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Preface

Numerous discoveries in nutrition science over the past few years have continued to
benefit the field of health care. In revising this ninth edition of Nutrition and Diet Therapy,
we have been pleased at the number of new findings we have been able to incorpo-
rate into these pages. As always, major goals of this textbook are to present both core
nutrition information and guidelines about the prevention of, and care during, illness.
Another mission is to help nutrition students evaluate information and products avail-
able from the media, colleagues, and the marketplace.

As in the previous edition of this book, Chapters 1 through 10 introduce basic con-
cepts in nutrition and explain how sound nutrition supports health. Chapters 11 to 13
apply nutrition principles to individuals during different stages of life, from pregnancy
and birth through old age. The second half of the book addresses the concerns of
individuals who are at risk of illness or have medical conditions that require medical
nutrition therapy. A hallmark of the text is the “Nutrition in Practice” section located
at the end of every chapter: these sections provide coverage of current research topics,
advanced subjects, or specialty areas.

Changes for This Edition

Each chapter of this book is based on current nutrition knowledge and the latest clini-
cal practice guidelines, and features new learning objectives for each major section.
Some major content changes in this edition include the following:

Chapter 1 Introduced the new MyPlate figure and discussion, added definitions of
solid fats, added sugars, and nutrient profiling, added a brief discussion of nutrient
profiling, included a new discussion of portion sizes, added a discussion and new
figure of the proposed updated Nutrition Facts panel on food labels, added new
figures of Facts Up Front and label claims, and added the definition of registered
dietitian nutritionist in the Nutrition in Practice.

Chapter 2 Added a new figure showing glycogen and starch molecules and their
branching, reorganized and enhanced the discussion of blood glucose regulation,
reorganized the section “Health Effects of Sugars and Alternative Sweeteners,” added
a discussion of sugar and heart disease, placed new emphasis on the term nonnutritive
sweeteners rather than artificial sweeteners as per the Academy of Nutrition and Dietet-
ics, added a new How To box: “How to Reduce Added Sugar Intake,” updated and
reorganized the table of nonnutritive sweeteners, and added a little more information
about glycemic load in the Nutrition in Practice.

Chapter 3 Added brief discussion and definition of conjugated linoleic acid,
increased the emphasis on and explanation of solid fats, added a table of solid fats on
food labels, and added a new figure about replacing saturated fat with unsaturated fat
in the Nutrition in Practice.
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Chapter 4 Enhanced the discussion of proteins as antibodies, reorganized the section
on protein deficiency, introduced and defined the WHO term severe acute malnutrition
and defined chronic malnutrition, added a table comparing severe acute malnutrition
and chronic malnutrition, and enhanced the glossary of terms to describe vegetarian
diets.

Chapter 5 Added the Food Safety Modernization Act to the discussion in the Nutri-
tion in Practice and reorganized and shortened the foodborne illness table to include
the pathogens that cause most foodborne illnesses.

Chapter 6 Deleted a margin note about the “3500-kcal rule” and downplayed its
exactness in the text with references, included information from the American Heart
Association/American College of Cardiology Guidelines for the Management of
Overweight and Obesity in Adults, and added information about and a definition
of RED-S (relative energy deficiency in sport) from the International Olympic
Committee to replace the female athlete triad.

Chapter 7 Introduced and defined screen time, food deserts, satiation, and satiety,
added a new section on “Neighborhood Obstacles to Physical Activity and Healthy
Foods,” streamlined the obesity drug discussion and simplified and updated FDA-
approved obesity drugs information, separated and enhanced tables of weight-loss and
weight-gain strategies, addressed new thinking and research about the “3500-kcalorie
rule,” enhanced and updated the table “Popular Diets Compared,” added a new table
called “Tips for Identifying Fad Diets and Weight-Loss Scams,” and added a brief
discussion of protein and kcalorie restriction.

Chapter 8 Added a new table comparing fat-soluble and water-soluble vitamins,
updated figures of good sources of vitamins (A, folate, and C) using current USDA
nutrient data, added definitions of vitamin D, and D,, added a brief note about toco-
trienols in the vitamin E discussion, and added a new table in the Nutrition in Practice
providing tips for consuming phytochemicals.

Chapter 9 Added a new table, “Top Contributors of Sodium in the Diet,” added a sec-
tion on potassium and hypertension, added more food sources of calcium, added informa-
tion on magnesium and disease, added information on iron excess and oxidative stress,
and added information on and a definition of hepcidin, the iron-regulating hormone.

Chapter 10 Reorganized and rewrote parts of the beginning of the chapter, added
new tables comparing intensities of physical activity and symptoms of heat stroke and
hypothermia, updated the hydration table, rewrote and reorganized the Nutrition in
Practice, and added a discussion of beta-alanine to the Nutrition in Practice.

Chapter 11 Added a new table on the benefits of breastfeeding and personalized the
table of strategies for successful breastfeeding.

Chapter 12 Added new tables listing protective factors in breast milk and provid-
ing tips for picky eaters, enhanced the table of food skills for preschoolers, added
a figure to highlight MyPlate resources for children, included new National School
Lunch/Breakfast requirements, added a table of new USDA standards for foods and
beverages sold in schools, added a new table of physical activities for children and
adolescents, and modified and simplified the feature “How to Protect against Lead
Toxicity.”

Chapter 13 Added a new table comparing signs of Alzheimer’s and typical age-
related changes, defined health care communities as per the Academy of Nutrition
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and Dietetics, added a brief discussion of the obesity/food insecurity paradox in the
Nutrition in Practice, and enhanced the feature about thrifty meal planning, “How to
Stretch Food Dollars and Reduce Waste.”

Chapter 14 Reorganized the table on information included in a nutrition screening,
included a discussion of the multiple-pass method for conducting a 24-hour dietary
recall interview, added a paragraph about C-reactive protein in the section on bio-
chemical analyses, revised the SOAP note figure, and updated names for diets in the
“Modified Diets” section to more closely match current dietetics terminology.

Chapter 15 Modified the paragraph on isoniazid and vitamin B in the “Diet-Drug
Interactions” section, modified several paragraphs about the effectiveness and safety
of herbal supplements, and modified and expanded the table listing examples of herb-
drug interactions.

Chapter 16 Introduced oral supplements in the beginning of the chapter, reorga-
nized the middle two sections of the chapter so that the discussion of tube feeding
candidates and tube feeding routes precedes the section on enteral formulas, added
new photos of a current feeding tube and transnasal tube placement in an adult, sim-
plified the presentation of tube feeding initiation and advancement, introduced the
term cyclic feedings in the section on formula delivery methods, revised the section on
fluids and electrolytes in parenteral solutions, clarified the difference between con-
tinuous and cyclic parenteral nutrition, shortened the section on discontinuing paren-
teral nutrition, and expanded the section on hyperglycemia in parenteral nutrition. In
the Nutrition in Practice on inborn errors, revised the introductory paragraph about
PKU, added a photo showing phenylalanine-free formula, and updated the medical
foods and treatments used in phenylketonuria.

Chapter 17 Modified the table of suggestions for managing dry mouth, expanded
the discussion about food thickeners, updated the box that describes ways to improve
acceptance of mechanically altered foods, updated the diet-drug interactions box, and
modified the discussions on dumping syndrome and bariatric surgery. In the Nutri-
tion in Practice about oral health, modified several sections and added a table listing
suggestions for preventing oral diseases.

Chapter 18 Revised some paragraphs in the sections on inflammatory bowel dis-
eases, irritable bowel syndrome, and diverticular disease of the colon; and updated
the diet-drug interactions box.

Chapter 19 Replaced the Schilling test with the xylose absorption test in the sec-
tion on evaluating malabsorption; revised some material in the sections on acute and
chronic pancreatitis, cystic fibrosis, celiac disease, and short bowel syndrome; and
updated the diet-drug interactions box.

Chapter 20 Revised the introduction to fatty liver and the descriptions of the dif-
ferent types of hepatitis viruses, modified several sections on cirrhosis complications
and the table on stages of hepatic encephalopathy, revised the sections on the medical
treatment and nutrition therapy for cirrhosis, introduced the transjugular intrahepatic
portosystemic shunt and eliminated the peritoneovenous shunt in the discussion about as-
cites treatment, modified the section about risk factors for gallstone disease, and up-
dated the diet-drug interactions box.

Chapter 21 Updated statistics throughout the chapter; expanded paragraphs on
prediabetes, long-term glycemic control, and diabetic pregnancy; added a note about

the types of insulin used in the Diabetes Control and Complications Trial; updated

PREFACE

Copyright 2016 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.



XV1

sections on nutrition therapy according to newly released nutrition guidelines from
the American Diabetes Association; reorganized the discussion about body weight
concerns by moving the topic of weight gain in type 1 diabetes to the insulin ther-
apy section and the topic on weight loss for type 2 diabetes to the nutrition therapy
section; expanded the table on antidiabetic drugs; updated the diet-drug interac-
tions box; and updated several sections in the Nutrition in Practice on metabolic
syndrome.

Chapter 22 Reorganized the chapter introduction; revised several paragraphs on
the causes of atherosclerosis; expanded and modified the discussions of CHD risk
assessment and lifestyle management, including recent (2013) guidelines from the
American Heart Association and American College of Cardiology; added a new dis-
cussion about cholesterol and egg intakes; modified the introduction to hypertension
and some sections on the risk factors and treatment of hypertension, including recent
guidelines by the Eighth Joint National Committee (JNC 8) released in 2013; and
updated the diet-drug interactions box.

Chapter 23 Modified sections related to the nephrotic syndrome, updated the sec-
tion on nutrition therapy for acute kidney injury, updated the section on the evalua-
tion of chronic kidney disease to reflect new clinical practice guidelines, clarified and
updated some sections related to the nutrition therapy for chronic kidney disease to
reflect current recommendations, modified the section on prevention of calcium oxa-
late stones, updated the table on food sources of oxalates, and updated the diet-drug
interactions box.

Chapter 24 Modified the discussion about the systemic effects of inflammation,
updated the discussion about the clinical effects of altering omega-6 and omega-3
fatty acid intakes based on recent analyses, revised the section about estimating
energy needs during acute stress, added the concept of hypocaloric feedings for obese
critical care patients, changed the table on using disease-specific stress factors for
estimating energy needs to a “How to” box, and updated the diet-drug interactions
box with current drug treatments for COPD.

Chapter 25 Rearranged the sections related to the consequences of cancer,
introduced the term oral mucositis, modified the section on hematopoietic stem
cell transplantation and introduced the term graft-versus-host disease, revised the
paragraph about protein and energy intakes for cancer patients, modified the
introductory paragraphs in the HIV/AIDS section, rearranged and revised some
sections related to the consequences of HIV infection, revised some sections
related to the nutrition therapy for HIV infection, and updated the diet-drug inter-
actions box.

Features of this Text

Throughout the book, the readable text and pedagogic features should help to facili-
tate students’ understanding and retention of the material. For example, definitions
of key terms appear in the margins. “How to”’ skill boxes help readers work through
calculations or give practical suggestions for applying nutrition information. Learning
objectives (new for this edition) and “In Summary” statements at the beginning and
end of each major chapter section help students assimilate the material and assess
reading comprehension.

Study tools include the “Self Check” at the end of each chapter, which helps read-
ers test their understanding of the chapter material. “Your Diet” exercises ask students
to apply nutrition information from each chapter to their own diets. Case studies in
the later chapters challenge readers to apply chapter information to clinical situations.
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“Clinical Applications” provide practice with mathematical calculations and help stu-
dents understand the impact of nutrition-related issues on health care professionals and
their clients.

“Nutrition Assessment Checklists” summarize assessment parameters relevant
to different stages of the life cycle or groups of disorders. “Diet-Drug Interaction”
boxes point out interactions relevant to the medications described in each chapter.
The appendixes include a wealth of information on the contents of foods and enteral
formulas, U.S. nutrient intake recommendations and the exchange system, Canadian
guidelines and food guides, physical activity and energy requirements, additional
information about nutrition assessment, and aids to calculations.

We hope that as you discover the many fascinating aspects of nutrition, you
will enthusiastically apply the concepts in both your professional and your per-
sonal life. To access additional course materials including Course Mate, please
visit www.cengagebrain.com. At the CengageBrain.com home page, search for
the ISBN of your title (from the back cover of your book) using the search box at
the top of the page. This will take you to the product page where these resources
can be found.

Ancillaries

CourseMate helps you make the grade. It includes an interactive eBook with
highlighting, note taking, and search capabilities; interactive learning tools includ-
ing quizzes, flash cards, and videos; and more! Go to cengagebrain.com to access
these resources.

A test bank is available through Cengage Learning Testing Powered by Cognero,
a flexible online system that allows instructors to author, edit, and manage test
bank content from multiple Cengage Learning solutions; create multiple test ver-
sions in an instant; and deliver tests from an LMS, a classroom, or wherever the
instructor wants.

The password-protected Instructor Companion Site offers everything an instructor
needs for the course in one place! This collection of book-specific lecture and class
tools is available online via www.cengage.com/login. Access and download Power-
Point presentations, images, an instructor’s manual, videos, and more.
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1.1 Food Choices

LO 1.1 Describe how various factors influence
personal food choices.

1.2 The Nutrients

LO 1.2 Name the six major classes of nutrients and
identify which are organic and which yield energy.

1.3 Nutrient Recommendations

LO 1.3 Define the four categories of the DRI, the
Estimated Energy Requirement (EER), and the
Acceptable Macronutrient Distribution Ranges
(AMDR), and explain their purposes.

1.4 National Nutrition Surveys

LO 1.4 Describe the kinds of information researchers
collect from nutrition surveys and explain how the
information is used.
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1.5 Dietary Guidelines and Food
Guides

LO 1.5 Explain how each of the dietary ideals can
be used to plan a healthy diet, and how the Dietary
Guidelines and USDA Food Patterns help make diet
planning easier.

1.6 Food Labels

LO 1.6 Compare the information on food labels
to make selections that meet specific dietary and
health goals.

1.7 Nutrition in Practice: Finding the
Truth about Nutrition

LO 1.7 Recognize misinformation and describe how to
identify reliable nutrition information.




Every day, several times a day, you make choices that will either
improve your health or harm it. Each choice may influence your health
only a little, but when these choices are repeated over years and decades,
their effects become significant.

The choices people make each day affect not only their physical health
but also their wellness—all the characteristics that make a person strong,
confident, and able to function well with family, friends, and others. Peo-
ple who consistently make poor lifestyle choices on a daily basis increase
their risks of developing diseases. Figure 1-1 shows how a person’s health

health: a range of states with can fall anywhere along a continuum, from maximum wellness on the
physical, mental, emotional, spiri- one end to total failure to function (death) on the other.
tual, and social components. At a As health care professionals, when you take responsibility for your
minimum, health means freedom : : : s s :

oo : own health by making daily choices and practicing behaviors that en-
from physical disease, mental distur- . <
bances, emotional distress, spiritual hance your well-being, you prepare yourself physically, mentally, and
discontent, social maladjustment, emotionally to meet the demands of your profession. As health care pro-
and other negative states. At a fessionals, however, you have a responsibility to your clients as well as to

imum, health liness. : > :
e e yourselves.* You have unique opportunities to make your clients aware of

wellness: maximum well-being; the benefits of positive health choices and behaviors, to show them how

the top range of health states; the

goal of the person who strives to- to change their behaviors and make daily choices to enhance their own
ward realizing his or her full poten- health, and to serve as role models for those behaviors.
tial physically, mentally, emotionally, This text focuses on how nutrition choices affect health and disease.

spiitually, and socially. The early chapters introduce the basics of nutrition to promote good

*Health care professionals generally use either client or patient when referring to an individual under
their care. The first 13 chapters of this text emphasize the nutrition concerns of people in good health;
therefore, the term client is used in these chapters.

Wellness—
optimal physical,
mental, emotional,
spiritual, and social health

Person takes responsibility Superior
for all health areas and level of
meets all needs. health

. Good Person
Most people function level of covers most
near here—they meet health needs well
. needs at a minimum to but some ,
Persqn is prevent symptoms. areas lack
physically, i
P ontal ' attention.
emotionally, Pe“SF’F‘ relies on Bl
spiritually, medicine to level of
or socially treat symptoms; health

needs are not
met.

nonfunctional.

Marginal
level of
health

Death
from
disease

Person meets needs only to
reverse symptoms as they appear.
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FIGURE 1-1 The Health Line
No matter how well you maintain your health today, you may still be able to improve tomorrow.
Likewise, a person who is well today can slip by failing to maintain health-promoting habits.

2 CHAPTER ONE
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health and reduce disease risks. The later chapters emphasize medical
nutrition therapy and its role in supporting health and treating diseases
and symptoms.

1.1 Food Choices

LO 1.1 Describe how various factors influence personal food choices.

Sound nutrition throughout life does not ensure good health and long life, but it
can certainly help to tip the balance in their favor. Nevertheless, most people choose
foods for reasons other than their nourishing value. Even people who claim to choose
foods primarily for the sake of health or nutrition will admit that other factors also
influence their food choices. Because food choices become an integral part of their
lifestyles, people sometimes find it difficult to change their eating habits. Health care
professionals who help clients make diet changes must understand the dynamics of
food choices, because people will alter their eating habits only if their preferences are
honored. Developing cultural competence is an important aspect of honoring indi-
vidual preferences, especially for health care professionals who help clients to achieve
a nutritious diet.!

Preference Why do peoplelike certain foods? One reason, of course, is their preference
for certain tastes. Some tastes are widely liked, such as the sweetness of sugar and the
savoriness of salt.? Research suggests that genetics influence people’s taste preferences,
a finding that may eventually have implications for clinical nutrition.? For example,
sensitivity to bitter taste is an inheritable trait. People born with great sensitivity to
bitter tastes tend to avoid foods with bitter flavors such as broccoli, cabbage, brussels
sprouts, spinach, and grapefruit juice. These foods, as well as many other fruits and
vegetables, contain bioactive food components—phytochemicals and nutrients—that
may reduce the risk of cancer. Thus, the role that genetics may play in food selection
is gaining importance in cancer research.? Nutrition in Practice 8 addresses phyto-
chemicals and their role in disease prevention.

Habit Sometimes habit dictates people’s food choices. People eat a sandwich for
lunch or drink orange juice at breakfast simply because they have always done so.

Associations People also like foods with happy associations—foods eaten in the
midst of warm family gatherings on traditional holidays or given to them as children by
someone who loved them. By the same token, people can attach intense and unalterable
dislikes to foods that they ate when they were sick or that were forced on them when
they weren’t hungry.

Ethnic Heritage and Regional Cuisines Every country, and every region of
a country, has its own typical foods and ways of combining them into meals. The
foodways of North America reflect the many different cultural and ethnic back-
grounds of its inhabitants. Many foods with foreign origins are familiar items on
North American menus: tacos, egg rolls, lasagna, sushi, and gyros, to name a few.
Still others, such as spaghetti and croissants, are almost staples in the “Ameri-
can diet.” North American regional cuisines like Cajun and TexMex blend the
traditions of several cultures. Table 1-1 (p. 4) presents selected ethnic diets and
food choices.

Values Food choices may reflect people’s environmental ethics, religious beliefs, and
political views. By choosing to eat some foods or to avoid others, people make state-
ments that reflect their values. For example, people may select only foods that come
in containers that can be reused or recycled. A concerned consumer may boycott
fruit or vegetables picked by migrant workers who have been exploited. People may

OVERVIEW OF NUTRITION AND HEALTH

Nutrition is only one of the many
factors that influence people’s food
choices.

nutrition: the science of foods and
the nutrients and other substances
they contain, and of their ingestion,
digestion, absorption, transport,
metabolism, interaction, storage,
and excretion. A broader definition
includes the study of the environ-
ment and of human behavior as it
relates to these processes.

cultural competence: an aware-
ness and acceptance of one’s own
and others’ cultures, combined with
the skills needed to interact effec-
tively with people of diverse cultures.

bioactive food components:
compounds in foods (either
nutrients or phytochemicals) that
alter physiological processes in

the body.

phytochemicals (FIGH-toe-
CHEM:-ih-cals): compounds in plants
that confer color, taste, and other
characteristics. Some phytochemicals
are bioactive food components in
functional foods. Nutrition in
Practice 8 provides details.

foodways: the eating habits and
culinary practices of a people,
region, or historical period.
ethnic diets: foodways and
cuisines typical of national origins,
races, cultural heritages, or
geographic locations.
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TABLE 1-1 Selected Ethnic Cuisines and Food Choices

Grains Vegetables
Millet, rice, Amaranth, baby
rice or wheat corn, bamboo
noodles shoots, bok choy,

cabbages, mung
bean sprouts,
scallions, seaweed,
snow peas, straw
mushrooms, water

Becky Luigart-Stayner/

CORBIS

Cucumbers,

eggplant, grape
leaves, onions,

Bulgur, couscous,
focaccia, Italian
bread, pastas,

chestnuts, wild yam

Fruits

Kumquats, loquats,
lychee, mandarin
oranges, melons,
pears, persimmon,
plums

Dates, figs, grapes,
lemons, melons,
olives, raisins

Protein Foods

Pork, poultry, fish
and other seafood,
squid, soybeans,
tofu, duck eggs,
cashews, peanuts

Beef, gyros, lamb,
pork, sausage,
chicken, fish and

Milk
Soy milk

Feta, goat,
mozzarella,
parmesan,

Ethnic meals and family gatherings nourish the spirit as well as
the body.

4
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pita pocket peppers, tomatoes other seafood, provolone, and
bread, polenta, fava beans, lentils, ricotta cheeses;
rice almonds, walnuts yogurt

2 Taco shells, Cactus, cassava, Avocado, bananas,  Beef, chorizo, Cheese, flan

§“ tortillas (corn or  chayote, chilies, guava, lemons, chicken, fish, (caramel custard)

§ flour), rice corn, jicama, limes, mango, refried beans, eggs

§ onions, tomatoes, oranges, papaya,

§ tomato salsa, yams  plantain

buy vegetables from local farmers to save the fuel and environmental costs of foods
shipped from far away. Labels on some foods carry statements or symbols—known as
ecolabels—that imply that the foods have been produced in ways that are considered
environmentally favorable.

Religion also influences many people’s food choices. Jewish law sets forth an
extensive set of dietary rules. Many Christians forgo meat on Fridays during Lent,
the period prior to Easter. In Islamic dietary laws, permitted or lawful foods are
called falal. Other faiths prohibit some dietary practices and promote others. Diet
planners can foster sound nutrition practices only if they respect and honor each
person’s values.

Social Interaction Social interaction is another powerful influence on people’s
food choices. Meals are social events, and the sharing of food is part of hospital-
ity. It is often considered rude to refuse food or drink being shared by a group or
offered by a host. Food brings people together for many
different reasons: to celebrate a holiday or special event,
to renew an old friendship, to make new friends, to con-
duct business, and many more. Sometimes food is used
to influence or impress someone. For example, a business
executive invites a prospective new client out to dinner
in hopes of edging out the competition. In each case, for
whatever the purpose, food plays an integral part of the
social interaction.

Emotional State Emotions guide food choices and eat-
ing 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 depressed person may
choose to eat rather than to call a friend. A person who has
returned home from an exciting evening out may unwind
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with a late-night snack. Eating in response to emotions can easily lead to overeating
and obesity but may be appropriate at times. For example, sharing 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.

Availability, Convenience, and Economy The influence of these factors on
people’s food selections is clear. You cannot eat foods if they are not available, if
you cannot get to the grocery store, if you do not have the time or skill to prepare
them, or if you cannot afford them. Consumers who value convenience frequently eat
out, bring home ready-to-eat meals, cook meals ahead at storefront meal preparation
sites, or have food delivered. 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.

Rising food costs have shifted some consumers’ priorities and changed their shop-
ping habits.® They are less likely to buy higher-priced convenience foods and more
likely to prepare home-cooked meals. Those who frequently prepare their own meals
eat fast food less often and are more likely to meet dietary guidelines for fat, calcium,
fruits, vegetables, and whole grains. It is not surprising that, when eating out, con-
sumers choose low-cost fast-food outlets over more expensive fine-dining restaurants.
Foods eaten away from home, especially fast-food meals, tend to be high in kcalories,
sodium, total fat, saturated fat, and trans fat—which can contribute to a variety of
health problems.’

Some people have jobs that keep them away from home for days at a time, require
them to conduct business in restaurants or at conventions, or involve hectic schedules
that allow little or no time for meals at home. For these people, the kinds of restau-
rants available to them and the cost of eating out so often may limit food choices.

Age Age influences people’s food choices. Infants, for example, depend on others
to choose foods for them. Older children also rely on others but become more active
in selecting foods that taste sweet and are familiar to them and rejecting those whose
taste or texture they dislike. In contrast, the links between taste preferences and food
choices in adults are less direct than in children. Adults often choose foods based
on health concerns such as body weight. Indeed, adults may avoid sweet or familiar
foods because of such concerns.

Body Weight and Image Sometimes people select certain foods and supplements
that they believe will improve their physical appearance and avoid those they believe
might be detrimental. Such decisions can be beneficial when based on sound nutrition
and fitness knowledge but may undermine good health when based on fads or carried
to extremes. Eating disorders are the topic of Nutrition in Practice 6.

Medical Conditions Sometimes medical conditions and their treatments (including
medications) limit the foods a person can select. For example, a person with heart dis-
ease might need to adopt a diet low in certain types of fats. The chemotherapy needed
to treat cancer can interfere with a person’s appetite or limit food choices by causing
vomiting. Allergy to certain foods can also limit choices. The second half of this text
discusses how diet can be modified to accommodate different medical conditions.

Health and Nutrition Finally, of course, many consumers make food choices they
believe will improve their health.® Food manufacturers and restaurant chefs have
responded to scientific findings linking health with nutrition by offering an abun-
dant selection of health-promoting foods and beverages. Foods that provide health
benefits beyond their nutrient contributions are called functional foods.”® Whole
foods—as natural and familiar as oatmeal or tomatoes—are the simplest functional
foods. In other cases, foods have been modified through fortification, enrichment, or
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functional foods: whole, forti-
fied, enriched, or enhanced foods
that have a potentially beneficial
effect on health when consumed
as part of a varied diet on a regular
basis at effective levels.
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nutrients: substances obtained
from food and used in the body

to provide energy and structural
materials and to serve as regulating
agents to promote growth, mainte-
nance, and repair. Nutrients may also
reduce the risks of some diseases.
essential nutrients: nutrients a
person must obtain from food be-
cause the body cannot make them
for itself in sufficient quantities to
meet physiological needs.
organic: in chemistry, substances
or molecules containing carbon-
carbon bonds or carbon-hydrogen
bonds. The four organic nutrients
are carbohydrate, fat, protein, and
vitamins.

enhancement. Examples of these functional foods include orange juice fortified with
calcium to build strong bones, bread enriched with folate to promote normal fetal
development, and margarine enhanced with a plant sterol to lower blood cholesterol.
Nutrition in Practice 8 offers more discussion of functional foods.

Consumers typically welcome new foods into their diets, provided that these
foods are reasonably priced, clearly labeled, easy to find in the grocery store, and
convenient to prepare. These foods must also taste gopod—as good as the traditional
choices. Of course, a person need not eat any “special” foods to enjoy a healthy
diet; many “regular” foods provide numerous health benefits as well. In fact, foods
such as whole grains; vegetables and legumes; fruits; meats, seafood, poultry, eggs,
nuts, and seeds; and low-fat milk products are among the healthiest choices a person
can make.

IN SUMMARY

I A person selects foods for many different reasons.

I Food choices influence health—both positively and negatively. 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.

I In the interest of health, people are wise to think “nutrition” when making their
food choices.

1.2 The Nutrients

LO 1.2 Name the six major classes of nutrients and identify which are organic
and which yield energy.

You are a collection of molecules that move. All these moving parts are arranged in
patterns of extraordinary complexity and order—cells, tissues, and organs. Although
the arrangement remains constant, the parts are continually changing, using nutrients
and energy derived from nutrients.

Almost any food you eat is composed of dozens or even hundreds of different
kinds of materials. Spinach, for example, is composed mostly of water (95 percent),
and most of its solid materials are the compounds carbohydrates, fats (properly called
lipids), and proteins. If you could remove these materials, you would find a tiny quan-
tity of minerals, vitamins, and other compounds.

Six Classes of Nutrients

Water, carbohydrates, fats, proteins, vitamins, and minerals are the six classes of nu-
trients commonly found in spinach and other foods. Some of the other materials in
foods, such as the pigments and other phytochemicals, are not nutrients but may still
be important to health. The body can make some nutrients for itself, at least in limited
quantities, but it cannot make them all, and it makes some in insufficient quantities
to meet its needs. Therefore, the body must obtain many nutrients from foods. The
nutrients that foods must supply are called essential nutrients.

Carbohydrates, Fats, and Proteins Four of the six classes of nutrients (carbohy-
drates, fats, proteins, and vitamins) contain carbon, which is found in all living things.
They are therefore organic (meaning, literally, “alive”).t During metabolism, three of

TNote 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,).
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these four (carbohydrates, fats, and proteins) provide energy the body can use.* These
energy-yielding nutrients continually replenish the energy you spend daily.

Vitamins, Minerals, and Water Vitamins are organic but do not provide energy to
the body. They facilitate the release of energy from the three energy-yielding nutrients.
In contrast, minerals and water are inorganic nutrients. Minerals yield no energy in
the human body, but, like vitamins, they help to regulate the release of energy, among
their many other roles. As for water, it is the medium in which all of the body’s pro-
cesses take place.

kCalories: A Measure of Energy

The amount of energy that carbohydrates, fats, and proteins release can be measured
in calories—tiny units of energy so small that a single apple provides tens of thou-
sands of them. To ease calculations, energy is expressed in 1000-calorie metric units
known as kilocalories (shortened to kcalories, but commonly called “calories”).
When you read in popular books or magazines that an apple provides “100 calories,”
understand that it means 100 kcalories. This book uses the term kcalorie and its
abbreviation kcal throughout, as do other scientific books and journals.? kCalories
are not constituents of foods; they are a measure of the energy foods provide.
The energy a food provides depends on how much carbohydrate, fat, and protein the
food contains.

Carbohydrate yields 4 kcalories of energy from each gram, and so does protein.
Fat yields 9 kcalories per gram. Thus, fat has a greater energy density than either
carbohydrate or protein. Chapter 7 revisits energy density with regard to weight
management. If you know how many grams of each nutrient a food contains, you
can derive the number of kcalories potentially available from the food. Simply mul-
tiply the carbohydrate grams times 4, the protein grams times 4, and the fat grams
times 9, and add the results together (Box 1-1 on p. 8 describes how to calculate the
energy a food provides).

Energy Nutrients in Foods Most foods contain mixtures of all three energy-yield-
ing nutrients, although foods are sometimes classified by their predominant nutrient.
To speak of meat as “a protein” or of bread as “a carbohydrate,” however, is inaccu-
rate. Each is rich in a particular nutrient, but a protein-rich food such as beef contains
a lot of fat along with the protein, and a carbohydrate-rich food such as cornbread
also contains fat (corn oil) and protein. Only a few foods are exceptions to this rule,
the common ones being sugar (which is pure carbohydrate) and oil (which is pure fat).

Energy Storage in the Body The body first uses the energy-yielding nutrients to
build new compounds and fuel metabolic and physical activities. Excesses are then
rearranged into storage compounds, primarily body fat, and put away for later use.
Thus, if you take in more energy than you expend, whether from carbohydrate, fat,
or protein, the result is an increase in energy stores and weight gain. Similarly, if
you take in less energy than you expend, the result is a decrease in energy stores and
weight loss.

Alcohol, Not a Nutrient One other substance contributes energy: alcohol. The
body derives energy from alcohol at the rate of 7 kcalories per gram. Alcohol is not
a nutrient, however, because it cannot support the body’s growth, maintenance, or
repair. Nutrition in Practice 20 discusses alcohol’s effects on nutrition.

tMetabolism is the set of processes by which nutrients are rearranged into body structures or broken
down to yield energy.

$Food energy can also be measured in kilojoules (kJ). The kilojoule is the international unit of energy.
One kcalorie equals 4.2 kJ.
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energy-yielding nutrients: the
nutrients that break down to yield
energy the body can use. The

three energy-yielding nutrients are
carbohydrate, protein, and fat.
inorganic: not containing carbon
or pertaining to living organisms.
The two classes of nutrients that are
inorganic are minerals and water.
calories: a measure of heat
energy. Food energy is measured in
kilocalories (1000 calories equal

1 kilocalorie), abbreviated kcalories
or kcal. 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.

energy density: a measure of
the energy a food provides relative
to the amount of food (kcalories
per gram).
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HOWTO BOX 1-1 CALCULATE THE ENERGY A FOOD PROVIDES

To calculate the energy available from a food, multiply the To determine the percentage of kcalories from fat, for example,
number of grams of carbohydrate, protein, and fat by 4, 4, divide the 81 fat kcalories by the total 173 kcalories:
and 9, respectively. Then add the results together. For example, 81 fat kcal + 173 total kcal = 0.468 (rounded to 0.47)

one slice of bread with 1 tablespoon of peanut butter on it

Then multiply by 100 to get the percentage:

contains 16 grams of carbohydrate, 7 grams of protein, and

9 grams of fat:

16 g carbohydrate X 4 kcal/g = 64 kcal
7 g protein X 4 kcal/g = 28 kcal
9 g fat X 9 kcal/g = 81 kcal

0.47 X 100 = 47%

Dietary recommendations that urge people to limit fat intake to
20 to 35 percent of kcalories refer to the day’s total energy in-
take, not to individual foods. Still, if the proportion of fat in each
food choice throughout a day exceeds 35 percent of kcalories,
then the day’s total surely will, too. Knowing that this snack pro-

Total = 173 kcal

From this information, you can calculate the percentage of vides 47 percent of its kcalories from fat alerts a person to the
kcalories each of the energy nutrients contributes to the total. need to make lower-fat selections at other times that day.

Dietary Reference Intakes (DRI):

a set of values for the dietary nutri-
ent intakes of healthy people in the
United States and Canada. These
values are used for planning and
assessing diets.
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IN SUMMARY

I Foods provide nutrients—substances that support the growth, maintenance, and
repair of the body’s tissues.

I The six classes of nutrients are water, carbohydrates, fats, proteins, vitamins, and
minerals.

I Vitamins, minerals, and water do not yield energy; instead they facilitate a variety
of activities in the body.

I Foods rich in the energy-yielding nutrients (carbohydrates, fats, and proteins)
provide the major materials for building the body’s tissues and yield energy the
body can use or store.

I Energy is measured in kcalories.

1.3 Nutrient Recommendations

LO 1.3 Define the four categories of the DRI, the Estimated Energy Requirement
(EER), and the Acceptable Macronutrient Distribution Ranges (AMDR), and explain
their purposes.

Nutrient recommendations are used as standards to evaluate healthy people’s energy
and nutrient intakes. Nutrition experts use the recommendations to assess nutrient
intakes and to guide people on amounts to consume. Individuals can use them to
decide how much of a nutrient they need to consume.

Dietary Reference Intakes

Defining the amounts of energy, nutrients, and other dietary components that best
support health is a huge task. Nutrition experts have produced a set of standards that
define the amounts of energy, nutrients, other dietary components, and physical activ-
ity that best support health. These recommendations are called Dietary Reference
Intakes (DRI) and reflect the collaborative efforts of scientists in both the United
States and Canada.*!° The inside front covers of this book present the DRI values.

*The DRI reports are produced by the Food and Nutrition Board, Institute of Medicine of the National
Academies, with active involvement of scientists from Canada.
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(A set of nutrient recommendations developed by the World Health Organi-
zation for international use is presented in Appendix B.)

Setting Nutrient Recommendations: RDA and AI One advantage of
the DRI is that they apply to the diets of individuals. The DRI committee
offers two sets of values to be used as nutrient intake goals by individuals:
a set called the Recommended Dietary Allowances (RDA) and a set called
Adequate Intakes (AI).

Based on solid experimental evidence and other reliable observations, the

Number of people

Nutrients
EAR® RDA

RDA are the foundation of the DRI. The Al values are based on less extensive
scientific findings and rely more heavily on scientific judgment. The commit- 20
tee establishes an Al value whenever scientific evidence is insufficient to gen-
erate an RDA. To see which nutrients have an AI and which have an RDA,
turn to the inside front cover.

In the last several decades, abundant new research has linked nutrients in
the diet with the promotion of health and the prevention of chronic diseases.
An advantage of the DRI is that, where appropriate, they take into account
disease prevention as well as an adequate nutrient intake. For example, the
RDA for calcium is based on intakes thought to reduce the likelihood of
osteoporosis-related fractures later in life.

To ensure that the vitamin and mineral recommendations meet the needs of as many
people as possible, the recommendations are set near the top end of the range of the
population’s estimated average requirements (see Figure 1-2). Small amounts above the
daily requirement do no harm, whereas amounts below the requirement may lead to
health problems. When people’s intakes are consistently deficient, their nutrient stores
decline, and over time this decline leads to deficiency symptoms and poor health.

Facilitating Nutrition Research and Policy: EAR In addition to the RDA and
AlI, the DRI committee has established another set of values: Estimated Average
Requirements (EAR). These values establish average requirements for given life stage
and gender groups that researchers and nutrition policymakers use in their work.
Nutrition scientists may use the EAR as standards in research. Public health officials
may use them to assess nutrient intakes of populations and make recommendations.
The EAR values form the scientific basis on which the RDA are set.

Establishing Safety Guidelines: UL The DRI committee also establishes upper
limits of intake for nutrients posing a hazard when consumed in excess. These values,
the Tolerable Upper Intake Levels (UL), are indispensable to consumers who take
supplements. Consumers need to know how much of a nutrient is too much. The UL
are also of value to public health officials who set allowances for nutrients that are
added to foods and water. The UL values are listed on the inside front cover.

Using Nutrient Recommendations Each of the four 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 help to keep nutrient intakes below the amounts that increase the risk of toxic-
ity. With these understandings, professionals can use the DRI for a variety of purposes.

In addition to understanding the unique purposes of the DRI, it is important to
keep their uses in perspective. Consider the following:

The values are recommendations for safe intakes, not minimum requirements;
except for energy, they include a generous margin of safety. Figure 1-3 (p. 10)
presents an accurate view of how a person’s nutrient needs fall within a range,
with marginal and danger zones both below and above the range.

The values reflect daily intakes to be achieved on average, over time. They
assume that intakes will vary from day to day, and they are set high enough to
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30 40 50 60 70

© Cengage Learning®

FIGURE 1-2 Nutrient Intake
Recommendations

The nutrient intake recommendations are
set high enough to cover nearly everyone’s
requirements (the boxes represent people).

2Estimated Average Requirement

Recommended Dietary
Allowances (RDA): a set of
values reflecting the average daily
amounts of nutrients considered
adequate to meet the known
nutrient needs of practically all
healthy people in a particular life
stage and gender group; a goal for
dietary intake by individuals.

Adequate Intakes (Al): a set

of values that are used as guides
for nutrient intakes when scientific
evidence is insufficient to determine
an RDA.

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

deficient: in regard to nutrient
intake, describes the amount below
which almost all healthy people
can be expected, over time, to
experience deficiency symptoms.

Estimated Average Require-
ments (EAR): the average daily
nutrient intake levels estimated to
meet the requirements of half of the
healthy individuals in a given age

and gender group; used in nutrition
research and policymaking and as the
basis on which RDA values are set.

Tolerable Upper Intake Levels
(UL): a set of values reflecting the
highest average daily nutrient intake
levels that are likely to pose no risk
of toxicity to almost all healthy indi-
viduals in a particular life stage and
gender group. As intake increases
above the UL, the potential risk of
adverse health effects increases.
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ensure that body nutrient stores will meet nutrient needs during periods

Dagger of inadequate intakes lasting a day or two for some nutrients and up to
toxicity a month or two for others.
Marginal The values are chosen in reference to specific indicators of nutrient
Tolerable adequacy, such as blood nutrient concentrations, normal growth, and re-
Safety ng:lr Intake duction of certain chronic diseases or other disorders when appropriate,
- rather than prevention of deficiency symptoms alone.
The recommendations are designed to meet the needs of most healthy
RDA or Al people. Medical problems alter nutrient needs, as later chapters describe.
RDA Estimated The recommendations are specific for people of both genders as well
Marginal ~ Average as various ages and stages of life: infants, children, adolescents, men,
Requirement women, pregnant women, and lactating women.
Danger Danger
. g‘;ncy Sgtting Energy Recqmmendations In contrast to the vitamin and
mineral recommendations, the recommendation for energy, called the
Naive Accurate Estimated Energy Requirement (EER), is not generous because excess
view view

FIGURE 1-3 Naive 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 defi-
ciency. 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.

Estimated Energy Requirement
(EER): the dietary energy intake
level that is predicted to maintain
energy balance in a healthy adult of
a defined age, gender, weight, and
physical activity level consistent with
good health.

Acceptable Macronutrient
Distribution Ranges (AMDR):
ranges of intakes for the energy-
yielding nutrients that provide
adequate energy and nutrients and
reduce the risk of chronic disease.
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energy cannot be excreted and is eventually stored as body fat. Rather, the key
to the energy recommendation is balance. For a person who has a body weight,
body composition, and physical activity level consistent with good health, en-
ergy intake from food should match energy expenditure, so the person achieves
energy balance. Enough energy is needed to sustain a healthy, active life, but
too much energy leads to obesity. The EER is therefore set at a level of energy
intake predicted to maintain energy balance in a healthy adult of a defined age,
gender, weight, height, and physical activity level.* Another difference between
the requirements for other nutrients and those for energy is that each person
has an obvious indicator of whether energy intake is inadequate, adequate, or
excessive: body weight. Because any amount of energy in excess of need leads
to weight gain, the DRI committee did not set a Tolerable Upper Intake Level.

Acceptable Macronutrient Distribution Ranges (AMDR)

As noted earlier, the DRI committee considers prevention of chronic disease as
well as nutrient adequacy when establishing recommendations. To that end, the
committee established healthy ranges of intakes for the energy-yielding nutrients—
carbohydrate, fat, and protein—known as Acceptable Macronutrient Distribution
Ranges (AMDR). Each of these three energy-yielding nutrients contributes to a
person’s total energy (kcalorie) intake, and those contributions vary in relation to
each other. The DRI committee has determined that a diet that provides the energy-
yielding nutrients in the following proportions provides adequate energy and
nutrients and reduces the risk of chronic disease:

45 to 65 percent of kcalories from carbohydrate
20 to 35 percent of kcalories from fat

10 to 35 percent of kcalories from protein
IN SUMMARY
I The Dietary Reference Intakes (DRI) are a set of nutrient intake values that can be

used to plan and evaluate dietary intakes for healthy people.

I 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 EER for children, pregnant women, and lactating women includes energy needs associated with
the deposition of tissue or the secretion of milk at rates consistent with good health.
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I The Recommended Dietary Allowance (RDA) is based on the EAR and
establishes a goal for dietary intake that will meet the needs of almost all
healthy people.

I An Adequate Intake (AI) serves a similar purpose as the RDA when an RDA
cannot be determined.

I The Tolerable Upper Intake Level (UL) establishes the highest average daily
nutrient intake level that appears safe for almost all healthy people.

I The Estimated Energy Requirement (EER) defines the energy intake level needed
to maintain energy balance in a healthy adult of a defined age, gender, weight,
height, and physical activity level.

I The Acceptable Macronutrient Distribution Ranges (AMDR) define the
proportions contributed by carbohydrate, fat, and protein to a healthy diet.

1.4 National Nutrition Surveys

LO 1.4 Describe the kinds of information researchers collect from nutrition
surveys and explain how the information is used.

How do nutrition experts know whether people are meeting nutrient recommen-
dations? The Dietary Reference Intakes and other major reports that examine the
relationships between diet and health depend on information collected from nutri-
tion surveys. Researchers use nutrition surveys to learn which foods people are eat-
ing and which supplements they are taking, to assess people’s nutritional health, and
to determine people’s knowledge, attitudes, and behaviors about nutrition and how
these relate to health. The resulting wealth of information can be used for a variety of
purposes. For example, Congress uses this information to establish public policy on nutri-
tion education, assess food assistance programs, and regulate the food supply. The food
industry uses the information to guide decisions in public relations and product develop-
ment. Scientists use the information to establish research priorities. One of the first nutri-
tion surveys, taken before World War II, suggested that up to a third of the U.S. population
might be eating poorly. Programs to correct malnutrition have been evolving ever since.

Coordinating Nutrition Survey Data

The National Nutrition Monitoring program coordinates the many nutrition-related
activities of various federal agencies. All major reports that examine the contribution
of diet and nutrition status to the health of the people of the United States depend on
information collected and coordinated by this national program. A national food and
nutrient intake survey, called What We Eat in America, collects data on the kinds and
amounts of foods people eat. Researchers then calculate the energy and nutrients in the
foods and compare the amounts consumed with standards such as the DRI. What We
Eat in America is conducted as part of a larger research effort, the National Health and
Nutrition Examination Surveys (NHANES), which examine the people themselves using
nutrition assessment methods. The data provide valuable information on several nutrition-
related conditions such as growth retardation, heart disease, and nutrient deficiencies.
These data also provide the basis for developing and monitoring national health goals.

National Health Goals

Healthy People is a program that identifies the nation’s health priorities and guides
policies that promote health and prevent disease. At the start of each decade, the
program sets goals for improving the nation’s health during the following 10 years.

OVERVIEW OF NUTRITION AND HEALTH

malnutrition: any condition
caused by deficient or excess

energy or nutrient intake or by an

imbalance of nutrients.

Healthy People: a national public
health initiative under the jurisdiction
of the U.S. Department of Health and
Human Services (DHHS) that identi-
fies the most significant preventable
threats to health and focuses efforts

toward eliminating them.
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TABLE 1-2 Leading
Causes of Death in the
United States

The diseases in bold italics are
nutrition related.

1. Heart disease
2. Cancers

3. Chronic lung
diseases

4. Strokes
5. Accidents

6. Alzheimer's
disease

7. Diabetes mellitus

8. Pneumonia and influenza
9. Kidney disease

10. Suicide

Source: D.L. Hoyert and J. Xu, Deaths:
Preliminary data for 2011, National Vital
Statistics 61 (2012): 1-52.

overnutrition: overconsumption
of food energy or nutrients suf-
ficient to cause disease or increased
susceptibility to disease; a form of
malnutrition.

undernutrition: underconsump-
tion of food energy or nutrients
severe enough to cause disease or
increased susceptibility to disease; a
form of malnutrition.

chronic diseases: diseases char-
acterized by slow progression, long
duration, and degeneration of body
organs due in part to such personal
lifestyle elements as poor food
choices, smoking, alcohol use, and
lack of physical activity.

eating pattern: customary intake
of foods and beverages over time.
adequacy: the characteristic of a
diet that provides all the essential
nutrients, fiber, and energy neces-
sary to maintain health and body
weight.

balance: the dietary characteristic
of providing foods in proportion to
one another and in proportion to
the body’s needs.

kcalorie (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.

12

Nutrition is one of 38 topic areas of Healthy People 2020, each with numerous objec-
tives (www.healthypeople.gov).

IN SUMMARY

I Nutrition surveys measure people’s food consumption and evaluate the nutrition
status of populations.

I Information gathered from nutrition surveys serves as the basis for many major
diet and nutrition reports, including Healthy People.

1.5 Dietary Guidelines and Food Guides

LO 1.5 Explain how each of the dietary ideals can be used to plan a healthy
diet, and how the Dietary Guidelines and USDA Food Patterns help make diet
planning easier.

Today, government authorities are as concerned about overnutrition as they once were
about undernutrition. Research confirms that dietary excesses, especially of energy, so-
dium, certain fats, and alcohol, contribute to many chronic diseases, including heart
disease, cancer, stroke, diabetes, and liver disease.!! Only two common lifestyle habits
have more influence on health than a person’s choice of diet: smoking and other tobacco
use, and excessive drinking of alcohol. Table 1-2 lists the leading causes of death in the
United States; notice that three of the top four are nutrition related (and related to to-
bacco use). Note, however, that although diet is a powerful influence on these diseases,
they cannot be prevented by a healthy diet alone; genetics, physical activity, age, gender,
and other factors also play a role. Within the range set by genetic inheritance, however,
disease development is strongly influenced by the foods a person chooses to eat.

Sound nutrition does not depend on the selection of any one food. Instead, it
depends on the overall eating pattern—the combination of many different foods and
beverages at numerous meals over days, months, and years.!? So how can health care
professionals help people select foods to create an eating pattern that supplies all the
needed nutrients in amounts consistent with good health? The principle is simple
enough: encourage clients to eat a variety of foods that supply all the nutrients
the body needs. In practice, how do people do this? It helps to keep in mind that a
nutritious diet achieves six basic ideals.

Dietary Ideals

A nutritious diet has the six characteristics listed in Box 1-2. The first, adequacy, was
already addressed in the earlier discussion on the DRI. An adequate diet has enough
energy and enough of every nutrient (as well as fiber) to meet the needs of healthy
people. Second is balance: the food choices do not overemphasize one nutrient or
food type at the expense of another. Balance in the diet helps to ensure adequacy.

The essential minerals calcium and iron 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. Use some meat for iron; use some milk for calcium; and save some
space for other foods, too, because a diet consisting of milk and meat alone would not
be adequate. For other nutrients, people need to consume other protein foods, whole
grains, vegetables, and fruit.

The third characteristic is kcalorie (energy) control: the foods provide the amount
of energy needed to maintain a healthy body weight—not more, not less. The key
to kcalorie control is to select foods that deliver the most nutrients for the least food
energy. This fourth characteristic is known as nutrient density. Nutrient density
promotes adequacy and kcalorie control. Consider foods containing calcium, for

CHAPTER ONE
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example. You can get about 300 milligrams of calcium from either 1% 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 providing kcalories comparable to fat-free milk.)

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 essential nutri-
ents on a limited energy (kcalorie) allowance. Success depends on getting many nutri-
ents for each kcalorie “dollar.” For example, a can of cola and handful of grapes may
both provide about the same number of kcalories, but grapes deliver many more nu-
trients. A person who makes nutrient-dense choices, such as fruit instead of cola, 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 contribu-
tions 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 which
food is more nutritious? Answering that question is a more complex task because we
need to consider several nutrients—those that may harm health and those that may be
beneficial.’* Ranking foods based on their overall nutrient composition is known as
nutrient profiling. Researchers have yet to agree on an ideal way to rate foods based
on the nutrient profile, but when they do, nutrient profiling will be quite useful in
helping consumers identify nutritious foods and plan healthy diets.!

The fifth characteristic of a nutritious diet is moderation. Moderation contributes
to adequacy, balance, and kcalorie control. Foods rich in fat and sugar often provide
enjoyment and energy but relatively few nutrients. In addition, they promote weight
gain when eaten in excess. A person who practices 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 and fat-free milk, the milk not only offers more calcium for less energy, but also
it contains far less fat than the cheese.

Finally, the sixth characteristic of a nutritious diet is variety: the foods chosen differ
from one day to the next. A diet may have all the virtues just described and still lack va-
riety 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 a couple of reasons. First, different foods within the same group contain different
arrays of nutrients. Among the fruits, for example, strawberries are especially rich in
vitamin C while apricots are rich in vitamin A. Variety improves nutrient adequacy.
Second, no food is guaranteed entirely free of substances that, in excess, could be harm-
ful. The strawberries might contain trace amounts of one contaminant, the apricots an-
other. By alternating fruit choices, a person will ingest very little of either contaminant.

Dietary Guidelines for Americans

What should a person eat to stay healthy? The answers can be found in the Dietary
Guidelines for Americans. These guidelines translate the nutrient recommendations of
the DRI into food recommendations.'® The Dietary Guidelines for Americans 2010 pro-
vide evidence-based advice to help people attain and maintain a healthy weight,
reduce the risk of chronic diseases, and promote overall health through diet and physi-
cal activity.'® Table 1-3 (p. 14) presents the key recommendations of the Dietary Guide-
lines for Americans 2010, clustered into four major topic areas. The first area focuses on

OVERVIEW OF NUTRITION AND HEALTH

BOX 1-2

A nutritious diet has the
following six characteristics:

I Adequacy

I Balance

I kCalorie (energy) control
I Nutrient density

I Moderation

I Variety

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

nutrient profiling: ranking foods
based on their nutrient composition.
moderation: the provision of
enough, but not too much, of a
substance.

solid fats: fats that are not usually
liquid at room temperature; com-
monly 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 4
provides more details).

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

variety (dietary): consumption
of a wide selection of foods within
and among the major food groups
(the opposite of monotony).
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TABLE 1-3 Key Recommendations of the Dietary Guidelines for Americans 2010

Balancing kCalories to Manage Weight
1 Prevent and/or reduce overweight and obesity through improved eating and physical activity behaviors.

1 Control total kcalorie intake to manage body weight. For people who are overweight or obese, this
will mean consuming fewer kcalories from foods and beverages.

1 Increase physical activity and reduce time spent in sedentary behaviors.

1 Maintain appropriate kcalorie balance during each stage of life—childhood, adolescence, adulthood,
pregnancy and breastfeeding, and older age.

Foods and Food Components to Reduce

Reduce daily sodium intake to less than 2300 milligrams, and further reduce intake to 1500 milligrams
among persons who are 51 and older and those of any age who are African American or have hyper-
tension, diabetes, or chronic kidney disease. The 1500 milligrams recommendation applies to about
half of the U.S. population, including children and the majority of adults.

Consume less than 10 percent of kcalories from saturated fatty acids by replacing them with monoun-
saturated and polyunsaturated fatty acids.

Consume less than 300 milligrams per day of dietary cholesterol.

Keep trans fatty acid consumption as low as possible by limiting foods that contain synthetic sources
of trans fats, such as partially hydrogenated oils, and by limiting other solid fats.

Reduce the intake of kcalories from solid fats and added sugars.

Limit the consumption of foods that contain refined grains, especially refined grain foods that contain
solid fats, added sugars, and sodium.

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

Foods and Nutrients to Increase

Increase vegetable and fruit intake.

Eat a variety of vegetables, especially dark-green and red and orange vegetables and beans and peas.

Consume at least half of all grains as whole grains. Increase whole-grain intake by replacing refined
grains with whole grains.

Increase intake of fat-free or low-fat milk and milk products, such as milk, yogurt, cheese, or fortified
soy beverages.

Choose a variety of protein foods, which include seafood, lean meat and poultry, eggs, beans and
peas, soy products, and unsalted nuts and seeds.

Increase the amount and variety of seafood consumed by choosing seafood in place of some meat
and poultry.

Replace protein foods that are higher in solid fats with choices that are lower in solid fats and kcalories
and/or are sources of oils.

Use oils to replace solid fats where possible.

Choose foods that provide more potassium, dietary fiber, calcium, and vitamin D, which are nutri-
ents of concern in American diets. These foods include vegetables, fruits, whole grains, and milk and
milk products.

Building Healthy Eating Patterns
1 Select an eating pattern that meets nutrient needs over time at an appropriate kcalorie level.

1 Account for all foods and beverages consumed and assess how they fit within a total healthy eating
pattern.

1 Follow food safety recommendations when preparing and eating foods to reduce the risk of
foodborne illnesses.

Note: These guidelines are intended for adults and healthy children aged 2 and older.
Source: Dietary Guidelines for Americans 2010, available at www.dietaryguidelines.gov.

balancing kcalories to manage a healthy body weight by improving eating habits and en-
gaging in regular physical activity. The second area advises people to reduce their intakes
of such foods and food components as sodium, solid fats (and the saturated fats, trans fats,
and cholesterol they contain), added sugars, refined grain products, and alcoholic bever-
ages (for those who partake). The third area encourages consumers to select a variety of
fruits and vegetables, whole grains, low-fat milk products, and protein foods (including
seafood). The fourth area helps consumers build healthy eating patterns that meet energy
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and nutrient needs while reducing the risk of foodborne illnesses. Together, the
Dietary Guidelines for Americans 2010 point the way toward longer, healthier, and
more active lives.

IN SUMMARY
I A well-planned diet delivers adequate nutrients, a balanced array of nu-
trients, and an appropriate amount of energy.

I A well-planned diet is based on nutrient-dense foods, moderate in sub-
stances that can be detrimental to health, and varied in its selections.

I The Dietary Guidelines apply these principles, offering practical advice on
how to eat for good health.

Matthew Farruggio

The USDA Food Patterns

A portion of grains is 1 ounce, yet most bagels

To help people achieve the goals set forth by the Dietary Guidelines for Americans

today weigh 4 ounces or more

meaning that a

(see Table 1-3), the USDA provides a food group plan—the USDA Food  single bagel can easily supply four or more por-
Patterns—that builds a diet from categories of foods that are similar in  tions of grains, not one, as many people assume.

vitamin and mineral content. Thus, each group provides 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. The
DASH Eating Plan, presented in Chapter 22, is another dietary pattern that meets the
goals of the Dietary Guidelines for Americans.

Figure 1-4 (on pp. 16—17) presents the USDA Food Patterns. The USDA Food
Patterns assign foods to five major food groups—fruits, vegetables, grains, protein
foods, and milk and milk products—and recommend daily amounts of foods from
each group to meet nutrient needs. The judicious use of oils is also described in the
USDA Food Patterns. In addition to presenting the food groups, Figure 1-4 indicates
the most notable nutrients of each group, the cup or ounce equivalents, and the foods
within each group.

Recommended Amounts All food groups offer valuable nutrients, and people
should make selections from each group daily. Table 1-4 specifies the amounts of food
needed from each group daily to create a healthful diet for several energy (kcalorie)
levels. A person needing 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. Estimated daily kcalorie needs for sedentary and active men and women are

TMilk and milk products also can be referred to as dairy products.

food group plan: a diet-planning
tool that sorts foods into groups
based on nutrient content and then
specifies that people should eat
certain amounts of food from

each group.

USDA Food Patterns: the USDA's
food group plan for ensuring dietary
adequacy that assigns foods to five
major food groups.

TABLE 1-4 USDA Food Patterns: Recommended Daily Amounts from Each Food Group

Food Group 1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal
Fruits 1% ¢ 1% ¢ 2c 2c 2c
Vegetables 2¢ 2% ¢ 2% ¢ 3¢ 3¢
Grains 50z 6 0z 6 0z 7 0z 80z
Protein foods 5oz 50z 5% oz 6 0z 62 0z
Milk 3¢ 3¢ 3¢ 3c 3c
Oils 5 tsp 5 tsp 6 tsp 6 tsp 7 tsp
Discretionary kcalorie 121 keal 161 kcal 258 kcal 266 kcal 330 kcal
allowance

OVERVIEW OF NUTRITION AND HEALTH

2600 kcal 2800 kcal 3000 kcal

2cC 2% ¢ 2% c
3%c 3%c 4c
90z 10 oz 10 oz
6% 0z 7 0z 7 0z
3¢ 3c 3c
8 tsp 8 tsp 10 tsp

362 kcal 395 kcal 459 kcal
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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

Polara Studios, Inc

1 c fruit =
1 c fresh, frozen, or canned fruit
V2 ¢ dried fruit
1 ¢ 100% fruit juice

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,
1 c vegetables = split peas, white beans
1 ¢ cut-up raw or cooked vegetables o
1 ¢ cooked legumes Starchy vegetables: Cassava, corn, green peas, hominy, lima beans, potatoes
1 c vegetable juice
2 c raw, leafy greens

Polara Studios, Inc

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

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

2 Limit these grains that contain solid fats and/or added sugars:
e (10 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

© 2016 Cengage Learning®
FIGURE 1-4 USDA Food Patterns: Food Groups and Subgroups
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Polara Studios, Inc

1 oz protein foods =
1 oz cooked lean meat, poultry, or seafood
1 egg
¥ ¢ cooked legumes or tofu
1 tbs peanut butter
12 0z nuts or seeds

Polara Studios, Inc

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

e .

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

© 2016 Cengage Learning®
FIGURE 1-4 (continued)
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Protein foods contribute protein, essential fatty acids, niacin, thiamin, vitamin Bg,
vitamin B42, 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, peanuts

Limit these protein foods that contain solid fats and/or added sugars:
Bacon; baked beans; fried meat, seafood, poultry, eggs, or tofu; refried beans;

ground beef; hot dogs; luncheon meats; marbled steaks; poultry with skin; sausages;

spare ribs

Milk and milk products contribute protein, riboflavin, vitamin B42, 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

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-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
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TABLE 1-5 Estimated Daily kCalorie Needs for Adults

Sedentary? Active®

Women

19-30 yr 2000 2400
31-50 yr 1800 2200
51+ yr 1600 2100
Men

19-30 yr 2500 3000
31-50 yr 2300 2900
51+ yr 2100 2600

aSedentary describes a lifestyle that includes only the activities typical of day-to-day life.
PActive describes a lifestyle that includes physical activity equivalent to walking more
than 3 miles per day at a rate of 3 to 4 miles per hour, in addition to the activities
typical of day-to-day life. kCalorie values for active people reflect the midpoint of the
range appropriate for age and gender, but within each group older adults may need
fewer kcalories and younger adults may need more. In addition to gender, age, and

shown in Table 1-5. Chapter 6 explains how to deter-
mine energy needs.

All vegetables provide an array of vitamins, fiber,
and the mineral potassium, but some vegetables are
especially good sources of certain nutrients and ben-
eficial phytochemicals. 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 sup-
ply iron and protein; the starchy vegetables contribute
carbohydrate energy; and the other vegetables fill in
the gaps and add more of these same nutrients.

In a 2000-kcalorie diet, then, the recommended 2%
cups of daily vegetables should be varied among the
subgroups over a week’s time. In other words, eating
2% cups of potatoes or even nutrient-rich spinach ev-
ery day for seven days does not meet the recommended
vegetable intakes. Potatoes and spinach make excellent

activity level, energy needs vary with height and weight (see Chapter 6). . . .
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 potatoes,
black beans, yellow corn, and white cauliflower. Intakes of vegetables are appropriately
averaged over a week’s time—it isn’t 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 1-6 presents the recommended weekly amounts for each of the subgroups
for vegetables and protein foods.

Notable Nutrients As Figure 1-4 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 example, a person
can choose milk, cheese, or yogurt and receive the same key nutrients. Importantly,
foods provide not only these key nutrients, but also small amounts of other nutrients
and phytochemicals as well.

Legumes contribute the same key nutrients—notably protein, iron, and zinc—as
meats, poultry, and seafood. They are also excellent sources of fiber, folate, and potas-
sium, which are commonly found in vegetables. To encourage frequent consumption

legumes (lay-GYOOMS, LEG-
yooms): plants of the bean and pea
family with seeds that are rich in
protein compared with other
plant-derived foods.

TABLE 1-6 USDA Food Patterns: Recommended Weekly Amounts from the Vegetable and Protein
Foods Subgroups

Vegetable Subgroups 1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Dark green 1% ¢ 1% ¢ 1% ¢ 2cC 2c¢C 2% ¢ 2% ¢ 2% ¢
Red and orange 4c 5% ¢ 5% ¢ 6cC 6cC 7c 7c¢C 7%2 ¢
Legumes 1c 1% ¢ 12 ¢ 2c 2c 2% c 2% c 3c
Starchy 4c 5¢ 5c¢ 6 C 6cC 7c 7c 8¢
Other 3%c 4c 4c 5¢ 5c¢ 5% ¢ 5% ¢ 7c
Protein Foods Subgroups

Seafood 8 0z 8 oz 8 oz 9oz 10 oz 10 oz 11 0z 11 0z
Meats, poultry, eggs 24 oz 24 oz 26 oz 29 oz 310z 310z 34 0z 34 oz
Nuts, seeds, soy 4 0z 40z 4 0z 4 0z 50z 50z 5oz 50z

products

Note: Table 1-4 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.
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of these nutrient-rich foods, legumes are included as a sub-

. 2000 |~ Energy i -
group of both the vegetable group and the protein foods group. (kcalorie) —LDlscret|onary
Thus, legumes can be counted in either the vegetable group or ta”OW?”tC‘? EEVOES
the protein foods group.!” In general, people who regularly eat 1500 = Vf/)e%ilp an

meat, poultry, and seafood count legumes as a vegetable, and
vegetarians and others who seldom eat meat, poultry, or sea-
food count legumes in the protein foods group.

The USDA Food Patterns encourage greater consumption 500
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:

1000 [~

kCalories

Energy (kcalorie)
intake to meet
nutrient needs

FIGURE 1-5 Discretionary kCalories in a

More vegetables, fruits, whole grains, seafood, and fat-free
2000-kCalorie Diet

or low-fat milk and milk products.

Less sodium, saturated fat, t7ans fat, and cholesterol, 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 kcalories under control. 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 low-fat foods from each group and foods without added fats or sugars—for ex-
ample, 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 1-4 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 every
day to provide nutrients lacking from other foods. Consequently, these high-fat foods
are listed among the nutrient-dense foods (see Nutrition in Practice 3 to learn why).

Discretionary kCalories People who consistently choose nutrient-dense foods may
be able to meet their nutrient needs without consuming their full allowance of kcalo-
ries. The difference between the kcalories needed to supply nutrients and those needed
to maintain weight might be considered discretionary kcalories (see Figure 1-5).
Table 1-4 includes discretionary kcalories for each kcalorie level.

Discretionary kcalories allow a person to choose whether to:

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

Select a few foods with fats or added sugars, such as reduced-fat milk or sweetened
cereal.

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

Consume some alcohol. (Nutrition in Practice 20 explains why this may not be a
good choice for some individuals.)

Alternatively, a person wanting to lose weight might choose to:

Not use discretionary kcalories.

Cup apd Ounce Equlvglents Recommended da%ly amounts fqr fruits, Yegetables, T Melarlies: die

and milk are measured in cups, and those for grains and protein foods in ounces. kcalories remaining in a person’s

Figure 1-4 provides the equivalent measures for foods that are not readily measured in energy allowance after consuming

cups and ounces. For example, 1 ounce of grains is considered equivalent to 1 slice of ~ €nough nutrient-dense foods to

bread or % cup of cooked rice meet all nutrient needs for a day.
2 .
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USDA, www.choosemyplate.gov.

BOX 1-3
I

I Y4 c dried fruit or nuts =
a golf ball

I 1 cfruit or vegetables =
a baseball

I 3 0z meat = a deck of cards

I 2 ths peanut butter = a
ping-pong ball

MyPlate

FIGURE 1-6 MyPlate

Note that vegetables and fruits occupy half
the plate and that the grains portion is slightly

larger than the portion of protein foods.

Source: USDA, www.choosemyplate.gov.

portion size: the quantity of
food served or eaten at one meal or
snack; not a standard amount.
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Consumers using the USDA Food Patterns can learn how to estimate the cups or
ounces in 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
may cups of milk does your glass hold? For quick and easy estimates, visualize each
portion as being about the size of one of the common objects listed in Box 1-3.

Mixtures of Foods Some foods—such as casseroles, soups, and sandwiches—fall
into two or more food groups. With a little practice, users can learn to divide these
foods into food groups. From the USDA Food Patterns’ point of view, a taco repre-
sents four different food groups: the taco shell from the grains group; the onions, let-
tuce, and tomatoes from the vegetable group; the ground beef from the protein foods
group; and the cheese from the milk group.

Vegetarian Food Guide Vegetarian diets are plant-based eating patterns that rely
mainly on grains, vegetables, legumes, fruits, seeds, and nuts. Some vegetarian diets
include eggs, milk products, or both. People who do not eat meats or milk products
can still use the USDA Food Patterns to create an adequate diet.!® The subgroups
for protein foods have been reorganized to eliminate meats, poultry, and seafood
(see Table NP 4-1 on p. 104). The other food groups and the recommended daily
amounts for each food group remain the same. Nutrition in Practice 4 defines vegetar-
ian terms and provides details on planning healthy vegetarian diets.

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. Table 1-1 (p. 4)
features ethnic food choices.

MyPlate

The USDA created an educational tool called MyPlate to illustrate the five food groups
and remind consumers to make healthy food choices. The MyPlate icon, shown in
Figure 1-6, divides a plate into four sections, each representing a food
group—fruits, vegetables, grains, and protein foods. The sections vary in size, indi-
cating 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
information can be found at the MyPlate website (chooseMyPlate.gov). The
USDA’s MyPlate online suite of information makes applying the USDA Food
Patterns easier. Consumers can create a personal profile to estimate kcalorie needs
and determine 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 lactating women, and vegetarians. In addition to creat-
ing 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.

IN SUMMARY

I 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.

I Each food group contributes key nutrients, a feature that provides flexibility in diet
planning.

I MyPlate is an educational tool used to illustrate the five food groups.
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1.6 Food Labels

LO 1.6 Compare the information on food labels to make selections that meet
specific dietary and health goals.

Today, consumers know more about the links between diet and disease than they did
in the past, and they are demanding still more information on disease prevention.
Many people rely on food labels to help them select foods with less saturated fat, trans
fat, cholesterol, and sodium and more vitamins, minerals, and dietary fiber.!” Food
labels appear on virtually all packaged foods, and posters or brochures provide similar
nutrition information for fresh fruits, vegetables, and seafoods. Packages of meat cuts,
ground meats, and poultry also must display nutrition information.?’ A few foods
need not carry nutrition labels: those contributing few nutrients, such as plain coffee,
tea, and spices; foods produced by small businesses; and foods prepared and sold in
the same establishment. Producers of some of these items, however, voluntarily use
food labels.

The Ingredient List

All packaged foods must list a// ingredients on the label in descending order of pre-
dominance by weight. Knowing that the first ingredient predominates by weight, con-
sumers can glean much information. Compare these products, for example:

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

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

In each comparison, consumers can tell that the second product is the more nutrient
dense.

Nutrition Facts Panel

The Food and Drug Administration (FDA) requires food labels to include key nutri-
tion facts. The “Nutrition Facts” panel provides such information as serving sizes,
Daily Values, and nutrient quantities. Because knowledge about nutrition science
has advanced greatly during the two decades or more since food labels were first
introduced, the FDA has recently proposed updates to the Nutrition Facts panel to
make it easier for consumers to make informed decisions about the foods they eat.?!
The updated panel will also include a refreshed design that displays kcalories and
serving size information more prominently to emphasize parts of the label that
are most important in addressing public health concerns such as obesity, diabetes,
and heart disease. Manufacturers may take up to 2 years to change their labels, so
Figure 1-7 (p. 22) illustrates and compares both the original “Nutrition Facts” panel
and the proposed panel.

Serving Sizes Food labels must identify the serving size (food quantity) for which
nutrition information is presented. The FDA has established specific serving sizes for
various foods and requires that all labels for a given product use the same serving
size. By law, serving sizes must be based on the amounts of food or beverage people
actually consume, not what they “should” consume. In general, people are eating and
drinking more today than 20 years ago when the label was first designed, so the FDA
proposes updating the reference values for serving sizes that manufacturers use, to
better reflect what people really eat and drink. For example, the serving size for all ice
creams may be changed from % cup to 1 cup. The use of specific serving sizes for vari-
ous foods facilitates comparison shopping. Consumers can see at a glance which brand
has more or fewer kcalories or grams of fat, for example. However, these serving sizes
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Original Label Proposed Label

Servings per container

in large, bold type

o Nutrition Facts Nutrition Facts Serving sizes
ESLXL!E i'fzseefciﬂgs i Serving Size 213 cup (550) - - g OviSed 1o eflect
per container Servings Per Container About 8 8 servings per container actual portion sizes

Amount Per Serving Serving size 2/3 cup (559) - —
kCalories per serving N : erving size lists
and kealories from fat ==)»| Calories 230 Calories from Fat40 ||, -~ per 2/3 oup amount per quantity,

% Daily Value* . 230 not per serving
Total Fat 8g 12% Calories « kCalories in large,
Saturated Fat 1g 5% || % Dv* Egldl tylpef o
Nutrient quantities per o alories from fal
serving listed in actual Trans Fat Og 12% | Total Fat 8g et lisies
amounts and in Cholesterol Omg 0% 5% | Saturated Fat 1g Daily Values revised
o
LN e Sodium 160mg 7% Trans Fat 0g €= and reformatted 1o list
on 2000-kcalorie diet o i
Total Carbohydrate 37g 12% 0% | Cholesterol Omg % DV first
Dietary Fiber 4g 16% 7% | Sodium 160mg
Sugars 1g 12% | Total Carbs 37g

Protein 3g 14% Dietary Fiber 4g

.|

Vitamin A 10% Sugars 1g
Nutrients required for » Vitamin C 8% -
Daily Values Calcium 20% Protein 3g

Iron 45% 10% | Vitamin D 2mcg

Nutrients required for

20% | Calcium 260mg « Daily Values revised to
45% | Iron 8mg reflect nutrients of
concern

5% | Potassium 235mg

FIGURE 1-7 Original and Proposed Nutrition Facts Panel

TABLE 1-7 Household
and Metric Measures

1 1 teaspoon (tsp) = 5 milliliters (mL)
1 1 tablespoon (tbs) = 15 mL

1 1 cup (c) =240 mL

1 1 fluid ounce fl (fl 0z) = 30 mL

1 1 ounce (0z) = 28 grams (g)

Note: The Aids to Calculation section at
the back of the book provides additional
weights and measures.

Daily Values: reference values
developed by the FDA specifically for
use on food labels.
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do not provide a standard for desirable consumption. Standard serving sizes are ex-
pressed in both common household measures, such as cups, and metric measures,
such as milliliters, to accommodate users of both types of measures (see Table 1-7).

In addition to updating serving sizes for certain products, the FDA may require
some food and beverages previously labeled as more than one serving to be labeled as
a single serving because people typically eat or drink them in one sitting. Examples
are a 20-ounce soda or a 15-ounce can of soup. Certain larger packages may have a
two-column label because some people may consume them in one sitting while others
may consume them in two or three sittings. For example, a 24-ounce can of soda or a
19-ounce can of soup might be one serving for one person but not for another.

When examining the nutrition information on a food label, consumers need to
compare the serving size on the label with how much they actually eat and adjust
their calculations accordingly. For example, if the serving size is four cookies and you
only eat 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. The number of servings per
container is listed just above the serving size on the updated label.

The Daily Values To help consumers evaluate the information found on labels, the
FDA created a set of nutrient standards called the Daily Values specifically for use on
food labels. The Daily Values do two things: they set adequacy standards for nutrients
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that are desirable in the diet such as protein, vitamins, minerals, and fiber, and they set
moderation standards for other nutrients that must be limited, such as fat, saturated
fat, cholesterol, and sodium.

The “% Daily Value” column on a label provides a ballpark estimate of how individ-
ual foods contribute to the total diet. It compares key nutrients in a serving of food with
the daily goals of a person consuming 2000 kcalories. Although the Daily Values are
based on a 2000-kcalorie diet, people’s actual energy intakes vary widely; some people
need fewer kcalories, and some people need many more. This makes the Daily Values
most useful for comparing one food with another and less useful as nutrient intake tar-
gets for individuals. By examining a food’s general nutrient profile, however, a person
can determine whether the food contributes “a little” or “a lot” of a nutrient, whether it
contributes “more” or “less” than another food, and how well it fits into the consumer’s
overall diet.

The proposed label will include updated Daily Values for calcium, potassium,
sodium, dietary fiber, and vitamin D. The Daily Value footnote will better explain the
standards to consumers.

Nutrient Quantities In addition to the serving size and the servings per container,
the FDA requires that the Nutrition Facts panel on a label present nutrient infor-
mation in two ways—in quantities (such as grams) and as percentages of the Daily
Values. The proposed Nutrition Facts panel must provide the nutrient amount, per-
cent Daily Value, or both for the following:

Total food energy (kcalories)

Total fat (grams and percent Daily Value)—note that the proposed revision does
not include kcalories from fat

Saturated fat (grams and percent Daily Value)

Trans fat (grams)

Cholesterol (milligrams and percent Daily Value)

Sodium (milligrams and percent Daily Value)

Total carbs, including starch, sugar, and fiber (grams and percent Daily Value)
Dietary fiber (grams and percent Daily Value)

Sugars, which includes both those naturally present in and those added to the
foods (grams)

Added sugars (grams)—note that the original label does not include a line for
added sugars

Protein (grams)

The following vitamins and minerals (percent Daily Value): vitamin D, potassium,
iron, and calcium

Food energy from fat will no longer be required to appear on the label because
research shows that the type of fat is more important than the amount. Note that
vitamin D and potassium will be required because these are nutrients of concern for
consumers, whereas vitamins A and C, once mandatory, will no longer be required
but can be included on a voluntary basis.

The FDA developed the Daily Values for use on food labels because comparing
nutrient amounts against a standard helps make them meaningful to consumers. A per-
son might wonder, for example, whether 1 milligram of iron or calcium is a little or a
lot. As Table 1-8 (p. 24) shows, the Daily Value for iron is 18 milligrams, so 1 milligram
of iron is enough to take notice of: it is more than 5 percent. But because the current
Daily Value for calcium on food labels is 1000 milligrams (and the proposed is 1300),
1 milligram of calcium is a negligible amount.
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nutrient claims: statements that
characterize the quantity of a
nutrient in a food.
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TABLE 1-8 Daily Values for Food Labels

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

Food Component Original Daily Value Proposed Daily Value
Fat (total) 659 65 g
Saturated fat 20g 20g
Cholesterol 300 mg 300 mg
Carbohydrate (total) 300 g 3009
Fiber 25¢g 28 g
Vitamin D Not required 20 ng
Sodium 2400 mg 2300 mg
Potassium Not required 4700 mg
Calcium 1000 mg 1300 mg
Iron 18 mg 18 mg

Note: Daily Values were established for adults and children over 4 years old. The values for energy-yielding nutrients
are based on 2000 kcalories a day. The original label includes vitamins A and C, but the proposed label does not.

Front-of-Package Labels Some consumers find the many numbers on Nutrition Facts
panels overwhelming. They want an easier and quicker way to interpret information and
select products. Food manufacturers responded by creating front-of-package labels that
incorporate text, color, and icons to present key nutrient facts.?? Without any regula-
tions 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 volun-
tary status of front-of-package labels, major food industry associations created a stan-
dardized presentation of nutrient information called Facts Up Front (see Figure 1-8).
Whether consumers find this approach to be the most helpful remains to be seen.?> The
FDA is currently evaluating the program and reviewing recommendations from the In-
stitute of Medicine to determine the best way to present front-of-package information.?

Claims on Labels

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

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 only if the claims meet FDA definitions, which include the conditions
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 #rans fat combined per serving. Table 1-9 defines nutrient
terms on food labels, including criteria for foods described as “low,” “reduced,” and “free.”

450 | 5, |360m, 14,
CALORIES || SAT FAT sSoDiumMm SUGARS | POTASSIUM
@ 16% DV @

FIGURE 1-8 Facts Up Front
This example of front-of-package labeling (created by the Grocery Manufacturers Association and
the Food Marketing Institute) presents key nutrient facts.

© 2016 Cengage Learning®
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TABLE 1-9 Terms Used on Food Labels

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”).
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, iron, calcium, potassium, 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 fewer

and 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”).

low: an amount that would allow frequent 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 little, 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): 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?
percent fat free: may be used only if the product meets the definition of Jow fat or fat free and must reflect the amount of fat in
100 grams (for example, a food that contains 2.5 grams of fat per 50 grams can claim to be “95 percent fat free”).

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.

low fat: 3 grams or less fat per serving.

less fat: at least 25 percent less fat than the comparison food.

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

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

less saturated fat: at least 25 percent less saturated fat and trans fat combined than the comparison food.

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

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

less cholesterol: at least 25 percent less cholesterol than the comparison food (reflecting a reduction of at least 20 milligrams per
serving), and 2 grams or less saturated fat and trans fat combined per serving.

extra lean: less 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.
CARBOHYDRATES: FIBER AND SUGAR

high fiber: 5 grams or more fiber per serving. A high-fiber claim made on a food that contains more than 3 grams 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
sodium free and salt free: less than 5 milligrams of sodium per serving.

low sodium: 140 milligrams or less per serving.
very low sodium: 35 milligrams or less per serving.

