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Through ten highly successful editions, this nutrition text-
book has presented a sound approach to student learning and
clinical practice in the health professions. It provides both a
strong research base and a person-centered approach to the
study and application of nutrition in human health. We have
appreciated the suggestions and positive reception of this text
by users in colleges, community colleges, and clinical settings
throughout the United States and in other parts of the world.
We welcome a new co-author to this edition, Dr. Joyce Gilbert,
who brings her extensive background and experience as an
author, an educator, and a clinician to the preparation of the
eleventh edition.

New discoveries in nutrition science and its application to
human health are the basis of rapidly evolving protocols in
both public health and clinical care. Evidence-based practice
rather than dependence on custom or prior learning has
become the standard for decision-making. As the science base
in biology, biotechnology, and health is expanding, new
arenas of practice include nanotechnology, nutrigenomics,
and functional foods. Recent changes in the U.S. population
are creating new challenges for the health professional. The
Advisory Committee to the 2010 Dietary Guidelines for
Americans noted that for the first time in history, our popula-
tion cannot be considered “healthy,” based on the prevalence
of obesity and growing chronic disease. Our population is
also becoming older and more diverse in culture and ethnic-
ity. These observations carry implications for the health pro-
fessionals of the future and their formal preparation for
working in community, clinical, or industry settings. The
health professionals of the future must deal creatively with
the realities of chronic disease. They must develop a frame-
work of understanding of the needs of the aging population
and ethnic and cultural food patterns that differ from their
own. The worldwide epidemic of obesity, diabetes, and related
chronic disease, fueling the rise in health care costs, is bring-
ing new attention to delivery of health care and disease pre-
vention strategies. Public interest and concern with nutrition
and health are increasing, although consumers often depend
on less reliable sources of information. New technology and
the Internet offer unlimited opportunities for meaningful
nutrition and health intervention programs, despite the
appearance of false advertising and misleading health infor-
mation. Nutrition has become prominent in the marketplace
promoting functional foods and expanding product lines.
Such changes present both opportunities and challenges for
the future health professional.

This new edition reflects these far-reaching changes. We
continue to be guided by a commitment to sound nutrition
principles rooted in basic science and their application to
human health and well-being. We have built on previous
editions to produce this new book—updated and rewritten,

with our new design and format—to meet the changing
needs of students, faculty, and practitioners in the health
professions.

NEW TO THIS EDITION

To accommodate the demands of a rapidly emerging science
and an increasingly diverse society, the entire text has been
updated. Changes and additions based on input from many
teachers, students, and clinicians have been incorporated to
increase its usefulness.

Chapter Changes

With the retirement of Dr. Sue Rodwell Williams, the founder
and primary author of the first eight editions of this text-
book, we continue to share responsibility for the prepara-
tion of this new edition. Part 1, Introduction to Human
Nutrition, provides the foundation in nutrition science, as
applied to human nutrition needs in Part 2, Community
Nutrition and the Life Cycle. Part 3, Introduction to Clinical
Nutrition, describes the nutrition care process for meeting
the nutritional needs associated with specific illnesses
and conditions and the application of medical nutrition
therapy. Our continuing contributors include Dr. Sharon
M. Nickols-Richardson, who prepared Chapter 11, “Nutrition
During Pregnancy and Lactation,” and Chapter 12, “Nutri-
tion for Normal Growth and Development.” Staci Nix, author
of Williams’ Basic Nutrition ¢ Diet Therapy, contributed
Chapter 14, “Nutrition and Physical Fitness,” and Dr. Allan
Higginbotham revised Chapter 15, “The Complexity of
Obesity: Beyond Energy Balance” We also welcome five
new contributors to this edition. Ritamarie Little prepared
Chapter 16, “Nutrition Assessment and Nutrition Therapy in
Patient Care,” and Pamela Charney, Chapter 19, “Nutrition
Support: Enteral and Parenteral Nutrition.” Dr. Dorothy
Chen-Maynard completed Chapter 20, “Gastrointestinal Dis-
eases,” Dr. Adriana Campa, Dr. Hatsu, and Dr. Baum contrib-
uted Chapter 24, “Acquired Immunodeficiency Syndrome
(AIDS);” and Dr. Beth Kunkel prepared Chapter 25 “Cancer.”

New material has been incorporated throughout this
edition, reflecting recent research findings and clinical treat-
ment therapies. Examples include new roles for traditional
nutrients such as vitamin D, updates on the transmission
and treatment of acquired immunodeficiemcy syndrome
(AIDS), and recent attention to the glycemic index with rep-
resentative food values. Health promotion with strategies for
implementation is a recurring theme throughout the text,
and students are encouraged to look for the Health Promotion
heading in each chapter for special information to assist with
nutrition education in a variety of settings. Full coverage of
the U.S. Department of Agriculture and U.S. Department of

Xl
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Health and Human Services health initiatives including
MyPlate, the Dietary Guidelines for Americans, and Healthy
People 2020 includes goals, practice standards, and applica-
tion and usefulness to health promotion. Nutrient density is
given a new emphasis as a means to address current deficien-
cies within the U.S. population. We also provide an overview
of the newly proposed Nutrition Label. The chapters on
energy balance and obesity provide readers with a compre-
hensive review of this public health problem including
proposed contributing factors such as sleep deprivation.
Interventions to stem the advance of the obesity epidemic,
including new regulations for school breakfast and lunch that
limit kcalories and emphasize fruit, vegetables and whole
grains, and current activity recommendations for children
are presented. The chapter on nutrition and physical perfor-
mance includes emerging research pertaining to protein and
fluid needs, dietary supplements, and the benefits of exercise
on risk factors for cardiovascular disease and diabetes.
Chapter 10 as revised takes a public health approach to nutri-
tion and well-being, providing a framework for developing
and marketing community nutrition and health intervention
programs with attention to needs assessment, implementa-
tion, and evaluation.

Feature boxes addressing contemporary issues in nutrition
and health have been continued and updated. Each chapter
includes an example of Evidence-Based Practice, guiding stu-
dents through the critical thought process and reinforcing
this concept for future use in the practice setting. The Com-
plementary and Alternative Medicine (CAM) boxes—found in
all chapters in Part 3—review and evaluate new therapies
relevant to chapter topics. Focus on Culture boxes introduce
students to the concept of cultural competence and the par-
ticular nutritional deficiencies, health problems, and appro-
priate interventions pertinent to various cultural, ethnic,
racial, and age-groups. Focus on Food Safety boxes alert
readers to food safety issues with a particular nutrient, age-
group, or medical condition. Perspectives in Practice boxes
provide practical elements for nutrition education that stu-
dents will find helpful in their future roles. Tools available for
download from government or other reputable public sites
have been included. “Websites of Interest” connect students
with truthful Internet resources, useful in finding answers to
patient inquiries. “Further Readings and Resources” from the
research and professional literature enable further inquiry in
a topic of interest.

PERSONAL APPROACH

The person-centered approach that has been a hallmark of
previous editions continues to be emphasized in this new
edition. The authors and contributors write in a personal
style using materials and examples from personal research
and clinical experience. Scientific knowledge is presented in
human terms as a tool to develop practical solutions to indi-
vidual problems.

lllustrations and Design

Numerous illustrations, anatomic figures, graphic line draw-
ings, and photographs, most in full color, enhance the overall
design and help students better understand the concepts and
clinical practices presented.

Enhanced Readability and Student Interest

Continuing attention has been given to enhancing readability
and enlivening the text stylistically with use of boxes, illustra-
tions, and recurring themes that capture student interest and
assist in comprehension. New material has been added, and
remaining sections have been rewritten. Recent advances in
basic and clinical science are explained and applied. Issues of
public and professional controversy pertinent to students’
future practice are examined.

Learning Aids Within the Text

This eleventh edition continues to include many aids that
assist student learning.

Chapter Openers

To alert students to the content of each chapter and draw
them into its study, each chapter opens with a preview of
chapter topics and their relevance to professional practice. An
outline of the major chapter headings is also included on this

page.

Key Terms

Key terms important to the student’s understanding and
application of the chapter content are presented in two
steps. First, they are identified in orange type in the body
of the text. Then, these terms are grouped and defined
in boxes in the lower corners of the pages close to their
mention. This dual-level approach to vocabulary develop-
ment greatly improves the overall study and usefulness of
the text.

Pedagogy Boxes

Perspectives in Practice, Focus on Culture, Complementary and
Alternative Medicine (CAM), Focus on Food Safety, and
Evidence-Based Practice: These special features throughout
the text introduce supplemental material, an introduction
to chapter-related issues or controversies, a deeper look
at chapter topics, or a practical application of a nutrition
concept. These interesting and motivating studies help the
student comprehend the importance of scientific thinking
and develop sound judgment and openness to varied points
of view.

Case Studies

In Parts 2 and 3 realistic case studies provide opportunities
for problem solving, applying the information learned to
practical situations in nutrition care. Each chapter contains
at least one case with questions for analysis, decision-making,
and intervention. These case studies help students apply prin-
ciples of community nutrition and medical nutrition therapy
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to individuals and groups they will meet in their clinical
assignments.

Chapter Summaries

To assist students in drawing the chapter material together as
a whole, each chapter concludes with a summary of the key
concepts presented and their significance or application. The
student can then return to any part of the chapter for repeated
study and clarification as needed.

Review Questions

To help students think critically about key components of the
chapter and apply them to community and patient needs or
problems, review questions conclude each chapter. Review
questions may require the student to seek information or
perspective beyond what is found in the text using the scien-
tific literature, the popular literature, community meal or
public health programs, or retail food stores.

Chapter References

A strength of this text is the documentation of the topics
presented, drawn from a wide selection of pertinent journals.
To provide immediate access to all references cited in the
chapter text, a full list is given at the end of each chapter
rather than collected at the end of the book.

Further Readings and Resources

In addition to referenced material from the text, an annotated
list of suggestions for further reading is provided at the end
of each chapter. These selections extend or apply the text
material according to student needs or special interests. The
annotations improve their usefulness by identifying the per-
tinent topics of the reference. Also included is a list of reliable
websites for further reference and study.

Appendixes

The appendixes found in the text and on the Evolve web site
contain reference tools and guidelines in learning and prac-
tice. These include Choose Your Foods: Food Lists for Diabe-
tes (ed 7) and extended tables for calculating Body Mass
Index. A table of common conversions between metric and
British measurement systems is included for student review.
A summary of Cultural Dietary Patterns and Religious
Dietary Practices, including both foods eaten and foods
avoided within each food group, assists in meal planning with
specific ethnic, racial, or religious groups. A summary of
federal food assistance programs funded and supervised by
the U.S. Department of Agriculture and the Administration
on Aging, useful for future patient referral, describes the
target audience, guidelines for participation, and food
resources provided.

Supplementary materials available on Evolve

Our Evolve website is designed to provide supplemental
online learning opportunities to complement the material in
the book. The Evolve website contains sections for both

instructor and student resources. The material was prepared
by experienced nutrition writer, editor, and project coordina-
tor Gill Robertson, MS, RD.

Instructor Resources

+ NEW! TEACH for Nurses

+ Extensive Test Bank of about 1200 NCLEX-style multiple-
choice examination questions

+ Image Collection of approximately 100 images from the
text

+ PowerPoint presentations for each chapter, each contain-
ing approximately 20 to 30 text slides to guide classroom
lecture

+ Audience response questions, approximately 4 per
chapter

Student Resources

+ 250 Study questions with instant feedback

+ Case Studies (1 to 3 per chapter)

+ Flashcards (5 to 10 per chapter)

+ This food database contains over 5000 foods in 18 dif-
ferent categories: Baby Food, Baked Goods, Beverages,
Breads/Grains and Pasta, Breakfast Foods/Cereals, Dairy
and Eggs, Fats and Oils, Fruits and Vegetables, Meats and
Beans, Nuts and Seeds, Frozen Entrees and Packaged
Foods, Restaurant Chains—Fast Foods, Restaurant Chains—
Other, Seafood and Fish, Snacks and Sweets, Soups, Sup-
plements, and Toppings and Sauces.

+ A complete listing of more than 150 activities—daily/
common, sporting, recreational, and occupational—is
included in the Detailed Energy Expenditure section.

+ The profile feature allows users to enter and edit the intake
and output of an unlimited number of individuals, and
the weight management planner helps outline healthy life-
styles tailored to various personal profiles.

+ In addition to foods and activities, features include an
ideal body weight (IBW) calculator, a basal metabolic rate
calculator to estimate total daily energy needs, and sample
diets with nutrition recommendations for a variety of
conditions.
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A mother is told that her 11-year-old son, who is overweight
and sedentary, will likely develop type 2 diabetes before he
reaches the age of 18. A 23-year-old pregnant woman whose
sister delivered a low-birth-weight baby is worried that this may
happen to her. A 62-year-old man has been told by his doctor
that he has hypertension and is at risk of a stroke. The 2010
Dietary Guidelines Advisory Committee noted that for the first
time in our history, the U.S. population could not be described
as healthy. Nearly two-thirds of all Americans are overweight or
obese, the prevalence of type 2 diabetes is reaching epidemic
proportions, and even adolescents are being diagnosed with
heart disease. Statisticians predict that today’s youth will be the
first generation to have a shorter life expectancy than their
parents. The key to successful intervention is a healthy lifestyle
with nutrition as the cornerstone. A diet higher in fruits, vege-
tables, and whole grains, and lower in calories, sugar, and fat
could help the 11-year-old boy lower his body fat and disease
risk. Appropriate food choices support a successful pregnancy. A
healthy diet with attention to sodium and potassium can lower
the need for medications to control cardiovascular risk.

In this chapter we begin our study of nutrition and human
health and see how these principles apply to the U.S. popula-
tion. Current knowledge in nutrition reflects our growing
understanding of the relationship between food, health, and
well-being. Government agencies and institutions charged
with reducing chronic disease and containing health care

2

costs are giving attention to what people eat. Access to a
safe and wholesome food supply for all people must be
our goal.

NEW CHALLENGES FOR
HEALTH PROFESSIONALS

Our society is constantly changing, including health care and
how it is delivered. The problem of overweight points to the
need for lifestyle education and the availability of affordable
and healthy food. The Internet and smart phones have
changed the way we deliver information and help consumers
distinguish between appropriate and problematic informa-
tion sources. The rise in life expectancy brings rapid shifts in
population demographics with growing cohorts of older
individuals and a greater need to address prevention and
treatment of chronic disease. These changes will continue to
affect your future practice as a health professional.

The Obesity Epidemic

The growing prevalence of obesity is a major health problem
across the globe. Countries previously facing food shortages
and underweight are now experiencing increasing over-
weight.' Current food and lifestyle patterns have influenced
obesity statistics across the U.S. (Figure 1-1). In 2000, no state
had an obesity prevalence of 30% or more; by 2010, 12 states
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[]20% - <25%

[] 25% —<30%

I 30% - <35%

FIGURE 1-1 Prevalence of self-reported obesity among U.S. adults in 2012. Note that no state
had an obesity prevalence of less than 20%. Thirteen states had an obesity prevalence of 30%
or higher. (Obesity is defined as a body mass index of 30 or higher.) (Map from the Behavioral
Risk Factor Surveillance System, Centers for Disease Control and Prevention: Overweight and
Obesity. Adult Obesity Facts, Atlanta, Ga, U.S. Department of Health and Human Services. from:
<http://www.cdc.gov/obesity/data/adult.ntml>. Retrieved September 8, 2013.)

had reached this level.” Seventy-four percent of men and 64%
of women are overweight or obese,” and 32% of children aged
2 and over are either overweight or at risk for becoming
overweight.* Among men, overweight or obesity is more
likely to occur in middle age (ages 40 to 59); among women
it is more common in older age (over age 60).” Children over
the age of 5 are at greater risk of being overweight than pre-
schoolers.* The rise in type 2 diabetes has paralleled the rise
in obesity, such that 20.9 million people have been diagnosed,
more than triple the number in 1990,” and it is estimated that
another 7 million are undiagnosed. However, the good news
is that body weight appears to be leveling off in both children*
and adults.’

Our environment, which promotes the consumption of
energy-dense foods while providing limited need or oppor-
tunity for energy expenditure, has been referred to as “obe-
sogenic,” and contributes to the obesity problem.”* In contrast
to earlier times when humans survived as “hunter-gatherers,”
we now have a plentiful supply of good-tasting, high-calorie
food, with little physical activity required to obtain it. The
ever-present vending machine, special offers of two ham-
burgers for the price of one, and accessible food at all sporting
and most social events all contribute to excessive food intake
(Box 1-1). Portions served at fast-food restaurants are two to
five times larger than those offered 20 years ago,” and food
served at home often equals three to four times the serving
size referred to in meal planning guides (Figure 1-2). Most
people increase their energy intake when more food is

served,'” adding to the potential for overeating at “all you can
eat” food outlets.

As energy intake has risen, energy expenditure has
dropped. For many children, television or video games have
replaced active outdoor games, and they ride rather than walk
to school. Rural localities and new residential developments
lack sidewalks, and many neighborhoods are unsafe for
walking. Collaborative efforts among government agencies,

KEY TERMS

overweight A body weight above the average weight for
a person of that sex and body height; this measurement does
not distinguish between body fat and body muscle.
hypertension Medical term to describe high blood pres-
sure; dietary and lifestyle interventions can help to lower
blood pressure and reduce dependence on antihypertensive
medications.

obese An excessive accumulation of body fat.

type 2 diabetes A form of diabetes mellitus usually occur-
ring in middle or older age; results from impaired insulin
secretion or body resistance to insulin action resulting in
elevated blood glucose levels; often associated with over-
weight or obesity and a sedentary life style.

energy dense Term used to describe the relative kcalorie
content of a particular food; an energy-dense food may
also be nutrient dense if it is a good source of essential
nutrients.
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schools, community planners, and health professionals will
be required to solve these problems.

Shifts in Population

Number of Older Adults

Over the past 100 years, advances in sanitation and public
health have raised life expectancy at birth from 45 years to
nearly 80 years.'' Infectious diseases, such as influenza and
pneumonia, have been replaced by chronic diseases, with
heart disease, cancer, and stroke as leading causes of death.
As life expectancy has risen, so has the number of people aged
65 and over. In fact, the number of older adults will nearly
double in the next 20 years (Figure 1-3),'"" and this carries
implications for health care. While average annual health care
spending is $2739 for persons aged 25 to 44, it approximately
doubles to $5511 for those aged 45 to 64, and nearly doubles
again to $9744 in the 65 and older group.”” As physical
changes bring about loss in function, innovative food delivery
systems will be needed to support homebound older adults
in the community and medically compromised older adults
in long-term care facilities. Intervention programs emphasiz-
ing appropriate food and activity patterns directed toward
young and middle-aged adults can slow this development of
chronic disease and ensuing disability.

FACTORS CONTRIBUTING TO
INCREASED FOOD INTAKE

* Media advertising of high-sugar and high-calorie foods

e Constant access to vending machines selling high-sugar
drinks and high-fat snacks

* More meals eaten away from home

e All-you-can-eat restaurant buffets

e Larger portion sizes both at home and in restaurants

e Continuous snacking

e “Supersizing”: larger portions costing only a fraction more
than a smaller portion

BOX 1-1

85+

85+

Ethnic and Racial Diversity

As a nation we are becoming increasingly diverse.”” The
numbers of Hispanic Americans, Asian Americans, and
Pacific Islander Americans are increasing at rapid rates, and
Hispanic Americans now surpass African Americans in
number. These population shifts affect health care in several
ways. First, certain groups are at increased risk for developing
particular chronic conditions, especially if they move away
from their traditional diets high in plant-based foods and
adopt the typical American diet higher in kilocalories (kcalo-
ries or kcal) and fat. Asian Americans and Hispanic Ameri-
cans are at increased risk of diabetes,'* and African Americans
are more likely to be salt sensitive and develop hypertension.'
Second, health professionals must be knowledgeable about

Portion Distortion

CHEESEBURGER

20 Years Ago

Today

260 calories 850 calories

FIGURE 1-2 Change in portion size of common foods. Over
the past 20 years, portion sizes have almost tripled. A ham-
burger and roll that supplied 260 kcal in earlier years may now
contain 850 kcal. Visit the website of the National Heart,
Lung and Blood Institute (http://hp2010.nhibihin.net/portion/
keep.htm) to view other food items that have changed in size
and kcalories. Take the quiz to see how many minutes you
would need to exercise to burn the extra kcalories. (Concept
from U.S. Department of Health and Human Services,
National Heart, Lung and Blood Institute, Obesity Education
Initiative: Keep an eye on portion size, Bethesda, Md., 2004,
U.S. Government Printing Office.)

85+

2010

2030

2050

FIGURE 1-3 Projected increases in the number of persons aged 65 and older and 85 and older.
Between 1900 and 2010, this age cohort grew from 3 million to 40 million and currently makes
up 13% of the total population. By 2030, the group aged 65 and older is expected to number
72 million and represent almost 20% of the general population. By 2050, 19 million people will
be age 85 or older. (From Federal Interagency Forum on Aging-Related Statistics: Older Ameri-
cans 2012: Key indicators of well-being, Federal Interagency Forum on Aging-Related Statistics,
Washington, D.C., 2012, U.S. Government Printing Office.)


http://hp2010.nhlbihin.net/portion/keep.htm
http://hp2010.nhlbihin.net/portion/keep.htm

CHAPTER 1 Nutrition and Health

FOCUS ON CULTURE
How Did Our Food Patterns Become So Diverse?

Food provides the nutrients that sustain life, but for most of us
this is not the reason we eat what we do. Food habits—what
we eat and when we eat it—have evolved over thousands of
years. In all cultures and societies, various factors have influ-
enced food habits.

Agriculture: Available land for crops or animals led to patterns
emphasizing plant or animal foods. Cattle require land for
grazing, along with water resources. Although parts of Europe
were well-adapted to raising cattle or pigs, other areas were
better suited to goats and sheep for meat and milk. Feta
cheese made from sheep or goat's milk is common in Greece
and Turkey.

The cereal or grain of a particular region influenced daily
meals. Rice, indigenous to Southeast Asia, is served at every
meal in traditional Chinese, Japanese, Hmong, and Cambodian
households, much the same as bread is in the American diet.
Because animal foods are limited, the Asian pattern combines
a small amount of meat or fish with vegetables and rice for
stew-like dishes. Maize or field corn along with rice are the
traditional cereals in regions of the U.S. and Central and South
America. Dishes made from corn—corn bread, corn cake, tor-
tillas, cornmeal mush, and popcorn—were dietary staples
among Native Americans. Corn is the basic grain in Mexican
meals, with bread taking the form of tortillas, flat cakes baked
on a hot griddle. Recognizing the differences between the
Mexican food pattern, which emphasizes corn and beans, and
the Puerto Rican food pattern, which relies on rice, tropical
fruits, and vegetables, is important when working with Latino
families.

Climate: When people raised all of their own food, the
growing season and amount of rainfall defined what they ate.
Root vegetables such as potatoes and cold-hardy cabbage,
carrots, and apples were common in northern Europe because
they could be stored in a root cellar to sustain families over the
winter. In contrast, grains and legumes, along with a bountiful
supply of fresh produce, provided the plant base of the health-
ful Mediterranean diet. Olives, olive oil, and dates remain
important foods in Mediterranean cultures. The Caribbean
region with its extended growing season is known for its tropi-
cal fruits and starchy vegetables. These foods are often
imported for sale in street markets in U.S. cities with large
populations from that region.

Proximity to water: Populations living near water included fish
or seafood in their daily diet. The typical Japanese meal includes
grilled, broiled, or pan-cooked fish or shellfish, along with
steamed rice. The French-American (Cajun) foods common to
southeast Louisiana, with seafood as a base, are strongly fla-
vored and spicy, and served over rice.

Religion: Religious beliefs define not only what appropriate
foods are, but also when they may be eaten. The dietary laws
of Judaism are defined in the Rules of Kashruth and foods
selected and prepared accordingly are called kosher, from the
Hebrew word meaning fit or proper. Jewish law governs how
animals are slaughtered, and the process must be supervised
by a rabbi. For strict Orthodox believers, meat and milk may
not be combined, and two sets of dishes and cooking utensils
are required—one for serving meat and the other for dairy.
Many traditional Jewish foods such as matzo, a type of unleav-
ened bread, relate to observances commemorating significant
events in Jewish history.

Muslim dietary laws come from the Quran. As in Judaism,
pork is forbidden. Certain foods, including figs, olives, dates,
honey, milk, and buttermilk, are believed to have special spiri-
tual and physical value. In the ninth month of the Islamic cal-
endar, Muslims celebrate Ramadan, a 30-day period of daylight
fasting during which no food or beverages are eaten from dawn
to sunset; a special meal is served after sundown.

Various foods brought to the U.S. by particular ethnic and
cultural groups have joined the mainstream of American foods.
Bagels, a traditional Jewish food, sushi from Japan, and olive
oil from the Mediterranean are commonly used by many Ameri-
cans. A balance between the old and the new preserves one’s
heritage and health.

For lists of specific foods from each food group common to
particular ethnic and religious groups, see Appendix D.
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the eating patterns and favorite foods of various racial, ethnic,
and cultural groups if they are to help these families develop
meal plans that will be accepted and implemented.”” Working
with diverse groups can require language training. About one
in five families in the U.S. speak a language other than English
at home; within this group, over half speak Spanish."

KEY TERM

kilocalorie The general term calorie refers to a unit of heat
measure and is used alone to designate the small calorie.
The large calorie, 1000 calories or kilocalorie, is used in the
study of metabolism to avoid the use of very large numbers
in calculations.

The Focus on Culture box, “How Did Our Food Patterns
Become So Diverse?” introduces factors influencing food pat-
terns. Appendix D “Cultural Dietary Patterns and Religious
Dietary Practices” will help begin your study of cultural and
ethnic foods.

New Products in the Marketplace

Researchers have found that various foods contain naturally
occurring substances other than nutrients that promote
health. These foods are known as functional foods. Phyto-
chemicals (plant chemicals) found in fruits, vegetables, and
whole grains appear to have cancer-fighting properties.'®
Dark chocolate, often considered a food to be avoided, is
now known to contain flavonoids, phytochemicals that
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help to control blood pressure.'” Public interest in nutrients
and other substances believed to influence health has
prompted the food industry to develop new foods that
meet this demand. Plant sterols that help lower blood choles-
terol levels are being added to margarine; orange juice
has become an alternative source of calcium and vitamin D
to prevent bone loss. Conversely, “energy drinks” with added
herbs and stimulants are being marketed to replace water
or other healthy beverages. As more products claiming
health benefits enter the marketplace, the task of helping
consumers make appropriate choices will fall to the health
professional.

Genes in Nutrition and Health

The Human Genome Project, an international project to map
the human genetic code, is helping scientists learn how diet
and the environment influence our genes (nutrigenomics),
and how these interactions influence our survival. The study
of nutrigenetics concentrates on how even slight variations
in our genetic code affect our nutrient needs, susceptibility
to particular diseases, and response to our environment.'"® A
gene is a DNA sequence that can be translated into a protein,
and bioactive components in food influence its expression.
Nutrients such as essential fatty acids and vitamin A are bio-
active; phytochemicals also act in this way. Individuals with
different genes react differently to particular phytochemicals,
and while an increased intake can have a positive effect
on one person, it may not benefit another."” This likely con-
tributes to why research studies looking at nutrient require-
ments have different results, as particular individuals will
differ in their requirement for a specific nutrient.”’ Gene—
nutrient interactions also influence response to nutritional
interventions. For individuals with a specific genetic altera-
tion, changes in the amounts and types of dietary fat may
effectively lower their elevated blood LDL (low-density lipo-
protein) cholesterol, but for others the intervention will have
no biological effect."

The study of nutrigenetics can help us learn why certain
people cannot produce the enzyme lactase needed to break
down the lactose in milk, or why individuals with celiac
disease have an immune response to certain proteins in
wheat flour. The study of nutrigenomics will help us under-
stand how particular substances in functional foods, such
as tomatoes or green tea, influence various chronic diseases.
In the future, a young man may seek information from a
genetic screening service about variations in his genetic
code that will increase his risk of chronic disease and then
take this report to his health professional who will use com-
puter software to generate personalized dietary advice to help
avoid these conditions.”’ Currently, we are able to make
general recommendations regarding disease prevention for
individuals whose family history or medical diagnoses put
them at risk, but we still have a lot to learn before we can
prepare individualized diets based on one’s genetic code.
Consumers should avoid commercial companies that offer
genetic screening and are not associated with a legitimate
health care facility.”

Nutrition Misinformation

Consumer surveys indicate that the majority of Americans
(91%) believe they have some control over their health, and
72% believe that food and nutrition play the greatest role.”
However, 75% of consumers rely on media outlets including
the Internet as their major sources of health and nutrition
information, and only half use medical sources.”* A Google
search for “nutrition listservs” yielded over 100,000 sites,”
but it is likely that many of these writings are not reviewed
by nutrition experts. Internet sites marketing herbs, drugs,
and health devices are not monitored by government regula-
tory agencies and often contain misleading information.
Reputable food companies provide helpful facts about the
nutrient content of their products, but commercial sites
devoted to sales often post misleading health claims. Internet
sites maintained by government agencies, universities, state
extension services, and medical facilities provide evidence-
based information and should be the first source for public
information on foods, nutrition, and health. At the close of
each chapter in this text is a list of recommended websites
for consumers or health professionals seeking additional
information.

THE SCIENCE OF NUTRITION

Nutrition builds on two areas of science. The life sciences
of biochemistry and physiology tell us how nutrition relates
to our physical health and body function. The behavioral
sciences help us understand how nutrition is interwoven
with our psychosocial needs. Both aspects are at work in
our lives.

Human organisms are highly complex groupings of chem-
ical compounds constantly at work in an array of reactions
that sustain life. Nutrients participate in and help control
these chemical reactions. Various physiologic systems inte-
grate the activities of millions of functioning cells, uniting
them into a functioning whole. This highly sensitive internal
control is called homeostasis.

We also have social and emotional qualities rooted in our
earliest awareness. Eating patterns and attitudes toward food
develop over a lifetime based on the influences of our primary
family and friends, ethnic or cultural group, community,
nation, and world. How we perceive food, what we choose to
eat, why we eat what we do, and the ways in which we eat are
all integral to human nutrition.

Working Definitions

Nutrition means to nourish and encompasses the food
people eat and how it enriches their lives physically, socially,
and personally. From the moment of conception until death,
an appropriate supply of food supports optimal growth
and maturation and mental and physical well-being. Good
nutrition promotes health and reduces the risk of adverse
conditions ranging from low birth weight to obesity to car-
diovascular disease. Food supplies the energy to carry out
body functions, such as inhaling and exhaling, maintaining
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body temperature, and engaging in physical activity.
Food also nourishes the human spirit. We all have our par-
ticular “soul foods,” comfort foods that connect us to our
family and provide a sense of psychological and emotional
well-being.

To study nutrition, we need to define the terms that
describe this body of knowledge and the health professionals
who work within it. Nutrition refers to the food people eat
and how it nourishes their bodies, whereas nutrition science
defines the nutrient requirements for body maintenance,
growth, activity, and reproduction. Dietetics is the health
profession with primary responsibility for the practical appli-
cation of nutrition science throughout the life cycle in health
and disease. The registered dietitian (RD) or registered
dietitian nutritionist (RDN) is the nutrition expert on the
health care team, and in collaboration with the physician and
nurse, carries the major responsibility for a patient’s nutri-
tional care. Public health nutritionists focus on disease pre-
vention and oversee programs that serve high-risk groups in
the community such as pregnant teens or older adults, assess-
ing needs, and applying interventions. RDs cooperate with
school nurses to teach weight-management classes for chil-
dren and parents, assist day care providers in planning menus
and snacks, or help clients at fitness centers improve their
body composition or athletic performance.

Functions of Food and Nutrients

Food serves as the vehicle for bringing nutrients into the
body; however, the specific chemical compounds and ele-
ments in food—the nutrients—are the substances the body
needs. No one particular food or food combination is required
to ensure health. The human race has survived for centuries
on a wide variety of foods, depending on what was available
and what the culture designated as appropriate. Approxi-
mately 50 nutrients are known to be essential to human life
and health, although countless other elements and molecules
are being studied and may be found to be essential. The
identification of essential nutrients is especially important
when developing liquid formulas for feeding critically ill
patients.

Essential nutrients include the macronutrients (carbohy-
drates, fats, and proteins), the micronutrients (vitamins and
minerals), and water. The macronutrients supply energy and
build tissue, whereas the micronutrients, needed in much
smaller amounts, form specialized structures and regulate
body processes. Water is the additional and often-forgotten
nutrient that sustains all life systems. The sum of all the
chemical reactions occurring in the body that use nutrients
is referred to as metabolism. The first section of this text
defines the essential nutrients; later chapters describe how
they participate in growth, maturation, aging, and diet inter-
ventions in health and disease.

Nutrients have three general functions, as follows:

1. To provide energy

2. To build and repair body tissues and structures

3. To regulate the metabolic processes that maintain
homeostasis.

Energy

All three of the macronutrients—carbohydrate, fat, and
protein—can be used for energy, although carbohydrate
and fat are the preferred energy sources.

Carbohydrates. Dietary carbohydrates—starch and sug-
ars—are the primary sources of fuel for heat and energy.
Glucose, the breakdown product of dietary carbohydrate,
is the energy currency of the body. Glycogen is the storage
form of carbohydrate available for quick energy when glu-
cose is needed. Each gram of carbohydrate when metabo-
lized in the body yields 4 kilocalories (kcalories or kcal),
known as its fuel factor. In a well-balanced diet for a healthy
person, 45% to 65% of total kcalories come from carbohy-
drate.”® The majority of these kcalories should be obtained
from complex carbohydrates (starch), with a smaller amount
from simple carbohydrates (sugars). Another form of com-
plex carbohydrate, known as fiber, does not yield energy
but has other important body functions. Although the
general public uses the word calorie to refer to the energy
value of food, nutritionists use the technical term kilocalo-
rie. As noted later in this chapter, MyPlate (ChooseMyPlate
.gov), the food guidance system developed for the general
public, and the Dietary Guidelines for Americans use the
term calorie when indicating the energy value of foods
or meals.

Fats. Dietary fats from either animal or plant sources
provide an alternate or storage form of energy. Fat is a more
concentrated fuel than carbohydrate, with a fuel factor of 9,
yielding 9 kcal/g. Most nutrition experts recommend that fats
supply no more than 20% to 35% of total kcalories.” Fats
contain the essential fatty acids required for life and health.
Saturated fats are a less healthy form of fat; therefore, the
majority of our fat intake should be unsaturated.

Proteins. The primary function of protein is tissue build-
ing, although it can be used for energy if needed. The body
draws on dietary or tissue protein for energy when the fuel
supply from carbohydrates and fats is not sufficient to meet
body needs. Protein yields 4 kcal/g, making its fuel factor 4.
Protein can provide 10% to 35% of total kcalories in a well-
balanced diet for healthy people.*

Tissue Building and Repair

Protein is the primary nutrient for building and maintaining
body tissues. Vitamins and minerals are used in smaller
amounts in the structure of specialized tissues.

Protein. Proteins are broken down into amino acids, the
building blocks for body growth and repair. Body tissues are
constantly being broken down and rebuilt to ensure growth
and maintenance of body structure. Proteins also form vital
substances such as enzymes and hormones that regulate body
systems.

Minerals. Minerals help build tissues with very specific
functions. The major minerals—calcium and phosphorus—
give strength to bones and teeth. The trace element iron is a
component of hemoglobin and binds oxygen for transport to
cells and carbon dioxide for return to the lungs.
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KEY TERMS

nutrigenomics The study of the effects of nutrients and
other bioactive substances found in food on genes, body pro-
teins, and metabolites.

nutrigenetics The study of the effect of an individual's
particular genetic make-up on metabolic and physiologic func-
tions, including nutrient requirements and risk of certain
diseases.

homeostasis State of dynamic equilibrium within the body's
internal environment, a balance achieved through the control
of various interrelated physiologic mechanisms.

nutrition The sum of the processes involved in taking in
food, releasing the nutrients it contains, and assimilating and
using these nutrients to provide energy and maintain body
tissue.

nutrition science The body of scientific knowledge devel-
oped through controlled research that relates to all aspects of
nutrition—national, international, community, and clinical.
dietetics The science related to the nutritional planning and
preparation of foods and diets.

registered dietitian (RD) or registered dietitian nutritionist
(RDN) A health professional who has completed an accred-
ited academic program and a minimum of 1200 hours of
postbaccalaureate-supervised practice and has passed the
National Registration Examination for Dietitians administered
by the Commission on Dietetic Registration of the Academy of
Nutrition and Dietetics.

public health nutritionist A health professional who has
completed an academic program in nutrition and a graduate
degree (MPH or DrPH) in a school of public health accredited
by the Council on Education for Public Health, and supervises
the nutrition component of public health programs in county,
state, national, or international community settings.

Vitamins. Vitamins are complex molecules needed in very
minute amounts but are essential in certain tissues. Vitamin
C produces the intercellular ground substance that cements
tissues together and prevents tissue bleeding. Vitamin A in
the rods and cones of the eye is needed for vision in dim light.

Metabolic Regulation

Specific vitamins and minerals are necessary for enzyme
activities responsible for a host of chemical reactions. Water
provides the appropriate environment for these reactions to
occur.

Minerals. Minerals serve as cofactors in controlling cell
metabolism. One example is iron, which controls the enzyme
actions in the cell mitochondria that produce and store high-
energy compounds.

Vitamins. Many vitamins are components of cell enzyme
systems. They govern reactions that produce energy and syn-
thesize important molecules. For example, thiamin controls
the release of energy for cell work and vitamin B, is needed
for the synthesis and maturation of red blood cells.

Water. Water forms the blood, lymph, and intercellular
fluids that transport nutrients to cells and remove waste.
Water also functions as a regulatory agent, providing the fluid
environment in which all metabolic reactions take place.

nutrients Substances in food that are essential for energy,
growth, normal body function, and maintenance of life.
essential nutrients Substances that cannot be made by the
body and must be supplied in food. These include essential
fatty acids, essential amino acids for making protein, vitamins,
and minerals.

macronutrients The three energy-yielding nutrients: carbo-
hydrate, fat, and protein.

carbohydrate Nutrient class that includes starch, sugar, and
fiber; starch should be the major source of energy in the diet;
sugar and starch have a fuel factor of 4 kcal/g; fiber is an indi-
gestible form of carbohydrate.

fat Nutrient providing a concentrated form of energy (yields
9 kcal/g); stored in the body as adipose tissue as an energy
reserve; supplies essential fatty acids in the diet.

protein Nutrient that contains nitrogen and essential amino
acids; amino acids serve as building blocks for forming body
tissues, enzymes, and hormones; fuel factor is 4 kcal/g.
micronutrients The two classes of non-energy-yielding ele-
ments and compounds—minerals and vitamins; these nutri-
ents regulate and control cell metabolism and are components
of specialized body structures.

metabolism The sum of all the biochemical and physiologic
processes by which the body grows and maintains itself (anab-
olism), breaks down and reshapes tissue (catabolism), and
transforms energy to do its work. Products of these reactions
are called metabolites.

fuel factors The number of kcalories that 1 g of a nutrient
yields when completely oxidized; the fuel factor is 4 for carbo-
hydrate and protein, 9 for fat, and 7 for alcohol. Fuel factors
are used in computing the energy values of foods and diets
(e.g., 10 g of fat yields 90 kcal).

Nutrient Interrelationships

An important principle in nutrition is nutrient interaction. It

has the following two parts:

1. Individual nutrients participate in many different meta-
bolic functions; for some functions a nutrient has a
primary role, and for others, it has a supporting role.

2. No nutrient ever works alone.

Intimate and ongoing metabolic relationships exist among
all the nutrients and their metabolites. Although we look at
each nutrient individually to simplify our study, they do not
exist that way in the body. Nutrients are always working
together within an integrated whole, providing energy, build-
ing and rebuilding tissue, and regulating metabolic activities.
This synergy and interaction among nutrients is important
in carrying out body functions and is sometimes overlooked
when we examine the effects of one nutrient at a time.”

Nutritional Status

The nutritional health of an individual is known as his or
her nutritional status and describes how well nutrient needs
are being met. Nutritional status is influenced by living situ-
ation, social and economic factors, available food, food
choices, and state of health. Nutritional status differs from
dietary status. Evaluating nutritional status requires a
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combination of dietary, biochemical, anthropometric, and
clinical measurements (Box 1-2), whereas dietary status
focuses only on what foods are being consumed and their
nutrient content. It is important to know not only what an
individual is eating, but also whether the body is absorbing
and making use of those nutrients. This helps us distinguish
between a primary nutrient deficiency and a secondary nutri-
ent deficiency. A primary nutrient deficiency is caused by
insufficient dietary intake of a particular nutrient or nutri-
ents. A secondary nutrient deficiency is the result of poor
absorption or metabolism of a nutrient caused by an interfer-
ing substance, a disease or condition, or an elevated require-
ment. Blood nutrient levels can help identify a nutrient
deficiency or a nutrient excess brought about by overuse of
highly fortified foods or dietary supplements, although this
is not true for all nutrients. Body weight for height and other
anthropometric measurements provide estimates of the pro-
portion of body fat versus lean body mass. An evaluation of
nutritional status usually includes related conditions associ-
ated with food and nutrient intake, such as diabetes and
obesity, or osteoporosis and calcium.”® Clinical and biochem-
ical parameters included in a nutritional assessment are dis-
cussed in detail in Chapter 16; however, when describing the
individual nutrients we will refer to the current status of the
U.S. population based on the methods listed in Box 1-2.

Optimal Nutrition

Individuals with optimal nutritional status have neither a
deficiency nor an excess of nutrients. Nutrient stores are at
the upper end of the normal range. Evidence of optimal
nutrition includes appropriate weight for height and good
muscle development and tone. The skin is smooth, and the

USEFUL MEASUREMENTS
FOR EVALUATING

BOX 1-2

NUTRITIONAL STATUS

Dietary Intake

e Where and when food is eaten

e Use of dietary or nutritional supplements

* Money available for food and other food resources
e Special diet, if any

e Facilities for cooking and storing food

Biochemical Measurements
e Blood protein levels

¢ Blood lipid levels

e Blood vitamin levels

Anthropometric Measurements (Body Measurements)
* Body weight for height (body mass index)

e Skinfold thicknesses

e Waist circumference

Clinical Evaluation
e Skin
e Hair
* Eyes

eyes are clear and bright. Appetite, digestion, and elimination
are normal. Well-nourished persons are more likely to be
alert, both mentally and physically. They are not only meeting
their day-to-day needs, but also maintaining appropriate
nutrient stores to resist disease and support body function in
times of stress.

Undernutrition

Undernutrition takes various forms ranging from marginal
nutritional status to the emaciated famine victim. Persons
with marginal nutritional status are meeting their minimum
day-to-day nutritional needs but lack the nutrient stores to
cope with any added physiologic or metabolic demand arising
from injury or illness, pregnancy, or growth spurt. Marginal
nutritional status results from poor eating habits, stressful
environments, or insufficient resources to obtain appropriate
types or amounts of food.

Current U.S. food trends add to the risk of marginal nutri-
tional status or undernutrition among all age groups. Money
spent for food away from home has increased, while money
spent for food eaten at home has decreased by almost half.”
Meals away from home, especially those obtained at fast-food
restaurants, tend to be high in fat, sodium, and added sugar,
but limited in calcium, fiber, whole grains, fruits, and green,
yellow, and orange vegetables. Foods contributing the most
kcalories to the diets of persons ages 2 and over are grain-
based desserts (cookies, cake, doughnuts, and granola bars),
followed by yeast breads, chicken and chicken-mixed dishes,
sugar-sweetened soft drinks, and pizza.” Sugar-sweetened
soft drinks and fruit drinks supply almost half of the added
sugar in the U.S. diet, and sugar intakes are 2} times higher
than recommended in the 2010 Dietary Guidelines for Ameri-
cans. Added sugar contributes 316 kcal per day to the average
diet and is believed by some nutrition experts to be a major
contributor to the obesity epidemic and rise in type 2 diabe-
tes.”” Despite an abundance of kcalories, most Americans are
deficient in calcium, vitamin D, fiber, and potassium.”

Public health nutritionists describe the American diet
as energy rich but nutrient poor. Although persons with
less-than-optimal intakes of micronutrients may not suffer
from overt malnutrition, they are at greater risk of physical
illness than those who are well nourished. The body can

KEY TERMS

amino acid An acid containing the essential element nitro-
gen in the chemical group NH,. Amino acids are the structural
units of protein and the building blocks of body tissue.
synthesize The action of forming new compounds in the
body for use in building tissues or carrying out metabolic or
physiologic functions.

metabolites Any substance produced by metabolism or by
a metabolic process.

anthropometric Measurement of the human body to
determine height, weight, skinfold thickness, or other dimen-
sions that help to estimate the relative proportion of body fat
and body muscle; these measurements are used to evaluate
health status and risk of chronic disease.
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adapt to marginal nutrient intake but any added physio-
logic stress that calls on nutrient stores will result in overt
malnutrition.

Overt Malnutrition

When nutrient intake is insufficient to meet day-to-day needs
and nutrient stores are depleted, signs of malnutrition begin
to appear. Limited-resource individuals and families often
have diets lacking in food quantity or quality. When asked
about their food supply, approximately 14.9% of U.S. house-
holds (17.9 million) reported some level of food insecurity
during the preceding 12 months, meaning they were uncer-
tain of having or being able to acquire a sufficient amount of
food for all members of their family.” Single-parent families,
families with incomes below the poverty line, and African-
American and Hispanic families are most at risk. Even if
energy needs are met, foods high in micronutrients—fruits,
vegetables, and whole grains—may not be accessible based on
the money available’ or location of stores that offer healthy
and affordable options.”

Hunger influences the health of all ages and sexes, but the
most vulnerable are infants, children, pregnant women, and
older adults. Toddlers from families that are food insecure are
more likely to have only fair or poor health, be at greater risk
of hospitalization for health problems, or show deficits in
cognitive development.”” Children with chronically inade-
quate diets often develop iron-deficiency anemia, with
reduced resistance to infection and low energy. Women who
are poorly nourished in pregnancy are more likely to have a
low-birth-weight infant. Homeless and limited-resource fam-
ilies have low intakes of fruits and vegetables that supply
important micronutrients,” and these foods are in short
supply at many food pantries.”’

Malnutrition also exists among hospitalized patients and
residents of long-term care facilities. Both prescription
and over-the-counter medications can diminish appetite or

interfere with the absorption of nutrients that are consumed.
Tests or surgery requiring a prior period of fasting interfere
with meals and food intake. Hypermetabolic diseases such as
congestive heart failure or cancer increase energy require-
ments and lead to nutrient depletion and weight loss. Cyto-
kines, secreted by the immune system in response to infection
and chronic disease, interfere with the efficient use of nutri-
ents, resulting in loss of body protein, loss of body weight,
and impaired nutritional status if illness is prolonged. Among
older adults, even aggressive nutrition intervention cannot
always reverse these negative effects.”

Overnutrition

Overnutrition takes various forms. Excessive energy intake
coupled with low physical activity leads to unwanted weight
gain and elevated health risks for conditions such as meta-
bolic syndrome.” Overnutrition also occurs with excessive
intakes of micronutrients from overuse of dietary supple-
ments. Inappropriate amounts of particular vitamins or min-
erals damage tissues and interfere with the absorption and
metabolism of other essential nutrients. Herbal preparations,
growing in popularity, carry the potential for harmful inter-
actions with nutrients or medications.

Nutrient Density

A major factor in nutritional health is the nutrient density of
the diet. This term refers to the relative nutrient content of a
food in relation to its energy content. A nutrient-dense food
contributes vitamins, minerals, essential fatty acids, and/or
protein to the diet in addition to kcalories. A food that is not
nutrient dense adds kcalories but lacks other nutrients. As
described in Table 1-1, a hamburger made from lean ground
beef supplies protein and many vitamins and minerals,
although it adds some fat. Fruits and vegetables high in vita-
mins and minerals and low in kcalories are nutrient dense.
In contrast, a doughnut high in kcalories adds primarily

TABLE 1-1 NUTRIENT DENSITY OF VARIOUS FOODS BLUE DOTS INDICATE AT LEAST
10% OF THE DRI; RED DOTS EQUAL 50% OR MORE OF THE DRI
ORANGE GLAZED BEEF PATTY BAKED BEANS SWEET POTATO,
JUICE DOUGHNUT PAN BROILED CANNED, NO SALT CANNED, MASHED MILK—1%
(1 cup) 3-IN DIAM (1) (3 o02) ADDED (1 cup) (1/2 cup) FAT (1 cup)
Kcalories 117 192 197 266 124 118
Fat (g) = 10 12 1 <1 3
Protein — — * . = *
Fiber — — — . * =
Vitamin A — — — — * .
Vitamin C * — — — . —
Folate . — — . — —
Vitamin Bg ¢ — * . . .
Calcium ¢ (if fortified)® — — . — .
[ron — — . . . —

Source: U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/nutrientdata>.

*Calculations based on DRI values for men ages 19 to 50

'Foods supplying at least 10% of the DRI are considered a good source of that nutrient
*Orange juice is not a good source of calcium unless this nutrient has been added
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sugar and fat, and sugar-sweetened soft drinks add only kcal-
ories. These foods we consider to be “empty calories” as they
contribute no essential nutrients. Many Americans who are
overweight or obese exhibit undernutrition because the foods
they consume are not nutrient dense.

NUTRITION POLICY AND NATIONAL
HEALTH PROBLEMS

Diet, Health, and Public Policy

Public policy refers to the laws, regulations, and government
programs surrounding a certain topic. Nutrition policies are
concerned with food guidance for the public, nutrition stan-
dards for government food programs, and the health and
well-being of the population. Recently, nutrition policy has
focused on obesity and related chronic disease. In Chapter 9
we will discuss food safety regulations and nutrition labeling,
which are other examples of public policy.

Development of Nutrition Policy

Until about 1950, government policies and programs were
intended to eradicate hunger and malnutrition. Nutrient
deficiency diseases such as rickets and pellagra still existed in
various regions of the United States. A law passed in the 1930s
mandated the addition of vitamin D to milk as a measure
against rickets, and the enrichment of grains with thiamin,
riboflavin, niacin, and iron began sometime later to address
the problems of pellagra and anemia. The development of the
School Nutrition Program with policies for free and reduced-
cost lunches was a response to existing hunger among chil-
dren and adolescents. By the 1980s, however, the focus had
shifted to overnutrition as new research linked dietary habits
to the growing prevalence of cardiovascular disease. Congres-
sional committees began to discuss the role of government in
setting dietary guidelines to improve health.

The first major policy report issued by the U.S. govern-
ment linking nutrition and chronic disease was the Surgeon
General’s Report on Nutrition and Health™ released in 1988.
This report established the connection between the typical
American diet high in fat and salt and morbidity and early
death from cardiovascular disease. In 1989 the Food and
Nutrition Board of the Institute of Medicine issued another
extensive report, Diet and Health: Implications for Reducing
Chronic Disease Risk.*' Their conclusions agreed with the
Surgeon General and people were advised to (1) reduce total
fat to 30% or less of total kcalories, (2) reduce saturated fat
and cholesterol, (3) increase fiber and complex carbohy-
drates, (4) avoid excessive sodium and protein, and (5) main-
tain appropriate levels of calcium.

Healthy People 2020

In 1990, the United States Department of Health and Human
Services (USDHHS) introduced the public health initiative
Healthy People 2000 that established science-based, national
objectives for promoting health. These objectives are updated
every 10 years using a process that invites input from both
health professionals and consumers and builds on the

progress made in the decade prior.* Healthy People 2020
includes many nutrition-related goals pertaining to dietary
intake, maternal and child health, and management of chronic
disease (see examples in Box 1-3).**** The Healthy People
2020 website contains the current status, projected goal, and
ideas for related community programs for each objective.”

HEALTH PROMOTION

Healthy People 2020, the National Institutes of Health,* and
nonprofit health groups such as the American Heart Associa-
tion* are encouraging population approaches to health pro-
motion to reach more people with important health messages.
Such approaches include the use of media such as public
service announcements and newspapers, package labeling,
school programs, worksite programs, and community

EXAMPLES OF
NUTRITION-RELATED

TARGETS FROM HEALTHY
PEOPLE 2020

e Increase the contribution of total vegetables to the diets
of individuals aged 2 and older from 0.8 cups equivalent
per 1000 calories to 1.1 cups equivalent per 1000
calories.

e Reduce consumption of calories from added sugars from
15.7% of total calories to 10.8% of total calories in the
diets of individuals aged 2 and older.

e Increase the proportion of infants who are breast-fed at 6
months from 43.5% to 60.6%.

e Reduce the proportion of U.S. households reporting food
insecurity from 14.6% to 6.0%.

e Reduce the proportion of adults aged 18 years and older
with hypertension from 30% to 27% (10% reduction).

Data from United States Department of Health and Human
Services: Healthy People 2020: 2020 Topics and Objectives,
Washington, D.C., 2013, U.S. Department of Health and Human
Services. at: <http://www.healthypeople.gov/2020/default.aspx>.
Accessed on August 19, 2013.

*Baseline levels estimated from available government surveys and
statistics

KEY TERMS

food insecurity Households that at times during the previ-
ous year were uncertain of having enough food or were
unable to acquire enough food to meet the needs of all their
members because they had insufficient money or other
resources for food

anemia A condition of abnormally low blood hemoglobin
level caused by too few red blood cells or red blood cells with
low hemoglobin content

nutrient dense Term used to describe a food that is a good
source of at least one essential nutrient as well as providing
kcalories

empty calories Term used to describe foods high in kcalo-
ries that are sources of solid fats, added sugar, or alcohol but
low in essential nutrients
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programs sponsored by local coalitions, health facilities, and

other health groups. The most effective community programs

involve several activities that reach a broad base of consumers
and reinforce the messages in various ways. Several of the

Healthy People 2020 objectives pertain to childhood obesity,

and schools are well positioned to reach children and families

with in-school and after-school activities.

A comprehensive school program could include the school
nutrition program, school nurse, teachers, parents, parent-
teachers association, and local health care professionals as
follows:

+ School food service: Review menus to conform to current
guidelines limiting fat, sodium, and sugar, and emphasize
fruits, vegetables and whole grains; offer fruit or cereal-
based treats for dessert; provide fresh fruit as a snack.

« School art department: Sponsor a student contest for
posters or displays that “advertise” healthy cafeteria options
or encourage students to drink water rather than sugar-
sweetened beverages.

+ School health/physical education curriculum: Discuss
healthy eating and ways to limit kcalorie intake if you are
gaining unwanted weight; support physical activities that
are feasible for students who are obese; set up an after-
school walking club.

* Parent/teacher organization: Have a local health profes-
sional speak about childhood overweight and intervention
strategies; review fund-raising policies and determine
whether sales items or vending machine contents are in
balance with child obesity prevention.

+ Engage the local hospital or health groups in sponsoring
a walking event for the community at large with emphasis
on “getting in the game” rather than how far or how fast
a participant can walk. Make step counters available to
encourage continued walking.

Health promotion must be ongoing and advance a consis-
tent message across the community. Programs are most suc-
cessful if they stress specific goals relating to food or activity,
rather than overall healthy living.* Just as poor eating and
activity patterns develop over time, so must intervention be
a continuing process. As a health professional, look for other
programs and individuals with similar goals with whom you
can partner to maximize your impact on community health.”
(We will learn more about organizing community interven-
tions in Chapter 10.)

NUTRITION GUIDES FOR FOOD SELECTION

For the past 100 years government agencies have been issuing
food guides to help Americans meet their nutritional needs.
The underlying assumptions have been influenced by emerg-
ing nutrition science, as well as social, political, and economic
events, including wars and national emergencies. Their focus
also shifted from preventing undernutrition to controlling
chronic diseases related to overnutrition. These guides are of
three types: (1) nutrition standards, (2) dietary guidelines,
and (3) food guides. Each has a different purpose and target
audience.

Nutrition Standards

Dietary Reference Intakes

Most countries have standards for nutrient intakes of healthy

people according to age and sex. Health professionals use

these standards in making decisions about the nutritional
health of individuals and groups. In the U.S., these nutrient
and energy standards are called the Dietary Reference Intakes

(DRIs), and include several categories of recommendations.*

Each category within the DRIs has a different purpose and

use for the health professional. Each of these terms is described

below:

+ Dietary Reference Intakes (DRIs): The U.S. framework of
nutrient standards that provide reference values for use
in planning and evaluating diets for healthy people. The
DRIs include the recommended dietary allowance, the
adequate intake, the tolerable upper intake level, and
the estimated average requirement.

*  Recommended Dietary Allowance (RDA): The average daily
intake of a nutrient that will meet the requirement of 97%
to 98% (or two standard deviations of the mean) of
healthy people of a given age and sex. The RDAs were
established and are reviewed periodically by an expert
panel of nutrition scientists; they are amended as needed
based on new research findings. RDAs have been set for
carbohydrate, protein, essential fatty acids, and most vita-
mins and minerals. When planning diets the RDA serves
as an intake goal.

+ Adequate Intake (Al): A suggested daily intake of a nutrient
to meet body needs and support health. The Al is used
when there is not sufficient research available to develop
an RDA but the nutrient appears to have a strong health
benefit. The Al serves as a guide for intake when planning
diets.

+ Tolerable Upper Intake Level (UL): The highest amount of
a nutrient that can be consumed safely with no risk of
toxicity or adverse effects. The UL is used to evaluate the
nutrient content of dietary supplements or review total
nutrient intake from food and supplements. Intakes
exceeding the UL usually result from concentrated supple-
ments, not food.

+ Estimated Average Requirement (EAR): The average daily
intake of a nutrient that will meet the requirement of 50%
of healthy people of a given age and sex. The EAR is used
to plan and evaluate the nutrient intakes of groups rather
than individuals.

« Acceptable Macronutrient Distribution Range (AMDR):
The AMDR guides the division of kcalories among
carbohydrate, fat, and protein in ranges supportive
of health; carbohydrate should provide 45% to 65% of
total kcalories, fat should provide 20% to 35% of total
kcalories, and protein should provide 10% to 35% of total
kcalories.

The DRIs for vitamins, minerals, and macronutrients can
be found on the inside front cover and first page of this text.
Note there are two age categories for persons over age 50,
directing our attention to the changes in nutrient require-
ments as we age.
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The first set of DRIs, replacing earlier RDAs, was released
in 1997. They provided new standards for calcium, phospho-
rus, magnesium, and vitamin D and emphasized the role of
these nutrients in bone health.”” Since then, DRIs have been
established for the B-complex vitamins (1998)’; antioxidant
nutrients and carotenoids (2000)°'; vitamins A and K and the
trace minerals (2001)*’; energy, the energy-yielding macro-
nutrients, and fiber (2002)*; and electrolytes and water
(2004).”” The DRIs for calcium and vitamin D were revised
again in 2010, based on new evidence indicating increased
needs for bone health.

The nutrient standards of Canada and Great Britain are
similar to those of the U.S. Developing countries use stan-
dards set by the United Nations Food and Agriculture Orga-
nization (FAO).

Dietary Guidelines

Dietary guidelines are the second type of nutrition guide.
First published in 1980, the Dietary Guidelines for Americans
(DGA) expressed the growing concerns of government agen-
cies about the health of the American people. The Dietary
Guidelines (1) provide the basis for nutrition messages
and consumer materials developed by government agencies,
and (2) give direction to government programs involving
food and nutrition, such as Head Start, school meals, and
nutrition programs for older adults. By law the Guidelines
are updated every 5 years and represent a cooperative effort
between the USDHHS, the federal agency concerned with
health, and the U.S. Department of Agriculture (USDA),
the federal agency concerned with food. For each update
an advisory panel of experts is charged with the responsi-
bility of reviewing the current guidelines and identifying
needed changes based on new nutrition science or popula-
tion needs.”

The Advisory Committee appointed to develop the Dietary
Guidelines released in 2010 was presented with a differing
environment from committees of past years and developed
the following approaches to their task™:

* Health status of the U.S. population: The health status of
the American public has deteriorated. Barely one third of
adults are normal weight and type 2 diabetes is reaching
epidemic proportions. Although kcalorie intake has been
relatively stable over the past 10 years,” the majority of the
population is low in several important nutrients.” Thus,
the 2010 Guidelines were prepared for an unhealthy Amer-
ican public as compared to previous editions directed
toward all healthy persons ages 2 and over.

+  Use of evidence-based research: The 2010 Advisory Com-
mittee relied on the most current scientific and medical
research available that they accessed through a Web-based
electronic system known as the Nutrition Evidence Library
(NEL). Maintained by the USDA, the NEL provides a
framework for experts to evaluate the amount and type of
research available on a particular topic and see how it was
carried out.”®’ The dietary recommendations the Advi-
sory Committee developed using the NEL were based on
studies with real people who had benefited from the

interventions described. (Visit the NEL website at
www.nel.gov and see the Evidence-Based Practice box,
“Evidence-Based Practice: How Do I Use It?” to learn more
about this concept.)

+  Focus on the total diet: The 2010 Guidelines help people
integrate energy and nutrient recommendations into an
overall food pattern that meets their cultural, religious,
and personal preferences.” Diet patterns include the Med-
iterranean diet (associated with lower risk of cardiovascu-
lar disease), the DASH diet (Dietary Approaches to Stop
Hypertension), and lacto-ovo-vegetarian and vegan pat-
terns that meet nutrient needs.”” Consumers are urged to
take responsibility for what they eat: read labels, ask ques-
tions when eating out, and choose wholesome ingredients
when cooking at home. Learning to cook and preparing
more of their own food enables individuals to better
control their fat, sodium, and kcalories.

* Balance between energy intake and physical activity: The
2010 Dietary Guidelines, along with the 2008 Physical
Activity Guidelines for Americans, emphasize daily physical
activity and encourage parents to plan family events that
reflect active living.”’

*  Partnerships between health professionals, government agen-
cies, food processors, and community leaders: Adoption of
healthy food practices by the American public will require
a change in the food environment at home, at school,
at the workplace, and in the community.” Consumers
need access to fresh produce and healthy choices when
eating away from home. Food processors must review
the kcalorie, sugar, solid fat, and sodium content of their
packaged foods.””* Community leaders must consider
the locations of sidewalks, trails, and parks that provide
accommodations for walking and other physical activity.
We must develop a plan to enable all Americans to eat
well, be physically active, and maintain good health and
function.

2010 Dietary Guidelines Recommendations

A complete summary of the 2010 DGA recommendations are
found in Box 1-4, but several important dietary concepts are
described below:

1. Substitute lower calorie, nutrient-dense foods for refined
grains and snack foods high in solid fat and sugar (SoFAS).
Move to a more plant-based diet by adding fruits, vegeta-
bles, whole grains, peas, and beans. These foods, along
with fat-free, low-fat, or reduced-fat dairy products, will
raise intakes of potassium, calcium, fiber, and vitamin D,
now inadequate in many American diets.”

2. The minerals sodium and potassium are known to have
opposite effects on blood pressure, with potassium blunt-
ing the blood-pressure-raising effect of sodium. The 2005
DGA® recommended a sodium intake of no more than
2300 mg/day (the UL for sodium) for the general popula-
tion, but noted that hypertensive individuals, African
Americans, and middle-aged and older individuals would
benefit from reducing their intakes to 1500 mg/day or
less (the AI for sodium). Because these groups now
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EVIDENCE-BASED PRACTICE

How Do I Use It?

How will you, as a practicing professional, seek out information
when developing a nutrition care plan for your patient? Will it
be based on what you learned in clinical rotations or what has
been the long-term protocol in your facility, or what you learned
in your nutrition class? Over time, new evidence becomes
available and new practice standards are developed. How do
you stay up-to-date on new findings?

The new paradigm in health care is evidence-based practice:
using current research and published findings to make appro-
priate decisions. Successful evidence-based practice requires
that you keep current on new standards of practice, carry out
planned protocols to evaluate new methods or programs, and
share your outcomes with others.

Evidence-based practice is a three-step process, as follows:
* [dentify the problem: What is the question that you need to

answer? Are you developing a new treatment protocol and
need some guidance? Are you planning a community health
education program and want to learn how you can evaluate
it? Do you need some new ideas on how to motivate preg-
nant teens to consume a healthy diet?

* Review the evidence: Search for studies in your professional
journals that address this question and critically evaluate
what you find. How many patients or clients participated?
What was the time period of the study? What types of
information did the researchers collect? Were the research
participants and circumstances similar to yours? Based on
the outcomes of the studies you find, are there some
things that you will try to do differently to achieve a better
outcome?

* Implement the findings: Following your review of the exist-
ing information, develop and implement a plan for your
patients or group. Be sure to include an evaluation compo-
nent so that you can rate the outcome and success of your
plan. When you have completed your project and compiled
your results, share them with other professionals at your

facility and at local or state professional meetings. Was your

plan successful or what would you do differently next time?

We all learn from each other, and sometimes an intervention

that was not successful can help others avoid similar

outcomes.

Nutrition and health experts have developed formal systems
for evaluating research evidence. Evidence may be rated as
good or strong, fair, limited, or supported only by opinion.
These rating scales are used in review articles published in
professional journals and on reputable websites maintained by
government agencies and professional societies. Make use of
these systems in your decision-making process.

Examples of evidence-based approaches to nutrition and
health issues are as follows:

Academy of Nutrition and Dietetics: Position paper of the
Academy of Nutrition and Dietetics: use of nutritive and non-
nutritive sweeteners. J Acad Nutr Diet 112(5):739, 2012.

National Institutes of Health, Office of Dietary Supplements:
Herbs at a Glance. 2012. at: <http://nccam.nih.gov/health/
herbsataglance.htm>. Accessed on February 13, 2013.

United States Department of Agriculture: Nutrition Evidence
Library. 2013. at: <www.nel.gov>. Accessed on February 13,
2013.

Van Horn L, McCoin M, Kris-Etherton PM, et al: The evidence
for dietary prevention and treatment of cardiovascular
disease. J Am Diet Assoc 108:287, 2008.
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comprise a major proportion of U.S. adults, the Advisory
Committee recommended a goal of 1500 mg/day of
sodium for the general population. However, given the
current high sodium content of food in the marketplace
and the taste perception of the general public, the decrease
from 2300 mg to 1500 mg will need to occur gradually
over time. Because blood pressure-related atherosclerotic
disease begins in childhood, both children and adults must
lower their sodium intake.”

3. All population groups are encouraged to consume two
servings of seafood each week to obtain important fatty
acids, selecting from fish low in mercury content.

Note that many of the dietary recommendations of 2010,
along with goals for physical activity, promote heart health,”
and if implemented can reduce the prevalence of overweight
and chronic disease.

To provide consumers with practical advice that they can
use every day, USDA has developed seven short messages that
summarize the important concepts of the 2010 Dietary

Guidelines (Box 1-5). These messages are part of an ongoing
multimedia publicity campaign by state and local agencies,
so watch for them in your community.

Food Guides

Food guides are intended to help individuals with day-to-
day meal planning. They provide a practical interpretation of
nutrition standards and dietary guidelines that are useful in
daily food selection. Most food guides group foods based on
their nutrient content and recommend a certain number of
servings from each group. The most commonly used food
group guides are the USDA MyPlate (ChooseMyPlate.gov),
developed to accompany the 2010 Dietary Guidelines for
Americans, and Choose Your Foods: Food Lists for Diabetes
from the American Diabetes Association and the American
Dietetic Association (now the Academy of Nutrition and
Dietetics). These guides classify foods differently and serve
different purposes.
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BOX 1-4  DIETARY GUIDELINES FOR AMERICANS 2010—KEY RECOMMENDATIONS

Balancing Calories to Manage Weight

e Prevent and/or reduce overweight and obesity through
improved eating and physical activity behaviors.

e Control total calorie intake to manage body weight. For
people who are overweight or obese, this will mean consum-
ing fewer calories from food and beverages.

e |ncrease physical activity and reduce time spent in sedentary
behaviors.

e Maintain appropriate calorie balance through each stage
of life: childhood, adolescence, adulthood, pregnancy and
breast-feeding, and older age.

Foods and Food Components to Reduce

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

e Consume less than 10% of calories from saturated fatty
acids by replacing them with monounsaturated and polyun-
saturated fatty acids.

e Consume less than 300 mg per day of dietary cholesterol.

e 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.

e Reduce the intake of calories from solid fats and added
sugars.

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

e |f alcohol is consumed, it should be consumed in modera-
tion—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

Individuals should meet the following recommendations as

part of a healthy eating pattern while staying within their calorie

needs.

* |ncrease vegetable and fruit intake.

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

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

e |ncrease intake of fat-free or low-fat milk and milk products
such as milk, yogurt, cheese, or fortified soy beverages.’

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

* |ncrease the amount and variety of seafood consumed by
choosing seafood in place of some meat and poultry.

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

e Use oils to replace solid fats where possible.

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

Recommendations for Specific Population Groups

Women capable of becoming pregnant:

e Choose foods that contain heme iron, which is more readily
absorbed by the body, additional iron sources, and enhanc-
ers of iron absorption, such as vitamin C-rich foods.*

e Consume 400 micrograms (mcg) per day of synthetic folic
acid (from fortified foods and/or supplements) in addition to
food forms of folate from a varied diet.®

Women who are pregnant or breast-feeding:

e Consume 8 to 12 oz of seafood per week from a variety of
seafood types.

e Due to their high methyl mercury content, limit white (alba-
core) tuna to 6 oz per week and do not eat the following
four types of fish: tilefish, shark, sword fish, or king
mackerel.

e |f pregnant, take an iron supplement as recommended by an
obstetrician or other health care provider.

Individuals age 50 years and older:

e Consume foods fortified with vitamin B;,, such as fortified

cereals or dietary supplements.

Building Healthy Eating Patterns

e Select an eating pattern that meets nutrient needs over time
at an appropriate calorie level.

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

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

Source: U.S. Department of Agriculture and U.S. Department of Health and Human Services: Dietary Guidelines for Americans, 2010 (Policy
Document), ed 7, Washington, D.C., 2010, U.S. Government Printing Office. Can be accessed at: <http://www.cnpp.usda.gov/DGAs2010

-PolicyDocument.htms>.

*Women who are pregnant or breast-feeding should refrain from drinking alcoholic beverages.

"Soy beverages includes products that may be marketed as soy milk.

*Includes adolescent girls.

$“Folic acid” is the synthetic form of the nutrient whereas “folate” is the form found naturally in foods.
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SELECTED MESSAGES FOR
CONSUMERS FROM THE

BOX 1-5

2010 DIETARY GUIDELINES
FOR AMERICANS

Take action on the Dietary Guidelines by making changes in
these three areas. Choose steps that work for you and start
today.
Balancing Calories:
e Enjoy your food but eat less.
¢ Avoid oversized portions.
Foods to Increase:
e Make half your plate fruits and vegetables.
e Make at least half your grains whole grains.
e Switch to fat-free or low-fat (1%) milk.
Foods to Reduce:
e Compare sodium in foods like soup, bread, and frozen
meals, and choose the foods with lower numbers.
e Drink water instead of sugary drinks.

Source: United States Department of Agriculture, Center for
Nutrition Policy and Promotion: Dietary Guidelines 2010, Selected
messages for consumers, Alexandria, Va., 2011. at: <http://
www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/
SelectedMessages.pdf>. Accessed on February 13, 2013.

USDA Food Guides

The USDA issued its first food guide in the 1940s, and food
guides evolved over time into various formats and shapes.”
The Food Guide Pyramid, modified to MyPyramid in 2005,
was the graphic used from 1992 to 2010 to encourage healthy
eating.’® Although the MyPyramid icon was recognized by the
majority of Americans, it was viewed as complicated and dif-
ficult to interpret. The relative amount of food to be eaten
from each food group was expressed by the width of that
section of the pyramid. Consumer interviews, focus groups,
and media articles established the need for a new icon that
was simple and easy to put into action.”’

MyPlate (ChooseMyPlate.gov)

MyPlate (Figure 1-4), the icon released in 2010, illustrates the
five major food groups using a familiar mealtime visual—a
place setting.”” Food groups join foods with similar nutrient
content, and to include more foods similar in nutrients,
several food groups were renamed. The MyPyramid Meat and
Beans group was renamed the Protein Group and the MyPyr-
amid Milk group was renamed the Dairy group. The general
themes of MyPlate (ChooseMyPlate.gov) are (1) eat smaller
portions, and (2) choose lower calorie, nutrient-dense foods.
Cover half of your plate with fruits and vegetables, add
smaller amounts of protein foods and grains, and include a
dairy food or similar calcium source. (Table 1-2 describes the
nutrients supplied by each food group.)

In contrast to the MyPyramid graphic, which tried to
include everything that consumers needed to know to select
a healthy diet, MyPlate is intended to remind consumers to
eat healthfully but is not expected to work alone in changing
behavior.”” The MyPlate icon is one piece of an overall

MyPlate

FIGURE 1-4 MyPlate (ChooseMyPlate.gov) The MyPlate
food icon was developed by the USDA as part of an overall
communication initiative to help consumers implement the
2010 Dietary Guidelines for Americans. MyPlate uses a famil-
jiar mealtime setting to remind us to eat healthfully and
include appropriate amounts of each of the five food groups.
(From U.S. Department of Agriculture, Center for Nutrition
Policy and Promotion: MyPlate [ChooseMyPlate.gov], Wash-
ington, D.C., 2010. from: <http://www.choosemyplate.gov>.
Retrieved July 10, 2012.)

communication initiative that includes easy-to-read fact
sheets, daily meal plans, sample menus, recipes, and strategies
for improving food intake (see www.ChooseMyPlate.gov).
The interactive feature, SuperTracker, allows consumers to set
personal goals and develop individualized daily food plans
based on their age, sex, and level of physical activity.” Over
800,000 individuals became registered users of the Super-
Tracker within 6 months of its launch.”

Successful implementation of any food and activity plan
as found on SuperTracker requires an understanding of
serving size and physical activity levels, but both concepts are
poorly understood by the general public. Consumers tend to
think of a serving size as what they choose to eat”' or “what
I have on my plate,” and this confusion contributes to weight
gain.”””* MyPlate (ChooseMyPlate.gov) gives food amounts
in household measures allowed at various kcalorie levels
(Table 1-3). Each food plan defines the number of empty
calories that can be used for solid fats, added sugars, or
alcohol (if appropriate); however, these empty calories, based
on age, sex, and physical activity are quite limited. Note that
the 2000-kcal food plan (Figure 1-5) allows only 260 empty
calories—the equivalent of two chocolate chip cookies.

Materials on the ChooseMyPlate.gov website offer advice
on how to divide the ingredients of mixed dishes such as
pizza into the appropriate food group portions. Consumers
might be encouraged to measure their food servings for
several meals to establish what standard serving sizes look
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TABLE 1-2 MAJOR NUTRIENTS SUPPLIED BY THE MYPLATE FOOD GROUPS

FOOD GROUP MAJOR NUTRIENTS* SERVING EQUIVALENTS

Fruits (color code red) Vitamin C 1 cup raw or cooked fruit or 1 cup 100% fruit
Folate juice or )5 cup dried fruit equals 1 cup from
Potassium the fruit group
Fiber

Vegetables (color code green) Vitamin A 1 cup raw or cooked vegetables or 1 cup
Vitamin C vegetable juice or 2 cups raw leafy greens
Vitamin E equal 1 cup from the vegetable group
Vitamin Bg
Folate
Potassium
Fiber

Grains (color code deep orange) Thiamin 1 slice of bread, 1 oz ready-to-eat cereal (about

Enriched grains Riboflavin 1 cup cereal flakes), % cup cooked rice,
Niacin pasta, or cooked cereal, 1 tortilla (6-inch
Folate diameter) or 1 pancake (5-inch diameter)
[ron equals 1 oz from the grains group

Whole grains Zinc, magnesium, and fiber

in addition to the nutrients
in enriched grains

Protein foods (color code purple) Protein 1 oz lean meat, poultry, or seafood, 1 egg,
Thiamin 1 Thsp peanut butter, }, cup cooked dry
Riboflavin beans or peas, or }4 0z nuts or seeds equals
Niacin 1 oz from the protein foods group
Vitamin Bg
Vitamin B,'
[ron
Zinc
Vitamin E (nuts)

Dairy (color code blue) Protein 1 cup milk, 1 cup yogurt, 1 cup fortified soy or
Vitamin A rice beverage, 1% oz natural cheese (e.g.,
Riboflavin cheddar) or 2 oz processed cheese (e.g.,
Vitamin B, American) equals 1 cup from the dairy group
Calcium
Phosphorus
Magnesium

Other important food components

Qils (Not a food group but oils Vitamin E Includes vegetable, nut, and fish oils and soft

supply essential nutrients) Linoleic acid* vegetable oil table spreads that have no trans

Alpha-linolenic acid* fats (Equivalents differ according to source)

Data from Dietary Guidelines Advisory Committee, 2005: Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for
Americans 2005, Beltsville, Md., 2004, U.S. Department of Agriculture, Agricultural Research Service, and U.S. Department of Agriculture
and U.S. Department of Health and Human Services: Dietary Guidelines for Americans, 2010 (Policy Document), ed 7, Washington, D.C.,

2010, U.S. Government Printing Office.

*Each of the food groups is a major source of the nutrients listed but also adds smaller amounts of other nutrients to the daily diet.

"Vitamin B, is found only in animal foods.
*Linoleic acid and alpha-linolenic acid are the essential fatty acids.

TABLE 1-3 USDA FOOD INTAKE PATTERNS FOR DIFFERENT CALORIE LEVELS

For all food groups and grain subgroups, amounts given represent average daily intake for that calorie level; for vegetable and
protein subgroups amounts given represent intake per week at that calorie level. All foods are assumed to be nutrient dense
and prepared without added fats, sugar, or salt. Solid fats and sugars may be added up to the calorie limit defined in the table.

