum: the muscular terminal part of
the intestine, extending from the sigmoid
colon to the anus.

small intestine: a 10-foot length of
small-diameter intestine that is the major
site of digestion of food and absorption of
nutrients. Its segments are the duodenum,
Jejunum, and ileum.

sphincter (SFINK-ter): a circular muscle
surrounding, and able to close, a body
opening. Sphincters are found at
specific points along the Gl tract and
regulate the flow of food particles.

o sphincter = band (binder)

stomach: a muscular, elastic, saclike
portion of the digestive tract that grinds
and churns swallowed food, mixing it with
acid and enzymes to form chyme.
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FIGURE 3-1 The Gastrointestinal Tract
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the respiratory system. To bypass the entrance to the lungs, the epiglottis closes
off the airway so that choking doesn’t occur when swallowing, thus resolving the
first challenge. (Choking is discussed on pp. 87-88.) After a mouthful of food has
been chewed and swallowed, it is called a bolus.

Esophagus The esophagus has a sphincter muscle at each end. During a swal-
low, the upper esophageal sphincter opens. The bolus then slides down the
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ELIMINATION

v

bolus (BOH-lus): a portion; with respect to food, the amount
swallowed at one time.

e holos = lump
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FIGURE3-2 The Colon

The colon begins with the ascending colon rising upward toward the liver. It becomes
the transverse colon as it turns and crosses the body toward the spleen. The descending
colon turns downward and becomes the sigmoid colon, which extends to the rectum.
Along the way, the colon mixes the intestinal contents, absorbs water and salts, and

forms stool.

Transverse
colon

(5~

Ascending
colon
Opening from "~ End of small
Ta 7 intestine
small intestine _j_,a.\

to large intestine
Appendix /

chyme (KIME): the semiliquid mass of partly digested food
expelled by the stomach into the duodenum.

e chymos = juice

Gl motility (moh-TIL-ih-tee): the spontaneous movement

of the Gl tract that aids in the digestion and transit of the
contents within it.

segmentation (SEG-men-TAY-shun): a periodic squeezing or
partitioning of the intestine at intervals along its length by its
circular muscles.

peristalsis (per-ih-STALL-sis): wavelike muscular
contractions of the Gl tract that push its contents along.

e peri = around
e stellein = wrap
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= ——Sigmoid

esophagus, which passes through a hole in the dia-
phragm (challenge 2) to the stomach. The lower esoph-
ageal sphincter at the entrance to the stomach closes
behind the bolus so that it proceeds forward and doesn’t
slip back into the esophagus (challenge 3).

Stomach The stomach retains the bolus for a while in its
upper portion before transferring it to the lower portion.
As the stomach churns and adds digestive juices, the
bolus becomes a semiliquid mass called chyme. Then,
little by little, the stomach releases the chyme through
the pyloric sphincter, which opens into the small intes-
/) tine and then closes behind the chyme.
Small Intestine At the beginning of the small intestine,
the chyme bypasses the opening from the common bile
duct, which is dripping fluids (challenge 4) into the
small intestine from two organs outside the GI tract—the
gallbladder and the pancreas. The chyme travels down
the small intestine through its three segments—the duo-
denum, the jejunum, and the ileum—almost 10 feet of
tubing coiled within the abdomen.

Descending

\
/ colon

Large Intestine (Colon) Having traveled the length of
the small intestine, the remaining contents arrive at an-
other sphincter (challenge 3 again): the ileocecal valve,
located at the beginning of the large intestine (colon) in
the lower right side of the abdomen. Upon entering the colon, the contents pass
another opening. Should any intestinal contents slip into this opening, it would
end up in the appendix, a blind sac about the size of your little finger. Normally,
the contents bypass this opening, however, and travel along the large intestine up
the right side of the abdomen, across the front to the left side, down to the lower
left side, and finally below the other folds of the intestines to the back of the body,
above the rectum (see Figure 3-2).

As the intestinal contents pass to the rectum, the colon withdraws water, leav-
ing semisolid waste (challenge 5). The strong muscles of the rectum and anal
canal hold back this waste until it is time to defecate. Then the rectal muscles
relax (challenge 7), and the two sphincters of the anus open to allow passage of
the waste.

colon

© Cengage

The Muscular Action of Digestion In the mouth, chewing, the addition
of saliva, and the action of the tongue transform food into a coarse mash that can
be swallowed. After swallowing, all the activity that follows occurs without much
conscious thought. As is the case with so much else that happens in the body, the
muscles of the digestive tract meet internal needs without any concerted effort
on your part. They keep things moving at just the right pace, slow enough to get
the job done and fast enough to make progress. Movement of the digestive tract is
called GI motility.

Segmentation and Peristalsis Two layers of muscles in the GI tract coordinate to
produce two kinds of action—segmentation and peristalsis. In segmentation, the
inner circular muscles contract and relax in a way that churns the chyme. This
churning action mixes the chyme with digestive juices and puts it in close contact
with the absorbing cells of the intestinal wall. In peristalsis, the outer longitudinal
muscles rthythmically contract in a way that moves chyme forward. These rhyth-
mic contractions occur continuously at varying rates and intensities, depending
on the section of the GI tract and on whether food is present. Factors such as
stress, drugs, and illness may interfere with normal GI tract contractions.
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Stomach Action The stomach has the thickest walls and strongest muscles of FIGURE3-3 Stomach Muscles
all the GI tract organs. In addition to the circular and longitudinal muscles,  The stomach has three layers of muscles.

it has a third layer of diagonal muscles that also alternately contract and
relax (see Figure 3-3). These three sets of muscles work to force the chyme
downward, but the pyloric sphincter (at the bottom of the stomach) usually
remains tightly closed, preventing the chyme from passing into the duode-
num of the small intestine. As a result, the chyme is churned and forced
down, hits the pyloric sphincter, and remains in the stomach. Meanwhile,
the stomach wall releases gastric juices. When the chyme is completely liq-
uefied with gastric juices, the pyloric sphincter opens briefly, about three
times a minute, to allow small portions of chyme to pass through. At this
point, the chyme no longer resembles food in the least.

Sphincter Contractions Sphincter muscles periodically open and close,
allowing the contents of the GI tract to move along at a controlled pace
(challenge 3 again). At the top of the esophagus, the upper esophageal
sphincter opens in response to swallowing. At the bottom of the esopha-
gus, the lower esophageal sphincter (sometimes called the cardiac
sphincter because of its proximity to the heart) prevents reflux of the stom-
ach contents. At the bottom of the stomach, the pyloric sphincter, which stays
closed most of the time, holds the chyme in the stomach long enough for it to
be thoroughly mixed with gastric juice and liquefied. The pyloric sphincter
also prevents the intestinal contents from backing up into the stomach. At the
end of the small intestine, the ileocecal valve performs a similar function, al-
lowing the contents of the small intestine to empty into the large intestine.
Finally, the tightness of the rectal muscle acts as a kind of safety device; to-
gether with the two sphincters of the anus, it prevents continuous elimination
(challenge 7). Figure 3-4 illustrates how sphincter muscles contract and relax to
close and open passageways.

© Cengage

The Secretions of Digestion The break-
down of food into nutrients requires secretions
from five different organs: the salivary glands,

the stomach, the pancreas, the liver (via the gall- the passage opens.

Longitudinal

FIGURE3-4 An Example of a Sphincter Muscle
When the circular muscles of a sphincter contract, the passage closes; when they relax,

bladder), and the small intestine. These secre-
tions enter the GI tract at various points along
the way, bringing an abundance of fluids (chal-
lenge 4) and a variety of enzymes.
Enzymes are formally introduced in Chap-
ter 6, but for now a simple definition will suf-
fice. An enzyme is a protein that facilitates a
chemical reaction—making a molecule, break- I N

L Circular muscle

— Longitudinal muscle

Esophagus muscles relax,
opening the passageway.

Diaphragm muscles relax,
opening the passageway.

ing a molecule apart, changing the arrange-
ment of a molecule, or exchanging parts of
molecules. As a catalyst, the enzyme itself re-
mains unchanged. The enzymes involved in
digestion facilitate a chemical reaction known
as hydrolysis—the addition of water (hydro)
to break (lysis) a molecule into smaller pieces.
Glossary 3-2 (p. 74) describes how to identify

© Cengage

- Esophagus muscles
contract, squeezing
on the inside.

Diaphragm muscles
contract, squeezing
on the outside.

some of the common digestive enzymes and
related terms; later chapters introduce specific
enzymes. When learning about enzymes, it helps to know that the word ending
-ase denotes an enzyme. Enzymes are often identified by the organ they come
from and the compounds they work on. Gastric lipase, for example, is a stomach
enzyme that acts on lipids, whereas pancreatic lipase comes from the pancreas
(and also works on lipids).

reflux: a backward flow.
e re = back
e flux = flow

catalyst (CAT-uh-list): a compound that facilitates chemical
reactions without itself being changed in the process.

Digestion 73
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FIGURE3-5 The Salivary Glands

The salivary glands secrete enzyme-rich saliva into the
mouth and begin the digestive process. Given

the short time food is in the mouth, salivary enzymes
contribute little to digestion.

heartburn: a burning sensation in the chest area caused
by backflow of stomach acid into the esophagus; medically
known as gastroesophageal reflux.

pH: the unit of measure expressing a substance's acidity

or alkalinity. The lower the pH, the higher the H* ion
concentration and the stronger the acid. A pH above 7 is
alkaline, or base (a solution in which OH~ ions predominate).

© Cengage

Saliva The salivary glands, shown in Figure 3-5, squirt just enough saliva to
moisten each mouthful of food so that it can pass easily down the esophagus
(challenge 4). (Digestive glands and their secretions are defined in Glossary 3-3.)
The saliva contains water, salts, mucus, and enzymes that initiate the digestion of
carbohydrates. Saliva also protects the teeth and the linings of the mouth, esopha-
gus, and stomach from substances that might cause damage.

Gastric Juice In the stomach, gastric glands secrete gastric juice, a mixture of
water, enzymes, and hydrochloric acid, which acts primarily in protein diges-
tion. The acid is so strong that it causes the sensation of heartburn if it happens
to reflux into the esophagus. Highlight 3 discusses heartburn, ulcers, and other
common digestive problems.

The strong acidity of the stomach prevents bacterial growth and kills most
bacteria that enter the body with food. It would destroy the cells of the stomach
as well, but for their natural defenses. To protect themselves from gastric juice,
the cells of the stomach wall (in fact, of the entire gastrointestinal lining) secrete
mucus, a thick, slippery, white substance that coats the cells, protecting them
from stomach acid, enzymes, and disease-causing bacteria that might otherwise
cause harm (challenge 6).

Figure 3-6 shows how the strength of acids is measured—in pH units. Note
that the acidity of gastric juice registers below 2 on the pH scale—stronger than
vinegar. The stomach enzymes work most efficiently in the stomach’s strong acid,
but the salivary enzymes, which are swallowed with food, do not work in acid this
strong. Consequently, the salivary digestion of carbohydrates ceases as stomach
acid penetrates each newly swallowed bolus of food. Once in the stomach, sali-
vary enzymes simply become proteins to be digested.

Pancreatic Juice and Intestinal Enzymes By the time food leaves the stomach,
digestion of all three energy nutrients (carbohydrates, fats, and proteins) has
begun, and the action gains momentum in the small intestine. There the pan-
creas contributes digestive juices by way of ducts leading into the duodenum. The
pancreatic juice contains enzymes that act on all three energy nutrients, and the
cells of the intestinal wall also possess digestive enzymes on their surfaces.

In addition to enzymes, the pancreatic juice contains sodium bicarbonate,
which is basic or alkaline—the opposite of the stomach’s acid (review Figure 3-6).
The pancreatic juice thus neutralizes the acidic chyme arriving in the small in-
testine from the stomach. From this point on, the chyme remains at a neutral or
slightly alkaline pH. The enzymes of both the intestine and the pancreas work
best in this environment.

Bile Bile also flows into the duodenum. The liver continuously produces bile,
which is then concentrated and stored in the gallbladder. The gallbladder squirts
bile into the duodenum of the small intestine when fat arrives there. Bile is not an
enzyme; it is an emulsifier that disperses fats in watery solutions, which gives the
digestive enzymes access to them. A summary of digestive secretions and their ac-
tions is presented in Table 3-1.

The Final Stage By the time the contents of the GI tract reach the end of
the small intestine, the three energy-yielding nutrients—carbohydrate, fat, and

G LO S SA RY 3 -2 e carbohydrase (KAR-boe-HIGH- digestive enzymes: proteins found to one and a hydroxyl group (OH) added to
drase), an enzyme that hydrolyzes in digestive juices that act on food the other (from water, H,0). (The noun is

DIGESTIVE ENZYME TERMS carbohydrates. substances, causing them to break down hydrolysis; the verb is hydrolyze.)

-ase (ACE): suffix denoting an enzyme ® lipase (LYE-pase), an enzyme that 171 122Uk e hydro = water

T st @ e el e [olemiiies hydrolyzes lipids (fats). hydrplygls(h_lgh—DROL—lh-S|s): a che_m_lcal o lysis = breaking

the compound the enzyme works on. e protease (PRO-tee-ase), an enzyme reaction in which one molecule is split into

Examples include:

that hydrolyzes proteins. two molecules, with hydrogen (H) added
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FIGURE3-6 The pH of Common

TABLE 3-1 Summary of Digestive Secretions and Their Major Actions Substances

Organ or Gland  Target Organ Secretion Action A substance’s acidity or alkalinity is measured in pH
Salivary glands ~ Mouth Saliva Fluid eases swallowing; salivary units. The pH is the negative logarithm of the hydrogen
enzyme break*s down some ion concentration. Each increment represents a tenfold
carbohydrate. increase in concentration of hydrogen ions, meaning,
Gastric glands Stomach Gastric juice Fluid mixes with bolus; hydrochloric for example, that a pH of 2 is 1000 times stronger than
acid uncoils proteins; enzymes break apHof 5.
down proteins; mucus protects i
stomach cells.* Basic 14 — Concentrated lye
- - - - - . ; A
Pancreas Small intestine  Pancreatic juice  Bicarbonate neutralizes acidic gastric
juices; pancreatic enzymes break down 13 — Oven cleaner
carbohydrates, fats, and proteins.
Liver Gallbladder Bile Bile is stored until needed. e
Gallbladder Small intestine  Bile Bile emulsifies fat so that enzymes 11 |= Household ammonia
can have access to break it down.
Intestinal glands Small intestine  Intestinal juice Intestinal enzymes break down 10 —
carbohydrate, fat, and protein o
fragments; mucus protects the % 9 |- Baking soda
intestinal wall. S Bile
*Saliva and gastric juice also contain lipases, but most fat breakdown occurs in the small intestine. 8 I— Pancreatic juice
Blood
protein—have been digested. Some vitamins and minerals are altered slightly dur- pH neutral Aw \évj,te;
. . . . . \%
ing digestion, but most are absorbed as they are. All that remains—fluids, a few 6= Urine
dissolved salts, and undigested materials such as fiber—enters the large intestine
(colon). Fiber carries with it some fat, cholesterol, and a few minerals and retains 5 |- Coffee
water as well, accounting for the consistency of stool. Intestinal bacteria ferment
some fibers, producing water, gas, and small fragments of fat that provide energy 4 = Orange juice
for the cells of the colon. The colon itself retrieves the fluids and salts that the body slvi
can recycle. The waste that is finally excreted has little or nothing of value left in negar
it. The body has extracted all that it can use from the food. Figure 3-7 (p. 76) sum- 5 | Lemon juice
marizes digestion by following a sandwich through the GI tract and into the body. ccoelce
1 I <t}
REVIEW IT Explain how foods move through the digestive system, describing the Ac‘i:ﬁc 0 - Battery acid §

liver fluids and digestive enzymes.

GLOSSARY 3-3

DIGESTIVE GLAND
AND SECRETION TERMS

bicarbonate: an alkaline compound with
the formula HCO, that is secreted from the
pancreas as part of the pancreatic juice.
(Bicarbonate is also produced in all cell fluids
from the dissociation of carbonic acid to help
maintain the body's acid-base balance.)

bile: an emulsifier that prepares fats
and oils for digestion; an exocrine
secretion made by the liver, stored in the
gallbladder, and released into the small
intestine when needed.

emulsifier (ee-MUL-sih-fire): a substance
with both water-soluble and fat-soluble

portions that promotes the mixing of oils
and fats in a watery solution.

gastric glands: exocrine glands in the
stomach wall that secrete gastric juice
into the stomach.

e gastro = stomach

gastric juice: the digestive secretion of

the gastric glands of the stomach.

glands: cells or groups of cells that
secrete materials for special uses in the
body. Glands may be exocrine (EKS-oh-
crin) glands, secreting their materials
“out” (into the digestive tract or onto the

surface of the skin), or endocrine (EN-doe-
crin) glands, secreting their materials “in”

(into the blood).
e exo = outside

actions of the organs, muscles, and digestive secretions along the way.

As Figure 3-1 (p. 71) shows, food enters the mouth and travels down the esophagus and through
the upper and lower esophageal sphincters to the stomach, then through the pyloric sphincter
to the small intestine, on through the ileocecal valve to the large intestine, past the appendix

to the rectum, ending at the anus. The wavelike contractions of peristalsis and the periodic
squeezing of segmentation keep things moving at a reasonable pace. Along the way, secretions
from the salivary glands, stomach, pancreas, liver (via the gallbladder), and small intestine de-

feces (FEE-seez).

e endo = inside
e krine = to separate

hydrochloric acid: an acid composed
of hydrogen and chloride atoms (HCI)
that is normally produced by the gastric
glands.

liver: the organ that manufactures bile,
among many other functions (described in
Chapter 7).

mucus (MYOO-kus): a slippery substance
secreted by cells of the Gl lining (and
other body linings) that protects the cells
from exposure to digestive juices (and
other destructive agents). The lining of
the Gl tract with its coat of mucus is a
mucous membrane. (The noun is mucus,
the adjective is mucous.)

stool: waste matter discharged from the colon; also called

pancreatic (pank-ree-AT-ic) juice: the
exocrine secretion of the pancreas that
contains both enzymes for the digestion
of carbohydrate, fat, and protein as well
as hicarbonate, a neutralizing agent. The
juice flows from the pancreas into the
small intestine through the pancreatic
duct. (The pancreas also has an endocrine
function, the secretion of insulin and other
hormones.)

saliva: the secretion of the salivary
glands. Its principal enzyme begins
carbohydrate digestion.

salivary glands: exocrine glands that
secrete saliva into the mouth.
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FIGURE 3-7 The Digestive Fate of a Sandwich
To review the digestive processes, follow a peanut butter and banana sandwich on whole-wheat, sesame seed bread through the Gl tract. As the graph
on the right illustrates, digestion of the energy nutrients begins in different parts of the Gl tract, but all are ready for absorption by the time they reach the end
of the small intestine.

4

MOUTH: CHEWING AND SWALLOWING, WITH LITTLE DIGESTION

Carbohydrate digestion begins as salivary amylase breaks down
starch from bread and peanut butter.

Fiber covering on the sesame seeds is crushed by the teeth.

Fat digestion is minimal. Some hard fats melt as they reach body
temperature.

Protein foods are moistened by saliva.

Carbohydrate

Fiber
Protein
Fat

STOMACH: COLLECTING AND CHURNING, WITH SOME DIGESTION

Carbohydrate digestion ceases when the stomach acid of the gastric
juices inactivates the salivary amylase.

Proteins from the bread, seeds, and peanut butter begin to uncoil when
they mix with the gastric acid, exposing them to the gastric protease
enzymes that break down proteins.

Fat from the peanut butter and seeds tends to separate from the watery
Gl juices.

SMALL INTESTINE: DIGESTING AND ABSORBING

Carbohydrate digestion picks up when the pancreas sends pancreatic
enzymes to the small intestine via the pancreatic duct to break down
starch. Enzymes on the surfaces of the small intestinal cells complete
the process of breaking down starch into small fragments that can be
absorbed through the cells of the small intestine walls and into the
hepatic portal vein. Sugars from the banana require so little digestion

that they begin to traverse the intestinal cells immediately on contact.
Fat from the peanut butter and seeds is emulsified by bile. Now
pancreatic and intestinal lipases can break down the fat to smaller

EN2 0

&

fragments that can be absorbed through the cells of the small intestine
wall and into the lymph.

Protein breakdown depends on the pancreatic and intestinal proteases.
Small fragments of protein are absorbed through the cells of the small
intestine wall and into the hepatic portal vein.

Vitamins and minerals are absorbed.

Note: Sugars and starches are members of the carbohydrate family.
ABSIORPTION
LARGE INTESTINE: ABSORBING AND ELIMINATING

Fluids and some minerals are absorbed.

Some fibers from the seeds, whole-wheat bread, peanut butter, and
banana are partly digested by the bacteria living in the large intestine,
and some of these products are absorbed.

Most fibers pass through the large intestine and are excreted as feces;
some fat, cholesterol, and minerals bind to fiber and are also excreted.

EXCRETION

© Cengage

3.2 Absorption

LEARN IT Describe the anatomical details of the intestinal cells that facilitate nutrient
absorption.

Within three or four hours after a person has eaten a dinner of beans and rice
(or spinach lasagna, or steak and potatoes) with vegetable, salad, beverage, and
dessert, the body must find a way to absorb the molecules derived from car-
bohydrate, protein, and fat digestion—and the vitamin and mineral molecules

76 Chapter3 Digestion, Absorption, and Transport
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as well. Most absorption takes place in the small intestine, one of the most el-
egantly designed organ systems in the body. Within its 10-foot length, which
provides a surface area equivalent to 1.5 bowling lanes, the small intestine traps
and absorbs the nutrient molecules.! To remove the absorbed molecules rapidly
and provide room for more to be absorbed, a rush of circulating blood continu-
ously washes the underside of this surface, carrying the absorbed nutrients away
to the liver and other parts of the body. Figure 3-8 describes how most nutrients
are absorbed by simple diffusion, facilitated diffusion, or active transport. Later
chapters provide details on specific nutrients. Before following nutrients through
the body, we must look more closely at the anatomy of the absorptive system.

Anatomy of the Absorptive System The inner surface of the small intes-
tine looks smooth and slippery, but when viewed through a microscope, it turns
out to be wrinkled into hundreds of folds. Each fold is contoured into thousands
of fingerlike projections, as numerous as the hairs on velvet fabric. These small in-
testinal projections are called villi. A single villus, magnified still more, turns out
to be composed of hundreds of cells, each covered with its own microscopic hairs,
called microvilli (see Figure 3-9, p. 78). In the crevices between the villi lie the
crypts—tubular glands that secrete the intestinal juices into the small intestine.
Nearby goblet cells secrete mucus.

The villi are in constant motion. Each villus is lined by a thin sheet of
muscle, so it can wave, squirm, and wriggle like the tentacles of a sea anem-
one (see Photo 3-2). Any nutrient molecule small enough to be absorbed is
trapped among the microvilli and then drawn into the cells. Some partially
digested nutrients are caught in the microvilli, digested further by enzymes
there, and then absorbed into the cells.

A Closer Look at the Intestinal Cells The cells of the villi are among the
most amazing in the body, for they recognize and select the nutrients the body
needs and regulate their absorption. As already described, each cell of a villus is
coated with thousands of microvilli, which project from the cell’s membrane (re-
view Figure 3-9 and see Photo 3-3, p. 78). In these microvilli, and in the membrane,

> FIGURE 3-8 Absorption of Nutrients

Greg Amptman/Shutterstock.com

> PHOTO 3-2
anemone with its fingerlike projections in
constant motion, you have a good picture of
how the intestinal villi move.

If you have ever watched a sea

villi (VILL-ee or VILL-eye): fingerlike projections from the folds
of the small intestine; singular villus.

microvilli (MY-cro-VILL-ee or MY-cro-VILL-eye): tiny, hairlike
projections on each cell of every villus that can trap nutrient
particles and transport them into the cells; singular microvillus.

crypts (KRIPTS): tubular glands that lie between the intestinal
villi and secrete intestinal juices into the small intestine.

goblet cells: cells of the Gl tract (and lungs) that secrete mucus.

Absorption of nutrients into intestinal cells typically occurs by simple diffusion, facilitated diffusion, or active transport. Occasionally, a large molecule is
absorbed by endocytosis—a process in which the cell membrane engulfs the molecule, forming a sac that separates from the membrane and moves into the cell.

Carrier loads
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L]

Outside °
° outside of cell . . .

cell
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cell
SIMPLE FACILITATED
DIFFUSION TRANSPORT

Some nutrients (such as the water-soluble
vitamins) are absorbed by facilitated transport.
They need a specific carrier to transport them
from one side of the cell membrane to the
other. (Alternatively, facilitated transport may
occur when the carrier changes the cell
membrane in such a way that the nutrients can
pass through.)

Some nutrients (such as water
and small lipids) are absorbed
by simple diffusion. They cross
into intestinal cells freely.
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Some nutrients (such as glucose and
amino acids) are absorbed actively.
These nutrients move against a
concentration gradient, which requires
energy.

Absorption 77
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> FIGURE 3-9 The Small Intestine

wrinkled into thousands of folds
covered with villi.

The walls of the small intestine are Each villus contains a network of Each villus is made of absorptive
capillaries and lymphatic vessels for cells that are covered with even
transporting nutrients out of the smaller projections—the
intestinal cells. microvilli—that trap and absorb
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>PHOTO 3-3 A human intestinal cell is lined
with microvilli.
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the nutrients.

lie hundreds of different kinds of enzymes and “pumps,” which recognize and act
on different nutrients. Descriptions of specific enzymes and pumps for each nutri-
ent are presented in later chapters where appropriate; the point here is that the cells
are equipped to handle all kinds and combinations of foods and their nutrients.

Specialized Cells The cells of the intestinal tract are specialized to absorb differ-
ent nutrients. The nutrients that are ready for absorption early are absorbed near
the top of the GI tract; those that take longer to be digested are absorbed farther
down. Health-care professionals who treat digestive disorders learn the special-
ized absorptive sections of the GI tract so that if one part becomes dysfunctional,
the diet can be adjusted accordingly.

Food Combining The idea that people should not eat certain food combinations
(for example, fruit and meat) at the same meal, because the digestive system
cannot handle more than one task at a time, is a myth. The art of “food com-
bining”—which actually emphasizes “food separating”—is based on this myth,
and it represents faulty logic and a gross underestimation of the body’s capabil-
ities. In fact, the contrary is often true; foods eaten together can enhance each
other’s use by the body. For example, vitamin C in bell peppers and tomatoes
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can enhance the absorption of iron from a meal of beans and rice or other iron-
containing foods. Many other examples of mutually beneficial interactions are
presented in later chapters.

Preparing Nutrients for Transport When a nutrient molecule has been absorbed
and has crossed into the cell of a villus, it enters either the bloodstream or the
lymphatic system (see Photo 3-4). Both transport systems supply vessels to each
villus, as shown in Figure 3-9. The water-soluble nutrients and the smaller prod-
ucts of fat digestion are released directly into the bloodstream and guided di-
rectly to the liver, where their fate and destination will be determined.

The larger fats and the fat-soluble vitamins are insoluble in water, however, and
blood is mostly water. The intestinal cells assemble many of the products of fat di-
gestion into larger molecules. These larger molecules cluster together with special
proteins, forming chylomicrons. Chylomicrons (kye-lo-MY-cronz) are defined and
described in more detail in Chapter 5. For now, keep in mind that because chylomi-
crons carry fats, they are released into the lymphatic system. They move through the
lymph until they can enter the bloodstream at a point near the heart. Consequently,
chylomicrons bypass the liver at first. Details follow.

REVIEW IT Describe the anatomical details of the intestinal cells that facilitate
nutrient absorption.

The many folds and villi of the small intestine dramatically increase its surface area, facilitating
nutrient absorption. Nutrients pass through the cells of the villi and enter either the blood (if
they are water soluble or small fat fragments) or the lymph (if they are fat soluble).

3.3 The Circulatory Systems

LEARN IT Explain how nutrients are routed in the circulatory systems from the Gl tract
into the body and identify which nutrients enter the blood directly and which must first
enter the lymph.

Once a nutrient has entered the bloodstream, it may be transported to any of the
cells in the body, from the tips of the toes to the roots of the hair. The circulatory
systems deliver nutrients wherever they are needed.

The Vascular System The vascular, or blood circulatory, system is a closed
system of vessels through which blood flows continuously, with the heart serving
as the pump (see Figure 3-10, p. 80). As the blood circulates through this system,
it picks up and delivers materials as needed.

Nutrient Transport All the body tissues derive nutrients and oxygen from the
blood and deposit carbon dioxide and other wastes back into the blood. The di-
gestive system supplies the nutrients. The lungs exchange oxygen (which enters
the blood to be delivered to all cells) and carbon dioxide (which leaves the blood
to be exhaled). The kidneys filter wastes other than carbon dioxide out of the
blood to be excreted in the urine.

Blood leaving the right side of the heart circulates through the lungs and then
back to the left side of the heart. The left side of the heart then pumps the blood
out of the aorta through arteries to all systems of the body. The blood circulates
in the capillaries, where it exchanges material with the cells and then collects
into veins, which return it again to the right side of the heart. In short, blood trav-
els this simple route:

Heart to arteries to capillaries to veins to heart

The routing of the blood leaving the digestive system has a special feature.
The blood is carried to the digestive system (as to all organs) by way of an ar-
tery, which (as in all organs) branches into capillaries to reach every cell. Blood
leaving the digestive system, however, goes by way of a vein. The hepatic portal
vein directs blood not back to the heart but to another organ, the liver. This vein

mimagephotography/Shutterstock.com
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> PHOTO 3-4 For the body to use nutrients
from food, they must first be digested and
absorbed.

aorta (ay-OR-tuh): the large, primary artery that conducts
blood from the heart to the body’s smaller arteries.

arteries: vessels that carry blood from the heart to the
tissues.

capillaries (CAP-ill-aries): small vessels that branch from
an artery. Capillaries connect arteries to veins. Exchange of
oxygen, nutrients, and waste materials takes place across
capillary walls.

veins (VANES): vessels that carry blood to the heart.

hepatic portal vein: the vein that collects blood from the GI
tract and conducts it to the liver.

e portal = gateway

The Circulatory Systems 79
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> FIGURE 3-10 The Vascular System

@ Blood loses carbon dioxide and
picks up oxygen in the lungs and
returns to the left side of the heart
by way of the pulmonary vein.

Pulmonary vein

@ Blood leaves the left side of the
heart by way of the aorta, the
main artery that launches blood
on its course through the body.

Pulmonary artery

@ Blood leaves the right side of the
heart by way of the pulmonary
artery.

@ Blood may leave the aorta to go

(@ Lymph from most of the body'’s o the upper body and head:

organs, including the digestive
system, enters the bloodstream

r
near the heart. ©

Blood may leave the aorta to go
to the lower body.

@ Blood may go to the digestive

@ Blood returns to the right side '
tract and then the liver;

of the heart.

or

Blood may go to the pelvis,
i kidneys, and legs.