*Foods containing more than 13 grams 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 saturated fat and trans fat combined per serving.
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health claims: statements
that characterize the relationship
between a nutrient or other
substance in food and a disease
or health-related condition.
structure-function claims:
statements that describe how a
product may affect a structure or
function of the body; for example,
“calcium builds strong bones.”
Structure-function claims do not
require FDA authorization.
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TABLE 1-10 Reliable Health Claims on Food Labels

1 Calcium and reduced risk of osteoporosis

1 Sodium and reduced risk of hypertension

1 Dietary saturated fat and cholesterol and reduced risk of coronary heart disease

1 Dietary fat and reduced risk of cancer

1 Fiber-containing grain products, fruits, and vegetables and reduced risk of cancer

1 Fruits, vegetables, and grain products that contain fiber, particularly soluble fiber, and reduced risk of
coronary heart disease

1 Fruits and vegetables and reduced risk of cancer

1 Folate and reduced risk of neural tube defects

1 Sugar alcohols and reduced risk of tooth decay

1 Soluble fiber from whole oats and from psyllium seed husk and reduced risk of heart disease
1 Soy protein and reduced risk of heart disease

1 Whole grains and reduced risk of heart disease and certain cancers

1 Plant sterol and plant stanol esters and reduced risk of heart disease

1 Potassium and reduced risk of hypertension and stroke

Some descriptions imply that a food contains, or does not contain, a nutrient. Im-
plied 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 another source of
fat, such as butter, it may not.

Health Claims Health claims describe the relationship of a food or food component
to a disease or health-related condition. In some cases, the FDA authorizes health
claims based on an extensive review of the scientific literature. For example, 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.
Such reliable health claims still appear on food labels, and they have a high degree of
scientific validity (see Table 1-10).

In cases where there is emerging—but not established—evidence for a relationship
between a food or food component and disease, the FDA allows the use of qualified
health claims that must use specific language indicating that the evidence supporting
the claim is limited. A qualified health claim might state that “Very limited and pre-
liminary 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.” Unfortunately, many consumers are
not knowledgeable enough to distinguish between scientifically reliable claims and
those that are best ignored.

Structure-Function Claims Structure-function claims describe the effect that a
substance has on the structure or function of the body but do not make reference
to a disease—for example, “calcium builds strong bones.” Unlike health claims,
which require food manufacturers 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 “support immunity and digestive
health” 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. Consider these statements:
“May reduce the risk of heart disease.”

“Promotes a healthy heart.”
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Nutrient claims characterize the level of
a nutrient in the food—for example, “fat
free” or “less sodium.”

FIGURE 1-9 Label Claims
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Health claims characterize the
relationship of a food or food component
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 low in
total fat may reduce the risk of some
cancers.”
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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.”
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Although most consumers do not distinguish between these two types of claims,
the first is a health claim that requires FDA approval, whereas the second is an
unproven, but legal, structure-function claim. Figure 1-9 compares the three types of

label claims.

IN SUMMARY

I Food labels list the ingredients, the serving size, the number of kcalories provided,
and the key nutrient quantities in a food—information consumers need to select
foods that will help them meet their nutrition and health goals.

I Daily Values are a set of nutrient standards created by the FDA for use on

food labels.

I Reliable health claims are backed by the highest standards of scientific evidence.

" Your Diet

The secret to making healthy food choices is learning to incor-

porate the Dietary Guidelines (Table 1-3 on p. 14) and the USDA

Food Patterns (Figure 1-4 on pp. 16—17) into your decision-making 1
process. Before completing this assignment, you may want to re-

view the section called “Mixtures of Foods” on p. 20 to see where

foods such as casseroles or soups fall in the food group plan.

1 Keep a record of the foods and beverages you eat for 24 hours.
Record both the types and amounts of foods eaten. 1
1 Enter your food record information into an online diet analysis
tool such as Cengage Learning’s Diet and Wellness Plus or the
USDA's SuperTracker (www.supertracker.usda.gov). If you have
not used the application before, you will need to first enter

OVERVIEW OF NUTRITION AND HEALTH

some personal information (such as height, weight, age,
gender, and activity level) to create a profile.

What is your estimated daily kcalorie need based on your

profile information in the diet analysis tool? How does this
compare to your estimated needs based on Table 1-5 on p. 18?
(Chapter 6 offers a more individualized approach to estimating
your kcalorie needs).

Compare the foods you ate with the USDA Food Patterns
recommendations for your energy needs (see Table 1-4 on
p. 15) by viewing the appropriate reports in the diet analysis
tool. (Keep a copy of all the reports from the tool for later
reference.) For example, if you need 2400 kcalories a day, the
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recommended amount of fruits is 2 cups, while that of grains is
8 ounces. Figure 1-4 on pp. 16-17 provides equivalent
measures for foods that are not readily measured in cups or
ounces. When you look at the report comparing your intake to
the USDA Food Patterns, notice how your food choices have
been converted into these equivalents.

Do your food choices include foods from each of the food groups?

Are some food groups over- or underrepresented? If so, what
can you do to ensure a more balanced diet?

Clinical Applications

Do you eat a variety of foods within each group? If not,
suggest ways to enhance the variety in your diet.

Did you choose at least some whole-grain foods from the grain
group, and fat-free or low-fat foods from the milk and milk
products group and the protein foods group? List the foods
you selected that are whole grain (grain group), fat free, and
low fat (milk and protein foods groups).

1. Make a list of the foods and beverages you've consumed in
the past two days. Look at each item on your list and consider
why you chose the particular food or beverage you did. Did
you eat cereal for breakfast because that's what you always
eat (habit), or because it was the easiest, quickest food to
prepare (convenience)? Did you put fat-free milk on the cereal
because you want to control your energy intake (nutrition)? In
going down your list, you may be surprised to discover exactly
why you chose certain foods.

. As a health care professional, you can uncover clues about a
client’s food choices by paying close attention. You may be
surprised to discover why a client chooses certain foods, but

" Self Check

you can then use this knowledge to serve the best interests of
the client. For example, an elderly, undernourished widower
may eat the same sandwich for lunch every day. In talking
with the client, you discover that this is what he and his wife
fixed together each day. Consider ways you might be able to
help the client learn to eat other foods and vary his choices.

. Using the list of foods and beverages from exercise #1,

compare your day's intake with the USDA Food Patterns.

Did you vary your choices within each food group? Did your
intake match the daily recommended amounts from each
group? If not, list some changes you could have made to meet
the recommendations.

. When people eat the foods typical of their families or
geographic area, their choices are influenced by:
a. occupation.
b. nutrition.
c. emotional state.
d. ethnic heritage or regional cuisine.

. The energy-yielding nutrients are:
a. fats, minerals, and water.
b. minerals, proteins, and vitamins.
c. carbohydrates, fats, and vitamins.
d. carbohydrates, fats, and proteins.

. The inorganic nutrients are:
a. proteins and fats.
b. vitamins and minerals.
c. minerals and water.
d. vitamins and proteins.

. Alcohol is not a nutrient because:
a. the body derives no energy from it.
b. it is organic.
C. it is converted to body fat.
d. it does not contribute to the body’s growth or repair.
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. The nutrient standards in use today include all of the

following except:

a. Recommended Dietary Allowances (RDA).
b. Adequate Intakes (Al).

¢. Daily Minimum Requirements (DMR).

d. Tolerable Upper Intake Levels (UL).

. Which of the following is consistent with the Dietary

Guidelines for Americans?

a. Limit intakes of fruits, vegetables, and whole grains.

b. Increase physical activity and reduce time spent in sedentary
activities.

¢. Choose a diet with plenty of whole-milk products.

d. Eat an abundance of foods to ensure nutrient adequacy.

. In a food group plan such as the USDA Food Patterns,

foods within a given food group are similar in their
contents of:

a. energy.

b. proteins and fibers.

. vitamins and minerals.

d. carbohydrates and fats.

CHAPTER ONE
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8. Aslice of apple pie supplies 350 kcalories with 3 grams of
fiber; an apple provides 80 kcalories and the same 3 grams

of fiber. This is an example of:
a. kcalorie control.

b. nutrient density.

C. variety.

d. essential nutrients.

10. Food labels list ingredients in:
a. alphabetical order.

b. ascending order of predominance by weight.
¢. descending order of predominance by weight.
d. manufacturer’s order of preference.

Answers to these questions appear in Appendix H.

9. According to the USDA Food Patterns, which of the following

fruits/vegetables should be limited?
a. Carrots

b. Avocados

. Baked beans

d. Potatoes
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CHAPTER 1

1.7 FINDING THE TRUTH ABOUT NUTRITION

Nutrition in Practice

LO 1.7 Recognize misinformation and describe how to
identify reliable nutrition information.

Nutrition and health receive so much attention on television,
on the radio, in the popular press, and on the Internet that
it is easy to be overwhelmed with inconsistent, unclear informa-
tion." More than two-thirds of U.S. consumers are interested in the
relationship between nutrition and health, but the majority of them
agree that such information is often confusing and conflicting.?
Determining whether nutrition information is accurate can be a
challenging task. It is also an important task because nutrition
affects a person both professionally and personally.

A person watches a nutrition report on
television and then reads a conflicting report in
the newspaper. Why do nutrition news reports
and claims for nutrition products seem to
contradict each other so often?

The problem of conflicting messages arises for several reasons:

I Popular media, often faced with tight deadlines and limited time
or space to report new information, rush to present the latest
“breakthrough” in a headline or a 60-second spot. They can
hardly help omitting important facts about the study or studies
that the “breakthrough” is based on.

I Despite tremendous advances in the past few decades, scientists
still have much to learn about the human body and nutrition.
Scientists themselves often disagree on their first tentative inter-
pretations of new research findings, yet these are the very find-
ings that the public hears most about.

I The popular media often broadcast preliminary findings in hopes
of grabbing attention and boosting readership or television ratings.

I Commercial promoters turn preliminary findings into advertise-
ments for products or supplements long before the findings have
been validated—or disproved. The scientific process requires
many experiments or trials to confirm a new finding. Seldom do
promoters wait as long as they should to make their claims.

I Promoters are aware that consumers like to try new products
or treatments even though they probably will not withstand the
tests of time and scientific scrutiny.

So how can a person tell what claims to believe?

Valid nutrition information derives from scientific research, which
has the following characteristics:

I Scientists test their ideas by conducting properly designed sci-
entific experiments. They report their methods and procedures
in detail so that other scientists can verify the findings through
replication.
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I Scientists recognize the inadequacy of personal testimonials.

I Scientists who use animals in their research do not apply their
findings directly to human beings.

1 Scientists may use specific segments of the population in their
research. When they do, they are careful not to generalize the
findings to all people.

1 Scientists report their findings in respected scientific journals.
Their work must survive a screening review by their peers before
it is accepted for publication.

With each report from scientists, the field of nutrition changes
a little—each finding contributes another piece to the whole body
of knowledge. Table NP1-1 features 9 red flags of junk science
to help consumers distinguish valid from misleading nutrition
information.

Because nutrition misinformation harms the health and
economic status of consumers, the Academy of Nutrition and
Dietetics (formerly the Academy of Nutrition and Dietetics) works
with health care professionals and educators to present sound
nutrition information to the public and to actively confront nutri-
tion misinformation.? Table NP1-2 offers a list of credible sources
of nutrition information.

TABLE NP1-1 Warning Signs of Nutrition
Quackery

1. Quick and easy fixes. Even proven treatments take time to
be effective.

2. Personal testimonials. Hearsay is the weakest form of
scientific validity.

3. One product does it all. No one product can treat every
disease and condition.

4. Natural. Natural is not necessarily safer or better. Any
product strong enough to be effective is strong enough to
cause side effects.

5. Time-tested or latest innovation. Such findings would be
widely publicized and accepted by health professionals.

6. Satisfaction guaranteed. Marketers of fraudulent products
may make generous promises, but consumers won't be able
to collect on them.

7. Paranoid accusations. These claims suggest that health
professionals and legitimate drug manufacturers are
conspiring with each other to promote drug companies’
products for financial gain.

8. Meaningless medical jargon. Phony terms hide the lack of
scientific proof.

9. Too good to be true. If it sounds too good to be true, it
probably isn't true.
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TABLE NP1-2 Credible Sources of Nutrition
Information

TABLE NP1-3 Evaluating the Reliability
of Websites

Government agencies, volunteer associations, consumer groups,
and professional organizations provide consumers with reliable
health and nutrition information. Credible sources of nutrition
information include:

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

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

1 Government resources such as:

1 Centers for Disease Control
and Prevention (CDC)

1 Department of Agriculture
(USDA)

1 Department of Health and
Human Services (DHHS)

1 Dietary Guidelines for
Americans

www.cdc.gov
Www.usda.gov
www.hhs.gov
www.dietaryguidelines.gov
1 Food and Drug

Administration (FDA)
1 Health Canada

www.fda.gov

http://www.hc-sc.gc.ca/fn-an
/index-eng.php

1 Healthy People www.healthypeople.gov
1 Let's Move!

1 MyPlate

www.letsmove.gov
www.choosemyplate.gov
1 National Institutes of Health www.nih.gov

1 Physical Activity Guidelines
for Americans

www.health.gov
/paguidelines

Volunteer health agencies such as:

1 American Cancer Society

1 American Diabetes
Association

1 American Heart Association

Www.cancer.org

www.diabetes.org

www.americanheart.org

Reputable consumer groups such as:

1 American Council on Science

and Health

1 Federal Citizen Information

Center

1 International Food
Information Council

www.acsh.org
WWW.USa.gov

www.foodinsight.org

Professional health organizations such as:

1 Academy of Nutrition and
Dietetics

1 American Medical
Association

1 Dietitians of Canada

Journals such as:

1 American Journal of Clinical

Nutrition

1 Journal of the Academy of
Nutrition and Dietetics

1 New England Journal of
Medicine

1 Nutrition Reviews

www.eatright.org
WWW.ama-assn.org

www.dietitians.ca

WWWw.ajcn.org
www.andjrnl.org/

WwWWw.Nnejm.org

www.ilsi.org

To determine whether an Internet site offers reliable
nutrition information, answer the following questions:

1 Who is responsible for the site? Clues can be found in the
three-letter “tag” that follows the dot in the site’s name. For ex-
ample, “gov” and “edu” indicate government and university sites,
respectively, which are usually reliable sources of information.

Do the names and credentials of information providers appear? Is an
editorial board identified? Many legitimate sources provide

e-mail addresses or other ways to obtain more information about
the site and the information providers behind it.

Are links with other reliable information sites provided? Reputable
organizations almost always provide links with other similar sites
because they want you to know of other experts in their area of
knowledge. Caution is needed when you evaluate a site by its
links, however. Anyone, even a quack, can link a web page to a
reputable site without the organization’s permission. Doing so
may give the quack’s site the appearance of legitimacy, just the
effect for which the quack is hoping.

Is the site updated regularly? Nutrition information changes
rapidly, and sites should be updated often.

Is the site selling a product or service? Commercial sites may
provide accurate information, but they also may not. Their profit mo-
tive increases the risk of bias.

Does the site charge a fee to gain access to it? Many academic and
government sites offer the best information, usually for free. Some
legitimate sites do charge fees, but before paying up, check the
free sites. Chances are good you will find what you are looking for
without paying.

Some credible websites include

1 National Council Against Health Fraud: www.ncahf.org

1 Stephen Barrett's Quackwatch: www.quackwatch.com

With hundreds of millions of websites on the Internet, searching
for nutrition and health information can be daunting. The Inter-
net offers no guarantee of the accuracy of the information found
there, and much of it is pure fiction. Websites must be evaluated
for their accuracy, just like every other source. Table NP1-3 provides
clues to identifying reliable nutrition information sites and lists
some credible sites.

One of the most trustworthy sites used by scientists and others
is the National Library of Medicine’s PubMed (www.ncbi.nlm.nih
.gov/pubmed), which provides free access to more than 10 million
abstracts (short descriptions) of research papers published in
scientific journals around the world. Many abstracts provide links
to websites where full articles are available.

Promoters of fraudulent “health” products use the Internet as
a primary means to sell their wares. Agencies such as the Food and
Drug Administration (FDA) take action against fraudulent market-
ing of supplements and health products on the Internet.* The
latest actions target unscrupulous companies that use the Internet
to promote products to the most vulnerable consumers—those
with diseases such as cancer or AIDS. Of greatest concern are
those products that not only make false promises but also are
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potentially dangerous. For example, herbal products touted as safe
treatments for serious illnesses such as cancer may interact with
and impair the effectiveness of medications. The FDA advises
consumers to be suspicious of:

Iu

I Claims that a product is “natural” or “nontoxic.” “Natural” or
“nontoxic” does not always mean safe.

I Claims that a product is a “scientific breakthrough,”
“miraculous cure,” “secret ingredient,” or “ancient remedy.”

I Claims that a product cures a wide range of illnesses.
I Claims that use impressive-sounding medical terms.
I Claims of a “money-back” guarantee.

I Consumers with questions or suspicions about fraud can
contact the FDA on the Internet at www.FDA.gov or by
telephone at (888) INFO-FDA.

Everyone seems to be giving advice on nutrition.
How can a person tell whom to listen to?

Registered dietitian nutritionists (RDNs), also called
registered dietitians (RDs), and nutrition professionals with
advanced degrees (M.S., Ph.D.) are experts (see Box NP1-1). These
professionals are probably in the best position to answer a person’s
nutrition questions. On the other hand, a “nutritionist” may be
an expert or a quack, depending on which state the person prac-
tices in. Some states require people who use this title to meet strict

BOX NP1-1
EXPERTS

GLOSSARY OF NUTRITION

Academy of Nutrition and Dietetics: the professional
organization of dietitians in the United States; formerly the Academy
of Nutrition and Dietetics. The Canadian equivalent is Dietitians of
Canada, which operates similarly.

dietetic technicians: persons who have completed a minimum of
an associate’s degree from an accredited college or university and an
approved dietetic technician program. A dietetic technician, registered
(DTR) has also passed a national examination and maintains
registration through continuing professional education.

dietetics: the application of nutrition principles to achieve and
maintain optimal human health.

nutritionists: all registered dietitians are nutritionists, but not all
nutritionists are registered dietitians. Some state licensing boards set
specific qualifications for holding the title. For states that regulate
this title, the definition varies from state to state. To obtain some
“nutritionist” credentials requires little more than a payment.

registered dietitian nutritionists (RDNSs): food and nutrition
experts who have earned a minimum of a bachelor’s degree from
an accredited university or college after completing a program of
coursework approved by the Academy of Nutrition and Dietetics
(or Dietitians of Canada); also called registered dietitians (RDs).
The dietitians must serve in an approved, supervised internship

or coordinated program to practice the necessary skills, pass the
registration examination, and maintain competency through
continuing education. Many states require licensing for practicing
dietitians. Licensed dietitians (LDs) have met all state requirements
to offer nutrition advice.

registered dietitian (RD): an alternative term for an RDN.
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standards. In other states, a “nutritionist” may be any individual
who claims a career connection with the nutrition field. There is no
accepted national definition for the term nutritionist.

Other purveyors of nutrition information may also lack creden-
tials. A health-food store owner may be in the nutrition business
simply because it is a lucrative market. The owner may have a
background in business or sales and no education in nutrition at
all. Such a person is not qualified to provide nutrition informa-
tion to customers. For accurate nutrition information, seek out a
trained professional with a college education in nutrition—an
expert in the field of dietetics.

What about nurses and other health care
professionals?

All members of the health care team share responsibility for
helping each client to achieve optimal health, but the registered
dietitian nutritionist is usually the primary nutrition expert. Each of
the other team members has a related specialty. Some physicians
are specialists in clinical nutrition and thus are also experts in the
field. Other physicians, nurses, and dietetic technicians often
assist dietitians in providing nutrition information and may help to
administer direct nutrition care. Nurses play central roles in client
care management and client relationships. Visiting nurses and
home health care nurses may become intimately involved in clients’
nutrition care at home, teaching them both theory and cooking
techniques. Physical therapists can provide individualized exercise
programs related to nutrition—for example, to help control obesity.
Social workers may provide practical and emotional support.

What roles might these other health care
professionals play in nutrition care?

Some of the responsibilities of the health care professional
might be:

I Helping people understand why nutrition is important to them.
I Answering questions about food and diet.
I Explaining to clients how modified diets work.

I Collecting information about clients that may influence their
nutritional health.

1 Identifying clients at risk for poor nutrition status (see Chapter 14)
and recommending or taking appropriate action.

I Recognizing when clients need extra help with nutrition
problems (in such cases, the problems should be referred to a
dietitian or physician).

Health care professionals may routinely perform these
nutrition-related tasks:

I Obtaining diet histories.

I Taking weight and height measurements.

I Feeding clients who cannot feed themselves.
I Recording what clients eat or drink.

I Observing clients’ responses and reactions to foods.
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I Helping clients mark menus.

I Monitoring weight changes.

I Monitoring food and drug interactions.
I Encouraging clients to eat.

I Assisting clients at home in planning their diets and managing
their kitchen chores.

I Alerting the physician or dietitian when nutrition problems are
identified.

I Charting actions taken and communicating on these matters
with other professionals as needed.

Thus, although the dietitian assumes the primary role as the nutri-
tion expert on a health care team, other health care professionals
play important roles in administering nutrition care.
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(2010): 22-32.

. Quagliani and Hermann, 2012.

. Food and Drug Administration, 6 tip-offs to rip-offs:
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2.1 The Chemist’s View of Carbohydrates

LO 2.1 Identify the monosaccharides, disaccharides,
and polysaccharides common in nutrition and list
their major food sources.

2.2 Regulation of Blood Glucose

LO 2.2 Explain how hormones control blood glucose
concentrations.

2.3 Health Effects of Sugars and
Alternative Sweeteners

LO 2.3 Describe how added sugars can contribute to
health problems and how alternative sweeteners may
help to limit kcalories and sugar intake.
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2.4 Health Effects of Starch and
Dietary Fibers

LO 2.4 Identify the health benefits of, and recommen-
dations for, starches and fibers.

2.5 Nutrition in Practice: The Glycemic
Index in Nutrition Practice

LO 2.5 Describe the glycemic index and explain why
its use in disease prevention is controversial.
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ost people would like to feel good all the time. Part of the secret of

feeling good is replenishing the body’s energy supply with food. Car-
bohydrate is the preferred energy source for many of the body’s functions.
As long as carbohydrate is available, the human brain depends exclusively
on it as an energy source. Athletes eat a “high-carb” diet to store as much
muscle fuel as possible, and dietary recommendations urge people to eat
carbohydrate-rich foods for better health. Some people, however, mistak-
enly think of carbohydrate-rich foods as “fattening” and avoid them when
trying to lose weight. This strategy may be helpful if the carbohydrates
are the concentrated sugars of soft drinks, candies, and cookies, but it is
counterproductive if the carbohydrates are from whole grains, vegetables,
legumes, and fruit. These plant foods provide carbohydrate and fiber with
little or no fat. Milk is the only animal-derived food that contains signifi-
cant amounts of carbohydrate. Thus, people who wish to lose fat, main-
tain lean tissue, and stay healthy can best do so by being physically active,
paying close attention to portion sizes, and designing an eating pattern
based on foods that supply fiber-rich carbohydrate in balance with other
energy nutrients.!

This chapter on carbohydrates is the first of three on the energy-
yielding nutrients. Fats are the topic of Chapter 3 and protein is featured
in Chapter 4. Nutrition in Practice 20 addresses one other contributor of
energy to the human diet, alcohol. Alcohol, of course, has well-known
undesirable side effects when used in excess.

2.1 The Chemist’s View
of Carbohydrates

LO 2.1 Identify the monosaccharides, disaccharides, and polysaccharides
common in nutrition and list their major food sources.

The dietary carbohydrates include the sugars, starch, and fiber. Chemists describe the
sugars as:

Monosaccharides (single sugars).

Disaccharides (double sugars).
Starch and fiber are:*

Polysaccharides—compounds composed of chains of monosaccharide units.

All of these carbohydrates are composed of the single sugar glucose and other
compounds that are much like glucose in composition and structure. Figure 2-1 (p. 36)
shows the chemical structure of glucose.

Monosaccharides

Three monosaccharides are important in nutrition: glucose, fructose, and galactose.
All three monosaccharides have the same number and kinds of atoms but in different
arrangements.

Glucose Most cells depend on glucose for their fuel to some extent, and the cells of
the brain and the rest of the nervous system depend almost exclusively on glucose
for their energy. The body can obtain this glucose from carbohydrates. To function

*Monosaccharides and disaccharides (sugars) are sometimes called simple carbohydrates, and the
polysaccharides (starch and fiber) are sometimes called complex carbohydrates.

CARBOHYDRATES

Grains, vegetables, legumes, fruits,
and milk offer ample carbohydrate.

carbohydrates: energy nutrients
composed of monosaccharides.

carbo = carbon

hydrate = water
monosaccharides (mon-oh-
SACK-uh-rides): single sugar units.

mono = one

saccharide = sugar
disaccharides (dye-SACK-uh-
rides): pairs of sugar units bonded
together.

di = two
polysaccharides: long chains of
monosaccharide units arranged as
starch, glycogen, or fiber.

poly = many
glucose: a monosaccharide; the
sugar common to all disaccharides
and polysaccharides; also called
blood sugar in the body or dextrose
in foods.
fructose: a monosaccharide; some-
times known as fruit sugar.

fruct = fruit
galactose: a monosaccharide; part
of the disaccharide lactose.
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FIGURE 2-1 Chemical
Structure of Glucose

On paper, the structure of glucose
has to be drawn flat, but in nature
the five carbons and oxygen are
roughly in a plane, with the H, OH,
and CH,OH extending out above
and below it.

high-fructose corn syrup:

a widely used commercial kcaloric
sweetener made by adding enzymes
to cornstarch to convert a portion
of its glucose molecules into sweet-
tasting fructose.

added sugars: sugars, syrups, and
other kcaloric sweeteners that are
added to foods during processing or
preparation or at the table. Added
sugars do not include the naturally
occurring sugars found in fruits and
milk products. Also called carbo-
hydrate sweeteners, they include
glucose, fructose, high-fructose corn
syrup, concentrated fruit juice, and
other sweet carbohydrates. Also
defined in Chapter 1.

sucrose: a disaccharide composed
of glucose and fructose; commonly
known as table sugar, beet sugar, or
cane sugar.

sucro = sugar
lactose: a disaccharide composed
of glucose and galactose; commonly
known as milk sugar.

lact = milk
maltose: a disaccharide
composed of two glucose units;
sometimes known as malt sugar.

36

optimally, the body must maintain blood glucose within limits that allow the cells to
nourish themselves. A later section describes blood glucose regulation.

Fructose Fructose is the sweetest of the sugars. Fructose occurs naturally in fruits, in
honey, and as part of table sugar. However, most fructose is consumed in sweet bever-
ages such as soft drinks, in ready-to-eat cereals, and in other products sweetened with
high-fructose corn syrup or other added sugars. Glucose and fructose are the most
common monosaccharides in nature.

Galactose The third single sugar, galactose, occurs mostly as part of lactose, a disac-
charide also known as milk sugar. During digestion, galactose is freed as a single sugar.

Disaccharides

In disaccharides, pairs of single sugars are linked together. Three disaccharides are
important in nutrition: maltose, sucrose, and lactose. All three contain glucose as one
of their single sugars. As Table 2-1 shows, the other monosaccharide is either another
glucose (in maltose), fructose (in sucrose), or galactose (in lactose). The shapes of the
sugars in Table 2-1 reflect their chemical structures as drawn on paper.

Sucrose Sucrose (table, or white, sugar) is the most familiar of the three disaccha-
rides and is what people mean when they speak of “sugar.” This sugar is usually ob-
tained by refining the juice from sugar beets or sugarcane to provide the brown, white,
and powdered sugars available in the supermarket, but it occurs naturally in many
fruits and vegetables. When a person eats a food containing sucrose, enzymes in the
digestive tract split the sucrose into its glucose and fructose components.

Lactose Lactose is the principal carbohydrate of milk. Most human infants are
born with the digestive enzymes necessary to split lactose into its two monosac-
charide parts, glucose and galactose, so as to absorb it. Breast milk thus provides a
simple, easily digested carbohydrate that meets an infant’s energy needs; many for-
mulas do, too, because they are made from milk. Many people lose the ability to di-
gest lactose after infancy. This condition, known as lactose intolerance, is discussed
in Chapter 19.

Maltose The third disaccharide, maltose, is a plant sugar that consists of two glu-
cose units. Maltose is produced whenever starch breaks down—as happens in plants
when they break down their stored starch for energy and start to sprout and in human
beings during carbohydrate digestion.

Polysaccharides

Unlike the sugars, which contain the three monosaccharides—glucose, fructose,
and galactose—in different combinations, the polysaccharides are composed almost

TABLE 2-1 The Major Sugars

Monosaccharides Disaccharides

Glucose . Sucrose (glucose + fructose) M
Fructose . Lactose (glucose + galactose) M
Galactose . Maltose (glucose + glucose) M

(found primarily as part of lactose)

CHAPTER TWO
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Glycogen Starch (branched)

Starch (unbranched)

A glycogen molecule contains hundreds of A starch molecule contains hundreds of glucose molecules in
glucose units in highly branched chains. either occasionally branched chains or unbranched chains.

FIGURE 2-2 Glycogen and Starch Compared

entirely of glucose (and, in some cases, other monosaccharides). Three types of poly-
saccharides are important in nutrition: glycogen, starch, and fibers.

Glycogen is a storage form of energy for human beings and animals; starch
plays that role in plants; and fibers provide structure in stems, trunks, roots, leaves,
and skins of plants. Both glycogen and starch are built entirely of glucose units;
fibers are composed of a variety of monosaccharides and other carbohydrate
derivatives.

Glycogen Glycogen molecules are made of chains of glucose that are more highly
branched than those of starch molecules (see the left side of Figure 2-2). Glycogen is
found in meats only to a limited extent and not at all in plants.* For this reason, gly-
cogen is not a significant food source of carbohydrate, but it does play an important
role in the body. The human body stores much of its glucose as glycogen in the liver
and muscles.

Starch Starch is a long, straight or branched chain of hundreds or thousands of glu-
cose units linked together (see the middle and right side of Figure 2-2). These giant
molecules are packed side by side in grains such as rice or wheat, in root crops and
tubers such as yams and potatoes, and in legumes such as peas and beans. When a
person eats the plant, the body splits the starch into glucose units and uses the glucose
for energy."

All starchy foods come from plants. Grains are the richest food source of starch.
In most human societies, people depend on a staple grain for much of their food en-
ergy: rice in Asia; wheat in Canada, the United States, and Europe; corn in much
of Central and South America; and millet, rye, barley, and oats elsewhere. A second
important source of starch is the legume (bean and pea) family. Legumes include pea-
nuts and “dry” beans such as butter beans, kidney beans, “baked” beans, black-eyed
peas (cowpeas), chickpeas (garbanzo beans), and soybeans. Root vegetables (tubers)
such as potatoes and yams are a third major source of starch, and in many non-
Western societies, they are the primary starch sources. Grains, legumes, and tubers
not only are rich in starch but may also contain abundant dietary fiber, protein, and
other nutrients.

*Glycogen in animal muscles rapidly breaks down after slaughter.
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 foods.

CARBOHYDRATES

© 2016 Cengage Learning®

glycogen (GLY-co-gen): a poly-

saccharide composed of glucose,

made and stored by liver and muscle
tissues of human beings and animals
as a storage form of glucose. Glyco-
gen is not a significant food source of
carbohydrate and is not counted as
one of the polysaccharides in foods.

starch: a plant polysaccharide com-
posed of glucose and digestible by

human beings.
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dietary fibers: a general term de-
noting in plant foods the polysaccha-
rides cellulose, hemicellulose, pectins,
gums, and mucilages, as well as the
nonpolysaccharide lignins, which are
not digested by human digestive en-
zymes, although some are digested
by Gl tract bacteria.

whole grains: grains or foods
made from them that contain all

the essential parts and naturally oc-
curring nutrients of the entire grain
seed (except the inedible husk).
resistant starches: starches that
escape digestion and absorption in
the small intestine of healthy people.

fermentation: the anaerobic
(without oxygen) breakdown of car-
bohydrates by microorganisms that
releases small organic compounds
along with carbon dioxide and
energy.

soluble fibers: indigestible food
components that readily dissolve in
water and often impart gummy or
gel-like characteristics to foods. An
example is pectin from fruit, which is
used to thicken jellies.

viscous: having a gel-like
consistency.

insoluble fibers: the tough, fi-
brous structures of fruits, vegetables,
and grains; indigestible food compo-
nents that do not dissolve in water.
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Starch Cellulose

g FIGURE 2-3 The Bonds of Starch and Cellulose Molecules Compared
(Small Segments)
Human enzymes can digest starch, but they cannot digest cellulose because the bonds that link the
glucose units together in cellulose are different.

Fibers Dietary fibers are the structural parts of plants and thus are found in all plant-
derived foods—vegetables, fruits, whole grains, and legumes. Most dietary fibers are
polysaccharides—chains of sugars—just as starch is, but in fibers the sugar units are
held together by bonds that human digestive enzymes cannot break. Consequently,
most dietary fibers pass through the body, providing little or no energy for its use.
Figure 2-3 illustrates the difference in the bonds that link glucose molecules together
in starch and those found in the plant fiber cellulose. In addition to cellulose, fibers
include the polysaccharides hemicellulose, pectins, gums, and mucilages, as well as
the nonpolysaccharide lignins.

Cellulose is the main constituent of plant cell walls, so it is found in all vegetables,
fruits, and legumes. Hemicellulose is the main constituent of cereal fibers. Pectins are
abundant in vegetables and fruits, especially citrus fruits and apples. The food industry
uses pectins to thicken jelly and keep salad dressing from separating. Gums and muci-
lages have similar structures and are used as additives or stabilizers by the food industry.
Lignins are the tough, woody parts of plants; few foods people eat contain much lignin.

A few starches are classified as fibers. Known as resistant starches, these starches
escape digestion and absorption in the small intestine. Starch may resist digestion
for several reasons, including the individual’s efficiency in digesting starches and the
food’s physical properties. Resistant starch is common in whole or partially milled
grains, legumes, raw potatoes, and unripe bananas. Cooked potatoes, pasta, and rice
that have been chilled also contain resistant starch. Similar to some fibers, resistant
starch may support a healthy colon.?

Although cellulose and other dietary fibers are not broken down by human enzymes,
some fibers can be digested by bacteria in the human digestive tract. Bacterial fermen-
tation of fibers can generate some absorbable products that can yield energy when
metabolized. Food fibers, therefore, can contribute some energy (1.5 to 2.5 kcalories
per gram), depending on the extent to which they break down in the body.

Fibers are divided into two general groups by their chemical and physical proper-
ties.* In the first group are fibers that dissolve in water (soluble fibers). These form
gels (are viscous) and are more readily digested by bacteria in the human large in-
testine (are easily fermented). Commonly found in barley, legumes, fruits, oats, and
vegetables, these fibers are often associated with lower risks of chronic diseases (as
discussed in a later section). In foods, soluble fibers add a pleasing consistency; for
example, pectin puts the gel in jelly, and gums are added to salad dressings and other
foods to thicken them.

Other fibers do not dissolve in water (insoluble fibers), do not form gels (are not
viscous), and are less readily fermented. Insoluble fibers, such as cellulose and many
hemicelluloses, are found in the outer layers of whole grains (bran), the strings of
celery, the hulls of seeds, and the skins of corn kernels. These fibers retain their struc-
ture and rough texture even after hours of cooking. In the body, they aid the digestive
system by easing elimination.’

*The DRI committee has proposed these fiber definitions: the term dietary fibers refers to naturally
occurring fibers in intact foods, and functional fibers refers to added fibers that have health benefits; total fiber
refers to the sum of fibers from both sources.

CHAPTER TWO
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IN SUMMARY

I Carbohydrate is the body’s preferred energy source. Six sugars are important in
nutrition: the three monosaccharides (glucose, fructose, and galactose) and the
three disaccharides (sucrose, lactose, and maltose).

I The three disaccharides are pairs of monosaccharides; each contains glucose paired
with one of the three monosaccharides. The polysaccharides (chains of monosac-
charides) are glycogen, starches, and fibers.

I Both glycogen and starch are storage forms of glucose—glycogen in the body and
starch in plants—and both yield energy for human use.

I The dietary fibers also contain glucose (and other monosaccharides), but their bonds
cannot be broken by human digestive enzymes, so they yield little, if any, energy.

2.2 Regulation of Blood Glucose

LO 2.2 Explain how hormones control blood glucose concentrations.

If blood glucose falls below normal, a person may become dizzy and weak; if it rises
substantially above normal, the person may become fatigued. Diabetes, a disorder
characterized by elevated blood glucose, is the topic of Chapter 21. Left untreated,
fluctuations to the extremes—either high or low—-can be fatal. Blood glucose homeo-
stasis 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 blood
glucose falls (as occurs between meals).

Insulin After a meal, as blood glucose rises, the pancreas is the first organ to respond.
It releases the hormone insulin, which signals body tissues to take up surplus glucose.
Muscle tissue responds to insulin by taking up excess blood glucose and using it to make
glycogen. The liver takes up excess blood glucose, too, but it needs no help from insulin to
do so. Instead, the liver cells respond to insulin by speeding up their glycogen production.
Adipose (fat) tissue also responds to insulin by both taking up blood glucose and slowing
its release of the fat stored within its cells.* Simply put, insulin regulates blood glucose by:

Facilitating blood glucose uptake by the muscles and adipose tissue.
Stimulating glycogen synthesis in the liver.

The muscles hoard two-thirds of the body’s total glycogen to ensure that glucose,
a critical fuel for physical activity, is available for muscular work. The brain stores a
tiny fraction of the total, thought to provide an emergency glucose reserve sufficient
to fuel the brain for an hour or two in severe glucose deprivation. The liver stores the
remainder and is generous with its glycogen, making it available as blood glucose for
the brain or other tissues when the supply runs low. Without carbohydrate from food
to replenish it, the liver glycogen stores can be depleted in less than a day. Balanced
meals and snacks, eaten on a regular schedule, help the body to maintain its blood
glucose. Meals with starch and soluble fiber combined with some protein and a little
fat slow digestion so that glucose enters the blood gradually at an ongoing, steady rate.

The Release of Glucose from Glycogen The glycogen molecule is highly branched
with hundreds of ends bristling from each molecule’s surface (review this structure in
Figure 2-2 on p. 37). When blood glucose starts to fall too low, the hormone glucagon
is released into the bloodstream and triggers the breakdown of liver glycogen to single
glucose molecules. Enzymes in liver cells respond to glucagon by attacking a multitude
of glycogen ends simultaneously to release a surge of glucose into the blood for use by
all the body’s cells. Thus, the highly branched structure of glycogen uniquely suits the
purpose of releasing glucose on demand.

CARBOHYDRATES

Starch- and fiber-rich foods are the
foods to emphasize.

diabetes (DYE-uh-BEE-teez):
metabolic disorders characterized by
elevated blood glucose resulting from
insufficient insulin, ineffective insulin,
or both; the complete medical term
is diabetes mellitus (MELL-ih-tus or
mell-EYE-tus).
homeostasis (HOME-ee-oh-
STAY-sis): the maintenance of
constant internal conditions (such
as chemistry, temperature, and
blood pressure) by the body’s control
system.

homeo = the same

stasis = staying.
insulin: a hormone secreted by
the pancreas in response to (among
other things) high blood glucose. It
promotes cellular glucose uptake for
use or storage.
glucagon (GLOO-ka-gon):
a hormone that is secreted by special
cells in the pancreas in response to
low blood glucose concentration and
that elicits release of glucose from
storage.
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Sugary soft drinks are the leading
source of added sugars in the
United States; cakes, cookies, pies,
and other baked goods come next;
and sweetened fruit drinks and
punches follow closely behind.

naturally occurring sugars:
sugars that are not added to a food
but are present as its original con-
stituents, such as the sugars of fruit
or milk.

dental caries: the gradual decay
and disintegration of a tooth.
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IN SUMMARY

I Blood glucose concentrations are regulated primarily by two hormones: insulin,
which moves glucose from the blood into the cells, and glucagon, which brings
glucose out of storage when blood glucose falls.

2.3 Health Effects of Sugars
and Alternative Sweeteners

LO 2.3 Describe how added sugars can contribute to health problems and how al-
ternative sweeteners may help to limit kcalories and sugar intake.

Fiber-rich carbohydrate foods such as vegetables, whole grains, legumes, and fruits
should predominate in people’s diets; the naturally occurring sugars in these foods
and in milk are acceptable because they are accompanied by many nutrients. In con-
trast, concentrated sweets such as candy, cola beverages and other soft drinks, cookies,
pies, cakes, and other foods with added sugars add kcalories, but few, if any, other nu-
trients or fiber. The Dietary Guidelines for Americans offer clear advice on added sugars:
reduce intake.’ People who want to limit their use of sugar may choose from two sets
of alternative sweeteners: sugar alcohols and nonnutritive sweeteners.

Sugars

Recent decades have seen a dramatic upward trend in consumption of added sugars.
Sugary foods and beverages taste delicious, cost little money, and are constantly avail-
able, making overconsumption extremely likely. Though people are adding less sugar
in the kitchen, food manufacturers are adding plenty to foods during processing. Soft
drinks and other sugar-sweetened beverages are a major source of added sugars in the
diets of U.S. consumers.® An estimated 75 percent of the packaged foods in the United
States contain sweeteners, mostly added sugars.” On average, U.S. adults consume almost
15 percent of their daily energy intake from added sugars.® Most people can afford only
a little added sugar in their diets if they are to meet nutrient needs within kcalorie limits.

The U.S. population is not alone in increasing sugar consumption. The trend is a
worldwide phenomenon. In response, the World Health Organization has also taken
a stand on sugar intake: consume less than 10 percent of total kcalories from added
sugars. The World Health Organization further suggests that consuming less than
5 percent will provide additional health benefits.*

The increase in sugar consumption has raised many questions about sugar’s ef-
fects on health. In moderate amounts, sugars add pleasure to meals without harming
health.’ In excess, however, sugars can be detrimental, and the average American diet
currently delivers excessive amounts. Mounting evidence links high intakes of added
sugars with obesity and other chronic diseases.!” Sugars can also contribute to nutrient
deficiencies by supplying energy (kcalories) without providing nutrients and to tooth
decay, or dental caries.

Sugar and Obesity Over the past several decades, as obesity rates increased sharply,
consumption of added sugars reached an all-time high—Ilargely because high-fructose
corn syrup use, especially in beverages, surged.!! High-fructose corn syrup is composed
of fructose and glucose in a ratio of about 50:50. Compared with sucrose, high-fructose
corn syrup is less expensive, easier to use, and more stable. In addition to being used

*The World Health Organization uses the term fiee sugars to mean all monosaccharides and disaccha-
rides added to foods by the manufacturer, cook, or consumer, plus the naturally occurring sugars in honey,
syrups, and fruit juices.
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in beverages, high-fructose corn syrup sweetens candies, baked goods, and hundreds
of other foods. The use of high-fructose corn syrup sweetener parallels unprecedented
increases in the incidence of obesity, but does this mean that the increasing sugar in-
takes are responsible for the increase in body fat and its associated health problems?'?
Excess sugar in the diet may be associated with more fat on the body.'*> When they are
eaten in excess of need, energy from added sugars contributes to body fat stores, rais-
ing the risk of weight gain.'* When total energy intake is controlled, however, moderate
amounts of sugar do not cause obesity. Thus, to the extent that sugar contributes to an
excessive energy intake, it can play a role in the development of obesity.

Because swallowing liquids requires little effort, the liquid form of sugar in soft
drinks makes it especially easy to overconsume kcalories. Sugar-sweetened beverages
are energy-dense, providing more than 150 kcalories per 12-ounce can, and many peo-
ple drink several cans a day. The sugar kcalories of sweet beverages also cost less than
many other energy sources, and they are widely available. The convenience, economy,
availability, and flavors of sugary foods and beverages encourage overconsumption.

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. Replacing a can of cola with a glass of water every day, for example, can
help a person lose a pound (or at least not gain a pound) in one month.!® That may not
sound like much, but it adds up to more than 10 pounds a year, for very little effort.

Sugar and Heart Disease Added sugars also influence the balance between the
body’s fat-making and fat-clearing mechanisms, a balance that plays critical roles in
the development of heart disease.!® Fructose stimulates the body’s fat-making path-
ways and impairs its fat-clearing pathways in ways that could lead to an unhealthy
build-up of blood lipids (triglycerides, discussed in Chapter 4).!”

To determine whether added sugars raise blood lipids, researchers studied more
than 6000 healthy adults. They observed that people with higher intakes of added
sugars had blood lipid values indicating an increased risk of heart disease.!® In an-
other study, young adults who consumed more sugar-sweetened beverages had greater
abdominal fatness, more harmful blood lipids, and higher blood pressure than those
who drank fewer.!” It may not take an unrealistic amount of added sugars to cause
this effect. As little as the equivalent of one or two fructose- or sucrose-sweetened soft
drinks a day consumed for only a few weeks significantly changes blood lipids in ways
that may pose risks to the heart and arteries.?

Sugar and Nutrient Deficiencies Empty-kcalorie foods that contain lots of added
sugars such as cakes, candies, and sodas provide the body with glucose and energy,
but few, if any, other nutrients. By comparison, foods such as whole grains, vegeta-
bles, legumes, and fruits that contain some natural sugars and lots of starches and
fibers also provide protein, vitamins, and minerals.

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 kcalories on three
slices of whole-wheat bread gets 9 grams of protein, 6 grams of fiber, plus several of
the B vitamins with those kcalories. For the person who wants something sweet, a rea-
sonable compromise might be two slices of bread with a teaspoon of jam on each. The
amount of sugar a person can afford to eat depends on how many discretionary kcalo-
ries are available beyond those needed to deliver indispensable vitamins and minerals.

By following the USDA Food Patterns and making careful food selections, a typical
adult can obtain all the needed nutrients within an allowance of about 1500 kcalories.
Some people have more generous energy allowances. For example, an active teenage
boy may need as many as 3000 kcalories a day. If he eats mostly nutritious foods, then
he may have discretionary kcalories available for cola beverages and other “extras.” In
contrast, 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.

CARBOHYDRATES
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How To

Added sugars contribute to nutrient deficiencies by displacing nutrients. For nu-
trition’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.

Sugar and Dental Caries Does sugar contribute to dental caries? The evidence says
yes. Any carbohydrate-containing food, including bread, bananas, or milk, as well as
sugar, can support bacterial growth in the mouth. These bacteria produce the acid
that eats away tooth enamel. Of major importance is the length of time the food stays
in the mouth. This, in turn, depends on the composition of the food, how sticky the
food is, how often a person eats the food, and especially whether the teeth are brushed
afterward. Total sugar intake still plays a major role in caries incidence; populations
whose diets provide no more than 10 percent of kcalories from sugar have a low
prevalence of dental caries. The Academy of Nutrition and Dietetics and the Dietary
Guidelines for Americans recommend a combined approach to prevent dental caries—
practicing good oral hygiene, drinking fluoridated water, and reducing the amount of
time sugars and starches are in the mouth.?! Nutrition in Practice 17 discusses nutri-
tion and oral health.

Recommended Sugar Intakes Moderate sugar intakes are not harmful and make
eating more enjoyable, but the average U.S. intake is well above moderate. Thus, the
Dietary Guidelines for Americans urge people to “reduce the intake of kcalories from
added sugars.” These added sugar kcalories (and those from solid fats and alcohol)
are considered discretionary kcalories—and most people need to limit their intake.
The USDA Food Patterns suggest about 8 teaspoons of sugar, about the amount in
one 12-ounce soft drink, in a nutrient-dense 2000-kcalorie eating pattern. The USDA
Food Patterns recommendations for sugar represent about 5 to 10 percent of the day’s
total energy intake. As noted earlier, the World Health Organization agrees that peo-
ple should restrict their consumption of added sugars to less than 10 percent of total
energy and that reducing added sugar intake to less than 5 percent of total energy
would have additional health benefits. Box 2-1 provides strategies for reducing the
intake of added sugars.

The DRI committee did not set a Tolerable Upper Intake Level for added sug-
ars, but, as mentioned, excessive intakes can interfere 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. Instead, the DRI committee sug-
gests that added sugars should account for no more than 25 percent of the day’s to-
tal energy intake.?? One out of eight in the U.S. population exceeds this rather high
maximum intake.?? For a person consuming 2000 kcalories a day, 25 percent

BOX 2-1 REDUCE INTAKES OF ADDED SUGARS

I Use less table sugar when preparing meals and at the table. I Select fruit for dessert. Eat less cake, cookies, ice cream, other
I Use your sugar kcalories to sweeten nutrient-dense foods dessgrts, and candy. If you do eat these foods, have a small
(such as oatmeal) instead of consuming empty-kcalorie foods portion.
and beverages (such as candy and soda). I Warm up sweet foods before serving (heat enhances sweet
I Replace empty kcalorie-rich regular sodas, sports drinks, tastes).
energy drinks, and fruit drinks with water, fat-free milk, 100%  # Read the Nutrition Facts on labels to choose foods with less
fruit juice, or unsweetened tea or coffee. sugar and less added sugar.

I Use sweet spices such as cinnamon, nutmeg, allspice, or clove.
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represents 500 kcalories from added sugars—the equivalent of 40 ounces of cola,
Y, cup of honey, 125 jelly beans, 23 marshmallows, or 30 teaspoons of sugar. Perhaps
an athlete in training whose energy needs are high can afford the added sugars from
sports drinks without compromising nutrient intake, but most people would do better
following recommendations to limit added sugar consumption to less than 10 percent
of the day’s total energy intake.

Recognizing Sugars People often fail to recognize sugar in all its forms and so do
not realize how much they consume. To help your clients estimate their sugar intakes,
tell them to treat all of the following concentrated sweets as equivalent to 1 teaspoon
of white sugar (4 grams of carbohydrate):

1 teaspoon brown sugar, candy, jam, jelly, any corn sweetener, syrup, honey, mo-
lasses, or maple sugar or syrup

1 tablespoon ketchup
1'% ounces carbonated soft drink

These portions of sugar all provide about the same number of kcalories. Some are
closer to 10 kcalories (for example, 14 kcalories for molasses), whereas some are
more than 20 kcalories (22 kcalories for honey), so an average figure of 16 kcalories is
an acceptable approximation. Box 2-2 presents the multitude of names that denote
sugar on food labels.

People often ask: What is the difference between honey and white sugar? Is honey,
by virtue of being natural, more nutritious? Honey, like white sugar, contains glu-
cose and fructose. The difference is that, in white sugar, the glucose and fructose are
bonded together in pairs, whereas in honey some of them are paired and some are free
single sugars. When you eat either white sugar or honey, though, your body breaks all
of the sugars apart into single sugars. It ultimately makes no difference, then, whether
you eat single sugars linked together, as in white sugar, or the same sugars unlinked,
as in honey; they will end up as single sugars in your body.

BOX 2-2 GLOSSARY OF ADDED SUGARS

brown sugar: refined white sugar with molasses added; 95 per-
cent pure sucrose.

concentrated fruit juice sweetener: a concentrated sugar
syrup made from dehydrated, deflavored fruit juice, commonly grape
juice; used to sweeten products that can then claim to be “all fruit.”

confectioner’s sugar: finely powdered sucrose; 99.9 percent pure.

corn sweeteners: corn syrup and sugar solutions derived from corn.

corn syrup: a syrup, mostly glucose, partly maltose, produced by
the action of enzymes on cornstarch. It may be dried and used as
corn syrup solids.

dextrose, anhydrous dextrose: forms of glucose.

evaporated cane juice: raw sugar from which impurities have
been removed.

granulated sugar: white sugar.

high-fructose corn syrup (HFCS): a widely used commercial

kcaloric sweetener made by adding enzymes to cornstarch to convert

a portion of its glucose molecules into sweet-tasting fructose.

honey: a concentrated solution primarily composed of glucose and
fructose; produced by enzymatic digestion of the sucrose in nectar
by bees.

CARBOHYDRATES

invert sugar: a mixture of glucose and fructose formed by the
splitting of sucrose in an industrial process. Sold only in liquid form
and sweeter than sucrose, invert sugar forms during certain cooking
procedures and works to prevent crystallization of sucrose in soft
candies and sweets.

malt syrup: a sweetener made from sprouted barley.

maple syrup: a concentrated solution of sucrose derived from the sap
of the sugar maple tree, mostly sucrose. This sugar was once common
but is now usually replaced by sucrose and artificial maple flavoring.

molasses: a thick, brown syrup left over from the refining of su-
crose from sugarcane. The major nutrient in molasses is iron, a con-
taminant from the machinery used in processing it.

raw sugar: the first crop of crystals harvested during sugar process-
ing. Raw sugar cannot be sold in the United States because it con-
tains too much filth (dirt, insect fragments, and the like). Sugar sold
as “raw sugar” is actually evaporated cane juice.

turbinado (ter-bih-NOD-oh) sugar: raw sugar from which the
filth has been washed; legal to sell in the United States.

white sugar: granulated sucrose or “table sugar,” produced by dis-
solving, concentrating, and recrystallizing raw sugar; 99.9 percent pure.
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TABLE 2-2 Sample Nutrients in Sugars 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—milk, legumes, fruits, grains, and vegetables offer more of the other nutrients than do the sugars.

Size of 100 kCal Carbohydrate Protein Calcium Iron Vitamin A Vitamin C

Portion (9) (9) (mg) (mg) (n9) (mg)
Foods
Milk, 1% low-fat 1c 12 8 300 0.1 144 2
Kidney beans Y2 c 20 7 30 1.6 0 2
Apricots 6 24 2 30 1.1 554 22
Bread, whole wheat 12 slices 20 4 30 1.9 0 0
Broccoli, cooked 2¢c 20 12 188 2.2 696 148
Sugars
Sugar, white 2 ths 24 0 trace trace 0 0
Molasses, blackstrap 2Y5 ths 28 0 343 12.6 0 0.1
Cola beverage 1c 26 0 6 trace 0 0
Honey 1%2 ths 26 trace 2 0.2 0 trace

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 2-2 shows
that honey and white sugar are similar nutritionally—and both fall short of milk, le-
gumes, fruits, grains, and vegetables. Honey may offer some health benefits, however:
It seems to relieve nighttime coughing in children and reduce the severity of mouth
ulcers in cancer patients undergoing chemotherapy or radiation.

Some sugar sources are more nutritious than others, though. Consider a fruit such
as an orange. The orange provides the same sugars and about the same energy as a
tablespoon of sugar or honey, but the packaging makes a big difference in nutrient
density. The sugars of the orange are diluted in a large volume of fluid that contains
valuable vitamins and minerals, and the flesh
and skin of the orange are supported by fibers
that also offer health benefits. A tablespoon
of honey offers no such bonuses. Of course, a
cola beverage, containing many teaspoons of
sugar, offers no advantages either.

IN SUMMARY

I In moderation, sugars pose no major health
threat except for an increased risk of dental
caries.

I Excessive sugar intakes may displace
needed nutrients and fiber and may contrib-
ute to obesity.

I A person deciding to limit daily sugar in-
take should recognize that it is the added
sugars in concentrated sweets, which are
high in kcalories and relatively lacking in
other nutrients, that should be restricted.
Sugars that occur naturally in fruits, veg-

You receive about the same amount and kinds of sugars from an orange as from a etables, and milk are acceptable.
tablespoon of honey, but the packaging makes a big nutrition difference.

© Matthew Farruggio possibly Quest Photographic
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Alternative Sweeteners: Sugar Alcohols

The sugar alcohols are carbohydrates, but they trigger a lower glycemic response
and yield slightly less energy (2 to 3 kcalories per gram) than sucrose (4 kcalories per
gram) because they are not absorbed completely.?* The sugar alcohols are sometimes
called nutritive sweeteners because they do yield some energy. One exception, eryth-
ritol, cannot be metabolized by human enzymes and so is kcalorie free.

The sugar alcohols occur naturally in fruits and vegetables; they are also used by
manufacturers to provide sweetness and bulk to cookies, sugarless gum, hard candies,
and jams and jellies. Unlike sucrose, sugar alcohols are fermented in the large intestine
by intestinal bacteria. Consequently, side effects such as gas, abdominal discomfort,
and diarrhea make the sugar alcohols less attractive than the nonnutritive sweeteners.

The advantage of using sugar alcohols is that they do not contribute to dental car-
ies. Bacteria in the mouth metabolize sugar alcohols much more slowly than sucrose,
thereby inhibiting the production of acids that promote caries formation. They are
therefore valuable in chewing gums, breath mints, and other products that people
keep in their mouths awhile. The Food and Drug Administration (FDA) allows food
labels to carry a health claim (see p. 26 in Chapter 1) about the relationship between
sugar alcohols and the nonpromotion of dental caries as long as certain FDA criteria,
including those for sugar-free status, are met. Figure 2-4 presents labeling information
for products using sugar alternatives.

Alternative Sweeteners: Nonnutritive Sweeteners

The nonnutritive sweeteners sweeten with minimal or no carbohydrate or energy. The
human taste buds perceive many of them as extremely sweet, so just tiny amounts are

FOR STRONG WEALTNT FEFTH

.—ﬂ ;_-
Products containing - oy
sugar replacers may [
claim to “not promote —
tooth decay” if they
meet FDA criteria for

dental plaque activity.

,ﬁf

Products containing
aspartame must carry
a warning for people
with phenylketonuria.

PHENYLKETONURICS: CONTAINS PHENYLALANINE.

Nutrition Facts

6 servings per container

Serving size 2 pieces (3g)
1
Amount Per 2 pieces

Calories 5

% DV

0% | Total Fat Og

0% | Sodium Omg

1% | Total Carbs 2g
Sugars Og

Added Sugars Og
Sugar Alcohol 2g

Products containing
less than 0.5 g of
sugar per serving can
claim to be “sugarless’
or “sugar-free.”

Protein Og

Not a significant source of other nutrients.

FIGURE 2-4 Sugar Alternatives on Food Labels
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INGREDIENTS: SORBITOL, MALTITOL, GUM BASE, MANNITOL, ARTIFICIAL AND NATURAL FLAVORING, ACACIA, >
SOFTENERS, TITANIUM DIOXIDE (COLOR), ASPARTAME, ACESULFAME POTASSIUM AND CANDELILLA WAX. ;

35% FEWER CALORIES THAN SUGARED GUM.

sugar alcohols: sugarlike com-
pounds in the chemical family
alcohol derived from fruits or manu-
factured from carbohydrates; sugar
alcohols are absorbed more slowly
than other sugars, are metabolized
differently, and do not elevate the
risk of dental caries. Examples are
maltitol, mannitol, sorbitol, isomalt,
lactitol, and xylitol.

nutritive sweeteners: sweeten-
ers that yield energy, including both
the sugars and the sugar alcohols.

nonnutritive sweeteners:
synthetic or natural food additives
that offer sweet flavor but with negli-
gible or no kcalories per serving; also
called artificial sweeteners, intense
sweeteners, noncaloric sweeteners,
and very-low-calorie sweeteners.

© Craig M. Moore
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Products that claim to be
“reduced kcalories” must

provide at least 25%

includes both sugar
alcohols and artificial

fewer kcalories per serving

than the comparison item.
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added to foods to achieve the desired sweet taste.”® The FDA endorses nonnutritive
” sweeteners as safe for use over a lifetime within Acceptable Daily Intake (ADI) levels.

the amount of a nonnutritive sweet- . .. .
ener that individuals can safely con- Like the sugar alcohols, nonnutritive sweeteners make foods taste sweet without pro-

sume each day over the course of moting tooth decay. Table 2-3 offers details about nonnutritive sweeteners, including
a lifetime without adverse effect. It ADI levels.
includes a 100-fold safety factor.

Acceptable Daily Intake (ADI):

TABLE 2-3 U.S.-Approved Nonnutritive Sweeteners

Acceptable
Daily Intake
Sweetness (ADI) and
Chemical Digestion/ Relative to Energy Estimated
Sweetener Composition Absorption Sucrose? (kcal/g) Equivalent® Approved Uses
Acesulfame potassium  Potassium salt Not digested 200 0 15 mg/kg General use, except in
or acesulfame-K or absorbed body weight® meat and poultry. Tabletop
(Sunette, Sweet One) (30 cans diet sweeteners. Heat stable.
soda)
Aspartame Amino acids Digested 180 44 50 mg/kg General use in all foods
(NutraSweet, Equal, (phenylalanine and  and body weight®  and beverages; warning to
others) aspartic acid) and a  absorbed (18 cans population with PKU. Degrades
methyl group diet soda) when heated.
Luo han guo Curcurbine, Digested 150-300 1 No ADI GRAS'; general use as a food
glycosides from and determined ingredient and tabletop

monk fruit extract  absorbed sweetener.

Neotame Aspartame with Not digested 7000 0 18 mg/day General use, except in meat
an additional side  or absorbed and poultry.

group attached

Saccharin (SugarTwin,  Benzoic sulfimide Rapidly 300 0 5 mg/kg Tabletop sweeteners, wide
Sweet’'N Low, others) absorbed body weight range of foods, beverages,
and excreted (10 packets of  cosmetics, and pharmaceutical
sweetener) products.
Stevia (Sweetleaf, Glyosides found in  Digested 200-300 0 4 mg/kg body  GRAS'; tabletop sweeteners, a
Truvia, PureVia) the leaves of the and weight variety of foods and beverages.
Stevia rebaudiana  absorbed
herb
Sucralose (Splenda) Sucrose with Cl Not digested 600 0 5 mg/kg body  Baked goods, carbonated
atoms instead of or absorbed weight (6 cans  beverages, chewing gum,

OH groups diet soda) coffee and tea, dairy products,
frozen desserts, fruit spreads,
salad dressing, syrups, tabletop
sweeteners.

Tagatose? (Nutralose, Monosaccharide Not well 0.9 1.5 7.5 g/day GRAS'; bakery products,

Nutrilatose, Tagatesse)  similar in structure  absorbed beverages, cereals, chewing
to fructose; gum, confections, dairy
naturally occurring products, dietary supplements,
or derived from energy bars, tabletop

lactose sweeteners.

“Relative 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.

Based on a person weighing 70 kg (154 Ib).

‘Recommendations from the World Health Organization limit acesulfame-K intake to 9 mg per kilogram of body weight per day.

dAspartame provides 4 kcal/g, 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.

¢Recommendations from the World Health Organization and in Europe and Canada limit aspartame intake to 40 mg per kilogram of body weight per day.

‘Generally recognized as safe.

9Tagatose is a poorly digested sugar, and technically not a nonnutritive sweetener.
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Nonnutritive Sweeteners and Weight Management Whether the use of non-
nutritive sweeteners promotes weight loss or improves health by reducing total kcalorie
intakes is not known with certainty.? Some research even suggests that their use may
promote weight gain through unknown mechanisms; these are topics of current research.

‘When people reduce their energy intakes by replacing sugar in their diets with non-
nutritive sweeteners and then compensate for the reduced energy at later meals, en-
ergy intake may stay the same or increase. Using nonnutritive sweeteners will not
automatically lower energy intake; to successfully control energy intake, a person
needs to make informed diet and activity decisions throughout the day.

Safety of Nonnutritive Sweeteners Through the years, questions have emerged
about the safety of nonnutritive sweeteners, but these issues have since been resolved.
For example, early research indicating that large quantities of saccharin caused blad-
der tumors in laboratory animals was later shown to be inapplicable to humans. Com-
mon sense dictates that consuming large amounts of saccharin is probably not safe,
but consuming moderate amounts poses no known hazard.

Aspartame, a sweetener made from two amino acids (phenylalanine and aspar-
tic acid) is one of the most thoroughly studied food additives ever approved, and no
scientific evidence supports the Internet stories that accuse it of causing disease.?’
However, aspartame’s phenylalanine base poses a threat to those with the inherited
disease phenylketonuria (PKU). People with PKU cannot dispose of phenylalanine
efficiently (see Nutrition in Practice 16). Food labels warn people with PKU of the
presence of phenylalanine in aspartame-sweetened foods (see Figure 2-4). In addi-
tion, foods and drinks containing nonnutritive sweeteners have no place in the diets of
even healthy infants or toddlers.

IN SUMMARY

I Two types of alternative sweeteners are sugar alcohols and nonnutritive
sweeteners.

I Sugar alcohols are carbohydrates, but they yield slightly less energy than sucrose.
I Sugar alcohols do not contribute to dental caries.

I The FDA endorses the use of nonnutritive sweeteners within ADI levels as safe
over a lifetime.

I The nonnutritive sweeteners sweeten with minimal or no carbohydrate and energy.

I Like the sugar alcohols, nonnutritive sweeteners do not promote tooth decay.

2.4 Health Effects of Starch
and Dietary Fibers

LO 2.4 Identify the health benefits of, and recommendations for, starches
and fibers.

Despite dietary recommendations that people should eat generous servings of starch- and
fiber-rich carbohydrate foods for their health, many people still believe that carbohydrate is
the “fattening” component of foods. Gram for gram, carbohydrates contribute fewer kcal-
ories to the body than do dietary fats, so a moderate diet based on starch- and fiber-rich
carbohydrate foods is likely to be lower in kcalories than a diet based on high-fat foods.
For health’s sake, most people should increase their intakes of carbohydrate-rich
foods such as whole grains, vegetables, legumes, and fruits—foods noted for their
starch, fiber, and naturally occurring sugars.? In addition, most people should also
limit their intakes of foods high in added sugars and the types of fats associated
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type 2 diabetes: the type of
diabetes that accounts for 90 to

95 percent of diabetes cases and
usually results from insulin resistance
coupled with insufficient insulin
secretion.

glycemic 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.
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with heart disease (see Chapter 3). A diet that emphasizes whole grains, vegetables,
legumes, and fruits is almost invariably moderate in food energy, low in fats that
can harm health, and high in dietary fiber, vitamins, and minerals. All these factors
working together can help reduce the risks of obesity, cancer, cardiovascular disease,
diabetes, dental caries, gastrointestinal disorders, and malnutrition.

Carbohydrates: Disease Prevention
and Recommendations

Fiber-rich carbohydrate foods benefit health in many ways. Foods such as whole grains,
legumes, vegetables, and fruits supply valuable vitamins, minerals, and phytochemicals,
along with abundant dietary fiber and little or no fat. The following paragraphs describe
some of the health benefits of diets that emphasize a variety of these foods each day.

Heart Disease Diets rich in whole grains, legumes, and vegetables, especially those
rich in whole grains, may protect against heart disease and stroke by lowering blood
pressure, improving blood lipids, and reducing inflammation.?” Such diets are
generally low in saturated fat, trans fat, and cholesterol and high in dietary fibers,
vegetable proteins, and phytochemicals—all factors associated with a lower risk of
heart disease. (The role of saturated fat, trans fat, and cholesterol in heart disease is
discussed in Chapter 3. The benefits of phytochemicals in disease prevention are
presented in Nutrition in Practice 8). Foods rich in soluble fibers (such as oat bran,
barley, and legumes) lower blood cholesterol by binding cholesterol compounds and
carrying them out of the body with the feces.*® High-fiber foods may also lower blood
cholesterol indirectly by displacing fatty, cholesterol-raising foods from the diet. Even
when dietary fat intake is low, research shows that high intakes of soluble fiber exert
separate and significant blood cholesterol-lowering effects.

Diabetes High-fiber foods—and especially whole grains—play a key role in reduc-
ing the risk of type 2 diabetes (see Chapter 21).%! The soluble fibers of foods such
as oats and legumes can help regulate blood glucose following a carbohydrate-rich
meal. Soluble fibers trap nutrients and delay their transit through the digestive tract,
slowing glucose absorption and preventing the glucose surge and rebound often
associated with diabetes onset.

The term glycemic response refers to how quickly glucose is absorbed after a per-
son 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 de-
sirable (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). Different foods have different effects on blood glucose. The glycemic
index, a method of classifying foods according to their potential to raise blood
glucose, is the topic of Nutrition in Practice 2.

GI Health Soluble and insoluble fibers, along with ample fluid intake, may enhance
the health of the large intestine. The healthier the intestinal walls, the better they can
block absorption of unwanted constituents. Soluble fibers help to maintain normal
colonic bacteria necessary for intestinal health.? Insoluble fibers that both enlarge and
soften stools such as cellulose (in cereal brans, fruits, and vegetables) ease elimination
for the rectal muscles and thereby alleviate or prevent constipation and hemorrhoids.

Some fibers (again, such as cereal bran) help keep the contents of the intestinal
tract moving easily. This action helps prevent compaction of the intestinal contents,
which could obstruct the appendix and permit bacteria to invade and infect it. In
addition, fibers stimulate the muscles of the gastrointestinal (GI) tract so that they
retain their strength and resist bulging out in places, as occurs in diverticulosis.*
Recommendations typically suggest increasing fiber to protect against diverticular
disease, although research findings are inconsistent.>
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Cancer Many studies show that, as people increase their dietary fiber intakes, their
risk for colon cancer declines.* A recent meta-analysis using data from several studies
exposed a strong, linear inverse association between dietary fiber and colon cancer.*
People who ate the most fiber (24 grams per day) reduced their risk of colon and
rectal cancer by almost 30 percent compared with those who ate the least (10 grams
per day). Mid-range intakes (18 grams per day) reduced the risk by 20 percent. It is
important to note that fiber from food but not from supplements demonstrates this
association, possibly because fiber supplements lack the nutrients and phytochemicals
of whole foods that may also help to protect against cancers.

All plant foods—rvegetables, fruits, and whole-grain products—have attributes that
may reduce the risks of colon and rectal cancers. Their fiber dilutes, binds, and rapidly
removes potential cancer-causing agents from the colon. In addition, the colon’s bacteria
ferment soluble fibers, forming small fatlike molecules that lower the pH. These small
fatlike molecules activate cancer-killing enzymes and inhibit inflammation in the colon.*

Other processes may also be at work. As research progresses, cancer experts
recommend that fiber in the diet come from 2% to 4% cups of vegetables and fruit
daily, along with generous portions of whole grains and legumes.

Weight Management Fiber-rich foods tend to be low in fat and added sugars and
therefore prevent weight gain and promote weight loss by delivering less energy per
bite.? In addition, fibers absorb water from the digestive juices; as they swell, they
create feelings of fullness, delay hunger, and reduce food intake. Soluble fibers may
be especially useful for appetite control. By whatever mechanism, as populations eat
more refined low-fiber foods and concentrated sweets, body fat stores creep up.* In
contrast, people who eat three or more ounces of whole grain foods each day tend to
have lower body and abdominal fatness over time.*°

Commercial weight-loss products often contain bulk-inducing fibers such as meth-
ylcellulose, but pure fiber compounds are not advised. High-fiber foods not only
add bulk to the diet but are economical, are nutritious, and supply health-promoting
phytochemicals—benefits that no purified fiber preparation can match. Figure 2-5 (p. 50)
summarizes fibers and their health benefits.

Harmful Effects of Excessive Fiber Intake Despite fiber’s benefits to health, when
too much fiber is consumed, some minerals may bind to it and be excreted with it, with-
out becoming available for the body to use. When mineral intake is adequate, however,
a reasonable intake of high-fiber foods does not seem to compromise mineral balance.
People with marginal intakes who eat mostly high-fiber foods may not be able to
take in 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. Fibers also carry water out of the body and can cause dehydration. Advise
clients to add an extra glass or two of water to go along with the fiber added to their
diets. Athletes may want to avoid bulky, fiber-rich foods just prior to competition.

Recommended Intakes of Starches and Fibers The DRI committee advises
that carbohydrates should contribute about half (45 to 65 percent) of the energy re-
quirement. A person consuming 2000 kcalories a day should therefore obtain 900 to
1300 kcalories’ worth of carbohydrate, or between 225 and 325 grams. 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.*!

When it established the Daily Values that appear on food labels, the FDA used
a guideline of 60 percent of kcalories in setting the Daily Value for carbohydrate at
300 grams per day. For most people, this means increasing total carbohydrate intake.
To this end, the Dietary Guidelines for Americans encourage people to choose fiber-rich
whole grains, vegetables, fruits, and legumes daily.

Recommendations for fiber encourage the same foods just mentioned: whole
grains, vegetables, fruits, and legumes, which also provide vitamins, minerals, and

CARBOHYDRATES

pH : the concentration of hydrogen
ions. The lower the pH, the stronger
the acid. Thus, pH 2 is a strong acid;
pH 6 is a weak acid; pH 7 is neutral;

and a pH above 7 is alkaline.
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People who eat these
foods...

* Barley, oats, oat
bran, rye, fruits
(apples, citrus),
legumes (especially
young green peas
and black-eyed
peas), seaweeds,

obtain these types
of fibers...

with these actions
in the body...

Viscous, soluble, more fermentable

* Gums

® Pectins

e Psyllium?®

e Some hemicellulose

® Lower blood cholesterol
by binding bile

e Slow glucose absorption

e Slow transit of food
through upper Gl tract

® Hold moisture in stools,
softening them

and these probable
health benefits ...

o Lower risk of heart disease

o Lower risk of diabetes

® Lower risk of colon and
rectal cancer

e |ncreased satiety, and may
help with weight
management

seeds and husks, ® Yield small fat molecules

]Er;)any veggtablfs, q after fermentation that the
foers used as 100 colon can use for energy
additives

® Increase satiety

Nonviscous, insoluble, less fermentable

e Cellulose

e Lignins
 Resistant starch
e Hemicellulose

* Brown rice, fruits,
legumes, seeds,
vegetables
(cabbage, carrots,
brussels sprouts),
wheat bran, whole
grains, extracted
fibers used as food
additives

* Increase fecal weight
and speed fecal passage
through colon

¢ Provide bulk and feelings
of fullness

e Alleviate constipation

e |ower risk of diverticulosis,
hemorrhoids, and
appendicitis

e Lower risk of colon and
rectal cancer

apgyllium, a soluble fiber derived from seeds, is used as a laxative and food additive.

FIGURE 2-5 Characteristics, Sources, and Health Effects of Fibers
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phytochemicals. The FDA set the Daily Value for fiber at 28 grams for a 2000-kcalorie
intake. This is based on the DRI recommendation of 14 grams per 1000-kcalorie
intake—roughly 25 to 35 grams of dietary fiber daily. These recommendations are
almost two times higher than the usual intake in the United States.*?

As health care professionals, you can advise your clients that an effective way to
add dietary fiber while lowering fat is to substitute plant sources of proteins (legumes)
for some of the animal sources of protein (meats and cheeses) in the diet. Another
way to add fiber is to encourage clients to consume the recommended amounts of
fruits and vegetables each day. People choosing high-fiber foods are wise to seek out
a variety of fiber sources and to drink extra fluids to help the fiber do its job. Many
foods provide fiber in varying amounts, as Figure 2-6 shows.

As mentioned earlier, too much fiber is no better than too little. The World Health
Organization recommends an upper limit of 40 grams of dietary fiber a day.

IN SUMMARY

I A diet rich in starches and dietary fibers helps prevent heart disease, diabetes, GI
disorders, and possibly some types of cancer. It also supports efforts to manage
body weight.

I 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 from carbohydrate and 14 grams of fiber per 1000 kcalories.

Carbohydrates: Food Sources

A day’s meals based on the USDA Food Patterns not only meet carbohydrate recommen-
dations but also provide abundant fiber, too. Grains, vegetables, fruits, and legumes deliver
dietary fiber and are noted for their valuable energy-yielding starches and dilute sugars.

CHAPTER TWO
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Grains

Whole-grain products provide 1 to 2 g of fiber or more per serving:
1 slice whole wheat or rye bread (1 g)
1 slice pumpernickel bread (2 g)
!/2 ¢ ready-to-eat 100% bran cereal (10 g)

!/2 ¢ cooked barley, bulgur, grits, oatmeal (2 to 3 g)

Polara Studios, Inc

Vegetables

Most vegetables contain 2 to 3 g of fiber per serving:
1 ¢ raw bean sprouts

!/2 ¢ cooked broccoli, brussels sprouts, cabbage, carrots, cauliflower, collards, corn,
eggplant, green beans, green peas, kale, mushrooms, okra, parsnips, potatoes,
pumpkin, spinach, sweet potatoes, swiss chard, winter squash

!/2 ¢ chopped raw carrots, peppers

Polara Studios, Inc

Fruits

Fresh, frozen, and dried fruits have about 2 g of fiber per serving:
1 medium apple, banana, kiwi, nectarine, orange, pear
!/2 ¢ applesauce, blackberries, blueberries, raspberries, strawberries

Fruit juices contain very little fiber

Polara Studios, Inc

Legumes and Nuts

Many legumes provide about 8 g of fiber per serving:

!/2 ¢ cooked baked beans, black beans, black-eyed peas, kidney beans, navy beans,
pinto beans

Some legumes provide about 5 g of fiber per serving:
1/2 ¢ cooked garbanzo beans, great northern beans, lentils, lima beans, split peas

Most nuts and seeds provide 1 to 3 g of fiber per serving:

o
=
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1 oz almonds, cashews, hazelnuts, peanuts, pecans, pumpkin seeds, sunflower seeds

FIGURE 2-6 Fiber in Selected Foods
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Each class of foods makes its own typical carbohydrate contribution. The USDA Food
Patterns in Chapter 1 can help you and your clients choose carbohydrate-rich foods.

Grains Most foods in this group—a slice of whole-wheat bread, half an English muf-
fin or bagel, a 6-inch tortilla, or % cup of rice, pasta, or cooked cereal—provide about
15 grams of carbohydrate per ounce equivalent, mostly as starch.* Be aware that some
foods in this group, especially snack crackers and baked goods such as biscuits, crois-
sants, and muffins, contain added sugars, solid fats, and sodium. When selecting from
the grain group, limit refined grains and be sure at least half of the foods chosen are
whole-grain products. People who eat more whole grains tend to have healthier diets.*

Vegetables Some vegetables are major contributors of starch in the diet. Just a small
white or sweet potato or %2 cup of cooked dry beans, corn, peas, plantain, or winter
squash provides 15 grams of carbohydrate, as much as in a slice of bread, though as a
mixture of sugars and starch. One-half cup of carrots, okra, onions, tomatoes, cooked
greens, or most other nonstarchy vegetables or a cup of salad greens provides about
5 grams as a mixture of starch and sugars. Each of these foods also contributes a
little protein, some fiber, and no fat.

Fruits A half-cup equivalent of fruit contains an average of about 15 grams of car-
bohydrate, mostly as sugars, including the fruit sugar fructose. The amount of fruit
equivalent to a half-cup varies depending on the form of the fruit: %2 cup of juice;
a small banana, apple, or orange; %2 cup of most canned or fresh fruit; or ¥4 cup of
dried fruit. Fruits vary greatly in their water and fiber contents; therefore, their sugar
concentrations vary also. No more than one-half of the day’s fruit should come
from juice. With the exception of avocado, which is high in fat, the fruits contain
insignificant amounts of fat and protein.

Milk and Milk Products One cup of milk or yogurt or the equivalent (1 cup of
buttermilk, ' cup of dry milk powder, or ¥ cup of evaporated milk) provides a gener-
ous 12 grams of carbohydrate. Among cheeses, cottage cheese provides about 6 grams
of carbohydrate per cup, whereas most other types contain little, if any, carbohydrate.
These foods also contribute high-quality protein as well as several important vitamins
and minerals. Calcium-fortified soy beverages are options for providing calcium and
about the same amount of carbohydrate as milk. All milk products vary in fat content,
an important consideration in choosing among them; Chapter 3 provides the details.

Cream and butter, although dairy products, are not equivalent to milk because
they contain little or no carbohydrate and insignificant amounts of the other nutrients
important in milk. They are appropriately classified as solid fats.