CALORIE
LEVEL 1000 1200 1400 1600 1800 2000 2400 2600 2800 3000 3200
Fruits* Tcup lcup 1% 1% 1 2 cups 2cups 2cups 2)% cups 2} cups 2}, cups
cups cups cups
Vegetables' Tcup 1% 1% 2cups 2)4 2% 3cups 3)% 3% cups 4 cups 4 cups
cups cups cups cups cups

Continued
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TABLE 1-3  USDA FOOD INTAKE PATTERNS FOR DIFFERENT CALORIE LEVELS—cont'd

CALORIE
LEVEL 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
Dark-green Y cup/ 1cup/ 1cup/ 1) 1% 1% 2 cups/ 2cup/ 2} 2% 2 2} cups/
vegetables wk wk wk cups/ cups/ cups/  wk wk cups/  cups/ cups/ wk
wk wk wk wk wk wk
Red and orange 2}, 3 cups/ 3cups/ 4cups/ 5% 54 6 cups/ 6 cups/ 7 cups. 7cups/ 7Y% 7}, cups/
vegetables cups/  wk wk wk cups/  cups/  wk wk wk wk cups/ wk
wk wk wk wk
Beans and peas % % % 1 cups/ 1% 1% 2 cups/ 2cups/ 2} 2% 3 cups/ 3 cups/
(legumes) cups/ cups/ cups/  wk cups/  cups/  wk wk cups/  cups/ wk wk
wk wk wk wk wk wk wk
Starchy 2 cups/ 3} 3% 4 cups/ 5 cups/ 5 cups/ 6 cups/ 6 cups/ 7 cups/ 7 cups/ 8cups/ 8 cups/
vegetables wk cups/  cups/  wk wk wk wk wk wk wk wk wk
wk wk
Other 1 2% 2% 3% 4 cups/ 4 cups/ 5cups/ 5cups/ 5% 5% 7 cups/ 7 cups/
vegetables cups/ cups/ cups/ cups/  wk wk wk wk cups/  cups/ wk wk
wk wk wk wk wk wk
Grains® 3 0zeq 4o0zeq 5o0zeq 5o0zeq 60zeq 6o0z-eq 7o0zeq 8ozeq 9ozeq 10 o0z-eq 10 ozeqg 10 oz-eq

Whole grains 1% ozeq 2 oz-eq 2),0zeq 3 0oz-eq 3 o0zeq 3ozeq 3}%ozeq 4 ozeq 4)ozeq 5ozeq b5ozeq 5 ozeq
Enriched grains 1), 0zeq 2 oz-eq 2),0zeq 2 oz-eq 3 oz-eq 3 ozeq 3}ozeq 4 oz-eq 4),0zeq 5o0zeq b5ozeq b5 ozeq
Protein foods® 2 ozeq 3 ozeq 4 ozeq 5ozeq 5ozeq 5)0zeq 6 0z-eq 6j0zeq 6j0zeq 7 0z-eq 7 0zeq 7 0z-eq

Seafood 3 oz/ 5 oz/ 6 oz/ 8 oz/ 8 oz/ 8 oz/ 9 oz/ 100z/ 100z/ 11 0z/ 11 oz/ 11 oz/wk
wk wk wk wk wk wk wk wk wk wk wk

Meat, poultry, 100z/ 140z/ 190z 240z/ 240z/ 260z/ 290z 310z/ 310z 340z 340z 34 o0z/wk
eggs wk wk wk wk wk wk wk wk wk wk wk

Nuts, seeds, 1 0z/ 2 oz/ 3 oz/ 4 oz/ 4 oz/ 4 oz/ 4 oz/ 5 oz/ 5 oz/ 5 oz/wk 5 oz/wk 5 oz/wk
soy products wk wk wk wk wk wk wk wk wk

Dairy' 2cups 2)cups 2% cups 3cups 3cups 3cups 3cups 3cups 3cups 3cups 3cups 3 cups

QOils! 15¢g 179 17 g 22 g 24 g 27 g 29 g 31g 34 g 36 g 44 g 51 g

Maximum 137 121 121 121 161 258 266 330 362 395 459 596
SoFAS" Kcal (14%) (10%) (9%) (8%) (9%) (13%) (12%) (14%) (14%) (14%) (15%) (19%)
(% of kcal)

Source: U.S. Department of Agriculture and U.S. Department of Health and Human Services: Dietary Guidelines for Americans, 2010
(Policy Document), ed 7, Washington, D.C., 2010, U.S. Government Printing Office. Can be accessed at: <http://www.cnpp.usda.gov/
DGAs2010-PolicyDocument.htm>.
*Fruits: All fresh, frozen, canned, and dried fruits and fruit juices, e.g., oranges and orange juice, apples and apple juice, bananas, grapes,
berries, melon, raisins.
"Vegetables:
e Dark-green vegetables: All fresh, frozen, and canned dark-green leafy vegetables and broccoli, cooked or raw, e.g., broccoli; spinach;
romaine; collard, turnip, and mustard greens.
e Red and orange vegetables: All fresh, frozen, and canned red and orange vegetables, cooked or raw, e.g., tomatoes, red peppers,
carrots, sweet potatoes, winter squash, and pumpkin.
e Beans and peas (legumes): All cooked beans and peas, e.g., kidney beans, lentils, chickpeas, and pinto beans. Does not include green
beans or green peas. (Also note listing under protein foods.)
e Starchy vegetables: All fresh, frozen, and canned starchy vegetables, e.g., white potatoes, corn, green peas.
e Other vegetables: All fresh, frozen, and canned other vegetables, cooked or raw, e.g., iceberg lettuce, green beans, and onions.
*Grains
e All whole grains: All whole-grain products and whole grains used as ingredients, e.g., whole-wheat bread, whole-grain cereals and
crackers, whole-grain pasta, oatmeal, and brown rice.
e Enriched grains: All enriched refined-grain products and enriched refined grains used as ingredients, e.g., white breads, enriched grain
cereals and crackers, enriched pasta, white rice.
*Protein foods: All meat, poultry, seafood, eggs, nuts, seeds, and processed soy products. Meat and poultry should be lean and low-fat and
nuts should be unsalted. Beans and peas are part of this group, as well as the vegetable group, but should be counted in one group only.
IDairy: All milks, including lactose-free and lactose-reduced products and fortified soy beverages, yogurt, frozen yogurt, dairy desserts, and
cheese. Most choices should be fat-free or low-fat. Cream, sour cream, and cream cheese are not included due to their low calcium content.
1Q0ils: All vegetable, nut, and fish oils and soft vegetable oil table spreads (margarine) that have no trans fats.
*SoFAS: Calories from solid fats and added sugars. The limit for SOFAS is the calories remaining in each food pattern after specifying the
food amounts needed from each food group. SoFAS calories are lower in the 1200-, 1400-, and 1600-calorie food patterns than in the
1000-calorie food pattern because the nutrient goals are higher in the higher calorie patterns requiring more calories be used for nutrient-
dense foods from the various food groups.
0z-eq: ounce-equivalents; quantity equivalents for each food group can be found in Table 1-2.
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Vegetables

Eat more red, orange,
and dark-green veg-
gies like tomatoes,
sweet potatoes,

and broccoli in main
dishes.

Add beans or peas

to salads (kidney or
chickpeas), soups
(split peas or lentils),
and side dishes (pinto
or baked beans), or
serve as a main dish.

Fresh, frozen, and
canned vegetables
all count. Choose
“reduced sodium”
or “no-salt-added”
canned veggies.

Fruits

Use fruits as snacks,
salads, and desserts.
At breakfast, top your
cereal with bananas
or strawberries;

add blueberries to
pancakes.

Buy fruits that are
dried, frozen, and
canned (in water or
100% juice), as well as
fresh fruits.

Select 100% fruit juice
when choosing juices.

Grains

Substitute whole-
grain choices for
refined-grain breads,
bagels, rolls, break-
fast cereals, crackers,
rice, and pasta.

Check the ingredients
list on product labels
for the words “whole”
or “whole grain”
before the grain
ingredient name.

Choose products that
name a whole grain
first on the ingredi-
ents list.

Choose skim (fat-
free) or 1% (low-fat)
milk. They have the
same amount of
calcium and other
essential nutrients as
whole milk, but less
fat and calories.

Top fruit salads and
baked potatoes with
low-fat yogurt.

If you are lactose
intolerant, try
lactose-free milk or
fortified soymilk (soy
beverage).

Protein
Foods

Eat a variety of foods
from the protein food
group each week,
such as seafood,
beans and peas, and
nuts as well as lean
meats, poultry, and
eggs.

Twice a week, make
seafood the protein
on your plate.

Choose lean meats
and ground beef that
are at least 90% lean.

Trim or drain fat from
meat and remove skin
from poultry to cut
fat and calories.

For a 2,000-calorie daily food plan, you need the amounts below from each

To find amounts personalized for you, go to ChooseMyPlate.gov.

food group.

Eat 22 cups
every day

What counts as a cup?
1 cup of raw or
cooked vegetables

or vegetable juice;

2 cups of leafy

salad greens

August 2011

(UN]D)
.
USDA is an equal opportunity provider and employer.

Eat 2 cups
every day

What counts as a cup?
1 cup of raw or
cooked fruit or

100% fruit juice;

¥ cup dried fruit

Eat 6 ounces
every day

What counts as

an ounce?

1slice of bread;

% cup of cooked rice,
cereal, or pasta;

1 ounce of ready-to-
eat cereal

U.S. Department of Agriculture « Center for Nutrition Policy and Promotion

Get 3 cups
every day

What counts as a cup?
1 cup of milk, yogurt,
or fortified soymilk;
1% ounces natural or
2 ounces processed
cheese

Eat 52 ounces
every day

What counts as

an ounce?

1ounce of lean meat,
poultry, or fish; 1 egg;
1 Tbsp peanut butter;
¥ ounce nuts or
seeds; % cup beans
or peas

=1

Look out for salt (sodium) in foods
you buy. Compare sodium in foods
and choose those with a lower
number.

Drink water instead of sugary drinks.
Eat sugary desserts less often.

Make foods that are high in solid
fats—such as cakes, cookies, ice
cream, pizza, cheese, sausages, and
hot dogs—occasional choices, not
every day foods.

Limit empty calories to less than
260 per day, based on a 2,000
calorie diet.

Pick activities you like and do

each for at least 10 es ata
time. Every bit adds up, a bebltl\,
benefits increase as you peﬁd. an =
time being acti [‘ ~

/
Adults: get ours and 30 minute:
or more a week of activity that
requires modezaeaaffprt.jlkm
isl alking.

FIGURE 1-5 MyPlate (ChooseMyPlate.gov) Mini-poster: What's on your plate, a daily food plan
providing 2000 calories. Consumers can access a daily food plan based on their age, sex, and
level of physical activity at http://www.choosemyplate.gov/supertracker-tools/daily-food-plans
.html. (From U.S. Department of Agriculture, Center for Nutrition Policy and Promotion: MyPlate
(ChooseMyPlate.gov) Mini-poster, What's on your plate, 2000-calorie daily food plan, CNPP 25,
Washington, D.C., 2011. from: <http://www.choosemyplate.gov/downloads/mini_poster_English

_final.pdf>. Retrieved July 10, 2012.)

like. Figure 1-6 presents a simple tool that is easily down-
loaded from the USDHHS website and carried in a wallet or
backpack to help with serving size.

Estimating activity level—sedentary, low active, or active—
is also difficult, given that most of us think we are more
physically active than we really are. MyPlate (ChooseMyPlate.
gov) and SuperTracker materials offer suggestions for mea-
suring your minutes of physical activity. As we see in Figure
1-5, adults are directed to obtain at least 24 hours of physical
activity per week, and children need 60 minutes of physical
activity every day. Walking is a good way to get started for
those who have been sedentary. (We will learn more about
estimating level of activity in Chapter 8.)

Nutrition messages that are easy to understand, tailored to
specific audiences, and make use of existing technology

require the combined efforts of communication experts
working side by side with nutrition scientists. Government
agencies and nutrition educators must join forces to produce
practical resources in formats and languages appropriate to
all segments of our society.””

Food Lists for Meal Planning

The Food Lists for Diabetes (formerly called the Exchange
Lists) were introduced in 1950 by the American Diabetes
Association and the American Dietetic Association as a
meal-planning tool for people with diabetes. The Food Lists
group foods based on macronutrient content and equivalent
energy values, making this tool useful for planning any diet
in which control of carbohydrate, fat, protein, and total kcalo-
ries is the goal. Because the foods in each list are equal to one
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SERVING SIZE CARD:
Cut out and fold on the dotted line. Laminate for longtime use.

GRAIN PRODUCTS

)

1 cup of cereal flakes = fist

1 pancake = compact @
disc AN

Y cup of cooked rice,
pasta, or potato =
Y2 baseball

|1 Serving Looks Like . . . |

VEGETABLES AND FRUIT

1 cup of salad
greens = baseball ¥

= 1 baked potato = fist
1 medium fruit = baseball

Y cup of fresh fruit 5
= Y2 baseball

.;, 1 slice of bread =
7 cassette tape Y cup of raisins =
large egg

1 piece of cornbread
= bar of soap

1 Serving Looks Like . . . | |1 Serving Looks Like . . . |

DAIRY AND CHEESE MEAT AND ALTERNATIVES
L g4
4% 1% oz. cheese = 3 0z. meat, fish,
A 4 stacked dice or and poultry =
%« 2cheese slices deck of cards ¢

* e
3 oz. grilled/baked fish =

checkbook pe————
(i

Y2 cup of ice cream
= %2 baseball

FATS

2 Tbsp. peanut
butter = ping pong
ball

1 tsp. margarine or
spreads = 1 die

FIGURE 1-6 Serving size card. This pocket-sized guide
can be useful when choosing serving sizes at home or
when eating out. (From U.S. Department of Health and
Human Services, National Heart, Lung and Blood Institute,
Obesity Education Initiative: Keep an eye on portion size,
Bethesda, Md., 2004. from: <http://hp2010.nhibihin.net/
portion/servingcard7.pdf>. Retrieved July 29, 2013.)

another when eaten in the portions indicated, items can be
freely interchanged within each list, and food values and
kcalories remain constant. The freedom of choice within
groups to exchange within groups promotes increased variety
and satisfaction with meals and snacks.

The most recent edition of the Choose Your Foods: Food
Lists for Diabetes is found on the Evolve site.”” Foods are
arranged into the following three groups:

1. Carbohydrates: includes starches (grains, starchy vegeta-
bles, crackers, snacks, and legumes), fruits, milk, sweets,
and nonstarchy vegetables.

2. Proteins: includes animal protein foods arranged by fat
content (lean, medium fat, and high fat) and plant-based
proteins

3. Fats: includes both animal and plant fats arranged
by degree of saturation—unsaturated (monounsaturated
and polyunsaturated) and saturated.

Serving sizes and macronutrient content for combination
foods, fast foods, and free foods are also provided. Use of the
Food Lists in helping people with diabetes control their car-
bohydrate intake is discussed in Chapter 22.

A SAFE AND HEALTHY FOOD SUPPLY

Food safety is an important public health priority and
included in the Healthy People 2020 initiatives.”” Foodborne
illness arising from microbial contamination and sometimes
incorrectly referred to as “food poisoning” is common and
costly, yet preventable.”” The Centers for Disease Control and
Prevention (CDC) estimates that each year about 1 in 6
Americans (48 million people) get sick; 128,000 are hospital-
ized; and 3000 die of foodborne illness. The actual number
of individuals who get sick from contaminated food is likely
higher, as many cases go unreported when people attribute
their symptoms to a “stomach virus” or the flu and do not
seek medical care. Symptoms of foodborne illness include
diarrhea, nausea, and stomach upset and cramping, and in
most cases victims feel better in 1 or 2 days. However, in
young children, older adults, and patients with compromised
immune systems, foodborne pathogens result in severe
dehydration, fever, hospitalization, and even death. Careful
washing of fresh produce, especially leafy vegetables; thor-
ough cooking of poultry and raw meat; avoiding raw eggs
(including not tasting batters containing raw eggs)’; and
always washing your hands before eating and cooking help
prevent foodborne illness. Proper food handling should be
included in any comprehensive nutrition education program.
In Chapter 9 we explore these topics in greater depth.

PERSONAL PERCEPTIONS OF FOOD
What Do | Usually Eat

Each of us develops ways of eating based on our ethnic or
cultural background, religious beliefs, family habits, socio-
economic status, health status, geographic location, and per-
sonal likes and dislikes. However, the growing ethnic and
cultural diversity in our society has brought about a greater
intermingling of foods and ideas about food. How people
perceive themselves in relation to food and food patterns
plays a role in their attitudes toward food and personal eating
behavior.

A simple way to get an idea of your own food pattern is
to look at what you actually eat. See the Perspectives in
Practice box, “My Personal Food Patterns: Do They Need
Improvement?” for directions on keeping a food diary.
Keeping a record of everything you eat and drink for a day,
noting the time, place, any related activity, and people with
you provides insight to your true relationship with food.
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' PERSPECTIVES IN PRACTICE

My Personal Food Patterns: Do They Need Improvement?

Before we can help others make healthy food choices, we
need to help ourselves. What do you usually eat? Do you eat
regular meals or snack most of the time? Do you make an
effort to choose nutritious foods or eat whatever is around?
This activity provides an opportunity to evaluate your personal
food and nutrient intake.

e To get started, keep a detailed record of everything you eat
and drink for 3 days: 2 weekdays and 1 weekend day. List
the type and amount of food in household measures (e.g.,
cups, tablespoons, or dimensions), how it was prepared, and
brand name, if applicable. Be specific: was your milk nonfat,
1% fat, 2% fat, or whole? Include butter, margarine, salad
dressings, condiments, and additions to coffee or tea. When
you have completed your record, consider the following:

e \What social or emotional factors influenced your food
choices? Where and when did you eat? Were you alone or
with someone? How did you feel at the time?

e Using MyPlate (ChooseMyPlate.gov), compare your intake
with the number of servings and portion sizes recom-
mended for your age, sex, and level of physical activity. Did
you have too many or too few servings from any of the
food groups?

e Using the Nutritrac software available on the Evolve web-
site, evaluate your intakes of macronutrients and micro-
nutrients. Are vyour kcalories partitioned appropriately?
How do your intakes compare with the DRIs for your age
and sex?

e Now that you have thought about it, how do you view your
diet? Do you have food behaviors that you should modify to
promote good health? Do you feel good about certain nutri-
ent categories for which you are meeting current recom-
mendations? If improvements are needed, develop a plan
for making changes over time that are consistent with your
lifestyle and resources and can be sustained.

Most of us eat by habit, according to where we are and what
is available, rather than by serious thought or plan. Evaluating
food and beverage intake using MyPlate (ChooseMyPlate.
gov) to determine the appropriate kcalorie intake and food
servings is a means of rapid dietary assessment.

Nutritional Analysis by Nutrients and
Energy Values

A comprehensive nutritional analysis of food intake is accom-
plished using a computer-assisted nutrient analysis program,

7o sum up

as found on the Evolve website that accompanies your text. A
computer-assisted program enables you to evaluate individ-
ual intakes of vitamins and minerals, protein, specific fats,
fiber, and energy as compared with the DRIs. Government
agencies use such analyses to evaluate dietary information
obtained in national surveys and to identify nutrition prob-
lems among various age, sex, or ethnic groups.

The role of nutrition in human health continues to evolve in
response to our changing society and food supply. As avail-
able food increased and the physical activity required in daily
living decreased, overweight and obesity emerged as major
health problems worldwide. Discovery of new substances in
plant foods that are beneficial to health led to the definition
of functional foods and recommendations for their use.
Despite the accessibility of nutrient-dense foods, many
American diets are high in sugar and fat, compromising
nutritional status. Children and adults who are chronically
undernourished as a result of illness, disease, or inadequate

J QUESTIONS FOR REVIEW

food resources are more vulnerable to poor growth, infection,
and nutrition-related diseases. Resources developed by gov-
ernment agencies are helpful in planning and evaluating the
nutrient intakes of all population groups. The Dietary Refer-
ence Intakes (DRIs) intended for use by health professionals
provide the foundation for the Dietary Guidelines for Ameri-
cans and MyPlate (ChooseMyPlate.gov), which offer practical
guidance for family meal planning. Together, these materials
build a framework for public policy that directs state and
federal nutrition programs and health messages reaching
people of all ages.

1. Visit the U.S. Obesity Trends website of the Centers for
Disease Control and Prevention at http://www.cdc.gov/
obesity/data/adult.html and scroll down to the state

maps and overweight/obesity statistics. What is the
prevalence of obesity and overweight in your state as
compared with the national average? How has it changed
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over the past 5 to 10 years? Review the PowerPoint slide
program that illustrates national increases in obesity over
the past 20 years.

. What are the two major fields of science that provide the

foundation for the study of nutrition? What does each
contribute to our understanding of human nutrition
needs?

. What is the difference between the terms nutrition and

dietetics? Describe three possible activities of nutrition-
related professionals.

. Compare the four levels of nutritional status: optimal

nutrition, marginal nutrition, malnutrition, and overnu-
trition. In what community or clinical situations might
you expect to find individuals representing each of these
conditions and what physical or clinical signs would you
use to identify them?

. What are the six major nutrient groups? What is the

primary function of each?

. What are the various categories within the DRIs? What

is the purpose of each?

. Compare nutrient standards, dietary guidelines, and

food guides: (a) list an example of each, (b) the intended
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Websites of Interest

+ U.S. Department of Agriculture: Nutrition Evidence Library,
2013. This website provided the scientific evidence reviewed
by the 2010 Dietary Guidelines Advisory Committee in
preparation of their report. http://www.cnpp.usda.gov/
NEL.htm.

+ U.S. Department of Health and Human Services, 2008. Physical
Activity Guidelines for Americans. This Web site presents
science-based physical activity guidelines for both youth and
adults along with educational materials for health professionals
and consumers. http://www.health.gov/paguidelines/guidelines/
default.aspx.

+ U.S. Department of Agriculture, Food Surveys Research Group:
What We Eat in America: Data from the National Health and
Nutrition Examination Survey. This site describes the food
and nutrient intakes of Americans according to age, sex, race,
ethnicity, and economic status. www.ars.usda.gov/Services/
docs.htm?docid=15044.

+ U.S. Department of Health and Human Services, National
Heart, Lung and Blood Institute: Keep an Eye on Portion
Distortion. This site describes portion sizes and how they have
changed over the years. http://hp2010.nhlbihin.net/portion/
keep.htm.

+ U.S. Department of Agriculture, Center for Nutrition Policy
and Promotion. The MyPlate (ChooseMyPlate.gov) website
offers materials for health professionals and practical tips for
consumers to use in meal planning; www.ChooseMyPlate.gov.
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We continue our study of nutrition by looking at what happens
to food as it follows its path through the digestive system and is
broken down into forms the body can use. We review what must
occur to convert the tuna sandwich we had for lunch into the
energy-yielding nutrients—glucose, amino acids, and fatty
acids—that perform body work. These steps are accomplished
through an integrated system that receives the food we take in
and transforms it for our use.

The physiologic and biochemical process that turns the food
we eat into energy and body tissue has three parts: digestion,
absorption, and metabolism. We begin with a review of the
gastrointestinal tract and then follow the path of the nutrients
to the cells where they nourish and protect us. We will see how
all parts must work together to accomplish this task.

HUMAN BODY: THE ROLE OF NUTRITION
FOOD: CHANGE AND TRANSFORMATION

The food we eat contains the nutrients necessary for our
survival, but these materials must first be released from other
food components and transformed into units the body can
use. Through a successive and interrelated system, foods are

26

broken down into increasingly simple substances that can
enter the metabolic pathways in cells. Each section of the
gastrointestinal tract has a unique function, but together they
form a continuous whole. A problem in one section has clini-
cal consequences for the entire system.

IMPORTANCE FOR HEALTH AND NUTRITION

Gastrointestinal function is a partner in nutritional well-
being.' Food, as it occurs in nature and as we eat it, is not a
single substance but a mixture of nutrients and other chemi-
cal matter. These substances must be separated so the body
can handle each one as an individual unit. Nutrients released
from food remain unavailable to the body until they cross
the intestinal wall and enter the circulatory system for trans-
port to tissues. Diseases affecting the organs of the gastroin-
testinal tract or the absorbing surface of the intestinal wall
have adverse effects on nutritional status because nutrients
are not taken into the body in the amounts needed. At the
same time, moderate to severe malnutrition lowers secretion
of digestive enzymes and blunts the absorbing structures,
further limiting digestion and nutrient passage. This vicious
cycle results in rapid and progressive deterioration of nutri-
tional well-being.'
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FIGURE 2-1 The gastrointestinal system. The successive parts of the gastrointestinal system
carry out multiple activities of digestion that liberate and reform food nutrients for our use. (From
Thibodeau GA, Patton KT: Anatomy and physiology, ed 7, St. Louis, Mo., 2010, Mosby.)

The output of the gastrointestinal tract is essential to the
chemical work that occurs in tissues and cells. This integrated
physiochemical system is fundamental to human nutrition in
both health and disease. The internal control responsible for

kilograms of carbohydrate, one-half kilogram of fat, one-half
kilogram of protein, and 20 or more liters of water daily.” We
will follow these food components as they travel together
through the successive parts of the tract.

maintaining a constant chemical environment and keeping
the many functional systems operating in harmony with one
another is called homeostasis.”

General Functions

The gastrointestinal tract has the following four major
functions:

THE GASTROINTESTINAL TRACT 1. Receives food: The mouth is the entrance to the gastroin-
testinal tract. From here the food moves to the stomach
Component Parts and other organs for digestion and absorption.

The gastrointestinal tract, also called the alimentary canal, is 2. Releases nutrients from food: Digestion and the separation
a long hollow tube that begins at the mouth and ends at the of nutrients from other food components take place in the
anus. The specific parts that make up the tract are the mouth, stomach and small intestine.

esophagus, stomach, small intestine, large intestine or colon,
and rectum. Other organs that lie outside the tract but
support its work by secretion of important enzymes and
digestive fluids are the pancreas, gallbladder, and liver. Figure
2-1 shows the respective components of the gastrointestinal
tract and their relative position to one another. These organs,
working as a team, can break down and/or absorb several

KEY TERM

homeostasis State of dynamic equilibrium within the
body's internal environment; a balance is achieved through
the operation of many interrelated physiologic mechanisms.
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3. Delivers nutrients into the blood: Absorbing structures
called microvilli located in the small intestine transfer
the nutrients into the portal blood (glucose and amino
acids) or lymph (fatty acids). Water is absorbed later in
the colon.

4. Excretes nondigestible waste: The fecal mass moves from
the colon into the rectum where it is stored until excreted.
Physical and chemical actions accomplish these tasks.

Sensory Stimulation and
Gastrointestinal Function

Both physiologic and psychologic stimuli influence the gas-
trointestinal tract. The physical presence of food in the
mouth, stomach, or small intestine initiates a variety of
responses that coordinate the muscular movements and
chemical secretions necessary for digestion and absorption.
Sensory stimuli, such as seeing, smelling, or being close
to food, cause the secretion of digestive juices and muscle
motility.” Smelling cookies baking, hearing foods sizzle on
an outdoor grill, or picking a fresh berry can evoke the phys-
iologic process of digestion. Seeing a sign that advertises
your favorite food (or even thinking about food) stimulates
the gastrointestinal tract. On the other hand, dreading an
unpleasant-tasting medication or recalling the nausea brought
on by chemotherapy can repress the desire for food.

The neural responses resulting from the presence or
thoughts of food have an important role in food intake and
the digestive process. Neural responses prepare the gastroin-
testinal tract to receive food by initiating the secretion of
enzymes and digestive fluids and promoting gastrointestinal
motility. They also control the secretion of hormones that
influence appetite, food intake, and satiety.’” Inappropriate
changes in neural regulation contribute to poor food intake
in some older adults. Feelings of satiety that occur early in
the meal limit food intake, resulting in weight loss and frailty.*
Maintaining positive associations with food and mealtime
support efficient digestion and absorption of nutrients.

PRINCIPLES OF DIGESTION

Digestion, the complicated process by which food is broken
down and nutrients released, prepares food for body use.
Digestion involves two types of actions:

+ Chemical breakdown of food into its constituent parts
through the action of enzymes and other specialized
fluids. Each chemical agent acts on a particular macronu-
trient in a specific region of the gastrointestinal tract.

+ Muscular action including mechanical mixing and pro-
pulsive movements controlled by neuromuscular, self-
regulating systems. These motions work together to move
the food mass along the alimentary canal at the best rate
for digestion and absorption.

Gastrointestinal Secretions

Food is digested chemically through the combined action of
various secretions of the following four types.

1. Enzymes: Certain enzymes attack designated chemical
bonds within the structure of nutrient compounds, freeing
their component parts.

2. Hydrochloric acid and buffer ions: These secretions
produce the pH necessary for the activity of certain
enzymes.

3. Mucus: This sticky, slippery fluid lubricates and protects
the inner lining of the gastrointestinal tract and eases the
passage of the food mass.

4. Water and electrolytes: These agents provide appropriate
solutions in the amounts needed to circulate the sub-
stances released in digestion.

Special cells in the mucosal lining of the gastrointestinal
tract and in adjacent accessory organs, especially the pan-
creas, produce these secretions. Their release is stimulated by
(1) the presence of food in the tract; (2) the sensory nerve
network activated by the sight, taste, or smell of food; and
(3) hormones specific to certain nutrients.

Gastrointestinal Motility: Muscles
and Movement
Types of Muscles
Organized muscle layers in the gastrointestinal wall provide
the motility needed for digestion (Figure 2-2). From the outer
surface inward, the layers are (1) the serosa, (2) a longitudinal
muscle layer, (3) a circular muscle layer, (4) the submucosa,
and (5) the mucosa. The coordinated interaction of four
smooth-muscle layers makes possible four different types of
movement (Figure 2-3), as follows:

1. Longitudinal muscles: These long, smooth muscles
arranged in fiber bundles extend lengthwise along the
gastrointestinal tract and help propel the food mass
forward.

2. Circular contractile muscles: The circular smooth-muscle
fibers extend around the hollow tube forming the alimen-
tary canal. These contractile rings initiate rhythmic sweep-
ing waves along the tract, pushing the food mass forward.
These regularly occurring propulsive movements are
called peristalsis.

3. Sphincter muscles: At strategic points muscle sphincters act
as valves—pyloric, ileocecal, and anal—to prevent reflux
or backflow and keep the food mass moving in a forward
direction.

4. Mucosal muscles: This thin embedded layer of smooth
muscle produces local constrictive contractions every
few centimeters. These contractions mix and chop the
food mass, effectively churning and mixing it with
secretions to form a semiliquid called chyme that is
ready for absorption. In summary, the muscles lining the
gastrointestinal tract produce the following two types
of action:

+ Tonic contractions that ensure continuous passage of
the food mass and valve control
+ Periodic rhythmic contractions that mix and propel the
food mass forward
The alternating contraction and relaxation of these
muscles along the tract facilitate digestion and absorption.
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FIGURE 2-3 Types of movement produced by muscles of
the intestine: peristaltic waves from contraction of deep cir-
cular muscle, pendular movements from small local muscles,
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FIGURE 2-2 Muscle layers of the intesti-
nal wall. Notice the five layers of muscle
that produce the movements necessary
for digestion and moving the food mass
forward. (Modified from Thibodeau GA,
Patton KT: Anatomy and physiology, ed 7,
St. Louis, Mo., 2010, Mosby.)
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Nervous System Control

Throughout the gastrointestinal tract, specific nerves regulate
muscle action. An interrelated network of nerves within the
gastrointestinal wall called the intramural nerve plexus
(Figure 2-4) extends from the esophagus to the anus. This
network of approximately 100-million nerve fibers regulates
the rate and intensity of muscle contractions, controls the
speed at which the food mass moves along the tract, and
coordinates the digestive process, including the secretion of
enzymes and digestive juices.’

We have reviewed the integrated muscular and secretory
functions that govern the overall operation of the

KEY TERMS

digestion The process of breaking down food to release its
nutrients for absorption and transport to the cells for use in
body functions.

serosa Outer surface layer of the intestines interfacing with
the blood vessels of the portal system that goes to the liver.
mucosa The mucous membrane forming the inner surface
of the gastrointestinal tract with extensive nutrient absorp-
tion and transport functions.

peristalsis A wavelike progression of alternating contrac-
tion and relaxation of the muscle fibers of the gastrointestinal
tract that keeps the food mass moving forward.

chyme Semifluid food mass resulting from gastric
digestion.

tonic  Ongoing low level muscle contraction and relaxation
intramural nerve plexus Network of nerves in the walls
of the intestine that control muscle action and secretions for
digestion and absorption.
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gastrointestinal tract; now we begin to follow this process
through its successive stages to see what happens to the food
we eat.

MOUTH AND ESOPHAGUS:
PREPARATION AND DELIVERY

Eating begins the process by which food is broken down into
individual nutrients. The first steps in digestion occur in the
mouth, where salivary enzymes act on carbohydrate and all
foods are broken down into smaller particles to facilitate the
later action of digestive juices. The esophagus delivers the
food mass to the stomach.

Taste and Smell

Much of our enjoyment of food comes from its unique flavors
and aromas. Taste buds located on the tongue, roof of the
mouth, and throat contain chemical receptors that produce
the four sensations of taste: salty, sweet, sour, and bitter.
Recently, a fifth taste has been identified called umami, the
taste of amino acids and proteins. Some individuals have a
stronger perception of one taste over another, and certain
medications produce a bitter taste or loss of taste. Genetically
related differences in taste affect our preferences for certain
foods. Individuals with enhanced sensitivity to bitter taste are
more likely to avoid certain fruits and vegetables and prefer
sweet or high-fat foods.” Such taste preferences that influence
what we eat also affect our risk for obesity or developing

particular chronic diseases or conditions.” Patients on che-
motherapy often have distorted taste (dysgeusia). Zinc defi-
ciency causes a loss of taste (hypogeusia).

Foods contain volatile components that move from the
back of the mouth up into the nasal cavity, where they act on
olfactory receptors to produce the pleasant odors we associate
with particular foods. In fact, much of what we perceive as a
food’s taste may actually be its odor. Radiation therapy of the
head or neck, Parkinson’s disease, and senile dementia of the
Alzheimer type often lead to olfactory losses and less interest
in eating.

Mastication

Food is broken into smaller particles by biting and chewing.
The incisors cut; the molars grind. Jaw muscles provide tre-
mendous force: 55 Ib of muscular pressure is applied by the
incisors, and 200 Ib is applied by the molars.” Digestive
enzymes can act only on the surface of food particles; there-
fore chewing, which enlarges the surface area available for
enzyme action, is an important step in preparing food for
digestion. Chewing also produces finer particles, easing the
passage of the food mass down the esophagus and into the
stomach. Chewing is necessary to prepare fiber-containing
foods such as fruits, vegetables, and whole grains for diges-
tion. Decayed teeth, missing teeth, or poorly fitting dentures
make eating difficult. Gingivitis and other diseases of the
gums and supporting structures of the teeth may result in
mouth pain, infection, or further loss of teeth, thereby
restricting food intake and contributing to malnutrition.



CHAPTER 2 Digestion, Absorption, and Metabolism

TABLE 2-1  COMPARATIVE pH VALUES
AND APPROXIMATE

DAILY VOLUMES OF

GASTROINTESTINAL
SECRETIONS

SECRETION pH DAILY VOLUME (mL)
Salivary 6.0-7.4 1000
Gastric 1.0-3.5 1500
Pancreatic 8.0-8.3 1000
Small intestinal 7.5-8.0 1800
Brunner’s gland 8.0-8.9 200
(bicarbonate)
Bile 7.5-7.8 1000
Large intestinal 7.5-8.0 200
Total 6700

Modified from Guyton AC, Hall JE: Textbook of medical physiology,
ed 10, Philadelphia, 2000, WB Saunders.

Chemical Digestion

In the mouth, three pairs of salivary glands—parotid, sub-
macxillary, and sublingual—produce a watery fluid containing
salivary amylase. This enzyme is specific for starch. The sali-
vary glands also secrete mucus to lubricate and bind the food
particles together. Sensory stimuli and even thoughts of
favorite or disliked foods influence these secretions. Large
amounts of digestive fluids are secreted throughout the gas-
trointestinal tract (Table 2-1). Saliva secretion alone ranges
from 800 mL to 1500 mL a day. Food remains in the mouth
for only a short time; thus starch digestion here is brief.
However, when salivary amylase binds to starch molecules, it
becomes resistant to inactivation by gastric acid, thereby
allowing the breakdown of starch to continue in the stomach.’
A second digestive enzyme released in saliva is lingual lipase,
which begins the digestion of fat. Cigarette smoke alters the
composition of saliva even in passive smokers,’ and this effect
may contribute to the loss of taste and changes in appetite
associated with smoking.’

Salivary secretions have other important functions in
addition to initiating digestion. They moisten the food par-
ticles so they bind together to form a bolus that moves easily
down the esophagus, and they lubricate and cleanse the teeth
and tissues of the mouth, destroying harmful bacteria and
neutralizing any toxic substances entering the mouth. Inad-
equate secretion leads to the condition known as dry mouth.
Everyone experiences occasional dry mouth when nervous,
upset, or under stress. However, when production of saliva is
drastically reduced and prolonged, it leads to swallowing
problems as individual particles of food get separated in the
esophagus. Infections and ulcers in the mouth, along with
tooth decay, are other outcomes of extreme dry mouth,
usually referred to as xerostomia. Radiation therapy that
causes damage to the salivary glands and conditions such as
diabetes, Parkinson’s disease, and autoimmune deficiency
diseases can lead to xerostomia. Various medications for
management of cardiac failure, hypertension, depression, or
chronic pain contribute to dry mouth in older adults."”

Swallowing

Swallowing involves both the mouth and the pharynx. It is
intricately controlled by the swallowing center in the brain-
stem,” and damage to these nerves through radiation therapy,
age-related changes, or disease makes swallowing difficult. As
illustrated in Figure 2-5, the tongue initiates a swallow by
pressing the food upward and backward against the palate.
From this point on, swallowing goes forward as an involun-
tary reflex and once begun, cannot be interrupted. Swallow-
ing occurs rapidly, taking less than 1 second, but in that time
the larynx must close to prevent food from entering the
trachea and moving into the lungs, and the soft palate must
rise to prevent food from entering the nasal cavity. Patients
must never be fed in a supine position because it increases
the risk of food aspiration into the lungs.

Esophagus

The esophagus is a muscular tube that connects the mouth

and throat with the stomach and serves as a channel to carry

the food mass into the body. Functionally, it has the following
three parts™

1. Upper esophageal sphincter (UES): The UES controls the
entry of the food bolus into the esophagus. Between swal-
lows the UES muscle is closed. Within 0.2 to 0.3 seconds
after a swallow, nerve stimuli open the sphincter to receive
the food mass.

2. Esophageal body: The mixed bolus of food immediately
passes down the esophagus, moved along by peristaltic
waves controlled by nerve reflexes. Degenerative changes
in the muscles or nerves lower the intensity and frequency
of the peristaltic waves, slowing passage down the channel.
Diabetic neuropathy is one cause of such problems.'" Pain
and discomfort associated with these changes can add to
anorexia and weight loss. Gravity aids the passage of food
down the esophagus when the person eats in an upright
position.

3. Lower esophageal sphincter (LES): The LES controls the
movement of the food bolus into the stomach. When the
LES muscles maintain excessively high muscle tone, they
fail to open after a swallow, preventing the passage of food
into the stomach. This condition is called achalasia,
meaning “unrelaxed muscle.” (See Chapter 20 for a discus-
sion of this condition.)

Entry Into the Stomach

At the point of entry into the stomach, the gastroesophageal
constrictor muscle relaxes to allow the food to pass and then
contracts quickly to prevent regurgitation or reflux of the

KEY TERMS

gingivitis Red, swollen, bleeding gums, often caused by
accumulation of bacterial plaque on the teeth.

pharynx Throat.

bolus Rounded mass of food formed in the mouth and
ready to be swallowed.
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FIGURE 2-5 Swallowing is a highly coordinated task directed by a special nerve center in the
hypothalamus. (From Mahan KL, Escott-Stump S, editors: Krause’s food, nutrition, and diet

therapy, ed 12, Philadelphia, 2008, Saunders.)

acidic stomach contents back into the esophagus. When this
mechanism fails and regurgitation occurs, one feels what is
called heartburn. The medical name for this condition is gas-
troesophageal reflux disease (GERD), and an estimated 10%
to 20% of the general population experience GERD on an
occasional or chronic basis.”” GERD damages the tissues of
the esophagus, which are unprotected from the destructive
effects of gastric acid. Mucus secreted by cells in the stomach
wall protects those tissues against the harsh effects of this
acid. Obesity, overeating, physical inactivity, smoking, and
certain medications contribute to GERD. According to
national data, GERD is the leading diagnosis among outpa-
tients who have gastrointestinal disease, and it affects nearly
9 million Americans.” The increasing prevalence of obesity
contributes to these statistics."”

STOMACH: STORAGE AND
INITIAL DIGESTION

Motility

The major parts of the stomach are described in Figure 2-6.
Muscles in the stomach wall have three motor functions: (1)
storage, (2) mixing, and (3) controlled emptying. As the food
mass enters the stomach it rests against the stomach walls,
which stretch to store as much as 1 L of food and fluid. Local
tonic muscle waves increase their kneading and mixing

actions to move the mass of food and secretions toward the
pyloric valve at the distal end of the stomach. Over time,
waves of peristaltic contractions reduce the food mass to the
semifluid chyme. Finally, with each wave, small amounts of
chyme pass through the pyloric valve into the duodenum.
The pyloric sphincter periodically constricts and relaxes to
control the rate of emptying. The highly acid chyme must be
released slowly enough to allow it to be buffered by the alka-
line secretions of the small intestine. The caloric density of a
meal, along with its volume and composition, influences the
rate of stomach emptying. The speed at which food moves
from the gastroesophageal sphincter to the distal end of the
stomach and into the small intestine influences food intake,
as messages to the brain signaling the arrival of food in the
small intestine bring about the release of gastrointestinal hor-
mones that induce feelings of satiety.

Chemical Digestion

Types of Secretions

Secretions produced in the stomach include acid, mucus, and

enzymes, as follows:

+ Acid: Hydrochloric acid creates the acidic environment
necessary for certain digestive enzymes to work. For
example, a pH of 1.8 to 3.5 is needed for the enzyme
pepsin to act on protein; at a pH of 5.0 or above, there is
little or no pepsin activity.
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FIGURE 2-6 Stomach. The pyloric sphincter controls passage of the food mass from the
stomach into the duodenum, the upper section of the small intestine. See also the five layers
of muscle found in the stomach wall. (From Thibodeau GA, Patton KT: Anatomy & physiology,

ed 7, St. Louis, Mo., 2010, Mosby.)

Mucus: This viscous secretion protects the stomach lining
from the eroding effect of the acid. Mucus also binds and
mixes the food mass and helps move it along.

Enzymes: The major enzyme in the stomach is pepsin,
which begins the breakdown of protein. Pepsin is secreted
in the form of pepsinogen and activated by hydrochloric
acid. The stomach also produces a small amount of gastric
lipase (tributyrinase) that acts only on butterfat and has a
relatively minor role in overall digestion. Children have a
gastric enzyme called rennin (not to be confused with the
renal enzyme renin) that aids in the coagulation of milk.
Coagulation of milk proteins, changing them from a liquid
to a semisolid (as occurs when egg white is heated), slows
the rate of stomach emptying, ensuring gradual passage of
material to the small intestine. Rennin is absent in adults.

Control of Secretions

Stimuli for the release of gastric secretions come from two
sources:

1.

Nerve stimuli are produced in response to the visual and
chemical senses, the presence of food in the gastrointesti-
nal tract, and emotional distress. Anger and hostility
increase gastric secretions; fear and depression lower
secretions and inhibit blood flow to the region and gastric
motility.

. Hormonal stimuli are produced when food enters the

stomach. Certain food components, especially caffeine,

alcohol, and meat extracts, cause the mucosal cells of the
antrum to release the local gastrointestinal hormone
gastrin. Gastrin, in turn, stimulates the secretion of hydro-
chloric acid. When the pH falls below 3, a feedback mecha-
nism halts the release of gastrin, preventing accumulation
of excess acid.” A second gastrointestinal hormone, entero-
gastrone, produced in the mucosa of the duodenum,
also prevents excessive gastric response by inhibiting
secretion of hydrochloric acid and pepsin and slowing
gastric motility. (See the Evidence-Based Practice box,
“Why Are Many Older Adults Deficient in Vitamin B,,?”
which describes a problem related to inadequate secretion
of gastric acid.)

KEY TERMS

distal Away from the point of origin.

duodenum The first section of the small intestine entered
by food passing through the pyloric valve from the stomach.
viscous Sticky.

antrum Lower section of the stomach.

gastrin  Hormone secreted by mucosal cells in the antrum
of the stomach that stimulates the parietal cells to produce
hydrochloric acid.

enterogastrone Hormone produced in the mucous mem-
brane of the duodenum that inhibits gastric acid secretion
and motility.
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EVIDENCE-BASED PRACTICE

Why Do Older Adults Who Consume Animal
Foods Become Deficient in Vitamin B;,?

Identify the Problem: Over the years clinicians have observed
vitamin B, deficiency among many older adults despite their
liberal intakes of meat and other animal foods containing this
vitamin.

Review the Evidence: Older adults might develop vitamin
B, deficiency because their stomachs no longer produce
intrinsic factor, the protein carrier required for absorption of
this vitamin. To confirm this diagnosis, older adults with a
vitamin B, deficiency were given a labeled dose of crystalline
vitamin B;, with or without intrinsic factor, and absorption
was evaluated by the later appearance of labeled vitamin B,
in the urine. It was expected that the vitamin administered
without intrinsic factor would remain unabsorbed. Much to
the surprise of the researchers, many of these older adults
absorbed the vitamin-only test dose, so why were they defi-
cient? Further studies revealed it was not a lack of intrinsic
factor but rather a lack of gastric acid. Many older adults
secrete very low amounts of hydrochloric acid, and a strongly
acid environment is required in the stomach to activate pep-
sinogen to pepsin, the enzyme needed to break down dietary
protein. When animal proteins are not broken down com-
pletely, their vitamin B;, is not released for absorption and is
lost in the feces.

Implement the Findings: Crystalline vitamin B, added to
fortified breads, cereals, juices, and vitamin supplements is
not bound to protein and is not dependent on an acid environ-
ment for absorption. Older adults should be encouraged to
include a vitamin B;,-fortified food in their diet several times
a week to ensure an adequate body supply. Also, we have
learned that vitamin Bi, in milk and dairy products is fairly
well absorbed, even if gastric acid secretion is low, because
they are more easily digested than meat, poultry, and fish.
This finding suggests another reason beyond bone health to
consume dairy products.
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SMALL INTESTINE: MAJOR DIGESTION,
ABSORPTION, AND TRANSPORT

Motility

Intestinal Muscle Layers

Review the complex structure of the intestinal wall pictured

in Figure 2-2. Coordination of intestinal motility is accom-
plished by three layers of muscle: (1) the thin layer of smooth

muscle embedded in the mucosa with fibers extending up
into the villi, (2) the circular muscle layer, and (3) the longi-
tudinal muscle lying next to the outer serosa.

Types of Intestinal Muscle Action

Under the control of the intramural nerve plexus, wall-stretch
pressure from food or hormonal stimuli produces muscle
action of the following two types:

1. Propulsive movements: Peristaltic waves from contractions
of the deep circular muscles propel the food mass slowly
forward. Fiber and other indigestible materials from plant
foods aid this process, providing bulk for the action of
these muscles. The presence of food or irritants brings
about long sweeping waves over the entire intestine.

2. Mixing movements: Local constrictive contractions occur-
ring every few centimeters mix and chop the food particles
to form the semiliquid chyme. The interaction of the
muscles in the small intestine produces general tonic con-
tractions that ensure continuous passage and valve control,
and periodic, rhythmic contractions that mix and propel
the food mass forward, which facilitates ongoing digestion
and future absorption.

Chemical Digestion

Major Role of the Small Intestine

In comparison to other sections of the gastrointestinal tract,
the small intestine carries the major burden of chemical
digestion. It secretes several enzymes, each specific for carbo-
hydrate, fat, or protein, and is assisted by other enzymes
entering from the pancreas. The small intestine acts as a
regulatory center sensing the nutrient content, pH, and
osmolarity of its contents, and controls enzyme secretion
accordingly.’

Types of Secretions

The following four types of digestive secretions complete this

final stage of chemical action:

1. Enzymes: Specific enzymes act on specific macronutrients
to bring about their final breakdown to forms the body
can absorb and use (Table 2-2).

2. Mucus: Glands located at the entrance to the duodenum
secrete large amounts of mucus. As in the stomach, mucus
protects the intestinal mucosa from irritation and diges-
tion by the highly acidic chyme. Other cells along the
length of the inner intestinal wall secrete mucus when
touched by the moving food mass, protecting the mucosal
tissues from abrasion.

3. Hormones: When signaled by the presence of acid in the
food mass entering from the stomach, mucosal cells in
the upper part of the small intestine produce the local
gastrointestinal hormone secretin.” Secretin, in turn,
stimulates the pancreas to send alkaline pancreatic juices
into the duodenum to buffer the acidic chyme. The intes-
tinal mucosa in the upper duodenum could not withstand
the high acid of the entering chyme without the neutral-
izing action of the bicarbonate-containing pancreatic
juice.
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TABLE 2-2

SUMMARY OF DIGESTIVE PROCESSES

NUTRIENT MOUTH STOMACH

SMALL INTESTINE

Carbohydrate  Salivary amylase breaks

down starch to dextrins

Protein

polypeptides

Fat Lingual lipase has a minor
role in beginning fat
digestion

Pepsin and HCI break
down protein to

Tributyrinase breaks down
tributyrin (butterfat) to
glycerol and fatty acids

Pancreatic amylase breaks down starch to
disaccharides: lactose, sucrose, and maltose.

Disaccharides are broken down to monosaccharides.

Lactase breaks down lactose to glucose and
galactose.

Sucrase breaks down sucrose to glucose and
fructose.

Maltase breaks down maltose to glucose and
glucose.

Trypsin breaks down proteins and polypeptides to
dipeptides.

Chymotrypsin breaks down proteins and
polypeptides to dipeptides.

Carboxypeptidase breaks down polypeptides and
dipeptides to amino acids.

Aminopeptidase breaks down polypeptides and
dipeptides to amino acids.

Dipeptidase breaks down dipeptides to amino acids.

Bile emulsifies fat.

Pancreatic lipase breaks down fat to glycerol,
diglycerides, monoglycerides, and fatty acids.

Gallbladder Liver

Cholesterol

U (20 to 30 g/day)

. tb Bile salts ://GUt @

<> Feces (0.8 g/day)

FIGURE 2-7 Enterohepatic circulation of bile salts. Bile salts
are reabsorbed from the small intestine and returned to the
liver and gallbladder to be used again and again.

4. Bile: Bile emulsifies fat and facilitates its digestion. Bile
is produced in the liver as a dilute watery solution and
is then concentrated and stored by the gallbladder. When
fat enters the duodenum, the local gastrointestinal
hormone cholecystokinin (CCK) is secreted by glands in
the intestinal mucosa and stimulates the gallbladder to
contract and release bile. By means of the enterohepatic
circulation (Figure 2-7), molecules of bile are reabsorbed
and returned to the liver and gallbladder to be used over
and over again. CCK also acts on the pancreas to stimulate
the release of enzymes that break down fats, proteins, and
carbohydrates.’

End Products of Digestion

When digestion of the macronutrients is complete, the sim-
plified end products (Table 2-3) are ready for absorption. At

END PRODUCTS
OF DIGESTION

END PRODUCTS

Glucose, fructose, and
galactose (monosaccharides)

Fat Fatty acids, monoglycerides,
diglycerides, and glycerol

Amino acids, dipeptides

TABLE 2-3

MACRONUTRIENT
Carbohydrate

Protein

times, undigested nutrients remain in the small intestine,"
causing discomfort or distress. When individuals lack the
digestive enzyme lactase, the disaccharide lactose remains in
the small intestine and attracts large amounts of fluid, result-
ing in abdominal pain and diarrhea, nausea, or flatulence."
(This condition and its clinical management are discussed
later in this chapter.)

Absorption

Surface Structures

Viewed from the outside, the small intestine appears smooth,

but the inner surface is quite different. In Figure 2-8 the fol-

lowing three types of convolutions and projections greatly

expand the absorbing surface:

1. Mucosal folds: Large folds similar to hills and valleys in a
mountain range are easily seen with the naked eye.

2. Villi: Fingerlike projections on these folds called villi can
be seen through a simple compound microscope.

3. Microvilli: These extremely small projections on each
villus can only be seen with an electron microscope. The
array of microvilli covering the edge of each villus is called
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FIGURE 2-8 Absorbing structures of the intestine. Note the structures of the intestinal mucosa
that increase the surface area for absorption: mucosal folds, villi, and microvilli. (Courtesy Medical

and Scientific lllustration.)

TABLE 2-4  VOLUME OF NUTRIENTS
ABSORBED DAILY BY

THE GASTROINTESTINAL
SYSTEM

INTESTINAL
INTAKE ABSORPTION ELIMINATION
SUBSTANCE (L) (L) (L)

Food ingested 1.5
Gastrointestinal 8.5
secretions
TOTAL 10.0
Fluid absorbed ©).f5)
in small
intestine
Fluid absorbed 0.4
in large
intestine
(colon)
TOTAL 9.9
Feces 0.1

the brush border because it resembles bristles on a brush.

Each villus has an ample network of blood capillaries for

the absorption of monosaccharides and amino acids, and

a central lymph vessel called a lacteal for the absorption of

fatty acids.

The mucosa, villi, and microvilli together increase the
inner surface area of the small intestine approximately
1000 times over that of the outside covering.” These special-
ized structures, plus the contracted length of the small

KEY TERMS

osmolarity Number of millimoles of liquid or solid in a liter
of solution.

mucus Viscous fluid secreted by mucous membranes and
glands, consisting mainly of mucin (a glycoprotein), inorganic
salts, and water.

secretin Hormone produced in the mucous membrane of
the duodenum in response to the entrance of acid contents
from the stomach that stimulates the flow of pancreatic
juices, providing the necessary enzymes and the proper alka-
linity for their action.

cholecystokinin (CCK) A peptide hormone secreted by the
mucosa of the duodenum in response to the presence of fat
that causes the gallbladder to contract and propel bile into
the duodenum where it is needed to emulsify the fat.
absorption Transport of nutrients from the lumen of the
intestine across the intestinal wall into the blood (glucose and
amino acids) or the lymph (fatty acids).

villi  Fingerlike projections covering the mucosal surface of
the small intestine.

microvilli  Minute vascular structures protruding from the
villi covering the inner surface of the small intestine that form
a "brush border” that facilitates absorption of nutrients.

intestine—630 to 660 cm (21 to 22 feet)—produce a tremen-
dously large surface area to capture and absorb nutrients.
This absorbing surface, if stretched out flat, would be as large
as a tennis or basketball court. The small intestine is one of
the most highly developed organs in the body, making pos-
sible its tremendous absorptive capacity for food and fluid
(Table 2-4).
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Mechanisms of Absorption

Absorption of the nutrients dispersed in the water-based
solution entering the small intestine involves several trans-
port mechanisms. The particular transport mechanism used
depends on the nutrient and the prevailing electrochemical
fluid pressure gradient; these are described as follows:

* Passive diffusion and osmosis: When there is no opposing
fluid pressure, molecules small enough to pass through the
capillary membranes diffuse easily into the villi (Figure
2-9). High concentrations of nutrients waiting to move
into the capillaries where nutrient concentrations are low
create an electrochemical gradient and osmotic pressure
that promote absorption.’

+  Facilitated diffusion: Even when the pressure gradient sup-
ports absorption, some molecules may be too large to pass
easily through the membrane pores and need assistance.
Specific proteins located in the membrane facilitate
passage by carrying the nutrient across the membrane.

+  Energy-dependent active transport: Nutrients must cross
the intestinal membrane to reach hungry cells even when
the flow pressures are against them. Such active work
requires extra energy along with a pumping mechanism.
A special membrane protein carrier, coupled with the
active transport of sodium, assists in the process. The

Space of lesser

Space of greater

solute concentration solute concentration

FIGURE 2-9 Movement of molecules, water, and solutes
through osmosis and diffusion.

Plasma membrane

' Cytoplasm, ..

energy-requiring, sodium-coupled transport of glucose is
an example of this action. The enzyme sodium/potassium-
dependent adenosine triphosphatase (Na*/K*-ATPase) in
the cell membrane supplies the energy for the pump.

+  Engulfing pinocytosis: At times, fluid and nutrient mole-
cules are absorbed by pinocytosis. When the nutrient par-
ticle touches the absorbing cell membrane, the membrane
dips inward around the nutrient, surrounds it to form a
vacuole, and then engulfs it. The nutrient is then conveyed
through the cell cytoplasm and discharged into the circu-
lation. Smaller whole proteins and fat droplets can be
absorbed through pinocytosis (Figure 2-10).

Routes of Absorption

After their absorption, the water-soluble monosaccharides
and amino acids enter directly into the portal blood and
travel to the liver and other tissues. Fat, which is not water
soluble, follows a different route. Fats packaged in a bile
complex called a micelle (described in more detail in Chapter
4) move into the cells of the intestinal wall, where they are
processed into human lipid compounds and joined with a
carrier protein. These lipoproteins, called chylomicrons, flow
into the lymph, empty into the cisterna chyli (the central
abdominal collecting vessel of the lymphatic system), travel
upward into the chest through the thoracic duct, and finally
flow into the venous blood at the left subclavian vein. The
chylomicrons are rapidly cleared from the blood by a special
fat enzyme called lipoprotein lipase.

Exceptions to this route of fat absorption are the short-
chain fatty acids with 10 or fewer carbons. Because these
short-chain fatty acids are water soluble, they can be absorbed
directly into the blood along with the carbohydrate and
protein breakdown products. However, most dietary fats are
made of long-chain fatty acids that are not water soluble and
must take the lymphatic route.

COLON (LARGE INTESTINE): FINAL
ABSORPTION AND WASTE ELIMINATION

Role in Absorption

Within a 24-hour period, approximately 1500 mL of the
remaining food mass leaves the ileum, the last section of the

FIGURE 2-10 Pinocytosis, the engulfing of large molecules by the cell. (From Nix S: Williams’
basic nutrition and diet therapy, ed 13, St. Louis, Mo., 2009, Mosby.)
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small intestine, and enters the cecum, the pouch at the
entrance to the colon. Passage is controlled by the ileocecal
valve. Normally the valve remains closed, but each peristaltic
wave relaxes the valve muscle, squirting a small amount of
remaining chyme into the cecum. This action holds the food
mass in the small intestine long enough to ensure maximal
digestion and absorption. Nutrients and other materials,
including electrolytes, minerals, vitamins, intestinal bacteria,
and nondigestible residue, remain in the chyme delivered to
the large intestine.

Water Absorption

The main task remaining for the colon is the absorption of
water. The capacity of the colon to absorb water is vast, with
a net daily maximum of 5 to 8 L.” Normally, from 1.0 to 1.5 L
is received from the ileum, and 95% of that is absorbed (see
Table 2-4).

Much of the water in the chyme (350 to 400 mL) is
absorbed in the first half of the colon. Only 100 to 150 mL
remains to form the feces.” Absorption of water in the colon
is important in the regulation of water balance and the elimi-
nation of fecal waste. When the chyme first enters the colon,
it is a semiliquid, but water absorption during passage changes
it to the semisolid nature of normal feces.

The amount of water absorbed in the colon depends on
motility and rate of passage. Poor motility and a slow passage
rate, often related to low dietary fiber and low fecal mass,
allow greater absorption of water, resulting in hard stools that
are difficult to pass, and constipation. Excess motility and
too-rapid passage limit the absorption of water and impor-
tant electrolytes, producing a high volume of loose, watery
stool (diarrhea). Diarrhea can result from disease; microbial
infection as in foodborne illness; or large amounts of undi-
gested sugar, such as lactose, that exert osmotic pressure and
hold vast amounts of fluid. Severe or extended diarrhea leads
to dehydration and serious loss of electrolytes.

Mineral Absorption

Sodium and other electrolytes are absorbed from the colon.
Intestinal absorption exerts major control on body content
of many minerals, and much of our dietary intake is unab-
sorbed and excreted in the feces. Up to 90% of the calcium
and iron in the food we eat is not absorbed. The proportion
of a mineral intake that is generally absorbed is an important
aspect of nutrient balance and dietary evaluation.

Vitamin Absorption

Conditions in the gastrointestinal tract influence the absorp-
tion of vitamins. When gastric acid is lower than normal,
vitamin By, is not easily released from animal tissues and is
lost in the feces. Conversely, colonic bacteria synthesize
vitamin K and biotin, which are actively absorbed and serve
as a major source of the body’s supply.

Role of Colon Microflora

At birth the colon is sterile, but intestinal bacteria acquired
through delivery and infant feeding (human milk or formula)

influence the growth and diversity of particular species. More
complex microflora develop after weaning as infants add
an increasing number of foods to their diet. The normal
diversity of 1000 different species is established by 3 years of
age.” The gastrointestinal tract contains about 100-trillion
microbes—10 times the total number of cells in the human
body, and weighing as much as 2 kg.'"” The composition is
dynamic in both numbers and species. Dietary intake, genet-
ics, physical environment, use of antibiotics, and immune
responses to infection favor one group of bacteria over
another. Bacterial populations also differ along the length of
the gastrointestinal tract based on differences in structure and
pH." Many bacteria ingested with food do not survive the
extreme acid environment in the stomach.

Colonic bacteria make up approximately one third of fecal
weight,” and influence the color and odor of the stool. Colonic
bacteria acting on bilirubin produce bile pigments, giving the
stool its characteristic brown color; thus, when bile flow is
hindered, the feces become clay colored or white. The char-
acteristic odor of the stool comes from amines, especially
indole and skatole, formed by the action of bacterial enzymes
on amino acids.

Intestinal microflora have many roles. Particular microor-
ganisms produce bothersome gas or increase the risk of gas-
trointestinal disease. Other species make positive contributions
to health. (We discuss these relationships in more detail in
the following sections.)

Excessive Gas Production

Colonic bacteria are major contributors to gas production
including carbon dioxide (CO,), molecular hydrogen (H,),
methane, and sometimes hydrogen sulfide. Gas formation
is a normal occurrence in the gastrointestinal tract, and,
though harmless, is distressing when it causes pain or embar-
rassment. Intestinal gas, or flatus, can be exaggerated by
specific foods or physiologic circumstances in the person
eating them.

Usually, gas is produced by the bacterial fermentation of
undigested or incompletely absorbed carbohydrate. Humans
lack the enzymes necessary to digest the oligosaccharides raf-
finose and stachyose in legumes that cause the intestinal gas
associated with these foods. Certain starches and fibrous
materials in whole grains, fruits, and vegetables are resistant
to pancreatic amylase and cannot be broken down and
absorbed. Individuals should increase their intakes of fiber

KEY TERMS

pinocytosis Means of nutrient absorption by which the
molecule is engulfed by the cytoplasm of the receiving cell.
lipoproteins Noncovalent complexes of fat with protein
that transport lipids in the blood.

ileum The distal section of the small intestine that con-
nects with the colon.

colon The large intestine extending from the cecum to the
rectum.
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gradually to allow a more comfortable adjustment and
prevent gastrointestinal distress.

Excessive gas has social implications. Methane, CO,, and
H, are odorless, but hydrogen sulfide carries a striking odor.
Hydrogen sulfide most often arises from cruciferous vegeta-
bles (cabbage, cauliflower, or broccoli) or large amounts of
beer, all high in sulfur. Various over-the-counter products
claim to reduce the formation of gas or eliminate gaseous
odors, but all have limitations. Individuals should check
with their physician before using such preparations.'® (See
the Complementary and Alternative Medicine [CAM] box,
“Bismuth and Certain Herbs: A Dangerous Combination,”
for cautions.)

Waste Elimination

Fully formed and ready for elimination, normal feces are
approximately 75% water and 25% solids.” Solids include
fiber, bacteria, inorganic matter such as minerals, a small
amount of fat and its derivatives, some mucus, and sloughed-
off mucosal cells.

The mass of food residue now slows its passage. Approxi-
mately 4 hours after a meal is eaten, food enters the cecum,
having traveled the entire length of the small intestine [630
to 660 cm (21 to 22 feet)]. Approximately 8 hours later, it
reaches the sigmoid colon, having traveled an additional
90 cm (3 feet) through the large intestine. In the sigmoid
colon, the residue descends still more slowly toward its final
destination, the rectum.

The rectum begins at the end of the large intestine imme-
diately past the descending colon and ends at the anus. Feces
are usually stored in the descending colon; however, when it
becomes full, feces pass into the rectum, resulting in the urge
to defecate. Anal sphincters under voluntary control regulate
the elimination of feces from the body. As much as 25% of a
meal may remain in the rectum for up to 72 hours.

GASTROINTESTINAL FUNCTION
AND CLINICAL APPLICATIONS

Chronic Gastrointestinal Distress

Most of the time the gastrointestinal tract is a smoothly
working system that allows us to enjoy the food we eat while

COMPLEMENTARY AND ALTERNATIVE
MEDICINE (CAM)

Bismuth and Certain Herbs:
A Dangerous Combination

Bismuth-containing medications such as Pepto-Bismol are
used to ease gas and bloating. Bismuth also binds with the
odor-causing sulfur compounds found in intestinal gas and
helps reduce odor and embarrassment. However, when
combined with gingko, garlic, ginger, or ginseng, bismuth can
have serious side effects. Working together, bismuth and
these herbs act as anticoagulants.

Bonci L: American Dietetic Association guide to better digestion,
Hoboken, NJ, 2003, John Wiley & Sons.

effectively handling digestion, absorption, and the elimina-
tion of waste. However, abdominal pain or bloating, early
satiety, postmeal discomfort, nausea, or vomiting are regular
occurrences for some individuals, although no disease or
structural explanation can be found."”’ This situation,
referred to as functional dyspepsia, adds significantly to
health care costs'” and impacts on vitality and quality of life.”
Anxiety, emotional stress, depression, various prescription
medications, certain foods, and chronic disease all influence
gastrointestinal function and may contribute to symptoms in
particular individuals.

We need to listen carefully when people tell us about gas-
trointestinal problems that interfere with eating and their
enjoyment of food or that limit their food selections.”” Health
education should point to the dangers of over-the-counter
drugs or remedies such as food enzymes claiming to enhance
digestion, inappropriate laxatives, or procedures such as
colonic irrigation. Chronic digestive problems demand
medical assessment and intervention.

(See the Perspectives in Practice box, “Help Your Digestive
System Work for You,” for practices that support optimal
digestive function.)

Lactose Intolerance

Lactose intolerance is a digestive problem related to the
inability to digest lactose. Lactose intolerance is estimated to
affect as many as 70% of the world’s population, including
most Asians,” although calculations vary if based on self-
perception or laboratory testing. In a recent U.S. study, 8% of
Caucasian adults, 20% of African-American adults, and 9%
of Hispanic adults believed they were lactose intolerant.”
Individuals with lactose intolerance vary in their ability to
digest lactose. They may have symptoms after taking in as
little as 6 g or as much as 12 to 18 g of lactose (1 cup of milk
contains 12 g of lactose)." The problem stems from a defi-
ciency of lactase, the digestive enzyme in the microvilli of the
small intestine that breaks lactose into the simple sugars
glucose and galactose. When undigested lactose remains in
the small intestine and colon, it absorbs large amounts of
water and is fermented by resident bacteria, producing diar-
rhea, bloating, and gas.

Congenital intolerance to lactose is rare; infants usually
produce enough lactase to digest the large amounts of lactose
in mother’s milk. However, loss of lactase activity beyond
early childhood is the normal physiologic pattern, with rela-
tively few adults retaining their former capacity for lactose
digestion. Before the domestication of cows, lactose was not
present in the diet after weaning; therefore this enzyme was

KEY TERMS

bilirubin A reddish bile pigment resulting from the degrada-
tion of heme by reticuloendothelial cells in the liver; a high
level in the blood produces the yellow skin symptomatic of
jaundice.

dyspepsia Gastric distress or indigestion involving nausea,
pain, burning sensations, or excessive gas.
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' PERSPECTIVES IN PRACTICE

Help Your Digestive System Work for You

Our way of eating can either support or stress the normal func-
tion of the digestive tract. Positive practices maximize our
enjoyment of food and help regulate our food intake.

e Chew vyour food slowly; allow time for the vapors to
enter your sinus cavity and contribute to your sensation of
taste.

e Take small bites; eating in a hurry and washing down large
mouthfuls with liquid often lead to swallowing an excessive
amount of air, causing bloating and belching.

e Wait 15 to 20 minutes before taking second helpings; when
food moves from your stomach into your small intestine it
triggers feelings of satiety and you may find that you don’t
need that extra spoonful.

e Try to concentrate on pleasant thoughts or conversation
while eating; emotional distress such as fear, anger, or
worry can depress the secretion of digestive enzymes and
slow peristalsis, leading to gastrointestinal discomfort or
upset.

e Focus on your food when eating; try not to combine eating
with watching television, completing a homework assign-
ment, or driving to work or class.

e Enjoy the sight, smells, and anticipation of food as you
prepare or serve your meal; these responses promote
enzyme secretion and digestive function.

¢ Divide your food across the day; don't consume the majority
of your kcalories at one meal; the cells lining the gastroin-
testinal tract derive most of their energy from the food
passing through, and they require a constant supply of nutri-
ents to meet their high metabolic demands.

e Try to eat approximately the same amount of food every day,
rather than gorging one day and fasting the next; this sup-
ports not only efficient gastrointestinal function but also
effective body weight management.
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no longer needed. The introduction of a dairy-based culture
in particular geographic regions 10,000 years ago likely con-
tributed to the retention of lactase activity among certain
European groups. Most populations lose more than 70%
of their lactase activity within 3 to 4 years of weaning,
although Caucasians often retain high lactase activity through
adolescence.”

Other conditions can cause or worsen symptoms after
eating foods that contain lactose. Irritable bowel syndrome,
celiac disease, cystic fibrosis, or other disorders that damage
the intestinal mucosa can interfere with the digestion of
lactose, and medical diagnosis is often needed to confirm the
basis of the malabsorption. Viral infections can cause tempo-
rary lactose intolerance. The identification of genes that
support the persistence of lactase secretion has enabled the
development of genetic testing to confirm true lactose
intolerance.”

Individuals who appear to have problems digesting lactose
may not be lactose intolerant. When adults who believed they
were lactose intolerant were given a beverage containing
lactose as opposed to a similar beverage that looked and
tasted the same but had the lactose removed, their responses
were similar, suggesting that lactose itself is not always the
major cause of symptoms when consumed in the customary
dietary portion of 1 cup of milk.” In general, symptoms will
not occur with doses of 15 g of lactose or less, especially
if consumed with other foods. Symptoms increase when
intake rises to 20 g and become acute at levels of 50 g or
higher.”

Most people who have problems digesting lactose do not
need to follow a lactose-free diet, although milk may be
limited in favor of other dairy foods. Maldigestion of lactose
does not mean that an individual is allergic to milk or dairy
foods, although both conditions are sometimes present in the

same person. A true milk allergy is caused by the protein in

milk, not the lactose.'®
To increase their intakes of calcium and vitamin D, people

with lactose maldigestion might begin to include dairy foods
in their diet in the following ways'":

« Add dairy foods gradually: Begin with a small amount of
one dairy food each day, one-quarter cup of milk or one-
half ounce of cheese; include only one lactose-containing
food per meal. (See Box 2-1 for food lactose content.)

* Include lactose-containing foods with a meal or snack: This
combination slows the movement of lactose into the intes-
tine and may reduce discomfort.

* Choose dairy foods low in lactose: Use lactose-free or
lactose-reduced milk. (Acidophilus milk is not lactose-
free.) Add lactase enzyme drops (Lactaid or Dairy Ease) to
milk to break down some of the lactose. Lactase tablets
taken right before eating can reduce discomfort. Aged
cheeses such as cheddar or Swiss are lower in lactose than
cheese spreads or other processed cheese. Lactose is also
found in nondairy foods that have milk as an ingredient.
Breads and other baked products, some ready-to-eat
breakfast cereals, pancake and cookie mixes, instant pota-
toes, cream soups, hot dogs, and luncheon meats may
contain lactose. Read the Nutrition Facts label, and look
for the word milk or whey. (See Chapter 7 for food sources
of calcium for persons who cannot tolerate dairy foods.)

Prebiotics and Probiotics

We sometimes have the perception that all microbes are
harmful as we read reports of antibiotic-resistant viruses,
outbreaks of foodborne illnesses, or advertisements for anti-
bacterial soap. In contrast, Elie Metchnikoff, a Russian micro-
biologist who lived in the 19th century, speculated that
fermented milk that supplied microbes beneficial to colon



CHAPTER 2 Digestion, Absorption, and Metabolism

BOX 2-1 FOOD SOURCES OF LACTOSE

0 to 2 g Lactose

1 to 2 oz Swiss or cheddar cheese
1 oz American cheese

Y% cup cottage cheese

Y cup lactase-treated milk

5 to 8 g Lactose

¥ cup regular milk

Y, cup white sauce

Y cup yogurt

1 cup ice cream or ice milk
2 tbsp powdered milk

Data from Bonci L: American Dietetic Association guide to better digestion, Hoboken, NJ, 2003, John Wiley & Sons.

COLONIC BACTERIA SUPPORT
HEALTH IN VARIOUS WAYS

e Produce short-chain fatty acids that nourish the cells of the
intestinal mucosa

e Assist in absorbing and activating phytochemicals

e Assist in breaking down binding substances and enabling
absorption of minerals

e Prevent harmful bacteria from growing and forming
colonies

e Support immune cells that attack harmful body invaders

e Synthesize biotin and vitamin K

BOX 2-2

health contributed to the long life of many peasants in his
country. We have since learned that many microbes living in
the gastrointestinal tract promote human health; these
microbes are new tools for improving gastrointestinal and
immune function and treating gastrointestinal disorders
(Box 2-2). These microbes and related food components have
been termed prebiotics and probiotics based on their use and
intestinal effects. Prebiotics are components found in food
that selectively stimulate the growth of one or more species
of bacteria in the colon. Probiotics are live microorganisms
that result in a health benefit to the host when administered
in adequate amounts.”

Prebiotics

Prebiotics are indigestible carbohydrates, mostly polysaccha-
rides, that are resistant to the secretions of the stomach and
small intestine. They reach the colon generally intact; from
there they are fermented and stimulate the growth and activ-
ity of healthy bacteria, such as Lactobacillus and Bifidobacte-
rium.”””* Any dietary component that reaches the colon intact
is a potential prebiotic. Prebiotics used clinically include oli-
gosaccharides isolated from wheat, onions, bananas, garlic,
soybeans, artichokes, and asparagus. Other prebiotics include
various fiber derivatives and lactulose, a synthetic disaccha-
ride.” Prebiotics found in breast milk support the develop-
ment of appropriate microflora in the infant’s gastrointestinal
tract and likely contribute to the immune factors passing to

the breast-fed infant.”” Prebiotics have been used to treat

allergies and eczema in infants and adults.”

Prebiotics support increases in health-promoting bacteria
and bring about various favorable actions, as follows:

+ Immune function: Prebiotics exert a profound effect on the
immune system by way of their action on microbial popu-
lations and the protective cells lining the colon. Prebiotics
influence the secretion of antibodies and other agents of
the immune system when needed to combat pathogens
entering the lower gastrointestinal tract. Prebiotics sup-
port the proliferation of health-promoting bacteria that
limit the development of harmful bacterial colonies and
prevent the binding of pathogens to the intestinal mucosa.’’
Imbalances in gastrointestinal microflora have been impli-
cated in the development of Crohn’s disease, inflamma-
tory bowel disease (IBS), and infectious diarrhea.”

*  Mineral absorption: Although most minerals are absorbed
in the small intestine, the lower pH of the colon that
results from bacterial fermentation stimulates the absorp-
tion of calcium, magnesium, zinc, and iron still remaining
in the food residue. These bacteria also break down
phytate, an indigestible material found in plant foods that
binds minerals and prevents their absorption.”*” The
effect of prebiotics on calcium absorption exerts a positive
effect on bone health.

« Normal laxation: The fermenting action of bacteria on
lactulose relieves constipation and helps avoid dependence
on laxatives. Prebiotics added to tube feedings prevent the
common problem of diarrhea.*

+ Colon cancer: The fermentation products of health-
promoting bacteria may help destroy cancer cells and toxic
enzymes produced by harmful bacteria, although further
study is needed.”

Probiotics

The most commonly used probiotics are lactic-acid bacteria
and nonpathogenic yeasts. The benefits of probiotics depend
on the particular strain of live bacteria and the active sub-
stances it produces. Lactic acid—producing bacteria have been
used over the centuries to acidify and preserve foods such as
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cultured milk and yogurt, cheese, distilled mash, pickled cab-
bages, and tempeh. Probiotic cultures are available from
pharmaceutical companies for clinical use, although quality
control regarding the number, activity, and strain of bacteria
can be a problem.” It is difficult to know how a particular
dose of living bacteria will interact with the microflora that
already exist in a particular individual. Nevertheless, clinical
applications of probiotics now in use include the following:

+ Diarrhea: Species of Lactobacillus are effective in treating
infectious diarrhea, which is often rampant in day care
centers.” Probiotics have also been a successful interven-
tion for antibiotic-induced diarrhea.” Loss of the normal
microflora resulting from antibiotic therapy allows the
growth of harmful bacteria, and the resulting diarrhea
adds days to recovery time. In contrast, probiotics seem to
have less effect on healthy individuals, as shown when a
probiotic drink administered to school-age children, in
an effort to reduce infectious disease, did not lower the
number of days missed from school.”

+ Infant allergies: Probiotics have the ability to attenuate
immune responses and reduce cereal allergies. When given
to expectant mothers with a family history of cereal allergy,
only half of their infants showed signs of potential allergy.”’

+ Inflammatory bowel disease: In patients with ulcerative
colitis, treatment with probiotics has supported remission
and effectively treated mild to moderate flare-ups. Treat-
ment of Crohn’s disease has been less successful.”**

+ Inhibition of H. pylori: This pathogenic bacterium attaches
to the gastric mucosa and has been implicated in the devel-
opment of peptic ulcer, chronic gastritis, and gastric
cancer. Probiotics seem to inhibit its growth and prevent
it from burrowing into the stomach lining.” (See the
Focus on Culture box, “Helicobacter pylori: Risk Factor
for African Americans and Hispanics,” for more informa-
tion on the prevalence of this condition among various
groups.)