Arteries

Capillaries

Veins

OEEE;Z

Lymph vessels

branches into a network of large capillaries so that every cell of the liver has access
to the blood. Blood leaving the liver then collects into the hepatic vein, which
returns blood to the heart. The route is:

Heart to arteries to capillaries (in intestines) to hepatic portal vein to capillaries (in
liver) to hepatic vein to heart

The Liver Figure 3-11 shows the liver’s key position in nutrient transport. An anat-
omist studying this system knows there must be a reason for this special arrange-
ment. The liver’s placement ensures that it will be first to receive the nutrients
absorbed from the GI tract. In fact, the liver busily prepares carbohydrates, fats,
proteins, and other absorbed nutrients for use by the rest of the body. Of all the
body’s organs, the liver is the most metabolically active, as Chapter 7 describes.
In addition, the liver defends the body by detoxifying substances that might
cause harm and preparing waste products for excretion. This is why, when people
ingest poisons that succeed in passing the first barrier (the intestinal cells), the
liver quite often suffers the damage—from viruses such as hepatitis, from drugs
hepatic vein: the vein that collects blood from the liver and such as barbiturates or alcohol, from toxins such as pesticide residues, and from
returns it to the heart. contaminants such as mercury. Perhaps, in fact, you have been undervaluing your
* hepatic = liver liver, not knowing what heroic tasks it quietly performs for you.
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> FIGURE 3-11 The Liver

Hepatic vein
Capillaries

@ Vessels gather up nutrients from the
digestive tract.

Not shown here:

Parallel to these vessels (veins) are
other vessels (arteries) that carry
oxygen-rich blood from the heart
to the intestines.

(@ The vessels merge into the hepatic
portal vein, which conducts all
absorbed materials to the liver.

@ The hepatic artery brings a supply of
freshly oxygenated blood (not loaded
with nutrients) from the lungs to supply
oxygen to the liver's own cells.

@ A network of large capillaries branch all
over the liver, making nutrients and oxygen
available to all its cells and giving the cells
access to blood from the digestive system.

. ﬁ
4#'*
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@ The hepatic vein gathers up blood in
the liver and returns it to the heart.

In contrast, nutrients absorbed into lymph
do not go to the liver first. They go to the
heart, which pumps them to all the body’s
cells. The cells remove the nutrients they
need, and the liver handles the remnants.

The Lymphatic System The lymphatic system collects fluid from tissues
throughout the body and directs its flow toward the heart. Unlike the cardiovas-
cular system, the lymphatic system has no central pump; instead, lymph moves
through the vessels in response to body movements—either voluntary actions of
skeletal muscles (as when we walk) or involuntary actions of smooth muscles (as
when we breathe). Ultimately, much of the lymph collects in the thoracic duct
behind the heart. The thoracic duct opens into the subclavian vein, where the
lymph enters the bloodstream. Thus, nutrients from the GI tract that enter lym-
phatic vessels (large fats and fat-soluble vitamins) ultimately enter the blood-
stream, circulating through arteries, capillaries, and veins like the other nutrients,
with a notable exception—they bypass the liver at first.*

Once inside the cardiovascular system, the nutrients can travel all over the
body, where they can be taken into cells and used as needed. What becomes of
them is described in later chapters.

REVIEW IT Explain how nutrients are routed in the circulatory systems from the
Gl tractinto the body and identify which nutrients enter the blood directly and
which must first enter the lymph.

Nutrients leaving the digestive system via the blood are routed directly to the liver before being
transported to the body's cells. Those leaving via the lymphatic system (large fats and fat-
soluble vitamins) eventually enter the vascular system but bypass the liver at first.

*The lymphatic vessels of the intestine that take up nutrients and pass them to the lymph circulation are called
lacteals (LACK-tee-als).

Hepatic
artery

Hepatic portal vein

© Cengage

lymphatic (lim-FAT-ic) system: a network of tissues and
organs that transport fluids toward the heart. The Gl part of
the lymphatic system carries the products of fat digestion into
the bloodstream.

lymph (Limf): a clear fluid that contains infection-fighting
white blood cells. Lymph from the Gl tract transports fat and
fat-soluble vitamins to the bloodstream via lymphatic vessels.
thoracic (thor-ASS-ic) duct: the main lymphatic vessel that
collects lymph and drains into the left subclavian vein.
subclavian (sub-KLAY-vee-an) vein: the vein that provides
passageway from the lymphatic system to the vascular
system.

The Circulatory Systems 81

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.



ATU Studio/Shutterstock.com

e .

PHOTO 3-5 Eaten regularly, yogurt may
alleviate common digestive problems.

microbes (MY-krobes): microscopically small organisms
including bacteria, viruses, fungi, and protozoa; also called
microorganisms.

e mikros = small

Gl microbiota: the collection of microbes found in the

Gl tract; sometimes called the microflora or gut flora. The
collection of genes and genomes of the microbiota is called
the microbiome.

prebiotics: food components (such as fibers) that are not
digested by the human body but are used as food by the Gl
bacteria to promote their growth and activity.

probiotics: living microorganisms found in foods and dietary
supplements that, when consumed in sufficient quantities,
are beneficial to health.

e pro = for

e bios = life

yogurt: milk product that results from the fermentation

of lactic acid in milk by Lactobacillus bulgaricus and
Streptococcus thermophilus.
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3.4 The Health and Regulation of the Gl Tract

LEARN IT Describe how bacteria, hormones, and nerves influence the health and
activities of the Gl tract.

This section describes the bacterial conditions and hormonal and nerve regulation
of a healthy GI tract, but many factors can influence normal GI function. For exam-
ple, peristalsis and sphincter action are poorly coordinated in newborns, so infants
tend to “spit up” during the first several months of life. Older adults often experi-
ence constipation, in part because the intestinal wall loses strength and elasticity
with age, which slows GI motility. Diseases can also interfere with digestion and ab-
sorption and often lead to malnutrition. Lack of nourishment, in general, and lack
of certain dietary constituents such as fiber, in particular, alter the structure and
function of GI cells. Quite simply, GI tract health depends on adequate nutrition.

Gastrointestinal Microbes A healthy GI tract is home to a vibrant commu-
nity of some 100 trillion microbes—bacteria, viruses, fungi, protozoa, and other
microorganisms, collectively known as the GI microbiota. Weighing less than a
pound in total, these microbial cells outnumber the body’s cells tenfold. The bac-
teria alone represent more than 400 different species and subspecies. The preva-
lence of different microbes in various parts of the GI tract depends on such factors
as pH, peristalsis, diet, and other microbes. Relatively few microbes can live in the
low pH of the stomach with its somewhat rapid peristalsis, whereas the neutral
pH and slow peristalsis of the lower small intestine and the large intestine permit
the growth of a diverse and abundant population.

Recent research has revealed that the GI microbiota may play a critical role in
health.? Changes in the microbiota composition and activity are associated with
dozens of common diseases, such as irritable bowel syndrome and obesity.? In-
terestingly, similarities in microbiota composition are apparent in people who
have the same disease, and differences are noted when their health status dif-
fers. For example, the number and kinds of GI microbes differ in nonobese and
obese individuals; the population of microbes in obese people with more body
fat and obesity-related diseases is less diverse than in nonobese people.* Ongoing
research is trying to determine exactly how the GI microbiota might contribute to
the development of obesity and other metabolic diseases.’

The GI microbiota changes in response to diet—both in the short term (daily
meals) and in the long term (habitual diet patterns).® In fact, one of the ways diet
may help manage diseases is by changing the microbiota.” Consider, for example,
that the most recommended diet strategy to improve health—plant-based eating
patterns—promotes the most favorable changes in the GI microbiota.® Such diets
are high in fibers that cannot be digested by the human body but can provide a
major source of energy for bacteria, fostering their growth. As GI bacteria digest
and metabolize fibers, they produce short fragments of fat, which influence me-
tabolism, inflammation, and disease.” These actions may help explain how dietary
fiber protects against colon cancer.!®

Fibers and some other food components are called prebiotics because they en-
courage the growth and activity of bacteria. Research suggests that prebiotics may
reduce the risk of GI infections, inflammation, and disorders; increase the bio-
availability of nutrients; and regulate appetite and satiety.!!

Some foods contain probiotics, live microbes that change the conditions in the
GI tract in ways that seem to benefit health. For example, yogurt, with its live bac-
terial strains, has been used for thousands of years for its health-promoting prop-
erties (see Photo 3-5).12 The potential GI health benefits of probiotics (or products
of their metabolism) include helping to alleviate diarrhea, constipation, inflam-
matory bowel syndrome, ulcers, allergies, lactose intolerance, and infant colic;
enhance immune function; and protect against colon cancer.!® Research stud-
ies continue to explore how diet influences GI bacteria and which foods—with
their prebiotics and probiotics—affect GI health. In addition, research studies are
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beginning to reveal several health benefits beyond the GI tract—such as lowering
blood cholesterol, blood pressure, and inflammation.'

Bacteria in the GI tract also produce several vitamins, including biotin, folate,
pantothenic acid, riboflavin, thiamin, vitamin B, vitamin B,,, and vitamin K.
Because the amount produced is insufficient to meet the body’s needs fully, these
vitamins are considered essential nutrients and must be provided by the diet.

Gastrointestinal Hormones and Nerve Pathways The ability of
the digestive tract to handle its ever-changing contents illustrates an important
physiological principle that governs the way all living things function—the
principle of homeostasis. Simply stated, survival depends on body conditions
staying about the same; if they deviate too far from the norm, the body must
“do something” to bring them back to normal. The body’s regulation of digestion
is one example of homeostatic regulation. The body also regulates its temperature,
its blood pressure, and all other aspects of its blood chemistry in similar ways.

Two intricate and sensitive systems coordinate all the digestive and absorptive
processes: the hormonal (or endocrine) system and the nervous system. Even before
the first bite of food is taken, the mere thought, sight, or smell of food can trigger
a response from these systems. Then, as food travels through the GI tract, it either
stimulates or inhibits digestive secretions by way of messages that are carried from
one organ to another by both hormones and nerve pathways. (Appendix A presents a
brief summary of the body’s hormonal system and nervous system.)

Notice that the kinds of regulation described in the following paragraphs are
all examples of feedback mechanisms. A certain condition demands a response.
The response changes that condition, and the change then cuts off the response.
Thus, the system is self-correcting.

® The stomach normally maintains a pH between 1.5 and 1.7. How does it stay that
way? Food entering the stomach stimulates cells in the stomach wall to release the
hormone gastrin. Gastrin, in turn, stimulates the stomach glands to secrete the
components of hydrochloric acid. When pH 1.5 is reached, the acid itself turns off
the gastrin-producing cells; they stop releasing gastrin, and the glands stop pro-
ducing hydrochloric acid. Thus, the system adjusts itself, as Figure 3-12 shows.

Nerve receptors in the stomach wall also respond to the presence of food and
stimulate the gastric glands to secrete juices and the muscles to contract. As the
stomach empties, the receptors are no longer stimulated, the flow of juices slows,
and the stomach quiets down.

e The pyloric sphincter opens to let out a little chyme, then closes again. How does it
know when to open and close? When the pyloric sphincter relaxes, acidic chyme slips
through. The cells of the pyloric muscle on the intestinal side sense the acid, caus-
ing the pyloric sphincter to close tightly. Only after the chyme has been neutral-
ized by pancreatic bicarbonate and the juices surrounding the pyloric sphincter
have become alkaline can the muscle relax again. This process ensures that the
chyme will be released slowly enough to be neutralized as it flows through the
small intestine. This is important because the small intestine has less of a mucous
coating than the stomach does and so is not as well protected from acid.

® As the chyme enters the small intestine, the pancreas adds bicarbonate to it so
that the intestinal contents always remain at a slightly alkaline pH. How does the pan-
creas know how much to add? The presence of chyme stimulates the cells of the
duodenual wall to release the hormone secretin into the blood. When secretin
reaches the pancreas, it stimulates the pancreas to release its bicarbonate-rich
juices. Thus, whenever the duodenum signals that acidic chyme is present, the
pancreas responds by sending bicarbonate to neutralize it. When the need has
been met, the cells of the duodenal wall are no longer stimulated to release
secretin, the hormone no longer flows through the blood, and the pancreas
no longer receives the message and stops sending pancreatic juice. Nerves also
regulate pancreatic secretions.

© Cengage

FIGURE3-12 An Example of a Negative
Feedback Loop

ON Food in the
stomach causes
the cells of the
stomach wall to
start releasing
gastrin.

OFF Acidity in
the stomach
causes the cells
of the stomach
wall to stop
releasing gastrin.

4

Gastrin stimulates
stomach glands |
to release the ‘ ‘
components of I
hydrochloric acid. [
\ NEGATIVE
Q FEEDBACK

Stomach pH reaches
1.5 acidity.
i

homeostasis (HOME-ee-oh-STAY-sis): the maintenance
of constant internal conditions (such as blood chemistry,
temperature, and blood pressure) by the body's control
systems. A homeostatic system is constantly reacting to
external forces to maintain limits set by the body’s needs.
e homeo = like, similar

e stasis = staying

hormones: chemical messengers. Hormones are secreted
by a variety of glands in response to altered conditions in
the body. Each hormane travels to one or more specific
target tissues or organs, where it elicits a specific response
to maintain homeostasis. The study of hormones and their
actions is called endocrinology.

gastrin: a hormone secreted by cells in the stomach wall.
Target organ: the glands of the stomach. Response: secretion
of gastric acid.

secretin (see-CREET-in): a hormone produced by cells in
the duodenum wall. Target organ: the pancreas. Response:
secretion of bicarbonate-rich pancreatic juice.
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cholecystokinin (COAL-ee-SIS-toe-KINE-in), or CCK: a
hormone produced by cells of the intestinal wall. Target
organ: the gallbladder. Response: release of bile and slowing
of GI motility.

® Pancreatic secretions contain a mixture of enzymes to digest carbohydrate, fat, and
protein. How does the pancreas know how much of each type of enzyme to provide? This
is one of the most interesting questions physiologists have asked. Clearly, the pan-
creas does know what its owner has been eating, and it secretes enzyme mixtures
tailored to handle the food mixtures that have been arriving recently (over the past
several days). Enzyme activity changes proportionately in response to the amounts
of carbohydrate, fat, and protein in the diet. If a person has been eating mostly
carbohydrates, the pancreas makes and secretes mostly carbohydrases; if the per-
son’s diet has been high in fat, the pancreas produces more lipases; and so forth.
Hormones from the GI tract, secreted in response to meals, keep the pancreas in-
formed as to its digestive tasks. The day or two lag between the time a person’s
diet changes dramatically and the time digestion of the new diet becomes efficient
explains why dietary changes can “upset digestion” and should be made gradually.

e Why don't the digestive enzymes damage the pancreas? The pancreas protects itself
from harm by producing an inactive form of the enzymes.* It releases these proteins
into the small intestine, where they are activated to become enzymes. In pancreatitis,
the digestive enzymes become active within the infected pancreas, causing inflam-
mation and damaging the delicate pancreatic tissues.

e When fat is present in the intestine, the gallbladder contracts to squirt bile into the
intestine to emulsify the fat. How does the gallbladder get the message that fat is present?
Fat in the intestine stimulates cells of the intestinal wall to release the hormone
cholecystokinin (CCK). This hormone travels by way of the blood to the gall-
bladder and stimulates it to contract, which releases bile into the small intestine.
Cholecystokinin also travels to the pancreas and stimulates it to secrete its juices,
which releases bicarbonate and enzymes into the small intestine. Once the fat in the
intestine is emulsified and enzymes have begun to work on it, the fat no longer pro-
vokes release of the hormone, and the message to contract is canceled. (By the way,
fat emulsification can continue even after a diseased gallbladder has been surgically
removed because the liver can deliver bile directly to the small intestine.)

® Fat and protein take longer to digest than carbohydrate does. When fat or protein
is present, intestinal motility slows to allow time for its digestion. How does the intes-
tine know when to slow down? Cholecystokinin is released in response to fat or
protein in the small intestine. In addition to its role in fat emulsification and
digestion, cholecystokinin slows GI tract motility. Slowing the digestive process
helps maintain a pace that allows all reactions to reach completion. Hormonal
and nervous mechanisms like these account for much of the body’s ability to
adapt to changing conditions.

Table 3-2 summarizes the actions of these three GI hormones. Gastrin, se-
cretin, and cholecystokinin are among the most studied GI hormones, but the
GI tract releases more than 50 hormones. In addition to assisting with digestion
and absorption, many of these hormones regulate food intake and influence
satiation—the feeling of satisfaction and fullness that occurs during a meal and

TABLE 3-2 The Primary Actions of Selected Gl Hormones

Hormone Responds to Secreted from  Stimulates Response
Gastrin Food in the stomach Stomach wall ~ Stomach glands Hydrochloric acid secreted into the stomach to maintain
an acidic pH
Secretin Acidic chyme in the small intestine  Duodenal wall  Pancreas Bicarbonate-rich juices secreted into the small intestine
to maintain a slightly alkaline pH
Cholecystokinin  Fat or protein in the small intestine  Intestinal wall ~ Gallbladder Bile secreted into the duodenum to emulsify fats
Pancreas Bicarbonate- and enzyme-rich juices secreted into the

small intestine to maintain a slightly alkaline pH, digest
fats and proteins, and slow Gl tract motility
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*The inactive precursor of an enzyme is called a zymogen (ZYE-mo-jen).
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halts eating. Current research is focusing on the roles these hormones may play in
the development of obesity and its treatments (Chapter 8 provides more details).

Discovering the answers to questions like these has led some people to devote
their entire lives to the study of physiology. For now, however, these few examples
illustrate how all the processes throughout the digestive system are precisely and
automatically regulated without any conscious effort.

The system at Its Best This chapter describes the anatomy of the digestive
tract on several levels: the sequence of digestive organs, the muscular actions, the
digestive secretions, and the absorptive surfaces. The intricate architecture of the
digestive system makes it sensitive and responsive to conditions in its environment.
Several different kinds of GI tract cells confer specific immunity against intestinal
diseases such as inflammatory bowel syndrome. In addition, secretions from the
GI tract—saliva, mucus, gastric acid, and digestive enzymes—not only help with
digestion, but also defend against foreign invaders. Together the GI's team of bac-
teria, cells, and secretions defend the body against many illnesses.

One indispensable condition is good health of the digestive system itself. Like all
the other organs of the body, the GI tract depends on a healthy supply of blood. The
cells of the GI tract become weak and inflamed when blood flow is diminished, as
may occur in heart disease when arteries become clogged or blood clots form. Just
as a diminished blood flow to the heart or brain can cause a heart attack or stroke,
respectively, too little blood to the intestines can also be damaging—or even fatal. A
diminished blood flow to the intestines—called intestinal ischemia—is character-
ized by abdominal pain, forceful bowel movements, and blood in the stool.

The health of the digestive system is also affected by such lifestyle factors as
sleep, physical activity, and state of mind (see Photo 3-6). Adequate sleep allows
for repair and maintenance of tissue and removal of wastes that might impair ef-
ficient functioning. Activity promotes healthy muscle tone. Stress alters GI mo-
tility, secretions, permeability, blood flow, and bacteria. For healthy digestion,
mealtimes should be relaxed and tranquil. Pleasant conversations and peaceful
environments during meals ease the digestive process.

Another factor in GI health is the kind of foods eaten. Among the characteris-
tics of meals that promote optimal absorption of nutrients are those mentioned in
Chapter 2: balance, moderation, variety, and adequacy. Balance and moderation
require having neither too much nor too little of anything. For example, too much
fat can be harmful, but some fat is beneficial in slowing down intestinal motility and
providing time for absorption of some of the nutrients that are slow to be absorbed.

Variety is important for many reasons, but one is that some food constituents in-
terfere with nutrient absorption. For example, some compounds common in high-
fiber foods such as whole-grain cereals, certain leafy green vegetables, and legumes
bind with minerals. To some extent, then, the minerals in those foods may become
unavailable for absorption. These high-fiber foods are still valuable, but they need
to be balanced with a variety of other foods that can provide the minerals.

As for adequacy—in a sense, this entire book is about dietary adequacy. A diet
must provide all the essential nutrients, fiber, and energy in amounts sufficient to
maintain health. But here, at the end of this chapter, is a good place to emphasize the
interdependence of the nutrients. It could almost be said that every nutrient depends
on every other. All the nutrients work together, and all are present in the cells of a
healthy digestive tract. To maintain health and promote the functions of the GI tract,
make balance, moderation, variety, and adequacy features of every day’s meals.

REVIEW IT Describe how bacteria, hormones, and nerves influence the health and
activities of the Gl tract.

A diverse and abundant microbiome supports Gl health. The regulation of Gl processes depends
on the coordinated efforts of the hormonal system and the nervous system. Together, diges-
tion and absorption break down foods into nutrients for the body’s use. To function optimally, a
healthy Gl tract needs a balanced diet, adequate rest, and regular physical activity.

wavebreakmedia/Shutterstock.com

PHOTO 3-6 Nourishing foods and pleasant
conversations support a healthy digestive
system.

intestinal ischemia (is-KEY-me-ah): a diminished blood
flow to the intestines that is characterized by abdominal pain,
forceful bowel movements, and blood in the stool.
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LEARN IT Outline strategies to prevent or alleviate

common Gl problems.

Common Digestive Problems

The facts of anatomy and physiology presented in Chapter 3 permit
easy understanding of some common problems that occasionally
arise in the digestive tract. Food may slip into the airways instead
of the esophagus, causing choking. Bowel movements may be loose
and watery, as in diarrhea, or painful and hard, as in constipation.
Some people complain about belching, while others are bothered by
intestinal gas. Sometimes people develop medical problems such as
ulcers. This highlight describes some of the symptoms of these com-
mon digestive problems and suggests strategies for preventing them
(Glossary H3-1 defines related terms).

Choking

Sometimes a sip of a beverage or a tiny bit of food “slips down the
wrong pipe.” The body's first response is to cough, and quite often
coughing clears the passage. WWhen someone is truly choking, however,
food has slipped into the trachea and completely blocked the air pas-
sageways (see Figure H3-1, p. 88). Thus, the person cannot cough—or
even breathe. Without oxygen, the person may suffer permanent brain
damage within 5 minutes or may even die. For this reason, it is impera-
tive that everyone learn to recognize the universal distress signal for
choking (shown in Figure H3-2, p. 88) and act promptly.

Because the larynx is in the trachea and makes sounds only when
air is pushed across it, a person choking will be unable to speak. For

— =
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this reason, to help a person who is choking, first ask “Can you speak?”
If the person is coughing, breathing adequately, or able to speak,
do not interfere. Whatever you do, do not hit him on the back as the
particle may become lodged more firmly in his air passageway. If the
person cannot speak or cough, shout for help and perform the Heim-
lich maneuver (described in Figure H3-2). Almost any food can cause
choking, although some are cited more often than others: chunks of
meat, hot dogs, nuts, whole grapes, raw carrots, marshmallows, hard
or sticky candies, gum, popcorn, and peanut butter. These foods are
particularly difficult for young children (especially those 4 years of age

GLOSSARY H3-1

acid controllers: medications used
to prevent or relieve indigestion by
suppressing production of acid in the
stomach; also called H2 blockers.

antacids: medications used to relieve
indigestion by neutralizing acid in the
stomach.

belching: the release of air or gas from
the stomach through the mouth.

bloating: uncomfortable abdominal
fullness or distention.

celiac (SEE-lee-ak) disease: an
intestinal disorder in which the inability
to absorb gluten results in an immune
response that damages intestinal cells;
also called celiac sprue, nontropical sprue,
or gluten-sensitive enteropathy.

colitis (ko-LYE-tis): inflammation of the
colon.

colonic irrigation: the popular, but
potentially harmful practice of “washing”
the large intestine with a powerful enema
machine; also called colonic hydrotherapy.

constipation: the condition of having
infrequent or difficult bowel movements.

defecate (DEF-uh-cate): to move the
bowels and eliminate waste.

o defaecare = to remove dregs

diarrhea: the frequent passage of
watery bowel movements.

diverticula (dye-ver-TIC-you-la): sacs
or pouches that develop in the weakened
areas of the intestinal wall (like bulges in
an inner tube where the tire wall is weak).

o divertir = to turn aside

diverticulitis (DYE-ver-tic-you-LYE-tis):

infected or inflamed diverticula.
e jtis = infection or inflammation

diverticulosis (DYE-ver-tic-you-
LOH-sis): the condition of having
diverticula.

e osis = condition
enema: solution inserted into the rectum

and colon to stimulate a bowel movement
and empty the lower large intestine.

flatulence: passage of excessive
amounts of intestinal gas.

FODMAP: a collective term used to
describe fermentable eligosaccharides,
disaccharides, monosaccharides, and
ployols that are commonly found in such
foods as wheat, onions, some fruits and
vegetables, sorbitol, and some dairy.

gastroesophageal reflux: the
backflow of stomach acid into the
esophagus, causing damage to the cells
of the esophagus and the sensation of

heartburn; commonly known as heartburn
or acid indigestion.

gluten (GLOO-tuhn): proteins in grains
that give dough its elastic texture;

in people with celiac disease, gluten
damages the small intestine.

Heimlich (HIME-lick) maneuver
(abdominal thrusts): a technique for
dislodging an object from the trachea of a
choking person (see Figure H3-2); named
for the physician who developed it.

hemorrhoids (HEM-oh-royds): painful
swelling of the veins surrounding the
rectum.

indigestion: incomplete or
uncomfortable digestion, usually
accompanied by pain, nausea, vomiting,
heartburn, intestinal gas, or belching.

e in = not
irritable bowel syndrome: an
intestinal disorder of unknown cause.
Symptoms include abdominal discomfort
and cramping, diarrhea, constipation, or
alternating diarrhea and constipation.

larynx (LAIR-inks): the entryway to the
trachea that contains the vocal cords; also
called the voice box (see Figure H3-1).

laxatives: substances that loosen
the bowels and thereby prevent or treat
constipation.

mineral oil: a purified liquid derived
from petroleum and used to treat
constipation.

nonceliac gluten sensitivity: a poorly
defined cluster of digestive symptoms
that seem to improve with the elimination
of gluten from the diet.

peptic ulcer: a lesion in the mucous
membrane of either the stomach

(a gastric ulcer) or the duodenum

(a duodenal ulcer).

e peptic = concerning digestion
stool softeners: substances that
increase the amount of water the stool

absorbs in the Gl tract, making the stool
softer and easier to pass.

trachea (TRAKE-ee-uh): the air pas-
sageway from the larynx to the lungs; also
called the windpipe.

ulcer: a lesion of the skin or mucous
membranes characterized by inflammation
and damaged tissues. See also peptic
ulcer.

vomiting: expulsion of the contents of
the stomach up through the esophagus to
the mouth.
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> FIGURE H3-1

Esophagus
(to stomach)

Larynx rises

Epiglottis closes

over larynx Trachea

] \ “ (10 lungs)

Swallowing. The epiglottis closes
over the larynx, blocking entrance
to the lungs via the trachea. The red

& arrow shows that food is heading

E’ down the esophagus normally.

©

> FIGURE H3-2 First Aid for Choking

Normal Swallowing and Choking

Choking. A choking person cannot
speak or gasp because food lodged
in the trachea blocks the passage of
air. The red arrow points to where
the food should have gone to
prevent choking.

and younger) to safely chew and swallow. Each year more
than 10,000 children (14 years old or younger) in the United
States choke; more than half choke on food. Every 5 days,
a child in the United States chokes to death on food.! An
adult should be present and alert to the dangers of chok-
ing whenever young children are eating. Older adults are
also vulnerable to choking, especially those who have
Alzheimer's disease, Parkinson’s disease, or pneumonia.?
To prevent choking, cut food into small pieces, chew thor-
oughly before swallowing, don't talk or laugh with food in
your mouth, and dont eat when breathing hard.

Vomiting

Vomiting can be a symptom of many different diseases
or may arise in situations that upset the body’s equilib-
rium, such as car, air, or sea travel. For whatever reason,
the contents of the stomach are propelled up through the
esophagus to the mouth and expelled. Sometimes the
muscular contractions will extend beyond the stomach

First aid for choking relies on abdominal thrusts, sometimes called the Heimlich maneuver. If abdominal thrusts are not successful and the person loses consciousness,
lower him to the floor, call 911, remove the object blocking the airway if possible, and begin CPR. Because there is no time for hesitation when called upon to perform
this death-defying act, you would do well to take a life-saving course to learn these techniques.

The universal signal for choking

alerts others to the need for
assistance.

88 Highlight 3

Stand behind the person with your arms

To perform abdominal thrusts on

wrapped around him. Make a fist with one
hand and place the thumb side snugly
against the body, slightly above the navel
and below the breastbone.

Grasp the fist with your other hand and
make a quick upward and inward thrust.
Repeat thrusts until the object is
dislodged.

yourself, make a fist and place
the thumb below your breast-
bone and above your navel.
Grasp your fist with your

other hand and press inward
with a quick upward thrust.
Alternatively, quickly thrust your
upper body against a table
edge, chair, or railing.

© Cengage
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and carry the contents of the duodenum, with its green bile, into
the stomach and then up the esophagus. Although certainly unpleas-
ant and wearying for the nauseated person, vomiting is often not
a cause for alarm. Vomiting is one of the body’s adaptive mecha-
nisms to rid itself of something irritating. The best advice is to
rest and drink small amounts of liquids as tolerated until the
nausea subsides.

If vomiting incurs such large losses of fluid as to cause dehydration,
a physician’s care may be needed. As fluid is lost from the Gl tract, the
body’s other fluids redistribute themselves, taking fluid from every cell of
the body. Fluid leaving the cells is accompanied by salts that are abso-
lutely essential to the life of the cells. Replacing salts and fluid is difficult
if the vomiting continues, and intravenous feedings of saline and glucose
may be necessary. Vomiting and dehydration are especially serious in an
infant, and a physician should be contacted without delay.

Self-induced vomiting, such as occurs in bulimia nervosa, also
has serious consequences. In addition to fluid and salt imbalances,
repeated vomiting can cause irritation and infection of the pharynx,
esophagus, and salivary glands; erosion of the teeth and gums; and
dental caries. The esophagus may rupture or tear, as may the stomach.
Sometimes the eyes become red from pressure during vomiting. Bu-
limic behavior reflects underlying psychological problems that require
intervention. (Bulimia nervosa is discussed fully in Highlight 8.)

Diarrhea

Diarrhea is characterized by frequent, loose, watery stools. Such
stools indicate that the intestinal contents have moved too quickly
through the intestines for fluid absorption to take place or that water
has been drawn from the cells lining the intestinal tract and added to
the food residue. Like vomiting, diarrhea can lead to life-threatening
dehydration. An estimated half-million children under age 5 die each
year from diarrhea-related causes. A strategy as simple as hand wash-
ing might reduce the incidence of diarrhea among children by 30 percent
(see Photo H3-1).3

Diarrhea is a symptom of various medical conditions and treatments.
[t may occur abruptly in a healthy person as a result of infections (such
as foodborne iliness) or as a side effect of medications. When used in
large quantities, food ingredients such as the sugar alternative sorbitol
and the fat alternative olestra may also cause diarrhea in some people.
If a food is responsible, then that food must be omitted from the diet,
at least temporarily. If medication is responsible, a different medicine,
when possible, or a different form (injectable versus oral, for example)
may alleviate the problem. Diarrhea may also occur as a result of disor-
ders of the Gl tract, such as irritable bowel syndrome or colitis.

Treatment for diarrhea depends on its cause and severity, but it
always begins with rehydration.* Mild diarrhea may subside with sim-
plerestandextraliquids(suchasclearjuicesand soups)toreplace fluid
losses. If diarrhea is bloody or if it worsens or persists—especially
in an infant, young child, elderly person, or person with a com-
promised immune system—call a physician. Severe diarrhea can
be life-threatening. Notice that the following disorders all include
diarrhea as a symptom, but their treatments differ.

topseller/Shutterstock.com

> PHOTO H3-1
with soap and water) and safe food preparation (as described
in Chapter 19) are easy and effective steps to take in preventing
diarrheal diseases.