Protein Foods With two exceptions, foods of this group provide almost no carbohy-
drate to the diet. The exceptions are nuts, which provide a little starch and fiber along
with their abundant fat, and dry beans, which are excellent sources of both starch and
fiber. Just % cup of beans provides 15 grams of carbohydrate, an amount equal to the
richest carbohydrate sources. Among sources of fiber, beans and other legumes are out-
standing, providing as much as 8 grams in % cup. The carbohydrate content of a diet can
be determined by using a nutrient composition table such as that found in Appendix A,
the food list system described in Chapter 21, or a computer diet analysis program.

Carbohydrates: Food Labels and Health Claims

Food labels list the amount, in grams, of total carbohydrate—including starch, fibers,
and sugars—per serving. Grams of fiber and total sugars are listed separately. (With
this information, consumers can calculate starch grams by subtracting the grams of
fibers and sugars from the total carbohydrate.) As Chapter 1 described, once the up-
dated Nutrition Facts panel is displayed on labels, added sugars will also be listed

*Gram values in this section are adapted from Choose Your Foods: Food Lists for Diabetes.
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separately. Total carbohydrate and dietary fiber are also expressed as “% Daily Val-
ues” for a person consuming 2000 kcalories; there is no Daily Value for sugars.

The FDA authorizes four health claims on food labels concerning fiber-rich car-
bohydrate foods. One is for “fiber-containing grain products, fruits, and vegetables
and reduced risk of cancer.” Another is for “fruits, vegetables, and grain products
that contain fiber, and reduced risk of coronary heart disease.” A third is for “soluble
fiber from whole oats and from psyllium seed husk and reduced risk of coronary
heart disease,” and a fourth is for “whole grains and reduced risk of heart disease
and certain cancers.” Chapter 1 describes the criteria foods must meet to bear these

health claims.

IN SUMMARY

I Grains, vegetables, fruits, and legumes contribute dietary fiber and energy-yielding
starches and dilute sugars to people’s diets. One cup of milk or yogurt or the
equivalent contributes a generous 12 grams of carbohydrate as well as protein and

other important nutrients.

I Food labels list grams of total carbohydrate and also provide separate listings of

grams of fiber and sugar.

Your Diet

Carbohydrates

Most of the energy people receive from foods comes from car-
bohydrates. Healthy choices provide carbohydrates rich in fiber,
starches, vitamins, minerals, and naturally occurring sugars. A diet
that is consistently low in dietary fiber and high in added sugar can
lead to health problems. The table below displays related foods in
categories that roughly indicate their fiber and sugar contents.
Look back to the food record you completed for the Your Diet activ-
ity at the end of Chapter 1. Draw a table like the one below, listing

five of your carbohydrate choices in the appropriate column(s).

If your food is not listed in the first column (High in Fiber/Low in
Added Sugar), suggest an alternative selection to place in this col-
umn. As an example, if you consumed a Rice Krispies Treat® (low in
fiber, high in added sugar), you could list the food in the third col-
umn and write “brown rice” in the first column. For any food with
no obvious alternatives, such as candy or sweetened soda, circle
the food and list an alternative choice below the table (for example,
you can replace regular soda with diet soda or low-fat milk).

High in Fiber/Low in Added Sugar

Apple with peel
Oatmeal Granola
Whole-wheat bread Bagel, plain
Corn on the cob Creamed corn
Baked sweet potato

~ Clinical Applications

Intermediate Fiber and/or Sugar

Applesauce, sweetened

Candied sweet potato casserole

Low in Fiber/High in Added Sugar

Fruit drink, 10% apple juice
Granola breakfast bar
Danish pastry

Corn flakes, added sugar
Sweet potato pie

1. Considering the health benefits of carbohydrate-rich foods,
especially those that provide starch and fiber, what sugges-
tions would you offer to a client who reports the
following:

1 Eats only three ounces of refined, sugary breads or cereals
each day.

CARBOHYDRATES

1 Eats one cup of vegetables (usually french fries) each day.
1 Drinks fruit juice once a day but never eats fruit.

I Eats cheese at least twice a day but does not drink milk.
I Eats large portions of meat at least twice a day.

I Eats hard candy two or three times a day.
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Self Check

d. Green peas

. Polysaccharides include:

a. galactose, starch, and glycogen.
b. starch, glycogen, and fiber.

c. lactose, maltose, and glycogen.
d. sucrose, fructose, and glucose.

Notes

. Which of the following foods is not a good source of 6.
carbohydrates? a. Corn syrup
a. Plain yogurt b. Aspartame
b. Steak c. Xylitol
c. Brown rice d. Cellulose

Which of the following terms on a food label may denote sugar?

7. The two types of alternative sweeteners are:
a. saccharin and cyclamate.
b. sugar alcohols and nonnutritive sweeteners.
¢. sorbitol and xylitol.
d. sucrose and fructose.

8. A diet high in carbohydrate-rich foods such as whole grains,
vegetables, fruits, and legumes is:

¢. most likely poor in vitamins and minerals.
d. most likely disease promoting.

A fiber-rich diet may help to prevent or control:

The DRI fiber recommendation is:

a. 10 grams per 1000 kcalories.

¢. 14 grams per 1000 kcalories.

. The chief energy source of the body is:
a. sucrose. a. most likely low in fat.
b. starch. b. most likely low in fiber.
¢. glucose.
d. fructose.

. The primary form of stored glucose in animals is: 9.
a. glycogen. a. diabetes.
b. cellulose. b. heart disease.
c. starch. . constipation.
d. lactose. d. all of the above.

. The polysaccharide that helps form the cell walls of 10.
plants is:
a. cellulose. b. 15 to 25 grams per day.
b. starch.
c. glycogen. d. 40 to 55 grams per day.
d. lactose.

Answers to these questions can be found in Appendix H.
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CHAPTER 2

Nutrition in Practice

2.5 THE GLYCEMIC INDEX IN NUTRITION PRACTICE

LO 2.5 Describe the glycemic index and explain why its
use in disease prevention is controversial.

C arbohydrate-rich foods vary in the degree to which they
elevate both blood glucose and insulin concentrations.
Chapter 2 introduced the glycemic index (Gl), a ranking of carbo-
hydrate foods based on their glycemic effect after ingestion. The
glycemic index may be of interest to people with diabetes who
must regulate their blood glucose to protect their health. In diabe-
tes treatment, however, the total amount of carbohydrate is more
important than the type of carbohydrate consumed.' Thus, dietet-
ics experts have debated the usefulness of the glycemic index for
diabetes treatment. Despite some controversy, however, the
American Diabetes Association encourages low-glycemic foods
that are rich in fiber and other nutrients.? Furthermore, because
some recent research shows that a low-glycemic index diet can
improve blood glucose control in type 2 diabetes, the use of
low-glycemic diets for this purpose may be gaining credibility.?

Researchers are also trying to determine whether low-Gl diets
may be helpful for improving risk factors for a number of other
chronic diseases.* This Nutrition in Practice will describe the factors
that contribute to a food's glycemic effect and the results of
research studies that have examined the potential benefits of
selecting mainly low-Gl foods.

How is the glycemic index measured?

The glycemic index is essentially a measure of how quickly the carbo-
hydrate in a food is digested and absorbed. Although testing meth-
ods vary to some degree, the most common protocol is to feed the
test food—which contains a measured quan-

tity of digestible carbohydrate—to research

the glycemic load (GL)—is the product of its Gl and the amount

of available carbohydrate from the portion consumed, divided by
100. For example, if the Gl of sweet potato is 60, a 100-gram serv-
ing containing about 20 grams of carbohydrates would have a GL
of 12. The GL is used to standardize Gl values to the carbohydrate
content and portion size of a food or a meal.”

What factors influence a food’s glycemic effect?

Table NP2-1 shows that starchy foods such as bread and potatoes
tend to have high Gl values, whereas many fruits and legumes
have low Gl values. The main factors that influence the Gl value of
a food include the following:

I Starch structure. Starch is present in foods as either a straight
chain or branched chain of glucose molecules. Whereas diges-
tion of the branched form tends to release glucose quickly, the
straight chain is resistant to digestion. Thus, foods that contain
mainly the branched form of starch tend to raise blood glucose
levels more quickly and have a high Gl value. Due to the subtle
differences in starch among foods, different species of the same
foods can have substantially different Gl values; for example,
current Gl values for rice range from low (38 for parboiled white
rice) to high (85 for Japanese sushi-style white rice).6

1 fiber content. Certain types of dietary fibers (primarily soluble
fibers) increase the viscosity of chyme, slowing the passage of
food in the stomach and upper intestine and making it more dif-
ficult for enzymes to digest the food. Therefore, foods such as
beans, fruits, and vegetables, which contain soluble fibers, tend
to have lower Gl values.

subjects and then measure blood glucose e
levels for two or three hours after the feed- 160.0 +
ing. The increase in blood glucose over the

two- or three-hour period is then compared ~__ 150.0 1
to the blood glucose rise after an identical § 140.0 4
amount of digestible carbohydrate is ingested g '
from a reference food such as pure glucose 2 130.0 -
or white bread. Figure NP2-1 illustrates the S
difference in the blood glucose response to 5 =00
a low-Gl food and a high-Gl food. The blood 8 1190 -
glucose curve displays the surge in blood E?

glucose above normal fasting levels after the 100.0 +
food is consumed and the subsequent fall 900 |
over several hours. Table NP2-1 lists the Gls

of various carbohydrate-containing foods, 80.0

— High-Gl Food
= L ow-GI| Food

arranged from highest to lowest within each
food group listed.

The amount of carbohydrate consumed
also influences the glycemic response. A
food’s total glycemic effect—expressed as

56
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FIGURE NP2-1 Blood Glucose Response to High-Gl and Low-Gl Foods
Foods that are digested slowly have a low glycemic index. These foods cause a gradual and
more moderate response in blood glucose than do foods with a high glycemic index.
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TABLE NP2-1 Glycemic Index (Gl) of Selected Foods?

Value Gl
High >70
Medium 56-69
Low <55
Food Item Glycemic Index
Grains

Cornflakes 81
Instant oatmeal, cooked 79
White bread, enriched 75
Whole-wheat bread 74
White rice 73
Bagel, white 69
Brown rice 68
Couscous 65
Popcorn 65
Bran flakes 63
Oatmeal, cooked 55
Spaghetti, white, boiled 49
Spaghetti, whole-meal, boiled 48
Corn tortilla 46
Oat bran bread; 50% oat bran 44
Barley 28
Milk products

Ice cream 51
Yogurt, fruit 41
Whole milk 39
Nonfat milk 37
Soy milk 34
Legumes

Lentils 32
Garbanzo beans 28

2Reference food: glucose = 100

Food Item Glycemic Index
Kidney beans 24
Soy beans 16
Vegetables

Russet potato, baked 11
Potato, instant mash 87
Potato, boiled 78
Pumpkin, boiled 64
Potato, french fries 63
Sweet potato, boiled 63
Taro 53
Sweet corn 52
Green peas, boiled 51
Carrots, boiled 39
Fruits

Watermelon 76
Pineapple 59
Bananas 51
Mangoes 51
Orange juice 50
Oranges 43
Apple juice 41
Apples 36
Snack Foods/Beverages

Fruit punch 67
Soft drink/soda 59
Chocolate 56
Potato chips 40
Sugars

Sucrose 65
Honey 61
Fructose 15

Source: F. S. Atkinson, K. Foster-Powell, and J. C. Brand-Miller, International tables of glycemic index and glycemic load values: 2008. Diabetes Care (2008):

2281-2283.

I Presence of fat and protein. The fat in foods tends to slow
stomach emptying, thus reducing the rate of digestion and
absorption; hence, the presence of fat usually reduces a food's
Gl value. The protein in foods can also influence the Gl because
protein promotes insulin secretion, increasing the rate at which
glucose is taken up from the blood.

Food processing. The manner in which a food is processed and
cooked influences the interactions among starch, protein, and
fiber and thus affects the final Gl value. For example, both pasta
and bread are prepared from wheat flour, but pasta (cooked

al dente) has a lower Gl because the starch granules in pasta
are surrounded by a sturdy protein barrier that hampers starch
digestion. Cooking the pasta for longer periods can break down
its structure and raise the Gl value. As another example, the Gl
values for oatmeal vary according to the size and thickness of
the oats used to prepare it: oatmeal prepared from steel-cut
oats has a lower Gl value than oatmeal prepared from quick

oats. This is because the steel-cut oats are solid particles of
grain, whereas “quick oats” are small, thin flakes.

Mixture of foods in a meal. Because foods are rarely consumed
in isolation, the Gl value of an individual food may be less im-
portant than the combination of foods consumed at a meal. For
example, in a cheese sandwich, the high Gl of the bread is low-
ered by the addition of fat and protein in the cheese.

Indlividual glucose tolerance. Cellular responses to insulin vary; thus,
individual variability affects the glycemic response to foods. Persons
with diabetes or prediabetes exhibit higher blood glucose levels af-
ter ingesting carbohydrate foods than do healthy individuals.”

Some research shows that low-Gl diets may reduce the risks of de-
veloping diabetes, heart disease, and obesity and help individuals

57

Copyright 2016 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.



© iStockphoto.com/Scott Vickers

Pasta cooked al dente has a lower glycemic index than many other
starchy foods.

Source: F. S. Atkinson, K. Foster-Powell, and J. C. Brand-Miller,
International tables of glycemic index and glycemic load values:
2008. Diabetes Care (2008): 2281-2283.

lose weight.® Other studies, however, do not support such find-
ings.® Studies are often difficult to interpret because low-Gl foods
often provide abundant soluble fiber, and soluble fiber slows glu-
cose absorption, sustains feelings of fullness, and improves blood
lipids. Therefore, it could be that soluble fiber, and not the low-Gl
diet, is responsible for any reported effects.'® Because of mixed
findings so far, health practitioners do not routinely recommend
that patients consume low-Gl diets to prevent or treat disease. An
abundance of ongoing research to reveal specific relationships be-
tween low-Gl diets and chronic disease risk, however, may change
such thinking. Examples of research include the following:

I Diabetes prevention. Some researchers have proposed that a
high glycemic load can increase the body’s demand for insulin
and eventually reduce pancreatic function, resulting in inad-
equate insulin secretion. Indeed, results of several studies sug-
gest that low-Gl diets might prevent or delay the onset of type 2
diabetes in those at risk."

I Heart disease risk. Although some research suggests that low-Gl
diets may improve blood lipid levels, other research shows no
consistent effects of low-Gl diets on heart disease risk.'?

I Appetite and weight loss. Some research shows that low-Gl
foods can slow the after-meal rise in blood glucose, supporting
the hypothesis that such foods may promote satiety and sup-
press hunger.' Other research, however, shows no effect of
low-Gl foods on satiety.'* Research results are also inconsistent
regarding whether low-Gl diets assist in weight loss.™

Given the mixed results of research studies on
chronic disease prevention, are there any benefits
associated with consuming low-Gl foods?

Yes, if the low-Gl foods are nutrient-dense, high-fiber foods. Not
all low-Gl foods meet these criteria: note that cakes, cookies, and

58

candy bars may have a low Gl due to their high fat content. Thus,
a food ’ s Gl should be considered along with other nutrient crite-
ria when assessing the health benefits.

The Gl can be a helpful tool for choosing the most healthful
food from a food group. For example, low-Gl breakfast cereals
tend to be high in fiber and low in added sugars, whereas high-Gl
cereals tend to be those that contain refined flours and significant
amounts of added sugars. In other words, low-Gl foods are often
wholesome foods that have been minimally processed.

In general, should people avoid consuming
high-GI foods?

Some people assume that starchy foods such as breads and pota-
toes should be avoided due to their high Gl values. As mentioned
earlier, these foods are rarely consumed in isolation, and their Gl
values are reduced in a mixed meal. For example, breads often
have a Gl greater than 70, but adding cheese or peanut butter
reduces the Gl to 55 or 59, respectively. Also worth considering is
that Gl values often vary considerably. For example, published val-
ues for white potatoes range from 24 to 101, and many samples
have values in the mid-50s."® For these reasons and others, more
studies are needed to confirm whether the Gl is practical or benefi-
cial for healthy people.

Given the complexity of the Gl, what are
the current recommendations?

The potential benefits associated with consuming low-Gl diets are
still under investigation. As discussed earlier, people with type 2
diabetes may benefit from limiting high-Gl foods—those that
produce too great a rise, or too sudden a fall, in blood glucose.
Additional research is needed to justify the use of diets based on
the Gl for preventing or treating diseases such as heart disease,
obesity, or other medical problems.

At present, many nutrition scientists advocate consuming a
plant-based diet that contains minimally processed grains,
legumes, vegetables, and fruits. Such a diet would include
abundant fiber and limited amounts of solid fats and added
sugars. Undoubtedly, meals consisting of these foods would tend
to have low or medium Gl values.
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ost people know that too much fat in the diet, especially certain
kinds of fat, imposes health risks, but they may be surprised to
learn that too little does, too. People in the United States, however, are
more likely to eat too much fat than too little.
Fat is a member of the class of compounds called lipids. The lipids in
foods and in the human body include triglycerides (fats and oils), phos-
pholipids, and sterols.

3.1 Roles of Body Fat

LO 3.1 Identify the major roles of fat in the body.

Lipids perform many tasks in the body, but most importantly they provide energy.

A constant flow of energy is so vital to life that, in a pinch, any other function is

sacrificed to maintain it. Chapter 2 described one safeguard against such an emer-

gency—the stores of glycogen in the liver that provide glucose to the blood whenever

the supply runs short. The body’s stores of glycogen are limited, however. In contrast,

the body’s capacity to store fat for energy is virtually unlimited due to the fat-storing

cells of the adipose tissue. The fat cells of the adipose tissue readily take up and store  ipids: a family of compounds that
fat, growing in size as they do so. Fat cells are more than just storage depots, however; includes triglycerides (fats and oils),
fat cells secrete hormones that help to regulate the appetite and influence other body ~ Phospholipids, and sterols. Lipids are
functions.! Figure 3-1 shows a fat cell. characterized by their insolubility

. . , . in water.
The fat stored in fat cells supplies 60 percent of the body’s ongoing energy needs fats: lipids that are solid at room

during rest. The fat embedded in muscle tissue shares with muscle glycogen the task  temperature (70°F or 21°C).
of providing energy when the muscles are active. During some types of physical activ-  oils: lipids that are liquid at room
ity or prolonged periods of food deprivation, fat stores may make an even greater en- temperature (70°F or 21°C).

ergy contribution. The brain and nerves, however, need their energy as glucose, and,  adipose tissue: the bodys fat,
which consists of masses of fat-

storing cells called adipose cells.

as explained in Chapter 6, fat is an inefficient source of glucose. After a long period
of glucose deprivation (during fasting or starvation), brain and nerve cells develop
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FIGURE 3-1 AFatCell
Within the fat, or adipose, cell, lipid is stored in a droplet. This droplet can greatly enlarge, and the Body fat supplies much of the fuel
fat cell membrane will expand to accommodate its swollen contents. that muscles need to do their work.
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TABLE 3-1 The Functions
of Fats in the Body

1 Energy stores. Fats are the body’s
chief form of stored energy.

Muscle fuel. Fats provide much
of the energy to fuel muscular
work.

Padding. Fat pads inside the
body cavity protect the internal
organs from shock.

Insulation. Fats insulate against
temperature extremes by form-
ing a fat layer under the skin.

Cell membranes. Fats form the
major material of cell membranes.

Raw materials. Fats are con-
verted to other compounds,
such as hormones, bile, and
vitamin D, as needed.

ketones (KEY-tones): acidic,
water-soluble compounds produced
by the liver during the breakdown of
fat when carbohydrate is not available;
technically known as ketone bodies.
triglycerides (try-GLISS-er-
rides): one of the main classes of
lipids; the chief form of fat in foods
and the major storage form of fat in
the body; composed of glycerol with
three fatty acids attached.

tri = three

glyceride = a compound of glycerol
fatty acids: organic compounds
composed of a chain of carbon at-
oms with hydrogen atoms attached
and an acid group at one end.
glycerol (GLISS-er-ol): an
organic compound, three carbons
long, that can form the backbone of
triglycerides and phospholipids.
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the ability to derive about half of their energy from a special form of fat known as
ketones, but they still require glucose as well. This means that people wanting to lose
weight need to eat a certain minimum amount of carbohydrate to meet their energy
needs, even when they are limiting their food intakes.

In addition to supplying energy, fat serves other roles in the body. Natural oils in
the skin provide a radiant complexion; in the scalp, they help nourish the hair and
make it glossy. The layer of fat beneath the skin insulates the body from extremes of
temperature. A pad of hard fat beneath each kidney protects it from being jarred and
damaged, even during a motorcycle ride on a bumpy road. The soft fat in a woman’s
breasts protects her mammary glands from heat and cold and cushions them against
shock. The phospholipids and the sterol cholesterol are cell membrane constituents
that help maintain the structure and health of all cells. Table 3-1 summarizes the
major functions of fats in the body.

IN SUMMARY

I Lipids in the body not only serve as energy reserves but also protect the body from
temperature extremes, cushion the vital organs, and provide the major material of
cell membranes.

3.2 The Chemist’s View of Lipids

LO 3.2 Compare the chemical makeup and physical properties of saturated fats,
monounsaturated fats, polyunsaturated fats, phospholipids, and sterols.

The diverse and vital functions that lipids perform in the body reveal why eating too
little fat can be harmful. As mentioned earlier, though, too much fat in the diet seems
to be the greater problem for most people. To understand both the beneficial and
harmful effects that fats exert on the body, a closer look at the structure and function
of members of the lipid family is in order.

Triglycerides

When people talk about fat—for example, “I’'m too fat” or “That meat is fatty”—they
are usually referring to triglycerides. Among lipids, triglycerides predominate—both
in the diet and in the body. The name triglyceride almost explains itself: three (¢77) fatty
acids attached to a glycerol “backbone.” Figure 3-2 shows how three fatty acids com-
bine with glycerol to make a triglyceride.
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FIGURE 3-2 Triglyceride Formation
Glycerol, a small, water-soluble compound, plus three fatty acids, equals a triglyceride.

CHAPTER THREE
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Fatty Acids

When energy from any energy-yielding nutrient is to be stored as fat, the nutrient is
first broken into small fragments. Then the fragments are linked together into chains
known as fatty acids. The fatty acids, three at a time, are then packaged with glycerol
to make triglycerides.

Chain Length and Saturation Fatty acids may differ from one another in two
ways—in chain length and in degree of saturation. The chain length refers to the num-
ber of carbons in a fatty acid. Saturation also refers to its chemical structure—specifi-
cally, to the number of hydrogen atoms the carbons in the fatty acid are holding. If
every available carbon is filled to capacity with hydrogen atoms, the chain is called a
saturated fatty acid. A saturated fatty acid is fully loaded with hydrogen atoms and
has only single bonds between the carbons. The first zigzag structure in Figure 3-3
represents a saturated fatty acid.

Unsaturated Fatty Acids In some fatty acids, including most of those in plants
and fish, hydrogen atoms are missing from the fatty acid chains. The places where the
hydrogen atoms are missing are called points of unsaturation, and a chain containing
such points is called an unsaturated fatty acid. An unsaturated fatty acid has at least
one double bond between its carbons. If there is one point of unsaturation, the chain
is a monounsaturated fatty acid. The second structure in Figure 3-3 is an example. If
there are two or more points of unsaturation, then the fatty acid is a polyunsaturated
fatty acid (see the third structure in Figure 3-3).

Hard and Soft Fat A triglyceride can contain any combination of fatty acids—long
chain or short chain and saturated, monounsaturated, or polyunsaturated. The degree
of saturation of the fatty acids in a fat influences the health of the body (discussed in
a later section) and the characteristics of foods. Fats that contain the shorter chain
or the more unsaturated fatty acids are softer at room temperature and melt more
readily. A comparison of three fats—Ilard (which comes from pork), chicken fat, and

Monounsaturated

Point of ———
unsaturation

FIGURE 3-3 Three Types of Fatty Acids
The more carbon atoms in a fatty acid, the longer it is. The more hydrogen atoms attached to those
carbons, the more saturated the fatty acid is.

Saturated Polyunsaturated

Points OL

unsaturation

© Cengage Learning®
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saturated fatty acid: a fatty
acid carrying the maximum possible
number of hydrogen atoms (having
no points of unsaturation).
unsaturated fatty acid: a fatty
acid with one or more points of un-
saturation where hydrogen atoms are
missing (includes monounsaturated
and polyunsaturated fatty acids).
monounsaturated fatty acid
(MUFA): a fatty acid that has one
point of unsaturation; for example,
the oleic acid found in olive oil.
polyunsaturated fatty acids
(PUFA): fatty acids with two or
more points of unsaturation. For
example, linoleic acid has two such
points, and linolenic acid has three.
Thus, polyunsaturated fat is com-
posed of triglycerides containing a
high percentage of PUFA.
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rancid: the term used to describe
fats when they have deteriorated,
usually by oxidation. Rancid fats of-
ten have an “off” odor.

oxidation (OKS-ee-day-shun):
the process of a substance combin-
ing with oxygen.

antioxidants: as a food additive,
preservatives that delay or prevent
rancidity of foods and other damage
to food caused by oxygen.

BHA, BHT: preservatives commonly
used to slow the development

of “off” flavors, odors, and color
changes caused by oxidation.
hydrogenation (high-dro-gen-
AY-shun): a chemical process by
which hydrogen atoms are added
to monounsaturated or polyunsatu-
rated fats 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.

trans-fatty acids: fatty acids in
which the hydrogen atoms next to
the double bond are on opposite
sides of the carbon chain.
conjugated linoleic acid: a
collective term for several fatty
acids that have the same chemical
formulas as linoleic acid but with
different configurations.
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safflower oil—illustrates these differences: lard is the most saturated and the hardest;
chicken fat is less saturated and somewhat soft; and safflower oil, which is the most
unsaturated, is a liquid at room temperature.

Stability Saturation also influences stability. Fats can become rancid when exposed
to oxygen. Polyunsaturated fatty acids spoil most readily because their double bonds
are unstable. The oxidation of unsaturated fats produces a variety of compounds that
smell and taste rancid; saturated fats are more resistant to oxidation and thus less
likely to become rancid. Other types of spoilage can occur due to microbial growth,
however.

Manufacturers can protect fat-containing products against rancidity in three
ways—none of them perfect. First, products may be sealed airtight and refrigerated—
an expensive and inconvenient 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 vitamins C and E).* Third, manufacturers may saturate
some or all of the points of unsaturation by adding hydrogen atoms—a process
known as hydrogenation.

Hydrogenation Hydrogenation offers two advantages: it protects against oxidation
(thereby prolonging shelf life) and also alters the texture of foods by increasing the
solidity of fats. When partially hydrogenated, vegetable oils become spreadable mar-
garine. Hydrogenated fats make piecrusts flaky and puddings creamy. A disadvantage
is that hydrogenation makes polyunsaturated fats more saturated. Consequently, any
health advantages of using polyunsaturated fats instead of saturated fats are lost with
hydrogenation.

Trans-Fatty Acids Another disadvantage of hydrogenation is that some of the
molecules that remain unsaturated after processing change shape from cis to trans. In
nature, most unsaturated fatty acids are cis-fatty acids—meaning that the hydrogen
atoms next to the double bonds are on the same side of the carbon chain. Only a few
fatty acids in nature (notably a small percentage of those found in milk and meat
products) are trans-fatty acids—meaning that the hydrogen atoms next to the double
bonds are on opposite sides of the carbon chain (see Figure 3-4). These arrangements
result in different configurations for the fatty acids, and this difference affects func-
tion: in the body, trans-fatty acids behave more like saturated fats, increasing blood
cholesterol and the risk of heart disease (as a later section describes).?

Researchers are trying to determine whether the health effects of naturally occur-
ring trans fats differ from those of commercially created trans fats.> In any case, the
important distinction is that intake of naturally occurring trans-fatty acids is typically
low. At current levels of consumption, naturally occurring frans fats are unlikely to
have adverse effects on blood lipids. The naturally occurring trans-fatty acid conju-
gated linoleic acid may even have health benefits.*
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FIGURE 3-4 Cis- and Trans-Fatty Acids Compared

*BHA is butylated hydroxyanisole; BHT is butylated hydroxytolvene.
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Essential Fatty Acids Using carbohydrate, fat, or protein, the human body can syn-
thesize all the fatty acids it needs except for two—Ilinoleic acid and linolenic acid.
Both linoleic acid and linolenic acid are polyunsaturated fatty acids. Because they
cannot be made from other substances in the body, they must be obtained from food
and are therefore called essential fatty acids. Linoleic acid and linolenic acid are
found in small amounts in plant oils, and the body readily stores them, making defi-
ciencies unlikely. From both of these essential fatty acids, the body makes important
substances that help regulate a wide range of body functions: blood pressure, clot for-
mation, blood lipid concentration, the immune response, the inflammatory response
to injury, and many others.’ These two essential nutrients also serve as structural com-
ponents of cell membranes.

Linoleic Acid: An Omega-6 Fatty Acid Linoleic acid is an omega-6 fatty acid,
found in the seeds of plants and in the oils produced from the seeds. Any diet that
contains vegetable oils, seeds, nuts, and whole-grain foods provides enough linoleic
acid to meet the body’s needs. Researchers have long known and appreciated the im-
portance of the omega-6 fatty acid family.

Linolenic Acid and Other Omega-3 Fatty Acids Linolenic acid belongs to a fam-
ily of polyunsaturated fatty acids known as omega-3 fatty acids, a family that also in-
cludes EPA and DHA. EPA and DHA are found primarily in fish oils. As mentioned,
the human body cannot make linolenic acid, but given dietary linolenic acid, it can
make EPA and DHA, although the process is slow.

The importance of omega-3 fatty acids has been recognized since the 1980s, and
research continues to unveil impressive roles for EPA and DHA in metabolism and
disease prevention. The brain has a high content of DHA, and both EPA and DHA
are needed for normal brain development.® DHA is also especially active in the rods
and cones of the retina of the eye.” Today, researchers know that these omega-3 fatty
acids are essential for normal growth and development and that they may play an im-
portant role in the prevention and treatment of heart disease.®

Phospholipids

Up to now, this discussion has focused on one class of lipids, the triglycerides (fats
and oils), and their component parts, the fatty acids (see Table 3-2). Two other classes
of lipids, the phospholipids and sterols, make up only 5 percent of the lipids in the
diet, but they are nevertheless worthy of attention. Among the phospholipids, the leci-
thins are of particular interest.

Structure of Phospholipids Like the triglycerides, the lecithins and other phos-
pholipids have a backbone of glycerol; they differ from the triglycerides in having only
two fatty acids attached to the glycerol. In place of the third fatty acid, they have a
phosphate group (a phosphorus-containing acid) and a molecule of choline or a simi-
lar compound. The fatty acids make the phospholipids soluble in fat; the phosphate
group enables them to dissolve in water. Such versatility benefits the food industry,
which uses phospholipids as emulsifiers to mix fats with water in such products as
mayonnaise and candy bars.

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 Lecithins and other phospholipids are important constitu-
ents of cell membranes. They also act as emulsifiers in the body, helping to keep other
fats in solution in the watery blood and body fluids. In addition, some phospholipids
generate signals inside the cells in response to hormones, such as insulin, to help alter
body conditions.

LIPIDS

TABLE 3-2 The Lipid Family

Triglycerides (fats and oils)
1 Glycerol (1 per triglyceride)
1 Fatty acids (3 per triglyceride)
Saturated
Monounsaturated
Polyunsaturated
Omega-6
Omega-3

Phospholipids (such as the
lecithins)

Sterols (such as cholesterol)

linoleic acid, linolenic acid:
polyunsaturated fatty acids that are
essential for human beings.
essential fatty acids: fatty acids
that the body requires but cannot
make and so must be obtained
through the diet.

omega-6 fatty acid: a polyun-
saturated fatty acid with its endmost
double bond six carbons back from
the end of its carbon chain. Linoleic
acid is an example. Chemists use
the term omega, the last letter of
the Greek alphabet, to refer to the
position of the last double bond in a
fatty acid.

omega-3 fatty acids: polyunsat-
urated fatty acids in which the end-
most double bond is three carbons
back from the end of the carbon
chain. Linolenic acid is an example.
EPA, DHA: omega-3 fatty acids
made from linolenic acid. The full
name for EPA is eicosapentaenoic
(EYE-cosa-PENTA-ee-NO-ick) acid.
The full name for DHA is docosa-
hexaenoic (DOE-cosa-HEXA-ee-NO-
ick) acid.

phospholipids: one of the three
main classes of lipids; compounds
that are similar to triglycerides but
have choline (or another compound)
and a phosphorus-containing acid in
place of one of the fatty acids.
lecithins: one type of phospholipid.

choline: a nutrient that can be made
in the body from an amino acid.
emulsifiers: substances that

mix with both fat and water and
that disperse the fat in the water,
forming an emulsion.
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sterols: one of the main classes of

lipids; includes cholesterol, vitamin D,

and the sex hormones (such as
testosterone).

lipoproteins: clusters of lipids
associated with proteins that serve
as transport vehicles for lipids in the
lymph and blood.
atherosclerosis (ath-er-oh-
scler-OH-sis): a type of artery
disease characterized by accumula-
tions of lipid-containing material
on the inner walls of the arteries
(see Chapter 22).
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Sterols

Sterols are large, complex molecules consisting of interconnected rings of carbon.
Cholesterol is the most familiar sterol, but others, such as vitamin D and the sex hor-
mones (for example, testosterone), are important, too.

Sterols in Foods Foods derived from both plants and animals contain sterols, but
only those from animals—meats, eggs, fish, poultry, and dairy products—contain sig-
nificant amounts of cholesterol. Organ meats, such as liver and kidneys, and eggs are
richest in cholesterol; cheeses and meats have less. Shellfish contain many sterols but
much less cholesterol than was previously thought.

Sterols other than cholesterol are naturally found in plants. Being structurally simi-
lar to cholesterol, plant sterols interfere with cholesterol absorption. Food manufac-
turers have fortified foods such as margarine with plant sterols, creating a functional
food that helps to reduce blood cholesterol.

Cholesterol Synthesis Like the lecithins, cholesterol can be made by the body, so it
is not an essential nutrient. Right now, as you read, your liver is manufacturing choles-
terol from fragments of carbohydrate, protein, and fat. Most of the body’s cholesterol
ends up in the membranes of cells, where it performs vital structural and metabolic
functions.

Cholesterol’s Two Routes in the Body After it is made, cholesterol leaves the
liver by two routes:

1. It may be incorporated into bile, stored in the gallbladder, and delivered to the
intestine.
2. It may travel, via the bloodstream, to all the body’s cells.

The bile that is made from cholesterol in the liver is released into the intestine to aid in
the digestion and absorption of fat. After bile does its job, most of it is absorbed and
reused by the body; the rest is excreted in the feces.

Cholesterol Excreted While bile is in the intestine, some of it may be trapped by
soluble fibers or by some medications, which carry it out of the body in feces. The
excretion of bile reduces the total amount of cholesterol remaining in the body.

Cholesterol Transport As described in Chapter 5, some cholesterol, packaged with
other lipids and protein, leaves the liver via the arteries and is transported to the body
tissues by the blood. These packages of lipids and proteins are called lipoproteins. As
the lipoproteins travel through the body, tissues can extract lipids from them. Choles-
terol can be harmful to the body when it forms deposits in the artery walls. These de-
posits contribute to atherosclerosis, a disease that can cause heart attacks and strokes.

IN SUMMARY

I Table 3-2 summarizes the members of the lipid family.

I The predominant lipids both in foods and in the body are triglycerides, which have
glycerol backbones with three fatty acids attached.

I Fatty acids vary in the length of their carbon chains and their degree of saturation.
Those that are fully loaded with hydrogen atoms are saturated; those that are
missing hydrogen atoms and therefore have double bonds are unsaturated
(monounsaturated or polyunsaturated).

I Most triglycerides contain more than one type of fatty acid.

I Fatty acid saturation affects the physical characteristics and storage properties
of fats.

CHAPTER THREE

Copyright 2016 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.



I Hydrogenation, which makes polyunsaturated fats more saturated, gives rise to
trans-fatty acids, altered fatty acids that may have health effects similar to those of
saturated fatty acids.

I Linoleic acid and linolenic acid are essential nutrients. In addition to serving
as structural parts of cell membranes, they make powerful substances that help
regulate blood pressure, blood clot formation, and the immune response.

I Phospholipids, including the lecithins, have a unique chemical structure that
allows them to be soluble in both water and fat.

I In the body, phospholipids are major constituents of cell membranes; the food
industry uses phospholipids as emulsifiers.

I Sterols include cholesterol, bile, vitamin D, and the sex hormones.

I Only animal-derived foods contain significant amounts of cholesterol.

3.3 Health Effects and Recommended
Intakes of Fats

LO 3.3 Explain the relationships among saturated fats, trans fat, cholesterol,
monounsaturated and polyunsaturated fats, and chronic diseases, noting dietary
intake recommendations.

Of all the dietary factors related to chronic diseases prevalent in developed countries,
high intakes of certain fats are by far the most significant. The person who chooses
a diet too high in saturated fats or trans fats invites the risk of cardiovascular dis-
ease (CVD), and heart disease is the number-one killer of adults in the United States
and Canada. As for cancer, evidence is less compelling than for heart disease, but it
does suggest that a diet high in certain kinds of fat is associated with a greater-than-
average risk of developing some types of cancer.® Conversely, some research suggests
that omega-3 fatty acids from fish may protect against some cancers.!’ Nutrition and
cancer is a topic of Chapter 25.

Obesity carries serious risks to health. A diet high in energy-rich fatty foods makes
it easy for people to exceed their energy needs and encourages unneeded weight
gain.!! An increasing waistline, in turn, often increases blood triglycerides, which
can indicate an increased risk of heart disease and other chronic diseases.!? The
health risks of obesity are described in Chapter 6, and Chapter 7 focuses on weight
management. The links between diet and disease are the focus of much research.
Some points about fats and heart health are presented here because they underlie
dietary recommendations concerning fats. Nutrition and heart disease is the topic
of Chapter 22.

Fats and Heart Health

As noted earlier, cholesterol travels in the blood within lipoproteins. Two of the
lipoproteins, LDL and HDL, play major roles with regard to heart health and are the
focus of most recommendations made for reducing the risk of heart disease. A high
blood LDL cholesterol concentration is a predictor of the likelihood of suffering a fatal
heart attack or stroke, and the higher the LDL, the earlier the episode is expected to
occur. A lowblood concentration of HDL cholesterol also signifies a higher disease risk.'®

Most people realize that elevated blood cholesterol is an important risk factor for
heart disease. Most people may not realize, though, that cholesterol in food is not the
main influential factor in raising blood cholesterol.

LIPIDS

cardiovascular disease (CVD):

a general term for all diseases
of the heart and blood vessels
(see Chapter 22).
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solid fats: fats that are not usually
liquid at room temperature; com-
monly 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. Also
defined in Chapter 1.
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Saturated Fats and Blood Cholesterol The main dietary factors associated with el-
evated blood LDL cholesterol are high saturated fat and high trans fat intakes.*'* High
LDL cholesterol levels increase the risk of heart disease because high LDL concentra-
tions promote the uptake of cholesterol in the blood vessel walls. Nutrition in Practice
3 examines various types of fats and their roles in supporting or harming heart health.

Solid fats, introduced in Chapter 1, are foods or ingredients in foods (such as short-
ening in cakes or pies) that provide abundant saturated fat, trans fat, and/or cholesterol
and many kcalories. The current American diet delivers excessive amounts of solid
fats—representing an average of almost one-fifth of the day’s total kcalories." The easi-
est way to lower saturated fat, then, is to limit solid fats in the diet. Grain-based desserts,
pizza, cheese, and processed and fatty meats are major providers of solid fats. Solid fats
from animal sources contribute a great deal of the saturated fat in most people’s diets.
Some vegetable fats (coconut oil, palm kernel oil, and palm oil) and hydrogenated fats
such as shortening or stick margarine provide smaller amounts of saturated fats.

It is important to note that replacing dietary saturated fats with added sugars and
refined starches is often counterproductive.!® The best diet for health not only replaces
saturated fats with polyunsaturated and monounsaturated oils (as discussed in a later
section), but also is adequate, balanced, kcalorie controlled, and based on mostly
nutrient-dense whole foods.

Trans-Fatty Acids and Blood Cholesterol Consuming commercially derived trans
fat poses a risk to the health of the heart and arteries by raising LDL and lowering
HDL cholesterol, and by producing inflammation.!” Commercially derived trans fats
are found in the partially hydrogenated oils used in some margarines, snack foods, and
prepared desserts. The risk to heart health from trans fats is similar to or slightly greater
than that from saturated fat, so the Dietary Guidelines for Americans suggest that people
keep trans fat intake as low as possible.!® Limiting the intake of trans fats can improve
blood cholesterol and lower the risk of heart disease. To that end, many restaurants and
food manufacturers have taken steps to eliminate or greatly reduce trans fats in foods.'

For example, margarine makers have reformulated their products to contain much
less trans fat. Soft or liquid varieties are made from unhydrogenated oils, which are
mostly unsaturated and so are less likely to elevate blood cholesterol than the satu-
rated fats of butter. Some margarines contain olive oil, omega-3 fatty acids, or plant
sterols (mentioned earlier), making these products preferable to butter and other mar-
garines for the heart." The words Aaydrogenated vegetable oil or shortening in an ingredi-
ents list indicate trans-fatty acids in the product.

In the past, most commercially fried foods, from doughnuts to chicken, delivered
a sizeable amount of trans fats to consumers. Today, newly formulated commercial
oils and fats perform the same tasks as the previously used hydrogenated fats but with
fewer trans-fatty acids. Some manufacturers, however, merely substitute saturated
fats—which pose well-established risks to heart health—for trans fats. When refor-
mulating their products, food companies must consider not only the fat composition,
but also the taste, texture, cost, and availability of materials. No health benefits can be
expected when saturated fats replace trans fats in the diet.

Dietary Cholesterol and Blood Cholesterol Although its effect is not as strong as
that of saturated fat or #rans fat, dietary cholesterol may contribute to elevated blood
cholesterol in some people. Less clear is its role in heart disease.?’ The Dietary Guide-
lines recommend limiting dietary cholesterol to less than 300 milligrams per day for
healthy people (less than 200 milligrams for some people with or at high risk of heart
disease). On average, women take in about 240 milligrams a day and men take in

*It should be noted that not all saturated fatty acids have the same cholesterol-raising effect. Stearic
acid, an 18-carbon fatty acid, does not seem to raise blood cholesterol.
"Two brand names of margarines with plant sterols currently on the market are Benecol and Promise activ.
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about 350 milligrams.?! Foods providing the greatest share of cholesterol to the U.S.
diet are eggs and egg dishes, chicken and chicken dishes, beef and beef dishes, and all
types of beef burgers.

In healthy people, evidence suggests no association between consuming one
egg per day and increased risk of heart disease.?> For individuals with or at high
risk of heart disease, however, consuming one egg per day may worsen or acceler-
ate the progression of heart disease. The cholesterol content of one egg is about
210 milligrams.

Monounsaturated Fatty Acids and Blood Cholesterol Replacing saturated and
trans fats with monounsaturated fat such as olive oil may be an effective dietary strat-
egy to prevent heart disease. The lower rates of heart disease among people in the
Mediterranean region of the world are often attributed to their liberal use of olive
oil, a rich source of monounsaturated fatty acids.? Olive oil also delivers valuable
phytochemicals that help to protect against heart disease.?* Nutrition in Practice 3
examines the role of olive oil and other fats in supporting or harming heart health.

Polyunsaturated Fatty Acids, Blood Cholesterol, and Heart Disease
Risk Polyunsaturated fatty acids (PUFA) of the omega-3 families are potent protec-
tors against heart disease. The omega-3 fatty acids EPA and DHA, which are found
mainly in fatty fish, exert their beneficial effects by influencing the function of both
the heart and blood vessels. Specifically, EPA and DHA protect heart health by:?

Lowering blood triglycerides.
Preventing blood clots.
Protecting against irregular heartbeats.

Lowering blood pressure.

Food Collection/Stockfood America

Defending against inflammation.

. L . . i Grilling or broiling fish, instead of
The primary member of the omega-3 family, linolenic acid, may benefit heart frying them, preserves their beneficial

health as well, but evidence for this effect is much less certain than for EPA and  omega-3 fatty acids while adding little
DHA. Table 3-3 names sources of omega-6 and omega-3 fatty acids. or no saturated fat.

TABLE 3-3 Food Sources of Omega-3 and Omega-6 Fatty Acids

Omega-3

Linolenic acid Qils (canola, flaxseed, soybean, walnut, wheat germ, liquid or soft margarine
made from canola or soybean oil)
Nuts and seeds (flaxseeds, walnuts, soybeans)
Vegetables (soybeans)

EPA and DHA Human milk
Fish and seafood:

>500 mg per 3.5-0z serving: European seabass (bronzini), herring (Atlantic
and Pacific), mackerel, oyster (Pacific wild), salmon (wild and farmed),
sardines, toothfish (includes Chilian seabass), trout (wild and farmed)

150-500 mq per 3.5-0z serving: black bass, catfish (wild and farmed), clam,
cod (Atlantic), crab (Alaskan king), croakers, flounder, haddock, hake, halibut,
oyster (eastern and farmed), perch, scallop, shrimp (mixed varieties), sole,
swordfish, tilapia (farmed)

<150 mgq per 3.5-0z serving: cod (Pacific), grouper, lobster, mahi-mahi,
monkfish, red snapper, skate, triggerfish, tuna, wahoo

-
Omega-6 g
Linoleic acid Seeds, nuts, vegetable oils (corn, cottonseed, safflower, sesame, soybean, g
(&)
sunflower), poultry fat e
®
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The Dietary Guidelines recommend choosing 8 to 12 ounces of a variety of seafood
each week, or about one of every five ounces of protein foods, to provide an average
of 250 milligrams of EPA and DHA per day along with the beneficial array of other
nutrients that seafood provides.? Greater heart health benefits can be expected when
fish is grilled, baked, or broiled, partly because the varieties prepared this way often
contain more EPA and DHA than species used for fried fish in fast-food restaurants
and frozen products.?’” Additionally, benefits are attained by avoiding commercial fry-
ing fats, which may be laden with trans fat and saturated fat. Further benefits arise
when fish replaces high-fat meats or other foods rich in saturated fats in several meals
each week.

Some species of fish and shellfish, however, may contain significant levels of
mercury or other environmental contaminants. Most healthy people can safely con-
sume most species of ocean fish several times a week, but for some, the risks are
greater. Women who may become pregnant, pregnant and lactating women, and
children are more sensitive to contaminants than others, but even they can benefit
from consuming safer fish varieties within recommended limits (see Chapter 11 for
details).

For everyone, consuming a variety of different types of fish to minimize expo-
sure to any single toxin that may accumulate in a favored species is a good idea.
The fish most heavily contaminated with mercury are: king mackerel, shark, sword-
fish, and tilefish (also called golden bass or golden snapper). Those lower in mer-
cury are: catfish, pollock, salmon, sardines, and canned light tuna. Canned albacore
(“white”) tuna generally contains more mercury than light tuna. Consumers should
check local advisories to determine the safety of freshwater fish caught by family
and friends.

Omega-3 Supplements Fish, not fish oil supplements, is the preferred source
of omega-3 fatty acids. High intakes of omega-3 polyunsaturated fatty acids may
increase bleeding time, interfere with wound healing, raise LDL cholesterol, and
suppress immune function. Evidence is mixed for people with heart disease—sev-
eral studies show hopeful results, while others reveal no benefits from supplements.?
Because supplements pose risks, such as excessive bleeding, those taking daily fish oil
supplements need medical supervision.?’ The benefits and risks from EPA and DHA
illustrate an important concept in nutrition: too much of a nutrient is often as harmful
as too little.

Recommendations

Some fat in the diet is essential for good health. The Dietary Guidelines for Americans
recommend that a portion of each day’s total fat come from raw oils. Oils are naturally
present in foods such as nuts, avocados, and seafood. In addition, many commonly
used oils such as olive, peanut, safflower, soybean, and sunflower oils are extracted
from plants. When choosing oils, alternate among the various types to obtain the
benefits different oils offer. Peanut and safflower oils are especially rich in vitamin E.
Olive oil contributes naturally occurring antioxidant phytochemicals with potential
heart benefits (see Nutrition in Practice 3), and canola oil is rich in monounsaturated
and essential fatty acids. An adequate intake of the needed fat-soluble nutrients can
be ensured by a small daily intake of oil: 27 grams (6 tsp) for a 2,000-kcalorie diet, for
example (see Table 1-4 for recommendations for other kcalorie levels).

Defining the exact amount of fat, saturated fat, or cholesterol that benefits health
or begins to harm health, however, is not possible. For this reason, no RDA or UL
has been set. Instead, the DRI and Dietary Guidelines suggest a diet that is low in satu-
rated fat, trans fat, and cholesterol and provides 20 to 35 percent of the daily energy
intake from fat. These recommendations recognize that diets with up to 35 percent of
kcalories from fat can be compatible with good health if energy intake is reasonable
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and saturated and trans fat intakes are low. When total fat intake exceeds 35 percent of
kcalories, saturated fat intakes increase to unhealthy levels. For a 2,000-kcalorie diet,
20 to 35 percent represents 400 to 700 kcalories from fat (roughly 45 to 75 grams). Fat
and oil intakes below 20 percent of kcalories increase the risk of inadequate essential
fatty acid intakes. The FDA established Daily Values for food labels using 30 percent
of energy intake as the guideline for fat.

Part of the allowance for total fat provides for the essential fatty acids—linoleic
acid and linolenic acid—and Adequate Intakes (AI) have been established for these
two fatty acids (see the inside front cover). The DRI suggest that linoleic acid provide
5 to 10 percent of the daily energy intake, and linolenic acid 0.6 to 1.2 percent.

Recommendations urge people to eat diets that are low in saturated fat, trans
fat, and cholesterol. Specifically, consume less than 10 percent of kcalories from
saturated fat, keep trans fat intakes as low as possible, and consume less than 300
milligrams of cholesterol each day.*® To help consumers meet these goals, the FDA
established Daily Values for food labels using 10 percent of energy intake for sat-
urated fat; the Daily Value for cholesterol is 300 milligrams, regardless of energy
intake. There is no Daily Value for trans fat.

IN SUMMARY

I High intakes of saturated or trans fats contribute to heart disease, obesity, and
other health problems.

I High blood cholesterol, specifically, poses a risk of heart disease, and high intakes
of saturated fat and frans fat contribute the most to high blood cholesterol. Choles-
terol in foods presents less of a risk.

I Polyunsaturated fatty acids of the omega-6 and omega-3 families protect against
heart disease.

I When monounsaturated fat such as olive oil replaces saturated and trans fats in the
diet, the risk of heart disease may be lessened.

I Though some fat in the diet is necessary, health authorities recommend a diet
moderate in total fat and low in saturated fat, trans fat, and cholesterol.

3.4 Fats in Foods

LO 3.4 Identify the roles of fats in food and list sources of solid fats and
unsaturated fats.

Fats are important in foods as well as in the body. Many of the compounds that give
foods their flavors and aromas are found in fats and oils. The delicious aromas as-
sociated with bacon, ham, and other meats, as well as with onions being sautéed,
come from fats. Fats also influence the texture of many foods, enhancing smoothness,
creaminess, moistness, or crispness. In addition, four vitamins—A, D, E, and K—are
soluble in fat. When the fat is removed from a food, many fat-soluble compounds,
including these vitamins, are also removed. Table 3-4 summarizes the roles of fats in
foods.

Fats are also an important part of most people’s ethnic or national cuisines. Each
culture has its own favorite food sources of fats and oils. In Canada, canola oil (also
known as rapeseed oil) is widely used. In the Mediterranean area, Greeks, Italians,
and Spaniards rely heavily on olive oil. Both canola oil and olive oil are rich sources
of monounsaturated fatty acids. Asians use the polyunsaturated oil of soybeans.
Jewish people traditionally employ chicken fat. Everywhere in North America, butter
and margarine are widely used.

TABLE 3-4 The Functions

of Fats in Foods

1 Nutrient. Food fats provide
essential fatty acids and other
raw materials.

Energy. Food fats provide a
concentrated energy source.

Transport. Fats carry fat-soluble
vitamins A, D, E, and K along
with some phytochemicals and
assist in their absorption.

Sensory appeal. Fats contribute
to the taste and smell of foods.

Appetite. Fats stimulate the
appetite.

Satiety. Fats contribute to feel-
ings of fullness.

Texture. Fats make fried foods
crisp and other foods tender.
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TABLE 3-5 Fat
Options among Milk
and Milk Products

Fat-free

and low-fat
options
Reduced-fat
options
High-fat
options

~
NS

Fat-free (skim) or
1% (low-fat) milk
or yogurt (plain)
2% milk or yogurt
(plain)

Whole milk, yogurt
Most cheeses

Finding the Fats in Foods

The remainder of this chapter and the Nutrition in Practice show you how to choose
fats wisely, with the goals of providing optimal health and pleasure in eating. To achieve
such goals, you need to know which foods offer unsaturated oils that provide the es-
sential fatty acids and which foods are loaded with solid fats—the saturated and trans
fats. Also important for many people is learning to control portion sizes, particularly
portions of fatty foods that can pack hundreds of kcalories into just a few bites.

Keep in mind that, whether solid or liquid, essential or nonessential, all fats bring
the same abundant kcalories to the diet, and excesses contribute to body fat stores.
According to the Dietary Guidelines for Americans, no benefits can be expected when
oil is added to an already fat-rich eating pattern. The following amounts of these fats
contain about 5 grams of pure fat, providing 45 kcalories and negligible protein and
carbohydrate:

1 teaspoon of oil or shortening

1Y% teaspoons of mayonnaise, butter, or margarine

1 tablespoon of regular salad dressing, cream cheese, or heavy cream
1Y% tablespoons of sour cream

The solid fat of some foods, such as the rim of fat on a steak, is visible (and therefore
identifiable and removable). Other solid fats, such as those in candy, cheeses, coco-
nut, hamburger, homogenized milk, and lunch meats, are invisible (and therefore
easily missed or ignored). Equally hidden are the solid fats blended into biscuits,
cakes, cookies, chip dips, ice cream, mixed dishes, pastries, sauces, and creamy
soups, and integral to fried foods. Invisible fats supply the majority of solid fats in
the U.S. diet.’!

Milk and Milk Products Milk products go by different names that reflect their
varying fat contents (see Table 3-5). A cup of homogenized whole milk contains the
protein and carbohydrate of fat-free milk, but in addition it contains about 80 extra
kcalories from butterfat, a solid fat. A cup of reduced-fat (2 percent fat) milk falls be-
tween whole milk and fat-free, with 45 kcalories from fat.

Note that cream and butter do not appear in the milk and milk products group.
Milk and yogurt are rich in calcium and protein, but cream and butter are not. Cream
and butter are solid fats, as are whipped cream, sour cream, and cream cheese. Other
cheeses, grouped with milk products, vary in their fat contents and are major con-
tributors of saturated fat in people’s diets.

Protein Foods Meats conceal a good deal of the fat—and much of the solid fat—
that people consume. To help “see” the fat in meats, it is useful to think of them in
three categories according to their fat contents: lean, medium-fat, and high-fat meats
(as the Food Lists in Appendix C group them). Meats in all three categories contain
about equal amounts of protein, but their fat, saturated fat, and kcalorie amounts vary
significantly. Table 1-9 on p. 25 in Chapter 1 provided definitions for common terms
used to describe the fat contents of meats.

The USDA Food Patterns suggest that most adults limit their intake of protein
foods to about 5 to 7 ounces per day. For comparison, the smallest fast-food hamburger
weighs about 3 ounces. A steak served in a restaurant often runs 8, 12, or 16 ounces,
more than a whole day’s meat allowance. You may have to weigh a serving or two of
meat to see how much you are eating.

People think of meat as a protein food, but calculation of its nutrient content
reveals a surprising fact. A big (4-ounce) fast-food hamburger sandwich contains
24 grams of protein and 18 grams of fat, 7 of them saturated fat. Because protein
offers 4 kcalories per gram and fat offers 9, the sandwich provides 96 kcalories from

CHAPTER THREE

Copyright 2016 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.



protein but 162 kcalories from fat. Hot dogs, fried chicken sandwiches, and fried fish
sandwiches also provide hundreds of fat kcalories, mostly from invisible solid fat.
Because so much meat fat is hidden from view, meat eaters can easily and unknow-
ingly consume a great many grams of solid fat from this source.

When choosing beef or pork, look for lean cuts named /oin or round from which
the fat can be trimmed, and eat small portions. Chicken and turkey flesh are
naturally lean, but commercial processing and frying add solid fats, especially in
“patties,” “nuggets,” “fingers,” and “wings.” Chicken wings are mostly skin, and
a chicken stores most of its fat just under its skin. The tastiest wing snacks have
also been fried in cooking fat (often a hydrogenated, saturated type with trans-
fatty acids); smothered with a buttery, spicy sauce; and then dipped in blue cheese
dressing, making wings an extraordinarily high-fat snack. People who snack on
wings may want to plan on eating low-fat foods at several other meals to balance
them out.

Vegetables, Fruits, and Grains Choosing vegetables, fruits, whole grains, and
legumes helps lower the saturated fat, cholesterol, and total fat content of the
diet. Most vegetables and fruits naturally contain little or no fat; avocados and
olives are exceptions, but most of their fat is unsaturated, which is not harmful to
heart health. Most grains contain only small amounts of fat. Some refined grain
products such as fried taco shells, croissants, and biscuits are high in saturated fat,
so consumers need to read food labels. Similarly, many people add butter, mar-
garine, or cheese sauce to grains and vegetables, which raises their saturated and
trans fat contents. Because fruits are often eaten without added fat, a diet that
includes several servings of fruit daily can help a person meet the dietary recom-
mendations for fat.

A diet rich in vegetables, fruits, whole grains, and legumes offers abundant vita-
min C, folate, vitamin A, vitamin E, and dietary fiber—all important in supporting
health. Consequently, such a diet protects against disease both by reducing saturated
fat, cholesterol, and total fat and by increasing nutrients. It also provides valuable phy-
tochemicals that help defend against heart disease.

Cutting Solid Fats and Choosing Unsaturated Fats

Meeting today’s lipid guidelines can be challenging. Reducing intakes of saturated
and trans fatty acids, for example, involves identifying food sources of these fatty
acids—that is, foods that contain solid fats. Then, replacing them appropriately
involves identifying unsaturated oils. To help simplify these tasks, the Dietary
Guidelines suggest:

1. Selecting the most nutrient-dense foods from all food groups. Solid fats and high-
kcalorie choices can be found in every food group.
2. Consuming fewer and smaller portions of foods and beverages that contain
solid fats.
. Replacing solid fats with liquid oils whenever possible.
4. Checking Nutrition Facts labels and selecting foods with little saturated fat and no
trans fat.

w

Such advice is easily dispensed but not easily followed. The first step in doing so is
learning which foods contain heavy doses of solid fats. Table 3-6 lists some terms that
indicate solid fats in a food label ingredients list.

Box 3-1 (p. 74) offers strategies for making heart-healthy choices, food group by
food group. The best diet for heart health is also rich in fruits, vegetables, nuts, and
whole grains that offer many health advantages by supplying abundant nutrients,
fiber, and phytochemicals.

LIPIDS

TABLE 3-6 Solid Fat
Ingredients Listed on
Food Labels

1 Beef fat (tallow)

1 Butter

1 Chicken fat

1 Coconut oil

1 Cream

1 Hydrogenated oil

1 Milk fat

1 Palm kernel oil; palm oil
1 Partially hydrogenated oil
1 Pork fat (lard)

1 Shortening

1 Stick margarine

Source: U.S. Department of Agriculture
and U.S. Department of Health and
Human Services, Dietary Guidelines for
Americans 2010, available at www
.dietaryguidelines.gov.
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How To

In General

Select the most nutrient-dense foods from all food groups.

Consume fewer and smaller portions of foods and beverages
that contain solid fats.

Check the Nutrition Facts label to choose foods with little or
no saturated fat and no trans fat.

Breads and Cereals

Select whole-grain breads, cereals, and crackers that are low
in saturated and trans fat (for example, bagels instead of
croissants).

Prepare pasta with a tomato sauce instead of a cheese or
cream sauce.

Limit intake of cookies, doughnuts, pastries, and croissants.

Vegetables and Fruits

Enjoy the natural flavor of steamed vegetables (without butter)
for dinner and fruits for dessert.

Eat at least two vegetables (in addition to a salad)
with dinner.

Snack on raw vegetables or fruits instead of high-fat items like
potato chips.

Buy frozen vegetables without sauce.

Milk and Milk Products

Switch from whole milk to reduced-fat, from reduced-fat to
low-fat, and from low-fat to fat-free (nonfat).

Use fat-free and low-fat cheeses (such as part-skim ricotta and
low-fat mozzarella) instead of regular cheeses.

Use fat-free or low-fat yogurt or sour cream instead of regular
sour cream.

Use evaporated fat-free milk instead of cream.

Enjoy fat-free frozen yogurt, sherbet, or ice milk instead of
ice cream.

Protein Foods

Fat adds up quickly, even with lean meat; limit intake to about
6 ounces (cooked weight) daily.

Eat at least two servings of fish per week (particularly fish such
as mackerel, lake trout, herring, sardines, and salmon).

Choose fish, poultry, or lean cuts of pork or beef; look for
unmarbled cuts named round or loin (eye of round, top round,
bottom round, round tip, tenderloin, sirloin, center loin, and
top loin).

Trim the fat from pork and beef; remove the skin from poultry.

Grill, roast, broil, bake, stir-fry, stew, or braise meats; don‘t fry.
When possible, place food on a rack so that fat can drain.

BOX 3-1 MAKE HEART-HEALTHY CHOICES—BY FOOD GROUP

I Use lean ground turkey or lean ground beef in recipes; brown
ground meats without added fat, then drain off fat.

I Select tuna, sardines, and other canned meats packed in
water; rinse oil-packed items with hot water to remove much
of the fat.

I Fill kabob skewers with lots of vegetables and slivers of meat;
create main dishes and casseroles by combining a little meat,
fish, or poultry with whole-grain pasta or brown rice and
generous amounts of vegetables.

I Use legumes often.
I Eat a meatless meal or two daily.

I Use egg substitutes in recipes instead of whole eggs, or use
two egg whites in place of each whole egg.

Fats and Oils
I Use small amounts of vegetable oils in place of solid fats.

I Use butter or stick margarine sparingly; select soft margarines
instead of hard margarines.

I Use fruit butters, reduced-kcalorie margarines, or butter
replacers instead of butter.

I Use low-fat or fat-free mayonnaise and salad dressing instead
of regular.

I Limit use of lard and meat fat.

I Limit use of products made with coconut oil, palm kernel oil,
and palm oil (read labels on bakery goods, processed foods,
microwave popcorn, and nondairy creamers).

I Reduce use of hydrogenated shortenings and stick margarines
and products that contain them (read labels on crackers,
cookies, and other commercially prepared baked goods); use
vegetable oils instead.

Miscellaneous
I Use a nonstick pan, or coat the pan lightly with vegetable oil.

I Refrigerate soups and stews; when the fat solidifies, remove it
before reheating.

I Use wine; lemon, orange, or tomato juice; herbs; spices;
fruits; or broth instead of butter or margarine when
cooking.

I Stir-fry in a small amount of oil; add moisture and flavor with
broth, tomato juice, or wine.

I Use variety to enhance enjoyment of the meal: vary colors,
textures, and temperatures—hot, cooked versus cool, raw
foods—and use garnishes to complement food.

I Omit high-fat meat gravies and cheese sauces.

I Order pizzas with lots of vegetables, a little lean meat, and
half the cheese.
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Polara Studios, Inc
Polara Studios, Inc

Polara Studios, Inc

Pork chop with fat (290 kcal, 24 g fat, Potato with 1 tbs butter and 1 tbs sour Whole milk, 1 ¢ (150 kcal, 8 g fat, 5 g
9 g saturated fat) cream (315 kcal, 14 g fat, 9 g saturated saturated fat)

fat) %

Polara Studios, Inc
Polara Studios, Inc

Polara Studios, Inc

Pork chop with fat trimmed off (174 kcal, Plain potato (188 kcal, <1 g fat, 0 g Fat-free milk, 1 ¢ (90 kcal, <1 g fat, <1g
8 g fat, 3 g saturated fat) saturated fat) saturated fat)

Savings: Savings: Savings:

116 kecal, 16 g fat, 6 g saturated fat 127 keal, 13 g fat, 9 g saturated fat 60 kcal, 7 g fat, 4 g saturated fat

FIGURE 3-5 Cutting Fat Cuts kCalories—and Saturated Fat

Fats and kCalories Removing fat from food also removes energy, as Figure 3-5
shows. A pork chop with the fat trimmed to within a half-inch of the lean provides
290 kcalories; with the fat trimmed off completely, it supplies 174 kcalories. A baked
potato with butter and sour cream (1 tablespoon each) has 315 kcalories; a plain
baked potato has 188 kcalories. The single most effective step you can take to reduce
the energy value of a food is to eat it with less fat.

Choosing Unsaturated Fats When a person does eat fats, those to choose are the
unsaturated ones. Remember, the softer a fat is, the more unsaturated it is. Generally
speaking, vegetable and fish oils are rich in polyunsaturates, olive oil and canola oil
are rich in monounsaturates, and the harder fats—animal fats—are more saturated
(see Figure 3-6 on p. 76). Remember, however, that vegetable fat or vegetable oil
doesn’t always mean unsaturated fat. Both coconut oil and palm oil, for example,
which are often used in nondairy creamers, are saturated fats, and both raise blood
cholesterol.

Don’t Overdo Fat Restriction Some people actually manage to eat too /ittle fat—
to their detriment. Among them are young women and men with eating disorders,
described in Nutrition in Practice 6. As a practical guideline, it is wise to include the
equivalent of at least a teaspoon of fat in every meal.

Fat Replacers Today, consumers can choose from thousands of fat-reduced prod-
ucts. Many bakery goods, lunch meats, cheeses, spreads, frozen desserts, and other
products made with fat replacers offer less than half a gram of fat, saturated fat, and

LIPIDS

At room temperature, unsaturated
fats (such as those found in oil), are
usually liquid, whereas saturated
fats (such as those found in butter)
are solid.

fat replacers: ingredients that
replace some or all of the functions
of fat in foods and may or may not
provide energy.
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artificial fats: zero-energy fat
replacers that are chemically syn-
thesized to mimic the sensory and
cooking qualities of naturally occur-
ring fats but are totally or partially
resistant to digestion.

olestra: a synthetic fat made from
sucrose and fatty acids that provides
zero kcalories per gram; also known
as sucrose polyester.

76

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 oil
Corn oil
Soybean ol
Walnut oil
Cottonseed oll

Qlive oil
Canola oil
Peanut oil

Only a few oils provide significant omega-3 polyunsaturated fatty acids.
Flaxseed all | |
Fish oil (salmon) | |
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FIGURE 3-6 Comparison of Dietary Fats
Most fats are a mixture of saturated, monounsaturated, and polyunsaturated fatty acids.
2Salad or cooking type over 70% linoleic acid.

trans fat in a serving. Some of these products contain artificial fats, and others use
conventional ingredients in unconventional ways to reduce fats and kcalories. Among
the latter, manufacturers can:

Add water or whip air into foods.

Add fat-free milk to creamy foods.

Use lean meats and soy protein to replace high-fat meats.
Bake foods instead of frying them.

Common food ingredients such as fibers, sugars, or proteins can also take the place of
fats in some foods. Products made from sugars or proteins still provide kcalories but far
fewer kcalories from fats. Manufactured fat replacers consist of chemical derivatives of
carbohydrate, protein, or fat, or modified versions of foods rich in those constituents.

A familiar example of an artificial fat that has been approved for use in snack foods
such as potato chips, crackers, and tortilla chips is olestra. Olestra’s chemical struc-
ture is similar to that of a regular fat (a triglyceride) but with important differences.
A triglyceride is composed of a glycerol molecule with three fatty acids attached,
whereas olestra is made of a sucrose molecule with six to eight fatty acids attached.
Enzymes in the digestive tract cannot break the bonds of olestra, so unlike sucrose or
fatty acids, olestra passes through the system unabsorbed.

The FDA’s evaluation of olestra’s safety addressed two questions. First, is olestra
toxic? Research on both animals and humans supports the safety of olestra as a par-
tial replacement for dietary fats and oils, with no reports of cancer or birth defects.
Second, does olestra affect either nutrient absorption or the health of the digestive
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tract? When olestra passes through the digestive tract unabsorbed, it binds with the
fat-soluble vitamins A, D, E, and K and carries them out of the body, robbing the per-
son of these valuable nutrients. To compensate for these losses, the FDA requires the
manufacturer to fortify olestra with vitamins A, D, E, and K. Saturating olestra with
these vitamins does not make the product a good source of vitamins, but it does block
olestra’s ability to bind with the vitamins from other foods. An asterisk in the ingre-
dients list informs consumers that these added vitamins are “dietarily insignificant.”

Consumers need to keep in mind that low-fat and fat-free foods still deliver
kcalories. Decades ago, consumers hailed the arrival of artificial sweeteners as a
weight-loss wonder, but in reality, kcalories saved by using artificial sweeteners
were readily replaced by kcalories from other foods. Alternatives to fat can help to
lower energy intake and support weight loss only when they actually replace fat and
energy in the diet.

Read Food Labels Labels list total fat, saturated fat, trans fat, and cholesterol
contents of foods. Because each package provides information for a single serving,
and serving sizes are standardized, consumers can easily compare similar products.

IN SUMMARY
I Fats in foods contribute to sensory appeal—enhancing the flavor, aroma, and tex-
ture of foods.

I Fats in foods deliver fat-soluble vitamins, energy, and essential fatty acids.

I While some fat in the diet is necessary, the Dietary Guidelines for Americans recom-
mend limiting intakes of saturated fat and trans fat.

I Fats added to foods during preparation or at the table are a major source of fat in
the diet.

I The choice between whole and fat-free milk products can make a big difference to
the fat, saturated fat, and cholesterol content of a diet.

Meats account for a large proportion of hidden solid fats in many people’s diets.
Most people consume more meat than is recommended.

Most vegetables and fruits naturally contain little or no fat.

Grain products such as croissants and biscuits can be high in saturated fat, so con-
sumers need to read food labels to learn which foods in this group contain fats.

I Consumers today can choose from an array of fat-reduced products, and many
bakery goods and other foods made with fat replacers offer less than a half a gram
of fat, saturated fat, and trans fat in a serving.

I Some products use artificial fats such as olestra, while others use conventional in-
gredients such as water or fat-free milk to reduce fat and kcalories.

I Food labels list total fat, saturated fat, cholesterol, and trans fat.

Chapters 2 and 3 have looked briefly at the two major energy fuels in the body—
carbohydrate and fat. When used for energy, each has desirable characteristics. The
glucose derived from carbohydrate is needed by the brain and nerve tissues and is
easily used for energy in other cells. Fat is a particularly useful fuel because the body
stores it efficiently and in generous amounts. Chapter 4 looks at protein, a nutrient
that can be used as fuel, but whose primary role is to provide machinery for getting
things done.
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" Your Diet

Lipids

To maintain good health, eat enough fat—but not too much—
and select the right kinds of fats. For example, moderate in-
takes of foods rich in polyunsaturated and monounsaturated
fatty acids such as olive ail, nuts, and fish lower the risk of

heart disease. Conversely, diets high in saturated fats and trans

fats increase the risk of heart disease. Table NP3-1 (p. 84) in
the Nutrition in Practice that follows this chapter lists food
sources of healthful and harmful fatty acids. As Chapter 3
describes, the major sources of saturated fats in most people’s
diets are whole milk and whole milk products such as cheese
and ice cream, fatty cuts of beef and pork, processed meats
such as bacon and sausage, and products that contain tropical

oils (coconut oil, palm kernel oil, and palm oil) such as cookies,

pastries, and doughnuts. Major sources of trans fats include
fast foods, chips, baked goods, and other commercially pre-
pared foods.

I Make a list of all the fast foods and packaged foods such as
chips and cookies that you ate today, or that you might typi-
cally eat in a day.

I Use Appendix A or the restaurant’s website to look up the
saturated fat contents of the fast foods you ate and add this
information to your list of foods.

Clinical Applications

Check the labels of the packaged foods you ate and write
down their saturated and trans fat contents.

The recommended saturated fat intake is less than 10 percent
of total kcalories per day. The recommendation for trans fat is
to keep it as low as possible. Thus, for a 2,000-kcalorie diet,
the recommended saturated fat intake is 22 grams or less.
(Recall that 1 gram of fat is equal to 9 kcalories.)

Example:

2000 kcal x 0.10 = 200 kcal
200 kcal + 9 kcal/gram fat = 22 grams saturated fat

Based on your own estimated kcalorie needs (see Table 1-5 on
p. 18), is your saturated fat intake 10 percent or less of total
kcalories?

Estimated kcalorie need: kcalories
Saturated fat recommendation: grams
Your saturated fat intake: grams

If not, list several foods you consumed that supplied large
amounts of saturated fat and suggest alternative foods in the
same food group that contain less.

If your food choices included packaged or fast foods that con-
tain significant amounts of trans fats, suggest alternative foods
in the same food group that contain minimal amounts.

1. The connection between the overconsumption of saturated
and trans fats and chronic diseases (obesity, diabetes, cancer,
and cardiovascular disease) underscores the importance of
being alert to a client’s fat intake. What advice would you
offer a client who reports the following?

1 Eats more than 12 ounces of meat each day.

I Drinks whole milk and eats regular cheddar cheese
each day.

" Self Check

1 Eats the following breads and cereals each day: a bagel with
cream cheese for breakfast, a bologna sandwich on white
bread for lunch, and biscuits or cornbread with butter to
accompany dinner.

I Eats less than the equivalent of a cup of fruit each day and
eats vegetables only on occasion.

. Make a list of foods, beverages, and seasonings that your

client can substitute for foods high in saturated fat.

1. Three classes of lipids in the body are:
a. triglycerides, fatty acids, and cholesterol.
b. triglycerides, phospholipids, and sterols.
c. fatty acids, phospholipids, and
cholesterol.
d. glycerol, fatty acids, and triglycerides.

2. A triglyceride consists of:
a. three glycerols attached to a lipid.
b. three fatty acids attached to a glucose.
c. three fatty acids attached to a glycerol.
d. three phospholipids attached to a cholesterol.
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. A fatty acid that has the maximum possible number of

hydrogen atoms is known as a(n):
a. saturated fatty acid.

b. monounsaturated fatty acid.

c. PUFA.

d. essential fatty acid.

. The difference between cis- and trans-fatty acids is:

a. the number of double bonds.

b. the length of their carbon chains.

c. the location of the first double bond.

d. the configuration around the double bond.
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5. Essential fatty acids:

a. are used to make substances that regulate blood pressure,

among other functions.
b. can be made from carbohydrates.
¢. include lecithin and cholesterol.

d. cannot be found in commonly eaten foods.

6. Lecithins and other phospholipids in the body function as: 9.

a. emulsifiers.

b. enzymes.

c. temperature regulators.
d. shock absorbers.

7. To minimize saturated fat intake and lower the risk of heart 10.

disease, most people need to:
a. eat less meat.
b. select fat-free milk.

c. use nonhydrogenated margarines and cooking oils such as

olive oil or canola oil.
d. All of the above

I Notes

8. To include omega-3 fatty acids in the diet, the Dietary

Guidelines for Americans recommend eating:

a. cholesterol-free margarine.

b. fish oil supplements.

¢. hydrogenated margarine.

d. 8 to 12 ounces of seafood per week.

Some examples of foods with hidden solid fats are:

a. cheese, lettuce, and fruit juices.

b. fried foods, sauces, dips, and lunch meats.
c. fish, rice, and nuts.

d. baked potatoes, vegetables, and fruits.

Generally speaking, vegetable and fish oils are rich in:

a. polyunsaturated fat.

b. saturated fat.

c. cholesterol.

d. trans-fatty acids.

Answers to these questions are found in Appendix H.
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CHAPTER 3

Nutrition in Practice

3.5 FIGURING OUT FATS

LO 3.5 Identify which fats support health and which
may impair it.

To consumers, advice about dietary fat appears to change
almost daily. “Eat less fat.” “Eat more fatty fish.” “Give up
butter—use margarine instead.” “Give up margarine—replace it
with olive oil.” “Steer clear of saturated fats.” “Seek out omega-3."”
“Stay away from trans fats.” “Stick with mono- and polyunsatu-
rated fats.” No wonder some people feel confused about dietary
fat. This Nutrition in Practice begins with a look at the dietary guide-
lines for fat intake. It continues by identifying which foods provide
which fats. It closes with strategies to help consumers choose the
right amounts of the right kinds of fats for a healthy diet.

Why do today’s fat messages seem to change
constantly and become more confusing?

The confusion stems in part from the complexities of fat and in

part from the nature of recommendations. As Chapter 3 explained,
“dietary fat” refers to several kinds of fats; some fats support health,
whereas others damage it, and foods typically provide a mixture of
fats in varying proportions. It has taken researchers decades to sort
through the relationships among the various kinds of fat and their
roles in supporting or harming health. Translating these research
findings into dietary recommendations is a challenging process. Too
little information can mislead consumers, but too much detail can
overwhelm them. As scientific understanding has grown, recom-
mendations have evolved to become less general and more specific.
Recommendations may seem to “change constantly and become
more confusing,” but in fact they are becoming more meaningful.

How exactly have dietary recommendations
for fat changed to become more meaningful
for consumers?

Dietary recommendations for fat have shifted away from reducing
total fat, in general, to limiting saturated and trans fats, specifically,
along with a greater emphasis on kcalorie control to maintain a
healthy body weight." For decades, health experts urged consumers
to limit total fat intake to 30 percent or less of energy intake. This
advice was straightforward—cut the fat and improve your health.
Health experts recognized that saturated fats and trans fats were
the ones that raise blood cholesterol, but they reasoned that when
total fat was limited, saturated and trans fat intake would decline as
well. People were simply advised to cut back on all fat so that they
would cut back on saturated and trans fat. Such advice may have
oversimplified the message and unnecessarily restricted total fat.

But low-fat diets have been recommended for
years to help people manage weight and reduce
the risk of heart disease. Are you saying that
low-fat diets are no longer recommended?

Low-fat diets remain a key recommendation in treatment plans
for people with elevated blood lipids or heart disease and,

therefore, they are important in nutrition.? As for healthy people,
evidence from around the world has led researchers to change
population-wide recommendations from a “low-fat” to a “wise-
fat” approach. Several problems accompany low-fat diets. For
one, many people find low-fat diets difficult to maintain over
time. For another, low-fat diets are not necessarily low-kcalorie
diets; if energy intake exceeds energy needs, weight gain fol-
lows, and obesity brings a host of health problems, including
heart disease. For another, diets high in refined carbohydrates,
even if low in fat, can cause blood triglycerides to rise and HDL
to fall, a deleterious combination for heart health.® Finally, taken
to the extreme, a low-fat diet may exclude fatty fish, nuts, seeds,
and vegetable oils—all valuable sources of many essential fatty
acids, phytochemicals, vitamins, and minerals. The fats from
these sources protect against heart disease, as later sections
explain.

How have today’s recommendations for fat
been revised?

Today, health experts have revised dietary recommendations

to acknowledge that not all fats have damaging health
consequences. In fact, higher intakes of some kinds of fats (for
example, the omega-3 fatty acids) support good health. Instead
of urging people to cut back on all fats, current recommenda-
tions suggest carefully replacing the “bad” saturated and trans
fats with the “good” unsaturated fats and enjoying these fats
within kcalorie limits.> The goal is to create an overall eating pat-
tern moderate in kcalories that provides enough of the fats that
support good health, but not too much of those that harm health.
(Turn to pp. 68-70 for a review of the health consequences of
each type of fat.)