+  Gastrointestinal immune response: Probiotics support the
immune cells in the gastrointestinal tract that provide the
first line of defense against pathogens entering the body.”

+ Lactose intolerance: Probiotics in the colon help break
down lactose, preventing symptoms associated with lactase
deficiency.”

Although lactic acid—producing bacteria have been used
successfully in food and therapeutic preparations, safety is
still a concern. Individuals with compromised immune func-
tion should not use probiotics without medical supervision,
and clinicians have raised concerns about their use with criti-
cally ill patients. Contamination of the probiotic with a
pathogenic strain or the passage of a probiotic microorgan-
ism across the intestinal mucosa and into the blood could
lead to sepsis in an adult who lacks normal immune
response.”” Heat-killed probiotic species would provide a safe
alternative for individuals at risk, although their potential
effectiveness has not been determined.” Currently, no legal
definitions have been formulated for the terms prebiotic or
probiotic, and as dietary supplements, their product labels are
not reviewed for accuracy or efficacy by the U.S. Food and

FOCUS ON CULTURE

Helicobacter pylori: Risk Factor for African
Americans and Hispanics

The bacterium H. pyloriresides in the stomach lining of nearly
half of the world’s population. In contrast to Lactobacillus and
Bifidobacterium, which carry out many healthful functions in
the human colon, H. pyloriis a known risk factor for dyspep-
sia, peptic ulcer, chronic gastritis, and gastric cancer. Although
a national survey reported that 31% of the U.S. population
tested positive for H. pylori, prevalence in the African-
American and Mexican-American population of the U.S. was
nearly twice this number. H. pylori infection may contribute
to the higher incidence of gastric cancer among African
Americans as compared with Caucasians. H. pylori infection
also affects nutritional status, because it lowers the secretion
of gastric acid needed for optimal absorption of various nutri-
ents. Individuals who tested positive for H. pylori had lower
serum levels of retinol (vitamin A), beta carotene, and folate,
despite dietary intakes equivalent to those with higher serum
levels who were free of H. pyloriinfection. In another report,
low blood levels of ascorbic acid and vitamin B, were
restored to normal when the patients’ H. pylori infection was
eradicated. H. pylori status is related to socioeconomic vari-
ables with higher rates of infection among those with less
education, lower income, and poorer living conditions;
however, African Americans are still more likely to test posi-
tive than Caucasians in a similar situation, suggesting a bio-
logic vulnerability among African Americans.
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Drug Administration.”® Accurate information relating to the
exact strain or species of bacteria, dosage required for effec-
tive intervention, safety of a particular product, or product
shelf life can be difficult to obtain.”’

JHEALTH PROMOTION

Choosing Foods That Contain Prebiotics

and Probiotics

Individuals can increase their populations of health-
promoting prebiotic and probiotic species by thoughtful food
selection. Fruits and vegetables such as bananas, leeks, and
asparagus, and whole-grain oatmeal and wheat products are
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good sources of prebiotics.”’ Yogurt, cheese, and kefir (fer-
mented milk prepared by adding kefir grains to cow’s or
goat’s milk) all contain potentially beneficial live bacteria.
Some yogurts currently sold in the U.S. contain not only
starter cultures of bacteria, but also added Lactobacillus or
Bifidobacterium to produce a probiotic effect, although label
information as to the amount added can be limited. New
fermented milk and yogurt products marketed as functional
foods and containing known strains of bacteria at probiotic
levels are entering the marketplace.”

METABOLISM

Following absorption, nutrients are transported to cells to
provide energy or produce substances and tissues needed to
sustain body functions. Metabolic activities within cells
encompass the total spectrum of chemical reactions associ-
ated with the final use of the individual macronutrients.

Carbohydrate Metabolism

Glucose is an immediate energy source for all body cells, but
it is the preferred energy source for the brain and nervous
system. Because glucose is so critical to life, its level in the
blood is carefully regulated.

Sources of Blood Glucose

Both carbohydrate and noncarbohydrate molecules are

sources of blood glucose, described as follows:

+ Carbohydrate sources: Three carbohydrate substances can
be converted to glucose: (1) dietary starches and sugars,
(2) glycogen stored in the liver and muscle, and (3) prod-
ucts of carbohydrate metabolism such as lactic acid and
pyruvic acid.

+  Noncarbohydrate sources: Both protein and fat are indirect
sources of glucose. Certain amino acids are called gluco-
genic amino acids because they can form glucose after
their amino group (NH,") is removed. About 58% of the
protein in a mixed diet is made of glucogenic amino
acids. Thus, more than half of dietary protein might ulti-
mately be used for energy if sufficient carbohydrate and
fat are not available. After fats are broken down into fatty
acids and glycerol, the glycerol portion (about 10% of
the fat) can be converted to glycogen in the liver and then
to glucose as needed. The formation of glucose from
protein, glycerol, and carbohydrate metabolites is called
gluconeogenesis.

Uses of Blood Glucose

Blood glucose is maintained within a normal range of 70 to
140 mg/dL (3.9-7.8 mmol/L) but is in constant flux as
absorbed glucose is transported to cells for immediate use or
removed from the circulation and stored as glycogen or fat.

Blood glucose is used in three different ways:

*  Energy production: The primary function of glucose is to
supply energy to meet the body’s constant demand. An
array of metabolic pathways requiring specific and succes-
sive enzymes accomplishes this task.

+  Energy storage: Glucose is stored in two forms: (1) glyco-
gen, which is held in limited amounts in liver and muscle;
and (2) fat (adipose tissue), which is the storage form for
all excess glucose after energy demands have been met.
Only a small supply of glycogen exists at any one time, and
it turns over rapidly. In contrast, fat can be stored in
unlimited amounts in adipose tissue and provides long-
term energy stores.

*  Glucose products: Small amounts of glucose are used to
produce various carbohydrate compounds with impor-
tant roles in body metabolism. Examples include deoxy-
ribonucleic acid (DNA) and ribonucleic acid (RNA),
galactose, and certain amino acids.

These sources and uses of glucose act as checks and
balances to maintain normal blood glucose levels, adding
or removing glucose as needed.

Hormonal Controls

Several hormones directly and indirectly influence glucose

metabolism and regulate blood glucose levels.

* Blood glucose—lowering hormone: Only one hormone—
insulin—lowers blood glucose. Insulin is produced by the
beta cells in the pancreas. These cells are scattered in clus-
ters, forming “islands” in the pancreas, which gives rise to
the name islets of Langerhans after the German scientist
who first discovered them. Insulin lowers blood glucose by
the following actions:

*  Glycogenesis stimulates the conversion of glucose to gly-
cogen in the liver for energy reserve.

* Lipogenesis stimulates the conversion of glucose to fat
for storage in adipose tissue.

+ Cell permeability increases, allowing more glucose to
enter the cell and be oxidized for energy.

* Blood glucose—raising hormones: The following hormones
effectively raise blood glucose levels:

*  Glucagon produced by the alpha cells in the pancreas
acts in opposition to insulin, increasing the breakdown
of liver glycogen to glucose and maintaining blood
glucose levels during fasting or sleep hours. (The
hydrolysis of liver glycogen to yield glucose is called
glycogenolysis.)

+ Somatostatin, produced in the delta cells of the pan-
creas and in the hypothalamus, suppresses insulin and
glucagon and acts as a general modulator of related
metabolic activities.

+  Steroid hormones, secreted by the adrenal cortex, release
glucose-forming carbon units from protein and oppose
the actions of insulin.

+ Epinephrine, originating from the adrenal medulla,
stimulates the breakdown of liver glycogen and quick
release of glucose.

+  Growth hormone (GH) and adrenocorticotropic hormone
(ACTH), released from the anterior pituitary gland,
oppose the actions of insulin.

+ Thyroxine, originating in the thyroid gland, increases
the rate of insulin breakdown, increases glucose
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absorption from the small intestine, and liberates
epinephrine.

Lipid Metabolism

Lipid Synthesis and Breakdown

Two organ tissues—liver and adipose tissue—participate in
lipid synthesis and breakdown as partners in lipid metabo-
lism. The fatty acids released from lipids supply body cells
with concentrated fuel for energy.

Lipoproteins

Lipid-protein complexes are the transport form of lipids in

the blood. An excess of blood lipoproteins produces a clinical

condition called hyperlipoproteinemia. Lipoproteins are pro-
duced (1) in the intestinal wall after the initial absorption of
dietary lipids and (2) in the liver for constant recirculation to
and from cells. Because lipid and carbohydrate metabolism
are interrelated, they involve the same hormones, as follows:

* GH, ACTH, and thyroid-stimulating hormone (TSH), all
coming from the pituitary gland, increase the release of
free fatty acids from stored lipids when energy demands
are imposed.

+ Cortisol and corticosterone from the adrenal gland cause
the release of free fatty acids.

+ Epinephrine and norepinephrine stimulate the breakdown
of lipids and release of free fatty acids.

+ Insulin promotes lipid synthesis and storage, whereas glu-
cagon has the opposite effect of breaking down lipid stores
to release free fatty acids.

+ Thyroxine stimulates release of free fatty acids and lowers
blood cholesterol levels.

When fatty acids absorbed from the gastrointestinal tract
are delivered to the liver and muscle in larger amounts than
needed for immediate energy or synthesis of important mol-
ecules, the hormone insulin promotes the formation of tri-
glycerides for storage in the adipose tissue. In situations of
prolonged physical activity, starvation, physical stress, or
other circumstances that require energy beyond what can be
supplied by available glycogen, these triglycerides are broken
down and their fatty acids released. Free fatty acids are deliv-
ered to the liver to be packaged in lipoproteins for transport
to cells for meeting energy needs or redeposition in adipose
tissue. Muscle cells, including the heart muscle, depend on
free fatty acids for their ongoing energy needs.

Protein Metabolism

Anabolism (Tissue Building)

Protein metabolism centers on the critical balance
between anabolism (tissue building) and catabolism (tissue

llTo sum upP

breakdown). The process of anabolism builds tissue through
the synthesis of new protein. The making of new protein
is governed by a definite pattern or “blueprint” provided
by DNA in the cell nucleus that calls for specific amino
acids. Specific enzymes and coenzymes along with certain
hormones—GH, gonadotropins, and thyroxine—control
and stimulate the building of tissue protein.

Catabolism (Tissue Breakdown)

Amino acids released by tissue breakdown are reused for
making new proteins or, if not needed for protein synthesis,
are broken down further and used for other purposes. The
breakdown of these amino acids yields two parts: (1) the
nitrogen-containing group and (2) the remaining nonnitro-
gen residue, as follows:

1. Nitrogen group: The nitrogen portion is split off first, a
process called deamination. This nitrogen can be con-
verted to ammonia and excreted in the urine or retained
for use in making other nitrogen compounds.

2. Nonnitrogen residue: The nonnitrogen residues are called
keto acids. They can be used to form either carbohydrates
or fats, or, with the addition of a nitrogen group, can form
a new amino acid. In health, a dynamic equilibrium exists
between anabolism and catabolism that sustains growth
and maintains sound tissue.

Metabolic Interrelationships

Every chemical reaction occurring in the body is purposeful,
and all are interdependent. They have two essential roles: (1)
to produce energy, and (2) to support the growth and main-
tenance of healthy tissue. The controlling agents necessary
for these reactions to proceed in an orderly manner are the
cell enzymes, their coenzymes (often a vitamin or mineral),
and special hormones. Overall, human metabolism is an
exciting biochemical process designed to develop, sustain,
and protect life.

KEY TERMS

gluconeogenesis Production of glucose from keto acid
carbon skeletons from deaminated amino acids or the glyc-
erol portion of triglycerides.

glycogenolysis Specific term for the conversion of glyco-
gen into glucose in the liver.

deamination Removal of an amino group (NH,) from an
amino acid.

keto acid Amino acid residue after deamination; the glyco-
genic keto acids can be converted to glucose.

Digestion breaks down the food we eat to release and convert
nutrients to simple forms that the body can use. Digestion
involves two types of activities: mechanical and chemical.
Muscle action breaks down food through mixing and

churning motions and moves the food mass along the gas-
trointestinal tract. The chemical activity of gastrointestinal
secretions breaks down food into smaller and more
simple components for absorption. Monosaccharides (simple
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sugars) and amino acids are water soluble and pass from the
mucosal cells of the small intestine into the portal blood.
Long-chain fatty acids must be packaged in lipid-protein
complexes that enter the lymph and then pass through the
thoracic duct into the general circulation. The enormous
population of bacteria found in the colon participates in
immune function and the absorption and synthesis of

[ QUESTIONS FOR REVIEW

important nutrients. The day-to-day function of the gastro-
intestinal tract, often taken for granted, represents a highly
coordinated and efficient body system. The breakdown prod-
ucts released through digestion—glucose, amino acids, and
fatty acids—participate in multiple metabolic pathways
under hormonal and enzymatic control, producing energy
and the substances and tissues necessary for life and health.

1. List the muscle types and the motions or movements
they provide in each section of the gastrointestinal tract.
What are the physiologic or pathologic consequences
when (a) movement is absent or too slow and (b) when
movement is too rapid?

2. How does the hypothalamus exert control on food
intake?

3. You are working with an older adult who suffered a
stroke, which resulted in damage to the nerves in his head
and throat. What are the implications for his food intake
and nutritional well-being?

4. Describe the sources, location of action, and factors
that influence the secretion or suppression of digestive
enzymes and secretions.

5. It is said that “food doesn’t really enter the body until it
is absorbed.” What does this mean? What mechanisms
support the absorption of nutrients against a concentra-
tion gradient?

6. You have just eaten a lunch that included a hamburger
on a whole-wheat bun, a glass of low-fat milk, and a
bunch of grapes. Trace the digestion and final use of each
of the macronutrients present in your lunch. What are
(a) the enzymes, locations, and breakdown products
formed in the complete digestion of these foods; (b) the
routes taken by the breakdown products after absorp-
tion; and (c) one possible body use?

7. Visit alocal supermarket or drug store and examine three
over-the-counter medications that claim to (a) reduce
stomach acid or (b) alleviate abdominal discomfort or
intestinal gas. Make a table that includes each product
and list the active ingredients on the product label. Visit

REFERENCES

1. Mason JB: Nutrition and gastroenterology: a mutually
supportive partnership. Nutr Clin Care 7(3):91, 2004.

2. Guyton AC, Hall JE: Textbook of medical physiology, ed 10,
Philadelphia, 2000, Saunders.

3. Smeets PAM, Erkner A, de Graaf C: Cephalic phase responses
and appetite. Nutr Rev 68(11):643, 2010.

4. Serra-Prat M, Palomera E, Clave P, et al: Effect of age and
frailty on ghrelin and cholecystokinin responses to a meal
test. Am J Clin Nutr 89:1410, 2009.

5. Klein S, Cohn SM, Alpers DH: The alimentary tract in
nutrition. In Shils MA, Olson JA, Shike M, editors: Modern

the National Library of Medicine/National Institutes of
Health MedlinePlus website at http://www.nlm.nih.gov/
medlineplus/druginformation.html or consult another
drug index to identify the specific actions of each ingredi-
ent. What is the mechanism by which each active ingredi-
ent is believed to bring about the desired effect? What is
the relative safety of this drug based on the possible side
effects or contraindications?

8. You are working with a young woman who has indicated
that she is lactose intolerant and has deleted all dairy
products from her diet: (a) What do you need to know
about her symptoms and when they occurred? (b)
Develop a daily protocol for gradually adding lactose-
containing foods to her diet. (c) Prepare a list of calcium-
containing foods that will meet her DRI for calcium if
consumption of dairy products is not an option.

9. How might long-term antibiotic use affect the overall
function of the gastrointestinal tract? Explain.

10. A patient tells you about an advertisement she saw on the
Internet for a probiotic supplement. She frequently expe-
riences stomach discomfort after eating and is wondering
if that product will help her. What would you need to
know about this product to safely advise her? What
would you need to know about her condition and use of
other medications?

11. Describe the complementary roles of insulin and gluca-
gon in regulating blood glucose levels. What are the
effects of these hormones over the course of a day for an
individual who eats breakfast at 7:00 a.m., lunch at 12:00
p.m., and dinner at 6:00 p.m., with no snacks?

nutrition in health and disease, ed 10, Baltimore, Md., 2006,
Lippincott Williams & Wilkins.

6. Grimm ER, Steinle NI: Genetics of eating behavior. Nutr Rev
69(1):52, 2010.

7. Duffy VB: Variation in oral sensation: implications for diet
and health. Curr Opin Gastroenterol 23:171, 2007.

8. Avsar A, Darka O, Bodrumlu E, et al: Evaluation of the
relationship between passive smoking and salivary
electrolytes, protein, secretory IgA, sialic acid, and amylase in
young children. Arch Oral Biol 54:457, 2009.

9. Cena H, Fonte ML, Turconi G: Relationship between smoking
and metabolic syndrome. Nutr Rev 69:745, 2011.



http://www.nlm.nih.gov/medlineplus/druginformation.html
http://www.nlm.nih.gov/medlineplus/druginformation.html

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

PART 1

Introduction to Human Nutrition

Gonsalves WC, Wrightson AS, Henry RG: Common oral
conditions in older persons. Am Fam Phys 78:845, 2008.
Avunduk C: Manual of gastroenterology: diagnosis and
therapy, ed 4, Philadelphia, 2008, Lippincott Williams &
Wilkins.

Singh M, Lee ], Gupta N, et al: 2012. Weight loss can lead to
resolution of gastroesophageal reflux disease symptoms. A
prospective intervention trial. Obesity (Silver Spring) 21(2):
284, 2013.

Peery AF, Dellon ES, Lund J, et al: Burden of gastrointestinal
disease in the United States: 2012 update. Gastroenterology
143(5):1179, 2012.

Harrington LK, Mayberry JF: A re-appraisal of lactose
intolerance. Int J Clin Pract 62:1541, 2008.

Wallace TC, Guarner F, Madsen K, et al: Human gut
microbiota and its relationship to health and disease. Nutr
Rev 69(7):392, 2011.

Flint HJ: The impact of nutrition on the human microbiome.
Nutr Rev 70(Suppl 1):S10, 2012.

Turner NJ, Thomson BM, Shaw IC: Bioactive isoflavones in
functional foods: the importance of gut microflora on
bioavailability. Nutr Rev 61:204, 2003.

Bonci L: American Dietetic Association guide to better digestion,
Hoboken, NJ, 2003, John Wiley & Sons.

Lacy BE, Talley NJ, Locke GR, et al: Review article: current
treatment options and management of functional dyspepsia.
Aliment Pharmacol Ther 36:3, 2012.

Oustamanolakis P, Tack J: Dyspepsia: organic versus
functional. J Clin Gastroenterol 46(3):175, 2012.

Aro P, Talley NJ, Agreus L, et al: Functional dyspepsia impairs
quality of life in the adult population. Aliment Pharmacol
Ther 33(11):1215, 2011.

Beyer PL: Gastrointestinal disorders: roles of nutrition and
the dietetics practitioner. ] Am Diet Assoc 98:272, 1998.
Lomer MCE, Parkes GC, Sanderson JD: Review article: lactose
intolerance in clinical practice—myths and realities. Aliment
Pharmacol Ther 27:93, 2008.

Nicklas TA, Qu H, Hughes SO, et al: Self-perceived lactose
intolerance results in lower intakes of calcium and dairy foods
and is associated with hypertension and diabetes in adults.
Am J Clin Nutr 94:191, 2011.

Mattar R, Ferraz de Campos Mazo DF, Carrilho FJ: Lactose
intolerance: diagnosis, genetic, and clinical factors. Clin Exp
Gastroenterol 5:113, 2012.

Savaiano DA, Boushey CJ, McCabe GP: Lactose intolerance
symptoms assessed by meta-analysis: a grain of truth that
leads to exaggeration. ] Nutr 136:1107, 2006.

Shaukat A, Levitt MD, Taylor BC, et al: Systematic review:
effective management strategies for lactose intolerance. Ann
Intern Med 152(12):797, 2010.

Douglas LC, Sanders ME: Probiotics and prebiotics in dietetic
practice. ] Am Diet Assoc 108:510, 2008.

Walker WA, Heintz K: Protective nutrients: are they here to
stay? Nutr Today 47(3):110, 2012.

deVos WM, deVos EAJ: Role of the intestinal microbiome in
health and disease: from correlation to causation. Nutr Rev
70(Suppl 1):545, 2012.

Dubert-Ferrandon A, Newburg DS, Walker WA: Part

2: Prebiotics. New medicines for the colon, health benefits.
Nutr Today 44(2):85, 2009.

32. Roberfroid M, Gibson GR, Hoyles L, et al: Prebiotic effects:
metabolic and health benefits. Br ] Nutr 104(Suppl 2):S1,
2010.

33. Clark MJ, Robien K, Slavin JL: Effects of prebiotics on
biomarkers of colorectal cancer in humans: a systematic
review. Nutr Rev 70(8):436, 2012.

34. Roman BA: Use of probiotics in the management of diarrhea
in pediatric patients. Clin Nutr Insight 35(10):1, 2009.

35. Quigley EMM: Prebiotics and probiotics: their role in the
management of gastrointestinal disorders in adults. Nutr Clin
Prac 27(2):195, 2012.

36. Lomangino K: Can probiotics prevent infections in healthy
children? Clin Nutr Insight 36(8):1, 2010.

37. Sanz Y: Gut microbiota and probiotics in maternal and infant
health. Am J Clin Nutr 94(Suppl):2000S, 2011.

38. Brown AC, Valiere A: Probiotics and medical nutrition
therapy. Nutr Clin Care 7(2):56, 2004.

39. Whelan K, Myers CE: Safety of probiotics in patients receiving
nutritional support: a systematic review of case reports,
randomized controlled trials, and nonrandomized trials. Am J
Clin Nutr 91:687, 2010.

40. Kataria J, Li N, Wynn JL, et al: Probiotic microbes: do they
need to be alive to be beneficial? Nutr Rev 67(9):546, 2009.

41. Connolly ML, Tuohy KM, Lovegrove JA: Wholegrain
oat-based cereals have prebiotic potential and low glycaemic
index. Br ] Nutr 24:1, 2012.
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Readings

Andrade AM, Greene GW, Melanson KL: Eating slowly led to
decreases in energy intake within meals in healthy women.
J Am Diet Assoc 108:1186, 2008.

[This research indicates that eating slowly influences appetite
regulation and reduces energy intake.]

Bonci L: American Dietetic Association guide to better digestion,
Hoboken, NJ, 2003, John Wiley & Sons.

[This book is a general reference on dietary interventions for digestive
disorders. ]|

Cao Q, Kolasa KM: Gut check: finding the effective dietary
approach. Nutr Today 46(4):171, 2011.

[These authors provide insight to dietary approaches for treating
common digestive disorders.|

Dubert-Ferrandon A, Newburg DS, Walker WA: Part 2: Prebiotics.
New medicines for the colon, health benefits. Nutr Today
44(2):85, 2009.

[This publication discusses new uses of prebiotics in patient care.]

Websites of Interest

« National Institutes of Health, National Center for Alternative
and Complementary Medicine: This site offers information on
herbs sometimes recommended for digestive disorders such as
chamonmile, ginger, peppermint oil, and turmeric, noting
usefulness and risk, if any; http://nccam.nih.gov/health/
herbsataglance.htm

+ National Institutes of Health, National Digestive Diseases
Information Clearing House; Lactose Intolerance: This site
describes causes, diagnosis, and useful interventions for lactose
maldigesters; http://digestive.niddk.nih.gov/ddiseases/pubs/
lactoseintolerance/index.aspx
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With this chapter we begin our study of the macronutrients—
carbohydrates, fats, and proteins. These three nutrients share a
unique characteristic: the ability to supply energy.

Carbohydrates are of prime importance in the human diet.
Over the ages they have nurtured cultures throughout the world
as the major source of energy for work and growth. In recent
years researchers have focused attention on digestible and indi-
gestible carbohydrates and their various effects on health. Indi-
gestible carbohydrates, usually referred to as fiber, have specific
functions in maintaining gastrointestinal health. Plant foods
identified as functional foods have distinct characteristics that
positively influence health. Unfortunately, added sugars, which
contribute kcalories but little else, are making up a greater pro-
portion of the typical American diet at the expense of complex
carbohydrates and fiber.

We will first review the different types of carbohydrate and
then examine their functions.

THE NATURE OF CARBOHYDRATE

Basic Fuels: Sugars and Starch

Two forms of digestible carbohydrate occur naturally in
plant foods: (1) sugars and (2) starch. Energy on planet Earth
comes ultimately from the sun and its action on plants. Using
their internal process of photosynthesis, plants transform

the sun’s energy into the stored fuel of carbohydrate (Figure
3-1). Plants use carbon dioxide (CO,) from the air and water
from the soil—with the plant pigment chlorophyll as a chem-
ical catalyst—to manufacture sugars and starch. The carbo-
hydrates that plants store for their own energy needs become
a source of fuel for humans who eat those plants. Because our
bodies can rapidly break down starch and sugars, carbohy-
drates are often referred to as quick energy foods. They are our
primary source of energy.

Dietary Importance

Carbohydrates make up a major portion of the food of people
all over the world. Fruits, vegetables, cereals, grains, and dairy
foods supply carbohydrate; in some countries fruits, vegeta-
bles, and grains make up 85% of the diet.' Rice is one of the
world’s most important sources of carbohydrate, feeding 3
billion people in the developing world.” In the typical Ameri-
can diet, about one half of total kilocalories (kcalories or kcal)
come from carbohydrates.” Carbohydrate foods are readily
available, relatively low in cost, and easily stored. Compared
with food items that require refrigeration or have a short shelf
life, many carbohydrate foods can be held in dry storage for
fairly long periods without spoiling. Modern processing and
packaging methods have extended the shelf life of carbohy-
drate products almost indefinitely.
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FIGURE 3-1 Photosynthesis. In the pres-
ence of sunlight and the green leaf pigment
chlorophyll, plants use water and carbon

Energy

Carbon dioxide
%
85

dioxide (CO,) to produce glucose and starch Carbon
by capturing the sun’s energy and trans-
forming it into chemical energy in the
food products stored in their roots, stems,

and leaves; through this process oxygen is

(CO,)

Water
dioxide + (H,O)

Glucose Oxygen

a0 »

returned to the atmosphere. (Courtesy
Medical and Scientific Illustration.)

CLASSIFICATION OF CARBOHYDRATES

The term carbohydrate comes from its chemical nature. Car-
bohydrates contain the elements carbon, hydrogen, and
oxygen, with the hydrogen/oxygen ratio usually that of water
(CH,0). Carbohydrates are classified according to the number
of basic sugar or saccharide units that make up their struc-
ture. The monosaccharides and disaccharides are referred to
as simple carbohydrates because of their relatively small size
and structure. The polysaccharides, including starch and
certain fibers, are called complex carbohydrates based on their
larger size and more complicated structure.

Monosaccharides

The simplest form of carbohydrate is the monosaccharide,
or single sugar. The three monosaccharides important in
human nutrition are (1) glucose, (2) fructose, and (3)
galactose.

Glucose

Glucose is a moderately sweet sugar found naturally in only
a few foods, one being corn syrup. Glucose is the common
body fuel oxidized by cells. It is supplied to the body directly
from the digestion of starch but is also obtained through
conversion of other simple sugars. Glucose (referred to by its
older name dextrose in hospital intravenous solutions) is the
form in which carbohydrates circulate in the blood.

Starch

Chiorophy (CeH1206) + (Op)
+ Sunlight ‘
< »

Fructose

Fructose, the sweetest of the simple sugars, is found naturally
in fruits and honey. Fructose intake has escalated dramatically
since high-fructose corn syrup (HFCS) was introduced for
use in processed food. HFCS is the sweetener in many soft
drinks, fruit drinks, commercial baked products, and dessert
mixes. About 9% of the total energy intake of Americans 2
years of age and older comes from fructose.* In humans,
fructose is converted to glucose and burned for energy. Fruc-
tose is absorbed less efficiently than glucose, and amounts of
25 g to 50 g or more can cause gastrointestinal distress.” (An

KEY TERMS

carbohydrate Compound made up of carbon, hydrogen,
and oxygen; includes starches, sugars, and dietary fiber
made and stored in plants; digestible carbohydrates yield
4 kcal/g.

photosynthesis Process by which plants containing chlo-
rophyll are able to manufacture carbohydrate by combining
CO, from the air and water from the soil with sunlight provid-
ing energy and chlorophyll as a catalyst.

monosaccharide Simple sugar; a carbohydrate containing
a single saccharide (sugar) unit. The most common monosac-
charides are glucose, galactose, and fructose.
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TABLE 3-1 PHYSIOLOGIC AND NUTRITIONAL SIGNIFICANCE OF MONOSACCHARIDES
MONOSACCHARIDE SOURCE SIGNIFICANCE
D-Glucose* Fruit juices; hydrolysis of starch, cane Form of sugar used by the body for fuel; found in blood
sugar, maltose, and lactose and tissue fluids
D-Fructose Fruit and fruit juices; honey; hydrolysis Converted to glucose in the liver and intestine to serve
of sucrose from cane sugar as body fuel
D-Galactose Hydrolysis of lactose (milk sugar) Converted to glucose in the liver to be used as body
fuel; synthesized in the mammary gland to form lactose
for milk; constituent of glycolipids and glycoproteins

*Monosaccharides can exist in D or L forms depending on the position of the hydroxyl group on the right (D) or left (L) side of a specific

carbon. Digestive enzymes are stereospecific and act only on D sugars.

TABLE 3-2 PHYSIOLOGIC AND NUTRITIONAL SIGNIFICANCE OF DISACCHARIDES

DISACCHARIDE SOURCE SIGNIFICANCE

Sucrose Cane and beet sugar, sorghum cane, Hydrolyzed to glucose and fructose; fuel for
carrots, pineapple cells

Lactose Milk Hydrolyzed to glucose and galactose; fuel for

cells; milk production in lactation

Maltose Starch digestion by amylase or commercial Hydrolyzed to yield two molecules of glucose;

hydrolysis; malt and germinating cereals fuel for cells; can be fermented

2 FOCUS ON FOOD SAFETY

Honey

Honey is a natural sweetener but in fact contains no vitamins
or minerals and has about the same number of kcalories as
table syrups. Honey should never be given to infants younger
than 1 year because it may contain small amounts of the
bacteria spores that produce botulism, a form of food poison-
ing that is often fatal.

8-0z container of apple juice may contain 16 g of fructose,
whereas a 12-oz can of a sweetened soft drink may supply
22 g or more.’) (See the Focus on Food Safety box, “Honey,”
for cautions relating to infant feeding.)

Galactose

The simple sugar galactose is never found free in foods but is
released in the digestion of lactose (milk sugar) and then
converted to glucose in the liver. This reaction is reversible;
in lactation, glucose is reconverted to galactose for use in milk
production.

The physiologic and nutritional roles of the monosaccha-
rides (sometimes referred to as hexoses because of their
six-carbon structure) are summarized in Table 3-1.

Disaccharides

The disaccharides are double sugars made up of two mono-
saccharides linked together. The three disaccharides of physi-
ologic importance are sucrose, lactose, and maltose. Their
monosaccharide components are as follows:

Sucrose = one glucose + one fructose
Lactose = one glucose + one galactose

Maltose = one glucose + one glucose

Notice that glucose is found in each of the disaccharides.

Sucrose

Sucrose is common “table sugar” and is made commercially
from sugar cane and sugar beets. It is found naturally in
molasses and certain fruits and vegetables (e.g., peaches and
carrots) and is added to many processed foods.

Lactose

Lactose is the sugar found in milk and is the least sweet of
the disaccharides, only about one sixth as sweet as sucrose.
Although milk is relatively high in lactose, cheese, one of
milk’s products, may contain little or no lactose depending
on how the cheese is made. When milk sours in the initial
stage of cheese making, the liquid whey separates from the
solid curd. The lactose from the milk dissolves into the whey,
which is drained away and discarded. The remaining curd is
processed into cheese, making it possible for many lactose
intolerant individuals to digest cheese, although particular
cheeses vary in lactose content.’ (See Chapter 2 for a review
of lactose intolerance.)

Maltose

Maltose occurs naturally in relatively few foods but is formed
in the body as an intermediate product in starch digestion. It
is found in commercial malt products and germinating cereal
grains. The physiologic and nutritional significance of disac-
charides is summarized in Table 3-2.
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BOX 3-1 FOOD SOURCES OF SUGAR
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Sources of Naturally Occurring Sugars*

Orange juice

Grape juice

Peaches

Apples

Strawberries

Grapes

Bananas

Fluid milk

Powdered milk

Some cheeses (cheeses vary in the amount of lactose they
contain, depending on method of manufacture)

Sources of Added Sugars
Pancake syrup

Candy

Fruit drinks

Sports drinks

Soft drinks

Cookies

Cake

Ice cream

Frozen desserts

Images copyright 2006 Jupiterlmages Corporation.

*Fruit, fruit juices, and milk containing naturally-occurring sugars
also supply other important nutrients; added sugars supply
kcalories only.

Although sugars occur naturally in fruit and milk, the
major portion of sugar in the U.S. diet is added in food
preparation or processing.” We add sugar when we pour
syrup on pancakes or use table sugar to sweeten coffee, tea,
or cereal. Various forms of sugar are added to pies, cakes,
cookies, candy, soft drinks, fruit drinks, and breakfast cereals.
The average daily intake of added sugars in the United States
is about 18 tsp (77 g), nearly 15% of total energy intake. Soda
is the highest contributor to the added sugar intakes of most
adults, whereas fruit drinks contribute most to the added
sugar intakes of children ages 2 to 5.° Although the consump-
tion of added sugar fell by nearly 25% over the past decade,
it still remains above the 2010 Dietary Guidelines for Ameri-
cans recommendation of 8 tsp or less on a 2000 kcal diet.’
(See Box 3-1 for examples of foods that contain added or
naturally occurring sugars.)

Sugar Alcohols

Sugar alcohols (sometimes referred to as polyols) are other
forms of carbohydrate with sweetening power. Sugar alco-
hols, such as sorbitol, mannitol, and xylitol, are found in
nature but are also used in food processing. Under current
labeling laws, processed foods in which sugar alcohols replace

sugar can be labeled as sugar free. Sugar alcohols are poorly
absorbed in the small intestine and, if absorbed, are poorly
metabolized. Sugar alcohols commonly used as sugar replac-
ers add only 0.2 to 3.0 kcal/g when compared with other
sugars, which add 4 kcal/g.'”"" These sweeteners are used in
candy, ice cream and other frozen desserts, and baked goods
advertised as being artificially sweetened and lower in kcalo-
ries. They often replace sugar in products developed to meet
the demand for low-carbohydrate foods by those adopting
such diets. Sugar alcohols are also attractive to consumers
because the bacteria in the mouth that initiate dental caries
do not attack them. These sweeteners offer an alternative for
those with diabetes, because they do not require insulin for
their metabolism; however, they do add kcalories. At high
intakes, sugar alcohols can cause abdominal distress or exert
a laxative effect; hence foods with these sweeteners are best
used in moderation."'

Polysaccharides

Complex carbohydrates are called polysaccharides because
they are made up of many (poly) single glucose (saccharide)
units. Starch is the most important digestible polysaccharide;
others are glycogen and dextrin. Nondigestible polysaccha-
rides, such as cellulose, add important bulk to the diet and
are categorized as dietary fiber. Box 3-2 displays some
common food sources of polysaccharides.

Starch

Starch consists of many coiled and branching chains of single
glucose units and yields only glucose on complete digestion.
Cooking not only improves the flavor of starch but also
softens and ruptures the starch cells, making digestion easier.
Starch mixtures thicken when cooked because the substance
encasing the starch granules has a gel-like quality that thick-
ens mixtures in the same way as pectin causes jelly to set.

KEY TERMS

disaccharides Class of sugars composed of two molecules
of monosaccharide. The three most common disaccharides
are sucrose, lactose, and maltose.

sugar alcohols Alcohol formed from a simple sugar; sugar
alcohols do not react with bacteria in the mouth to form
dental caries; most sugar alcohols are poorly digested and
absorbed, and yield less than 4 kcal/g.

metabolism Sum of all the various biochemical and physi-
ologic processes by which the body grows and maintains
itself (anabolism), breaks down and reshapes tissue (catabo-
lism), and transforms energy to do its work. Products of
these various reactions are called metabolites.

glycogen A polysaccharide made up of many saccharide
(glucose) units. Glycogen is the body storage form of carbo-
hydrate (glucose) found mostly in the liver, with lesser
amounts in the muscle.

dextrin Intermediate breakdown product in the digestion
of starch.

dietary fiber Nondigestible carbohydrates and lignin found
in plants; dietary fiber is eaten as an intact part of the plant
in which it is found.
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BOX 3-2

Hamburger buns
Whole-wheat bread
Corn flakes

Baked potato with skin
Sweet potatoes

Corn

Peas

Oatmeal

FOOD SOURCES OF COMPLEX CARBOHYDRATES

Rice

Beans

e Grain foods include bread, cereal, rice, and pasta; legumes;
and certain vegetables such as potatoes contain large
amounts of starch.

e \Whole-grain breads and cereals, legumes, vegetables, and
whole fruits supply digestible carbohydrates and fiber.

Images copyright 2006 Jupiterlmages Corporation.

Resistant Starch

At one time it was thought that starch was completely
digested and absorbed in the small intestine. Now we know
that some starch in particular foods, such as whole grains,
potatoes, bananas, and legumes, escapes digestion and enters
the colon generally intact.'>” This starch, called resistant
starch, can make up as much as 8% by weight of a food high
in starch.”

Undigested starch that moves into the colon has an impor-
tant role in health. Microbial fermentation of resistant starch
produces short-chain fatty acids, such as butyric acid, the
preferred energy source of cells lining the colon. Available
butyric acid helps protect against colonic diseases, such as
ulcerative colitis and colon cancer."” Resistant starch has
many health benefits similar to those of dietary fiber. Based
on its health-related properties, food researchers are looking
for new ways of processing grains to maximize their content
of resistant starch.

Glycogen

Glycogen is the storage form of carbohydrate in animals,
whereas starch is the storage form of carbohydrate in plants.
Glycogen is synthesized in liver cells and stored in small
amounts in liver and muscle. Liver glycogen helps sustain
normal blood glucose levels during fasting periods such as
sleep hours, and muscle glycogen provides immediate fuel
for muscle action. Athletes sometimes practice pregame “gly-
cogen loading” to add fuel stores for athletic competition
(see Chapter 14). Dietary carbohydrate is required to main-
tain normal glycogen stores and prevent the stress symptoms
of low-carbohydrate intake—fatigue, dehydration, weakness,
and light-headedness. When carbohydrate is not available
in sufficient amounts, the body breaks down protein and
converts the released amino acids to an energy form. A
severe lack of carbohydrate leads to undesirable metabolic
effects, such as ketoacidosis, a complication of diabetes (see
Chapter 22).

BOX 3-3 BREAKDOWN OF STARCH

IN DIGESTION

Starch+ Water = Soluble starch= Dextrins
= Maltose = Glucose

Dextrins

Dextrins are polysaccharide compounds formed as interme-
diate products in the breakdown of starch (Box 3-3).

Oligosaccharides

Oligosaccharides are small fragments of partially digested
starch ranging in size from 3 to 10 glucose units. They are
formed in digestion and produced commercially by acid
hydrolysis. These small starch molecules are used in special
formulas for infants and others with gastrointestinal prob-
lems because they are easy to digest. Oligosaccharides are also
common in sports drinks in which they often contribute
almost half of the total glucose.

Some naturally occurring oligosaccharides are formed
with bonds that cannot be broken by human enzymes
and therefore remain undigested. Two of these—stachyose
and raffinose—are found in legumes such as beans, peas, and
soybeans, and provide a feast for bacteria in the colon, pro-
ducing large amounts of gas that result in discomfort and
embarrassment.

Glycemic Index

Carbohydrate foods are digested and absorbed at different
rates. Refined carbohydrates, such as white bread or corn

KEY TERM
oligosaccharides Intermediate products of polysaccharide
digestion that contain from 3 to 10 glucose units.
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flakes, are broken down quickly and rapidly absorbed into the
blood. Less refined carbohydrate foods, such as brown rice,
beans, or apples, also contain fiber and are digested and
absorbed more slowly. These differences have implications
for blood glucose control. Rapid entry of large amounts of
glucose puts stress on the beta cells of the pancreas to secrete
larger amounts of insulin to move glucose into body tissues
and lower blood glucose levels. The glycemic index (GI) is a
relative measure of the effect of different carbohydrate-
containing foods on blood glucose levels. A food with a high
GI will raise blood glucose to a greater extent than a food
with a low GI. The effect of particular foods is compared with
the effect of a glucose solution on blood glucose. In clinical
practice, GI was measured by studying blood glucose levels
over a 2-hour period following ingestion of 50 g of glucose
and after consuming a 50-g carbohydrate portion of the test
food. Based on its major effect on blood glucose, the glucose
dose was assigned the rating of 100, and individual foods
were rated accordingly. (See Table 3-3 comparing the GI of
various foods.) Although the GI was first introduced as a tool
for the management of diabetes, control of blood glucose
levels also influences the development of cardiovascular
disease, macular degeneration, and inflammation, and affects
beta cell function.'” '

Many factors, including the type of digestible carbohy-
drate, prior cooking, particle size, and presence of fiber, influ-
ence the GI of a given food."” For example, fruits increase in
sugar and decrease in starch as they ripen; as a result, ripe
bananas have a higher GI than green bananas. Starches also

TABLE 3-3 GLYCEMIC INDEX
OF COMMON
CARBOHYDRATE FOODS

FOOD GLYCEMIC INDEX
Glucose test dose (50 g) 100
Baked potato (without skin) 98
Corn flakes 80
Jelly beans 80
Bread, white 77
Cupcake, frosted 73
Spaghetti 65
Banana 62
Bread, whole wheat 59
Orange juice 54
Green peas Bl
Apple 39
White rice, long grain 38
All-bran cereal 38
Milk, nonfat 37
Kidney beans, canned 36
Fructose 15

Data from Atkinson FS, Foster-Powell K, Brand-Miller JC:
International Tables of Glycemic Index and Glycemic Load Values.
Diab Care 31(12):2281, 2008. (Supplementary Table A1; available
online.)

*The test dose of 50 g glucose is assigned the value of 100 and
serves as the standard to evaluate other foods.

differ in rate of digestion. Starch exists in two forms: amylose,
a long straight chain, and amylopectin, a highly branched
chain. Because the starch-digesting enzyme amylase attacks
only the molecule at the end of the chain, the straight chain
amylose is broken down more slowly than amylopectin,
which has many available branch chains. For this reason,
potato and wheat, which contain more amylopectin, have a
higher GI than barley, which contains more amylose.'”

Milling, particle size, and indigestible fiber influence the
speed of digestion and absorption. Finely milled particles
have a higher GI than larger particles because of the greater
surface area available to enzyme action. Removal of the bran
and fiber from whole grains raises the GI. Hard, compact
kernels, such as nuts and legumes, resist penetration of diges-
tive enzymes and are slow to be broken down when compared
with porous white bread or high-carbohydrate liquids.

Other macronutrients or foods in the meal influence the
GI of the total meal, although not the GI of individual foods.'®
Fat slows gastric emptying and interferes with the action of
digestive enzymes so that high-fat items such as ice cream
have alow GI, despite their high sugar content. Protein stimu-
lates the secretion of insulin and hastens removal of glucose
from the blood, effectively lowering the GI of the meal. Fiber,
particularly viscous fiber, thickens the food mass, slowing the
digestive process.'’

Many nutrient-dense foods such as fruits, vegetables, and
dairy have relatively low GIs, and whole-grain breads and
cereals have moderate GIs when compared with white bread,
soda, and fruit drinks. Diets relatively low in overall GI are
more likely to meet nutrient requirements."

IMPORTANCE OF CARBOHYDRATES

The complex carbohydrate found in vegetables, legumes, and
grains should be the major dietary source of energy. On
digestion, starch yields glucose, the favorite energy source of
body cells. Fruit and dairy products supply carbohydrate in
the form of naturally occurring sugars (fruit contains fruc-
tose, and milk contains lactose). Vegetables, legumes, fruits,
and grains (especially whole grains) supply other important
nutrients, including vitamins, minerals, and fiber. Dairy
products are good sources of calcium, magnesium, and
protein. Currently, major food sources of starch in the Ameri-
can diet are refined grains, such as white bread and ready-to-
eat cereals, white potatoes, pasta, and rice, which are often
highly processed and limited in micronutrients. Whole grains
include the bran covering of the grain kernel when compared
with refined grains from which the bran has been removed.
Refined grains are enriched with several B vitamins, iron, and
folate but provide less fiber and other trace minerals. Carbo-
hydrate foods high in added sugar supply kcalories but little
else. Based on the connection between added sugar and
cardiovascular risk factors, including obesity, the American
Heart Association recommends a prudent intake not to
exceed 100 kcal per day for women and 150 kcal for men."
The Perspectives in Practice box, “Cutting Down on Sugar,
offers suggestions on how to lower added sugar intake.
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' PERSPECTIVES IN PRACTICE

Cutting Down on Sugar

The MyPlate (ChooseMyPlate.gov) food pattern recom-
mends that empty calories including added sugar should not
exceed 260 kcal on a 2000-kcal diet. Consider the following
substitutions in your meal plans to lower your intake of added
sugar:

e Use fresh fruit, such as berries or sliced bananas or
no-sugar-added applesauce, in place of syrup to sweeten
pancakes or waffles.

e Drink water, low-fat or nonfat milk, or fruit juice in place of
soft drinks, fruit drinks, or sports drinks with added sugar.

e Choose fruit canned in water or juice in place of fruit
canned in heavy syrup.

e Select flavored yogurt, lower in added sugar, or yogurt
sweetened with nonnutritive sweeteners in place of yogurt
with fruit preserves. Purchase unflavored yogurt and add
fruit or no-sugar-added applesauce for flavor.

e | ook for cake and cookie recipes that use fruit purees as
sweeteners in place of sugar.

e Read the food labels on salad dressings, catsup, and other
condiments and avoid those with added sugar.

TABLE 3-4 CARBOHYDRATE STORAGE

IN AN ADULT MAN

(70 kg [154 Ib])

GLYCOGEN (g) GLUCOSE (g)

Liver 72
Muscles 245
Extracellular fluids 10
Component totals 317 10
TOTAL STORAGE 327

FUNCTIONS OF CARBOHYDRATES
Energy

The primary function of starch and sugars is to supply energy
to cells, especially brain cells that depend on glucose. When
carbohydrate is lacking, fats can be used as an energy source
by most organ systems; however, body tissues require a con-
stant supply of glucose to function most efficiently.

Body stores of carbohydrate are relatively small but still
serve as an important energy reserve. An adult man has about
300 to 350 g of carbohydrate stored in his liver and muscle
in the form of glycogen, and another 10 g of glucose circu-
lates in his blood (Table 3-4). Together, this glycogen and
glucose will supply the energy for only a half day of moderate
activity. To meet the body’s constant demand, carbohydrate
foods must be eaten regularly and at reasonably frequent
intervals.

Special Functions

Carbohydrates have other specialized roles in overall body
metabolism.

Glycogen—Carhohydrate Storage

Liver and muscle glycogen are in constant interchange with
the body’s overall energy system. These energy reserves
protect cells, especially brain cells, from depressed metabolic
function and injury and support urgent muscle responses.

Protein-Sparing Action

Carbohydrates help regulate protein metabolism. An ade-
quate supply of carbohydrate to satisfy ongoing energy
demands prevents the channeling of protein for energy. This
protein-sparing action of carbohydrate allows protein to be
reserved for tissue building and repair.

Antiketogenic Effect

Carbohydrates influence fat metabolism. The supply of car-
bohydrate determines how much fat must be broken down
to meet energy needs, thereby controlling the formation of
ketones. Ketones are intermediate products of fat metabolism
that normally are produced in very small amounts. However,
when carbohydrate is inadequate to meet cell energy needs,
as in starvation or uncontrolled diabetes or very low-
carbohydrate diets, fat is oxidized at extreme rates. Sufficient
amounts of dietary carbohydrates prevent any damaging
excess of ketones.

Heart Action

Heart action is a life-sustaining muscle activity. Although
fatty acids are the preferred fuel for the heart, the glycogen
stored in cardiac muscle is an important emergency source
of contractile energy.

Central Nervous System

The brain and central nervous system (CNS) depend on
carbohydrate for energy but have very low carbohydrate
reserves—enough to last only 10 to 15 minutes. This makes
them especially dependent on a minute-to-minute supply of
glucose from the blood. Sustained hypoglycemic shock causes
irreversible brain damage. Providing an adequate morning
supply of glucose for brain function may help to explain why
individuals who eat breakfast do better in school than those
who skip breakfast.”” Glucose increases the synthesis of
acetylcholine, a neurotransmitter that acts on areas of the
brain responsible for memory and cognitive function.”

RECOMMENDED INTAKE
OF CARBOHYDRATE

Dietary Reference Intakes

The Recommended Dietary Allowance (RDA) for carbohy-
drate is the same for all persons older than 1 year. Children,
adolescents, and adults need a minimum of 130 g/day,”' the
amount required to supply the energy demands of the CNS
for 1 day. Most people consume more than this minimum
amount to meet their overall energy requirement and keep
fat and protein intakes at acceptable levels.
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Acceptable Macronutrient Distribution Range

A diet rich in plant-based foods supplies important nutrients
and fiber, but it is unwise to take in excessive amounts of
carbohydrate, just as it is not prudent to severely limit carbo-
hydrate. To provide guidance for developing dietary patterns,
nutrition experts established the Acceptable Macronutrient
Distribution Ranges (AMDRs) (Box 3-4) for allocating mac-
ronutrient intakes in proportion to total kcalories. The adult
AMDR for carbohydrate is 45% to 65% of total energy
intake.”' The AMDRs enable us to individualize diets to meet
specific health situations and personal food preferences yet
encourage sound nutrition habits.

Nonnutritive Sweeteners

Most of us have an inborn desire for foods that are sweet;
however, we are faced with the dilemma of moderating our
energy intakes to maintain a healthy weight. Nonnutritive
sweeteners (NNSs) allow us to indulge our taste for sweets
while limiting kcalorie intake. Sweeteners are grouped as
nutritive or nonnutritive depending on the kcalories they
add to a food. Sucrose (table sugar) and other natural sugars
yield 4 kcal/g. In contrast, NNSs, sometimes referred to
as noncaloric sweeteners, contribute no kcalories or an insig-
nificant number of kcalories. This is because NNSs have
a higher intensity of sweetness when compared with nutritive
sweeteners, such as corn syrup or sucrose; thus very
small amounts are needed to produce the desired level of
sweetness.'*”

The Food and Drug Administration (FDA) has approved
seven NNSs for use in the United States. They sweeten bever-
ages, baked products, soft drinks, fruit drinks, and candy
marketed as low or reduced calorie, and some are available
for home preparation or baking. The NNS aspartame con-
tains the amino acid phenylalanine,and aspartame-containing
products must carry a label indicating that phenylalanine is
present.'’ This protects individuals with phenylketonuria,
who lack the enzyme needed to metabolize phenylalanine
and so must eliminate it from their diets. The two NNSs most
recently approved by the FDA are lo han guo, derived from
the plant commonly known as monk fruit, and a purified
derivative extracted from the leaves of the stevia plant,
common to South America."” An example of the intense
sweetening power of NNSs is the fact that a 12-o0z can of soda
may be sweetened with 17 mg of the stevia derivative when

ACCEPTABLE
MACRONUTRIENT

DISTRIBUTION RANGES

Carbohydrate: 45% to 65% of total kcalories
Fat: 20% to 35% of total kcalories
Protein: 10% to 35% of total kcalories

Data from Institute of Medicine, National Academy of Sciences:
Dietary (DRI) reference intakes. The essential guide to nutrient
requirements, Washington, D.C., 2006, National Academies Press.

compared with 35 g of sugar (140 kcal). Table 3-5 compares
the properties of FDA-approved NNSs. (Note: Although the
FDA has approved the stevia derivative for use in food
and beverages, the actual stevia leaf has not received FDA-
approval for use in foods at this time. It is sold as a dietary
supplement, which is not regulated by FDA rules. We will
discuss the current legislation relating to dietary supplements
in Chapter 9.)"

Over the past decade, use of NNS-sweetened beverages
increased from 18% to 24% of adults and doubled from 6%
to 12% of children,” likely fueled by increased concerns
about body weight. Of the 85,451 different food products
available in 2009, 73% contained caloric sweeteners and 15%
contained NNSs, although trends suggest that more consum-
ers are seeking out lower calorie items.”* Evidence-based
evaluations conducted by the Academy of Nutrition and
Dietetics concluded that both nutritive sweeteners and NNSs
can be used within the context of a balanced diet following
the 2010 Dietary Guidelines for Americans and Dietary Refer-
ence Intakes; however, current evidence is only fair to good
that use of NNSs will bring about a loss in body weight.'” (See
the Evidence-Based Practice box, “Do Nonnutritive Sweeten-
ers Help You Lose Weight?” for more discussion.)

CARBOHYDRATES AND ORAL HEALTH

Nutrient intake and oral health have a synergistic relation-
ship that works in both directions. Malnutrition and
nutrition-related diseases lead to deterioration of the teeth
and supporting tissues of the mouth and gums such that
eating becomes difficult and nutrient intake is further
compromised. Conversely, infectious diseases of the mouth,
such as untreated and progressive periodontal disease,
result in systemic infections, worsen glucose control in dia-
betes, and increase inflammatory responses and cardiovascu-
lar risk.”

Dental caries is one of the most frequently occurring and
preventable infectious diseases of the oral cavity and a major
cause of tooth loss.”® Oral hygiene, diet, and specific nutrients
have been related to dental caries. Lack of exposure to fluo-
ride in the form of fluoridated water or fluoride treatments
results in tooth enamel that is less resistant to bacterial action
and decay. Individuals living in areas where water is fluori-
dated have an 18% lower rate of dental caries than those who
have no exposure to fluoridation.”’

The amounts and types of dietary carbohydrate and the
conditions under which they are eaten influence dental caries.
Bacteria in the dental plaque ferment both naturally occur-
ring and added sugars and short-chain starch molecules to
form acid. The resulting drop in pH favors the action of the

KEY TERM

nonnutritive sweeteners Substances with sweetening
power that are not efficiently absorbed or cannot be metabo-
lized to provide energy or can be used in very minute amounts
based on their intense sweetness.
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EVIDENCE-BASED PRACTICE

Do Nonnutritive Sweeteners Help You Lose Weight?

Identify the Problem: In an effort to avoid or lose unwanted
weight gain, consumers have looked for ways to decrease their
kcalorie intake while continuing to enjoy their favorite foods,
especially sweet foods. Nonnutritive sweeteners (NNSs) that
satisfy the palate and add few if any kcalories would appear to
be a welcome alternative, and their use in commercial food
processing and home food preparation continues to rise.

Review the Evidence: Although it might be expected that use
of NNSs would promote weight loss or at least arrest weight
gain, research evidence has not supported this conclusion.
Taste experts quoting animal studies suggest that intense
sweeteners, such as aspartame or sucralose, create neural
responses that increase appetite and food intake;' however,
evidence from human studies reviewed by the Academy of
Nutrition and Dietetics indicated that none of the NNSs used
in the United States have this effect in adults.? Findings among
children are uncertain. The 2010 Dietary Guidelines Advisory
Committee evaluated existing evidence as to the effect of
NNSs on body weight. Although those who gain weight or have
a higher body mass index are more likely to use NNSs, this
does not mean that these sweeteners led to their weight gain.
Overweight persons often choose NNSs in an effort to address
their weight problem. NNSs will influence energy intake and
assist in weight loss or weight management only if they replace
higher-kcalorie foods and beverages.®

Implement the Findings: If an individual consumes two 12-0z
cans of sugar-sweetened soda each day at a cost of 300 kcal

(150 kcal/can), substitution of a calorie-free beverage could
over time lead to a modest loss of body weight. However,
kcalories “saved” by use of reduced-calorie or calorie-free
items cannot be used to add other foods to the diet or enjoy
larger portions. Overcompensation for kcalories eliminated
with use of NNSs can bring about additional weight gain.* Use
food labels to evaluate the content of added sugars, naturally
occurring sugars, and NNSs in foods and beverages.
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streptococci strain of bacteria that initiates dental caries
(Figure 3-2). Children and adolescents who consume higher
amounts of added sugar have an increased incidence of dental
caries. Although naturally occurring sugars also can lead to
tooth decay, citrus fruits with a high proportion of water and
all fruits containing citric acid, which stimulates salivary
secretion, rinse the teeth and help remove sugars from the
enamel’s surface. The period of exposure to a sweet solution
affects its cariogenic potential. Continuous sipping of a
sugar-sweetened beverage throughout the day increases risk
of tooth decay.

Prevention of dental caries may be yet another reason to
choose whole-grain breads and cereals over highly processed
grains and grain foods with added sugar. Unprocessed starch
as a large molecule cannot pass through the dental plaque to
attack the enamel, whereas shorter-chain oligosaccharides are
easily broken down by salivary amylase to yield maltose, a
choice substrate for plaque bacteria. Grain-sugar mixtures,
such as ready-to-eat breakfast cereals or cakes, are especially
cariogenic.”®

Chronic disease increases an individual’s vulnerability to
dental caries and tooth loss. Age-related loss of calcium from
the bones (or the drastic bone loss occurring in osteoporosis)
affects the alveolar bone, resulting in tooth loss. Reduced
salivary secretion (dry mouth) associated with diabetes and
particular medications accelerates both tooth decay and
damage to oral tissues.

IMBALANCES IN CARBOHYDRATE INTAKE

High-Carbohydrate Diets

Although the AMDR recommends that carbohydrate provide
45% to 65% of total energy,”' individuals have increased their
intakes to 75% carbohydrate with intentions of lowering
their intakes of fat and kcalories or normalizing blood lipo-
proteins. When carbohydrate intake exceeds 65% of total
kcalories, fat intake may be disproportionately low, jeopardiz-
ing the supply of essential fatty acids and vitamins and min-
erals found in higher-fat foods. Such an increase in dietary
carbohydrate can trigger a rise in plasma triglycerides and
low-density lipoprotein (LDL) cholesterol, and a drop in
high-density lipoprotein (HDL) cholesterol, increasing car-
diovascular risk.” Excessive carbohydrate intake, with a high

KEY TERMS

cariogenic Promotes the development of dental caries or
tooth decay.

low-density lipoprotein (LDL) cholesterol A lipoprotein
produced in the liver that transports fatty acids and choles-
terol to the cells and tissues; this lipoprotein contains a high
proportion of cholesterol.

high-density lipoprotein (HDL) cholesterol A lipoprotein
produced in the liver that carries cholesterol from the tissues
back to the liver for degradation and elimination.
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TABLE 3-5

PROPERTIES AND APPLICATIONS OF COMMON NONNUTRITIVE SWEETENERS

SWEETENING
POWER (COMPARED
WITH SUCROSE)

NAME

EFFECT OF HEAT

TRADE NAMES APPLICATIONS

160-220 times
sweeter

Aspartame

Acesulfame-K 200 times sweeter

sweeter heat

Stevia (steviol glycosides- 250 times sweeter

rebaudioside A extracted

from stevia plant leaves)

Luo Han Guo extract 150-300 times
sweeter

levels

Degrades during
heating and loses
sweetening power box)

Stable at baking
temperatures

Saccharin*® 300 times sweeter Not affected by Sweet and Low, Beverages, table sweetener,
heat Sweet Twin, Necta chewing gum, baked
Sweet, Sweet ‘N goods, pudding
Low Brown
Sucralose 600 times sweeter Not affected by Splenda Beverages, desserts, baked
heat in cooking goods, candy, table
and baking sweetener, all-purpose
sweetener
Neotame 7000-13,000 times Not affected by Little used in food Approved for general use

Shelf-stable in dry
forms or liquids

May have an
aftertaste at high

NutraSweet, Equal,
Sugar Twin (blue

Beverages, table sweetener,
gelatin, pudding, chewing
gum, cold breakfast cereal

Beverages, table sweetener,
baked goods, all-purpose
sweetener; excluded for
use in meat and poultry

Sweet One, Sweet
& Safe

processing except for meat and poultry

Truvia, Rebiana, Beverages, cereals, energy
PureVia, bars, table sweetener
Sweetleaf

Not commonly used Table top sweetener, general
food ingredient, use with

other sweetener blends

Data from Academy of Nutrition and Dietetics: Position of the Academy of Nutrition and Dietetics: use of nutritive and nonnutritive
sweeteners. J Acad Nutr Diet 117:739, 2012; and Gardner C, Wylie-Rosett J, Gidding SS, et al, on behalf of the American Heart Association
Nutrition Committee: Nonnutritive sweeteners: current use and health perspectives. A scientific statement from the American Heart
Association and the American Diabetes Association. Diabetes Care 35:1798, 2012.

*Limited to <12 mg/fl oz in beverages; 20 mg/serving in individual packages; or 30 mg/serving in processed foods.

proportion of simple carbohydrates or added sugars, brings
about rapid elevations in blood glucose, which puts heavy
demands on the pancreas for insulin production and release.
Whole-grain foods, legumes, or fruits and vegetables high in
fiber and other complex carbohydrates are better choices
when increasing carbohydrate intake.**

Low-Carbohydrate Diets

Diets very low in carbohydrate have been popularized as effi-
cient ways to lose weight. Such diets may restrict carbohy-
drate intake to 130 g or less,” often equaling 10% or less™ of
total kcalories. These regimens bring about weight loss over
the short term if energy intake is also reduced, and have a
favorable effect on metabolic parameters including blood
LDL cholesterol, HDL cholesterol, and triglycerides.”’ Never-
theless, questions remain as to their appropriateness when
followed for weeks or months.”"”” It is important that all
dietary patterns include the minimum daily servings of fruits,
vegetables, and whole grains recommended in the 2010
Dietary Guidelines for Americans.” These plant-based carbo-
hydrate foods supply health-promoting nutrients and fiber
and assist in controlling blood pressure.”” Low-carbohydrate
diets that replace carbohydrate foods with items high in satu-
rated fat add to cardiovascular risk. Low-carbohydrate diets
that replace carbohydrate with protein exceeding AMDR

levels increase the burden on the kidneys. A better approach
to reducing carbohydrate is eliminating foods high in sugar,
such as sugar-sweetened beverages and baked items, and
reserving your carbohydrate for fruits, vegetables, dairy foods,
and whole grains.

A low-carbohydrate diet changes the energy currency of
cells from glucose to fatty acids, although cells of the CNS
remain dependent on glucose. This change in body metabo-
lism has proven useful in the treatment of several chronic
conditions.” Low-carbohydrate diets have been effective in
lowering blood glucose levels in some people with diabetes,”
although severe carbohydrate restriction (below 45% of total
kcalories) is not generally recommended. The accelerated
breakdown of fat for energy, producing ketones, has an anti-
convulsant effect and has been used to treat pediatric epi-
lepsy.” The ketosis resulting from low-carbohydrate diets can
assist in the management of nonalcoholic fatty liver disease,
certain cancers, and neurodegenerative conditions, such as
Alzheimer’s and Parkinson’s diseases.”” (Note that ketosis
as discussed here differs significantly from ketoacidosis, a
potentially fatal condition arising in uncontrolled diabetes.)
However, even moderate ketosis increases water loss, neces-
sitating attention to water intake. When glucose is in short
supply, amino acids are broken down to provide carbon skel-
etons for glucose synthesis, yielding amino groups that must
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FIGURE 3-2 Dental caries can result from poor dental
hygiene and continuous shacking and drinking of items high
in added sugar or other refined carbohydrates. (From Mahan
LK, Escott-Stump S: Krause’s food and nutrition therapy, ed
12, St Louis, Mo., 2008, Saunders.)

be disposed of via the urine. Calcium and potassium are also
lost in this process, so adequate intakes are critical.”

Weight loss patterns among individuals following either
low-carbohydrate or high-carbohydrate diets for at least
1 year have not been consistent. Although some individuals
following low-carbohydrate regimens lost more weight
(5.5 kg as compared with 4.7 kg among those following the
high-carbohydrate diets),*" other researchers reported no
differences in weight loss between those eating more or less
carbohydrate, as long as kcalorie intake was reduced.”” A
2-year follow-up found that higher intakes of protein coupled
with an emphasis on high-fiber complex carbohydrates sup-
ported successful weight maintenance.” Consuming more
protein may help lower energy intakes as protein promotes
satiety.

The apparent safety and effectiveness of low-carbohydrate
diets with appropriate medical supervision supports the
need for more than one dietary approach to weight control,
adapted to individual preferences and metabolic needs.”””
Regardless, establishing a kcalorie deficit between energy
intake and energy expenditure using a combination of foods
that support nutritional well-being is the cornerstone of
long-term weight management and health.

FIBER: THE NONDIGESTIBLE CARBOHYDRATE

Fiber is the nondigestible material found in whole-grain
cereals, fruits, vegetables, and legumes that our grandmothers

referred to as roughage. Because humans lack the enzymes
necessary to break down these complex carbohydrates into
forms that can be absorbed, they travel the length of the
gastrointestinal tract and are eliminated in the feces. Fiber’s
ability to promote regular bowel function has been recog-
nized for generations. All types of fiber are beneficial to
health, but different fibers have different physiologic effects;
therefore, we need a variety of foods that supply various
types. Although most foods contain more than one type of
fiber, they likely have more of one than another.

Types of Fiber

In the past, fibers were classified as soluble or insoluble, based
on their chemical properties in the laboratory. It was believed
that these properties influenced their actions in the body as
well. We have since learned that health benefits of fiber are
dependent on two characteristics: viscosity and fermentabil-
ity. Viscous fibers, formerly referred to as soluble fibers, influ-
ence blood glucose levels and lower LDL-cholesterol levels.
Fibers that are fermented by the microflora in the gastroin-
testinal tract and provide bulk to the stool were referred to as
insoluble fibers; however, not all viscous fibers are soluble, and
not all fibers that influence laxation are insoluble, so these
terms are no longer used to describe health benefits, although
food labels still use them.*"*

For our purposes, fiber is divided into two categories:
dietary fiber and functional fiber.”

Dietary Fiber

Dietary fiber includes the nondigestible carbohydrates and
lignin found intact in plant foods. Several dietary fibers
important in human nutrition are described below:

*  Cellulose: Cellulose is the material in plant cell walls that
provides structure. We find it in the stems and leaves of
vegetables, in the coverings of seeds and grains, and in
skins and hulls. Because humans are unable to break down
cellulose, it remains in the digestive tract and contributes
bulk to the food mass.

*  Hemicellulose: This polysaccharide is found in plant cell
walls and often surrounds cellulose. Some hemicelluloses
help regulate colon pressure by providing bulk for normal
muscle action, whereas others are fermented by colonic
bacteria.

* Lignin: Lignin is the only dietary fiber that is not a carbo-
hydrate. It is a large molecule that forms the woody part
of plants and in the intestine combines with bile acids and
prevents their reabsorption. Lignin contributes the sandy
texture to pears and lima beans.

¢ Pectin: This fiber is found in plant cell walls. It forms a
viscous, sticky gel that binds cholesterol and prevents its
absorption. Pectin also helps to slow gastric emptying and
extend feelings of satiety.

+  Gums: Plants secrete gums in response to plant injury. In
the intestine gums bind cholesterol and prevent its absorp-
tion. Bacteria in the colon ferment gums to form short-
chain fatty acids that nourish colonic cells (this action is
also true of resistant starch).
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BOX 3-5 SOURCES OF DIETARY FIBER

Pectin, B-Glucans, Gums
Oatmeal

Oranges

Kidney beans

Carrots

Apples

Cellulose, Hemicellulose, Lignin
Whole-wheat bread

Popcorn

Baked beans

Bananas

Pears

Images copyright 2006 Jupiterlmages Corporation.

+ B-Glucans: These water-soluble fibers are found in oats
and oat bran, foods that carry a health claim on the label
indicating they can reduce the risk of heart disease.
(B-glucans interfere with the absorption of cholesterol.)
Box 3-5 gives examples of foods that provide specific vari-

eties of fiber.

Functional Fiber

Functional fibers are nondigestible polysaccharides that have
been added to a food to increase its fiber content.”’ The term
functional fiber is used to distinguish those fibers that are
added to foods from those that are intact in plants and eaten
in that form. Functional fibers can be isolated from plant
foods or manufactured, and they are used as dietary supple-
ments or added to processed foods. A particular fiber can be
either a dietary fiber or a functional fiber depending on how
it is eaten or used. The pectin in the apple you ate at lunch is
considered a dietary fiber. On the other hand, pectin that was
isolated from fruit sources and added to homemade or com-
mercial jellies or used as a fiber ingredient in patient tube
feedings is classified as a functional fiber. Functional fibers
added in food processing must be listed on the food label.
Flaxseed and psyllium are two common functional fibers.
Flaxseed is a common ingredient in breads and cereals mar-
keted as high fiber. Psyllium, an ingredient in bulk laxatives,
is also available as a dietary supplement.

A person’s total fiber intake includes both dietary and
functional fiber. Selected food sources of dietary fiber and
their energy content are listed in Table 3-6. Note that foods
high in fiber tend to be low to moderate in kcalories.

KEY TERMS

functional fiber Nondigestible carbohydrates isolated from
plant foods or synthesized and added to foods to increase
their fiber content.

total fiber Dietary fiber plus functional fiber; the total
amount of fiber in an individual’s diet from all sources.

TABLE 3-6 DIETARY FIBER AND
ENERGY CONTENT OF
SELECTED FOODS
SERVING DIETARY ENERGY

FOOD GROUP SIZE FIBER (g) (kcal)

Grains Group

All Bran (wheat ¥, cup 50 95
flakes)

Wheaties ¥, cup 2.7 95

Shredded wheat 2 biscuits 5.5 155
(plain)

Instant oatmeal, 1 package 4.0 150
cooked

Cheerios 1 cup 2.6 106

Air-popped popcorn 1 cup 1.2 31

Whole-wheat bread 1 slice 1.8 81

Vegetable Group

Kidney beans, Y cup 4.4 99
canned

Green peas, frozen, ), cup 4.4 62
cooked

Corn, frozen, cooked Y cup 2.0 66

Potato, baked, with 1 medium 3.8 161
skin

Carrots, raw 1 medium 1.7 25

Broccoli, chopped, Y cup 2.8 26
frozen, cooked

Spinach, frozen, 1 cup 7.0 65
cooked

Fruit Group

Apple, with skin 1 small 3.6 77

Strawberries, sliced 1 cup 33 53

Orange 1 medium 3.1 62

Banana 1 medium 3.1 105

Data from U.S. Department of Agriculture, Agricultural Research
Service. 2013. USDA National Nutrient Database for Standard
Reference, Release 26. Nutrient Data Laboratory Home Page,
http://www.ars.usda.gov/ba/bhnre/ndl.
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|HEALTH PROMOTION
Health Benefits of Fiber

Dietary fiber influences the food mix in the gastrointestinal

tract and gastrointestinal function. Individuals who follow

dietary patterns that include higher amounts of dietary fiber

are less likely to develop chronic conditions such as type 2

diabetes, cardiovascular disease, or metabolic syndrome,’*”’

and they have lower mortality rates.*”*' We outline below the
effect of fiber on specific risk factors associated with chronic
conditions.

+ Increases fecal mass and promotes laxation: The capacity of
dietary fiber to hold water and bacteria creates its bulk-
forming and laxative effects. The added mass helps the
food bolus move more rapidly through the small intestine,
promoting normal bowel action and preventing or allevi-
ating constipation. A larger food mass in the colon averts
the development of diverticula, small pouches that pro-
trude outward through the lining of the colon. When the
food residue entering the colon is low in bulk, the muscles
must contract more forcefully to move it forward, which
over time contributes to the formation of diverticula with
risk of inflammation and infection. Dietary fiber has been
effective in treating diarrhea and may be useful in treating
other gastrointestinal conditions.”

+  Promotes growth of beneficial colonic microflora: Bacteria
living in the colon ferment dietary fiber along with resis-
tant starch. This action produces short-chain fatty acids
that nourish the cells lining the colon and stimulate their
growth.” Fiber encourages the proliferation of health-
promoting bacteria in the colon and has been used to treat
irritable bowel syndrome (see discussion of prebiotic
agents in Chapter 2).”*

*  Binds bile acids and cholesterol: Fiber binds cholesterol and
bile acids in the lower section of the small intestine and
prevents their absorption. Bound to fiber, cholesterol
and bile acids are eliminated in the feces.” When bile acids
are lost, cholesterol must be removed from circulating
blood lipoproteins to synthesize their replacements, with
a resulting decrease in blood cholesterol. Ready-to-eat
whole-grain oat cereal has been used to reduce LDL-
cholesterol levels.”

« Slows rise in blood glucose and insulin levels: Foods rich in
fiber have a low GI, with their glucose content released
slowly into the blood. This slow release prevents a rapid
spike in blood glucose after eating. The blunting of blood
glucose levels lessens the amount of insulin needed to
move glucose into muscle and fat cells, thereby reducing
the work of the pancreas. Fiber intake at recommended
levels may assist in the prevention and management of
diabetes.”

« Assists in weight management: Fiber lowers the energy
density of the diet by displacing carbohydrate, fat, or
protein in a food, thereby reducing its energy content. A
diet containing recommended levels of fiber requires more
chewing and promotes satiety, helping to lower food
intake. The 2010 Dietary Guidelines Advisory Committee

quoted strong and consistent evidence that in adults, diets

lower in energy density support weight loss and weight

maintenance.”” Diets lower in energy density include
more fruits, vegetables, whole grains, and legumes, and
fewer kcalories from fat, baked desserts, and fried foods.*

Water also lowers the energy density of meals and particu-

lar foods, such as soups. In a national survey, individuals

who consumed more fiber in the form of beans had lower
body weights and lower waist circumferences.*

Although dietary fiber performs many actions that support
health, much remains to be learned as to its effect on specific
chronic conditions.” Total fiber intake does not seem to
defend against colorectal cancer, although greater use of
whole-grain cereals is associated with lower risk.”” It may
be that other dietary components associated with fiber—
particular nutrients or phytochemicals—rather than the fiber
itself confer resistance to chronic disease (see our later discus-
sion in the section “Functional Foods”).

Recommended Fiber Intake

The Adequate Intake (AI) for total fiber is based on the
amount expected to lower the risk of coronary heart disease
and type 2 diabetes. Men age 50 and younger should consume
38 g/day; those age 51 and older need 30 g/day. The Als for
younger and older women are 25 g/day and 21 g/day, respec-
tively.”' Unfortunately, consumer directives are inconsistent,
as the current nutrition label recommends a fiber intake of
25 ¢ in a 2000-kcal diet, considerably lower than the AI
for men.

Fiber intake in the United States is barely half the Al. Mean
daily intake is 18.7 g/day for men and 15.5 g/day for women.**
Women consume more fiber than men based on kcalories
(8.1 g/1000 kcal versus 7.0 g/1000 kcal). Whole grains ac-
count for nearly half of fiber intake (44%) among U.S. adults,
followed by vegetables (21%), fruit (13%), and legumes
(10%).” The MyPlate (ChooseMyPlate.gov) goal of 4/ cups
of fruits and vegetables and three whole-grain servings per
day within a 2000-kcal diet provides about 30 g of fiber.” (See
the Focus on Culture box “Who Eats More Fiber?” to compare
intakes among various racial and ethnic groups.)

FUNCTIONAL FOODS: SPECIAL
CARBOHYDRATE FOODS

Functional foods, which are foods believed to improve overall
health and well-being or reduce the risk of specific diseases
or conditions, have attracted the attention of consumers and
food processors. All foods are functional at some physiologic
level, providing nutrients that furnish energy, build or repair
tissues, or support metabolic processes. But functional foods
move beyond these necessary roles to provide additional
health benefits.”” Although there is no regulatory definition
for functional foods, this market represents about 6% of
foods and beverages sold in the United States, with an annual
value of $37 billion.™

The first foods designated as functional foods were carbo-
hydrate foods. Fruits, vegetables, legumes, and grains contain
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FOCUS ON CULTURE
Who Eats More Fiber?

The food we choose influences our intake of fiber; thus we
see differences in dietary fiber intake across various racial
and ethnic groups. Mexican Americans have the highest daily
intakes of fiber (20 g) influenced by the fiber-rich beans in
their usual meal pattern; intakes among all Hispanics is some-
what lower (18.4 g). Caucasians average 17.3 g, whereas
African Americans take in only 13.6 g of fiber each day.'
Family income also influences fiber intake.? Among mothers
and children with incomes below 185% of the poverty level
and eligible to participate in the Special Supplemental Nutri-
tion Program for Women, Infants and Children (WIC), only
15% of Hispanic mothers and 5.5% of African-American
mothers met or exceeded the recommended intake of fiber.
The children in these families were even less likely to meet
their fiber recommendations (4.4% of Hispanic children and
2% of African-American children had the suggested intake).?
Weight status is associated with fiber intake, as obese adults
tend to have lower intakes of dietary fiber than overweight
or normal weight adults.’

Higher intakes of dietary fiber, especially fiber derived from
whole grains, appear to lower risk of type 2 diabetes and
cardiovascular disease, and may help prevent unwanted
weight gain.* African Americans and Hispanics are especially
vulnerable to these chronic conditions. Nutrition education
focusing on appropriate fiber-rich foods that fit into custom-
ary meal patterns could lower health risk in these groups.