Personal hygiene (such as regular hand washing

Irritable Bowel Syndrome

Irritable bowel syndrome is one of the most common Gl disorders
and is characterized by frequent or severe abdominal pain or cramping
and a disturbance in the motility of the Gl tract.® In most cases, Gl con-
tractions are stronger and last longer than normal, forcing intestinal
contents through quickly and causing gas, bloating, and diarrhea. In
some cases, however, Gl contractions are weaker than normal, slow-
ing the passage of intestinal contents and causing constipation. The
exact cause of irritable bowel syndrome is not known, but research-
ers are actively investigating the role of the nervous system and
stress.® The condition seems to worsen for some people when they
eat certain foods or during stressful events. These triggers seem to
aggravate symptoms but not cause them. Dietary treatment hinges
on identifying and avoiding individual foods that aggravate symp-
toms, using probiotics, and eating small meals. Emerging evidence
suggests some benefit from diets that are free of gluten and low in
specific carbohydrates referred to as FODMAP (Chapter 4 describes
these in more detail). Other treatments that may be effective include
exercise; antispasmodic and antidiarrheal drugs for diarrhea and fiber
supplements and laxatives for constipation; and psychological and be-
havioral therapies to reduce stress.’

Colitis

People with colitis, an inflammation of the large intestine, may also
suffer from severe diarrhea, abdominal pain, and bloating. Depending
on the cause, treatment generally focuses on hydration and medica-
tion to control diarrhea, abdominal pain, and inflammation. Some
people find some relief by avoiding certain foods that tend to worsen

Diarrhea 89
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symptoms—notably greasy foods, milk products, and high-fiber foods
(such as popcorn, seeds, and nuts).

Celiac Disease

Celiac disease is an autoimmune disease characterized by inflam-
mation of the small intestine that occurs in response to foods that
contain gluten, a protein commonly found in wheat, barley, and rye.
Oats contain a similar protein that triggers a similar reaction in some
people with celiac disease.® The prevalence of celiac disease in the
United States is estimated at 1in 141.3In people with celiac disease,
gluten triggers an immune system reaction in the small intestine that
causes inflammation, which damages the villi and decreases nutrient
absorption. Signs of malnutrition—such as anemia, weak and brittle
bones, and dermatitis—may become apparent. Common symptoms
include abdominal pains, bloating and gas, weight loss, and chronic
diarrhea—making it challenging to diagnose. An accurate diagnosis
depends on results from a blood test and a biopsy of the small intes-
tine. Treatment focuses on a gluten-free diet, which allows the small
intestine to heal. A gluten-free diet must eliminate not only wheat,
barley, rye, and oats, but also many processed items made with these
grains, such as bouillon cubes, hot dogs, gravies, salad dressings,
soups, and dietary supplements. People with celiac disease learn to
read food labels at grocery stores and ask questions at restaurants in
their search for gluten-free foods.

Some people who do not test positive for celiac disease seem to
have similar symptoms that tend to diminish when on a gluten-free
diet and return when gluten is reintroduced into the diet. These
people may be described as having nonceliac gluten sensitivity.'°
Quite often, they tend to self-diagnose and self-treat, which presents
a problem because a gluten-free diet interferes with an accurate
diagnosis of celiac disease.”” Whether the symptoms in nonceliac
gluten sensitivity are responding to gluten or FODMAP in similar
foods is unclear.?

The popularity of gluten-free diets and products has grown dramati-
cally in recent years, in part because of nonceliac gluten sensitivity.”® In
addition, some consumers seem a bit confused and mistakenly believe
that if a product is free of something, then that missing something must
be bad. Another common misconception is that a gluten-free diet is a
weight-loss diet. Despite claims that eliminating gluten from the diet
helps with a variety of ailments, there is no evidence to suggest that a
gluten-free diet is beneficial for the general population, and it may even
have unintended consequences.’

Constipation

Like diarrhea, constipation describes a symptom, not a disease.
Each person’s Gl tract has its own cycle of waste elimination, which
depends on its owner’s health, the type of food eaten, when it was
eaten, and when the person takes time to defecate. \What's normal for
some people may not be normal for others. Some people have bowel
movements three times a day; others may have them three times a
week. The symptoms of constipation include straining during bowel
movements, hard stools, and infrequent bowel movements (fewer than

90 Highlight 3

three per week)." Abdominal discomfort, headaches, backaches, and
the passing of gas sometimes accompany constipation.

Often a person’s lifestyle may cause constipation. Being too busy
to respond to the defecation signal is a common complaint. If a person
receives the signal to defecate and ignores it, the signal may not return
for several hours. In the meantime, fluids continue to be withdrawn from
the fecal matter, so when the person does defecate, the stools are dry
and hard. In such a case, a person’s daily regimen may need to be revised
to allow time to have a bowel movement when the body sends its signal.

Although constipation usually reflects lifestyle habits, in some
cases it may be a side effect of medication or a medical problem such
as bowel obstruction. If discomfort is associated with passing fecal
matter, seek medical advice to rule out disease. Once this has been
done, simple treatments, such as increased fiber, fluids, and exercise,
are recommended before medications are introduced.

One dietary measure that may be appropriate is to increase dietary
fiber to 25 to 28 grams per day gradually over the course of a week or
two. Fibers found in fruits, vegetables, and whole grains help prevent
constipation by increasing fecal mass. In the Gl tract, fiber attracts
water, creating soft, bulky stools that stimulate bowel contractions to
push the contents along. These contractions strengthen the intestinal
muscles. The improved muscle tone, together with the water content of
the stools, eases elimination, reducing the pressure in the rectal veins
and helping to prevent hemorrhoids. Chapter 4 provides more infor-
mation on fiber’s role in maintaining a healthy colon and reducing the
risks of colon cancer and diverticulosis. Diverticulosis is a condition
in which the intestinal walls develop bulges in weakened areas, most
commonly in the colon (see Figure H3-3). These bulging pockets, known
as diverticula, can worsen constipation, entrap feces, and become
painfully infected and inflamed (diverticulitis). Treatment may require
hospitalization, antibiotics, or surgery.

Drinking plenty of water in conjunction with eating high-fiber foods
also helps prevent constipation. The increased bulk physically stimu-
lates the upper Gl tract, promoting peristalsis throughout. Similarly,

FIGURE H3-3 Diverticula in the Colon

Diverticula may develop anywhere along the Gl tract, but they are most common
in the colon.

Diverticula
(plural)

) G
W

Diverticulum—"
(singular)
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physical activity improves the muscle tone and motility of the digestive
tract. As little as 30 minutes of physical activity a day can help prevent
or alleviate constipation.

Eating prunes—or “dried plums” as some have renamed them—
can also be helpful. Prunes are high in fiber and also contain a laxative
substance.* Similarly, probiotics may help alleviate constipation by im-
proving Gl motility and stool consistency.'s

If these suggested changes in lifestyle and diet do not correct con-
stipation, then a physician might recommend the use of stool soften-
ers, laxatives, or mineral oil. These products are best used for brief
periods. If needed for extended times, they should be used under phy-
sician supervision. Stool softeners may cause stomach pain, diarrhea,
or cramping. Frequent use of laxatives can lead to dependency and up-
set the body’s fluid, salt, and mineral balances. Mineral oil interferes
with the absorption of fat-soluble vitamins.

One potentially harmful but currently popular practice is colonic
irrigation—the internal washing of the large intestine with a powerful
enema machine. Such an extreme cleansing is not only unnecessary, but it
can be hazardous, especially for those with a history of digestive diseases.
Side effects may be relatively minor (cramping, abdominal pain, bloating,
nausea, and vomiting) or quite severe (infections, kidney failure, pancre-
atitis, and heart failure), sometimes leading to death. Common problems
include equipment contamination, electrolyte abnormalities, and intestinal
perforation. Less extreme practices can cause problems, too.

Belching and Gas

Many people complain of problems that they attribute to excessive
gas. For some, belching is the complaint. Others blame intestinal gas
for abdominal discomforts and embarrassment.

Belching

Belching results from swallowing air. Everyone swallows a little bit
of air with each mouthful of food, but people who eat too fast may
swallow too much air. lll-fitting dentures, carbonated beverages, and
chewing gum can also contribute to the swallowing of air with resul-
tant belching. The best advice for belching seems to be to eat slowly,
chew thoroughly, and relax while eating.

Intestinal Gas

Although flatulence can be an embarrassing experience, it is quite
normal. (People who experience painful bloating from Gl diseases,
however, require medical treatment.) Healthy people expel several
hundred milliliters of intestinal gas several times a day. Almost all
(99 percent) of the gases expelled—nitrogen, oxygen, hydrogen,
methane, and carbon dioxide—are odorless. The remaining “volatile”
gases are the infamous ones.

Foods that produce gas usually must be determined individually
(see Photo H3-2). The most common offenders are foods rich in the
carbohydrates—sugars, starches, and fibers. When partially digested

*This laxative substance is dihydroxyphenyl isatin.

Polara Studios, Inc.

carbohydrates reach the large intestine, bacteria digest them, giving
off gas as a by-product. People can test foods suspected of forming
gas by omitting them individually for a trial period to see if there is any
improvement.

Gastroesophageal Reflux

Almost everyone has experienced heartburn at one time or another,
usually soon after eating a meal. Medically known as gastroesoph-
ageal reflux, heartburn is the painful sensation a person feels be-
hind the breastbone when the lower esophageal sphincter allows the
stomach contents to reflux into the esophagus (see Figure H3-4, p. 92).
This may happen if a person eats or drinks too much (or both). Tight
clothing and even changes of position (lying down, bending over) can
cause it, too, as can some medications and smoking. Weight gain and
overweight increase the frequency, severity, and duration of heartburn
symptoms. A defect of the sphincter muscle itself is a possible, but
less common, cause.

If heartburn is not caused by an anatomical defect, treatment is
fairly simple. To avoid such misery in the future, the person needs to
learn to eat less at a sitting, chew food more thoroughly, and eat more
slowly. Additional strategies are presented in Table H3-1 (p. 92).

People who overeat or eat too quickly are likely to suffer from
indigestion. The muscular reaction of the stomach to unchewed
lumps or to being overfilled may be so intense that it upsets normal
peristalsis. When this happens, overeaters may taste the stomach
acid and feel pain. Over-the-counter antacids and acid control-
lers may provide relief but should be used only infrequently for

> PHOTO H3-2 People troubled by intestinal gas need to

determine which foods bother them and then eat those foods in
moderation.

Gastroesophageal Reflux 91
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> FIGURE H3-4 Gastroesophageal Reflux

— Reflux

occasional heartburn; they may mask or cause problems if used
regularly without medical supervision. If problems continue, people
who suffer from frequent and regular bouts of heartburn and indi-
gestion may need to see a physician, who can prescribe specific
medication to control gastroesophageal reflux. Without treatment,
the repeated splashes of acid can severely damage the cells of

Esophagus

Weakened lower
esophageal sphincter

— Acidic stomach contents

the esophagus, creating a condition known as
Barrett's esophagus. At that stage, the risk of
cancer in the esophagus increases dramatically.!”
To repeat, if symptoms persist, see a doctor—
don't self-medicate.

—— Diaphragm

Ulcers

Ulcers are another common digestive problem, af-
fecting an estimated 10 percent of adults in the
United States. An ulcer is a lesion (a sore), and a
peptic ulcer is a lesion in the lining of the stom-
ach (gastric ulcers) or the duodenum of the small
intestine (duodenal ulcers). The compromised lining
is left unprotected and exposed to gastric juices,
which can be painful. In some cases, ulcers can
cause internal bleeding. Gl bleeding from ulcers is
responsible for more than 250,000 hospitalizations
in the United States each year.® Excessive blood
loss may create an iron deficiency. Ulcers that
perforate the Gl lining can pose life-threatening
complications.

Many people naively believe that an ulcer is
caused by stress or spicy foods, but this is not the case. The stomach lin-
ing in a healthy person is well protected by its mucous coat. What, then,
causes ulcers to form?

Three major causes of ulcers have been identified: bacterial infec-
tion with Helicobacter pylori (commonly abbreviated H. pylori); the
use of certain anti-inflammatory drugs such as aspirin, ibuprofen, and
naproxen; and disorders that cause excessive gastric acid secretion.

© Cengage

TABLE H3-1 Strategies to Prevent or Alleviate Common Gl Problems

Gl Problem Strategies Gl Problem Strategies

Choking e Take small bites of food. Heartburn e Eat small meals.
e Chew thoroughly before swallowing. e Drink liquids between meals.
e Don't talk or laugh with food in your mouth. e Sit up while eating; elevate your head when lying down.
e Don't eat when breathing hard. e \Wait 3 hours after eating before lying down.

. . - e Wait 2 hours after eating before exercising.
Diarrhea e Avoid strenuous activity. . . . . ;
Rest e Refrain from wearing tight-fitting clothing.

* e_s S e Avoid foods, beverages, and medications that aggravate
* Drink fluids to replace losses. . your heartburn. Common irritants include foods that are
e Call for medical help if diarrhea persists. fried or high in fat; chocolate and peppermint; coffee,

Constipation « Eata high-fiber diet. alcoholic beverages, and carbonlat.ed beverages; mustard,

) £ i ketchup, and tomato sauces; acidic substances such as

* Dr|nk.plenty of fluids. vinegar, citrus juices, and citrus fruits.
e Exercise regularly. e Refrain from smoking cigarettes or using tobacco products.
e Respond promptly to the urge to defecate. o Lose weight if overweight.

Belching o Eatslowly. e Take medicine as prescribed by your physician.
e Chew thoroughly. Ulcer e Avoid coffee and caffeine- and alcohol-containing beverages.
e Relax while eating. ¢ Avoid foods that aggravate your ulcer.

Intestinal gas e Eat bothersome foods in moderation. ° Mlnmjlze aspinin, |t)_uprgfen, and naproxen use.

e Refrain from smoking cigarettes.
92 Highlight 3
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Most commonly, ulcers develop in response to H. pylori infection. The
cause of the ulcer dictates the type of medication used in treatment.
For example, people with ulcers caused by infection receive antibiot-
ics, whereas those with ulcers caused by medicines discontinue their
use. In addition, all treatment plans aim to relieve pain, heal the ulcer,
and prevent recurrence.

The regimen for ulcer treatment is to treat for infection, eliminate
any food that routinely causes indigestion or pain, and avoid coffee and
caffeine- and alcohol-containing beverages. Both regular and decaffein-
ated coffee stimulate acid secretion and so aggravate existing ulcers.

Ulcers and their treatments highlight the importance of not self-
medicating when symptoms persist. People with H. pylori infection
often take over-the-counter acid controllers to relieve the pain of
their ulcers when, instead, they need physician-prescribed antibiotics.
Suppressing gastric acidity not only fails to heal the ulcer, but it also

CRITICAL THINKING QUESTIONS

A. What strategies would be most helpful in preventing common digestive
problems?

B. You've noticed the abundance of gluten-free foods on the grocery store
shelves. The demand for gluten-free products has increased dramatically
over the past decade as gluten-free diets have gained in popularity.
Although a gluten-free diet is the best treatment for people with celiac
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Nutrition in Your Life

Whether you are studying for an exam or daydreaming about your next vacation,
your brain needs carbohydrate to power its activities. Your muscles need carbohy-
drate to fuel their work, too, whether you are racing up the stairs to class or mov-
ing on the dance floor to your favorite music. Where can you get carbohydrate?
Are some foods healthier choices than others? As you will learn from this chap-
ter, grains, vegetables, legumes, and fruits naturally deliver ample carbohydrate
and fiber along with valuable vitamins and minerals. Milk products typically lack
fiber, but they also provide carbohydrate along with an assortment of vitamins
and minerals. As you read this chapter, consider whether your current carbohy-
drate choices are meeting dietary goals.

A student, quietly studying, is seldom aware of the billions of glucose molecules in his
brain cells that provide the energy to learn. Yet glucose fuels nearly all of the brain's ac-
tivities. Similarly, a marathon runner, triumphantly crossing the finish line, seldom gives
credit to the glycogen her muscles have used to fuel the race. Yet, together, these two
carbohydrates—glucose and its storage form glycogen—provide about half of all
the energy muscles and other body tissues use. (The other half comes mostly from fat.)
People don't eat glucose and glycogen. When they eat foods rich in carbohydrates, their
bodies receive glucose for immediate energy and convert some glucose into glycogen for
reserve energy.

The carbohydrate family includes sugars, starches, and fibers. Foods rich in carbohy-
drates include all plant foods—grains, vegetables, legumes, and fruits as well as milk.
Notably, these foods deliver valuable vitamins and minerals along with their sugars,
starches, and fibers; processed foods—such as soft drinks, candies, and cookies—
deliver an abundance of added sugars with few, if any, nutrients of value.

As the next section explains, the members of the carbohydrate family differ in their
chemical structures and food sources; later sections describe their health consequences.
Clearly, not all carbohydrates are created equal.

41 The Chemist’s View of Carbohydrates

LEARN IT Identify the monosaccharides, disaccharides, and polysaccharides common
in nutrition by their chemical structures and major food sources.

The dietary carbohydrate family includes:
® Monosaccharides: single sugars
e Disaccharides: pairs of monosaccharides
e Polysaccharides: chains of monosaccharides

Monosaccharides and disaccharides (the sugars) are sometimes called simple car-
bohydrates, and polysaccharides (starches and fibers) are sometimes called complex
carbohydrates.

To understand the structure of carbohydrates, look at the atoms within them.
Each atom can form a certain number of chemical bonds with other atoms:

e Hydrogen atoms, one
® Oxygen atoms, two
e Nitrogen atoms, three
e Carbon atoms, four

Chemists represent the bonds as lines between the chemical symbols (such as H,
O, N, and C) that stand for the atoms (see Figure 4-1).

> FIGURE 4-1 Atoms and Their Bonds
The four main types of atoms found in nutrients are
hydrogen (H), oxygen (0), nitrogen (N), and carbon (C).
|
—N=— -—C -
| |
1 2 3 4

Each atom has a characteristic number
of bonds it can form with other atoms.

H=  =O=

i
H—?—?—O—H
H H
Notice that in this simple molecule of

ethyl alcohol, each H has one bond,
O has two, and each C has four.

© Cengage

carbohydrates: compounds composed of carbon, oxygen,
and hydrogen arranged as monosaccharides or multiples of
monosaccharides. Most, but not all, carbohydrates have a
ratio of one carbon molecule to one water molecule: (CH,0) .

e carbo = carbon (C)
e hydrate = with water (H,0)

The Chemist's View of Carbohydrates 95
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FIGURE4-2 Chemical Structure of Glucose
The diagram of a glucose molecule on the left shows all the bonds between the 6 carbon (C), 12 hydrogen (H), and 6
oxygen (0) atoms. It proves simple on examination, but chemists have adopted shortcuts to depict chemical struc-
tures. The middle and right diagrams also present the chemical structure of glucose, but as simplified versions with

fewer symbols and bonds showing.

H  O—H

The structure of glucose has to
be drawn flat, but in nature the
five carbons and oxygen are
roughly in a plane. The atoms
attached to the ring carbons
extend up and down from the
plane.

CH,OH
0
H H
HOXPH  H/ohH
H  OH

The lines representing some of
the bonds and the carbons at
the corners are not shown.

CH,OH
0

HOH  /oH
OH
Now the single hydrogens are

not shown, but lines still extend
upward or downward from the

ring to show where they belong.

sugars: simple carbohydrates composed of monosaccharides,

disaccharides, or both.

monosaccharides (mon-oh-SACK-uh-rides): carbohydrates
of the general formula C H, 0, that typically form a single
ring. The monosaccharides important in nutrition are
hexoses, sugars with six atoms of carbon and the formula
C¢H,,0;- See Appendix C for the chemical structures of the
monosaccharides.

® mono = one

e saccharide = sugar

e hex = six

glucose (GLOO-kose): a monosaccharide; sometimes known
as blood sugarin the body or dextrose in foods.

e ose = carbohydrate

o . = glucose

Atoms form molecules in ways that satisfy the bonding requirements of
each atom. Figure 4-1 includes the structure of ethyl alcohol, the active ingre-
dient of alcoholic beverages, as an example. The two carbons each have four
bonds represented by lines; the oxygen has two; and each hydrogen has one
bond connecting it to other atoms. Chemical structures always bond according
to these rules.

The following list of the most important sugars in nutrition symbolizes them
as hexagons and pentagons of different colors.* Three are monosaccharides:

o
*
e Galactose @

Three are disaccharides:

e Glucose

e Fructose

LV

LV,
e Lactose (glucose + galactose) @4

e Maltose (glucose + glucose)

e Sucrose (glucose + fructose)

Monosaccharides The three monosaccharides most important in nutrition
all have the same numbers and kinds of atoms—each contains 6 carbon atoms,
12 hydrogens, and 6 oxygens (written in shorthand as C;H,,0,). The monosac-
charides differ in their arrangements of the atoms. These chemical differences
account for the differing sweetness of the monosaccharides. A pinch of purified
glucose on the tongue gives only a mild sweet flavor, and galactose hardly tastes
sweet at all. Fructose, however, is as intensely sweet as honey and, in fact, is the
sugar primarily responsible for honey’s sweetness.

Glucose Chemically, glucose is a larger and more complicated molecule than
the ethyl alcohol shown in Figure 4-1, but it obeys the same rules of chem-
istry: each carbon atom has four bonds; each oxygen, two bonds; and each
hydrogen, one bond. Figure 4-2 illustrates the chemical structure of a glucose
molecule.

*Fructose is shown as a pentagon, but like the other monosaccharides, it has six carbons (as you will see in Figure 4-3).
The disaccharides are illustrated with a simple bond, but actual linkages differ (as shown in Appendix C).
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FIGURE 4-3 The Monosaccharides

Notice the similarities—all three monosaccharides have 6 carbons (those shown plus one in each corner),
12 hydrogens (those shown plus one at the end of each single line), and 6 oxygens (all shown). Also notice the
differences compared with glucose—in fructose, the ring is five-sided and in galactose, the position of one OH

group differs slightly.

HOCH2 O CHon CH2OH CHZOH
O (0]
HO
OH
HO G OH OH OH OH
OH OH
OH
Fructose Glucose Galactose

Commonly known as blood sugar, glucose serves as an essential energy
source for all the body’s activities. Its significance to nutrition is tremendous.
Later sections explain that glucose is one of the two sugars in every disaccha-
ride and the unit from which the polysaccharides are made almost exclusively.
One of these polysaccharides, starch, is the chief food source of energy for all
the world’s people; another, glycogen, is an important storage form of energy
in the body. Glucose reappears frequently throughout this chapter and many of
those that follow.

Fructose Fructose is the sweetest of the sugars. Curiously, fructose has exactly
the same chemical formula as glucose—C H,,0,—but its structure differs (see
Figure 4-3). The arrangement of the atoms in fructose stimulates the taste buds
on the tongue to produce the sweet sensation. Fructose occurs naturally in fruits
(see Photo 4-1) and honey; other sources include products such as soft drinks,
ready-to-eat cereals, and desserts that have been sweetened with high-fructose
corn syrup (defined in Glossary 4-1, p. 110).

Galactose The monosaccharide galactose occurs naturally in foods as a single
sugar only in very small amounts. Galactose has the same numbers and kinds of
atoms as glucose and fructose in yet another arrangement. Figure 4-3 shows galac-
tose beside a molecule of glucose for comparison.

Disaccharides The disaccharides are pairs of monosaccharides. The three di-
saccharides most important in nutrition all contain glucose; the second member
of the pair is fructose, galactose, or another glucose. These carbohydrates—and all
the other energy nutrients—are put together and taken apart by similar chemical
reactions: condensation and hydrolysis.

Condensation To make a disaccharide, a chemical reaction known as condensation
links two monosaccharides together (see Figure 4-4, p. 98). A hydroxyl (OH) group
from one monosaccharide and a hydrogen atom (H) from the other combine to cre-
ate a molecule of water (H,0). The two originally separate monosaccharides link
together with a single oxygen (O).

Hydrolysis To break a disaccharide in two, a chemical reaction known as hydrolysis
occurs (see Figure 4-5, p. 98). A molecule of water (H,O) splits to provide the H and
OH needed to complete the resulting monosaccharides. Hydrolysis reactions com-
monly occur during digestion.

Thitisan/Shutterstock.com

© Cengage

PHOTO 4-1
fibers, vitamins, and minerals, making them
a sweet and healthy snack.

Fruits package their sugars with

fructose (FRUK-tose or FROOK-tose): a monosaccharide;
sometimes known as fruit sugar or levulose. Fructose is found
abundantly in fruits, honey, and saps.

e fruct = fruit
. . = fructose

galactose (ga-L AK-tose): a monosaccharide; part of the
disaccharide lactose.

. . = galactose

disaccharides (dye-SACK-uh-rides): pairs of monosaccharides
linked together.

e di = two

condensation: a chemical reaction in which water is released
as two molecules combine to form one larger product.
hydrolysis (high-DROL-ih-sis): a chemical reaction in which
one molecule is split into two molecules, with hydrogen (H)
added to one and a hydroxyl group (OH) to the other (from
water, H,0). (The noun is hydrolysis; the verb is hydrolyze.)

e hydro = water
e lysis = breaking
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maltose (MAW!-tose): a disaccharide composed of two
glucose units; sometimes known as malt sugar. See Appendix
C for the chemical structure of maltose.

sucrose (SUE-krose): a disaccharide composed of glucose
and fructose; commonly known as table sugar, beet sugar,
or cane sugar. Sucrose also occurs in many fruits and some
vegetables and grains. See Appendix C for the chemical
structure of sucrose.

e sucro = sugar

lactose (LAK-tose): a disaccharide composed of glucose and
galactose; commonly known as milk sugar. See Appendix C for
the chemical structure of lactose.

e lac = milk

polysaccharides: compounds composed of many
monosaccharides linked together. An intermediate string of 3
to 10 monosaccharides is an oligosaccharide.

e poly = many
¢ oligo = few

FIGURE 4-4 Condensation of Two Monosaccharides to Form a Disaccharide

CH,OH CH,OH
O O
—>
Ho ! /on H—oP" /o
OH OH
H,O
Water
Glucose + glucose —_

An OH group from one glucose and
an H atom from another glucose
combine to create a molecule of H,0.

CH,OH CH,OH
(0] O
HO\PH il /oH
(@)
OH OH
+
H,O
Water
Maltose

The two glucose molecules bond
together with a single O atom to form
the disaccharide maltose.

FIGURE 4-5 Hydrolysis of a Disaccharide

Bond
broken
CH,OH CH,OH CH,OH CH,OH
Q O (0] 0]
_) +
HO OH OH OH HO OH on ? OH OH
(@)

OH OH OH OH
Water
H$OH

Bond broken

Maltose — Glucose + glucose

The disaccharide maltose splits into two glucose molecules with H added to one and OH
to the other (from the water molecule).

Maltose The disaccharide maltose consists of two glucose units. Maltose is
produced whenever starch breaks down—as happens in human beings dur-
ing carbohydrate digestion. It also occurs during the fermentation process that
yields alcohol. Maltose is only a minor constituent of a few foods, most notably
barley.

Sucrose Fructose and glucose together form the disaccharide sucrose. Sucrose
is the sweetest of the disaccharides because it contains fructose, the sweetest of
the monosaccharides. These sugars account for the natural sweetness of fruits,
vegetables, and grains. To make table sugar, sucrose is refined from the juices of
sugarcane and sugar beets, then granulated. Depending on the extent to which it
is refined, the product becomes the familiar brown, white, and powdered sugars
available at grocery stores.

Lactose The combination of galactose and glucose makes the disaccharide
lactose, the principal carbohydrate of milk. Known as milk sugar, lactose contrib-
utes half of the energy (kcalories) provided by fat-free milk.

Polysaccharides In contrast to the simple carbohydrates just mentioned—the
monosaccharides glucose, fructose, and galactose and the disaccharides maltose,
sucrose, and lactose—the polysaccharides are slightly more complex, contain-
ing many glucose units and, in some cases, a few other monosaccharides strung
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> FIGURE4-6 Glycogen and Starch Compared
For details of the chemical structures, see Appendix C.

Glycogen Starch (amylopectin) Starch (amylose)
A glycogen molecule contains hundreds of A starch molecule contains hundreds of glucose molecules in
glucose units in highly branched chains. Each either occasionally branched chains (amylopectin) or unbranched
new glycogen molecule needs a special protein chains (amylose).
(shown here in red) for the attachment of the first

glucose.

together. Three types of polysaccharides are important in nutrition:
glycogen, starches, and fibers.

Glycogen is a storage form of energy in the body; starch is the stor-
age form of energy in plants; and fibers provide structure in stems,
trunks, roots, leaves, and skins of plants. Both glycogen and starch
are built of glucose units; fibers are composed of a variety of mono-
saccharides and other carbohydrate derivatives.

Glycogen Glycogen is found to only a limited extent in meats and
not at all in plants.* For this reason, food is not a significant source
of glycogen. Glycogen performs an important role in the body,
however: it stores glucose for future use. Glycogen is made of many
glucose molecules linked together in highly branched chains (see
the left side of Figure 4-6). When the hormonal message “release
energy” arrives at a liver or muscle cell, enzymes respond by attack-
ing the many branches of glycogen simultaneously, making a surge
of glucose available.**

Starches The human body stores glucose as glycogen, but plant
cells store glucose as starches—long, branched or unbranched
chains of hundreds or thousands of glucose molecules linked to-
gether (see the middle and right side of Figure 4-6). These giant
starch molecules are packed side by side in grains such as wheat
or rice, in root crops and tubers such as yams and potatoes, and in
legumes such as peas and beans (see Photo 4-2). When you eat the
plant, your body hydrolyzes the starch to glucose and uses the glu-
cose for its own energy purposes.

All starchy foods come from plants. Grains are the richest food
source of starch, providing much of the food energy for people all

*Glycogen in animal muscles rapidly breaks down after slaughter.

Polara Studios, Inc.

)
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> PHOTO 4-2 Major sources of starch include grains (such
as rice, wheat, millet, rye, barley, and oats), legumes (such
as kidney beans, black-eyed peas, pinto beans, navy beans,
and garbanzo beans), tubers (such as potatoes), and root
crops (such as yams and cassava).

glycogen (GLY-ko-jen): an animal polysaccharide composed
of glucose; a storage form of glucose manufactured and
stored in the liver and muscles. Glycogen is not a significant
food source of carbohydrate and is not counted as a dietary
carbohydrate in foods.

e glyco = glucose

e gen = givesrise to

**Normally, liver cells produce glucose from glycogen to be sent directly to the blood; muscle cells can also produce .
glucose from glycogen, but must use it themselves. Muscle cells can restore the blood glucose level indirectly, how- starches: plant polysaccharides composed of many glucose

ever, as Chapter 7 explains.

molecules.
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FIGURE4-7 The Bonds of Starch and over the world—rice in Asia; wheat in Canada, the United States, and Europe;
Cellulose Compared corn in much of Central and South America; and millet, rye, barley, and oats else-
Human enzymes can digest starch but they cannot di- where. Legumes and tubers are also important sources of starch.

est cellulose because the bonds that link the glucose . . . .
g g Fibers Dietary fibers are the structural parts of plants and thus are found in

::Twcgr?wcig;?ss’?fcituhrgrsE;rr?ddtlj]:::raigtt-i(aneseoépl)iﬂizggs? for all plant-derived foods—vegetables, fruits, whole grains, and legumes. Most di-
etary fibers are polysaccharides. As mentioned earlier, starches are also polysac-

.\/.\/.\/. charides, but dietary fibers differ from starches in that the bonds between their
monosaccharides cannot be broken down by digestive enzymes in the body.