With these findings and goals in mind, the committee writ-
ing the Dietary Guidelines for Americans 2010 concluded that a
diet containing up to 35 percent of total kcalories from fat, but
reduced in saturated fat and trans fat and moderate in energy,
is compatible with low rates of heart disease, diabetes, obesity,
and cancer.®

How can people distinguish between the fats in
foods that support health and those that might
harm it?

Asking consumers to limit their total fat intake was less than per-
fect advice, but it was straightforward—find the fat and cut back.
Asking consumers to keep their intakes of saturated fats, trans
fats, and cholesterol low and to use monounsaturated and poly-
unsaturated fats instead may be more on target with heart health,
but it also makes diet planning more complicated. To make appro-
priate selections, consumers must first learn which foods contain
which fats. For example, avocados, bacon, walnuts, potato chips,
and mackerel are all high-fat foods, yet some of these foods have
detrimental effects on heart health when consumed in excess, and
others seem neutral or even beneficial.
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Is there evidence to clarify why some high-fat
foods are compatible with a heart-healthy diet
and others are not?

Yes. The traditional diets of Greece and other countries in the
Mediterranean region are exemplary in their use of “good” fats,
especially olives and olive oil. A classic study of the world’s people,
the Seven Countries Study, found that death rates from heart dis-
ease were strongly associated with diets high in saturated fats, but
only weakly linked with total fat.” In fact, the two countries with the
highest fat intakes, Finland and the Greek island of Crete, had the
highest (Finland) and lowest (Crete) rates of heart disease deaths.
In both countries, the people consumed 40 percent or more of
their kcalories from fat. Clearly, a high-fat diet was not the primary
problem.® When researchers refocused their attention on the type
of fat, they found that the Cretes ate diets high in olive oil but low
in saturated fat (less than 10 percent of kcalories), a pattern they
linked with relatively low disease risks. Many studies that followed
yielded similar results—people who follow “Mediterranean-type”
eating patterns have low rates of heart disease, some cancers, and
other chronic diseases, and their life expectancy is high.® Unfortu-
nately, many busy Mediterranean people today, especially the young,
are trading labor-intensive traditional diets for convenient and fast
Western-style foods. At the same time, their health advantages are
rapidly disappearing.'®

When olive oil replaces saturated fats, such as those of butter,
coconut oil or palm oil, hydrogenated stick margarine, lard, or
shortening, it may offer numerous health benefits."! Olive oil helps
to protect against heart disease by:

I Lowering total and LDL cholesterol and not lowering HDL cho-
lesterol or raising triglycerides.'?

I Reducing blood-clotting factors.'®

I Providing antioxidant phytochemicals that may reduce LDL cho-
lesterol’s vulnerability to oxidation (see Nutrition in Practice 8).'*

I Lowering blood pressure. '

I Interfering with the inflammatory process related to disease
progression.'®

The phytochemicals of olives captured in extra virgin olive oil,
and not its monounsaturated fatty acids, seem responsible for
these potential effects.’”” When processors lighten olive oils to
make them more appealing to consumers, they strip away the in-
tensely flavored phytochemicals of the olives, thus diminishing not
only the bitter flavor of the oils, but also their potential for protect-
ing the health of the heart.

It is important to recognize that olive oil is not a magic potion;
drizzling it on foods does not make them healthier. Like other
fats, olive oil delivers 9 kcalories per gram, which can contribute
to weight gain in people who fail to balance their energy intake
with their energy output. Its role in a healthy diet is to replace the
saturated fats.

Other vegetable oils, such as canola oil or safflower oil, in
their liquid unhydrogenated states, are also generally low in
saturated fats and high in unsaturated fats. Such oils, when they
replace solid, saturated fats in the diet, may help to preserve
heart health.
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Olives and their oil may benefit heart health.

So olive oil may help protect against heart
disease; are there other food fats that may also
be protective?

Possibly so. People who eat an ounce of nuts two or more days a
week appear to have lower risks of sudden death from heart events
than those consuming no nuts.' Even in people with diabetes, whose
risks are high, nuts are associated with reduced heart disease risk."®

The nuts under study are those commonly eaten in the United
States: almonds, Brazil nuts, cashews, hazelnuts, macadamia nuts,
pecans, pistachios, walnuts, and even peanuts.?® On average, these
nuts contain mostly monounsaturated fat (59 percent), some poly-
unsaturated fat (27 percent), and little saturated fat (14 percent).

Research has shown a benefit from walnuts and almonds in
particular. In study after study, walnuts, when substituted for other
fats in the diet, produce favorable effects on blood lipids—even in
people with elevated total and LDL cholesterol.?" Results are similar
for almonds.??

Studies on peanuts, macadamia nuts, pecans, and pistachios
follow suit, indicating that including nuts may be a wise strategy
against heart disease. Nuts may protect against heart disease be-
cause they provide:

I Monounsaturated and polyunsaturated fats in abundance, but
few saturated fats.

I Fiber, vegetable protein, essential fatty acids, and other valuable
nutrients, including the antioxidant vitamin E.

I Phytochemicals that act as antioxidants (see Nutrition in Practice 8).
I Plant sterols.

Tree nuts and peanuts once had no place in a low-fat or low-
kcalorie diet—and for good reason. Nuts provide up to 80 percent
of their kcalories from fat, and a quarter cup (about an ounce)
of mixed nuts provides more than 200 kcalories. Despite this,
people who regularly eat nuts tend to be leaner, not fatter, and
generally have smaller waistlines than others.?> No one can yet
say, however, whether nut eaters owe their leaner physiques to an
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Stay mindful of kcalories when snacking on nuts.

overall health-conscious lifestyle or to an extra-satiating effect of
nuts that reduces food and kcalorie intake at other meals.?* In any
case, replacing potato chips or chocolate candy snacks with nuts
certainly improves nutrition by reducing intakes of saturated fats
and increasing intakes of vitamin E and other nutrients.?®

When designing a test diet, researchers must carefully use nuts
instead of, not in addition to, other fat sources (such as meat, potato
chips, or oil) to keep kcalories constant. If you decide to snack on
nuts, you should probably do the same thing and use them to replace
other fats in your diet. Remember that nuts, although not associated
with obesity or weight gain in research, provide substantially more
kcalories per bite than crunchy raw vegetables, for example.

What about fish? | have a friend whose doctor
told her that eating fish is good for the heart. Is
this true?

Yes. The preceding chapter made clear that fish oils hold the
potential to improve health, and particularly the health of the
heart. Research studies have provided strong evidence that
increasing omega-3 fatty acids in the diet supports heart health
and lowers the risk of death from heart disease.?® For this reason,
the American Heart Association and other authorities recommend
including at least two 3.5-ounce servings of fish (see Table 3-3 on
p. 69) per week in a heart-healthy diet. People who eat some fish
each week can lower their risks of heart attack and stroke.

Fish is the best source of EPA and DHA in the diet, but it is also
a major source of mercury and other environmental contaminants.
Most fish contain at least trace amounts of mercury, but tilefish,
swordfish, king mackerel, and shark have especially high levels.
Freshwater fish may contain PCBs and other pollutants, so local
advisories warn sport fishers of species that can pose problems. The
chapter listed safer species of fish. To minimize risks while obtain-
ing fish benefits, vary your choices among fatty fish species often.

If olive oil, nuts, and fatty fish are protective
against heart disease, which fats are harmful?

A main dietary determinant of LDL cholesterol is saturated fat.
Emerging evidence suggests, however, that the effects of reduced
saturated fat consumption on heart health vary based on which
nutrients or foods replace it in the diet.2” As noted in Chapter 3,
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Fish is a good source of the omega-3 fatty acids.

replacing dietary saturated fat with added sugars and refined
starches can be detrimental to heart health. Replacing dietary satu-
rated fat with fiber-rich carbohydrate foods such as whole grains,
legumes, vegetables, and fruits, along with foods rich in polyun-
saturated fatty acids such as fish, nuts, and vegetable oils, reduces
the risk of heart disease.?® Trans fats, of course, also raise heart
disease risk by elevating LDL cholesterol.

Which foods are highest in saturated and
trans fats?

The major sources of saturated fats in the U.S. diet are fatty meats,
whole-milk products, tropical oils, and products made from any of
these foods. To limit saturated fat intake, consumers must choose
carefully among these high-fat foods. More than a third of the fat
in most meats is saturated. Similarly, more than half of the fat is
saturated in whole milk and other high-fat dairy products, such as
cheese, butter, cream, half-and-half, cream cheese, sour cream,
and ice cream. Consumers rarely use the tropical oils of palm, palm
kernel, and coconut in the kitchen, but these oils are used heavily
by food manufacturers and are therefore commonly found in many
commercially prepared foods.

When choosing meats, milk products, and commercially
prepared foods, look for those lowest in saturated fat. Labels
provide a useful guide for comparing products in this regard, and
Appendix A lists the saturated fat in several thousand foods.
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TABLE NP3-1 Food Sources of Various Fatty Acids

Potentially Healthful Fatty Acids

Monounsaturated Omega-6 Polyunsaturated Omega-3 Polyunsaturated

1 Avocado 1 Margarine (nonhydrogenated) 1 Fatty fish (herring, mackerel, salmon, tuna)
1 Oils (canola, olive, peanut, sesame) 1 Qils (corn, cottonseed, safflower, soybean) 1 Flaxseed

1 Nuts (almonds, cashews, filberts, hazelnuts, 1 Nuts (pine nuts, walnuts) 1 Nuts (walnuts)

macadamia nuts, peanuts, pecans, pistachios) .
1 Mayonnaise

1 Olives

1 Peanut butter 1 Salad dressing

1 Seeds (sesame) 1 Seeds (pumpkin, sunflower)

Potentially Harmful Fatty Acids

Saturated Trans

1 Bacon, butter, lard 1 Fried foods (hydrogenated shortening)

1 Cheese, whole milk products 1 Margarine (hydrogenated or partially hydrogenated)

1 Chocolate, coconut 1 Nondairy creamers

1 Cream, half-and-half, cream cheese, sour cream 1 Many fast foods )

1 Meats 1 Shortening §

1 QOil (coconut, palm, palm kernel) 1 Commercial baked goods (including doughnuts, cakes, cookies) éﬁ

1 Shortening 1 Many snack foods (including microwave popcorn, chips, crackers) é
)

v =

ated fat and

UNSATURATED FATS MEAL

Unsaturated fat 1 ¢ fresh broccoli sautéed in

1 tbs olive oll
1 ¢ mixed baby greens salad with
Saturated fat 1 avocado
2 tbs sunflower seeds
| 1 tbs light Italian dressing
4 o0z grilled steak Total fat 4 oz grilled salmon

Energy = 600 kcal Energy = 600 kcal

Matt Farruggio
Matt Farruggio
Matt Farruggio

| | | |
0 10 20 30 40
GRAMS

(o))
o

FIGURE NP3-1 Two Meals Compared: Replacing Saturated Fat with Unsaturated Fat

Examples of ways to replace saturated fats with unsaturated fats include sautéing vegetables in olive oil instead of butter, garnishing salads
with avocado and sunflower seeds instead of bacon and blue cheese, and eating salmon instead of steak. Each of these meals provides
roughly the same number of kcalories and grams of fat, but the one on the left has almost four times as much saturated fat and only half

as many omega-3 fatty acids.

Even with careful selections, a nutritionally adequate diet will As for trans fats, Chapter 3 explained that solid shortening and
provide some saturated fat. Zero saturated fat is not possible even margarine are made from vegetable oil that has been hardened
when experts design menus with the mission to minimize saturated through hydrogenation. This process both saturates some of the
fat. Eating patterns based on fruits, vegetables, legumes, nuts, soy unsaturated fatty acids and introduces trans-fatty acids. Many
products, and whole grains can, and often do, deliver less saturated convenience foods contain trans fats. Table NP3-1 summarizes

fat than diets that depend heavily on animal-derived foods, however. which foods provide which fats. Substituting unsaturated fats for
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saturated fats at each meal and snack can help protect against
heart disease. Figure NP3-1 compares two meals and shows how
such substitutions can lower saturated fat and raise unsaturated
fat—even when total fat and kcalories remain the same.

So it seems that some fats are “good” and
others are “"bad” from the body’s point of view.
Is that right?

The saturated and trans fats do indeed seem mostly bad for the
health of the heart. Aside from providing energy, which unsatu-
rated fats can do equally well, saturated and trans fats bring no in-
dispensable benefits to the body. Furthermore, no harm can come
from consuming diets low in them.

In contrast, the unsaturated fats are mostly good for the health
of the heart when consumed in moderation. To date, their one
proven fault seems to be that they, like all fats, provide abundant
energy to the body and so may promote obesity if they drive kcalo-
rie intakes higher than energy needs. Obesity, in turn, often begets
many body ills, as Chapter 6 makes clear.

When judging foods by their fatty acids, keep in mind that
the fat in foods is a mixture of “good” and “bad,” providing
both saturated and unsaturated fatty acids. Even predominantly
monounsaturated olive oil delivers some saturated fat. Conse-
quently, even when a person chooses foods with mostly unsatu-
rated fats, saturated fat can still add up if total fat is high. For this
reason, fat must be kept below 35 percent of total kcalories if the
diet is to be moderate in saturated fat.

Additionally, food manufacturers may come to the assistance
of consumers wishing to avoid the health threats from saturated
and trans fats. Some companies now make margarine without
trans fats, and many snack manufacturers have reduced the
saturated and trans fats in some products and offer snack foods in
100-kcalorie packages. Other companies are likely to follow if
consumers respond favorably.

Eating a balanced diet based on vegetables, fruits, and
legumes is a good idea, as is replacing saturated fats such as
butter, shortening, and meat fat with unsaturated fats like olive
oil and the oils from nuts and fish. These foods provide vitamins,
minerals, and phytochemicals—all valuable in protecting the
body’s health. To further protect health, you may want to reduce
fats from convenience foods and fast foods; choose small por-
tions of meats, fish, and poultry; and include fresh foods from
all the groups each day. Take care to select portion sizes that will
best meet your energy needs. Also, be physically active each day.
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4.1 The Chemist’s View of Proteins

LO 4.1 Describe the chemical structure of proteins
and the difference between nonessential and
essential amino acids.

4.2 Protein Turnover and Nitrogen
Balance

LO 4.2 Explain the process of protein turnover and
describe nitrogen balance.

4.3 Roles of Body Proteins
LO 4.3 Identify some of the roles of body proteins.

4 4 Protein and Health

LO 4.4 Describe the health effects of protein deficiency
and excess, some of the people who may be harmed by
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taking amino acid supplements, and the assumptions
underlying the protein RDA.

4.5 Protein in Foods

LO 4.5 Explain the differences between high-quality
and low-quality proteins, including notable food
sources of each.

4.6 Nutrition in Practice:
Vegetarian Diets

LO 4.6 Develop a well-balanced vegetarian eating
pattern.




proteins: compounds made from
strands of amino acids composed
of carbon, hydrogen, oxygen, and
nitrogen atoms. Some amino acids
also contain sulfur atoms.
amino (a-MEEN-oh) acids:
building blocks of protein. Each
contains an amino group, an acid
group, a hydrogen atom, and a
distinctive side group, all attached to
a central carbon atom.

amino = containing nitrogen
dipeptide: two amino acids
bonded together.

di = two

peptide = amino acid
tripeptide: three amino acids
bonded together.

tri = three
polypeptide: 10 or more amino
acids bonded together. An interme-
diate strand of between 4 and 10
amino acids is an oligopeptide.

poly = many

oligo = few

FIGURE 4-1 Amino Acid
Structure and Examples of
Amino Acids
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he versatility of proteins in the body is remarkable. Proteins help your

muscles to contract, your blood to clot, and your eyes to see. They
keep you alive and well by facilitating chemical reactions and defending
against infections. Without them, your bones, skin, and hair would have
no structure. No new living tissue can be built without them. No wonder
they were named proteins, meaning “of prime importance.”

4.1 The Chemist’s View of Proteins

LO 4.1 Describe the chemical structure of proteins and the difference between
nonessential and essential amino acids.

Proteins are chemical compounds that contain the same atoms as carbohydrates and lip-
ids—carbon (C), hydrogen (H), and oxygen (O)—but proteins are different in that they
also contain nitrogen (N) atoms. These nitrogen atoms give the name amino (nitrogen
containing) to the amino acids that form the links in the chains we call proteins.

The Structure of Proteins

About 20 different amino acids may appear in proteins.* All amino acids share a
common chemical “backbone,” and it is these backbones that are linked together
to form proteins. Each amino acid also carries a side group, which varies from one
amino acid to another (see Figure 4-1). The side group makes the amino acids differ
in size, shape, and electrical charge. The side groups on amino acids are what make
proteins so varied in comparison with either carbohydrates or lipids.

Protein Chains The 20 amino acids can be linked end to end in a virtually infinite
variety of sequences to form proteins. When two amino acids bond together, the
resulting structure is known as a dipeptide. Three amino acids bonded together
form a tripeptide. As additional amino acids join the chain, the structure becomes a
polypeptide. Most proteins are a few dozen to several hundred amino acids long.

Protein Shapes Polypeptide chains twist into complex shapes. Each amino acid
has special characteristics that attract it to, or repel it from, the surrounding fluids
and other amino acids. Because of these interactions, polypeptide chains fold and
intertwine into intricate coils (see Figure 4-2) and other shapes. The amino acid
sequence of a protein determines the specific way the chain will fold.

Protein Functions The dramatically different shapes of proteins enable them
to perform different tasks in the body. Some, such as hemoglobin in the blood (see
Figure 4-3), are globular in shape; some are hollow balls that can carry and store
materials within them; and some, such as those that form tendons, are more than 10
times as long as they are wide, forming stiff, sturdy, rodlike structures.

Side group varies (a) (b)
/ N O
O O o O
o, O o, O =
Amino group O Acid group o o o o £
™~ o / O o [©) 3
Q @ L O-0-O O-0-O OO
- 3
Backbone Valine Leucine Tyrosine  ©

(@) All amino acids have a “backbone” made of an amino acid group (which contains nitrogen)
and an acid group. The side group varies from one animo acid to the next.
(b) Note that the side group is a unique structure that differentiates one amino acid from another.

*Besides the 20 common amino acids, which can all be components of proteins, others occur individually
(for example, ornithine).
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A portion of a
strand of amino
acids

The strand

coils, as this Once coiled and folded, the protein
“ribbon” may be functional as is, or it may need
demonstrates. to join with other proteins or add a

vitamin or mineral to become active.

The strand of amino acids takes on
a spring-like shape as its side groups
variously attract and repel each other.

Nonessential and Essential Amino Acids

FIGURE 4-2 The Coiling
and Folding of a Protein
Molecule

© Cengage Learning®

More than half of the amino acids are nonessential amino acids, meaning that the
body can make them for itself. Proteins in foods usually deliver these amino acids,
but it is not essential that they do so. There are other amino acids that the body
cannot make at all, however, and some that it cannot make fast enough to meet its
needs. The proteins in foods must supply these nine amino acids to the body; they
are therefore called essential amino acids. (Some researchers refer to essential amino

acids as indispensable and to nonessential amino acids as dispensable.)

Under special circumstances, a nonessential amino acid can
become essential. For example, the body normally makes tyro-
sine (a nonessential amino acid) from the essential amino acid
phenylalanine. If the diet fails to supply enough phenylalanine or if
the body cannot make the conversion for some reason (as happens
in the inherited disease phenylketonuria), then tyrosine becomes a
conditionally essential amino acid.

IN SUMMARY

I Chemically speaking, proteins are more complex than
carbohydrates or lipids; proteins are made of some
20 different nitrogen-containing amino acids, 9 of which
the body cannot make (they are essential).

# Each amino acid contains a central carbon atom with an amino
group, an acid group, a hydrogen atom, and a unique side group
attached to it.

I The distinctive sequence of amino acids in each protein
determines its shape and function.

PROTEIN

Iron

Heme, the
nonprotein
portion of
hemoglobin,
holds iron

The amino acid sequence
determines the shape
of the polypeptide chain

FIGURE 4-3 The Structure of Hemoglobin
Four highly folded polypeptide chains form the globular
hemoglobin protein.

© Cengage Learning®
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Growing children end each day with more
bone, blood, muscle, and skin cells than
they had at the beginning of the day.

nonessential amino acids:
amino acids that the body can
synthesize.

essential amino acids: amino ac-
ids that the body cannot synthesize in
amounts sufficient to meet physiologi-
cal need. Nine amino acids are known
to be essential for human adults:

histidine (HISS-tuh-deen)
isoleucine (eye-so-LOO-seen)
leucine (LOO-seen)

lysine (LYE-seen)

methionine (meh-THIGH-oh-neen)
phenylalanine (fen-il-AL-uh-neen)
threonine (THREE-oh-neen)

tryptophan (TRIP-toe-fane,

TRIP-toe-fan)

valine (VAY-leen)
conditionally essential amino
acid: an amino acid that is normally
nonessential but must be supplied
by the diet in special circumstances
when the need for it becomes greater
than the body’s ability to produce it.

protein turnover: the continuous
breakdown and synthesis of body
proteins involving the recycling of
amino acids.

nitrogen balance: the amount of
nitrogen consumed (N in) as com-
pared with the amount of nitrogen
excreted (N out) in a given period

of time. The laboratory scientist can
estimate the protein in a sample

of food, body tissue, or excreta by
measuring the nitrogen in it.”

90

4.2 Protein Turnover
and Nitrogen Balance

LO 4.2 Explain the process of protein turnover and describe
nitrogen balance.

Within each cell of the body, proteins are continually being made and broken
down, a process known as protein turnover. Amino acids must be continuously
available to build the proteins of new tissues. The new tissues may be in an
embryo, in the muscles of an athlete in training, in a growing child, in the scar
tissue that heals wounds, or in new hair and nails.

Less obvious is the protein that helps replace worn-out cells and internal cell
structures. For example, the millions of cells that line the intestinal tract live
for three to five days; they are constantly being shed and must be replaced. The
cells of the skin die and rub off, and new ones grow from underneath.

Protein Turnover

When proteins break down, their component amino acids are liberated within
the cells or released into the bloodstream. Some of these amino acids are
promptly recycled into other proteins. By reusing amino acids to build proteins,
the body conserves and recycles a valuable commodity. Other amino acids are
stripped of their nitrogen and used for energy. Each day, about a quarter of the body’s
available amino acids are irretrievably broken down and used for energy. For this rea-
son, amino acids from food are needed each day to support the new growth and main-
tenance of cells.

Jupiter Images/Polka Dot/Thinkstock

Nitrogen Balance

Researchers use nitrogen balance studies to estimate protein requirements. In healthy
adults, protein synthesis balances with protein degradation, and nitrogen intake from
protein in food balances with nitrogen excretion in the urine, feces, and sweat. When
nitrogen intake equals nitrogen output, a person is in nitrogen equilibrium, or zero
nitrogen balance.

If the body synthesizes more than it degrades and adds protein, nitrogen status
becomes positive. Nitrogen status is positive in growing infants, children, and ado-
lescents; pregnant women; and people recovering from protein deficiency or illness;
their nitrogen intake exceeds their nitrogen output. They are retaining protein in new
tissues as they add blood, bone, skin, and muscle to their bodies.

If the body degrades more than it synthesizes and loses protein, nitrogen status
becomes negative. Nitrogen status is negative in people who are starving or suffering
other severe stresses such as burns, injuries, infections, and fever; their nitrogen output
exceeds their nitrogen intake. During these times, the body loses nitrogen as it breaks
down muscle and other body proteins for energy.

IN SUMMARY
I The process by which proteins are continually being made and broken down is
known as protein turnover.

I The body needs dietary amino acids to grow new cells and to replace worn-out
ones.

I When nitrogen intake equals nitrogen output, a person is in nitrogen equilibrium,
or zero nitrogen balance.

CHAPTER FOUR
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4.3 Roles of Body Proteins

LO 4.3 Identify some of the roles of body proteins.

What distinguishes you chemically from any other human being are minute differ-
ences in your particular body proteins (enzymes, antibodies, and others). These differ-
ences are determined by your proteins’ amino acid sequences, which are written into
the genes you inherited from your parents and ancestors. The genes direct the making
of all the body’s proteins.

The human body has more than 20,000 genes that code for hundreds of thousands
of proteins.! Relatively few proteins have been studied in detail, although this number
is growing rapidly with the surge in knowledge gained from sequencing the human
genome. Only a few of the many roles proteins play are described here, but these
should serve to illustrate proteins’ versatility, uniqueness, and importance.

As Structural Components A great deal of the body’s protein is found in muscle
tissue, which allows the body to move. The amino acids of muscle protein can also be
released when the need is dire, as in starvation. These amino acids are integral parts
of the muscle structure, and their loss exacts a cost in functional protein, as a later sec-
tion makes clear.

Other structural proteins confer shape and strength on bones, teeth, tendons, car-
tilage, blood vessels, and other tissues. These proteins exist in a stable form and are
more resistant to breakdown than are the proteins of muscles.

As Enzymes Enzymes are catalysts that are essential to all life processes. Enzymes in
the cells of plants or animals put together the pairs of sugars that make disaccharides
and the long strands of sugars that make starch, cellulose, and glycogen. Enzymes
also dismantle these compounds to free their constituent parts and release energy.
Enzymes also assemble and disassemble lipids, assemble all other compounds that
the body makes, and disassemble all compounds that the body can use for building
tissue and other metabolic work. Enzymes put amino acids together to make needed
proteins, too. In other words, these proteins can even make other proteins. As
Figure 4-4 shows, enzymes themselves are not altered by the reactions they facilitate.
The protein story moves in a circle. To follow the circle in nutrition, start with a
person eating food proteins. The food proteins are broken down by digestive enzymes,
proteins themselves, into amino acids. The amino acids enter the cells of the body,
where other proteins (enzymes) put the amino acids together in long chains whose
sequences are specified by the genes. The chains fold and twist back on themselves
to form proteins, and some of these proteins become enzymes themselves. Some of
these enzymes break apart compounds; others put compounds together. Day by day,

@\ \ @a Soervnvpound
NS~

The separate compounds, The enzyme forms a The enzyme is unchanged,
A and B, are attracted to complex with A and B. but A and B have formed
the enzyme’s active site, a new compound, AB.

© Cengage Learning®

making a reaction likely.

FIGURE 4-4 Enzyme Action
Each enzyme facilitates a specific chemical reaction. In this diagram, an enzyme enables two
compounds to make a more complex structure, but the enzyme itself remains unchanged.

PROTEIN

human genome (GEE-nome):

the complete set of genetic material
(DNA) in a human being. (Nutritional
genomics is the topic of Nutrition in
Practice 14.)

enzymes: protein catalysts. A cata-
lyst is a compound that facilitates
chemical reactions without itself
being changed in the process.

91

Copyright 2016 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.



N A

Cell
membrane

Fluid between the
cells (intercellular
or interstitial)

Nucleus

Fluid within the
cell (intracellular)

Fluid within the blood vessels
(intravascular)

© Cengage Learning®

Blood vessel

FIGURE 4-5 One Cell and
Its Associated Fluids

fluid and electrolyte balance:
maintenance of the necessary
amounts and types of fluid and
minerals in each compartment of
the body fluids.

edema (eh-DEEM-uh): the
swelling of body tissue caused by
leakage of fluid from the blood
vessels and accumulation of the
fluid in the interstitial spaces.

acids: compounds that release
hydrogen ions in a solution.

bases: compounds that accept
hydrogen ions in a solution.
acid-base balance: the balance
maintained between acid and base
concentrations in the blood and
body fluids.

pH: the concentration of hydrogen
ions. The lower the pH, the stronger
the acid. Thus, pH 2 is a strong acid;
pH 6 is a weak acid; pH 7 is neutral;
and a pH above 7 is alkaline.
denaturation (dee-nay-cher-AY-
shun): the change in a protein’s
shape brought about by heat, acid,
or other agents. Past a certain point,
denaturation is irreversible.
acidosis: acid accumulation in the
blood and body fluids; depresses the
central nervous system and can lead
to disorientation and, eventually,
coma.

alkalosis: excessive base in the
blood and body fluids.

buffers: compounds that can
reversibly combine with hydrogen
ions to help keep a solution’s acidity
or alkalinity constant.
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in billions of reactions, these processes repeat themselves, and life goes on. Only living
systems can achieve such self-renewal. A toaster cannot produce another toaster; a car
cannot fix a broken-down car. Only living creatures and the parts they are composed
of—the cells—can duplicate and repair themselves.

As Transporters A large group of proteins specialize in transporting other substances,
such as lipids, vitamins, and minerals, around the body. To do their jobs, those sub-
stances must move from place to place within the blood, into and out of cells, or around
the cellular interiors. Two familiar examples: the protein hemoglobin transports oxygen
from the lungs to the cells, and the lipoproteins transport lipids in the watery blood.

As Regulators of Fluid and Electrolyte Balance Proteins help maintain the body’s
fluid and electrolyte balance. As Figure 4-5 shows, the body’s fluids are contained in
three major body compartments: (1) the spaces inside the blood vessels, (2) the spaces
within the cells, and (3) the spaces between the cells (the interstitial spaces outside
the blood vessels). Fluids flow back and forth between these compartments, and pro-
teins in the fluids, together with minerals, help to maintain the needed distribution of
these fluids.*

Proteins are able to help determine the distribution of fluids in living systems for two
reasons: first, proteins cannot pass freely across the membranes that separate the body
compartments, and second, they are attracted to water. A cell that “wants” a certain
amount of water in its interior space cannot move the water around directly, but it can
manufacture proteins, and these proteins will hold water. Thus, the cell can use proteins to
help regulate the distribution of water indirectly. Similarly, the body makes proteins for the
blood and the interstitial (intercellular) spaces. These proteins help maintain the fluid vol-
ume in those spaces. Excess fluid accumulation in the interstitial spaces is called edema.

Not only is the quantity of the body fluids vital to life, but so is their composition.
Special transport proteins in the membranes of cells continuously transfer substances
into and out of cells to maintain balance. For example, sodium is concentrated out-
side the cells, and potassium is concentrated inside. The balance of these two minerals
is critical to nerve transmission and muscle contraction. Any disturbance in this bal-
ance triggers a major medical emergency. Such imbalances can cause irregular heart-
beats, kidney failure, muscular weakness, and even death.

As Regulators of Acid-Base Balance Proteins also help maintain the balance
between acids and bases within the body’s fluids. Normal body processes continually
produce acids and bases, which must be carried by the blood to the kidneys and lungs
for excretion. The blood must do this without upsetting its own acid—base balance.
Blood pH is one of the most tightly controlled conditions in the body. If the blood
becomes too acidic, vital proteins may undergo denaturation, losing their shape and
ability to function. A similar situation arises when there is an excess of base. These
imbalances are known as acidosis and alkalosis, respectively, and both can be fatal.

Proteins such as albumin in blood help to prevent acid—base imbalances. In a sense,
the proteins protect one another by gathering up extra acid (hydrogen) ions when
there are too many in the surrounding medium and by releasing them when there are
too few. By accepting and releasing hydrogen ions, proteins act as buffers, maintain-
ing the acid-base balance of the blood and body fluids.

As Antibodies Proteins also defend the body against disease. A virus—whether
it is one that causes flu, smallpox, measles, or the common cold—enters the cells
and multiplies there. One virus may produce 100 replicas of itself within an hour
or so. Each replica can then burst out and invade 100 different cells, soon yielding
10,000 viruses, which invade 10,000 cells. Left free to do their worst, they will soon
overwhelm the body with disease.

*Minerals are helper nutrients. The attraction of protein and mineral particles to water is due to
osmotic pressure (see Chapter 9).
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Fortunately, when the body detects these invading antigens, it manufactures
antibodies, giant protein molecules designed specifically to combat them. The
antibodies work so swiftly and efficiently that in a healthy individual, most diseases
never get started. Without sufficient protein, though, the body cannot maintain its
army of antibodies to resist infectious diseases.

Each antibody is designed to destroy a specific antigen. Once the body has
manufactured antibodies against a particular antigen (such as the measles virus), it
“remembers” how to make them. Consequently, the next time the body encounters
that same antigen, it produces antibodies even more quickly. In other words, the
body develops a molecular memory, known as immunity. (Chapter 12 describes food
allergies—the immune system’s response to food antigens.)

As Hormones The blood also carries messenger molecules known as hormones, and
some hormones are proteins. (Recall that some hormones are sterols, members of the
lipid family.) Among the proteins that act as hormones are glucagon and insulin. Hor-
mones have many profound effects, which will become evident in subsequent chapters.

As a Source of Energy and Glucose Without energy, cells die; without glucose, the
brain and nervous system falter. Even though amino acids are needed to do the work
that only they can perform—build vital proteins—they will be sacrificed to provide en-
ergy and glucose during times of starvation or insufficient carbohydrate intake. When
glucose or fatty acids are limited, cells are forced to use amino acids for energy and
glucose. When amino acids are degraded for energy or converted into glucose, their
nitrogen-containing amine groups are stripped off and used elsewhere or are incorpo-
rated by the liver into urea and sent to the kidneys for excretion in the urine. The frag-
ments that remain are composed of carbon, hydrogen, and oxygen, as are carbohydrate
and fat, and can be used to build glucose or fatty acids or can be metabolized like them.

The body does not make a specialized storage form of protein as it does for
carbohydrate and fat. Glucose is stored as glycogen in the liver and muscles, and fat
as triglycerides in the adipose tissue, but body protein is available only as the working
and structural components of the tissues. When the need arises, the body dismantles
its tissue proteins and uses them for energy. Thus, over time, energy deprivation
(starvation) always incurs wasting of lean body tissue as well as fat loss.

IN SUMMARY
I The major functions of proteins are summarized in Table 4-1. This list, though by

no means exhaustive, highlights the immense variety of proteins and their impor-
tance in the body.

TABLE 4-1 Summary of Protein Functions

Structural components. Proteins form integral parts of most body tissues and confer shape and
strength on bones, skin, tendons, and other tissues. Structural proteins of muscles allow movement.

Enzymes. Proteins facilitate chemical reactions.

Transporters. Proteins transport substances such as lipids, vitamins, minerals, and oxygen
around the body.

Fluid and electrolyte balance. Proteins help to maintain the distribution and composition of
various body fluids.

Acid-base balance. Proteins help maintain the acid-base balance of body fluids by acting as buffers.
Antibodies. Proteins inactivate disease-causing agents, thus protecting the body.

Hormones. Proteins regulate body processes. Some, but not all, hormones are proteins.

Energy and glucose. Proteins provide some fuel, and glucose if needed, for the body's energy needs.

Other. The protein fibrin creates blood clots; the protein collagen forms scars; the protein opsin
participates in vision.

PROTEIN

antigens: substances that elicit
the formation of antibodies or an
inflammation reaction from the im-
mune system. A bacterium, a virus,
a toxin, and a protein in food that
causes allergy are all examples of
antigens.
antibodies: large proteins of the
blood and body fluids, produced in
response to invasion of the body by
unfamiliar molecules (mostly pro-
teins) called antigens. Antibodies in-
activate the invaders and so protect
the body.

anti = against
immunity: the body’s ability to
defend itself against diseases.
hormones: chemical messengers.
Hormones are secreted by a variety
of glands in the body in response to
altered conditions. Each travels to
one or more target tissues or organs
and elicits specific responses to re-
store normal conditions.
urea (yoo-REE-uh): the principal
nitrogen-excretion product of pro-
tein metabolism; generated mostly
by removal of amine groups from
unneeded amino acids or from the
sacrifice of amino acids to meet a
need for energy.
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severe acute malnutrition
(SAM): malnutrition caused by
recent severe food restriction; char-
acterized in children by underweight
for height (wasting).

chronic malnutrition: malnutri-
tion caused by long-term food depri-
vation; characterized in children by
short height for age (stunting).
kwashiorkor (kwash-ee-OR-core
or kwash-ee-or-CORE): severe mal-
nutrition characterized by failure to
grow and develop, edema, changes
in the pigmentation of the hair and
skin, fatty liver, anemia, and apathy.
marasmus (ma-RAZZ-mus): severe
malnutrition characterized by poor
growth, dramatic weight loss, loss of
body fat and muscle, and apathy.
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4 .4 Protein and Health

LO 4.4 Describe the health effects of protein deficiency or excess, some of the
people who may be harmed by taking amino acid supplements, and the
assumptions underlying the protein RDA.

No nutrient has been more intensely scrutinized than protein. As you know by now,
it is indispensable to life. And it should come as no surprise that protein deficiency
can have devastating effects on people’s health. But, as with the other nutrients,
overconsumption of protein can be harmful, too, so this section also discusses the
consequences of protein excess.

Protein Deficiency

In protein deficiency, when the diet supplies too little protein or lacks a specific es-
sential amino acid relative to the others (a limiting amino acid), the body slows its
synthesis of proteins while increasing its breakdown of body tissue protein to liberate
the amino acids it needs to build other proteins of critical importance. When these
proteins are not available to perform their roles, many of the body’s life-sustaining
activities come to a halt. The most recognizable consequences of protein deficiency
include slow growth in children, impaired brain and kidney functions, weakened im-
mune defenses, and impaired nutrient absorption from the digestive tract.

Malnutrition

In clinical settings, the term protein-energy malnutrition (PEM ) has traditionally been
used to describe the condition that develops when the diet delivers too little protein,
too little energy, or both. PEM can be a consequence of many different conditions.
PEM has been recognized in people with many chronic diseases such as cancer and
AIDS (see Chapter 25) and in those experiencing severe stresses such as burns or
extensive infections (see Chapter 24).

The causes and consequences of PEM are complex, but clearly, such malnutrition
reflects insufficient food intake. Importantly, not only are protein and energy inad-
equate, but so are many, if not all, of the vitamins and minerals. For this reason, the
term severe acute malnutrition (SAM) is now used to describe severely malnourished
infants and children.

The form of malnutrition manifested in a child’s condition depends partly on the
nature of the food shortage. About 10 percent of the world’s children suffer from
SAM, which most often occurs when food suddenly becomes unavailable, such as in
drought or war. These children are often underweight for their height (described as
wasting). Each year, 6.6 million children younger than age 5 die as a result of SAM.2
Most of them do not starve to death—they die from the diarrhea and dehydration that
accompany infections.

The starving child faces this threat to life by engaging in as little activity as
possible—not even crying for food. The body gathers all its forces to meet the crisis,
so it cuts down on any expenditure of energy not needed for the heart, lungs, and
brain to function. Digestive enzymes are in short supply, the digestive tract lining
deteriorates, and absorption fails. The child cannot assimilate what little food is eaten.

A much greater number of children, 25 percent worldwide, live with chronic
malnutrition.? These children have enough food to survive but not to thrive. They
are short for their age—they stop growing because they chronically lack the nutrients
required for normal growth (described as stunting). These stunted children may be no
larger at age 4 than at age 2. Table 4-2 compares key features of SAM with those of
chronic malnutrition. The next sections describe the symptoms of kwashiorkor and
marasmus, two clinical expressions of malnutrition that can appear individually or
together in a starving child.*
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TABLE 4-2 Severe Acute Malnutrition and Chronic Malnutrition Compared

Severe Acute Malnutrition Chronic Malnutrition
Food deprivation Current or recent Long-term
Physical features Rapid weight loss Minimal height gains

Wasting (underweight for height;  Stunting (short for age)

small upper arm circumference)
Edema

World prevalence of 5to 15% 20 to 50%
children younger than age 5

Note: Vitamin and mineral deficiencies are common in both of these types of malnutrition.

Kwashiorkor Kwashiorkor is a Ghanaian word meaning a “sickness that
infects the first child when the second child is born.” When a mother
who has been nursing her first child bears a second child, she weans the
first child and puts the second one on the breast. The first child, suddenly
switched from nutrient-dense, protein-rich breast milk to a starchy, protein-
poor gruel, soon begins to sicken and die.

With too little nutritious food, concentrations of the blood protein
albumin fall, causing fluids to shift out of the blood and into the tissues—
edema. As the photo on top in Figure 4-6 shows, some muscle wasting
may occur, but it may not be apparent because the child’s face, limbs,
and abdomen become swollen with edema—a distinguishing feature of
kwashiorkor. Infections with parasites commonly further expand the
enlarged abdomen. Other effects of too little dietary protein include loss
of hair color because melanin, a dark pigment, is made from the amino
acid tyrosine; in addition, patchy and scaly skin develops, often with sores
that fail to heal.

Marasmus Marasmus, appropriately named from the Greek word
meaning “dying away,” reflects a prolonged, unrelenting deprivation of
food observed in children living in impoverished nations. Children living
in poverty simply do not have enough food. They subsist on diluted cereal
drinks that supply scant energy and protein of low quality; such food can
barely sustain life, much less support growth. Consequently, as the bottom
photo in Figure 4-6 shows, marasmic children look like little old people—
just skin and bones.

Without adequate nutrition, muscles, including the heart muscle, waste
and weaken. Because the brain normally grows to almost its full adult size
within the first 2 years of life, marasmus impairs brain development and
learning ability. Reduced synthesis of key hormones leads to a metabolism
so slow that body temperature drops below normal. There is little or no
fat under the skin to insulate against cold. Some hospital workers find that
the primary need of marasmic children is to be clothed, covered, and kept
warm.

Rehabilitation Ideally, optimal breastfeeding and improved
complementary feedings would prevent malnutrition and save the lives of
children. Should mild to moderate malnutrition occur, it can be quickly
remedied with supplemental foods in the community. SAM, on the
other hand, requires hospitalization for intensive nursing care, diet, and
medication.’

Experts assure us that we possess the knowledge, technology, and
resources to end the hunger that leads to SAM. Programs that have in-
volved the local people in the process of identifying the problem and

PROTEIN
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FIGURE 4-6 Malnourished
Children

In the top photo, the edema characteristic of
kwashiorkor is apparent in the child’s swollen
belly. In contrast, the extreme loss of muscle and
fat characteristic of marasmus is apparent in the
child’s matchstick arms in the bottom photo.
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devising its solution have met with some success. Until those who have the food,
technology, and resources make fighting hunger a priority, however, the war on
hunger will not be won.

Protein Excess

While many of the world’s people struggle to obtain enough food and enough protein
to survive, in the developed nations protein is so abundant that problems of protein
excess are observed. Overconsumption of protein offers no benefits and may pose
health risks for the heart and weakened kidneys.¢

Heart Disease Protein itself is not known to contribute to heart disease and
mortality, but some of its food sources may do so.” Selecting too many animal-
derived protein foods, such as fatty red meats, processed meats, and fat-containing
milk products, adds a burden of fat kcalories and saturated fat to the diet and crowds
out fruits, vegetables, legumes, and whole grains. Consequently, it is not surprising
that people who eat substantial amounts of high-fat meats—particularly processed
meats such as lunch meats and hot dogs—have higher body weights and a greater risk
of obesity, heart disease, and diabetes than those who eat less.® As the Nutrition in
Practice points out, people who substitute vegetable protein for animal protein lower
their risk of dying from heart disease.’

Kidney Disease Excretion of the end products of protein metabolism depends,
in part, on an adequate fluid intake and healthy kidneys. A high protein intake
increases the work of the kidneys but does not appear to damage healthy kid-
neys or cause kidney disease.!’ In people with chronic kidney disease, however, a
high-protein diet may accelerate the kidneys’ decline. One of the most effective
ways to slow the progression of kidney disease is to restrict dietary protein (see
Chapter 23).

IN SUMMARY

I Children suffering from severe acute malnutrition (SAM) may be underweight for
their height (wasting), while those experiencing chronic malnutrition are short for
their age (stunting).

I Kwashiorkor and marasmus are clinical expressions of malnutrition.

I Excesses of protein offer no advantage; in fact, overconsumption of certain
protein-rich foods may contribute to health problems.

Protein and Amino Acid Supplements

Why do people take protein or amino acid supplements? Athletes often take them
when trying to build muscle. Dieters may take them to spare their bodies’ protein
while losing weight. Some women take them to strengthen their fingernails. People
take individual amino acid supplements, too—to cure herpes, to improve sleep, to lose
weight, and to relieve pain and depression. Do protein and amino acid supplements
really do these things? Probably not. Are they safe? Not always.

Protein Supplements Though protein supplements are popular with athletes, well-
fed athletes do not need them. Dietary protein is necessary for building muscle tissue,
and consuming protein in conjunction with resistance exercise helps muscles build
new proteins.!! Protein supplements, however, do not improve athletic performance
beyond the gains from well-timed meals of ordinary foods.
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Weight-loss dieters may benefit from consistently consuming protein-rich foods
because protein often satisfies the appetite. Research is ongoing to determine whether
sufficient protein content of a meal may help to prolong feelings of fullness or delay
the urge to eat.!? However, extra protein from powders, pills, or beverages is unlikely
to dampen the appetite further, although it contributes unneeded kcalories—the
wrong effect for weight loss. Evidence does not support taking protein supplements
for weight loss, and common sense opposes it.

Amino Acid Supplements Enthusiastic popular reports have led to widespread use
of individual amino acids. One such amino acid is lysine, promoted to prevent or
relieve the infections that cause herpes sores on the mouth or genital organs. Lysine
does not cure herpes infections. Whether it reduces outbreaks or even whether it is
safe is unknown because scientific studies are lacking.

Tryptophan supplements are advertised to relieve pain, depression, and insomnia.
Tryptophan plays a role as a precursor for the brain neurotransmitter serotonin,
an important regulator of sleep, appetite, mood, and sensory perception. The DRI
committee concludes that high doses of tryptophan may induce sleepiness, but they
may also cause side effects, such as nausea and skin disorders.

The body is designed to handle whole proteins best. It breaks them into manageable
pieces (dipeptides and tripeptides) and then splits these, a few at a time, simultaneously
releasing them into the blood. This slow bit-by-bit assimilation is ideal because
groups of chemically similar amino acids compete for the carriers that absorb
them into the blood. An excess of one amino acid can produce such a demand for
a carrier that it limits the absorption of another amino acid, creating a temporary
imbalance.

The DRI committee reviewed the available research on amino acids, but with next
to no safety research in existence, the committee was unable to set Tolerable Upper
Intake Levels for supplemental doses. Until research becomes available, no level of
amino acid supplementation can be assumed to be safe for all people (see Table 4-3).
A known side effect of these products is digestive disturbances: amino acids in
concentrated supplements cause excess water to flow into the digestive tract, causing
diarrhea. Anyone considering taking amino acid supplements should be cautious not
to exceed levels normally found in foods.

Protein Recommendations and Intakes

The committee that established the RDA states that a generous daily protein allow-
ance for a healthy adult is 0.8 gram per kilogram (2.2 pounds) of healthy body weight.
The RDA covers the needs for replacing worn-out tissue, so it increases for larger
people; it also covers the needs for building new tissue during growth, so it is slightly
higher for infants, children, and pregnant and lactating women. Box 4-1 describes
how to calculate your RDA for protein.

In setting the RDA, the committee assumes that the protein eaten will be of good
quality, that it will be consumed together with adequate energy from carbohydrate
and fat, and that other nutrients in the diet will be adequate. The committee also
assumes that the RDA will be applied only to healthy individuals with no unusual
alteration of protein metabolism.

Most people assume that Americans eat too much protein. Research demon-
strates that a median protein intake for U.S. adult males is about 16 percent of total
kcalories, an amount that falls directly within the DRI suggested range of between
10 and 35 percent of kcalories. Women, children, and some elderly people may
typically take in less protein—13 to 15 percent. A small percentage of adolescent
girls and elderly women consume insufficient protein or barely enough to meet their
needs.

PROTEIN

TABLE 4-3 People Most
Likely to Be Harmed by
Amino Acid Supplements
Growth or altered metabolism
makes these people especially likely
to be harmed by self-prescribed
amino acid supplements.

1 All women of childbearing age
1 Pregnant or lactating women

1 Infants, children, and adolescents
1 Elderly people

1 People with inborn errors of
metabolism that affect their
bodies’ handling of amino acids

1 Smokers
1 People on low-protein diets

1 People with chronic or acute
mental or physical illnesses who
take amino acids without medi-
cal supervision

How To

BOX 4-1 CALCULATE
RECOMMENDED PROTEIN
INTAKES

To calculate your protein RDA:

I Look up the healthy weight
for a person of your height
(inside back cover). If your
present weight falls within
that range, use it for the
following calculations. If your
present weight falls outside
the range, use the midpoint
of the healthy weight range
as your reference weight.

I Convert pounds to
kilograms, if necessary
(pounds divided by 2.2
equals kilograms).

I Multiply kilograms by 0.8 to
get your RDA in grams per
day. (Teens 14 to 18 years
old, multiply by 0.85.)

Example:

Weight = 150 Ib

150 Ib + 2.2 lb/kg = 68 kg
68 kg x 0.8 g/kg =54 g
protein (rounded off)
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Vegetarians obtain their protein from whole grains,
legumes, nuts, vegetables, and, in some cases, eggs
and milk products.

high-quality proteins: dietary
proteins containing all the essential
amino acids in relatively the same
amounts that human beings require.
They may also contain nonessential
amino acids.

protein digestibility: a measure
of the amount of amino acids ab-
sorbed from a given protein intake.
limiting amino acid: an essential
amino acid that is present in dietary
protein in the shortest supply relative
to the amount needed for protein
synthesis in the body.
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IN SUMMARY

I Normal, healthy people do not need amino acid or protein supplements.

I Optimally, an adult’s diet will be adequate in energy from carbohydrate and fat and
will deliver at least 0.8 grams of protein per kilogram of healthy body weight each day.

4.5 Protein in Foods

LO 4.5 Explain the differences between high-quality and low-quality proteins,
including notable food sources of each.

In the United States and Canada, where nutritious foods are abundant, most people
easily obtain enough protein to receive all the amino acids that they need. In countries
where food is scarce and the people eat only marginal amounts of protein-rich foods,
however, the quality of the protein becomes crucial.

Protein Quality

The protein quality of the diet determines, in large part, how well children grow and

how well adults maintain their health. Put simply, high-quality proteins provide

enough of all the essential amino acids needed to support the body’s work, and low-

quality proteins don’t. Two factors influence protein quality: the protein’s digestibility
and its amino acid composition.

Digestibility As explained earlier, proteins must be digested before
they can provide amino acids. Protein digestibility depends on such
factors as the protein’s source and the other foods eaten with it. The
digestibility of most animal proteins is high (90 to 99 percent); plant
proteins are less digestible (70 to 90 percent for most, but more than
90 percent for soy).

Amino Acid Composition To make proteins, cells must have all the
needed amino acids available simultaneously. The liver can produce
any nonessential amino acid that may be in short supply so that the
cells can continue linking amino acids into protein strands. If an
essential amino acid is missing, however, a cell must dismantle its own
proteins to obtain it. Therefore, to prevent protein breakdown, dietary
protein must supply at least the nine essential amino acids plus enough
nitrogen-containing amino groups and energy for the synthesis of the
others. If the diet supplies too little of any essential amino acid, pro-
tein synthesis will be limited. The body makes whole proteins only; if one amino acid
is missing, the others cannot form a “partial” protein. An essential amino acid that is
available in the shortest supply relative to the amount needed to support protein syn-
thesis is called a limiting amino acid.

Polara Studios, Inc

High-Quality Proteins A high-quality protein contains all the essential amino
acids in amounts adequate for human use; it may or may not contain all the others.
Generally, proteins derived from animal foods (meat, seafood, poultry, cheese,
eggs, and milk and milk products) are high quality, although gelatin is an excep-
tion. Proteins derived from plant foods (legumes, grains, nuts, seeds, and vegetables)
tend to be limiting in one or more essential amino acids. Some plant proteins, such
as corn protein, are notoriously low quality. Others, such as soy protein, are high
quality. As discussed in Nutrition in Practice 4, the educated vegetarian can design a
diet that is adequate in protein by choosing a variety of legumes, whole grains, nuts,
and vegetables. Table 4-4 lists the protein contents of foods based on the food groups
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TABLE 4-4 Protein-Containing Foods

Milk and Milk Products

Each of the following provides about 8 grams of protein:

1 1 ¢ milk, buttermilk, or yogurt (choose low-fat or fat-free)

1 1 oz regular cheese (for example, cheddar or Swiss; choose low-fat)

1 Y2 ¢ cottage cheese (choose low-fat or fat-free)

Protein Foods

Each of the following provides about 7 grams of protein:

1 1 0z meat, poultry, or fish (choose lean meats to limit saturated fat intake)

1 /2 c legumes (navy beans, pinto beans, black beans, lentils, soybeans, and other dried beans
and peas)

1 1 egg

1 Y2 ¢ tofu (soybean curd)

1 2 ths peanut butter

1 1to 2 oz nuts or seeds

Grains

Each of the following provides about 3 grams of protein:
1 1 slice of bread

1 Y2 c cooked rice, pasta, cereals, or other grain foods
Vegetables

Each of the following provides about 2 grams of protein:
1 %2 c cooked vegetables

1 1 craw vegetables

of the USDA Food Patterns in Chapter 1. Fruits are not included in Table 4-4
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because they contribute only small amounts of protein. Legumes v
Complementary Proteins If the body does not receive all the essential amino Grains I/
acids it needs, the supply of essential amino acids will dwindle until body or-

gans are compromised. Obtaining enough essential amino acids presents no | 1°98ther I/

problem to people who regularly eat foods containing high-quality proteins, r|GuURE 4-7 Complementary
such as meat, seafood, poultry, cheese, eggs, milk, and many soybean products.  proteins

The proteins of these foods contain ample amounts of all the essential amino  In general, legumes provide plenty of
acids. An equally sound choice is to eat two different plant-based protein foods isoleucine (lle) and lysine (Lys) but fall
so that each supplies the amino acids limited in the other. In this strategy, the  shortin methionine (Met) and tryptophan

two protein-rich foods are combined to yield complementary proteins (see
Figure 4-7)—proteins containing all the essential amino acids in amounts suf-
ficient to support health. The two proteins need not even be eaten together, as
long as the day’s meals supply them both, and the diet provides enough energy
and total protein from a variety of sources.

Protein Sparing

Dietary protein—no matter how high the quality—will not be used efficiently and will
not support growth when energy from carbohydrate and fat is lacking. The body assigns
top priority to meeting its energy need and, if necessary, will break down protein to meet
this need. After stripping off and excreting the nitrogen from the amino acids, the body
will use the remaining carbon skeletons in much the same way it uses those from glucose
or fat. A major reason why people must have ample carbohydrate and fat in the diet is
to prevent this wasting of protein. Carbohydrate and fat allow amino acids to be used
to build body proteins. This is known as the protein-sparing effect of carbohydrate and fat.

PROTEIN

(Trp). Grains have the opposite strengths
and weaknesses, making them a perfect
match for legumes.

complementary proteins: two
or more proteins whose amino acid
assortments complement each other
in such a way that the essential
amino acids limited in one are
supplied by the other.
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Protein on Food Labels

All food labels must state the quantity of protein in grams. The “percent Daily Value”
for protein is not mandatory on all labels, but it is required whenever a food makes
a protein claim or is intended for consumption by children younger than age four.
Whenever the Daily Value percentage is declared, researchers must determine the
quality of the protein. Thus, when a % Daily Value is stated for protein, it reflects both

quantity and quality.

IN SUMMARY

I A diet inadequate in any of the essential amino acids limits protein synthesis.

I The best guarantee of amino acid adequacy is to eat foods containing high-quality
proteins or combinations of foods containing complementary proteins so that
each can supply the amino acids missing in the other.

I Vegetarians who consume no foods of animal origin can meet their protein needs by
eating a variety of whole grains, legumes, seeds, nuts, and vegetables.

I Ample carbohydrate and fat in the diet allow amino acids to be used to build body

proteins.

I All food labels must state the quantity of protein in grams.

Your Diet

Proteins and Amino Acids

Some people in the United States and Canada consume more
protein than they need. This is not surprising, considering the abun-
dance of food eaten and the central role meats hold in the North
American diet. Foods derived from animals—meats, fish, poultry,
eggs, and milk products—provide plenty of protein but are often
accompanied by fat. Those derived from plants—whole grains, veg-
etables, and legumes—may provide less protein but also less fat.

Calculate your daily protein needs: Look up the healthy weight
range for a person of your height in the body mass index (BMI)
table on the inside back cover of this textbook. If your present
weight falls within that range, use it for the following calculations.
If your present weight falls outside the range, use the midpoint

of the healthy weight range as your reference weight.

Convert pounds to kilograms, if necessary (pounds divided by
2.2 equals kilograms).

Multiply kilograms by 0.8 to get your RDA in grams per day.
(Older teens 14 to 18 years old, multiply by 0.85.)

Protein RDA: ___ grams

Refer to the diet analysis reports for your 24-hour food record
(from the diet exercise in Chapter 1) to determine your protein
intake for that day.

Total protein intake = ___ grams

100

Assuming this day’s intake is typical, do you eat enough protein
to meet your protein RDA?

Next, determine whether your protein intake came mostly from
plant-based foods or animal-based foods. To estimate your in-
take from plant-based foods, add up the grams of protein from
grains, vegetables, legumes, tofu, nuts, and other plant protein
sources in your intake record.

Your total protein intake from plant-based foods: ___ grams

What percentage of your total protein intake derived from
plant-based foods? For example, if your total protein intake
for the day was 60 grams and your protein intake from
plant-based foods was 20 grams:

20 = 60 = 0.33 X 100 = 33% protein intake from plant-
based foods

Does your diet consist of mostly plant-based or animal-based
protein foods?

If the majority of protein in your diet derives from animal-based
foods, suggest some strategies to include more plant-based
protein foods in your diet. Lequmes, whole grains, vegetables,
nuts, and seeds are rich in fiber and lower in saturated fat than
some animal-based protein foods such as red meat, whole milk,
and cheese.
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* Clinical Applications

1. Considering the health effects of too little dietary protein, 2. Considering the health effects of excess dietary protein, what
what suggestions would you have for a teenage girl who advice would you have for a college athlete who tells you he
reports the following information about her food intake? wants to bulk up his muscles and reports the following infor-
I She never eats any meat or other animal-derived foods mation about his food intake?

because she is a vegan. On a typical day, she consumes 1 He eats large portions of meat (usually red meat) at least
toast and juice for breakfast; chips, a soft drink, and a piece twice a day. He drinks whole milk two or three times a day
of fruit for lunch; and a small amount of plain pasta with and eats eggs and bacon for breakfast almost every day.
tomato sauce or steamed vegetables for dinner, along with I He avoids breads, cereals, and pasta in order to save room
a glass of water or tea. for protein-rich foods such as meat, milk, and eggs.

1 She takes amino acid supplements because a friend told I He eats a piece of fruit once in a while but seldom eats
her that the only way to get amino acids if she doesn't eat vegetables because they are too time consuming to prepare.
meat is to take them as supplements.

Self Check

1. Proteins are chemically different from carbohydrates and fats 6. Major proteins in the blood that protect against bacteria and
because they also contain: other disease agents are called:

a. iron. a. acids.

b. sodium. b. buffers.

C. nitrogen. C. antigens.

d. phosphorus. d. antibodies.

2. The basic building blocks for protein are: 7. Marasmus can be distinguished from kwashiorkor because
a. side groups. in marasmus:

b. amino aC|d§. a. only adults are victims.

¢. glucose units. b. the cause is usually an infection.

d. saturated bonds. c. severe wasting of body fat and muscle are evident.

3. Enzymes are proteins that, among other things: d. the limbs, face, and belly swell with edema.

a. defend the body against disease. ) .

b. regulate fluid and electrolyte balance. 8. The RDA for protem.for a healthy adult is — gram(s) per

c. facilitate chemical reactions by changing themselves. kilogram of appropriate body weight for height.

d. help assemble disaccharides into starch, cellulose, or a.05
glycogen. b.0.8

4. Functions of proteins in the body include: Z 121
a. supplying omega-3 fatty acids for growth, lowering serum o

cholesterol, and helping with weight control. 9. Generally speaking, from which of the following foods are

b. supplying fiber to aid digestion, digesting cellulose, and complete proteins derived?
providing the main fuel source for muscles. a. Milk, gelatin, and soy

C. protecting organs against shock, helping the body use b. Rice, potatoes, and eggs
carbohydrate efficiently, and providing triglycerides. . Meats, fish, and poultry

d. serving as structural components, supplying hormones to d. Vegetables, grains, and fruits
regulate body processes, and maintaining fluid and 10. An incomplete protein lacks one o more:

electrolyte balance.

5. The swelling of body tissue caused by the leakage of
fluid from the blood vessels into the interstitial spaces
is called:

a.

edema.

b. anemia.

C.

acidosis.

d. sickle-cell anemia.

PROTEIN

a. hydrogen bonds.

b. essential fatty acids.

¢. dispensable amino acids.
d. essential amino acids.

Answers to these questions can be found in Appendix H.
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CHAPTER 4.'

Nutrition in Practice

4.6 VEGETARIAN DIETS

LO 4.6 Develop a well-balanced vegetarian eating
pattern.

The quality of the diet depends not on whether it consists of
all plant foods or centers on meat but on whether the eater’s
food choices are based on sound nutrition principles: adequacy of
nutrient intakes, balance and variety of foods chosen, appropriate
energy intake, and moderation in intakes of substances such as
saturated fat, trans fat, added sugars, sodium, and alcohol that are
harmful when consumed in excess.

The health benefits of a primarily vegetarian diet seem to
have encouraged many people to reduce their consumption of
meat and to eat more plant-based meals. The popular press some-
times refers to individuals who eat small amounts of meat, sea-
food, 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 con-
cerns. Whatever their reasons, vegetarians and health professionals
who work with them should be aware of the nutrition and health
implications of vegetarian diets.

Vegetarian diets generally are categorized not by a per-
son’s motivation but by the foods that are excluded (see Box

BOX NP 4-1 GLOSSARY OF TERMS USED
TO DESCRIBE VEGETARIAN DIETS

lacto-ovo vegetarian diet: an eating pattern that includes milk,
milk products, eggs, vegetables, grains, legumes, fruits, and nuts;
excludes meat, poultry, and seafood.

lacto-vegetarian diet: an eating pattern that includes milk, milk
products, vegetables, grains, legumes, fruits, and nuts; excludes
meat, poultry, seafood, and eggs.

macrobiotic diet: an eating pattern composed mostly of whole
grains, beans, and certain vegetables; taken to extremes, macrobiotic
diets can compromise nutrient status.

ovo-vegetarian diet: an eating pattern that includes eggs, veg-
etables, grains, legumes, fruits, and nuts; excludes meat, poultry,
seafood, and milk and milk products.

partial vegetarian diet: a term sometimes used to describe
an eating pattern that includes seafood, poultry, eggs, milk and
milk products, vegetables, grains, legumes, fruits, and nuts;
excludes or strictly limits certain meats, such as red meat.

Also called semi-vegetarian.

vegan diet: an eating pattern that includes only plant-based foods:
vegetables, grains, legumes, fruits, seeds, and nuts; also called strict
vegetarian.

vegetarian diet: a general term used to describe an eating pat-
tern that includes plant-based foods and eliminates some or all
animal-derived foods.

NP4-1). Because vegetarian diets vary in both the types and
the amounts of animal-derived foods they include, these differ-
ences must be considered when evaluating the health status of
vegetarians.

Are vegetarian diets nutritionally sound?

The Academy of Nutrition and Dietetics takes the position that
well-planned vegetarian diets offer nutrition and health benefits
to adults in general.” Research suggests that meat-eating adults
who switch to vegetarian diets reduce their risks of heart disease,
hypertension, diabetes, some types of cancer, and obesity.? Eating
patterns that include very little, if any, meat are associated with a
lower rate of death from all causes.?

What should be my main concerns when planning
a nutritionally sound vegetarian diet?

A vegetarian diet planner faces the same task as other diet
planners—obtaining a variety of foods that provide all the needed
nutrients within an energy allowance that maintains a healthy
body weight. The challenge is to do so using at least one less food
group. Because all vegetarians omit meat and some omit other
animal-derived foods, protein, the nutrient that meat is famous
for, merits some discussion here.

Isn't protein a problem in vegetarian diets?

No, protein is not the problem it was once thought to be in
vegetarian diets. People who include animal-derived foods such
as milk and eggs in their diets need not worry at all about protein
deficiency. Even for those who choose a vegan diet—which
includes only plant-based foods—protein intakes are usually
satisfactory as long as energy intakes are adequate and protein
sources are varied.* A mixture of proteins from whole grains,
legumes, seeds, nuts, and vegetables can provide adequate
amounts of high-quality protein. An advantage of many vegetarian
sources of protein is that they are generally lower in saturated fat
than meat and are often high in fiber and richer in some vitamins
and minerals.

Some vegetarians may use meat replacements made of
textured vegetable protein (soy protein). These foods are
formulated to look and taste like meat, fish, or poultry. Many
of these products are fortified to provide the vitamins and
minerals found in animal sources of protein. Some products,
however, may fall short of providing the nutrients of meat, and
they may be high in salt, sugar, or other additives. Labels list
all of the ingredients in such foods. A wise vegetarian learns
to use a variety of whole, unrefined foods often and com-
mercially prepared foods less frequently. Vegetarians may also
use soybeans in other forms, such as plain tofu (soybean curd),
edamame (cooked green soybeans), or soy flour, to bolster pro-
tein intake without consuming unwanted salt, sugar, or other
additives.
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Do vegetarian diets provide appropriate
food energy?

Researchers find that vegetarians as a group are closer to a healthy
body weight than nonvegetarians.> Because obesity impairs
health in a number of ways, vegetarians therefore have a health
advantage. In general, vegetarian diets tend to be nutrient-dense
and consistent with the Dietary Guidelines’ recommendations for
weight management.®

Not all vegetarians fit the average pattern, though. Obesity can
be a concern for vegetarians who include whole milk, eggs, and
cheese in their diets. They can easily consume excess saturated
fat and food energy and so must be careful to select fat-free and
low-fat milk and milk products and to avoid relying too heavily on
these foods in general.

In contrast, eating patterns that exclude all animal-derived
foods (vegan diets) may not provide enough food energy. This is
especially true for children. Vegan diets can fail to provide food
energy sufficient to support the growth of a child within a bulk of
food small enough for the child to eat. Frequent meals of fortified
breads, cereals, or pastas with legumes, nuts, nut butters, and
sources of unsaturated fats can help to meet protein and energy
needs in a smaller volume at each sitting.” The MyPlate resources,
introduced in Chapter 1, include tips for planning vegetarian diets
using an adaptation of the USDA Food Patterns.

How can vegetarians and health professionals
who plan vegetarian meals best utilize the USDA
Food Patterns?

The recommended daily amounts from the food groups are the
same for both vegetarians and nonvegetarians (see Table 1-4 on
p. 18). The USDA Food Patterns are flexible enough that people
who choose different types of eating patterns can use them.
Selections from within the food groups may differ, of course. For
example, the milk group features fortified soy milks for those

who do not use milk, cheese, or yogurt. When selecting from
the vegetable and fruit groups, vegetarians should emphasize
particularly good sources of calcium and iron, respectively. Some
green leafy vegetables, for example, provide almost five times
as much calcium per serving as other vegetables. Similarly, dried
fruits deserve special notice in the fruit group because they
deliver six times as much iron as other fruits. The protein foods
group includes eggs (for those who use them), legumes, soy
products, nuts, and seeds. Table NP 4-1 provides recommended
weekly amounts of protein foods subgroups for both vegetarians
and vegans.

Most vegetarians easily obtain large quantities of the nu-
trients that are abundant in plant foods: carbohydrate, fiber,
thiamin, folate, vitamin B, vitamin C, vitamin A, and vitamin E.
Well-planned vegetarian eating patterns help to ensure adequate
intakes of the main nutrients vegetarian diets might otherwise
lack: protein, iron, zinc, calcium, vitamin B, ,, vitamin D, and
omega-3 fatty acids. Table NP4-2 presents good vegetarian
sources of these key nutrients. For example, the use of vegetable
oils rich in unsaturated fats provides essential omega-3 fatty
acids. To ensure adequate intakes of vitamin B,,, vitamin D, and
calcium, vegetarians need to select fortified foods or use supple-
ments daily.

Tell me about vitamins and minerals. Does a
person eating a vegetarian diet need to take
vitamin supplements?

That depends on the kind of vegetarian diet. The lacto-ovo
vegetarian diet can be adequate in all vitamins, but for those
who choose a vegan diet, several vitamins may be a problem.
One such vitamin is B, ,. Because vitamin B,, occurs only in
animal-derived foods, regular use of either vitamin B, —fortified
foods, such as fortified soy and rice beverages, some breakfast
cereals, and meat replacements, or supplements is necessary to

TABLE NP4-1 USDA Food Patterns: Recommended Weekly Amounts of Protein Foods for Vegetarians

and Vegans

The daily amounts for protein foods are the same for both vegetarians and nonvegetarians, but the subgroups and weekly amounts
for protein foods differ. The recommended daily amounts from each of the other food groups—fruits, vegetables, grains, and milk

products—are the same (see Table 1-4).

Protein Foods 1600 kcal 1800 kcal 2000 kcal 2200 kcal 2400 kcal 2600 kcal 2800 kcal 3000 kcal
Daily amounts 50z 50z 5% oz 6 0z 6 %2 0z 6% o0z 7 0z 7 oz
Vegetarian Subgroups

Eggs 4 0z 4 0z 4 0z 4 0z 50z 50z 50z 6 0z
Legumes 9oz 90z 10 oz 10 oz 11 0z 11 oz 12 oz 12 oz
Soy products 11 0z 110z 12 oz 13 0z 14 oz 14 oz 15 0z 15 0z
Nuts and seeds 12 oz 12 oz 13 0z 15 oz 16 oz 16 oz 17 oz 17 oz
Vegan Subgroups

Legumes 12 oz 12 oz 13 0z 15 oz 16 oz 16 oz 17 oz 17 oz
Soy products 90z 90z 10 oz 11 0z 11 0z 110z 12 oz 12 oz
Nuts and seeds 14 oz 14 oz 15 oz 17 oz 18 oz 18 oz 20 0z 20 0z

Note: Total recommended amounts for legumes include the sum of both the vegetables and protein foods. An ounce-equivalent of legumes in the protein foods group

is ¥a cup. For a 2000-kcal vegan diet, that's 3% cups legumes for protein foods plus 1%2 cups legumes for vegetables (see Table 1-6), or about 5 cups legumes weekly.
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Food Groups

2As Chapter 4 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 togeth
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TABLE NP4-2 Vegetarian Sources of Key Nutrients

Nutrients
Vitamin B,,
Vitamin D
Omega-3 Fatty
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prevent deficiency.® Women who have adhered to all-plant diets
for many years are especially likely to have low vitamin B, , stores.
Pregnant vegan women, whose needs for vitamin B, , are especially
high, find it virtually impossible to maintain adequate vitamin B, ,
status without taking supplements or including a reliable food
source of the nutrient.

People who stop eating animal-derived foods containing
vitamin B,, may take several years to develop deficiency symptoms
because the body recycles much of its vitamin B, ,, reabsorbing it
over and over again. Even when the body fails to absorb vitamin
B,,, deficiency may take up to 3 years to develop because the body
conserves its supply. For pregnant and lactating women, obtaining
vitamin B, , is critical to prevent serious deficiency-related disorders
that develop in infants who do not receive sufficient vitamin B,.°
All vegan mothers must be sure to take the appropriate supple-
ments or to use vitamin B, ,—fortified products.

Do vegans, who do not drink vitamin D-fortified
cow'’s milk, get enough vitamin D?

Overall, vegetarians are similar to nonvegetarians in their vitamin

D status; factors such as taking supplements, skin color, and sun
exposure have a greater influence on vitamin D than diet. People
who do not use vitamin D—fortified foods and do not receive
enough exposure to sunlight to synthesize adequate vitamin D
may need supplements to fend off bone loss. Of particular concern
are infants, children, and older adults in northern climates during
winter months.

So, on a vegan diet, vitamin B,, and vitamin D
can be problems if a person is not careful. What
about minerals?

For all vegetarians, not just the vegan, two minerals may be of
concern—iron and zinc. The iron in plant foods such as legumes,
dark green leafy vegetables, iron-fortified cereals, and whole-
grain breads and cereals is not as absorbable as that in meat. For
this reason, the iron recommendation for adult vegetarian men,
premenopausal women, and adolescent girls is almost double the
recommendation for meat eaters of the same gender and age.

Fortunately, the body seems to adapt to a vegetarian diet by
absorbing iron more efficiently. Furthermore, iron absorption is
enhanced by vitamin C, and vegetarians typically eat many vitamin C—
rich fruits and vegetables. Consequently, vegetarians suffer no more
iron deficiency than other people do.

Zinc is similar to iron in that meat is its richest food source,
and zinc from plant sources is not as well absorbed. In addition,
phytates, fiber, and calcium, which are common in vegetarian
diets, interfere with zinc absorption. The zinc needs of vegetarians
and the effects of mineral binders are subjects of intensive study at
the present time. While research continues, vegetarians are advised
to eat varied diets that include legumes such as navy beans and
kidney beans, zinc-enriched cereals, and whole-grain breads
well leavened with yeast, which improves the availability of their
minerals.

What about calcium for the vegan?

Good thinking. Yes, calcium is of concern. The milk-drinking veg-
etarian is protected from deficiency, but the vegan must find other
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sources of calcium. Some good calcium sources are regular and
ample servings of dark green leafy vegetables such as kale and col-
lard; legumes; calcium-fortified foods such as breakfast cereals, soy
milk, and orange juice; some nuts such as almonds; and certain
seeds such as sesame seeds. The choices should be varied because
binders in some of these foods may hinder calcium absorption. The
vegan is urged to use calcium-fortified soy milk in ample quantities
regularly. This is especially important for children. Infant formula
based on soy is fortified with calcium and can easily be used in
food preparation, even for adults.

Do vegetarian diets provide adequate amounts
of the essential fatty acids?

Vegetarian diets typically provide enough of the essential fatty
acids linoleic acid and linolenic acid, but they lack a dietary source
of EPA and DHA. Fatty fish and DHA-fortified eggs and other prod-
ucts can provide EPA and DHA, but fortified sources that ultimately
derive from fish are unacceptable for vegans. Alternatively, certain
marine algae and their oils provide DHA, and vegans can select
foods fortified with such oils, which are listed among the ingredi-
ents on a food’s label. A vegetarian’s daily diet should include small
amounts of flaxseed, walnuts, and their oils, as well as soybeans
and canola oil to provide essential fatty acids.

Are there any other health advantages to the
vegetarian diet?

Yes. Vegetarian protein foods are often higher in fiber, richer in
certain vitamins and minerals, and lower in fat—especially satu-
rated fat—than meats. Vegetarians can enjoy a nutritious diet

low in saturated fat provided that they limit foods such as butter,
cream cheese, and sour cream. If vegetarians follow the guidelines
presented here and plan carefully, they can support their health as
well as, or perhaps better than, nonvegetarians.

Abundant evidence supports the idea that vegetarians may
actually be healthier than meat eaters. Informed vegetarians are
not only more likely to be at the desired weights for their heights,
but they are also more likely to have lower blood cholesterol levels,
lower rates of certain kinds of cancer, better digestive function,
and more. Even among people who are health conscious, generally
vegetarians experience fewer deaths from cardiovascular disease
than meat eaters do. Because many vegetarians also abstain from
smoking and the consumption of alcohol, dietary practices alone
probably do not account for all the aspects of improved health.
Clearly, however, they contribute significantly to it.

Notes
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he human body’s ability to transform the foods a person eats into

the nutrients that fuel the body’s work is quite remarkable. Yet most
people probably give little, if any, thought to what their bodies do with
food once it is eaten. This chapter offers the reader the opportunity to
learn how the body digests, absorbs, and transports the nutrients and
how it excretes the unwanted substances in foods.

One of the beauties of the digestive tract is that it is selective. Materials
that are nutritive for the body are broken down into particles that can be
absorbed into the bloodstream. Most of the nonnutritive materials are left
undigested and pass out the other end of the digestive tract.

5.1 Anatomy of the Digestive Tract

LO 5.1 Identify the path that food takes during digestion and describe the
muscular actions of digestion.

The gastrointestinal (GI) tract is a flexible, muscular tube extending from the mouth
to the anus. Figure 5-1 on pp. 110-111 traces the path followed by food from one end
of the GI tract to the other. Box 5-1 (p. 112) defines GI anatomical terms. In a sense,
the human body surrounds the GI tract. Only when a nutrient or other substance
passes through the cells of the digestive tract wall does it actually enter the body.

The Digestive Organs

The process of digestion begins in the mouth. As you chew, your teeth crush and
soften the food, while saliva mixes with the food mass and moistens it for comfortable
swallowing. Saliva also helps dissolve the food so that you can taste it; only particles
in solution can react with taste buds.

The tongue allows you not only to taste food but also to move food around the
mouth, facilitating chewing and swallowing. When you swallow a mouthful of food,
it passes through the pharynx, a short tube that is shared by both the digestive system
and the respiratory system.

Mouth to the Esophagus Once a mouthful of food has been chewed and swal-
lowed, it is called a bolus. Each bolus first slides across your epiglottis, bypassing the
entrance to your lungs. During each swallow, the epiglottis closes off your trachea, the
air passageway to the lungs, so that you do not choke.

Esophagus to the Stomach The esophagus has a sphincter muscle at each end.
During a swallow, the upper esophageal sphincter opens. The bolus then slides down
the esophagus, which conducts it through the diaphragm to the stomach. The lower
esophageal sphincter closes behind the bolus so that it cannot slip back. The stom-
ach retains the bolus for a while, adds juices to it (gastric juices are discussed on
pp. 115-116), and transforms it into a semiliquid mass called chyme. Then, bit by
bit, the stomach releases the chyme through another sphincter, the pyloric sphincter,
which opens into the small intestine and then closes after the chyme passes through.

The Small Intestine At the beginning of the small intestine, the chyme passes by
an opening from the common bile duct, which secretes digestive fluids into the small
intestine from two organs outside the GI tract—the gallbladder and the pancreas. The
chyme travels on down the small intestine through its three segments—the duodenum,
the jejunum, and the ileum. Together, the segments amount to a total of about 10 feet
of tubing coiled within the abdomen.* Digestion is completed within the small intestine.

*The small intestine is almost two and a half times shorter in living adults than it is at death, when
muscles are relaxed and elongated.

DIGESTION AND ABSORPTION

gastrointestinal (Gl) tract: the

digestive tract. The principal organs

are the stomach and intestines.
gastro = stomach

digestion: the process by which
complex food particles are broken
down to smaller, absorbable
particles.

digestive system: all the organs
and glands associated with the
ingestion and digestion of food.
bolus (BOH-|us): the portion of
food swallowed at one time.
chyme (KIME): the semiliquid mass
of partly digested food expelled by
the stomach into the duodenum (the
top portion of the small intestine).
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FIBER

Mouth and salivary glands
The mechanical action of
the mouth and teeth crushes
and tears fiber in food and
mixes it with saliva to
moisten it for swallowing.

Stomach
Fiber is unchanged.

Small intestine
Fiber is unchanged.

Large intestine (colon)

Most fiber passes intact through
the digestive tract to the large

intestine. Here, bacterial
enzymes digest some fiber:

The Large Intestine (Colon) Having traveled the length of the small intestine, what
remains of the intestinal contents passes through another sphincter, the ileocecal
valve, into the beginning of the large intestine (colon) in the lower right-hand side
of the abdomen. Upon entering the colon, the contents pass another opening. Should
any intestinal contents slip into this opening, they would end up in the appendix,
a blind sac about the size of your little finger. Normally, the contents bypass this

CARBOHYDRATE

The salivary glands secrete
saliva into the mouth to moisten
the food. The salivary enzyme
amylase begins digestion:

amylase small )
Starch ———— polysaccharides,

maltose.