NOTE: See Appendix E for more information on WIC.
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tens of thousands of phytochemicals (from the Greek word
phyton meaning plant). Plants produce phytochemicals to
protect themselves against bacteria and viruses, and when the
plants are eaten, these substances are absorbed and act as
protective factors for humans. Tomatoes were identified early
on as a functional food because the lycopene they contain has
been associated with reduced risk of prostate cancer.” (Lyco-
pene is a carotenoid, which we will discuss in Chapter 6.) The
concept of functional foods or ingredients also includes new
roles for familiar nutrients. Certain unsaturated fatty acids
appear to reduce cardiovascular risk in addition to their

TABLE 3-7  SELECTED FUNCTIONAL
FOODS AND THEIR

PROPOSED HEALTH

BENEFITS
ACTIVE
FUNCTIONAL COMPONENT OR PROPOSED
FOOD INGREDIENT HEALTH BENEFIT
Whole-grain B-glucans Reduce risk of heart
oats disease®
Green tea Catechins Lower risk of
certain cancers
Tomatoes Lycopene Lower risk of
certain cancers
Fortified Plant sterols Reduce risk of heart
margarine (added ingredient) disease*
Tree nuts Monounsaturated Reduce risk of heart
fatty acids/ disease*
Vitamin E
Psyllium Soluble fiber Reduce risk of heart
disease*
Soy Protein Reduce risk of heart
disease®

Adapted from American Dietetic Association: Position of the
American Dietetic Association: functional foods. J Am Diet Assoc
109:735, 2009.

*When part of a diet low in saturated fat and cholesterol.

well-known roles in maintaining skin integrity and providing

energy.

In our study of nutrition we will look at three categories
of functional foods.”

1. Conventional or intact foods such as tomatoes, nuts, or
whole grains.

2. Modified foods to which a nutrient or active substance has
been added. Examples include vitamin D-fortified orange
juice, folate-enriched grains, and snack bars or yogurt
enhanced with herbs or fish oils or probiotics.

3. Foods for medical or special dietary use intended for
individuals with particular conditions or needs. Gluten-
free foods for persons with gluten-sensitive enteropathy
or foods designed to support weight loss fall in this
category.

See Table 3-7 for some examples of functional foods and
their bioactive component.

Based on public interest in nonnutrient plant substances
known to influence health, many are marketed as dietary
supplements, apart from their original food source. Func-
tional components—Ilike nutrients—work best in combina-
tion with one another, so eating foods that contain a mixture
of these substances offers the best protection against chronic
disease.” In addition, phytochemicals are found in foods
in minute amounts, and not much is known about the safety
of using concentrated amounts as found in supplements.
Phytochemicals and plant fibers are lost in food processing,
so try to choose whole-grain breads and cereals, and eat
fruits and vegetables with their skins or peel. For nutrients
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such as calcium or vitamin D, which may be difficult to
obtain from conventional foods (depending on individual
food patterns), the use of available fortified foods can help to
meet body needs.

DIGESTION-ABSORPTION-METABOLISM
REVIEW

The digestion, absorption, and metabolism of carbohydrates
were discussed in Chapter 2. The outline below provides a
brief review.

Digestion
The conversion of starch and sugars to glucose begins in the
mouth where salivary amylase (ptyalin) from the parotid
gland acts on starch to begin its breakdown into dextrins and
maltose. No specific enzyme in the stomach acts on carbohy-
drate; however, by the time the food mass is completely mixed
with gastric acid, as much as 20% to 30% of the starch has
been broken down to maltose. Enzymes that complete the
chemical digestion of carbohydrate come from two sources:
the pancreas and the small intestine, as follows:

* Pancreatic secretions: Pancreatic amylase entering the
duodenum through the common bile duct completes
the breakdown of starch to maltose.

+ Intestinal secretions: Cells within the brush border of the
small intestine secrete three disaccharidases, sucrase,
lactase, and maltase, which act on their respective
disaccharides to release the monosaccharides, glucose,
galactose, and fructose (see Table 2-2).

To sum up

Absorption and Metabolism

Glucose is absorbed by an active pumping system using
sodium as a carrier. Of the total carbohydrate absorbed, 80%
is in the form of glucose, and the remaining 20% is galactose
and fructose.” Via the capillaries in the villi, the products of
carbohydrate digestion enter the portal blood circulation en
route to the liver. Here, fructose and galactose are converted
to glucose. Glucose not needed for immediate energy is con-
verted to glycogen or adipose tissue for storage.

KEY TERMS

energy density The relative number of kcalories per unit
weight of food; foods high in fat and added sugar have high
energy density; vegetables that contain large amounts of
water and fiber have low energy density.

amylase A digestive enzyme that breaks down starch; sali-
vary amylase begins the digestion of starch in the mouth;
pancreatic amylase enters the small intestine as part of the
pancreatic secretions to continue starch breakdown in the
duodenum.

sucrase Enzyme that splits the disaccharide sucrose,
releasing the monosaccharides glucose and fructose.
lactase Enzyme that splits the disaccharide lactose, releas-
ing the monosaccharides glucose and galactose.

maltase Enzyme that splits the disaccharide maltose,
releasing two units of the monosaccharide glucose.

portal An entryway, usually referring to the portal circula-
tion of blood that delivers nutrients absorbed from the small
intestine to the liver.

Carbohydrates produced by plant photosynthesis supply
most of the world’s population with its primary source
of energy. Fruits, vegetables, grains, legumes, and most
milk products provide dietary carbohydrate. Simple
carbohydrates—monosaccharides and disaccharides—are
easily digested and provide quick energy. Starch, a digestible
complex carbohydrate, requires increased breakdown to
become available for use, but the final product in the diges-
tion and conversion of both starches and sugars is glucose.
Carbohydrates serve special functions through their ability
to spare protein, prevent the buildup of ketones, and supply

[l QUESTIONS FOR REVIEW

energy for the CNS. Fiber, the nondigestible carbohydrate
found in the structural walls, hulls, seeds, leaves, and skins
of fruits, vegetables, and whole grains, affects the digestion
and absorption of food in ways that are beneficial to health.
Carbohydrates should provide 45% to 65% of total kcalories.
A healthy diet should emphasize foods containing complex
carbohydrates and fiber, with a minimum of added sugar.
Plant foods rich in phytochemicals are often referred to as
functional foods because they contribute to health in ways
beyond the actions of the known nutrients they contain.

1. List the similarities and differences among monosaccha-
rides, disaccharides, and polysaccharides as related to
energy value, process of digestion, and applications to
weight control. List two food sources of each.

2. What is resistant starch and why is it called resistant?
What are its health benefits?

3. For breakfast you had a piece of whole-grain bread with
jelly, a banana, and a glass of low-fat milk. List both the
digestible and the nondigestible forms of carbohydrate
in this meal.

4. A mother tells you that her toddler seems to have chronic
diarrhea. The mother has been giving her apple juice as
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an afternoon snack rather than milk. What might be
contributing to the gastrointestinal upset? What might be
a better snack choice?

. Using the materials on the MyPlate website (www

.choosemyplate.gov) and the Nutritrac software found
on the Evolve website, determine the daily energy need
of a 25-year-old woman who is 5 feet 6 inches tall, weighs
125 Ib, and is relatively sedentary. How many grams of
carbohydrate should be included in her diet, and how
many kcalories should it supply? What is her upper limit
for grams of added sugar? How much fiber does she
need? Develop a 3-day menu that provides the appropri-
ate amounts of carbohydrate and dietary fiber and does
not exceed the limit for sugar.

. Describe the clinical effects of fiber that may be useful in

treating the following conditions: diverticular disease,
hyperlipidemia, and type 2 diabetes.

. Your client Mr. B wants to lose 20 Ib before his high

school reunion next month. He has decided to eat only
meat and other fried foods for the next 4 weeks because
he believes a very low-carbohydrate diet will help him
lose weight. How would you respond, considering both
the pros and the cons of this diet? How would you explain
why he needs some carbohydrate? What should be his
minimum intake of carbohydrate in grams, and what
foods would he need to eat every day to reach this
minimum.

. Why would a glass of orange juice raise an individual’s

blood glucose more rapidly than a whole orange?
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[These authors help us identify food sources of low-digestible
carbohydrates for use in nutrition counseling. |

Keast DR, Rosen RA, Arndt EA, et al: Dietary modeling shows that
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increase intake of whole grains. J Am Diet Assoc 111:1322,
2011.

[This article provides an overview of the effect of whole grains on
physical well-being and how to increase intake of whole and
refined grain. |

Websites of Interest

+ Centers for Disease Control and Prevention, Nutrition for
Everyone—Carbohydrates: This site describes the different types
of carbohydrates, including food sources, suggested intakes,
lesser-known whole grains, and label terms for added sugars.
www.cdc.gov/nutrition/everyone/basics/carbs.html

+ International Food Information Council Foundation: This site
contains fact sheets and brochures for both consumers and
health professionals describing functional foods and various
carbohydrates occurring naturally and used in food processing.
www.ific.org/

+ Produce for Better Health Foundation: This website promoting
the Fruits & Veggies More Matters campaign offers games for
children, recipes, and information on portion size, selection,
safe handling, and cooking of fruits and vegetables.
www.fruitsandveggiesmorematters.org/

+ U.S. Department of Agriculture, Center for Nutrition Policy
and Promotion; MyPlate (ChooseMyPlate.gov): This site offers
information on meal planning, nutritional needs, and menus
for different ages, sexes, and activity levels that will supply the
recommended amounts of fruits, vegetables, and whole grains.
www.choosemyplate.gov/

+ U.S. Department of Agriculture, Food and Nutrition
Information Center: This site provides a bibliography of
cultural and ethnic food and nutrition materials.
www.nal.usda.gov/fnic/pubs/bibs/gen/ethnic.html#6

+ U.S. Department of Health and Human Services, U.S.
Department of Agriculture; Dietary Guidelines for Americans
2010: The Dietary Guidelines give guidance on increasing
intakes of complex carbohydrates and decreasing intakes of
sugar. http://www.cnpp.usda.gov/dietaryguidelines.htm

+ U.S. National Library of Medicine, U.S. National Institutes of
Health: Medline Plus, Trusted Health Information for You—
Carbohydrates: This website offers materials and information
for health professionals and the general public on research
news, facts about naturally occurring carbohydrates and
artificial sweeteners, and choosing carbohydrate foods.
www.nlm.nih.gov/medlineplus/carbohydrates.html
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Lipids or fats, as they are commonly called, are the second of the
energy-yielding macronutrients and carry mixed messages for
consumers. Although we hear that a high-fat diet promotes
chronic disease, we also read about the health benefits of the
Mediterranean diet, which is moderately high in fat. When con-
sumers were asked why they craved fast-food hamburgers, they
gave such answers as, “Has a taste you can’t duplicate,” “Is warm
and inviting,” and “Fills that empty spot.”" In large part, these
attributes come from fat. Fats add taste and a pleasant mouth
feel to our food and contribute to our “feeling full.” Fat itself is
an essential nutrient for the fatty acids it contains and has an
important role in absorption of the fat-soluble vitamins.

In past years, fat held a prominent place in the American
diet, providing the needed kilocalories (kcalories or kcal), for
strenuous physical labor. Today we must assess not only how
much fat we consume but also what type, because different fats
have different effects on our health. Fat is an important compo-
nent of the total diet,” and a low-fat diet is not necessarily a
nutritionally adequate diet. In our study of lipids we will learn
why we need fat and how to include it in meal planning.

LIPIDS IN NUTRITION AND HEALTH
Health Issues and Lipids

Lipids perform many essential functions in the body, but
uncertainties exist as to the types and the amount of fat that
we should eat.”” You need what you need, but more is not

better. Health concerns related to dietary fat focus on two
issues: (1) the high energy content of fat, and (2) the negative
health effects of certain fatty acids. In general, polyunsatu-
rated and monounsaturated fatty acids have positive effects
on body function, whereas certain saturated fats and trans
fats add to health risk.

Amount of Fat

Fat is energy dense, containing over twice as many kcalories
per gram as protein or carbohydrate. Too much fat in the diet
supplies more kcalories than may be required for immediate
use, with the excess stored as adipose tissue. Over time such
increases in body weight—or more precisely body fat—
increase risk of type 2 diabetes, hypertension, and heart
disease.”™ (Increases in body fat and related health problems
will be discussed in later chapters.)

KEY TERMS

lipids Chemical group name for fats and fat-related com-
pounds such as cholesterol, lipoproteins, and phospholipids.
fatty acids The building blocks or structural components of
fats.

saturated Term used for a substance that is united with the
greatest possible number of other atoms or chemical groups.
A fatty acid is saturated if all available chemical bonds on its
carbon chain are filled with hydrogen. A fat is saturated if the
majority of fatty acids making up its structure are saturated.
adipose Cells and tissues that store fat.
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Type of Fat

Excessive amounts of saturated fats raise blood low-density
lipoprotein (LDL) cholesterol levels and promote atheroscle-
rosis, the buildup of fatty deposits on the interior walls of the
major arteries that adds to risk of heart attack or stroke. Satu-
rated fat is found primarily in animal sources, although some
appear in plant oil. Unsaturated fats, contained mostly in
vegetable oils and fatty fish, can modify blood lipids to lower
the risk of cardiovascular disease.”” Trans fats produced in
the commercial processing of lipids are injurious to health
and best eliminated from the diet. It is important to help
consumers recognize the different sources and types of fat as
these relate to their health."

Functions of Lipids

Food Lipids

Dietary lipids not only support nutrition and health but also

add to the joy of eating. Following are descriptions of these

important characteristics:

+ Provide energy: Lipids are a concentrated source of fuel to
store and use as needed. Food lipids yield 9 kcal/g when
oxidized by the body as compared with carbohydrates and
protein, which yield only 4 kcal/g.

« Supply essential fatty acids: The essential fatty acids linoleic
acid and o-linolenic acid must be obtained in food because
they cannot be made by the body or made in the amounts
needed.

« Support absorption of the fat-soluble vitamins: Lipid must
be present in the food mix in the small intestine to provide
a vehicle for absorption of the fat-soluble vitamins.

+ Add to food palatability: Lipids add flavor and a pleasant
mouth feel to food. Our food choices are strongly influ-
enced by taste,'"” and textures from lipids enhance our
sensory response.

+ Promote satiety: A meal containing lipids satisfies the
appetite for a longer period than a meal containing
only carbohydrate and protein. Particular brain cells
respond to the mouth feel of fat and influence the
region of the brain controlling satiety.'' Fat contributes
texture and body to food mixtures that slow its move-
ment out of the stomach and helps prolong the feeling of
fullness."

Body Lipids

Lipids are stored in the body as adipose tissue. This tissue

performs many essential tasks, as follows:

+  Storage source of energy: Lipids are an efficient fuel for all
tissues except the brain and central nervous system (CNS).
In fact, fatty acids are the preferred fuel of the heart
muscle.

*+  Thermal insulation: The layer of lipid deposited directly
beneath the skin helps maintain body temperature.

+  Protection of vital organs: A weblike padding of adipose
tissue surrounds vital organs such as the kidneys, protect-
ing them from mechanical shock and providing structural
support.

+  Transmission of nerve impulses: Lipid layers surrounding
nerve fibers provide electrical insulation and transmit
nerve impulses.

+ Formation of membranes: Lipids are structural compo-
nents of cell membranes and help transport nutrients,
metabolites, and waste products in and out of cells.

+ Carrier of fat-soluble materials: Lipids transport the fat-
soluble vitamins A, D, E, and K to the cells for metabolic
use. Lipoproteins carry lipids to and from the liver and
on to body tissues.

 Precursors of other substances: Lipids supply fatty acids and
cholesterol for the synthesis of various structural and
metabolic compounds; brain tissue and the retina contain
many fatty acids.

PHYSICAL AND CHEMICAL
NATURE OF LIPIDS

Physical Characteristics

The chemical term lipid includes fats, oils, and related com-
pounds that are insoluble in water and greasy to the touch.
Some food lipids—butter, margarine, or cooking oil—are
easily recognized as fats. Other foods that appear to be
carbohydrates, such as bakery items or potato chips, often
contain significant amounts of fat.”

Chemical Characteristics

Lipids are organic compounds consisting of a carbon chain
with hydrogen and oxygen atoms attached. Particular lipids
may have other radicals or groups of elements attached. Fatty
acids and their related compounds are the lipids important
in human nutrition. Lipids have something in common with
carbohydrates: the same chemical elements that make up
carbohydrates—carbon, hydrogen, and oxygen—also make
up fatty acids. However, carbohydrates and lipids have two
important structural differences:

1. Lipids are more complex, with more carbon (C) and
hydrogen (H) atoms and fewer oxygen (O) atoms.

2. The common structural units of lipids are fatty acids,
whereas the common structural units of carbohydrates are
simple sugars.

We will look first at the unique characteristics of fatty
acids—their saturation, chain length, and essentiality—and
then focus on the triglycerides built from fatty acids.

FATTY ACIDS AND TRIGLYCERIDES
Characteristics of Fatty Acids: Chain Length

A characteristic of fatty acids important in human nutrition
is the length of their carbon chain. Fatty acids in foods
range from 4 to 22 carbons (Box 4-1). Chain length affects
intestinal absorption. Long-chain fatty acids are more
difficult to absorb and require a helping carrier to enter the
lymph and then the blood. Short- and medium-chain fatty
acids are soluble in water and absorbed directly into
the blood. When intestinal diseases injure the absorbing
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BOX 4-1 CHAIN LENGTH OF 2. Monounsaturated: Food lipids that have a high proportion
FATTY ACIDS of fatty acids with a pair of hydrogen atoms missing, creat-

ing one double bond, are called monounsaturated fats.

* Short-chain fatty acids have 4 to 6 carbon atoms. These lipids are generally from plant sources. Canola oil

e Medium-chain fatty acids have 8, 10, or 12 carbon atoms.
e Long-chain fatty acids have 14, 16, 18 or more carbon
atoms.

(isolated from rapeseed) and olive oil are primarily mono-
unsaturated fats.

3. Polyunsaturated: When fatty acids have four or more
spaces unfilled with hydrogen atoms, creating two or more
double bonds, they are polyunsaturated fats. Many of these

BOX 4-2 DEGREES OF SATURATION fats are from plant sources and include commonly used

OF FOOD FATS cooking oils such as corn oil and safflower oil. Polyunsatu-
rated fatty acids with two or more double bonds are also
classified according to the position in the carbon chain
where the first double bond appears. When the first double
bond follows the third carbon atom, counting from the
methyl end of the fatty acid, it is referred to as an omega

() 3 or n-3 fatty acid. When the first double bond follows

the sixth carbon atom in the chain it is called an omega

(®) 6 or n-6 fatty acid. Two important fatty acids in human

metabolism are linoleic acid, an n-6 fatty acid, and

a-linolenic acid, an n-3 fatty acid. These are referred to as

Highly Saturated Fat (solid at room temperature)

Stick margarine essential fatty acids because the body cannot synthesize an
Butter n-3 or n-6 fatty acid. The n-3 fatty acids found in fatty fish
Beef fat have a role in cardiovascular health.””

Less-Saturated Fat (very soft at room temperature) Essential Fatty Acids

Tub margarine

, Two different fatty acids—linoleic acid (an n-6 fatty acid)
Squeeze margarine

and o-linolenic acid (an n-3 fatty acid) are essential fatty
Unsaturated Fat (liquid at room temperature) acids for humans. Arachidonic acid, another fatty acid
Salad oil important in human nutrition, can be made from linoleic
acid. Two n-3 fatty acids associated with cardiovascular
health—(1) eicosapentaenoic acid (EPA) and (2) docosa-
hexaenoic acid (DHA)—can be made from o-linolenic acid

Images copyright 2006 Jupiterlmages Corporation.

surface of the small intestine, a commercial product called
medium-chain triglyceride (MCT) oil (made of short- and KEY TERMS

medium-chain fatty acids) can replace ordinary vegetable oil lipoproteins Noncovalent complexes of fat with protein.

in food preparation. The lipoproteins carry lipids in the plasma; this combination
oL ) ) of fat surrounded by protein makes possible the transport of
Characteristics of Fatty Acids: Saturation fatty substances in a water-based solution such as plasma.
The saturation or unsaturation of a lipid governs its physical organic  Carbon compounds found in plants or animals.
characteristics. Saturated fats are hard, less-saturated fats are triglycerides  Chemical name for fats that indicates the
soft, and unsaturated fats are liquid at room temperature structure of three fatty acids attached to a glycerol base.

Triglycerides are synthesized from excess dietary carbohy-
drate and fat and stored in adipose tissue; they release free
fatty acids into the blood when needed for energy.

linoleic acid An essential fatty acid for humans; an n-6
polyunsaturated fatty acid.

(Box 4-2). These physical differences are based on the ratio
of hydrogen atoms to carbon atoms in the fatty acids making
up the lipid. If a fatty acid has a hydrogen atom attached at
every available space, then it is completely saturated. If the

fatty acid has some hydrogen spaces unfilled, then it is unsat- a-linolenic acid An essential fatty acid for humans; an n-3
urated. The following three terms are used to describe satura- polyunsaturated fatty acid.
tion in fats. essential fatty acids Fatty acids that must be supplied in
1. Saturated: Lipids composed mostly of saturated fatty acids the diet because the body cannot make them.
are called saturated fats. Although saturated fatty acids are eicosapentaenoic acid (EPA) An n-3 polyunsaturated fatty
usually found in animal foods, the most saturated food acid found in fish oil; it helps lower the risk of heart attack or
fats are two oils from plants: (1) coconut oil, which is 88% stroke.

docosahexaenoic acid (DHA) An n-3 polyunsaturated fatty
acid found in fish oil; it is necessary for brain and neural
development in infants and helps lower the risk of heart
attack or stroke in adults.

saturated, and (2) palm kernel oil, which is 80% satu-
rated.” All other saturated fats are of animal origin as
found in meat; butter; whole, reduced-fat, and low-fat
milk; and other dairy products.
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Dietary Dietary
Linoleic Acid o-Linolenic Acid
(18:2n-6) (18:3n-3)

Arachidonic Acid
(20:4n-6)

Eicosapentaenoic Acid
(20:5n-3)

Docosahexaenoic Acid

> (22:6n-3)

Prostaglandins
Widespread in
many tissues

Control contraction of smooth muscle

Regulate blood pressure

Regulate secretion of gastric acid

Regulate body temperature

Regulate aggregation of blood platelets
Control inflammation and vascular permeability
Regulate immune function and resistance to harmful organisms

FIGURE 4-1 Linoleic acid and o-linolenic acid (the essential fatty acids) are the starting points
for synthesis of various other fatty acids and prostaglandins. Prostaglandins, a type of eicosanoid,

help regulate many important body functions.

(Figure 4-1), but these conversion rates are extremely slow, >'*

and influenced by age, sex, genetics, and overall dietary

intake.” Therefore, individuals need to obtain these acids

from regular servings of fish.
Linoleic acid and o-linolenic acid have the following roles:

« Skin integrity: The essential fatty acids strengthen cell
membranes and prevent a harmful increase in skin perme-
ability. Essential fatty acid deficiency causes breakdown in
skin tissue, with characteristic eczema and skin lesions."
Essential fatty acid deficiency seldom occurs with the
exception of a patient receiving a parenteral nutrition
formula that does not include the essential fatty acids.

*  Regulation of lipid metabolism: Polyunsaturated fatty acids
can reduce blood lipid levels, particularly if they are
replacing saturated fat in the diet.>"”

+  Growth: Normal growth requires an adequate supply of
the essential fatty acids, and growth is impaired in essential
fatty acid deficiency; o-linolenic acid is especially impor-
tant for the development of brain tissue before and after
birth."

+  Gene expression: The essential fatty acids regulate the pro-
duction of enzymes needed for synthesis of nonessential
fatty acids."”

+ Immune function: Persons with essential fatty acid defi-
ciency have an increased rate of infection."”

« Aggregation of blood platelets: EPA and DHA prevent
unwanted aggregation of blood platelets that blocks the
flow of blood in major arteries, causing heart attack or
stroke."

+  Synthesis of hormonelike agents: Essential fatty acids are
metabolic precursors of a group of physiologically and
pharmacologically active compounds known as eicosanoids
(see Figure 4-1). Prostaglandins, a type of eicosanoid,
were first identified in human semen and thought to origi-
nate in the prostate gland. Prostaglandins exist in virtually

all body tissues and act as local hormones to direct and
coordinate biologic functions. They influence blood pres-
sure, blood clotting, and cardiovascular function.'”

Dietary Reference Intakes

Adequate Intakes (Als) have been established for both linoleic
and o-linolenic acids. (See Chapter 1 to review the various
categories of the Dietary Reference Intakes [DRIs].) Between
the ages of 19 and 50, the Al for linoleic acid (an n-6 fatty
acid) is 17 g/day for men and 12 g/day for women; past the
age of 50, these reference intakes decrease to 14 g/day for men
and 11 g/day for women. The Al for a-linolenic acid (an n-3
fatty acid) is 1.6 g/day for all adult men and 1.1 g/day for all
adult women.'® Current surveys indicate that U.S. adults are
meeting their requirements for linoleic and o-linolenic fatty
acids.”” Currently there are no specific DRI recommendations
for EPA and DHA.

Increased intakes of polyunsaturated fatty acids with mul-
tiple double bonds also increase the need for antioxidants to
prevent oxidation at double bond sites. We will learn more
about the role of vitamin E in preventing unwanted oxidation
in Chapter 6.

Special Needs of Infants

Arachidonic acid and DHA play a critical role in the brain
and neural development of infants; both are found in breast
milk in liberal amounts. Commercial infant formula sold
in the United States is fortified with arachidonic acid and
DHA to the levels found in human milk.”” Based on the
important role of DHA in both prenatal and postnatal devel-
opment, some nutrition experts have proposed that both
pregnant’ and lactating women” be encouraged to eat one
to two portions of oily sea fish per week selected from fish
low in mercury and other contaminants. Clinical studies are
continuing to evaluate the association between dietary intake



CHAPTER 4 Lipids

BOX 4-3

Linoleic Acid: n-6 Fatty Acid (essential)
Safflower oil

Corn oil

Cottonseed oil

Soybean oil

Nuts

Wheat germ

a-Linolenic Acid: n-3 Fatty Acid (essential)
Soybean oil
Flaxseed oil

FOOD SOURCES OF FATTY ACIDS IMPORTANT TO HEALTH

Canola oil
Walnuts
Wheat germ

Fatty Acids from Fish: n-3 Fatty Acids*
Eicosapentaenoic acid and docosahexaenoic acid
* Herring

* Mackerel

e Halibut

e Salmon

e Canned tuna

Images copyright 2006 Jupiterlmages Corporation.

*These fatty acids can be synthesized in extremely limited amounts so regular servings of fish are recommended.

of DHA from fish or supplements during pregnancy, the
DHA content of breast milk, and infant health outcomes
such as visual acuity and cognitive development.>” (More
information on selecting low-mercury fish can be found in
Chapter 9.)

Food Sources of Essential Fatty Acids

The best sources of the two essential fatty acids are vegetable
oils. Corn oil, safflower oil, soybean oil, cottonseed oil, sun-
flower oil, and peanut oil are rich in linoleic acid (an n-6
acid), and o-linolenic acid (an n-3 acid) is found in flaxseed,
soybean oil, and rapeseed oil (canola oil)."* The Dietary
Guidelines for Americans recommends that both children and
adults consume two servings of fish per week to ensure an
adequate supply of EPA and DHA.” (Box 4-3 lists food sources
of important fatty acids.)

Use of Fish Oil Supplements

Fish oil supplements, which have received increasing atten-
tion in the popular press as an alternative to eating fish,
should be used only with the supervision of a health care
professional. Because EPA and DHA can excessively prolong
bleeding time, persons taking anticoagulants including
warfarin and aspirin should use such supplements with
caution.'*”

Structure of Triglycerides

The body stores fatty acids in the form of triglycerides made
from three fatty acids attached to a glycerol base. When glyc-
erol is combined with one fatty acid, it is called a monoglyc-
eride; with two fatty acids, it is a diglyceride; and with three
fatty acids it is termed a triglyceride. Glycerides are found in
food and also formed in the body. Most natural lipids from
animal or plant sources are triglycerides. Triglycerides serve

multiple functions throughout the body. They appear in body
cells as oily droplets and circulate in the water-based blood
plasma encased in a covering of water-soluble protein. These
lipid-protein molecules are called lipoproteins.

FOOD LIPIDS AND HEALTH

Degree of Saturation

Food lipids contain a mixture of both saturated and unsatu-
rated fats. Animal sources—meat, milk, and eggs—contain
more saturated fats, whereas plant sources, primarily vegeta-
ble oils, are more unsaturated. The spectrum of food fats
(from saturated to unsaturated) is illustrated in Figure 4-2.
In general, saturated fats are solid at room temperature, and
the unsaturated plant lipids are free-flowing oils even at low
temperatures; however, the exceptions to this usual pattern
are important to human health. Coconut oil and palm kernel
oil, highly saturated vegetable fats, are used extensively in

KEY TERMS

prostaglandins One of a group of naturally occurring sub-
stances called eicosanoids derived from long-chain fatty
acids; they have multiple local hormone-like actions including
regulation of gastric acid secretion, blood platelet aggrega-
tion, body temperature, and tissue inflammation.

glycerol An alcohol that is esterified with fatty acids
to produce triglycerides and released when fats are
hydrolyzed.

glycerides Group name for fats formed from glycerol by
the replacement of one, two, or three hydroxyl (OH) groups
with a fatty acid. Monoglycerides contain one fatty acid,
diglycerides contain two fatty acids, and triglycerides contain
three fatty acids. Glycerides are found in animal and plant
fats and oils and stored in the adipose tissue.
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Coconut Palm kernel Dairy Red Poultry Seafood Nuts Vegetable
oil oil fat meat oils
—
Olive
Canola
@ Safflower
Soybean
Corn
SATURATED —< > UNSATURATED

FIGURE 4-2 Spectrum of food fats according to degree of saturation. Note that the two food
fats with the highest degree of saturation are plant fats, followed by various animal fats in
decreasing order of saturation. In general, plant fats are less saturated.

TABLE 4-1  EFFECTS OF FATTY ACID SATURATION ON BLOOD LIPIDS
DEGREE OF SATURATION NUMBER OF DOUBLE BONDS _PHYSIOLOGIC EFFECTS

Saturated fats None Raises blood levels of total cholesterol and low-density
lipoprotein (LDL) cholesterol
Monounsaturated fats One Decreases blood levels of total cholesterol and LDL cholesterol

when substituted for saturated fat
Decreases blood levels of total cholesterol and LDL cholesterol
Discourages blood platelet aggregation decreasing risk of
unwanted clots
Raises blood levels of total cholesterol and LDL cholesterol
Decreases blood levels of high-density lipoprotein (HDL)
cholesterol

Polyunsaturated fats Two or more
(includes the essential
fatty acids and fish oils)

Trans fats One

Data from Holligan SD, Berryman CE, Wang L, et al: Atherosclerotic cardiovascular disease. In Erdman JW Jr, Macdonald |A, Zeisel SH,

editors: Present knowledge in nutrition, ed 10, Ames, lowa, 2012, International Life Sciences Institute/Wiley-Blackwell.

nondairy creamers and baked goods because they are rela-
tively inexpensive.

The number of double bonds in a fatty acid influences its
actions in the body. Certain saturated fats increase cardiovas-
cular risk if eaten in large amounts, although fats with one
double bond or more have the opposite effect (Table 4-1).
Monounsaturated fatty acids are associated with the health-
promoting effects of the Mediterranean diet, a plant-based
eating pattern rich in legumes, grains, seeds, and olive
oil. Polyunsaturated fats with two or more double bonds
include the essential fatty acids and fish oils. Despite the posi-

tive effects of unsaturated fats, moderation should be the
key4,6,9,]7,]8

Cis versus Trans Fats

To meet the demand for solid fats for use as table fats or food
ingredients the process of hydrogenation was developed.
When unsaturated oils are surrounded with hydrogen gas,
hydrogen ions attach at available sites, producing a more
saturated (or solid) fat. This process turns unsaturated veg-
etable oils into margarine or vegetable shortenings; however,
a particular type of unsaturated fatty acid that is formed in
this process, a trans fatty acid, is extremely detrimental to
health.

In Figure 4-3 we compare the two possible structures of
an unsaturated fatty acid. When double bonds occur in
nature, the fatty acid chain bends in such a way that both
parts are on the same side of the bond. In this case, the fatty

acid is called a cis fatty acid, meaning same side. Fatty acids
in vegetable oils are in the cis form. However, when oils are
partially hydrogenated, the normal bend can change with the
two structural parts on opposite sides of the bend. This form
is called a trans fatty acid, meaning opposite side. Commer-
cially hydrogenated lipids used in soft margarine and other
food products often contain trans fatty acids.

Trans fatty acids have been implicated in the development
of coronary artery disease.”* In addition, they elevate the risk
of type 2 diabetes” and disrupt essential fatty acid functions
in cells"* (see Table 4-1). In 2006 it became mandatory to add
trans fatty acid content to nutrition labels, and since then
both the food industry and government agencies have worked
to reduce the trans fat content in processed food. Prior to the
2006 mandate even young children were consuming signifi-
cant amounts of trans fats (the goal is 0 g per day). Mean
intake in children ages 3 to 5 was 5 g per day, and teenage
boys consumed almost 8 g. Men took in 7 g and women
about 5 g. Items contributing the greatest proportions of
trans fats were cakes, cookies, and pastries, followed by yeast
breads, French fries, ethnic dishes, and tortilla chips.”® In

KEY TERM

hydrogenation Process used to produce margarine and
shortening from liquid vegetable oils; when polyunsaturated
vegetable oils are exposed to hydrogen gas, hydrogen atoms
are added at many of the double bonds, forming a solid fat.
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recent years average intake has dropped to 1.3 g per day,
although many individuals exceed this level.”” Based on
efforts of public health departments and health professionals,
many fast-food restaurants and food manufacturers have vol-
untarily reduced their use of fats containing trans fatty acids.
Several state and city governments including New York City
have passed ordinances restricting use of trans fats in local
restaurants.”

The nutrition label can guide a consumer’s intake of fat.
Information given includes the grams per serving of total fat,
saturated fat, unsaturated fat, and trans fat; however, confu-
sion about portion size can add to intake. Packages assumed
to contain one serving are often labeled as containing two
servings or more, with the result that actual fat intake is two
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FIGURE 4-3 The cis and trans forms of a fatty acid.

BOX 4-4

Visible Fats
Butter/margarine
Salad dressings
Bacon

Fat attached to meat

or more times what was expected. As for trans fats, it is
important for consumers to recognize the difference between
none or zero trans fats. None means there are no trans fats
present. Conversely, a label can list content as zero if the
amount of trans fat per serving is 0.5 g or less. Eating several
servings of such items adds significant amounts of trans fat
to the diet. Fats such as coconut oil and palm kernel oil can
be found in the list of ingredients on the food label and be
identified as sources of saturated fat. Although we should
encourage avoidance of trans fat, it is also important for
consumers to understand that a food is not necessarily healthy
just because it contains no trans fat.”” Such a food may be
high in total fat or saturated fat and still best eaten in limited
amounts. The use of saturated fat in processed food may
increase if food manufacturers replace trans fat with forms
of saturated fat.”®

Visible and Hidden Fat

Fat enters the diet in many different forms and foods. Fats
are quite visible in butter, margarine, vegetable oil, salad
dressing, bacon, and similar added fats; however, less obvious
are the fats in milk (unless it is nonfat), egg yolk, cheese, nuts,
seeds, and olives, often referred to as hidden fats. Other major
sources of hidden fats are bakery items, including cake,
cookies, crackers, and muffins, or frozen entrees such as
baked lasagna (Box 4-4). Meat and poultry have both visible
and hidden fat. Even when visible fat has been trimmed away
or the skin removed, the remaining portion still contains
some fat. Red meat, especially beef, is marbled with tiny fat
deposits within the muscle tissue. When evaluating the nutri-
ent intake of a cultural or ethnic group different from your
own, it is important to consider potential sources of hidden
fat in recipes or added in food preparation (see the Focus on
Culture box, “Developing Food Frequency Questionnaires for
Culturally Diverse Groups”).

Acceptable Macronutrient Distribution Range

The Acceptable Macronutrient Distribution Range (AMDR)
for fat is 20% to 35% of total kcalories.'” This range
allows appropriate intake of the essential fatty acids and

VISIBLE AND HIDDEN FATS IN FOOD

Hidden Fats
Hamburger

Peanuts

Cheese

Potato chips
Chocolate chip cookie

Images copyright 2006 Jupiterlmages Corporation.
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FOCUS ON CULTURE

Developing Food Frequency Questionnaires for Culturally Diverse Groups

Food frequency questionnaires (FFQs) are one way of learning
what people eat; they provide a tool for evaluating an individ-
ual’s diet and developing an intervention plan. An FFQ contains
a list of common foods from all major food groups, and persons
are asked how often they eat each food and the portion size
usually eaten. The FFQ can be completed in writing, adminis-
tered by interview, or entered using a computer-assisted
module. Photographs can be especially helpful in defining
portion size. When collecting dietary information from indi-
viduals who do not speak or read English, it is necessary to
translate the FFQ or hire an interviewer who is fluent in
their language and familiar with their dietary patterns. Be sure
to review your materials with representatives of the target
group to be sure that both your words and pictures are clearly
understood."?

Creating a Food Frequency Questionnaire

To obtain an accurate response describing food intake, you
must provide a comprehensive list of foods commonly eaten.
The list of typical foods eaten by an East Indian or Chinese or
Latino family who recently emigrated to the United States will
be very different from a list of foods used by those who have
come to adopt more typical American patterns. Even among
lifelong residents, racial and ethnic differences may exist as to
favorite foods such as fruit or vegetable choices.® Below is a
framework for developing an FFQ for a particular target group.*

Step 1

Talk with those who do the cooking about the types of food
they prepare for their families. Collect recipes for specific
dishes to be sure that you understand what grains, fruits,
vegetables, meats, and fats are included in each dish. Certain
vegetables may be eaten only as components of mixed dishes
and not eaten separately.® Check to see what ingredients are
available in local shops and what substitutions homemakers
need to make when preparing their native dishes. Be sure to
talk with both younger and older homemakers. Older families
are more likely to retain traditional food patterns, whereas
younger homemakers are more likely to adopt store-bought
items used by those around them.®

Step 2
Group foods according to their nutrient content; put grain
foods, protein foods, or calcium-rich foods together.

Step 3
Assign a food name that is familiar to your target group.
For example, families from Southeast Asia may recognize
broccoli by the name given to Chinese broccoli, kai-lan, or
gai-lan.*

Step 4

Compile a database that includes the specific nutrient
content of each food item that will appear on your FFQ. Many
ingredients will likely be available in the U.S. Department of
Agriculture (USDA) nutrient database used to calculate the
nutrient content of diet records obtained in U.S. food surveys.
Using these food values, calculate the nutrient content of
mixed food dishes common to your target group.

Special Problems with Fats

Based on the high energy density of fat and its association with
chronic disease, we need to obtain good estimates of the types
and amounts of fat eaten regularly. Food preparation methods
strongly influence fat intake and require particular attention.
FFQs developed for use with Native Americans and native
Alaskans asked about use of meat, chicken, fish, game meats,
and wild birds, if the skin from poultry and birds was eaten,
and if these protein foods were fried or otherwise prepared
with added fat." Southeast Asian families were found to obtain
about 40% of their kcalories from fat, with much of it coming
from oil-based curry sauces, whereas Chinese families took in
only 34% of their kcalories as fat, yet both added about the
same amounts of oil to their stir-fry mixtures.* When the
researchers looked at the actual foods being prepared, they
found their answer. With the stir-fried foods, much of the fat
remained in the pan when the food was served; with the thick
curry sauces, most of the sauce was eaten along with the other
ingredients. It may be helpful to visit a family at mealtime to
fully appreciate their food habits.

As groups become more health conscious, it is pertinent
to include on FFQs items that are being marketed for their
specific nutrient content. For example, when developing an
FFQ for individuals trying to lower their fat intake, you might
include not only traditional foods but also any highly advertised
low-fat or modified-fat foods directed toward your particular
audience.

Think about your own ethnic or cultural group. If you were to
develop an FFQ for them, then what foods would you include?

References

1. Slattery ML, Murtaugh MA, Schumacher MC, et al: Develop-
ment, implementation, and evaluation of a computerized
self-administered diet history questionnaire for use in studies
of American Indian and Alaskan native people. J Am Diet
Assoc 108:101, 2008.

2. Banna JC, Vera Becerra LE, Kaiser LL, et al: Using qualitative
methods to improve questionnaires for Spanish speakers:
assessing face validity of a food behavior checklist. J Am
Diet Assoc 110:80, 2010.

3. Arab L, Cambou MC, Craft N, et al: Racial differences in
correlations between reported dietary intakes of carotenoids
and their concentration biomarkers. Am J Clin Nutr93:1102,
2011.

4. Kelemen LE, Anand SS, Vuksan V, et al: Development and
evaluation of cultural food frequency questionnaires for
South Asians, Chinese, and Europeans in North America.
J Am Diet Assoc 103:1178, 2003.

5.Tseng M, Hernandez T: Comparison of intakes of U.S.
Chinese women based on food frequency and 24-hour recall
data. J Am Diet Assoc 105:1145, 2005.

6. Pakseresht M, Sharma S: Validation of a culturally appropri-
ate quantitative food frequency questionnaire for Inuvialuit
population in the Northwest Territories, Canada. J Hum Nutr
Diet 23(Suppl 1):75, 2010.




CHAPTER 4 Lipids

fat-containing foods that are rich sources of other important
nutrients, yet controls kcalories. The lower end of the range
helps with weight management or weight loss, whereas the
upper level will promote weight gain in underweight indi-
viduals or ensure sufficient kcalories for an active lifestyle or
growth. Fat intakes falling below 10% of total kcalories may
not supply needed amounts of essential fatty acids.'®

Appropriate Intakes of Fat and Carbohydrate

The AMDRs for fat (20% to 35% of total kcalories) and
carbohydrate (45% to 65% of total kcalories) set a balance
between these two energy sources.'® Popular weight loss regi-
mens often replace carbohydrate with fat and protein to the
extent that fat supplies as much as 55% of total kcalories.”
Patients with type 2 diabetes were found to be consuming
diets made up of 45% fat in an effort to lower their intakes
of carbohydrates,”" pointing to the need for nutrition educa-
tion for this group. At the other extreme, when fat falls below
20% of total kcalories, carbohydrate and protein levels rise
disproportionately. (The AMDR for protein is discussed in
Chapter 5.)

LIPID-RELATED COMPOUNDS

Cholesterol

Structure

Although cholesterol is not a fat or a triglyceride, it is often
discussed in connection with dietary lipids. Cholesterol
belongs to a family of substances called steroids and travels
in the blood attached to long-chain fatty acids. People some-
times confuse cholesterol with saturated fat because both
substances are believed to promote atherosclerosis.

Functions

Cholesterol is required for normal body function and synthe-

sized in the liver. If a person obtained no cholesterol whatso-

ever from food, the body would still have an adequate supply.

Cholesterol has broad roles as follows:

+ Precursor to steroid hormones: A cholesterol compound
in the skin, 7-dehydrocholesterol, is converted to vitamin
D when the ultraviolet rays of the sun pass into the
skin; cholesterol is also a precursor of estrogen and
testosterone.

+ Formation of bile acids: Cholesterol is used to form bile
acids, which emulsify fats and facilitate their digestion; bile
acids serve as carriers in fat absorption.

«  Component of brain and nerve tissue: The brain and nerves
include cholesterol in their structure.

« Component of cell membranes: Cell membranes contain
cholesterol.

Food Sources

Cholesterol is found in animal foods but not plant foods. Egg
yolk; meat; whole, reduced-fat, and low-fat milk; cheese; and
organ meats supply cholesterol. Animal fats (but not plant
fats) are rich sources.

Suggested Cholesterol Intake

Because the body can synthesize cholesterol as needed,
no DRI is necessary.'® People are encouraged to limit their
intake, keeping in mind that eliminating cholesterol entirely
would also eliminate meat, eggs, and some dairy products
that provide vitamins and minerals important to health.
The American Heart Association recommends that dietary
cholesterol be held to 300 mg/day or less, an intake associ-
ated with appropriate blood cholesterol levels.” In recent
years genetic selection has successfully lowered the choles-
terol content of eggs and meat; nevertheless, daily intake
averages about 333 mg in men and 224 mg in women."
Eggs and egg dishes contribute about 25% of cholesterol
intake followed by chicken and chicken dishes, beef and beef
dishes, burgers, and regular cheese.” Upon review of available
evidence the 2010 Dietary Guidelines Advisory Committee
concluded that one egg a day was acceptable for most indi-
viduals; an exception is those with diabetes—these individu-
als appear to be more vulnerable to the blood-cholesterol
raising effect of dietary cholesterol.” Certain plant sterols
interfere with the absorption of cholesterol and help lower
blood cholesterol levels. (See the Evidence-Based Practice
box, “Plant Sterols: Weapon for Lowering Blood Cholesterol
Levels.”)

Lipoproteins

Function

The liver is the body clearinghouse for fatty acids and cho-
lesterol, whether supplied in food or produced in body tissues.
When received by the liver, fatty acids and cholesterol are
packaged into lipoproteins and released into the circulation
for transport to cells.

Lipid Transport
Lipids are insoluble in water, which poses a problem when
they need to be carried in a water-based circulatory system.
The body solves this problem by producing lipoproteins, a
complex of lipids and lipidlike substances surrounded by
water-soluble protein. Special compounds called phospho-
lipids are important in the structure of lipoproteins. Phos-
pholipids are molecules in which one of the three fatty
acids attached to a glycerol base is replaced with a phosphate
(PO,”) group that is water soluble and assists in the transport
of lipoproteins. Phospholipids in cell membranes help lipid
molecules move from the circulatory system into the cell.
Lipoproteins contain fatty acids, triglycerides, cholesterol,
phospholipids, and traces of fat-soluble vitamins and steroid
hormones. They serve as the major vehicle for lipid transport
in the blood.

Classes of Lipoproteins

Lipoproteins are classified according to their density, as deter-
mined by their relative content of lipid and protein. The more
protein present, the greater the density. The amount of each
lipoprotein in the blood is influenced by the time since the
last meal and the quantity and type of fat that a person
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EVIDENCE-BASED PRACTICE

Plant Sterols: Weapon for Lowering Blood Cholesterol Levels

Identify the Problem: Plant sterols, also known as phytosterols
or phytostanols, are found in small amounts in vegetable oils
and grains such as corn, rye, and wheat. The chemical struc-
ture of plant sterols is much like that of cholesterol; based on
this similarity, plant sterols compete with cholesterol for
absorption in the small intestine. Nutrition researchers specu-
lated that plant sterols in the digestive food mix would lower
the amount of cholesterol absorbed and delivered to the liver.
When less cholesterol is available, the liver produces fewer
lipoproteins and blood levels of total cholesterol and LDL cho-
lesterol decline." Unfortunately, plant sterols occur naturally in
food in very small amounts, too small to make a difference in
cholesterol absorption. Food technologists have since found
ways to incorporate plant sterols into food products to increase
dietary intake. Table fats, yogurt, orange juice, grain foods, and
cereal bars with added plant sterols are examples of new
functional foods.?

Review the Evidence: Clinical trials with patients having ele-
vated blood cholesterol levels have demonstrated the benefits
of plant sterols in the prevention and treatment of cardiovas-
cular disease. A daily intake of 1.5 to 3 g of plant sterols con-
sumed as part of a fortified food or as a dietary supplement
lowered LDL cholesterol levels by 5% to 15%,°** and reduced
the tendency of blood platelets to form unwanted blood clots.®
Based on this evidence the U.S. Food and Drug Administration
(FDA) approved a health claim to appear on the food label of
sterol-containing foods that regular use along with a diet low
in saturated fat and cholesterol may reduce the risk of heart
disease.®

Implement the Findings: We know that plant sterols can help
to reduce blood LDL cholesterol levels; however, it is important
for patients to realize that individuals who have a higher LDL
cholesterol level at baseline are likely to experience greater
effects than those with lower baseline levels. The meal at
which the sterol-fortified food is consumed also influences its
effectiveness. It is best to divide the daily intake of sterol-
fortified foods or supplements across two to three meals, or
concentrate intake at the noon or evening meal. Sterol-fortified
foods are less effective if eaten at breakfast, and this may
relate to the diurnal rhythm of body cholesterol synthesis.
Sterols consumed in fortified margarine or other fat spreads,
salad dressings, or yogurt lead to greater reductions in LDL
cholesterol levels than if obtained from fortified grain products
or orange juice. More research is needed to determine the
effects of particular sterols added to specific foods.*

To control kcalorie intake, foods with added sterols must
replace, not be used in addition to, the conventional item in the
daily meal pattern. An 8-0z serving of orange juice containing

1 g of plant sterols provides 110 kcal but meets the MyPlate
(ChooseYourPlate.gov) equivalent of one serving of fruit. Addi-
tional fruit servings, however, are best selected from whole
fruits that also supply fiber. Table spreads containing about
0.7 g of plant sterols per tablespoon (1 tbsp being the recom-
mended serving size) add 70 kcal and 8 g of fat per serving.
Sterol-containing products advertised as “light” spreads usually
contain about 50 kcal/tbsp and 5 g of fat. Two tablespoons per
day are needed to reach the minimum suggested intake of
plant sterols.

Sterol-containing foods appear to be safe for use over long
periods of time, although they may adversely affect the absorp-
tion of carotenoids and lower blood carotenoid levels. Individu-
als using sterol-fortified foods should be encouraged to include
generous servings of carotenoid-rich foods in their daily diet.”
(Dark-green, orange, and red vegetables and fruits are good
sources of carotenoids. We will learn more about these com-
pounds in Chapter 6.)
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consumes on a regular basis. The five lipoprotein classes are

as follows:

1. Chylomicrons: These relatively large particles are formed
in the intestinal wall after a meal and carry the digested
and absorbed fat to the liver for conversion to other
lipoproteins.

2. Very low-density lipoproteins (VLDLs): The VLDLs are
formed in the liver during the fasting interval between
meals. When there is no food in the digestive tract and
chylomicrons are not entering the circulatory system,
VLDLs transport endogenous triglycerides from the liver
to tissue cells.
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3. Intermediate-density lipoproteins (IDLs): IDLs are formed
from VLDLs and continue the delivery of endogenous
triglycerides to the cells.

4. Low-density lipoproteins (LDLs): LDLs are formed from
VLDLs and IDLs and carry mainly cholesterol, as most of
the triglyceride has already been moved into cells.

5. High-density lipoproteins (HDLs): HDLs return cholesterol
from the cells to the liver for breakdown and excretion.

Cholesterol, Lipoproteins,
and Cardiovascular Risk

The two classes of lipoproteins receiving the most attention
in clinical practice are the LDLs and HDLs. Both are primary
carriers of cholesterol; thus their levels in the blood have
important implications for health. The LDLs transport cho-
lesterol from the liver to the tissues; in fact, about half of
the cholesterol circulating in the blood is contained in the
LDLs.” Conversely, the HDLs return cholesterol from the
cells to the liver for excretion. Elevated blood cholesterol in
the form of LDL cholesterol promotes atherosclerosis, the
underlying pathologic condition in coronary heart disease.
High LDL cholesterol levels cause a buildup of fatty plaque
on the inner walls of the vessels that supply blood to the heart
muscle. Over time, these plaques narrow the lumen of the
coronary arteries, decreasing delivery of both oxygen and
other nutrients. Interruption of blood to the heart, as a result
of a blood clot or built-up plaque, causes a heart attack; a
similar occurrence in an artery in the brain results in a stroke
(cerebral hemorrhage). In contrast to LDLs, high HDLs
slow or prevent the progression of atherosclerosis, lowering
cardiovascular risk.

Although both the types and amounts of dietary fat affect
LDL and HDL cholesterol levels, it is not that simple. Some
people absorb cholesterol more efficiently or synthesize
increased amounts regardless of dietary intake. Dietary fat
rather than dietary cholesterol may play a role in cholesterol
synthesis.”> Genetic factors affect the production of HDLs
and the rate at which cholesterol is eliminated from the body.
In Chapter 21 we will learn about dietary and lifestyle inter-
ventions and medications to help control blood lipoprotein
levels.

|HEALTH PROMOTION

Lowering Fat Intake

Despite public health campaigns directed toward lowering
dietary fat, fat intake as a proportion of total energy has
remained at 33% to 34% over the past decade,”” although
total fat intake dropped from 81 g to 77 g."” Even with this
slight decrease in dietary fat, energy intake actually increased
as Americans consumed more kcalories from carbohydrate.’
Fat intake differs according to sex: on average, men consume
93 g and women consume 66 g each day, based on differences
in total kcalorie intake."” Fat intake also differs by race and
ethnicity. Mexican Americans take in about 30% of their
kcalories from fat as compared to Caucasians and African

Americans, who consume 33% of their energy from fat™;
overall, Mexican Americans consume less total daily fat.”

Fast-food adds to intakes of both fat and kcalories. On
days when all meals were eaten at home or somewhere other
than a fast-food restaurant, men took in 33.6% of their kcalo-
ries as fat. On days including a fast-food meal, energy intake
rose by 500 kcal and fat intake reached 34.9% of total kcalo-
ries.”® Women increased their energy intake by 220 kcal and
their proportion of fat kcalories from 32.7% to 34.6% on days
that included a fast-food meal. Carbohydrate intake also
increased when eating at a fast-food restaurant.

Dietary fat can be lowered in various ways. Attempting
to eliminate all foods high in fat not only lessens intakes
of many important nutrients, such as iron, zinc, vitamin E,
and essential fatty acids, but also is unlikely to be sustained
over time.” Alternatively, eating a mix of higher-fat and
modified-fat foods effectively lowers dietary fat,”” while
maintaining appropriate levels of nutrients contained in
higher-fat foods. Including a higher-fat food at mealtime
adds to satiety and helps curb the urge to overeat between
meals. Limiting portion size is another effective way to reduce
both fat and kcalories. A balance of both higher-fat and
lower-fat foods is the best strategy for overall good health.
(See the Perspectives in Practice box, “Lowering Your Fat
Intake,” for more ideas on moderating your intake of fats.)

Fat Replacers

Fats serve many functions in food recipes and food prepara-
tion. In cooking and baking, fats absorb flavors from various
ingredients and help to blend them throughout the food;
assist in the heat transfer necessary for browning or crispi-
ness; create a velvety mouth feel in foods such as ice cream,
pudding, and cheese; and play a critical role in frying.*’ Fat
replacers are ingredients that fulfill these functions but are
lower in kcalories. Fruit purees made from apples or prunes

KEY TERMS

cholesterol A fat-related compound; a sterol that is nor-
mally found in bile and is a principal constituent of gallstones.
Cholesterol is synthesized by the liver and is a precursor of
various steroid hormones, such as estrogen and testoster-
one, and of the vitamin D molecule produced by the action
of ultraviolet light on the skin. It is found in animal tissues
such as meat, egg yolk, and milk fat.

bile A fluid secreted by the liver and transported to the
gallbladder for concentration and storage. It is released into
the duodenum on entry of fat and acts as an emulsifier to
facilitate enzymatic fat digestion.

complex A chemical compound consisting of several
atoms or molecules loosely connected and easily separated.
The micelles formed in the lumen of the intestine, which
carry fats into the intestinal wall, are bile-lipid complexes.
phospholipids A class of fatrelated substances that
contain a phosphate group and fatty acids. The phospholipids
are important components of cell membranes, nerve tissues,
and lipoproteins.
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' PERSPECTIVES IN PRACTICE

Lowering Your Fat Intake

Consumers need practical suggestions on how to lower their
intake of fats, especially unhealthy fats. Encourage small
changes that once begun will be continued. Even one change
at a time can add up to measurable differences over weeks
and months.

Following are some ways to get started:
1. Reduce the fat you add to other foods.

e Use less butter or margarine on your toast.

e Be stingy when adding salad dressing.
2. Reduce portion size.

e QOrder the small rather than the “supersize” portion of
French fries.

3. Eat a favorite high-fat food less often.

* Have ice cream as a snack or dessert on fewer days of
the week; choose fresh fruit on other days.

4. Choose a lower-fat version of a food you eat regularly.

e Use reduced-fat, low-fat, or fat-free milk in place of
whole milk. (Gradually reduce the amount of fat until you
reach low-fat or fat-free.)

e Choose a grilled chicken breast without skin rather than
a fried chicken breast with skin.

e Trim all visible fat from meats.

5. Substitute modified foods lower in fat.

e | ook for reduced-fat mayonnaise and salad dressings.

(Be sure to check the kcalorie content.)
6. Eliminate fat when preparing foods.

e Eat raw carrots without added salad dressing or broccoli
without added butter or margarine.

e Season cooked vegetables with lemon juice, orange
juice, or low-sodium chicken broth rather than margarine
or butter.

are often used in home baking as fat replacers in cookies and
moist cakes. Other fat replacers used as thickeners and emul-
sifiers have been developed for use in processed foods.

Most fat replacers are carbohydrates—plant polysaccha-
rides, celluloses, or gums—although protein and fat may help
provide structure. Several fat replacers have been approved
by the FDA for use in the United States.”’ Fat replacers can
contribute between 0 and 9 kcal/g, but can be used in smaller
amounts than food fats that contain 9 kcal/g. Also, fat replac-
ers are often poorly digested or absorbed, lowering available
kcalories. Olestra, a common fat replacer in snack foods,
interferes with the absorption of fat-soluble vitamins, so
products that contain olestra have added amounts of vita-
mins A, D, E, and K to compensate for this loss. Blood levels
of the fat-soluble vitamins appear to be unchanged in users
of olestra-containing foods.” Fat replacers that are not
digested and remain in the stomach longer might add to
satiety and assist in appetite control and weight management;
however, it appears that individuals who use foods that
contain olestra often compensate for the lower kcalories by
consuming a larger amount.*

Unfortunately, the general public often assumes that baked
goods, frozen desserts, and salad dressings made with fat

replacers are lower in kcalories; this is not always true. In fact,
afood containing a fat replacer may contain the same number
of kcalories or even more kcalories than its higher-fat coun-
terpart if more sugar has been added to maintain flavor and
mouth feel. People who presume they can eat a larger portion
of an item made with a fat replacer may be taking in even
more kcalories than they would with a smaller portion of the
higher-fat item. Better to select snacks from fruit, whole
grains, or reduced fat or fat-free dairy foods, which are not
only lower in fat but also rich in nutrients.

DIGESTION-ABSORPTION-METABOLISM
REVIEW

An overall discussion of digestion is found in Chapter 2. A
summary of chemical digestion and the absorption process
specific to lipids is provided here for review.

Digestion
Triglycerides in animal and plant foods must be broken down
into individual fatty acids for absorption and body use.

Mouth

Lingual lipase in the salivary secretions begins the process of
lipid digestion.

Stomach

The gastric enzyme specific to lipids is gastric lipase (tribu-
tyrinase), which acts on emulsified butterfat. As gastric secre-
tions act on carbohydrates and proteins in the food mix, the
lipids begin to separate out, making them more accessible to
their own enzymes in the small intestine.

Small Intestine

The major breakdown of lipids begins here. Digestive secre-
tions come from three sources: (1) the biliary tract, (2) the
pancreas, and (3) the small intestine, as follows:

1. Bile from the liver and gallbladder: The presence of fat in
the upper duodenum triggers the release of cholecystoki-
nin (CCK) from the intestinal mucosa, which in turn
causes the gallbladder to contract, releasing a flow of bile.
Bile acts as an emulsifier, preparing lipids for further
digestion by (1) breaking them into smaller particles,
increasing the surface area accessible to enzyme action,
and (2) lowering the surface tension of the finely dispersed
globules, enabling enzymes to penetrate more easily. Bile
also provides the alkaline medium needed for the action
of pancreatic lipase. If bile secretion is hindered, as much
as 40% of dietary fat is lost in the feces.

2. Enzymes from the pancreas: Pancreatic lipase breaks off one
fatty acid at a time from the glycerol base of triglycerides.
The initial action yields one fatty acid plus a diglyceride,
and continuing action yields another fatty acid plus a
monoglyceride. Each successive step becomes more diffi-
cult, with the result that less than one third of the fat in
the food mass is broken down completely. The final
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TABLE 4-2  SUMMARY OF LIPID DIGESTION

Small intestine Bile salts from gallbladder

Pancreatic lipase

LOCATION ENZYME ACTIVITY
Mouth Lingual lipase (very limited) Mechanical, mastication
Stomach No major enzyme Mechanical separation of fats as protein and

Small amount of gastric lipase (tributyrinase)

starch are digested and go into solution
Butterfat (tributyrin) to fatty acids and glycerol
Emulsifies fats
Triglycerides to diglycerides and monoglycerides
in turn; then fatty acids and glycerol

H,C-O-| Fatty acid 1

Pancreatic

H,C-O- Fatty acid 2 lipase

H,C-O-| Fatty acid 3

2-Monoglyceride S0 7 N
+ / Intestinal |
. \
1,3-Fatty acids — mucosa !
+ \ /
\ /
Bile salts ~e__.

FIGURE 4-4 A micelle complex of fats and bile salts for transport into the intestinal wall. The
fatty acid in the 2 position of the triglyceride is the most difficult to remove, and some fat is

absorbed in this monoglyceride form.

products of lipid digestion ready to be absorbed are fatty
acids, diglycerides, monoglycerides, and glycerol.

3. Enzyme from the small intestine: Lecithinase acts on leci-
thin, a phospholipid, to prepare it for absorption.
Table 4-2 summarizes lipid digestion.

Absorption

The task of transporting lipids from the small intestine into
the bloodstream takes place in three stages.

Stage I: Initial Lipid Absorption

In the small intestine, bile salts combine with the products of
lipid digestion to form micelles, a bile-lipid complex. This
carrier system (described in Figure 4-4) moves the lipid mol-
ecules from the lumen of the intestine into the intestinal wall.

Stage II: Absorption Within the Intestinal Wall

Once inside the wall of the small intestine the bile salts sepa-

rate from the lipid complex. They are absorbed into the blood

and return to the liver via the enterohepatic circulation, ready
to carry out their task again. When the lipid products are
released from the micellar complex, the following actions take

place (Figure 4-5):

1. Direct absorption of short- and medium-chain fatty acids:
Fatty acids with a chain length of 12 or fewer carbon atoms
are absorbed directly into the portal blood. As noted
earlier, MCT mixtures are helpful with persons who have
problems with fat digestion and absorption.

2. Enteric lipase digestion: A lipase within the intestinal wall
completes the digestion of the remaining diglycerides and
monoglycerides, releasing fatty acids and glycerol.

3. Triglyceride synthesis: All longer chain fatty acids and glyc-
erol form new human triglycerides, ready for absorption
and transport via the lymph.

Lumen Mucosa
Neutral fat

(triglyclerides)

Serosa (lacteals)

I I

I I

Pancreatic lipase | |
I I

I

Glycerol ——>=  Glycerol \
- | | Portal vein

40% to 50%

: 3 Medium-chain
Free f.
ree ftty acids Himeske
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|
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L
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—> Triglycerides | | |

Y
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FIGURE 4-5 Absorption of fat, cholesterol, and phospholip-
ids. Note that a large proportion of dietary triglycerides are
not completely broken down to fatty acids and glycerol before
they combine with bile salts to form the micelle; digestion
is completed by the lipase enzyme in the lining of the
intestine.
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KEY TERMS

chylomicrons Lipoproteins formed in the intestinal wall
after a meal that carry food fats into the lymph and then the
general circulation for transport to the liver.

endogenous Originating from within the body; an example
is endogenous cholesterol, which is produced by cells in the
liver.

lipase Group of digestive enzymes that break down triglyc-
erides to fatty acids and glycerol.

emulsifier An agent that breaks down large fat globules to
smaller, uniformly distributed particles increasing the surface
area available to digestive enzymes and reducing the surface
tension. This is the role of bile in the intestine.

micelles Complex of bile and fat that carries fat into the
wall of the small intestine in preparation for the final stage
of absorption into the lymph and general circulation.

portal An entryway, usually referring to the portal circula-
tion of blood through the liver. Blood is brought into the liver
via the portal vein and moves out via the hepatic vein.
enteric Relating to the intestine.

f To sum up

Stage IlI: Final Absorption and Transport

The newly formed human triglycerides, along with any other
lipid materials present, receive a protein covering to form the
lipoproteins called chylomicrons. These lipid packages cross
the cell membrane to enter the lymphatic system and drain
into the portal blood. In the liver the lipids are converted into
new lipoproteins for transport to body cells. Review Figure
4-5 to follow lipid absorption through its three stages.

Metabolism

The metabolism of carbohydrates, proteins, and lipids are
closely intertwined to effectively meet the body’s constant
demand for energy.

Lipids are the most energy dense of the macronutrients,
yielding 9 kcal/g, and a concentrated source of fuel. Lipids
provide insulation to assist in temperature regulation, protect
vital organs from damage, and contribute flavor and texture
to foods. They have a role in neural transmission, structure
of steroid hormones and cell membranes, and transport of
the fat-soluble vitamins. The building blocks of lipids are
fatty acids. Fatty acids are classified on the basis of chain
length and degree of saturation. Linoleic acid, an n-6 fatty
acid, and o-linolenic acid, an n-3 fatty acid, are two polyun-
saturated fatty acids that are essential and must be supplied
in food. The essential fatty acids are necessary for skin integ-
rity, growth (especially the prenatal and postnatal develop-
ment of brain and neural tissue), control of blood cholesterol

B QUESTIONS FOR REVIEW

levels, and immune function. Several n-3 fatty acids in fish
discourage platelet aggregation and lower the risk of heart
attack and stroke. Both the type and amount of dietary lipids
affect health. Inappropriately high intakes of fat, especially
saturated fats and trans fats, increase cardiovascular risk. The
AMDR for fat is 20% to 35% of total kcalories. When lipids
provide less than 10% of total kcalories, supplies of the essen-
tial fatty acids may be inadequate. Consumers should consult
the nutrition label and list of ingredients on processed foods
to control their intakes of total fat, trans fat, and saturated
fat. Nutrition education should reinforce wise selection of
fat-containing and fat-modified foods to maintain a prudent
intake of healthy fats, control energy intake, and maximize
intakes of vitamins and minerals.

1. What is a lipid? Name several members of this nutrient
class.

2. Describe the roles of fat in the body.

3. Comparing saturated, monounsaturated, polyunsatu-
rated, and trans fatty acids, which are healthy fats and
which are unhealthy? What is it about their structures
that make them healthy or unhealthy? What fat sources
would you recommend to consumers?

4. Name the two essential fatty acids. Why are they consid-
ered essential? What happens when they are not available
in the amounts needed?

5. You are counseling a patient who has been told that he
should lose 10 to 15 lb. His usual fat intake is about 35%
of his total energy intake. He has agreed to lower his
intake of fat to 30% in an effort to reduce his daily kcalo-
ries. What are some strategies that might help him

accomplish this? He and his coworkers eat their lunch at
fast-food restaurants. Develop two fast-food lunch
menus that limit fat and kcalories.

6. Two persons with strong family histories of cardiovascu-
lar disease are concerned about their heart health. Both
have lowered their cholesterol intake and avoid eating
butter. One person started to use a stick margarine made
from corn oil and the other a soft tub corn oil margarine.
Which person made the better choice? Why?

7. A woman runner has decided to remove all fat from her
diet. If she is successful in doing this, then what health
problems might she encounter?

8. A consumer tells you that she has begun to read food
labels and buys only those items that are made with plant
fats rather than animal fats, as she heard that plant fats
were healthier. Is this always true? What does she need to
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look for on the food label to be sure that she is avoiding
unhealthy fats?

. Go to the grocery store and identify three types of crack-

ers, cookies, or salad dressings that offer both a regular
and a reduced-fat or fat-free version. Using the nutrition
label, make a chart indicating (a) the serving size, (b)
total kcalories per serving, (c) grams of total fat per
serving, (d) grams of saturated fat per serving, (e) grams
of unsaturated fat per serving, (f) grams of trans fat per
serving, (g) grams of sugar per serving, and (h) cost per
serving. What nutritional differences did you observe
between the regular and reduced-fat or fat-free versions?
Was there a cost difference? If so, was the reduced-fat or
fat-free version worth the difference in price? How do the
regular and reduced-fat or fat-free versions compare in
serving size, kcalories, total fat, and sugar?
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This chapter describing protein completes our sequence of the
macronutrients. Protein is quite different from carbohydrate or
fat. First, it is the body’s major source of nitrogen, the essential
element of all living things. Second, its main task is forming
body tissue using its individual building units, the amino acids.
Protein is critical to growth and health, and protein deficiency
associated with crop failure, poverty, or other food shortages
causes widespread malnutrition and death among infants, chil-
dren, and adults in the developing world. In affluent societies
intakes of protein—especially animal protein—have escalated
and in some individuals may be inappropriately high. Protein
is critical to the rehabilitation of patients recovering from
surgery, trauma, or serious illness. Our growing understanding
of the health benefits of plant proteins encourages their use in
menu planning for all age groups.

PHYSICAL AND CHEMICAL NATURE
OF PROTEINS

General Definition

In 1838 when Dutch chemist Johann Mulder first identified
protein as a substance in all living things, it is unlikely he
realized the importance of his discovery. Proteins shape our
lives. Protein enzymes break down our food into nutrients
the cells can use. As antibodies they shield us from disease.

Peptide hormones carry messages that coordinate continuous
body activity. They guide our growth in childhood and main-
tain our bodies thereafter; they make us each unique.

Chemical Nature

The structural units of proteins—the amino acids—are the
working currency of protein in body cells. Amino acids
contain carbon, hydrogen, and oxygen—the same three ele-
ments that make up carbohydrates and fats; however, amino
acids and their proteins have the additional element nitrogen.
Protein is about 16% nitrogen. Several amino acids also
contain sulfur.

The term amino acid tells us they have a dual nature. The
word amino refers to a base or alkaline substance, so at once
we have a contradiction. How can a chemical substance be
both a base and an acid, and why is this important? Consider
the significance of this fact as we learn more about amino
acids and their roles in the body.

General Pattern and Structure

A common structural pattern holds for all amino acids. This

pattern is built around a central o-carbon, with several

attached chemical groups (Figure 5-1) as follows:

« Amino (base, NH,) group: The amino group contains the
essential element nitrogen and in solution carries a posi-
tive charge.
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+ Carboxyl (acid, COOH) group: The carboxyl group is
found in all acids, and in solution carries a negative charge.
+ An attached radical (R) group: The R stands for radical, a
general term referring to a group of elements attached to

a chemical compound. In this case it refers to the attached

side chains on amino acids; each one is different. The

distinctive side chain on an amino acid gives it a unique
size, shape, and set of properties.”” Compare the structure
of the two simplest amino acids—glycine and alanine

(Figure 5-2)—with the larger and more complex amino

acid arginine (Figure 5-3), with its extended carbon chain

(R) and three additional amino groups.

Twenty different amino acids are used to build body pro-
teins.” Each has the same core pattern but a specific and dif-
ferent side group. The dual chemical structure of amino acids,
including both acid and base groups, gives them a unique
amphoteric nature, meaning that an amino acid can behave
as either an acid or a base, depending on the pH of the solu-
tion in which it is found. This makes it possible for amino
acids to act as buffers, important in clinical care.

Essential Amino Acids

Of the 20 amino acids used to build body proteins, nine
cannot be synthesized by the body and must be supplied in

Amino group H Alpha-carbon atom

| NH2|—C|)—| COOH|
IE ™~ Carboxyl group

™ side-chain group
FIGURE 5-1 Basic structure of an amino acid.

I |
|NH2|—C|)—| COOH | [NH, |—<|:—| COOH |

CHs

Glycine
FIGURE 5-2 Structure of the amino acids glycine and alanine.

Alanine

I
-6 coor

NH,

Arginine
FIGURE 5-3 Structure of the amino acid arginine.

food. These nine amino acids are designated as indispensable
(essential) amino acids. Another five of the 20 can be syn-
thesized in the amounts needed and are termed dispensable
(nonessential) amino acids. The remaining six fall in between
and are known as conditionally indispensable (essential) amino
acids (Box 5-1).” Although the body is able to synthesize the
conditionally indispensable amino acids, it cannot meet the
demand when tissue needs are elevated or the supply of nec-
essary precursors is inadequate. Arginine is such an amino
acid. The quantity that can be produced in the liver is not
sufficient to meet the needs of the newborn, so additional
amounts must be supplied in food. The concept of dietary
essentiality for the indispensable and conditionally indis-
pensable amino acids is important when assessing protein
quality.

THE BUILDING OF PROTEINS

Protein Structure
Peptide Bond

The dual chemical nature of amino acids, with a base group
on one end and an acid group on the other, enables them to
form the unique chain structure found in all proteins. The

BOX 5-1 CATEGORIES OF AMINO ACIDS

Indispensable (Essential) Conditionally

* Histidine Indispensable

* |soleucine (Conditionally Essential)
e Leucine e Arginine

e Lysine e Cysteine

* Methionine e Glutamine

e Phenylalanine e Glycine

e Threonine e Proline

e Tryptophan e Tyrosine

e Valine

Dispensable (Nonessential)
e Alanine

e Aspartic acid

® Asparagine

e Glutamic acid

e Serine

Data from Food and Nutrition Board, Institute of Medicine: Dietary
Reference Intakes for energy, carbohydrate, fiber, fat, fatty acids,
cholesterol, protein, and amino acids (macronutrients), WWashington,
D.C., 2002, National Academies Press.

KEY TERMS

amino acids Acids containing the essential element nitro-
gen within an amino group—NH,. Amino acids are the struc-
tural units of protein.

amino group The monovalent radical, NH,, an essential
component of all amino acids.
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end amino group of one amino acid joins with the end car-
boxyl group of the amino acid next to it. This joining of
amino acids is called a peptide bond. Specific amino acids are
joined in a particular sequence to form long chains called
polypeptides, and specific polypeptides come together to form
proteins. Polypeptides vary in length from relatively short
chains of 3 to 15 amino acids called oligopeptides to medium-
sized polypeptides with chains of 21 to 30 amino acids such
as insulin. Larger still are complex proteins made up of several
hundred amino acids.

To build a compact structure, long polypeptide chains coil
or fold back in a spiral shape called a helix. Other proteins
form a pleated sheet held together by strengthening cross-
links of sulfur and hydrogen bonds. Learning more about the
structure of body proteins helps medical researchers develop
effective medications and understand how genes influence
disease risk.

Types of Proteins

Proteins are a widely diverse group of compounds. They have
important roles in body structure and metabolism made pos-
sible by their specific content and placement of amino acids.
Consider the following examples.

Myosin

This fibrous protein found in muscle (Figure 5-4) is built
from chains of 153 amino acids that coil and unfold as
needed. Shaped into long rods, these fibers end in two-
headed bundles so that they can change shape and bend,
making it possible to tighten and contract muscles and then
relax them.

Myosin
molecule

Thick filament
of muscle

Myosin molecules
FIGURE 5-4 Myosin is a globular protein in muscle that com-
bines with actin to form actomyosin, the fundamental con-
tractile unit of muscle.

Collagen

This structural protein contains three separate polypeptide
chains that wind around each other to produce a triple helix
(Figure 5-5). Thus reinforced, collagen is shaped into long
rods and bundled into stiff fibers to do its job of strengthen-
ing bone, cartilage, and skin to maintain body form.

Hemoglobin

This globular protein (Figure 5-6) includes four globin poly-
peptide chains per molecule of hemoglobin. Each chain has
several hundred amino acids conjugated with a nonprotein,
the iron-containing pigment called heme. The globin wraps
around the heme and forms protective pockets to secure the
iron. The iron in heme has a special ability to bind oxygen,
and as part of the red blood cell delivers oxygen to the tissues
and returns carbon dioxide for excretion via the lungs.

Albumin

Albumin is the major plasma protein and has a compact
globular shape. It consists of a single polypeptide chain of 584
amino acids, twisted and coiled into helix structures held
together by disulfide bridges.” Albumin serves as a carrier

KEY TERMS

carboxyl group The monovalent radical, COOH, found in
organic acids.

amphoteric Having opposite characteristics; capable of
acting either as an acid or a base or combining with an acid
or a base.

pH A scale ranging from 1 to 14 that describes the hydro-
gen ion concentration of a solution and its relative acidity or
alkalinity; 7 is neutral, with lower numbers becoming progres-
sively more acidic and higher numbers becoming progres-
sively more alkaline.

buffers Mixtures of acid and alkaline components that as
part of a solution protect against large changes in pH even if
strong acids and bases are added. If an acid is added, then
the alkaline partner reacts to counteract the acidic effect. If
a base is added, then the acid partner reacts to counteract
the alkalizing effect. This process keeps body fluids at the pH
levels required for life.

indispensable (essential) amino acids Amino acids that
the body cannot synthesize or cannot synthesize in sufficient
amounts to meet body needs so must be supplied in the diet.
dispensable (nonessential) amino acids Amino acids that
can be synthesized by the body from available precursors.
precursor A substance from which another substance is
derived.

peptide bond The characteristic joining of amino acids to
form proteins. Such a chain of amino acids is termed a
peptide.

helix A coiled structure found in protein. Some are simple
chain coils; others are made of several coils, as the triple
helix.

synthesis The making of a substance or compound by
the body.
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Tendon

Bone

Cartilage

Collagen
olecules

Connective tissue

FIGURE 5-5 Tissues that contain collagen, a structural protein forming connective tissue.

Red

blood cells .

Hemoglobin molecule
FIGURE 5-6 Hemoglobin is the iron-containing protein in red
blood cells that carries oxygen to body cells and tissues and
returns carbon dioxide to the lungs for excretion.

protein for drugs, hormones, enzymes, and trace elements. It
helps maintain fluid balance by exerting colloidal pressure in
the capillaries that forces the flow of nutrients and fluids into
the cells and the return of fluid and waste products out of the
cells. (The role of albumin in maintaining fluid balance is
described in detail in Chapter 7.) In serious illness, albumin
is broken down to supply amino acids for the synthesis of
new proteins to meet the body emergency.

Proteins with Special Roles

Other proteins with special structural or metabolic roles
include the antibodies of the immune system and the blood
protein fibrinogen, important in blood clotting. Hormones
such as insulin and thyroxin and the enzymes that regulate
our day-to-day metabolic activities and produce energy for
work are proteins.’

FUNCTIONS OF PROTEIN

Growth, Tissue Building, and Maintenance

Dietary protein supplies the amino acid building blocks for
the growth and maintenance of body tissues across the life
cycle. It must furnish amino acids in the appropriate patterns
and amounts for efficient synthesis of specific structural mol-
ecules. Although we often consider dietary protein to be most
important during growth and development when new tissues
are being formed, protein needs are also important for main-
tenance and well-being after the growth potential has been
realized.