Starch For this reason, dietary fibers are often described as nonstarch polysaccharides.*
Figure 4-7 illustrates the difference in the bonds that link glucose molecules
.N.N.N. together in starch with those found in the fiber cellulose. Because dietary fibers
pass through the body undigested, they contribute no monosaccharides, and
Cellulose therefore little or no energy.

Even though most foods contain a variety of fibers, researchers often classify
dietary fibers according to their solubility in water. Exceptions have been noted,
but in general, soluble fibers benefit heart disease, diabetes, cancers, and weight
management whereas insoluble fibers benefit GI health. Other characteristics of
fibers include their viscosity and fermentability. Viscous fibers form gels in the
GI tract and fermentable fibers are digested by GI bacteria.** In general, soluble
fibers are more viscous and fermentable than insoluble fibers; again, exceptions
have been noted.

As mentioned earlier, dietary fibers occur naturally in plants. When these fi-
TABLE 4-1 The Carbohydrate Family bers have been extracted from plants or are manufactured and then added to
Monosaccharides foods or used in supplements, they are called functional fibers—if they have ben-
Glucose ' eficial health effects. Cellulose in cereals, for example, is a dietary fiber, but
. when consumed as a supplement to alleviate constipation, cellulose is consid-

ered a functional fiber. Total fiber refers to the sum of dietary fibers and func-

Galactose ' tional fibers.
Disaccharides
Maltose (glucose + glucose) M ) ) ) )

REVIEW IT Identify the monosaccharides, disaccharides, and polysac-
Sucrose (glucose + fructose) M . . .- . . .

charides common in nutrition by their chemical structures and major food
Lactose (glucose + galactose) M sources.
Polysaccharides The carbohydrates are made of carbon (C), oxygen (0), and hydrogen (H). Each of these atoms
Glycogen? can form a specified number of chemical bonds: carbon forms four, oxygen forms two, and
hydrogen forms one.

The three monosaccharides (glucose, fructose, and galactose) all have the same chemi-
cal formula (C4H,,0,). but their structures differ. The three disaccharides (maltose, sucrose,
and lactose) are pairs of monosaccharides, each containing a glucose paired with one of
the three monosaccharides. The sugars derive primarily from plants, except for lactose and
its component galactose, which come from milk and milk products. Two monosaccharides
can be linked together by a condensation reaction to form a disaccharide and water. A
disaccharide, in turn, can be broken into its two monosaccharides by a hydrolysis reaction
using water.

The polysaccharides are chains of monosaccharides and include glycogen, starches, and
dietary fibers. Both glycogen and starch are storage forms of glucose—glycogen in the body,

. . : ) and starch in plants—and both yield energy for human use. The dietary fibers also contain
dietary fibers: in plant foods, the nonstarch polysaccharides . . . .
that are not digested by human digestive enzymes, although glucose (and other monqsaccharldes), but their bonds cannot pe broken by human dlges.twe
some are digested by Gl tract bacteria. enzymes, so they yield little, if any, energy. Table 4-1 summarizes the carbohydrate family of

soluble fibers: nonstarch polysaccharides that dissolve in compounds.
water to form a gel. An example is pectin from fruit, which is
used to thicken jellies.

© Cengage

Fructose

Starches (amylose and amylopectin)

© Cengage

Fibers (soluble and insoluble)

aGlycogen is a polysaccharide, but not a common dietary source
of carbohydrate.

insoluble fibers: nonstarch polysaccharides that do not
dissolve in water. Examples include the tough, fibrous structures
found in the strings of celery and the skins of corn kernels. -
*The nonstarch polysaccharide fibers include cellulose, hemicelluloses, pectins, gums, and mucilages. Fibers also
include some nonpolysaccharides such as lignins, cutins, and tannins.

fermentable fibers: fibers that can be digested by bacteria **Dietary fibers are fermented by bacteria in the colon to short-chain fatty acids, which are absorbed and meta-
in the Gl tract. bolized by cells in the GI tract and liver (Chapter 5 describes fatty acids).

viscous fibers: fibers that have gel-forming properties.
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4.2 Digestion and Absorption
of Carbohydrates

LEARN IT Summarize carbohydrate digestion and absorption.

The ultimate goal of digestion and absorption of sugars and starches is to break
them into small molecules—chiefly glucose—that the body can absorb and use (see
Photo 4-3). The large starch molecules require extensive breakdown; the disaccha-
rides need be broken only once and the monosaccharides not at all. The details follow.

Carbohydrate Digestion Figure 4-8 (p. 102) traces the digestion of car-
bohydrates through the GI tract. When a person eats foods containing starch,
enzymes hydrolyze the long chains to shorter chains, the short chains to disac-
charides, and, finally, the disaccharides to monosaccharides.* This process begins
in the mouth.

In the Mouth The salivary enzyme amylase starts to work in the mouth, hydro-
lyzing starch to shorter polysaccharides and to the disaccharide maltose. In fact,
you can taste the change if you chew a piece of starchy food like a cracker and
hold it in your mouth for a few minutes without swallowing it—the cracker be-
gins tasting sweeter as the enzyme acts on it. Because food is in the mouth for a
relatively short time, very little carbohydrate digestion takes place there.

In the Stomach Carbohydrate digestion ceases in the stomach. The activity of
salivary amylase diminishes as the stomach’s acid and protein-digesting enzymes
inactivate the enzyme. The stomach’s digestive juices contain no enzymes to
break down carbohydrates. Fibers are not digested, but because they linger in the
stomach, they delay gastric emptying, thereby providing a feeling of fullness and
satiety. Carbohydrate digestion begins again in the small intestine.

In the Small Intestine The small intestine performs most of the work of carbohydrate
digestion. A major carbohydrate-digesting enzyme, pancreatic amylase, enters the in-
testine via the pancreatic duct and continues breaking down the polysaccharides to
shorter glucose chains and maltose. The final step takes place on the outer membranes
of the intestinal cells. There specific enzymes break down specific disaccharides:

e Maltase breaks maltose into two glucose molecules.
e Sucrase breaks sucrose into one glucose and one fructose molecule.
e Lactase breaks lactose into one glucose and one galactose molecule.

At this point, all polysaccharides and disaccharides have been broken down to
monosaccharides—mostly glucose molecules, with some fructose and galactose
molecules as well.

In the Large Intestine Within 1 to 4 hours after a meal, all the sugars and most of
the starches have been digested. Only the nondigestible carbohydrates remain in
the digestive tract.

Nondigestible Carbohydrates As mentioned earlier, dietary fibers cannot be broken
down by digestive enzymes; as they linger in the large intestine, they attract water,
which softens the stools for passage without straining. Also, bacteria in the GI tract
ferment some fibers. This process generates water, gas, and short-chain fatty acids (de-
scribed in Chapter 5).** The cells of the colon use these small fat molecules for en-
ergy. Metabolism of short-chain fatty acids also occurs in the cells of the liver. Some
fibers, therefore, can contribute some energy (1.5 to 2.5 kcalories per gram), depend-
ing on the extent to which they are broken down by bacteria and the fatty acids are
absorbed.

*The short chains of glucose units that result from the breakdown of starch are known as dextrins. The word
sometimes appears on food labels because dextrins can be used as thickening agents in processed foods.
**The short-chain fatty acids produced by GI bacteria are primarily acetic acid, propionic acid, and butyric acid.

kiuikson/Shutterstock.com

PHOTO 4-3
carbohydrate-rich foods, the body receives a
valuable commodity—glucose.

When a person eats

amylase (AM-ih-lace): an enzyme that hydrolyzes amylose
(a form of starch). Amylase is a carbohydrase, an enzyme that
breaks down carbohydrates.

satiety (sah-TIE-eh-tee): the feeling of fullness and
satisfaction that occurs after a meal and inhibits eating until
the next meal. Satiety determines how much time passes
between meals.

e sate = to fill

maltase: an enzyme that hydrolyzes maltose.
sucrase: an enzyme that hydrolyzes sucrose.
lactase: an enzyme that hydrolyzes lactose.
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FIGURE 4-8 Carbohydrate Digestion in the Gl Tract
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Resistant Starches A few starches, known as resistant starches, also escape diges-
tion and absorption in the small intestine. Starch may resist digestion for several
reasons, including the body’s digestive activities and the food’s physical proper-
ties. Resistant starch is common in whole or partially milled grains, legumes, and
just-ripened bananas. Cooked potatoes, pasta, and rice that have been chilled also
contain resistant starch. Similar to insoluble fibers, resistant starch may prevent

resistant starches: starches that escape digestion and R : i
chronic diseases such as diabetes, colon cancer, and obesity.!

absorption in the small intestine of healthy people.
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FODMAP Other carbohydrates that are poorly digested and absorbed include
the FODMAP—fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols (sugar alcohols, discussed on p. 115). Highlight 3 introduced low-
FODMAP diets as part of the dietary strategy to treat irritable bowel syndrome.
As FODMAP linger in the GI tract, they attract fluid, which causes abdominal
bloating and pain. When FODMAP reach the large intestine, they become food
for the bacteria living there. The bacterial digestion of FODMAP produces ad-
ditional symptoms of irritable bowel syndrome—intestinal gas and changes in
bowel habits (diarrhea, constipation, or both). Limited evidence suggests that a
low-FODMAP diet may improve the diversity of the microbiota and the symp-
toms of irritable bowel syndrome.? Foods commonly restricted in a low-FODMAP
diet include wheat, milk products, onions, legumes, and sugar alcohols.

Carbohydrate Absorption Glucose is unique in that it can be absorbed to some
extent through the lining of the mouth, but for the most part, nutrient absorption
takes place in the small intestine. Glucose and galactose enter the cells lining the
small intestine by active transport (which requires energy and a specific sodium-de-
pendent transporter); after high-carbohydrate meals, glucose and galactose may also
be absorbed by facilitated transport (which requires a different transporter). Fructose
is absorbed by facilitated transport (and has its own specific transporter).

As the blood from the small intestine circulates through the liver, cells there
take up fructose and galactose and most often convert them to compounds within
the same metabolic pathways as glucose. Figure 4-9 shows that fructose and galac-
tose are mostly metabolized in the liver, whereas glucose is sent out to the body’s
cells for energy. In the end, all disaccharides provide at least one glucose molecule
directly, and they can provide the equivalent of another one indirectly—through
the metabolism of fructose and galactose in the liver.

Lactose Intolerance Normally, the intestinal cells produce enough of the
enzyme lactase to ensure that the disaccharide lactose found in milk is both di-
gested and absorbed efficiently. Lactase activity is highest immediately after F?DMAF;; a,zo”e‘:,"’e Tehrm,ssed to desc”bﬁf?(;memag'e

. . . . . . . oligosaccnariaes, d@isaccnariaes, monosaccnariaes, an
birth, as befits an infant whose first and only food for a while will be breast milk polyols that are commonly found in such foods as wheat,
or infant formula. In the great majority of the world’s populations, lactase activity  onions, some fruits and vegetables, sorbitol, and some dairy.

FIGURE 4-9 Absorption of Monosaccharides

0 Monosaccharides, the end products of
carbohydrate digestion, enter the capillaries
of the intestinal villi.

o Glucose is used by
most cells in the
body for energy.

Qo e In the liver, galactose
and fructose share

e © @ metabolic pathways
. with glucose.

Key:

. Glucose
. Fructose

e Monosaccharides travel to
the liver via the portal vein. @ Galactose
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TABLE 4-2 Lactose in Selected Foods

Foods Lactose (g)
Whole-wheat bread, 1 slice 0.5
Dinner roll, 1 0.5
Cheese, 1 oz

Cheddar or American 0.5

Parmesan or cream 0.8
Doughnut (cake type), 1 1.2
Chocolate candy, 1 oz 2.3
Sherbet, 1 ¢ 4.0
Cottage cheese (low-fat), 1 ¢ 7.5
Ice cream, 1 ¢ 9.0
Milk, 1 ¢ 12.0
Yogurt (low-fat), 1 ¢ 15.0

NOTE: Yogurt is often enriched with nonfat milk solids, which
increase its lactose content to a level higher than milk's.

lactose intolerance: a condition that results from the
inability to digest the milk sugar lactose; characterized by
bloating, gas, abdominal discomfort, and diarrhea. Lactose
intolerance differs from milk allergy, which is caused by an
immune reaction to the protein in milk.

lactase deficiency: a lack of the enzyme required to digest
the disaccharide lactose into its component monosaccharides
(glucose and galactose).

© Cengage

declines dramatically during childhood and adolescence to about 5 to 10 percent
of the activity at birth. Only a relatively small percentage (about 35 percent) of the
people in the world retain enough lactase to digest and absorb lactose efficiently
throughout adult life.

Symptoms When more lactose is consumed than the available lactase can handle, lac-
tose molecules remain in the intestine undigested, attracting water and causing bloat-
ing, abdominal discomfort, and diarrhea—the symptoms of lactose intolerance. The
undigested lactose becomes food for intestinal bacteria, which multiply and produce
irritating acid and gas, further contributing to the discomfort and diarrhea.

Causes As mentioned, lactase activity commonly declines with age. Lactase
deficiency may also develop when the intestinal villi are damaged by disease, certain
medicines, prolonged diarrhea, or malnutrition. Depending on the extent of the intes-
tinal damage, lactose malabsorption may be temporary or permanent. In extremely
rare cases, an infant is born with a lactase deficiency, making feeding a challenge.

Prevalence The prevalence of lactose intolerance varies widely among eth-
nic groups, indicating that the trait has a genetic component. The prevalence of
lactose intolerance is lowest among northern Europeans and highest among east
Asians. Estimating the prevalence of lactose intolerance is difficult; many people
who claim to be lactose intolerant have not be clinically diagnosed.

Dietary Changes Managing lactose intolerance requires some dietary changes, al-
though total elimination of milk products usually is not necessary. Excluding all
milk products from the diet can lead to nutrient deficiencies because these foods
are a major source of several nutrients, notably the minerals calcium and potas-
sium and vitamin D. Fortunately, many people with lactose intolerance can con-
sume foods containing up to 6 grams of lactose (¥2 cup milk) without symptoms.
The most successful strategies are to increase intake of milk products gradually,
consume them with other foods in meals, and spread their intake throughout the
day. In addition, yogurt containing live bacteria seems to improve lactose intoler-
ance. A change in the type, number, and activity of GI bacteria—not the reappear-
ance of the missing enzyme—accounts for the ability to adapt to milk products.
Importantly, most lactose-intolerant individuals need to manage their dairy con-
sumption rather than eliminate it.

In many cases, lactose-intolerant people can tolerate fermented milk products
such as yogurt.3 The bacteria in these products digest lactose for their own use,
thus reducing the lactose content. Even when the lactose content is equivalent to
milk’s, yogurt produces fewer symptoms. Hard cheeses, such as cheddar, and cot-
tage cheese are often well tolerated because most of the lactose is removed with
the whey during manufacturing. Lactose continues to diminish as cheese ages.

Many lactose-intolerant people use commercially prepared milk products (such
as Lactaid) that have been treated with an enzyme that breaks down the lactose.
Alternatively, they take enzyme tablets with meals or add enzyme drops to their
milk. The enzyme hydrolyzes much of the lactose in milk to glucose and galac-
tose, which lactose-intolerant people can absorb without ill effects.

Because people’s tolerance to lactose varies widely, lactose-restricted diets must
be highly individualized. A completely lactose-free diet can be difficult because
lactose appears not only in milk and milk products but also as an ingredient in
many nondairy foods such as breads, cereals, breakfast drinks, salad dressings, and
cake mixes (see Table 4-2). People on strict lactose-free diets need to read labels
and avoid foods that include milk, milk solids, whey (milk liquid), and casein
(milk protein, which may contain traces of lactose). They also need to check all
medications with the pharmacist because many drugs contain lactose as a filler.

Whether lactose intolerance is real or perceived, people who consume few milk
products must take care to get enough vitamin D, potassium, and calcium—all
nutrients of concern.* Later chapters on the vitamins and minerals offer help with
finding good nonmilk sources of these nutrients.
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REVIEW IT Summarize carbohydrate digestion and absorption.
In the digestion and absorption of carbohydrates, the body breaks down starches into disac-
charides and monosaccharides, which are absorbed. The fibers help regulate the passage of food
through the Gl tract and slow the absorption of glucose, but they contribute little, if any, energy.
Lactose intolerance is a relatively common condition that occurs when there is insufficient
lactase to digest the disaccharide lactose found in milk and milk products. Symptoms are limited
to Gl distress. Because treatment requires limiting milk and milk products in the diet, other
sources of potassium, vitamin D, and calcium must be included.

4.3 Glucose in the Body

LEARN IT Explain how the body maintains its blood glucose concentration and what
happens when blood glucose rises too high or falls too low.

The primary role of carbohydrates in the body is to supply the cells with glucose
for energy. Scientists have long known that providing energy is glucose’s primary
role in the body, but they have also discovered additional roles that glucose and
other sugars perform in the body.* When sugar molecules adhere to the body’s
protein and fat molecules, the consequences can be dramatic. Sugars attached to
a protein change the protein’s shape and function; when they bind to lipids in a
cell’s membranes, sugars alter the way cells recognize one another.**

A Preview of Carbohydrate Metabolism Glucose plays the central role
in carbohydrate metabolism. This brief discussion provides just enough informa-
tion about carbohydrate metabolism to illustrate that the body needs and uses
glucose primarily as an energy nutrient (see Photo 4-4). Chapter 7 provides a full
description of energy metabolism.

Storing Glucose as Glycogen After a meal, blood glucose rises, and liver cells link
excess glucose molecules by condensation reactions into long, branching chains of
glycogen (review Figure 4-6, p. 99). When blood glucose falls, the liver cells break
down glycogen by hydrolysis reactions into single molecules of glucose and release
them into the bloodstream. Thus, glucose becomes available to supply energy to
the brain and other tissues regardless of whether the person has eaten recently.

The liver stores about one-fourth of the body’s total glycogen and releases glucose
into the bloodstream as needed. Muscle cells also store glucose as glycogen (the other
three-fourths), but muscles hoard most of their supply, using it just for themselves
during exercise. The brain maintains a small amount of glycogen, which is thought
to provide an emergency energy reserve during times of severe glucose deprivation.

Glycogen holds water and, therefore, is rather bulky. The liver can store only
enough glycogen to provide energy for about a day. For its long-term energy re-
serves, for use over days or weeks of food deprivation, the body uses its abundant,
water-free fuel, fat, as Chapter 5 describes.

Using Glucose for Energy Glucose fuels the work of most of the body's cells and
is the preferred energy source for brain cells, other nerve cells, and developing red
blood cells. Inside a cell, a series of reactions can break glucose into smaller com-
pounds that yield energy when broken down completely to carbon dioxide and
water (see Chapter 7).

Making Glucose from Protein As mentioned, the liver’s glycogen stores are lim-
ited, and the brain needs glucose to fuel its activities. To keep providing glucose
to meet energy needs, a person has to eat carbohydrate-rich foods frequently. Yet
people who do not always attend faithfully to their bodies’ carbohydrate needs
still survive. How do they manage without glucose from dietary carbohydrate?

*The study of sugars and their derivatives is known as glycobiology.
**These combination molecules are known as glycoproteins and glycolipids, respectively.

Brian Leatart/Photolibrary/Getty Images

> PHOTO 4-4 The carbohydrates of grains,
vegetables, fruits, and legumes supply most of
the energy in a healthful diet.
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PHOTO 4-5 The brain uses glucose as its
primary fuel for energy.

Dean Drobot/Shutterstock.com

gluconeogenesis (gloo-ko-nee-oh-JEN-ih-sis): the making
of glucose from a noncarbohydrate source such as amino
acids or glycerol (described in more detail in Chapter 7).

e gluco = glucose

® neo = new

e genesis = making

protein-sparing action: the action of carbohydrate (and fat)
in providing energy that allows protein to be used for other
purposes.

letone (KEE-tone) bodies: acidic compounds produced by
the liver during the breakdown of fat when carbohydrate is
not available.

ketosis (kee-TOE-sis): an undesirably high concentration of
ketone bodies in the blood and urine.

acid-base balance: the equilibrium in the body between
acid and base concentrations (see Chapter 12).

Do they simply draw energy from the other two energy-yielding nutrients, fat and
protein? They do draw energy from them, but not simply.

Fat cannot make glucose to any significant extent. The amino acids of protein
can be used to make glucose to some extent, but amino acids and proteins have
jobs of their own that no other nutrient can perform. Still, when a person does
not replenish glucose by eating carbohydrate, body proteins are broken down to
make glucose to fuel the brain and other nerve cells. These body proteins derive
primarily from the liver and skeletal muscles.

The conversion of protein to glucose is called gluconeogenesis—literally, the
making of new glucose. Only adequate dietary carbohydrate can prevent this
use of protein for energy, and this role of carbohydrate is known as its protein-
sparing action.

Making Ketone Bodies from Fat Fragments An inadequate supply of carbohydrate
can shift the body’s energy metabolism in a precarious direction. With less carbo-
hydrate providing glucose to meet the brain’s energy needs, fat takes an alternative
metabolic pathway; instead of entering the main energy pathway, fat fragments
combine with one another, forming ketone bodies. Ketone bodies provide an al-
ternative fuel source during starvation, but when their production exceeds their
use, they accumulate in the blood, causing ketosis. Because most ketone bodies
are acidic, ketosis disturbs the body’s normal acid-base balance. (Chapter 7 ex-
plores ketosis and the metabolic consequences of low-carbohydrate diets further.)

To spare body protein and prevent ketosis, the body needs 50 to 100 grams of
carbohydrate a day. Dietary recommendations urge people to select abundantly
from carbohydrate-rich foods to provide for considerably more.

Using Glucose to Make Fat After meeting its immediate energy needs and filling its
glycogen stores to capacity, the body must find a way to handle any extra glucose.
When glucose is abundant, energy metabolism shifts to use more glucose instead
of fat. If that isn't enough to restore glucose balance, the liver breaks glucose into
smaller molecules and puts them together into the more permanent energy-storage
compound—fat. Thus, when carbohydrate is abundant, fat is either conserved (by
using more carbohydrate in the fuel mix) or created (by using excess carbohydrate
to make body fat). The fat then travels to the fatty tissues of the body for storage; fat
made from excess sugars may be deposited in the liver and muscles as well.> Unlike
the liver cells, which can store only enough glycogen to meet about a day’s energy
needs, fat cells can store seemingly unlimited quantities of fat.

The Constancy of Blood Glucose Every body cell depends on glucose for
its fuel to some extent, and the cells of the brain and the rest of the nervous sys-
tem depend almost exclusively on glucose for their energy (see Photo 4-5). The
activities of these cells never cease, and they have limited ability to store glucose.
Day and night, they continually draw on the supply of glucose in the fluid sur-
rounding them. To maintain the supply, a steady stream of blood moves past these
cells bringing more glucose from either the small intestine (food) or the liver (via
glycogen breakdown or gluconeogenesis).

Maintaining Glucose Homeostasis To function optimally, the body must main-
tain blood glucose within limits that permit the cells to nourish themselves. If
blood glucose falls below normal, a person may become dizzy and weak; if it
rises above normal, a person may become fatigued. Left untreated, fluctuations
to the extremes—either high or low—can be fatal. Among the dietary factors that
most influence these fluctuations in blood glucose are carbohydrate (quality and
quantity), protein, and fiber intakes.°

The Regulating Hormones Blood glucose homeostasis is regulated primarily by
two hormones: insulin, which moves glucose from the blood into the cells, and
glucagon, which brings glucose out of storage when needed. Figure 4-10 depicts
these hormonal regulators at work.
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FIGURE 4-10 Glucose Balance

High blood glucose

Signals the pancreas
to secrete insulin
into the blood

Low blood glucose

Signals the pancreas
to secrete glucagon
into the blood

Insulin

Stimulates:
e Uptake of glucose
from the blood into

Glucagon
Stimulates:
¢ Break down of
glycogen from the

cells - liver

e Storage of glycogen /’_ ¢ Release of glucose
in the liver and \a"= } into the blood
muscles

e Conversion of Pancreas
excess glucose into

fat for storage

End results End results

Lower blood glucose Raised blood glucose

Insulin secretion
inhibited

Glucagon secretion
inhibited

© Cengage

After a meal, as blood glucose rises, special cells of the pancreas respond by secret-
ing insulin into the blood.* In general, the amount of insulin secreted corresponds
with the rise in glucose. As the circulating insulin reaches the body'’s cells, receptors
respond by ushering glucose from the blood into the cells. Most of the cells take only
the glucose they can use for energy right away, but the liver and muscle cells can as-
semble the small glucose units into long, branching chains of glycogen for storage.
As mentioned earlier, the liver cells also convert extra glucose to fat. Thus, elevated
blood glucose returns to normal levels as excess glucose is stored as glycogen and fat.

When blood glucose falls (as occurs between meals), other special cells of the
pancreas respond by secreting glucagon into the blood.** Glucagon raises blood
glucose by signaling the liver to break down its glycogen stores and release glucose
into the blood for use by all the other body cells.

Another hormone that signals the liver cells to release glucose is the “fight-
or-flight” hormone, epinephrine. When a person experiences stress, epinephrine
acts quickly to ensure that all the body cells have energy fuel in emergencies.

Balancing within the Normal Range The maintenance of normal blood glucose
depends on foods and hormones. When blood glucose falls below normal, food
can replenish it, or in the absence of food, glucagon can signal the liver to break
down glycogen stores. When blood glucose rises above normal, insulin can signal
the cells to take in glucose for energy. Eating balanced meals that provide abundant
carbohydrates, including fibers, and a little fat help slow down the digestion and
absorption of carbohydrate so that glucose enters the blood gradually. Eating at
regular intervals also helps the body maintain a balance between the extremes.

Falling outside the Normal Range In some people, blood glucose regulation fails.
When this happens, either of two conditions can result: diabetes or hypoglycemia.
People with these conditions need to plan their diets and physical activities to
help maintain their blood glucose within a normal range. Table 4-3 presents the
blood glucose levels defining hypoglycemia, normal, prediabetes, and diabetes.

Diabetes In diabetes, blood glucose rises after a meal and remains above normal
levels because insulin is either inadequate or ineffective. Elevated blood glucose is
a characteristic of two main types of diabetes. In type 1 diabetes, the less common

*The beta (BAY-tuh) cells, one of several types of cells in the pancreas, secrete insulin in response to elevated blood
glucose concentration.
**The alpha cells of the pancreas secrete glucagon in response to low blood glucose concentration.

TABLE 4-3 Fasting Blood Glucose

Hypoglycemia <70 mg/dL
Normal 70-99 mg/dL
£ Prediabetes 100-125 mg/dL
g Diabetes =126 mg/dL

NOTE: Milligrams per deciliter (mg/dL) is a unit of
measure that describes the concentration of substance
(glucose) in a specific amount of fluid (blood).

insulin (IN-suh-lin): a hormone secreted by special cells in
the pancreas in response to (among other things) elevated
blood glucose concentration. Insulin controls the transport of
glucose from the bloodstream into the muscle and fat cells.

glucagon (GLOO-ka-gon): a hormone secreted by special
cells in the pancreas in response to low blood glucose
concentration. Glucagon elicits release of glucose from liver
glycogen stores.

epinephrine (EP-ih-NEFF-rin): a hormone of the adrenal
gland that modulates the stress response; formerly called
adrenaline. When administered by injection, epinephrine
counteracts anaphylactic shock by opening the airways and
maintaining heartbeat and blood pressure.

diabetes (DYE-ah-BEE-teez): metabolic disorder
characterized by elevated blood glucose resulting from
insufficient insulin, ineffective insulin, or both; the complete
medical term is diabetes mellitus (meh-LIE-tus). When

blood glucose levels are higher than normal, but below the
diagnosis of diabetes, the condition is called prediabetes.

type 1 diabetes: the less common type of diabetes in which the
pancreas produces little or no insulin. Type 1 diabetes usually
results from autoimmune destruction of pancreatic beta cells.
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FIGURE 4-11 The Glycemic
Response
After a high-glycemic meal, blood glucose
levels rise dramatically and then fall below
normal. After a low-glycemic meal, blood glu-
cose levels rise gradually and then fall to near
normal.

Blood glucose levels

Hours after eating

Key:

High glycemic response

Low glycemic response

Normal blood glucose level

SOURCE: Adapted from Gropper/Smith,
Advanced Nutrition and Human Metabolism,
7th ed. (Belmont, CA: Cengage Learning,
2018), p. 76.

type 2 diabetes: the more common type of diabetes in which
the cells fail to respond to insulin. Type 2 diabetes usually
accompanies obesity and results from insulin resistance

coupled with insufficient insulin secretion.

hypoglycemia (HIGH-po-gly-SEE-me-ah): an abnormally low

blood glucose concentration.

glycemic (gly-SEEM-ic) response: the extent to which a
food raises the blood glucose concentration and elicits an

insulin response.

glycemic index: a method of classifying foods according to

their potential for raising blood glucose.

type, the pancreas fails to produce insulin. Although the exact cause is unclear, some
research suggests that in genetically susceptible people, certain viruses activate the
immune system to attack and destroy insulin-producing cells in the pancreas as if
they were foreign cells. In type 2 diabetes, the more common type of diabetes, the
cells fail to respond to insulin. This condition tends to occur as a consequence of
obesity. As the incidence of obesity in the United States has risen in recent decades,
so too has the incidence of diabetes. This trend is most notable among children and
adolescents as obesity among the nation’s youth reaches epidemic proportions. Be-
cause obesity can lead to type 2 diabetes, the best preventive measure is to maintain
a healthy body weight. To manage diabetes and ensure stable blood glucose levels,
food portions and choices must be balanced. It helps to eat meals and snacks at
regularly scheduled times, to eat similar amounts of food at each meal and snack,
and to choose nutritious foods that will support a healthy body weight. Dietitians
commonly use Food Lists for Diabetes and carbohydrate counting to plan healthy
meals for people with diabetes (see Appendix G). Chapter 15 describes the type of
diabetes that develops in some women during pregnancy (gestational diabetes), and
Chapter 18 covers type 1 and type 2 diabetes, their associated problems, and strate-
gies to manage diet planning (including carbohydrate counting).

Hypoglycemia Hypoglycemia in healthy people is rare; blood glucose rises after
eating and then gradually falls back into the normal range. The transition occurs
without notice. Should blood glucose drop below normal, a person would experi-
ence the symptoms of hypoglycemia: weakness, rapid heartbeat, sweating, anxi-
ety, hunger, and trembling.

Hypoglycemia is most commonly a consequence of poorly managed diabetes:
too much insulin, strenuous physical activity, inadequate food intake, or illness
cause blood glucose levels to plummet.” When caused by certain medications, pan-
creatic tumors, overuse of insulin, alcohol abuse, uncontrolled diabetes, or other ill-
nesses, hypoglycemia requires medical intervention.®

The Glycemic Response The glycemic response refers to how quickly glucose is
absorbed after a person eats, how high blood glucose rises, and how quickly it
returns to normal. Slow absorption, a modest rise in blood glucose, and a smooth
return to normal are desirable (a low glycemic response). Fast absorption, a surge
in blood glucose, and an overreaction that plunges glucose below normal are
less desirable (a high glycemic response). Figure 4-11 compares the response of a
high-glycemic meal with a low-glycemic meal. The glycemic response may be par-
ticularly important to people with diabetes, who may benefit from limiting foods
that produce too great a rise, or too sudden a fall, in blood glucose.