Stomach acid inactivates
salivary enzymes, halting
starch digestion. To a small
extent, stomach acid
hydrolyzes maltose and
sucrose.

The pancreas produces
enzymes and releases them
through the pancreatic duct
into the small intestine:

. pancreatic
Polysaccharides ——— >
amylase
Then enzymes on the surfaces
of the small intestinal cells
break disaccharides into
monosaccharides, and the
cells absorb them:

maltase

sucrase

lactase
—_—

Maltose
Sucrose

Lactose

disaccharides.

fructose + glucose.

galactose + glucose.

Some fiber bacterial fatty acids, gas.
enzymes

Fiber holds water; regulates bowel activity;
and binds cholesterol and some minerals,
carrying them out of the body as it is
excreted with feces.

FIGURE 5-1 The Gastrointestinal Tract
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opening, however, and travel up the right-hand side of the abdomen, across the front
to the left-hand side, down to the lower left-hand side, and finally below the other
folds of the intestines to the back side of the body above the rectum.

The Rectum As the intestinal contents pass to the rectum, the colon withdraws
water, leaving semisolid waste. The strong muscles of the rectum hold back this waste
until it is time to defecate. Then the rectal muscles relax, and the last sphincter in the

FAT PROTEIN VITAMINS
Mouth and salivary glands i
The sublingual salivary Chewing and crushing moisten No action.

gland in the base of the
tongue secretes a fat-
digesting enzyme known as
lingual lipase. Some hard
fats begin to melt as they
reach body temperature.

protein-rich foods and mix them
with saliva to be swallowed.

Stomach

The acid-stable lingual
lipase splits one bond of
triglycerides to produce

diglycerides and fatty acids.

Hydrochloric acid (HCL) uncoils
protein strands and activates
stomach enzymes:

Intrinsic factor (see Chapter
8) attaches to vitamin By,.

The degree of hydrolysis is Protein —2S2S10 SEllEr
slight for most fats but may HCI EelERRlcEs
be appreciable for milk fats.
The stomach’s churning
action mixes fat with water
and acid. A gastric lipase
accesses and hydrolyzes a
very small amount of fat.
Small intestine Bile emulsifies fat-soluble
Bile flows in from the liver vitamins and aids in their
and gallbladder (via the absorption with other fats.
common bile duct): pancreatic  tripeptides, ~ Water-soluble vitamins are
Fat bile _emulsified Polypeptides ——— dipeptides, absorbed.
fat. and intestinal amino acids
proteases
Pancreatic lipase flows in
from the pancregs (via the Then enzymes on the surface
pancreatic duc;t))éncreatic of the small intestinal cells
" hydrolyze these peptides
Emulsified fat lipase and the cells absorb them.
monoglycerides, glycerol, intestinal amino acids
fatty acids (absorbed). Peptides — (absorbed)
dipeptidases

and tripeptidases

Large intestine

Some fat and cholesterol,
trapped in fiber, exit in
feces.

Bacteria produce vitamin K,
which is absorbed.

FIGURE 5-1 (continued)
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MINERALS AND WATER

The salivary glands add water to
disperse and carry food.

Stomach acid (HCI) acts on iron
to reduce it, making it more
absorbable. The stomach
secretes enough watery fluid to
turn a moist, chewed mass of
solid food into liquid chyme.

The small intestine, pancreas,
and liver add enough fluid so
that approximately 2 gallons are
secreted into the intestine in a
day. Many minerals are
absorbed. Vitamin D aids in the
absorption of calcium.

More minerals and most of the
water are absorbed.
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BOX 5-1 GLOSSARY OF GI TERMS

These terms are listed in order from start to end of the digestive
system.

mouth: the oral cavity containing the tongue and teeth.

pharynx (FAIR-inks): the passageway leading from the nose and
mouth to the larynx and esophagus, respectively.

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.

epi = upon (over)
glottis = back of tongue

esophagus (ee-SOFF-ah-gus): the food pipe; the conduit from the
mouth to the stomach.

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.

sphincter = band (binder)

esophageal (ee-SOF-a-GEE-al) sphincter: a sphincter muscle at
the upper or lower end of the esophagus. The lower esophageal
sphincter is also called the cardiac sphincter.

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.

pyloric (pie-LORE-ic) sphincter: the circular muscle that
separates the stomach from the small intestine and regulates the

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.

duodenum (doo-oh-DEEN-um, doo-ODD-num): the top portion of the
small intestine (about “12 fingers' breadth long” in ancient terminology).
duodecim = twelve

jejunum (je-JOON-um): the first two-fifths of the small intestine
beyond the duodenum.

ileum (ILL-ee-um): the last segment of the small intestine.
gallbladder: the organ that stores and concentrates bile. When
it receives the signal that fat is present in the duodenum, the gall-
bladder contracts and squirts bile through the bile duct into the
duodenum.

pancreas: a gland that secretes digestive enzymes and juices into
the duodenum. (The pancreas also secretes hormones into the blood
that help to maintain glucose homeostasis.)

ileocecal (ill-ee-oh-SEEK-ul) valve: the sphincter separating the
small and large intestines.

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.

sigmoid = shaped like the letter S (sigma in Greek)

appendix: a narrow blind sac extending from the beginning of the
colon that stores lymph cells.

rectum: the muscular terminal part of the intestine, extending from

flow of partially digested food into the small intestine; also called

pylorus or pyloric valve.

pylorus = gatekeeper

gastrointestinal motility:
spontaneous motion in the digestive
tract accomplished by involuntary
muscular contractions.
peristalsis (peri-STALL-sis):
successive waves of involuntary
muscular contractions passing along
the walls of the Gl tract that push
the contents along.

peri = around

stellein = wrap

112

the sigmoid colon to the anus.

anus (AY-nus): the terminal outlet of the Gl tract.

system, the anus, opens to allow the wastes to pass. Thus, food travels through the
digestive tract in this order: mouth, esophagus, lower esophageal sphincter (or cardiac
sphincter), stomach, pyloric sphincter, duodenum (common bile duct enters here),
jejunum, ileum, ileocecal valve, large intestine (colon), rectum, and anus.

The Involuntary Muscles and the Glands

You are usually unaware of all the activity that goes on between the time you swallow
and the time you defecate. As is the case with so much else that happens in the body,
the muscles and glands of the digestive tract meet internal needs without your having
to exert any conscious effort to get the work done.

People consciously chew and swallow, but even in the mouth there are some pro-
cesses over which you have no control. The salivary glands secrete just enough saliva
to moisten each mouthful of food so that it can pass easily down your esophagus.

Gastrointestinal Motility Once you have swallowed, materials are moved through
the rest of the GI tract by involuntary muscular contractions. This motion, known as
gastrointestinal motility, consists of two types of movement, peristalsis and segmen-
tation (see Figure 5-2). Peristalsis propels, or pushes; segmentation mixes, with more
gradual pushing.

Peristalsis Peristalsis begins when the bolus enters the esophagus. The entire GI
tract is ringed with circular muscles, which are surrounded by longitudinal muscles.
When the rings tighten and the long muscles relax, the tube is constricted. When
the rings relax and the long muscles tighten, the tube bulges. These actions alternate
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The small intestine has two
muscle layers that work
together in peristalsis

and segmentation.

Circular muscles are
inside.

Longitudinal muscles
are outside.

B= T

Sldhha T

The inner circular muscles contract, ~ When the circular muscles relax, the  As the circular and longitudinal
tightening the tube and pushing the  outer longitudinal muscles contract, muscles tighten and relax, the chyme
food forward in the intestine. and the intestinal tube is loose. moves ahead of the constriction.

Circular muscles contract, creating As each set of circular muscles These alternating contractions,

segments within the intestine. relaxes and contracts, the chyme is  occurring 12 to 16 times per minute,
broken up and mixed with digestive  continue to mix the chyme and bring
juices. the nutrients into contact with the

intestinal lining for absorption.

FIGURE 5-2 Peristalsis and Segmentation

continually and push the intestinal contents along. If you have ever watched a bolus
of food pass along the body of a snake, you have a good picture of how these muscles
work. The waves of contraction ripple through the GI tract at varying rates and inten-
sities depending on the part of the GI tract and on whether food is present. Peristal-
sis, aided by the sphincter muscles located at key places, keeps things moving along.
However, factors such as stress, medicines, and medical conditions may interfere with
normal GI tract contractions.!

Segmentation The intestines not only push but also periodically squeeze their
contents. This motion, called segmentation, forces the contents back a few
inches, mixing them and promoting close contact with the digestive juices and the
absorbing cells of the intestinal walls before letting the contents slowly move

along again. segmentation: a periodic

© Cengage Learning®

squeezing or partitioning of the
Liquefying Process Besides forcing the intestinal contents along, the muscles of the  intestine by its circular muscles that
GI tract help to liquefy them to chyme so that the digestive juices will have access ~ Poth mixes and slowly pushes the

to all their nutrients. The mouth initiates this liquefying process by chewing, adding
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FIGURE 5-3 Stomach
Muscles

The stomach has three layers
of muscles.
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Esophagus

Crisscrossed
muscle layers
create churning
and mixing
motions:

inner (diagonal)
middle (circular)

outer (longitudinal)

The pyloric sphincter controls
the flow of chyme into
the small intestine.

Small intestine
(duodenum)

Folds inside
stomach
allow it

to stretch
and contract.
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saliva, and stirring with the tongue to reduce the food to a coarse mash suitable for
swallowing. The stomach then further mixes and kneads the food.

Stomach Action The stomach has the thickest walls and strongest muscles of all the
GI tract organs. In addition to circular and longitudinal muscles, the stomach has a
third layer of diagonal muscles that also alternately contract and relax (see Figure 5-3).
These three sets of muscles work to force the chyme downward, but the pyloric
sphincter usually remains tightly closed, so that the stomach’s contents are thoroughly
mixed and squeezed before being released. Meanwhile, the gastric glands are adding
juices. When the chyme is thoroughly liquefied, the pyloric sphincter opens briefly,
about three times a minute, to allow small portions through. At this point, the intesti-
nal contents no longer resemble food in the least.

IN SUMMARY

I As Figure 5-1 shows, food enters the mouth and travels down the esophagus and
through the lower esophageal sphincter to the stomach, then through the pyloric
sphincter to the small intestine, on through the ileocecal valve to the large intes-
tine, past the appendix to the rectum, exiting through the anus.

I The wavelike contractions of peristalsis and the periodic squeezing of segmenta-
tion keep things moving at a reasonable pace.
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5.2 The Process of Digestion

LO 5.2 Describe the actions and origins of the digestive secretions.

One person eats nothing but vegetables, fruits, and nuts; another, nothing but meat,
milk, and potatoes. How is it that both people wind up with essentially the same body
composition? It all comes down to the body rendering food—whatever it is to start
with—into the basic units that make up carbohydrate, fat, and protein. The body
absorbs these units and builds its tissues from them.

To digest food, five different body organs secrete digestive juices: the salivary
glands, the stomach, the small intestine, the liver (via the gallbladder), and the pan-
creas. These secretions enter the GI tract at various points along the way, bringing an
abundance of water and a variety of enzymes. Each of the juices has a turn to mix
with the food and promote its breakdown to small units that can be absorbed into the
body. Box 5-2 defines some of the digestive glands and their juices.

Digestion in the Mouth

Digestion of carbohydrate begins in the mouth, where the salivary glands secrete
saliva, which contains water, salts, and enzymes (including salivary amylase)
that break the bonds in the chains of starch. Saliva also protects the tooth surfaces
and linings of the mouth, esophagus, and stomach from attack by molecules that
might harm them. The enzymes in the mouth do not, for the most part, affect the
fats, proteins, vitamins, minerals, and fiber that are present in the foods people eat
(review Figure 5-1).

enzymes: protein catalysts.

A catalyst is a compound that
facilitates chemical reactions without
itself being changed in the process.

BOX 5-2 GLOSSARY OF DIGESTIVE GLANDS AND THEIR SECRETIONS

These terms are listed in order from the beginning of the digestive
tract to the end.

mucus (MYOO-cuss): a mucopolysaccharide (a relative of carbohy-
drate) secreted by cells of the stomach wall that protects the cells
from exposure to digestive juices (and other destructive agents). The
cellular lining of the stomach wall with its coat of mucus is known
as the mucous membrane. (The noun is mucus; the adjective is
mucous.)

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). pepsin: a protein-digesting enzyme (gastric protease) in the stom-

exo = outside
endo = inside
krine = to separate

salivary glands: exocrine glands that secrete saliva into the
mouth.

saliva: the secretion of the salivary glands. The principal enzyme is
salivary amylase.

amylase (AM-uh-lace): an enzyme that splits amylose (a form of
starch). Amylase is a carbohydrase. The ending —ase indicates an en-
zyme; the root tells what it digests. Other examples: protease, lipase.

gastric glands: exocrine glands in the stomach wall that secrete
gastric juice into the stomach.

gastro = stomach

gastric juice: the digestive secretion of the gastric glands contain-
ing a mixture of water, hydrochloric acid, and enzymes. The principal
enzymes are pepsin (acts on proteins) and lipase (acts on emulsified
fats).

hydrochloric acid (HCI): an acid composed of hydrogen and
chloride atoms; normally produced by the gastric glands.

DIGESTION AND ABSORPTION

ach. It circulates as a precursor, pepsinogen, and is converted to pep-
sin by the action of stomach acid.

intestinal juice: the secretion of the intestinal glands; contains
enzymes for the digestion of carbohydrate and protein and a minor
enzyme for fat digestion.

liver: the organ that manufactures bile. (The liver’s other functions
are described in Chapter 20.)

bile: an emulsifier that prepares fats and oils for digestion; made by
the liver, stored in the gallbladder, and released into the small intes-
tine when needed.

pancreatic (pank-ree-AT-ic) juice: the exocrine secretion of

the pancreas, containing enzymes for the digestion of carbohydrate,
fat, and protein. 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.

bicarbonate: an alkaline secretion of the pancreas; part of
the pancreatic juice. (Bicarbonate also occurs widely in all
cell fluids.)
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emulsifier: a substance that
mixes with both fat and water and
that disperses the fat in the water,
forming an emulsion.
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Digestion in the Stomach

Gastric juice, secreted by the gastric glands, is composed of water, enzymes, and
hydrochloric acid. The acid is so strong that it burns the throat if it happens to reflux
into the upper esophagus and mouth. The stomach’s strong acidity prevents bacterial
growth and kills most bacteria that enter the body along with food. You might expect
that the stomach’s acid would attack the stomach itself, but the cells of the stomach
wall secrete mucus, a thick, slimy, white polysaccharide that coats and protects the
stomach’s lining,.

The major digestive event in the stomach is the initial breakdown of proteins. Other
than being crushed and mixed with saliva in the mouth, nothing happens to protein
until it comes in contact with the gastric juices in the stomach. There, the acid helps to
uncoil (denature) the protein’s tangled strands so that the stomach enzymes can attack
the bonds. Both the enzyme pepsin and the stomach acid itself act as catalysts in the
process. Minor events are the digestion of some fat by a gastric lipase, the digestion of
sucrose (to a very small extent) by the stomach acid, and the attachment of a protein
carrier to vitamin B ,.

The stomach enzymes work most efficiently in the stomach’s strong acid, but
salivary amylase, which is swallowed with food, does not work in acid this strong.
Consequently, the digestion of starch gradually ceases as the acid penetrates the bolus.
In fact, salivary amylase becomes just another protein to be digested. The amino acids
in amylase end up being absorbed and recycled into other body proteins.

Digestion in the Small and Large Intestines

By the time food leaves the stomach, digestion of all three energy-yielding nutrients
has begun, but the process gains momentum in the small intestine. There, the pan-
creas and the liver contribute additional digestive juices through the duct leading into
the duodenum, and the small intestine adds intestinal juice. These juices contain
digestive enzymes, bicarbonate, and bile.

Digestive Enzymes Pancreatic juice contributes enzymes that digest fats, pro-
teins, and carbohydrates. Glands in the intestinal wall also secrete digestive enzymes.
(Review Box 5-2 on p. 115 for details.)

Bicarbonate Pancreatic juice also contains sodium bicarbonate, which neutralizes
the acidic chyme as it enters the small intestine. From this point on, the digestive tract
contents are neutral or slightly alkaline. The enzymes of both the intestine and the
pancreas work best in this environment.

Bile Bile is secreted continuously by the liver and is concentrated and stored in the
gallbladder. The gallbladder squirts bile into the duodenum whenever fat arrives there.
Bile is not an enzyme but an emulsifier that brings fats into suspension in water
(see Figure 5-4)." After the fats are emulsified, enzymes can work on them, and they
can be absorbed. Thanks to all these secretions, all three energy-yielding nutrients are
digested in the small intestine.

The Rate of Digestion The rate of digestion of the energy nutrients depends on the
meal contents. If the meal is high in simple sugars, digestion proceeds fairly rapidly.
On the other hand, if it is rich in fat, digestion is slower.

Protective Factors The intestines contain bacteria that produce a variety of vita-
mins, including biotin and vitamin K (although bacteria alone cannot meet the need

Mayonnaise, made from vinegar and oil, would separate as other vinegar-and-oil salad dressings do if
food chemists did not blend in a third ingredient—an emulsifier. The emulsifier mixes well with the fatty
oil and the watery vinegar. In the case of mayonnaise, the emulsifier is lecithin from egg yolks.
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FIGURE 5-4 Emulsification of Fat by Bile
Like bile, detergents are emulsifiers and work the same way, which is why they are effective at removing grease spots from clothes. Molecule
by molecule, the grease is dissolved out of the spot and suspended in water, where it can be rinsed away.

for these vitamins). The GI bacteria also protect people from infections. Provided that
the normal intestinal flora are thriving, infectious bacteria have a hard time getting
established and launching an attack on the system (see Nutrition in Practice 18). In ad-
dition, the small intestine and the entire GI tract manufacture and maintain a strong ar-
senal of defenses against foreign invaders. Several different types of defending cells are
present in the GI tract, and they confer specific immunity against intestinal diseases.

The Final Stage The story of how food is broken down into nutrients that can be
absorbed is now nearly complete. The three energy-yielding nutrients—carbohydrate,
fat, and protein—are disassembled to basic building blocks before they are absorbed.
Most of the other nutrients—vitamins, minerals, and water—are absorbed as they are.
Undigested residues, such as some fibers, are not absorbed but continue through the
digestive tract as a semisolid mass that stimulates the tract’s muscles, helping them
remain strong and able to perform peristalsis efficiently. Fiber also retains water, keep-
ing the stools soft, and carries some bile acids, sterols, and fat out of the body. Drink-
ing plenty of water in conjunction with eating foods high in fiber supplies fluid for
the fiber to take up. This is the basis for the recommendation to drink water and eat
fiber-rich foods to relieve constipation.

The process of absorbing the nutrients into the body is discussed in the next sec-
tion. For the moment, let us assume that the digested nutrients simply disappear from
the GI tract as they are ready. Virtually all nutrients are gone by the time the contents
of the GI tract reach the end of the small intestine. Little remains but water, a few
salts and body secretions, and undigested materials such as fiber. These enter the large
intestine (colon).

In the colon, intestinal bacteria degrade some of the fiber to simpler compounds.
The colon itself retrieves from its contents the materials that the body is designed to
recycle—water and dissolved salts. The waste that is finally excreted has little or noth-
ing of value left in it. The body has extracted all that it can use from the food.

IN SUMMARY

I To digest food, the salivary glands, stomach, pancreas, liver (via the gallbladder), intestinal flora: the bacterial

and small intestine deliver fluids and digestive enzymes. 'nhab'tints of the Gl tract,
flora = plant growth
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villi (VILL-ee or VILL-eye): fingerlike
projections from the folds of the
small intestine. The singular form
is villus.

villus = shaggy hair
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.
The singular form is microvillus.
lymphatic system: a loosely
organized system of vessels and
ducts that conveys the products of
digestion toward the heart.
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5.3 The Absorptive System

LO 5.3 Describe the anatomical details of the GI tract and the features and
activities of intestinal cells that facilitate nutrient absorption.

Within three or four hours after you have eaten a meal, your body must find a way
to absorb millions of molecules one by one. The absorptive system is ingeniously de-
signed to accomplish this task.

The Small Intestine

Most absorption takes place in the small intestine. The small intestine is a tube about
10 feet long and about an inch across, yet it provides a surface comparable in area
to a tennis court. When nutrient molecules make contact with this surface, they are
absorbed and carried off to the liver and other parts of the body.

Villi and Microvilli How does the intestine manage to provide such a large absorp-
tive surface area? Its inner surface looks smooth, but viewed through a microscope, it
turns out to be wrinkled into hundreds of folds. Each fold is covered with thousands of
fingerlike projections called villi. The villi are as numerous as the fibers on velvet fab-
ric. A single villus, magnified still more, turns out to be composed of several hundred
cells, each covered with microscopic hairs called microvilli (see Figure 5-5).

The villi are in constant motion. A thin sheet of muscle lines each villus so that it
can wave, squirm, and wiggle like a sea anemone’s tentacles. Any nutrient molecule
small enough to be absorbed is trapped among the microvilli and drawn into a cell
beneath them. Some partially digested nutrients are caught in the microvilli, digested
further by enzymes there, and then absorbed into the cells.

Specialization in the Intestinal Tract As you can see, the intestinal tract is beauti-
fully designed to perform its functions. A further refinement of the system is that the
cells of successive portions of the tract are specialized to absorb different nutrients.
The nutrients that are ready for absorption early are absorbed near the top of the tract;
those that take longer to be digested are absorbed farther down. The rate at which the
nutrients travel through the GI tract is finely adjusted to maximize their availability to
the appropriate absorptive segment of the tract when they are ready. The lowly “gut”
turns out to be one of the most elegantly designed organ systems in the body.

The Myth of “Food Combining” Some popular fad diets advocate 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.
This is a myth. The art of “food combining” (which actually emphasizes “food sepa-
rating”) is based on this idea, and it represents faulty logic and a gross underestima-
tion of the body’s capabilities. In fact, the opposite is often true: foods eaten together
can enhance each other’s use by the body. For example, vitamin C in a pineapple or
citrus fruit can enhance the absorption of iron from a meal of chicken and rice or
other iron-containing foods. Many other instances of mutually beneficial interactions
are presented in later chapters.

Absorption of Nutrients

Once a molecule has entered a cell in a villus, the next step is to transmit it to a desti-
nation elsewhere in the body by way of the body’s two transport systems—the blood-
stream and the lymphatic system. As Figure 5-5 shows, both systems supply vessels
to each villus. Through these vessels, the nutrients leave the cell and enter either the
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FIGURE 5-5 The Small Intestinal Villi
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lymph (LIMF): the body fluid found
in lymphatic vessels. Lymph consists
of all the constituents of blood
except red blood cells.
triglycerides (try-GLISS-er-rides):
one of the main classes of lipids:
the chief form of fat in foods and
the major storage form of fat in the
body; composed of glycerol with
three fatty acids attached.

tri = three

glyceride = a compound of

glycerol

chylomicrons (kye-lo-MY-crons):
the lipoproteins that transport
lipids from the intestinal cells into
the body. The cells of the body re-
move the lipids they need from the
chylomicrons, leaving chylomicron
remnants to be picked up by the
liver cells.
lipoproteins: clusters of lipids
associated with proteins that serve
as transport vehicles for lipids in the
lymph and blood.
artery: a vessel that carries blood
away from the heart.
capillaries: small vessels that
branch from an artery. Capillaries
connect arteries to veins. Oxygen,
nutrients, and waste materials are
exchanged across capillary walls.
vein: a vessel that carries blood
back to the heart.
hepatic portal vein: the vein
that collects blood from the Gl tract
and conducts it to capillaries in the
liver.

portal = gateway

hepatic vein: the vein that collects
blood from the liver capillaries and
returns it to the heart.

hepatic = liver

120

lymph or the blood. In either case, the nutrients end up in the blood, at least for a
while. The water-soluble nutrients (and the smaller products of fat digestion) are
released directly into the bloodstream by way of the capillaries, but the larger fats and
the fat-soluble vitamins find direct access into the capillaries impossible because these
nutrients are insoluble in water (and blood is mostly water). They require some pack-
aging before they are released.

The intestinal cells assemble the products of fat digestion into larger molecules
called triglycerides. These triglycerides, fat-soluble vitamins (when present), and
other large lipids (cholesterol and the phospholipids) are then packaged for trans-
port. They cluster together with special proteins to form chylomicrons, one kind of
lipoproteins (lipoproteins are described at the beginning on p. 121). Finally, the cells
release the chylomicrons into the lymphatic system. They can then glide through
the lymph vessels until they arrive at a point of entry into the bloodstream near
the heart.

IN SUMMARY

I The many folds and villi of the small intestine dramatically increase its surface
area, facilitating nutrient absorption.

I 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).

5.4 Transport of Nutrients

LO 5.4 Explain how nutrients are delivered from the GI tract to body cells by the
vascular system and describe the different types of lipoproteins.

Once a nutrient has entered the bloodstream or the lymphatic system, it may be trans-
ported to any part of the body, from the tips of the toes to the roots of the hair, where
it becomes available to any of the cells. The circulatory systems are arranged to de-
liver 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 in a figure eight, with the heart serving as a pump at the
crossover point. On each loop of the figure eight, blood travels a simple route: heart to
arteries to capillaries to veins to heart.

The routing of blood through the digestive system is different, however. Blood is
carried to the digestive system (as it is to all organs) by way of an artery, which (as
in all organs) branches into capillaries to reach every cell. Blood leaving the diges-
tive system goes by way of a vein. The hepatic portal vein, however, directs blood
not back to the heart but to another organ—the liver. This vein again branches into a
network of small blood vessels (sinusoids) so that every cell of the liver has access to
the newly absorbed nutrients that the blood is carrying. Blood leaving the liver then
again collects into a vein, called the hepatic vein, which returns the blood to the heart.
The route is thus heart to arteries to capillaries (in intestines) to hepatic portal vein to
sinusoids (in liver) to hepatic vein to heart.

An anatomist studying this system knows there must be a reason for this special
arrangement. The liver is located in the circulation system at the point where it will
have the first chance at the materials absorbed from the GI tract. In fact, the liver
is the body’s major metabolic organ (see Figure 5-6) and must prepare the absorbed
nutrients for use by the rest of the body. Furthermore, the liver stands as a gatekeeper
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Sinusoids Hepatic vein
(capillary-like

i vessels)
o Vessels gather up nutrients and
reabsorbed water and salts from all
over 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.

e The vessels merge into the hepatic
portal vein, which conducts all
absorbed materials to the liver.

o 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.

o Capillary-like vessels (sinusoids) 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.

e 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 then has to deal only
with the remnants.

FIGURE 5-6 The Liver and Its Circulatory System

to waylay intruders that might otherwise harm the heart or brain. Chapter 20 offers
more information about this crucial organ.

The Lymphatic System

The lymphatic system is a one-way route for fluids to travel from tissue spaces into
the blood. The lymphatic system has no pump; instead, lymph is squeezed from
one portion of the body to another like water in a sponge, as muscles contract
and create pressure here and there. Ultimately, the lymph flows into the thoracic
duct, a large duct behind the heart. This duct terminates in the subclavian vein,
which conducts the lymph into the right upper chamber of the heart. In this way,
fat-soluble nutrients absorbed into the lymphatic system from the GI tract finally
enter the bloodstream.

Transport of Lipids: Lipoproteins

Within the circulatory system, lipids always travel from place to place bundled with
protein, that is, as lipoproteins. When physicians measure a person’s blood lipid
profile, they are interested in both the types of fat present (such as triglycerides and
cholesterol) and the types of lipoproteins that carry them.
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very-low-density lipoproteins
(VLDL): the type of lipoproteins
made primarily by liver cells to
transport lipids to various tissues in
the body; composed primarily of
triglycerides.

low-density lipoproteins
(LDL): the type of lipoproteins
derived from VLDL as cells remove
triglycerides from them. LDL carry
cholesterol and triglycerides from
the liver to the cells of the body
and are composed primarily of
cholesterol.

high-density lipoproteins
(HDL): the type of lipoproteins that
transport cholesterol back to the
liver from peripheral cells; composed
primarily of protein.
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VLDL, LDL, and HDL As mentioned earlier, chylomicrons transport newly absorbed
(diet-derived) lipids from the intestinal cells to the rest of the body. As chylomicrons
circulate through the body, cells remove their lipid contents, so the chylomicrons
gradually become smaller. The liver picks up these chylomicron remnants. When
necessary, the liver can assemble different lipoproteins, which are known as
very-low-density lipoproteins (VLDL). As the body’s cells remove triglycerides from
the VLDL, the proportions of their lipid and protein contents shift. As this occurs,
VLDL become cholesterol-rich low-density lipoproteins (LDL). Cholesterol return-
ing to the liver from other parts of the body for metabolism or excretion is packaged
in lipoproteins known as high-density lipoproteins (HDL). HDL are synthesized pri-
marily in the liver.

The density of lipoproteins varies according to the proportion of lipids and pro-
tein they contain. The more lipids in the lipoprotein molecule, the lower the density;
the more protein, the higher the density. Both LDL and HDL carry lipids around in
the blood, but LDL are larger, lighter, and filled with more lipid; HDL are smaller,
denser, and packaged with more protein. LDL deliver cholesterol and triglycerides
from the liver to the tissues; HDL scavenge excess cholesterol from the tissues and
return it to the liver for metabolism or disposal. These different functions explain why
some people refer to LDL as “bad” cholesterol and HDL as “good” cholesterol. Keep
in mind, though, that there is only one kind of cholesterol molecule; the differences
between LDL and HDL reflect proportions of lipids and proteins within them—not
the type of cholesterol. Figure 5-7 shows the relative sizes and compositions of the
lipoproteins.

Health Implications of LDL and HDL The distinction between LDL and HDL
has implications for the health of the heart and blood vessels. High concentrations
of LDL in the blood are associated with an increased risk of heart disease, as are
low concentrations of HDL.? Factors that lower LDL concentrations and raise HDL
concentrations include:

Weight management (see Chapter 7).

Polyunsaturated or monounsaturated, instead of saturated, fatty acids in the diet
(see Chapter 3).

Soluble fibers (see Chapter 2).
Physical activity (see Chapter 10).

Lipoproteins and heart disease are discussed in Chapter 22.

IN SUMMARY

I 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 eventually enter the vascular system, but they bypass the
liver at first.

I Within the circulatory system, lipids travel bundled with proteins as lipoproteins.
Different types of lipoproteins include chylomicrons, very-low-density lipopro-
teins (VLDL), low-density lipoproteins (LDL), and high-density lipoproteins
(HDL).

I Elevated blood concentrations of LDL are associated with a high risk of heart
disease, as are low levels of HDL.
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Phospholipid Protein

Cholesterol

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.

This solar system of lipoproteins shows their relative sizes.
Notice how large the fat-filled chylomicron is compared with
the others and how the others get progressively smaller as
their proportion of fat declines and protein increases.

Chylomicrons contain so little protein and so 100 —
much triglyceride that they are the lowest in L -
density.
80 .
- ) Protein
Very-low-density lipoproteins (VLDL) are half —
triglycerides, accounting for their low density. & g0 |
[0}

Low-density lipoproteins (LDL) are half § B
cholesterol, accounting for their implication 40 — Cholesterol .
in heart disease. — e
High-density lipoproteins (HDL) are half protein, : Phospholipid %
accounting for their high density. Triglyceride &

oL i e

Chylomicron VLDL LDL HDL 5

FIGURE 5-7 The Lipoproteins
The System at Its Best
The GI tract is the first organ in the body to deal with the nutrients that will ultimately
maintain the health and nutrition status of the whole body. Its intricate architecture
makes it sensitive and responsive to conditions in its environment. One condition in-
dispensable to the GI tract’s performance is its own good health. Such lifestyle factors
as sleep, physical activity, state of mind, and nutrition affect GI tract health. Adequate
sleep allows for repair and maintenance of tissue. Physical activity promotes healthy
muscle tone and may protect against cancer of the colon.® Mental state profoundly af-
fects digestion and absorption through the activity of nerves and hormones that help
regulate these processes. A relaxed, peaceful attitude during a meal enhances diges-
tion and absorption.
DIGESTION AND ABSORPTION 123

Copyright 2016 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.



~ Clinical Applications

1. People who experience malabsorption frequently have the
most difficulty digesting fat. Considering the differences in fat,

carbohydrate, and protein digestion and absorption, can you
offer an explanation?

 Self Check

2. How might you explain the importance of dietary fiber to a
client who frequently experiences constipation?

Which of the following passes through the large intestine

The two major nutrient transport systems in the body are:

b. the digestive and absorptive systems.

d. the vascular and lymphatic systems.

8. Within the circulatory system, lipids travel from place to place

9. Elevated LDL concentrations in the blood are associated with:

10. Three factors that lower the concentration of LDL and raise
the concentration of HDL in the blood are:
a. polyunsaturated fat, rest, and dietary HDL.

. antioxidants, insoluble fibers, and dietary HDL.

1. Once food is swallowed, it travels through the digestive tract 6.
in this order: mostly unabsorbed?
a. esophagus, stomach, large intestine, liver. a. Fiber
b. esophagus, stomach, small intestine, large intestine. b. Vitamins
¢. small intestine, stomach, esophagus, large intestine. c. Minerals
d. small intestine, large intestine, stomach, esophagus. d. Starch
2. Once chyme travels the length of the small intestine, it passes 7.
through the ileocecal valve at the beginning of the: a. LDL and HDL.
a. large intestine.
b. stomach. c. lipoproteins and chylomicrons.
c. esophagus.
d. jejunum.
3. The periodic squeezing or partitioning of the intestine by its bundled with proteins as:
circular muscles that both mixes and slowly pushes the con- a. microvilli.
tents along is known as: b. chylomicrons.
a. secretion. c. lipoproteins.
b. absorption. d. phospholipids.
C. peristalsis.
d. segmentation. a. a high-protein diet.
4. An enzyme in saliva begins the digestion of: b. alow risk of diabetes.
a. starch. ¢. regular physical activity.
b. vitamins. d. a high risk of heart disease.
c. protein.
d. minerals.
5. Bileis:
a. an enzyme that splits starch.
b. an alkaline secretion of the pancreas.

c. an emulsifier made by the liver that prepares fats and oils
for digestion.
d. a stomach secretion containing water, hydrochloric acid,
and the enzymes pepsin and lipase.

l Notes

b
¢. saturated fat, antioxidants, and insoluble fibers.
d. weight control, soluble fibers, and physical activity.

Answers to these questions can be found in Appendix H.
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CHAPTER 5

5.5 FOOD SAFETY

Nutrition in Practice

LO 5.5 Describe how foodborne illnesses can be
prevented.

The Food and Drug Administration (FDA) lists foodborne
iliness as the leading food safety concern in the United
States because outbreaks of food poisoning far outnumber epi-
sodes of any other kind of food contamination. The CDC (Centers
for Disease Control and Prevention) estimates that 48 million
cases of foodborne illnesses occur each year in the United States.'
More than 100,000 people become so sick as to need hospitaliza-
tion. For some 3000 people each year, the symptoms (Table NP5-1)
are so severe as to cause death. Most vulnerable are pregnant
women; very young, very old, sick, or malnourished people; and
those with a weakened immune system (as in AIDS).? By taking the
proper precautions, people can minimize their chances of contract-
ing foodborne illnesses. Box NP5-1 defines related terms.

What is foodborne illness?

Foodborne illness can be caused by either an infection or an
intoxication. Table NP5-2 (p. 126) summarizes the pathogens
responsible for 90 percent of foodborne illnesses, related hospital-
izations, and deaths, along with food sources, general symptoms,
and prevention methods.

What is the difference between foodborne
infections and food intoxications?

Foodborne infections are caused by eating foods contaminated by
infectious microbes. Among foodborne infections, norovirus and
Salmonella are the leading causes of hospitalizations and deaths.>
Pathogens commonly enter the Gl tract in contaminated foods
such as undercooked poultry and unpasteurized milk. Symptoms
generally include abdominal cramps, fever, vomiting, and diarrhea.

TABLE NP5-1 Symptoms of Foodborne lliness

Get medical help when these symptoms occur:
1 Bloody diarrhea
1 Diarrhea lasting more than three days

1 Prolonged vomiting that prevents keeping liquids down and can
lead to dehydration

1 Difficulty breathing

1 Difficulty swallowing

1 Double vision

1 Fever lasting more than 24 hours

1 Headache accompanied by muscle stiffness and fever

1 Numbness, muscle weakness, and tingling sensations in the skin

1 Rapid heart rate, fainting, and dizziness

© Cengage Learning®

BOX NP 5-1 GLOSSARY

CDC (Centers for Disease Control and Prevention): a
branch of the Department of Health and Human Services that is
responsible for, among other things, monitoring foodborne dis-
eases (www.cdc.gov).

cross-contamination: the contamination of food by bacteria
that occurs when the food comes into contact with surfaces
previously touched by raw meat, poultry, or seafood.
foodborne illness: illness transmitted to human beings
through food and water, caused by either an infectious agent
(foodborne infection) or a poisonous substance (foodborne
intoxication); commonly known as food poisoning.

Hazard Analysis Critical Control Points (HACCP): a system-
atic plan to identify and correct potential microbial hazards in the
manufacturing, distribution, and commercial use of food
products; commonly referred to as “HASS-ip.”

outbreaks: two or more cases of a similar illness resulting from
the ingestion of a common food.

pasteurization: heat processing of food that inactivates some,
but not all, microorganisms in the food; not a sterilization
process. Bacteria that cause spoilage are still present.
pathogens (PATH-oh-jens): microorganisms capable of
producing disease.

sushi: vinegar-flavored rice and seafood, typically wrapped in
seaweed and stuffed with colorful vegetables. Some sushi is
stuffed with raw fish; other varieties contain cooked seafood.
traveler’s diarrhea: nausea, vomiting, and diarrhea caused
by consuming food or water contaminated by any of several
organisms, most commonly, £. coli, Shigella, Campylobacter
Jjejuni, and Salmonella.

Norovirus illustrates the importance of personal hygiene.*
Norovirus is passed in the stool and vomit of infected people. Thus,
infected people who do not wash their hands adequately can pass
the virus directly to other people, or they can pass it indirectly
by way of contaminated food or water. Outbreaks in the United
States are often linked to food touched by infected food handlers
or to person-to-person contact in day care centers, in nursing
homes, and on cruise ships. People can also be infected with
norovirus by eating raw shellfish such as oysters and clams that are
grown in sewage-contaminated waters.

Food intoxications are caused by eating foods containing
natural toxins or, more likely, microbes that produce toxins. The
most common food toxin is produced by Staphylococcus aureus;
it affects more than 1 million people each year. Less common, but
more infamous, is Clostridium botulinum, an organism that pro-
duces a deadly toxin in anaerobic conditions such as improperly
canned (especially home-canned) foods and homemade garlic
or herb-flavored oils stored at room temperature. The botulism
toxin paralyzes muscles, making it difficult to see, speak, swallow,

125

Copyright 2016 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 NP5-2 The Major Microbes of Foodborne lliness

Organism Name

Most Frequent
Food Sources

Onset and General
Symptoms

Prevention Methods?

Foodborne Infections

Campylobacter
(KAM-pee-loh-BAK-ter)
bacterium

Escherichia
(esh-uh-REK-ee-uh)

coli (KOH-lye) bacterium
(including Shiga
toxin-producing strains)®

Norovirus

Listeria (lis-TER-ee-AH)
bacterium

Clostridium
(claw-STRID-ee-um)
perfringens (per-FRINGE-enz)
bacterium

Salmonella (sal-moh-NEL-ah)
bacteria (>2300 types)

Toxoplasma
(TOK-so-PLAZ-ma)
gondii parasite

Raw and undercooked
poultry, unpasteurized milk,
contaminated water

Undercooked ground beef,
unpasteurized milk and juices,
raw fruits and vegetables,
contaminated water, and
person-to-person contact

Person-to-person contact; raw
foods, salads, sandwiches

Unpasteurized milk; fresh soft
cheeses; luncheon meats,
hot dogs

Meats and meat products
stored at between 120°F and
130°F

Raw or undercooked eggs,
meats, poultry, raw milk and
other dairy products, shrimp,
frog legs, yeast, coconut, pasta,
and chocolate

Raw or undercooked meat;
contaminated water;
unpasteurized goat’s milk;
contact with infected cat feces

Onset: 2 to 5 days. Diarrhea,
vomiting, abdominal cramps, fever;
sometimes bloody stools; lasts 2 to
10 days.

Onset: 1 to 8 days. Severe bloody
diarrhea, abdominal cramps,
vomiting; lasts 5 to 10 days.

Onset: 1 to 2 days. Vomiting; lasts 1
to 2 days.

Onset: 1 to 21 days. Fever, muscle
aches; nausea, vomiting, blood
poisoning, complications in
pregnancy, and meningitis (stiff
neck, severe headache, and fever).

Onset: 8 to 16 hours. Abdominal
pain, diarrhea, nausea; lasts 1 to 2
days.

Onset: 1 to 3 days. Fever, vomiting,
abdominal cramps, diarrhea; lasts 4
to 7 days; can be fatal.

Onset: 7 to 21 days. Swollen
glands, fever, headache, muscle
pain, stiff neck.

Cook foods thoroughly; use
pasteurized milk; use sanitary
food-handling methods.

Cook ground beef thoroughly;
use pasteurized milk; use
sanitary food-handling

methods; use treated, boiled, or

bottled water.

Use sanitary food-handling
methods.

Use sanitary food-handling
methods; cook foods
thoroughly; use pasteurized
milk.

Use sanitary food-handling
methods; use pasteurized
milk; cook foods thoroughly;
refrigerate foods promptly
and properly.

Use sanitary food-handling
methods; use pasteurized
milk; cook foods thoroughly;
refrigerate foods promptly
and properly.

Use sanitary food-handling
methods; cook foods
thoroughly.

Foodborne Intoxications

Clostridium
(claw-STRID-ee-um)
botulinum (bot-chew-
LINE-um) bacterium produces
botulin toxin, responsible for
causing botulism

Staphylococcus
(STAF-il-oh-KOK-us)
aureus bacterium produces
staphylococcal toxin

Anaerobic environment of low
acidity (canned corn, peppers,
green beans, soups, beets,
asparagus, mushrooms, ripe
olives, spinach, tuna, chicken,
chicken liver, liver paté,
luncheon meats, ham, sausage,
stuffed eggplant, lobster, and
smoked and salted fish)

Toxin produced in improperly

refrigerated meats; egg, tuna,
potato, and macaroni salads;

cream-filled pastries

Onset: 4 to 36 hours. Nervous
system symptoms, including double
vision, inability to swallow, speech
difficulty, and progressive paralysis
of the respiratory system; often
fatal; leaves prolonged symptoms
in survivors.

Onset: 1 to 6 hours. Diarrhea,
nausea, vomiting, abdominal
cramps, fever; lasts 1 to 2 days.

Note: Travelers' diarrhea is most commonly caused by E. coli, Campylobacter jejuni, Shigella, and Salmonella.

2Table NP5-3 on pp. 129-130 provides more details on the proper handling, cooking, and refrigeration of foods.
0157, 0145, and other Shiga toxin-producing strains.
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Use proper canning methods
for low-acid foods; refrigerate
homemade garlic and herb oils;
avoid commercially prepared
foods with leaky seals or with
bent, bulging, or broken cans.
Do not give infants honey
because it may contain spores

of Clostridium botulinum, which
is a common source of infection

for infants.

Use sanitary food-handling
methods; cook food
thoroughly; refrigerate foods
promptly and properly; use
proper home-canning methods.
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and breathe. Because death can occur within 24 hours of onset,
botulism demands immediate medical attention. Even then, survi-
vors may suffer the effects for months or years.

How do people get foodborne illness?

Transmission of foodborne illness has changed as our food supply
and lifestyles have changed.” In the past, foodborne illness was
caused by one person’s error in a small setting, such as improperly
refrigerated egg salad at a family picnic, and affected only a few
victims. Today, we are eating more foods prepared and packaged
by others. Consequently, when a food manufacturer or restaurant
chef makes an error, foodborne illness can quickly affect many
people. An estimated 80 percent of reported foodborne illnesses
are caused by errors in a commercial setting, such as the improper
pasteurization of milk at a large dairy.

In 2009, Salmonella was found in peanut butter that had
been used in more than 2100 products made by more than 200
companies; another Salmonella outbreak in 2010 led to the recall
of 500 million eggs from two farms. In 2011, a cantaloupe farm
had to recall more than 300,000 cases of fruit when Listeria
poisoning killed 29 people and made 139 others sick. These
incidents and others focus the national spotlight on two important
safety issues: disease-causing organisms are commonly found in
foods, and safe food-handling practices can minimize harm from
most of these foodborne pathogens.

What kinds of programs are in place to help
keep foods safe?

To improve the safety of the U.S. food supply, the Food Safety
Modernization Act (FSMA) was signed into law in 2011. It has
been called “historic” because it shifts the focus of FDA activities
from reacting after people become ill to preventing foodborne
illness in the first place.® The new law stresses prevention at food-
processing facilities; provides the FDA with greater enforcement,
inspection, and recall authorities; and affords the FDA greater
oversight of imported foods.

In addition, the U.S. Department of Agriculture (USDA), the
FDA, and the food-processing industries have developed and
implemented programs to control foodborne illness.* For ex-
ample, USDA inspectors examine meat-processing plants every
day to ensure that these facilities meet government standards.
Seafood, egg, produce, and processed food facilities are inspected
less often, but all food producers must use a Hazard Analysis
Critical Control Points (HACCP) plan to help prevent foodborne
illnesses at their source. Each slaughterhouse, packer, distributor,
and transporter of susceptible foods must identify “critical control
points” that pose a risk of contamination and implement verifiable
procedures to eliminate or minimize the risk. The HACCP system
has proved a remarkable success for domestic products, but such
programs do not apply to imported foods.

An estimated $2 trillion worth of products are imported into
the United States from more than 150 countries each year. Many
countries cooperate with the FDA and have adopted many of the
safe food-handling practices used in the United States, but some
imported foods come from countries with little or no regulatory

*In addition to HACCP, other programs initiated under the Food Safety

Initiative include FoodNet, PulseNet, the Environmental Health Specialists Network
(EHS-Net), and Fight BAC!
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oversight. To help consumers distinguish between imported and
domestic foods, certain foods—including fish, shellfish, meats,
fruits, vegetables, and some nuts—must display a Country of
Origin Label specifying where they were produced.”

Importantly, the implementation of the FSMA strengthens the
FDA's ability to safeguard imported foods.® Under the FSMA, the
FDA is permitted to inspect foreign facilities. If a food producer
in another country does not allow the FDA to inspect its facility,
the FDA can refuse to allow food from that facility into the United
States. The FSMA also requires importers to verify the food safety
practices of their suppliers and adds new checks on imported foods.

Are foods bought in grocery stores and foods
eaten in restaurants safe?

Canned and packaged foods sold in grocery stores are easily con-
trolled, but rare accidents do happen. Batch numbering makes it
possible to recall contaminated foods through public announce-
ments via the Internet, newspapers, television, and radio. In the
grocery store, consumers can buy items before the “sell by” date
and inspect the safety seals and wrappers of packages. A broken
seal, bulging can lid, or mangled package fails to protect the
consumer against microbes, insects, spoilage, or even vandalism.

State and local health regulations provide guidelines on the
cleanliness of facilities and the safe preparation of foods for
restaurants, cafeterias, and fast-food establishments. Even so,
consumers should take these actions to help prevent foodborne
illnesses when dining out:

I Wash hands with hot, soapy water before meals.

I Expect clean tabletops, dinnerware, utensils, and food prepara-
tion areas.

I Expect cooked foods to be served piping hot and salads to be
fresh and cold.

I Refrigerate take-home items within two hours and use leftovers
within three to four days.

Improper handling of foods can occur anywhere along the line
from commercial manufacturers to large supermarkets to small
restaurants to private homes. Maintaining a safe food supply
requires everyone’s efforts.

What can people do to protect themselves from
foodborne illness?

Whether microbes multiply and cause illness depends, in part, on
a few key food-handling behaviors in the kitchen—whether the
kitchen is in your home, a school cafeteria, a gourmet restaurant,
or a canned goods manufacturer. Figure NP5-1 (p. 128) summa-
rizes the four simple things that can help most to prevent food-
borne illness:

I Clean. Keep a clean, safe kitchen by washing hands and sur-
faces often. Wash countertops, cutting boards, sponges, and
utensils in hot, soapy water before and after each step of food
preparation. To reduce bacterial contamination on hands, wash
hands with soap and warm water; if soap and water are not
available, use an alcohol-based sanitizing gel.’

I Separate. Avoid cross-contamination by keeping raw eggs,
meat, poultry, and seafood separate from other foods. Wash
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that will kill microbes, and maintain adequate temperatures to
prevent bacterial growth until the foods are served.

1 Chill. Keep cold foods cold by refrigerating promptly. Go directly
! home upon leaving the grocery store and immediately unpack
Wash hands +5% 25 B foods into the refrigerator or freezer upon arrival. After a meal,

and surfaces
often.

Don't cross-
contaminate.

refrigerate any leftovers immediately.

Unfortunately, consumers commonly fail to follow these simple
food-handling recommendations. See Table NP5-3 for additional
food safety tips.

What precautions need to be taken when
preparing meat and poultry?

Figure NP5-2 (p. 130) presents label instructions for the safe han-

FIGURE NP5-1 Fight Bac! dling of meat and poultry and two types of USDA seals. Meats and
Four ways to keep food safe. The Fight Bac! poultry contain bacteria and provide a moist, nutrient-rich envi-
website is at www. fightbac.org. ronment that favors microbial growth. Ground meat is especially

susceptible because it receives more handling than other kinds of
meat and has more surface exposed to bacterial contamination.
Consumers cannot detect the harmful bacteria in or on meat. For
safety’s sake, cook meat thoroughly, using a thermometer to test
the internal temperature (see Figure NP5-3 on p. 131).

How can a person enjoy seafood safely?

Most seafood available in the United States and Canada is safe,
but eating it undercooked or raw can cause severe illnesses—
hepatitis, worms, parasites, viral intestinal disorders, and other
diseases. Rumor has it that freezing fish will make it safe to

eat raw, but this is only partly true. Commercial freezing will kill
mature parasitic worms, but only cooking can kill all worm eggs
and other microorganisms that can cause illness. For safety’s sake,
all seafood should be cooked until it is opaque. Even sushi can
be safe to eat when chefs combine cooked seafood and other
ingredients into delicacies.

Eating raw oysters can be dangerous for anyone, but people
with liver disease and weakened immune systems are most
vulnerable. At least 10 species of bacteria found in raw oysters
can cause serious illness and even death. Raw oysters may also
carry the hepatitis A virus, which can cause liver disease. Some
hot sauces can kill many of these bacteria but not the virus; alco-
hol may also protect some people against some oyster-borne ill-
nesses but not enough to guarantee protection (or to recommend
drinking alcohol). Pasteurization of raw oysters—holding them at
a specified temperature for a specified time—holds promise for

PhotoDisc/Getty Images

Wash your hands with warm water and soap
for at least 20 seconds before preparing or
eating food to reduce the chance of microbial killing bacteria without cooking the oyster or altering its texture or
contamination. flavor.
As population density increases along the shores of seafood-
harvesting waters, pollution inevitably invades the sea life there.

all utensils and surfaces (such as cutting boards or platters) that Preventing seafood-borne illness is in large part a task of control-
have been in contact with these foods with hot, soapy water ling water pollution. To help ensure a safe seafood market, the
before using them again. Bacteria inevitably left on the surfaces FDA requires processors to adopt food safety practices based on
from the raw meat can recontaminate the cooked meat or other the HACCP system mentioned earlier.

foods—a problem known as cross-contamination. Washing Chemical pollution and microbial contamination lurk not only
raw eggs, meat, and poultry is not recommended as the extra in the water but also in the boats and warehouses where seafood
handling increases the risk of cross-contamination. is cleaned, prepared, and refrigerated. Seafood is one of the most

I Cook. Keep hot foods hot by cooking to pr.oper T PELELLITES, 'Diseases caused by toxins from the sea include ciguatera poisoning,
Foods need to cook long enough to reach internal temperatures scombroid poisoning, and paralytic and neurotoxic shellfish poisoning.
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TABLE NP5-3 Strategies to Prevent Foodborne lliness
Most foodborne illnesses can be prevented by following four simple rules: clean, separate, cook, and chill.

Clean
1 Wash fruits and vegetables in a clean sink with a scrub brush and warm water; store washed and unwashed produce separately.

1 Use hot, soapy water to wash hands, utensils, dishes, nonporous cutting boards, and countertops before handling food and between
tasks when working with different foods. Use a bleach solution on cutting boards (one capful per gallon of water).

1 Cover cuts with clean bandages before food preparation; dirty bandages carry harmful microorganisms.
1 Mix foods with utensils, not hands; keep hands and utensils away from mouth, nose, and hair.

1 Anyone may be a carrier of bacteria and should avoid coughing or sneezing over food. A person with a skin infection or infectious dis-
ease should not prepare food.

1 Wash or replace sponges and towels regularly.

1 Clean up food spills and crumb-filled crevices.

Separate

1 Wash all surfaces that have been in contact with raw meats, poultry, eggs, fish, and shellfish before reusing.

1 Serve cooked foods on a clean plate with a clean utensil. Separate raw foods from those that have been cooked.
1 Don’t use marinade that was in contact with raw meat for basting or sauces.

Cook

1 When cooking meats or poultry, use a thermometer to test the internal temperature. Insert the thermometer between the thigh and the
body of a turkey or into the thickest part of other meats, making sure the tip of the thermometer is not in contact with bone or the pan.
Cook to the temperature indicated for that particular meat (see Figure NP5-3 on p. 131); cook hamburgers to at least medium well done.
If you have safety questions, call the USDA Meat and Poultry Hotline: (800) 535-4555.

1 Cook stuffing separately, or stuff poultry just prior to cooking.
1 Do not cook large cuts of meat or turkey in a microwave oven; it leaves some parts undercooked while overcooking others.

1 Cook eggs before eating them (soft-boiled for at least 3 %2 minutes; scrambled until set, not runny; fried for at least 3 minutes on one side
and 1 minute on the other).

1 Cook seafood thoroughly. If you have safety questions about seafood, call the FDA hotline: (800) FDA-4010.
1 When serving foods, maintain temperatures at 140°F or higher.

1 Heat leftovers thoroughly to at least 165°F.

Chill

1 When running errands, stop at the grocery store last. When you get home, refrigerate the perishable groceries (such as meats and dairy
products) immediately. Do not leave perishables in the car any longer than it takes for ice cream to melt.

1 Put packages of raw meat, fish, or poultry on a plate before refrigerating to prevent juices from dripping on food stored below.
1 Buy only foods that are solidly frozen in store freezers.

1 Keep cold foods at 40°F or less; keep frozen foods at 0°F or less (keep a thermometer in the refrigerator).

1 Marinate meats in the refrigerator, not on the counter.

1 Look for “Keep Refrigerated” or “Refrigerate After Opening” on food labels.

1 Refrigerate leftovers promptly; use shallow containers to cool foods faster; use leftovers within 3 to 4 days.

1 Thaw meats or poultry in the refrigerator, not at room temperature. If you must hasten thawing, use cool water (changed every 30 min-
utes) or a microwave oven.

1 Freeze meat, fish, or poultry immediately if not planning to use within a few days.

In General

1 Do not reuse disposable containers; use nondisposable containers or recycle instead.

1 Do not taste food that is suspect. “If in doubt, throw it out.”

1 Throw out foods with danger-signaling odors. Be aware, though, that most food-poisoning bacteria are odorless, colorless, and tasteless.

1 Do not buy or use items that have broken seals or mangled packaging; such containers cannot protect against microbes, insects, spoilage,
or even vandalism. Check safety seals, buttons, and expiration dates.

1 Follow label instructions for storing and preparing packaged and frozen foods; throw out foods that have been thawed or refrozen.
1 Discard foods that are discolored, moldy, or decayed or that have been contaminated by insects or rodents.

continued
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TABLE NP5-3 (continued)

For Specific Food Items

1 Canned goods. Carefully discard food from cans that leak or bulge so that other people and animals will not accidentally ingest it;
before canning, seek professional advice from the USDA National Institute of Food and Agriculture (check your phone book under U.S.
government listings, or go online: www.csrees.usda.gov).

1 Milk and cheeses. Use only pasteurized milk and milk products. Aged cheeses, such as cheddar and Swiss, do well for an hour or two
without refrigeration, but they should be refrigerated or stored in an ice chest for longer periods.

1 Eggs. Use clean eggs with intact shells. Do not eat eggs, even pasteurized eggs, raw; raw eggs are commonly found in Caesar salad dress-
ing, eggnog, cookie dough, hollandaise sauce, and key lime pie. Cook eggs until whites are firmly set and yolks begin to thicken.

1 Honey. Honey may contain dormant bacterial spores, which can awaken in the human body to produce botulism. In adults, this poses little
hazard, but infants younger than 1 year of age should never be fed honey. Honey can accumulate enough toxin to kill an infant; it has been
implicated in several cases of sudden infant death. (Honey can also be contaminated with environmental pollutants picked up by the bees.)

1 Mayonnaise. Commercial mayonnaise may actually help a food to resist spoilage because of the acid content. Still, keep it refrigerated after
opening.

1 Mixed salads. Mixed salads of chopped ingredients spoil easily because they have extensive surface area for bacteria to invade, and they
have been in contact with cutting boards, hands, and kitchen utensils that easily transmit bacteria to food (regardless of their mayonnaise
content). Chill them well before, during, and after serving.

1 Picnic foods. Choose foods that last without refrigeration, such as fresh fruits and vegetables, breads and crackers, and canned spreads
and cheeses that can be opened and used immediately. Pack foods cold, layer ice between foods, and keep foods out of water.

1 Seafood. Buy only fresh seafood that has been properly refrigerated or iced. Cooked seafood should be stored separately from raw sea-
food to avoid cross-contamination.

FIGURE NP5-2 Meat and
Poultry Safety, Grading, and
Inspection Seals

Inspection is mandatory; grading is
voluntary. Neither guarantees that
the product will not cause food-
borne illnesses, but consumers can
help to prevent foodborne illnesses
by following the safe handling
instructions.

The voluntary “Graded by USDA” seal
indicates that the product has been
graded for tenderness, juiciness, and
flavor. Beef is graded Prime (abundant
marbling of the rﬁat muscle), Choice
(less marbling), and Select (lean).
Similarly, poultry is graded A, B, al

= 4

Safe Handling Instructions

THIS PRODUCT WAS PREPARED FROM INSPECTED AND PASSED MEAT AND/OR
POULTRY. SOME FOOD PRODUCTS MAY CONTAIN BACTERIA THAT CAN CAUSE
ILLNESS IF THE PRODUCT IS MISHANDLED OR COOKED IMPROPERLY.
FOR YOUR PROTECTION, FOLLOW THESE SAFE HANDLING INSTRUCTIONS.

KEEP REFRIGERATED OR FROZEN.
THAW IN REFRIGERATOR OR MICROWAVE.

KEEP RAW MEAT AND POULTRY SEPARATE FROM OTHER FOODS.
WASH WORKING SURFACES (INCLUDING CUTTING BOARDS),
UTENSILS, AND HANDS AFTER TOUCHING RAW MEAT OR POULTRY.

COOK KEEP HOT FOODS HOT. REFRIGERATE
Q THOROUGHLY. LEFTOVERS IMMEDIATELY OR DISCARD.

products are safe, wholesome,

gnd correctly Iabeledh Insr[]JeCtion The USDA requires that safe handling E
ossfot gugigiieeiginthe instructions appear on all packages 2
meat is free of potentially of meat and poultry =
harmful bacteria. ' s
perishable foods: time and temperature are critical to its freshness odors. Food with an abnormal odor is spoiled. Throw it out or, if it
and flavor. To keep seafood as fresh as possible, people in the was recently purchased, return it to the grocery store. Do not taste
industry “keep it cold, keep it clean, and keep it moving.” Wise it. Table NP5-4 lists safe refrigerator storage times for selected

consumers eat it cooked. foods.
Local health departments and the USDA Extension Service

Do foods that are unsafe to eat smell bad? can provide additional information about food safety. Should

Fresh food generally smells fresh. Not all types of food poisoning precautions fail and mild foodborne illness develop, drink clear
are detectable by odor, but some bacterial wastes produce “off” liquids to replace fluids lost through vomiting and diarrhea.
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Well-done meats TABLE NP5-4 Safe Refrigerator Storage Times

) Stuffing, all poultry, including ground (=40°F)
hick d turkey; reheat left
;\:/IeIZI er: Znoneur;ee;/{sreraeaeSQ(s)Vzg;sg dishes 1 to 2 Days: Raw ground meats, breakfast or other raw
o ium- , raw ) [ . , ) X
170° — ground meats (beef, veal, lamb, pork) sausages, raw fish or poultry; gravies
165° — Beef, pork, lamb, and veal (steaks, roasts, 3 to 5 Days: Raw steaks, roasts, or chops; cooked meats,
160° and chops): Allow to rest at least 3 minutes. poultry, vegetables, and mixed dishes; lunchmeats (packages
During the 3 minutes after meat is removed opened); mayonnaise salads (chicken, egg, pasta, tuna); fresh
from the heat source, its temperature remains vegetables (spinach, green beans, tomatoes)
constant or continues to rise, which destroys
145° pathogens. 1 Week: Hard-cooked eggs, bacon or hot dogs (opened
140° L Hold hot foods packages); smoked sausages or seafood; milk, cottage cheese
1 to 2 Weeks: Yogurt; carrots, celery, lettuce
more than 1 hour when the air temperature is 2 to 4 Weeks: Fresh eggs (in shells); lunchmeats, bacon, or
greater than 90°F. hot dogs (packages unopened); dry sausages (pepperoni, hard
T 40° — Refrigerator temperatures salami); most aged and processed cheeses (Swiss, brick)
g o — Freezer temperatures 2 Months: Mayonnaise (opened jar); most dry cheeses
g U (Parmesan, Romano)
g
FIGURE NP5-3 Recommended Safe If serious foodborne illness is suspected, first call a physician.
Temperatures (Fahrenheit) Then wrap the remainder of the suspected food and label the
Bacteria multiply rapidly at temperatures between 40°F container so that the food cannot be mistakenly eaten, place it
and 140°F. Cook foods to the temperatures shown on this in the refrigerator, and hold it for possible inspection by health
thermometer and hold them at 140°F or higher. authorities.

How can a person defend against foodborne
illness when traveling to foreign countries?

People who travel to other countries have a 50-50 chance of con-
tracting a foodborne illness, commonly described as traveler’s
diarrhea. Like many other foodborne illnesses, traveler’s diar-
rhea is a sometimes serious, always annoying bacterial infection
of the digestive tract. The risk is high because some countries’
cleanliness standards for food and water may be lower than those
in the United States and Canada. Also, every region’s microbes
are different, and while people are immune to those in their own
neighborhoods, they have had no chance to develop immunity to
the pathogens in places they are visiting for the first time. In addi-
Cook hamburgers to 160°F; color alone cannot determine tion to the food safety tips outlined on pp. 129-130, precautions
doneness. Some burgers will turn brown before reaching while traveling include:

160°F, whereas others may retain some pink color, even
when cooked to 175°F.

Charles Stirling/Alamy

I Wash hands frequently with soap and hot water, especially
before handling food or eating. Use sanitizing gel or hand wipes
regularly.

I Eat only well-cooked and hot or canned foods. Eat raw fruits
or vegetables only if washed in purified water and peeled with
clean hands.

1 Use purified, bottled water for drinking, making ice cubes, and
brushing teeth. Alternatively, use disinfecting tablets or boil
water.

I Refuse dairy products that have not been pasteurized and refrig-
erated properly.

I Travel with antidiarrheal medication in case efforts to avoid
illness fail.

David Chasey/Photodisc/Getty Images

a

To sum up these recommendations, “Boil it, cook it, peel it, or
Eating raw seafood is a risky proposition. forget it.”
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6.1 The Organs and Their Metabolic
Roles

LO 6.1 List the principal organs of metabolism, describe
their primary roles in metabolism, and explain how
the body maintains its constant normal temperature of
98.6°F, as well as the difference between anabolic and
catabolic reactions in the body.

6.2 The Body’s Use of Fuels

LO 6.2 Identify the nutrients involved in energy
metabolism and the high-energy compound that
captures the energy released during their break-
down, and summarize the main steps in the
metabolism of glucose, glycerol, fatty acids,

and amino acids.

6.3 Energy Imbalance

LO 6.3 Explain how an excess of any of the three
energy-yielding nutrients contributes to body fat
and how an inadequate intake of any of them
shifts metabolism.

6.4 Energy Balance

LO 6.4 Describe energy balance and identify the com-
ponents of energy expenditure, the factors that affect
a person’s BMR, and the factors that influence a
person’s energy expenditure.

6.5 Body Weight and Body Composition

LO 6.5 Describe the differences between body weight
and body composition, including methods to assess
them and health implications.

6.6 Health Risks of Underweight
and Obesity

LO 6.6 Identify relationships between body weight and
the risk of health problems and summarize the guide-
lines for identifying and evaluating the risks to health
from overweight and obesity.

6.7 Nutrition in Practice: Eating Disorders

LO 6.7 Compare the criteria for diagnosis, characteristics,
and treatments of the different eating disorders.

133

Copyright 2016 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.



metabolism: the sum total of all
the chemical reactions that go on in
living cells.

134

Every organ, every tissue, and every cell of the body engages in metab-
olism, the chemical reactions involved in releasing energy, breaking
down compounds, and making new compounds. Much like a factory, the
body works efficiently to manufacture needed products and dispose of
wastes. All these processes are regulated by hormonal signals that coordi-
nate supply and demand.

In disease, metabolic processes can become disturbed, and some dis-
eases are caused by metabolic disturbances. This chapter introduces the
principal organs and their metabolic roles, the metabolism of the energy
nutrients, energy balance, body composition, and the health risks associ-
ated with too much or too little body fat. The next chapter offers strategies
toward solving the problems of too much or too little body fat.

6.1 The Organs and Their Metabolic Roles

LO 6.1 List the principal organs of metabolism, describe their primary roles in
metabolism, and explain how the body maintains its constant normal temper-
ature of 98.6°F, as well as the difference between anabolic and catabolic reac-
tions in the body.

The metabolic reactions of every organ contribute to the body’s ability to function
normally and maintain health. Metabolic reactions also use or release energy and
therefore affect body weight, with consequences for health.

The Principal Organs

Of particular concern to metabolism are the digestive organs, liver, pancreas, circu-
latory system, and kidneys. Together, they perform much of the work of breaking
down compounds, making new ones, transporting nutrients and oxygen throughout
the body, and removing the wastes generated by metabolic processes.

The Digestive Organs As Chapter 5 describes, the digestive system transports foods
through the gastrointestinal (GI) tract, produces digestive juices and enzymes, absorbs
nutrients, provides transport proteins to carry lipids and vitamins to other sites in the
body, and reabsorbs salts and fluids. The digestive system also possesses the body’s
most rapidly multiplying cells: when healthy, they replace themselves every few days.
Disorders affecting the GI tract interfere with the ingestion, digestion, absorption, and
metabolism of nutrients, as described in Chapters 17 and 18.

The Liver Nutrients absorbed into the bloodstream are taken first to the liver, as
described in Chapter 5. The liver is one of the body’s most active metabolic factories.
It receives nutrients and metabolizes, packages, stores, or ships them out for use by
other organs. It manufactures bile, which the body uses to emulsify fat for digestion
and absorption. It metabolizes and detoxifies drugs, prepares waste products for
excretion, and participates in iron recycling and blood cell manufacture. It also makes
many proteins necessary for health, including immune factors, transport proteins, and
clotting factors. When liver disorders disrupt metabolism, they profoundly affect both
nutrition and health status, as described in Chapter 20.

The Pancreas The pancreas not only contributes digestive juices to the GI tract,
but also has another metabolic function: it produces the hormones insulin and gluca-
gon that regulate the body’s use of glucose. After a meal, as blood glucose rises, the
pancreas secretes insulin. Insulin prompts cells to take up glucose and use it as fuel,
insulin also prompts liver cells to store glucose as glycogen. When blood glucose falls
(as occurs between meals), the pancreas responds by secreting glucagon into the blood.
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Copyright 2016 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.



Glucagon raises blood glucose by signaling the liver to dismantle its glycogen stores
and release glucose into the blood for use by all the other body cells. Glucose is an
indispensable fuel for brain cells, nerve cells, and red blood cells. Its availability is
therefore crucial to normal nervous system activity and blood chemistry. Abnormali-
ties associated with the digestive functions of the pancreas are described in Chapter 19,
and those associated with its hormonal functions are described in Chapter 21.

The Heart and Blood Vessels The heart and blood vessels conduct blood, with
its cargo of nutrients and oxygen, to all the other body cells and carry wastes away
from them. Diseases of the heart and arteries therefore affect the health of the whole
body. Metabolic reactions that affect the heart and blood vessels include, most impor-
tantly, the making and transport of lipoproteins, which are the carriers of cholesterol
and other lipids from the liver to the tissues and back again. High blood levels of
low-density lipoproteins (LDL) and very-low-density lipoproteins (VLDL) promote
atherosclerosis, which increases the risk of disability or death from heart attacks and
strokes. Chapter 22 is devoted to these conditions.

The Kidneys The kidneys are also active metabolic organs. Unceasingly, for
24 hours of every day, they filter waste products from the blood to be excreted in the
urine and reabsorb needed nutrients, thereby maintaining the blood’s delicate chemi-
cal balances. The kidneys’ cells also produce compounds that help to regulate blood
pressure and convert a precursor compound to active vitamin D, thereby helping to
maintain the bones. Thus, disorders of the kidneys nearly always involve the heart
and the skeleton. Kidney disorders are the subject of Chapter 23.

The Body’s Metabolic Work

The metabolic work that the body’s cells do, like all work, requires energy, and foods
supply that energy. Foods, in turn, get their energy from the sun, either directly (in the
case of photosynthesizing plants that make carbohydrate) or indirectly (in the case of
animals that eat plants). When chemical reactions in cells release stored energy from
energy-yielding nutrients, that energy becomes available to do the cells’ work.

Heat Energy and Body Temperature The cells of each organ conduct metabolic
activities specific to that organ. In addition, all cells must maintain themselves, and
many must reproduce. To do this, they must have all the essential nutrients available to
them: energy nutrients, vitamins, and minerals, as well as water. As cells do their met-
abolic work, the chemical reactions that are involved release heat, and this heat keeps
the body warm. By regulating the rates at which these metabolic reactions release heat
energy, the body maintains its constant normal temperature of about 98.6°F.

Accelerated Metabolism During severe stress to the body, metabolism speeds up.
Fever sometimes develops. An accelerated metabolism signifies that fuels are being
used at a rate more rapid than normal; this may lead to wasting of body organs and
loss of weight, including loss of vital lean tissue. Chapters 24 and 25 describe the
metabolic consequences of severe stress and the wasting syndrome, respectively.

Building Up and Breaking Down Compounds When not needed by the cells
for energy, the basic units of the energy-yielding nutrients are used to build body
compounds. The building up of body compounds is known as anabolism; this book
represents anabolic reactions, wherever possible, by “up” arrows in chemical diagrams
(such as those shown in Figure 6-1 on p. 136). Glucose units can be strung together
to make glycogen chains. Glycerol and fatty acids can be assembled into triglycerides.
Amino acids can be linked together to make proteins. These anabolic reactions, in which
simple compounds are put together to form larger, more complex structures, involve
doing work and so require the energy provided by the high-energy compound, ATP.

METABOLISM, ENERGY BALANCE, AND BODY COMPOSITION
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anabolism (an-AB-o-lism): reac-
tions in which small molecules are
put together to build larger ones.
Anabolic reactions require energy.

ana = up
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ANABOLIC REACTIONS

Glycogen

Uses
energy

Triglycerides Protein

Uses Uses
energy energy

Glucose + Glucose Glycerol + Fatty acids Amino acids 4+ Amino acids

Anabolic reactions include the making of glycogen, triglycerides, and protein; these reactions require differing amounts of energy.

CATABOLIC REACTIONS

Glycogen

l

Glucose

Yields
energy

Catabolic reactions include the breakdown of glycogen, triglycerides, and protein; the further catabolism of glucose,
glycerol, fatty acids, and amino acids releases differing amounts of energy. Much of the energy released is captured
in the bonds of adenosine triphosphate (ATP).

Triglycerides Protein
Glycerol Fatty acids Amino acids

Yields Yields Yields
energy energy energy
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FIGURE 6-1 Anabolic and Catabolic Reactions Compared

catabolism (ca-TAB-o-lism): reac-
tions in which large molecules are
broken down to smaller ones. Cata-
bolic reactions release energy.

kata = down
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The breaking down of body compounds is known as catabolism. Catabolic reac-
tions usually release energy and are represented, wherever possible, by “down” arrows
in chemical diagrams (review Figure 6-1). Glycogen can be broken down to glucose,
triglycerides to fatty acids and glycerol, and protein to amino acids.

IN SUMMARY

I The digestive organs, the liver, the pancreas, the circulatory system, and the kid-
neys perform much of the metabolic work of the body.

I Metabolism occurs throughout the body, all the time, and supports normal health.
Foods supply the energy required for the metabolic work of the body.

I When not needed for energy, the basic units of the energy-yielding nutrients are
used by the body’s cells to build body compounds (anabolism).

I When the body needs energy, the cells break the basic units of the energy-yielding
nutrients down further to release energy (catabolism).

6.2 The Body’s Use of Fuels

LO 6.2 Identify the nutrients involved in energy metabolism and the high-energy
compound that captures the energy released during their breakdown, and sum-
marize the main steps in the metabolism of glucose, glycerol, fatty acids,

and amino acids.

How does your body get the energy needed to maintain all of its cellular activities
from the foods you eat? The answer to this question lies in an understanding of
metabolism, the chemical reactions that occur in all living cells.
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Energy Metabolism

Although every aspect of our lives depends on energy, the concept of energy can be
difficult to grasp because it cannot be seen or touched, and it manifests in various
forms, including heat, mechanical, electrical, and chemical energy. In the body, heat
energy maintains a constant body temperature, and electrical energy sends nerve
impulses, for example. Energy is stored in foods and in the body as chemical energy.
Energy metabolism is the sum total of all the chemical reactions that the body uses
to obtain or expend energy from foods. Earlier chapters described how the energy-
yielding nutrients—carbohydrate, fat, and protein—are broken down into basic
units that are absorbed into the blood:

From carbohydrates: glucose
From fat (triglycerides): glycerol and fatty acids
From proteins: amino acids

This section picks up from there, describing what becomes of these nutrients.

The high-energy compound ATP (adenosine triphosphate) is able to transfer
small amounts of usable energy to move our muscles and supply our enzymes with
the energy they need to catalyze chemical reactions. Figure 6-2 illustrates how ATP
does this. When ATP breaks down and releases one of its phosphate groups, a small
amount of energy is released and used in the body to build compounds. With the loss
of the phosphate group, the ATP becomes ADP (adenosine diphosphate). During
energy metabolism, ATP is re-created by attaching a phosphate group to ADP. ATP is
produced continuously throughout the day, using the energy from the breakdown of the
energy-yielding nutrients.

Breaking Down Nutrients for Energy To produce ATP, the body breaks down
any or all of the four basic units—glucose, fatty acids, glycerol, and amino acids—
into even smaller units. Each of these nutrients travels down a different pathway, but
all can eventually become acetyl CoA, enter the TCA cycle, and provide hydrogens
for the electron transport chain. Details follow.

The breakdown of glucose (a 6-carbon compound) into two molecules of pyruvate
(a 3-carbon compound) is called glycolysis, and it produces just two usable ATP. As
the carbons in glucose are broken apart to produce pyruvate, the hydrogen atoms
attached to the carbons are transferred by coenzymes to the electron transport chain.*
Thus, the reactions of glycolysis produce a small amount of ATP, pyruvate, and
hydrogen-rich coenzymes that are used later in energy metabolism. After glycolysis,

Energy is released when a high-energy phosphate
bond in ATP is broken. This energy is used to do
the body’s work. The loss of a phosphate group
from ATP results in the formation of ADP

<P preak (adenosine diphosphate).
N

_——
AS® +®

ATP ADP + P ) ) ) )
9 Energy is required for ATP synthesis. This energy
comes from the breakdown of carbohydrate, fat,

and protein.
) - —

IGURE 6-2 ATP
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*The coenzymes used in energy metabolism contain B vitamins; hence, B vitamins play critical roles
in ATP production.

METABOLISM, ENERGY BALANCE, AND BODY COMPOSITION

energy metabolism: all the reac-
tions by which the body obtains and
expends the energy from food.

ATP or adenosine (ah-DEN-
ohseen) triphosphate (tri-FOS-
fate): a common high-energy com-
pound that contains three phosphate
groups. The bonds between the
phosphate groups are often de-
scribed as “high-energy” because of
their readiness to release energy.

pyruvate (PIE-roo-vate): a 3-carbon
compound that plays a key role in
energy metabolism.
glycolysis (gligh-COLL-ih-sis): the
metabolic breakdown of glucose to
pyruvate.

glyco = glucose

lysis = breakdown
coenzymes (co-EN-zime): small
molecules that work with enzymes
to facilitate the enzymes’ activity.
Most coenzymes have B vitamins as
part of their structures.
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acetyl CoA (ASS-eh-teel, or ah-
SEET-il, coh-AY): a 2-carbon com-
pound (acetate, or acetic acid) with
a molecule of CoA attached to it.
CoA (coh-AY): coenzyme A; the
coenzyme derived from the B vitamin
pantothenic acid and central to energy
metabolism.

TCA cycle or tricarboxylic
(trycar-box-ILL-ick) acid cycle: a
series of metabolic reactions that
break down molecules of acetyl CoA
to carbon dioxide and hydrogen
atoms; also called the Krebs cycle
after the biochemist who elucidated
its reactions.

electron transport chain: the
final pathway in energy metabolism
that transports electrons from hy-
drogen to oxygen and captures the
energy released in the bonds of a
high-energy compound, ATP.
gluconeogenesis (gloo-conee-oh-
GEN-ih-sis): the making of glucose
from a noncarbohydrate source.
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pyruvate is converted to acetyl CoA, which consists of a 2-carbon fragment and a
coenzyme called CoA.

Acetyl CoA can be produced not only from pyruvate, but also from the other
energy-yielding nutrients. Fatty acids can be broken down into 2-carbon fragments
that combine with CoA to form acetyl CoA. As the carbons in fatty acids are broken
apart to produce acetyl CoA, hydrogen atoms are released to coenzymes that transfer
them to the electron transport chain. Glycerol can easily be converted to pyruvate and
therefore can also produce acetyl CoA. The amino acids have various pathways; some
can be converted to pyruvate, others can be converted to acetyl CoA, and a few can
enter the TCA cycle directly.

TCA Cycle The breakdown of energy nutrients continues in the TCA cycle
(tricarboxylic acid cycle), as enzymes break down acetyl CoA molecules. With each
turn of the TCA cycle, hydrogen atoms are carried by coenzymes to the electron
transport chain. The waste product of these reactions is carbon dioxide, which is
eventually exhaled.

Electron Transport Chain The final step in energy metabolism occurs at the
electron transport chain. In this process, enzymes attach a phosphate group to ADP,
creating ATP (review Figure 6-2). The hydrogen atoms that were collected by coenzymes
during glycolysis, fat breakdown, and the TCA cycles provide the chemical energy that
drives ATP production. Finally, the same hydrogen atoms are linked with oxygen to pro-
duce water. Figure 6-3 summarizes the metabolic pathways just described.