Infancy, childhood, and adolescence: Every cell in the human
body contains protein so a constant supply is needed to
support the expansion of body tissue as an individual grows
from a 7-1b infant to a 160-1b man. Protein is especially
important to support the rapid growth occurring in the first
years of life when protein deficits can have lifelong effects.
Protein needs escalate approaching the adolescent growth
spurt as bone matrix and muscle tissues expand rapidly.
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Good quality protein is needed to support fetal growth and
the production of milk.

Adult maintenance: Following the attainment of full
growth and maturity, protein requirements reach a steady
state based on replacing lost cells and worn-out protein mol-
ecules. Loss of cells from the skin and gastrointestinal tract;
new cells formed in growth of hair and nails; and formation
of enzymes, hormones, and other control proteins constitute
daily protein needs. Individuals who participate in strength
training and muscle growth require additional protein.
Protein requirements demand special attention following
recovery from serious illness when depleted protein stores
must be replenished.

Specific Physiologic Roles

All amino acids participate in tissue growth and maintenance.

Some, however, have important metabolic roles of their own,

as follows:

« Form mneurotransmitters for brain and nerve function’:
Methionine assists in the formation of choline, a precursor
of acetylcholine, and tyrosine is used to synthesize the
neurotransmitters dopamine and epinephrine; trypto-
phan is the precursor of the neurotransmitter serotonin.
Age-related decreases in the neurotransmitter dopamine
are associated with Parkinson’s disease, with muscle
tremors and rigidity.’

+ Form other amino acids: Methionine is the precursor of the
conditionally indispensable amino acid cysteine, as well as
carnitine and taurine; carnitine transports long-chain
fatty acids into the mitochondria for energy production,
and taurine, found in bile salts, also regulates fluid pres-
sure in the eyes.

+  Form hormones: Phenylalanine is the precursor of the con-
ditionally indispensable amino acid tyrosine needed to
make thyroxin and epinephrine.

+ Support immune function: Protein is needed to make anti-
bodies for the immune system. Protein molecules referred
to as cytokines participate in the acute phase response that
brings about alterations in body metabolism needed to
handle the demands resulting from critical illness, burns,
or trauma.

*  Maintain fluid balance: Plasma proteins control the flow
of fluids, nutrients, and waste products back and forth
between the capillaries and the cells. When protein is
lacking in quantity or quality and serum proteins such as
albumin are not produced in the amounts needed, body
fluids accumulate in the tissues and abdomen, resulting in
the edema associated with the protein-deficiency disease,
kwashiorkor. Low serum albumin complicated by liver
disease can lead to ascites.

+  Formation of lipoproteins: Amino acids supply nitrogen for
synthesis of the nitrogen-containing lipoproteins that
transport fatty acids and triglycerides from the liver to
body cells.

« Formation of genetic materials: The synthesis of DNA
(deoxyribonucleic acid) and RNA (ribonucleic acid)
requires various amino acids.

+ Formation of enzymes and control molecules: All body
enzymes are proteins; examples are the digestive enzymes
that break down our food to a form that the body can use
for energy and tissue building.

Role in Critical Care

Particular amino acids are beneficial in treating catabolic
illness when breakdown and loss of skeletal muscle become
critical. Branched chain amino acids—leucine, isoleucine,
and valine—have positive effects on protein metabolism in
cancer patients for whom malnutrition and body wasting are
life threatening.”* Leucine reverses the muscle wasting associ-
ated with bed rest by stimulating protein synthesis while
decreasing protein breakdown. Although increased amounts
of certain amino acids can improve patient status, this should
not give license to self-medication with over-the-counter
amino acid supplements.

Role as Energy Source

Protein contributes to overall energy metabolism as needed.
Protein is seldom used for energy in the fed state when
glucose is readily available; however, it may be called upon in
the fasting state. In strenuous aerobic exercise protein may be
used as an additional source of energy.'' Before amino acids
can be burned for energy the nitrogen-containing amino
group must be removed, and then the remaining carbon skel-
eton is converted to either glucose or fat. In adults about 17
to 25 g of every 100 g of dietary protein is not needed for
tissue building or repair and is oxidized for energy.’ This
breakdown of amino acids to a form that can be burned for
energy in itself requires energy, leading to the popularization
of high-protein diets for weight reduction.'” Adequate carbo-
hydrate spares protein for its primary purpose of tissue
growth and repair.

PROTEIN AND NITROGEN BALANCE

Concept of Balance

Interdependent checks and balances keep the body in working
order. This is true for protein ebb and flow, with tissues being
built and broken down, and body materials being stored and
released. These coordinated activities enable the body to
respond to any situation disturbing its normal cycles.

Protein Reserves

The average man contains about 11 kg of protein.’ Forty
percent is in the skeletal muscle with the remainder in skin,
blood, kidney, liver, brain, and other organs. Body distribu-
tion of protein changes with growth and development. The
newborn has relatively little skeletal muscle, with proportion-
ately more protein in the brain and visceral organs.

In contrast to the substantial fat reserves held by most
people, body protein reserves are quite limited. What we call
the labile protein reserves, meaning they are easily broken
down to meet immediate needs, make up only about 1% of
total body protein; like glycogen, these reserves are sufficient
to maintain body functions for only a short period of time.’
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The labile protein reserves are intended to provide amino
acids for an emergency; if the condition continues, as in
chronic illness or body wasting, then these reserves are rapidly
depleted and skeletal muscle is broken down to furnish amino
acids as needed. Muscle has an important role in overall body
metabolism, and extreme loss of muscle mass is a predictor
of mortality.”

Protein Balance

The concept of balance as applied to protein balance refers
to the steady state between protein synthesis (anabolism) and
protein breakdown (catabolism). In periods of growth, such
as infancy or childhood, or the enlargement of muscle as a
result of strength training, protein synthesis exceeds break-
down, with a net gain of new tissue (Box 5-2). When food
intake is drastically reduced, as in famine or extreme volun-
tary food restriction, tissue breakdown exceeds synthesis as
body protein is broken down to yield energy, with a net loss
of body protein. Protein catabolism is accelerated during
periods of critical illness as amino acids are needed for the
synthesis of new proteins to fight infection, and other body
responses to metabolic stress cause protein breakdown and
loss of nitrogen in the urine. Serious injury, such as extensive
burns, or surgery, or infection are accompanied by catabolic
protein losses that continue despite a high protein intake.
When healing has begun or the illness has subsided, rehabili-
tation can bring about increased protein anabolism and gains
in body tissue.

Finely tuned mechanisms regulate protein synthesis and
breakdown across all body tissues. When less protein is sup-
plied in the diet, protein is conserved and protein losses are
minimized. When fighting infection the body uses available
protein reserves to obtain amino acids for making immune
cells or other proteins necessary to preserve life. When more
protein is available than is needed for body growth or repair
and protein reserves are at the optimal level, amino acids are
broken down and used for energy or stored as fat. In healthy
individuals adjustments in protein balance on a day-to-day
basis manage the daily variations in protein intake or short-
term emergencies.

CONDITIONS OF PROTEIN
GAIN AND LOSS

Anabolism (net gain in body protein)

e |nfant growth

e Muscle building (strength training)

e Pregnancy (building of maternal and fetal tissues)
e Production of milk in lactation

e Rehabilitation of a malnourished patient
Catabolism (net loss in body protein)

e Cancer cachexia

e Sepsis

e Acquired immune-deficiency syndrome (AIDS) wasting
* Pressure ulcers

e Burns or trauma

BOX 5-2

Various processes and protein compartments participate
in control of protein metabolism, as follows:

*  Protein turnover: Protein turnover is the process by which
body proteins are continuously broken down and the
released amino acids made into new proteins.’ New pro-
teins replace worn-out proteins, and different proteins are
formed to meet changing needs. When an amino acid
labeled with a radioactive carbon atom is incorporated
into a protein food and eaten, it can be traced; that is, we
can follow its journey through the body. By these studies
we learned that amino acids are rapidly incorporated into
body proteins. Then, when these proteins are broken
down, they are reused to form new proteins. Protein turn-
over varies among tissues. Turnover rates are higher in the
intestinal mucosa, liver, pancreas, kidney, and plasma,
tissues that are more metabolically active, and lower in
muscle, brain, and skin. Protein turnover is very slow in
structural tissues such as collagen. Total body protein
turnover is higher in infants and children who are growing
rapidly and lower in older adults.

+ Protein compartments: Body protein is divided between
two compartments: (1) tissue protein and (2) plasma
protein. Protein from one compartment may be drawn to
supply a need in the other. Muscle tissue becomes an
important source of amino acids in periods of stress or
low-protein intake. Plasma proteins such as prealbumin
have rapid turnover and are early indicators of protein
catabolism brought on by inflammation, surgery, cancer,
or other serious illness. Levels of plasma prealbumin can
identify patients at risk of nutritional deficiency or in need
of nutrition intervention.'*'"” Low plasma albumin is char-
acteristic of children with kwashiorkor, the protein defi-
ciency disease seen in countries with food shortages.

KEY TERMS

carnitine A naturally occurring amino acid (C;;H;5sNOs)
formed from methionine and lysine that transports long-chain
fatty acids into the mitochondria where they are oxidized for
energy.

taurine A sulfur-containing amino acid, NH,(CH,), ¢ SO,0OH,
formed from the indispensable (essential) amino acid methio-
nine. It is found in lung and muscle tissues and in bile and
breast milk.

ascites Accumulation of fluid in the abdomen occurring
when blood albumin levels fall below normal and fluid
exchange between the cells and the blood is disrupted; may
be a complication of liver disease, cancer, or congestive heart
failure.

labile Easily changed or modified; unstable.

protein balance The balance between the building up
(anabolism) and the breaking down (catabolism) of body
tissues as necessary to maintain positive growth and
maintenance.

anabolism The building of body tissue.

catabolism The breaking down of body tissue; the oppo-
site of anabolism.
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Although albumin is not a specific marker of protein defi-
ciency, it alerts the clinician to the need for comprehensive
nutrition assessment.'® Plasma protein levels are restored
to normal when the disease or catabolic stress has abated
and protein and kilocalories (kcalories or kcal) become
available."

*  Metabolic amino acid pool: Amino acids derived from
tissue breakdown or supplied by dietary protein contrib-
ute to a common metabolic “pool.” Amino acids from
this pool are used to synthesize body proteins as needed.
Figure 5-7 summarizes the many aspects of protein
metabolism.

Nitrogen Balance

Protein balance is sometimes described as nitrogen balance.
Nitrogen balance involves all of the nitrogen in the body—
protein nitrogen as well as nonprotein nitrogen in such com-
pounds as urea, uric acid, and ammonia. Nitrogen balance is
the net result of nitrogen gain and loss across all body tissues.
Negative nitrogen balance occurs when body nitrogen loss
exceeds the nitrogen taken in from food as occurs in long-
term illness, hypermetabolic wasting disease, and inadequate
protein intake. Positive nitrogen balance occurs during
growth or pregnancy or strength training as more nitrogen is
retained. Healthy persons with an adequate protein intake are
in nitrogen equilibrium with nitrogen intake and loss about
equal on a daily basis.

PROTEIN QUALITY

Evaluating Food Proteins

The nutritional quality of a protein relates to its ability to

sustain the growth and repair of body tissues and is based on

the following two characteristics'”:

1. Protein digestibility: To be of use to the body, amino acids
must be released from other food components and made

available for absorption. If nondigestible components in
the food prevent this breakdown, then the amino acids are
lost in the feces.

2. Amino acid composition: All 20 amino acids needed to
make body proteins must be available at the same time for
new tissues to be formed; therefore food proteins should
supply each of the indispensable amino acids in the
amount required. Other sources of amino (NH,) groups
in a food protein can be used to synthesize any dispensable
amino acids needed.

Comparing Food Proteins

The nutritive value of a food protein is often expressed as its
amino acid score, a value based on both its digestibility and
amino acid composition. The amino acid reference pattern
used to evaluate proteins is quite similar to the pattern of egg
white, the reference protein often used in nutrition studies.
When evaluating an amino acid score, it is important to iden-
tify the limiting amino acid (or acids). A limiting amino acid
is any indispensable amino acid falling below the amount
recommended in the amino acid reference pattern. For
protein synthesis to take place, all indispensable amino acids
must be available in the required amount. Thus the limiting
amino acid “limits” or hinders the body from effectively using
the other amino acids in that protein regardless of their ade-
quacy. When one or two limiting amino acids are identified
in a food protein having optimal levels of the other indispens-
able amino acids, that protein can be combined with another
food protein that will supply the amino acid or acids needed.
A comparison of the amino acid scores and digestibility of
various protein foods is found in Table 5-1. In general, pro-
teins from animal sources have higher scores than those from
plant sources.

Amino Acid Content of Plant and Animal Foods

Plant and animal foods differ in their content of indispens-
able amino acids. Animal foods contain all of the




88 PART 1

Introduction to Human Nutrition

indispensable amino acids in the amounts and ratio needed
to support protein synthesis and are referred to as complete
proteins. These foods include eggs, milk, cheese, meat,
poultry, and fish (Box 5-3). Plant proteins vary in quality but
are incomplete proteins; either they supply less than the
required amount of one or more indispensable amino acids,
or they are missing an indispensable amino acid (Box 5-4).
However, several plant proteins eaten together or combined
with a small amount of animal protein can supply the amino
acids required to support tissue growth and repair.”'® This
concept of complementary proteins, by which one protein
helps meet the amino acid shortage in another, has been at
work in the traditional food patterns of families worldwide.
See Figure 5-8 for examples of complementary vegetable pro-
teins. Soy protein, although lower in methionine than animal
protein, meets the amino acid needs of adults. (See the Focus
on Culture box, “Soy: A Protein Source Since Ancient Times,”
to learn more about soy foods.)

COMPARATIVE QUALITY
OF SELECTED FOODS
ACCORDING TO AMINO

TABLE 5-1

ACID SCORE AND

DIGESTIBILITY
FOOD AMINO ACID SCORE DIGESTIBILITY
Egg 100 100
Cow's milk 95 95
Beef 89 95
Soy flour 47 86
Peanuts 65 94
Polished rice 57 89
Whole wheat 53 87
Sesame seeds 42 90
Peas 37 88

Data from Committee on Amino Acids, Food and Nutrition Board:
Improvement of protein nutriture, Washington, D.C., 1974, National
Academy of Sciences; and Hopkins, DT: Effects of variation in
protein digestibility. In Bodwell CE, Adkins JS, Hopkins DT, editors:
Protein quality in humans: assessment and in vitro estimation,
Westport, Conn., 1981, Avi Publishing Company.

COMPLETE PROTEINS

BOX 5-3

* Egg e Chicken
e Hamburger * Cheese
* Milk e Fish fillet

PROTEIN REQUIREMENTS

Factors Influencing Protein Requirements

Protein Quality

The quality of dietary protein and its amino acid composition
influence the type and amount needed. Individuals who
consume some animal protein along with plant protein will
have an adequate supply of all amino acids. Those who eat
no animal protein should emphasize a wide variety of com-
plementary plant proteins to ensure appropriate amounts of
the indispensable amino acids.

Protein Digestibility
Food processing and food preparation affect amino acid
availability. Heat applied in drying or baking causes chemical

KEY TERMS

nitrogen balance The metabolic balance between nitrogen
intake from dietary protein and nitrogen losses in urine,
feces, sweat, and cells; dietary protein is 16% nitrogen
(6.25 g dietary protein contains 1 g of nitrogen).

negative nitrogen balance The situation when nitrogen
intake from dietary protein does not equal nitrogen losses
through urine, feces, sweat, and cells lost from the skin and
gastrointestinal tract; negative nitrogen balance results in a
net loss of nitrogen from the body.

positive nitrogen balance The situation when nitrogen
intake from dietary protein exceeds nitrogen losses through
the urine, feces, sweat, and cells lost from the skin or gas-
trointestinal tract; positive nitrogen balance results in a net
increase in body nitrogen.

nitrogen equilibrium  The situation that occurs when nitro-
gen intake from dietary protein equals total nitrogen losses.
limiting amino acid The indispensable amino acid present
in a food in the lowest amount as compared with the refer-
ence amino acid pattern.

complete protein A protein that contains all indispensable
amino acids in the amounts needed according to the refer-
ence amino acid pattern.

incomplete protein A protein with a lower amount of one
or more of the indispensable amino acids as compared with
the reference amino acid pattern or missing an indispensable
amino acid needed to form body proteins.

Animal foods contain complete proteins.

Images copyright 2006 Jupiterlmages Corporation.
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FOCUS ON CULTURE
Soy: A Protein Source Since Ancient Times

Families throughout Asia have used soybeans for centuries. In
China, Japan, Vietnam, Indonesia, the Philippines, Cambodia,
and Laos, soybeans in various forms are a dietary staple and a
major source of protein. Traditional soy foods such as tofu,
tempeh, and soy milk were introduced by newcomers to the

United States and have gained broad acceptance. Vegetarians,

those who are lactose intolerant, and others looking to expand

their food horizons have adopted soy foods. A growing interest
in Asian cooking and the increasing popularity of ethnic restau-
rants have encouraged more people to try these foods.

The most important soy-based protein foods are tofu and
tempeh, described as follows:

e Tofu: In Chinese, fu means “riches,” so tofu is usually
served at New Year's celebrations to bring good luck. Tofu
is made by a process similar to cheese making. A coagulat-
ing agent such as calcium sulfate, vinegar, or lemon juice is
added to pureed soybeans. After the curd has formed, it is
placed in molds to form cakes and the liquid whey is dis-
carded. Tofu made with calcium sulfate has higher calcium
content. Some types of tofu look much like farmer cheese,
but they are very different in flavor. While most cheeses
have strong flavors, tofu is very bland and absorbs flavors
from other foods. This makes it an excellent addition to
cooked mixed dishes with a variety of seasonings or highly
spiced ingredients. Tofu is available in two forms: (1) soft
and (2) firm. Soft tofu can be mashed and used in recipes in
place of ground beef or ricotta cheese; firm tofu can be
grilled or stir-fried. Tofu has a limited shelf life, so consumers
should check the expiration date on the package and be sure
to keep it refrigerated.

e Tempeh: This soy food originated in Indonesia and is a
mixture of soy and grain. When fermented, it becomes a

firm mass that can be sliced or made into patties. Tempeh

has more flavor than tofu and is a rich source of protein.

Soybeans are mixed with other ingredients to make sauces
and seasonings used in Asian cooking.

Several of these mixtures are described below:

e Hoisin sauce: Used in Chinese cooking, hoisin sauce is a
combination of fermented soybeans, water, flour, sugar, and
garlic.

e Miso: Miso originated in Japan and is a fermented mixture
of soybeans and rice or barley. It is a pungent, salty paste
used as a seasoning or soup base. Miso is very high
in sodium, containing 900 mg of sodium or more per
tablespoon.

e Soy sauce: This seasoning is a combination of steamed rice,
roasted soybeans, and salt that is fermented. Based on its
high sodium content, it should be used in moderation.
Tofu and tempeh are available in supermarkets and

Asian food stores and add variety and nutrition to the meal

pattern. If you have not tasted these foods, look for an Asian

cookbook in your local library or ask a classmate to share a

family recipe.
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INCOMPLETE PROTEINS

BOX 5-4

e Soy meat analog
e Beans
e Peanuts
* Rice
e Tofu
* Sesame seeds
Plant foods are incomplete proteins, but two or more can
be combined to form a complete protein.

Images copyright 2006 Jupiterlmages Corporation.

bonding between some sugars and amino acids, forming
compounds that cannot be digested. Lysine, methionine, and
cysteine can be lost in this way."” Protein digestion and amino
acid absorption are influenced by the time interval between
meals, with longer intervals lowering the competition for
available enzymes and absorption sites.

Tissue Growth

Protein requirements reflect the growth patterns of infancy,
childhood, and adolescence. Pregnancy and lactation increase
protein needs.

Energy Content of the Diet

When carbohydrate intake is sufficient to meet energy needs,
dietary protein can be used exclusively for tissue building.
This is often referred to as the protein-sparing action of car-
bohydrate. Dietary carbohydrates also support protein syn-
thesis by stimulating the release of insulin, which promotes
the use of amino acids for protein synthesis.
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GRAIN
A
Peanut butter sandwich Black-eyed peas and rice
Baked beans with rolls or bread (Hopping John)
Refried beans (or frijoles) and
corn tortillas
Soybean curd (tofu) and rice
Y
LEGUMES

el

Garbanzo and sesame
seed spread (tahini)

Split pea soup with
sesame seed crackers

Ve

SEEDS

Snacks

Lentil casserole
with nut topping

N

NUTS

Peanuts, sunflower
seeds, pumpkin seeds,
raisins, and walnuts
FIGURE 5-8 Complementary vegetable proteins. Examples of common plant foods that when
eaten together supply the amounts of essential amino acids required for protein synthesis.
(Redrawn from Stanfield PS, Hui YH: Nutrition and diet therapy: self-instructional modules,
ed 4, Sudbury, Mass., 2003, Jones & Bartlett, with permission.)

Health Status

Conditions and diseases that increase the rate of protein turn-
over and tissue breakdown raise the protein requirement.
After trauma or surgery, amino acids are needed for wound
healing and formation of new tissue, as well as the production
of infection-fighting immune factors. Serious burns with
extensive tissue destruction substantially increase protein
needs. In critically ill patients protein requirements may
reach 1.5 to 2.0 g/kg of body weight or 2 to 2)4 times the
usual recommendation.””” Amino acid supplementation
helps limit the loss of muscle protein that occurs with
immobilization.”

Muscle protein synthesis is influenced not only by the
amount of protein available but also by the time frame in
which the protein is consumed. Individuals undergoing resis-
tance training can benefit from eating some high-quality
protein during or immediately following the activity.”**’

Dietary Reference Intakes

Protein

The Recommended Dietary Allowance (RDA) for protein is
0.8 g/kg body weight or 56 g/day for men and 46 g/day for
women.” This intake should maintain body tissues and
replace daily nitrogen losses via the urine, feces, and sweat.
An additional 25 g/day is needed for pregnancy and lactation.
Protein requirements of infants and children vary according
to age and stage of growth.

A Tolerable Upper Intake Level (UL) has not been estab-
lished for protein; however, the safety of protein intakes well
in excess of the RDA is a concern. Protein waste products are
excreted via the urine, and high protein intakes lead to dehy-
dration if fluid intake is not adjusted accordingly. It is recom-
mended that protein intake, under normal conditions, not
exceed two times the RDA.’

Amino Acids

Individuals meeting the RDA who eat both animal and plant
proteins will have an adequate supply of the indispensable
amino acids. If no animal foods are consumed, then an intake
of mixed plant proteins obtained from legumes (including
soy), grains, nuts, seeds, and vegetables can supply amino
acids in the pattern needed, although it is important to select
a wide variety of plant proteins.'® The specific amino acid
requirements of particular age groups are described in Ref. 3,
accessible on the website of the National Academy of Sciences
(see the Evolve website accompanying this text).

ULs have not been set for individual amino acids because
imbalances and toxicity are not usually a hazard when amino
acids are supplied in food. However, supplements that exag-
gerate the intake of one or more amino acids interfere with
protein synthesis and can lead to toxicity.’” Leucine has
become popular among both amateur and professional ath-
letes based on its ability to promote protein synthesis, and at
high levels presents a risk to health.*® Methionine, cysteine,
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and histidine supplements have adverse effects if taken over
long periods.”’

Acceptable Macronutrient Distribution Range

The Acceptable Macronutrient Distribution Range (AMDR)
for protein is 10% to 35% of total kcalories.” Protein needs
are generally met if protein makes up 10% of energy intake;
however, if total energy intake is low, then it may be necessary
to obtain more kcalories from protein to meet the RDA. The
suggested kcalorie range for protein provides flexibility with
the suggested proportions of fat and carbohydrate to achieve
a healthy diet pattern. Diets ranging from 15% to 27% protein
that emphasized healthy fats, vegetables, moderate amounts
of fruits and grains, and limited sweets had a positive effect,
lowering risk factors for coronary heart disease.”

PROTEIN INTAKE

Protein-Energy Malnutrition

Protein intake differs widely across population groups, with
some getting far more and others far less than they need.
Protein-energy malnutrition (PEM) is a major health problem
in many developing countries where protein intakes are low
in both quantity and quality. More than 6 million children
die each year from protein-related deficiencies.” PEM also
contributes to the morbidity and mortality associated with
infectious diseases such as malaria, respiratory tract infec-
tions, and gastroenteritis. Based on more than 13,000 hospital
admissions over a period of 5 years in rural Africa, malnutri-
tion was estimated to be the underlying cause of half of the
inpatient illness and deaths of young children.”’

Two forms of extreme malnutrition occurring across
all age groups when food supplies are insufficient are kwashi-
orkor and marasmus (Figure 5-9). Marasmus represents
extreme starvation with deficits of energy, protein, and
micronutrients. These patients have little or no body fat
and exhibit extreme wasting. Rehabilitation must be imple-
mented on a gradual basis to avoid refeeding syndrome,
with severe complications or death. Kwashiorkor occurs in
children and adults when diets are deficient in protein and
likely limiting in energy and micronutrients as well. The
word kwashiorkor comes from a Ghanaian word meaning
“illness striking a child when the second child is born,” as
it frequently befell a child when a new baby replaced him
at the breast, and weaning foods were inadequate to meet
his nutritional needs. This form of PEM results in a charac-
teristic edema, hypoalbuminemia, skin lesions, and fatty
liver. The primary cause of PEM is most often a lack of
food supplying appropriate levels of nutrients; however,
impaired digestion or absorption, infection, chronic or acute
vomiting, or diarrhea are secondary causes or contributors to
this condition.

Amounts and Types of Protein

Plant researchers are working to improve the amino acid pat-
terns of grains such as rice’ and maize’' that are dietary
staples for millions of people around the world who take in

M

FIGURE 5-9 Protein-energy malnutrition (PEM). A, Maras-
mus results from starvation, a diet lacking in both kcalories
and protein. B, Kwashiorkor results from a diet that may be
sufficient in kcalories but is deficient in protein. Note the
abdominal bloating typical of kwashiorkor. (From Thibodeau
GA, Patton KT: The human body in health & disease, ed b,
St Louis, Mo., 2010, Mosby.)

little or no animal protein. At the other extreme, most people
in the United States meet or exceed their RDA for protein,
with much coming from animal sources.”” Average protein
intakes of adults are more than 1 and } times their Dietary
Reference Intake (DRI).”* Protein intakes are also high
among U.S. children. One half of the fast-food meals mar-
keted to children contain 16 g or more of protein; this equals
123% of the daily protein allowance for 3-year-olds and 84%
of the day’s needs for those ages 4 to 8.”

Clinical Applications: Protein Intake

Low-Protein Diets

We often associate low-protein diets with the severe PEM
evident in famine-ravaged countries; however, degrees of
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malnutrition exist in all areas of the world, including the

United States. Children with chronic PEM have poor growth

(low weight for height) and stunting (low height for age).’

When protein status is marginal immune function is impaired,

contributing to the chronic respiratory infections and diar-

rhea that trouble many poorly nourished children and adults.

Low protein intake during pregnancy increases the risk of a

low-birth-weight infant. Inappropriately low protein intake

as part of a weight reduction regimen, promotes loss of lean
body mass.

In certain clinical situations, however, protein intake below
recommended levels is warranted. In that case it becomes
especially important to choose protein high in biological
value. The following serve as examples when protein intake
may be low:

+  Parkinson’s disease: Protein intake is controlled to prevent
the buildup of excessive amino acids that compete with
the treatment drug levodopa for passage across the blood-
brain barrier.’

+  Phenylketonuria (PKU): Individuals with this inborn
error of metabolism lack the enzyme required to metab-
olize the indispensable amino acid phenylalanine, and
accumulation of inappropriately high blood levels of
this amino acid results in mental retardation. All infants
born in the United States are tested for PKU at birth,
and immediate intervention with a protein-restricted diet
limiting the intake of phenylalanine prevents harmful
changes.

« Chronic kidney disease (CKD): When kidney function
declines, protein intake is reduced to minimize the
burden of excreting urea and other nitrogen-containing
waste.”

+ Vegan diets: Individuals who consume no animal foods
and must obtain all of their protein from plant sources
may have marginal protein intakes based on the added
bulk of plant protein foods. Protein may provide only 10%
of total kcalories, the minimum AMDR.>'®

High-Protein Diets

High-protein diets moved into the spotlight when media
attention focused on weight-loss regimens that restricted car-
bohydrate in preference to protein and fat. Protein intakes up
to 25% or more of total kcalories (about 1.2 g protein/kg)
support weight loss and effective energy regulation.”””’
A major benefit of a weight-loss diet high in protein is its
positive effect on satiety, which continues even as energy
intake declines, and promotes adherence to the dietary
regimen.” Protein also increases energy expenditure as com-
pared with carbohydrate and fat, based on the extra kcalories
needed to remove the amino group from amino acids and
enable their use as a fuel.” Liberal protein intakes protect
muscle mass during long-term weight reduction and help
prevent sarcopenia, the age-related loss of muscle that con-
tributes to frailty.” Retention of muscle mass promotes
weight management as these tissues add to basal energy
needs and contribute to the overall energy requirement.”
Nevertheless, a reduction in kcalorie intake and/or increase

in energy expenditure are still key to weight loss, regardless
of the proportion of specific macronutrients. Personal prefer-
ences, cultural food patterns, and metabolic considerations
should form the basis for individual interventions, while
keeping protein intake within the AMDR upper limit
of 35%.

Although high-protein diets have some advantages, their
long-term effects on calcium balance™*' and renal function***’
remain under discussion. High intakes of protein, particu-
larly animal protein, can increase urinary calcium; however,
protein also stimulates the release of stomach acid and pro-
motes calcium absorption.’ Attention to water needs should
be a part of a dietary protein prescription.*

|HEALTH PROMOTION

Health Benefits of Plant Proteins

Soy foods and other legumes supply good-quality protein
along with an array of important nutrients and phytochemi-
cals with roles in preventing chronic disease.'**** Soy foods
contain phytochemicals thought to have estrogen-like activity
that may help prevent bone loss in older women.* Higher
intakes of flavonoids, a class of phytochemicals found in soy,
peanuts, and many fruits and vegetables, were associated with
lower risk of stroke and mortality in older adults followed for
7 years.” Persons eating legumes at least four times a week
had a lower risk of cardiovascular disease than those eating
these foods less than once a week,” and regular use of legumes
improved glucose control among patients with type 2 diabe-
tes.”’ Vegetable protein foods also contain healthy fats. One
cup of tofu or soybean curd supplies nearly 25%, and one cup
of chickpeas supplies 12% of the RDA for linoleic acid in
men.””' Tree nuts and peanuts, often considered snack items
rather than alternate sources of protein, are rich in antioxi-
dants, trace minerals, and essential fatty acids,’* and add rich
protein to sandwiches and stews. Beans and nuts are impor-
tant foods in the Mediterranean diet and likely contribute to
the healthful benefits attributed to that diet.””> (See the
Evidence-Based Practice box, “Effect of Soy on Cardiovascu-
lar Risk,” to learn more about these relationships.)

Nutritional Contributions of Animal Proteins

Proteins from animal sources—meat, fish, poultry, eggs, and
milk—provide all of the indispensable amino acids in the
appropriate amounts. Used alone or in combination with
vegetable proteins, animal proteins meet the amino acid
needs of children and adults. Animal foods supply trace min-
erals such as iron and zinc that are difficult to obtain in suf-
ficient amounts from plant foods based on their lower content
and interfering substances. Dairy foods are rich in calcium
and riboflavin and provide preformed vitamin A. Vitamin
B, and vitamin D occur naturally in animal foods only.™

VEGETARIAN DIETS

Vegetarian diets existed in ancient times as described in early
Greek culture. People choose to follow a plant-based diet and
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EVIDENCE-BASED PRACTICE

Effect of Soy on Cardiovascular Risk

Identify the Problem: Soy has received increasing attention not
only as a high-quality plant protein but also for its perceived
properties in reducing cardiovascular risk. In 1999 the U.S.
Food and Drug Administration (FDA) approved the addition of
a health claim to the nutrition label of foods that contain soy,
indicating that soy was protective against heart disease. This
was followed in 2000 by an advisory from the American Heart
Association recommending the use of soy protein with a diet
low in saturated fat and cholesterol. Based on evidence avail-
able at the time, soy foods were believed to exert positive
effects on low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, serum triglycerides, and
blood pressure.

Review the Evidence: Since then, researchers have contin-
ued to evaluate the impact of soy protein and its phytochemical
content on cardiovascular risk. Emerging evidence has led to
some debate regarding the effect of soy on various risk factors
as described below:

Blood lipoproteins: Critical evaluation of new evidence by
the American Heart Association' and the Academy of Nutrition
and Dietetics (formerly the American Dietetic Association)?
concluded that soy has no major effect on blood LDL choles-
terol in individuals with normal levels. In those with elevated
levels, one serving or more of soy protein each day brought
about a decrease of 4.0% to 5.5% in blood LDL cholesterol
and an increase of about 3% in blood HDL cholesterol.’

Blood pressure levels: Increased intakes of vegetable
protein including soy protein are associated with lower blood
pressures; however, this effect may result from the fiber or
other nutrient(s) contained in these foods. The 2010 Advisory
Committee on the Dietary Guidelines for Americans concluded
that soy protein does not offer any special protection against
high blood pressure.*

Implement the Findings: So are soy products good foods?
Soy is not only a high-quality protein but also a rich source of

vitamins, minerals, phytochemicals, antioxidants, and polyun-
saturated fats. Replacing animal foods containing saturated fat
and cholesterol with soy on an occasional basis provides a
healthy balance of vegetable and animal proteins that supports
overall health and well-being. Based on the positive health
effects of vegetable proteins, nonvegetarians will benefit from
meatless meals once or twice a week; however, soy protein
in itself is not likely to bring about a significant improvement
in blood lipid levels or blood pressure.

This example of new findings regarding soy that call into
question previous conclusions about its effect on health rein-
forces the need for continuous review of the literature in our
professional practice. New research alerts us to new roles of
particular foods and provides us with more realistic appraisal
of their benefit.
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limit or exclude animal foods for many reasons. Several major
world religions including Hinduism and Buddhism advocate
avoidance of meat for the preservation of animal life. Ethical
considerations were the overwhelming motive for selecting a
vegetarian or vegan food pattern, followed by concerns for
health, among an urban and university group.” Sustainability
of the food supply and protection of the environment are
growing issues in many parts of the world. From the environ-
mental perspective, production of animal protein requires
more than 3 times the water, 13 times the fertilizer, and about
1.5 times more pesticides than production of plant protein.
The greatest contributor to this need for resources is beef.”
Land requirements for producing meat protein are about 10
times greater than for producing plant protein.” These
reports have led some individuals to adopt a plant-based diet
to assist in reducing food shortages throughout the world.
Although diet patterns that emphasize plant foods are
generally referred to as vegetarian diets, they are exceedingly

difficult to quantify. Vegetarian diets differ greatly according

to the types of animal foods they include or exclude, as

follows:

+ Ovo-lacto-vegetarian (includes all plant foods, dairy, and
eggs)

+ Lactovegetarian (includes all plant foods and dairy)

+ Pescovegetarians (includes all plant foods, dairy, eggs, and
fish)™

+ Vegan (includes plant foods only)

+ Semi-vegetarian (includes predominantly plant foods
with eggs, dairy, and fish or chicken on occasion)™
About 5 million people, or 2.3% of the population in the

United States, describe themselves as vegetarians who never

eat meat, fish, or poultry; 1.4% are vegans.'® Restaurants have

responded to new interest in vegetarian diets, with 71% of
chefs noting that vegetarian dishes are “perennial favorites.”

Most fast-food restaurants offer a soy burger or meatless

option. The U.S. market for vegetarian foods including meat
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analogs made with soy, fortified nondairy milk, and vegetar-
ian entrees has grown to over $1.2 billion in annual sales."
The availability of these foods in the marketplace assists veg-
etarians in meal planning and obtaining required nutrients.

Nutritional Implications of Vegetarian Diets

Vegetarian diets, including vegan diets, will support growth
and well-being across the life cycle if they are well planned.
Conversely, vegetarian and vegan diets, as well as diets that
include all types of animal foods, will be inadequate if items
high in fat and sugar and low in important nutrients are
emphasized. In general, the more restrictive the diet, the more
planning is required to avoid nutrient deficiencies.

For vegetarians who include eggs or vitamin D—fortified
dairy foods in their meal patterns, protein, vitamin D, and
vitamin B, are in good supply. Vegans need to include a wide
variety of legumes, nuts, and grains to obtain sufficient
amounts of indispensable amino acids and must seek out
fortified foods to obtain vitamin D and vitamin B,. Soy milk,
rice milk, and orange juice are often fortified with vitamin D
and calcium to the amounts found in cow’s milk, and may
have added vitamin B,,. Fortified breakfast cereals and vege-
tarian support formula yeast are other sources of vitamin B,
as are certain meat analogs made with soy protein. Vegetari-
ans must read labels carefully to determine sources of impor-
tant nutrients. Vegans are at risk for inadequate intakes of
vitamin D and vitamin B,,, and supplements may be
necessary.” '

Long-chain n-3 fatty acids can be limited in vegetarian or
vegan meal patterns that do not include fish. Eggs contain
small amounts of n-3 fatty acids as do flaxseed, canola, and
soybean oils.”" Nuts, especially walnuts, are good sources of
o-linolenic acid, the precursor for docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA), but as noted in
Chapter 4, conversion to DHA and EPA is very slow.'*” DHA
supplements are well absorbed and provide an alternative to
ﬁsh.59,62

Minerals require special attention in the vegetarian or
vegan diet.”’ Calcium intakes of lactovegetarians are similar
to or even higher than nonvegetarians; however, calcium
intakes of vegans fall below both groups.” Calcium is well
absorbed from broccoli, Chinese cabbage, collards, and bok
choy (all vegetables low in oxalate).”’ Spinach and Swiss
chard, however, are poor sources of calcium based on their
oxalate content, which interferes with calcium absorption.
Fortified soy milk, rice milk, fruit juices, and breakfast cereals
supply calcium.

Iron and zinc are found naturally in many plant foods;
however, phytates interfere with their absorption. Including
a vitamin C source at the same meal facilitates iron absorp-
tion, and soaking beans before cooking makes the iron more
available. Fortified grains and cereals add iron in a form
that can be absorbed. Despite lower intakes, iron deficiency
anemia is no more prevalent among vegetarians than non-
vegetarians, suggesting that vegetarians may compensate
with a higher percentage of absorption.'® Based on their plen-
tiful intakes of legumes, nuts, and unrefined grains, vegans

are likely to reach their DRI for zinc, although absorption of
that nutrient also may be impaired by phytates and fiber.
Soaking beans, grains, and seeds, and the leavening action in
bread improve the availability of zinc.” Fruits and vegetables
provide many sources of vitamin A and the carotenoids,
vitamin K, the B complex vitamins (with the exception of
vitamin B,,), and potassium.

Generally, plant-based diets contain more fiber, antioxi-
dants, carotenoids, and phytochemicals, and less saturated
fat than the average diet, depending on the animal foods
included.'® Vegetarians eat more fruits and dark green vege-
tables than nonvegetarians and twice the whole grains and
legumes.®

Planning Vegetarian Diets

Vegetarian diets are planned as any diet is planned, to include
needed amounts of essential nutrients and sufficient kcalories
for energy. The U.S. Department of Agriculture has devel-
oped guidelines listing the food groups and amounts needed
to supply the essential nutrients in a nonvegetarian food
pattern, a lacto-ovo-vegetarian food pattern, and a vegan
food pattern at an energy level of 2000 kcal.” Note that all
protein comes from vegetable sources in the vegan food plan
with eggs and milk contributing protein in the lacto-ovo-
vegetarian plan. A vegetarian food guide from the Academy
of Nutrition and Dietetics (formerly the American Dietetic
Association) offers guidance and alternative food sources of
important nutrients to assist in planning nutritionally sound
plant-based diets (Figure 5-10).”" Portion sizes of equivalent
protein foods are described in Box 5-5.

Individuals accustomed to food patterns that include meat
may find it difficult to adopt new meal patterns, even if moti-
vated by health or environmental concerns.” This hesitation

BOX 5-5 PLANT SOURCES OF PROTEIN

Each of the following servings provides at least 4 to 6 g of
protein: A plant protein can be combined with a small amount
of animal protein to form a complete protein or two or more
different plant proteins can be combined to form a complete
protein (see Figure 5-8).

e Cooked beans, peas, or lentils: ), cup

e Tofu or tempeh: % cup

e Nut butter: 2 thsp

e Nuts: ¥ cup

e Tahini (sesame seed butter): 2 thsp

* Meat (soy) analog: 1 oz

Data from Messina V, Melina V, Mangels AR: A new food guide
for North American vegetarians. J Am Diet Assoc 103:771, 2003.
Images copyright 2006 Jupiterimages Corporation.
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?fse”ifi Grains
6 servings
Cooked grain or cereal
1/2 cup (125 mL)
Cooked beans, peas, or lentils Legumes, nuts,
1/2 cup (125 mL) andto_the_r .
protein-ric
Tofu or tempeh foods
1/2 cup (125 mL) 5 servings
Nut or seed butter
Ready-to-eat cereal
H ()és o 2 tbsp (30 mL)
Nuts
1/4 cup (60 mL)
Vieat | Cooked vegetables Vegetables
eat analog 1/2 cup (125 mL H
~ bpaahlons P( ) 4 servings
. . Raw vegetables
Calcium-rich 1 cup (250 mL)
foods VR I
. egetable juice
8 servings A ~ N 1/2 cup (125 mL)
milk or yogurt \ Medium fruit 1
or fortified
soymilk 1/2 cup (125 mL) \ Cut up or cooked fruit Fruits
1/2 cup (125 mL; ;
1 0z (28 g) calcium- Cheese 9/4 0z (21 g) ~ ot ) 2 servings
fortified breakfast Tempeh or calcium-set \ Fruit juice
cereal tofu 1/2 cup (125 mL) Bok choy, 1/2 cup (125 mL)
broccoli, collards,
Almonds Chinese cabbage, Dried fruit
1/4 cup (60 mL) kale, mustard N, /acup (60 mL)
reens, or okra
Almond butter or 1%up (250 mL) cooked, Oil. Mayonnai
sesame tahini or 2 cups (500 mL) raw ~ A YO EISS)
or soft margarine
21tosp (30 ml) o {sp (5 m)
Gl e e Fortified tomato juice :=/ort|f|ed1f:r2mt]ullce ~ Fats
72 cup (128 ml) i/2 cup (125 mL) 2 cup (125 ) ~ N 2 servings
Soynuts Figs 5 ~
1/4 cup (60 mL)

FIGURE 5-10 Vegetarian food guide rainbow. Notice the slice of the rainbow calling attention
to the foods in each group that are good sources of calcium. (Redrawn from Messina V, Melina
V, Mangels AR: A new food guide for North American vegetarians. J Am Diet Assoc 103:771,
2003; reprinted with permission from the Academy of Nutrition and Dietetics, formerly the

American Dietetic Association.)

may relate to the familiar meal triangle including a meat, a
starch, and a vegetable, and the need to find a substitute for
the meat, fish, or poultry. This perception was evaluated by
asking people if they preferred meals that combined ingredi-
ents, such as pasta with added ground meat, or meals with
separate components such as a chicken leg, baked potato,
and vegetable. Responses differed by age—older individuals
much preferred the food items arranged separately, whereas
younger people were more receptive to mixed dishes.”” Veg-
etarian food plans are often based on mixtures that combine
beans and nuts to achieve a full set of indispensable amino
acids. The 7-day sample menu cycle found on the MyPlate
website (www.choosemyplate.gov) includes several vegetar-
ian meals and substitution of soy milk or other soy products
could adapt other menus to the vegan lifestyle.

Use of complementary proteins to obtain sufficient
amounts of the indispensable amino acids is especially
important when planning a vegan diet. Review Figure 5-8 and

see the Perspectives in Practice box, “Increase Your Variety:
Exploring Complementary Proteins,” to consider food com-
binations for the daily plan.

Vegetarian Diets and Chronic Disease

Vegetarian diets represent a wide diversity of dietary practices
and are often described by what is omitted rather than by
what is included.” When a vegetarian diet is well planned, it
promotes health and lowers the risk of chronic disease. Veg-
etarians in comparison to nonvegetarians tend to have diets
lower in saturated fat, and higher in fiber, fruits and vegeta-
bles, whole grains, and phytochemicals, all of which are asso-
ciated with the prevention of cardiovascular disease and
cancer.”” Blood levels of LDL cholesterol are lower," HDL
cholesterol levels are higher,”” and body weights are lower™
among vegetarians as compared with semi-vegetarians or
nonvegetarians, and may help explain their resistance to heart
disease'® and metabolic syndrome.*
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' PERSPECTIVES IN PRACTICE +  Pepsin: Pepsin is released by the chief cells in the stomach

. . wall as the inactive proenzyme pepsinogen and requires
Increase Your Variety: Exploring . . .
. hydrochloric acid to be transformed into the active enzyme
Complementary Proteins

pepsin. Pepsin splits the peptide linkages between amino

Traditional diets the world over were plant based, emphasiz- acids, breaking large polypeptides into successively smaller
ing cereals, legumes, and vegetables. In many cultures the peptides.

main dish is a stew made up of a variety of plant foods; *  Hydrochloric acid: This provides the acid medium needed
sometimes a small amount of animal protein is added. Explor- to convert pepsinogen to pepsin.

ing complementary proteins is a way to learn more about the .

Rennin: This enzyme exists only in infancy and childhood.
Rennin acts on casein, the major protein in milk, to
produce a curd that slows the passage of food out of the
infant’s stomach.

foods of different cultural and ethnic groups. Try a new recipe
and calculate the amounts of protein coming from animal and
vegetable sources.

Some traditional plant-based meals follow:
e Mexican: Corn tortillas combined with beans and vegeta-

bles provide a complete protein, as do beans and rice. The Small Intestine

addition of cheese to stews or tortillas complements the Protein digestion is completed in the small intestine assisted
incomplete proteins of the grain foods. Eggs with beans by enzymes secreted by the pancreas and glands in the intes-
are a favorite breakfast. tinal wall. These include the following:

e FEast Indian: A stew containing rice, vegetables, and beans o Pancreatic secretions:
might be served with yogurt, cheese, or peanuts. Bread is 1. Trypsin is secreted as inactive trypsinogen and acti-

made from wheat flour, often combined with flour from
ground peas or beans.

* Hmong (Vietnamese): Rice mixed with green vegetables
and small amounts of fish or peanuts is a typical dish of

vated by the hormone enterokinase produced in the
wall of the duodenum. Trypsin acts on proteins and
large polypeptides to yield smaller polypeptides and

this region. Rice rather than bread is the basic grain and is dipeptides. L .

included in every meal, including breakfast. 2. Chymotrypsin is secreted as chymotrypsinogen and
e Traditional American: A peanut butter sandwich, ready-to- activated by the trypsin already present in the duode-

eat cereal with milk, macaroni and cheese, pinto beans and num. Chymotrypsin continues the same protein-

corn bread, and “hoppin John" (black-eyed peas and rice) splitting action of trypsin.

illustrate complementary proteins. 3. Carboxypeptidase attacks the carboxyl (COOH) end

of the peptide chain to produce smaller peptides and
some free amino acids.
+ Intestinal secretions:
1. Aminopeptidase releases amino acids one at a time
from the amino (NH,) end of the peptide chain to

Bibliography

Diabetes Care and Education Practice Group of the American
Dietetic Association, Goody CM, Drago L, editors: Cultural
food practices, Chicago, 2010, American Dietetic

Association.
Kittler PG, Sucher KP: Cultural foods: traditions and trends, pr?duce smaller short-chain peptides and free amino
Belmont, Calif, 2000, Wadsworth/Thompson Learning. acids.
DIGESTION-ABSORPTION-METABOLISM KEY TERMS
REVIEW pepsin A gastric enzyme that breaks large protein mole-
cules into shorter-chain polypeptides; gastric hydrochloric
Food proteins must be broken down into their building acid is required to activate pepsin.

proenzyme An inactive precursor converted to the active
enzyme by the action of an acid or other enzyme.

trypsin A pancreatic enzyme secreted into the small intes-
tine that acts on proteins and polypeptides to yield smaller
peptides and dipeptides.

chymotrypsin A pancreatic enzyme secreted into the

units—the amino acids—to meet body needs. A brief review
of this process is outlined in the following section. (See
Chapter 2 for a detailed discussion of digestion, absorption,
and metabolism.)

Dlgestlon small intestine that breaks peptide linkages forming smaller

Mouth polypeptides and dipeptides.

The only digestive action on proteins in the mouth is the carboxypeptidase A protein-splitting enzyme secreted by

mechanical effect of chewing, breaking food into smaller par- the pancreas into the small intestine that splits the peptide

ticles for passage into the stomach. bond at the carboxyl (COOH) end of the chain, producing
smaller peptide chains and free amino acids.

Stomach aminopeptidase A protein-splitting enzyme secreted by

the intestinal mucosa that releases amino acids one at a time
from the amino (NH,) end of the peptide chain to produce
smaller short-chain peptides and free amino acids.

The enzymatic breakdown of protein begins in the stomach.
Three chemical agents in the gastric secretions initiate this
process: (1) pepsin, (2) hydrochloric acid, and (3) rennin.
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2. Dipeptidase breaks any remaining dipeptides into two
free amino acids.
A summary of the steps in protein digestion can be
reviewed in Table 2-2.

Absorption

Amino acids are absorbed by an energy-requiring, sodium-
assisted transport system and enter the portal blood for
passage to the liver. A few short-chain peptides and smaller
intact proteins escape digestion and are absorbed in that
form. Most are broken down as they cross the intestinal wall;
however, those protein molecules that pass into the blood
intact may play a part in the development of immunity and
protein sensitivity. We know that antibodies in the mother’s
colostrum, the first milk secreted after birth, are passed on to
her nursing infant. Inadvertent absorption of intact proteins

fTo sum up

has been implicated in the development of some food
allergies.”

Metabolism

The construction sites for building tissue proteins are in the
cells. Each cell, depending on its nature and function, requires
a unique mix of amino acids to build the specific proteins
needed. The metabolic activities of protein are interwoven
with those of carbohydrate and fat, which provide the energy
to drive ongoing tissue growth and repair.

KEY TERM
dipeptidase Final enzyme in the protein-splitting series
that cleaves dipeptides to yield two free amino acids.

The primary function of dietary protein and its constituent
amino acids is to build and repair body tissues and form
the regulatory proteins that direct important metabolic
tasks. Of the 20 amino acids used to build proteins, 9
cannot be synthesized by the body and are referred to as
indispensable or essential amino acids; another 6 cannot be
synthesized in adequate amounts under conditions of stress
or accelerated growth and are considered conditionally indis-
pensable. The remaining five amino acids can be synthesized
by the body and are termed the dispensable or nonessential
amino acids. Both indispensable and conditionally indispens-
able amino acids must be supplied in the diet. Animal pro-
teins are considered complete proteins because they contain
all the indispensable amino acids in the amounts and ratios
needed for protein synthesis. Plant proteins or incomplete
proteins are missing one or more indispensable amino
acids or contain less than the amounts needed to make new
proteins. Plant proteins can be mixed with animal proteins

l QUESTIONS FOR REVIEW

or with each other to provide the necessary proportions
of all amino acids for body growth and maintenance.
Certain amino acids such as leucine and glutamate have
therapeutic application in meeting the escalated needs of
patients in critical care. Protein requirements are influenced
by growth, food protein quality, health status, and the avail-
ability of carbohydrate as an energy source. In many coun-
tries protein shortages lead to malnutrition with body
wasting, stunted growth, chronic infection, and disease.
In the United States, overconsumption rather than undercon-
sumption of protein is becoming a problem. Vegetarian
food plans emphasizing plant proteins can meet nutrient
needs at all stages of the life cycle if well planned. Vegan food
plans excluding all animal foods require supplementation or
foods fortified with vitamin D and vitamin B,, to meet nutri-
tional needs. Well-planned vegetarian diets are appropriate
interventions for the treatment of both type 2 diabetes and
obesity.

1. What is the difference between an indispensable, a dis-
pensable, and a conditionally indispensable amino acid?
Indicate appropriate food sources of each.

2. What is meant by protein turnover, and how does it relate
to nitrogen balance?

3. Distinguish between protein anabolism and protein catab-
olism. Describe a clinical situation in which protein anab-
olism exceeds protein catabolism and one in which the
opposite is true.

4. Explain the term protein-sparing effect. What happens to
protein requirements in poorly planned weight-loss diets
that are inappropriately low in carbohydrate?

5. Describe the factors that influence dietary protein needs.

6. A pediatrician told a vegan couple that their 2-year-old
daughter was falling behind in her growth rate. What
dietary factors are likely related to her poor growth? Using
the various tools for developing vegetarian food plans pre-
sented in this chapter, plan 1 day of meals for this child,
indicating food amounts that would meet her protein and
energy needs and respect the vegan food pattern. (Protein
and energy needs according to age and gender can be
found at MpyPlate [ChooseMyPlate.gov] accessible at
http://www.choosemyplate.gov or on the front inside
cover of your textbook.)

7. Protein intakes two to three times the RDA are not uncom-
mon in the United States. Using the food values found on
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the Evolve website that accompanies your textbook, calcu-
late the energy value and the number of grams of protein
in a fast-food meal that includes one double-patty cheese-
burger, a large serving of French fries, and a 12-0z milk-
shake. Compare the total grams of protein and the total
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FURTHER READINGS AND RESOURCES

Readings

American Dietetic Association: Position of the American Dietetic
Association: vegetarian diets. ] Am Diet Assoc 109:1266, 2009.

Messina V, Melina V, Mangels AR: A new food guide for North
American vegetarians. ] Am Diet Assoc 103:771, 2003.

[These papers provide an overview of a vegetarian food guide that
will meet nutritional requirements and describe the adequacy of
vegetarian food plans.]

O’Donnell SI, Hoerr SL, Mendoza JA, et al: Nutrient quality of fast
food kids meals. ] Am Diet Assoc 88:1388, 2008.

[Does the average fast-food meal contain more protein than might
be needed or appropriate for a young child? These researchers

tell us which nutrients are low and which are high in these
meals. |

Websites of Interest

+ National Institutes of Health, National Library of Medicine:
Medline Plus: Trusted Health Information for You. This site
provides links to many resources on protein needs throughout
the life cycle: http://www.nlm.nih.gov/medlineplus/
dietaryproteins.html; and information on vegetarianism
including planning healthy diets, dangers of inadequate diets,
and sources of problem nutrients: http://www.nlm.nih.gov/
medlineplus/vegetariandiet.html; information is provided in
English and Spanish.


http://www.nlm.nih.gov/medlineplus/dietaryproteins.html
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Here we begin our study of the non—energy-yielding micronu-
trients: vitamins and minerals. First, we look at the vitamins:
why we need them and how we obtain them.

No other group of nutritional elements has so captured the
interest of scientists, health professionals, and the general public
as the vitamins. Researchers are discovering new roles for vita-
mins in preventing chronic disease that exceed their known
functions as nutrients. Consumers are being bombarded with
opinions about vitamin needs that run the gamut from wise and
thoughtful use to wild flagrant abuse. Health professionals are
trying to learn more about functional foods and the vitamin-
like substances they contain, and how these substances interact
with known vitamins. In time we may identify new vitamins
essential to human health.

VITAMINS: ESSENTIAL NUTRIENTS
General Nature

Most of the vitamins we know about today were discovered
between 1900 and 1950. The name vitamin was adopted when

one of the scientists working with a nitrogen-containing sub-
stance called an amine named his discovery vitamine (“vital
amine”), thinking this was the common nature of all vita-
mins. At first, a letter designation was given to each new
vitamin; however, as the number grew this became confusing,
and scientific names based on the structure or function of the
vitamin were developed. Letter designations have been
retained for the fat-soluble vitamins, because for each of these
vitamins a number of closely related compounds have similar
metabolic activities and structures.'

What Is a Vitamin?

To be classified as a vitamin, a compound has to meet several
criteria:

KEY TERM
amine An organic compound containing nitrogen. Amino
acids and pyridoxine (vitamin Bg ) are examples of amines.
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It must be an organic dietary substance that is not energy
producing, as are carbohydrate, fat, and protein.

It is needed in very small quantities to perform a particular
metabolic function and prevent an identified deficiency
disease.

It cannot be synthesized by the body, so it must be sup-
plied in food.

These principles form the basis for establishing that a

vitamin is essential. However, more must be learned about
vitamin requirements, how vitamin needs can be met by the
available food supply, and current dietary habits influencing
vitamin intake.” Other vitamin-like substances in food that
appear to promote health and increase resistance to chronic
diseases are also being identified. In time, new substances may
be added to the list of essential vitamins.

Basic Principles

Over the years we have learned more about individual vita-
mins and how they interact with each other and other nutri-
ents in carrying out their work. The following principles will
guide our study of these nutrients:

Individual vitamins are multifunctional: Most vitamins
have multiple roles or actions in the body, sometimes
working independently and sometimes working coopera-
tively with other nutrients. For example, while we associate
vitamin A with its major role of helping us see in dim light,
this vitamin also maintains the mucous membranes that
protect against infection.

One vitamin cannot substitute for another vitamin: All
vitamins must be available in sufficient amounts for the
body to function normally and for tissues to remain
healthy. For example, an abundant supply of vitamin C
cannot take the place of folate in preventing a neural tube
defect (NTD).

Vitamins work together in carrying out body functions: The
formation and maturation of red blood cells require the
actions of folate, pyridoxine, vitamin B,,, and ascorbic
acid, along with several important minerals.

Vitamins function best when all are present in the
appropriate proportions: High-potency vitamin A sup-
plements interfere with the action of vitamin D, decreas-
ing calcium absorption and increasing the risk of hip
fracture.

These functional truths underscore the importance of

eating a variety of foods to obtain essential vitamins and
other important substances that contribute to health.

Classification

As the vitamins were discovered, they were grouped accord-
ing to their solubility in fats or water, and this system has
continued (Box 6-1).

Fat-Soluble Vitamins

The fat-soluble vitamins are A, D, E, and K. They are closely
associated with body lipids and are easily stored. Their
functions are usually related to structural activities with
proteins.

CLASSIFICATION
OF VITAMINS

Fat-Soluble Vitamins

BOX 6-1

e o o
A~ mQg >

Water-Soluble Vitamins
e Vitamin C (ascorbic acid)
® Thiamin

¢ Riboflavin

¢ Niacin

e Pantothenic acid

e Biotin

e Vitamin Bg (pyridoxine)

e Folate

e Vitamin B;, (cobalamin)

Water-Soluble Vitamins

The water-soluble vitamins are vitamin C and the B-complex
family. These vitamins are more easily absorbed and trans-
ported, but unlike the fat-soluble vitamins, they cannot be
stored except in the general sense of tissue saturation. The B
vitamins function mainly as coenzyme factors in cell metab-
olism. Vitamin C works with enzymes that support tissue
building and maintenance.

Current Knowledge and Key Questions

In our study we will answer the following questions for each
vitamin:

Chemical and physical nature: What is the general structure
of the vitamin?

Absorption, transport, and storage: How does the body
handle this particular vitamin?

Function: What does this vitamin do?

Related deficiency symptoms or disease: What happens
when this vitamin is absent or not available in sufficient
amounts?

Clinical role in health: Does this vitamin prevent or ame-
liorate a chronic disease?

Recommended intake and possible toxicity: How much of
this vitamin do we need, and how much is too much?
What are the consequences of excessive intake? [See
Chapter 1 to review the Dietary Reference Intakes (DRIs).]
Food sources: How do we obtain this vitamin?

In the following sections we discuss the four fat-soluble

vitamins and the nine water-soluble vitamins.

VITAMIN A

Chemical and Physical Nature

Vitamin A is the generic name for a group of compounds
with similar biologic activity: retinol, retinal, and retinoic
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acid. The term retinoids refers to the natural forms of vitamin
A and its synthetic copies. Retinol, an alcohol of high molecu-
lar weight (C,H,0OH), was given its name based on its spe-
cific function in the retina of the eye. It is soluble in fat and
fat solvents. Because retinol is insoluble in water, it is fairly
stable in cooking.

Forms

There are two dietary forms of vitamin A: (1) preformed

vitamin A and (2) provitamin A (Box 6-2):

1. Preformed vitamin A (retinol): This is the natural form of
vitamin A found only in animal foods and usually associ-
ated with fat. Vitamin A is stored mostly in the liver but
also in small amounts in the kidneys, lungs, and adipose
tissue, so organ meats are a rich source. Other dietary
sources are the fat portion of dairy foods, egg yolk,
and fish.

2. Provitamin A or [-carotene: Plants cannot synthesize
vitamin A but instead produce a family of compounds
called carotenoids. These substances in plants are eaten by
animals and then converted to vitamin A. Thus humans
can obtain their vitamin A directly by eating animal tissues
or by converting carotenoids obtained from plant foods.
The carotenoids were so named because [-carotene
(CyHse) was found in the yellow and orange pigment in
carrots and other vegetables and fruits. Examples of other
carotenoids found in plant foods include B-cryptoxanthin,
lutein, and zeaxanthin, but not all of these can be con-
verted to vitamin A.

The carotenoids have an important role in human nutri-
tion. B-Carotene, converted to vitamin A in the body, pro-
vides about 21% of the total vitamin A intake in the United
States.” Enzymes found in the mucosal cells of the small intes-
tine and in the liver split the carotenoid molecule to yield
retinol. The yellow and red carotenoid pigments in many
fruits and vegetables and in red palm oil are the major food
sources of vitamin A in most developing countries. Unfortu-
nately, the conversion of carotenes to retinol is much less

BOX 6-2

-
S

Preformed Vitamin A
2% Milk
Cheese

Egg yolk
Liver

efficient than we thought (Table 6-1), raising concerns as to
whether fruits and vegetables can provide an adequate supply
of vitamin A in regions of the world where animal foods are
scarce.!

Absorption, Transport, and Storage

Substances Needed for Absorption

Whether vitamin A enters the body as preformed vitamin A

or as the precursor B-carotene, various materials are needed

for its absorption, as follows:

*  Bile salts: Vitamin A joins with fat, other fat-related com-
pounds, and bile salts in the small intestine to form
micelles, a bile-lipid complex. Bile salts are necessary for
carrying fats and fat-soluble materials into the intestinal
wall for further breakdown. Clinical conditions affecting
the biliary system such as a bile duct obstruction, infec-
tious hepatitis, or liver cirrhosis that interfere with pro-
duction or release of bile salts hinder vitamin A absorption.

* Pancreatic lipase: This fat-splitting enzyme released into
the upper small intestine carries out the hydrolysis of
fat emulsions containing vitamin A. Water-based prepa-
rations of retinol are used when lipase secretion and
absorption of fat is curtailed, as in cystic fibrosis or
pancreatitis.’

TABLE 6-1 CONVERSION OF
CAROTENOIDS TO
VITAMIN A
AMOUNT AVAILABLE
AMOUNT CONSUMED TO THE BODY
1 mcg retinol 1 mcg retinol
12 mcg B-carotene 1 mcg retinol
24 mcg o-carotene or 1 mcg retinol
B-cryptoxanthin

NOTE: Although many carotenoids can be converted to retinol
(vitamin A) to help meet body needs, greater amounts of the
carotenoids are required to produce one molecule of vitamin A.

SOURCES OF PREFORMED AND PROVITAMIN A

Provitamin A
Broccoli
Carrots
Spinach
Cantaloupe
Tomato juice
Apricots

Images copyright 2006 Jupiterlmages Corporation.
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+ Dietary fat: Absorption of vitamin A and provitamin A
requires the presence of fat to stimulate the release of bile
salts and form micelles. At least 3 to 5 g of fat at the same
meal is needed to absorb provitamin A.

Age is a factor in absorption. Newborns, especially
premature infants, absorb vitamin A poorly. Persons
using mineral oil as a laxative reduce their absorption of
vitamin A.

Conversion of B-Carotene

B-Carotene can be absorbed and used by the body in its
original form or be converted to vitamin A. Although at one
time we believed that carotenoids were biologically important
only as precursors to vitamin A, we have since learned that as
members of that broad category of phytochemicals active in
functional foods, they have roles in human health unrelated
to the actions of vitamin A. (To learn about the importance
of eating a good diet to obtain needed vitamins and phyto-
chemicals rather than depending on supplements, see the
Evidence-Based Practice box, “Food or Supplements: Do
They Both Produce the Same Results?”)

Transport and Storage

The route of absorption of vitamin A and the carotenoids
parallels that of fat. In the intestinal mucosa, retinol—
whether from preformed animal sources or converted from
carotenes—along with intact plant carotenoids are incorpo-
rated into the chylomicrons. In this form they enter the
bloodstream via the lymphatic system and are carried to
the liver for storage or distribution to tissues. Vitamin A
is transported to body tissues by special retinol-binding
proteins.

The liver is an efficient storage organ for vitamin A,
containing up to 80% of the body’s total supply. Liver stores
are usually sufficient to prevent deficiency for 6 to 12 months
and in some individuals for as long as 4 years. The capacity
of the liver to store a substantial amount of vitamin A has
special significance in parts of the world where vitamin A—
containing foods are in short supply, because a prophylactic
dose administered every 6 months can prevent mortality and
blindness and support normal growth in infants and young
children.®

Functions of Vitamin A

The role of vitamin A in vision is best known, but vitamin A
also influences the integrity of body coverings and linings
(epithelial tissues), cell division and differentiation, growth,
immunity, and reproductive function.

Vitamin A Deficiency and Clinical Applications
Vision

The ability of the eye to adapt to changes in light depends
on the light-sensitive pigment, rhodopsin, located in the
rods of the retina. Rhodopsin—commonly known as visual
purple—is made up of the vitamin A molecule retinal and the
protein opsin (Figure 6-1). When vitamin A is lacking, normal
rhodopsin cannot be formed and the rods and cones of the

retina become increasingly sensitive to changes in light,
causing night blindness. This condition is reversed with an
injection of vitamin A (retinol), which is readily converted to
retinal and then rhodopsin.

Cell Differentiation

This vitamin also controls the differentiation of cells, or in
other words, the formation of specialized cells from basic
stem cells. Vitamin A is needed to develop and maintain
healthy epithelial tissue, which provides our primary barrier
to infection. The epithelium includes both the outer skin and
the mucous membranes that line many body structures.
Without vitamin A the cells formed are dry and flat rather
than soft and moist. These dry, flat cells gradually harden to
form keratin, a process called keratinization. Keratin is a
protein that creates dry, scaly tissue, normal for nails and hair
but abnormal for skin and mucous membranes. In vitamin

Rhodopsin
(visual purple)
light-sensitive pigment

Light + f Dark

Opsin + retinal

FIGURE 6-1 The vision cycle: light-dark adaptation role of
vitamin A.

KEY TERMS

coenzyme A substance that is a necessary partner with a
cell enzyme in carrying out a chemical reaction; vitamins
are important coenzymes in energy, lipid, and protein
metabolism.

retinol Chemical name for vitamin A derived from its
function in the retina of the eye producing light-dark
adaptation.

retinal The aldehyde form of retinol (vitamin A) derived
from the enzymatic splitting of B-carotene in the intestinal
wall. In the retina, retinal combines with opsin to form visual
pigments.

carotenoids A group of yellow-red-orange pigments widely
distributed in plants that act as antioxidants and may have
additional health-promoting properties; some carotenoids
such as B-carotene can be converted to retinal in the intesti-
nal wall.

precursor A substance from which another substance is
derived.

micelles Complex of bile and fat that carries fat into the
wall of the small intestine in preparation for the final stage
of absorption into the lymph and general circulation.

night blindness Inability to see well in dim light because
of vitamin A deficiency.

keratinization The process of creating the protein keratin,
a principal component of skin, hair, nails, and the matrix
forming tooth enamel.
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EVIDENCE-BASED PRACTICE

Food or Supplements: Do They Both Produce the Same Results?

Identify the Problem: The physiologic functions of phytochemi-
cals, the substances associated with the rich yellow, orange,
green, blue, and red pigments in fruits and vegetables are
distinct from those of the essential vitamins, although we
still have much to learn about their specific roles. Because
the general public is paying closer attention to nutrition and
its relation to lifelong health, sellers of dietary supplements
are offering new combinations of both nutrients and non-
nutrients to meet this demand. Several of the better known
carotenoids such as B-carotene, lycopene, and cryptoxanthin
have been isolated from their natural sources and are being
marketed in supplement form. However, will we receive the
same benefit if we shop in the supplement section and forget
about eating fruits and vegetables? What does the research
tell us?

Review the evidence: Several long-term follow-up studies
have compared supplements that contain antioxidant vitamins
and carotenoids with fruit and vegetable intake to determine
their effect on chronic disease and mortality. First, individuals
who ate more daily servings of fruits and vegetables recorded
fewer heart attacks or strokes than those who had fewer
daily servings of fruits and vegetables."? Supplements supply-
ing carotenoids, ascorbic acid, and vitamin E did not offer
the same protection against chronic disease as actual fruits
and vegetables.*® Over a 20-year follow-up, individuals who
ate more blueberries, apples, and pears—all good sources
of phytochemicals—were less likely to develop type 2
diabetes.®

Implement the findings: Scientists have speculated as to
why these dietary components must be eaten in their food
form to convey their important benefits. One reason could be
that fruits, vegetables, and other plant sources contain a
mixture of these chemical substances that work together to
bring about important effects on health. To achieve this impor-
tant synergy, they may need to be present in the natural
combinations found in food. It may also be that health benefits
associated with certain foods come from active substances
that we have not yet identified.”® At inappropriately high levels,

known phytochemicals can engage in harmful reactions with
various vitamins, trace minerals, and prescription medications,’
and the concentrated amounts contained in supplements may
overestimate body needs.

Supplements such as lutein and cryptoxanthin will not replace
plant foods and provide similar health benefits. Fruits and veg-
etables also add variety and taste to our meals, features that
pills cannot deliver. Encourage your patients to head to the fruit
and vegetable sections of their local grocery stores, or better
yet, start a garden and grow their own.
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A deficiency, such abnormal tissue changes occur in many

body systems, as follows:

+ Eye: The cornea dries and hardens, a condition called
xerophthalmia (Figure 6-2). The tear ducts become dry,
robbing the eye of its cleansing and lubricating fluid, and
infection follows quickly. In extreme deficiency the kera-
tinization progresses to blindness. Blindness caused by
vitamin A deficiency is a world public health problem;
each year more than 350,000 preschool children lose their
sight and about half die within 1 year of becoming blind.”

*  Respiratory tract: The epithelium lining the nasal passages
becomes dry and the cilia are lost, removing a barrier to
infectious organisms. Nasal secretions that trap invading
particles and remove them from the body are no longer
produced.

*  Gastrointestinal tract: Salivary fluids are no longer secreted,
and the mouth becomes dry and cracked, open to invading

FIGURE 6-2 Xerophthalmia resulting from vitamin A defi-
ciency and a leading cause of blindness in the developing
world. (From McLaren DS: A colour atlas and text of diet-
related disorders, ed 2, London, 1992, Mosby-Year Book
Europe Limited.)
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FIGURE 6-3 Follicular hyperkeratosis caused by vitamin A
deficiency. (From McLaren DS: A colour atlas and text of
diet-related disorders, ed 2, London, 1992, Mosby-Year Book
Europe Limited.)

bacteria. The esophagus becomes red and inflamed.
Mucosal secretions decrease throughout the digestive
tract, and tissues dry and slough off, affecting digestion
and absorption.

+ Genitourinary tract: When epithelial tissue begins to break
down, problems such as vaginal infections and urinary
tract infections ensue.

+ Skin: As skin becomes dry and scaly, small pustules (hard-
ened, pigmented, papular eruptions) appear around hair
follicles, a condition known as follicular hyperkeratosis
(Figure 6-3).

+  Tooth formation: Certain epithelial cells surrounding tooth
buds in fetal gum tissue that normally become specialized
cup-shaped organs called ameloblasts do not develop
properly. These little organs form the enamel of the devel-
oping tooth.

Growth

Vitamin A is essential for the growth of bones and soft tissues
as it controls protein synthesis and cell division and stabilizes
cell membranes. The growth and maintenance of bone
require constant remodeling, reshaping, and expansion.
Vitamin A participates in the important job of tunneling out
old bone to make way for new bone. Then, the tunnels are
filled in to accommodate growth according to the embryonic
cartilage model. Although an inadequate supply of vitamin A
is detrimental to bone health, so are excessive intakes that
cause old bone to be lost more rapidly than new bone can be
formed. Among women, intakes of preformed vitamin A
exceeding twice the DRI were associated with lower bone
mass and increased risk of hip fracture.” B-Carotene and
other carotenoid precursors of vitamin A supplied in fruits
and vegetables do not lead to excessive body levels of
vitamin A, nor bone loss. Based on its role in cell growth
and differentiation, vitamin A supplements should accom-
pany intervention and treatment of protein-energy malnutri-
tion (PEM).’

Reproduction

Vitamin A is needed for normal sexual maturation and func-
tion. It participates in gene expression and plays an important
role in fetal growth, including development of the central
nervous system (CNS).” A sufficient intake is required for
successful lactation.

Immunity

Poor vitamin A status lowers resistance to infection in two
ways: (1) changes in epithelial and mucosal tissues allow
disease organisms to enter the body more easily, and (2)
vitamin A has a direct effect on immune function. Both cell-
mediated and antibody-mediated immunity are impaired
when intake is low. Measles is more likely to be fatal in vitamin
A—deficient children in developing countries. Immune
response returns to normal quite rapidly when vitamin A is
restored.’

Vitamin A Requirement

Influencing Factors

A number of variables modify the vitamin A needs of a given

individual, as follows:

Liver stores: High vitamin A stores can supply body needs
for an extended period; those with low body stores depend
on day-to-day intakes.

« Intake of preformed versus provitamin A: Increased
amounts of carotenoids are required to meet the DRI for
vitamin A.

* Illness and infection: Needs increase to support the produc-
tion of immune cells and body defenses.

*  Gastrointestinal or hepatic defects: Gallbladder or liver
disease interfering with production of bile salts limits fat
absorption and in turn the absorption of vitamin A and
carotenoids.

Causes of Vitamin A Deficiency

In the United States the primary cause of vitamin A defi-
ciency is inadequate dietary intake, usually the result of poor
food selection rather than unavailability. Fast-food restau-
rants can influence vitamin A status, as “kids meals” that
include a hamburger or chicken sandwich with fries and a
sweetened beverage rather than fruit and milk do not meet
one third of the DRI for vitamin A." Vitamin A deficiency
occurs with poor absorption, inadequate conversion of
[-carotene, or liver or intestinal disease. A high intake of
alcohol results in loss of vitamin A from the liver even if liver
function remains normal.’ Individuals with fat malabsorp-
tion syndromes can develop vitamin A deficiency.

Dietary Reference Intake

The Recommended Dietary Allowance (RDA) for vitamin A
is the amount required to maintain optimal liver stores. It is
presented in micrograms (mcg) of retinol,” and the term
retinol activity equivalent (RAE) takes into account the
ratios for converting carotenoids to vitamin A. Early on,
vitamin A was measured in international units (IU), and
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some food composition tables still use those units. Many
older tables overestimate the amount of vitamin A available
from carotenoid-containing foods, such that intakes are cal-
culated to be greater than is true. The RDA for men ages 19
and older is set at 900 mcg, and the RDA for women of this
age is 700 mcg. To ensure sufficient vitamin A to support a
successful pregnancy and appropriate vitamin A content in
breast milk, the RDA increases to 770 mcg in pregnancy and
1300 mcg in lactation.

Vitamin A Toxicity

Hypervitaminosis A

Because the liver can store very large amounts of vitamin A,
persons taking high-potency supplements exceeding the Tol-
erable Upper Intake Level (UL) over months or years can
develop toxicity. Impaired vision, gastrointestinal distur-
bances, and skin abnormalities are evident in both vitamin A
deficiency and excess, although expressed in different ways.
Daily intakes greater than the UL of 3000 mcg of preformed
vitamin A are especially dangerous for pregnant women
and can result in congenital malformations,” depending on
intake. Teens and young adults prescribed acne medications
such as isotretinoin (Accutane) and isotretinoin (oral forms),
which are nonnutritive sources of vitamin A, need to talk
with their doctor when contemplating pregnancy. The
increased use of vitamin supplements and fortified foods has
created disturbing intakes of preformed vitamin A among
some age groups. Supplements often contain as much as
two times the RDA and, if combined with highly fortified
food items, bring children and adults dangerously close to
the UL.”

Food Sources of Vitamin A

Animal sources of preformed vitamin A include liver, milk,
cheese, butter, egg yolk, and fish. Reduced-fat, lowfat, and fat
free milk, as well as certain soy and rice milks, are fortified
with vitamin A to the level found naturally in whole milk.
Nonanimal products such as margarine, ready-to-eat cereals,
and cereal bars are often fortified with vitamin A. Dark-
yellow, orange, red, and green vegetables and fruits contain a
variety of carotenoids and help meet the vitamin A require-
ment. Cooked vegetables can be better dietary sources of
carotenoids than raw vegetables because cooking helps release
these substances from their plant sources, making them more
available for absorption. The vitamin A content of selected
foods is listed in Box 6-3. (The Focus on Culture box, “Accul-
turation: How Does It Affect Food Patterns?” points to prob-
lems with low intakes of fruits and vegetables among families
immigrating to the United States.)

VITAMIN D

Chemical and Physical Nature

When first discovered, vitamin D was classified as a vitamin,
although it is now clear that vitamin D is actually a prohor-
mone, and in its active form functions as a hormone. Chemi-
cally, vitamin D is a sterol and its precursor found in human

skin is the lipid molecule 7-dehydrocholesterol. All com-
pounds with vitamin D activity are soluble in fat but not
water, and they are heat stable.