Different foods elicit different glycemic responses; the glycemic index classifies
foods accordingly (see Table 4-4). Some studies have shown that selecting foods with
a low glycemic index is a practical way to improve glucose control and lower the risk
of diabetes.” Lowering the glycemic index of the diet may improve blood lipids, re-
duce inflammation, and lower the risk of heart disease as well, although research
findings are mixed.!° A low glycemic diet may also help with appetite regulation and
weight management, although, again, research findings are mixed.!!

Researchers debate whether selecting foods based on the glycemic index is practical
or offers any real health benefits. Those opposing the use of the glycemic index argue
that it is not sufficiently supported by scientific research. The glycemic index has been
determined for relatively few foods, and when the glycemic index has been published,
it is based on an average of multiple tests with wide variations in their results. Values
vary because of differences in the physical and chemical characteristics of foods, test-
ing methods of laboratories, and digestive processes of individuals. In fact, people can
have dramatically different blood glucose responses to the same foods.!?

Furthermore, the practical utility of the glycemic index is limited because this
information is neither provided on food labels nor intuitively apparent. Indeed, a
food’s glycemic index is not always what one might expect. Ice cream, for example,
is a high-sugar food but produces less of a glycemic response than baked potatoes,
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TABLE 4-4 Glycemic Index of Selected Common Foods

Glycemic Milk Protein
Index Grains Fruits Vegetables Products Foods? Other
Low Barley, Apple, apple Carrots, Ice Legumes Chocolate
chapati, corn  juice, banana, corn cream,
tortilla, rice dates, mango, milk,
noodles, orange, orange soy
rolled oats, juice, peaches milk,
udon noodles, (canned), yogurt
spaghetti strawberry jam
Medium Brown rice, Pineapple Potatoes Popcorn,
couscous (french potato
fries), chips,
sweet soft
potatoes drinks
High Breads, Watermelon Potatoes Rice
breakfast (boiled) crackers
cereals, white
rice

NOTE: Using the glucose reference scale, foods are classified as low (55 or less), medium (56 to 69), or high (70 or greater).
2Protein foods that contain little or no carbohydrate (such as meats, poultry, fish, and eggs) do not raise blood glucose, and
therefore do not have a glycemic index.

SOURCE: Adapted from F. S. Atkinson, K. Foster-Powell, and J. C. Brand-Miller, International tables of glycemic index and
glycemic load values: 2008, Diabetes Care 31 (2008): 2281-2283.

a high-starch food. Perhaps most relevant to real life, a food’s glycemic effect dif-
fers depending on plant variety, food processing, cooking method, time of day, and
whether it is eaten alone or with other foods. White rice, for example, has a very
high glycemic index, but when cooked with a little oil, vegetables, and chicken,
the glycemic index of the mixed meal is reduced by about half.!3> Most people eat a
variety of foods, cooked and raw, that provide different amounts of carbohydrate,
fat, and protein—all of which influence the glycemic index of a meal.

Paying attention to the glycemic index may be unnecessary because current guide-
lines already suggest many low and moderate glycemic index choices: whole grains,
legumes, vegetables, fruits, and milk and milk products. In addition, eating frequent,
small meals spreads glucose absorption across the day and thus offers similar meta-
bolic advantages to eating foods with a low glycemic response. Highlight 4 revisits the
relationship of the glycemic index and body weight and explores the controversies
surrounding low-carbohydrate diets.

REVIEW IT Explain how the body maintains its blood glucose concentration and
what happens when blood glucose rises too high or falls too low.

Dietary carbohydrates provide glucose that can be used by the cells for energy, stored by the liver
and muscles as glycogen, or converted into fat if intakes exceed needs. All of the body's cells depend
on glucose; those of the brain and central nervous system are especially dependent on it. Without
glucose, the body is forced to break down its protein tissues to make glucose and to alter energy
metabolism to make ketone bodies from fats. Blood glucose regulation depends primarily on two
pancreatic hormones: insulin to move glucose from the blood into the cells when levels are high and
glucagon to free glucose from glycogen stores and release it into the blood when levels are low.

4.4 Health Effects and Recommended
Intakes of Sugars

LEARN IT Describe how added sugars can contribute to health problems.

Almost everyone finds pleasure in sweet foods—after all, the taste preference for
sweets is inborn. To a child, the sweeter the food, the better. In adults, this prefer-
ence is somewhat diminished, but most adults still enjoy at least an occasional
sweet food or beverage.

Health Effects and Recommended Intakes of Sugars
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PHOTO 4-6 Almost half of the added
sugars in our diet come from sugar-sweetened

beverages, but baked goods, ice cream, candy,
and breakfast cereals also make substantial

Polara Studios, Inc.

TABLE 4-5 Functions of Sugar in Foods

e Acts as a bulking agent in ice cream and baked goods
e Adds texture and color to baked goods

e Balances the acidity of tomato- and vinegar-based products such as sauces, salad
dressings, and other condiments

e Enhances flavor

® |Imparts a creamy consistency in frozen desserts

e Inhibits microbial growth by binding with water in jams and jellies

e Maintains the natural color and texture of preserved fruits

e Provides fuel for yeast fermentation, causing bread to rise or producing alcohol

In the United States, almost 15 percent of the average daily energy intake
comes from the concentrated sugars that have been refined and added to foods
for a variety of purposes (see Table 4-5). The leading source of added sugars is bev-
erages, accounting for almost half of the added sugars consumed. An additional
25 percent of the intake comes from snacks and sweets such as cakes, ice cream,
and candy (see Photo 4-6). Added sugars assume various names on food labels:
sucrose, invert sugar, corn sugar, corn syrups and solids, high-fructose corn syrup,
and honey. A food is likely to be high in added sugars if its ingredient list starts
with any of the monosaccharides or disaccharides already defined or any of the
sugars named in Glossary 4-1, or if it includes several of them.

Health Effects of Sugars In moderate amounts, sugars may add pleasure to
meals without harming health. In excess, however, sugars can be detrimental, and
the average American diet currently delivers excessive amounts.

Obesity and Chronic Diseases Over the past several decades, as obesity rates
increased sharply, consumption of added sugars reached an all-time high—
much of it because of the surge in high-fructose corn syrup use, especially in
beverages. High-fructose corn syrup is composed of fructose and glucose in a
ratio of roughly 50:50. Compared with sucrose, high-fructose corn syrup is less
expensive, easier to use, and more soluble. Manufacturers prefer high-fructose
corn syrup because it retains moisture, resists drying out, controls crystallization,
prevents microbial growth, and blends easily with other sweeteners, acids, and
flavorings. In addition to being used in beverages, high-fructose corn syrup sweet-

contributions.

ens candies, baked goods, and hundreds of other foods.

GLOSSARY 4-1

ADDED SUGAR TERMS

brown sugar: refined white sugar
crystals to which manufacturers have
added molasses syrup with natural flavor
and color; 91 to 96 percent pure sucrose.

confectioners’ sugar: finely powdered
sucrose, 99.9 percent pure.

corn sweeteners: corn syrup and
sugars derived from corn.

corn syrup: a syrup made from
cornstarch that has been treated with
acid, high temperatures, and enzymes to
produce glucose, maltose, and dextrins. It

may be dried and used as corn syrup solids.

See also high-fructose corn syrup (HFCS).

dextrose: the name food manufacturers
use for the sugar that is chemically the
same as glucose; anhydrous dextrose

In general, research findings tend to support an association between consum-
ing sugary beverages and increases in energy intake and body weight.!* Reducing

is similar, differing primarily in the
temperature of crystallization.

high-fructose corn syrup (HFCS): a
syrup made from cornstarch that has been
treated with an enzyme that converts some
of the glucose to the sweeter fructose;
made especially for use in processed foods
and beverages, where it is the predominant
sweetener. With a chemical structure
similar to sucrose, most HFCS has a fructose
content of 42 or 55 percent, with glucose
making up the remainder.

honey: sugar (mostly sucrose)

formed from nectar gathered by bees.
Composition and flavor vary, but honey
always contains a mixture of sucrose,
fructose, and glucose.

invert sugar: a mixture of glucose and
fructose formed by the hydrolysis of
sucrose in a chemical process; sold only
in liquid form and sweeter than sucrose.
Invert sugar is used as a food additive

to help preserve freshness and prevent
shrinkage.

levulose: an older name for fructose.

malt syrup: a sweetener made from
sprouted barley and containing mostly
maltose.

maple sugar: a sugar (mostly sucrose)
purified from the concentrated sap of the
sugar maple tree.

molasses: the thick brown syrup produced
during sugar refining. Molasses retains
residual sugar and other by-products and a
few minerals; blackstrap molasses contains
significant amounts of calcium and iron.

nectar: a sugary fluid secreted by plants to
encourage pollination by insects.

raw sugar: the first crop of crystals
harvested during sugar processing. Raw
sugar cannot be sold in the United States
because it contains too much filth (dirt,
insect fragments, and the like). Sugar sold

as “raw sugar” domestically has actually
gone through more than half of the
refining steps.

tagatose (TAG-ah-tose): poorly absorbed
monosaccharide similar in structure to
fructose; naturally occurring or derived
from lactose.

trehalose: a disaccharide found in
organisms such as fungi and yeast that
is about half as sweet as sucrose and
is sometimes used as a sweetener in
processed foods.

turbinado (ter-bih-NOD-oh) sugar:
sugar produced using the same refining
process as white sugar, but without the
bleaching and anticaking treatment.
Traces of molasses give turbinado its
sandy color.

white sugar: granulated sucrose or
“table sugar,” produced by dissolving,
concentrating, and recrystallizing raw sugar.
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the consumption of sugar-sweetened beverages or replacing them with beverages
such as water or milk can help support a healthy body weight.!>

Some research suggests that added sugars in general, and fructose in particular,
favor the fat-making pathways and impair the fat-clearing pathways in the liver.!¢
The resulting blood lipid profile increases the risk of heart disease.!” As the liver
busily makes lipids, its handling of glucose becomes unbalanced and insulin re-
sistance develops—an indicator of prediabetes. All in all, research is finding links
between added sugars and the risk of diabetes, inflammation, hypertension, and
heart disease.'® Importantly, moderate intakes of sugars do not cause these health
problems. For this reason, researchers suggest replacing sugar-sweetened bever-
ages with water, and the American Heart Association recommends limiting added
sugars to no more than 100 kcalories per day for women and 150 kcalories per day
for men (which is about 5 percent of a 2000- and 2500-kcalorie diet, respectively).

Nutrient Deficiencies Foods such as whole grains, vegetables, legumes, and fruits
that contain some natural sugars and lots of starches and fibers provide vitamins
and minerals as well. By comparison, foods and beverages that contain lots of
added sugars such as cakes, candies, and sodas provide the body with glucose and
energy, but few, if any, other essential nutrients or fiber. The more added sugars
(and solid fats) in the diet, the more difficult it is to meet recommendations for
protein, dietary fiber, vitamins, and minerals and still stay within kcalorie limits.

A person spending 200 kcalories of a day’s energy allowance on a 16-ounce
soda gets little of value for those kcalories. In contrast, a person using 200 kcalo-
ries on a slice of whole-wheat bread with a tablespoon of peanut butter and a half
tablespoon of jam gets 8 grams of protein, 3 grams of fiber, plus several vitamins
and minerals with those kcalories. The amount of sugar a person can afford to eat
depends on how many discretionary kcalories are available beyond those provid-
ing indispensable vitamins and minerals.

By following one of the USDA Food Patterns and making careful food selec-
tions, a typical adult can obtain all the needed nutrients within an allowance
of about 1500 kcalories. An inactive older woman who is limited to fewer than
1500 kcalories a day can afford to eat only the most nutrient-dense foods—with
few, or no, discretionary kcalories available. In contrast, an active teenage boy
may need as many as 3000 kcalories a day. If he chooses wisely, then he may
use discretionary kcalories for nutrient-dense foods that contain added sugars.
Examples of nutrient-dense foods containing some added sugars include whole-
grain breakfast cereals and vanilla yogurt.

Some people believe that because honey is a natural food, it is nutritious—or,
at least, more nutritious than sugar.* A look at their chemical structures reveals the
truth. Honey, like table sugar, contains glucose and fructose. The primary difference
is that in table sugar the two monosaccharides are bonded together as the disac-
charide sucrose, whereas in honey some of the monosaccharides are free. Whether
a person eats monosaccharides individually, as in honey, or linked together, as in
table sugar, they end up the same way in the body: as glucose and fructose.

Honey does contain a few vitamins and minerals, but not many. Honey is
denser than crystalline sugar, too, so it provides more energy per spoonful.
Table 4-6 (p. 112) shows that honey and white sugar are similar nutritionally—
and both fall short of milk, legumes, fruits, grains, and vegetables.

Although the body cannot distinguish whether fructose and glucose derive
from honey or table sugar, this is not to say that all sugar sources are alike. Some
sugar sources are more nutritious than others. Consider a fruit, for example. The
fruit may give you the same amounts of fructose and glucose and the same num-
ber of kcalories as a spoonful of sugar or honey, but the packaging is more valu-
able nutritionally (see Photo 4-7). The fruit’s sugars arrive in the body diluted in
a large volume of water, packaged in fiber, and mixed with essential vitamins,
minerals, and phytochemicals.

*Honey should never be fed to infants because of the risk of botulism. Chapters 16 and 19 provide more details.

© Matthew Farruggio

> PHOTO 4-7 A tablespoon of honey and a
large orange each provide 17 grams of sugar,
but the orange also delivers valuable vitamins,
minerals, and dietary fibers.

m
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TABLE 4-6 Sample Nutrients in Sugar and Other Foods

The indicated portion of any of these foods provides approximately 100 kcalories. Notice that for a similar number of kcalories and grams of
carbohydrate, foods such as milk, legumes, fruits, grains, and vegetables offer more of the other nutrients than do the sugars.

Size of 100 kcal

Portion Carbohydrate (g) Protein (g) Calcium (mg) Iron (mg) Potassium (mg) Vitamin D (pg)

Foods

Milk, 1% low-fat 1c 12 8 300 0.1 397 2
Kidney beans IZXe 20 7 45 1.6 303 0
Apricots 6 24 3 30 0.8 544 0
Bread, whole-wheat 1%2 slices 20 4 77 1.2 122 0
Broccoli, cooked 2c 20 7 125 21 914 0
Sugars

Sugar, white 2 tbs 24 0 0 trace 0 0
Molasses 2 tbs 28 0 82 1.9 586 0
Cola beverage 1c 26 0 6 trace 7 0
Honey 1%, ths 26 trace 2 0.1 16 0

> FIGURE 4-12 Dental Caries

Dental caries begins when acid dissolves the enamel
that covers the tooth. If not repaired, the decay may
penetrate the dentin and spread into the pulp of the
tooth, causing inflammation, abscess, and possible loss
of the tooth.
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dental caries: decay of teeth.
e caries = rottenness

As these comparisons illustrate, the significant difference between sugar
sources is not between “natural” honey and “purified” sugar but between concen-
trated added sugars and the dilute sugars that naturally sweeten foods. You can
suspect an exaggerated nutrition claim when someone asserts that one product is
more nutritious than another because it contains honey.

Added sugars contribute to nutrient deficiencies by displacing nutrients. For
nutrition’s sake, the appropriate attitude to take is not that sugar is “bad” and
must be avoided, but that nutritious foods must come first. If nutritious foods
crowd sugar out of the diet, that is fine—but not the other way around. As always,
balance, variety, and moderation guide healthy food choices.

Dental Caries Both naturally occurring and added sugars from foods and from
the breakdown of starches in the mouth can contribute to tooth decay. Bacteria
in the mouth ferment the sugars and, in the process, produce an acid that erodes
tooth enamel (see Figure 4-12), causing dental caries, or tooth decay. People can
eat sugar without this happening, though. Much depends on how long foods stay
in the mouth. Sticky foods stay on the teeth longer and continue to yield acid
longer than foods that are readily cleared from the mouth. For that reason, sugar
in a juice consumed quickly, for example, is less likely to cause dental caries than
sugar in a pastry. By the same token, the sugar in sticky foods such as raisins can
be more detrimental than the quantity alone would suggest.

Another concern is how often people eat sugar. Bacteria produce acid for 20 to
30 minutes after each exposure. If a person eats three pieces of candy at one time,
the teeth will be exposed to approximately 30 minutes of acid destruction. But, if
the person eats three pieces at half-hour intervals, the time of exposure increases to
90 minutes. Likewise, slowly sipping a sugary sports beverage may be more harm-
ful than drinking quickly and clearing the mouth of sugar. Nonsugary foods can
help remove sugar from tooth surfaces; hence, it is better to eat sugar with meals
than between meals. Foods such as milk and cheese may be particularly helpful
in protecting against dental caries by neutralizing acids, stimulating salivary flow,
inhibiting bacterial activity, and promoting remineralization of damaged enamel.

Beverages such as soft drinks, orange juice, and sports drinks not only contain
sugar but also have a low pH. These acidic drinks can erode tooth enamel and
may explain why the prevalence of dental erosion is growing steadily.'’

The development of caries depends on several factors: the bacteria that reside
in dental plaque, the saliva that cleanses the mouth, the minerals that form the
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teeth, and the foods that remain after swallowing. For most people, good oral
hygiene and regular dental visits will prevent dental caries (see Table 4-7).2°
In fact, regular brushing (twice a day, with a fluoride toothpaste) and flossing
may be more effective in preventing dental caries than restricting sugary foods.
Still, nutrition is a key component of dental health.?! Perhaps the best advice to
prevent dental caries is the combined approach of practicing good oral hygiene,
drinking fluoridated water, and consuming sugar- and starch-containing foods
and beverages less frequently. Reducing consumption of sugar-sweetened bev-
erages prevents not only dental caries, but gum disease as well.??

Recommended Intakes of Sugars Most of the sugars in the average
American diet are added to foods and beverages by manufacturers during pro-
cessing; major sources of added sugars include sugar-sweetened beverages (sodas,
energy drinks, sports drinks, fruit drinks), desserts, and candy.?? To help
consumers make healthier choices, proposed food labels will include the amounts
of added sugars in a serving. Food labels currently list the total grams of sugar a
food provides, which reflects both added sugars and those occurring naturally in
foods. To help estimate sugar and energy intakes accurately, keep in mind that
1 teaspoon of sugar—whether white sugar, brown sugar, corn syrup, honey, nectar,
jam, jelly, maple syrup, or molasses—provides 4 grams of carbohydrate and about
20 kcalories per teaspoon. For a person who uses ketchup liberally, it may help to
remember that 1 tablespoon of ketchup supplies about 1 teaspoon of sugar. And
those who drink soft drinks regularly should keep in mind that a 12-ounce can of
soda delivers about 10 teaspoons of sugar (see Photo 4-8).

The Dietary Reference Intakes (DRI) committee did not publish a Tolerable
Upper Intake Level (UL) for sugar, but as mentioned, excessive intakes can in-
terfere with sound nutrition and good health. Few people can eat lots of sugary
treats and still meet all of their nutrient needs without exceeding their kcalorie
allowance. For this reason, the Dietary Guidelines for Americans urge consumers
to limit their daily intake of added sugars to 10 percent of total kcalories. For
most people, this means reducing their intake of kcalories from added sugars
(and those from solid fats as well). By reducing the intake of foods and bever-
ages with added sugars, consumers can lower the kcalorie content of the diet
without compromising the nutrient content. How To 4-1 provides strategies for
reducing the intake of added sugars. People who successfully reduce their in-
take of added sugars seem to adapt over time, perceiving sugar more intensely

ars
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TABLE 4-7 Behaviors to Prevent Dental
Caries

e Limit between meal sugar-sweetened
beverages (such as carbonated beverages
and fruit drinks), sticky foods (such as raisins
and caramels), slow-dissolving candies (such
as lollipops and jaw breakers), and snacks
containing sugars and starches (such as
cookies and cakes).

e Brush with a fluoride toothpaste and floss
teeth regularly.

e |f brushing and flossing are not possible, drink
some milk, rinse with water, or chew sugarless
gum immediately after a meal or snack.

e Get a dental checkup regularly.

e Drink fluoridated water.

PHOTO 4-8 Soft drinks deliver a startling
amount of sugar—between 30 and 50 grams
of sugar per 12-ounce can, depending on the
flavor and brand.

dental plague: a gummy mass of bacteria that grows on
teeth and can lead to dental caries and gum disease.

o Use less table sugar on foods such as ce- .

real or pancakes and in beverages such as
coffee or tea.

Use your sugar kcalories to sweeten nutrient-
dense foods (such as oatmeal) instead of con-
suming empty kcalorie foods and beverages
(such as candy and soda).

Drink fewer regular sodas, sports drinks,
energy drinks, and fruit drinks; choose wa-
ter, fat-free milk, 100 percent fruit juice, or
unsweetened tea or coffee instead. If you
do drink sugar-sweetened beverages, have
a small portion.

Select fruit for dessert—fresh, frozen,
dried, or canned in water or natural juice
(not canned in syrup). Eat less cake, cook-
ies, ice cream, other desserts, and candy.
If you do eat these foods, have a small
portion.

Instead of adding sugar, add fresh fruit to
cereal and dried fruit to oatmeal.

Instead of using sugar in recipes, use un-
sweetened applesauce (equal amounts).

Instead of using sugar, enhance flavors of
foods with spices such as cinnamon, allspice,

ginger, or nutmeg and with extracts such as
almond, vanilla, orange, or lemon.

Read the Nutrition Facts on labels to
choose foods with less sugar. Select the
unsweetened version of a food (such as
cornflakes) instead of the sweetened ver-
sion (such as frosted cornflakes) to reduce
the quantity of added sugars in the diet.

The ingredients list also helps identify foods
with added sugars. A food is likely to be high
in added sugars if its ingredient list starts
with any of the sugars named in Glossary 4-1
(p. 110), or if it includes several of them.

> TRY IT Compare the energy contents, added sugars, and ingredients lists of 1 cup of the following foods: fruit-flavored yogurt and
plain yogurt, sugar-frosted cornflakes and plain cornflakes, orange soda and orange juice.

/
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and preferring less sugar in their foods and beverages, making it a habit that is
relatively easy to maintain.?* The World Health Organization (WHO) also sug-
gests limiting added sugars to less than 10 percent of energy intake, and notes
that 5 percent or less provides additional benefits, which is in line with Ameri-
can Heart Association recommendations mentioned earlier.

Alternative Sweeteners To control weight gain, blood glucose, and dental
caries, many consumers turn to alternative sweeteners to help them limit kcal-
ories and minimize added sugars in the diet (see Photo 4-9). In doing so, they
encounter three sets of alternative sweeteners: artificial sweeteners, other high-
intensity sweeteners, and sugar alcohols. Table 4-8 provides general details about
each of the sweeteners approved for use in the United States. Chapter 9 includes
a discussion of their use in weight control and Chapter 19 focuses on some of the
safety issues surrounding their use.

© Matthew Farruégio

>PHOTO04-9 Consumers use artificial
sweeteners to help them limit kcalories and
minimize sugar intake.

TABLE 4-8 Nonnutritive Alternative Sweeteners

ADI (mg/kg body
weight) and Estimated
Equivalent®

Relative
Sweetness?

Energy

Sweetener (kcal/g) Comments

Chemical Composition

Body’s Response

Acesulfame Potassium salt Not digested or 200 0 15 (23 packets Approved as a sweetener
potassium absorbed of sweetener) and flavor enhancer in foods
or AceK® (except in meat and poultry)
(AY-sul-fame)
Advantame Aspartame derivative, Rapidly, but poorly 20,000 0 32.8 (4920 packets  Approved as a sweetener
(ad-VAN-tame) similar to neotame absorbed of sweetener) and flavor enhancer in foods
(except in meat and poultry)
Aspartame® Amino acids (phenyl- Digested and absorbed 200 41 509 (75 packets of Approved as a sweetener
(ah-SPAR-tame or alanine and aspartic acid) sweetener) and flavor enhancer in foods
ASS-par-tame) and a methyl group
Luo han guo® Cucurbitane glycosides Digested and absorbed 175 1 Not determined GRAS!
extracts from Siraitia
grosvenorii swingle fruit
(also known as monk fruit)
Neotame Aspartame with an Not digested or 10,000 0 0.3 (23 packets Approved as a sweetener
(NEE-oh-tame) additional side group absorbed of sweetener) and flavor enhancer in foods
attached (except in meat and poultry)
Saccharinl Benzoic sulfimide Rapidly absorbed and 400 0 15 (45 packets of Approved as a sweetener only in
(SAK-ah-ren) excreted sweetener) certain special dietary foods and
as an additive used for certain
technological purposes
Stevia® Glycosides found in Digested and absorbed 300 0 4 (9 packets of GRAS!
(STEE-vee-ah) the leaves of the Stevia sweetener)
rebaudiana herb
Sucralose! Sucrose with Clatoms ~ Not digested or 600 0 5 (23 packets of Approved as a sweetener

(SUE-kra-lose)

instead of OH groups

absorbed

sweetener)

in foods

aRelative sweetness is determined by comparing the approximate sweetness of a sugar substitute with the sweetness of pure sucrose, which has been defined as 1.0. Chemical structure,
temperature, acidity, and other flavors of the foods in which the substance occurs all influence relative sweetness.
“The Acceptable Daily Intake (ADI) is the estimated amount of a sweetener that individuals can safely consume each day over the course of a lifetime without adverse effects. The Estimated
Equivalent is the number of packets of sweetener a person needs to consume to reach the ADI based on a person weighing 60 kg (132 Ib).
“Marketed under the trade names Sunett and Sweet One.
dRecommendations from the WHO limit acesulfame K intake to 9 mg per kilogram of body weight per day.
°Marketed under the trade names NutraSweet, Equal, and Sugar Twin.
fAspartame provides 4 kcal per gram, as does protein, but because so little is used, its energy contribution is negligible. In powdered form, it is sometimes mixed with lactose, however, so a 1-g

packet may provide 4 kcal.

9Recommendations from the WHO and in Europe and Canada limit aspartame intake to 40 mg per kilogram of body weight per day.
"Marketed under the trade name Fruit-Sweetness.
'GRAS = generally recognized as safe. The GRAS list is subject to revision as new facts become known. For stevia, only one highly refined extract (known as Rebaudioside A) has been granted
GRAS status; whole-leaf stevia and other extracts have not been approved.
IMarketed under the trade names Sweet’'N Low, Sweet Twin, and Necta Sweet.
“Marketed under the trade names Sweetleaf, Purevia, Truvia, and Honey Leaf.
'Marketed under the trade name Splenda.
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Artificial Sweeteners Artificial sweeteners give foods a sweet flavor without
adding extra kcalories; they are sometimes called nonnutritive sweeteners be-
cause they provide virtually no energy or nutrients. The Food and Drug Adminis-
tration (FDA) regulates all artificial sweeteners and has established an Acceptable
Daily Intake (ADI)—the estimated amount that can be safely consumed over a
lifetime without harm. Considering that all substances are toxic at some dose, it
is little surprise that large doses of artificial sweeteners (or their components or
metabolic by-products) may have adverse effects. The question to ask is whether
their ingestion is safe for human beings in quantities people normally use (and
potentially abuse).

Other High-Intensity Sweeteners Stevia leaves and monk fruit have long been
used by the people of South America and China, respectively, to sweeten their
foods and beverages. The FDA has approved certain extracts from these plants as
generally recognized as safe (GRAS); they can be used as additives in a variety of
foods and beverages.

Sugar Alcohols Some “sugar-free” or reduced-kcalorie products contain sugar
alcohols. The sugar alcohols (sometimes called polyols) occur naturally in fruits
and vegetables; manufacturers also use sugar alcohols in many processed foods to
add bulk and texture, to provide a cooling effect or sweet taste, to inhibit brown-
ing from heat, and to retain moisture. These products may claim to be “sugar-free”
on their labels, but in this case, “sugar-free” does not mean free of kcalories. Sugar
alcohols do provide kcalories (0.2 to 2.6 kcalories per gram), but fewer than the sug-
ars. Because sugar alcohols yield energy, they are sometimes referred to as nutritive
sweeteners.

Sugar alcohols evoke a low glycemic response. The body partially absorbs some
sugar alcohols and absorbs others slowly; consequently, they are slower to enter the
bloodstream than other sugars. Unabsorbed sugar alcohols may be metabolized
by bacteria in the GI tract, producing side effects such as intestinal gas, abdominal
discomfort, and diarrhea. For this reason, regulations require food labels to state
“Excess consumption may have a laxative effect” if reasonable consumption of that
food could result in the daily ingestion of 50 grams of a sugar alcohol. For perspec-
tive, a low-carbohydrate energy bar or shake may contain 10 to 15 grams of a sugar
alcohol.

The real benefit of using sugar alcohols is that they do not contribute to den-
tal caries. Bacteria in the mouth cannot metabolize sugar alcohols as rapidly as
sugar. Sugar alcohols are therefore valuable in chewing gums, breath mints, and
other products that people keep in their mouths for a while. Figure 4-13 (p. 116)
presents labeling information for products using sugar alternatives.

For consumers choosing to use alternative sweeteners, the Academy of Nutrition
and Dietetics wisely advises that they be used in moderation and only as part
of a well-balanced nutritious diet.2> When used in moderation, these sweeteners
will do no harm. In fact, they may even help, by providing an alternative to sugar
for people with diabetes, by inhibiting caries-causing bacteria, and by limiting
energy intake.

REVIEW IT Describe how added sugars can contribute to health problems.

Sugars increase the risk of dental caries; excessive intakes displace needed nutrients and fiber
and contribute to obesity when energy intake exceeds needs. Consumers are advised to limit
their intake of added sugars to less than 10 percent of their daily energy intake. Alternative
sweeteners may help limit kcalorie and sugar intake.

Health Effects and Recommended Intakes of Sugars

artificial sweeteners: sugar substitutes that provide
negligible, if any, energy; sometimes called nonnutritive
sweeteners.

nonnutritive sweeteners: sweeteners that yield no energy
(or insignificant energy in the case of aspartame).

Acceptable Daily Intake (ADI): the estimated amount of a
sweetener that individuals can safely consume each day over
the course of a lifetime without adverse effect.

generally recognized as safe (GRAS): food additives
that have long been in use and are believed to be safe. First
established by the FDA in 1958, the GRAS list is subject to
revision as new facts become known.

sugar alcohols: sugarlike compounds that can be derived
from fruits or commercially produced from dextrose; also
called polyols. Examples include erythritol, isomalt, lactitol,
maltitol, mannitol, sorbitol, and xylitol.

nutritive sweeteners: sweeteners that yield energy,
including both sugars and sugar alcohols.
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FIGURE 4-13 Sugar Alternatives on Food Labels

Products containing
sugar replacers may
claim to “not promote
tooth decay” if they
meet FDA criteria for
dental plague activity.

Products containing
aspartame must carry
a warning for people
with phenylketonuria.

PHOTO 4-10 Foods rich in starch and fib
offer many health benefits.

FOR STRONG HEALTHY T_HTH

INGREDIENTS: SORBITOL, MALTITOL, GUM BASE, MANNITOL, ARTIFICIAL AND NATURAL FLAVORING, ACACIA, }
SOFTENERS, TITANIUM DIOXIDE (COLOR), ASPARTAME, ACESULFAME POTASSIUM AND CANDELILLA WAX.
PHENYLKETONURICS: CONTAINS PHENYLALANINE.

© Craig M. Moore

This ingredient list
includes both sugar
alcohols and artificial
sweetenters.

Nutrition Facts

35% FEWER CALORIES THAN SUGARED GUM.