Aerobic and Anaerobic Metabolism The production of ATP via the electron
transport chain requires oxygen in the final step and is called aerobic metabolism.
Glycolysis produces ATP without oxygen and is therefore called anaerobic metabo-
lism. When exercise intensity requires more ATP than can be provided by the elec-
tron transport chain (due to limited oxygen or other factors), ATP production from
glycolysis is stepped up, making glucose a critical fuel for the exercising muscles.
Chapter 10 provides information about anaerobic and aerobic activities and their
effects on fuel use.

Glucose Production

When glucose levels drop, glucose can be produced from several other compounds in
a process called gluconeogenesis. In Figure 6-3, you can see two-way arrows between
glucose and pyruvate, but only a one-way arrow between pyruvate and acetyl CoA.
The arrows show that pyruvate can be reconverted to glucose, but that acetyl CoA can-
not. Any compound that can be converted to pyruvate can be used to make glucose.
Any compound that has been converted to acetyl CoA cannot be used to make glucose.

Triglycerides and Glucose Production Recall that triglycerides (the primary
form of fat in the body) consist of three fatty acids and a glycerol. Because fatty acids
break down to acetyl CoA, they cannot be used to make glucose. The glycerol portion
of a triglyceride, however, can be converted to pyruvate and thus can yield glucose.
Because glycerol represents only about 5 percent of the weight of a triglyceride
molecule, about 95 percent of a triglyceride cannot be converted to glucose at all.
Thus, fat is an inefficient source of glucose.’ The task of serving as a glucose source is
left to amino acids, which are obtained by breaking down the body’s proteins.

Amino Acids and Glucose Production As Chapter 4 explains, the primary role of
amino acids is to maintain supplies of needed body proteins. If amino acids are needed

TFigure 3-2 in Chapter 3 showed that glycerol (3 carbons) plus 3 fatty acids (most often 16 to 18 carbons)
equals a triglyceride. Thus the small glycerol molecule represents only 3 of the 50 or so carbons in the
triglyceride.

CHAPTER SIX

Copyright 2016 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.



Fats (Triglycerides)
Carbohydrates

000000

Glucose
Amino acids ﬂ
E{‘:;fééﬂ
R =
sdo—"— o9 1 il

Most amino acids ‘

can be converted NH,
to pyruvate and CoA
glucose; they

are glucogenic.

NH,
oo .

Some amino acids
can be converted
to acetyl CoA,; they
are ketogenic.

Pyruvate

2o ®u%%%e% %% %P
Glycerol

Carbon Fatty acid
dioxide G

o 00 1)
CoA Ene“jéaﬂ G\Q 0-0

S rel

G_G_COA

Acetyl CoA

2-carbon fragments combine with CoA

N Q Carbon dioxide
0-0-0-00

fﬁ'
NH,

) ) G Carbon dioxide
Some amino acids can

enter the TCA cycle
directly.

Electron transport chain? > | Energy, water, carbon dioxide

aCoenzymes carry hydrogens from the breakdown of the energy nutrients to the electron transport chain.

FIGURE 6-3 The Central Pathways of Energy Metabolism

for energy or if they are consumed in excess, they first undergo deamination, a reac-
tion in which they are stripped of their nitrogen. The nitrogen can be used to make
other compounds, including the nonessential amino acids, or it can be excreted. The
principal nitrogen-excretion product of metabolism is urea. With nitrogen removed,
most of the amino acids can be converted to pyruvate and can therefore provide glu-
cose. Several of the amino acids can only be converted to acetyl CoA and therefore
cannot supply glucose. Thus protein, unlike fat, is a fairly efficient source of glucose
when carbohydrate is not available.

IN SUMMARY

deamination: removal of the

© Cengage Learning®

I ATP provides chemical energy for our bodies’ cells and is produced by breaking amino group (NH,) from a com-
down the energy-yielding nutrients. pound such as an amino acid.
) ) urea (yoo-REE-uh): the principal
I The chemical pathways that produce ATP are glycolysis, the TCA cycle, and the nitrogen-excretion product of
electron transport chain. protein metabolism.
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I Glycolysis breaks down glucose to pyruvate, which can be converted to acetyl
CoA. Fatty acids can be broken down to acetyl CoA, as can many amino acids.

I The TCA cycle breaks down acetyl CoA molecules, producing carbon dioxide
as waste and releasing hydrogen atoms to coenzymes that deliver them to the
electron transport chain.

I When the hydrogen atoms that originate from energy-yielding nutrients enter the
electron transport chain, ATP is made.

I Glucose can be produced from compounds that can be converted to pyruvate,
including glycerol and most amino acids. Fatty acids can be used only for energy
and cannot make glucose.

6.3 Energy Imbalance

LO 6.3 Explain how an excess of any of the three energy-yielding nutrients
contributes to body fat and how an inadequate intake of any of them shifts
metabolism.

The average person takes in and expends close to a million kcalories a year while main-
taining a stable weight for years on end. In other words, the body’s energy is in balance.
Many people, however, eat too much or exercise too little and get fat; others eat too
little or exercise too much and get thin. This section examines the two extremes of
energy imbalance—feasting and fasting.

Feasting

When people consume more energy than they expend, much of the excess is stored
as body fat. Fat can be made from an excess of any energy-yielding nutrient. In ad-
dition, excess energy from alcohol is also stored as fat. Alcohol has also been shown
to slow down the body’s use of fat for fuel, causing more fat to be stored, much of it
as abdominal fat tissue.! Alcohol therefore is fattening, both through the kcalories it
provides and through its effects on fat metabolism. The fat cells of the adipose tissue
enlarge as they fill with fat, as Figure 6-4 shows.

Excess Carbohydrate Surplus carbohydrate (glucose) is first stored as glycogen
in the liver and muscles, but the glycogen-storing cells have a limited capacity. Once
glycogen stores are filled, most of the additional carbohydrate is burned for energy,
displacing the body’s use of fat for energy and allowing body fat to accumulate. Thus,
excess carbohydrate can contribute to obesity.

> Skin

Fat Fat cells enlarge

cells when a person eats
too much of any
energy-yielding
nutrient—

Muscle carbohydrate,

fat, or protein.

Before overeating Muscle

© Cengage Learning®

After overeating

FIGURE 6-4 Fat Cell Enlargement
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FIGURE 6-5 Feasting
When people overeat, they store energy.

Excess Fat Surplus dietary fat contributes more directly to the body’s fat stores.
After a meal, fat is routed to the body’s adipose tissue, where it is stored until needed
for energy. Thus, excess fat from food easily adds to body fat.

Excess Protein Surplus protein may also contribute to body fat. If not needed to
build body protein (as in response to physical activity) or to meet energy needs, amino
acids will lose their nitrogens and be converted, through intermediates, to triglycer-
ides. These, too, swell the fat cells and add to body weight. Figure 6-5 shows the meta-
bolic events of feasting.

IN SUMMARY

I Too much food, too little physical activity, or both encourage body fat accumulation.
I A net excess of energy is almost all stored in the body as fat in adipose (fat) tissue.
I Alcohol both delivers kcalories and encourages storage of body fat.

I Once glycogen stores are filled, excess carbohydrate is used for energy, displacing
the body’s use of fat for energy and allowing fat to accumulate.

I Fat from food is particularly easy for the body to store as adipose tissue.

I If not needed to build body protein or to meet energy needs, excess protein can be
converted to fat.

I In short, excess energy intake from carbohydrate, fat, protein, and alcohol leads to
storage of body fat.

The Economics of Fasting

The body expends energy all the time. Even when a person is asleep and totally
relaxed, the cells of many organs are hard at work. In fact, this cellular work, which
maintains all life processes, represents about two-thirds of the total energy a sedentary
person expends in a day. (The other one-third is the work that a person’s muscles do
voluntarily during waking hours.)

Energy Deficit The body’s top priority is to meet the energy needs for this ongoing
cellular activity. Its normal way of doing so is by periodic refueling, that is, by eating

METABOLISM, ENERGY BALANCE, AND BODY COMPOSITION

Copyright 2016 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.

141

© Cengage Learning®



ketone bodies: acidic, water-
soluble compounds produced by the
liver during the breakdown of fat
when carbohydrate is not available.
Small amounts of ketone bodies are
normally produced during energy
metabolism, but when their blood
concentration rises, they spill into
the urine. The combination of a high
blood concentration of ketone bod-
ies (ketonemia) and ketone bodies in

the urine (ketonuria) is called ketosis.
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several times a day. When food is not available, the body uses fuel reserves from its
own tissues. If people voluntarily choose not to eat, we say they are fasting; if they
have no choice (as in a famine), we say they are starving. The body, however, makes
no distinction between the two—metabolically, fasting and starving are identical. In
either case, the body is forced to switch to a wasting metabolism, drawing on its stores
of carbohydrate and fat and, within a day or so, on its vital protein tissues as well.

Glycogen Used First As fasting begins, glucose from the liver’s glycogen stores and
fatty acids from the body’s adipose tissue flow into the cells to fuel their work. Within
a day, liver glycogen is exhausted, and most of the glucose is used up. Low blood
glucose concentrations serve as a signal to promote further fat breakdown.

Glucose Needed for the Brain At this point, a few hours into a fast, most cells
depend on fatty acids to continue providing fuel. But the nervous system (brain and
nerves) and red blood cells cannot use fatty acids; they still need glucose. Even if
other energy sources are available, glucose has to be present to permit the brain’s
energy-metabolizing machinery to work. Normally, the nervous system consumes a
little more than half of the total glucose used each day—about 400 to 600 kcalories’
worth.

Protein Breakdown and Ketosis Because fat stores cannot provide the glucose
needed by the brain and nerves, body protein tissues (such as liver and muscle)
always break down to some extent during fasting. In the first few days of a fast,
body protein provides about 90 percent of the needed glucose, and glycerol pro-
vides about 10 percent. If body protein losses were to continue at this rate, death
would ensue within about three weeks. As the fast continues, however, the body
finds a way to use its fat to fuel the brain. It adapts by condensing together frag-
ments derived from fatty acids to produce ketone bodies, which can serve as fuel
for some brain cells. Ketone body production rises until, after several weeks of fast-
ing, it is meeting much of the nervous system’s energy needs. Still, many areas of
the brain rely exclusively on glucose, and body protein continues to be sacrificed
to produce it. Thus, in fasting, muscle and lean tissues give up protein to supply
amino acids for consversion to glucose. This glucose, with ketone bodies produced
from fat, fuels the brain’s activities. Figure 6-6 shows the metabolic events that
occur during fasting.

Slowed Metabolism As fasting continues and the nervous system shifts to partial
dependence on ketone bodies for energy, the body simultaneously reduces its energy
output (metabolic rate) and conserves both fat and lean tissue. Because of the slowed
metabolism, energy use falls to a bare minimum.

Hazards of Fasting The body’s adaptations to fasting are sufficient to maintain life
for a long period. Mental alertness need not be diminished. Even physical energy may
remain unimpaired for a surprisingly long time. Still, fasting is not without its haz-
ards. Among the many changes that take place in the body are:

Wasting of lean tissues.

Impairment of disease resistance.

Lowering of body temperature.

Disturbances of the body’s fluid and electrolyte balances.

For the person who wants to lose weight, fasting is not the best way to go. The
body’s lean tissue continues to be degraded, sometimes amounting to as much as
50 percent of the weight lost over the first week. Over the long term, a diet only mod-
erately restricted in energy promotes primarily fat loss and the retention of more lean
tissue than a severely restrictive fast.
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When a person draws on stores (fasting):
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FIGURE 6-6 Fasting
When people are fasting, they draw on stored energy.

IN SUMMARY

I When fasting, the body makes a number of adaptations: increasing the breakdown
of fat to provide energy for most of the cells, using glycerol and amino acids to
make glucose for the red blood cells and central nervous system, producing
ketones to fuel the brain, and slowing metabolism.

I All of these measures conserve energy and minimize losses.

I Over the long term, a diet moderately restricted in energy promotes primarily fat
loss and the retention of lean tissue.

6.4 Energy Balance

LO 6.4 Describe energy balance and identify the components of energy expenditure,
the factors that affect a person’s BMR, and the factors that influence a person’s
energy expenditure.

If a person maintains a healthy weight over time, the person is in energy balance. Food
energy intake equals energy expenditure: deposits of fat made at one time have been com-
pensated for by withdrawals made at another. In other words, the body uses fat as a savings
account for energy. But, unlike money, having more fat is not better; there is an optimum.

A day’s energy balance can be stated like this: change in energy stores equals the
food energy taken in (kcalories) minus the energy spent on metabolism and physical
activities (kcalories). More simply:

Change in energy stores = energy in (kcalories) — energy out (kcalories).
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FIGURE 6-7 Components

of Energy Expenditure

The amount of energy expended
in a day differs for each individual,
but, in general, basal metabolism
is the largest component of energy
expenditure, and the thermic effect
of food is the smallest. The amount
expended in voluntary physical ac-
tivities has the greatest variability,
depending on a person’s activity pat-
terns. For a sedentary person, physi-
cal activities may account for less
than half as much energy as basal
metabolism, whereas an extremely
active person may expend as much
on activity as for basal metabolism.

basal metabolism: the energy
needed to maintain life when a
person is at complete digestive,
physical, and emotional rest. Basal
metabolism is normally the largest
part of a person’s daily energy
expenditure.

voluntary activities: the com-
ponent of a person’s daily energy
expenditure that involves conscious
and deliberate muscular work—
walking, lifting, climbing, and other
physical activities. Voluntary activities
normally require less energy in a day
than basal metabolism does.

basal metabolic rate (BMR):
the rate of energy use for metabo-
lism under specified conditions: after
a 12-hour fast and restful sleep,
without any physical activity or emo-
tional excitement, and in a comfort-
able setting. It is usually expressed
as kcalories per kilogram of body
weight per hour.

resting metabolic rate (RMR):
a measure of the energy use of a
person at rest in a comfortable
setting—similar to the BMR but with
less stringent criteria for recent food
intake and physical activity. Conse-
quently, the RMR is slightly higher
than the BMR.
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Energy In

The energy in food and beverages is the only contributor to the “energy in” side of the
energy balance equation. Before you can decide how much food will supply the energy
you or one of your clients needs in a day, you must first become familiar with the amounts
of energy in foods and beverages. One way to do so is to look up the kcalories pro-
vided by various foods and beverages in the Table of Food Composition (Appendix A).
Alternatively, computer programs can readily provide this information.

Food composition data would reveal that an apple provides about 70 kcalories
from carbohydrate and a candy bar supplies about 250 kcalories, mostly from fat and
carbohydrate. You may have heard that for each 3500 kcalories you eat in excess of
expenditures, you store 1 pound of body fat—a general rule that has previously been
used for mathematical estimations. Keep in mind, however, that this number can vary
widely with individual metabolic tendencies and efficiencies of nutrient digestion
and absorption. Currently, the dynamics of energy storage is a topic of intense scien-
tific investigation.? The fat stores of even a healthy-weight adult represent an ample
reserve of energy—>50,000 to 200,000 kcalories.

Energy Out

The body expends energy in two major ways: to fuel its basal metabolism and to fuel
its voluntary activities. People can change their voluntary activities to expend more
or less energy in a day, and over time they can also change their basal metabolism by
building up the body’s metabolically active lean tissue, as explained in Chapter 7.

Basal Metabolism Basal metabolism supports the body’s work that goes on all the
time without the person’s conscious awareness. The beating of the heart, the inhaling
and exhaling of air, the maintenance of body temperature, and the transmission of
nerve and hormonal messages to direct these activities are the basal processes that
maintain life. As Figure 6-7 shows, basal metabolism represents about two-thirds of
the total energy a sedentary person expends in a day. In practical terms, a person
whose total energy needs are 2000 kcalories per day may expend 1000 to 1300 of
them to support basal metabolism.

The basal metabolic rate (BMR) is the rate at which the body expends energy for
these life-sustaining activities. This rate varies from person to person and may vary for
an individual with a change in circumstance or physical condition. The rate is slowest
when a person is sleeping undisturbed, but it is usually measured when the person is
awake, but lying still, in a room with a comfortable temperature after a restful sleep
and an overnight (12- to 14-hour) fast. A similar measure of energy output—called the
resting metabolic rate (RMR)—is slightly higher than the BMR because its criteria
for recent food intake and physical activity are not as strict.

Table 6-1 summarizes the factors that raise and lower the BMR. For the most part, the
BMR is highest in people who are growing (children, adolescents, and pregnant women)
and in those with considerable lean body mass (physically fit people and males). One
way to increase the BMR, then, is to maximize lean body tissue by participating regularly
in endurance and strength-building activities. The BMR is also fast in people who are tall
and so have a large surface area for their weight, in people with fever or under stress, in
people taking certain medications, and in people with highly active thyroid glands. The
BMR slows down with a loss of lean body mass and during fasting and malnutrition.

Energy for Physical Activities The number of kcalories spent on voluntary activi-
ties depends on three factors: muscle mass, body weight, and activity. The larger the
muscle mass required for the activity and the heavier the weight of the body part being
moved, the more kcalories are spent. The activity’s duration, frequency, and intensity
also influence energy costs: the longer, the more frequent, and the more intense the
activity, the more kcalories are expended. Table 6-2 gives average energy expenditures
for various activities.
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TABLE 6-1 Factors That Affect the BMR

Factor Effect on BMR

Age Lean body mass diminishes with age, slowing the BMR.?
Height In tall, thin people, the BMR is higher.?

Growth In children and pregnant women, the BMR is higher.

Body composition (gender)

than females). The more fat tissue, the lower the BMR.

Fever Fever raises the BMR.¢

Stresses Stresses (including many diseases and certain drugs) raise the BMR.

Environmental temperature Both heat and cold raise the BMR.

The more lean tissue, the higher the BMR (which is why males usually have a higher BMR

Fasting/starvation Fasting/starvation lowers the BMR.¢

Malnutrition Malnutrition lowers the BMR.

Hormones (gender) The thyroid hormone thyroxin, for example, can speed up or slow down the BMR.¢
Premenstrual hormones slightly raise the BMR.

Smoking Nicotine increases energy expenditure.

Caffeine Caffeine increases energy expenditure.

Sleep BMR is lowest when sleeping.

3The BMR begins to decrease in early adulthood (after growth and development cease) at a rate of about 2 percent a decade. A reduction in voluntary activity as well

brings the total decline in energy expenditure to 5 percent a decade.

°If two people weigh the same, the taller, thinner person will have the faster metabolic rate, reflecting the greater skin surface, through which heat is lost by radiation, in

proportion to the body’s volume.
Fever raises the BMR by 7 percent for each degree Fahrenheit.

dProlonged starvation reduces the total amount of metabolically active lean tissue in the body, although the decline occurs sooner and to a greater extent than body losses
alone can explain. More likely, the neural and hormonal changes that accompany fasting are responsible for changes in the BMR.
The thyroid gland releases hormones that travel to the cells and influence cellular metabolism. Thyroid hormone activity can speed up or slow down the rate of metabo-

lism by as much as 50 percent.

TABLE 6-2 Energy Spent on Various Activities

The values listed in this table reflect both the energy spent in physical activity and the amount used for BMR.

Activity kcal/lb/min®  Activity kcal/lb/min?
Aerobic dance (vigorous) 0.062 Horseback riding (trot) 0.052
Basketball (vigorous, full court) 0.097 Rowing (vigorous) 0.097
Bicycling Running
13 mph 0.045 5 mph 0.061
15 mph 0.049 6 mph 0.074
17 mph 0.057 7.5 mph 0.094
19 mph 0.076 9 mph 0.103
21 mph 0.090 10 mph 0.114
23 mph 0.109 11 mph 0.131
25 mph 0.139 Soccer (vigorous) 0.097
Canoeing, flat water, moderate pace 0.045 Studying 0.011
Swimming
Cross-country skiing 20 yd/min 0.032
8 mph 0.104 45 yd/min 0.058
Golf (carrying clubs) 0.045 50 yd/min 0.070
Handball 0.078

Activity
Table tennis (skilled)
Tennis (beginner)
Walking (brisk pace)
3.5 mph
4.5 mph
Weight lifting
light-to-moderate effort
vigorous effort
Wheelchair basketball
Wheeling self in wheelchair

Wii games

bowling
boxing

tennis

kcal/lb/min?
0.045
0.032

0.035
0.048

0.024
0.048
0.084
0.030

0.021
0.021
0.022

To calculate kcalories spent per minute of activity for your own body weight, multiply kcal/lb/min by your exact weight and then multiply that number by the number
of minutes spent in the activity. For example, if you weigh 142 pounds, and you want to know how many kcalories you spent doing 30 minutes of vigorous aerobic

dance: 0.062 X 142 = 8.8 kcalories per minute; 8.8 X 30 (minutes) = 264 total kcalories spent.
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Physical activity expends energy and benefits health
in many ways.

thermic effect of food: an
estimation of the energy required
to process food (digest, absorb,
transport, metabolize, and store
ingested nutrients).
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Energy to Manage Food When food is taken into the body, many
cells that have been dormant become active. The muscles that move
the food through the intestinal tract speed up their rhythmic con-
tractions, and the cells that manufacture and secrete digestive juices
begin their tasks. All these and other cells need extra energy as they
participate in the digestion, absorption, and metabolism of food.
This cellular activity produces heat and is known as the thermic
effect of food. The thermic effect of food is generally thought to rep-
resent about 10 percent of the total food energy taken in. For purposes
of rough estimates, though, the thermic effect of food is not always
included.

Estimating Energy Requirements

In estimating energy requirements, the DRI committee developed
equations that consider how the following factors influence energy
expenditure:

Gender. Women generally have a lower BMR than men, in large part
because men typically have more lean body mass. In addition, men-
strual hormones influence the BMR in women, raising it just prior
to menstruation. Two sets of energy equations—one for men and
one for women—were developed to accommodate the influence of
gender on energy expenditure.

Growth. The BMR is high in people who are growing. For this reason,
pregnant and lactating women, infants, children, and adolescents have
their own sets of energy equations.

Age. The BMR declines during adulthood as lean body mass diminishes. Physical
activities tend to decline as well, bringing the average reduction in energy expen-
diture to about 5 percent per decade. The decline in the BMR that occurs when

a person becomes less active reflects the loss of lean body mass and may be pre-
vented with ongoing physical activity. Because age influences energy expenditure,
it is also factored into the energy equations.

Physical activity. Using individual values for various physical activities (as in Table 6-2)
is time consuming and impractical for estimating the energy needs of a population.
Instead, various activities are clustered according to the typical intensity of a day’s
efforts (Appendix D provides details).

Body composition and body size. The BMR is high in people who are tall and so
have a large surface area. Similarly, the more a person weighs, the more energy is
expended on basal metabolism. For these reasons, the energy equations include a
factor for both height and weight.

As just explained, energy needs vary among individuals depending on such factors
as gender, growth, age, physical activity, and body composition. Even when two people
are similarly matched, however, their energy needs will still differ because of genetic dif-
ferences. Perhaps one day genetic research will reveal how to estimate requirements for
each individual. For now, Box 6-1 provides instructions on calculating estimated energy
requirements using the DRI equations and physical activity factors.! Appendix D presents
tables that provide a shortcut to estimating total energy expenditure.

Note that Table 6-1 (p. 145) listed these factors among those that influence BMR and, consequently,
energy expenditure.

SFor most people, the energy requirement falls within these ranges: (Men) EER £200 kcal; (Women)
EER +160 kcal. For almost all people, the actual energy requirement falls within these larger ranges:
(Men) EER +400 kcal; (Women) EER +320 kcal.
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HOWTO BOX 6-1 ESTIMATE ENERGY REQUIREMENTS

To determine your estimated energy requirements (EER), use the
appropriate equation (of the two options below), inserting your
age in years, weight (wt) in kilograms, height (ht) in meters,
and physical activity (PA) factor from the accompanying table.
(To convert pounds to kilograms, divide by 2.2; to convert
inches to meters, divide by 39.37.)

I For men 19 years and older:
EER = [662 — (9.53 X age)] + PA X [(15.91 X wt) + (539.6 X ht)]

I For women 19 years and older:
EER = [354 — (6.91 X age)] + PA X [(9.36 X wt) + (726 X ht)]

For example, consider an active 30-year-old male who is 5 feet
11 inches tall and weighs 178 pounds. First, he converts his weight
from pounds to kilograms and his height from inches to meters,
if necessary:

178 1b +~ 2.2 = 80.9 kg
71in+39.37=18m

Next, he considers his level of daily physical activity and
selects the appropriate PA factor from the accompanying table
(in this example, 1.25 for an active male). Then, he inserts
his age, PA factor, weight, and height into the appropriate
equation:

EER = [662 — (9.53 X 30)] + 1.25 X [(15.91 X 80.9) + (539.6 X 1.8)]

(A reminder: do calculations within the parentheses first, and
multiply before adding or subtracting.) He calculates:

EER = [662 — (9.53 X 30)] + 1.25 X (1287 + 971)
EER = [662 — (9.53 X 30)] + (1.25 + 2258)

EER = 662 — 286 + 2823

EER = 3199

The estimated energy requirement for an active 30-year-old
male who is 5 feet 11 inches tall and weighs 178 pounds is
about 3200 kcalories/day. His actual requirement probably falls
within a range of 200 kcalories above and below this estimate.

Physical Activity (PA) Factors for EER Equations

Men Women
Sedentary 1.0 1.0
Low active 1.11 1.12
Active 1.25 1.27
Very active 1.48 1.45

Physical Activity

Typical daily living activities

Plus 30 to 60 minutes moderate activity
Plus =60 minutes moderate activity

Plus =60 minutes moderate activity and 60 minutes vigorous activity or

120 minutes moderate activity

Note: Moderate activity is equivalent to walking at 3% to 4% miles per hour.

IN SUMMARY

A person takes in energy from food and, on average, expends most of it on basal

metabolic activities, some of it on physical activities, and about 10 percent on the

thermic effect of food.

Because energy requirements vary from person to person, such factors as age,

gender, and weight must be considered when calculating energy expended on
basal metabolism, and the intensity and duration of the activity must be taken
into account when calculating expenditures on physical activities.

6.5 Body Weight and Body Composition

LO 6.5 Describe the differences between body weight and body composition,
including methods to assess them and health implications.

The body’s weight reflects its composition—the proportions of its bone, muscle, fat,
fluid, and other tissue. All of these body components can vary in quantity and qual-
ity: the bones can be dense or porous, the muscles can be well developed or under-
developed, fat can be abundant or scarce, and so on. By far the most variable tissue,
though, is body fat. For health’s sake, weight management efforts should focus on
eating and activity habits to improve body composition.
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body mass index (BMI): an
index of a person’s weight in relation
to height; determined by dividing
the weight (in kilograms) by the
square of the height (in meters).
underweight: body weight lower
than the weight range that is con-
sidered healthy; BMI below 18.5.
overweight: body weight greater
than the weight range that is con-
sidered healthy; BMI 25.0 to 29.9.
obese: having too much body fat
with adverse health effects; BMI 30
or more.
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Defining Healthy Body Weight

How much should a person weigh? How can a person know if her weight is appropri-
ate for her height and age? How can a person know if his weight is jeopardizing his
health? Questions such as these seem so simple, yet the answers can be complex—and
different depending on whom you ask.

The Criterion of Fashion When asking the question, “What is an ideal body weight?”
people often mistakenly turn to fashion for the answer. Without a doubt, our society sets
unrealistic ideals for body weight, especially for women.* Magazines, movies, and tele-
vision all convey the message that to be thin is to be beautiful and happy. As a result, the
media have a great influence on the weight concerns and dieting patterns of people of
all ages but most tragically on young, impressionable children and adolescents.

Importantly, perceived body image has little to do with actual body weight or size.
People of all shapes, sizes, and ages—including extremely thin fashion models with
anorexia nervosa and fitness instructors with ideal body composition—have learned
to be unhappy with their “overweight” bodies. Such dissatisfaction can lead to dam-
aging behaviors, such as starvation diets, diet pill abuse, and failure to seek health
care. The first step toward making healthy changes may be self-acceptance. Keep in
mind that fashion is fickle; the body shapes that our society values change with time
and, furthermore, differ from those valued by other societies. The standards defining
“ideal” are subjective and frequently have little in common with health. Table 6-3
offers some tips for adopting health as an ideal.

The Criterion of Health Even if our society were to accept fat as beautiful, obe-
sity would still be a major risk factor for several life-threatening diseases, as discussed
later in the chapter. For this reason, the most important criterion for determining how
much a person should weigh and how much body fat a person needs is not appear-
ance but good health and longevity. A range of healthy body weights has been identi-
fied using a common measure of weight and height—the body mass index.

Body Mass Index The body mass index (BMI) describes relative weight for height:

weight (k; weight (Ib
BMI = .g (ke) .g (. )><703
height (m)? height (in)?
To convert pounds to kilograms, divide by 2.2. To convert inches to meters, divide

by 39.37.

Weight classifications based on BMI are presented in the table on the inside back
cover. Notice that a healthy weight falls between a BMI of 18.5 and 24.9, with under-
weight below 18.5, overweight above 25, and obese above 30. Most people with a BMI
within the healthy weight range have few of the health risks typically associated with

TABLE 6-3 Tips for Accepting a Healthy Body Weight

1 Value yourself and others for human attributes other than body weight. Realize that prejudging
people by weight is as harmful as prejudging them by race, religion, or gender.

1 Use positive, nonjudgmental descriptions of your body.
1 Accept positive comments from others.

1 Focus on your whole self, including your intelligence, social grace, and professional and scholastic
achievements.

1 Accept that no magic diet exists.
1 Stop dieting to lose weight. Adopt a lifestyle of healthy eating and physical activity permanently.

1 Follow the USDA Food Patterns. Never restrict food intake below the minimum levels that meet
nutrient needs.

1 Become physically active, not because it will help you get thin but because it will make you feel good
and enhance your health.

1 Seek support from loved ones. Tell them of your plan for a healthy life in the body you have been given.

1 Seek professional counseling, not from a weight-loss counselor but from someone who can help you
make gains in self-esteem without weight as a factor.
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too-low or too-high body weight. Risks increase as BMI falls below 18.5 or rises above
24.9 (see Figure 6-8), reflecting the reality that both underweight and overweight impair
health status.

The BMI values are most accurate in assessing degrees of obesity and are less use-
ful for evaluating nonobese people’s body fatness. BMI values fail to provide two valu-
able pieces of information used in assessing disease risk: they don’t reveal how much
of the weight is fat, and they don’t indicate where the fat is located. To obtain these
data, measures of body composition are needed.

Body Composition

For many people, being overweight compared with the standard means that they are over-
fat. This is not the case, though, for athletes with dense bones and well-developed muscles;
they may be overweight but carry little body fat. Conversely, inactive people may seem to
have acceptable weights but still carry too much body fat. In addition, among some racial
and ethnic groups, BMI values may not precisely identify overweight and obesity. African
American people of all ages may have more lean tissue per pound of body weight than
Asians or Caucasians, for example.* Thus, a diagnosis of obesity or overweight requires a
BMI value plus some measure of body composition and fat distribution.

Central Obesity The distribution of fat on the body may influence health as much as, or
more than, the total fat alone. Visceral fat that is stored deep within the central abdominal
area of the body is referred to as central obesity or upper body fat (see Figure 6-9). Much
research supports the widely held belief that central obesity—significantly and indepen-
dently of BMI—contributes to heart disease, cancers, diabetes, and related deaths.’
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In healthy-weight people, some In overweight people, excess
fat is stored around the organs abdominal fat increases the risks
of the abdomen. of diseases.

FIGURE 6-9 Abdominal Fat
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FIGURE 6-8 Body Mass
Index and Mortality

This J-shaped curve describes the
relationship between body mass index
(BMI) and mortality and shows that
both underweight and overweight
present risks of a premature death.

visceral fat: fat stored within the
abdominal cavity in association with
the internal abdominal organs, as
opposed to fat stored directly under
the skin (subcutaneous fat); also
called intra-abdominal fat.

central obesity: excess fat around
the trunk of the body; also called
abdominal fat or upper-body fat.
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Upper-body fat is more
common in men than in
women and is closely
associated with heart
disease, stroke, diabetes,
hypertension, and some
types of cancer.

diseases.

FIGURE 6-10 "Apple” and “Pear”

Body Shapes Compared

Popular articles sometimes call bodies with upper-
body fat “apples” and those with lower-body

fat “pears.”

adipokines (AD-ih-poh-kynz):
protein hormones made and released
by adipose tissue (fat) cells.
inflammation: an immunological
response to cellular injury characterized
by an increase in white blood cells.
subcutaneous fat: fat stored
directly under the skin.

e sub = beneath

e cutaneous = skin
waist circumference: a mea-
surement used to assess a person’s
abdominal fat.
skinfold measure: a clinical esti-
mate of total body fatness in which
the thickness of a fold of skin on
the back of the arm (over the triceps
muscle), below the shoulder blade
(subscapular), or in other places is
measured with a caliper.
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Lower-body fat is more
common in women than
in men and is not usually
associated with chronic

One possible explanation for why fat in the abdomen may increase
the risk of disease involves adipokines, hormones released by adipose
tissue. Adipokines help to regulate inflammation and energy metabo-
lism in the tissues.® The inflammatory response is described in detail
in Chapter 24.

In central obesity, a shift occurs in the balance of adipokines, favoring
those that increase both inflammation and insulin resistance of tissues.’
The resulting chronic inflammation and insulin resistance contribute to
diabetes, atherosclerosis (a cause of heart disease), and other chronic
diseases. Insulin resistance is a central feature of the metabolic syn-
drome, which is discussed in Nutrition in Practice 21.

Visceral fat creates the “apple” profile of central obesity. Subcuta-
neous fat around the hips and thighs creates more of a “pear” profile
(see Figure 6-10). Visceral fat is common in women past menopause and
even more common in men. Even when total body fat is similar, men have
more visceral fat than either premenopausal or postmenopausal women.
For those women with visceral fat, the risks of cardiovascular disease and
mortality are increased, just as they are for men. Interestingly, smokers
tend to have more visceral fat than nonsmokers even though they typi-
cally have a lower BMI.2 Two other factors that may affect body fat dis-
tribution are intakes of alcohol and physical activity. Moderate-to-high
alcohol consumption may favor central obesity. In contrast, regular physi-
cal activity seems to prevent abdominal fat accumulation.’

Waist Circumference A person’s waist circumference is a good indi-
cator of fat distribution and central obesity (see Appendix E). In general,
women with a waist circumference greater than 35 inches and men with
a waist circumference greater than 40 inches have a high risk of central
obesity—related health problems.

Skinfold Measures Skinfold measurements provide an accurate estimate of total
body fat and a fair assessment of the fat’s location. About half of the fat in the body
lies directly beneath the skin, so the thickness of this subcutaneous fat is assumed to
reflect total body fat. Measures taken from central-body sites (around the abdomen)
better reflect changes in fatness than those taken from upper sites (arm and back).
A skilled assessor can obtain an accurate skinfold measure and then compare the
measurement with standards (see Appendix E).

How Much Body Fat Is Too Much?

People often ask exactly how much fat is too fat for health. Ideally, a person has
enough fat to meet basic needs but not so much as to incur health risks. The ideal
amount of body fat depends partly on the person. A man with a BMI within the rec-
ommended range may have between 18 and 24 percent body fat; a woman, because of
her greater quantity of essential fat, 23 to 31 percent.

Many athletes have a lower percentage of body fat—just enough fat to provide fuel,
insulate and protect the body, assist in nerve impulse transmissions, and support nor-
mal hormone activity, but not so much as to burden the muscles. For athletes, then,
body fat might be 5 to 10 percent for men and 15 to 20 percent for women.

For an Alaskan fisherman, a higher-than-average percentage of body fat is probably
beneficial because fat helps prevent heat loss in cold weather. A woman starting a preg-
nancy needs sufficient body fat to support conception and fetal growth. Below a certain
threshold for body fat, individuals may become infertile, develop depression, experience
abnormal hunger regulation, or be unable to keep warm. These thresholds differ for
each function and for each individual; much remains to be learned about them.
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IN SUMMARY

I Clearly, the most important criterion of appropriate fatness is health.

I Current standards for body weight are based on the body mass index (BMI),
which describes a person’s weight in relation to height.

I Health risks increase with a BMI below 18.5 or above 24.9.

I Central obesity, in which excess fat is distributed around the trunk of the body,
may present greater health risks than excess fat distributed on the lower body.

I Researchers use a number of techniques to assess body composition, including
waist circumference and skinfold measures.

6.6 Health Risks of Underweight
and Obesity

LO 6.6 Identify relationships between body weight and the risk of health problems
and summarize the guidelines for identifying and evaluating the risks to health
from overweight and obesity.

As mentioned earlier and shown in Figure 6-8 (p. 149), health risks increase as BMI falls
below 18.5 or rises above 24.9. People who are extremely underweight or extremely obese
carry higher risks of early death than those whose weights fall within the healthy, or even
the slightly overweight, range.'® These mortality risks decline with age. Independently of
BMI, factors such as smoking habits raise health risks, and physical fitness lowers them.

Health Risks of Underweight Some underweight people enjoy an active, healthy
life, but others are underweight because of malnutrition, smoking habits, substance
abuse, or illnesses. Weight and fat measures alone would not reveal these underlying
causes, but a complete assessment that includes a diet and medical history, physical
examination, and biochemical analysis would.

Underweight people, especially older adults, may be unable to preserve lean tissue
when fighting a wasting disease such as cancer. Overly thin people are also at a dis-
advantage in the hospital, where nutrient status can easily deteriorate if they have to
go without food for an extended time while undergoing tests or surgery. Underweight
women often develop menstrual irregularities and become infertile. Underweight and
significant weight loss are also associated with osteoporosis and bone fractures. For all
these reasons, underweight people may benefit from enough of a weight gain to pro-
vide an energy reserve and protective amounts of all the nutrients that can be stored.

An extreme underweight condition known as anorexia nervosa is sometimes
seen in young people who exercise unreasonable self-denial in order to control their
weight. Anorexia nervosa is a major eating disorder seen in our society today. Eating
disorders are the subject of Nutrition in Practice 6.

Health Risks of Overweight and Obesity Despite our nation’s preoccupation with
body image and weight loss, the prevalence of overweight and obesity continues to
rise dramatically (see Figure 6-11 on p. 152).!! During the previous three decades, obe-
sity increased in every state, in both genders, and across all ages, races, and education
levels. Today, 68 percent of U.S. adults are overweight (BMI of 25 or greater) or dan-
gerously obese (BMI of 30 or greater).'? Obesity rates are expected to continue rising
into the foreseeable future, although at a somewhat slower rate than in the past.!* The
problem reaches around the globe, in urban and rural areas alike.'* In short, obesity is
a major public health problem that is becoming more prevalent.

METABOLISM, ENERGY BALANCE, AND BODY COMPOSITION
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At 6 feet 4 inches tall and

250 pounds, this runner would
be considered overweight by
most standards. Yet he is clearly
not overfat.
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The growing prevalence of overweight and obesity is a matter of concern
because both conditions present risks to health. Indeed, the health risks of
obesity are so numerous that it has been declared a disease. Excess weight
contributes to up to half of all cases of hypertension, thereby increasing the
risk of heart attack and stroke. Obesity raises blood pressure in part by alter-
ing kidney function, increasing blood volume, and promoting blood vessel
damage through insulin resistance.!> Often weight loss alone can normalize
the blood pressure of an overweight person.

Excess body weight also increases the risk of type 2 diabetes. Most adults
with type 2 diabetes are overweight or obese, and obesity itself can directly

10%—14% | 15%-19% =30% cause some degree of insulin resistance.!¢ Diabetes (type 2) is three times
Tstate | 27 states | 22states | Ostates | Ostates more likely to develop in an obese person than in a nonobese person. Further-

2010

more, the person with type 2 diabetes often has central obesity.!” Central-body
fat cells appear to be larger and more insulin resistant than lower-body fat cells.

In addition to diabetes and hypertension, other risks threaten obese
adults. Among them are high blood lipids, cardiovascular disease, sleep ap-
nea (abnormal cessation of breathing during sleep), osteoarthritis, abdomi-
nal hernias, some cancers, varicose veins, gout, gallbladder disease, kidney
stones, respiratory problems (including Pickwickian syndrome, a breathing
blockage linked with sudden death), nonalcoholic fatty liver disease, compli-
cations in pregnancy and surgery, flat feet, and even a high accident rate.!?
Each year these obesity-related illnesses cost our nation billions of dollars.
The cost in terms of lives is also great. People with lifelong obesity are twice

RR 15719% =L as likely to die prematurely as others. In the United States, obesity is second

0O states O states | 14 states | 24 states | 12 states

FIGURE 6-11 The Increasing

only to tobacco use as the most significant cause of preventable death.?
Some overweight people, however, remain healthy and live long lives

Prevalence of Obesity among U.S. despite their body fatness. Genetic inheritance, smoking habits, and level of

Adults by State

insulin resistance: the condition
in which a normal amount of insulin
produces a subnormal effect in
muscle, adipose, and liver cells,
resulting in an elevated fasting
glucose; a metabolic consequence
of obesity that precedes type 2
diabetes.
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physical activity may help to explain why some overweight individuals stay

well while others become ill. Overweight but fit people have lower risks than
normal-weight, unfit ones, for example.?® To help in identifying those most at risk,
obesity experts have developed guidelines for health practitioners, described next.

Guidelines for Identifying Those at Risk from Obesity The guidelines for iden-
tifying and evaluating the risks to health from overweight and obesity rely on three
indicators. The first indicator is a person’s BMI. As a general guideline, overweight for
adults is defined as BMI of 25.0 through 29.9, and obesity is defined as BMI equal to
or greater than 30.

The second indicator is waist circumference, which, as discussed earlier, reflects
the degree of abdominal fatness in proportion to body fatness. Women with a waist
circumference greater than 35 inches and men with a waist circumference greater
than 40 inches are at greater risk of type 2 diabetes, hypertension, and cardiovas-
cular disease than women or men with waist circumferences equal to, or below,
these measures. In other words, waist circumference is an independent predictor of
disease risk.

The third indicator is the person’s disease risk profile. The disease risk profile takes
into account life-threatening diseases, family history, and risk factors for heart disease
(such as blood lipid profile). The higher the BMI, the greater the waist circumfer-
ence, and the more risk factors, the greater the urgency to treat obesity. People who
are obese or those who are overweight and have one or more indicators of increased
risk of heart disease (diabetes, prediabetes, hypertension, abnormal lipid profile, or
elevated waist circumference), have a high risk for disease complications and mortal-
ity that requires treatment to manage the disease or modify the risk factors.?!

Other Risks of Obesity Although some obese people seem to escape health prob-
lems, few in our society can avoid the social and economic handicaps. Our society
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places enormous value on thinness. Obese people are less sought after for romance,
less often hired, and less often admitted to college. They pay higher insurance premi-
ums and more for clothing. This is especially true for women. In contrast, people with
other chronic conditions such as asthma, diabetes, and epilepsy do not differ socially
or economically from healthy nonoverweight people.

Prejudice defines people by their appearance rather than by their abilities and char-
acters. Obese people suffer emotional pain when others treat them with insensitivity,
hostility, and contempt, and they may internalize a sense of guilt and self-deprecation.
Health-care professionals, even dietitians, can be among the offenders without real-
izing it. To free our society of its obsession with body fatness and prejudice against
obese people, activists are promoting respect for individuals of all body weights.

IN SUMMARY

I The health risks of underweight include infertility (women), bone loss, and inabil-
ity to preserve lean tissue when fighting a wasting disease such as cancer; risks of
obesity include chronic diseases such as hypertension, type 2 diabetes, and heart
disease. Both underweight and obesity increase the risk of premature death.

I Guidelines for identifying the health risks of overweight and obesity are based on
a person’s BMI, waist circumference, and disease risk profile.

I Obesity also incurs social, economic, and psychological risks.

Clinical Applications

1. Compare the energy a person might spend on various physical
activities. Refer to Table 6-2 on p. 145, and compute how
much energy a person who weighs 142 pounds would spend
doing each of the following activities. An example using aero-

2. Using Box 6-1 on p. 147 as a guide, determine your Estimated
Energy Requirement (EER).

bic dance has been provided for you. You may want to com-
pare various activities based on your own weight.

30 minutes of vigorous aerobic dance:

0.062 kcal/lb/min X 142 Ib = 8.8 kcal/min.
8.8 kcal/min X 30 min = 264 kcal.

a. 2 hours of golf, carrying clubs.
b. 20 minutes running at 9 mph.
. 45 minutes of swimming at 20 yd/min.
d. 1 hour of walking at 3.5 mph.

" Self Check

Answers

833 00€ = Ul 09 X Ulwy/[ed) g
ulwy|exy G = g izl X Ulw/q|/edx GE0'0 (P) ‘e §Z0C = S¥
X UlW/[edY G "UIW/[edY §'f = q] 2yl X Ulw/q|/|ed) ZE0'0 (3)

‘[ Z6Z = UlW 07 X UlW/[edy 9| ‘Ulli/edX 9|
= Q| ZL X Ulw/q|/edy €0L°0 (q) [ed) 89/ = Ulw 071
X UlW/[edy 79 “Ulw/|ed °9 = q| Zpl X Ulw/q)/[edy s¥0°0 (B)

1. Before entering the TCA cycle, each of the energy-yielding
nutrients is broken down to:

2. As carbohydrate and fat stores are depleted during fasting or

starvation, the body then uses ___ as its fuel source.

a. ammonia. a. alcohol
b. pyruvate. b. protein
C. electrons. c. glucose
d. acetyl CoA. d. triglycerides
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3. When carbohydrate is not available to provide energy for 7. Which of the following reflects height and weight?
the brain, as in starvation, the body produces ketone a. Body mass index
bodies from: b. Central obesity
a. glucose. ¢. Waist circumference
b. glycerol. d. Body composition
c. fatty acid fragments. 8. The BMI range that correlates with the fewest health risks is:
d. amino acids. a. 16.5t0 20.9.
4. Two activities that contribute to the basal metabolic rate are: b. 18.5 to 24.9.
a. walking and running. c. 25.5t030.9.
b. maintenance of heartbeat and running. d.30.5 to 34.9.
¢. maintenance of body temperature and walking. 9. The profile of central obesity is sometimes referred to as a(n):
d. maintenance of heartbeat and body temperature. a. beer.
5. Three factors that affect the body’s basal metabolic rate are: b. pear.
a. height, weight, and energy intake. ¢ apple.
b. age, body composition, and sodium intake. d. potato.
c. fever, body composition, and altitude. 10. Which of the following health risks is not associated with

d. weight, fever, and environmental temperature.

6. The largest component of energy expenditure is:
a. basal metabolism.

being overweight?
a. Hypertension
b. Heart disease
c. Type 1 diabetes

b. physical activity.
c. indirect calorimetry.
d. thermic effect of food.

I Notes

d. Gallbladder disease

Answers to these questions can be found in Appendix H.
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CHAPTER 6

6.7 EATING DISORDERS

Nutrition in Practice

LO 6.7 Compare the criteria for diagnosis, char-
acteristics, and treatments of the different eating
disorders.

The exact number of people in the United States afflicted
with some form of eating disorder (see Box NP6-1 for the
relevant terms) is unknown because many cases are never re-
ported.! An estimated 6 percent of females and 3 percent of males
have anorexia nervosa, bulimia nervosa, or binge eating
disorder. Many more suffer from other unspecified eating dis-
orders that do not meet the strict diagnostic criteria for anorexia
nervosa, bulimia nervosa, or binge eating disorder but still imperil
a person’s well-being. Characteristics of disordered eating, such
as restrained eating, binge eating, purging, fear of fatness, and
distortion of body image, are common, especially among young
middle-class girls. The incidence and prevalence of eating disorders
in young people has increased steadily since the 1950s.? Most
alarming is the rising prevalence of eating disorders at progres-
sively younger ages. In most other societies, these behaviors and
attitudes are much less prevalent.

Why do so many young people in our society
suffer from eating disorders?

Most experts agree that the causes are multifactorial: sociocul-
tural, psychological, genetic, and probably also neurochemical.
However, excessive pressure to be thin in our society is at least
partly to blame. When low body weight becomes an important
goal, people begin to view normal, healthy body weight as too
fat. Healthy people then take unhealthy actions to lose weight.
Severe restriction of food intake can create intense stress

and extreme hunger that leads to binges.* Research confirms
this theory, showing that unhealthy or dangerous diets often
precede binge eating in adolescent girls.®> Energy restriction
followed by bingeing can set in motion a pattern of weight
cycling, which may make weight loss and maintenance more
difficult over time. Importantly, healthful dieting and physical
activity in overweight adolescents do not appear to trigger
eating disorders.

People who attempt extreme weight loss are dissatisfied with
their bodies to begin with; they may also be depressed or suffer
social anxiety.® As weight loss becomes increasingly difficult,
psychological problems worsen, and the likelihood of developing
full-blown eating disorders increases.

People with anorexia nervosa suffer from an extreme preoccu-
pation with weight loss that seriously endangers their health and
even their lives. People with bulimia engage in episodes of binge
eating alternating with periods of severe dieting or self-starvation.
Some bulimics also follow binge eating with self-induced vomiting,
laxative abuse, or diuretic abuse in an attempt to undo the per-
ceived damage caused by the binge.
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BOX NP 6-1 GLOSSARY

amenorrhea (ay-MEN-oh-RE-ah): the absence of or cessation of
menstruation. Primary amenorrhea is menarche delayed beyond
16 years of age. Secondary amenorrhea is the absence of three to
six consecutive menstrual cycles.

anorexia nervosa: an eating disorder characterized by a refusal
to maintain a minimally normal body weight, self-starvation to the
extreme, and a disturbed perception of body weight and shape; seen
(usually) in adolescent girls and young women.

anorexia = without appetite
nervosa = of nervous origin

binge eating disorder: an eating disorder characterized by
recurring episodes of eating a significant amount of food in a short
period of time with marked feelings of lack of control.

bulimia (byoo-LEM-ee-uh) nervosa: recurring episodes of binge
eating combined with a morbid fear of becoming fat, usually followed
by self-induced vomiting or purging.

cathartic: a strong laxative.

cognitive therapy: psychological therapy aimed at changing
undesirable behaviors by changing underlying thought processes
contributing to these behaviors. In anorexia nervosa, a goal is to
replace false beliefs about body weight, eating, and self-worth with
health-promoting beliefs.

disordered eating: eating behaviors that are neither normal nor
healthy, including restrained eating, fasting, binge eating, and purging.
eating disorder: a disturbance in eating behavior that jeopardizes
a person’s physical and psychological health.

emetic (em-ET-ic): an agent that causes vomiting.

RED-S (relative energy deficiency in sport): a syndrome of
impaired physiological function including, but not limited to, metabolic
rate, menstrual function, bone health, immunity, protein synthesis, and
cardiovascular health caused by relative energy deficiency.

stress fractures: bone damage or breaks caused by stress on bone
surfaces during exercise.

weight cycling: repeated rounds of weight loss and subsequent
regain, with reduced ability to lose weight with each attempt; also
called yo-yo dieting.

Are there other groups, besides girls and young
women, who are vulnerable to anorexia nervosa
and bulimia nervosa?

Yes. Athletes and dancers are at special risk for eating disorders.”
They may severely restrict energy intakes in an attempt to enhance
performance or appearance or to meet weight guidelines of a
sport. In reality, severe energy restriction causes a loss of lean tissue
that impairs physical performance and imposes a risk of eating dis-
orders. Risk factors for eating disorders among athletes include:

I Young age (adolescence)
I Pressure to excel in a sport

1 Focus on achieving or maintaining an “ideal” body weight or
body fat percentage
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I Participation in sports or competitions that judge performance
on aesthetic appeal such as gymnastics, figure skating, or dance

I Unhealthy, unsupervised weight-loss dieting at an early age

Female athletes are most vulnerable, but males—especially dancers,
swimmers, divers, wrestlers, skaters, jockeys, and gymnasts—suffer
from eating disorders, too, and their numbers may be increasing.®

Male athletes and dancers with eating disorders often deny
having them because they mistakenly believe that such disorders
afflict only women. Under the same pressures as female athletes,
males may also develop eating disorders. They skip meals, restrict
fluids, practice in plastic suits, or train in heated rooms to lose a
quick 4 to 7 pounds.® Wrestlers, especially, must “make weight” to
compete in the lowest possible weight class to face smaller oppo-
nents. Conversely, male athletes may suffer weight-gain problems.
When young men with low self-esteem internalize unrealistically
bulky male body images, they can become dissatisfied with their
own healthy bodies and practice unhealthy behaviors, even steroid
drug abuse.

Even among athletes, however, women are most susceptible to
developing eating disorders, and the term “female athlete triad” has
thus been used in the past to refer to the syndrome characterized
by disordered eating, amenorrhea (the absence of three or more
consecutive menstrual cycles), and osteoporosis observed in these
women. Recognizing that some male athletes are susceptible to eat-
ing disorders, however, and that this syndrome encompasses more
than these three components, the International Olympic Committee
(I0C) has introduced a more comprehensive term to describe the
overall syndrome: relative energy deficiency in sport (RED-S).™

The underlying problem of RED-S is an energy deficiency—too little
energy intake for the energy expenditure needed to support health
and the activities of daily living, growth, and sporting activities.
This energy imbalance disrupts the body’s normal hormonal, meta-
bolic, and functional activities. Disordered eating underlies many
cases of RED-S, but other situations such as rapid, unsupervised
weight loss or failure to eat enough during times of extreme exer-
cise may also play a part.

Many athletic women and men engage in self-destructive eating
behaviors (disordered eating) because they and their coaches have ad-
opted unsuitable weight standards. An athlete’s body must be heavier
for height than a nonathlete’s body because the athlete’s bones and
muscles are denser. Weight standards that may be appropriate for
others are inappropriate for athletes. Techniques such as skinfold
measures yield more useful information about body composition.

As for amenorrhea, its prevalence among premenopausal
women in the United States is about 2 to 5 percent overall, but
among female athletes it may be as high as 66 percent. Amenor-
rhea is not a normal adaptation to strenuous physical training: it is a
symptom of something going wrong. Amenorrhea is characterized
by low blood estrogen, infertility, and often bone mineral losses.

In general, weight-bearing physical activity, dietary calcium, and
the hormone estrogen protect against the bone loss of osteoporo-
sis, but in women with disordered eating and amenorrhea, strenu-
ous activity may impair bone health." As noted above, vigorous
training combined with low food energy intakes disrupts metabolic

and hormonal balances. These disturbances compromise bone
health, greatly increasing the risks of stress fractures.'? Stress
fractures, a serious form of bone injury, commonly occur among
dancers and other competitive athletes with amenorrhea, low
calcium intakes, and disordered eating. Many underweight young
athletes have bones like those of postmenopausal women, and
they may never recover their lost bone even after diagnosis and
treatment—which makes prevention critical. Young athletes should
be encouraged to consume at least 1300 milligrams of calcium
each day, to eat nutrient-dense foods, and to obtain enough food
energy to support weight gain and the energy expended in physi-
cal activity. Nutrition is critical to bone recovery.

To prevent eating disorders in athletes and dancers, both the per-
formers and their coaches must be educated about links between
inappropriate body weight ideals, improper weight-loss techniques,
eating disorder development, adequate nutrition, and safe weight-
management strategies. Coaches and dance instructors should
never encourage unhealthy weight loss to qualify for competition
or to conform with distorted artistic ideals. Frequent weighings can
push young people who are striving to lose weight into a cycle of
starving to confront the scale and then bingeing uncontrollably af-
terward. The erosion of self-esteem that accompanies these events
can interfere with the normal psychological development of the
teen years and set the stage for serious problems later on.

Table NP6-1 provides some suggestions to help athletes and
dancers protect themselves against developing eating disorders.
The next sections describe eating disorders that anyone, athlete or
nonathlete, may experience.

TABLE NP6-1 Strategies to Combat Eating
Disorders

The following guidelines may be useful in combating eating disorders:

Never restrict food intakes to below the amounts suggested for
adequacy by the USDA Food Patterns.

Eat frequently. People often do not eat frequent meals because of
time constraints, but eating can be incorporated into other activi-
ties, such as snacking while studying or commuting. The person
who eats frequently never gets so hungry as to allow hunger to
dictate food choices.

If not at a healthy weight, establish a reasonable weight goal
based on a healthy body composition.

Allow a reasonable time to achieve the goal. A reasonable loss of
excess fat can be achieved at the rate of about 1 percent of body
weight per week.

Learn to recognize media image biases, and reject ultra-thin stan-
dards for beauty. Shift focus to health, competencies, and human
interactions; bring behaviors in line with those beliefs.

Specific guidelines for athletes and dancers:
1 Replace weight-based goals with performance-based goals.

1 Remember that eating disorders impair physical performance.
Seek confidential help in obtaining treatment if needed.

1 Restrict weight-loss activities to the off-season.

1 Focus on proper nutrition as an important facet of your training—
as important as proper technique.
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Who is at risk for anorexia nervosa?

Most anorexia nervosa victims are females who come from middle-
or upper-class families. The person with anorexia nervosa is often a
perfectionist who works hard to please her parents. She may iden-
tify so strongly with her parents’ ideals and goals for her that she
sometimes feels she has no identity of her own. She is respectful
of authority but sometimes feels like a robot, and she may act that
way, too: polite but controlled, rigid, and unspontaneous. She ear-
nestly desires to control her own destiny, but she feels controlled
by others. When she does not eat, she gains control.

How does a person know when dieting is going
too far?

When a person loses weight to well below the average for her
height, becoming too slim, and still doesn’t stop, she has gone too
far. Regardless of how thin she is, she looks in the mirror and sees
herself as fat. Specific criteria for the diagnosis of anorexia nervosa
include significantly low body weight caused by persistent restric-
tion of energy intake; an intense fear of gaining weight or becom-
ing fat, or persistent behaviors that interfere with weight gains;
and a disturbance in self-perceived weight or shape.’ Central to
the diagnosis of anorexia nervosa is a distorted body image that
overestimates body fatness. Anorexia nervosa resembles an addic-
tion. The characteristic behavior is obsessive and compulsive. Be-
fore drawing conclusions about someone who is extremely thin or
who eats very little, remember that diagnosis of anorexia nervosa
requires professional assessment.

L1

People with anorexia nervosa see themselves as fat, even when
they are dangerously underweight.
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What is the harm in being very thin?

Anorexia nervosa damages the body much as starvation does. In
young people, growth ceases, and normal development falters.
They lose so much lean tissue that basal metabolic rate slows.
Bones weaken, too—osteoporosis develops in about a third of
those with anorexia nervosa.™ Additionally, the heart pumps inef-
ficiently and irregularly, the heart muscle becomes weak and thin,
the heart chambers diminish in size, and the blood pressure falls.
Minerals that help to regulate the heartbeat become unbalanced.
Many deaths in people with anorexia nervosa are due to heart fail-
ure. The kidneys often fail as well."

Starvation brings other physical consequences: loss of brain
tissue, impaired immune response, anemia, and a loss of digestive
function that worsens malnutrition. Digestive functioning becomes
sluggish, the stomach empties slowly, and the lining of the intesti-
nal tract shrinks. The ailing digestive tract fails to sufficiently digest
any food the victim may eat. The pancreas slows its production of
digestive enzymes. The person may suffer from diarrhea, further
worsening malnutrition.

What kind of treatment helps people with
anorexia nervosa?

Treatment of anorexia nervosa requires a multidisciplinary ap-
proach that addresses two sets of issues and behaviors: those
relating to food and weight, and those involving relationships
with oneself and others. Teams of physicians, nurses, psychiatrists,
family therapists, and dietitians work together to treat people
with anorexia nervosa. The expertise of a registered dietitian nu-
tritionist is essential because an appropriate, individually crafted
diet is crucial for normalizing body weight, and dietary counsel-
ing is indispensable.'® Seldom are clients willing to eat for them-
selves, but if they are, chances are they can recover without other
interventions.

Professionals classify clients based on the risks posed by the
degree of malnutrition present.* Clients with low risks may benefit
from family counseling, cognitive therapy, behavior modification,
and nutrition guidance; those with greater risks may also need
other forms of psychotherapy and supplemental formulas to
provide extra nutrients and energy.

Sometimes, intensive behavior management treatment in a
live-in facility can help to normalize food intake and exercise.
When starvation leads to severe underweight (less than 75 percent
of ideal body weight), high medical risks ensue, and patients
require hospitalization. They must be stabilized and carefully fed to
forestall death. However, involuntary feeding through a tube can
cause psychological trauma and may not be necessary in all cases.
Antidepressants and other drugs are commonly prescribed but are
often ineffective in anorexia nervosa.

Stopping weight loss is a first goal; establishing regular eating
patterns is next. Because body weight is low and fear of weight
gain is high, initial food intake may be small—1200 kcalories per
day can be an achievement. A variety of high-energy foods and
beverages can help deliver needed kcalories and nutrients. Even

*Indicators of malnutrition include a low percentage of body fat, low blood
proteins, and impaired immune response.
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after recovery, however, energy intakes and eating behaviors may
not fully return to normal.

Almost half of women who are treated can successfully main-
tain their body weight at just below a healthy weight; at that
weight, many of them begin menstruating again. The other half
have poor or fair treatment outcomes, relapse into abnormal eat-
ing behaviors, or die. Anorexia nervosa has one of the highest
mortality rates among psychiatric disorders—most commonly from
cardiac complications or by suicide."

How does bulimia nervosa differ from
anorexia nervosa?

Bulimia nervosa is distinct from anorexia nervosa and is more
prevalent. More men suffer from bulimia nervosa than from an-
orexia, but bulimia is still more common in women. The secretive
nature of bulimic behaviors makes recognition of the problem dif-
ficult, but once it is recognized, diagnosis is based on such criteria
as number and frequency of binge eating episodes, inappropriate
compensatory behaviors to prevent weight gain (such as self-
induced vomiting or misuse of laxatives), and self-evaluation that is
unduly influenced by body shape and weight.®

The typical person with bulimia is well educated, in her early
twenties, and close to ideal body weight. She is a high achiever
but emotionally insecure. She experiences considerable social
anxiety and has difficulty establishing personal relationships. She is
sometimes depressed and often exhibits impulsive behavior.

Like the person with anorexia nervosa, the person with
bulimia spends much time thinking about her body weight and
food. Her preoccupation with food manifests itself in secretive
binge eating episodes followed by self-induced vomiting, fasting,
or the use of laxatives or diuretics. Such behaviors typically begin
in late adolescence after a long series of various unsuccessful
weight-reduction diets. People with bulimia commonly follow a
pattern of restrictive dieting interspersed with bulimic behaviors
and experience weight fluctuations of more than 10 pounds over
short periods of time.

Unlike the person with anorexia nervosa, the person with
bulimia is aware of the consequences of her behavior, feels that
it is abnormal, and is deeply ashamed of it. She feels inadequate
and unable to control her eating, so she tends to be passive and to
look to others for confirmation of her sense of self-worth. When
she is rejected, either in reality or in her imagination, her bulimia
becomes worse. If her depression deepens, she may seek solace in
drug or alcohol abuse or other addictive behaviors. Clinical depres-
sion is common in people with bulimia nervosa, and the rates of
substance abuse are high.

What exactly is binge eating?

Binge eating is unlike normal eating, and the food is not con-
sumed for its nutritional value. The binge eater has a compulsion
to eat. A typical binge occurs periodically, is done in secret, usually
at night, and lasts an hour or more. A binge frequently follows

a period of rigid dieting, so the binge eating is accelerated by
hunger. During a binge, the person with bulimia may consume a
thousand kcalories or more. The food typically contains little fiber
or water, has a smooth texture, and is high in sugar and fat, so it is
easy to consume vast amounts rapidly with little chewing.
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What are the consequences of binge eating
and purging?

After a binge, the person may use a cathartic—a strong laxative that
can injure the lower intestinal tract. Or the person may induce vomit-
ing, using an emetic—a drug intended as first aid for poisoning.

On first glance, purging seems to offer a quick and easy solution
to the problems of unwanted kcalories and body weight. Many peo-
ple perceive such behavior as neutral or even positive, when, in fact,
bingeing and purging have serious physical consequences. Fluid and
electrolyte imbalances caused by vomiting or diarrhea can lead to
abnormal heart rhythms and injury to the kidneys. Vomiting causes
irritation and infection of the pharynx, esophagus, and salivary
glands; erosion of the teeth; and dental caries. The esophagus may
rupture or tear, as may the stomach. Overuse of emetics depletes
potassium concentrations and can lead to death by heart failure.

What is the treatment for bulimia nervosa?

As for people with anorexia nervosa, a team approach provides the
most effective treatment for people with bulimia nervosa. Bulimia
nervosa is easier to treat than anorexia nervosa in many respects be-
cause it seems to be more of a chosen behavior. People with bulimia
know that their behavior is abnormal, and many are willing to try to
cooperate.

The goal of the dietary plan to treat bulimia is to help the client
gain control, establish regular eating patterns, and restore nutritional
health. Energy intake should not be severely restricted—hunger can
be a trigger for a binge. The person needs to learn to eat a quantity
of nutritious food sufficient to nourish her body and to satisfy hun-
ger (at least 1600 kcalories per day). Table NP6-2 offers some ways

TABLE NP6-2 Strategies to Combat Bulimia
Nervosa

Planning Principles
1 Plan meals and snacks; record plans in a food diary prior to eating.

1 Plan meals and snacks that require eating at the table and using
utensils.

1 Refrain from finger foods.
1 Refrain from fasting or skipping meals.

Nutrition Principles

1 Eat a well-balanced diet and regularly timed meals consisting of a
variety of foods.

1 Include raw vegetables, salad, or raw fruit at meals to prolong
eating times.

1 Choose whole-grain, high-fiber breads, pasta, rice, and cereals to
increase bulk.

1 Consume adequate fluid, particularly water.

Other Tips

1 Choose foods that provide protein and fat for satiety and bulky,
fiber-rich carbohydrates for immediate feelings of fullness.

1 Try including soups and other water-rich foods for satiety.

1 Choose portions that are appropriate for your energy needs
according to the USDA Food Patterns (pp. 16-17).

For convenience (and to reduce temptation) select foods that natu-
rally divide into portions. Select one potato, rather than rice or pasta
that can be overloaded onto the plate; purchase yogurt and cottage
cheese in individual containers; look for small packages of precut
steak or chicken; choose frozen dinners with measured portions.

Include 30 minutes of physical activity every day—exercise may be
an important tool in defeating bulimia.
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to begin correcting bulimia nervosa. Most people diagnosed with
bulimia nervosa recover within 5 to 10 years, with or without treat-
ment, but treatment probably speeds the recovery process.
Anorexia nervosa and bulimia nervosa are distinct eating dis-
orders, yet they sometimes overlap. Anorexia victims may purge,
and victims of both conditions share an overconcern with body
weight and the tendency to drastically undereat. The two disorders
can also appear in the same person, or one can lead to the other.
Other people have eating disorders that fall short of anorexia ner-
vosa or bulimia nervosa but share some of their features, such as
fear of body fatness. One such condition is binge eating disorder.

How does binge eating disorder differ from
bulimia nervosa?

Up to half of all people who restrict eating to lose weight periodically
binge without purging, including about one-third of obese people.
Obesity itself, however, does not constitute an eating disorder.

Clinicians note differences between people with bulimia nervosa
and those with binge eating disorder. People with binge eating disor-
der consume less during a binge, rarely purge, and exert less restraint
during times of dieting. Similarities also exist, including feeling out of
control, disgusted, depressed, embarrassed, or guilty because of their
self-perceived gluttony. Binge eating behavior responds more readily
to treatment than other eating disorders, and resolving such behav-
iors can be a first step to authentic weight control. Successful treat-
ment also improves physical health, mental health, and the chances
of breaking the cycle of rapid weight losses and gains.

Chapter 6 describes how our society sets unrealistic ideals for
body weight, especially in women, and devalues those who do not
conform to them. Anorexia nervosa and bulimia nervosa are not
a form of rebellion against these unreasonable expectations but
rather the exaggerated acceptance of them. Body dissatisfaction is
a primary factor in the development of eating disorders. Perhaps a
person’s best defense against these disorders is to learn to appreci-
ate his or her own uniqueness.
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7.1 Causes of Obesity

LO 7.1 Discuss the genetic and environmental
causes of obesity.

7.2 Obesity Treatment: Who Should
Lose?

LO 7.2 Explain why weight-loss advice does not apply
equally to all overweight people.

7.3 Inappropriate Obesity Treatments

LO 7.3 Describe some of the dangers of over-the-
counter weight-loss products.

7.4 Aggressive Treatments of Obesity

LO 7.4 Explain the risks and benefits, if any, of drugs
and surgery used to treat obesity.

Copyright 2016 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.

7.5 Reasonable Strategies for
Weight Loss

LO 7.5 Outline reasonable strategies for achieving
and maintaining a healthy body weight.

7.6 Strategies for Weight Gain

LO 7.6 Summarize strategies for gaining weight.

7.7 Nutrition in Practice: Fad Diets

LO 7.7 Describe several popular fad diets and explain
how to evaluate weight-loss diets based on sound
nutrition.
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Are you pleased with your body weight? If you answered yes, you are
a rare individual. Nearly all people in our society think they should
weigh more or less (mostly less) than they do. Usually, their primary
reason is appearance, but they often perceive, correctly, that their weight
is also related to physical health. Chapter 6 addressed the health risks of
being overweight or underweight.

Overweight and underweight both result from energy imbalance. The
simple picture is as follows. Overweight people have consumed more food
energy than they have expended and have banked the surplus in their body
fat. To reduce body fat, overweight people need to expend more energy than
they take in from food. In contrast, underweight people have consumed
too little food energy to support their activities and so have depleted their
bodies’ fat stores and possibly some of their lean tissues as well. To gain
weight, they need to take in more food energy than they expend.

This chapter’s missions are to present strategies for solving the
problems of excessive and deficient body fatness and to point out how
appropriate body composition, once achieved, can be maintained. The
chapter emphasizes overweight and obesity, partly because they have
been more intensively studied and partly because they represent a major
health problem in the United States and a growing concern worldwide.

7.1 Causes of Obesity

LO 7.1 Discuss the genetic and environmental causes of obesity.

Henceforth, this chapter will use the term obesity to refer to excess body fat. Excess
body fat accumulates when people take in more food energy than they expend. Why
do they do this? Is it genetic? Metabolic? Psychological? Behavioral? All of these?
Most likely, obesity has many interrelated causes. This section reviews the two major
contributing and interacting factors—genetics and the environment.!

Genetics and Weight

A person’s genetic makeup influences the body’s tendency to consume or store too
much energy or to expend too little.? Evidence that genes influence eating behavior
and body composition comes from family, twin, and adoption studies. Adopted
children tend to be more similar in weight to their biological parents than to their
adoptive parents.? Studies of twins yield similar findings: compared with fraternal
twins, identical twins are far more likely to weigh the same.* Genes clearly influence
a person’s tendency to gain weight or stay lean.’ The risk of obesity is two to three
times higher for a person with a family history of obesity than for a person without
such history. Despite such findings, however, only 1 to 5 percent of obesity cases can
be explained by a single gene mutation.® Furthermore, although genomics researchers
have identified hundreds of genes with possible roles in obesity development, they
have not yet identified genetic causes of common obesity.’

Exceptionally complex relationships exist among the many genes related to
energy metabolism and obesity, and they each interact with environmental factors,
too. Although an individual’s genetic inheritance may make obesity likely, it will not
necessarily develop unless given a push by environmental factors that encourage energy
consumption and discourage energy expenditure.® High-fat diets, sugar-sweetened
beverages, and low physical activity, for example, can accentuate the genetic influences
on obesity.’ Likewise, physical activity can minimize the genetic influences on BMI.™
The following sections describe research involving proteins that might help explain
appetite control, energy regulation, and obesity development.

CHAPTER SEVEN
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Lipoprotein Lipase Some of the research investigating genetic influence on obe-
sity focuses on the enzyme lipoprotein lipase (LPL), which promotes fat storage in
fat cells and muscle cells.!! People with high LPL activity are especially efficient at
storing fat. Obese people generally have much more LPL activity in their fat cells
than lean people do (their muscle cell LPL activity is similar, though). This high LPL
activity makes fat storage especially efficient. Consequently, even modest excesses in
energy intake have a more dramatic impact on obese people than on lean people.

Leptin Researchers have identified a gene in humans called the obesity (0b) gene. The
obesity gene codes for the protein leptin. Leptin is a hormone primarily produced
and secreted by the fat cells in proportion to the amount of fat stored. A gain in body
fatness stimulates the production of leptin, which, by way of the hypothalamus, sup-
presses the appetite, increases energy expenditure, and produces fat loss.'? Fat loss pro-
duces the opposite effect—suppression of leptin production, increased appetite, and
decreased energy expenditure. As Figure 7-1 shows, mice with a defective obesity gene
do not produce leptin and can weigh up to three times as much as normal mice. When
injected with leptin, the mice lose weight. (Because leptin is a protein, it would be
destroyed during digestion if given orally; consequently, it must be given by injection.)

Although it is extremely rare, researchers have identified a genetic deficiency
of leptin in human beings as well. An error in the gene that codes for leptin was
discovered in two extremely obese children whose blood levels of leptin were barely
detectable. Without leptin, the children had little appetite control; they were con-
stantly hungry and ate considerably more than their siblings or peers. Given daily
injections of leptin, these children lost a substantial amount of weight, confirming
leptin’s role in regulating appetite and body weight.

Most obese people do not have leptin deficiency, however. In fact, most obese
people produce plenty of leptin, but they fail to respond to it, a condition called leptin
resistance.'® Researchers speculate that blood leptin rises in an effort to suppress appe-
tite and inhibit fat storage when fat cells are ample. Obese people with elevated leptin
concentrations may be resistant to its satiating effect. The absence of or resistance
to leptin in obesity parallels the scenario of insulin in diabetes: some people have an
insulin deficiency (type 1), whereas many others have elevated insulin but are resistant
to its glucose-storing effect (type 2).

Ghrelin Another protein known as ghrelin works in the opposite direction of leptin.
Ghrelin is synthesized and secreted primarily by the stomach cells but works in the
hypothalamus to promote a positive energy balance by increasing smell sensitivity,
stimulating appetite and promoting efficient energy storage.'* The role ghrelin plays
in regulating food intake and body weight is the subject of much intense research.!
Pharmaceutical companies are eager to develop products that mimic ghrelin to treat
wasting conditions, as well as products that oppose ghrelin’s action to treat obesity.'¢

Ghrelin powerfully triggers the desire to eat. Blood levels of ghrelin typically rise
before and fall after a meal—reflecting the hunger and satiety that precede and fol-
low eating. In general, fasting blood levels correlate inversely with body weight: lean
people have high ghrelin levels and obese people have low levels.

Ghrelin fights to maintain a stable body weight. On average, ghrelin levels are high
whenever the body is in negative energy balance, as occurs during low-kcalorie diets,
for example. This response may help explain why weight loss is so difficult to main-
tain. Ghrelin levels decline again whenever the body is in positive energy balance, as
occurs with weight gains.

Fat Cell Development When “energy in” exceeds “energy out,” much of the excess
energy is stored in the fat cells of adipose tissue. The amount of fat in adipose tissue
reflects both the number and the size of the fat cells.* Thus, obesity develops when

*QObesity due to an increase in the number of fat cells is hyperplastic obesity. Obesity due to an increase
in the size of fat cells is hypertrophic obesity.
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FIGURE 7-1

The mouse on the left is genetically
obese—it lacks the gene for
producing leptin. The mouse on the
right is also genetically obese, but
because it receives leptin, it eats less,
expends more energy, and is less
obese than it would be had it not
received the leptin.

lipoprotein lipase (LPL): an

enzyme mounted on the surface

of fat cells (and other cells) that

hydrolyzes triglycerides in the blood

into fatty acids and glycerol for

absorption into the cells. There they

are metabolized or reassembled

for storage.

leptin: a hormone produced by

fat cells under the direction of the

(ob) gene. It decreases appetite and

increases energy expenditure.
leptos = thin

hypothalamus (high-po-THAL-

ah-mus): a brain center that controls

activities such as maintenance

of water balance, regulation of

body temperature, and control

of appetite.

ghrelin (GRELL-in): a hormone
produced primarily by the stomach
cells. It signals the hypothalamus
of the brain to stimulate appetite
and food intake.
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cells increase in number again.

FIGURE 7-2 Fat Cell Development
Fat cells are capable of increasing their size by 20-fold and their number by several thousand-fold.

set-point theory: the theory that
the body tends to maintain a certain
weight by means of its own internal
controls.

obesogenic (oh- BES-oh-JEN-ick)
environment: all the factors
surrounding a person that promote
weight gain, such as an increased
food intake—especially of unhealthy
choices—and decreased physical
activity.
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a person’s fat cells increase in number, in size, or quite often both. The number of
fat cells increases most rapidly during the growing years of late childhood and early
puberty. After growth ceases, fat cell number may continue to increase whenever
energy balance is positive.!” Fat cells can also expand in size. After they reach their
maximum size, more cells can develop to store more fat. Obese people have more fat
cells than healthy-weight people; their fat cells are also larger. Figure 7-2 illustrates fat
cell development.

‘With fat loss, the size of the fat cells shrinks, but their number cannot. For this rea-
son, people with extra fat cells may tend to regain lost weight rapidly. Prevention of
obesity is most critical, then, during the growing years of childhood and adolescence
when fat cells increase in number most profoundly.

As mentioned, excess fat first fills the body’s natural storage site—adipose tissue.
If fat is still abundant, the excess is deposited in organs such as the heart and liver
and plays a key role in the development of heart failure and fatty liver, respectively.'®
As adipose tissue produces adipokines, metabolic changes that indicate disease risk—
such as insulin resistance—become apparent and chronic inflammation develops.®

Set-Point Theory One popular theory of why a person may store too much fat is
the set-point theory. The set-point theory proposes that body weight, like body tem-
perature, is physiologically regulated.?’ Researchers have noted that many people who
lose weight quickly regain it all. This suggests that somehow the body chooses a pre-
ferred weight and defends that weight by regulating eating behaviors and hormonal
actions. After weight losses, the body reduces its metabolic rate. The decrease in meta-
bolic rate after weight loss is greater than would be expected based on body composi-
tion alone.?! This adaptation helps to explain why it can be difficult for an overweight
person to maintain weight losses. While set point answers some questions regarding
the biology of energy balance, it fails to explain the many other influences contribut-
ing to the population’s obesity epidemic.??

Environmental Stimuli

As discussed earlier, genetic factors play a partial role in determining a person’s sus-
ceptibility to obesity, but they do not fully explain obesity. Obesity rates have risen dra-
matically during recent decades, but the human gene pool has remained unchanged.
The environment must therefore play a role as well. Obesity reflects the interaction
between genes and the environment.?? An obesogenic environment includes all of the
circumstances that people encounter daily that push them toward fatness. Over the
past four decades, the demand for physical activity has decreased as the abundance of
food has increased.
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Overeating People may overeat in response to stimuli in their surroundings—
primarily, the availability of many delectable foods. Most people in the United States
find high-kcalorie foods readily available, relatively inexpensive, heavily advertised,
and reasonably tasty—thanks largely to fast food. With around-the-clock access to
rich palatable foods, we eat more and more often than in decades past—and energy
intakes have risen accordingly.?*

Most alarming are the extraordinarily large serving sizes and ready-to-go meals
offered in supersize combinations. Eating large portion sizes multiple times a day
accounts for much of the weight increase seen over the decades.? People buy the
large sizes and combinations, perceiving them to be a good value, but then they eat
more than they need. Research shows that people eat more if they’re served more.?
“Portion distortion” is a term used to describe the perception that large portions are the
appropriate amounts to eat at a single sitting.?” And portion sizes of virtually all foods
and beverages (and even sizes of plates, glasses, and utensils) have increased markedly
in the past several decades, most notably at fast-food restaurants. The increase in
portion sizes parallels the growing prevalence of overweight and obesity in the United
States, beginning in the 1970s, rising sharply in the 1980s, and continuing today.