Forms

The body uses two forms of vitamin D: (1) ergocalciferol
(vitamin D,) and (2) cholecalciferol (vitamin D;). Vitamin
D, is formed by irradiating ergosterol found in ergot (a
fungus growing on rye and other cereal grains) and yeast. The
more important form is vitamin D;, made by the action of
ultraviolet light from the sun on the 7-dehydrocholesterol in
the skin and found naturally in fish liver oils. Vitamin Dj is
also the form used in the fortification of milk and other dairy
products, cereals, and juice.

Absorption, Transport, and Storage

Absorption

Vitamin D is absorbed in the small intestine as part of the
micelles, as are all fat-soluble vitamins. Conditions associated
with malabsorption such as celiac disease, cystic fibrosis,
Crohn’s disease, or pancreatic insufficiency hinder vitamin D
absorption.

Active Hormone Synthesis

The active hormone form of vitamin D is 1,25-
dihydroxycholecalciferol [1,25(OH),D;], with the chemical
name calcitriol. Calcitriol is produced by the combined
action of the skin, liver, and kidneys, an overall process
referred to as the vitamin D endocrine system.

We will look at each of the following three steps in this

process (Figure 6-4):

1. Skin: When 7-dehydrocholesterol, the vitamin D precursor
in the skin, is exposed to the ultraviolet rays of the sun, it
is converted into vitamin D;. The amount produced
depends on the length and intensity of sun exposure and
skin pigment. For those living in northern climates, sun
exposure is not sufficient to supply all of their vitamin D
needs, especially in the winter months." People who are
confined indoors and those residing in crowded city areas
with high air pollution do not receive adequate ultraviolet
exposure to synthesize vitamin D. Dark skin pigment pre-
vents ultraviolet rays from reaching the deep layer in the
skin where synthesis of vitamin D; occurs. The use of
sunscreen with a sun protection factor of 8 lowers vitamin
D production by as much as 95%'*; however, staying in the
shade and wearing long sleeves may influence blood
vitamin D levels to an even greater extent than use of

KEY TERMS

retinol activity equivalent (RAE) Unit of measure for
dietary sources of vitamin A, including preformed retinol and
the provitamins B-carotene, a-carotene, and B-cryptoxanthin.
prohormone A substance that when converted to its active
form acts as a hormone; vitamin D obtained from food or
synthesized in the skin is a prohormone, and its active hor-
monal form is called calcitriol.
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BOX 6-3 FOOD SOURCES OF VITAMIN A

Food Source Quantity Vitamin A (mcg RAE)*
Grains Group
Fortified ready-to-eat cereals
Instant oatmeal (plain) 1 packet 230
Special K 1 cup 225
Cheerios 1 cup 277
Wheaties 3/4 cup 150
Vegetable Group
Sweet potato, baked in skin 1 medium 1096
Pumpkin, canned Y% cup 953
Spinach, leaf, frozen, cooked Y% cup 573
Collard greens, frozen, cooked Y% cup 488
Carrot, raw 1 medium (7}; inches) 601
Chinese cabbage (bok choy), cooked 1 cup 360
Lettuce, dark green 1 cup 205
Peppers, red, sweet, chopped Y, cup 117
Broccoli, raw 6 florets 99
Brussels sprouts, frozen, cooked 1 cup 71
Fruit Group
Cantaloupe % melon 117
Apricots, canned in juice ¥ cup 104
Watermelon 1 wedge (4 x 8 inches) 80
Meat, Beans, Eggs, and Nuts Group
Chicken livers, cooked 1 1752
Clams, canned 30z 127
Milk Group
Milk, nonfat, fortified 1 cup 149
Milk, 1% milk fat, fortified 1 cup 142
Milk, whole, 3.5% fat, unfortified 1 cup 112
Soy milk, unfortified 1 cup 00
Cheddar cheese 10z 75
Fats, Oils, and Sugar
Margarine, tub 1 tbsp 116
Butter 1 tbsp 97

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: women, 700 mcg RAE; men, 900 mcg RAE.

*1 RAE (retinol activity equivalent) = 1 mcg retinol.

sunscreen.” Obesity influences blood vitamin D levels This intermediate metabolite goes on to the kidneys for
because body vitamin D is sequestered in body fat.'® final activation.

2. Liver: Vitamin D, whether produced in the skin or obtained 3. Kidneys: In the kidneys a special enzyme completes the
from dietary sources, is transported to the liver where last step in forming the physiologically active vitamin D

it is converted to 25-hydroxycholecalciferol [25(OH)D;]. hormone 1,25-dihydroxycholecalciferol [1,25(OH),Ds],
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FOCUS ON CULTURE
Acculturation: How Does It Affect Food Patterns?

The term acculturation refers to the adoption of local customs
and practices by families entering a new country, and how
such changes influence disease risk. Those who move to a
different part of the world begin to develop the chronic dis-
eases of their host country, based on changes in their diet and
environment. Families who move to the United States are
more likely to become obese than their counterparts who
remain in their home country. Latinos taking up residence in
the United States increase their intakes of fat, sugars, and
sweetened beverages, but decrease their use of fruits and
vegetables, including beans. These changes lower their intakes
of fiber, provitamin A, and the B-complex vitamins. The longer
they reside in the United States, the more their intakes of these
foods decrease.'?

The availability of fruits and vegetables in their new neighbor-
hoods as compared with their former neighborhoods may con-
tribute to these changes. Latino homemakers accustomed to
purchasing fresh produce at local street markets in Mexico or
Puerto Rico must adjust to different marketing environments
and likely higher prices. Shoppers mention that fruits and veg-
etables purchased in the United States taste different from
those obtained in their home country, which could relate to
degree of ripeness, cultivar, or how one remembers the food
“at home.”" Full-time employment also influences food
choices. Honduran women working outside the home noted
that they were full-time homemakers in Honduras, allowing
more time to prepare food.?

The language spoken in the home can predict degree of
acculturation and food patterns. When foods eaten by women
born in the United States and women born in Mexico were
compared on the basis of language spoken at home, those
using Spanish had higher intakes of fruits, vegetables, and
beans than those speaking English, regardless of birthplace.®
Mexican-American women born in the United States who
spoke predominantly English used fewer fruits, green leafy
vegetables, and beans, and the most fried potatoes of any
group. They consumed only two thirds as many beans as their
counterparts born in the United States who spoke predomi-
nantly Spanish, and less than half as many beans as homemak-
ers born in Mexico who still spoke predominantly Spanish.

Relatively few Hispanic adults consume the recommended
servings of fruits and vegetables,*® and they fall behind in their
intakes of vitamin A and important B-complex vitamins. Only
38% of Hispanic adults have two servings of fruit per day and
only 19% have three servings of vegetables per day. Among
Puerto Rican adults in Massachusetts, greater use of English
and higher socioeconomic status were associated with higher
intakes of fruits and nonstarchy vegetables.® Income may play
an important role in dietary acculturation.

Changes in food patterns may proceed more slowly when
language holds ties to a native culture. Health professionals
working with populations new to a host country must recog-
nize the role of language and income in the acculturation
process.
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referred to as calcitriol. Individuals with kidney disease are
often unable to convert vitamin D to its active form.

Functions of Vitamin D

Vitamin D is associated mostly with calcium and phosphorus
absorption and bone formation, although we continue to
learn of other functions important to health.

Control of Calcium and Phosphorus

Levels in Bone and Blood

The vitamin D endocrine system cooperates with parathy-
roid hormone and calcitonin to (1) stimulate the active
transport of calcium and phosphorus in the small intestine,
(2) promote bone mineralization, and (3) maintain blood

calcium at normal levels. Each hormone—calcitriol, parathy-
roid hormone, and calcitonin—has a specific role in control-
ling bone and blood calcium levels. Vitamin D brings about
the synthesis of important proteins that act on the intestine
to stimulate calcium and phosphorus absorption and facili-
tate their deposition in bone tissue. Parathyroid hormone and
calcitonin are responsible for keeping blood calcium and
phosphorus levels in the normal ranges to support bone
deposition.

Vitamin D Deficiency and Clinical Applications
Bone Disease

Without sufficient vitamin D the body cannot build or main-
tain normal bone. In children the vitamin D deficiency
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disease is called rickets and results in a malformed skeleton
(Figure 6-5). Vitamin D—deficient adults develop osteomala-
cia in which previously deposited bone mineral is mobilized,
resulting in bone pain and weak, brittle bones. Osteomalacia
occurs in women of childbearing age who have little exposure
to sunlight, diets low in calcium and vitamin D, and frequent
pregnancies followed by periods of lactation. Older adults
who use antacids that contain aluminum are at risk of osteo-
malacia because aluminum binds phosphorus and causes it
to be excreted along with calcium. Osteomalacia sometimes
accompanies osteoporosis, another bone disease common in
older men and women that is treated with vitamin D (see
Chapter 7).

The widespread use of vitamin D—fortified milk had nearly
eliminated rickets in the United States, but the disease is
making a comeback among breast-fed infants who do not
receive vitamin D supplements.” Breast milk is generally low

Ultraviolet light from the sun
acts on cholecalciferol
7-dehydrocholesterol in the skin (vitamin Dg3)

Food containing

Y

Vitamin D3

\

Converted to 25(0OH)D3
25-hydroxycholecalciferol

Liver

Kidney

ACTIVE VITAMIN D HORMONE

CALCITRIOL
FIGURE 6-4 Formation of the active vitamin D hormone.
Vitamin D undergoes a conversion in the liver and then a
second conversion in the kidneys to form the vitamin D
hormone calcitriol. Notice that vitamin D is handled the same
way whether it was synthesized in the skin or obtained from
dietary sources.

in vitamin D, and especially so among mothers with poor
vitamin D status. It is recommended that infants in northern
climates and all African-American infants be given vitamin
D supplements. (The vitamin D needs of breast-fed infants
will be discussed further in Chapter 12.)

FIGURE 6-5 Bowlegs in rickets resulting from a lack of
vitamin D. (From McLaren DS: A colour atlas and text of diet-
related disorders, ed 2, London, 1992, Mosby-Year Book
Europe Limited.)

KEY TERMS

7-dehydrocholesterol A precursor cholesterol compound
in the skin that when irradiated by sunlight produces chole-
calciferol (Dg).

cholecalciferol Chemical name for vitamin D in its inactive
form. When cholecalciferol is consumed in food or synthe-
sized in the skin, its first activation step occurs in the liver;
the final activation step is completed in the kidneys to form
the active vitamin D hormone calcitriol.

calcitriol Activated hormone form of vitamin D s
1,25-dihydroxycholecalciferol [1,25(0H),Ds].
25-hydroxycholecalciferol [25(0OH)D;] Intermediate
product formed in the liver in the process of forming the
active vitamin D hormone.

calcitonin A polypeptide hormone secreted by connective
tissue cells in the thyroid gland that promotes calcium excre-
tion via the urine when blood calcium levels rise above
normal.
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Because of its active regulatory role in balancing bone
mineral absorption and deposition, vitamin D has been used
to treat renal osteodystrophy. This condition is secondary to
renal failure and results in defective bone formation.

Vitamin D Requirement

Influencing Factors

Setting dietary recommendations for vitamin D is compli-
cated by differing degrees of sun exposure and skin synthesis.
Those individuals who work indoors must obtain more of
their vitamin D from dietary sources than people who work
outdoors. Individuals who reside in northern latitudes are
more vulnerable to vitamin D deficiency. Older adults are less
able to synthesize vitamin D regardless of sun exposure
because of aging changes in the skin.”

Dietary Reference Intake

The current DRI estimates the amount of dietary vitamin D
required to sustain appropriate blood levels when sun expo-
sure is minimal. The RDA for ages 1 to 70 is 15 mcg (600 IU).
For adults over age 70 it increases to 20 mcg (800 IU)* based
on body changes that occur as people age. Infants pose special
problems. Vitamin D—fortified formula and cereal provide
the current Adequate Intake (AI) of 10 mcg or 400 IU;
however, breast-fed infants require supplementation.

Vitamin D Toxicity

Vitamin D is stored in the adipose tissue and released
slowly, so toxic amounts can accumulate when intake is
inappropriately high. Toxicity usually results from inappro-
priate doses of vitamin D supplements, not fortified foods.
Adults exceeding the UL of 100 mcg (4000 IU) may develop
hypercalcemia with progressive muscle weakness, bone pain,
bone fractures, and falls. Blood levels of vitamin D that
exceed established norms are associated with cardiovascular
disease, certain cancers including those of the pancreas and
prostate, and increased risk of death. African Americans
appear to be at greater risk of these complications than other
groups.” Symptoms of toxicity in young children include
failure to thrive and calcium deposits in soft tissues such as
the kidneys.

|HEALTH PROMOTION

Implications of Vitamin D Deficiency

Leaders in nutrition and public health'' are calling attention
to the broad spectrum of individuals who are vitamin D
deficient. Medical advice for reducing skin cancer encourages
people to use sunscreen. Frail older people seldom venture
outdoors. Youth are more likely to entertain themselves with
video games or the Internet than participate in outdoor activ-
ities. Dietary surveys conducted by the U.S. Department of
Agriculture (USDA) indicate that males and females between
the ages of 12 and 19 are taking in 6.7 mcg and 4.7 mcg of
vitamin D, respectively”* (the RDA is 15 mcg). This puts them
at risk for poor calcium absorption at a time when bone

mineral deposition should be reaching its peak. Low-income,
African-American, and Hispanic youth are most likely to
have low blood vitamin D levels.”’ The majority of Americans
do not obtain sufficient amounts of dietary vitamin D."
Although over one third take vitamin D supplements, their
combined intake from food and supplements still leaves
many deficient."" These groups are at risk of poor bone health
leading to fractures, falls, and related complications.

Food Sources of Vitamin D

Natural sources of vitamin D are few. Vitamin D, is found
only in yeast and vitamin D; mostly in fish liver oils. Fatty
fish such as mackerel or salmon provide significant amounts
of vitamin D, and egg yolk contains a small amount. Major
dietary sources are fortified foods. Milk was selected as a
practical carrier more than 50 years ago because it contained
calcium and phosphorus and was commonly used by
children. The vitamin D added to milk is standardized at
10 mcg (400 IU)/qt, and other dairy foods such as yogurt
have added vitamin D. Fortification of milk was credited
with eradicating rickets in the United States in the 1930s;
however, less use of milk in preference to soft drinks and fruit
drinks has lowered intakes of calcium and vitamin D.
Margarine is fortified with 37.5 mcg (1500 IU)/Ib to serve as
a butter substitute, and various ready-to-eat cereals have
added vitamin D. Juices, soy milk, and rice milk fortified with
calcium and vitamin D to the level usually found in cow’s
milk are potential sources for the lactose intolerant. Increas-
ing servings of fish would support intakes of both healthy fats
and vitamin D. Food sources of vitamin D are displayed in
Box 6-4.

VITAMIN E

Chemical and Physical Nature

Scientists studying reproduction in laboratory animals first
discovered vitamin E. Because of its association with birth
and its chemical structure as an alcohol, it was named tocoph-
erol from the Greek word tokos, meaning childbirth. Vitamin
E came to be known as the antisterility vitamin, although this
has been demonstrated in laboratory animals only, not in
humans.

Forms

Vitamin E is the generic name given to a group of eight com-
pounds having to some degree the biologic activity of
a-tocopherol. Vitamin E is a pale yellow oil, stable to acids
and heat, and insoluble in water. It oxidizes very slowly, which
gives it an important role as an antioxidant.”

Absorption, Transport, and Storage

Vitamin E is absorbed in the micelles with the aid of bile salts
and transported in the chylomicrons. Vitamin E is stored in
the liver and adipose tissue where it is held in bulk liquid
droplets. Mobilization of o-tocopherol from these storage
sites occurs very slowly.
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Functions of Vitamin E

Antioxidant Activity

In our study of the vitamins we will continue to hear the term
antioxidant and the role such nutrients play in destroying
molecules called free radicals. Free radicals have an unpaired
electron and are constantly on the lookout for another mol-
ecule with an unpaired electron that they can join with. Free
radicals are highly active molecules, and the oxidation reac-
tions they initiate are very damaging to body tissues. Free
radicals are formed as by-products of normal cell metabolism
but also originate in tobacco smoke, car exhaust fumes, and
other air pollutants.

FOOD SOURCES
OF VITAMIN D

BOX 6-4

Vitamin D occurs naturally in eggs and fish. Fortified dairy
foods, soy milk, juices, and cereals are other good sources
for persons with limited exposure to sunlight.
Food Source Quantity Vitamin D (mcg)
Grains Group
Fortified ready-to-eat 3 to 1 cup 1.0-2.5
cereal (e.g., Total)
Fruit Group
Orange juice, fortified* 1 cup 2.5
Meat, Beans, Eggs,
and Nuts Group
Tuna fish, canned in 30z 5.7
oil
Tuna fish, canned in 30z 1.0
water’
Egg yolk, large 1 0.9
Milk Group
Milk, fortified* 1 cup 2.9
(includes nonfat,
1%, and 2% fat)
Milk, whole (3.5% fat) 1 cup 3.2
Soy milk, fortified* 1 cup 2.9

Data from U.S. Department of Agriculture, Agricultural Research
Service: USDA National Nutrient Database for Standard Reference,
Release 26, 2013. Nutrient Data Laboratory Home Page: <http://
www.ars.usda.gov/ba/bhnre/ndl>.

Images copyright 2006 Jupiterlmages Corporation.
Recommended Dietary Allowance for adults: ages 19-70, 15 mcg
(600 IU); ages =71, 20 mcg (800 IU).

*Consumers should check the nutrition label to be sure the
product selected is fortified with vitamin D.

"Note the difference in vitamin D content between canned tuna
fish packed in oil or water.

Polyunsaturated fatty acids having several double bonds
and the tissues where they are found are especially vulner-
able to attack. Cell membranes contain a high proportion of
polyunsaturated fatty acids, and oxidation by free radicals
alters their structure and destroys their ability to recognize
harmful substances and prevent them from entering the cell.
Brain tissue and nerve fibers are high in unsaturated fatty
acids. Deoxyribonucleic acid (DNA) and other proteins in the
cell nucleus if modified by unwanted oxidation reactions
produce molecules that are ineffective in carrying out body
functions. Antioxidants such as vitamin E join with the
unpaired electron of free radicals and interrupt the chain
of oxidation reactions. Vitamin E is nature’s most potent
antioxidant.

Partnership with Selenium

In addition to vitamin E, a second line of defense against free
radical damage is an enzyme containing selenium, a trace
mineral. Selenium can spare vitamin E and reduce the vitamin
E requirement. In this partnership role, vitamin E can also
reduce the selenium requirement.

Vitamin E Deficiency and Clinical Applications
Premature Infants

Vitamin E deficiency has disastrous effects on red blood cells.
When polyunsaturated fatty acids in the lipid membranes of
red blood cells are exposed to oxidation, the membranes
break, the cell contents are lost, and the cell is destroyed.
Continued loss of red blood cells leads to anemia, and this
vitamin E—deficiency disease is called hemolytic anemia. Pre-
mature infants are especially vulnerable to hemolytic anemia
because they miss the last month or two of fetal life when
vitamin E stores are normally built up. This condition
responds positively to vitamin E therapy’* and is prevented
with vitamin E supplementation at birth. Adequate intake
during pregnancy can help ensure optimum vitamin E stores
in the full-term infant.

Children and Adults

In older children and adults vitamin E deficiency presents a
different set of symptoms associated with the nervous
system.”” Nerves affected are (1) the spinal cord fibers that
control physical movement such as walking and (2) the retina

KEY TERMS

osteoporosis Abnormal loss of bone mineral and matrix
leading to porous, fragile bone that is prone to fracture
or deformity; common disease of aging in older men and
women.

osteodystrophy Defective bone formation.

tocopherol Chemical name for vitamin E; it functions as
an antioxidant to preserve structural membranes and other
tissues with a high content of polyunsaturated fatty acids.
antioxidant A substance that prevents the formation and
destructive actions of free radicals.
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of the eye. These problems were identified in children with
cystic fibrosis and pancreatic insufficiency that had defective
absorption of fat and fat-soluble vitamins. Vitamin E defi-
ciency disrupts the making of myelin, the protective lipid
covering of the nerve cell axons that helps transmit messages
along to muscles. The lack of vitamin E also leads to degen-
eration of the pigment in the rods and cones of the retina
that depend on vitamin E to prevent oxidation damage.
Optimum intakes of vitamin E and other antioxidants may
be especially important for cystic fibrosis patients who have
high tissue oxidation related to their disease.” Regular
vitamin E replacement therapy is also needed for those with
fat malabsorption syndromes.

Vitamin E Requirement

Dietary Reference Intake

The RDA is expressed in milligrams of o-tocopherol, the
form of vitamin E with high biologic activity. About 80%
of the vitamin E from dietary sources (including fortified
foods) is o-tocopherol, and about 20% is other forms. The
RDA is 15 mg for both males and females ages 14 and older,*
but actual intake falls much below this level. In the United
States adult men average 8.9 mg/day of a-tocopherol and
adult women average 7.1 mg/day**; nevertheless, only 5% of
adults examined in recent national surveys had blood vitamin
E levels categorized as deficient."

Vitamin E Toxicity

No toxicity syndrome has been identified for vitamin E;
however, clinicians warn against self-prescribed supplemen-
tation. Several recent clinical trials observed increased mor-
tality among those taking in very high levels of vitamin E.”**
Over-the-counter supplements often contain as much as
268 mg to 540 mg of a-tocopherol (18 to 36 times the RDA).
The UL for vitamin E is 1000 mg.” Intakes above recom-
mended levels can interfere with blood platelet aggregation
and prevent normal blood clotting. This is particularly
important information for persons with low intakes of
vitamin K or patients using anticlotting medications.

Food Sources of Vitamin E

Vegetable oils are rich dietary sources of vitamin E. Sun-
flower, safflower, and canola oils contain the highest amounts,
followed by corn oil and olive oil.”* As might be expected,
these oils are also rich sources of polyunsaturated fatty acids
which vitamin E protects from oxidation. Other vitamin E
sources include peanut butter, nuts, and certain vegetables
and fruits, especially tomatoes and spinach. Fortified ready-
to-eat cereals contribute significantly to intake, and the
vitamin is well absorbed from these foods.” Box 6-5 lists
major food sources of vitamin E.

VITAMIN K

Chemical and Physical Nature

The studies of Henrik Dam, a biochemist at the University of
Copenhagen working on a hemorrhagic disease in chicks, led

to the discovery of vitamin K. Because of its blood-clotting
function, he called it the koagulations vitamin, or vitamin K.
For this discovery he received the Nobel Prize in physiology
and medicine.

Chemical Nature

The form of vitamin K found in plants is named phylloqui-
none for its chemical structure. Phylloquinone is the major
dietary form and is widely distributed in both animal and
plant foods. Menaquinone is synthesized by intestinal bacte-
ria, but either form can be used by the body. A water-soluble
analog of vitamin K, menadione, can be absorbed directly
into the portal blood,” making it an important source for
individuals with fat malabsorption.

Absorption, Transport, and Storage

Both phylloquinone and menaquinone require pancreatic
lipase and bile salts for absorption. In the liver, vitamin K is
stored in small amounts but excreted rapidly after adminis-
tration of therapeutic doses.

Functional Roles of Vitamin K

Blood Clotting

The major function of vitamin K is to initiate liver synthesis
of four proteins necessary for blood clotting.*® Each clotting
factor is in the form of an inactive precursor that depends on
vitamin K for activation. This activation step converts the
precursor protein prothrombin to thrombin, which in turn
acts on the precursor fibrinogen to form fibrin and complete
the clotting process. Both calcium ions and vitamin K are
needed for normal blood clotting. Vitamin K requires a func-
tioning liver to carry out its tasks. When liver damage is the
cause of low prothrombin levels and hemorrhage, vitamin K
is ineffective as a therapeutic agent. Vitamin K also controls
the liver synthesis of other proteins that regulate the speed
and duration of coagulation. These regulatory proteins
prevent the development of dangerous, unwanted blood clots
or thromboses.

Bone Metabolism

Vitamin K has a role in bone health, stimulating the synthesis
of osteocalcin and other proteins important to bone.”*” Bone
is constantly being remodeled, and vitamin K-dependent

KEY TERMS

anemia Condition of low blood hemoglobin levels caused
by too few red blood cells or red blood cells with a low
hemoglobin content.

hemolytic anemia An anemia caused by breakdown of the
outer membrane of red blood cells and loss of their hemo-
globin; occurs in vitamin E deficiency.

myelin  Substance made of fat and protein that forms a
fatty sheath around the nerve axons to protect and insulate
the nerves and facilitate transmission of neuromuscular
impulses.
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BOX 6-5 FOOD SOURCES OF VITAMIN E

Food Source

Grains Group

Fortified ready-to-eat cereal (e.g., Product 19; Total)
Rice Krispies

Cheerios

Vegetable Group
Spaghetti sauce, tomato
Spinach, frozen, cooked

Meat, Beans, Eggs, and Nuts Group
Dry-roasted sunflower seeds

Peanut butter, smooth

Sardines, canned

Red kidney beans, canned

Pinto beans

Fats, Oils, and Sugar
Corn oil

Olive oil

Safflower oil

Quantity Vitamin E (mg)
3 to 1 cup 13.5
Y, cup 8.8
1 cup 0.2
1 cup 6.3
% cup 3.4
Y, cup 8.3
2 tbsp 2.9
30z 1.7
1 cup 0.1
1 cup 1.3
1 tbsp 2.1
1 tbsp 1.9
1 tbsp 4.6

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.
Recommended Dietary Allowance for adults: 15 mg.

proteins are necessary for the formation of bone matrix and
mineral deposition. Children with higher vitamin K intakes
have higher bone mineral; however, we do not know if
increasing vitamin K will protect against bone loss later
in life.”

Vitamin K Deficiency and

Clinical Applications

Neonatology

The sterile intestinal tract of the newborn cannot supply
vitamin K during the first few days of life until normal bacte-
rial flora develop. To prevent hemorrhage during this imme-
diate postnatal period, a prophylactic dose of vitamin K is
usually given soon after birth.

Malabsorption

Any defect in fat absorption impairs vitamin K absorption,
resulting in slowed blood clotting; thus, several clinical situ-
ations demand supplemental vitamin K. Patients with bile
duct obstruction are usually given vitamin K before surgery.
Children with cystic fibrosis can become deficient, because

frequent use of antibiotics interferes with bacterial synthesis
of this vitamin.”

Drug Therapy

Several drug-nutrient interactions involve vitamin K. Anti-
clotting drugs such as Coumadin (warfarin), Plavix (clopido-
grel), or Aggrenox (dipyridamole and aspirin) act as
antimetabolites, preventing the synthesis of blood-clotting

KEY TERMS

phylloquinone A fat-soluble vitamin of the K group found
in green plants or prepared synthetically.

menaquinone Form of vitamin K synthesized by intestinal
bacteria.

menadione A water-soluble analog of vitamin K.
prothrombin Blood-clotting factor synthesized in the liver
and activated by vitamin K.

antimetabolites Substances bearing a close structural
resemblance to an essential nutrient or metabolite that inter-
fere with its physiologic function or use.
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factors in the liver and so inhibit the action of vitamin K.
When these drugs are used to prevent unwanted clots in the
lungs or blood vessels, dietary intake of vitamin K must be
closely monitored. Too much vitamin K will oppose the
action of the drug and neutralize its effect; too little vitamin
K could lead to serious hemorrhage.’®”” Dark-green leafy veg-
etables are rich in naturally occurring vitamin K, but other
sources also need to be monitored. Snack foods made with
Olestra, a noncaloric fat substitute, are fortified with 80 mcg
of vitamin K per 1-oz serving, and vitamin K is added to
many multivitamin supplements. With extended use of anti-
biotics much of the intestinal bacterial flora is lost, eliminat-
ing one of the bodys main sources of vitamin K, and
supplements may be required.

Vitamin K Requirement

Dietary Reference Intake

It is difficult to set a DRI for vitamin K because at least part
of the requirement can be met by intestinal bacterial synthe-
sis. Moreover, reliable information as to the vitamin K content
of many foods or its bioavailability is lacking. With this in
mind the expert committee established an Al rather than an
RDA. For men ages 19 and older the Al is 120 mcg/day, and
for women it is 90 mcg/day.” These values represent the
median intakes of nearly 20,000 men and women who par-
ticipated in national nutrition and health surveys between
1988 and 1994. This intake is adequate to preserve blood
clotting, but the amount needed for optimum bone health is
not known. Toxicity has not been reported.

Food Sources of Vitamin K

Phylloquinone is found in many vegetables but is highest in
dark-green vegetables and liver. Menaquinones occur in milk,
meat, and certain cheeses.”® A list of good food sources can
be found in Box 6-6.

Table 6-2 provides a complete summary of the fat-soluble
vitamins.

FOOD SOURCES
OF VITAMIN K

BOX 6-6

Spinach Cabbage

Brussels sprouts Canned tuna (packed in oil)
Broccoli Spaghetti sauce

Lettuce

Images copyright 2006 Jupiterlmages Corporation.
Adequate intake for adults: women, 90 mcg; men, 120 mcg.

VITAMIN C (ASCORBIC ACID)
Chemical and Physical Nature

The discovery of vitamin C is associated with the ancient
hemorrhagic disease scurvy. Early observations of British
sailors led to the detection of an acid in lemon juice that
could prevent or cure this disease. Its chemical name ascorbic
acid is based on its antiscorbutic properties. The structure of
vitamin C is similar to glucose, and most animals can convert
glucose to ascorbic acid. Humans, however, lack this enzyme.
Therefore human scurvy could be called a disease of distant
genetic origin, an inherited metabolic defect. Vitamin C is an
unstable, easily oxidized acid. It is destroyed by oxygen, alkali,
and heat.

Absorption, Transport, and Storage

Vitamin C is easily absorbed from the small intestine but
requires an acid environment. When gastric hydrochloric
acid is lacking, absorption is hindered. In contrast to the fat-
soluble vitamins that are stored mostly in the liver, vitamin
C is generally distributed throughout the body, maintaining
limited tissue saturation. Any excess is excreted in the urine.
The total body pool in adults varies from about 2 g to as little
as 0.3 g, depending on intake.” Optimum tissue saturation
can meet day-to-day needs for as long as 3 months when
intake is lacking. This explains why generally healthy people
in isolated living situations could survive the winter without
eating fresh fruits and vegetables.

Breast milk provides sufficient vitamin C for early infancy
if the mother is eating a good diet. Cow’s milk contains very
little vitamin C, as would be expected, because these animals
have the enzymes to make their own vitamin C from glucose.
Human infant formulas made from cow’s milk are supple-
mented with ascorbic acid.

Functions of Vitamin C

Antioxidant Capacity

Vitamin C, along with vitamin E, is a powerful antioxidant.
Vitamin C joins with free oxygen arising from cell metabo-
lism, making it unavailable to fuel the destructive actions of
free radicals.

Formation of Intercellular Cement

Vitamin C helps build and maintain many body tissues
including bone matrix, cartilage, dentin, and collagen. Col-
lagen is a protein found in the white fibers of connective
tissue. When vitamin C is absent, an important ground sub-
stance is not formed and collagen fibers are defective and
weak.” Blood vessels require this cementing substance to
form firm capillary walls. In vitamin C deficiency capillaries
are fragile and easily ruptured by blood pressure or trauma,
and small hemorrhages occur in the skin and other tissues.
When vitamin C is restored, the formation of normal colla-
gen follows quickly.” Formation of collagen is also important
for bone health, providing an appropriate matrix for the
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TABLE 6-2 SUMMARY OF FAT-SOLUBLE VITAMINS

PHYSIOLOGIC RESULTS OF DIETARY REFERENCE
VITAMIN FUNCTIONS DEFICIENCY INTAKE FOOD SOURCES
Vitamin A
Provitamin: B-carotene  Production of rhodopsin ~ Poor dark adaptation, Adults Butter; fortified
Preformed vitamin: and other light- night blindness, Males ages 219: 900 mcg margarine
retinol receptor pigments xerosis, xerophthalmia RAE* Whole, fortified
Formation and Keratinization of Females ages 219: low-fat, fortified
maintenance of epithelium 700 mcg RAE reduced fat, and
epithelial tissue Growth failure Pregnancy fortified nonfat
Immune function Reproductive failure Ages <18: 750 mcg RAE cow'’s milk
Growth Ages 219: 770 mcg RAE Fortified soy milk
Reproduction Lactation Dark green, deep
Toxic in large amounts Ages <£18: 1200 mcg RAE yellow, and orange
Ages >19: 1300 mcg RAE vegetables
Yellow and orange
fruits
Vitamin D
Provitamins: Calcium and phosphorus  Faulty bone growth, Adult males/females Fortified cow's milk
ergosterol (plants); absorption rickets (in children Ages 19-70: 15 mcg Fortified soy milk
7-dehydrocholesterol  Calcitriol is major and youth), (600 1U) Fortified orange juice
(skin) hormone regulator of osteomalacia (in Ages >71: 20 mcg Fortified margarine
Vitamins: D, bone mineral adults) (800 IU) Oily fish (e.g.,
(ergocalciferol) and metabolism Pregnancy salmon, tuna)
D3 (cholecalciferol, Possible roles in muscle All ages: 15 mcg (600 IU)  Egg yolk
used in food function and control of Lactation Sunlight on the skin
fortification) cell growth All ages: 15 mcg (600 [U)
Toxic in large amounts
Vitamin E
Tocopherols Antioxidant Anemia in premature Adult males/females Vegetable oils
Most active form is Protects cell infants Ages >19: 15 mg Fortified ready-to-eat
o-tocopherol membranes including Increased risk of Pregnancy cereals
red blood cell oxidative damage to All ages: 15 mg Nuts
membranes body tissues Lactation Dark green leafy
Partners with selenium All ages: 19 mg vegetables
in antioxidant function Tomatoes/spaghetti
sauce
Vitamin K
K; (phylloguinone) Activates blood-clotting Hemorrhagic disease of  Adults Green leafy
K, (menaquinone) factors (e.g., converts the newborn Males ages >19: 120 mcg vegetables
Analog: K prothrombin to Defective blood clotting Females ages >19: Canned tuna
(menadione, water thrombin) Deficiency symptoms 90 mcg Spaghetti sauce
soluble) Participates in bone produced by Pregnancy Synthesized by
formation and anticoagulant and Ages <18: 75 mcg intestinal bacteria
remodeling (synthesis antibiotic therapy Ages >19: 90 mcg
of osteocalcin) Lactation
Interferes with Ages <18: 75 mcg
anticoagulant therapy Ages 219: 90 mcg
*Retinol activity equivalent
deposition of bone minerals.*' Box 6-7 lists common signs of and white blood cells. The multiplying tissues of children
vitamin C deficiency. contain more vitamin C than the resting tissues of adults.
. Vitamin C helps in the formation of hemoglobin and the
Support of General Body Metabolism development of red blood cells by promoting iron absorption
Vitamin C is found in greater amounts in metabolically active and assisting in the removal of iron from the protein-iron

tissues such as the adrenal and pituitary glands, brain, eyes, complex called ferritin, in which it is stored.
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Vitamin C participates in other functions of metabolic
importance, as described below:

+ Assists in the synthesis of carnitine, an amino acid that
transports long-chain fatty acids into cell mitochondria
where they are burned for energy.

+ Assists in the synthesis of neurotransmitters such as nor-
epinephrine and receptors for the neurotransmitter
acetylcholine.

+ Supports the action of the mixed-function oxidase system
that metabolizes drugs and breaks down carcinogens and
other foreign molecules; this system also sequesters lead
and other heavy metals and neutralizes their effects.

+ Controls the conversion of phenylalanine, an indispens-
able amino acid, to tyrosine, a conditionally indispensable
amino acid; this is clinically important in children with
phenylketonuria.

Clinical Applications

+ Wound healing: The role of vitamin C in forming the
cement for building supporting tissues creates added
demands in traumatic injury or surgery when extensive
tissue regeneration is required. Formulas for parenteral
feeding generally provide 100 mg/day of vitamin C.
Protocols for burn patients with elevated needs for
tissue growth and defense against infection call for
1000 mg/day.*

« Fever and infection: The body’s response to infection
depletes tissue vitamin C stores. Fever adds to losses
because it accompanies infection and produces a catabolic
effect.

+  Growth: Additional vitamin C is required during periods
of rapid growth in infants and children. An adequate
supply is critical in pregnancy to support fetal develop-
ment and expansion of maternal tissues. Pregnant women
who smoke may have elevated needs.”

+  Stress and body response: Body stress arising from injury,
illness, debilitating disease, or emotional upset calls
on vitamin C stores. The adrenal glands, which have a
primary role in stress response, contain large amounts of
vitamin C.

Vitamin C Requirement
Dietary Reference Intake
The RDA for vitamin C is set at the level required to maintain
tissue saturation and provide antioxidant protection of body

SIGNS OF VITAMIN C
DEFICIENCY

BOX 6-7

e Easy bruising

e Pinpoint hemorrhages of the skin (petechiae)
* \Weak bones that fracture easily

e Poor wound healing

e Bleeding gums (often termed gingivitis)

* Anemia

cells and membranes. For men the RDA is 90 mg.”* Based
on their smaller body size the RDA for women is 75 mg.
Cigarette smokers require an additional 35 mg. Additional
vitamin is needed in pregnancy, lactation, and periods of
growth.

Vitamin C Toxicity

Vitamin C intakes exceeding the recommended level have
been promoted for curing the common cold, protecting
against degenerative disease, and delaying the signs of aging.
A survey of nearly 3000 breast cancer survivors found that
24% were taking daily supplements of 1000 mg or more.”
Inappropriate supplement use could cause adverse interac-
tions with ongoing drug therapy. The UL for ascorbic acid is
set at 2000 mg; gastrointestinal symptoms and diarrhea have
been observed at higher levels.*

Food Sources of Vitamin C

The best known sources of vitamin C are citrus fruits and
tomatoes. Broccoli, salad greens, strawberries, watermelon,
cabbage, and sweet potatoes are other good sources. Vitamin
C is easily oxidized when exposed to the air or heated,
so storage, preparation, and cooking methods must be
chosen carefully to preserve vitamin content (Box 6-8).
Vitamin C is quite stable in acid solutions, so citrus and
tomato products remain good sources even if heated.
Box 6-9 lists the vitamin C content of various foods. A
summary of vitamin C functions and requirements is found
in Table 6-3. (For tips on the proper handling of fresh fruits
and vegetables, see the Focus on Food Safety box, “Did You
Wash That Orange?”)

P34 FOCUS ON FOOD SAFETY

Did You Wash That Orange?

Oranges, apples, pears, grapes, bananas, and raw carrots are
healthy snacks and travel well in a backpack or school bag.
But all fresh produce must be washed before you eat or cook
it to remove any remaining pesticides, soil particles, and
bacteria that accumulated as it was picked, shipped, and
handled in the store. Fruits and vegetables to be peeled still
need to be washed. When your hands touch the unwashed
banana peel, you will transfer those bacteria to the fruit as
you peel it. It is also important to wash all “prewashed”
vegetables and salad greens to be sure that all soil particles
and bacteria have been removed.

KEY TERMS

scurvy A hemorrhagic disease caused by lack of vitamin C.
collagen Protein substance of the white fibers of skin,
tendon, bone, cartilage, and other connective tissue.
parenteral A mode of feeding that does not use the gas-
trointestinal tract but instead provides nutrition by intrave-
nous delivery of nutrient solutions.
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BOX 6-8 FOOD PREPARATION METHODS TO PREVENT VITAMIN LOSS

Vitamins can be destroyed by heat, light, or the action of o
oxygen from the air. Water-soluble vitamins, especially vitamin
C, are particularly vulnerable to such loss. The following storage
and preparation practices help retain vitamins in fruits and
vegetables: °
e Store cut-up fruits and vegetables in the refrigerator in tightly
covered containers that protect them from light and oxygen;
when preparing fresh fruit or vegetables for salads or

Steam vegetables in a steamer basket with the water below
to prevent the dissolving of nutrients into the water; vege-
tables need not be covered with water as the steam in the
covered container will soften the food.

Use the microwave to reduce the time and amount of water
needed for cooking, but avoid overcooking. Remember that
foods continue to cook for several minutes after being
removed from the microwave.

cooking, try to minimize the length of time they are exposed e Stir-fry vegetables using only a small amount of fat to con-
to the air. serve nutrients and food quality.
e Avoid cutting fruits and vegetables into very small pieces; e Fruits and vegetables add color and variety to meals, along
this increases the surface area for nutrient loss. with important nutrients. Include both raw and cooked veg-
e Cook vegetables for a /imited amount of time in a limited etables to add interest to menus.

amount of water in a tightly covered pan to retain nutrients,
flavor, color, and texture. (Vegetables should be tender but
still retain their shape.)

BOX 6-9 FOOD SOURCES OF VITAMIN C

Food Source Amount Vitamin C (mg)
Vegetable Group

Tomato soup, canned, water added 1 cup 15
Vegetable juice cocktail 1 cup 72
Pepper, chili, red 1 65
Peppers, sweet, green, chopped % cup 60
Peppers, sweet, red, chopped % cup 95
Broccoli, cooked Y% cup 50
Cole slaw, 1 cup 28
Sweet potato, canned, vacuumed packed Y cup 34
Cauliflower, frozen, cooked Y% cup 28
Fruit Group

Strawberries 1 cup 98
Orange juice, frozen, reconstituted 1 cup 97
Grape juice, fortified 1 cup 63
Orange 1 medium 63
Cantaloupe % melon 25
Watermelon 1 wedge (4 x 8 inches) 23
Other

Fruit punch, fortified 1 cup 73

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: women, 75 mg; men, 90 mg.
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TABLE 6-3

SUMMARY OF VITAMIN C (ASCORBIC ACID)

PHYSIOLOGIC FUNCTIONS  CLINICAL APPLICATIONS

DIETARY REFERENCE INTAKE FOOD SOURCES

Antioxidant activity
Collagen synthesis
General metabolism
Makes iron available for

Wound healing
Tissue formation
Fevers and infections
Stress reactions

hemoglobin synthesis Growth
Controls conversion of the Scurvy (classic deficiency
amino acid phenylalanine disease)

to tyrosine

Adults

Males ages 219: 90 mg
Females ages 219: 75 mg
Pregnancy

Ages £18: 80 mg

Ages >19: 85 mg
Lactation

Ages <18: 115 mg

Ages 219: 120 mg

Citrus fruits and berries

Vegetables: broccoli, cabbage,
chili peppers, potatoes,
tomatoes

FIGURE 6-6 Beriberi is a thiamin-deficiency disease charac-
terized by extreme weakness, paralysis, and wasting related
to the inability to metabolize glucose for energy. (From
McLaren DS: A colour atlas and text of diet-related disorders,
ed 2, London, 1992, Mosby-Year Book Europe Limited.)

DEFICIENCY DISEASES AND
VITAMIN DISCOVERIES

The discovery of the B vitamins is a story of people dying of
a puzzling, age-old disease for which no cure existed. Eventu-
ally it was learned that common, everyday food held the
answer. The paralyzing disease was beriberi, which plagued
East Asia for centuries (Figure 6-6). It was named by the
native words, I can’t, I can’t, which described its crippling
effects. The “vitamine” connection was established when an
American chemist, R.R. Williams, used extracts of rice polish-
ings to cure the epidemic infantile beriberi. The food factor
that brought the cure was labeled water-soluble B, because it
was thought to be a single vitamin. Now we know several
vitamins exist in the B group, all water-soluble but with
unique metabolic functions. Each of the B vitamins has been
given a specific chemical name.

COENZYME ROLE

The B vitamins have important metabolic roles as coenzyme
partners with cell enzymes that control energy metabolism
and build tissue. Eight vitamins are in this group. First we
consider the three associated with classic deficiency diseases—
thiamin, riboflavin, and niacin; then the more recently dis-
covered coenzyme factors—pantothenic acid, biotin, and
pyridoxine (vitamin By); and, finally, the important blood-
forming factors—folate and vitamin B, (cobalamin).

THIAMIN

The search for the cause of beriberi was successfully con-
cluded with the identification of thiamin. Its nature and
metabolic role were clarified in the early 1930s.

Chemical and Physical Nature

Thiamin is a water-soluble and fairly stable vitamin, although
it is destroyed in alkaline solutions. Its name comes from its
chemical ring-like structure.

Absorption, Transport, and Storage

Thiamin is absorbed most efficiently in the acid environment
of the upper small intestine before the food mass is buffered
by the alkaline fluids entering from the pancreas. Thiamin is
not stored in large amounts, so a continuous dietary supply
is needed.”' Tissue thiamin responds rapidly to increased
metabolic demand such as occurs in fever, high muscular
activity, pregnancy, and lactation. Tissue stores depend on
both thiamin intake and general diet composition. Carbohy-
drate increases the need for thiamin, whereas fat and protein
spare thiamin. When the tissues are saturated, unused thiamin
is excreted in the urine.

KEY TERMS

beriberi A disease of the peripheral nerves caused by
thiamin deficiency.

pantothenic acid A member of the B vitamin complex
widely distributed in nature and throughout body tissues; it
functions as a part of coenzyme A (CoA), important in lipid
and carbohydrate metabolism.
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Function of Thiamin

Coenzyme Role

Thiamin functions as a control agent in energy metabolism.
When combined with phosphorus to form thiamin pyro-
phosphate (TPP), it serves as a coenzyme in reactions involv-
ing glucose. About 90% of body thiamin is in the coenzyme
form.”" The symptoms of beriberi can be traced to the loss of
energy usually provided by glucose metabolism.

Thiamin Deficiency and Clinical Applications

When thiamin levels are insufficient to support cellular
energy metabolism, clinical effects become apparent, as
follows:

*  Gastrointestinal system: Anorexia, constipation, gastric
atony, and poor hydrochloric acid secretion progress as
the deficiency continues. When the cells of the smooth
muscles and the secretory glands do not receive enough
energy from glucose, they cannot perform the digestive
work needed to supply still more glucose to meet body
needs. This vicious cycle accelerates as the deficiency
continues.

+ Nervous system: The CNS depends on glucose to do its
work. Without sufficient thiamin to provide this constant
fuel, nerve activity is impaired, alertness and reflex
responses are diminished, and general apathy and fatigue
take over. If the deficiency continues, then lipogenesis is
hindered, followed by damage to the myelin sheaths,
which is the lipid tissue covering the nerve fibers. This
causes increasing nerve irritation, pain, and prickly or
deadening sensations. If unchecked, then paralysis will
result as in the classic deficiency disease beriberi.

+  Cardiovascular system: The heart muscle weakens, leading
to cardiac failure and edema of the lower extremities.

*  Musculoskeletal system: Inadequate TPP in muscle tissue
results in widespread chronic pain that responds to
thiamin therapy.

Thiamin status is evaluated by the activity of a TPP-dependent

enzyme transketolase found in red blood cells. This is a

common test to determine whether a clinical observation is

related to thiamin deficiency or another cause.

Thiamin Requirement

Dietary Reference Intake

The thiamin requirement is based on energy intake with a
minimum of 0.3 mg of thiamin/1000 kcal. To provide a
margin of safety the RDA is set at 1.2 mg for men and 1.1 mg
for women.”' Additional thiamin is needed during pregnancy
and lactation. Because the kidneys excrete excess thiamin,
there are no reports of toxicity arising from oral doses up to
50 mg. No UL has been established.

Clinical Applications

Several conditions influence thiamin needs:

+ Alcohol abuse: Thiamin is important when planning
nutritional intervention for patients with alcohol prob-
lems.”" Both a primary deficiency (an inadequate diet)
and a conditioned deficiency (the effect of alcohol)

contribute to thiamin malnutrition and, over time, serious
neurologic disorders. Alcohol interferes with the active
absorption of thiamin resulting in rapid depletion of
tissue stores.

+ Acute illness or disease: Fever and infection increase energy
requirements and the need for thiamin. Patients on hemo-
dialysis lose thiamin and require supplementation to
prevent deficiency.

* Normal growth and development: Thiamin needs increase
in pregnancy and lactation to meet the demands of rapid
fetal growth, the elevated metabolic rate of pregnancy, and
milk production. Continuing growth throughout infancy,
childhood, and adolescence requires attention to thiamin
intake. At any point in the life cycle, the larger the body
and its tissue mass, the greater are the cellular energy
requirements and need for thiamin.

+  Cardiovascular function: Various diuretics used to manage
hypertension and cardiac failure promote urinary loss of
thiamin and increase the thiamin requirement.”' If thiamin
intake is low, then these patients can develop a thiamin
deficiency that worsens their cardiac symptoms. The B
vitamins might work together in supporting cardiac and
circulatory function, as thiamin, riboflavin, and folate
intakes were found to be inversely associated with systolic
blood pressure.”

*  Gastric bypass surgery: Thiamin supplementation is likely
to be necessary after gastric bypass surgery because energy
intake is drastically reduced and absorption less efficient.
Thiamin deficiency may play a role in the neurologic and
CNS complications that sometimes occur following bar-
iatric surgery.”

Food Sources of Thiamin

Thiamin is widespread in plant and animal foods, although
the amount found in individual foods is usually small. As
a result intakes can be low when kilocalories (kcalories or
kcal) are markedly curtailed. Major sources in the American
diet are whole grain and enriched breads, ready-to-eat cereals,
and legumes. Lean pork and beef are also good sources.
Thiamin is extremely water soluble and readily lost in cooking
water (review Box 6-8). Box 6-10 lists foods containing
thiamin.

RIBOFLAVIN

Discovery

In 1897 a London chemist observed in milk whey a water-
soluble pigment with a peculiar yellow-green fluorescence.
However, it was not until 1932 that researchers in Germany
actually discovered riboflavin.” This vitamin was given the
chemical name flavin from the Latin word for yellow. Later,

KEY TERM
thiamin pyrophosphate (TPP) Active coenzyme form of
thiamin needed for carbohydrate metabolism.
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BOX 6-10 FOOD SOURCES OF THIAMIN

Food Source

Grains Group
Ready-to-eat cereals

Product 19

Total Raisin Bran

Rice Krispies

Wheaties

Corn flakes

Instant oatmeal
Rice, white, long grain, cooked, enriched
Pancake, frozen, ready to eat
Bagel, enriched
Macaroni/spaghetti, enriched
Hamburger roll, enriched
Bread, white, enriched

Vegetable Group

Green peas, frozen, cooked

Potatoes, mashed, prepared from instant flakes
Tomato juice, canned

Fruit Group
Orange juice, frozen, reconstituted
Grapes (red or green)

Meat, Beans, Eggs, and Nuts Group
Pork, roasted, lean

Ham, baked, lean

Kidney beans, cooked

Baked beans, canned, plain or vegetarian

Milk Group
Milk, 3.6% fat, 2% fat, or nonfat (may vary slightly)

Amount Thiamin (mg)
1 cup 1.50
1 cup 1.48
1% cup 0.51
1 cup 0.76
1 cup 0.38
1 packet 0.46
1 cup 0.34
3in 0.25
3in 0.42
1 cup 0.38
1 0.28
1 slice 0.13
J; cup 0.23
Y% cup 0.10
1 cup 0.1
1 cup 0.20
1 cup 0.1
30z 0.47
3oz 0.58
1 cup 0.28
1 cup 0.24
1 cup 0.11

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: women, 1.1 mg; men, 1.2 mg.

when it was found to contain a sugar called ribose, the name
riboflavin was officially adopted.

Chemical and Physical Nature

Riboflavin is a yellow-green fluorescent pigment that forms
yellowish-brown, needlelike crystals. It is water soluble and
relatively heat stable but easily destroyed by light and
irradiation.

Absorption, Transport, and Storage

Riboflavin is easily absorbed in the upper small intestine.
Bulk fiber supplements such as psyllium, especially when

taken with milk or near mealtimes, can hinder riboflavin
absorption and contribute to deficiency. Body stores are
limited, although small amounts are found in the liver and
kidney. Day-to-day tissue needs must be supplied in the diet.

Functions of Riboflavin

Coenzyme Role

Riboflavin is a part of the cell enzymes called flavoproteins.
These enzymes—flavin mononucleotide (FMN) and flavin
adenine dinucleotide (FAD)—are integral to both energy
metabolism and deamination. Deamination is the removal of
a nitrogen-containing amino group from an existing amino
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acid so that a new amino acid can be formed. Accordingly,
riboflavin is active in both energy production and tissue
building.

Riboflavin Deficiency and Clinical Applications

Riboflavin deficiency leads to the condition termed aribofla-
vinosis. This includes a combination of clinical signs that
center on tissue inflammation and breakdown and poor
healing of even minor injuries (Box 6-11 and Figure 6-7).
Tissues subject to persistent abrasion that require continual
replacement, such as the cells in the corners of the mouth, are
affected first. Riboflavin deficiency seldom occurs alone but
rather develops in combination with other B vitamin deficits.
Because riboflavin is light sensitive, infants with elevated
blood levels of bilirubin who are treated with phototherapy
may require additional riboflavin.

Riboflavin Requirement
Dietary Reference Intake
The RDA for riboflavin is based on the amount needed to
sustain optimal levels of the flavoprotein enzymes. Recom-
mended intakes are 1.3 mg/day for adolescent and adult men

from riboflavin deficiency.
(From MclLaren DS: A colour atlas and text of diet-related
disorders, ed 2, London, 1992, Mosby-Year Book Europe
Limited.)

SIGNS OF RIBOFLAVIN
DEFICIENCY

e Lips become swollen and cracked with characteristic
cracks at the corners of the mouth (cheilosis).

e Nasal angles develop cracks and irritation.

e Tongue becomes swollen and reddened (glossitis) (see
Figure 6-7).

e Extra blood vessels develop in the cornea (corneal
vascularization).

e Eyes burn, itch, and tear.

e Skin becomes greasy and scaly, especially in skinfolds
(seborrheic dermatitis).

BOX 6-11

and 1.1 mg/day for adolescent and adult women.”' The higher
level for men relates to their higher kcalorie intakes and larger
body size. No UL has been set for riboflavin, but supplements
exceeding the RDA still carry risk.

Populations at Risk

Certain groups have special needs. Patients on hemodialysis
must replace the riboflavin lost in the dialysate fluids.” Preg-
nant and lactating women and infants and children are at risk
of riboflavin deficiency based on their rapid tissue growth
and high energy and protein metabolism. People who engage
in regular physical activity seem to have a greater need for
riboflavin, likely related to increased energy expenditure and
muscle maintenance and repair.” Individuals who are lactose
intolerant and avoid milk may be low in riboflavin.

Food Sources of Riboflavin

Major sources of riboflavin are milk and cheese. One quart
of cow’s milk or fortified soy milk contains 2 mg of ribofla-
vin, more than the daily requirement. Because riboflavin is
destroyed by exposure to ultraviolet light, milk is usually
packaged in cardboard or opaque plastic containers. Nursing
mothers who store breast milk need to be reminded of poten-
tial riboflavin losses from glass containers. Other good sources
of riboflavin are meat, whole or enriched grains and ready-
to-eat cereals, and vegetables. Riboflavin is stable to heat and
not easily destroyed with proper cooking. Box 6-12 describes
some food sources of riboflavin.

NIACIN

The age-old disease related to niacin is pellagra. It is charac-
terized by a typical dermatitis and eventually leads to fatal
effects on the nervous system.” Pellagra was first observed in
18th-century Europe and was common in the southern
region of the United States in the early 1900s among families
whose diet was largely based on corn. The American physi-
cian Joseph Goldberger noticed that children who did not
have pellagra had higher intakes of meat and milk. His inves-
tigation established that pellagra was related to a food factor,
not an infectious organism. However, it was not until 1937
that a researcher at the University of Wisconsin associated
niacin with pellagra by using it to cure a related disease—
black tongue—in dogs.

KEY TERMS

ariboflavinosis Group of clinical manifestations of ribofla-
vin deficiency.

cheilosis Cracks and scaly lesions on the lips and mouth
resulting from riboflavin deficiency.

glossitis  Swollen, reddened tongue; symptom of riboflavin
deficiency.

seborrheic dermatitis Greasy scales and crusts that
appear on the skin and moist folds of the body in riboflavin
deficiency.
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BOX 6-12
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P

Food Source

Grains Group
Ready-to-eat cereals
Product 19
Wheaties
Rice Krispies
Corn flakes
Instant oatmeal
Waffle, frozen, ready to eat
Bagel
Rice, white, long grain, enriched, cooked
Bread, white, enriched

Vegetable Group
Spinach, frozen, cooked
Broccoli, cooked

Meat, Beans, Eggs, and Nuts Group
Pork, lean, braised

Egg, hard-cooked

Turkey, dark meat, roasted

Kidney beans, canned

Baked beans, canned, plain or vegetarian

Milk Group

Yogurt, low fat, with fruit
Milk, 2% fat, 1% fat, nonfat
Pudding, instant, chocolate
Cottage cheese, low fat

FOOD SOURCES OF RIBOFLAVIN

Amount Riboflavin (mg)
1 cup 1.71
3, cup 0.84
1% cup 0.43
1 cup 0.43
1 packet 0.38
1 0.23
3% in 0.18
1 cup 0.03
1 slice 0.06
)5 cup 0.17
Y cup 0.10
30z 0.23
1 0.23
3oz 0.32
1 cup 0.17
1 cup 0.10
1 cup 0.40
1 cup 0.42
Y cup 0.22
) cup 0.22

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: women, 1.1 mg; men, 1.3 mg.

Chemical and Physical Nature

Niacin exists in two forms: (1) nicotinic acid and (2) nicotin-

amide. Nicotinic acid is easily converted to nicotinamide,

which is water soluble, stable to acid and heat, and forms a

white powder when crystallized.

Niacin also bears a close connection to the essential amino
acid tryptophan, as described below:

« Precursor role of tryptophan: Curious observations by early
researchers raised puzzling questions. Why was pellagra
rare in some populations whose diets were low in niacin
but common in others whose diets were higher in niacin?
Why did milk, which is low in niacin, cure or prevent pel-
lagra? Why was pellagra so common in families subsisting
on diets high in corn? Then came the key discovery—
tryptophan can be used by the body to make niacin. In

other words, tryptophan is a precursor of niacin. Milk
prevents pellagra because it is high in tryptophan. A corn-
based diet results in pellagra because it is low in both
tryptophan and niacin, but this depends on how the corn
is prepared. In the American South, where corn was eaten
as a vegetable or made into corn bread or corn meal, the
bound niacin present in corn could not be released and
absorbed. In Mexican families who soaked corn in lime
(alkali) when preparing tortillas, pellagra was rare because
the lime treatment released the bound niacin so it was able
to be absorbed.” Others with diets low in niacin escaped
pellagra because they had adequate intakes of animal
protein that supplied tryptophan.

Niacin equivalent (NE): The tryptophan-niacin relation
led to the development of the unit of measure called a
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niacin equivalent (NE). In general, 60 mg of tryptophan
can produce 1 mg of niacin, the amount designated as the
NE. This is the unit used in the DRI for niacin.”

Functions of Niacin

Coenzyme Role

Niacin has two coenzyme forms: (1) nicotinamide-adenine
dinucleotide (NAD) and (2) nicotinamide-adenine dinucleo-
tide phosphate (NADP). In these forms, niacin partners with
riboflavin in the cellular enzyme systems that convert amino
acids and glycerol to glucose and then oxidize the glucose to
release energy. (Recall that glycerol is obtained from the
hydrolysis of triglycerides.)

Use as a Drug

Pharmacologic doses of nicotinic acid have been prescribed
for cardiovascular patients in an effort to raise blood high-
density lipoprotein (HDL) cholesterol levels and lower low-
density lipoprotein (LDL) cholesterol and triglyceride levels.
However, at therapeutic levels of 50 to 3000 mg (the RDA is
14 to 16 mg) nicotinic acid acts as a vasodilator, causing skin
flushing and itching. Harmful side effects can include gastro-
intestinal upset, hyperglycemia, and liver damage, so patients
treated with these doses require constant medical supervision
(see Chapter 21).°*

Niacin Deficiency and Clinical Applications

Niacin deficiency and pellagra result in muscle weakness,
anorexia, and indigestion. More specific symptoms involve
the skin and nervous system, and skin areas exposed to sun-
light develop a dark, scaly dermatitis (Figure 6-8). If the

FIGURE 6-8 Pellagra is caused by niacin deficiency. (From
McLaren DS: A colour atlas and text of diet-related disorders,
ed 2, London, 1992, Mosby-Year Book Europe Limited.)

1

deficiency continues, then deterioration of the CNS leads to
confusion, disorientation, neuritis, and finally death.

Niacin Requirement

Dietary Reference Intake

The current RDAs are 16 mg NE/day for adolescent and adult
men and 14 mg NE/day for adolescent and adult women.”
These recommendations allow for gender differences in
energy intake and body size, as well as the availability and
relative efficiency of converting tryptophan to niacin. Rapid
growth, pregnancy, lactation, physical activity, or the need to
replace tissues after surgery or trauma increases the need for
niacin.

Food Sources of Niacin

Meat and dairy products are major sources of niacin and are
also high in tryptophan. Other foods include peanuts, dried
beans and peas, and whole-grain or enriched breads and
ready-to-eat cereals. Corn and rice are relatively poor sources
because they are low in tryptophan. Box 6-13 lists some com-
parative food sources of niacin.

PANTOTHENIC ACID

Discovery

Pantothenic acid is found in all living things and participates
in many body functions.’ Intestinal bacteria synthesize con-
siderable amounts. This source, along with its occurrence in
a wide variety of foods, makes pantothenic acid deficiency
unlikely.

Chemical and Physical Nature

Pantothenic acid is a white crystalline compound. It is readily
absorbed in the small intestine and combines with phospho-
rus to make the active molecule acetyl coenzyme A (CoA). In
this form, pantothenic acid has broad metabolic presence and
use throughout the body. No known toxicity or natural defi-
ciency exists.

Functions of Pantothenic Acid

As an essential constituent of CoA, pantothenic acid controls
metabolic reactions involving carbohydrate, fat, and protein.”

Pantothenic Acid Requirements

The AI of 5 mg/day for all adults will replace the pantothenic
acid lost daily in the urine. No UL exists for this nutrient.”

Food Sources of Pantothenic Acid

Pantothenic acid is found in both plant and animal foods.
Good sources include egg yolk, milk, and broccoli.

KEY TERM
niacin equivalent (NE) A measure of the total dietary
sources of niacin; 1 NE equals 1 mg of niacin or 60 mg of
tryptophan.
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BOX 6-13 FOOD SOURCES OF NIACIN

Food Source

Grains Group
Ready-to-eat cereals

Product 19

Wheaties

Rice Krispies

Corn flakes

Instant oatmeal
Bagel, enriched
Spaghetti, enriched
Bread, white, enriched

Vegetable Group
Spaghetti sauce, no meat
Potato, baked, flesh only
Sweet potato, baked

Meat, Beans, Eggs, and Nuts Group
Chicken breast, roasted

Tuna, light, canned in water

Haddock, baked

Beef, ground meat patty

Peanuts, dry roasted

Amount Niacin (mg NE)*
1 cup 20.0
1 cup 10.1
1% cup 5.9
1 cup 5.0
1 packet 5.4
3in 2.8
1 cup 2.4
1 slice 1.2
1 cup 10.3
1 medium 2.2
1 medium 1.7
b4 11.8
30z 8.6
30z 3.5
30z 4.9
1 oz (about 28) 3.8

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: women, 14 mg NE; men, 16 mg NE.

*1 mg NE (Niacin Equivalent) = 1 mg niacin or 60 mg tryptophan.

BIOTIN
General Nature of Biotin

Biotin is a sulfur-containing vitamin, and the minute traces
in the body perform multiple metabolic tasks. Natural defi-
ciency is unknown; however, induced deficiencies have
occurred in patients on long-term parenteral nutrition that
omitted biotin. The protein avidin found in raw egg white
binds biotin and, if consumed regularly, induces biotin defi-
ciency. Cooking denatures this protein and destroys its ability
to combine with biotin. (Raw eggs also carry the risk of food-
borne illness that can be fatal to young children, older adults,
and those with compromised immune function.) No known
toxicity exists for biotin.

Functions of Biotin

Biotin functions as a partner with CoA in reactions that
transfer carbon dioxide (CO,) from one compound to
another. Examples of this cofactor at work include (1) the
synthesis of fatty acids, (2) the synthesis of amino acids,

and (3) CO, fixation to form purines for making genetic
material.

Biotin Requirement

Because the amount of biotin needed is so small, the AI for
this nutrient is 30 mcg/day for all adults.”" Intestinal bacterial
synthesis adds to the body’s supply.

Food Sources of Biotin

Biotin is found in many foods, but its bioavailability varies
greatly. The biotin in corn and soy is well absorbed, whereas
the biotin in wheat is almost totally unavailable. Excellent
food sources include egg yolk, liver, tomatoes, and yeast.

VITAMIN B; (PYRIDOXINE)

Chemical and Physical Nature

The chemical structure of vitamin By is a pyridine ring, which
accounts for its name. It is water soluble and heat stable but
sensitive to light and alkali.
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Forms

Vitamin Bg is the generic term for the three forms of this
vitamin found in nature: (1) pyridoxine, (2) pyridoxal, and
(3) pyridoxamine. All three forms are equally active as
precursors of the coenzyme pyridoxal phosphate (B.—PO,),
or PLP

Absorption, Transport, and Storage

Vitamin By is well absorbed in the upper segment of the small
intestine. It is stored in muscle but found in tissues through-
out the body, evidence of its many metabolic activities involv-
ing protein.

Functions of Vitamin B;

Coenzyme in Protein Metabolism

In its active phosphate form (PLP), vitamin B¢ is a coenzyme

in more than 100 amino acid reactions involving the synthesis

of important proteins. Examples include the following:

+  Neurotransmitters: PLP is needed to convert the essential
amino acid tryptophan to serotonin, which carries mes-
sages across the cells in the brain; it helps to form
y-aminobutyric acid (GABA) found in the gray matter of
the brain.

« Amino group transfer: PLP transfers nitrogen-containing
amino groups from amino acids to form new amino acids
and release carbon residues for energy.

* Niacin: PLP controls formation of niacin from
tryptophan.

+  Hemoglobin: PLP incorporates amino acids into heme, the
nonprotein core of hemoglobin.

+ Immune function: PLP participates in the production and
release of antibodies and immune cells.

Coenzyme in Fat Metabolism

PLP converts the essential fatty acid linoleic acid to arachi-
donic acid.

Vitamin B; Deficiency and Clinical Applications

Vitamin By is key in a number of clinical situations:

+  Anemia: A lack of vitamin By interrupts heme formation,
resulting in a hypochromic anemia. This occurs despite a
ready supply of iron and is reversed when vitamin B, is
restored.

* CNS abnormalities: Vitamin B¢ controls brain function
through its role in the formation of serotonin and GABA.
When a batch of commercial infant formula was mistak-
enly heated to a very high temperature, destroying the
vitamin B, babies fed this formula experienced increasing
irritability progressing to convulsions. Immediate supple-
mentation with vitamin B restored their normal function.
Certain forms of seizures occurring in patients deficient
in this vitamin responded to treatment with vitamin By
Appropriate vitamin B, status supports cognitive function
in older adults.”

+  Physiologic demands in pregnancy: Vitamin B, deficiency
has been identified in mothers with preeclampsia

(hypertension with edema and proteinuria) and eclampsia
(convulsions).” Growth of the fetus along with rising
metabolic needs of the mother increase the need for this
vitamin.

+  Chronic disease: Patients in end-stage renal disease under-
going hemodialysis require vitamin B¢ supplements to
maintain normal blood levels.**

* Medications: The drug isoniazid (isonicotinic acid hydra-
zide [INH]) used to treat tuberculosis is a vitamin Bg
antagonist; vitamin By intakes of 50 to 100 mg/day are
needed to overcome this effect. Levodopa, a medication
for Parkinson’s disease, lowers blood PLP levels.”' Oral
contraceptive users have low PLP levels despite intakes
equal to or exceeding the RDA, putting them at risk of
poor vitamin status in a future pregnancy.”

Vitamin B; Requirement

Dietary Reference Intake

The RDA is expected to maintain optimum blood PLP levels
in most individuals,”' although relatively high protein intakes
increase the need for vitamin Bs. Men and women ages 19 to
50 should take in 1.3 mg/day. Older adults require higher
amounts, and older men need more than older women. For
men older than age 50 the RDA is 1.7 mg/day; for women of
this age itis 1.5 mg/day. Smokers may require higher amounts
than nonsmokers."”

Vitamin B; Toxicity

Vitamin By is one of the two water-soluble vitamins, along
with vitamin C, with a demonstrated and physiologically del-
eterious toxicity. Vitamin By toxicity was reported in women
taking supplements 1000 times the RDA in the belief that
such a dose would alleviate premenstrual syndrome. Such
intakes interfere with muscle coordination and over time
damage the nervous system.” Fortunately for these women
the symptoms gradually disappeared after the supplements
were discontinued. The UL for vitamin B4 is 100 mg/day.

Food Sources of Vitamin B;

Vitamin By is widespread among many foods but usually in
rather small amounts. Good sources include whole grains,
legumes, meat, poultry, bananas, and potatoes. Enriched and
fortified breads and cereals are major contributors of vitamin
B, in the United States.” Box 6-14 displays some food sources
of this vitamin.

FOLATE

Discovery

Folates were first extracted from dark leafy vegetables and
given the name folic acid from the Latin word for leaf. Studies
investigating anemia among poor pregnant Indian women
led to the discovery of this vitamin group.”

Chemical and Physical Nature

Folic acid, a yellow crystal, has the chemical name of pteroyl-
monoglutamic acid based on its structure. Folic acid is seldom
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found naturally but is the form used in supplements and
fortified foods. Naturally occurring folate or food folate is the
compound pteroylpolyglutamate, which contains additional
glutamic acid molecules.”’ Both forms are well used by
the body.

Absorption, Transport, and Storage

The absorption of folate depends on the source. About 50%
of the folate occurring naturally in plant foods (food folate)
is absorbed, compared with 85% of the folic acid added to
fortified foods. Conversion factors have been developed for
calculating folate intake (Box 6-15).%

BOX 6-14

FOOD SOURCES OF
VITAMIN Bs (PYRIDOXINE)

Vitamin Bg (pyridoxine) is found in both plant and animal
foods, although the milk group has low amounts. Ready-
to-eat cereals, potatoes, and poultry are especially good
sources.
Food Source Amount Vitamin B (mg)
Grains Group
Corn flakes 1 cup 0.50
Instant oatmeal 1 packet 0.51
Vegetable Group
Potato, baked, flesh 1 medium 0.47
only
Spaghetti sauce, 1 cup 0.46
tomato, no meat
Fruit Group
Banana 1 0.43
Meat, Beans, Eggs,
and Nuts Group
Chicken breast, roasted ¥ 0.52
Tuna, light, canned, 30z 0.27
packed in water
Beef, ground beef patty 3 oz 0.31
Baked beans, canned, 1 cup 0.21
plain or vegetarian

Data from U.S. Department of Agriculture, Agricultural Research
Service: USDA National Nutrient Database for Standard Reference,
Release 26, 2013. Nutrient Data Laboratory Home Page: <http://
www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: men and women,
ages 19-50, 1.3 mg; women, ages =51, 1.5 mg; men, ages =51,
1.7 mg.

Functions of Folate

Coenzyme Role

Folate is the coenzyme that attaches single carbons to meta-

bolic compounds. Several key molecules provide examples, as

follows:

+ Purines: Nitrogen-containing compounds in genetic mate-
rial that participate in cell division and the transmission
of inherited traits.

« Thymine: A component of DNA, the material in the
cell nucleus that controls and transmits genetic
characteristics.

* Hemoglobin: Heme is the iron-containing nonprotein
portion of hemoglobin that transports oxygen and CO, in
the blood.

Folate Deficiency and Clinical Applications
Anemia

A nutritional megaloblastic anemia occurs in simple folate
deficiency. Because folate needs are high during periods of
rapid growth, folate deficiency anemia is most likely to occur
in pregnant women, growing infants, and young children.
Adolescent girls who severely limit their food intake are also
at risk.

Presence of Gastric Acid

An acid environment is required to release food folate from
its food source and enable its absorption. Low hydrochloric
acid secretion in the stomach, a common problem in older
people, or use of medications that raise the pH in the gastro-
intestinal tract adversely affect folate status.”

BOX 6-15 CALCULATING DIETARY

FOLATE EQUIVALENTS

e 1 mcg of food folate (occurring naturally in a food) = 1
dietary folate equivalent (DFE).

e 1 mcg folic acid (added in food fortification) = 1.7 mcg DFE
(Folic acid added to a food is absorbed more efficiently
than naturally occurring food folate.)

To estimate the DFEs in foods such as fortified breakfast
cereals in which most or all of the folate is added folic acid,
use the percentage daily value listed on the food label:

% Daily value x 400 mcg (the daily value for folic acid) x
1.7 = DFEs per serving

Data from Suitor CW, Bailey LB: Dietary folate equivalents:
interpretation and application. J Am Diet Assoc 100:88, 2000.

KEY TERMS

antagonist A substance that acts in opposition to another
physiologic substance preventing its normal action; vitamin
antagonists prevent the usual action of the vitamin.
megaloblastic anemia Anemia characterized by abnor-
mally large immature red blood cells; occurs in vitamin By, or
folate deficiency.
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Medications

The drug amethopterin (methotrexate) used in cancer treat-
ment is a folate antagonist and prevents the synthesis of DNA
and purines, thereby preventing the growth of the cancer.
High intakes of folate interfere with the action of the drug
phenobarbital used to control seizures.”'

Folate and Birth Defects

Neural tube defects (NTDs), a worldwide vitamin-related
problem, are congenital abnormalities occurring when the
spinal cord and its coverings fail to develop normally. If part
of the brain fails to develop (anencephaly), then the infant is
likely to die shortly after birth. The more common NTD is
spina bifida, in which the neural tube fails to close during
embryonic development and the spinal cord remains on the
outside of the body (Figure 6-9). In less severe cases a child
may live a productive life if surgical and medical intervention
is effective, but for many a normal life is not achievable.

Folate is essential for the formation and closure of the
neural tube in the early weeks of fetal development (between
day 21 and day 28 of gestation), before a woman is even aware
that she might be pregnant. Therefore it is critical that a
mother be in good folate status before conception occurs. In
1998, to combat this problem, the U.S. Food and Drug
Administration (FDA) instituted a mandatory folate fortifi-
cation program requiring the addition of 140 mcg of folic
acid per 100 g of flour or uncooked grain. In practical terms,
one slice of fortified bread and one serving of fortified pasta
(¥ cup) provide 136 mcg, or about one third of the RDA.”!
Many ready-to-eat cereals provide 400 mcg of folate per
serving or 100% of the RDA.

Although folate fortification has been declared a public
health success based on the significant decline in NTD-related
births, it remains controversial.”””* First, excessive folate
intake can mask a vitamin B, deficiency (this will be

discussed in more detail in the section on folate toxicity).
More recently it was reported that high intakes of folate-
fortified foods promoted the growth of existing tumors in the
colon.”” A continuing question is how we achieve optimum
folate status in women of child-bearing age while avoiding
negative effects on men and older adults who eat numerous
servings of grain products and also take folate supplements.

Folate and Chronic Disease

When folate is in short supply, the conversion of methio-
nine (an essential amino acid) to cysteine (a nonessential
amino acid) cannot be completed and homocysteine (the
intermediate product) accumulates in the blood. Elevated
plasma homocysteine levels may contribute to the worsen-
ing of various chronic conditions including cardiovas-
cular disease,””’* osteoporosis,”’ and age-related cognitive
impairment.”

Folate Requirement

Dietary Reference Intake

The RDA for adolescents and adults is 400 mcg/day and
increases to 600 mcg/day in pregnancy.”’ Women of repro-
ductive age average 155 to 165 mcg of folic acid daily from
fortified foods.” Folic acid intake from fortification is lowest
among African-American women (136 mcg).

Folate Toxicity

The UL for folate is 1000 mcg/day,”' and supplements exceed-
ing the recommended intake of 400 mcg are best avoided.
The basis for concern is the relationship between folate and
vitamin B,,. If vitamin B, levels are low but folate levels are
high, then folate will substitute for vitamin B,, in the forma-
tion of red blood cells and prevent the development of a
megaloblastic anemia. However, vitamin B, also has a critical
role in maintaining nerve tissue, and folate cannot meet that

FIGURE 6-9 Neural tube defects (NTDs) include spina bifida and anencephaly. Many NTDs result
from a lack of folate needed to close the neural tube that becomes the spinal cord in the devel-
oping fetus. (Redrawn from Centers for Disease Control and Prevention: Facts about anenceph-
aly and Facts: spina bifida, Atlanta, 2013. Retrieved from: <http://www.cdc.gov/ncbddd/
birthdefects/anencephaly.html> and <http://www.cdc.gov/ncbddd/spinabifida/facts.html>.)


http://www.cdc.gov/ncbddd/birthdefects/anencephaly.html
http://www.cdc.gov/ncbddd/birthdefects/anencephaly.html
http://www.cdc.gov/ncbddd/spinabifida/facts.html
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BOX 6-16 FOOD SOURCES OF FOLATE

Food Source

Grains Group
Fortified ready-to-eat cereals
Product 19
Wheaties
Corn flakes
Instant oatmeal
Rice, white, long grain, cooked, enriched
Spaghetti, enriched, cooked
Hamburger roll, enriched
Bread, white, enriched

Vegetable Group

Spinach, frozen, cooked

Broccoli, cooked

Lettuce, dark green (romaine or similar)
Tomato juice, canned

Fruit Group
Orange juice, frozen, reconstituted
Strawberries

Meat, Beans, Eggs, and Nuts Group
Kidney beans, canned

Amount Folate (mcg DFE)*
1 cup 676
1 cup 336
1 cup 163
1 packet 126
1 cup 215
1 cup 167
1 74
1 slice 43
% cup 115
Y cup 84
1 cup 64
1 cup 49
1 cup 110
1 cup 40
1 cup 67

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26, 2013. Nutrient Data Laboratory Home Page: <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.
Recommended Dietary Allowance for adults: 400 mcg.
*1 mcg DFE (Dietary Folate Equivalent) = 1 mcg food folate.

need. The appearance of a megaloblastic anemia is often the
first alert to vitamin B,, deficiency. If high intakes of folate
“mask” this effect, then irreversible damage to the nervous
system continues unabated.