Serving size

Amount per serving

6 servings per container
2 pieces (39)
-

Products that claim to be
“reduced kcalories” must
5 provide at least 25%

Calories fewer kcalories per serving
than the comparison item.
% DV
Total Fat Og 0%
Sodium Omg 0% Products containing
Total Carbs 2g 1% less than 0.5 g of

Total Sugars Og

sugar per serving can

Includes Og Added Sugars 0%

claim to be “sugarless

Sugar Alcohol 2g

or “sugar-free.”

Protein Og

I Not a significant source of other nutriems.l

Rita Maas/The Image Bank/Getty Images

er

4.5 Health Effects and Recommended
Intakes of Starch and Fibers

LEARN IT Identify the health benefits of, and recommendations for, starches and fibers.

Carbohydrates and fats are the two major sources of energy in the diet. When one
is high, the other is usually low—and vice versa. A diet that provides abundant
carbohydrate (45 to 65 percent of energy intake) and some fat (20 to 35 percent of
energy intake) within a reasonable energy allowance best supports good health. To
increase carbohydrates in the diet, focus on whole grains, vegetables, legumes, and
fruits—foods noted for their starch, fibers, and naturally occurring sugars.

Health Effects of Starch and Fibers whole grains, vegetables, legumes,
and fruits provide not only starch, fibers, and natural sugars, but also valuable
vitamins and minerals. The following paragraphs describe some of the health ben-
efits of diets that include a variety of these foods daily (see Photo 4-10).

Heart Disease Unlike high-carbohydrate diets rich in added sugars that
can alter blood lipids to favor heart disease, those rich in whole grains, le-
gumes, vegetables, and fruits may protect against heart attack and stroke
by lowering blood pressure, improving blood lipids, and reducing in-
flammation.?® Such diets are low in animal fat and high in dietary fibers,
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vegetable proteins, and phytochemicals—all factors associated with a lower risk
of heart disease. (The role of animal fat in heart disease is discussed in Chapter 5.
The role of vegetable proteins in heart disease is presented in Chapter 6. The ben-
efits of phytochemicals in disease prevention are featured in Highlight 13.)

Oatmeal was one of the first foods recognized for its ability to reduce blood
cholesterol and the risk of heart disease. Foods rich in soluble fibers (such as
oat bran, barley, and legumes) lower blood cholesterol by binding with bile
acids in the GI tract and thereby increasing their excretion. Consequently, the
liver must use its cholesterol to make new bile acids. In addition, the bacterial
by-products of fiber fermentation in the colon inhibit cholesterol synthesis in
the liver. The net result is that soluble fibers such as those found in oats lower
blood cholesterol.?”

Several researchers have speculated that fiber may also exert its effect by displac
ing fats in the diet. Although this is certainly helpful, even when dietary fat is low,
fibers exert a separate and significant cholesterol-lowering effect. In other words,
a high-fiber diet helps decrease the risk of heart disease independent of fat intake.

Diabetes High-fiber foods—especially whole grains—play a key role in managing
and preventing type 2 diabetes. When soluble fibers trap nutrients and delay their
transit through the GI tract, glucose absorption is slowed, which helps prevent
glucose surge and rebound.

Gl Health Dietary fibers also enhance the health of the large intestine. The
healthier the intestinal walls, the better they can block absorption of unwanted
constituents. Taken with ample fluids, insoluble fibers such as cellulose (as in ce-
real brans, fruits, and vegetables) increase stool weight, ease passage, and reduce
transit time.

Large, soft stools ease elimination for the rectal muscles and reduce pressure
in the lower bowel, preventing constipation and making it less likely that rectal
veins will swell (hemorrhoids). Fiber prevents compaction of the intestinal con-
tents, which could obstruct the appendix and permit bacteria to invade and infect
it (appendicitis). In addition, fiber stimulates the GI tract muscles so that they
retain their strength and resist bulging out into pouches known as diverticula
(illustrated in Figure H3-3, p. 90). Recommendations typically suggest increasing
fiber to protect against diverticular disease, although research findings are incon-
sistent.

Cancer Research studies suggest that a high-fiber diet protects against cancer of the
colon and rectum.?® Importantly, the findings support dietary fiber, not fiber supple-
ments or additives, which lack valuable nutrients and phytochemicals that also help
protect against cancer. Plant foods—vegetables, fruits, and whole-grains—reduce the
risks of colon and rectal cancers.

Fibers may help prevent colon cancer by diluting, binding, and rapidly remov-
ing potential cancer-causing agents from the colon. In addition, soluble fibers stim-
ulate bacterial fermentation of resistant starch and fiber in the colon, a process
that produces short-chain fatty acids that lower the pH. These small fat molecules
activate cancer-killing enzymes and inhibit inflammation in the colon.

Weight Management High-fiber and whole-grain foods may help a person to
maintain a healthy body weight. Foods rich in fiber tend to be low in solid fats
and added sugars and therefore prevent weight gain and promote weight loss by
delivering less energy per bite. In addition, as fibers absorb water from the diges-
tive juices, they swell, creating feelings of fullness and delaying hunger.?°

Many weight-loss products on the market today contain bulk-inducing fibers
such as methylcellulose, but using pure fiber compounds like this is neither neces-
sary nor advisable. Instead of fiber supplements, consumers should select whole
grains, legumes, fruits, and vegetables. High-fiber foods not only add bulk to the
diet but are economical and nutritious as well.
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TABLE 4-9 Characteristics, Sources, and Health Effects of Fibers

bitt24/Shutterstock.com

Stockbyte/Getty Images

Major Food Sources Types of Fibers Actions in the Body Probable Health Benefits

Viscous, Soluble, More Fermentable

Barley, oats, oat bran, Gums Lower blood cholesterol by Lower risk of heart
rye, fruits (apples, citrus), Pectins binding bile disease
legumes (especially Psyllium? Slow glucose absorption Lower risk of diabetes
gggnb%a%rliznepdeaseas) Some hemicellulose Slow transit of food through upper Lower risk of colon and
ved p ' Gl tract rectal cancer

seaweeds, seeds and ) ) . .
husks, many vegetables, Hold moisture in stools, softening Increased satiety, Aand
fibers used as food them may help with weight
additives Yield small fat molecules after management

fermentation that the colon can

use for energy

Increase satiety

Nonviscous, Insoluble, Less Fermentable

Brown rice, fruits, Cellulose Increase fecal weight and speed  Alleviate constipation
legumes, seeds, Lignins fecal passage through colon May lower risk
vegetables (cabbage, Resistant starch Provide bulk and feelings of of diverticulosis,
carrots, brussels sprouts), Hemicellul fullness hemorrhoids, and
wheat bran, whole grains, "emiceliuiose appendicitis

extracted fibers used as

food additives

Lower risk of colon and
rectal cancer

2Psyllium, a soluble fiber derived from seeds, is used as a laxative and food additive.

Foods rich in dietary fiber (and especially whole grains) provide numerous health
benefits and reduce the risk of death.3° Table 4-9 summarizes fiber characteris-
tics, food sources, actions in the body, and health benefits.

Harmful Effects of Excessive Fiber Intake Despite fibers’ benefits to health, a diet
excessively high in fiber also has a few drawbacks. A person who has a small ca-
pacity and eats mostly high-fiber foods may not be able to eat enough food to
meet energy or nutrient needs. The malnourished, the elderly, and young children
adhering to all-plant (vegan) diets are especially vulnerable to this problem.

Switching from a low-fiber diet to a high-fiber diet suddenly can cause tempo-
rary bouts of abdominal discomfort, gas, and diarrhea and, more seriously, can
obstruct the GI tract. To prevent such complications, a person adopting a high-
fiber diet can take the following precautions:

e Increase fiber intake gradually over several weeks to give the GI tract time to
adapt.

e Drink plenty of liquids to soften the fiber as it moves through the GI tract.

e Select fiber-rich foods from a variety of sources—fruits, vegetables, legumes,
and whole-grain breads and cereals.

Some fibers can limit the absorption of nutrients by speeding the transit of
foods through the GI tract and by binding to minerals. When mineral intake is
adequate, however, a reasonable intake of high-fiber foods (less than 40 grams a
day) does not compromise mineral balance.

Clearly, fiber is like all nutrients in that “more” is “better” only up to a point.
Again, the key dietary goals are balance, moderation, and variety. Table 4-10
presents a list of fiber sources and tips to increase fiber intake.

Recommended Intakes of Starch and Fibers The DRI suggest that
carbohydrates provide about half (45 to 65 percent) of the energy requirement.
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TABLE 4-10 Fiber in Selected Foods

Amount of Fiber

Food Group (per serving) Food Sources

Grains

11to 2 g (or more) 1 slice whole-wheat, pumpernickel, rye

bread

1 oz ready-to-eat cereal (100% bran
cereals contain =10 g)

4 ¢ cooked barley, bulgur, grits, oatmeal

Polara Studios, Inc.

Tips to Increase Fiber Intake
Eat whole-grain breads that contain
=3 g fiber per serving.

Eat whole-grain cereals that contain
=5 g fiber per serving.

Vegetables 2t03¢g 1 c raw bean sprouts Eat raw vegetables.
’ . ¢ cooked broccoli, Brussels sprouts, Eat vegetables (such as potatoes and
cabbage, carrots, cauliflower, collards, zucchini) with their skins.
corn, eggplant, green beans, green
E peas, kale, mushrooms, okra, parsnips,
B potatoes, pumpkin, spinach, sweet
E potatoes, Swiss chard, winter squash
8 4 ¢ chopped raw carrots, peppers
29 1 medium apple, banana, kiwi, nectarine, Eat fresh and dried fruit for snacks.
ran r . . .
orange, pea ) Eat fruits (such as apples and pears) with their
2 ¢ applesauce, blackberries, skins
blueberries, raspberries, strawberries
g (Fruit juices contain very little fiber)
Legumes 5t08g 2 ¢ cooked baked beans, black beans, Add legumes to soups, salads, and

black-eyed peas, garbanzo beans, great
northern beans, kidney beans, lentils,
lima beans navy beans, pinto beans, split
peas

Polara Studios, Inc.

casseroles.

(The remainder comes from fat, with 20 to 35 percent, and protein, with 10 to
35 percent.) A person consuming 2000 kcalories a day should therefore have 900
to 1300 kcalories of carbohydrate, or about 225 to 325 grams. (Appendix H ex-
plains how to calculate such math problems.) This amount is more than adequate
to meet the RDA for carbohydrate, which is set at 130 grams per day, based on the
average minimum amount of glucose used by the brain.

On food labels, the FDA uses the guideline of 55 percent of a 2000-kcalorie
diet in setting the Daily Value for carbohydrate at 275 grams per day. To meet this
goal, the Dietary Guidelines encourage people to choose a variety of whole grains,
vegetables, fruits, and legumes daily.

Recommendations for fiber suggest a variety of plant foods: whole grains, veg-
etables, fruits, legumes, and nuts, which also provide minerals and vitamins.3!
Note, however, that fiber supplements do not have the same health benefits as
dietary fiber from whole foods.3? The Daily Value for fiber on food labels is set at
28 grams for a 2000-kcalorie intake and nutrient claims are allowed for “good”
(2.5 grams per serving) and “excellent” (5 grams per serving) sources. The DRI rec-
ommendation is in agreement at 14 grams per 1000-kcalorie intake, or 25 grams
for adult women and 38 grams for adult men. These recommendations are much
higher than the average daily intake of 16 grams per day in the United States.33 An
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16g or more
per serving

WHOLE
GRAIN

8g or more
per serving

EAT 48g OR MORE OF EAT 48g OR MORE OF
WHOLE GRAINS DAILY WHOLE GRAINS DAILY

PHOTO 4-11  Some food labels use a “whole-grain stamp”
to help consumers identify whole-grain foods.

WholeGrainsCouncil.org
WholeGrainsCouncil.org

© Courtesy Oldways and the Whole Grains Council,

www.wholegrainscouncil.org

effective way to add fiber while lowering saturated fat is to substi-
tute plant sources of proteins (legumes) for animal sources (meats).

Because high-fiber foods are so filling, they are not likely to be
eaten in excess. Too much fiber can cause GI problems for some
people, but it generally does not have adverse effects in most
healthy people. For these reasons, the DRI committee did not set an
Upper Level for fiber.

From Guidelines to Groceries A diet following one of the
USDA Food Patterns—which includes several servings of fruits,
vegetables, and whole grains daily—can easily supply the recom-
mended amount of carbohydrates and fiber. In selecting high-fiber
foods, keep in mind the principle of variety. The fibers in oats lower
cholesterol, whereas those in bran help promote GI tract health.
(Review Table 4-9 to see the diverse health effects of various fibers.)

Grains An ounce-equivalent of most foods in the grain group (for ex-
ample, one slice of bread) provides about 15 grams of carbohydrate,
mostly as starch. Be aware that some foods in this group, especially snack crackers
and baked goods such as biscuits, croissants, and muffins, contain added sugars,
solid fats, and sodium. When selecting from the grain group, limit refined grains
and be sure to include at least half as whole-grain products (see Figure 4-14). The
“three are key” message may help consumers to remember to choose a whole-grain
cereal for breakfast, a whole-grain bread for lunch, and a whole-grain pasta or rice
for dinner (see Photo 4-11). Because whole grains are typically high in fiber, nutri-
ents, and antioxidants, consumers who eat more whole grains tend to have healthier
diets and reduced risks for heart disease, diabetes, and certain cancers.>*

Vegetables The amount of carbohydrate a serving of vegetables provides depends
primarily on its starch content. Starchy vegetables—corn, peas, or potatoes—
provide about 15 grams of carbohydrate per half-cup serving. A serving of most
other nonstarchy vegetables—such as a half-cup of broccoli, green beans,
or tomatoes—provides about 5 grams.

Fruits A typical fruit serving—a small banana, apple, or orange or a half-cup of
most canned or fresh fruit—contains an average of about 15 grams of carbohy-
drate, mostly as sugars, including the fruit sugar fructose. Fruits vary greatly in
their water and fiber contents and, therefore, in their sugar concentrations.

Milks and Milk Products A serving (a cup) of milk or yogurt provides about
12 grams of carbohydrate. Cottage cheese provides about 6 grams of carbohydrate
per cup, but most other cheeses contain little, if any, carbohydrate.

Protein Foods With two exceptions, protein foods deliver almost no carbohydrate
to the diet. The exceptions are nuts, which provide a little starch and fiber along
with their abundant fat, and legumes, which provide an abundance of both starch
and fiber. Just a half-cup serving of legumes provides about 20 grams of carbohy-
drate, a third from fiber.

Read Food Labels Food labels list the amount, in grams, of total carbohydrate—
including starch, fibers, and sugars—per serving (review Figure 4-14). Fiber grams
are also listed separately, as are the grams of sugars (and added sugars on updated
labels). With this information, you can calculate starch grams by subtracting the
grams of fibers and sugars from the total carbohydrate. Using the first label in
Figure 4-14 as an example, subtracting the 4 grams of fibers and sugars from the
15 grams of total carbohydrate leaves 11 grams of starch. Total carbohydrate and
dietary fiber are also expressed as “% Daily Values” for a person consuming 2000
kcalories; there is no Daily Value for sugar.
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FIGURE 4-14 Bread Labels Compared

Although breads may appear similar, their ingredients vary widely. Breads made mostly from whole-grain flours provide more benefits to the body than breads made of
enriched, refined, wheat flours.

Some "high-fiber” breads may contain purified cellulose or more nutritious whole grains. “Low-carbohydrate” breads may be regular white bread, thinly sliced to
reduce carbohydrates per serving, or may contain soy flour, barley flour, or flaxseed to reduce starch content.

A tip for estimating a bread’s content of a nutritious ingredient, such as whole-grain flour, is to read the ingredients list (ingredients are listed in order of predomi-
nance). Bread recipes generally include one teaspoon of salt per loaf. Therefore, when a bulky nutritious ingredient, such as whole grain, is listed after the salt, you'll
know that less than a teaspoonful of the nutritious ingredient was added to the loaf—not enough to significantly improve the nutrient value of one slice of bread.

Whole Grain <Nalural Multi-fiber

WHOLE WHEAT

Wheat Bread

Low cowl-

Nutrition Facts

18 servings per container

Nutrition Facts

Nutrition Facts

15 servings per container

21 servings per container

SerVing size  1siice (30g) Serving size 1 slice (30g) Serving size 1 slice (30g)
Amount per 1 slice Amount per 1 slice Amount per 1 slice

Calories 90 Calories 90 Calories 60
% DV % DV % DV

2% Total Fat 1.5g

Trans Fat Og

6% Sodium 135mg

5% Total Carbohydrate 15g

2% Total Fat 1.5g

2% Total Fat 1.5g

Trans Fat Og

Trans Fat Og

10% Sodium 220mg

6% Sodium 135mg

5% Total Carbohydrate 15g

3% Total Carbohydrate 99

7% Dietary Fiber 2g 2% Dietary Fiber Less than 1g 1% Dietary Fiber 3g
Sugars 2g Sugars 2g Sugars 0g
Added Sugars 2g Added Sugars 2g Added Sugars Og
Protein 4g Protein 4g Protein 5g
MADE FROM: UNBROMATED STONE INGREDIENTS: UNBLEACHED ENRICHED INGREDIENTS: UNBLEACHED ENRICHED

GROUND 100% WHOLE WHEAT FLOUR,
WATER, CRUSHED WHEAT, HIGH-FRUCTOSE
CORN SYRUP, PARTIALLY HYDROGENATED
VEGETABLE SHORTENING (SOYBEAN AND
COTTONSEED  OILS),  RAISIN  JUICE
CONCENTRATE, WHEAT GLUTEN, YEAST,
WHOLE WHEAT FLAKES, UNSULPHURED
MOLASSES, [SALT, HONEY, VINEGAR,
ENZYME  MODIFIED ~ SOY  LECITHIN,
CULTURED WHEY, UNBLEACHED WHEAT

WHEAT FLOUR [MALTED BARLEY FLOUR,
NIACIN, ~ REDUCED  IRON,  THIAMIN
MONONITRATE (VITAMIN B1), RIBOFLAVIN
(VITAMIN B2), FOLIC ACID], WATER, HIGH-
FRUCTOSE CORN SYRUP, MOLASSES,
PARTIALLY HYDROGENATED  SOYBEAN
OIL, YEAST, CORN FLOUR, SALT,
GROUND CARAWAY, WHEAT GLUTEN,
CALCIUM PROPIONATE (PRESERVATIVE),
MONOGLYCERIDES, SQY LECITHIN.

WHEAT FLOUR, WATER, WHEAT GLUTEN,
CELLULOSE, YEAST, SOYBEAN OIL,
CRACKED WHEAT, SALT, BARLEY, NATURAL
FLAVOR PRESERVATIVES, MONOCALCIUM
PHOSPHATE,  MILLET, CORN, OATS,
SOYBEANS, BROWN RICE, FLAXSEED,
SUCRALOSE.

FLOUR AND SOY LECITHIN.

© Cengage

REVIEWIT Identify the health benefits of, and recommendations for, starches and
fibers.

Clearly, a diet rich in starches and fibers supports efforts to control body weight and prevent
heart disease, some cancers, diabetes, and Gl disorders. For these reasons, recommendations
urge people to eat plenty of whole grains, vegetables, legumes, and fruits—enough to provide
45 to 65 percent of the daily energy intake from carbohydrate.

In today’s world, there is one other reason why plant foods rich in complex carbo-
hydrates and natural sugars are a better choice than animal foods or foods high in
added sugars: in general, less energy and fewer resources are required to grow and
process plant foods than to produce sugar or foods derived from animals. Chapter 20
takes a closer look at the environmental impacts of food production and use.
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LEARN IT Summarize the key scientific evidence behind some of the current

controversies surrounding carbohydrates and their kcalories.

Carbs, kCalories, and Controversies

Carbohydrate-rich foods are easy to like. Mashed potatoes, warm
muffins, blueberry pancakes, freshly baked bread, and tasty rice
and pasta dishes tempt most people’s palates. In recent years, such
comfort foods have been blamed for causing weight gain and harm-
ing health. Popular writers have persuaded consumers that carbohy-
drates are “bad.” In contrast, the Dietary Guidelines urge people to
consume plenty of fruits, vegetables, legumes, and whole grains—all
carbohydrate-rich foods.

Do carbohydrate-rich foods cause obesity and related health
problems? Should people “cut carbs” to lose weight and protect their
health? Many popular diet books espouse a carbohydrate-restricted
or carbohydrate-modified diet. Some claim that all or some types of
carbohydrates are bad. Some go so far as to equate carbohydrates
with toxic poisons or addictive drugs. “Bad” carbohydrates—such as
sugar, white flour, and potatoes—are considered evil because they
are absorbed easily and raise blood glucose. The pancreas then re-
sponds by secreting insulin—and insulin is touted as the real villain
responsible for our nation’s obesity epidemic. Whether restricting
overall carbohydrate intake or replacing certain “bad” carbohydrates
with “good” carbohydrates, many of these popular diets tend to dis-
tort the facts. This highlight examines the scientific evidence behind
some of the current controversies surrounding carbohydrates and
their kcalories.

Carbohydrates’ kCalorie
Contributions

The incidence of obesity in the United States has risen dramati-
cally over the past several decades (see Figure H4-1). Might too
many carbohydrates in the diet be to blame for weight gains?
One way researchers can explore whether the amount of carbo-
hydrate in the diet contributes to increases in body weight over
time is by reviewing national food intake survey records, such as
NHANES (introduced in Chapter 1). Figure H4-2 presents a sum-
mary of energy nutrient data over the past 35 years. Since the
1970s, kcalories from carbohydrates increased from 42 percent to
51 percent.” At the same time, kcalories from fat dropped from
41 percent to 33 percent. The percentage of protein intake stayed
about the same.

A closer look at the data reveals that, as the percentage of kcalo-
ries from the three energy nutrients shifted slightly, total daily energy
intake increased significantly. In general, as food became more read-
ily available in this nation, consumers began to eat more than they
had in the past. Since the 1970s, total energy intakes have increased
by almost 300 kcalories a day. All of the increase in kcalories came
from an increase in carbohydrate kcalories. At the same time, most
people were not active enough to use up those extra kcalories; in
fact, activity levels declined.? Consequently, the average body weight
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for adults increased over these decades by about 25 to 30 pounds
(review Figure H4-1).

Might a low-carbohydrate diet support weight losses? For
the most part, weight loss is similar for people following either a
low-carbohydrate diet or a low-fat diet. This is an important point.
Weight losses reflect restricted kcalories—not the proportion of
energy nutrients in the diet. Any diet can produce weight loss, at
least temporarily, if energy intake is restricted. And most weight-loss
diets also restrict added sugars.

FIGURE H4-1 Increases in Adult Body Weight over Time
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FIGURE H4-2 Energy Nutrients over Time
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Sugars’ Share in the Problem

As Chapter 4 mentioned, the increased use of high-fructose corn syrup
parallels the unprecedented increases in the incidence of obesity, but
does it mean that sugar intakes are responsible for body fat and its
associated health problems? When eaten in excess of need, energy
from added sugars contributes to body fat stores, just as excess en-
ergy from other sources does. When total energy intake is appropriate,
however, moderate amounts of sugar do not cause obesity. In other
words, foods containing added sugars are no more likely to contribute
to weight gain than any other foods.? Yet moderating sugar intake can
be a challenge.

The liquid form of sugar in soft drinks makes it especially easy to
overconsume kcalories. Swallowing liquid kcalories requires little
effort. The sugar kcalories of sweet beverages also cost less than many
other energy sources, and they are widely available. Also, beverages
are energy-dense, providing more than 150 kcalories per 12-ounce can,
and many people drink several cans a day. Drinking these beverages
seems to correlate with a higher energy intake from foods as well, thus
raising energy intake in two ways.* The convenience, economy, avail-
ability, and flavors of sugary foods and beverages make overconsump-
tion especially likely.

Limiting selections of foods and beverages high in added sugars
can be an effective weight-loss strategy, especially for people whose
excess kcalories come primarily from added sugars.® One study reports
that drinking water instead of sodas—even diet sodas—can help a
person lose an additional 4 pounds in 6 months.® That may not sound
like much, but it adds up to almost 10 pounds a year, for very little ef-
fort. Restricting sugar-sweetened beverages is also a simple strategy
to reduce hypertension.”

Cravings and Addictions

Some people describe themselves as having “carbohydrate cravings”
or being “sugar addicts.” One frequently noted theory is that people
seek carbohydrates as a way to increase their levels of the brain
neurotransmitter serotonin, which elevates mood. Interestingly, when
those with self-described carbohydrate cravings indulge, they tend to
eat more of everything; the percentage of energy from carbohydrates
remains unchanged.

One reasonable explanation for the carbohydrate cravings that
some people experience involves the self-imposed labeling of a food
as both “good” and “bad”—that is, one that is desirable but should be
eaten with restraint. Restricting intake heightens the desire further (a
“craving”). Then “addiction” is used to explain why resisting the food is
so difficult and, sometimes, even impossible.

Carbohydrates, and sugars more specifically, are not addictive in
the same ways that drugs are, but they share some of the same hio-
logical and psychological systems that are involved in rewards and
self-control. Some research suggests that a meal with a high glycemic
index stimulates the brain regions associated with reward and crav-
ing.? Other research suggests that fructose triggers feelings of hunger
and desires for high-kcalorie foods by activating brain regions associ-
ated with attention and reward.? Highlight 8 includes more details on
the concept of food addictions.

Fructose Metabolism

Unlike glucose, which is metabolized by all the body’s cells, fructose is
metabolized primarily in the liver. When the diet delivers high intakes
of added sugars (which is half fructose), the liver handles the excess
by making fat. This fat is either retained in the liver, causing fatty liver,
or transported out, raising blood lipids and increasing fat stores—all
risk factors for chronic diseases.'

Appetite Control

Recall from Chapter 4 that glucose stimulates the release of insulin
from the pancreas. Insulin, in turn, sets off a sequence of hormonal ac-
tions that suppress the appetite. Fructose, in contrast, does not stimu-
late the release of insulin, and therefore does not suppress appetite.
Whether the meal or snack is liquid or solid may also affect appe-
tite. Even when kcaloric intake is the same, a fresh apple suppresses
appetite more than apple juice. Consequently, beverages can influence
weight gains both by providing energy and by not satisfying hunger.

Insulin’s Response

Several popular diet books hold insulin responsible for the obesity
problem and a low-glycemic diet as the weight-loss solution. Yet,
among nutrition researchers, controversy continues to surround the
questions of whether insulin promotes weight gain or a low-glycemic
diet fosters weight loss.

Insulin’s Response 125
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Recall that just after a meal, blood glucose rises and insulin re-
sponds. How high insulin levels surge may influence whether the
body stores or uses its glucose and fat supplies. What does insu-
lin do? Among its roles, insulin facilitates the transport of glucose
into the cells, the storage of fatty acids as fat, and the synthesis of
protein. It is an anabolic hormone that builds and stores. True—but
there’s more to the story. Insulin is only one of many factors involved
in the body’s metabolism of nutrients and regulation of body weight.

Most importantly, insulin is critical to maintaining health, as any
person with type 1 diabetes can attest. Insulin causes problems
only when a person develops insulin resistance—that is, when the
body’s cells do not respond to the large quantities of insulin that the
pancreas continues to pump out in an effort to get a response. In-
sulin resistance is a major health problem—~but it is not caused by
dietary carbohydrate, protein, or fat. It most often results from being
obese. Importantly, when a person loses weight, insulin response
usually improves.

The Glycemic Index and Body Weight

As Chapter 4's discussion of the glycemic index explained, the glycemic
effect of a particular food varies. The glycemic effect of a food depends
on how the food is ripened, processed, and cooked; the time of day the
food is eaten; the other foods eaten with it; and the presence or absence
of certain diseases such as type 2 diabetes in the person eating the food.
All these factors influence a food’s glycemic index, yet diet books often
mislead people by claiming that each food has a specific glycemic index.

Even if a true glycemic index is known, what is the relationship
between a diet’s glycemic index and body weight? In general, stud-
ies find that diets with a high glycemic index are positively associated
with body weight.

Might a low-glycemic diet foster weight loss? A recent review
suggests that low glycemic diets may help with appetite control and
weight management."” Low-glycemic diets are also more likely to be
rich in nutrients and fiber than high-glycemic diets.

The Individual’s Response to Foods

The body’s insulin response to carbohydrate depends not only on
a food, but also on a person’s metabolism. Some people react to

CRITICAL THINKING QUESTIONS

A. How are sugars, starches, and fibers related to weight gains and losses?

B. Your mom wants to lose 20 pounds before her high school reunion next month.
She has done some research on the Internet, and has discovered an easy diet
that seems to offer great success. The basis of the diet is that a person needs

126 Highlight 4

dietary carbohydrate with a low insulin response. Others have a
high insulin response. How energy is stored after a meal depends
in part on how the body responds to insulin. After eating a high-
carbohydrate meal, normal-weight people who are insulin resis-
tant tend to synthesize about half as much glycogen in muscles
and make about twice as much fat in the liver as people who are
insulin sensitive. Some research suggests that restricting carbo-
hydrate intake may improve glucose control, insulin response, and
blood lipids.

In Summary

As might be expected given the similarity in their chemical composi-
tion, high-fructose corn syrup and sucrose produce similar effects in
appetite control and energy metabolism. In fact, high-fructose corn
syrup is more like sucrose than it is like pure fructose. Importantly,
people don't eat pure fructose; they eat foods and drink beverages that
contain added sugars—either high-fructose corn syrup or sucrose.
Adverse consequences become apparent when intakes of either type
of added sugars become excessive. Limiting these sugars is a helpful
strategy when trying to control body weight, but restricting all carbo-
hydrates—especially dietary fibers, vegetables, and whole grains—
would be unwise.

The quality of the diet suffers when carbohydrates are restricted.
Without fruits, vegetables, and whole grains, low-carbohydrate diets
lack not only carbohydrate, but fiber, vitamins, minerals, and phyto-
chemicals as well—all dietary factors protective against disease.
The DRI recommends that carbohydrates contribute between 45 and
65 percent of daily energy intake. Intakes within this range can sup-
port healthy body weight and do not contribute to obesity—when
added sugar intake is moderate and total energy intake is appropriate.
Similarly, added sugars increase energy intake, but need not contribute
to obesity—when added sugar intake is moderate and total energy
intake is appropriate. When choosing carbohydrates, emphasize a
variety of naturally occurring carbohydrates—such as whole grains,
legumes, vegetables, and fruits—and limit foods and beverages with
added sugars.

to eat “slow carb” foods and avoid sweets (including fruits) and starches. All
white foods—such as potatoes, rice, pastas, tofu, breads, cereals, and milk—
are banned and two to three workouts each week are encouraged. What
evidence supports or contradicts a “slow carb” diet for weight loss?
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Nutrition in Your Life

Most likely, you know what you don't like about body fat, but do you appreciate
how it insulates you against the cold or powers your hike around a lake? And what
about food fat? You're right to credit fat for providing the delicious flavors and
aromas of buttered popcorn and fried chicken—and to criticize it for contributing
to the weight gain and heart disease so common today. The challenge is to strike

a healthy balance of enjoying some fat, but not too much. Learning which kinds
of fats are beneficial and which are most harmful will also help you make wise
decisions. As you read this chapter, consider whether your current fat choices are
meeting dietary goals.

No doubt you have heard that fats can contribute to the development of several chronic
diseases, but did you realize that some fats are also essential to good health? Most peo-
ple are surprised to learn that fat has virtues and that a well-balanced diet needs at least
a little fat. Getting enough fat is rarely a problem. At least traces of fat can be found in
almost all foods. In our society of abundance, people are more likely to consume too much
fat, or too much of some kinds of fat—with consequent health problems. Learning which
kinds of fats are harmful or helpful is key to healthy diet planning.