Research suggests that fast-food consumption contributes significantly to the
development of obesity.? Fast food is often energy-dense food, which increases energy
intake, BMI, and body fatness. The combination of large portions and energy-dense
foods strikes a double blow. Reducing portion sizes is helpful, but the real kcalorie
savings come from lowering the energy density. Satisfying portions of foods with low
energy density such as fruits and vegetables can help with weight loss.

Consumers’ health would benefit from restaurants providing appropriate portion
sizes and offering more fruits, vegetables, legumes, and whole grains. In an effort to help
consumers make healthier choices, national legislation now requires restaurants with 20
or more locations to provide menu listings of an item’s kcalories, grams of saturated fat,
and milligrams of sodium.? Once such information displays become standard through-
out the country, perhaps restaurants will have greater incentives to offer healthier choices.

Learned Behavior Psychological stimuli also trigger inappropriate eating behaviors
in some people. Appropriate eating behavior is a response to hunger. Hunger is a
drive programmed into people by their heredity. Appetite, in contrast, is learned and
can lead people to ignore hunger or to over-respond to it. Hunger is physiological,
whereas appetite is psychological, and the two do not always coincide.

During the course of a meal, as food enters the GI tract and hunger diminishes, satia-
tion occurs. As receptors in the stomach stretch and hormones become active, the per-
son begins to feel full. The response is satiation, which prompts the person to stop eating.

After a meal, the feeling of satiety continues to suppress hunger and allow a person
to not eat again for a while. Whereas satiation tells us to “stop eating,” satiety reminds
us to “not start eating again.” As mentioned above, people can override these signals,
especially when presented with favorite foods or stressful situations.

Food behavior is intimately connected to deep emotional needs such as the primi-
tive fear of starvation. Yearnings, cravings, and addictions with profound psychologi-
cal significance can express themselves in people’s eating behavior. An emotionally
insecure person might eat rather than call a friend and risk rejection. Another person
might eat to relieve boredom or to ward off depression.

Physical Inactivity The possible causes of obesity mentioned so far all relate
to the input side of the energy equation. What about output? People may be obese,
not because they eat too much, but because they move too little—both in purposeful
exercise and in the activities of daily life.3>* Obese people observed closely are often
seen to eat less than lean people, but they are sometimes so extraordinarily inactive that
they still manage to accumulate an energy surplus. Reducing their food intake further
would jeopardize health and incur nutrient deficiencies. Physical activity, then, is a

WEIGHT MANAGEMENT

hunger: the physiological need to
eat, experienced as a drive to obtain
food; an unpleasant sensation that
demands relief.

appetite: the psychological desire
to eat; a learned motivation that is
experienced as a pleasant sensation
that accompanies the sight, smell,
or thought of appealing foods.
satiation (say-she-AY-shun): the
feeling of satisfaction and fullness
that occurs during a meal and halts
eating. Satiation determines how
much food is consumed during

a meal.

satiety: 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.
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Lack of physical activity fosters
obesity.

TABLE 7-1 National
Goals to Combat Obesity

Make physical activity an integral
and routine part of American life.

Make healthy foods and
beverages available everywhere—
create food and beverage envi-
ronments to make healthy food
and beverage choices the routine,
easy choice.

Advertise and market what
matters for a healthy life.

Activate employers and health-
care professionals.

Strengthen schools as the heart
of health.

Source: Adapted from: Institute of Medicine
(U.S.) Committee on Accelerating Progress
in Obesity Prevention, Accelerating Progress
in Obesity Prevention: Solving the Weight
of the Nation (Washington, D.C.: National
Academies Press, 2012), available at
www.nap.edu.

screen time: sedentary time spent
using an electronic device, such as

a television, computer, or video
game player.

built environment: the buildings,
roads, utilities, homes, fixtures, parks,
and all other manufactured entities
that form the physical characteristics
of a community.

food deserts: urban and rural
low-income areas with limited access
to affordable and nutritious foods.
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necessary component of nutritional health. People must be physically active if they are
to eat enough food to deliver all the nutrients needed without unhealthy weight gain.

Our environment, however, fosters inactivity.’! In turn, inactivity contributes to
obesity and poor health.?? Sedentary screen time has all but replaced outdoor activ-
ity for many people. In addition, most people work at sedentary jobs. One hundred
years ago, 30 percent of the energy used in farm and factory work came from muscle
power; today, only 1 percent does. Modern technology has replaced physical activity
at home, at work, at school, and in transportation. The more time spent sitting still,
the higher the risk of dying from heart disease and other causes.*

Health experts urge people to “take the stairs instead of the elevator” or “walk or
bike to work.” These are excellent suggestions: climbing stairs provides an impromptu
workout, and people who walk or ride a bicycle for transportation most often meet
their needs for physical activity. Physical activity strategies for weight loss and weight
maintenance are offered in a later section of this chapter.

Neighborhood Obstacles to Physical Activity and Healthy Foods Some
aspects of the built environment, including buildings, sidewalks, and transportation
opportunities, can discourage physical activity. For example, most stairwells of mod-
ern buildings are inconvenient, isolated, and unsafe. Roadways often lack sidewalks,
crosswalks, or lanes marked for bicycles. The air on roadways can be dangerously high
in carbon monoxide gas and other pollutants from gasoline engine emissions. Hot and
cold weather also pose hazards for outdoor commuters. In contrast, those with access
to health-promoting foods and built environments more easily make healthy choices.**
Safe, affordable biking and walking areas and public exercise facilities help maintain
health and body leanness.

In addition, residents of many low-income urban and rural areas lack access to even
a single supermarket.’> Often overweight and lacking transportation, residents of these
so-called food deserts have limited access to the affordable, fresh, nutrient-dense foods
they need.’ Instead, they shop at local convenience stores and fast-food places, where
they can purchase mostly refined packaged sweets and starches, sugary soft drinks,
fatty canned meats, or fast foods, and they often have an eating pattern that predicts
nutrient deficiencies and excesses along with high rates of obesity and type 2 diabetes.*

In truth, in most neighborhoods across the United States, the most accessible,
affordable, and tempting foods and beverages are high-kcalorie, good-tasting,
inexpensive fare from fast-food restaurants, and it takes a great deal of attention,
planning, and time to “go against the flow” to keep kcalorie intakes reasonable. Today,
only about a third of the population succeeds in doing so. The prestigious National
Academies’ Institute of Medicine has put forth the national goals in Table 7-1 as
most likely to slow or reverse the obesity epidemic and improve the nation’s health.*
Accomplishing any one of these goals on its own might speed up progress in preventing
obesity, but if all these goals are realized, their effects will be powerful allies in the
nationwide struggle to regain control over weight and health. Such changes require
leaders at all levels and citizenry across all sectors of society to work toward one goal:
improving the health of the nation.

Until these changes occur, the best way for most people to attain a healthy body
composition boils down to overcoming obstacles to making dietary changes and in-
creasing physical activity. Later sections focus on these areas, while the next section
delves into the details of obesity treatment.

IN SUMMARY

I Genetics, fat cell development, set point, overeating, and inactivity all offer
possible, but still incomplete, explanations of obesity.

I Most likely, obesity has not one cause but different causes and combinations of
causes in different people.
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I The easy availability of large portions of energy-dense foods is a major
environmental factor thought to be contributing to the obesity epidemic.

I Built environments that lack opportunities for safe physical activity and access to
fresh, nutrient-dense foods are also linked with obesity.

7.2 Obesity Treatment:
Who Should Lose?

LO 7.2 Explain why weight-loss advice does not apply equally to all
overweight people.

Millions of U.S. adults are trying to lose weight at any given time. Some of these
people do not even need to lose weight. Others may benefit from weight loss but are
not successful. Relatively few people succeed in losing weight, and even fewer succeed
permanently.

Many people assume that every overweight person can achieve slenderness
and should pursue that goal. Consider, however, that most overweight people can-
not become slender. People vary in their weight tendencies just as they vary in their
potentials for height and degrees of health. The question of whether a person should
lose weight depends on many factors: the extent of overweight, age, health, and genet-
ics, to name a few. Weight-loss advice, then, does not apply equally to all overweight
people. Some people may risk more in the process of losing weight than in remaining
overweight. Others may reap significant health benefits with even modest weight loss.

IN SUMMARY

I Weight-loss advice does not apply equally to all overweight people.

I Some people may risk more through misguided efforts to lose weight than by
remaining overweight, whereas others may benefit from even a modest weight loss.

7.3 Inappropriate Obesity Treatments

LO 7.3 Describe some of the dangers of over-the-counter weight-loss products.

The risks people incur in attempting to lose weight often depend on how they go
about it. Weight-loss plans and obesity treatments abound—some are adequate, but
many are ineffective and possibly dangerous. Fad diets are the topic of Nutrition in
Practice 7. This section addresses other inappropriate obesity interventions. Aggres-
sive treatment approaches for obese people who face high risks of medical problems
and must lose weight rapidly are discussed in the next section. Reasonable approaches
to overweight for those seeking safe, gradual weight losses are saved for the last part
of the obesity treatment discussion.

Over-the-Counter Weight-Loss Products

Millions of people in the United States use over-the-counter (OTC) weight-loss products,
believing them to be safe. Most of the people who use such products are women, espe-
cially young overweight women, but almost 10 percent are of normal weight. Promoters
and marketers of weight-loss products make all kinds of claims for their products with
only one intention—profit. Such claims as “eat all you want and lose weight,” “take
three pills before bedtime and watch the fat disappear,” “blocks carbs,” “blocks fat,” and
many more lure people into believing that maybe this time a product will really work.

WEIGHT MANAGEMENT
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In an investigation of OTC weight-loss pills, powders, and other “dietary supple-
ments,” the FDA found that an alarming number of products illegally contained pre-
scription medications. Strong diuretics, unproven experimental drugs, psychotropic
drugs used to treat mental illnesses, and even drugs deemed unsafe and so banned
from U.S. markets were among those discovered, and all pose serious health risks.*

In their search for weight-loss magic, some consumers turn to “natural” herbal prod-
ucts and dietary supplements, even though few have proved to be effective.*’ People mis-
takenly believe that “natural” herbs are not harmful to the body, but many herbs contain
toxins. Belladonna and hemlock are infamous examples, but many lesser-known herbs,
such as sassafras, contain toxins as well. Furthermore, because herbs are marketed
as “dietary supplements,” manufacturers need not present scientific evidence of their
safety or effectiveness to the FDA before marketing them. Evidence about their safety is
gathered only through reports of consumers who sicken or die after using the remedies.

A now familiar example is ephedra (also called ma huang), an herb that showed
promise as a weight-loss drug in preliminary studies. Immediately, ephedra-containing
products for dieters and athletes flooded the market. Many consumers of these prod-
ucts reported ill effects including cardiac arrest, abnormal heartbeats, hypertension,
strokes, and seizures; the supplements have been linked to some deaths as well. For
this reason, the FDA has banned the sale of dietary supplements containing ephedra
and its active constituent, ephedrine.*

OTC weight-loss pills, powders, herbs, and other “dietary supplements” are not
associated with successful weight loss and maintenance.*' Nutrition in Practice 15
explores the possible benefits and potential dangers of herbal products and other
alternative therapies. Anyone using dietary supplements for weight loss should first
consult a physician.

Other Gimmicks

Other gimmicks don’t help with weight loss either. Hot baths do not speed up
metabolism so that pounds can be lost in hours. Steam and sauna baths do not melt
the fat off the body, although they may dehydrate people so that they lose water
weight. Brushes, sponges, wraps, creams, and massages intended to move, burn, or
break up fat do nothing of the kind.

IN SUMMARY

I Efforts to lose weight via unwise techniques, such as use of over-the-counter sup-
plements and herbal products, can be physically and psychologically damaging.

7.4 Aggressive Treatments of Obesity

LO 7.4 Explain the risks and benefits, if any, of drugs and surgery used to
treat obesity.

For some obese people, the medical problems caused by obesity demand treatment
approaches that may, themselves, incur some risks. The health benefits to be gained by
weight loss, however, may make these risks worth taking.

Obesity Drugs

Several prescription medications for weight loss have been tried over the years. When
used as part of a long-term, comprehensive weight-loss program, medications can

*Ephedrine is an amphetamine-like substance extracted from the Chinese herb ma huang. Ma huang
(ephedrine) is illegal in Canada.
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TABLE 7-2 FDA-Approved Drugs for Weight Loss

Product

Orlistat (OR-leh-stat), trade
names: Alli, Xenical

Phentermine (FEN-ter-mean),
diethylpropion (DYE-eth-ill-
PRO-pee-on), phendimetrazine
(FEN-dye-MEH-tra-zeen)

Lorcaserin hydrochloride, trade
name: Belvig (BELL-veek)

Phentermine (an appetite
suppressant) and topiramate

(a seizure/migraine medication)
combination, trade name:

Action

Inhibits pancreatic lipase activity in the Gl tract,
thus blocking digestion and absorption of
dietary fat and limiting energy intake

Enhances the release of the neurotransmitter
norepinephrine, which suppresses appetite

Interacts with brain serotonin receptors to
increase satiety

Enhances the release of the neurotransmitter
norepinephrine, which suppresses appetite,
and increases feelings of fullness, making
foods taste less appealing

Side Effects

Cramping, diarrhea, gas, frequent bowel
movements, reduced absorption of fat-soluble
vitamins; rare cases of liver injury

Increased blood pressure and heart rate, insomnia,

nervousness, dizziness, headache

Headache, dizziness, fatigue, nausea, dry mouth,
and constipation; low blood glucose in people
with diabetes; serotonin syndrome, including
agitation, confusion, fever, loss of coordination,
rapid or irregular heart rate, shivering, seizures,
and unconsciousness; cannot be safely used by

pregnant or lactating women or people with heart

valve problems; high doses cause hallucinations

Increased heart rate; can cause birth defects if
taken in the first weeks or months of pregnancy;
may worsen glaucoma or hyperthyroidism; may
interact with other medications

Qsymia (kyoo-sim-EE-uh)

Note: Weight-loss drugs are most effective when taken as directed and used in combination with a reduced-kcalorie diet and increased physical activity.

help with modest weight loss.*? Drugs may be an option for people who are unable
to achieve adequate weight loss with diet and exercise; have a BMI =30 (or =27 with
weight-related health problems); and have no medical contraindications. Because
weight regain commonly occurs with the discontinuation of drug therapy, treatment
is long term—and the long-term use of medications poses risks. Medical experts do
not yet know whether a person would benefit more from maintaining a 50-pound
excess or from taking a medication for a decade to keep the 50 pounds off.

The challenge, then, is to develop an effective drug—or more likely, a combina-
tion of drugs—that can be used over time without adverse side effects or the potential
for abuse. Weight-loss drugs should be prescribed in tandem with a healthy diet and
physical activity program. Table 7-2 presents the drugs to treat obesity that meet the
FDA mandate that “benefits must exceed risks.”*

Surgery

The prevalence of clinically severe obesity is increasing at an incredibly rapid rate.*
At this level of obesity, lifestyle changes and modest weight losses can improve dis-
ease risks a little, but the most effective treatment is surgery.* Two procedures, gastric
bypass and gastric banding, have gained wide acceptance. Both procedures limit food
intake by effectively reducing the capacity of the stomach. In addition, gastric bypass
suppresses hunger by changing production of gastrointestinal hormones.* The results
are significant: depending on the type of surgery, nearly 50 percent of the excess
weight remains lost after 15 years.?” More long-term studies are needed, but surgery
with weight loss often brings immediate and lasting improvements in blood lipids,
diabetes, sleep apnea, heart disease, and hypertension.*?

Laparoscopic weight-loss surgery techniques are now used to perform gastric
bypass and other weight-loss surgeries. Laparoscopic weight-loss surgery produces
significant, long-term weight loss, shortens recovery, and is less invasive than open
surgery.

WEIGHT MANAGEMENT

clinically severe obesity: a BMI

of 40 or greater, or a BMI of 35 or
greater with one or more serious
conditions such as hypertension.
Another term used to describe the
same condition is morbid obesity.

gastric bypass: surgery that
restricts stomach size and reroutes
food from the stomach to the
lower part of the small intestine;
creates a chronic, lifelong state

of malabsorption by preventing
normal digestion and absorption
of nutrients.

gastric banding: a surgical
means of producing weight loss
by restricting stomach size with a
constricting band.

laparoscopic weight-loss
surgery: a weight-loss surgery
procedure in which surgeons gain
access to the abdomen via several
small incisions. A tiny video camera
is inserted through one of the
incisions and surgical instruments
through the others. The surgeons
watch their work on a large-screen
monitor.
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A healthy body contains enough
lean tissue to support health and
the right amount of fat to meet

body needs.
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Because the long-term safety and effectiveness of gastric surgery depend, in large
part, on compliance with dietary instructions, nutrition care plays an important role
in follow-up treatment.* Common immediate postsurgical complications include in-
fections, nausea, vomiting, and dehydration; in the long term, vitamin and mineral
deficiencies and psychological problems are common. Lifelong medical supervision
is necessary for those who choose the surgical route, but in suitable candidates, the
health benefits of weight loss may prove worth the risks.

IN SUMMARY

I Obese people with high risks of medical problems may need aggressive treatment,
including drugs or surgery.

7.5 Reasonable Strategies
for Weight Loss

LO 7.5 Outline reasonable strategies for achieving and maintaining a healthy
body weight.

Efforts to combat obesity must integrate healthy eating patterns, physical activities,
supportive environments, and psychosocial support.*® Successful weight-loss strategies
embrace small changes, moderate, sustained losses, and reasonable goals. People who
consistently choose nutrient-dense foods and engage in regular physical activity can
reap substantial health benefits. In keeping with this philosophy, the Dietary Guidelines
for Americans advise those who need to lose weight to “consume fewer kcalories from
foods and beverages, increase physical activity, and reduce time spent in sedentary
behaviors.” A modest, sustained weight loss of 3 to 5 percent, even when a person is
still overweight, can reduce blood glucose and improve control of diabetes as well as
reduce the risk of heart disease by lowering blood triglycerides.’! Greater weight loss
reduces blood pressure, improves levels of low-density and high-density lipoproteins,
and further reduces levels of blood triglycerides and blood glucose.

Of course, the same eating and activity habits that improve health often lead to a
healthier body weight and composition as well. Successful weight loss, then, is de-
fined not by pounds lost but by health gained. People less concerned with disease risks
may prefer to set goals for personal fitness, such as being able to play with children or
climb stairs without becoming short of breath.

Whether the goal is health or fitness, weight-loss expectations need to be reason-
able. Unreachable targets ensure frustration and failure. Setting reasonable goals helps
to achieve the desired result in managing weight. For example, obese people who
must reduce their weight to lower their disease risks might set three broad goals:

1. Reduce body weight by about 5 to 10 percent over half a year’s time.
2. Maintain a lower body weight over the long term.
3. At a minimum, prevent further weight gain.

Such goals may be achieved or even exceeded, providing a sense of accomplishment
instead of disappointment.

After all, excess weight takes years to accumulate. Losing excess body fat also takes
time, along with patience and perseverance. The person must adopt healthy eating
patterns, engage in physical activity, create a supportive environment, and seek out
behavioral and social support. These behaviors must be continued for at least 6 months
for initial weight loss, and then for a lifetime to maintain the losses.”? Setbacks are a
given, and according to recent evidence, the size of the kcalorie deficit required to lose
a pound of weight initially may be smaller than that required later on. In other words,
weight loss is hard at first, and then it may get harder.>
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A Healthful Eating Plan

Contrary to the claims of many fad diets, no particular eating plan is magical, and no
specific food must be either included or avoided for weight management. In designing
an eating pattern, people need only consider foods that they like or can learn to like,
that are available, and that are within their means.

A Realistic Energy Intake The main characteristic of a weight-loss diet is that it
provides less energy than the person needs to maintain present body weight. If food
energy is restricted too severely, dieters may not receive sufficient nutrients and may
lose lean tissue. Rapid weight loss usually means excessive loss of lean tissue, a lower
BMR, and a rapid weight regain to follow. Restrictive eating may also set in motion
the unhealthy behaviors of eating disorders (described in Nutrition in Practice 6).

Obesity experts from the American Heart Association and the American College
of Cardiology recommend that reductions in energy intake should be based on a per-
son’s BMI.>* Overweight (BMI of 25 or greater) and obese (BMI of 30 or greater)
people are encouraged to reduce their usual daily kcalorie intakes by about 500 to
750 kcalories. Based on the assumption that a 3,500-calorie deficit will consistently
produce a pound of weight loss, these recommendations are predicted to produce a
weight loss of about 1 to 1% pounds per week while retaining lean tissue.> However,
this assumption has been called into question.>

Recent research suggests that the kcalorie deficit required to lose a pound of weight
may increase as weight loss progresses.’’” Weight loss may proceed rapidly for some
weeks or months but will eventually slow down. The following factors contribute to a
decline in the rate of loss:

Metabolism may slow in response to a lower kcalorie intake and loss of
metabolically active lean tissue.

Less energy may be expended in physical activity as body weight diminishes.

In addition, the composition of weight loss itself may affect the rate of loss. Body
weight lost early in dieting may be composed of a greater percentage of water and
lean tissue, which contains fewer kcalories per pound as compared with later losses
that appear to be composed mostly of fat.’® This may mean that dieters should expect
a slowdown in weight loss as they progress past the initial phase.

Most people can lose weight safely on an eating pattern providing approximately
1200 to 1500 kcalories per day for women and 1500 to 1800 kcalories per day for
men.> Table 7-3 suggests daily food amounts from which to build balanced 1200- to
1800-kcalorie diets.

Some people skip meals, typically breakfast, in an effort to reduce energy intake
and lose weight. Research does not support such a causal relationship between break-
fast and body weight, but it does suggest some interesting associations.®® Breakfast
frequency is inversely associated with obesity and its risk factors—that is, people who
frequently eat breakfast have lower BMI values and lower blood pressure and blood

TABLE 7-3 Daily Amounts from Each Food Group for 1200- to
1800-kCalorie Diets

Food Group 1200 kCalories 1400 kCalories 1600 kCalories 1800 kCalories

Fruit 1c 1%c 1%c 1%c

Vegetables 1%c 1%c 2¢c 2Y%¢c

Grains 40z 5oz 50z 6 0z

Protein foods 30z 4 oz 50z 5 0z ©

Milk 2%c 2% c 3¢ 3c §

QOils 4 tsp 4 tsp 5 tsp 5 tsp ,;:,
©
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cholesterol levels than those who tend to skip breakfast.’! Furthermore, eating break-
fast, especially a protein-rich breakfast, improves satiety and diet quality—two factors
that support healthy body weight.®

Nutritional Adequacy Nutritional adequacy is difficult to achieve on fewer than
1200 kcalories a day, and most healthy adults need never consume any less than that.
A plan that provides an adequate intake supports a healthier and more successful
weight loss than a restrictive plan that creates feelings of starvation and deprivation,
which can lead to an irresistible urge to binge.

Take a look at the 1200-kcalorie diet in Table 7-3. Such an intake would allow most
people to lose weight and still meet their nutrient needs with careful, low-kcalorie,
nutrient-dense food selections. Healthy eating patterns for weight loss should provide all
of the needed nutrients in the form of fresh fruits and vegetables; low-fat milk products
or substitutes; legumes; small amounts of lean protein foods; nuts; and whole grains.®
These foods are necessary for adequate protein, carbohydrate, fiber, vitamins, and min-
erals and are generally associated with leanness. They are also best for managing weight.

Wholesome, high-fiber, unprocessed or lightly processed foods offer bulk and
satiety for fewer kcalories than smooth, quickly consumed refined foods. Thus,
choosing whole grains and fiber-rich vegetables in place of most refined grains and
added sugars benefits both weight and nutrition.

Choose fats sensibly by avoiding most solid fats and including enough unsaturated
oils (details in Nutrition in Practice 3) to support health but not so much as to over-
supply kcalories. Nuts provide unsaturated fat and protein, and people who regularly
eat nuts often maintain a healthy body weight.% Lean meats or other low-fat protein
sources also play important roles in weight loss and provide satiety. Sufficient protein
foods may also help to preserve lean tissue, including muscle tissue, during weight loss.®

A dietary supplement providing vitamins and minerals—especially iron and
calcium for women—at or below 100 percent of the Daily Values can help people fol-
lowing low-kcalorie eating patterns to achieve nutrient adequacy. A person who plans
resolutely to include all of the foods from each group needed each day will be satis-
fied, be well-nourished, and have little appetite left for high-kcalorie treats.

Small Portions As mentioned earlier, large portion sizes increase energy intakes, and
the huge helpings served by restaurants and sold in packages are the enemies of people
striving to manage their weight. Similarly, big bowls, plates, utensils, and drinking
glasses encourage people to take and consume larger portions. Small plates and bowls,
tall and thin drinking glasses, and luncheon-sized plates have the opposite effect.

For health’s sake, overweight people may need to learn to eat less food at each
meal—one piece of chicken for dinner instead of two, a teaspoon of butter on the
vegetables instead of a tablespoon, and one cookie for dessert instead of six. Chew
foods slowly and thoroughly. The goal is to eat enough food for energy, nutrients,
and pleasure, but not more. This amount should leave a person feeling satisfied—not
necessarily full. Keep in mind that even fat-free and low-fat foods can deliver a lot of
kcalories when a person eats large quantities.

People who have difficulty making low-kcalorie selections or controlling portion
sizes may find it easier to use prepared meal plans. Prepared meals that provide low-
kcalorie, nutritious meals or snacks can support weight loss while easing the task of
diet planning.% Ideally, those using a prepared meal plan will also receive counsel
from a registered dietitian nutritionist to learn how to select appropriately from con-
ventional food choices as well.

Lower Energy Density As discussed earlier, to lower energy intake, people can
choose smaller portion sizes, or they can reduce the energy density of the foods they
eat. Research shows that eating satisfying portions of foods that are low in energy
density (such as fruits, vegetables, and broth-based soups) maintains satiety while re-
ducing energy intake.®” Foods containing substantial water or fiber and those low in fat
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FIGURE 7-3 Energy Density

Decreasing the energy density (kcal/g) of foods allows a person to eat satisfying portions while still reducing energy intake. To lower

energy density, select foods high in water or fiber and low in fat.

help to lower a meal’s energy density (see Figure 7-3). The Clinical Applications fea-
ture at the end of this chapter describes how to calculate the energy density of foods.

Sugar and Alcohol A person trying to achieve or maintain a healthy weight needs
to limit intakes of added sugars and alcohol, as well as fat. Including them for pleasure
on occasion is compatible with health as long as most daily choices are of nutrient-
dense foods.

Meal Spacing Three meals a day is standard in our society, but no law says you
can’t have four or five—just be sure they are smaller, of course. People who eat small,
frequent meals can be as successful at weight loss and maintenance as those who eat
three. Make sure that mild hunger, not appetite, is prompting you to eat. Eat regularly,
and eat before you become extremely hungry.

Adequate Water Learn to satisfy thirst with water. Water helps with weight
management in several ways. For one, foods with high water content (such as broth-
based soups) increase fullness, reduce hunger, and consequently reduce energy intake.
For another, drinking a large glass of water before a meal may ease hunger, fill the
stomach, and reduce energy intake.®® Importantly, water adds no kcalories. The average
U.S. diet delivers an estimated 75 to 150 kcalories a day from sweetened beverages.
Simply replacing nutrient-poor, energy-dense beverages with water could save a person
up to 15 pounds a year. Water also helps the GI tract adapt to a high-fiber diet.

Physical Activity

The best approach to weight management includes physical activity.®® Either energy
restriction or physical activity alone can produce some weight loss. Clearly, however,
the combination is most effective.”’ People who combine diet and physical activity
are more likely to lose more fat, retain more muscle, and regain less weight than
those who only diet. The Physical Activity Guidelines for Americans, 2008 (available at
www.health.gov/PAGuidelines/) specify the minimum amount of physical activity
people need to gain general kealth benefits. Table 7-4 (p. 174) presents physical activity
strategies from the American College of Sports Medicine developed specifically to
prevent weight gain and promote at least modest weight loss.”

Even without weight loss, physical activity may also help counteract some of the
negative effects of excess body weight on health.” For example, physical activity
reduces abdominal obesity, and this change improves blood pressure, insulin
resistance, and fitness of the heart and lungs, even without weight loss.”

Energy Expenditure Physical activity directly increases energy output by the
muscles and cardiovascular system. Table 6-2 in Chapter 6 (p. 145) shows how much
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Being active—even if overweight—
is healthier than being sedentary.
Weight loss itself, however, best
reduces disease risks.
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TABLE 7-5 Benefits
of Physical Activity in
a Weight-Management
Program

1 Improved body composition
1 Favorable effects on disease risks

1 Short-term increase in energy
expenditure (from exercise and
from a slight rise in BMR)

1 Long-term increase (slight) in
BMR (from an increase in lean
tissue)

1 Appetite control

1 Stress reduction and control of
stress eating

1 Physical, and therefore psycho-
logical, well-being

1 Improved self-esteem

resistance training: the use of
free weights or weight machines to
provide resistance for developing
muscle strength, power, and endur-
ance; also called weight training.

A person’s own body weight may
also be used to provide resistance
as when a person does push-ups,
pull-ups, or abdominal crunches.
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TABLE 7-4 Physical Activity Strategies for Weight Management

A negative energy balance incurred through physical activity will result in weight loss, and the
larger the negative energy balance, the greater the weight loss.

1 Weight gain prevention and augmented weight loss occur with at least 2 hours and 30 minutes
(150 minutes) per week of at least moderate-intensity physical activity.

1 Greater weight loss and improved weight maintenance after weight loss occur with more than
4 hours and 10 minutes (>250 minutes) per week of at least moderate-intensity physical activity.

1 Both aerobic (endurance) and muscle-strengthening (resistance) physical activities are beneficial, but
kcalorie restriction must accompany resistance training to achieve weight loss.

Source: American College of Sports Medicine, Position stand: Appropriate physical activity intervention strategies for
weight loss and prevention of weight regain for adults, Medicine and Science in Sports and Exercise 41 (2009): 459-471.

energy each of several activities uses. The number of kcalories spent in an activity
depends on body weight, intensity, and duration. For example, a 150-pound person
who walks 3.5 miles in 60 minutes expends about 315 kcalories. That same person
running 3 miles in 30 minutes uses a similar amount. By comparison, a 200-pound
person running 3 miles in 30 minutes expends an additional 125 kcalories or so (about
444 kcalories total). The goal is to expend as much energy as time allows. The greater
the energy deficit created by physical activity, the greater the fat loss. A word of
caution, however: people who reward themselves with high-kcalorie foods for “good
behavior” can easily negate any kcalorie deficits incurred with physical activity.

Basal Metabolic Rate (BMR) The BMR is elevated in the hours after vigorous physi-
cal activity, but this effect requires a sustained high-intensity workout beyond the level
achievable by most weight-loss seekers.” Over the long term, however, a person who
engages in daily vigorous activity gradually develops more lean tissue, which is more
active metabolically than fat tissue. Metabolic rate rises accordingly, and this makes a
contribution toward continued weight loss or maintenance.

Appetite Control Physical activity also helps to control appetite. Some people think
that being active will make them want to eat, but research does not show that exercise
causes overeating; in fact, when sedentary people participate in an ongoing activity
program, they reduce their energy intakes.” Active people do have healthy appetites,
but appetite is suppressed immediately after an aerobic workout and satiation during
meals is heightened.” The reasons are unclear, but physical activity may help to con-
trol appetite by altering the levels of appetite-regulating hormones.”

Psychological Benefits Physical activity helps especially to curb the inappropriate
appetite that prompts a person to eat when bored, anxious, or depressed. Weight-man-
agement programs encourage people to go out and be active when they’re tempted to
eat but are not really hungry.

Physical activity also helps to reduce stress. Because stress itself is a trigger for
inappropriate eating behavior for many people, activity can help here, too. In addi-
tion, physical activity helps to improve body image and separate the connections be-
tween body weight and self-worth.” A physically active person begins to look and
feel healthy, and, as a result, gains self-esteem. High self-esteem tends to support a
person’s resolve to persist in a weight-control effort, rounding out a beneficial cycle.
Table 7-5 and Chapter 10 present the benefits of physical activity.

Choosing Activities What kind of physical activity is best? For health, a combination
of moderate to vigorous aerobic physical activity along with resistance training at a safe
level provides benefits.” However, any physical activity is better than being sedentary.
People seeking to lose weight should choose activities that they enjoy and are
willing to do regularly. Health care professionals frequently advise people who want
to manage their body weight and lose fat to engage in activities of low-to-moderate
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intensity for a long duration, such as an hour-long fast-paced walk. The reasoning
behind such advice is that people exercising at low to moderate intensity are likely
to stick with their activity for longer times and are less likely to injure themselves.
People who regularly engage in more vigorous physical activities (fast bicycling or
endurance running, for example), however, have less body fat than those who engage
in moderately intense activities. The conditioned body that is adapted to strenuous
and prolonged aerobic activity uses more fat all day long, not just during activity.
The bottom line on physical activity and weight and/or fat loss seems to be that total
energy expenditure is the main factor, regardless of how a person does it.

In addition to activities such as walking or cycling, there are hundreds of ways to
incorporate energy-expending activities into daily routines: take the stairs instead of
the elevator, walk to the neighbor’s apartment instead of making a phone call, and
rake the leaves instead of using a blower. These activities burn only a few kcalories
each, but over a year’s time they become significant.

Spot Reducing People sometimes ask about “spot reducing.” Unfortunately, no one
part of the body gives up fat in preference to another. Fat cells all over the body release
fat in response to demand, and the fat is then used by whatever muscles are active. No
exercise can remove the fat from any one particular area—and, incidentally, neither
can a massage machine that claims to break up fat on trouble spots.

Physical activity can help with trouble spots in another way, though. Strengthening
muscles in a trouble area can help to improve their tone; stretching to gain flexibil-
ity can help with posture problems. Thus, cardiorespiratory endurance, strength, and
flexibility workouts all have a place in fitness programs.

Behavior and Attitude

Behavior-modification therapy provides ways to overcome barriers to making di-
etary changes and increasing physical activity. Behavior-modification therapy does
more than help people decide which behaviors to change: it also teaches them how
to change. Behavior and attitude are important supporting factors in achieving and
maintaining appropriate body weight and composition. Changing the behaviors of
overeating and underexercising that lead to, and perpetuate, obesity requires time and
effort. A person must commit to take action.

Becoming Aware of Behaviors A person who is aware of all the behaviors that
create a problem has a head start on developing a solution. First, the person needs to
establish a baseline (a record of present eating and physical activity behaviors) against
which to measure future progress.® It is best to keep a diary (see Figure 7-4 on p. 176)
that includes the time and place of meals and snacks, the type and amount of foods
eaten, the persons present when food is eaten, and a description of the individual’s
feelings when eating. The diary should also record physical activities: the kind, the
intensity level, the duration, and the person’s feelings about them. These entries will
help the individual identify possible behaviors to change.

Many companies have developed weight-loss applications for smartphones and other
mobile devices to help users manage their daily food and physical activity behaviors.*
Applications include diet analysis tools that can track eating habits, scanning devices that
can quickly enter food data, customized activity and meal plans that can be sent to users,
and support programs that deliver encouraging messages and helpful tips. Social media
sites allow users to upload progress reports and receive texts. Using these applications
can help a person become more aware of behaviors that lead to weight gains and losses.

Making Small Changes Behavior modification strategies focus on learning desired
eating and exercise behaviors and eliminating unwanted behaviors. With so many

*Reliable reviews of food and nutrition apps are available at www.eatright.org/appreviews.
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behavior modification: the

changing of behavior by the

manipulation of antecedents (cues
or environmental factors that trigger
behavior), the behavior itself, and

consequences (the penalties or
rewards attached to behavior).
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possible behavior changes, a person can feel overwhelmed. Start with small time-specific
goals for each behavior—for example, “I'm going to take a 30-minute walk after dinner
every evening” instead of “I’'m going to run a marathon someday.” Practice desired
behaviors until they become routine. Using a reward system seems to effectively
support weight-loss efforts. Box 7-1 describes behavioral strategies to support weight

How 'To

1. Eliminate inappropriate cues:
I Do not buy problem foods.
I Eatonly in one room at the designated time.
I Shop when not hungry.
I Replace large plates, cups, and utensils with smaller ones.

I Avoid vending machines, fast-food restaurants, and
convenience stores.

I Turn off television, video games, and computers or measure
out appropriate food portions to eat during entertainment.

2. Suppress the cues you cannot eliminate:
I Serve individual plates; do not serve “family style.”

I Remove food from the table after eating a meal to enjoy com-
pany and ambience without excess food to trigger overeating.

I Create obstacles to consuming problem foods—wrap them
and freeze them, making them less quickly accessible.

I Control deprivation; plan and eat regular meals.

I Plan the time spent in sedentary activities, such as watching
television or using a computer—do not use these activities
just to fill time.

3. Strengthen cues to appropriate behaviors:

I Choose to dine with companions who make appropriate
food choices.

I Store appropriate foods in convenient spots in the refrigerator.

I Learn appropriate portion sizes.
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BOX 7-1 APPLY BEHAVIOR MODIFICATION TO MANAGE BODY FATNESS

I Plan appropriate snacks.

I Keep sports and play equipment by the door.

. Repeat desired behaviors:

I Slow down eating—put down utensils between bites.
I Always use utensils.

I Leave some food on your plate.

I Move more—shake a leg, pace, stretch often.

I Join groups of active people and participate.

5. Arrange negative consequences for negative behavior:

I Ask that others respond neutrally to your deviations (make
no comments—even negative attention is a reward).

I If you slip, do not punish yourself.

. Reward yourself personally and immediately for positive

behaviors:

I Buy tickets to sports events, movies, concerts, or other
nonfood amusement.

I Indulge in a new small purchase.
I Get a massage; buy some flowers.
I Take a hot bath; read a good book.

I Treat yourself to a lesson in a new active pursuit such as
horseback riding, handball, or tennis.

I Praise yourself; visit friends.

I Nap; relax.
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management. A particularly attractive feature of these strategies is that they do not
involve blaming oneself or putting oneself down—an important element in fostering
self-esteem.

Cognitive Skills Behavior therapists often teach cognitive skills, or new ways of think-
ing, to help overweight people solve problems and correct false thinking that can under-
mine healthy eating behaviors. Thinking habits are as important for achieving a healthy
body weight as eating and activity habits, and they can be changed.?! A paradox of mak-
ing a change is that it takes belief in oneself and honoring of oneself to lay the foundation
for changing that self. That is, self-acceptance predicts success, while self-loathing predicts
failure. “Positive self-talk” is a concept worth cultivating—many people succeed because
their mental dialogue supports, rather than degrades, their efforts. Negative thoughts (“I'm
not getting thin anyway, so what is the use of continuing?”’) should be viewed in light of
empirical evidence (“my starting weight: 174 pounds; today’s weight: 163 pounds”).

Take credit for new behaviors; be aware of any physical improvements, too, such as
lower blood pressure, or less painful knees, even without a noticeable change in pant
size. Finally, remember to enjoy your emerging fit and healthy self.

Personal Attitude For many people, overeating and being overweight may have be-
come an integral part of their identity. Changing diet and activity behaviors without
attention to a person’s self-concept invites failure.

Many people overeat to cope with the stresses of life. To break out of that pattern,
they must first identify the particular stressors that trigger their urges to overeat. Then,
when faced with these situations, they must learn to practice problem-solving skills.
‘When the problems that trigger the urge to overeat are dealt with in alternative ways,
people may find that they eat less. The message is that sound emotional health sup-
ports the ability to take care of health in all ways—including nutrition, weight man-
agement, and fitness.

Weight Maintenance

Finally, be aware that it can be hard to maintain weight loss. Millions of people have
experienced the frustration of achieving a desired change in weight only to see their
hard work visibly slip away in a seemingly never-ending cycle of weight loss and
weight regain. Disappointment, frustration, and self-condemnation are common in
people who have slipped back to their original weight or even higher.

A key to weight maintenance is accepting it as a lifelong endeavor and not a goal
to be achieved and then forgotten. People who maintain their weight loss continue
to employ the behaviors that reduced their weight in the first place (see Table 7-6). They
cultivate habits of people who maintain a healthy weight, such as eating low-kcalorie

TABLE 7-6 Behaviors to Maintain Weight Loss

Those who maintain weight losses over time:

1 Believe they have the ability to control their weight, an attribute known as self-efficacy.
1 Eat breakfast every day.

1 Average about one hour of physical activity per day.

1 Monitor body weight about once a week.

1 Maintain consistent lower-kcalorie eating patterns.

1 Quickly address small lapses to prevent small gains from turning into major ones.

1 Watch less than 10 hours of television per week.

1 Eat high-fiber food, particularly whole grains, vegetables, and fruit, and consume sufficient water
each day.

1 Cultivate and honor realistic expectations regarding body size and shape.

WEIGHT MANAGEMENT

cognitive skills: as taught
in behavior therapy, changes to

conscious thoughts with the goal
of improving adherence to lifestyle

modifications; examples are

problem-solving skills or the cor-
rection of false negative thoughts,

termed cognitive restructuring.
self-efficacy: a person’s belie

f

in his or her ability to succeed in

an undertaking.

lapses: periods of returning to

old habits.
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TABLE 7-7 Weight-Loss Strategies

Food

1 To maintain weight, consume foods and drinks to meet, not exceed, kcalorie needs. To lose weight,
energy out should exceed energy in by about 500 kcalories/day.

1 Emphasize foods with a low energy density and a high nutrient density; make legumes, whole
grains, vegetables, and fruits central to your eating pattern.

1 Eat slowly.

1 Drink water before you eat and while you eat; drink plenty of water throughout the day.
1 Track food and kcalorie intake.

1 Plan ahead to make better food choices.

1 Limit kcalorie intake from solid fats and added sugars.

1 Reduce portions, especially of high-kcalorie foods.

1 Cook and eat more meals at home, instead of eating out. When eating out, think about choosing
healthy options.

Activities

1 Limit screen time.

1 Increase physical activity.

1 Choose moderate- or vigorous-intensity physical activities.
1 Avoid inactivity. Some physical activity is better than none.

1 Slowly build up the amount of physical activity you choose.

meals (averaging 1800 kcalories per day) and being physically active. They must also
control susceptibility to overeating regardless of the initial weight-loss method.

IN SUMMARY

I A person who adopts a lifelong “eating plan for good health” rather than a “diet
for weight loss” will be more likely to keep the lost weight off. Table 7-7 offers
strategies for successful weight management.

I Reducing daily energy intake, choosing foods of low energy density, and eating
smaller portions are important dietary strategies for weight management.

I Physical activity should be an integral part of a weight-management program.

I Physical activity can increase energy expenditure, improve body composition,
help control appetite, reduce stress and stress eating, and enhance physical and
psychological well-being.

I Behavior modification provides ways to overcome barriers to successful weight
management.

7.6 Strategies for Weight Gain

LO 7.6 Summarize strategies for gaining weight.

Underweight is far less prevalent than overweight, affecting about 2 percent of U.S.
adults.®? Whether the underweight person needs to gain weight is a question of health
and, like weight loss, a highly individual matter. People who are healthy at their pres-
ent weight may stay there; there are no compelling reasons to try to gain weight.
Those who are thin because of malnourishment or illness, however, might benefit
from a diet that supports weight gain. Medical advice can help make the distinction.
Eating disorders are the subject of Nutrition in Practice 6.
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Some people are unalterably thin by reasons of genetics or early physical influ-
ences. Those who wish to gain weight for appearance’s sake or to improve athletic
performance should be aware that a healthful weight can be achieved only through
physical activity, particularly strength training, combined with a high energy intake.
Eating many high-kcalorie foods can bring about weight gain, but it will be mostly fat,
and this can be as detrimental to health as being slightly underweight. In an athlete,
such a weight gain can impair performance. Therefore, in weight gain, as in weight
loss, physical activity and energy intake are essential components of a sound plan.

Physical Activity to Build Muscles The person who wants to gain weight should
use resistance training primarily. As activity is increased, energy intake must be in-
creased to support that activity. Eating extra food will then support a gain of both
muscle and fat.

Energy-Dense Foods Energy-dense foods (the very ones eliminated from a success-
ful weight-loss diet) hold the key to weight gain. Pick the highest-kcalorie items from
each food group—that is, milk shakes instead of fat-free milk, peanut butter instead
of lean meat, avocados instead of cucumbers, and whole-wheat muffins instead of
whole-wheat bread. Because fat contains more than twice as many kcalories per tea-
spoon as sugar does, fat adds kcalories without adding much bulk.

Be aware that health experts recommend a moderate-fat diet for the general U.S.
population because the general population is overweight and at risk for heart disease.
Consumption of excessive fat is not healthy for most people, of course, but may be
essential for an underweight individual who needs to gain weight. An underweight
person who is physically active and eating a nutritionally adequate diet can afford a
few extra kcalories from fat. For health’s sake, it is wise to select foods with mono-
unsaturated and polyunsaturated fats instead of those with saturated or trans fats: for
example, sautéing vegetables in olive oil instead of butter or hydrogenated margarine.

Three Meals Daily People wanting to gain weight should eat at least three healthy
meals a day. Many people who are underweight have simply been too busy (some-
times for months) to eat enough to gain or maintain weight. Therefore, they need to
make meals a priority and plan them in advance. Taking time to prepare and eat each
meal can help, as can learning to eat more food within the first 20 minutes of a meal
before you begin to feel full. Another suggestion is to eat meaty appetizers or the main
course first and leave the soup or salad until later.

Large Portions It is also important for the underweight person to learn to eat more
food at each meal: have two sandwiches for lunch instead of one, drink milk from a
larger glass, and eat cereal from a larger bowl. Expect to feel full. Most underweight
individuals are accustomed to small quantities of food. When they begin eating sig-
nificantly more, they feel uncomfortable. This is normal and passes over time.

Extra Snacks Because a substantially higher energy intake is needed each day, in
addition to eating more food at each meal, it is necessary to eat more frequently.
Between-meal snacking offers a solution. For example, a student might make three
sandwiches in the morning and eat them between classes in addition to the day’s three
regular meals.

Juice and Milk Beverages provide an easy way to increase energy intake. Consider
that 6 cups of cranberry juice add almost 1000 kcalories to the day’s intake. kCalories
can be added to milk by mixing in powdered milk or packets of instant breakfast.

For people who are underweight due to illness, concentrated liquid formulas are
often recommended because a weak person can swallow them easily. A registered di-
etitian nutritionist can recommend high-protein, high-kcalorie formulas to help the
underweight person maintain or gain weight. Used in addition to regular meals, these
formulas can help considerably.
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TABLE 7-8 Weight-Gain Strategies

In General:
1 Eat enough to store more energy than you expend—at least 500 extra kcalories a day.

1 Exercise to build muscle.

1 Be patient. Weight gain takes time (1 pound per month would be reasonable).
1 Choose energy-dense foods most often.

1 Eat at least three meals a day, and add snacks between meals.

1 Choose large portions and expect to feel full.

1 Drink kcaloric fluids—juice, chocolate milk, sweet coffee drinks, sweet iced tea.
In Addition:

1 Cook and bake often—delicious cooking aromas whet the appetite.

1 Invite others to the table—companionship often boosts eating.

1 Make meals interesting—try new vegetables and fruit, add crunchy nuts or creamy avocado, and
explore the flavors of herbs and spices.

1 Keep a supply of favorite snacks, such as trail mix or granola bars, handy for grabbing.

1 Control stress and relax. Enjoy your food.

© 2016 Cengage Learning®

IN SUMMARY

I Both the incidence of underweight and the health problems associated with it are
less prevalent than overweight and its associated problems.

I To gain weight, a person must train physically and increase energy intake by
selecting energy-dense foods, eating regular meals, taking larger portions, and
consuming extra snacks and beverages. Table 7-8 offers a summary of weight-gain

strategies.
To enjoy good health and maintain a reasonable body weight, to improve your eating habits or fitness level. Review Figure 7-4
you need to combine sensible eating habits and regular physical (p. 176) and complete your own food and activity record (listing
activity. This exercise allows you to evaluate your current body time, place, activity or food eaten, people present, and mood) for
weight and consider some lifestyle factors important for weight at least a 24-hour period.

management.

First, check to see whether your current body weight falls
within the “healthy weight” range, which usually equates to a
BMI range of 18.5 to 24.9. In the BMI table at the back of this
text, find your height in the left-hand column of the table and look
across the row to find your weight. Alternatively, you can calculate
your BMI using the equation shown on p. 148. What is your BMI?
Does it fall within the healthy range?

If your BMI falls within the underweight, overweight, or obese

I Make a list of the habits that support maintaining or achieving
a healthy weight. For example, do you drink water rather than
soda throughout the day and limit the time you spend watch-
ing television or playing computer games?

I Make a list of the habits that do not support maintaining or
achieving a healthy weight. For example, do you eat when
you aren’t hungry or regularly choose fast food or vending
machine food?

range, you may want to gain or lose weight to improve your I What changes would you like to make in your daily habits to
health. Even if your BMI is within the healthy range, you may wish improve your health and nutrition?
180 CHAPTER SEVEN
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~ Clinical Applications

1. Chapter 1 discussed the nutrient density of foods—their

nutrient contribution per kcalorie. Another way to evaluate
foods is to consider their energy density—their energy
contribution per gram:

I A carrot weighing 72 grams delivers 31 kcalories.
I To calculate the energy density, divide kcalories

by grams: 31 kcalories divided by 72 grams =
0.43 kcalories per gram.

. Do the same for french fries weighing 50 grams and
contributing 167 kcalories: 167 kcalories divided by
50 grams = kcalories per gram.

I The more kcalories per gram, the greater the energy
density.

1 Which food is more energy dense? The conclusion is no
surprise, but understanding the mathematics may offer
valuable insight into the concept of energy density.

1 French fries are more energy dense, providing 3.34 kcalories

per gram. They provide more energy per gram—and per bite.

" Self Check

Matthew Farruggio Photography

3. Considering a food's energy density is especially useful in plan-

ning diets for weight management. Foods with a high energy
density can help with weight gain, whereas those with a low
energy density can help with weight loss. Give some examples
of foods that you might suggest for a client who wants to
gain weight and some that might be appropriate for a client
who is trying to lose weight.

. Two causes of obesity in humans are:

a. set-point theory and BMI.

b. genetics and physical inactivity.

¢. genetics and low-carbohydrate diets.

d. mineral imbalances and fat cell imbalance.

. The protein produced by the fat cells under the direction of
the ob gene is called:

a. leptin.

b. orlistat.

C. sibutramine.

d. lipoprotein lipase.

. All of the following describe the behavior of fat cells except:

a. the number decreases when fat is lost from the body.

b. the storage capacity for fat depends on both cell number
and cell size.

c. the size is larger in obese people than in normal-weight
people.

d. the number increases most rapidly during the growth years
and tapers off when adult status is reached.

. The obesity theory that suggests the body chooses to be at a
specific weight is the:

a. fat cell theory.

b. enzyme theory.

C. set-point theory.

d. external cue theory.

. The biggest problem associated with the use of prescription

drugs in the treatment of obesity is:
a. cost.

b. the necessity for long-term use.
c. ineffectiveness.

d. adverse side effects.

. A nutritionally sound weight-loss diet might restrict daily

energy intake to create a:

a. 1000-kcalorie-per-month deficit.
b. 500-kcalorie-per-month deficit.
¢. 500-kcalorie-per-day deficit.

d. 3500-kcalorie-per-day deficit.

. What is the best approach to weight loss?

a. Avoid foods containing carbohydrates.

b. Eliminate all fats from the diet and decrease
water intake.

c. Greatly increase protein intake to prevent body
protein loss.

d. Reduce daily energy intake and increase energy
expenditure.

. Physical activity does not help a person to:

a. lose weight.

b. lose fat in trouble spots.
C. retain muscle.

d. maintain weight loss.
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9. Which of these behaviors will best support successful weight

management?
a. Shop only when hungry.

b. Eat in front of the television for distraction.

. Learn appropriate portion sizes.
d. Eat quickly.

Notes

gain weight?
a. Exercise.

10. Which strategy would not help an underweight person to

b. Drink plenty of water.
¢. Eat snacks between meals.
d. Eat large portions of foods.

Answers to these questions can be found in Appendix H.
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CHAPTER 7

7.7 FAD DIETS

Nutrition in Practice

LO 7.7 Describe several popular fad diets and explain
how to evaluate weight-loss diets based on sound
nutrition.

To paraphrase William Shakespeare, “a fad diet by any other
name would still be a fad diet.” Year after year, “new and
improved” diets appear on bookstore shelves and circulate among
friends.* People of all sizes eagerly try the best diet ever on the mar-
ket, hoping that this one will really work. Sometimes the diets seem
to work for a while, but more often than not, their success is short-
lived. Then another fad diet takes the spotlight. Here’s how Dr. K.
Brownell, an obesity researcher, describes this phenomenon: “When
| get calls about the latest diet fad, | imagine a trick birthday cake
candle that keeps lighting up and we have to keep blowing it out.”

Why don’t health professionals speak out
against the relentless promotion of fad diets?

Realizing that many fad diets do not offer a safe and effective plan
for weight loss, health professionals speak out, but they never get
the candle blown out permanently. New fad diets can keep mak-
ing outrageous claims because no one requires their advocates to
prove what they say. Fad diet promoters do not have to conduct
credible research on the benefits or dangers of their diets. They can
simply make recommendations and then later, if questioned, search
for bits and pieces of research that support the conclusions they
have already reached. That's backward. Diet and health recom-
mendations should follow years of sound research that has been
reviewed by panels of scientists before being offered to the public.

How can the promoters of fad diets get away
with exaggerated claims?

Because anyone can publish anything—in books or on the
Internet—peddlers of fad diets can make unsubstantiated

*The Academy of Nutrition and Dietetics offers evaluations of popular diets
for your review. Look for reviews of popular diets at their website, www.eatright
.org/dietreviews.

AP Images/Evan Vucci

statements that fall far short of the truth but sound impressive to
the uninformed. They often offer distorted bits of legitimate re-
search. They may start with one or more actual facts but then leap
from one erroneous conclusion to the next. Anyone who wants to
believe these claims has to wonder how the thousands of scientists
working on obesity research over the past century could possibly
have missed such obvious connections.

Each popular diet features a unique way to
make losing weight fast and easy. Which one
works best?

Fad diets come in almost as many shapes and sizes as the people
who search them out. Some restrict fats or carbohydrates, some
limit portion sizes, some focus on food combinations, and some
claim that a person’s genetic type or blood type determines the
foods best suited to manage weight and prevent disease. A lack
of scientific evidence just doesn‘t seem to stop the advertised
claims made for fad diets." Despite claims that each new diet

is “unique” in its approach to weight loss, most fad diets are
designed to ensure a low energy intake. The “magic feature” that
best supports weight loss is to limit energy intake to less than
energy expenditure. Most of the sample menu plans, especially in
the early stages, deliver an average of 1200 kcalories per day. Total
kcalories tend to be low simply because food intake is so limited.
Table NP7-1 (p. 186) compares some of today’s more popular diets.

What is the appeal of fad diets?

Probably the greatest appeal of some fad diets is that they tend

to ignore current diet recommendations. Foods such as meats and
milk products that need to be selected carefully to limit saturated
fat can now be eaten with abandon. Whole grains, legumes,
vegetables, and fruits that should be eaten in abundance can now
be bypassed. For some people, this is a dream come true: steaks
without the potatoes, ribs without the coleslaw, and meatballs
without the pasta. Who can resist the promise of weight loss while
eating freely from a list of favorite foods?

Dieters are also lured into fad diets by sophisticated—yet
often erroneous—explanations of the metabolic consequences
of eating certain foods. Terms such as eicosanoids or adipokines
are scattered about, often intimidating readers into believing that
the authors must be right given their brilliance in understanding
the body.

With over half of our nation’s adults overweight and many
more concerned about their weight, weight-loss books and prod-
ucts are a $33 billion-a-year business. Even a plan that offers only
minimal weight-loss success easily attracts a following.

Are fad diets adequate?

When food choices are limited, nutrient intakes may be
inadequate. To help shore up some of these inadequacies, fad
diets often recommend a dietary supplement. Conveniently, many
of the companies selling fad diets also sell these supplements,
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TABLE NP7-1 Popular Diets Compared

Diet Claim(s) Strong Point(s) Weak Point(s)
The 4-Hour 1 Small, simple changes produce big, long- 1 Encourages lean proteins, 1 Excludes fruit, whole grains, and milk
Body lasting results. legumes, and vegetables. (except cottage cheese), which may lead to
) : ) nutrient deficiencies.
1 The Slow-Carb diet supports a 20-pound 1 Organized format provides
weight loss in 30 days without exercise. simple plan. 1 Lacks variety.
The 17 Day 1 Changing the way you eat every few 1 Prevents boredom by alternat- 1 Lacks scientific evidence that changing the
Diet days creates “body confusion,” which ing between cycles. diet creates “body confusion.”
ﬁ;i‘:;gi:;gabonsm from settling into 1 Fairly well-balanced diet 1 Does not provide individualized kcalorie
promotes healthy eating. goals.
1 You can boost metabolism by “eating )
clean,” which means no sugar, no 1 Promotes its own processed foods.
processed food, and no fried foods.
The 100 1 Restricting sugar consumption to 100 1 Limits processed foods. 1 Focuses on very basic food choices and lacks
kcalories a day will reduce insulin levels ) variety.
(the weight-gaining hormone), speed 1 Encourages consumption of .
weight loss, improve health, and boost vegetables and fiber-rich foods. & Limits important food groups such as low-
TEtelbellEm, fat dairy, legumes, and fruits, which may
lead to nutrient deficiencies.
1 The real problem causing weight gains is
hidden sugars in healthy foods such as
yogurt and fruit.
Biggest 1 Lose weight, gain health, feel young, and 1 Provides motivation and pro- 1 Recommends energy intakes below the
Loser Diet take control of your life by using portion motes selecting low-fat foods recommended minimum of 1200 kcalories a
control, progressively lowering energy and drinking water. day, which may lead to nutrient deficiencies.
intake, and following a customized food )
pyramid. 1 Stresses the importance of
exercise.
Cinch! 1 A nutrient-dense diet composed mainly 1 Recommends a plant-based, 1 A little confusing and dense with facts.
of plant-based foods will help you lose nutrient-dense diet.
weight and lower the risk of disease. .
1 Stresses the importance of
exercise.
The Dukan 1 A high-protein, low-kcalorie diet pro- 1 Encourages daily exercise, 1 Restricts carbohydrates to induce ketosis,
Diet motes rapid and permanent weight loss. moderate salt intake, and life- which can cause nausea, light-headedness,

The Fast Diet

New
Sonoma Diet

Wheat Belly

The Zen Diet
Revolution

Lose weight by eating “normally” for five
days while choosing two non-consecutive
days to “fast”—limiting kcalories to 500
for women and 600 for men.

Enjoying portion-controlled Coastal Cali-
fornia style foods supports weight loss
and promotes good health.

Lose weight and reverse health problems
by eliminating all forms of wheat.

Combine spiritual wisdom and dietary
adjustments to reduce fat cells without
counting kcalories.

Visualization, meditation, and mindful-
ness can change mental, dietary, lifestyle,
and activity habits.

long weight management.

Provides a highly structured
plan.

Focuses only on two days of
the week.

Promotes lean protein and low
glycemic foods on “fast” days.

Emphasizes nutrient-dense
foods.

Limits processed foods.

Creates a low-kcalorie diet.

Offers a basic nutrition ap-
proach that does no harm.

Reminds you to make food
meaningful and treat your
body with respect.

and fatigue and can worsen medical prob-
lems such as kidney disease.

Not suited for vegetarians and others who
prefer not to emphasize animal proteins.

Little research supporting the health benefits
of intermittent fasting diets.

Fasting can cause irritability, sleeplessness or
sleepiness, and dehydration.

No individualized kcalorie plan.

Restrictive diet would likely be low in B vita-
mins, calcium, and vitamin D.

Recommendations to use fat-burning herbs,
supplements, and green tea to decrease fat
cells are unsubstantiated and expensive.

Source: Adapted from Academy of Nutrition and Dietetics, Consumer Diet and Lifestyle Book Reviews, www.eatright.org/dietreviews, accessed November 2013.

often at an inflated price. As Nutrition in Practice 9 explains, how-
ever, foods offer many more health benefits than any supplement
can provide. Quite simply, if the diet is inadequate, it needs to be

improved, not supplemented.
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Are the diets effective?

If fad diets were entirely ineffective, consumers would eventually
stop pursuing them. Obviously, this is not the case. Similarly, if the

diets were especially effective, then consumers who tried them
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would lose weight, and the obesity problem would be solved.
Clearly, this is not happening either. As mentioned earlier, most
fad diets succeed in contriving ways to limit kcalorie intakes,

and so produce weight loss (at least in the short term). Studies
demonstrate, however, that fad diets are particularly ineffective

for weight-loss maintenance—people may drop some weight,

but they quickly gain it back.? Straightforward kcalorie deficit

is the real key to weight loss—not the elimination of protein,
carbohydrate, or fat, or the still unidentified metabolic mechanisms
proposed by many fad diets.?

For example, diet promoters make much of research showing
that high-protein, low-carbohydrate diets produce a little more
weight loss than balanced diets over the first few months of di-
eting. However, in the long run, any low-kcalorie diet produces
about the same degree of loss.* In addition, most people cannot
sustain such a diet and they quickly return to their original or an
even higher weight.®

Protein nutrition during kcalorie restriction deserves attention,
however. A meal with too little protein may not produce enough
satiety, the satisfaction of feeling full after a meal, to prevent
between-meal hunger.® Diets providing more than 35 percent
of total kcalories as protein (the upper end of the DRI range),
however, are no more effective for producing long-term weight
loss than more balanced kcalorie-controlled diets.” Eating the
normal amount of lean protein-rich foods while reducing carbo-
hydrate- and fat-containing foods automatically reduces kcalories
and shifts the balance towards a higher percentage of energy
from protein.®

Many people seem confused about what kinds
of dietary changes they need to make to lose
weight. Isn’t it helpful to follow a plan?

Yes. Most people need specific instructions and examples to
make dietary changes. Popular diets offer dieters a plan. The

user doesn’t have to decide what foods to eat, how to prepare
them, or how much to eat. Unfortunately, these instructions serve
short-term weight-loss needs only. Over the long run, people tire
of the monotony of diet plans, and most revert to their previous
patterns.

By now you can see that the major drawback of most fad
weight-loss schemes is that they fail to create lifestyle changes
needed to support long-term weight maintenance and improve
health. For that, people must do the hard work of learning the
facts about nutrition and weight loss, setting their own realistic
goals and then devising a lifestyle plan that can achieve them. A
balanced, kcalorie-restricted diet with sufficient physical activity to
support it may not be the shortcut that most people wish for, but
it ensures nutrient adequacy and provides the best chance of long-
term success.

Some currently popular diet plans offer a sensible approach to
weight loss and healthy eating. The challenge is sorting the fad
diets from the healthy options. Table NP7-2 presents some tips for
identifying fad diets and weight-loss scams.

Chapter 7 describes reasonable approaches to weight manage-
ment and concludes that the ideal diet is one you can live with for
the rest of your life. Keep that criterion in mind when you evaluate
the next “latest and greatest weight-loss diet” that comes along.
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TABLE NP7-2 Tips for Identifying Fad Diets
and Weight-Loss Scams

It may be a fad diet or weight-loss scam if it:

1 Sounds too good to be true.

Recommends using a single food consistently as the key to
the program’s success.

Promises quick and easy weight loss with no effort. “Lose weight
while you sleep!”

Eliminates an entire food group such as grains or milk and milk
products.

Guarantees an unrealistic outcome in an unreasonable time
period. “Lose 10 pounds in 2 days!”

Bases evidence for its effectiveness on anecdotal stories.

Requires that you buy special products that are not readily
available in the marketplace at affordable prices.

Specifies a proportion for the energy nutrients that falls outside the
recommended ranges—carbohydrate, 45 to 65 percent; fat, 20 to
35 percent; and protein, 10 to 35 percent.

Claims to alter your genetic code or reset your metabolism.

Fails to mention potential risks or additional costs.

Promotes products or procedures that have not been proven safe
and effective.

Neglects plans for weight maintenance following weight loss.
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8.1 The Vitamins—An Overview

LO 8.1 Describe how vitamins differ from the energy
nutrients and how fat-soluble vitamins differ from
water-soluble vitamins.

8.2 The Fat-Soluble Vitamins

LO 8.2 Identify the main roles, deficiency symptoms,
toxicity symptoms, and food sources of the fat-soluble
vitamins.
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8.3 The Water-Soluble Vitamins

LO 8.3 Identify the main roles, deficiency symptoms,
toxicity symptoms, and food sources of the water-
soluble vitamins.

8.4 Nutrition in Practice:
Phytochemicals and Functional Foods

LO 8.4 Describe phytochemicals and functional foods and
explain how they might defend against chronic diseases.
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Earlier chapters focused primarily on the energy-yielding nutrients—
carbohydrate, fat, and protein. This chapter and the next one dis-
cuss the nutrients everyone thinks of when nutrition is mentioned—the
vitamins and minerals.

8.1 The Vitamins—An Overview

LO 8.1 Describe how vitamins differ from the energy nutrients and how fat-soluble
vitamins differ from water-soluble vitamins.

The vitamins occur in foods in much smaller quantities than do the energy-yielding nutri-
ents, and they themselves contribute no energy to the body. Instead, they serve mostly as
facilitators of body processes. They are a powerful group of substances, as their absence
attests: Vitamin A deficiency can cause blindness, a lack of niacin can cause dementia,
and a lack of vitamin D can retard bone growth. The consequences of deficiencies are
so dire and the effects of restoring the needed nutrients so dramatic that people spend
billions of dollars each year on dietary supplements to cure many different ailments.
Vitamins certainly contribute to sound nutritional health, but supplements do not cure
all ills. Furthermore, vitamin supplements do not offer the many benefits that come from
vitamin-rich foods. The only disease a vitamin will cure is the one caused by a deficiency
of that vitamin. The vitamins’ roles in supporting optimal health extend far beyond pre-
venting deficiency diseases, however. Emerging evidence supports the role of vitamin-
rich foods, but not vitamin supplements, as protective against cancer and heart disease.!

A child once defined vitamins as “what, if you don’t eat, you get sick.” The de-
scription is both insightful and accurate. A more prosaic definition is that vitamins are
potent, essential, nonkcaloric, organic nutrients needed from foods in trace amounts
to perform specific functions that promote growth, reproduction, and the mainte-
nance of health and life. The vitamins differ from carbohydrates, fats, and proteins in
the following ways:

Structure. Vitamins are individual units; they are not linked together (as are molecules
of glucose or amino acids).

Function. Vitamins do not yield energy when metabolized; many of them do,
however, assist the enzymes that participate in the release of energy from carbohy-
drate, fat, and proteins.

Dietary intakes. The amounts of vitamins people ingest daily from foods and the
amounts they require are measured in micrograms (ug) or milligrams (mg), rather
than grams (g).

The vitamins are similar to the energy-yielding nutrients, though, in that they are vital
to life, organic, and available from foods.

As the individual vitamins were discovered, they were named or given letters, num-
bers, or both. This led to the confusion that still exists today. This chapter uses the
names shown in Table 8-1; alternative names are given in Tables 8-4 and 8-5, which
appear later in the chapter.

Bioavailability The amount of vitamins available from foods depends on two fac-
tors: the quantity provided by a food and the amount absorbed and used by the body
(the vitamin’s bioavailability). Researchers analyze foods to determine their vitamin
contents and publish the results in tables of food composition such as Appendix A.
Determining the bioavailability of a vitamin is more difficult because it depends on
many factors, including:

Efficiency of digestion and time of transit through the GI tract.

Previous nutrient intake and nutrition status.

THE VITAMINS

TABLE 8-1 Vitamin
Names

Fat-Soluble Vitamins

Vitamin A
Vitamin D
Vitamin E
Vitamin K

Water-Soluble Vitamins

B vitamins
Thiamin
Riboflavin
Niacin
Pantothenic acid
Biotin
Vitamin B,
Folate
Vitamin B,,

Vitamin C

vitamins: essential, nonkcaloric,
organic nutrients needed in tiny
amounts in the diet.

dietary supplements: products
that are added to the diet and
contain any of the following ingre-
dients: a vitamin, a mineral, an herb
or other botanical, an amino acid,
a metabolite, a constituent, or an
extract.

bioavailability: the rate and
extent to which a nutrient is
absorbed and used.
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TABLE 8-2 Minimizing
Nutrient Losses

Each of these tactics saves a small
percentage of the vitamins in
foods, but repeated each day
this can add up to significant
amounts in a year’s time.

Prevent Enzymatic Destruction

1 Refrigerate most fruits, veg-
etables, and juices to slow
breakdown of vitamins.

Protect from Light and Air

1 Store milk and enriched grain
products in opaque containers
to protect riboflavin.

1 Store cut fruits and vegetables in
the refrigerator in airtight wrap-
pers; reseal opened juice contain-
ers before refrigerating.

Prevent Heat Destruction or
Losses in Water

1 Wash intact fruits and vegeta-
bles before cutting or peeling
to prevent vitamin losses during
washing.

1 Cook fruits and vegetables in a
microwave oven, or quickly stir-
fry, or steam them over a small
amount of water to preserve
heat-sensitive vitamins and to
prevent vitamin loss in cooking
water. Recapture dissolved vi-
tamins by using cooking water
for soups, stews, or gravies.

1 Avoid high temperatures and
long cooking times.

precursors: compounds that can
be converted into other compounds;
with regard to vitamins, compounds
that can be converted into active
vitamins; also known as provitamins.
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Other foods consumed at the same time.
The method of food preparation (raw or cooked, for example).
Source of the nutrient (naturally occurring, synthetic, or fortified).

This chapter and the next describe factors that inhibit or enhance the absorption of
individual vitamins and minerals. Experts consider these factors when estimating rec-
ommended intakes.

Precursors Some of the vitamins are available from foods in inactive forms known as
precursors, or provitamins. Once inside the body, the precursor is converted to the
active form of the vitamin. Thus, in measuring a person’s vitamin intake, it is impor-
tant to count both the amount of the actual vitamin and the potential amount avail-
able from its precursors. Tables 8-4 and 8-5 later in the chapter specify which vitamins
have precursors.

Organic Nature Fresh foods naturally contain vitamins, but because they are
organic, vitamins can be readily destroyed during processing. Therefore, processed
foods should be used sparingly, and fresh foods must be handled with care during
storage and in cooking. Prolonged heating may destroy much of the thiamin in food.
Because riboflavin can be destroyed by the ultraviolet rays of the sun or by fluorescent
light, foods stored in transparent glass containers are most likely to lose riboflavin.
Oxygen destroys vitamin C, so losses occur when foods are cut, processed, and stored.
Table 8-2 summarizes ways to minimize nutrient losses in the kitchen.

Solubility Vitamins fall naturally into two classes—fat soluble and water soluble. The
water-soluble vitamins are the B vitamins and vitamin C; the fat-soluble ones are vita-
mins A, D, E, and K. The solubility of a vitamin confers on it many characteristics and
determines how it is absorbed, transported, stored, and excreted (see Table 8-3). This
discussion of vitamins begins with the fat-soluble vitamins.

IN SUMMARY

I Vitamins are essential, nonkcaloric, organic nutrients that are needed in trace
amounts in the diet to help facilitate body processes.

I The amount of vitamins available from foods depends on the quantity provided
by a food and the amount absorbed and used by the body—the vitamins’
bioavailability.

TABLE 8-3 Fat-Soluble and Water-Soluble Vitamins Compared
While each vitamin has unique functions and features, a few generalizations about the fat-soluble
and water-soluble vitamins can aid understanding.

Water-Soluble Vitamins:
B Vitamins and Vitamin C

Absorbed directly into the blood.

Fat-Soluble Vitamins:
Vitamins A, D, E, and K
Absorbed like fats, first into the
lymph and then into the blood.

Feature
Absorption
Travel freely in watery fluids; most are

Transport and  Must travel with protein carriers

storage in watery body fluids; stored in not stored in the body.
the liver or fatty tissues.
Excretion Not readily excreted; tend to build Readily excreted in the urine.
up in the tissues.
Toxicity Toxicities are likely from supplements  Toxicities are unlikely but possible with

but occur rarely from food. high doses from supplements.

Needed in frequent doses (perhaps every

1 to 3 days) because the body does not
store most of them to any extent.

Requirement  Needed in periodic doses (perhaps
weekly or even monthly) because

the body can draw on its stores.
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I Vitamin precursors in foods are converted into active vitamins in the body.
I Vitamins can be readily destroyed during processing.

I The water-soluble vitamins are the B vitamins and vitamin C; the fat-soluble
vitamins are vitamins A, D, E, and K.

8.2 The Fat-Soluble Vitamins

LO 8.2 Identify the main roles, deficiency symptoms, toxicity symptoms, and food
sources of the fat-soluble vitamins.

The fat-soluble vitamins—A, D, E, and K—usually occur together in the fats and oils
of foods, and the body absorbs them in the same way it absorbs lipids. Therefore, any
condition that interferes with fat absorption can precipitate a deficiency of the fat-
soluble vitamins. Once absorbed, fat-soluble vitamins are stored in the liver and fatty
tissues until the body needs them. They are not readily excreted, and, unlike most of
the water-soluble vitamins, they can build up to toxic concentrations.

The capacity to store fat-soluble vitamins affords a person some flexibility in
dietary intake. When blood concentrations begin to decline, the body can retrieve the
vitamins from storage. Thus, a person need not eat a day’s allowance of each fat-soluble
vitamin every day but need only make sure that, over time, average daily intakes
approximate recommended intakes. In contrast, most water-soluble vitamins must be
consumed more regularly because the body does not store them to any great extent.

Vitamin A and Beta-Carotene

Vitamin A has the distinction of being the first fat-soluble vitamin to be recognized.
More than a century later, vitamin A and its plant-derived precursor, beta-carotene,
continue to intrigue researchers with their diverse roles and profound effects
on health.

Vitamin A is a versatile vitamin, with roles in gene expression, vision, cell dif-
ferentiation (thereby maintaining the health of body linings and skin), immunity,
and reproduction and growth.? Three different forms of vitamin A are active in the
body: retinol, retinal, and retinoic acid. Each form of vitamin A performs specific
tasks. Retinol supports reproduction and is the major transport and storage form of
the vitamin; the cells convert retinol to retinal or retinoic acid as needed. Retinal is
active in vision, and retinoic acid acts as a hormone, regulating cell differentiation,
growth, and embryonic development. A special transport protein, retinol-binding
protein (RBP), picks up retinol from the liver, where it is stored, and carries it in
the blood.

Vitamin A’s Role in Gene Expression Vitamin A exerts considerable influence
on an array of body functions through its interaction with genes—hundreds of genes
are regulated by the retinoic acid form of the vitamin.? Genes direct the synthesis of
proteins, including enzymes, and enzymes perform the metabolic work of the tissues
(see Chapter 4). Hence, factors that influence gene expression also affect the meta-
bolic activities of the tissues and the health of the body.

Researchers have long known that simply possessing the genetic equipment needed
to make a particular protein does not guarantee that the protein will be produced, any
more than owning a car guarantees you a trip across town. To make the journey, you
must also use the right key to trigger the events that start up its engine or turn it off at
the appropriate time. Some dietary components, including the retinoic acid form of
vitamin A, are now known to be such keys—they help to activate or deactivate certain
genes and thus affect the production of specific proteins.*

THE VITAMINS

vitamin A: a fat-soluble vitamin
with three chemical forms: retinol
(the alcohol form), retinal (the
aldehyde form), and retinoic

acid (the acid form).
beta-carotene: a vitamin A
precursor made by plants and
stored in human fat tissue; an
orange pigment.

retinol-binding protein (RBP):
the specific protein responsible for
transporting retinol. Measurement
of the blood concentration of RBP is
a sensitive test of vitamin A status.
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cornea (KOR-nee-uh): the hard,
transparent membrane covering the
outside of the eye.
retina (RET-in-uh): the layer of
light-sensitive nerve cells lining the
back of the inside of the eye; con-
sists of rods and cones.
pigment: a molecule capable of
absorbing certain wavelengths of
light so that it reflects only those
that we perceive as a certain color.
rhodopsin (ro-DOP-sin): a light-
sensitive pigment of the retina; con-
tains the retinal form of vitamin A
and the protein opsin.

rhod = red (pigment)

opsin = visual protein
opsin (OP-sin): the protein portion
of the visual pigment molecule.
night blindness: the slow recov-
ery of vision after exposure to flashes
of bright light at night; an early
symptom of vitamin A deficiency.
differentiation: the development
of specific functions different from
those of the original.
epithelial (ep-i-THEE-lee-ul) cells:
cells on the surface of the skin and
mucous membranes.
epithelial tissue: tissue compos-
ing the layers of the body that serve
as selective barriers between the
body’s interior and the environment
(examples are the cornea, the skin,
the respiratory lining, and the lining
of the digestive tract).
mucous membrane: membrane
composed of mucus-secreting cells
that lines the surfaces of body
tissues. (Reminder: Mucus is the
smooth, slippery substance secreted
by these cells.)
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As light enters the eye, pigments
within the cells of the retina
absorb the light.

Retina cells

y (rods and
cones)
!

Light energy

Cornea \ /

Eye Nerve impulses
to the brain

© Cengage Learning®

FIGURE 8-1 Vitamin A’s Role in Vision

Vitamin A’s Role in Vision Vitamin A plays two indispensable roles in the eye. It
helps maintain a healthy, crystal-clear outer window, the cornea; and it participates
in light detection at the retina. Some of the photosensitive cells of the retina contain
pigment molecules called rhodopsin; each rhodopsin molecule is composed of a pro-
tein called opsin bonded to a molecule of retinal, which plays a central role in vision.’
When light passes through the cornea of the eye and strikes the retina, rhodopsin
responds by changing shape and becoming bleached. In turn, this initiates the signal
that conveys the sensation of sight to the optic center in the brain. Figure 8-1 shows
vitamin A’s site of action inside the eye.

When vitamin A is lacking, the eye has difficulty adapting to changing light levels.
At night, after the eye has adapted to darkness, a flash of bright light is followed by
a brief delay before the eye can see again. This lag in the recovery of night vision is
known as night blindness. Because night blindness is easy to test, it aids in the diag-
nosis of vitamin A deficiency. Night blindness is only a symptom, however, and may
indicate a condition other than vitamin A deficiency.

Vitamin A’s Role in Protein Synthesis and Cell Differentiation The role that
vitamin A plays in vision is undeniably important, but only one-thousandth of the
body’s vitamin A is in the retina. Much more is in the skin and the linings of organs,
where it works behind the scenes at the genetic level to promote protein synthesis and
cell differentiation. The process of cell differentiation allows each type of cell to ma-
ture so that it is capable of performing a specific function.

All body surfaces, both inside and out, are covered by layers of cells known as
epithelial cells. The epithelial tissue on the outside of the body is, of course, the
skin—and vitamin A and beta-carotene help to protect against skin damage from
the sunlight.® In the eye, epithelial tissue covers the outermost layer of the cornea,
where it blocks the passage of foreign materials such as dust, water, and bacteria.
The epithelial tissues inside the body include the linings of the mouth, stomach, and
intestines; the linings of the lungs and the passages leading to them; the lining of the
bladder; the linings of the uterus and vagina; and the linings of the eyelids and sinus
passageways. The epithelial tissues on the inside of the body must be kept smooth.
To ensure that they are, the epithelial cells on their surfaces secrete a smooth, slippery
substance (mucus) that coats the tissues and protects them from invasive microorgan-
isms and other harmful particles. The mucous membrane that lines the stomach also
shields its cells from digestion by gastric juices. Vitamin A, by way of its role in cell
differentiation, helps to maintain the integrity of the epithelial cells.