Food Sources of Folate

Folate is widely distributed in plant foods. Good sources
include dark green leafy vegetables, citrus fruits, tomatoes,
cantaloupe, and legumes, as well as fortified grains. Ready-to-
eat cereal is a major contributor of folic acid in the U.S. diet."
Box 6-16 summarizes food sources of folate.

VITAMIN B,, (COBALAMIN)

Discovery

The discovery of vitamin B, coincided with the search for
a cure for pernicious anemia.”” In 1948 workers crystallized
a red compound from liver that controlled both the

blood-forming defect and the nerve degeneration associated
with pernicious anemia. This molecule was numbered
vitamin B, and later named cobalamin, based on the single
red atom of the trace element cobalt at its center.

Chemical and Physical Nature

Vitamin B, is a complex red crystal of high molecular weight.
It occurs as a protein complex in animal foods only. Vitamin
B, is synthesized by bacteria in the intestinal tract of herbivo-
rous animals, although some bacterial synthesis also occurs
in the human intestine.

KEY TERM
pernicious anemia A macrocytic anemia caused by the
absence of intrinsic factor necessary for absorption of vitamin
B,,; the condition is treated with intramuscular injections of
vitamin Bj,.
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Absorption, Transport, and Storage

Vitamin By, is split from its protein complex by the hydro-
chloric acid in the stomach and then bound to a specific
protein called intrinsic factor, secreted by the mucosal cells
lining the stomach. This vitamin B,,—intrinsic factor complex
then moves into the intestine, where special receptors in the
wall of the ileum absorb it. The loss of gastric acid or failure
of the gastric mucosa to secrete intrinsic factor will impair
absorption and result in vitamin B,, deficiency.

Approximately 50% of body vitamin B, is stored in the
liver, with the remainder distributed among active tissues.
The amounts are minute but held tenaciously and only slowly
depleted. Vitamin B,, deficiency does not become apparent
for 3 to 5 years after a gastrectomy and loss of required
secretions.

Functions of Vitamin B,,

Basic Coenzyme Role

Vitamin B,, participates in amino acid metabolism and for-
mation of the heme portion of hemoglobin. It has a role in
the synthesis of important lipids and proteins that form the
myelin sheath covering the nerves of the brain and spinal
cord.

Vitamin B, Deficiency and Clinical Applications

Vitamin B, deficiency disrupts blood formation and affects

cognitive function:

*  Pernicious anemia: The megaloblastic anemia arising from
vitamin B, deficiency took on the name pernicious anemia
because it is fatal if left untreated. When this vitamin is
lacking, the production of red blood cells is halted because
the heme portion of the hemoglobin molecule cannot be
synthesized, and the activated molecule of folate needed
to assist in the process cannot be formed. The root cause
of pernicious anemia is a lack of intrinsic factor required
for vitamin B,, absorption; thus another way must be
found to supply this vitamin. A monthly intramuscular
injection of 1000 mcg controls the blood-forming disor-
der and prevents the degenerative effects on the nervous
system.”

+ Cognitive function: Vitamin B, deficiency causes fatigue,
lassitude, and a decline in cognitive and thought processes
as damage to the nervous system continues. Even in the
absence of overt deficiency, long-term studies indicate that
older adults with lower blood vitamin B, levels are more
likely to experience cognitive decline®"** and depression®**’
than those with normal levels. Excessively high blood
folate levels exacerbated the cognitive losses associated
with vitamin By, deficiency.”’ Supplementation with
vitamin By, helped to alleviate depressive symptoms.*

«  Low gastric acid secretion: As many as 30% of people above
age 50 have low gastric acid levels,” putting them at risk
of vitamin B, deficiency. Latinos appear to be especially
vulnerable based on genetic factors,” as their vitamin B,
intakes generally exceed the RDA.** The form of vitamin
By, used in food fortification and vitamin supplements is

not bound in a protein complex and does not require
gastric acid for effective absorption. Use of vitamin B,,—
fortified foods several times each week will supply the
amount needed. Based on the growing numbers of older
adults and increased intakes of folic acid from mandatory
fortification, researchers have proposed that vitamin B,,
fortification of flour also be considered.®

Vitamin B, Requirement

The amount of required vitamin B, is minute. The RDA is
2.4 mcg for both younger and older adults.”

Food Sources of Vitamin B,,

In nature, vitamin By, is found only in animal foods; rich
sources include lean meat, fish, poultry, milk, eggs, and
cheese. For individuals who consume any animal foods, the
recommended intake is easily obtained. Vegans and individu-
als with low gastric acid levels can meet their requirement
from fortified grains, cereals, juices, and soy milk, or vitamin
B,, supplements. Box 6-17 lists various sources.

A summary of the water-soluble B vitamins is found in
Table 6-4.

As we conclude our discussion of this important micro-
nutrient group, consider your own vitamin intake and review
the Perspectives in Practice box, “Choosing a Vitamin-Mineral
Supplement: Do I Need One?”

FOOD SOURCES OF
VITAMIN B,, (COBALAMIN)

BOX 6-17

Vitamin B;, (cobalamin) is found naturally in animal foods
only, but various grain foods and juices are fortified with this
vitamin. Vegans who consume no animal foods and older
persons with reduced gastric acid levels should check the
nutrition label to identify products with added vitamin B;s,.

Naturally Occurring Sources of Vitamin B,
Meat patty

Chicken leg

Fish serving

Milk

Cheese

Examples of Nonanimal Foods Sometimes Fortified
with Vitamin B,

Ready-to-eat cereal

Bread

Orange juice

Images copyright 2006 Jupiterimages Corporation.
Recommended Dietary Allowance for adults: 2.4 mcg.
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TABLE 6-4 SUMMARY OF B-COMPLEX VITAMINS
COENZYME:
PHYSIOLOGIC CLINICAL DIETARY REFERENCE
VITAMIN FUNCTIONS APPLICATIONS INTAKE FOOD SOURCES
Thiamin Carbohydrate Beriberi (deficiency) Adults Pork, beef, organ meats
metabolism Neuropathy Males ages 219: 1.2 mg Whole or enriched
Thiamin pyrophosphate  Wernicke-Korsakoff Females ages 219: 1.1 mg grains and cereals
(TPP): oxidative syndrome (alcoholism) Pregnancy Legumes
decarboxylation Depressed muscular and All ages: 1.4 mg
secretory functions Lactation
All ages: 1.4 mg
Riboflavin General metabolism Cheilosis, glossitis, Adults Milk products
Flavin mononucleotide seborrheic dermatitis Males ages 219: 1.3 mg Organ meats
(FMN) Females ages 219: 1.1 mg Enriched grains and
Flavin adenine Pregnancy cereals
dinucleotide (FAD) All ages: 1.4 mg
Lactation
All ages: 1.6 mg
Niacin General metabolism Pellagra (deficiency) Adults Meat and dairy foods
(nicotinic acid,  Nicotinamide adenine Weakness, anorexia Males ages 219: 16 mg NE* containing tryptophan
nicotinamide) dinucleotide (NAD) Scaly dermatitis Females ages >19: 14 mg Peanuts
Nicotinamide adenine Neuritis NE Enriched grains and
dinucleotide Death (if untreated) Pregnancy cereals
phosphate (NADP) All ages: 18 mg NE
Lactation
All ages: 17 mg NE
Vitamin Bg General metabolism Reduced serum levels Adult males Meat, organ meats
(pyridoxine, Pyridoxal phosphate associated with Ages 19-50: 1.3 mg Whole grains and
pyridoxal, (PLP): transamination pregnancy and use of Ages >51: 1.7 mg cereals
pyridoxamine) and decarboxylation certain oral Adult females Legumes
reactions contraceptives Ages 19-50: 1.3 mg Bananas
Antagonized by isoniazid,  Ages =251: 1.5 mg
penicillamine, and Pregnancy
various other drugs All ages: 1.9 mg
Lactation
All ages: 2.0 mg
Pantothenic General metabolism Many roles through acyl Adults Egg, milk, liver
acid Coenzyme A (CoA): transfer reactions (e.g., Males/females ages 219:
metabolize lipogenesis, amino acid 5 mg
carbohydrates, fats, activation, and formation  Pregnancy
and amino acids of cholesterol, steroid All ages: 6 mg
hormones, and heme) Lactation
All ages: 7 mg
Biotin General metabolism Deficiency induced by Adults Egg yolk, liver
CO, transfer reactions avidin (a protein in raw Males/females ages >19: Synthesized by
egg white) and by 30 mcg intestinal bacteria
antibiotics Pregnancy
All ages: 30 mcg
Lactation
All ages: 35 mcg
Folate (folic General metabolism Megaloblastic anemia Adults Green leafy vegetables
acid) Single carbon transfer Elevated blood Males/females ages >19: Oranges, orange juice,
reactions (e.g., purine homocysteine levels 400 mcg tomatoes
nucleotide, thymine, Neural tube defect— Pregnancy Liver and organ meats
heme synthesis) affected pregnancy All ages: 600 mcg Fortified breads and
Lactation cereals

All ages: 500 mcg

Continued
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TABLE 6-4 SUMMARY OF B-COMPLEX VITAMINS—cont'd
COENZYME:
PHYSIOLOGIC CLINICAL DIETARY REFERENCE
VITAMIN FUNCTIONS APPLICATIONS INTAKE FOOD SOURCES
Vitamin B, General metabolism Pernicious anemia Adults Meat, milk, cheese,
(cobalamin) Methylation reactions induced by lack of Males/females ages >19: egg, liver (found in all

in synthesis of amino intrinsic factor for B, 2.4 mcg animal foods)

acids, heme) absorption Pregnancy Fortified cereals, juices,
Synthesis and Megaloblastic anemia All ages: 2.6 mcg and soy milk

maintenance of Peripheral neuropathy Lactation

Changes in cognitive All ages: 2.8 mcg
function

Deficiency occurs on a
vegan diet with no
animal foods and no B,
supplements or fortified
foods

Deficiency can result
from low gastric acid
secretion hindering B,
absorption

myelin sheath
surrounding nerves

*Niacin equivalent

' PERSPECTIVES IN PRACTICE

Choosing a Vitamin-Mineral Supplement: Do | Need One?

The general public is constantly bombarded by advertisements in the sun will need a supplement to meet their DRI of

urging them to purchase a vitamin or mineral supplement to 600 IU (15 mcg); individuals over age 70 will need 800 IU

prevent or cure real or imagined nutrient deficiencies. Sales of (20 mcg).*®

dietary supplements now exceed $25.2 billion' and continue to e QOlder adults with low energy needs and others who eat very

grow. The FDA estimates more than 29,000 supplements are limited amounts of food in an effort to lose weight will

currently on the market, including nutritional, herbal, botanical, benefit from a multivitamin-mineral supplement. Daily energy

and sports products.? intakes less than 1500 to 1600 kcal are unlikely to meet the
The best strategy for obtaining appropriate amounts of vita- required amounts of all nutrients.

mins and minerals is to eat a variety of nutrient-dense foods.* e |ndividuals with disease conditions such as cystic fibrosis

Fortified foods such as breakfast cereals or juices can add that interfere with fat absorption, or who have had bariatric

vitamins or minerals that are difficult to obtain in sufficient surgery, or who are undergoing hemodialysis will require

amounts. Certain individuals at particular stages in their life continuing evaluation of their nutritional status and need for

cycle or with elevated needs may require supplements to meet supplements.

their recommended intakes as follows®®: Recommendations for the use of vitamin-mineral supple-

e QOlder adults with low levels of gastric acid who are less able ments must be individualized and based on need as deter-
to absorb vitamin B,, from animal sources and vegans who mined by a health professional. No one piece of advice fits all.
eat no animal foods require vitamin B;,—fortified foods or For those individuals who cannot or will not achieve nutritional
supplements. adequacy with food only, consider the following guidelines

* \Women of childbearing age who may become pregnant when recommending supplements:
require 400 mcg of folate daily to prevent neural tube
defects; folic acid added to fortified foods and supplements
is better absorbed than naturally occurring folate.

e Pregnant women are unlikely to meet their iron requirement

Guidelines for Selecting A Vitamin-Mineral Supplement
e Use supplements in addition to, not in place of, real food. A

of 27 mg from food alone, even including fortified foods, and
are usually prescribed a supplement.

Youth and adults who drink limited amounts of milk or
calcium-fortified beverages will need a supplement to reach
their calcium goals of 1000 to 1300 mg, depending on age.
Children and adults who eat or drink limited amounts of
vitamin D—containing foods and do not spend time outdoors

poor diet with added supplements is still a poor diet.

e Avoid multivitamin-mineral supplements or single-nutrient

supplements that exceed 100% of the DRI for any nutrient.
Individuals using highly fortified foods such as a cereal
that supplies 100% of the DRI for most vitamins and
minerals must consider whether a supplement is really
necessary.
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' PERSPECTIVES IN PRACTICE

Choosing a Vitamin-Mineral Supplement: Do | Need One?—cont’d

e |f using more than one supplement be sure to add the
amounts of any nutrient supplied in each. Total intake should
not exceed the DRI for any vitamin or mineral.

e Check with a physician or other health professional who can
evaluate the relative benefits and risks before beginning a
supplement. Inappropriately high amounts of certain vita-
mins or minerals can interfere with the action of particular
prescription or over-the-counter medications or become
toxic.?

e Be sure to store your vitamin-mineral supplement in a cool,
dry place, not the kitchen or bathroom or other area with
high heat and humidity. Vitamins such as vitamin C that are
easily oxidized will absorb moisture when the bottle is
opened and deteriorate rapidly.’

References

1. Marcasan W: How can | help my clients sort out the conflict-
ing and confusing information regarding dietary supple-
ments? J Am Diet Assoc 110:1408, 2010.

2. American Dietetic Association: Position of the American
Dietetic Association: fortification and nutritional supple-
ments. J Am Diet Assoc 105:1300, 2005.

3. American Dietetic Association: Position of the American
Dietetic Association: nutrient supplementation. J Am Diet
Assoc 109:2073, 2009.

4. Bailey RL, Fulgoni VL, Keast DR, et al: Examination of vitamin
intakes among US adults by dietary supplement use. J Acad
Nutr Diet 112:657, 2012.

5. Fulgoni VL, Keast DR, Bailey RL, et al: Foods, fortificants,
and supplements: where do Americans get their nutrients?
J Nutr 141:1847, 2011.

6. Sheth A, Khurana R, Khurana V: Potential liver damage asso-
ciated with over-the-counter vitamin supplements. J Am Diet
Assoc 108:1536, 2008.

7. Hiatt AN, Taylor LS, Mauer LJ: Influence of simultaneous
variations in temperature and relative humidity on chemical
stability of two vitamin C forms and implications for shelf life
models. J Agric Food Chem 58(6):3532, 2010.

BlTo sum up

A vitamin is an organic, non—energy-yielding substance that
is (1) required in very small amounts; (2) participates in
specific metabolic functions, often as a coenzyme; and (3)
must be supplied in the diet. The metabolic tasks of the fat-
soluble vitamins A, D, E, and K involve the synthesis of
important proteins related to vision, blood clotting, and bone
health. Vitamin A influences the differentiation of cells and
tissues, and vitamin E, a powerful antioxidant, protects poly-
unsaturated fatty acids in membranes and neural tissue from
harmful free radicals. The fat-soluble vitamins are absorbed
and transported with lipids and easily stored; thus excessive
intake can lead to toxicity.

The water-soluble vitamins including ascorbic acid and
the B-complex vitamins are synthesized by plants and (with
the exception of vitamin B,, found only in animal sources)

[l QUESTIONS FOR REVIEW

are supplied in both plant and animal foods. They function
as coenzymes in cell metabolism and protein synthesis and
must be consumed regularly as body stores are limited. Excess
intake is excreted in the urine. Ascorbic acid functions as an
antioxidant and is important for tissue integrity. Folate and
vitamins B and B,, have important roles in formation of red
blood cells and development and function of nerve struc-
tures. Vitamin By and ascorbic acid have shown evidence of
toxicity with excessive supplement use, and intakes of folate
above recommended levels can interfere with the body’s use
of vitamin B,, Water-soluble vitamins, especially vitamin C
and folate, are easily oxidized and appropriate cooking and
storage practices are required to prevent losses from food
sources.

1. Explain how the absorption and storage of a vitamin influ-
ence the risk of deficiency and toxicity. Provide several
examples to illustrate this concept.

2. List and describe three health problems resulting from a
vitamin A deficiency. A young man with cystic fibrosis has
just been diagnosed with night blindness although he eats
a variety of dark green and deep yellow vegetables and
fruits. How would you explain this?

3. What organ systems participate in the formation of the
vitamin D hormone calcitriol, and what are their roles?
How has the use of sunscreen and choice of soft drinks

rather than milk increased the vulnerability of youth to
vitamin D deficiency? How does renal failure impact
vitamin D function?

4. What is an antioxidant, and how does it protect body
tissues? A woman tells you that she is taking 1000 mg of
vitamin E daily to prevent signs of aging. How would you
advise her?

5. A patient tells you that he is taking multiple vitamin sup-
plements including 1000 mg of ascorbic acid, 5 mg of
thiamin, 10 mg of riboflavin, and 50 mg of vitamin B,.
How would you evaluate this vitamin regimen? What
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advice would you give him and why? Develop menus
for 2 days that include good food sources of these
vitamins.

. Name the B vitamins involved in blood formation.

Describe their roles and interactions.

. Is there a need for vitamin B, fortification of grains? Cite

evidence to justify your position.
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Flores G, Maldonado J, Duran P: Making tortillas without lard:
Latino parents’ perspectives on healthy eating, physical activity,
and weight-management strategies for overweight Latino
children. J Acad Nutr Diet 112:81, 2012.

[Dr. Flores and his collaborators help us understand the cultural
issues in helping families choose healthier foods and ingredients.]

Martin CK, Thomson JL, LeBlanc MM, et al: Children in school
cafeterias select foods containing more saturated fat and energy
than the Institute of Medicine recommendations. J Nutr
140:1653, 2010.

Whitfield Jacobsen PA, Prawitz AD, Lukaszuk JM: Long-haul truck
drivers want healthful meal options at truck-stop restaurants.
J Am Diet Assoc 107:2125, 2007.

[These articles present ideas for nutrition intervention among
various age and lifestyle groups.]

Kris-Etherton P, Fleming J, Harris WS: The debate about n-6
polyunsaturated fatty acid recommendations for cardiovascular
health. ] Am Diet Assoc 110:201, 2010.

[This article describes the differences of opinion that exist among
health professionals regarding appropriate intakes of dietary fat.]

Remig V, Franklin B, Margolis S, et al: Trans fats in America: a
review of their use, consumption, health implications and
regulation. ] Am Diet Assoc 110:585, 2010.

[This article provides insight as to local and state efforts to reduce the
amounts of trans fat in processed foods and fast food restaurants,
and what success has been achieved. ]

Websites of Interest

+ International Food Information Council Foundation: This site
contains fact sheets and brochures for both consumers and
health professionals on food fats and fat replacers. http://www
.foodinsight.org/Default.aspx?tabid=85&xsq=fats

+ National Heart, Lung, and Blood Institute, National Institutes
of Health: Information for the Public: This government agency
provides tutorials on various aspects of heart disease, recipe
books for good eating that include cultural and ethnic food
patterns, and health assessment tools, including a menu
planner to help monitor fat intake. http://www.nhlbi.nih.gov/
health/index.htm, http://www.nhlbi.nih.gov/health/index.htm
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With this chapter we complete our review of the two remaining
classes of nutrients: minerals and water. As individual elements,
minerals seem simple in comparison to the complex structures
of vitamins, but they fulfill equally important roles. New tech-
nologies that make it possible to measure extremely small quan-
tities of trace minerals in body tissues have opened new
opportunities to study the roles of these nutrients and how they
interact with vitamins to maintain body function and prevent
disease. In time we may identify additional minerals essential
to human health. An equally important but often overlooked
nutrient is water. Water is second only to oxygen in that it is
vital for survival. Growing interest in sports nutrition and ath-
letic performance has brought new attention to water as a bever-
age, and bottled water is now the bottled drink with the highest
sales volume.

As with the vitamins we will focus on why we need these
nutrients and how we obtain them.

MINERALS IN HUMAN NUTRITION
Comparison of Vitamins and Minerals

The two classes of micronutrients, vitamins and minerals,
have both similarities and differences (Table 7-1). Vitamins
are complex organic molecules that serve primarily as coen-
zymes or regulators of body metabolism, especially energy
metabolism. Minerals, in contrast, are simple elements with
important roles in both structure and function. Minerals also
serve as cofactors in many important enzyme systems, and,
in fact, sometimes partner with vitamins in regulating
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TABLE 7-1

COMPARISONS OF VITAMINS AND MINERALS

Interactions
inappropriate amounts
Impact on chronic disease
disease

Differences
Structure
Absorption

Simple organic elements

or binding substances
Classification
Roles in body Structural and metabolic
Relative amount needed
structural roles)
Stability

CHARACTERISTIC MINERALS VITAMINS

Similarities

Essentiality Must be obtained in food Must be obtained in food

Unique role One cannot substitute for another One cannot substitute for another

Interferes with other minerals if present in

May have a role in prevention of chronic

Problems in absorption caused by interfering

Based on amount needed by the body
(major minerals or trace elements)

Varies among minerals (more needed for

Seldom destroyed in cooking

Interferes with other vitamins if present in
inappropriate amounts

May have a role in prevention of chronic
disease

Complex organic structures
More easily absorbed

Based on solubility in water or lipid

Only metabolic
Needed in very minute amounts

Easily destroyed in cooking

essential metabolic functions. As was true for vitamins, an
excess of one mineral cannot remedy a deficit of another,
making it important to eat a wide variety of foods.

Cycle of Minerals

On Earth we live within a vast slow-motion cycle of minerals
essential to life. Elements present in water find their way into
rocks and soil; through plants they find their way to animals
and humans." At one time our access to these elements
depended on luck—where we happened to live—because
most people obtained all of their food from nearby farms.
However, with expanding knowledge of how these elements
are incorporated into foods, plus the fact that much of the
food we eat is grown outside of our immediate surroundings,
people living in all parts of the world have the potential to
receive adequate mineral nutrition.

Metabolic Roles

Differing Functions

The roles of minerals in the body are as varied as the elements

themselves. They participate in an impressive array of struc-

tural and metabolic activities:

+ Structural: Calcium and phosphorus give strength to
bones and body frame. Iron provides the core for the heme
in hemoglobin that carries oxygen to the tissues and
returns carbon dioxide to the lungs for excretion.

+  Metabolic: Tonized sodium and potassium exercise control
over body water. lodine is a necessary constituent of the
thyroid hormone that sets the rate of metabolism in the
cells. Iron is a cofactor in the mitochondrial enzyme
system that supplies our body with energy.

Some minerals such as iron contribute to structure and
function. Far from being static and inert, minerals are active
participants in many systems that support life.

Differing Amounts

Minerals differ from vitamins in the amounts needed. All
vitamins are required in very small amounts, but minerals
vary depending on their role. A man weighing 150 b has
almost 3 Ib of calcium in his body, most of it in the skeleton.
This same man contains only about 3 g (4, oz) of iron, found
mainly in the hemoglobin of red blood cells.

Concept of Bioavailability

In general minerals are absorbed less efficiently than vita-
mins. The amount of mineral in a food as determined by
laboratory analysis may not be the amount that can be
absorbed. The term bioavailability refers to the proportion
of a food nutrient that can be successfully absorbed and made
available for body use. Bioavailability is influenced by the
food source and the host, as follows™

* Binding substances: In some plants, minerals are bound in
chemical complexes and not easily released. Oxalates in
green leafy vegetables and phytates in whole grains bind
minerals and prevent their absorption.

* Gastric acidity: Most minerals are better absorbed in an
acid environment.

+  Chemical form: Iron cannot be absorbed in the ferric form;
it must first be reduced to ferrous iron for absorption to
take place.

+  Other foods in the meal: Some foods, such as tea, contain
substances that interfere with the absorption of certain
minerals.

KEY TERMS

hemoglobin Oxygen-carrying pigment in red blood cells.
bioavailability Amount of a nutrient in a food that is
absorbed and available to the body for metabolic use.
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ESSENTIAL MAJOR
MINERALS AND TRACE

BOX 7-1

ELEMENTS

Major Minerals (Required Intake >100 mg/day)

Potassium (K)
Chloride (Cl)
Sulfur (S)

Calcium (Ca)
Phosphorus (P)
Magnesium (Mg)
Sodium (Na)

Trace Elements (Required Intake <100 mg/day)*

Iron (Fe) Chromium (Cr)
lodine (I) Selenium (Se)
Zinc (Zn) Fluoride (F)
Copper (Cu) Molybdenum (Mo)

Manganese (Mn)

*Cobalt is found in the body only as a component of vitamin B;,,
not as an individual trace element.

*+ Body need: Various minerals such as iron are absorbed at
higher rates in periods of active growth, pregnancy, and
lactation.

Bioavailability issues make it difficult to set dietary recom-
mendations for minerals.

Classification

The essential minerals are organized into two groups: (1)
major minerals and (2) trace elements. Minerals that are
required in amounts of more than 100 mg/day are called
major minerals, not because they are more important but
because there are more of them in the body. Those needed in
smaller amounts are called trace elements, and a few that are
required in only minute amounts are referred to as ultratrace
elements.

The seven minerals present in the body in large amounts
are calcium, phosphorus, magnesium, sodium, potassium,
sulfur, and chloride. Nine trace elements that occur in
very small amounts are also essential for human health. All
essential minerals are listed in Box 7-1. We will review five
aspects of each: (1) absorption, (2) physiologic function, (3)
clinical applications, (4) daily requirement, and (5) food
sources.

I
CALCIUM

Of all the minerals in the body, calcium is present in the
largest amount. The adult woman contains about 1000 g
(2.2 Ib) of calcium, and the adult man contains about 1200 g
(2.6 1b). Total body calcium reflects the constant interchange
of calcium supplied in food or supplements, calcium stored
in the skeleton, and urinary calcium loss. Calcium balance is
applied at three levels: (1) the intake-absorption-excretion
balance, (2) the bone-blood balance, and (3) the calcium-
phosphorus blood serum balance.

Intake-Absorption-Excretion Balance

Calcium Intake

Calcium has been identified as a nutrient of importance to
public health in respect to bone health. Except for children
ages 1 to 3, the majority of the population is not meeting their
RDA (Recommended Dietary Allowance).’

Calcium intake in early life can have lifelong implications
for bone health. Caucasian women who reported low milk
intake as children and adolescents had lower bone mass in
later life and were more likely to experience hip fractures."

Calcium Absorption

About 25% of ingested calcium is absorbed, although it can

reach 60% in infancy or other periods of high demand.

Absorption falls to very low levels in advanced age.'” Calcium

is absorbed in the small intestine, chiefly the duodenum. Here

the gastric acidity is still effective, but as the food mass is
buffered by pancreatic juices and becomes more alkaline,
absorption is reduced.

Factors Increasing Calcium Absorption. The following
factors increase calcium absorption:

«  Vitamin D hormone: Vitamin D is necessary for the active
transport of calcium. Calcitriol, the vitamin D hormone,
controls the synthesis of a calcium-binding protein that
carries the mineral across the mucosal cell and into the
blood."

* Body need: Physiologic conditions over the life cycle—
growth, pregnancy, lactation, and older age—influence the
rate of absorption. Absorption is higher in times of greater
need, such as pregnancy or the adolescent growth spurt.

«  Amount of calcium in the diet: Percent absorption increases
when intake is limited; at high calcium intakes a smaller
proportion is absorbed, although the net amount may be
higher.

+ Acidic environment: Lower pH or a more acidic environ-
ment favors the solubility of calcium and enhances
absorption.

+ Dietary protein and carbohydrate: Optimal protein intake
supports bone health and increases calcium absorption by
promoting gastric acid secretion.” Lactose enhances
calcium absorption through the action of the intestinal
bacterium Lactobacilli, which produces lactic acid and
lowers intestinal pH.

Factors Decreasing Calcium Absorption. The following
factors decrease calcium absorption:

«  Vitamin D deficiency: A lack of vitamin D or inability to
form the active vitamin D hormone calcitriol as a result
of liver or kidney disease depresses absorption.

+ Fat malabsorption: Excessive amounts of fatty acids
remaining in the small intestine combine with calcium to
form insoluble soaps that cannot be absorbed.

« Fiber and other binding agents: Dietary fiber can bind
calcium and hinder its absorption. Other binding agents
include oxalic acid and phytic acid. Oxalic acid is found
in varying amounts in green leafy vegetables, which makes
some better sources of calcium than others. The outer
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FIGURE 7-1 Bone and cartilage development.

hull of many cereal grains, especially wheat, contains
phytates.

+  Alkaline environment: Calcium is insoluble in an alkaline
medium (a high pH) and poorly absorbed. Overuse of
antacids will lower calcium absorption.

Calcium Excretion

Calcium balance is controlled primarily at the point of
absorption, as is true for many minerals. A large proportion
of dietary calcium (50% to 90%) remains unabsorbed and is
eliminated in the feces. A small amount of calcium, about
200 mg/day, is excreted in the urine to maintain normal levels
in body fluids.

Bone-Blood Balance

Calcium in the Bones

The skeleton is the major site of calcium storage. Bones and
teeth contain about 99% of body calcium, but these stores
are not static. Bone is constantly being built and reshaped
according to period of growth and hormonal influences
(Figure 7-1). As much as 700 mg of calcium enters and leaves
the bones each day. Under certain conditions withdrawals
exceed deposits: immobility from a body cast or the bone
disease osteoporosis results in excessive calcium withdrawal
and loss.

Calcium in the Blood

The small amount of body calcium that is not in bone—

about 1%—circulates in the blood and other body fluids.

Blood calcium exists in two forms:

1. Bound calcium: About 40% of the calcium in the blood is
bound to plasma proteins and not diffusible, that is, not
able to move into cells or enter into other activities.

2. Free ionized calcium: Free calcium carrying an electrical
charge moves about unhindered and diffuses through
membranes to control body functions. Free calcium
accomplishes a great deal of metabolic work because it is
in an activated form. Free calcium is critical to ongoing
tissue metabolism and so is more closely regulated than
bound calcium. When calcium intake is low and blood
calcium levels drop, calcium is mobilized from the bones
to restore levels to normal.

Calcium-Phosphorus Serum Balance

The final level of calcium balance is the calcium-phosphorus
balance in the serum. These two minerals maintain a defined
relationship based on their relative solubility. The calcium-
phosphorus serum balance is the solubility product of
calcium and phosphorus expressed in milligrams per deciliter
(mg/dL). Normal calcium serum levels are 10 mg/dL in chil-
dren and adults. For phosphorus, normal levels are 4 mg/dL
in adults and 5 mg/dL in children. Thus the normal serum
calcium-phosphorus solubility products are 10 X 4 = 40 in
adults and 10 X 5 =50 in children. Any situation that increases
the serum phosphorus level will decrease the serum calcium
level to keep the calcium-phosphorus solubility product con-
stant. A drop in serum calcium interferes with important
functions such as muscle contraction, including contraction
of the heart muscle.

The three hormones that work together to maintain
calcium balance are the parathyroid hormone (PTH), the
vitamin D hormone calcitriol, and the hormone calcitonin.
The cooperative action of these hormones is an example of
the synergism among metabolic control agents:

1. Parathyroid hormone: The parathyroid glands lying adja-
cent to the thyroid glands are particularly sensitive to
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FIGURE 7-2 Calcium metabolism. Note the relative distribution of calcium in body tissues.

changes in the blood level of free ionized calcium. When

ionized calcium levels begin to fall, PTH is released and

restores the levels to normal by the following actions:

+ Stimulates the intestinal mucosa to absorb more
calcium

+ Rapidly withdraws calcium from bone

+ Increases calcium reabsorption and phosphorus excre-
tion by the kidneys

2. Vitamin D hormone (calcitriol): Calcitriol cooperates with
PTH to control the absorption of calcium in the small
intestine and regulate the deposit of calcium and phos-
phorus in bone. Calcitriol exerts more control on calcium
absorption and its deposit in bone, and PTH exerts more
control on calcium withdrawal from bone and kidney
excretion of phosphorus.

3. Calcitonin: Calcitonin is produced by special C cells in the
thyroid gland. It prevents an abnormal rise in serum
calcium by modulating the release of bone calcium. Thus
its action counterbalances that of PTH to keep serum
calcium at normal levels. The overall relationship of the
factors involved in calcium balance and regulation is illus-
trated in Figure 7-2.

Physiologic Functions of Calcium

Bone Formation

Calcium along with phosphorus gives strength and rigidity
to the skeleton. Building and maintaining bone mass is
accomplished through the action of specialized cells that
handle the deposit and withdrawal of bone calcium.

Tooth Formation

Special organs in the gums deposit calcium to form teeth, and
this mineral exchange continues as in bone. Calcium deposit
and withdrawal occur mainly in the dentin and cementum.
Very little exchange occurs in the enamel once the tooth is
formed.

General Metabolic Functions

The relatively small amount of ionized calcium in blood and

body fluids has an amazing number of physiologic roles:

* Blood clotting: Serum calcium ions are required for the
cross-linking of fibrin, giving stability to the fibrin
threads.

*  Nerve transmission: A current of calcium ions triggers the
flow of signals from one nerve cell to another. Calcium
ions in cells of the cardiac muscle direct the nerve signals
to these fibers.

* Muscle contraction and relaxation: Ionized serum calcium
initiates the contraction of muscle fibers and controls their
return to steady state. Calcium ions released into the cyto-
plasm of the muscle cell create the attractive forces between
actin and myosin that result in the contraction of the
muscle fiber. This action of calcium is particularly critical
to the constant contraction-relaxation cycle of the heart
muscle. Calcium channel blockers slow heart action by
preventing this release of calcium.

+  Cell membrane permeability: Ionized calcium controls the
passage of fluids and solutes across cell membranes by its
effect on the intercellular membrane cement.
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« Enzyme activation: Calcium ions activate certain cell
enzymes, particularly those that release energy for muscle
contraction. They have a similar role with protein-splitting
enzymes and the lipase enzyme that digests fat.

Clinical Applications

Disruption of the physiologic and metabolic functions of
calcium is associated with several clinical problems.

Tetany

A drop in serum ionized calcium causes tetany, marked by
severe, intermittent spastic muscle contractions and muscu-
lar pain. Seizures and convulsions ensue if the situation is not
corrected.

Rickets and Osteomalacia

A deficiency of vitamin D hormone causes rickets in growing
children and osteomalacia in adults. When exposure to sun-
light is limited and dietary intake of vitamin D is poor,
calcium absorption is inadequate and bone mineral is lost.
(See Chapter 6 to review vitamin D and these deficiency
diseases.)

Resorptive Hypercalciuria and Renal Calculi

Resorption of bone calcium and its excretion in the urine
accelerates during prolonged immobilization. A full-body
cast, spinal cord injury, or body brace after a back injury
decreases the normal muscle tension needed to preserve
bone. The subsequent rise in urinary calcium increases the
risk of renal stones.

Calcium and Health

Bone Disease

A calcium-related condition increasing in prevalence with
the growth of the aging population is osteoporosis, estimated
to affect 6 million women and 1 to 2 million men at an
annual cost of $14 billion.” With advancing age and loss
of bone mineral, bones become progressively more fragile,
with increasing risk of fractures, physical disability, and
mortality.'' Loss of the steroid hormones estrogen and testos-
terone bring about alterations in calcium balance such that
bone is broken down more rapidly than it can be replaced,
with a net loss of bone mass and changes in bone structure
(Figure 7-3)."

Metabolic Disease

Low calcium intake or limited use of dairy foods has been
put forth as a possible contributor to chronic conditions
unrelated to bone health, including obesity,"” "’ hyperten-
sion,”™”" and certain types of cancer.”” Clinical trials evaluat-
ing calcium intake and weight management over periods of
2 to 6 years'”'"® found that participants had less weight gain
and greater weight loss with higher intakes of dairy foods
containing calcium; in fact, increased servings of dairy foods
were more important than total calcium intake.

Calcium contributes to weight management by increasing the
excretion of fat in the feces through the formation of calcium
soaps that lower absorption of dietary fat."”

Calcium Requirement

Dietary Reference Intake

Concerns about the amount of calcium required for lifetime
maintenance of healthy bones led to the current Dietary Ref-
erence Intakes (DRIs)."” For youths 9 to 18 years of age, the
RDA of 1300 mg/day ensures maximum deposition of bone
calcium. Men and women ages 19 to 50 should take in
1000 mg/day to maintain positive calcium balance; women
ages 51 to 70 require 1200 mg to offset the calcium losses
associated with menopause, whereas for men in this age
group, the RDA remains at 1000 mg. All persons above age
70 require 1200 mg to support bone health and prevent bone
loss. Intakes greater than the Tolerable Upper Intake Level
(UL) of 2500 mg/day for adults under age 51 and 2000 mg/
day for adults age 51 and older, can interfere with the absorp-
tion of other important minerals or lead to complications

Normal bone

Bone with osteoporosis
FIGURE 7-3 Comparison of normal and osteoporotic spongy
bone. Scanning electron micrograph (SEM) of (A) normal
bone, and (B) bone with osteoporosis. Note the loss of bone
linkages and enlarged pores in the osteoporotic bone. (From
Kumar V, Abbas A, Fausto N: Robbins basic pathology, ed 7,
Philadelphia, Pa., 2002, Saunders.)

KEY TERMS

osteoporosis The abnormal loss of bone mineral and
matrix leading to porous, fragile bone tissue with enlarged
spaces that is prone to fracture or deformity; common
disease of aging in both men and women.

calcitonin A polypeptide hormone secreted by the C cells
in the thyroid gland in response to hypercalcemia, which
lowers calcium and phosphorus levels in the blood.

solutes Particles of a substance in solution; a solution con-
sists of a solute and a dissolving medium (solvent), usually a
liquid.
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such as kidney insufficiency and milk-alkali syndrome. Milk-
alkali syndrome got its name from the condition that arose
when patients with peptic ulcers were treated with large
amounts of antacids (alkaline) such as calcium carbonate
over a long period of time. This shifts the body’s acid-base
balance to alkaline and results in calcium deposits in the
kidneys and other soft tissues. Milk-alkali syndrome is seldom
seen today unless an individual takes large amounts of a
calcium-containing antacid such as Tums to increase their
calcium intake. When using antacid products, calcium intake
should not exceed 1500 mg a day.

Sources of Calcium

Calcium is highly available from dairy products, making these
foods ideal sources. One quart of cow’s milk supplies 1200 mg
of calcium along with 10 mg (400 IU) of vitamin D. Green
leafy vegetables such as bok choy, broccoli, and kale are good
sources, but spinach, collard greens, sweet potatoes, and
beans are high in oxalic acid, which compromises bioavail-
ability. Whole grains and nuts contain phytic acid, making
these foods poor sources. Calcium-fortified soy milk, juices,
and cereals meet calcium needs for the lactose intolerant.
Aged cheeses such as cheddar or Swiss, good sources of

calcium, are low in lactose. It is important to emphasize low-
calorie, reduced-fat, low-fat, or nonfat dairy foods to young
women for whom weight gain is a major concern.”” Box 7-2
suggests additional food sources of calcium.

Calcium Supplements

Many persons cannot or will not consume enough calcium-
rich foods to meet their requirement and depend on
supplements. Table 7-2 outlines criteria to be considered
in selecting and using calcium supplements. To help meet
all dietary requirements, it is best to obtain at least half
your daily calcium from food that will supply other impor-
tant nutrients in addition to calcium and will also provide
calcium in a highly bioavailable form. (For further reading
on calcium and bone health see the Evidence-Based Practice
box, “Optimum Calcium Intake: Can We Minimize Bone
Loss?”)

PHOSPHORUS

Phosphorus is closely associated with body calcium, although
it has some unique characteristics and functions of its

TABLE 7-2  CHOOSING A CALCIUM SUPPLEMENT

CHARACTERISTIC RECOMMENDATION

Amount of elemental
calcium present

Absorption

is low.

or the word “purified.”

When best taken
Combination products

Potential interactions

Ability to dissolve in the
stomach
not dissolve in your stomach.

Calcium compounds contain different amounts of elemental calcium; calcium carbonate is 40%
calcium by weight, but calcium citrate is only 21% calcium; you would need twice as much
calcium citrate to get the same amount of calcium.

Calcium carbonate, calcium citrate, and calcium citrate malate (the form found in fortified juices)
are all well absorbed; calcium citrate is better absorbed than calcium carbonate when gastric acid

Purity Do not use supplements made from bone meal, oyster shell, or dolomite because they may
contain lead or other toxic elements; coral calcium may contain lead and mercury; look for a
well-known brand of pharmaceuticals or check for the USP (United States Pharmacopeia) symbol

Dose Calcium is absorbed best when taken in doses of 500 mg or less; depending on need, take divided
doses of 500 mg each rather than one dose of 1000 mg.

Calcium carbonate is best absorbed with food; calcium citrate can be taken anytime.

Some calcium supplements are combined with other nutrients such as phosphorus, magnesium, or
vitamin D; phosphorus is readily available in the U.S. diet and not needed in supplements; unless
vitamin D is being provided in another supplement, it could be included here.

Calcium can decrease the absorption of various medications including phenytoin and tetracycline,
and interacts with thiazide and similar diuretics; medications to be taken on an empty stomach
should not be taken with a calcium supplement; persons on prescription or over-the-counter
medications should check with their physician or pharmacist before adding a calcium supplement.

Form Calcium supplements are available in tablets, gel capsules, liquids, and chewables; chewables and
liquids might be helpful for those with difficulty swallowing.

Chewables and liquids are broken down before they enter the stomach; to test a tablet place one
in warm water for 30 minutes and stir occasionally; if it has not dissolved in this time it likely will

Data from National Institutes of Health: Medline Plus. Trusted Health Information for You. Calcium supplements, Bethesda, Md., 2013, U.S.
Department of Health and Human Services. Retrieved July 25, 2013 from: <www.nlm.nih.gov/medlineplus/ency/article/007477.htm>; Office
of Dietary Supplements: Dietary supplement fact sheet: calcium, Bethesda, Md., 2013, National Institutes of Health, U.S. Department of
Health and Human Services. Retrieved July 25, 2013 from: <http://ods.od.nih.gov/factsheets/calcium.asp>; Blumberg S: Is coral calcium a

safe and effective supplement? J Am Diet Assoc 104:1335, 2004.
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BOX 7-2  FOOD SOURCES OF CALCIUM

Food Source

Grains Group
Fortified ready-to-eat cereals
Total
All Bran
Cheerios
Bread, white, commercially prepared
Bread, whole wheat, commercially prepared

Vegetable Group

Vegetable juice (fortified)
Collard greens (cooked)
Potato (baked), flesh and skin
Kale (frozen, cooked)
Broccoli (frozen, cooked)

Fruit Group
Orange juice (fortified)
Figs (dried)

Meat, Beans, Eggs, and Nuts Group
Soybeans (mature beans, cooked)
Almonds (roasted)

Milk Group

Yogurt (fruited, low fat)

Milk, (nonfat, reduced-fat, whole)
Soy milk (fortified with calcium)
Soy milk (unfortified)

Fats, Oils, and Sugar
These foods do not supply calcium

0

Amount Calcium (mg)
¥, cup 1000
J cup 121
1 cup 112
1 slice 73
1 slice 52
8 fl oz 299
1 cup 268
1 med 26
1 cup 179
Y% cup 47
8 fl oz 300
2 figs 28
1 cup 175
1 0z (24 nuts) 76
8 0z container 345
1 cup 299
1 cup 300
1 cup 61

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26. Nutrient Data Laboratory Home Page, 2013. <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

RDA for adults: men ages 19-70, 1000 mg; women ages 19-50, 1000 mg; men ages >70, 1200 mg; women ages >50, 1200 mg.

own. The adult human body contains about 850 g (1.9 Ib)
of phosphorus, with 85% in the skeleton, 14% in the soft
tissues, and the remaining 1% in extracellular fluids (ECFs)
and cell membranes. Phosphorus makes up about 1% of body
weight.

Absorption-Excretion Balance

Absorption

Free phosphate is absorbed along the entire length of the
small intestine. Absorption is regulated by the vitamin D
hormone calcitriol and phosphate carrier proteins.” Phos-

phorus exists in food joined with calcium and must be
split off as a free mineral to be absorbed. An excess of other
minerals such as aluminum or iron or calcium depresses
phosphorus absorption. Phytates in whole grains prevent its
absorption.

Excretion

Phosphorus is excreted via the kidneys, which help regulate
serum phosphorus levels. Usually 85% to 95% of the plasma
phosphate filtered by the renal glomeruli is reabsorbed along
with calcium under the influence of vitamin D hormone.


http://www.ars.usda.gov/ba/bhnrc/ndl
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EVIDENCE-BASED PRACTICE

Optimum Calcium Intake: Can We Minimize Bone Loss?

Define the Problem: The graying of our population has brought
new attention to age-related bone loss and the financial and
human cost of osteoporosis and bone fracture. Hip fractures
resulting from brittle bones result in loss of independence in
10% to 20% of those affected. Bone health has moved into
the forefront as a public health problem, and new drugs have
been introduced to treat bone loss. Are there alternatives to
these treatments?

Review the Evidence: Although optimal intakes of calcium
along with sufficient vitamin D to promote absorption should
stem the loss of bone mineral mass, research trials have not
always reached the same conclusions. Postmenopausal
women given 1000 mg to 1200 mg of calcium daily in the form
of a well-absorbed supplement were monitored for 1 to 5
years, and their bone mineral mass compared with those of
similar age given a placebo. Participants receiving the calcium
had an increase in bone mass of 1% to 2% at the wrist, ver-
tebrae, and hip, whereas those given the placebo showed no
gain and in most cases lost bone." Any gain in bone mineral
mass averts the lower threshold where bone fracture is likely
to occur. However, Prince and his co-workers' carried their
evaluation one step further: They separated the women who
consumed at least 80% of their calcium supplements from
those who consumed less. Those women who took their
supplements regularly had a 33% reduction in risk of hip
fracture.

Implement the Findings: Adults can promote their bone
health by following the guidelines suggested below:

* Maintain a consistent intake of 1000 to 1200 mg of calcium
each day, depending on your age.” If you use supplements,
then put them in a prominent place and establish a regular
schedule for when you take them.

* Maintain a dietary intake of 600 to 800 IU of vitamin D each
day?; use fortified foods or choose calcium supplements that
also supply vitamin D.

* Maintain a healthy lifestyle that includes regular physical
activity; weight-bearing exercise and strength training
support retention of bone mass.

* Have a bone scan on a regular basis to monitor bone status
before a fracture occurs.

For those individuals who have already lost significant bone
mass and are at risk of bone fracture, drug intervention may
be required. Meeting target intakes of calcium and vitamin D
during adulthood minimizes bone loss.

References
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elderly women. Arch Intern Med 166:869, 2006.
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However, when phosphate must be excreted to preserve the
normal serum calcium-phosphorus balance, PTH overrides
vitamin D hormone and increases excretion.

Bone-Blood-Cell Balance

Bone

The phosphorus in the skeleton and teeth is combined with
calcium. Bone phosphorus is in constant interchange with the
phosphorus in blood and other body fluids.

Blood

The normal adult range for serum phosphorus is 3.0 to
4.5 mg/dL; levels below 2.5 mg/dL or above 5.0 mg/dL
demand immediate medical attention.”* High phosphorus
intakes leading to elevated serum levels stimulate PTH
release and mobilization of bone calcium to restore the
normal serum calcium-phosphorus balance. Antacids that
contain aluminum bind phosphorus and lower serum
levels.

Cells

In its active phosphate form, phosphorus works with
proteins, lipids, and carbohydrates to produce energy,

build and repair tissues, and act as a buffer to maintain
appropriate pH.

Hormonal Controls

Because calcium and phosphorus work closely together,
phosphorus balance is under the control of the vitamin D

KEY TERMS

resorption Breakdown of body tissue; often used to refer
to the breakdown of calcified bone tissue, releasing calcium
and phosphorus into the blood; parathyroid hormone acts to
resorb bone when blood calcium levels fall and calcium is
needed to restore normal levels.

placebo An inert and nonharmful substance such as sugar
used in clinical studies testing the effects of particular drugs,
nutrients, herbs, or other substances on body function. In a
controlled clinical trial, one group will receive the active sub-
stance being tested, whereas another group will receive the
placebo. At the conclusion of the trial, the researcher will
review the results from both groups. If changes have occurred
in the group receiving the placebo, the researcher will be
alerted to a psychologic effect or other unrelated effect that
influenced the patient or study outcome.




PART 1

Introduction to Human Nutrition

hormone calcitriol and PTH, two hormones that also control
calcium balance. Phosphate depletion results from (1) low
intake; (2) poor absorption, usually caused by an interfering
substance such as phytate or aluminum; or (3) excessive
wasting by the kidney.

Physiologic Functions

Bone and Tooth Formation

Phosphorus helps build bones and teeth. As a component
of calcium phosphate, it is constantly deposited and
resorbed in the continuing process of bone formation and
remodeling.

General Metabolic Activities

Phosphorus is found in every living cell where it participates
in overall metabolism. Several specific activities are described
below:

« Absorption of glucose and glycerol: Phosphorus combines
with these molecules to assist their absorption from the
intestine. Phosphorus also promotes the reabsorption of
glucose in the renal tubules.

+ Transport of fatty acids: Phospholipids transport fats in the
blood.

+  Energy metabolism: Phosphorus-containing compounds
such as adenosine triphosphate (ATP) are high-energy
storage molecules that meet instant demands for energy.

*  Buffer system: The buffer system of phosphoric acid and
phosphate helps maintain blood acid-base balance.

Clinical Applications

Changes in the normal serum phosphorus level occur under

particular circumstances, as follows:

* Recovery from diabetic acidosis: Active carbohydrate
absorption and metabolism place a high demand on serum
phosphorus, causing temporary hypophosphatemia. Phos-
phate is combined with glucose to form glycogen.

+  Growth: Children have higher serum phosphate levels
related to their high levels of growth hormone.

*  Hypophosphatemia: Low serum phosphorus levels occur
with intestinal diseases such as sprue and celiac disease
that hinder phosphorus absorption. Excessive secretion of
PTH (primary hyperparathyroidism) causes inappropri-
ate excretion of phosphorus and hypophosphatemia. Low
serum phosphorus may accompany the refeeding syn-
drome often seen in the first days of nutritional repletion
of a severely wasted patient when glycogen stores are being
rapidly replenished. One symptom of hypophosphatemia
is muscle weakness, because cells are deprived of the phos-
phorus needed for energy metabolism. If left untreated,
then it will lead to metabolic acidosis, heart failure, and
sudden death.”

* Hyperphosphatemia: In renal failure and hypoparathyroid-
ism, excess phosphate accumulates in the serum. This
causes the serum calcium level to drop, resulting in tetany.

Highly elevated serum phosphate levels, left untreated, will
lead to cardiac paralysis and sudden death.

Phosphorus Requirement

Dietary Reference Intake

The RDA for phosphorus is 1250 mg/day for individuals
9 to 18 years of age and 700 mg/day for all adults over
age 18. At one time, the relative intake of calcium to
phosphorus was considered important in building and
remodeling bone. Phosphorus intakes that were higher than
calcium intakes were believed to hinder bone mineral deposi-
tion. We have learned since that sufficient amounts of both
nutrients are more important than their ratio to each
other."” Because both minerals are found in many of the same
foods, meeting calcium needs will likely provide adequate
phosphorus.

Food Sources of Phosphorus

Milk and milk products contain significant amounts of phos-
phorus. Because phosphorus is important in muscle metabo-
lism, lean meats are a good source. Phosphorus-containing
food additives add phosphorus to the typical American diet.
Substitution of soft drinks high in phosphorus for milk-based
beverages has led to excessive intakes of phosphorus in place
of calcium."

SODIUM

Sodium is a plentiful mineral in the body. The average adult
contains approximately 100 g (3.5 oz) of sodium. About half
circulates in the extracellular fluid (ECF) as free ionized
sodium, 40% is found in bone, and 10% resides inside the
cell.

Absorption-Excretion Balance

Sodium is easily absorbed in the small intestine; usually no
more than 2% remains to be excreted in the feces. The major
route of excretion is through the kidneys under the control
of aldosterone, the sodium-conserving hormone produced
in the adrenal cortex. For individuals in temperate climates
in a steady state of fluid and sodium balance, urinary sodium
excretion is about equal to intake. Sodium is lost in sweat
during exercise or in hot environments.

KEY TERM

aldosterone Hormone secreted from the cortex of the
adrenal glands that acts on the distal renal tubule to reabsorb
sodium in exchange for potassium; the aldosterone mecha-
nism conserves sodium and also water, because water
absorption follows sodium reabsorption.
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Physiologic Functions of Sodium

Water balance: Ionized sodium is the major guardian of the
body water outside the cells. Differences in the sodium
concentrations of body fluids largely determine the distri-
bution of water via osmosis from one area to another.

Acid-base balance: In cooperation with chloride and bicar-
bonate ions, ionized sodium helps regulate acid-base
balance.

Cell permeability: The sodium pump located in all cell mem-
branes controls the passage of materials in and out of the
cell. Potassium is moved into the cell, and sodium is moved
out of the cell. Glucose also moves into the cell via this
active transport system.

Muscle action: Sodium ions help transmit electrochemical
impulses along nerve and muscle membranes. Potassium
and sodium ions work together to balance the response of
nerves to stimulation. They control the flow of nerve
impulses to muscles and the contraction of muscle fibers.

Sodium Requirement

Dietary Reference Intake

The body can adjust to a wide range of sodium intakes. When
intake is low, the body conserves sodium by reducing output
in urine and sweat. At high intakes, excretion equals intake.
The Adequate Intake (AI) for sodium covers short-term sweat
losses from physical activity or exposure to high environmen-
tal temperatures. Those with exceptionally high losses, such
as endurance runners, will require more sodium.”® For young
adults the Al is 1500 mg of sodium or 3800 mg of table salt.
(Sodium chloride or table salt is 40% sodium by weight.) The
Al drops to 1300 mg of sodium (about 3300 mg of table salt)
for those ages 51 to 70, and to 1200 mg (about 3000 mg of
table salt) for those ages 71 and older. These decreases in
sodium recommendations as people age are based on their
lower energy intakes. The UL is 2300 mg of sodium or
5800 mg of table salt.”

Sodium Intake

Current national surveys indicate that 97% of the American
public have sodium intakes exceeding the Al.’ Average intakes
for men between the ages of 20 and 69 range from about
3900 mg to 4600 mg, although sodium intake drops to
3200 mg among those ages 70 and over. For women between
ages 20 and 69, mean sodium intake falls from about 3200 mg
to 2900 mg, with a further drop to 2600 mg beyond age 69.”
A matter of growing concern for policy makers is the sodium
intake of children and teens and its possible role in the devel-
opment of hypertension in these age groups.”**

|HEALTH PROMOTION

Sodium and Blood Pressure

The Dietary Guidelines for Americans 2010 Advisory Com-
mittee (DGAC) named sodium as one of the dietary compo-
nents overconsumed in the American diet.” Excessive sodium

raises blood pressure in African Americans, many middle-
aged and older individuals, persons with hypertension, and
others who may be salt sensitive, and such groups have been
encouraged to lower their sodium intake to 1500 mg.*
However, the DGAC noted that these segments of the popula-
tion now comprise over 70% of adults, leading them to rec-
ommend a sodium reduction to 1500 mg for the general
population.” Implementing such a reduction in sodium
intake will require time and substantial adjustments in the
food supply.’

Dietary sodium comes from many sources. Sodium is
found naturally in some foods and water, but most (77%) is
consumed in the form of salt (sodium chloride) added in
food processing. Only 12% of the sodium in the U.S. diet
occurs naturally; 6% is added at the table, and 5% is added
in cooking (Figure 7-4).”' Sodium chloride and other sodium-
containing compounds are used by food manufacturers for
many different purposes (to learn more about dietary inter-
vention for hypertension see the Focus on Culture box, “Low
Mineral Intake: Does It Affect Blood Pressure in African
Americans?”).

Although most persons with liberal intakes of sodium will
benefit from lowering their sodium intake, for others,
responses in the renin-angiotensin system will increase rather
than decrease cardiovascular risk if sodium intake is too
low.”” Thus, it is best that all persons consult with a health
professional before pursuing a sodium-controlled diet that
provides less than the AI (1500 mg) for this nutrient. (Later
in this chapter, we will study the role of the renin-angiotensin
system.)

Controlling Sodium Intake

Even adults with elevated blood pressure have increased
rather than decreased their intakes of sodium in recent
years.”” When individuals are accustomed to liberal use of salt

77% Food processing

12% Naturally occurring

6% At the table

5% During cooking

FIGURE 7-4 Sources of dietary sodium. Most of our dietary
sodium comes from processed food. (Data from Sebastian
RS, Enns CW, Steinfeldt LC, et al: Discontinuation of data
processing step: salt adjustment on designated foods
likely to be home prepared, What We Eat in America,
2012, NHANES, U.S. Department of Agriculture, Agricultural
Research Service.)
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FOCUS ON CULTURE

Low Mineral Intake: Does It Affect Blood Pressure in African Americans?

African Americans are at particular risk for elevated blood pres-
sure,’ with 57% of those ages 18 and over reported to have
this condition.? Appropriate intakes of calcium, potassium, and
magnesium, along with a moderate intake of sodium, influence
blood pressure and have been the basis for dietary interven-
tion.* The DASH (Dietary Approaches to Stop Hypertension)
daily food plan of 7 to 8 grain, 4 to 5 vegetable, 4 to 5 fruit,
and 2 to 3 milk servings each day meets or exceeds the DRIs
for calcium, potassium, and magnesium and has been success-
ful in helping persons lower their blood pressure and reduce
their antihypertensive medication.

According to national surveys African-American adults take in
less than half the recommended intakes of potassium, magne-
sium, and calcium, and fall short of the amounts provided in
the DASH diet (see table below).” Sodium intake, on the other
hand, greatly exceeds the UL of 2300 mg.

Amount in Intake of African
Nutrient DASH Diet Americans
Potassium 4700 mg 2364 mg
Magnesium 500 mg 261 mg
Calcium 1250 mg 828 mg
Sodium <2300 mg 3358 mg

Lowering sodium intake is one step, but equally important is
helping African Americans choose more calcium-, potassium-,
and magnesium-rich foods. (The DASH food plan can

be accessed at: <http://www.cnpp.usda.gov/DGAs2010Policy
Document.htm>. Dietary guidelines for Americans (Policy Doc-
ument), 2010, ed 7, Washington, D.C., U.S. Government Print-
ing Office, Appendix 10. DASH will be discussed in detail in
Chapter 21.)
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as a seasoning, adjusting to a reduced level can be difficult.
The limited number of reduced-sodium products in the food
supply is also a barrier,” and foods advertised as “no salt
added” or “reduced salt” tend to be higher in cost. Adjusting
to a diet within the UL for sodium may be easier if foods
naturally lower in sodium are substituted for foods higher in
sodium, rather than looking for customary foods with less
sodium added.” Adapting to a diet lower in sodium is likely
to require preparation of more fresh foods seasoned with
flavorings or herbs rather than use of heat-and-serve items.
Varying amounts of sodium may be added in home cooking
or at the table, but it is usually less than is found in processed
foods or when dining in restaurants. Most vegetables, with
the exception of spinach and celery, are low in sodium.
Compare the sodium content of highly processed and less
processed foods in Box 7-3. (In Chapter 9 we will use the
nutrition label to check the sodium content of processed
foods.)

POTASSIUM

Potassium is more than twice as plentiful in the body as
sodium. An adult contains about 270 g (9.5 0z) or 4000 mEq
(milliequivalents). Most body potassium is inside cells,

where it guards intracellular water; however, the relatively
small amount of potassium in ECF is important for muscle
activity, especially heart muscle activity. Plasma potassium
levels are maintained within very narrow limits of 3.5 to
5.0 mEq/L.

Absorption-Excretion Balance

Dietary potassium is readily absorbed in the small intestine
and potassium circulating in the gastrointestinal secretions is
also reabsorbed. Prolonged vomiting or diarrhea results in
serious losses. The principal route of potassium excretion is
the urine. Because plasma potassium is critical to heart
muscle action, the kidneys guard potassium carefully. At least
70% of the potassium filtered by the kidneys is reabsorbed.
Aldosterone, the hormone that acts on the kidneys to con-
serve sodium, also regulates plasma potassium because potas-
sium is lost in exchange for sodium. Elevated plasma
potassium levels stimulate the release of aldosterone. The
normal obligatory potassium loss is about 160 mg/day,
although certain diuretic drugs lead to greater losses.

Physiologic Functions of Potassium

Water balance: The potassium inside the cells balances with
the sodium outside the cells to maintain normal osmotic
pressures and water distribution.
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BOX 7-3  SODIUM CONTENT OF FOODS

Food Source Amount Sodium (mg)
Grains Group
Ready-to-eat cereals
Cheerios 1 cup 139
Total ¥, cup 141
All Bran Y cup 80
Shredded wheat, no salt added 2 biscuits 3
Bread, white, commercially prepared 1 slice 137
Bread whole wheat, commercially prepared 1 slice 146
Vegetable Group
Potato (baked), flesh and skin 1 medium 17
Potato salad, homemade 1 cup 1323
Tomato, raw 1 medium 6
Stewed tomatoes (canned) 1 cup 564
Broccoli (frozen), cooked, no salt added Y cup 22
Broccoli (frozen with cheese sauce) Y cup 402
Meat, Beans, Eggs, and Nuts Group
Ham (lean) 30z 1128
Bacon (broiled/fried) 3 med pieces 326
Ground beef, regular (broiled) 30z 64
Tuna, light, canned in water 30z 210
Halibut, baked 3oz 70
Peanuts, dry roasted, without salt 1 0z (28 nuts) 2
Peanut butter, creamy (with salt) 1 tbsp 73
Kidney beans, red, cooked, no salt added 1 cup 4
Baked beans, canned, vegetarian Y, cup 435
Milk Group
Cottage cheese, creamed, low fat 1 cup 746
Cheddar cheese 10z 176
Swiss cheese 10z 20
American cheese, processed, pasteurized 1 0z 474
Milk, 1% fat 1 cup 107
Fats, Oils, and Sugar
Margarine, tub, with salt 1 thbsp 98
Butter (salted) 1 tbsp 91
Butter (unsalted) 1 tbsp 2

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26. Nutrient Data Laboratory Home Page, 2013. <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Adequate intake for adults: ages 19-50, 1500 mg; ages 51-70, 1300 mg; ages =71, 1200 mg; Tolerable Upper Intake Level for adults:

2300 mg.

*Sodium is added to foods in home food preparation and in food industry processing.
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Muscle activity: Potassium is needed for the action of cardiac
and skeletal muscles. Together with sodium and calcium,
potassium regulates neuromuscular stimulation, trans-
mission of electrochemical impulses, and contraction of
muscle fibers. Low plasma potassium leads to muscle irri-
tability and paralysis. This effect is particularly notable for
the heart muscle, which develops a gallop rhythm ending
in cardiac arrest. Even small variations in plasma potas-
sium are reflected in electrocardiograms (ECGs).

Carbohydrate metabolism: When glucose is converted to gly-
cogen, 0.36 mmol of potassium is stored in each gram of
glycogen. When a patient in diabetic acidosis is treated
with insulin and glucose, the ensuing rapid production of
glycogen draws potassium from the plasma. Serious hypo-
kalemia will result if adequate potassium replacement
does not accompany treatment. Even moderate potassium
deficiency without overt hypokalemia can aggravate exist-
ing glucose intolerance.

Protein synthesis: Potassium is required for the storage of
nitrogen as muscle protein or other cell protein. When
tissue is broken down, potassium is lost along with nitro-
gen. Amino acid replacement in rehabilitation includes
potassium to ensure nitrogen retention.

Control of blood pressure: Potassium helps control blood pres-
sure by offsetting the pressor effect of sodium that raises
blood pressure. Persons with higher potassium intakes
tend to have lower blood pressures. Potassium also
increases the excretion of sodium through the action of
aldosterone.

Acid-base balance: Potassium helps protect bone mass and
reduces the loss of calcium in the urine. Potassium, along
with other bicarbonate-yielding compounds in fruits
and vegetables, helps to neutralize sulfur-containing
acids produced in the metabolism of meat and other
animal protein foods.” When potassium and bicarbonate
buffers are not available in sufficient amounts, these
acids act on bone, releasing bone calcium and lowering
bone mass.

Potassium Requirement

Dietary Reference Intake

The Al for potassium is 4700 mg/day for all adults.® This
intake is expected to lower blood pressure and minimize
bone loss, but less than 5% of men and 1% of women reach
this goal.*’ Median intakes are 3037 mg for men ages 20 and
over and 2279 mg for women of this age; these intakes rep-
resent only about two thirds and less than one half, respec-
tively, of the DRI. African-American men and women meet
less than half of the AL.*' Potassium intakes below the DRI
are of special concern in light of the elevated intakes of
sodium among U.S. adults. Although the Dietary Guidelines
recommend a sodium-potassium intake ratio of 1500 mg of
sodium to 4700 mg of potassium, this is met by less than 2%
of the adult population.”” Based on the age-related increase
in blood pressure and loss of bone that occurs in both genders
and all race and ethnic groups, increased servings of

high-potassium foods would be a cost-effective public health
intervention.

Clinical Implications of Excessive Intake

When kidney function is normal, potassium is easily excreted;
thus no UL exists for this nutrient. Nevertheless, potassium
supplements can be dangerous, regardless of kidney status.
Hyperkalemia with serious cardiac arrhythmias occurs in
apparently healthy individuals who accidentally or intention-
ally take potassium supplements. Salt substitutes that contain
potassium can be unrecognized sources of potassium. Indi-
viduals with diabetes, renal impairment, or heart failure have
increased risk of hyperkalemia. Certain medications impair
potassium excretion.*

Food Sources of Potassium

Potassium as a component of all living cells is found in many
foods. Legumes, whole grains, fruits such as oranges and
bananas, leafy green vegetables, broccoli, potatoes, meats, and
milk supply considerable amounts (Box 7-4). Persons who
eat many servings of fruits and vegetables have potassium
intakes of about 8 to 11 g/day.” In the United States, the top
six sources of potassium are reduced-fat and low-fat milk,
coffee, chicken and chicken mixed dishes, beef and beef
mixed dishes, orange or grapefruit juice, and fried white pota-
toes.” Note that potassium toxicity does not occur from high
intakes of potassium-containing foods but rather from potas-
sium supplements.

Based on the amounts found in the body, three additional
minerals—magnesium, chloride, and sulfur—are assigned to
the major minerals group.

MAGNESIUM

An adult body contains about 25 g of magnesium, a little
less than an ounce. Most is combined with calcium and phos-
phorus in bone, with the remainder distributed in muscle,
other tissues, and fluids. Magnesium activates enzymes for
energy production and tissue building and has a role in
normal muscle action. Magnesium is receiving new attention
as an active nutrient related to lowered incidence of
atherosclerosis, hypertension, osteoporosis, sudden cardiac
death, type 2 diabetes, and metabolic syndrome.”** Older
individuals with magnesium intakes that reached at least
80% of the RDA were less likely to develop metabolic syn-
drome.” The relatively high magnesium content in whole
grains may contribute to their positive effect in lowering
chronic disease risk.*

KEY TERM

hyperkalemia A higher than normal level of potassium in
the blood (usually defined as greater than 5.0 mEg/L).
hypokalemia A lower than normal level of potassium in the
blood (usually defined as less than 3.5 mEg/L).
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FOOD SOURCES OF
POTASSIUM

BOX 7-4

Food Source Amount Potassium (mg)

Vegetable Group

Potato, baked (flesh and 1 medium 941
skin)

Potato, baked (flesh only) 1 medium 610

Sweet potato, canned Y cup 398
(no syrup)

Spinach, frozen, cooked Y, cup 287

Fruit Group

Orange juice, frozen, 1 cup 473
from concentrate

Banana 1 medium 422

Meat, Beans, Eggs, and Nuts Group
Lima beans, baby, frozen, ) cup 370
cooked without salt

Milk Group

Milk, nonfat (low fat,
reduced fat, and whole
milks vary slightly)

Cottage cheese, low fat 1 cup 190

1 cup 382

Other
Spaghetti sauce (no
meat)

J5 cup 421

Data from U.S. Department of Agriculture, Agricultural Research
Service: USDA National Nutrient Database for Standard Reference,
Release 26. Nutrient Data Laboratory Home Page, 2013. <http://
www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Adequate intake for adults: 4700 mg.

Magnesium Requirement

The RDA for magnesium is 400 mg for younger men and
310 mg for younger women. To compensate for age-related
changes in the kidneys that lead to greater losses, the RDA for
persons older than age 30 increases to 420 mg and 320 mg in
men and women, respectively.”’

Food Sources

Magnesium is widespread in nature and unprocessed foods.
Whole grains are good sources, but more than 80% of the
magnesium is lost when the germ and bran layers of the
kernel are removed to produce refined grains. Although milk
contains only a modest amount of magnesium, it is a major
source in the U.S. diet because it is consumed frequently.
Other foods include nuts, soybeans, cocoa, seafood, dried

FOOD SOURCES OF

MAGNESIUM

Amount Magnesium (mg)

BOX 7-5

Food Source

Grains Group

Shredded wheat 2 biscuits 61
Vegetable Group
Spinach, frozen, cooked  } cup 78

Meat, Beans, Eggs, and Nuts Group

Baked beans, canned, 1 cup 69
vegetarian

Peanut butter, creamy 2 thsp 49

Milk Group

Soy milk 1 cup 61

Milk, reduced fat, low
fat, nonfat

1 cup 27

Data from U.S. Department of Agriculture, Agricultural Research
Service: USDA National Nutrient Database for Standard Reference,
Release 26. Nutrient Data Laboratory Home Page, 2013. <http://
www.ars.usda.gov/ba/bhnre/ndl>.

Images copyright 2006 Jupiterimages Corporation.

Recommended Dietary Allowance for adults: women ages 19-30,
310 mg; women ages =31, 320 mg; men ages 19-30, 400 mg;
men ages =31, 420 mg.

beans and peas, and green vegetables. Except for bananas,
fruits are relatively poor sources. Diets rich in vegetables and
unrefined grains are higher in magnesium than diets based
on highly processed foods and meat. Box 7-5 lists some good
sources of magnesium.

CHLORIDE

Chlorine appears in the body as the chloride ion (CI"). Chlo-
ride accounts for about 3% of body mineral, and most is
found in the ECF where it helps control water balance and
acid-base balance. Spinal fluid has the highest concentration.
A fair amount of ionized chloride is found in the gastrointes-
tinal secretions as a component of gastric hydrochloric acid
(HCI). Uncontrolled vomiting and diarrhea with continuing
loss of gastric fluids can lead to chloride deficiency with
muscle cramps and disturbed acid-base balance.

SULFUR

Sulfur is found in all body cells as a constituent of cell protein.
Elemental sulfur forms sulfate compounds with sodium,



http://www.ars.usda.gov/ba/bhnrc/ndl
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potassium, and magnesium. Other forms of sulfur include
(1) sulfur-containing amino acids such as methionine and
cysteine; (2) glycoproteins in cartilage, tendons, and bone
matrix; (3) detoxification products formed by intestinal bac-
teria; (4) organic molecules such as heparin, insulin, coen-
zyme A (CoA), thiamin, and biotin; and (5) keratin in hair
and nails.
The major minerals are summarized in Table 7-3.

TRACE ELEMENTS: THE CONCEPT
OF ESSENTIALITY

By the simplest definition an essential element is one required
to sustain life and, if absent, brings death. For major elements
found in relatively large amounts in the body, such a deter-
mination is fairly easy based on the quantity available for
study. It is more difficult to establish the essentiality of the
trace elements because we seem to need so little of them.
Trace elements have a required intake of less than 100 mg/
day, yet some of them exist in fairly large amounts in our diet
and our environment.

Trace elements have two major functions: (1) to catalyze
chemical reactions and (2) to serve as structural components
of larger molecules. They can be separated into two groups:
(1) those that are known to be essential and (2) those for
which additional research is needed.

Ten trace elements are considered essential for humans
based on defined need and function (see Box 7-1). Several
other trace elements are thought to be essential for animals,
but researchers have yet to demonstrate a role for them in
human health.”” As we develop better techniques of tissue
analysis and functional tests appropriate for human studies,
we will learn more about these trace elements and if they are
required.

IRON

Of all the micronutrients, iron has the longest history, and
the body mechanisms regulating its absorption and use are
well understood.

Forms of Iron in the Body

The average adult body contains about 3 to 4 g of iron. This
iron is distributed in the following forms, each with a specific
metabolic function:

+ Transport iron: A trace of iron, 0.05 to 0.18 mg/dL, is
found in blood plasma bound to the transport carrier
protein transferrin.

+  Hemoglobin and myoglobin: Most body iron, about 70%,
resides in the red blood cells as part of the heme portion
of the hemoglobin molecule that delivers oxygen to and
removes carbon dioxide from body cells. Another 5%

helps form myoglobin, the oxygen-carrying molecule
found in the heart and skeletal muscles. Skeletal muscles
that continue to contract over extended periods of time,
as in marathon runners, require an ongoing supply of
oxygen from myoglobin.

+ Storage iron: About 20% of body iron is stored as the
protein-iron compound ferritin in the liver, spleen, and
bone marrow. Excess iron is held in the body as hemosid-
erin and exchanges with ferritin as needed.

+ Cellular iron: The remaining 5% is distributed across all
body cells as an enzyme cofactor in oxidative enzyme
systems that produce energy.

Absorption-Transport-Storage-Excretion Balance

Iron is regulated differently from most other nutrients. Gen-
erally, urinary excretion controls plasma and tissue levels by
ridding the body of any excess that has accumulated. For iron,
control is exerted at the points of absorption, transport, and
storage. The body has no system for excreting iron.

Absorption

Major control of iron balance takes place at the site of absorp-
tion in the small intestine. Absorption is influenced by two
characteristics of the iron: its form (heme versus nonheme)
and its chemical status (ferric versus ferrous).

The two forms of dietary iron are heme iron and nonheme
iron (Table 7-4). The larger portion of dietary iron by far is
nonheme iron, which includes all plant sources plus 60% of
animal sources.*® Heme iron is absorbed at a much faster rate
because it is a smaller molecule than nonheme iron and easily
separated from the hemoglobin molecule in meat, fish, and
poultry. Nonheme iron is tightly bound to organic compo-
nents in plants and animal tissues.

The chemical status of dietary iron is as follows: Nonheme
iron found in plant and animal foods is in the chemical form
of ferric iron (Fe’). The gastric acid in the stomach helps
separate ferric iron from the organic compounds in which it
is bound and reduces it to the more soluble ferrous iron
(Fe*). Ferric iron must be reduced to ferrous iron before it
can be absorbed. If not enough gastric acid is available to
accomplish this conversion, then the ferric iron is lost in the
feces. Approximately 1% to 15% of nonheme iron is absorbed
compared with 15% to 45% of heme iron.*

Iron distribution and transfer within the absorbing cells
of the intestinal mucosa involve several carrier substances.
Iron never travels unescorted. First, a protein carrier in the
mucosal cell binds the ferrous iron. This protein carrier leaves
behind enough iron to serve the needs of the energy-
producing mitochondria of the absorbing cell and then deliv-
ers specific amounts to waiting carriers that control its
destination. These carriers are (1) apoferritin, a protein
receptor that combines with iron to form the iron-holding
compound ferritin for storage in the cell, and (2) apotransfer-
rin, the protein receptor that combines with iron to form the
iron-carrier compound serum transferrin, which circulates in

the blood.
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TABLE 7-4  CHARACTERISTICS OF HEME AND NONHEME DIETARY IRON

DIETARY IRON

HEME (SMALLER PORTION)

NONHEME (LARGER PORTION)

Absorption Rapid; transported and absorbed intact

Food sources None in plant sources; 40% of iron in animal sources All plant sources; 60% of iron in animal sources

Slow; tightly bound in organic molecules; enhanced by
acid and presence of heme iron

The proportion of dietary iron that is absorbed or rejected
is determined by the amount of ferritin already present in the
intestinal mucosal cells. When all available apoferritin has
joined with iron to form ferritin, any additional iron arriving
at the binding site is rejected and returned to the lumen of
the intestine for excretion in the feces. Most absorption takes
place in the upper small intestine.

Three factors favor absorption:

1. Body need: In iron deficiency or increased demand as
in growth, pregnancy, or weight training, more iron is
absorbed.” When tissue reserves are ample or saturated,
iron is rejected and excreted.

2. Ascorbic acid (vitamin C) or other acids: An acidic environ-
ment increases iron absorption. Acid reduces ferric iron to
ferrous iron, the soluble form that is absorbed. Adding
50 mg of ascorbic acid to a meal by including orange juice
or similar acid source can triple the absorption of nonheme
iron.” Gastric HCI provides the optimal acid medium to
prepare iron for absorption.

3. Animal tissues: Heme iron improves the absorption of
nonheme iron eaten at the same meal. Also, peptides
released in digestion of meat, fish, and poultry enhance
iron absorption from other food sources.”

Five factors hinder iron absorption:

1. Binding agents: Phosphates, phytates, and oxalates bind
iron and prevent its absorption. Certain vegetable pro-
teins, including soy protein, decrease iron absorption
independent of their phytate content. Polyphenols in tea
and coffee decrease absorption of nonheme iron.”!

2. Low gastric acid: Partial removal of the stomach reduces
the number of acid-secreting cells and decreases absorp-
tion of both heme and nonheme iron. Iron supplements
are necessary after bariatric surgery.”” Persons who abuse
antacids will have trouble absorbing nonheme iron.”

3. Infection: Severe infection depresses iron absorption
because the body attempts to suppress the supply of iron
available to the infectious microorganisms.

4. Gastrointestinal disease: Malabsorption syndromes such as
celiac disease or steatorrhea hinder iron absorption.

5. Calcium: Large amounts of calcium can inhibit the absorp-
tion of both heme and nonheme iron consumed at the
same meal, and this interaction can influence the iron
status of those taking concentrated calcium supplements
with meals.”"** Adding calcium to meals at the levels nor-
mally found in food might be the best approach for
optimum absorption of all nutrients.