Fat is a type of /ipid, but oftentimes the two terms are used interchangeably. The
lipid family includes triglycerides (fats and oils), phospholipids, and sterols. Triglycerides
are most abundant, both in foods and in the body. The following sections describe the
similarities and differences among the remarkably diverse members of the lipid family.

5.1 The Chemist’s View of Fatty Acids
and Triglycerides

LEARN IT Recognize the chemistry of fatty acids and triglycerides and differences
between saturated and unsaturated fats.

Like carbohydrates, lipids are composed of carbon (C), hydrogen (H), and oxygen
(O). Because lipids have many more carbons and hydrogens in proportion to their
oxygens, they can supply more energy per gram than carbohydrates can (Chapter 7
provides the metabolic details).

The many names and relationships in the lipid family can seem overwhelming—
like meeting a friend’s extended family for the first time. To ease the introductions,
this chapter first presents each of the lipids from a chemist’s point of view using
both words and diagrams. Then the chapter follows the lipids through digestion
and absorption and into the body to examine their roles in health and disease. For
people who think more easily in words than in chemical symbols, this preview of the
upcoming chemistry may be helpful:

1. Every triglyceride contains one molecule of glycerol and three fatty acids
(basically, chains of carbon atoms).

2. Fatty acids may be 4 to 24 (even numbers of ) carbons long, the 18-carbon ones
being the most common in foods and especially noteworthy in nutrition.

3. Fatty acids may be saturated or unsaturated. Unsaturated fatty acids may have
one or more points of unsaturation—that is, they may be monounsaturated or
polyunsaturated.

4. Of special importance in nutrition are the polyunsaturated fatty acids
known as omega-3 fatty acids and omega-6 fatty acids.

5. The 18-carbon polyunsaturated fatty acids are linolenic acid (omega-3) and
linoleic acid (omega-6). Both are essential fatty acids that the body cannot

lipids: a family of compounds that includes triglycerides,
phospholipids, and sterols. Lipids are characterized by their
insolubility in water. (Lipids also include the fat-soluble
vitamins, described in Chapter 11.)

The Chemist's View of Fatty Acids and Triglycerides 129
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make. Each is the primary member of a family of longer-chain fatty acids
that help regulate blood pressure, blood clotting, and other body functions
important to health.

The paragraphs, definitions, and diagrams that follow present this information
again in much more detail.

Fatty Acids All fatty acids have the same basic structure—a chain of carbon
and hydrogen atoms with an acid group (COOH) at one end and a methyl group
(CH,) at the other end. Fatty acids may differ from one another, however, in the
length of their carbon chains and in the number and location of their double
bonds, as the following paragraphs describe. (Fatty acids and related terms are
defined in Glossary 5-1.)

The Length of the Carbon Chain Most naturally occurring fatty acids contain even
numbers of carbons in their chains—up to 24 carbons in length. This discussion
begins with the 18-carbon fatty acids, which are abundant in our food supply.
Stearic acid is the simplest of the 18-carbon fatty acids; the bonds between its car-
bons are all alike:
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Stearic acid, an 18-carbon saturated fatty acid

As you can see, stearic acid is 18 carbons long, and each atom meets the rules
of chemical bonding described in Figure 4-1 (p. 95). The following structure also
depicts stearic acid, but in a simpler way, with each “corner” on the zigzag line
representing a carbon atom with two attached hydrogens:

C—0-H

© Cengage

Stearic acid (simplified structure)

As mentioned earlier, the carbon chains of fatty acids vary in length. The
long-chain (more than 12 carbons) fatty acids of meats, seafood, and vegetable
oils are most common in the diet. Smaller amounts of medium-chain (8 to 12
carbons) and short-chain (up to 6 carbons) fatty acids also occur, primarily in
dairy products. (Tables C-1 and C-2 in Appendix C provide the names, chain
lengths, and sources of fatty acids commonly found in foods.)

GLOSSARY 5-1

FATTY ACID TERMS

fatty acids: organic compounds
composed of a carbon chain with
hydrogens attached and an acid group
(COOH) at one end and a methyl group
(CH,) at the other end.
monounsaturated fatty acid: a fatty

acid that lacks two hydrogen atoms
and has one double bond between

carbons; abbreviated MUFA. Examples
include palmitoleic acid and oleic acid.
A monounsaturated fatis composed of
triglycerides in which most of the fatty
acids are monounsaturated.

® mono = one

point of unsaturation: the double bond
of a fatty acid, where hydrogen atoms can
easily be added to the structure.

polyunsaturated fatty acid: a fatty
acid that lacks four or more hydrogen

atoms and has two or more double bonds
between carbons; abbreviated PUFA.
Examples include linoleic acid (two double
bonds) and linolenic acid (three double
bonds). A polyunsaturated fat is composed
of triglycerides in which most of the fatty
acids are polyunsaturated.

e poly = many
saturated fatty acid: a fatty acid

carrying the maximum possible number
of hydrogen atoms—for example, stearic

acid. A saturated fatis composed of
triglycerides in which most of the fatty
acids are saturated.

unsaturated fatty acid: a fatty acid
that lacks hydrogen atoms and has

at least one double bond between
carbons (includes monounsaturated
and polyunsaturated fatty acids).

An unsaturated fatis composed of
triglycerides in which most of the fatty
acids are unsaturated.
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The Number of Double Bonds Stearic acid (described and shown previously) is a
saturated fatty acid. A saturated fatty acid is fully loaded with all its hydrogen atoms
and contains only single bonds between its carbon atoms. If two hydrogens were
missing from the middle of the carbon chain, the remaining structure might be:
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An impossible chemical structure

Notice that in the impossible chemical structure shown above, two of the carbons
have only three bonds each. Such a compound cannot exist because every carbon
must have four bonds. To satisfy this rule, the two carbons form a double bond:
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Oleic acid, an 18-carbon monounsaturated fatty acid S
The same structure drawn more simply looks like this:
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Oleic acid (simplified structure)

Although drawn straight here, the actual shape bends at the double bond. The
double bond is a point of unsaturation. A fatty acid like this—with hydrogens
missing and at least one double bond—is an unsaturated fatty acid. This one is
the 18-carbon monounsaturated fatty acid oleic acid, which is abundant in olive
oil and canola oil.

A polyunsaturated fatty acid has two or more carbon-to-carbon double bonds.
Linoleic acid, the 18-carbon fatty acid common in vegetable oils, lacks four
hydrogens and has two double bonds:
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Linoleic acid, an 18-carbon polyunsaturated fatty acid

Drawn more simply, linoleic acid looks like this (though the actual shape would
bend at the double bonds):

C—0—H
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Linoleic acid (simplified structure)
linoleic (lin-oh-LAY-ick) acid: an essential fatty acid with 18
carbons and two double bonds.
A fourth 18-carbon fatty acid is linolenic acid, which has three double bonds. ;s jenic (1in-0h-LEN-ick) acid: an essential fatty acid with

Table 5-1 (p. 132) presents the 18-carbon fatty acids. 18 carbons and three double bonds.
The Chemist's View of Fatty Acids and Triglycerides 131
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omega: the last letter of the Greek alphabet (w), used by
chemists to refer to the position of the closest double bond
to the methyl (CH,) end of a fatty acid.

omega-3 fatty acid: a polyunsaturated fatty acid in which
the closest double bond to the methyl (CH,) end of the carbon
chain is three carbons away.

omega-6 fatty acid: a polyunsaturated fatty acid in which
the closest double bond to the methyl (CH,) end of the carbon
chain is six carbons away.

triglycerides (try-GLISS-er-rides): the chief form of fat in the
diet and the major storage form of fat in the body; composed
of a molecule of glycerol with three fatty acids attached; also
called triacylglycerols (try-ay-seel-GLISS-er-ols).

o tri = three

e glyceride = of glycerol

glycerol (GLISS-er-ol): an alcohol composed of a three-carbon
chain, which can serve as the backbone for a triglyceride.

TABLE5-1 18-Carbon Fatty Acids

Number
of Double
Bonds

Number
of Carbon
Atoms

Common Food Sources

Saturation

Stearic acid 18 0 Saturated Most animal fats
Oleic acid 18 1 Monounsaturated Olive and canola oils
Linoleic acid 18 2 Polyunsaturated Sunflower, safflower,
corn, and soybean oils
Linolenic acid 18 3 Polyunsaturated Soybean and canola

oils, flaxseed, walnuts

NOTE: Chemists use a shorthand notation to describe fatty acids. The first number indicates the number of carbon atoms;
the second, the number of double bonds. For example, the notation for stearic acid is 18:0.

The Location of Double Bonds Fatty acids differ not only in the length of their chains
and their degree of saturation, but also in the locations of their double bonds. Chem-
ists identify polyunsaturated fatty acids by the position of the double bond closest
to the methyl (CH,) end of the carbon chain, which is described by an omega num-
ber. A polyunsaturated fatty acid with its closest double bond three carbons away
from the methyl end is an omega-3 fatty acid. Similarly, an omega-6 fatty acid
is a polyunsaturated fatty acid with its closest double bond six carbons away from
the methyl end. Figure 5-1 compares two 18-carbon fatty acids—linolenic acid (an
omega-3 fatty acid) and linoleic acid (an omega-6 fatty acid).

Monounsaturated fatty acids tend to belong to the omega-9 group, with their
closest (and only) double bond nine carbons away from the methyl end. Oleic
acid—the 18-carbon monounsaturated fatty acid common in olive oil mentioned
earlier—is an omega-9 fatty acid. It is also the most predominant monounsatu-
rated fatty acid in the diet.

Triglycerides Few fatty acids occur free in foods or in the body. Most often,
they are incorporated into triglycerides—Ilipids composed of three fatty acids
attached to a glycerol.* Figure 5-2 presents a glycerol molecule.

> FIGURE5-1 Omega-3 and Omega-6 Fatty Acids Compared

The omega number indicates the position of the double bond closest to the methyl (CH,) end. The fatty
acids of an omega family may have different lengths and different numbers of double bonds, but the
location of the double bond closest to the methyl end is the same in all of them. These structures are
drawn linearly here to ease counting carbons and locating double bonds, but their shapes actually bend
at the double bonds.

Linolenic acid, an 18-carbon, omega-3 fatty acid

Omega carbon H i
H : 3 4 6 7 9 10 12 14 16 18 C—0—H
2 5 8 11 13 15 17
H \ Acid end
Methyl end

Linoleic acid, an 18-carbon, omega-6 fatty acid

Omega carbon

Acid end
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Methyl end

*Research scientists sometimes use the term triacylglycerols; this book continues to use the more familiar term

triglycerides, as do many other health and nutrition books and journals.
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Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203

Copyright 2019 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.

© Cengage



To make a triglyceride, a series of condensation reactions combine a hydrogen
atom (H) from the glycerol and a hydroxyl (OH) group from a fatty acid, forming
a molecule of water (H,0) and leaving a bond between the two molecules (see the
left side of Figure 5-3). Most triglycerides contain a mixture of more than one type of
fatty acid (as shown on the right side of Figure 5-3).

Characteristics of Solid Fats and Oils The chemistry of a fatty acid—
whether it is short or long, saturated or unsaturated, with its closest double bond
at carbon 3 or carbon 6—influences the characteristics of foods and the health of
the body. A section later in this chapter explains how these features affect health;
this section describes how the chemistry influences the fats and oils in foods.

Firmness The degree of unsaturation influences the firmness of fats at room tem-
perature (see Photo 5-1 and Figure 5-4, p. 134). Generally speaking, most polyun-
saturated vegetable oils are liquid at room temperature, and the more saturated
animal fats are solid. Some oils—notably, cocoa butter, palm oil, palm kernel oil,
and coconut oil—are saturated; they are firmer than most vegetable oils because
of their saturation, but softer than most animal fats because of their shorter car-
bon chains (8 to 14 carbons long). Generally, the shorter the carbon chain, the
softer the fat is at room temperature. Fatty acid compositions of selected fats and
oils are shown in Figure 5-5 (p. 134).

Stability The degree of unsaturation also influences stability. All fats become
spoiled when exposed to oxygen. The oxidation of fats produces a variety of com-
pounds that smell and taste rancid. Exposure to heat and light can also speed up
rancidity. (Other types of spoilage can occur due to microbial growth.) Polyun-
saturated fats spoil most readily because their double bonds are unstable; mono-
unsaturated fats are slightly less susceptible. Saturated fats are most resistant to
oxidation and thus least likely to become rancid.

Manufacturers can protect fat-containing products against rancidity in three
ways—none of which is perfect. First, products may be sealed in air-tight, nonme-
tallic containers, protected from light, and refrigerated—an expensive and incon-
venient storage system. Second, manufacturers may add antioxidants to compete
for the oxygen and thus protect the oil (examples are the additives BHA and BHT
and vitamin E).* The advantages and disadvantages of antioxidant additives in food
processing are presented in Chapter 19. Third, products may undergo a process
known as hydrogenation.

FIGURE5-3 Condensation of Glycerol and Fatty Acids to Form a Triglyceride
To make a triglyceride, three fatty acids attach to glycerol in condensation reactions.

FIGURE5-2 Glycerol
When glycerol is free, an OH group is attached to
each carbon. When glycerol is part of a triglyceride,
each carbon is attached to a fatty acid (as shown
in Figure 5-3).

© Cengage

condensation: a chemical reaction in which water is released
as two molecules combine to form one larger product.

fats: lipids that are solid at room temperature (77°F, or 25°C).
oils: lipids that are liquid at room temperature (77°F, or 25°C).

oxidation (OKS-ee-day-shun): the process of a substance
combining with oxygen; oxidation reactions involve the loss
of electrons.

antioxidants: as a food additive, preservatives that delay or
prevent rancidity of fats in foods and other damage to food
caused by oxygen.
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Glycerol + three fatty acids R Triglyceride + three water molecules

An H atom from glycerol and an OH group from a fatty
acid combine to create water, leaving the O on the
glycerol and the C at the acid end of each fatty acid
to form a bond.

*BHA is butylated hydroxyanisole; BHT is butylated hydroxytoluene.

Three fatty acids attached to a glycerol form a
triglyceride and yield water. In this example,
the triglyceride includes (from top to bottom)

a saturated fatty acid, a monounsaturated fatty
acid, and a polyunsaturated fatty acid.
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> FIGURE5-4 Diagram of Saturated and Unsaturated Fatty Acids Compared

Saturated fatty acids tend to stack together. Consequently, saturated fats This mixture of saturated and unsaturated fatty

tend to be solid (or more firm) at room temperature.

>PHOTO5-1 Atroom temperature, saturated
fats (such as those commonly found in butter
and other animal fats) are solid, whereas
unsaturated fats (such as those found in
vegetable oils) are usually liquid.

Polara Studios, Inc.

Double bond

acids does not stack neatly because
unsaturated fatty acids bend at the double
bond(s). Consequently, unsaturated fats tend
to be liquid (or less firm) at room temperature.

> FIGURE5-5 Fatty Acid Composition of Common Food Fats
Most fats are a mixture of saturated, monounsaturated, and polyunsaturated fatty acids.

Key:
[ saturated fatty acids [[] Polyunsaturated, omega-6 fatty acids

|:| Monounsaturated fatty acids |:| Polyunsaturated, omega-3 fatty acids

Animal fats and the tropical oils of coconut and palm contain mostly saturated fatty acids.

Coconut oil

Butter

Beef tallow (beef fat)
Palm oil

Lard (pork fat)
Chicken fat

Some vegetable oils, such as olive and canola, are rich in monounsaturated fatty acids.

Many vegetable oils are rich in omega-6 polyunsaturated fatty acids.

Safflower oil? | |
Sunflower ol |

Corn ol | |
Soybean ol | |
Walnut oil | |
Cottonseed ol |

Olive all
Canola oil
Peanut oil

Only a few oils provide significant omega-3 polyunsaturated fatty acids.
Flaxseed oll
Fish oil (salmon) | |

aSalad or cooking type over 70% linoleic acid.
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FIGURE5-6 Hydrogenation
Double bonds in a polyunsaturated fatty acid carry a slightly negative charge and readily accept
positively charged hydrogen atoms, creating a saturated fatty acid. Most often, fat is partially
hydrogenated, creating a trans-fatty acid (shown in Figure 5-7).

0 H
H " H+ H+ I/\/\/\/\/\/\/\/\/C_O_H
o~ =~ —~c~~~_C—0-H —>» H-C

H—C HY H* |
| H
H

Polyunsaturated fatty acid e Hydrogenated (saturated) fatty acid

Hydrogenation During hydrogenation, some or all of the points of unsaturation
are saturated by adding hydrogen molecules. Hydrogenation offers two food-
processing advantages. First, it protects against oxidation (thereby prolonging
shelf life) by making polyunsaturated fats more saturated. Second, it alters the
texture of foods by making liquid vegetable oils more solid (as in margarine and
shortening). Hydrogenated fats make margarine spreadable, pie crusts flaky, and
puddings creamy.

Figure 5-6 illustrates the total hydrogenation of a polyunsaturated fatty acid
to a saturated fatty acid. Total hydrogenation rarely occurs during food process-
ing. Most often, a fat is partially hydrogenated, and some of the double bonds that
remain after processing change their configuration from cis to trans.

Trans-Fatty Acids In nature, most double bonds are cis—meaning that the
hydrogens next to the double bonds are on the same side of the carbon chain.
Only a few fatty acids (notably a small percentage of those found in milk and meat
products) naturally occur as trans-fatty acids—meaning that the hydrogens next
to the double bonds are on opposite sides of the carbon chain (see Figure 5-7).
In the body, trans-fatty acids behave more like saturated fats, increasing blood
cholesterol and the risk of heart disease—a major health disadvantage.

Some research suggests that both naturally occurring and commercially cre-
ated trans fats change blood lipids similarly; other research suggests that the
negative effects are specific to only the commercial trans fats.! In any case, the
important distinction is that a relatively small amount of trans-fat in the diet
comes from natural sources.* At current levels of consumption, natural trans

FIGURE5-7 Cis- and Trans-Fatty Acids Compared

© Cengage

hydrogenation (HIGH-dro-jen-AY-shun or high-DROJ-eh-
NAY-shun): a chemical process by which hydrogens are added
to monounsaturated or polyunsaturated fatty acids to reduce
the number of double bonds, making the fats more saturated
(solid) and more resistant to oxidation (protecting against
rancidity). Hydrogenation produces trans-fatty acids.

margarine: a butter substitute made primarily of
hydrogenated vegetable oils and sometimes blended with
animal fats, emulsifiers, water, milk, salt, vitamins, artificial
color, and other ingredients.

cis:on the near side of; refers to a chemical configuration in
which the hydrogen atoms are located on the same side of a
double bond.

trans:on the other side of; refers to a chemical configuration
in which the hydrogen atoms are located on opposite sides of
a double bond.

trans-fatty acids: fatty acids with hydrogens on opposite
sides of the double bond.

This example compares the cis configuration for an 18-carbon monounsaturated fatty acid (oleic acid) with its corresponding trans

configuration (elaidic acid).

H H H
- HoG i 7
T 0-H | \/\/\/\)\(\/\/\/\C—O—H
H-C C H H
| N\
H

cis-fatty acid frans-fatty acid
A cis-fatty acid has its hydrogens on the same side
of the double bond; ¢is molecules bend into a U-like
formation. Most naturally occuring unsaturated fatty
acids in foods are cis.

*For example, most dairy products contain less than 0.5 gram of naturally occurring trans fat per serving.

A trans-fatty acid has its hydrogens on the opposite sides of
the double bond; trans molecules are more linear. The trans
form typically occurs in partially hydrogenated foods when
hydrogen atoms shift around some double bonds and
change the configuration from cis to trans.

© Cengage
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>PHOTO5-2 Without help from emulsifiers,
fats and water don't mix.

© Matthew Farruggio

conjugated linoleic acids: several fatty acids that have
the same chemical formula as linoleic acid (18 carbons, two
double bonds) but with different configurations (the double
bonds occur on adjacent carbons).

phospholipid (FOS-foe-LIP-id): a compound similar to a
triglyceride but having a phosphate group (a phosphorus-
containing salt) and choline (or another nitrogen-containing
compound) in place of one of the fatty acids.

lecithin (LESS-uh-thin): one of the phospholipids. Both
nature and the food industry use lecithin as an emulsifier to
combine water-soluble and fat-soluble ingredients that do not
ordinarily mix, such as water and oil.

choline (KOH-leen): a nitrogen-containing compound
found in foods and made in the body from the amino acid
methionine. Choline is part of the phospholipid lecithin and
the neurotransmitter acetylcholine.

hydrophobic (high-dro-FOE-bick): a term referring to water-
fearing, or non-water-soluble, substances; also known as
lipophilic (fat loving).

hydrophilic (high-dro-FIL-ick): a term referring to
water-loving, or water-soluble, substances.

emulsifier: a substance with both water-soluble and
fat-soluble portions that promote the mixing of oils and
fats in watery solutions.

fats have little, if any, effect on blood lipids. Some naturally occurring trans-fatty
acids, known as conjugated linoleic acids, may even have health benefits.?
Conjugated linoleic acids are not counted as trans fats on food labels.

REVIEW IT Recognize the chemistry of fatty acids and triglycerides and
differences between saturated and unsaturated fats.

The predominant lipids both in foods and in the body are triglycerides: molecules of glycerol
with three fatty acids attached. Fatty acids vary in the length of their carbon chains, their
degrees of unsaturation (number of double bonds), and the location of their double bond(s).
Those that are fully loaded with hydrogens are saturated; those that are missing hydrogens
and therefore have double bonds are unsaturated (monounsaturated or polyunsaturated).
The vast majority of triglycerides contain more than one type of fatty acid. Fatty acid
saturation affects fats' physical characteristics and storage properties. Hydrogenation,
which converts polyunsaturated fats to saturated fats, protects fats from oxidation and
alters the texture by making liquid vegetable oils more solid. In the process, hydrogenation
creates trans-fatty acids that damage health in ways similar to those of saturated

fatty acids.

5.2 The Chemist's View of Phospholipids
and Sterols

LEARN IT Describe the chemistry, food sources, and roles of phospholipids and sterols.

The preceding pages have been devoted to one of the classes of lipids, the triglyc-
erides, and their component parts, glycerol and the fatty acids. The other lipids,
the phospholipids and sterols, make up only 5 percent of the lipids in the diet.

PhOSphOllpldS The best-known phospholipid is lecithin (see Figure 5-8).
Notice that lecithin has one glycerol with two of its three attachment sites
occupied by fatty acids like those in triglycerides. The third site is occupied by a
phosphate group and a molecule of choline. The hydrophobic fatty acids make
phospholipids soluble in fat; the hydrophilic phosphate group allows them to
dissolve in water. Such versatility enables the food industry to use phospholipids
as an emulsifier to mix fats with water in such products as mayonnaise, salad
dressings, and candy bars (see Photo 5-2).

> FIGURE5-8 Lecithin

Lecithin is similar to a triglyceride but contains only two fatty acids. The third position is occupied by a
phosphate group and a molecule of choline. Other phospholipids have different fatty acids and different
groups attached to phosphate.

H From 2
fatty acids

T
C_

I
H

H

The plus charge on the N is
balanced by a negative ion—
usually chloride.

From choline
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From glycerol

From phosphate
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Phospholipids in Foods In addition to the phospholipids used by the food indus-
try as emulsifiers, phospholipids are also found naturally in foods. The richest
food sources of lecithin are eggs, liver, soybeans, wheat germ, and peanuts.

Roles of Phospholipids Lecithin and other phospholipids are constituents of cell
membranes (see Figure 5-9). Because phospholipids are soluble in both water and
fat, they can help fat-soluble substances, including vitamins and hormones, to
pass easily in and out of cells. Phospholipids also act as emulsifiers in the body,
helping to keep fats suspended in the blood and body fluids.

Sterols 1n addition to triglycerides and phospholipids, the lipids include the
sterols, compounds with a multiple-ring structure.* The most well-known sterol
is cholesterol; Figure 5-10 shows its chemical structure.

Sterols in Foods Foods derived from both plants and animals contain sterols, but
only those from animals contain significant amounts of cholesterol—meats, eggs,
seafood, poultry, and dairy products. Some people, confused about the distinc-
tion between dietary cholesterol and blood cholesterol, have asked which foods
contain the “good” cholesterol. “Good” cholesterol is not a type of cholesterol
found in foods, but it refers to the way the body transports cholesterol in the
blood, as explained in a later section of this chapter.

Sterols other than cholesterol are naturally found in plants. Being structur-
ally similar to cholesterol, plant sterols interfere with cholesterol absorption. By
limiting cholesterol absorption, a diet rich in plant sterols lowers blood cholesterol
levels.? Food manufacturers have fortified foods such as margarine with plant
sterols, creating a functional food that helps reduce blood cholesterol.

Roles of Sterols Many vitally important body compounds are sterols. Among
them are bile acids, the sex hormones (such as testosterone, androgen, and estro-
gen), the adrenal hormones (such as cortisol, cortisone, and aldosterone), and
vitamin D, as well as cholesterol itself. Cholesterol in the body can serve as the
starting material for the synthesis of these compounds or as a structural com-
ponent of cell membranes; more than 90 percent of all the body’s cholesterol
is found in the cells. Unlike fatty acids, cholesterol cannot be used for energy.*

Despite common misconceptions, cholesterol is not a villain lurking in some
evil foods—it is a compound the body makes and uses. The chemical structure is
the same, but cholesterol that is made in the body is referred to as endogenous,
whereas cholesterol from outside the body (from foods) is referred to as
exogenous. Right now, as you read, your liver is manufacturing cholesterol from
fragments of carbohydrate, protein, and fat. In fact, the liver makes about 800
to 1500 milligrams of cholesterol per day, thus contributing much more to the
body’s total than does the diet. For perspective, the Daily Value on food labels for
cholesterol is 300 milligrams per day.

Cholesterol’s harmful effects in the body occur when it accumulates in the
artery walls and contributes to the formation of plaque. These plaque deposits
lead to atherosclerosis, a disease that causes heart attacks and strokes. Chapter 18
provides many more details.

REVIEW IT Describe the chemistry, food sources, and roles of phospholipids

and sterols.

Phospholipids, including lecithin, have a unique chemical structure that allows them to be
soluble in both water and fat. The food industry uses phospholipids as emulsifiers, and in the
body, phospholipids are part of cell membranes. Sterols have a multiple-ring structure that dif-
fers from the structure of other lipids. In the body, sterols include cholesterol, bile, vitamin D,
and some hormones. Animal-derived foods are rich sources of cholesterol. Table 5-2 (p. 138)
summarizes the lipid family of compounds.

*The four-ring core structure identifies a steroid; sterols are alcohol derivatives with a steroid ring structure.

© Cengage

FIGURE5-9 Phospholipids of a Cell
Membrane
A cell membrane is made of phospholipids assembled
into an orderly formation called a bilayer. The fatty acid
“tails” orient themselves away from the watery fluid
inside and outside the cell. The glycerol and phosphate
“heads” are attracted to the watery fluid.

Outside cell Watery fluid
OOOOOOCOOOCO0  Hydrophilic heads

Hydrophobic tails

|

Inside cell Watery fluid
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FIGURE5-10 Cholesterol

Notice how different cholesterol is from the triglyc-
erides and phospholipids. The fat-soluble vitamin D is
synthesized from cholesterol; notice the many structural
similarities. The only difference is that cholesterol has
a closed ring (highlighted in red), whereas vitamin D's

is open, accounting for its vitamin activity.

H,C CHs
CH3 CH3
HO
Cholesterol
H,C CHs
Hs CH,
X
Vitamin D

sterols (STARE-ols or STEER-0ls): compounds containing a
four-ring carbon structure with any of a variety of side chains
attached.

cholesterol (koh-LESS-ter-ol): one of the sterols containing a
four-ring carbon structure with a carbon side chain.
endogenous (en-DODGE-eh-nus): from within the body.

e endo = within

exogenous (eks-0DGE-eh-nus): from outside the body.

e exo = outside

plague (PLACK): an accumulation of fatty deposits, smooth
muscle cells, and fibrous connective tissue that develops

in the artery walls in atherosclerosis; also known as
atheromatous (ATH-er-OH-ma-tus) plaque.

atherosclerosis (ATH-er-oh-scler-OH-sis): a type of artery
disease characterized by plaques (accumulations of lipid-
containing material) on the inner walls of the arteries.
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lipases (LYE-pasez): enzymes that hydrolyze lipids (fats).
Lingual lipase is a fat-digesting enzyme secreted from the
salivary gland at the base of the tongue; gastric lipase is a
fat-digesting enzyme secreted from the cells of the stomach.

monoglycerides: molecules of glycerol with one fatty
acid attached. A molecule of glycerol with two fatty acids
attached is a diglyceride.

® mono = one
e di =two

TABLE5-2 The Lipid Family

Triglycerides
m 1 Glycerol (per triglyceride) and
m 3 Fatty acids (per triglyceride); depending on the number of double bonds, fatty
acids may be:
e Saturated (no double bonds)
e Monounsaturated (one double bond)
e Polyunsaturated (more than one double bond); depending on the location of the double
bonds, polyunsaturated fatty acids may be:
¢ Omega-3 (double bond closest to methyl end is 3 carbons away)
¢ Omega-6 (double bond closest to methyl end is 6 carbons away)

Phospholipids (such as lecithin)

Sterols (such as cholesterol)

5.3 Digestion, Absorption, and Transport
of Lipids
LEARN IT Summarize fat digestion, absorption, and transport.

Each day, the GI tract receives, on average from the food we eat, 50 to 100 grams of
triglycerides, 4 to 8 grams of phospholipids, and 200 to 350 milligrams of choles-
terol. These lipids are hydrophobic, whereas the digestive enzymes are hydrophilic.
As you read, notice how the body elegantly meets the challenges of keeping the lip-
ids mixed in the watery fluids of the GI tract and facilitating the work of the lipases.

Llpld Digestion Figure 5-11 traces the digestion of fat through the GI tract.
The goal of fat digestion is to dismantle triglycerides into small molecules that the
body can absorb and use—namely, monoglycerides, fatty acids, and glycerol. The
following paragraphs provide the details.

In the Mouth Fat digestion starts off slowly in the mouth, with some hard fats
melting as they reach body temperature. A salivary gland at the base of the tongue
releases an enzyme (lingual lipase) that plays an active role in fat digestion in
infants, but a relatively minor role in adults. In infants, this enzyme efficiently
digests the short- and medium-chain fatty acids found in milk.

In the Stomach In a quiet stomach, fat would float as a layer above the watery
components of swallowed food. But whenever food is present, the stomach is ac-
tive. The strong muscle contractions of the stomach propel its contents toward the
pyloric sphincter. Some chyme passes through the pyloric sphincter periodically,
but the remaining partially digested food is propelled back into the body of the
stomach. This churning grinds the solid pieces to finer particles, mixes the chyme
with gastric secretions, and disperses the fat into small droplets.” These actions
help to expose the fat for attack by the gastric lipase enzyme—an enzyme that
performs best in the acidic environment of the stomach. Still, little fat digestion
takes place in the stomach; most of the action occurs in the small intestine.