Vitamin A’s Role in Immunity Vitamin A has gained a reputation as an “anti-
infective” vitamin because so many of the body’s defenses against infection depend on
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an adequate supply.” Much research supports the need for vitamin A in the regulation
of the genes involved in immunity. Without sufficient vitamin A, these genetic interac-
tions produce an altered response to infection that weakens the body’s defenses.

Vitamin A’s Role in Reproduction, Growth, and Development Vitamin A is
crucial to normal reproduction and growth. In men, vitamin A participates in sperm
development, and, in women, vitamin A promotes normal fetal growth and develop-
ment.? During pregnancy, vitamin A is transferred to the fetus and is essential to the
development of the nervous system, lungs, heart, kidneys, skeleton, eyes, and ears.
(Nutrition during pregnancy is discussed in Chapter 11.)

Beta-Carotene’s Role as an Antioxidant For many years scientists believed
beta-carotene to be of interest solely as a vitamin A precursor. Eventually, though,
researchers began to recognize that beta-carotene is an extremely effective anti-
oxidant in the body. Antioxidants are compounds that protect other compounds
(such as lipids in cell membranes) from attack by oxygen. Oxygen triggers the for-
mation of compounds known as free radicals that can start chain reactions in cell
membranes. If left uncontrolled, these chain reactions can damage cell structures
and impair cell functions. Oxidative and free-radical damage to cells is suspected
of instigating some early stages of cancer and heart disease.’ Research has identi-
fied links between oxidative damage and the development of many other diseases,
including age-related blindness, Alzheimer’s disease, arthritis, cataracts, diabetes,
and kidney disease.!®

Studies of populations suggest that people whose diets are low in foods rich in
beta-carotene have higher incidences of certain types of cancer than those whose
diets contain generous amounts of such foods. Based on findings that beta-carotene
in foods may protect against cancer, researchers designed a study to determine the
effects of beta-carotene supplements on the incidence of lung cancer among smokers.
The researchers expected to see a beneficial effect, but instead they found that smokers
taking the beta-carotene supplements suffered a greater incidence of lung cancer than
those taking placebos. Beta-carotene is one of many dietary antioxidants present in
foods—others include vitamin E, vitamin C, the mineral selenium, and many phyto-
chemicals. Dietary antioxidants are just one class of a complex array of constituents
in whole foods that seem to benefit health synergistically. Until more is known, eating
beta-carotene-rich foods, not supplements, is in the best interests of health. Based on
research so far, the DRI committee has not established a recommended intake value
for beta-carotene.

Vitamin A Deficiency Up to a year’s supply of vitamin A can be stored in the
body, 90 percent of it in the liver. If a healthy adult were to stop eating vitamin
A-rich foods, deficiency symptoms would not begin to appear until after stores were
depleted, which would take 1 to 2 years. Then, however, the consequences would be
profound and severe. Table 8-4, later in this chapter, lists some of them.

In vitamin A deficiency, cell differentiation and maturation are impaired. The epi-
thelial cells flatten and begin to produce keratin—the hard, inflexible protein of hair
and nails. In the eye, this process leads to drying and hardening of the cornea, which
may progress to permanent blindness. Vitamin A deficiency is the major cause of pre-
ventable blindness in children worldwide, causing as many as half a million children
to lose their sight every year.!! Blindness due to vitamin A deficiency, known as
xerophthalmia, develops in stages. At first, the cornea becomes dry and hard because
of inadequate mucus production—a condition known as xerosis. Then xerosis quickly
progresses to keratomalacia, the softening of the cornea that leads to irreversible
blindness. Many children worldwide endure less severe forms of vitamin A deficiency,
making them vulnerable to infectious diseases. Routine vitamin A supplementation
and food fortification can be life-saving interventions.!?

THE VITAMINS

antioxidant (anti-OX-ih-dant):
a compound that protects other
compounds from oxygen by itself
reacting with oxygen. Oxidation is a
potentially damaging effect of nor-
mal cell chemistry involving oxygen.

anti = against

oxy = oxygen
free radicals: highly reactive
chemical forms that can cause
destructive changes in nearby
compounds, sometimes setting
up a chain reaction.
dietary antioxidants: com-
pounds typically found in plant
foods that significantly decrease the
adverse effects of oxidation on living
tissues. The major antioxidant vita-
mins are vitamin E, vitamin C, and
beta-carotene.
keratin (KERR-uh-tin): a water-
insoluble protein; the normal protein
of hair and nails. Keratin-producing
cells may replace mucus-producing
cells in vitamin A deficiency.
xerophthalmia (zer-off-THAL-mee
-uh): progressive blindness caused by
inadequate mucus production due to
severe vitamin A deficiency.

xero = dry

ophthalm = eye
xXerosis (zee-ROW-sis): abnormal
drying of the skin and mucous
membranes; a sign of vitamin A
deficiency
keratomalacia (KARE-ah-toe-ma-
LAY-shuh): softening of the cornea
that leads to irreversible blindness; a
sign of severe vitamin A deficiency.
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follicle (FOLL-i-cul): a group of cells
in the skin from which a hair grows.
preformed vitamin A: vitamin A
in its active form.

teratogenic (ter-AT-oh-jen-ik):
causing abnormal fetal development
and birth defects.

terato = monster
genic = to produce
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All body surfaces, both inside and out, maintain their integrity with the help of
vitamin A. When vitamin A is lacking, cells of the skin harden and flatten, making it
dry, rough, scaly, and hard. An accumulation of keratin makes a lump around each
hair follicle (keratinization).

In the mouth, a vitamin A deficiency results in drying and hardening of the salivary
glands, making them susceptible to infection. Secretions of mucus in the stomach and
intestines are reduced, hindering normal digestion and absorption of nutrients. Infec-
tions of other mucous membranes also become likely.

Vitamin A’s role in maintaining the body’s defensive barriers may partially explain
the relationship between vitamin A deficiency and susceptibility to infection. In devel-
oping countries around the world, measles is a devastating infectious disease, killing
430 children each day.'> Deaths are usually due to related infections such as pneumo-
nia and severe diarrhea. Providing large doses of vitamin A reduces the risk of dying
from these infections.

The evidence that vitamin A reduces the severity of measles and measles-related
infections and diarrhea has prompted the World Health Organization (WHO) and
the United Nations International Children’s Emergency Fund (UNICEF) to make
control of vitamin A deficiency a major goal in their quest to improve child survival
throughout the developing world. They recommend routine vitamin A supplementa-
tion for all children with measles in areas where vitamin A deficiency is a problem or
where the measles death rate is high. The American Academy of Pediatrics recom-
mends vitamin A supplementation for certain groups of measles-infected infants and
children in the United States.

Vitamin A Toxicity Vitamin A toxicity is a real possibility when people consume
concentrated amounts of preformed vitamin A in foods derived from animals, forti-
fied foods, or supplements. Plant foods contain the vitamin only as beta-carotene, its
inactive precursor form. The precursor does not convert to active vitamin A rapidly
enough to cause toxicity.

Overdoses of vitamin A damage the same body systems that exhibit symptoms in
vitamin A deficiency (see Table 8-4 later in the chapter). Children are most vulner-
able to vitamin A toxicity because they need less vitamin A and are more sensitive
to overdoses. The availability of breakfast cereals, instant meals, fortified milk, and
chewable candy-like vitamins, each containing 100 percent or more of the recom-
mended daily intake of vitamin A, makes it possible for a well-meaning parent to
provide several times the daily allowance of the vitamin to a child within a few
hours.

Excessive vitamin A also poses a teratogenic risk. Excessive vitamin A during
pregnancy can injure the spinal cord and other tissues of the developing fetus, increas-
ing the risk of birth defects.!* The Tolerable Upper Intake Level of 3000 micrograms
for women of childbearing age is based on the teratogenic effect of vitamin A.

Excessive amounts of vitamin A over the years may weaken the bones and contribute
to fractures and osteoporosis (see the later discussion of vitamin D for more on osteo-
porosis).”> More research is needed to clarify the relationship between vitamin A intake
and bone health, but such findings suggest that most people should not take vitamin
A supplements. Even multivitamin supplements typically provide 1500 micrograms—
much more vitamin A than most people need. For perspective, the RDA for vitamin A
is 700 micrograms for women and 900 micrograms for men.

Certain vitamin A relatives are available by prescription as acne treatments. When
applied directly to the skin surface, these preparations help relieve the symptoms of
acne. Taking massive doses of vitamin A internally will not cure acne, however, and
may cause the symptoms itemized in Table 8-4, later in the chapter. In most cases,
foods are a better choice than supplements for needed nutrients. The best way to ensure
a safe vitamin A intake is to eat generous servings of vitamin A-rich foods.
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Beta-Carotene Conversion and Toxicity Nutrition scientists do not use micro-
grams to specify the quantity of beta-carotene in foods. Instead, they use a value
known as retinol activity equivalents (RAE), which express the amount of retinol
the body actually derives from a plant food after conversion. One microgram of reti-
nol counts as 1 RAE, as does 12 micrograms of dietary beta-carotene. This differ-
ence recognizes that beta-carotene’s absorption and conversion are significantly less
efficient than those of the retinoids.

As mentioned earlier, beta-carotene from plant foods is not converted to the active
form of vitamin A rapidly enough to be hazardous. It has, however, been known to
turn people bright yellow if they eat too much. Beta-carotene builds up in the fat just
beneath the skin and imparts a yellowish cast (see Figure 8-2). Additionally, as dis-
cussed earlier, overconsumption of beta-carotene from supplements may be harmful,
especially to smokers.

Vitamin A in Foods Preformed vitamin A is found only in foods of animal origin.
The richest sources of vitamin A are liver and fish oil, but milk, cheese, and fortified
cereals are also good sources. Healthy people can eat vitamin A-rich foods—with the
possible exception of liver—in large amounts without risking toxicity. Eating liver once
every week or so is enough. Butter and eggs also provide some vitamin A to the diet.

Because vitamin A is fat soluble, it is lost when milk is skimmed. To compen-
sate, reduced-fat, low-fat, and fat-free milks are often fortified with vitamin A.
Margarine is also usually fortified so as to provide the same amount of vitamin A
as butter. Figure 8-3 shows a sampling of the richest food sources of both preformed
vitamin A and beta-carotene.

Fast-food meals often lack vitamin A. When fast-food restaurants offer salads with
cheese, carrots, and other vitamin A-rich foods, the nutritional quality of their meals
greatly improves.

FORTIFIED MILKP
1¢c=150 png

CARROTS® (cooked)
J2c =671 g

SWEET POTATO® (baked)
J2c =961 ug

BOK CHOY® (cooked) APRICOTS®
f2c =180 pg

BEEF LIVERP(cooked)
30z = 6582 g

aThese foods provide 10 percent or more of the vitamin A Daily Value in a serving.
bThis food contains preformed vitamin A.
This food contains beta-carotene.

FIGURE 8-3 Good Sources of Vitamin A and Beta-Carotene?
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3 apricots = 100 p.g

FIGURE 8-2 Symptom

of Beta-Carotene Excess—
Discoloration of the Skin

The hand on the right shows the
skin discoloration that occurs when
blood levels of beta-carotene rise
in response to a low-kcalorie diet
that features carrots, pumpkins, and
orange juice. (The hand on the left
belongs to someone else and is
shown here for comparison.)

retinol activity equivalents
(RAE): a measure of vitamin A
activity; the amount of retinol that
the body will derive from a food
containing preformed retinol or its
precursor beta-carotene.

SPINACHE® (cooked)
J2c =472 ug
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Courtesy of Linda DeBruyne

Sunlight promotes vitamin D synthesis in the skin. Exposure to the sun
should be moderate; however, excessive exposure may cause skin cancer.

calciferol (kal-SIF-er-ol): vitamin D

vitamin D,: vitamin D derived from
plants in the diet; also called ergoc-
alciferol (ER-go-kal-SIF-er-ol).
vitamin D, vitamin D derived from
animals in the diet or made in the
skin from 7-dehydrocholesterol, a
precursor of cholesterol, with the
help of sunlight; also called cholecal-
ciferol (KO-lee-kal-SIF-er-ol).
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Beta-Carotene in Foods Many foods from plants
contain beta-carotene, the orange pigment responsi-
ble for the bold colors of many fruits and vegetables.
Carrots, sweet potatoes, pumpkins, cantaloupe, and
apricots are all rich sources, and their bright orange
color enhances the eye appeal of the plate. Another
colorful group, dark green vegetables, such as spin-
ach, other greens, and broccoli, owe their color to
both chlorophyll and beta-carotene. The orange and
green pigments together impart a deep, murky green
color to the vegetables. Other colorful vegetables,
such as iceberg lettuce, beets, and sweet corn, can
fool you into thinking they contain beta-carotene,
but these foods derive their color from other pig-
ments and are poor sources of beta-carotene. As for
“white” plant foods such as rice and potatoes, they
have little or none. Recommendations to eat dark
green or deep orange vegetables and fruits at least
every other day help people to meet their vitamin
A needs.

Vitamin D

Vitamin D is different from all the other nutrients in that the body can synthesize it
in significant quantities with the help of sunlight. Therefore, in a sense, vitamin D
is not an essential nutrient. Given enough sun, people need no vitamin D from
foods.

Also known as calciferol, vitamin D comes in two major forms.'¢ Vitamin D,
derives primarily from plant foods in the diet. Vitamin D, derives from animal foods
in the diet and from synthesis in the skin. These two forms of vitamin D are similar
and both must be activated before they become fully functional.

Vitamin D’s Metabolic Conversions The liver manufactures a vitamin D precur-
sor, which migrates to the skin, where it is converted to a second precursor with the
help of the sun’s ultraviolet rays. Next, the liver and then the kidneys alter the second
precursor to produce the active vitamin. Whether made from sunlight or obtained
from food, vitamin D requires the same two conversions by the liver and kidneys to
become active. The biological activity of the active vitamin is 500- to 1000-fold greater
than that of its precursor. Diseases that affect either the liver or the kidneys may
impair the transformations of precursor vitamin D to active vitamin D and therefore
produce symptoms of vitamin D deficiency.

Vitamin D’s Actions Although known as a vitamin, vitamin D is actually a
hormone—a compound manufactured by one organ of the body that has effects
on another. The best-known vitamin D target organs are the small intestine, the
kidneys, and the bones, but scientists have discovered many other vitamin D target
tissues. In the brain and nerve cells, for example, vitamin D protects against cogni-
tive decline and slows the progression of Parkinson disease.!” Vitamin D in muscle
cells encourages growth in children and preserves strength in adults.'® Vitamin D
signals cells of the immune system to defend against infectious diseases.!’ Vitamin D
may also regulate the cells of the adipose tissue in ways that might contribute to
obesity.?’ In many cases, vitamin D enhances or suppresses the activity of genes
that regulate cell growth. As such, it may be valuable in treating a number of
diseases.
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Research suggests that a deficit of vitamin D is associated with an increased risk of
high blood pressure; type 2 diabetes, cardiovascular diseases; some common cancers;
infections such as tuberculosis; inflammatory conditions; autoimmune diseases such
as type 1 diabetes, rheumatoid arthritis, and multiple sclerosis; and even premature
death.?! Even so, evidence does not support taking vitamin D supplements to prevent
diseases (except those caused by deficiency), and experts recommend against it.2 The
well-established vitamin D roles, however, concern calcium balance and the bones
during growth and throughout life, and these form the basis of the recommended in-
takes for vitamin D, discussed in a later section.

Vitamin D’s Roles in Bone Growth Vitamin D is a member of a large, coop-
erative bone-making and maintenance team composed of nutrients and other com-
pounds, including vitamins A, C, and K; the hormones parathormone (parathyroid
hormone) and calcitonin; the protein collagen; and the minerals calcium, phospho-
rus, magnesium, and fluoride. Many of their interactions take place at the genetic
level in ways that are under investigation. Vitamin D’s special role in bone health
is to assist in the absorption of calcium and phosphorus, thus helping to maintain
blood concentrations of these minerals.?> The bones grow denser and stronger as
they absorb and deposit these minerals. Details of calcium balance and mineral
deposition appear in Chapter 9.

Vitamin D raises blood concentrations of bone minerals in three ways. When the
diet is sufficient, vitamin D enhances their absorption from the GI tract. When the diet
is insufficient, vitamin D provides the needed minerals from other sources: reabsorp-
tion by the kidneys and mobilization from the bones into the blood. The vitamin may
work alone, as it does in the GI tract, or in combination with parathyroid hormone, as
it does in the bones and kidneys.

Vitamin D Deficiency Overt signs of vitamin D deficiency are relatively rare, but
vitamin D insufficiency is remarkably common.? Almost 10 percent of the U.S. popu-
lation is deficient, and another 25 percent is marginal.?’ Factors that contribute to
vitamin D deficiency include dark skin, breastfeeding without supplementation, lack
of sunlight, and not using fortified milk.

Worldwide, the prevalence of the vitamin D—deficiency disease rickets is extremely
high, affecting more than half of the children in countries such as China and Mon-
golia, and regions such as sub-Saharan Africa, the Middle East, and Latin America.?
In the United States, rickets is not common, but when it occurs, black children and
adolescents—especially females and overweight teens—are most likely to be affected.?”
To prevent rickets and support optimal bone health, the DRI committee recommends
that all infants, children, and adolescents consume the recommended 15 micrograms
of vitamin D each day.?® In rickets, the bones fail to calcify normally, causing growth
retardation and skeletal abnormalities. The bones become so weak that they bend
when they have to support the body’s weight (see Figure 8-4). A child with rickets
who is old enough to walk characteristically develops bowed legs, often the most
obvious sign of the disease. Another sign is the beaded ribs that result from the poorly
formed attachments of the bones to the cartilage.

Adolescents, who often abandon vitamin D—fortified milk in favor of soft drinks,
may also prefer indoor pastimes such as computer games to outdoor activities during
daylight hours. Such teens often lack vitamin D and so fail to develop the bone
density needed to prevent bone loss in later life.

In adults, the poor mineralization of bone results in the painful bone disease osteo-
malacia. Any failure to synthesize adequate vitamin D or obtain enough from foods
sets the stage for a loss of calcium from the bones, which can result in fractures sec-
ondary to osteoporosis (reduced bone density). The simple act of taking a vitamin D
supplement could easily save the life of an elderly person who might otherwise suffer
dangerous bone fractures and falls.?

THE VITAMINS

FIGURE 8-4 Vitamin
D-Deficiency Symptoms—
Bowed Legs and Beaded
Ribs of Rickets

Biophoto Associates/Science Source

Bowed legs. In rickets, the poorly
formed long bones of the legs bend
outward as weight-bearing activities
such as walking begin.

Photo Courtesy of Dr. Norman Carvalho at Childrens Healthcare of Atlanta

Beaded ribs. In rickets, a series
of “beads” develop where the
cartilages and bones attach.

rickets: the vitamin D—deficiency
disease in children.

osteomalacia (os-tee-oh-mal-AY-
shuh): a bone disease characterized
by softening of the bones. Symptoms
include bending of the spine and
bowing of the legs. The disease occurs
most often in adults with renal failure
or malabsorption disorders.

osteo = bone

mal = bad (soft)
osteoporosis: (0s-tee-oh-pore-
OH-sis): literally, porous bones;
reduced density of the bones, also
known as adult bone loss.
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Vitamin D Toxicity Vitamin D clearly illustrates how optimal amounts of nutrients
support health, but both inadequacies and excesses cause harm. Vitamin D is among the
vitamins most likely to have toxic effects when consumed in excess. Excess vitamin D
raises the concentration of blood calcium. Excess blood calcium tends to precipitate in
the soft tissues and form stones, especially in the kidneys, where calcium is concentrated
in an effort to excrete it. Calcification may also harden the blood vessels and is especially
dangerous in the major arteries of the brain, heart, and lungs, where it can cause death.

The amounts of vitamin D made by the skin and found in foods are well within safe
limits, but supplements containing the vitamin in concentrated form should be kept
out of the reach of children and used cautiously, if at all, by adults. The DRI com-
mittee has set a Tolerable Upper Intake Level for vitamin D at 50 micrograms per day
(2000 International Units [IU] on supplement labels).

Vitamin D from the Sun Most of the world’s population relies on natural exposure
to sunlight to maintain adequate vitamin D nutrition. The sun imposes no risk of
vitamin D toxicity. Prolonged exposure to sunlight degrades the vitamin D precursor
in the skin, preventing its conversion to the active vitamin.

Prolonged exposure to sunlight has other undesirable consequences, however, such
as premature wrinkling of the skin and skin cancers. Sunscreens help reduce the risks
of these outcomes, but sunscreens with sun protection factors (SPF) of 8 and above
also retard vitamin D synthesis. Still, even with an SPF 15-30 sunscreen, sufficient
vitamin D synthesis can be obtained in 10 to 20 minutes of sun exposure. A strategy
to avoid this dilemma is to apply sunscreen after enough time has elapsed to provide
sufficient vitamin D. For most people, exposing hands, face, and arms on a clear sum-
mer day for 5 to 10 minutes, a few times a week, should be sufficient to maintain
vitamin D nutrition. Dark-skinned people require longer exposure than light-skinned
people, but by three hours, vitamin D synthesis in heavily pigmented skin arrives at
the same plateau as in fair skin after 30 minutes.

Latitude, season, and time of day also have dramatic effects on vitamin D synthe-
sis and status. Heavy cloud cover, smoke, or smog block the ultraviolet (UV) rays of
the sun that promote vitamin D synthesis. Differences in skin pigmentation, latitude,
and smog may account for the finding that African Americans, especially those in
northern, smoggy cities, are most likely to be vitamin D deficient and develop rickets.
Vitamin D deficiency is especially prevalent in the winter and in the Arctic and Ant-
arctic regions of the world.* To ensure an adequate vitamin D status, supplements
may be needed. The body’s vitamin D supplies from summer synthesis alone are
insufficient to meet winter needs.

The ultraviolet rays from tanning lamps and tanning booths may also stimulate
vitamin D synthesis, but the hazards outweigh any possible benefits. The Food and
Drug Administration (FDA) warns that, if the lamps are not properly filtered, people
using tanning booths risk burns, damage to the eyes and blood vessels, and skin cancer.

Vitamin D in Foods Only a few animal foods—notably, eggs, liver, butter, some fatty
fish, and fortified milk—supply significant amounts of vitamin D. For those who use
margarine in place of butter, fortified margarine is a significant source. Infant formulas
are fortified with vitamin D in amounts adequate for daily intake as long as infants
consume at least one liter (1000 milliliters) or one quart (32 ounces) of formula. Breast
milk is low in vitamin D, so vitamin D supplements (10 micrograms daily) are recom-
mended for infants who are breastfed exclusively and for those who do not receive at
least 1000 milliliters of vitamin D—fortified formula per day. These sources, plus any
exposure to the sun, provide infants with more than enough of this vitamin.

The fortification of milk with vitamin D is the best guarantee that children will
meet their vitamin D needs and underscores the importance of milk in children’s
diets. Unlike milk, cheese and yogurt are not fortified with vitamin D. Vegans, and
especially their children, may have low vitamin D intakes because few fortified plant
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sources exist. Exceptions include margarine and some soy milks. In the United States,
breakfast cereals may be fortified with vitamin D, as their labels indicate.

Vitamin D Recommendations In setting the recently revised dietary recommen-
dations, the DRI Committee assumed that no vitamin D was available from skin
synthesis.?! Advancing age increases the risk of vitamin D deficiency, so intake recom-
mendations increase with age (see the inside front cover).

Vitamin E

Almost a century ago, researchers discovered a compound in vegetable oils necessary for
reproduction in rats. The compound was named tocopherol, which means “offspring.”
Eventually, the compound was named vitamin E. When chemists isolated four tocopherol
compounds, they designated them by the first four letters of the Greek alphabet: alpha,
beta, gamma, and delta. Of these, alpha-tocopherol is the gold standard for vitamin E
activity; recommended intakes are based on it. Four additional forms of vitamin E have
also been identified and are of interest to researchers for potential roles in health.*3? Table
8-4 later in the chapter summarizes important information about vitamin E.

Vitamin E as an Antioxidant Like beta-carotene, vitamin E is a fat-soluble anti-
oxidant. It protects other substances from oxidation by being oxidized itself. If there is
plenty of vitamin E in the membranes of cells exposed to an oxidant, chances are this
vitamin will take the brunt of any oxidative attack, protecting the lipids and other vul-
nerable components of the membranes. Vitamin E is especially effective in preventing
the oxidation of the polyunsaturated fatty acids (PUFA), but it protects all other lipids
(for example, vitamin A) as well.

Vitamin E exerts an especially important antioxidant effect in the lungs, where the
cells are exposed to high concentrations of oxygen. Vitamin E also protects the lungs
from air pollutants that are strong oxidants.

Vitamin E may also offer protection against heart disease by protecting low-density
lipoproteins (LDL) from oxidation and reducing inflammation.*® The oxidation of LDL
encourages the development of atherosclerosis; thus, in theory, halting LDL oxidation
should reduce atherosclerosis. The results of controlled clinical studies in which human
beings were given vitamin E supplements, however, have been disappointing.** Several
leading vitamin E researchers point out that clinical trials of vitamin E supplementa-
tion differ in many important ways, such as the selection of subjects, the source of the
vitamin, the dose of the vitamin, and the outcomes studied. Such differences may partly
explain the inconsistent findings. Further research that addresses such issues may clarify
the relationship between vitamin E and heart disease. In the mean time, the American
Heart Association supports the consumption of antioxidant-rich fruits and vegetables,
as well as whole grains and nuts, to reduce the risk of heart disease.?

Vitamin E Deficiency When blood concentrations of vitamin E fall below a certain
critical level, the red blood cells tend to break open and spill their contents, prob-
ably because the PUFA in their membranes oxidize. This classic vitamin E—deficiency
symptom, known as erythrocyte hemolysis, is seen in premature infants born before
the transfer of vitamin E from the mother to the fetus that takes place in the last weeks
of pregnancy. Vitamin E treatment corrects hemolytic anemia.

The few symptoms of vitamin E deficiency that have been observed in adults
include loss of muscle coordination and reflexes with impaired movement, vision,
and speech. Vitamin E treatment corrects all of these symptoms.

In adults, vitamin E deficiency is usually associated with diseases, notably those
that cause malabsorption of fat. These include diseases of the liver, gallbladder, and
pancreas, as well as various hereditary diseases involving digestion and use of nutrients

*The other forms of vitamin E are tocotrienols: alpha, beta, gamma, and delta.
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tocopherol (tuh-KOFF-er-ol): a
general term for several chemically
related compounds, one of which
has vitamin E activity.
erythrocyte (er-REETH-ro-cite)
hemolysis (he-MOLL-uh-sis):
rupture of the red blood cells,
caused by vitamin E deficiency.

erythro = red

cyte = cell

hemo = blood

lysis = breaking
hemolytic (HE-moh-LIT-ick)
anemia: the condition of having
too few red blood cells as a result
of erythrocyte hemolysis.
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FIGURE 8-5 Good Sources
of Vitamin E

Vegetable oils, some nuts and seeds
such as almonds and sunflower
seeds, and wheat germ are rich in
vitamin E.
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(see Chapters 18, 19, and 20). On rare occasions, vitamin E deficiencies develop in
people without diseases. Most likely, such deficiencies occur after years of eating
diets extremely low in fat; using fat substitutes, such as diet margarines and salad dress-
ings, as the only sources of fat; or consuming diets composed of highly processed or
“convenience” foods. Extensive heating in the processing of foods destroys vitamin E.

Vitamin E Toxicity Vitamin E in foods is safe to consume. Reports of vitamin E
toxicity symptoms are rare across a broad range of intakes. Vitamin E supplement use
has increased in recent years, however, as its antioxidant action against disease has
been recognized. As a result, signs of toxicity are now known or suspected, although
vitamin E toxicity is not nearly as common, and its effects are not as serious, as
vitamin A or vitamin D toxicity. Extremely high doses of vitamin E interfere with the
blood-clotting action of vitamin K and enhance the action of anticoagulant medica-
tions, leading to hemorrhage. The UL (1000 milligrams) for vitamin E is more than
65 times greater than the recommended intake for adults (15 milligrams).

Vitamin E in Foods Vitamin E is widespread in foods. Much of the vitamin E in
the diet comes from vegetable oils and the products made from them, such as marga-
rine, salad dressings, and shortenings (Figure 8-5). Wheat germ oil is especially rich in
vitamin E. Other sources of the vitamin include whole grains, fruits, vegetables, and
nuts. Because vitamin E is readily destroyed by heat processing and oxidation, fresh
foods are the best sources of this vitamin.

Vitamin K

Vitamin K has long been known for its role in blood clotting, where its presence can
make the difference between life and death. Vitamin K appropriately gets its name from
the Danish word koagulation (coagulation, or “clotting”). The vitamin also participates
in the synthesis of several bone proteins. Without vitamin K, the bones produce an ab-
normal protein that cannot effectively bind to the minerals that normally form bones.
An adequate intake of vitamin K helps to decrease bone turnover and protect against
fractures. Vitamin K supplements seem ineffective against bone loss, however, and more
research is needed to clarify the links between vitamin K and bone health.*’

Blood Clotting At least 13 different proteins and the mineral calcium are involved in
making blood clots. Vitamin K is essential for the activation of several of these pro-
teins, among them prothrombin, the precursor of the enzyme thrombin (see Figure 8-6).

Calcium and _ Fibrinogen
Vitamin K thromboplastin (a soluble
(a phospholipid) protein)

from blood platelets

[

Several precursors J k

iar i ; \ Prothrombin \ Thrombin
322'2;;”529 series (an inactive (anactive
vitamin K protein) enzyme)

Fibrin
(a solid clot)

© Cengage Learning®

FIGURE 8-6 Blood-Clotting Process

When blood is exposed to air, to foreign substances, or to secretions from injured tissues, platelets
(small, cell-like structures in the blood) release a phospholipid known as thromboplastin. Thrombo-
plastin catalyzes the conversion of the inactive protein prothrombin to the active enzyme thrombin.
Thrombin then catalyzes the conversion of the precursor protein fibrinogen to the active protein
fibrin that forms the clot.
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When any of the blood-clotting factors is lacking, hemorrhagic disease results. If an
artery or vein is cut or broken, bleeding goes unchecked. Note, though, that hemorrhag-
ing is not always caused by a vitamin K deficiency.

Intestinal Synthesis Like vitamin D, vitamin K can be obtained from a nonfood
source. Bacteria in the intestinal tract synthesize vitamin K that the body can absorb,
but people cannot depend on this source alone for their vitamin K.

Vitamin K Deficiency Vitamin K deficiency is rare, but it may occur in two circum-
stances. First, it may arise in conditions of fat malabsorption. Second, some medications
interfere with vitamin K’s synthesis and action in the body: antibiotics kill the vitamin K-
producing bacteria in the intestine, and anticoagulant medications interfere with vitamin
K metabolism and activity. When vitamin K deficiency does occur, it can be fatal.

Vitamin K for Newborns Newborn infants present a unique case of vitamin K
nutrition. An infant is born with a sterile digestive tract, and some weeks pass before
the vitamin K—producing bacteria become fully established in the infant’s intestines.
At the same time, plasma prothrombin concentrations are low (this helps prevent
blood clotting during the stress of birth, which might otherwise be fatal). A single
dose of vitamin K, usually in a water-soluble form, is given at birth to prevent hemor-
rhagic disease in the newborn.

Vitamin K Toxicity Vitamin K toxicity is rare, and no adverse effects have been
reported with high intakes. Therefore, a Tolerable Upper Intake Level has not been
established. High doses of vitamin K can reduce the effectiveness of anticoagulant
medications used to prevent blood clotting. People taking these medications should eat
vitamin K-rich foods in moderation and keep their intakes consistent from day to day.

Vitamin K in Foods Many foods contain ample amounts of vitamin K, notably, green
leafy vegetables, members of the cabbage family, and some vegetable oils (Figure 8-7).
Other vegetables such as iceberg lettuce and green beans provide smaller amounts.

IN SUMMARY

I The fat-soluble vitamins are vitamins A, D, E, and K.

I Vitamin A is essential to gene expression, vision, cell differentiation and integrity
of epithelial tissues, immunity, and reproduction and growth.

I Vitamin A deficiency can cause blindness, sickness, and death and is a major
problem worldwide.

I Overdoses of vitamin A are possible and dangerous.

I Vitamin D raises calcium and phosphorus levels in the blood. A deficiency can
cause rickets in children or osteomalacia in adults.

I Vitamin D is the most toxic of all the vitamins.

I People exposed to the sun make vitamin D in their skin; fortified milk is an impor-
tant food source.

I Vitamin E acts as an antioxidant in cell membranes and is especially important in
the lungs, where cells are exposed to high concentrations of oxygen.

I Vitamin E may protect against heart disease, but the evidence is not conclusive yet.

I Vitamin E deficiency is rare in healthy human beings. The vitamin is widely
distributed in plant foods.

I Vitamin K is necessary for blood to clot and for bone health.

THE VITAMINS

FIGURE 8-7 Good Sources
of Vitamin K

Notable food sources of vitamin K
include green vegetables such as
collards, spinach, Bibb lettuce, brus-
sels sprouts, and cabbage and veg-
etable oils such as soybean oil and
canola oil.

hemorrhagic (hem-oh-RAJ-ik)
disease: the vitamin K—deficiency
disease in which blood fails to clot.
sterile: free of microorganisms
such as bacteria.
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TABLE 8-4 The Fat-Soluble Vitamins—A Summary

Vitamin Name

Vitamin A (Retinol,
retinal, retinoic acid;
main precursor is
beta-carotene)

Vitamin D
(Calciferol,
cholecalciferol,
dihydroxy vitamin D;
precursor is
cholesterol)

Vitamin E
(Alpha-tocopherol,
tocopherol)

Vitamin K
(Phylloquinone,
menaquinone)

Chief Functions

Vision, maintenance of
cornea, epithelial cells,
mucous membranes,
skin; bone and tooth
growth; reproduction;
regulation of gene
expression; immunity

Mineralization of bones
(raises blood calcium and
phosphorus by increasing
absorption from digestive
tract, withdrawing calcium
from bones, stimulating
retention by kidneys)

Antioxidant (stabilization
of cell membranes,
regulation of oxidation
reactions, protection of
polyunsaturated fatty acids
[PUFA] and vitamin A)

Synthesis of blood-
clotting proteins and
bone proteins

I The bacterial inhabitants of the digestive tract produce vitamin K, but people need
vitamin K from foods as well.

Deficiency Symptoms

Infectious diseases,
night blindness,
blindness
(xerophthalmia),
keratinization

Rickets, osteomalacia

Erythrocyte hemolysis,

nerve damage

Hemorrhage

Toxicity Symptoms

Chronic: reduced bone
mineral density, liver
abnormalities, birth
defects

Acute (single large dose or
short-term): blurred vision,
nausea, vomiting, vertigo;
increase of pressure inside
skull; headache; muscle
incoordination

Calcium imbalance
(calcification of soft tissues
and formation of stones)

Hemorrhagic effects

None known

Significant Sources

Retinol: milk and milk
products; eggs; liver
Beta-carotene: spinach and
other dark, leafy greens;
broccoli; deep orange fruits
(apricots, cantaloupe) and
vegetables (carrots, winter
squashes, sweet potatoes,
pumpkin)

Synthesized in the body with
the help of sunshine; fortified

milk, margarine, butter, and

cereals; eggs; liver; fatty fish

(salmon, sardines)

Polyunsaturated plant oils
(margarine, salad dressings,
shortenings), green and
leafy vegetables, wheat

germ, whole-grain products,

nuts, seeds

Synthesized in the body by
Gl bacteria; green, leafy
vegetables; cabbage-type
vegetables; vegetable oils

I Dark green, leafy vegetables are good sources of vitamin K.

Table 8-4 offers a complete summary of the fat-soluble vitamins.

8.3 The Water-Soluble Vitamins

LO 8.3 Identify the main roles, deficiency symptoms, toxicity symptoms,
and food sources of the water-soluble vitamins.

© Cengage Learning®

The B vitamins and vitamin C are the water-soluble vitamins. These vitamins, found
in the watery compartments of foods, are distributed into water-filled compartments
of the body. They are easily absorbed into the bloodstream and are just as easily ex-
creted if their blood concentrations rise too high. Thus, the water-soluble vitamins are
less likely to reach toxic concentrations in the body than are the fat-soluble vitamins.
Foods never deliver excessive amounts of the water-soluble vitamins, but the large
doses concentrated in vitamin supplements can reach toxic levels.

The B Vitamins

Despite advertisements that claim otherwise, the B vitamins do not give people
energy. Carbohydrate, fat, and protein—the energy-yielding nutrients—are used for
fuel. The B vitamins %elp the body use that fuel but do not serve as fuel themselves.

CHAPTER EIGHT
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Coenzymes The eight B vitamins were listed in Table 8-1. Each is part of an en-
zyme helper known as a coenzyme. Some B vitamins have other important functions
in the body as well, but the roles these vitamins play as parts of coenzymes are the
best understood. A coenzyme is a small molecule that combines with an enzyme to
make it active. With the coenzyme in place, a substance is attracted to the enzyme,
and the reaction proceeds instantaneously. Figure 8-8 illustrates coenzyme action.

Active forms of five of the B vitamins—thiamin, riboflavin, niacin, pantothenic
acid, and biotin—participate in the release of energy from carbohydrate, fat, and pro-
tein. A coenzyme containing vitamin B, assists enzymes that metabolize amino acids.
Folate and vitamin B, help cells to multiply. Among these cells are the red blood cells
and the cells lining the GI tract—cells that deliver energy to all the others.

The eight B vitamins play many specific roles in helping the enzymes to perform
thousands of different molecular conversions in the body. They must be present in
every cell continuously for the cells to function as they should. As for vitamin C, its
primary role, discussed later, is as an antioxidant.

B Vitamin Deficiencies In academic and clinical discussions of the vitamins, dif-
ferent sets of deficiency symptoms are ascribed to each individual vitamin. Such
clear-cut symptoms, however, are found only in laboratory animals that have been
fed contrived diets that lack just one nutrient. In reality, a deficiency of any single
B vitamin seldom shows up in isolation because people do not eat nutrients one by
one; they eat foods containing mixtures of many nutrients. If a major class of foods
is missing from the diet, all of the nutrients delivered by those foods will be lacking to
various extents.

In only two cases have dietary deficiencies associated with single B vitamins been
observed on a large scale in human populations. Diseases have been named for these
deficiency states. One of them, beriberi, was first observed in Southeast Asia when
the custom of polishing rice became widespread. Rice contributed 80 percent of the
energy intake of the people in these areas, and rice bran was their principal source
of thiamin. When the bran was removed to make the rice whiter, beriberi spread like
wildfire.

The niacin-deficiency disease, pellagra, became widespread in the southern United
States in the early part of the 20th century among people who subsisted on a low-
protein diet with corn as a staple grain. This diet was unusual in that it supplied
neither enough niacin nor enough tryptophan, its amino acid precursor, to make the
niacin intake adequate.

Even in the cases of beriberi and pellagra, the deficiencies were probably not pure.
When foods were provided containing the one vitamin known to be needed, other
vitamins that may have been in short supply came as part of the package.

Major deficiency diseases such as pellagra and beriberi no longer occur in the
United States and Canada, but more subtle deficiencies of nutrients, including the
B vitamins, are sometimes observed. When they do occur, it is usually in people
whose food choices are poor because of poverty, ignorance, illness, or poor health
habits such as alcohol abuse.

Interdependent Systems Table 8-5, at the end of this chapter, sums up a few of
the better-established facts about B vitamin deficiencies. A look at the table will make
another generalization possible. Different body systems depend on these vitamins to
different extents. Processes in nerves and in their responding tissues, the muscles, de-
pend heavily on glucose metabolism and hence on thiamin, so paralysis sets in when
this vitamin is lacking. But thiamin is important in all cells, not just in nerves and
muscles. Similarly, because the red blood cells and GI tract cells divide the most rap-
idly, two of the first symptoms of a deficiency of folate are a type of anemia and GI
tract deterioration—but again, all systems depend on folate, not just these. The list of
symptoms in Table 8-5, later in the chapter, is far from complete.

THE VITAMINS
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Action
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coenzyme (co-EN-zime): a small
molecule that works with an enzyme
to promote the enzyme’s activity.
Many coenzymes contain B vitamins
as part of their structure.

co = with
beriberi: the thiamin-deficiency
disease; characterized by loss of sen-
sation in the hands and feet, mus-
cular weakness, advancing paralysis,
and abnormal heart action.
pellagra (pell-AY-gra): the niacin-
deficiency disease. Symptoms
include the “4 Ds": diarrhea, der-
matitis, dementia, and, ultimately,
death.

pellis = skin

agra = seizure
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FIGURE 8-9 Good Sources
of Thiamin

Nutritious foods such as pork, legumes,
sunflower seeds, and enriched and
whole-grain breads are valuable
sources of thiamin.

refined grain: a product from
which the bran, germ, and husk
have been removed, leaving only
the endosperm.

fortification: 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,

to balance the total nutrient profile
of a food, or to restore nutrients
lost in processing. The terms forti-
fied and enriched may be used
interchangeably.

enrichment: the addition to a
food of nutrients to meet a speci-
fied standard. In the case of refined
bread or cereal, five nutrients have
been added: thiamin, riboflavin, nia-
cin, and folate in amounts approxi-
mately equivalent to, or higher than,
those originally present and iron in
amounts to alleviate the prevalence
of iron-deficiency anemia.
Wernicke-Korsakoff
syndrome: severe thiamin defi-
ciency in alcohol abusers; symptoms
include disorientation, loss of short-
term memory, jerky eye movements,
and staggering gait.
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B Vitamin Enrichment of Foods If the staple food of a region is made from refined
grain, vitamin B deficiencies are especially likely. One way to protect people from
deficiencies is to add nutrients to their staple food, a process known as fortification or
enrichment. The enrichment of refined breads and cereals has drastically reduced the
incidence of iron and B vitamin deficiencies.

The preceding discussion has shown both the great importance of the B vita-
mins in promoting normal, healthy functioning of all body systems and the severe
consequences of deficiency. Now you may want to know how to be sure you and
your clients are getting enough of these vital nutrients. The next sections present
information on each B vitamin. While reading further, keep in mind that foods can
provide all the needed nutrients and that supplements are a poor second choice.
Some supplements are absurdly costly, but even if they are inexpensive, most people
don’t need them. Nutrition in Practice 9 discusses uses and choices of supplements
in more detail.

Thiamin
All cells use thiamin, which plays a critical role in their energy metabolism. Thiamin

also occupies a special site on nerve cell membranes. Consequently, as mentioned ear-
lier, thiamin is critical to the normal functioning of the nerves and muscles.

Thiamin Deficiency and Toxicity People who fail to eat enough food to meet
energy needs risk nutrient deficiencies, including thiamin deficiency. Inadequate
thiamin intakes have been reported among the nation’s malnourished and home-
less people. Similarly, people risk thiamin deficiency when they derive most of their
energy from empty-kcalorie foods and beverages. Alcohol is a good example. It
contributes energy but provides few, if any, nutrients and often displaces food. In
addition, alcohol impairs thiamin absorption and enhances thiamin excretion in the
urine, doubling the risk of deficiency. Many alcoholics are thiamin deficient; some
develop Wernicke-Korsakoff syndrome. No adverse effects have been associated
with excesses of thiamin, and no UL has been determined.

Thiamin in Foods Thiamin occurs in small quantities in virtually all nutritious
foods, but it is concentrated in only a few foods, of which pork is the most commonly
eaten (Figure 8-9). Generally, thiamin needs will be met if a person keeps empty-
kcalorie foods to a minimum and eats enough nutritious foods to meet energy needs.
Foods chosen from the bread and cereal group should be either whole grain or
enriched. Thiamin is not stored in the body to any great extent, so daily intake is
important.

Riboflavin

Like thiamin, riboflavin serves as a coenzyme in many reactions, most notably in
energy metabolism. Women who are carrying more than one fetus or breastfeeding
more than one infant may have increased needs for riboflavin. Individuals who are
extremely physically active may also have increased riboflavin needs.

Riboflavin Deficiency and Toxicity When thiamin is deficient, riboflavin may be
lacking too, but its deficiency symptoms, such as cracks at the corners of the mouth
and sore throat, may go undetected because those of thiamin are more severe. A diet
that remedies riboflavin deficiency invariably contains some thiamin and so clears up
both deficiencies. Excesses of riboflavin appear to cause no harm, and no UL has
been established.

Riboflavin in Foods Unlike thiamin, riboflavin is not evenly distributed among the
food groups. The major contributors of riboflavin to people’s diets are milk and milk
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products, followed by enriched breads, cereals, and other grain products (Figure 8-10).
Green vegetables (broccoli, turnip greens, asparagus, and spinach) and meats are also
contributors. The riboflavin richness of milk and milk products is a good reason to in-
clude these foods in every day’s meals. No other commonly eaten food can make such
a substantial contribution. People who omit milk and milk products from their diets
can substitute generous servings of dark green, leafy vegetables. Among the meats,
liver and heart are the richest sources, but all lean meats, as well as eggs, offer some
riboflavin.

Effects of Light Riboflavin is light sensitive; the ultraviolet rays of the sun or of fluo-
rescent lamps can destroy it, as can irradiation. For this reason, milk is often sold in
cardboard or opaque plastic containers to protect the riboflavin in the milk from light.
In contrast, riboflavin is heat stable, so ordinary cooking does not destroy it.

Niacin

Like thiamin and riboflavin, niacin participates in the energy metabolism of every
body cell. Niacin is unique among the B vitamins in that the body can make it from
protein. The amino acid tryptophan can be converted to niacin in the body: 60 milli-
grams of tryptophan yield 1 milligram of niacin. Recommended intakes are therefore
stated in niacin equivalents (NE). A food containing 1 mg of niacin and 60 mg of
tryptophan contains the niacin equivalent of 2 mg, or 2 mg NE.

Naturally occurring niacin from foods causes no harm. Certain forms of niacin
supplements taken in doses three to four times the dietary recommendation or larger
cause “niacin flush,” a dilation of the capillaries of the skin with perceptible tingling
that, if intense, can be painful.* The Tolerable Upper Intake Level (35 milligrams
NE) is based on flushing as the critical adverse effect.

Niacin Used as a Medication A normal dose of a nutrient that clears up a defi-
ciency condition exerts a physiological effect, whereas a large dose of a nutrient that
overwhelms a body system (like a drug) exerts a pharmacological one. Physicians
sometimes use diet and large doses of a form of niacin (nicotinic acid) to lower
blood cholesterol in the treatment of atherosclerosis. When used this way, niacin
becomes a pharmacological agent, a drug. As with any medication, self-dosing with
niacin is ill advised; large doses may injure the liver and produce some symptoms
of diabetes.*

Niacin in Foods Meat, poultry, fish, legumes, and enriched and whole grains
contribute about half the niacin equivalents most people consume (Figure 8-11).
Among the vegetables, mushrooms, asparagus, and potatoes are the richest niacin
sources. Niacin is less vulnerable to losses during food preparation and storage
than other water-soluble vitamins. Being fairly heat resistant, niacin can withstand
reasonable cooking times, but like other water-soluble vitamins, it will leach into
cooking water.

Pantothenic Acid and Biotin

Two other B vitamins—pantothenic acid and biotin—are also important in energy
metabolism. Pantothenic acid was first recognized as a substance that stimulates
growth. It is a component of a key enzyme that makes possible the release of energy
from the energy nutrients. Pantothenic acid is involved in more than 100 different
steps in the synthesis of lipids, neurotransmitters, steroid hormones, and hemoglo-
bin. Biotin plays an important role in metabolism as a coenzyme that carries carbon
dioxide. Emerging evidence indicates that biotin participates in other processes such
as gene expression and cell signaling and in the structure of DNA-binding proteins in
the cell nucleus.*

THE VITAMINS
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FIGURE 8-10 Good
Sources of Riboflavin

Milk and milk products supply much
(about 50 percent) of the riboflavin
in people’s diets, but meats, eggs,
green vegetables, and enriched and
whole-grain breads and cereals are
good sources, too.

Polara Studios, Inc.

FIGURE 8-11 Good
Sources of Niacin

Niacin-rich foods include meat, fish,
poultry, and peanut butter, as well
as enriched breads and cereals and
a few vegetables.

niacin equivalents (NE): the
amount of niacin present in food,
including the niacin that can theo-
retically be made from tryptophan,
its precursor, present in the food.
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FIGURE 8-12 Good

Sources of Vitamin B,

Most protein-rich foods such as
meat, fish, and poultry provide
ample vitamin B,; some vegetables
and fruits are good sources, t0o.
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Pantothenic Acid and Biotin in Foods Both pantothenic acid and biotin are more
widespread in foods than the other vitamins discussed so far. There seems to be no
danger that people who consume a variety of foods will suffer deficiencies. Claims
that pantothenic acid and biotin are needed in pill form to prevent or cure disease con-
ditions are at best unfounded and at worst intentionally misleading.

Biotin Deficiency Biotin deficiencies are rare but have been reported in adults fed
artificially by vein without biotin supplementation. Researchers can induce biotin de-
ficiency in animals or human beings by feeding them raw egg whites, which contain
the protein avidin, which binds biotin and prevents its absorption.

Vitamin B,
A surge of research interest in the past several decades has not only revealed new

knowledge about vitamin B, but has also raised new questions. Most recently, research
interest has centered on a possible role for vitamin B in the treatment of disease.*

Metabolic Roles of Vitamin B, Vitamin B, has long been known to play roles
in carbohydrate, fatty acid, and protein and amino acid metabolism.* In the cells,
vitamin B, helps convert one kind of amino acid, which the cells have in abundance,
to other nonessential amino acids that the cells lack. It also aids in the conversion
of the amino acid tryptophan to niacin and plays important roles in the synthesis
of hemoglobin and neurotransmitters, the communication molecules of the brain.
Vitamin B, also assists in releasing stored glucose from glycogen and thus contributes
to the regulation of blood glucose.

Vitamin B, Deficiency Vitamin B, deficiency is expressed in general symptoms, such
as weakness, depression, confusion, and irritability. Other symptoms include a greasy,
flaky dermatitis; anemia; and, in advanced cases, convulsions. A shortage of vitamin B,
may also weaken the immune response. Some evidence links low vitamin B, intakes with
increased risk of some cancers and cardiovascular disease; more research is needed to
clarify these associations.*

Vitamin B, Toxicity For years it was believed that vitamin B, like other water-soluble
vitamins, could not reach toxic concentrations in the body. Toxic effects of vitamin B
became known when a physician reported them in women who had been taking more
than 2 grams of vitamin B, daily (20 times the current UL of 100 milligrams) for 2 months
or more, attempting to cure premenstrual syndrome. The first symptom of toxicity was
numb feet; then the women lost sensation in their hands; then they became unable to
walk. The women recovered after they discontinued the supplements.

Vitamin B, Recommendations The RDA for vitamin B, is based on the amounts
needed to maintain adequate levels of its coenzymes. Unlike other water-soluble
vitamins, vitamin By is stored extensively in muscle tissue. Research does not support
claims that large doses of vitamin B, enhance muscle strength or physical endurance.

Vitamin B, in Foods The richest food sources of vitamin B, are protein-rich meat,
fish, and poultry (Figure 8-12). Potatoes, a few other vegetables, and some fruits are
good sources, too. Foods lose vitamin B, when heated.

Folate

The term folate refers to two forms of the B vitamin: the naturally occurring folates in
foods and folic acid, which is the form used in dietary supplements and fortified foods.
Folate is active in cell division. During periods of rapid growth and cell division, such
as pregnancy and adolescence, folate needs increase, and deficiency is especially likely.
‘When a deficiency occurs, the replacement of the rapidly dividing cells of the blood and
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the GI tract falters. Not surprisingly, then, two of the first symptoms of a folate defi-
ciency are a type of anemia and GI tract deterioration (see Table 8-5 later in the chapter).

Folate, Alcohol, and Drugs Of all the vitamins, folate appears to be the most
vulnerable to interactions with alcohol and other drugs. As Nutrition in Practice 20
describes, alcohol-addicted people risk folate deficiency because alcohol impairs fo-
late’s absorption and increases its excretion. Furthermore, as people’s alcohol intakes
rise, their folate intakes decline. Many medications, including aspirin, oral contracep-
tives, and anticonvulsants, also impair folate status. Smoking exerts a negative effect
on folate status as well.

Folate and Neural Tube Defects Research studies confirm the importance of
folate in preventing neural tube defects (NTD). The brain and spinal cord develop
from the neural tube, and defects in its orderly formation during the early weeks of
pregnancy may result in various central nervous system disorders and death. Folate
supplements taken before conception and continued throughout the first trimester of
pregnancy can prevent NTD. For this reason, all women of childbearing age who are
capable of becoming pregnant should consume 400 micrograms (0.4 milligrams) of
folic acid daily from supplements, fortified foods, or both, in addition to eating folate-
rich foods. Chapter 11 includes a figure of a neural tube defect and further discussion.

Folate status improves more with supplementation or fortification than with a di-
etary intake that meets recommendations. NTDs arise early in pregnancy before most
women realize they are pregnant, and most women eat too few fruits and vegetables
to supply even half the folate needed to prevent NTD.* For these reasons, the FDA
mandated that enriched grain products (flour, cornmeal, pasta, and rice) be fortified
with folic acid, which is an especially absorbable synthetic form of folate. Bread prod-
ucts, flour, corn grits, and pasta must be fortified with 140 pg folate per 100 g of food
(about % ¢ cooked food or 1 slice of bread).

Fortification has improved folate status in women of childbearing age and low-
ered the number of NTDs that occur each year.*® Folate fortification also raises safety
concerns, however. High doses of folate can complicate the diagnosis of vitamin B ,
deficiency, as discussed later. Other suspected but unconfirmed potential harms from
high blood folic acid levels include suppression of normal immune functioning and
increased cancer risks.#’” The DRI committee set a Tolerable Upper Intake Level of
1000 micrograms per day from fortified foods or supplements. Except for individuals
who take supplements with more than 400 micrograms of folic acid, few people (less
than 3 percent of the U.S. population) exceed the Tolerable Upper Intake Level for
folic acid.*® Thus, researchers conclude that the current level of fortification of the
food supply appears to be safe.

Folate in Foods As Figure 8-13 (on p. 208) shows, the best food sources of folate are
liver, legumes, beets, and leafy green vegetables (the vitamin’s name suggests the word
foliage). Among the fruits, oranges, orange juice, and cantaloupe are the best sources.
With fortification, grain products are good sources of folate, too. Heat and oxidation
during cooking and storage can destroy up to half of the folate in foods.

The difference in absorption between naturally occurring food folate and synthetic
folate that enriches foods and is added to supplements must be considered when es-
tablishing folate recommendations. Dietary folate equivalents (DFE) convert all
forms of folate into units that are equivalent to the folate in foods. Box 8-1 (on p. 208)
describes how to estimate dietary folate equivalents.

Vitamin B,

Vitamin B , and folate share a special relationship: vitamin B, assists folate in cell
division. Their roles intertwine, but each performs a specific task that the other cannot
accomplish.

THE VITAMINS

neural tube defects (NTD)

malformations of the brain, spinal

cord, or both that occur during

embryonic development. The two
main types of neural tube defects

are spina bifida (literally, “split
spine”) and anencephaly
(“no brain”).

dietary folate equivalents
(DFE): the amount of folate avail-

able to the body from naturally

occurring sources, fortified foods,
and supplements, accounting for
differences in bioavailability from

each source.
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BEEF LIVER (cooked)
30z =221 ng DFE

LENTILS (cooked)
'f2¢c =179 pg DFE

ASPARAGUS AVOCADO
/2¢c = 134 pg DFE /2 cubed = 61 wg DFE

PINTO BEANS (cooked)
/2c = 146 pg DFE

BEETS
/2¢c = 68 ug DFE

SPINACH (raw)
1 ¢ =58 ug DFE

ENRICHED CEREAL
(ready-to-eat)P
8/2 ¢ = 676 ng DFE

aFolate recommendations are expressed in dietary folate equivalents (DFE). Note that for natural folate sources,
1 microgram equals 1 DFE; for enriched sources, 1 microgram equals 1.7 DFE. These foods provide 10 percent
or more of the folate Daily Value in a serving. For a 2000-kcalorie diet, the DV is 400 micrograms per day.

5Some highly enriched cereals may provide 400 or more micrograms DFE in a serving.

FIGURE 8-13 Good Sources of Folate®

HOWTO BOX 8-1 ESTIMATE DIETARY FOLATE EQUIVALENTS

Folate is expressed in terms of dietary folate equivalents (DFE) To calculate the DFE, multiply the amount of synthetic folate
because synthetic folate from supplements and fortified foods is by 1.7:

absorbed at almost twice (1.7 times) the rate of naturally occurring

300 ug X 1.7 = 510 pg DFE

folate from other foods. Use the following equation to calculate:

DFE = pg food folate + (1.7 X g synthetic folate)

Now add the naturally occurring folate from the other foods in
her diet—in this example, another 90 micrograms of folate.

Consider, for example, a pregnant woman who takes a supple-
ment and eats a bowl of fortified corn flakes, two slices of forti- 510 p.g DFE + 90 pg = 600 mg DFE

fied bread, and one cup of fortified pasta. From the supplement
and fortified foods, she obtains synthetic folate:

Supplement

Fortified corn flakes

Fortified bread
Fortified pasta

macrocytic anemia: large-cell
anemia; also known as megaloblastic
anemia.
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Notice that if we had not converted synthetic folate from
supplements and fortified foods to DFE, this woman'’s intake

100 g folate would appear to fall short of the 600 micrograms recommended
100 pg folate for pregnancy (300 wg + 90 wg = 390 wg). But as this example
40 g folate shows, her intake does meet the recommendation. At this time,
60 g folate supplement and fortified food labels list folate in micrograms
W only, not micrograms DFE, making such calculations necessary.
Vitamin B,,, Folate, and Cell Division Vitamin B, (in coenzyme form) stands

by to accept carbon groups from folate as folate removes them from other com-
pounds. The passing of these carbon groups from folate to vitamin B, regenerates
the active form of folate so that it can continue its dismantling tasks. In the absence
of vitamin B, ), folate is trapped in its inactive, metabolically useless form, unable to
do its job. When folate is either trapped due to a vitamin B, deficiency or unavail-
able due to a deficiency of folate itself, cells that are growing most rapidly—notably,
the blood cells—are the first to be affected. Thus, a deficiency of either nutrient—
vitamin B, or folate—impairs maturation of the blood cells and produces macrocytic
anemia. The anemia is identifiable by microscopic examination of the blood, which
reveals many large, immature red blood cells. Either vitamin B , or folate will clear up
the anemia.
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Vitamin B , and the Nervous System Although either vitamin will reverse the ane-
mia caused by vitamin B, deficiency, providing folate when vitamin B,, is needed is
disastrous to the nervous system. The reason: vitamin B , also helps maintain nerve
fibers. A vitamin B,, deficiency can ultimately result in devastating neurological symp-
toms, undetectable by a blood test. A deceptive folate “cure” of the anemia in vitamin B, ,
deficiency allows the nerve deterioration to progress, leading to paralysis and perma-
nent nerve damage. Evidence is mounting to suggest that even a marginal vitamin B,
deficiency may impair mental functioning in the elderly, worsening dementia.*’ This
interaction between folate and vitamin B, raises safety concerns about the use of fo-
late supplements and fortification of foods. In an effort to prevent excessive folate in-
takes that could mask symptoms of a vitamin B, deficiency, the FDA specifies the exact
amounts of folic acid that can be added to enriched foods.

The way folate masks vitamin B,, deficiency underlines a point already made sev-
eral times: it takes a skilled diagnostician to make a correct diagnosis. A person who
self-diagnoses on the basis of a single observed symptom takes a serious risk.

Vitamin B,, Absorption Absorption of vitamin B, requires intrinsic factor, a
compound made by the stomach with instructions from the genes. With the help of
the stomach’s acid to liberate vitamin B , from the food proteins that bind it, intrinsic
factor attaches to the vitamin and the complex is absorbed into the bloodstream.

A few people have an inherited defect in the gene for intrinsic factor, which makes
vitamin B, absorption abnormal beginning in mid-adulthood. Many others lose the
ability to produce enough stomach acid and intrinsic factor to allow efficient absorp-
tion of vitamin B, , in later life due to atrophic gastritis. In these cases, vitamin B , must
be supplied by injection to bypass the defective absorptive system. The anemia of the
vitamin B , deficiency caused by lack of intrinsic factor is known as pernicious anemia.

Vitamin B,, in Foods A unique characteristic of vitamin B, is that it is found
almost exclusively in foods derived from animals. People who eat meat are guaranteed
an adequate intake, and lacto-ovo vegetarians (who consume milk, cheese, and eggs) are
also protected from deficiency. It is a myth, however, that fermented soy products, such
as miso (a soybean paste), or sea algae, such as spirulina, provide vitamin B , in its ac-
tive form. Extensive research shows that the amounts of vitamin B , listed on the labels
of these plant products are inaccurate and misleading because the vitamin B , in these
products occurs in an inactive, unavailable form. Vegans need a reliable source such
as vitamin B -fortified soy milk or vitamin B, supplements. Some loss of vitamin B,

occurs when foods are heated in microwave ovens. .
intrinsic factor: a substance

Vitamin B_, Deficiency in Vegans Vegans are at special risk for undetected vitamin secreted by the stomach cells that
12 binds with vitamin B,, in the small

B,, deficiency for two reasons: first, they receive none in their diets, and second, they con-  jntestine to aid in the absorption of
sume large amounts of folate in the vegetables they eat. Because the body can store many  vitamin B,,. Anemia that reflects a
times the amount of vitamin B,, used each day, a deficiency may take years to developina  Vitamin B,, deficiency caused by
new vegetarian. When a deficiency does develop, though, it may progress to a dangerous ngnzo'zt;g;;;iador 5 MET) 5
extreme because the deficiency of vitamin B , may be masked by the high folate intake. intrinsic = on the inside

Worldwide, vitamin B,, deficiency among vegetarians is a growing problem.> atrophic gastritis (a-TROH-fik
A pregnant or lactating vegetarian woman who eats no foods of animal origin should ~ gas-TRY-tis): a chronic inflammation
be aware that her infant can develop a vitamin B , deficiency, even if the mother grr;?ri:r:g;n;i: :Ezofmuﬁigfrﬁnbg;
appears healthy. Breastfed infants born to vegan mothers with low concentrations of ¢ stomach’s mucous membrane
vitamin B, in their breast milk can develop severe neurological symptoms such as  and glands.

seizures and cognitive problems. pernicious (per-NISH-us) anemia:
a blood disorder that reflects a vi-
tamin B, , deficiency caused by lack

Non-B Vitamins of intrinsic factor and characterized

by large, immature red blood cells
Other compounds are sometimes inappropriately called B vitamins because, like the true and damage to the nervous system

B vitamins, they serve as coenzymes in metabolism. Even if they were essential, however, ~ (pernicious means “highly injurious
. or destructive”).
supplements would be unnecessary because these compounds are abundant in foods.
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scurvy: the vitamin C—deficiency
disease.
ascorbic acid: one of the two active
forms of vitamin C. Many people
refer to vitamin C by this name.

a = without

scorbic = having scurvy
collagen: the characteristic protein
of connective tissue.

kolla = glue
gennan = produce
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Inositol, Choline, and Carnitine Among the non-B vitamins are a trio of sub-
stances known as inositol, choline, and carnitine. Researchers are exploring the possi-
bility that these substances may be essential. Thus far, only choline has been assigned
an Adequate Intake value.

Other Non-B Vitamins Other substances have also been mistaken for essential
nutrients. They include para-aminobenzoic acid (PABA), bioflavonoids (vitamin P or
hesperidin), and ubiquinone. Other names you may hear are “vitamin B ,” (a hoax)
and “vitamin B ,” (laetrile, a fake cancer-curing drug and not a vitamin by any stretch
of the imagination). There is, however, one other water-soluble vitamin of great inter-
est and importance—vitamin C.

Vitamin C

More than 300 years ago, any man who joined the crew of a seagoing ship knew he
had only half a chance of returning alive—not because he might be slain by pirates
or die in a storm, but because he might contract the dread disease scurvy. Then, a
physician with the British navy found that citrus fruits could cure the disease, and
thereafter, all ships were required to carry lime juice for every sailor. (This is why
British sailors are still called “limeys” today.) In the 1930s, the antiscurvy factor in
citrus fruits was isolated from lemon juice and named ascorbic acid. Today, hundreds
of millions of vitamin C pills are produced in pharmaceutical laboratories.

Metabolic Roles of Vitamin C Vitamin C’s action defies a simple, tidy description.
It plays many important roles in the body, and its modes of action differ in different
situations.

Vitamin C’s Role in Collagen Formation The best-understood action of
vitamin C is its role in helping to form collagen, the single most important pro-
tein of connective tissue. Collagen serves as the matrix on which bone is formed,
the material of scars, and an important part of the “glue” that attaches one cell to
another. This latter function is especially important in the artery walls, which must
expand and contract with each beat of the heart, and in the walls of the capillaries,
which are thin and fragile.

Vitamin C as an Antioxidant Vitamin C is also an important antioxidant.*! Recall
that the antioxidants beta-carotene and vitamin E protect fat-soluble substances from
oxidizing agents; vitamin C protects water-soluble substances the same way. By being
oxidized itself, vitamin C regenerates already-oxidized substances such as iron and
copper to their original, active form. In the intestines, it protects iron from oxidation
and so enhances iron absorption. In the cells and body fluids, it helps to protect other
molecules, including the fat-soluble compounds vitamin A, vitamin E, and the poly-
unsaturated fatty acids.

Vitamin C in Amino Acid Metabolism Vitamin C is also involved in the metabo-
lism of several amino acids. Some of these amino acids end up being used to make
substances of great importance in body functioning, among them the neurotransmit-
ter norepinephrine and the hormone thyroxine. Vitamin C also plays a role in the
production of carnitine, important for transporting fatty acids within cells.

Role of Stress During stress, the adrenal glands release large quantities of vitamin C
together with the stress hormones epinephrine and norepinephrine. The vitamin’s
exact role in the stress reaction remains unclear, but physical stresses (described in a
later section) raise vitamin C needs.

Vitamin C as a Possible Antihistamine Newspaper headlines touting vitamin C
as a cure for colds have appeared frequently over the years. Some research suggests
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that vitamin C (2 g per day for two weeks) may reduce the severity and duration of
cold and allergy symptoms by reducing blood histamine concentrations. In other
words, vitamin C acts as an antihistamine. If further research confirms vitamin C’s
antihistamine effect, its use may permit people to rely less heavily on antihistamine
drugs when suffering from cold and allergy symptoms.

Vitamin C’s Role in Cancer Prevention and Treatment The role of vitamin
C in the prevention and treatment of cancer is still being studied.*? Evidence to date
indicates that foods containing vitamin C probably protect against cancer of the
esophagus. The correlation may reflect not just an association with vitamin C but the
broader benefits of a diet rich in fruits and vegetables and low in fat. It does not sup-
port the taking of vitamin C supplements to prevent or treat cancer.

Vitamin C Deficiency When intake of vitamin C is inadequate, the body’s vitamin
C pool dwindles, and the blood vessels show the first deficiency signs. The gums
around the teeth begin to bleed easily, and capillaries under the skin break spon-
taneously, producing pinpoint hemorrhages. As vitamin C concentrations continue
to fall, the symptoms of scurvy appear. Muscles, including the heart muscle, may
degenerate. The skin becomes rough, brown, scaly, and dry. Wounds fail to heal
because scar tissue will not form without collagen. Bone rebuilding falters; the ends
of the long bones become softened, malformed, and painful; and fractures occur.
The teeth may become loose in the jawbone and fall out. Anemia and infections are
common. Sudden death is likely, perhaps because of massive bleeding into the joints
and body cavities.

It takes only 10 or so milligrams of vitamin C a day to prevent scurvy, and not
much more than that to cure it. Once diagnosed, scurvy is readily reversible with
moderate doses, in the neighborhood of 100 milligrams per day. Such an intake is eas-
ily achieved by including vitamin C-rich foods in the diet.

Vitamin C Toxicity The easy availability of vitamin C in pill form and the publi-
cation of books recommending vitamin C to prevent everything from the common
cold to life-threatening cancer have led thousands of people to take large doses of
vitamin C. Not surprisingly, instances of vitamin C causing harm have surfaced.
The Tolerable Upper Intake Level for vitamin C is 2000 milligrams per day.

Some of the suspected toxic effects of excess vitamin C have not been confirmed,
but others have been seen often enough to warrant concern. Nausea, abdominal
cramps, and diarrhea are often reported. Several instances of interference with medi-
cal regimens are known. Large amounts of vitamin C excreted in the urine obscure
the results of tests used to detect diabetes. People taking anticoagulants may unwit-
tingly counteract the effect of these medications if they also take massive doses of
vitamin C. Large doses of vitamin C can also enhance iron absorption too much,
resulting in iron overload (see Chapter 9).

People with sickle-cell anemia may be especially vulnerable to excessive intakes
of vitamin C. Those who have a tendency toward gout, as well as those who have a
genetic abnormality that alters the way they metabolize vitamin C, are more prone to
forming kidney stones if they take large doses of vitamin C.

Recommended Intakes of Vitamin C The vitamin C RDA is 90 milligrams for men
and 75 milligrams for women. These amounts are far higher than the 10 milligrams per
day needed to prevent the symptoms of scurvy. In fact, they are close to the amount
at which the body’s pool of vitamin C is full to overflowing: about 100 milligrams
per day.

Special Needs for Vitamin C As is true of all nutrients, unusual circumstances
may raise vitamin C needs. Among the stresses known to do so are infections; burns;
surgery; extremely high or low temperatures; toxic doses of heavy metals, such as
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gout (GOWT): a metabolic disease in
which crystals of uric acid precipitate

in the joints.
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SWEET RED PEPPER
(chopped, raw)
J2c=95mg

ORANGE JUICE

GREEN PEPPERS
(chopped, raw)
J2c =60mg

BRUSSELS SPROUTS
(cooked)
'/2c = 48 mg

GRAPEFRUIT

WEET POTAT
f2c=43mg S OTATO

/2¢c = 20 mg

STRAWBERRIES
J2c =43 mg

BOK CHOY
f2c=22mg

BROCCOLI (cooked)
J2c=51mg

/2¢c = 62 mg

© 2016 Cengage Learning®

aThese foods provide 10 percent or more of the vitamin C Daily Value in a serving.

FIGURE 8-14 Good Sources of Vitamin C2
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lead, mercury, and cadmium; and the chronic use of certain medications, includ-
ing aspirin, barbiturates, and oral contraceptives. Smoking, too, has adverse effects
on vitamin C status. Cigarette smoke contains oxidants, which deplete this potent
antioxidant. Accordingly, the vitamin C recommendation for smokers is set high, at
125 milligrams for men and 110 milligrams for women.

Safe Limits Few instances warrant the taking of more than 100 to 300 milligrams of
vitamin C a day. The risks may not be great for adults who dose themselves with 1 to
2 grams a day, but those taking more than 2 grams, and especially those taking more
than 3 grams per day, should be aware of the distinct possibility of harm.

Vitamin C in Foods The inclusion of intelligently selected fruits and vegetables
in the daily diet guarantees a generous intake of vitamin C. Even those who wish to
ingest amounts well above the RDA can easily meet their goals by eating certain foods
(see Figure 8-14). Citrus fruits are rightly famous for their vitamin C contents. Certain
other fruits and vegetables are also rich sources: cantaloupe, strawberries, broccoli, and
brussels sprouts. No animal foods other than organ meats, such as chicken liver and
kidneys, contain vitamin C. The humble potato is an important source of vitamin C in
Western countries, where potatoes are eaten so frequently that they make substantial
contributions overall: about 20 percent of the vitamin C in the average diet. Vitamin C
in foods is easily oxidized, so store cut produce and juices in airtight containers.

Vitamin C and Iron Absorption Eating foods containing vitamin C at the same
meal with foods containing iron can double or triple the absorption of iron from those
foods. This strategy is highly recommended for women and children, whose energy
intakes are not large enough to guarantee that they will get enough iron from the
foods they eat. Iron is discussed in Chapter 9.

IN SUMMARY

I The B vitamins and vitamin C are the water-soluble vitamins.

I Each B vitamin is part of an enzyme helper known as a coenzyme.
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As parts of coenzymes, the B vitamins assist in the release of energy from glucose,
amino acids, and fats and help in many other body processes.

Folate and vitamin B,, are important in cell division.

Vitamin C’s primary role is as an antioxidant.

Historically, famous B vitamin—deficiency diseases are beriberi (thiamin) and
pellagra (niacin). The vitamin C—deficiency disease is known as scurvy.

Table 8-5 summarizes functions, deficiency and toxicity symptoms, and food sources
of the water-soluble vitamins.

TABLE 8-5 The Water-Soluble Vitamins—A Summary

Vitamin Name

Thiamin (Vitamin B,)

Riboflavin (Vitamin B,)

Niacin (Nicotinic acid,
nicotinamide, niacinamide,
vitamin B,; precursor is
dietary tryptophan,

an amino acid)

Biotin

Pantothenic acid

Vitamin B, (Pyridoxine,
pyridoxal, pyridoxamine)

Folate (Folic acid, folacin,
pteroylglutamic acid)

Vitamin B,, (Cobalamin)

Vitamin C (Ascorbic acid)

THE VITAMINS

Chief Functions

Part of a coenzyme used
in energy metabolism

Part of coenzymes used
in energy metabolism

Part of coenzymes used
in energy metabolism

Part of a coenzyme used
in energy metabolism

Part of a coenzyme used
in energy metabolism

Part of coenzymes used
in amino acid and fatty
acid metabolism

Activates vitamin B, ;

helps synthesize DNA for
new cell growth

Activates folate; helps
synthesize DNA for new
cell growth; protects
nerve cells

Synthesis of collagen,
carnitine, hormones,
neurotransmitters;
antioxidant

Deficiency Symptoms

Beriberi (edema or muscle
wasting), anorexia and
weight loss, neurological
disturbances, muscular
weakness, heart
enlargement and failure

Inflammation of the
mouth, skin, and eyelids;
sensitivity to light; sore
throat

Pellagra (diarrhea,
dermatitis, and dementia)

Skin rash, hair loss,
neurological disturbances

Digestive and neurological
disturbances

Scaly dermatitis,
depression, confusion,
convulsions, anemia

Anemia; smooth, red
tongue; mental confusion;
elevated homocysteine

Anemia; nerve damage and

paralysis

Scurvy (bleeding gums,

pinpoint hemorrhages,

abnormal bone growth,
and joint pain)

Toxicity Symptoms

None reported

None reported

Niacin flush, liver
damage, impaired
glucose tolerance

None reported

None reported

Nerve degeneration,
skin lesions

Masks vitamin B,
deficiency

None reported

Diarrhea, Gl distress

Significant Sources

Enriched, fortified, or
whole-grain products;
pork

Milk products; enriched,
fortified, or whole-grain
products; liver

Milk, eggs, meat,
poultry, fish, whole-
grain and enriched
breads and cereals,
nuts, and all protein-
containing foods

Widespread in foods; Gl
bacteria synthesis

Widespread in foods

Meats, fish, poultry,
potatoes, legumes,
noncitrus fruits, fortified
cereals, liver, soy
products

Fortified grains, leafy
green vegetables,
legumes, seeds, liver

Animal-derived foods
(meat, fish, poultry,

shellfish, milk, cheese,
eggs), fortified cereals

Citrus fruits, cabbage-
type and dark green
vegetables, cantaloupe,
strawberries, lettuce,
tomatoes, potatoes,
papayas, mangoes
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" Your Diet

Vitamins

A diet that supplies nutrient-dense foods from each food group
can provide ample vitamins. Complete this activity to learn
whether your food choices include good sources of vitamins.

I Review the nutrient analysis reports for your 24-hour food in-
take from the Chapter 1 Your Diet exercise (or another 24-hour
period that you have recorded and entered into an online diet
analysis tool). How do your vitamin intakes for that day com-
pare to your RDA/AI?

Remember that vitamin intakes over time are much more important
than whether you meet the DRI on any one day. Consider both the
amounts of each food group you ate during your 24-hour intake
(refer to the appropriate reports) and your typical eating pattern over
a week’s time and respond to these questions.

I Do you eat an adequate amount of fruits (see Table 1-4 on
p. 15)? Citrus fruits offer abundant vitamin C and some folate.

Clinical Applications

Some deep orange fruits such as cantaloupe (not oranges)
supply vitamin A.

I Do you choose whole or enriched grains often? These choices
supply substantial amounts of thiamin, riboflavin, niacin,
and folate.

I Do you consume vitamin A- and D-fortified milk products
regularly? Milk products supply riboflavin and vitamins A,
D, and B,,.

I Do you make frequent choices from the vegetable subgroups
(see Table 1-6 on p. 18)? Most dark green vegetables provide
significant folate and vitamins A and E. Many deep orange
vegetables supply vitamin A. Legumes supply substantial
folate.

1 If you take supplements, list the vitamin content of each
supplement. Then compare your intake with the UL for
vitamins listed at the front of this book.

1. How might a vitamin deficiency weaken a client’s resistance
to disease?

2. Pull together information from Chapter 1 about the different
food groups and the significant sources of vitamins shown
in the figures throughout this chapter. Consider which vita-
mins might be lacking in the diet of a client who reports the
following:

' Self Check

1 Dislikes leafy, green vegetables
B Never uses milk, milk products, or cheese
1 Follows a very low-fat diet

1 Eats a fruit or vegetable once a day

What additional information would help you pinpoint problems
with vitamin intake?

1. Which of the following vitamins are fat soluble?
a. Vitamins B, C, and E
b. Vitamins B, C, D, and E
c. Vitamins A, C, E, and K
d. Vitamins A, D, E, and K

2. Which of the following describes fat-soluble vitamins?

a. They include thiamin, vitamin A, and vitamin K.

b. They cannot be stored to any great extent and so must be
consumed daily.

c. Toxic levels can be reached by consuming deep orange and
dark green vegetables.

d. They can be stored in the liver and fatty tissues and can
reach toxic concentrations.

3. Night blindness and susceptibility to infection result from a
deficiency of which vitamin?

a. Niacin c. Vitamin A
b. Vitamin C d. Vitamin B,,
190

4. Good sources of vitamin D include:
a. eggs, fortified milk, and sunlight.
b. citrus fruits, sweet potatoes, and spinach.
c. leafy green vegetables, cabbage, and liver.
d. breast milk, polyunsaturated plant oils, and
citrus fruits.

5. Which of the following describes water-soluble vitamins?
a. They all play key roles in bone maintenance.
b. They are frequently toxic.
c. They are stored extensively in tissues.
d. They are easily absorbed and excreted.

6. A coenzyme is:
a. a fat-soluble vitamin.
b. a molecule cells use to communicate.
C. a connective tissue protein.
d. a molecule that combines with an enzyme to make
it active.
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7. Good food sources of folate include:
a. citrus fruits, dairy products, and eggs.

b. liver, legumes, and leafy green vegetables.
¢. dark green vegetables, corn, and cabbage.

d. potatoes, broccoli, and whole-wheat bread.

8. Which vitamin is present only in foods of animal origin?

a. Riboflavin

b. Pantothenic acid

c. Vitamin B,

d. The inactive form of vitamin A

Notes

9. Which of the following nutrients is an antioxidant that protects
water-soluble substances from oxidizing agents?

a. Beta-carotene

b. Thiamin
10.

a. Iron
b. Calcium

c. Vitamin C
d. Vitamin D

Eating foods containing vitamin C at the same meal can in-
crease the absorption of which mineral?

¢. Magnesium
d. Folate

Answers to these questions appear in Appendix H.
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