In the Small Intestine When fat enters the small intestine, it triggers the release of
the hormone cholecystokinin (CCK), which signals the gallbladder to release its
stores of bile. (Remember from Chapter 3 that bile is a digestive secretion that is
made by the liver, stored in the gallbladder, and released into the small intestine
when needed.) Among bile’s many ingredients are bile acids, which are made in
the liver from cholesterol and have a similar structure. In addition, bile acids of-
ten pair up with an amino acid (a building block of protein). The amino acid end
is hydrophilic, and the sterol end is hydrophobic. Having both water-soluble and
fat-soluble ends enables bile to act as an emulsifier—a substance that promotes
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FIGURES5-11 Fat Digestion in the Gl Tract

FAT

Mouth and salivary glands

Some hard fats begin to melt as they reach
body temperature. The sublingual salivary gland
in the base of the tongue secretes lingual lipase.
The degree of hydrolysis by lingual lipase is
slight for most fats but may be appreciable for
milk fats.

Stomach

The stomach’s churning action mixes fat with
water and acid. A gastric lipase accesses and
hydrolyzes (only a very small amount of) fat.

Common

bile duct

Small intestine
Cholecystokinin (CCK) signals the gallbladder to
release bile (via the common bile duct):

Fat =il > Emulsified fat

Pancreatic lipase flows in from the
pancreas (via the pancreatic duct):

Pancreatic

(and intestinal)
Emulsified fat llPase
(triglycerides)

Monoglycerides,
glycerol, fatty
acids (absorbed)

Large intestine
Some fat and cholesterol, trapped in fiber, exit
in feces.

Small
intestine

g salivary
M. gland
Stomach "
Pancreatic |
duct '

Pancreas

Large
intestine
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the mixing of fat molecules in the surrounding watery fluids. Note that bile is not
a digestive enzyme; it is, however, essential in preparing fats for digestion by the
lipase enzymes from the pancreas and small intestine. The process of emulsifica-

tion is diagrammed in Figure 5-12 (p. 140).

Most of the hydrolysis of triglycerides occurs in the small intestine. The major
fat-digesting enzymes are pancreatic lipases; some intestinal lipases are also active.
These enzymes remove each of a triglyceride’s outer fatty acids one at a time, leaving
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FIGURE5-12 Emulsification of Fat by Bile

Like bile, detergents are emulsifiers and work the same way, which is why they are effective in removing grease spots from clothes. Molecule by molecule, the
grease is dissolved out of the spot and suspended in the water, where it can be rinsed away.

Fat

Watery
? Gl juices

Emulsified fat Emulsmed
Emulsified

(7

,%’—%—y\——\/_%——g" k\ % Enzyme

Bile
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Fat and watery Gl juices tend to When fat enters the small intestine,  Bile’s emulsifying action converts  After emulsification, more fat is
separate; enzymes in the Gl the gallbladder secretes bile. Bile large fat globules into small exposed to the enzymes, making
juices can'’t get at the fat. has an affinity for both fat and water, droplets that repel one another. fat digestion more efficient.

so it can bring the fat into the water.

a monoglyceride. Occasionally, enzymes remove all three fatty acids, leaving a free
molecule of glycerol. Hydrolysis of a triglyceride is shown in Figure 5-13.

Phospholipids are digested similarly—that is, their fatty acids are removed by
hydrolysis. The two fatty acids and the remaining glycerol and phosphate frag-
ments are then absorbed. Most sterols can be absorbed as is; if any fatty acids are
attached, they are first hydrolyzed off.

Bile's Routes After bile enters the small intestine and emulsifies fat, it has two possible
destinations, illustrated in Figure 5-14. Most of the bile is reabsorbed from the small
intestine and recycled. The other possibility is that some of the bile can be trapped
by dietary fibers in the large intestine and excreted. Because cholesterol is needed to
make bile, the excretion of bile effectively reduces blood cholesterol. As Chapter 4
explains, the dietary fibers most effective at lowering blood cholesterol are the soluble
fibers commonly found in fruits, whole grains, and legumes.

FIGURE5-13 Digestion (Hydrolysis) of a Triglyceride

Bonds break
H—O—H

H 0O

H
O | 'T'

N I /\/V\/W\/\/C_H C—H ¢
H—(I,—O—C |1| H—(, O—H H-0O— C/\/\/\/W\/\/ﬁ g

H H ®
H-O—H

Bonds break
_>
Triglyceride Monoglyceride + two fatty acids

The triglyceride and two molecules of water are split. These products may pass into the intestinal cells, but sometimes the
The H and OH from water complete the structures of monoglyceride is split with another molecule of water to give a third

two fatty acids and leave a monoglyceride.

fatty acid and glycerol. Fatty acids, monoglycerides, and glycerol
are absorbed into intestinal cells.
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Llpld Absorption Figure 5-15 illustrates the absorption of lipids. Small mol-
ecules (glycerol and short- and medium-chain fatty acids) can diffuse easily into the
intestinal cells; they are absorbed directly into the bloodstream. Larger molecules
(monoglycerides and long-chain fatty acids) are emulsified by bile, forming spherical
complexes known as micelles. The micelles diffuse into the intestinal cells, where the
monoglycerides and long-chain fatty acids are reassembled into new triglycerides.
Within the intestinal cells, the newly made triglycerides and other lipids (cho-
lesterol and phospholipids) are packaged with proteins to make transport vehicles
known as chylomicrons. The intestinal cells carefully regulate the production and

Most of the bile released into the small intestine is
reabsorbed and sent back to the liver to be reused.

Some bile is excreted.

In the gallbladder,
bile is stored.

)

release of the chylomicrons into the lymphatic system.® The chylomicrons glide g‘_lth? liver,
through the lymph until they reach a point of entry into the bloodstream at the rr:aedlg from
thoracic duct near the heart. (Recall from Chapter 3 that nutrients from the GI tract cholesterol. i e sl irestine

bile emulsifies fats.

|

In the colon, bile that has
been trapped by soluble
fibers is excreted in feces.

\J

that enter the lymph system initially bypass the liver.) The blood carries these lipids
to the rest of the body for immediate use or storage. A look at these lipids in the
body reveals the kinds of fat the diet has been delivering. The blood, fat stores, and
muscle cells of people who eat a diet rich in unsaturated fats, for example, contain
more unsaturated fats than those of people who select a diet high in saturated fats.

Lipid Transport The chylomicrons are one of several clusters of lipids and
proteins that are used as transport vehicles for fats. As a group, these vehicles
are known as lipoproteins, and they solve the body’s challenge of transport-
ing fat through the watery bloodstream. The body makes four main types of
lipoproteins, distinguished by their size and density.* Each type of lipoprotein

© Cengage

FIGURES5-15 Absorption of Fat
The end products of fat digestion are mostly monoglycerides, some fatty acids, and very little glycerol. Their absorption differs
depending on their size. (In reality, molecules of fatty acid are too small to see without a powerful microscope, whereas villi
are visible to the naked eye.)

P .
) Monoglyceride
i’/ ) g y\]gg//
Short-chain /:( /
Small intestine fatty acids Medium-chain Y

fatty acids

L

Stomach
A\ /

Capillary
network

)

Long-
chain

)

Chylomicr n

Q Large lipids such as mono-
glycerides and long-chain
fatty acids combine with bile,
forming micelles that are
sufficiently water soluble to
penetrate the watery solution
that bathes the absorptive cells.

There the lipid contents of the
micelles diffuse into the cells.

© Cengage

@—> Via lymph to blood

Blood vessels <§
Via blood to liver

FIGURE5-14 Enterohepatic Circulation

This cycle is called the enterohepatic circulation of bile.

ﬂ Glycerol and small lipids such as short- and medium-chain
fatty acids can move directly into the bloodstream.

*Chemists can identify the various lipoproteins by their density. The most buoyant particles (highest in lipids) have
the lowest density; the densest particles (highest in proteins) have the highest density. Others distribute themselves
in between.

micelles (MY-cells): tiny spherical complexes of emulsified
fat that arise during digestion; most contain bile salts

and the products of lipid digestion, including fatty acids,
monoglycerides, and cholesterol.

lipoproteins (LIP-oh-PRO-teenz): clusters of lipids associated
with proteins that serve as transport vehicles for lipids in the
lymph and blood.
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> FIGURE5-16 Sizes and Compositions of the Lipoproteins

Q Phospholipid

A typical lipoprotein contains an
interior of triglycerides and
cholesterol surrounded by
phospholipids. The phospholipids
fatty acid “tails” point toward the
interior, where the lipids are.
Proteins near the outer ends of the
phospholipids cover the structure.
This arrangement of hydrophobic
molecules on the inside and
hydrophilic molecules on the
outside allows lipids to travel
through the watery fluids of the
blood.
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Chylomicrons contain so little protein and so much triglyceride
0 that they are the lowest in density.

Very-low-density lipoproteins (VLDL) are half triglycerides,

accounting for their very low density.
Notice how large the fat-filled chylomicron is 9 y v

compared with the others and how the others get Low-density lipoproteins (LDL) are half cholesterol, accounting
progressively smaller as their proportion of fat declines for their implication in heart disease.
and protein increases. High-density lipoproteins (HDL) are half protein, accounting

for their high density.

contains different kinds and amounts of lipids and proteins. The more lip-
ids, the less dense; the more proteins, the more dense. Figure 5-16 shows the
relative compositions and sizes of the lipoproteins.

Chylomicrons The chylomicrons are the largest and least dense of the lipoproteins.
They transport diet-derived lipids (mostly triglycerides) from the small intestine
(via the lymph system) to the rest of the body. Cells all over the body remove tri-
glycerides from the chylomicrons as they pass by, so the chylomicrons get smaller
and smaller. Within 14 hours after absorption, most of the triglycerides have
been depleted, and only a few remnants of protein, cholesterol, and phospholipid
remain. Special protein receptors on the membranes of the liver cells recognize
and remove these chylomicron remnants from the blood.

VLDL (Very-Low-Density Lipoproteins) Meanwhile, in the liver—the most active
site of lipid synthesis—cells are making cholesterol, fatty acids, and other lipid

) ) i compounds. Ultimately, the lipids made in the liver and those collected from
chylomicrons (kye-lo-MY-cronz): lipoproteins that transport

lipids from the intestinal cells to the rest of the body. chylomicron remnants are packaged with proteins as a VLDL (very-low-density
VLDL (very-low-density lipoproteins): lipoproteins made lipoproteins) and shipped to other parts of the body.
by the liver that transport lipids (primarily triglycerides) from As the VLDL travel through the body, cells remove triglycerides, causing the

the liver to other tissues. proportion of lipids to shift. Cholesterol becomes the predominant lipid, and
LDL (low-density lipoproteins): lipoproteins that derive

fromViDLand K linice (imarily cholosteral) i th the lipoprotein becomes smaller and more dense. As this occurs, the VLDL

rom and transport lipidas (primarily cnolesterol) In the . . . . ..

blood. portipieste / become LDL (low-density lipoproteins), loaded with cholesterol, but containing
relatively few triglycerides.
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LDL (Low-Density Lipoproteins) The LDL circulate throughout the body, making their
contents available to the cells of all tissues—muscles (including the heart muscle),
fat stores, the mammary glands, and others. The cells take triglycerides, cholesterol,
and phospholipids to use for energy, make hormones or other compounds, or build
new membranes. Special LDL receptors on the liver cells play a crucial role in the
control of blood cholesterol concentrations by removing LDL from circulation.

HDL (High-Density Lipoproteins) The liver makes HDL (high-density lipopro-
teins) to remove cholesterol from the cells and carry it back to the liver for re-
cycling or disposal. By efficiently clearing cholesterol, HDL help prevent plaque
buildup, thereby lowering the risk of heart disease.” In addition, HDL have anti-
inflammatory properties that seem to keep artery-clogging plaque from breaking
apart and causing heart attacks.® Figure 5-17 summarizes lipid transport via the
lipoproteins.

Health Implications The distinction between LDL and HDL has implications for
the health of the heart and blood vessels. The blood lipid linked most directly
to heart disease is LDL cholesterol. As mentioned, HDL also carry cholesterol,
but elevated HDL represent cholesterol returning from the rest of the body to the
liver for breakdown and excretion. The transport of cholesterol from the tissues
back to the liver is sometimes called reverse cholesterol transport or the scavenger
pathway.
High LDL and low HDL cholesterol are both associated with a high risk of heart
disease. Having adequate HDL is beneficial, but having high HDL is not neces-
sarily more beneficial. Some people think of HDL as healthy and LDL as lousy, HDL (high-density lipoproteins): ipoproteins that help
or refer to LDL as “bad,” and HDL as “good,” cholesterol. Keep in mind that the 0.6 cholesterol from the blood by transporting it to the
cholesterol itself is the same and that the differences between LDL and HDL liver for reuse or disposal.

FIGURE5-17 Lipid Transport via Lipoproteins
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FIGURE5-18 An Adipose Cell

Newly imported triglycerides first form
small droplets at the periphery of the

cell, then merge with the large, central
globule.

Large central globule
of (pure) fat

Cytoplasm «/ —

As the central globule enlarges, the fat
cell membrane expands to accommodate
its swollen contents.
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adipose (ADD-ih-poce) tissue: the body’s fat tissue; consists
of masses of triglyceride-storing cells.

adipokines (ADD-ih-poe-kines): proteins synthesized
and secreted by adipose cells.

reflect the proportions and types of lipids and proteins within them—not the type of
cholesterol. The following factors help lower LDL and/or raise HDL:

e Weight control

e Monounsaturated or polyunsaturated, instead of saturated, fat in the diet

e Soluble dietary fibers

e Phytochemicals

® Moderate alcohol consumption

e Physical activity
Chapter 18 provides many more details.

Not too surprisingly, numerous genes influence how the body handles the
synthesis, transport, and degradation of lipids and lipoproteins. Much current re-

search is focused on how nutrient-gene interactions may direct the progression of
heart disease.

REVIEW IT Summarize fat digestion, absorption, and transport.

The body makes special arrangements to digest and absorb lipids. It provides the emulsifier

bile to make them accessible to the fat-digesting lipases that dismantle triglycerides, mostly to
monoglycerides and fatty acids, for absorption by the intestinal cells. Four types of lipoproteins
transport all classes of lipids (triglycerides, phospholipids, and cholesterol), but the chylomicrons
are the largest and contain mostly triglycerides from the diet; VLDL are smaller and are about
half triglycerides; LDL are smaller still and contain mostly cholesterol; and HDL are the densest
and are rich in protein. High LDL and low HDL indicate increased risk of heart disease. By clearing
blood cholesterol and inhibiting inflammation, HDL have a protective effect.

5.4 Lipids in the Body

LEARN IT Outline the major roles of fats in the body, including a discussion of essential
fatty acids and the omega fatty acids.

In the body, lipids provide energy, insulate against temperature extremes, protect
against shock, and maintain cell membranes. This section provides an overview
of the roles of triglycerides and fatty acids and then of the metabolic pathways
they can follow within the body’s cells.

Roles of Triglycerides First and foremost, triglycerides—either from food
or from the body’s fat stores—provide the cells with energy. When a person
dances all night, her dinner’s triglycerides provide some of the fuel that keeps her
moving. When a person loses his appetite, his stored triglycerides fuel much of his
body’s work until he can eat again.

Recall that gram for gram, fat provides more than twice as much energy
(9 kcalories) as carbohydrate or protein (4 kcalories), making it an extremely ef-
ficient storage form of energy. Unlike the liver’s glycogen stores, the body'’s fat
stores have virtually unlimited capacity, thanks to the special cells of the adipose
tissue. The fat cells of the adipose tissue readily take up and store triglycerides. An
adipose cell is depicted in Figure 5-18. Other body cells store only small amounts
of fat for their immediate use; fat accumulation in nonadipose cells is toxic and
impairs health. This scenario occurs when the diet delivers excesses and the liver
increases its fat production. Fatty liver linked to obesity causes chronic inflamma-
tion, which can advance to fibrosis, cirrhosis, and cancer.

Adipose tissue is more than just a storage depot for fat. Adipose tissue actively
secretes several hormones known as adipokines—proteins that help regulate en-
ergy balance and influence several body functions. When body fat is markedly
reduced or excessive, the type and quantity of adipokine secretions change, with
consequences for the body’s health. Researchers are currently exploring how
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adipokines influence the links between obesity and chronic diseases such as
type 2 diabetes, hypertension, and heart disease.” Obesity, for example, increases
the release of the adipokine resistin that promotes inflammation and insulin
resistance—factors associated with heart disease and diabetes. Similarly, obesity
decreases the release of the adipokine adiponectin that protects against inflam-
mation, diabetes, and heart disease.

Fat serves other roles in the body as well. Because fat is a poor conductor of
heat, the layer of fat beneath the skin insulates the body from temperature ex-
tremes. Fat pads also serve as natural shock absorbers, providing a cushion for the
bones and vital organs (see Photo 5-3). Fat provides the structural material for cell
membranes and participates in cell signaling pathways.

Essential Fatty Acids The human body needs fatty acids, and it can make
all but two of them—Iinoleic acid (the 18-carbon omega-6 fatty acid) and lino-
lenic acid (the 18-carbon omega-3 fatty acid). These two fatty acids must be sup-
plied by the diet and are therefore essential fatty acids. The cells do not possess
the enzymes to make any of the omega-6 or omega-3 fatty acids from scratch,
nor can they convert an omega-6 fatty acid to an omega-3 fatty acid or vice versa.
Cells can, however, use the 18-carbon member of an omega family from the diet
to make the longer fatty acids of that family by forming double bonds (desatura-
tion) and lengthening the chain two carbons at a time (elongation), as shown in
Figure 5-19 (p. 146). This is a slow process because the omega-3 and omega-6 fam-
ilies compete for the same enzymes. Too much of a fatty acid from one family can
create a deficiency of the other family’s longer fatty acids, which becomes critical
only when the diet fails to deliver adequate supplies. Therefore, the most effective
way to maintain body supplies of all the omega-6 and omega-3 fatty acids is to
obtain them directly from foods—most notably, from vegetable oils, seeds, nuts,
fish, and other seafoods.

Linoleic Acid and the Omega-6 Family Linoleic acid is an essential fatty acid and
the primary member of the omega-6 fatty acid family. When the body receives
linoleic acid from the diet, it can make other members of the omega-6 family—
such as the 20-carbon polyunsaturated fatty acid, arachidonic acid (as shown in
Figure 5-19). Should a linoleic acid deficiency develop, arachidonic acid, and all
other omega-6 fatty acids that derive from linoleic acid, would also become es-
sential and have to be obtained from the diet. A nonessential nutrient (such as
arachidonic acid) that must be supplied by the diet in special circumstances (as
in a linoleic acid deficiency) is considered a conditionally essential nutrient.
Normally, vegetable oils and meats supply enough omega-6 fatty acids to meet the
body’s needs.

Linolenic Acid and the Omega-3 Family Linolenic acid is an essential fatty acid
and the primary member of the omega-3 fatty acid family.* Like linoleic acid,
linolenic acid cannot be made in the body and must be supplied by foods. Given
the 18-carbon linolenic acid, the body can make small amounts of the 20- and
22-carbon members of the omega-3 family, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), respectively. These omega-3 fatty acids play criti-
cal roles in the optimal structure and function of cells.!° Found abundantly in the
eyes and brain, the omega-3 fatty acids are essential for normal growth, visual
acuity, and cognitive development. They may also play an important role in the
prevention and treatment of heart disease, as later sections explain.

Eicosanoids The body uses the 20-carbon omega-3 and omega-6 fatty acids to
make substances known as eicosanoids. Eicosanoids are a diverse group of more
than 100 compounds. Sometimes described as “hormonelike,” eicosanoids differ

*This omega-3 linolenic acid is known as alpha-linolenic acid and is the fatty acid referred to in this chapter.
Another fatty acid, also with 18 carbons and three double bonds, belongs to the omega-6 family and is known as
gamma-linolenic acid.

dotshock/Shutterstock.com

PHOTO05-3 Double thanks: The body’s fat
stores provide energy for a walk, and fat pads
on the heels provide cushion against the hard
pavement.

resistin (ree-Z[S-tin): a protein produced by adipose cells
that promotes inflammation and causes insulin resistance.

adiponectin: a protein produced by adipose cells that
inhibits inflammation and protects against insulin resistance,
type 2 diabetes, and cardiovascular disease.

essential fatty acids: fatty acids that the body requires but
cannot make, and so must be obtained from the diet; both
linoleic acid and linolenic acid are essential fatty acids.

arachidonic (a-RACK-ih-DON-ic) acid: an omega-6
polyunsaturated fatty acid with 20 carbons and four double
bonds; present in small amounts in meat and other animal
products and synthesized in the body from linoleic acid.

conditionally essential nutrient: a nutrient that is
normally nonessential, but must be supplied by the diet in
special circumstances when the need for it exceeds the
body's ability to produce it.

eicosapentaenoic (EYE-cossa-PENTA-ee-NO-ick) acid
(EPA): an omega-3 polyunsaturated fatty acid with 20 carbons
and five double bonds; present in fatty fish and synthesized in
limited amounts in the body from linolenic acid.

docosahexaenoic (DOE-cossa-HEXA-ee-NO-ick) acid
(DHA): an omega-3 polyunsaturated fatty acid with 22
carbons and six double bonds; present in fatty fish and
synthesized in limited amounts in the body from linolenic acid.

eicosanoids (eye-COSS-uh-noyds): derivatives of 20-carbon
fatty acids; biologically active compounds that help regulate
blood pressure, blood clotting, and other body functions.
They include prostaglandins (PROS-tah-GLAND-ins),
thromboxanes (throm-BOX-ains), and leukotrienes
(LOO-ko-TRY-eens).
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FIGURE5-19 The Pathway from
One Omega-6 Fatty Acid to Another

Linoleic acid (18:2)
Desaturation l
creates double bond
(18:3)
Elongation l
adds carbons
(20:3)
Desaturation °
creates double bond g
Arachidonic acid ~ (20:4) &

The first number indicates the number of
carbons and the second, the number of
double bonds. Similar reactions occur
when the body makes the omega-3 fatty
acids EPA and DHA from linolenic acid.

lipoprotein lipase (LPL): an enzyme that hydrolyzes
triglycerides passing by in the bloodstream and directs their
parts into the cells, where they can be metabolized for energy
or reassembled for storage.

hormone-sensitive lipase: an enzyme inside adipose

cells that responds to the body's need for fuel by hydrolyzing
triglycerides so that their parts (glycerol and fatty acids) enter
the general circulation and thus become available to other cells
for fuel. The signals to which this enzyme responds include
epinephrine and glucagon, which oppose insulin (see Chapter 4).

solid fats: fats that are not usually liquid at room
temperature; commonly found in most foods derived from
animals and vegetable oils that have been hydrogenated.
Solid fats typically contain more saturated and trans fats than
most ails.

from hormones in important ways. For one, hormones are secreted in one loca-
tion and travel to affect cells all over the body, whereas eicosanoids appear to
affect only the cells in which they are made or nearby cells in the same localized
area. For another, hormones elicit the same response from all their target cells,
whereas eicosanoids may have different effects on different cells.

The actions of various eicosanoids sometimes oppose one another. For ex-
ample, one causes muscles to relax and blood vessels to dilate, whereas another
causes muscles to contract and blood vessels to constrict. Certain eicosanoids
participate in the immune response to injury and infection, producing fever,
inflammation, and pain. One of the ways aspirin relieves these symptoms is by
slowing the synthesis of these eicosanoids.

Eicosanoids that derive from omega-3 fatty acids differ from those that de-
rive from omega-6 fatty acids, with the omega-3 family providing greater health
benefits. In general, the omega-6 fatty acids have a pro-inflammatory effect and
the omega-3 fatty acids have an anti-inflammatory effect—and atherosclerosis is
an inflammatory disease.!! The omega-3 eicosanoids help lower blood pressure,
prevent blood clot formation, protect against irregular heartbeats, and reduce in-
flammation, whereas the omega-6 eicosanoids tend to promote clot formation,
inflammation, and blood vessel constriction.

Omega-6 to Omega-3 Ratio Because omega-6 and omega-3 fatty acids compete for
the same enzymes and their actions often oppose each other, researchers have
studied whether there is an ideal ratio that best supports health.!? Suggested ratios
range from 4:1 to 10:1; while some researchers support such recommendations,
others find the ratio of little value in improving health or predicting risk. Increas-
ing the amount of omega-3 fatty acids in the diet is clearly beneficial, but reduc-
ing the amount of omega-6 fatty acids in the diet to improve the ratio may not be
helpful. Omega-6 fatty acids protect heart health by lowering LDL cholesterol and
improving insulin resistance.

Fatty Acid Deficiencies Most diets in the United States meet the minimum es-
sential fatty acid requirement adequately. Historically, deficiencies have de-
veloped only in infants and young children who have been fed fat-free milk
and low-fat diets or in hospital clients who have been mistakenly fed formulas
that provided no polyunsaturated fatty acids for long periods of time. Classic de-
ficiency symptoms include growth retardation, reproductive failure, skin lesions,
kidney and liver disorders, and subtle neurological and visual problems.

A Preview of Lipid Metabolism This preview of fat metabolism describes
how the cells store and release energy from fat. Chapter 7 provides details.

Storing Fat as Fat When meals deliver more energy than the body needs, the ex-
cess is stored as fat in the adipose cells for later use. As Figure 5-18 (p. 144) shows,
triglycerides fill the adipose cells, storing a lot of energy in a relatively small space.
This accumulation of fat in adipose tissue represents a key advantage that allows
humans to survive through times when food is unavailable.!3

Using Fat for Energy After meals, the blood delivers chylomicrons and VLDL
loaded with triglycerides to the body’s cells. An enzyme—lipoprotein lipase
(LPL)—hydrolyzes those triglycerides, releasing fatty acids, diglycerides, and
monoglycerides into the cells for energy. Fat supplies about 60 percent of the
body’s ongoing energy needs during rest. During prolonged light to moderately
intense exercise, fat may make a slightly greater contribution to energy needs (see
Photo 5-4). As exercise intensity increases, fat contributes less (and carbohydrate
contributes more) to the fuel mix.

Fat also makes a slightly greater contribution to energy needs during extended
periods of food deprivation. When energy needs are not being met, several lipase
enzymes (most notably hormone-sensitive lipase) inside the adipose cells respond
by dismantling stored triglycerides and releasing the glycerol and fatty acids directly
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into the blood. Energy-hungry cells throughout the body can then capture these
compounds and take them through a series of chemical reactions to yield energy,
carbon dioxide, and water.

A person who fasts (drinking only water) will rapidly metabolize body fat. Even
with abundant body fat, the person has to obtain some energy from lean protein
tissue because the brain, nerves, and red blood cells need glucose—and without
carbohydrate, only protein and the small glycerol molecule of a triglyceride can
be converted to glucose; fatty acids cannot be. Still, in times of severe hunger and
starvation, a fatter person can survive longer than a thinner person thanks to the
energy reserve of adipose tissue. But as Chapter 7 explains, fasting for too long
will eventually cause death, even if the person still has ample body fat.

REVIEW IT Outline the major roles of fats in the body, including a discussion

of essential fatty acids and the omega fatty acids.

In the body, triglycerides provide energy, insulate against temperature extremes, protect
against shock, provide structural material for cell membranes, and participate in cell signaling
pathways. Linoleic acid (18 carbons, omega-6) and linolenic acid (18 carbons, omega-3) are
essential fatty acids. They serve as structural parts of cell membranes and as precursors to the
longer fatty acids that can make eicosanoids—powerful compounds that participate in blood
pressure regulation, blood clot formation, and the immune response to injury and infection.
Because essential fatty acids are common in the diet and stored in the body, deficiencies are
unlikely. The body can easily store unlimited amounts of fat if given excesses, and this body fat
is used for energy when needed.

5.5 Health Effects and Recommended Intakes
of Saturated Fats, Trans Fats, and Cholesterol

LEARN IT Explain the relationships among saturated fats, transfat, and cholesterol and
chronic diseases, noting recommendations.

Some fats in the diet are essential for good health, but others can be harmful.*
For this reason, recommendations focus both on the quantity and the quality of
the fat in the diet.!” The current American diet delivers excessive amounts of
solid fats, representing an average of almost one-fifth of the day’s total kcal-
ories. Major sources of solid fats in the American diet include desserts, pizza,
cheese, and processed and fatty meats (sausages, hot dogs, bacon, ribs). Because
foods made with solid fats provide abundant energy, but few if any essential
nutrients, they contribute to weight gain and make it difficult to meet nutrient
needs. Solid fats also provide abundant saturated fat and trans fat. Even without
overweight or obesity, high intakes of solid fats increase the risk of some chronic
diseases. One strategy to control saturated fat, trans fat, and kcalories is to limit
solid fats in the diet.

Health Effects of Saturated Fats, Trans Fats, and Cholesterol
Hearing a physician say, “Your blood lipid profile looks fine,” is reassuring (see
Table 5-3). The blood lipid profile reveals the concentrations of various lipids
in the blood, notably triglycerides and cholesterol, and their lipoprotein carriers
(VLDL, LDL, and HDL). This information alerts people to possible disease risks
and perhaps to a need for changing their physical activity and eating habits. Both
the amounts and types of fat in the diet influence the risk for disease.

Heart Disease As mentioned earlier, elevated LDL cholesterol is a major risk
factor for cardiovascular disease (CVD). As LDL cholesterol accumulates in the
arteries, blood flow becomes restricted and blood pressure rises. The consequences
are deadly; in fact, heart disease is the nation’s number-one killer of adults. LDL
cholesterol is often used to predict the likelihood of a person’s suffering a heart

Maridav/Shutterstock.com
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> PHOTO5-4 Fat supplies most of the energy
during a long-distance run.

TABLE 5-3 Desirable Blood Lipid Profile

Total cholesterol <200 mg/dL

LDL cholesterol <100 mg/dL
g HDL cholesterol >60 mg/dL
g Triglycerides <100 mg/dL

blood lipid profile: results of blood tests that reveal

a person'’s total cholesterol, triglycerides, and various
lipoproteins.

cardiovascular disease (CVD): diseases of the heart and
blood vessels throughout the body. Atherosclerosis is the
main cause of CVD. When the arteries that carry blood to
the heart muscle become blocked, the heart suffers damage
known as coronary heart disease (CHD).

e cardio = heart

e vascular = blood vessels
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attack or stroke; the higher the LDL, the earlier and more likely the tragedy.
Much of the effort to prevent and treat heart disease focuses on lowering LDL
cholesterol.

Saturated fats are most often implicated in raising LDL cholesterol. In general,
the more saturated fat in the diet, the more LDL cholesterol in the blood. Not
all saturated fats have the same cholesterol-raising effect, however. Most notable
among the saturated fatty acids that raise blood cholesterol are lauric, myristic,
and palmitic acids (12, 14, and 16 carbons, respectively). In contrast, stearic acid
(18 carbons) seems to have little or no effect on blood cholesterol. Making such
distinctions may be impractical in diet planning, however, because these satu-
rated fatty acids typically appear together in the same foods. In addition to raising
blood cholesterol, saturated fatty acids contribute to heart disease by promoting
blood clotting. Fats from animal sources (meats, milk, and milk products) are the
main sources of saturated fats in most people’s diets. Selecting lean cuts of meat,
skinless poultry, and fat-free milk products helps lower saturated fat intake and
the risk of heart disease.

Research also suggests an association between dietary trans fats and heart dis-
ease.!® In the body, trans fats alter blood cholesterol the same way some saturated
fats do: they raise LDL cholesterol and lower HDL cholesterol. Limiting the intake
of trans fats can improve blood cholesterol and lower the risks of heart disease and
all-cause mortality.!'” To that end, many restaurants and manufacturers have taken
steps to eliminate or greatly reduce trans fats in foods.'® The decrease in trans fatty
acids in the food supply is apparent in a decrease in plasma concentrations of trans
fatty acids in consumers.!’

Unlike saturated fat and trans fat, dietary cholesterol raises blood choles