Transport

After absorption, iron is bound with the protein transferrin
for transport to storage sites or body cells. Normally, only
20% to 35% of the iron-binding capacity of transferrin is
filled. The remainder serves as a reserve for handling any
emergency or variance in iron intake.

Storage

Bound to transferrin, iron is delivered to storage sites in
the bone marrow and liver. Here it is recombined with
apoferritin to form ferritin, an exchangeable storage form
that releases iron as needed. The second less soluble storage
form, hemosiderin, provides reserve storage in the liver.
From these sites iron is mobilized for hemoglobin synthesis
and production of red blood cells or other body cells.
Adults use 20 to 25 mg of iron per day for hemoglobin syn-
thesis, but much of this iron was conserved and recycled
when old red blood cells were broken down. The average life
span of a red blood cell is about 120 days. These interrelation-
ships of body iron absorption-transport-storage are dia-
grammed in Figure 7-5.

Excretion

Because iron regulation occurs at the point of absorption,
only minute amounts are lost through the kidneys. The body
also loses iron by the normal sloughing off of skin cells and

KEY TERMS

ferritin  Protein-iron compound for storing iron in tissues.
hemosiderin Insoluble iron oxide-protein compound for
storing iron in the liver when the amount of iron in the blood
exceeds the storage capacity of ferritin.

heme iron Form of dietary iron found only in animal sources
in the heme portion of hemoglobin. Heme iron is more easily
absorbed than nonheme iron.

nonheme iron The larger portion of dietary iron that
includes all plant food sources and 60% of animal food
sources. This form of iron is not part of a heme complex and
is less easily absorbed.

ferric iron (Fe*”®) The oxidized form of iron usually found in
food; this form cannot be absorbed and must be reduced to
ferrous iron (Fe*?) by the action of gastric acid in order to be
absorbed.

ferrousiron (Fe”?) The reduced form of iron that is absorbed
in the small intestine.
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gastrointestinal cells, as well as through normal gastrointes-
tinal and menstrual blood loss. Heavy menstrual flow, child-
birth, surgery, acute and chronic hemorrhage, gastrointestinal
disease, or parasitic infestation causes exceptional iron loss
and depletes body stores.

Physiologic Functions of Iron

Oxygen transport: Iron is “pocketed” within the heme mole-
cule, the nonprotein portion of hemoglobin in the red

Dietary iron
— (ferric: Fe™3)
10 to 20 mg/day

blood cell, and carries oxygen to all body cells for respira-
tion and metabolism. Iron has a similar role in myoglobin,
which delivers oxygen within muscle cells.

Cellular oxidation: Iron is a component of cell enzyme
systems that oxidize glucose and other energy-yielding
nutrients.

Immune function: Iron is needed for the production of
immune cells and cytokines that attack foreign bacteria
invading the body.

Fecal iron
8 to 16 mg/day

Iron absorption

Factors favoring:
tissue need

low pH (gastric HCI)
vitamin C

Factors hindering:
tissue saturation

high pH (alkalinity)

high phosphate

high phytate and oxalate
malabsorption disorders

Mucosal Ferritin
Gl block Fet3 mechanism
mucosal + )
cells P + apoferritin (a protein)
Storage as ferritin
(iron—phosphorus—protein complex)
Vitamin C
———————> Fe'?
+
Beta-globulin (iron-bindin:
Blood 9 ( 9)

Oxidation ¢ T

Transferrin
(transports iron)

(liver, spleen, bone marrow)

Ferritin

Tissues, A
storage, and Hemoglobin Cu |
hematopoietic (erythrocytes) :

L Tissue use

organs Myoglobin ~ |-====-- ' (oxidation)
B (muscle)
(liver, spleen, .
bone marrow) '\
D Storage as
PTTTToT hemosiderin
oo > (liver)

FIGURE 7-5 Summary of iron metabolism, showing its absorption, transport, use in hemoglobin
formation, and storage forms (ferritin and hemosiderin).
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Growth needs: Positive iron balance is imperative for growth.
At birth an infant has a 4- to 6-month supply of iron
stored in its liver. Breast-fed infants obtain some iron in
breast milk and iron is added to commercial infant for-
mulas. Supplementary iron-rich and iron-fortified foods
are introduced to an infant’s diet at 4 to 6 months of age
to prevent milk anemia.” Throughout childhood, iron is
needed for continued growth and to build reserves for the
physiologic stress of adolescence: muscle development in
boys and the onset of menses in girls. Iron needs escalate
during pregnancy to produce red blood cells for the moth-
er’s expanding blood volume and to build iron reserves in
the developing fetal liver. Blood loss in childbirth draws
on iron stores.

Brain and cognitive function: Iron is necessary for brain devel-
opment and the synthesis and breakdown of neurotrans-
mitters. Iron deficiency in the critical periods of gestation
and early lactation can have long-lasting negative effects
on development of motor skills, social development, and
a child’s ability to interact with the environment.>”’ Iron
status influenced cognitive function and time to complete
mental tasks in young women, with improved perfor-
mance following treatment for iron deficiency.”

Clinical Applications

Clinical abnormalities result from a deficiency or an excess of
iron.

Iron Deficiency Anemia

Iron deficiency is a worldwide public health problem and
leads to a hypochromic microcytic anemia. Iron deficiency
has various causes, described as follows:

+ Low iron intake: Nutritional anemia develops when iron
or other nutrients needed for hemoglobin synthesis and
red blood cell production are inadequate. The role of
hemoglobin in carrying oxygen to the cells is important
in understanding the symptoms of iron deficiency anemia
(Box 7-6).

*  Blood loss: Hemorrhagic anemia results from excessive loss
of blood and its associated iron. Aspirin leads to blood loss
through the gastrointestinal tract, and its long-term use
for pain relief can lower body stores. Severe hemorrhoids
cause blood loss.

+ Gastrectomy: Postgastrectomy anemia develops when
gastric acid is insufficient to liberate iron for absorption.

*  Malabsorption: When the absorbing surface of the small
intestine is damaged, iron deficiency anemia follows.

BOX 7-6  SIGNS OF IRON DEFICIENCY

Fatigue

Muscle weakness

Pale color

Decreased resistance to infection
Spoon nails

Angular stomatitis

+  Chronic disease: Anemia of chronic disease is related to
irregularities in the recycling of iron from old red blood
cells and the production of new red blood cells, not
iron deficiency per se. It is associated with infection,
inflammatory disorders, heart disease, renal disease, and
connective tissue diseases such as osteoarthritis. Found
mostly in older adults, this anemia is highly resistant to
treatment.

+  Obesity: Obese youth and adults can experience changes
in iron regulation that lower iron absorption and increase
risk of iron deficiency, regardless of iron intake.”

Worldwide Problem of Iron Deficiency Anemia

Iron deficiency anemia is second only to protein-energy mal-
nutrition as the most prevalent nutritional deficiency world-
wide. More than one fourth of the world’s population is
anemic or iron deficient, with women of childbearing age and
children most at risk.” Iron deficiency anemia respects
neither social class nor geographic location; iron balance in
developing countries is precarious based on low intakes of
bioavailable iron and iron loss through parasitic infections.
For more information on how to identify an iron deficiency
anemia see the Perspectives in Practice box, “Nutritional
Anemias: How Are They Identified?”

Iron Requirement

Dietary Reference Intake

The RDAs for iron are 18 mg/day for women ages 19 to 50
and 8 mg/day for men ages 19 and older.” When the menses
cease, the RDA for women is the same as for men—8 mg/day.
Pregnancy has a “high iron cost,” and the daily allowance
rises to 27 mg/day. Iron needs decrease to 9 mg/day during
lactation as the menses are usually absent during this
period.*

Special Considerations for Vegetarians

Individuals who do not eat meat, fish, or poultry need to give
special attention to their iron needs. Not only is the bioavail-
ability of iron lower in plant foods, but also heme iron is
unavailable to enhance nonheme iron absorption. As a result,
overall iron absorption from plant foods is estimated to be
about 10% as compared with 18% for the typical American
diet. With this in mind it is recommended that vegetarian
men take in 14 mg of iron per day and vegetarian premeno-
pausal women take in 33 mg/day. Vegetarian adolescent girls
should aim for 26 mg/day.* These recommendations are
nearly twice those for persons of comparable age and gender
who consume a mixed diet, so individual counseling regard-
ing iron sources and supplements is warranted. (See Chapter
5 for a review of plant-based diets.)

Iron Toxicity

Hemochromatosis

Iron toxicity was first identified in a population in Southern
Africa who cooked their food in iron vessels and also had a
genetic tendency to absorb and store abnormally high
amounts of dietary iron. In the United States, accidental iron
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' PERSPECTIVES IN PRACTICE

Nutritional Anemias: How Are They Identified?

Anemia, a common condition throughout the world, has many
different causes. Nutritional anemias occur when a nutrient
required to synthesize hemoglobin or red blood cells is
lacking. The two most common nutritional anemias are iron
deficiency anemia and the megaloblastic anemia related
to a lack of dietary vitamin B, or the inability to absorb vitamin

Bi2. These two types of anemia will be the focus of our discus-

sion here.

The cause of a nutritional anemia is evaluated on the basis
of various blood parameters, although some characteristics are
nonspecific as to the origin of the anemia:

Size of the red blood cell:

e Microcytic cells are small in size relative to normal red blood
cells and are characteristic of iron deficiency anemia.

e Macrocytic cells are very large in size relative to normal red
blood cells and are often associated with a lack of vitamin
B».

Number of red blood cells:

e The number of red blood cells is decreased in both an iron
deficiency and a vitamin B;,—related anemia.

Hemoglobin level:

* \Women of childbearing age often have lower hemoglobin
levels than men due to their monthly blood loss; however,
hemoglobin levels are reduced further in both genders in the
case of anemia. Low hemoglobin is not a sensitive marker
for distinguishing between an iron deficiency and vitamin
B,,-related anemia.’

Specific markers of iron status can help to identify an iron-
deficiency anemia.

e Serum iron, which transports iron for metabolic use, falls to
low levels as less iron is being absorbed as the iron defi-
ciency worsens.

e Serum ferritin carries iron to storage sites; it falls to low
levels as iron becomes less available.

e Transferrin is the protein that binds absorbed iron and deliv-
ers it to the bone marrow for production of red blood cells
and to body cells for metabolic use; serum transferrin rises
as the body attempts to utilize all available iron.

e Serum transferrin saturation indicates the proportion of avail-
able transferrin that is bound with iron; normal transferrin
saturation is about 20% to 35% but drops to less than 15%
in iron deficiency anemia.

A definitive diagnosis of iron deficiency as the cause of a
related anemia requires more than one marker of evaluation.
Serum ferritin and transferrin saturation are the most sensitive
to changes occurring in a true iron deficiency anemia.?

References
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poisoning occurs in children and adults who overuse iron
supplements. However, another cause of iron overload is the
genetic disease hemochromatosis, in which iron continues
to be absorbed at high rates despite elevated liver stores.
It is estimated that 1 in every 385 Americans has this
genetic mutation, although not all develop hemochromato-
sis.” Excessive body iron is associated with increased tissue
oxidation and production of free radicals and is believed to
foster cardiac arrhythmias, liver disease, joint disease, and
diabetes.”” Even moderately elevated iron stores, much lower
than those associated with hemochromatosis, appear to
increase the risk of type 2 diabetes in otherwise healthy
persons.”*

Tolerable Upper Intake Level

Because iron becomes toxic at high levels, iron intake should
not exceed 45 mg/day.*® Although it would seem unlikely that
one would reach this level from food alone, current iron
fortification policies developed to meet the iron needs of
women in the childbearing years add significant amounts of
iron to the diet. Individuals who eat more than one serving
of a cereal that contains 15 to 18 mg of iron per serving, along
with otheriron-containing foods,and possibly amultivitamin-
mineral supplement with iron, will approach or exceed the
UL. Moderately elevated iron stores were found in older

adults who ate large amounts of meat that supplied heme
iron and took iron supplements® or used alcoholic beverages
on a regular basis.” (Alcohol increases iron absorption.) Iron
supplements should always be approved and supervised by a
physician. Acute iron toxicity occurs in children who acciden-
tally consume large amounts of an iron supplement.

Food Sources of Iron

The typical Western diet contains about 5 mg to 7 mg of iron
per 1000 kcal. Iron is found in highest amounts in meat, fish,
poultry, eggs, dried peas and beans, and whole grain and
fortified breads and cereals. Heme iron provides less than
10% of the iron intake of girls and women and less than 12%
of the iron intake of boys and men.* Fortified grain products
such as breakfast bars may contain as much as 24 mg of iron
per serving. Box 7-7 lists some comparative food sources of
iron.

I0DINE

Iodine has worldwide interest, based on the need to identify
the cause of goiter and other disorders brought about by
iodine deficiency. Iodine is a component of the hormone
thyroxine produced in the thyroid gland. The body contains
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BOX 7-7 FOOD SOURCES OF IRON

Food Source Amount Iron (mg)

Grains Group
Ready-to-eat cereals

Total ¥, cup 18.00
Cheerios 1 cup 9.29
All Bran Y cup 5.46
Rice, white, long-grain enriched, cooked 1 cup 2.86
Rice, brown, long-grain, cooked 1 cup 0.82
Bread, white, commercially prepared 1 slice 1.01
Bread, whole wheat, commercially prepared 1 slice 0.79

Vegetable Group

Spinach, frozen, cooked % cup 1.86
Potato, baked, flesh and skin 1 medium 1.87
Potato, baked, flesh only 1 medium 0.55
Peas, green, canned ¥ cup 1.60
Lima beans, frozen, baby, cooked 1 cup 3.53
Broccoli, frozen, cooked Y% cup 0.56
Vegetable juice cocktail, canned 1 cup 0.73
Fruit

Raisins, seedless ¥ cup 1.36

Meat, Beans, Eggs, and Nuts Group

Ground beef patty, lean 30z 2.11
Frankfurter, beef 1 0.59
Ham, canned, lean 3oz 1.16
Chicken, thigh meat, roasted, without skin 30z 1.08
Tuna, light, canned in water 3oz 1.39
Egg, whole, hard-cooked 1 large 0.60
Soybeans, cooked % cup 4.42
Refried beans, canned ¥ cup 2.10
Soy patty, vegan 30z 2.47
Tofu, firm 30z 1.30

Data from U.S. Department of Agriculture, Agricultural Research Service: USDA National Nutrient Database for Standard Reference, Release
26. Nutrient Data Laboratory Home Page, 2013. <http://www.ars.usda.gov/ba/bhnrc/ndl>.

Images copyright 2006 Jupiterlmages Corporation.

Recommended Dietary Allowances for adults: men, 8 mg; women ages 19-50, 18 mg; women ages =51, 8 mg.

only 15 to 20 mg of iodine, and 70% to 80% is in the thyroid KEY TERMS

gland. This gland has a remarkable ability to concentrate anemia A condition characterized by abnormally low

iodine. number of red blood cells or hemoglobin content.
hemochromatosis A hereditary disorder causing exces-

Absorption-Excretion Balance sive absorption of iron and its deposition in soft tissues such

Absorption as joints, heart, and liver; increases risk of diabetes, arthritis,

and heart disease.
goiter Enlargement of the thyroid gland caused by lack of
available iodine to produce the thyroid hormone thyroxine.

Iodine is absorbed in the form of iodides. Iodides are then
loosely bound to proteins and carried by the blood to the
thyroid gland, which takes up as much as it needs for hormone
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synthesis. About one third of the available iodide is used to
produce active thyroid hormone with the remainder used to
form hormone precursors for later use.

Excretion

Absorbed iodide not needed by the thyroid gland is excreted
in the urine. More than 90% of the iodine taken into the body
appears in the urine.

Hormonal Control

Thyroid-stimulating hormone (TSH) from the anterior
lobe of the pituitary gland directs the uptake of iodine by
thyroid cells in response to plasma thyroid hormone levels.
When plasma levels are high, less thyroid hormone is pro-
duced. When plasma levels are low, the thyroid cells are stim-
ulated to take up more iodine and produce more hormone.
This feedback mechanism maintains a healthy circular
balance between supply and demand and is the characteristic
pattern of the endocrine glands controlled by the pituitary
gland.

Physiologic Function of lodine

Thyroid Hormone Synthesis

The major function of iodine is in the synthesis of the thyroid
hormone, thyroxine. Thyroxine regulates cell oxidation and
basal metabolic rate (BMR) by increasing oxygen uptake and
the reaction rates of enzyme systems handling glucose. In this
role iodine exerts tremendous control over total body metab-
olism. Thyroid hormone also regulates protein synthesis and
myelin formation in the developing brain.” Hyperthyroidism
and hypothyroidism affect the rate of thyroxine production
and the body’s overall metabolic rate.

Plasma Thyroxine

Thyroxine is secreted into the bloodstream bound to plasma
protein for transport to cells. After completing its work, the
hormone is degraded in the liver, and the iodine excreted in
the bile.

Clinical Applications

lodine Deficiency Disorder: Goiter

Endemic goiter, visible as an enlargement of the thyroid
gland, is a problem in geographic areas where water and soil,
and in turn locally grown foods, contain little iodine. Up to
2 billion people live in iodine-deficient areas, including one
third of all school children.” Africa, Southeast Asia, the
Eastern Mediterranean, and parts of Europe have had wide-
spread iodine deficiency. When iodine is not available in the
amounts needed, the thyroid gland cannot produce a normal
quantity of thyroxine. Low plasma thyroxine levels signal the
pituitary to release TSH, and, without iodine, the thyroid
gland responds by making thyroglobulin (a colloid), which
accumulates in the thyroid follicles. Over time the gland
becomes increasingly engorged and may attain a size of 500
to 700 g (1 to 1% 1b) or more (Figure 7-6).

Salt iodization remains the most cost-effective way to
deliver iodine to both humans and livestock and is credited
with eradicating iodine deficiency in the United States and
Canada. Through the use of iodized salt, the number of coun-
tries affected by goiter has dropped from 110 to 32.° In
remote areas where iodization of salt is not practical, iodized
rapeseed oil, monthly doses of potassium iodide to school
children, or slow-release iodide added to drinking water has
eradicated severe endemic goiter.”” Goiter also stems from

Normal size
of thyroid
gland

Thyroid
cartilage

Goiter
(enlarged thyroid)

FIGURE 7-6 Goiter. The extreme enlargement shown here reflects an extended duration of

iodine deficiency.
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eating foods containing substances that inhibit the synthesis
of thyroxine. Pearl millet, a cereal grain in the Sudan region
of Africa, can cause goiter.

lodine Deficiency Disorder: Cretinism

Iodine deficiency has been referred to as the most common
cause of preventable brain damage in the world,*® and for preg-
nant and lactating women and their infants, the need is criti-
cal. When iodine deficiency is severe during fetal and infant
periods of critical brain development, the outcome is cretin-
ism, with irreversible mental retardation and disability. Con-
sistent salt-fortification programs provide sufficient iodine to
support the elevated needs of pregnancy and the production
of breast milk with appropriate iodine content.*®

lodine Requirement

Dietary Reference Intake

The RDA for iodine in men and women is 150 mcg/day.* To
meet the needs of mother and developing fetus, the RDA
increases to 220 mcg/day in pregnancy and 290 mcg/day
throughout lactation. Because of increased demand for iodine
during accelerated growth, the allowance for youth ages 14 to
18 is the same as for adults.

Food Sources of lodine

Seafood is rich in iodine. Plant foods depend on the iodine
content of the soil and the iodine compounds used in food
processing. lodized table salt fortified at the level of 1 mg of
iodine per 10 g of salt is a major dietary source in the United
States. Calcium and potassium iodates are common additives
in commercially produced bread. Avoidance of salt for health
reasons likely helps explain the decrease in iodine intakes over
the past 30 years.”

Common food production and processing methods in the
United States add to iodine intake. Dairy farms use iodo-
phors, iodine-containing chemicals, for sanitizing milking
machines and milk tanks. Iodine-containing compounds are
used as dough conditioners, and iodine supplements are
added to animal feeds. For most people iodine intake from
food and supplements is unlikely to exceed the UL. Toxicity
symptoms usually result from intakes of several grams of
iodine.

ZINC

Zinc is a component of over 100 different body enzymes and
a factor in growth.” Total body zinc ranges from 1.5 g in
women to 2.5 g in men. It is present in minute quantities in
all body organs, tissues, and fluids. Although zinc is vital
throughout life, it is particularly important in periods of
growth.” Zinc is closely involved with DNA and RNA metab-
olism and protein synthesis. It is necessary for tissue growth
to progress at normal rates.

Absorption-Excretion-Storage

Zinc is absorbed in the midsection of the small intestine, and,
as is the case for iron, individuals in poor zinc status absorb

a greater proportion of their dietary zinc than individuals in
good zinc status. Zinc is excreted primarily via the feces, with
very small amounts lost in the urine. Zinc absorption is
impaired with long-term alcohol consumption, and greater
amounts are lost in the urine, putting these persons at risk of
poor zinc status. Zinc is stored primarily in the muscle and
bone. A very small amount of body zinc circulates in the
plasma but these levels are carefully regulated.

Clinical Applications

Several clinical problems stem from zinc deficiency, as

follows:

* Hypogonadism: Dwarfism with arrested development and
function of the gonads results from pronounced zinc defi-
ciency in childhood and adolescence. Sexual maturation is
delayed in male adolescents deprived of zinc.

* Loss in taste and smell: Hypogeusia (diminished taste) and
hyposmia (diminished smell) are associated with severe
zinc deficiency but improve when zinc is restored.

+ Wound healing: Healing of wounds or tissue injuries from
trauma, surgery, or physiologic stress is retarded in those
who are zinc deficient. Older adults with pressure sores
may benefit from zinc supplementation.

«  Growth, development, and life cycle needs: Rapid growth in
infants, children, and adolescents carries special needs for
zinc. When zinc is inadequate, proteins necessary for the
linear growth of the long bones are not produced and
growth is stunted.*®”” Poor zinc intake in pregnancy can
result in congenital malformations and low infant birth
weight. Even subclinical deficiency has adverse effects on
brain function in both children and adults.”

+  Immune function: Zinc promotes optimum immune func-
tion. Zinc-deficient children are more vulnerable to dis-
ability and death from diarrhea.”” Older individuals with
optimum zinc status have greater resistance to infections
and less need for antibiotics.”

*  Malabsorption: Malabsorption diseases such as Crohn’s
disease lead to zinc deficiency. Dietary restrictions imposed
in the treatment of these conditions can further limit zinc
availability.

Zinc Requirement

Dietary Reference Intake

The RDA for zinc is 11 mg for men and 8 mg for women.*
Women’s needs are lower because of their generally smaller
body size. Caregivers need to be reminded of the importance
of foods containing zinc for young children. Less than half of
the sack lunches preschool children brought to a day care
center met one third of the DRI for zinc”’; the omission of
milk in many lunches contributed to the low zinc content.”

KEY TERM

cretinism A congenital disease resulting from a lack of
iodine and thyroxin secretion, characterized by physical defor-
mity, dwarfism, mental retardation, and often goiters.
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Beef is a major zinc source in the United States, accounting
for nearly 25% of total intake, followed by ready-to-eat
cereals, milk, and poultry.* Zinc is better absorbed from diets
high in animal protein than diets high in plant protein. Zinc
can be a problem for vegetarians because phytates in plant
foods bind to zinc and prevent its absorption.”

Concentrated zinc supplements can interfere with iron
and copper absorption and can lead to poor copper status.
Conversely, there is evidence that iron supplements may
interfere with zinc absorption if both are taken without food.
This raises a concern about the management of supplement
use in pregnancy when both nutrients are vital to growth of
maternal and fetal tissues.”’” Excessive zinc intake results in
gastrointestinal distress, a decrease in blood HDL (high-
density lipoprotein) cholesterol, and a suppressed immune
system. This is known to occur not as a result of food intake
but rather from use of high potency supplements exceeding
the UL of 40 mg.”

Food Sources of Zinc

Good sources of dietary zinc are seafood (especially oysters),
meat, eggs, and milk. Legumes and whole grains contain zinc,
but bioavailability is a problem. Box 7-8 lists some foods
containing zinc.

COPPER

Copper and iron have many characteristics in common, as
listed below:

+ Both are components of cell enzymes.

+ Both are involved in energy production.

+ Both participate in hemoglobin synthesis.

Copper is found in many foods, but deficiency has been
reported in patients on total parenteral nutrition (TPN) that
excluded copper. Persons using concentrated zinc supple-
ments that interfere with copper absorption can develop
copper deficiency. Premature infants fed only cow’s milk,
which is low in copper, become deficient.*

The RDA for copper is 900 mcg/day (0.9 mg/day).”
Copper, like many trace elements, is lost in food processing.
The richest sources are liver, seafood (particularly oysters),
nuts, and seeds, with smaller amounts in whole grains and
legumes. The Focus on Food Safety box, “Minerals from
Cooking Utensils: Safe or Harmful?” describes how copper
and other minerals can enter our food in cooking.

MANGANESE

The adult body contains about 20 mg of manganese distrib-
uted in the liver, bones, pancreas, and pituitary gland.* Man-
ganese is a part of important cell enzymes. Manganese
deficiency has been reported in patients with pancreatic
insufficiency and protein-energy malnutrition. Although an
essential nutrient, manganese is toxic at high levels among
miners or other workers with prolonged exposure to manga-
nese dust. Excess manganese accumulates in the liver and
central nervous system (CNS), producing psychiatric

FOOD SOURCES OF ZINC

BOX 7-8

Food Source Amount Zinc (mg)
Grains Group
Shredded wheat 2 biscuits 1.38
Oat bran muffin 1 (small) 1.21
Vegetable Group
Peas, green, canned 1 cup 1.48
Meat, Beans, Eggs, and Nuts Group
Oysters, breaded, fried 3 0z (6 medium) 74.06
Ground beef patty, lean 30z 5.27
Baked beans, canned, 1 cup 5.79
vegetarian
Peanut butter, creamy 2 thsp 0.93
Milk Group
Milk, nonfat (reduced-fat, 1 cup 1.03
low-fat, and whole
milk vary slightly)
American cheese, 1 o0z 0.71
processed, pasteurized

Data from U.S. Department of Agriculture, Agricultural Research
Service: USDA National Nutrient Database for Standard Reference,
Release 26. Nutrient Data Laboratory Home Page, 2013. <http://
www.ars.usda.gov/ba/bhnre/ndl>.

Images copyright 2006 Jupiterimages Corporation.

Recommended Dietary Allowance for adults: women, 8 mg; men,
11 mg.

disturbances and neuromuscular symptoms resembling those
of Parkinson’s disease. Manganese toxicity usually occurs
from environmental exposure, not dietary intake.

The Al for manganese is 2.3 mg/day for men and 1.8 mg/
day for women.* The typical American diet supplies manga-
nese at a level of 1.6 mg/1000 kcal. The best sources are plant
foods such as grains, legumes, seeds, nuts, leafy vegetables,
tea, and coffee.

CHROMIUM

Chromium is found in minute amounts in liver, soft tissues,
and bone, although the precise body total is unknown. Chro-
mium is part of a protein complex that potentiates insulin
activity and assists in moving glucose into cells. Through its
role with insulin, chromium influences carbohydrate, protein,
and fat metabolism. Chromium picolinate is widely adver-
tised as a bodybuilding and weight-loss supplement, despite
the fact that no research evidence supports these claims, and,
in fact, existing evidence contradicts these claims. (See
Chapter 14 for more discussion of chromium picolinate.)


http://www.ars.usda.gov/ba/bhnrc/ndl
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2 FOCUS ON FOOD SAFETY

Minerals from Cooking Utensils:
Safe or Harmful?

Some dishes and containers intended to be decorative are
lined with copper or enhanced with glazes that contain lead.
Copper and lead are easily dissolved by acid, which includes
acids in food. It is dangerous to cook or serve foods in
copper-lined or lead-glazed utensils because harmful amounts
of these minerals will dissolve and enter your food, especially
at high temperatures. The body requires copper in very
minute amounts, but higher levels become toxic. Lead expo-
sure is harmful at all ages but especially for children. The
Food Code developed by the U.S. Food and Drug Administra-
tion (FDA), which sets standards for safe food handling in
restaurants, institutions, and other food service operations,
forbids any use of such containers. It is well known that very
small amounts of iron from cast iron cooking utensils enter
food during cooking, especially when cooking acid-containing
foods. For most people this is not a problem and may actually
be helpful in raising iron intake levels; however, persons with
hemochromatosis, who absorb iron in abnormally large
amounts, should avoid all cast iron utensils. In general, cook-
ware purchased in reputable retail stores will not pose any
health risk, but consumers should use caution when buying
cookware from other sources.

Data from U.S. Food and Drug Administration: Food Code: 2005,
Washington, D.C., 2005, U.S. Government Printing Office; Duyff
RL: American Dietetic Association complete food and nutrition
guide, ed 3, Hoboken, N.J., 2006, John Wiley & Sons; National
Library of Medicine, National Institutes of Health: Medline Plus,
Trusted Health Information for You: Cooking utensils and nutrition,
Bethesda, Md., 2013. Retrieved on July 15, 2013, from:
<www.nlm.nih.gov/medlineplus/ency/article/002461.htm>.

The Al for chromium is 35 mcg/day for men and 25 mcg/
day for women ages 19 to 50. Based on the decline in energy
intakes, the Als decrease to 30 mcg and 20 mcg, respectively,
after age 50.” Information about the chromium content of
common foods is sparse. Brewer’s yeast is a rich source. Other
food sources include liver, cheddar cheese, wheat germ, and
whole grains.

SELENIUM

Selenium is deposited in all body tissues except adipose tissue.
Concentrations are highest in liver, kidney, heart, and spleen.
Selenium is an integral part of an antioxidant enzyme that
protects cells and lipid membranes from oxidative damage.
Selenium partners with vitamin E, each sparing the other.
Highly bioavailable selenium compounds are found in breast
milk, suggesting an important role for this element in early
life.”” The RDA for all adults is 55 mcg/day.”® Plant foods vary
in selenium based on the content of the soil in which they
were grown. In general, good sources include seafood,
legumes, whole grains, lean meats, and dairy products; veg-
etables have the smallest amounts.

MOLYBDENUM

Molybdenum is an enzyme cofactor in reactions that move
hydroxyl (OH") groups.”® The RDA is set at 45 mcg/day for
all adults. The amount of molybdenum in foods varies
according to the soil content. The richest sources generally
include legumes, whole grains, and nuts. Animal products,
fruit, and most vegetables are poor sources.

FLUORIDE

Fluoride accumulates in the calcified tissues and protects
bones and teeth from mineral loss.”” If fluoride is present
when calcium-phosphorus crystals are being formed, then a
fluoride ion (F~) replaces a hydroxyl ion (OH") in the crystal,
resulting in a material that is more resistant to resorption.
Fluoride-containing crystals are also more resistant to the
erosion of bacterial acids formed by microorganisms that
feed on fermentable carbohydrates adhering to the teeth and
initiate tooth decay.”

The Al for fluoride is expected to protect against dental
caries. Intake is set at 4 mg/day for men and 3 mg/day for
women.”” Fish, fish products, and teas contain the highest
amounts. Fluoridated dental products such as toothpaste and
mouthwash contribute to fluoride intake and may approach
the amount ingested from food. Adding fluoride to public
water supplies in the amount of 1 part per million (ppm)
reduces dental caries in those communities. Cooking with
fluoridated water increases the level in many foods.

Excessive fluoride intake leads to pitted and discolored
teeth, and this condition was first identified in communities
where the natural water source was high in fluoride. Enamel
fluorosis and skeletal fluorosis are unlikely to occur unless
fluoride intake exceeds 10 mg a day for a period of 10
years or more; such intakes are uncommon in the United
States. Young children should be monitored to avoid swallow-
ing excessive amounts of dental products that contain
fluoride.”

The roles of the essential trace elements are summarized
in Table 7-5.

OTHER TRACE ELEMENTS

The metabolic functions or need for five other trace elements:
arsenic, boron, vanadium, nickel, and silicon are at present
undefined. Although they appear to have beneficial roles in
various animal species, evidence of their nutritional impor-
tance, essentiality, or role in human health is lacking."” Insuf-
ficient research data are available to set an RDA or Al for these
minerals. Based on their potential for toxicity, a UL has been
established for boron, nickel, and vanadium.”

Water, the last nutrient we will review, is essential to the life
of every cell. In our discussions of sodium, potassium, and
chloride we noted the roles of these minerals in guarding
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PART 1

Introduction to Human Nutrition

body water and maintaining its appropriate distribution
within and outside of body cells. Now we will see how this is
accomplished.

Hydration status is fundamental to health and a vital part
of patient care. Three interdependent factors control fluid
balance: (1) the water itself (the solvent base for solutions),
(2) the various particles in the water (solutes), and (3) the
separating membranes that control flow from one compart-
ment to another.

BODY WATER
Body Water Distribution

If you are a woman, your body is about 50% to 55% water;
if you are a man, then it is about 55% to 60% water. Men have
higher water content because they have proportionately more
muscle and less fat. Muscle contains more water than any
other tissue except blood. Women have proportionately less
muscle and more fat, which is lower in water content.

Functions of Body Water

Body water has many roles (Box 7-9). Much of our body form
comes from the turgor water provides for tissues. Cell water
furnishes the fluid environment for the vast array of chemical
reactions that sustain life. Medications are dissolved in body
fluids. The evaporation of water from the skin is an impor-
tant means of regulating body temperature.

Overall Water Balance: Input and Output

The average adult processes 2.5 to 3 L of water each day.
Water enters and leaves the body by various routes (Table
7-6), controlled by the thirst mechanism and regulatory
hormones.

Water enters the body in three forms:

+ As preformed water taken in as water or in other
beverages

+ As preformed water in food

+ As metabolic water produced by cell oxidation

It is estimated that 81% of fluid intake comes from water
and beverages and 19% comes from food.” Plain water con-
tributes about a third of the total and other beverages about
half.”* Many common foods contain large amounts of water
(Table 7-7). Metabolic water contributes less to total water
than do beverages or food. All water, regardless of source, is
of equal value in meeting fluid needs.

Water leaves the body via the kidneys, skin, and lungs, as
well as through fecal elimination (see Table 7-6). Vomiting
and diarrhea bring abnormal fluid losses and serious
clinical problems if prolonged. Abnormal loss of body
fluid is especially dangerous for infants and children, whose
bodies contain a greater proportion of water. More of their
body water is outside the cells and more easily lost. Water
retention associated with heart failure or electrolyte distur-
bances requires immediate medical attention. Intake and

TABLE 7-6  APPROXIMATE DAILY ADULT WATER INTAKE AND OUTPUT

OUTPUT (LOSS) (mL/day)
INTAKE (REPLACEMENT) OBLIGATORY (INSENSIBLE) ADDITIONAL (BASED
(mL/day) (mL/day) ON NEED) (mL/day)
Preformed in liquids 1200-1500 Lungs 350
In foods 700-1000 Skin diffusion 350
Metabolism 200-300 Sweat 100 =250
(oxidation of food)
Kidneys 900 =500
Feces 150
TOTAL 2100-2800 (=2600 mL/day) TOTAL 1850 (=2600 mL/day) 750

TABLE 7-7 WATER CONTENT OF
SELECTED FOODS AND
BEVERAGES
FOOD PERCENT (%)
Coffee, milk, sports drinks, watermelon, 91-100
broccoli, lettuce
Soda, fruit drinks, fruit juice, apples, 80-90
oranges, grapes
Peas, frozen desserts, bananas, 70-79
casseroles
Meat, fish, poultry 60-69
Bread, pasta 30-40
Cereals, nuts <5

Data from Campbell S: Dietary Reference Intakes: water,
potassium, sodium, chloride, and sulfate. Nutr MD 30(6):13, 2004.

BOX 7-9 FUNCTIONS OF BODY WATER

Gives body form and structure

Provides fluid environment for chemical reactions to take
place

Dissolves important substances in tissues and cells

Transports nutrients and waste

Controls body temperature

Dissolves medications

KEY TERM

compartment The collective quantity of material of a given
type in the body. The four body compartments are (1) lean
body mass (muscle and vital organs), (2) bone, (3) fat, and (4)
water.
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output must remain in balance to sustain normal hydration
levels.

WATER REQUIREMENTS

For years we were told to drink eight glasses of water a
day, although it is difficult to find documentation on the
origin of this advice.””* References to hydration in the
popular press and advertisements for bottled water promote
deliberate water consumption. Nutrition experts note that for
most individuals fluid needs are met by drinking when
thirsty.”*"!

Dietary Reference Intake

The current Als for fluid (Table 7-8) are based on the median
water intake of participants in recent national surveys®’; half
of the people in each age and gender category drank more
than this amount and half drank less. However, questions
remain as to the appropriateness of these recommendations.
First, quantifying water intake is difficult, and only recently
have such questions been added to nutrition surveys.”""
Moreover, individuals often consume fluids such as sweet-
ened or alcoholic beverages for reasons other than thirst.”
Finally, these water guidelines are intended for healthy indi-
viduals who are relatively sedentary and live in temperate
climates. Older adults with a diminished sense of thirst, ath-
letes engaging in vigorous physical activity of long duration,
the critically ill with a high rate of metabolism, persons in
very hot environments with high losses of water via sweat, or
those doing strenuous physical work require special
attention.**®'

Fluid intake is related to energy intake. Water, when
consumed in place of sugar-sweetened beverages, juice, or
milk, is linked with lower energy intake.*"*’ This relationship
has application to kcalorie intake and inappropriate weight
gain in children and youth.

Clinical Applications

The following clinical situations influence water needs:

+ Uncontrolled diabetes mellitus: Patients lose excessive
amounts of water through the osmotic effect of high
urinary glucose and need additional fluid.

TABLE 7-8 ADEQUATE INTAKES
OF FLUID

AGE (YEARS) MALES FEMALES
1-3 4 cups 4 cups
4-8 5 cups 5 cups
9-13 8 cups 7 cups
14-18 11 cups 8 cups
>19 13 cups 9 cups

Data from Food and Nutrition Board, Institute of Medicine: Dietary
Reference Intakes for water, potassium, sodium, chloride, and
sulfate, Washington, D.C., 2004, National Academies Press.
*Expressed as cups of beverages/drinking water with additional
fluid to be supplied in food.

+  Cystic fibrosis: This disease increases fluid needs.

* High fiber intake: As dietary fiber increases, so do
fluid requirements. Adequate fluid is needed to replace
the water absorbed by the fiber in the gastrointestinal
tract.

* High protein intake: Protein metabolism produces urea
and other nitrogenous wastes that must be excreted via the
kidneys. Providing an appropriate level of fluid is impor-
tant for patients given high-protein supplements.

+ Intense physical activity: Exercise of high intensity or dura-
tion such as marathon runs or strenuous physical work
requires consistent fluid intake to replace water lost in
sweat, thereby enabling this cooling mechanism to con-
tinue. A lack of fluid in such situations can lead to heat
stroke and death (see Chapter 14).

« Impaired thirst in older adults: Some older persons, par-
ticularly frail older adults in poor health or who take mul-
tiple medications, do not become thirsty when they
should, based on aging changes in the thirst center of the
hypothalamus.” Older adults who suffer from inconti-
nence may voluntarily reduce their fluid intake.

*  Medications: Diuretics increase fluid output, as do certain
analgesics and decongestants.

Water Compartments

Body water is divided into two major compartments: (1) the

water outside the cells, known as extracellular fluid (ECF) and

(2) the water inside the cells, known as intracellular fluid

(ICF) (Figure 7-7). We describe as follows:

+ ECF: The water outside the cells makes up about 20% of
total body weight. It is divided into four sections: (1)
blood plasma, which accounts for about 5% of body
weight; (2) interstitial fluid, the water surrounding the
cells; (3) secretory fluid, the water circulating in transit;
and (4) dense tissue fluid, water in deep connective tissue,
cartilage, and bone.

+ ICF: The water inside the cells makes up about 40%
to 45% of total body weight. All of the metabolic activity
of organs and tissues takes place within cells, so it could
be expected that the amount of water inside the cells
would be greater than the amount outside the cells
(intracellular water is about double the amount of extra-
cellular water).

FORCES CONTROLLING WATER
DISTRIBUTION

Two forces control the distribution of body water: (1) the
number of solutes or particles in solution and (2) the mem-
branes that separate water compartments. We will look at the
properties of each. (Review Figure 2-9, which illustrates the
movement of water across membranes.)

Solutes

A variety of particles are found in body water. Two types
control water balance: electrolytes and plasma proteins.
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Extracellular fluid
Percent of body weight:
average subjects—20%

obese subjects—15%
thin subjects—25%
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_>
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5% of body weight
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Interstitial fluid
15% of body weight
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Intracellular fluid
45% of body weight

\/v

FIGURE 7-7 Body fluid compartments. Note the relative amounts of water in the intracellular
(ICF) and extracellular (ECF) compartments. (Data from Gamble JL: Chemical anatomy, physiol-
ogy, and pathology of extracellular fluid, Cambridge, Mass., 1964, Harvard University Press.)

Electrolytes

Several minerals act as major electrolytes in controlling body
fluid compartments. In this role they are called electrolytes
because they are free in solution and carry an electrical
charge. Free, charged chemical forms are also called ions, a
term that refers to atoms, elements, or groups of atoms that
in solution carry either a positive or negative electrical charge.
An ion carrying a positive charge is called a cation: examples
are sodium (Na"), the major cation in extracellular water;
potassium (K'), the major cation in intracellular water;
calcium (Ca*); and magnesium (Mg"). An ion carrying a
negative charge is called an anion: examples are chloride
(CI"), bicarbonate (HCO;"), phosphate (HPO, ), and sulfate
(SO4™). By virtue of their small size these ions or electrolytes
can diffuse freely across cell membranes and create forces that
control the movement of water.

Plasma Proteins

Albumin and globulin, plasma proteins of large molecular
size, influence the movement of water in and out of capillar-
ies. In this function these plasma proteins are called colloids.
Because of their large size, plasma proteins cannot pass
through the capillary membrane into the interstitial fluid.
Instead they remain in the blood vessels, where they exert
colloidal osmotic pressure (COP) to maintain vascular
blood volume. We will learn more about this process a bit
later.

Organic Compounds of Small Molecular Size

Other organic compounds small in size such as glucose, urea,
and amino acids diffuse freely in and out of the various fluid

compartments but do not influence movement of water
unless they are present in abnormally large concentrations.
Such a situation occurs in patients with uncontrolled diabetes
mellitus, when large amounts of glucose being excreted in the
urine cause an abnormal osmotic diuresis or excess water
output.

Membranes

Water and solutes move across the separating membranes
according to the physiologic mechanisms that handle fluid
shifts. These mechanisms include osmosis, diffusion, active
transport, and pinocytosis. We learned about these mecha-
nisms in Chapter 2.

KEY TERMS

electrolyte A chemical element or compound that in solu-
tion forms ions carrying a positive (e.g., H*, Na*, K*, Ca*?, and
Mg*?) or negative (e.g., ClI-, HCO;~, HPO,2 and SO,) charge.
Electrolytes control fluid concentrations inside and outside
the cells.

interstitial fluid The fluid between cells or in the inter-
spaces of a tissue.

colloidal osmotic pressure (COP) Osmotic pressure pro-
duced by the protein molecules in the plasma. Because pro-
teins are large molecules, they do not pass through the
separating membranes of the capillary cells but exert a con-
stant osmotic pull that draws fluid and waste products back
into the capillaries for transport to the kidneys for filtration
and excretion. Cell proteins exert an osmotic pressure that
protects against loss of cell water.
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INFLUENCE OF ELECTROLYTES
ON WATER BALANCE

Measurement of Electrolytes

The concentration of electrolytes or particles in a given solu-
tion determines the chemical activity of that solution. It is the
number of particles, not the size of the particles that deter-
mines chemical combining power, so electrolytes are mea-
sured according to the total number of particles in solution.
Each particle contributes chemical combining power accord-
ing to its valence, not its total weight. The unit of measure
commonly used is the equivalent. Because we are talking
about very small amounts, these measurements are expressed
in milliequivalents (mEq), or thousandths of an equivalent.
This term refers to the number of ions—cations and anions—
in solution in a given volume of body fluid. It is expressed as
the number of milliequivalents per liter (mEq/L).

Electrolyte Balance

Electrolytes are distributed in body water compartments in a
definite pattern. According to biochemical and electrochemi-
cal laws, a stable solution must have equal numbers of posi-
tive and negative particles. This means it must be electrically
neutral. When shifts or losses occur, compensating shifts and
gains must follow to maintain this balance of essential elec-
trochemical neutrality.

Electrolyte Control of Body Hydration

Ionized sodium is the chief cation of ECF, and ionized potas-
sium is the chief cation of ICFE. These two electrolytes control
the amount of water retained in each compartment. Shifts in
water from one compartment to the other reflect changes in
the ECF concentration of these electrolytes. The terms hyper-
tonic and hypotonic refer to the electrolyte concentration of
the water outside the cell. When surrounded by a hypertonic
solution, water flows out of the cell and the cell becomes
dehydrated and shrinks in size. When the cell is surrounded
by a hypotonic solution, water flows into the cell, causing it
to swell and eventually burst if the situation is not corrected.

INFLUENCE OF PLASMA PROTEINS
ON WATER BALANCE

Capillary Fluid Shift Mechanism

Water is constantly circulating through the blood vessels to
reach cells; fluid must move out of the vessels to service the
tissues and then be drawn back into the vessels to maintain
normal transport flow. Two opposing pressures control the
movement of water and solute across capillary membranes:
(1) the hydrostatic pressure (blood pressure) of the capillary
blood flow and (2) the COP from plasma proteins (mainly
albumin). The flow of water, nutrients, and waste to and from
the cells occurs by the shifting balance of these two pressures.
It works as a filtration process driven by the differences in
osmotic pressure on either side of the capillary membrane.
When blood first enters the capillary system, the existing
blood pressure forces water and small solutes such as glucose

out into the tissues to bathe and nourish the cells. The plasma
proteins, however, are too large to pass through the pores
of the capillary membrane and now exert the greater COP
that draws fluid and waste materials back into the capillary
circulation. This process is called the capillary fluid shift
mechanism. It is one of the most important homeostatic
mechanisms in the body for maintaining water balance,
without which cells would die. Low serum albumin disrupts
this process. Low concentrations of serum albumin lower
the COP with the result that less fluid is drawn back into the
capillary circulation, leading to fluid retention in the tissues
and edema.

Cell Fluid Control

Just as plasma proteins in the capillaries provide COP to
maintain the volume of the ECE cell protein provides
the osmotic pressure that maintains the volume of the
ICE. Electrolytes also play a role with ionized potassium
guarding water within the cell and ionized sodium guarding
water outside the cell. This balance supports the sustaining
flow of water, nutrients, metabolites, and waste in and out
of cells.

INFLUENCE OF HORMONES
ON WATER BALANCE

Antidiuretic Hormone

The posterior lobe of the pituitary gland secretes the antidi-
uretic hormone (ADH), also called vasopressin. It controls the
reabsorption of water by the kidneys according to body need,
acting as a water-conservation mechanism. In times of threat-
ened or actual loss of body water, this hormone is released to
retain precious fluid.

ADH is secreted in response to (1) an increase in the con-
centration of particles in the ECF as measured by receptors
in the hypothalamus and (2) decreased blood volume and
blood pressure as measured by receptors in the major arteries.
Secretion of ADH causes an increase in water reabsorption
in the kidney tubule, thereby decreasing the amount of fluid
lost via the urine. When ECF concentration and blood volume
have returned to normal, ADH secretion is reduced. ADH
levels rise in situations when fluid is lost through heavy
sweating, fever, or major blood loss.

Aldosterone

Aldosterone is the sodium-conserving hormone associated
with the renin-angiotensin-aldosterone system, but it also
exerts secondary control over body water. Renin, an enzyme
secreted by the kidney in response to reduced blood volume
acts on angiotensin, an enzyme in the plasma, which triggers
the release of aldosterone from the adrenal cortex. Aldoste-
rone acts on the kidney to reabsorb sodium, but in the process
water is also reabsorbed, restoring normal blood volume.
The ADH and aldosterone systems work cooperatively to
maintain normal hydration and are continuously present at
low levels. Both are activated by injury, surgery, or other
physiologic stress bringing about losses of body water.
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KEY TERMS

valence The combining power of an element or group of
elements.

capillary fluid shift mechanism Process that controls the
movement of water and small molecules (electrolytes, nutri-
ents) between the blood in the capillary and the surrounding
interstitial area. Shifts in balance between the intracapillary
hydrostatic blood pressure and the colloidal osmotic pressure
exerted by the plasma proteins accomplish filtration of water

renin-angiotensin-aldosterone system Three-stage sys-
tem of sodium conservation and control of water loss; in
response to diminished filtration pressure in the kidney neph-
rons: (1) the kidneys secrete the enzyme renin, which com-
bines with and activates angiotensinogen from the liver;
(2) active angiotensin stimulates the adjacent adrenal gland to
release the hormone aldosterone; and (3) aldosterone causes
reabsorption of sodium in the kidney nephrons and water
follows.

and solutes out of the capillary at the arteriole end and reab-
sorption at the venule end.

fTo sum up

Minerals are inorganic substances widely distributed in
nature. They build body tissues; activate, regulate, and control
metabolic processes; and help transmit messages along nerve
fibers. Minerals are classified as (1) major minerals and (2)
trace elements. Major minerals are required in amounts
greater than 100 mg/day, whereas trace elements, measured
in units as small as a microgram (mcg), are required in lesser
amounts. Seven major minerals and 10 trace elements are
known to be essential in human nutrition; others may be
essential for humans, but their roles and requirements remain
undefined. The major minerals include calcium and phos-
phorus, with roles in bone health, energy metabolism, and

metabolic reactions. Sodium and potassium exert opposing
effects on blood pressure, and increased potassium may mod-
erate the pressor effect of sodium. The trace mineral iron (a
part of hemoglobin) transports oxygen to the cells and, along
with iodine and zinc, regulates growth and body metabolism.
Other trace minerals as enzyme partners regulate day-to-day
metabolic activities. Sodium, potassium, and chloride parti-
cles in body fluids, along with plasma proteins, control the
distribution of body water inside (ICF) and outside (ECF)
the cells. The capillary fluid shift mechanism makes possible
the ongoing delivery of nutrients and removal of waste from
body tissues and cells. Maintaining appropriate fluid com-

nerve transmission; and magnesium, a participant in many

B QUESTIONS FOR REVIEW

1. List the seven major minerals and describe their (a) physi- marketed for children or adults or older adults. Prepare a
ologic function, (b) problems related to deficiency or table that lists each brand and include (a) the percentage
excess, and (c) dietary sources. of the DRI provided for each mineral and (b) the cost of

2. List the 10 trace elements with proven essentiality for a 1-day supply of the supplement. Did any of the supple-
humans. Why has it been difficult to establish DRIs for ments you examined exceed a UL for the intended age
these nutrients? group? If so, then what is the danger of toxicity? Based on

3. You are working with a teenager who eats no red meat or cost and content, what specific foods might be better
fish but likes chicken. She is concerned about her weight choices as nutrient sources?
and limits her food intake to 1600 kcal/day. List the foods 8. You are working with a 37-year-old man with gradually
with portion sizes that you would select to reach her iron increasing blood pressure who has been advised to increase
RDA of 18 mg. When making your selections, consider his intakes of potassium and calcium and lower his intake
other factors in the diet that will enhance or impede the of sodium. When his work takes him on the road he has
absorption of the iron provided. (USDA food patterns lunch at a fast-food restaurant; on other days he takes a
for various kcalorie levels that conform to the 2010 sandwich from home to eat at his desk. Develop a menu
Dietary Guidelines for Americans can be accessed at http:// for a fast-food lunch and a packed lunch that will provide
www.cnpp.usda.gov/USDAFoodPatterns.htm.) 33% of the DRI for potassium and calcium and no more

4. What causes the edema in protein-energy malnutrition? than 33% of the UL for sodium. (He has access to a refrig-

5. Why does prolonged diarrhea lead to potassium depletion erator at his worksite for storage of his packed lunch.)
and what are the consequences? 9. You are asked to give a 10-minute talk on water at a meal

6. In the early 1900s the Great Lakes and mountainous site for older adults. Prepare an outline of your major
regions of the United States suffered from endemic iodine points and justify your choice of information to be pre-
deficiency. What was the cause of this? How has it been sented. Develop a handout with suggestions for increasing
eliminated? fluid intake.

7. Go to a nearby grocery store or drug store that sells mineral

partments and hydration status are crucial in clinical care.

supplements. Check three multi-mineral supplements


http://www.cnpp.usda.gov/USDAFoodPatterns.htm
http://www.cnpp.usda.gov/USDAFoodPatterns.htm
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for this century; this article helps us understand the need for
fluoride.]
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associated with higher intakes of minerals from food sources.
Am J Clin Nutr 94:1376, 2011.

[These authors note that individuals with low mineral intakes from
food are not taking supplements whereas those who consume
adequate minerals in their food are exceeding the UL by their use
of supplements.]

Black MM, Quigg AM, Hurley KM, et al: Iron deficiency and
iron-deficiency anemia in the first two years of life: strategies
to prevent loss of developmental potential. Nutr Reviews
69(Suppl 1):564, 2011.

[These authors help us understand the importance of iron nutrition
in early life to prevent loss of cognitive potential.]
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February 10.

Kolasa KM, Sollid K, Edge MS, et al: Blood pressure management:
communicating comprehensive lifestyle strategies beyond
sodium. Nutr Today 47(4):183, 2012.

[Dr. Kolasa and her colleagues provide us with an intervention
strategy for high blood pressure that goes beyond sodium intake
but note the MMWR report listing the major contributors to
sodium intake.]

Fulgoni VL, Keast DR, Auestad N, et al: Nutrients from dairy
foods are difficult to replace in diets of Americans: food
pattern modeling and an analyses of the National Health and
Nutrition Examination Survey 2003-2006. Nutr Res 31:759,
2011.

Weaver CM: Back to basics: have milk with meals. ] Am Diet Assoc
106:1756, 2006.

[These articles point to the difficulty in obtaining important minerals
when the diet does not include dairy products; Dr. Weaver shares
her experiences in helping her own children meet their calcium
requirements.|

Lieberman HR: Hydration and human cognition. Nutr Today
45(65):833, 2010.

McBurney MI: Drink fluids to maintain hydration and eat to
obtain calories. Nutr Today 44(1):14, 2009.

Stookey JD: Drinking water and weight management. Nutr Today
45(6S5):57, 2010.

[The three preceding articles point to the role of water intake in
weight management and overall body regulation].

Websites of Interest

Three government sites provide comprehensive information on
dietary supplements, what they are or what they contain,
guidelines for their use, and their interactions with prescription
and over-the-counter medications:

+ National Institutes of Health, National Library of Medicine:
Medline Plus, Trusted Health Information for You: Dietary
supplements: www.nlm.nih.gov/medlineplus/
dietarysupplements.html and National Institutes of Health,
Office of Dietary Supplements: www.dietary-
supplements.info.nih.gov/.

+ U.S. Food and Drug Administration, Center for Food Safety
and Applied Nutrition, Office of Nutritional Products,
Labeling, and Dietary Supplements: http://www.fda.gov/food/
DietarySupplements/default.htm.

+ National Institutes of Health. This site provides information on
calcium and bone health: http://www.nlm.nih.gov/medlineplus/
calcium.html.

+ National Institutes of Health. This site provides information on
sodium and blood pressure: http://www.nlm.nih.gov/
medlineplus/dietarysodium.html.

+ U.S. Department of Agriculture. MyPlate (ChooseMyPlate.gov).
This website describes daily food plans and healthy food
choices supplying adequate minerals for all age groups: http://
www.ChooseMyPlate.gov.
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The Human Energy System Health Promotion
Total Energy Requirement Fatness, Thinness, and Health

Body Composition: Fatness and Leanness

Thus far we reviewed the three energy-yielding nutrients (car-
bohydrate, fat, and protein), the micronutrients (vitamins and
minerals that catalyze the chemical reactions converting food to
energy),and water, which provides the medium in which all of
these processes occur. Here we look at the relationship between
energy intake and energy expenditure and their combined effect
on body composition and body weight.

A sedentary lifestyle, coupled with an abundance of food,
puts youth and adults at risk for unwanted weight gain. At the
other extreme, an obsession with thinness or food scarcity leads
to life-threatening malnutrition." Energy balance is not a simple
matter. Energy needs vary under different circumstances and for
different body types. Each of us is unique, and our varying body
weights and propensity to gain or lose weight reflect this. In this
chapter we look at the dynamics of energy metabolism and how
these principles apply to a healthy weight.

THE HUMAN ENERGY SYSTEM

Energy Cycles and Energy Transformation

Forms of Human Energy

In the physical world, energy, like matter, is neither created
nor destroyed. When we speak of energy being produced,
what we really mean is energy being transformed. Energy
constantly changes form as it moves through various systems.
In the human body, metabolic reactions convert the stored
chemical energy in food to other forms of energy that carry
out body work. The ultimate source of energy is the sun with

174

its vast reservoir of heat and light (Figure 8-1). By the process
of photosynthesis (review Figure 3-1), plants use water and
carbon dioxide (CO,) to transform the sun’s energy into car-
bohydrate, a storage form of chemical energy. In the body,
carbohydrate is converted to glucose, which together with
fatty acids is metabolized to release energy and support life.
The end products of body energy metabolism are water and
CO,. These end products then become available to plants to
produce more carbohydrate for human use.

Transformation of Energy

When food with its stored chemical energy is taken into the
body, it undergoes many changes that convert it to different
storage forms of chemical energy. This chemical energy is
then changed further as work is performed. Our bodies use
four forms of energy: (1) chemical, (2) electrical, (3) mechan-
ical, and (4) thermal. In the brain, chemical energy is changed
to electrical energy for transmitting nerve impulses and car-
rying out brain activities. Chemical energy is changed to
mechanical energy when muscles contract; it is changed to

KEY TERM

energy The capacity of a system for doing work; energy is
manifest in various forms—motion, position, light, heat, and
sound. Energy is interchangeable among these various forms
and is constantly being transformed and transferred among
them.
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thermal energy in the regulation of body temperature. Chem-
ical energy is needed to form new tissues and molecules for
growth and metabolism. Throughout all of this work, heat
is given off to the surrounding atmosphere and larger
biosphere.

In the human body energy is present as either free energy
or potential energy. Free energy is the energy being used at
any given moment in the performance of a task. It is unbound
and in motion. Potential energy is energy that is stored or
bound in a chemical compound and can be converted to free
energy when needed. For example, the energy stored in car-
bohydrate is potential energy. When we eat carbohydrate and
it is metabolized, energy is released for body work. As work
is completed, this energy, now in the form of heat or thermal
energy, is given off into the air. Measurement of the amount
of heat produced over time makes it possible for us to express
body energy consumption in kilocalories (kcalories or kcal)
or units of heat.

Energy Balance: Input and Output

A constant supply of energy is needed to sustain the activities
essential to life. Energy is required to support internal needs
along with the added expectations of physical activity.
Whether the energy used is electrical, mechanical, thermal,
or chemical, the supply of free energy and the reservoir of
potential energy decrease as the metabolic and physical work
of the body continues; therefore, the system must be con-
stantly refueled from an outside source. For the human
energy system, this outside fuel source is food.

Energy Control in Human Metabolism

If the energy produced in the body through its many chemical
reactions was “exploded” all at once, it would damage tissues
and systems, so mechanisms are needed by which energy
release can be controlled to support life, not destroy it. Two
means of control make this possible: (1) chemical bonding
and (2) controlled reaction rates.

Chemical Bonding

The primary mechanism controlling energy release in the

human system is chemical bonding. The chemical bonds that

hold elements together in compounds are energy bonds. As
long as the compound stays intact, energy is being exerted to
maintain it. When the compound is broken into its parts, this
energy is released and becomes available for work.

The following three types of chemical bonds transfer
energy:

1. Covalent bonds: These bonds are based on the relative
combining power of the elements that make up a com-
pound. The carbon atoms in organic compounds such as
glucose are held together by covalent bonds.

2. Hydrogen bonds: Although weaker than covalent bonds,
hydrogen bonds are significant because there are large
numbers of them. In addition, the very fact that they are
less strong and more easily broken allows them to transfer
energy readily from one substance to another. The hydro-
gen attached to the oxygen molecule in the carboxyl group

(COOH-) of amino acids and fatty acids is an example of
this type of bond.

3. High-energy phosphate bonds: The high-energy phosphate
bonds in the compound adenosine triphosphate (ATP)
are the major energy source for carrying out body func-
tions. Working like storage batteries for electrical energy,
these bonds are the controlling force of energy metabolism
in the human cell.

Controlled Reaction Rates

The chemical reactions making up the body’s energy system
must have controls to manage the speed at which they occur.
For example, some reactions that break down protein, if left
alone, occur very slowly. If such reactions were not acceler-
ated by catalysts, then getting needed energy from the food
in a meal could take years. At the same time, chemical reac-
tions must be prevented from occurring too fast, which would
release destructive bursts of energy. Enzymes, coenzymes,
and hormones regulate energy reactions as follows:

+ Enzymes: Enzymes are proteins produced in the cell under
the direction of individual genes. One gene controls the
making of one enzyme, and thousands of enzymes exist in
every cell. Each enzyme acts on one particular substance,
called its substrate. The enzyme and its substrate lock
together to produce a new reaction product; however, the
enzyme itself remains unchanged, ready to do its work
over and over again (Figure 8-2). Enzymes often act as
catalysts.

+  Coenzymes and cofactors: Many enzymes require partners
to assist in completing their work. These coenzyme

KEY TERMS

chemical bonding Process of linking elements or groups
of elements in a chemical compound.

adenosine triphosphate (ATP) A high-energy phosphate
compound important in energy exchange within the cell. ATP
is formed from the nucleotide adenosine with three attached
phosphoric acid groups. The splitting off of the terminal phos-
phate group (PO,) to produce adenosine diphosphate (ADP)
releases bound energy that is transformed to free energy and
available for body work. ATP is then re-formed as an energy
store for use when needed.

catalyst A chemical or compound that speeds up a chemi-
cal reaction but is not changed in the process. In the body,
enzymes act as catalysts.

enzymes Complex proteins that act as catalysts to speed
the rate of chemical reactions. Enzymes facilitate chemical
changes in other substances without themselves being
changed in the process. Enzymes are named according to the
substance (substrate) on which it acts, with the common
suffix “-ase”; for example, sucrase is the enzyme that breaks
down sucrose to glucose and fructose.

coenzyme A molecule, usually a vitamin, that partners with
an enzyme to bring about a chemical reaction related to
energy metabolism or other cell activities.

substrate The specific organic substance on which a par-
ticular enzyme acts to produce a new metabolic product.




PART 1 Introduction to Human Nutrition

Food carbohydrates

Y

Glucose

Chemical energy
A-P ® @ ] (synthesis of new compounds)
H Mechanical energy
Y / (muscle contraction)

Electrical energy
(brain, nerve activity)

—— Electrochemical energy
(osmosis; for example, “sodium pump”)

T~ Electromagnetic light energy
(light photons; for example, “lightning bug”)

L Thermal energy

—>

® —

Transformers

|

__— Heat —_—
dissipated
to
atmosphere

A

(regulation of body temperature)
FIGURE 8-1 Transformation of energy from its primary source (the sun) to the forms needed

for biologic work.

Substrate
Coenzyme
é; +

New reaction

product
“Activated +
ECS complex” Reduced
reaction products coenzyme

+ reduced coenzyme

ECS complex + enzyme

_ | />

S EE N

Enzyme

Enzyme

FIGURE 8-2 Lock-and-key concept. An enzyme, coenzyme, and substrate work together to

produce a new substance.

partners are often vitamins, especially B-complex vita-
mins. Various minerals also participate in enzyme reac-
tions and in this role are referred to as cofactors. It may be
helpful to think of coenzymes and cofactors as another
substrate, because in receiving the material being trans-
ferred, they are changed or reduced.

Hormones: In energy metabolism hormones act as mes-
sengers to trigger or control enzyme action. The rate of
oxidation reactions in the tissues—the body’s metabolic
rate—is controlled by thyroxine (T,) from the thyroid
gland. Another example is the controlling action of insulin
on glucose utilization in the cells.

Types of Metabolic Reactions

Two types of reactions occur in the body: (1) anabolic and
(2) catabolic. Each requires energy. The process of anabolism
synthesizes new and more complex substances as in body
growth and repair. The process of catabolism breaks down
complex substances to more simple ones, as when worn-out
proteins are broken down and their released amino acids
used to make new proteins. Both activities release free
energy, but the work performed also uses up some free energy.
This creates a constant energy deficit that must be met
by food.
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Sources of Stored Energy

When a person is not taking in food, as in fasting or starva-
tion, the body must draw on its own stores for energy. Sources
of stored energy can meet short- or long-term needs, as
described below:

+  Glycogen: Only a 12- to 36-hour reserve of glycogen exists
in liver and muscle; it is quickly depleted.

*  Muscle mass: Energy stores in the form of muscle protein
exist in limited amounts but in greater volume than gly-
cogen stores. Although the body tries to limit the break-
down of protein for energy, the need for glucose to fuel
the central nervous system (CNS) results in loss of body
protein when energy and carbohydrate intakes are inade-
quate. (Review our discussion in Chapter 5 of deamina-
tion of amino acids for glucose production.) Loss of body
protein occurs in rapid weight loss and in body wasting or
cachexia. It is a cause for concern and requires prompt
intervention.

« Adipose (fat) tissue: Although fat stores are generally the
largest resource of stored energy, the supply varies from
person to person.

Measurement of Energy Balance

Kilocalorie

Because the release of energy and work performed by the
body produces heat, energy expenditure can be measured in
heat equivalents. This measure of heat is the calorie. To avoid
having to calculate very large numbers, health professionals
use the kilocalorie to describe energy needs. The kilocalorie
is equal to 1000 calories; this is the amount of heat required
to raise 1 kg of water 1°C. (Materials prepared for the general
public use the term calorie, although the actual measurement
is the kilocalorie.)

Joule

The international (Systéme International d’Unités [SI]) unit
of energy measurement is the joule. It equals the amount of
energy expended when 1 kg of a substance is moved 1 m by
a force of 1 newton (N). The conversion factor for changing
kcalories to kilojoules (kJ) is 4.184 (1 kcal = 4.184 kJ). Some
nutrition research journals use kilojoules rather than kcalo-
ries to describe energy intakes; in clinical practice we use
kcalories.

Food Energy Measurement

When helping people develop a food pattern appropriate to
their energy needs, it is necessary to know the energy content
of individual foods. There are two methods for determining
the energy content of foods: (1) direct calorimetry or (2)
calculation of approximate composition.

Calorimetry

The kcalorie values of foods given in food tables were deter-
mined by the method called direct calorimetry.” This method
uses a metal container called a bomb calorimeter, named from
its long tubular shape. A weighed amount of food is placed

TABLE 8-1 FUEL FACTORS

ENERGY SOURCE KCALORIES PER GRAM
Carbohydrate 4
Protein 4
Fat 9
Alcohol 7

inside and the bomb calorimeter is immersed in water. The
food is then ignited by an electric spark in the presence of
oxygen and burned to ash. The increase in the temperature
of the surrounding water indicates the number of kcalories
given off by the complete oxidation of the food sample. When
you use food tables, remember that these values represent
averages from a number of samples of the given food, thus
the kcalorie value of a particular serving will vary around that
average. Examples of food tables can be found in the Nutri-
trac program on the Evolve website that accompanies your
text.

Approximate Composition

An alternative method of estimating the energy value of a
food is by calculating the kcalories contributed by the carbo-
hydrate, fat, and protein content as listed in food tables. These
calculations are based on the kcalorie value per gram of each
of the energy-yielding macronutrients, values known as their
fuel factors (Table 8-1). Note that 1 g of fat contains more
than twice the number of kcalories as 1 g of carbohydrate or
protein. The fuel factor for alcohol (7 kcal/g) falls midway
between fat and that of carbohydrate and protein. Using the
method of approximate composition, a food containing 12 g
of carbohydrate, 8 g of protein, and 5 g of fat would contain
125 keal.

Calculation:
Carbohydrate: 12 g x 4 kcal/g = 48 kcal;
Protein: 8 g X 4 kcal/g = 32 kcal;
Fat: 5 g X 9 kcal/g = 45 kcal;
Total: 48 + 32 + 45 kcal = 125 kcal.

Did you recognize this food as a 1-cup serving of reduced-
fat (2%) milk?

TOTAL ENERGY REQUIREMENT

The total energy expended by an individual stems from three
energy needs: (1) basal metabolism, (2) food intake effect,
and (3) physical activity. Physical size and body composition,
as well as level of physical activity, influence the energy needs
of a given individual.

Basal Metabolic Needs

Basal Metabolic Rate

The basal metabolic rate (BMR) is a measure of the energy
required to maintain the body at rest. This is the sum of all
chemical activities going on in the body plus the energy
needed to fuel the brain, heart, lungs, kidneys, and other
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organs that must continue to work even when the body rests.’
Certain small but active tissues such as the brain, liver, gas-
trointestinal tract, heart, and kidneys make up less than 5%
of total body weight but add up to about 60% of basal meta-
bolic activity. The BMR is the largest of the energy needs of
most people, accounting for 60% to 70% of the total daily
energy expenditure.” As described in Box 8-1, the feeding
status of the patient and the test environment influence the
BMR.’ Thus, the BMR is seldom measured in clinical practice
because of the preparation and details required. Rather, the
resting metabolic rate (RMR) is more commonly used
because it does not require fasting prior to the test. Recognize,
however, the RMR may be as much as 10% to 20% higher
than the BMR because of energy being expended in the pro-
cessing of food or the delayed effect of recent physical
activity.’

Measuring Basal Metabolic Rate

The BMR can be measured by direct or indirect methods of

calorimetry, as follows:

+ Direct calorimetry: Using the direct method, a person is
placed in an enclosed chamber that has the capacity to
measure body heat production while the person is at rest.
This instrument is large and costly and usually found only
in research facilities.’

+ Indirect calorimetry: Using the indirect method, a portable
instrument called a respirometer is brought to the side of
the bed or chair. This complete apparatus is often referred
to as the metabolic cart. As the person breathes through a
mouthpiece or ventilated hood, the exchange of gases in
respiration, called the respiratory quotient (CO,/0,), is
measured. Because more than 95% of the body’s energy
comes from oxygen-related reactions,” the BMR can be
calculated from the amount of oxygen consumed in a
given period. The amount of oxygen used equals the
amount of heat released. These numbers can be converted
to kcalories using standardized equations.

+ Indirect laboratory tests: The BMR is regulated by the
thyroid hormone thyroxine (T,); thus thyroid function
tests can provide indirect measures of BMR and thyroid
activity. These tests include measurements of serum
thyroid-stimulating hormone (TSH) from the anterior
pituitary gland, as well as triiodothyronine (T;) and T,.
Thyroid hormone levels within the normal range indicate
that cell metabolism is occurring at normal rates but
cannot be used to calculate BMR.

REQUIRED CONDITIONS FOR
MEASURING BASAL

BOX 8-1

METABOLIC RATE

e Overnight fast (no food for 12 to 14 hours)

e Comfortably resting in a supine position

e Relaxed state (no activity up to 1 hour prior)

* Awake but motionless

e Normal body temperature

e Comfortable room temperature (neither hot nor cold)

Factors Influencing Basal Metaholic Rate

Individual characteristics including gender, body size and
composition, genetic makeup, and disease state influence the
BMR of an individual, explained as follows:

*  Body size and body composition: Lean body mass (LBM) is
the body compartment made up of muscle and vital
organs. It is the major factor influencing BMR because of
the high metabolic activity of these tissues compared with
the less active tissues of fat and bone. Differences in basal
energy requirements between men and women of the
same height and body weight relate to their differences in
body composition. Compared with men, women have less
muscle and more fat, resulting in a lower BMR. As humans
age, the loss of muscle tissue and to a lesser extent organ
tissue, lowers their BMR.°

KEY TERMS

cachexia A wasting condition marked by weakness,
extreme weight loss, and malnutrition.

calorie The amount of heat energy needed to raise the
temperature of 1 g of water from 14°C to 15°C. Because this
is a small unit, nutritionists use the term kilocalorie, which
equals 1000 small calories. (See also joule.)

kilocalorie The kilocalorie equals 1000 small calories and is
the amount of heat required to raise the temperature of 1 kg
of water 1°C; this measure is commonly used to describe
the energy content of foods and diets.

joule A unit of energy. The International System of Units
uses joules in place of calories to refer to food energy, and
many nutrition journals use joules instead of calories (1 kcal
= 4.184 kilojoules [kJ], often rounded to 4.2 kJ for ease in
calculation).

calorimetry Measurement of amount of heat absorbed or
given off. The direct method is the measurement of the heat
produced by a subject enclosed in a small chamber. The
indirect method is the measurement of heat produced by a
subject based on the amount of oxygen (O,) taken in and
carbon dioxide (CO,) exhaled.

fuel factors The number of kcalories yielded by 1 g of the
macronutrient when completely oxidized. The kilocalorie fuel
factor is 4 for carbohydrate and protein, 9 for fat, and 7 for
alcohol. Fuel factors are used in computing the energy values
of foods and diets (e.g., 10 g of fat yields 90 kcal).

body composition The relative sizes of the four tissue
compartments that make up the total body: lean body mass
(LBM) (muscles and organs), fat, water, and mineral.

basal metabolic rate (BMR) Amount of energy required to
maintain the body at rest after an overnight fast, in a comfort-
able environmental temperature, with the subject awake.
(See also resting metabolic rate [RMR].)

resting metabolic rate (RMR) Amount of energy required
to maintain the body at rest when in a comfortable environ-
mental temperature and awake. Because of differences in
measuring techniques, an individual’'s RMR and BMR (basal
metabolic rate) differ slightly.

supine Lying down.
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+  Growth: The increased anabolic work supported by growth
hormone adds to the BMR in childhood, adolescence,
pregnancy, and lactation.

+ Fever: With fever, the BMR increases 7% for each 1°F
(0.83°C) rise in body temperature.

+ Disease: Diseases that increase cell activity such as cancer,
cardiac failure, and chronic obstructive pulmonary disease
increase BMR and often result in loss of body weight and
muscle.” Renal disease and sepsis increase the metabolic
work of the body and the BMR.” The involuntary muscle
tremors of Parkinson’s disease increase energy needs.
Older adults with pressure ulcers have increased basal
requirements,” and untreated human immunodeficiency
virus (HIV) infection can raise resting energy expenditure
(REE) by more than 10%."° Standard prediction equations
based on height and weight underestimate the BMR of
children with cystic fibrosis."" Conversely, in starvation
and protein-energy malnutrition, BMR falls as cell metab-
olism slows in response to the drop in energy intake and
loss of metabolically active tissue.

+ Climate: BMR rises in response to lower environmental
temperatures as the body takes action to increase heat
production and minimize heat loss. Opposite reactions
that reduce heat production and increase heat loss as envi-
ronmental temperatures rise also raise the BMR. Unless
weather conditions are extreme, these changes in BMR
are temporary while the individual adapts to the new
environment.

+ Genetics: Race and ethnicity influence BMR. African
Americans have a lower REE per unit of LBM than Cau-
casians, which may relate to the smaller size of organs with
high metabolic rates.'” Energy prediction equations devel-
oped with Caucasian youth do not accurately predict REE
in obese Hispanic youth."” Studies of the human genome
indicate that intrafamily differences in RMR may contrib-
ute to higher weight gain and development of metabolic
syndrome among particular groups."

+ Age: Loss of LBM, particularly muscle, results in a drop in
REE in frail older adults.®

Food Intake Effect (Thermic Effect of Food)

Taking in food stimulates body metabolism as energy is
needed to digest, absorb, metabolize, and store nutrients. The
kcalories needed to perform these tasks is called the thermic
effect of food (TEF). On average, about 10% of the kcalories
in a meal or snack are used to process and metabolize that
food, although this varies depending on the meal composi-
tion. Macronutrients differ in their TEFs. The TEF for fat is
0% to 3%, because fatty acids are easily burned for energy or
stored in the form in which they enter the body; therefore,
few kcalories are needed for processing or storage. For carbo-
hydrate the TEF is 5% to 10% of its kcalories; for protein the
TEF is 20% to 30% of its kcalorie content. The TEF for
alcohol is 10% to 30%."

The energy required to metabolize amino acids and syn-
thesize new proteins raises the TEF of this macronutrient,
and the TEF effect is especially pronounced with high-quality

protein.”” Removal of the amino group from surplus amino
acids to allow their use as an energy source is an energy-
intensive process and reduces the kcalories available for
future use. These factors contribute to the value of a high-
protein diet for weight loss or weight management. The very
low TEF of fat, along with its high fuel factor (9 kcal/g), can
accelerate weight gain on a high-fat diet.

Physical Activity Needs

Physical activity related to employment, personal care, house-
keeping, recreation, organized sports, or fitness training pro-
duces wide variations in energy requirements. For sedentary
individuals the kcalories expended in physical activity may be
only 15% to 20% of their total energy expenditure, as com-
pared with very active persons whose physical activity kcalo-
ries may be 50% to 60% of their total.* Table 8-2 describes
the energy cost of common activities per pound of body
weight. For weight-bearing activities, kcalorie expenditure is
proportional to body weight; accordingly, such an activity
will require more kcalories for an individual with an above-
average body weight and fewer kcalories for one whose body
weight is below average (Figure 8-3).” Obese adolescents can
have the same activity energy expenditure as their nonobese
counterparts despite less body movement, based on their
higher body weight.'

The speed at which a person moves also influences the
number of kcalories expended. Walking at a speed of 4 mph
requires more kcalories than walking at 2 mph, regardless of
body weight (see Figure 8-3).” Jogging or running at 5 mph
requires more than twice the energy than walking at 3.5 mph
(see Table 8-2). The energy cost of movement is also influ-
enced by age-related changes in muscle mass and innervation
of muscle cells. Older adults had an energy cost 20% higher
than younger adults walking a similar distance at the same
speed on a level surface.”” The slower gait observed among
older individuals may be a compensatory response to offset
the greater energy cost of walking brought about by aging and
chronic conditions."

Estimating Energy Requirements

Estimating the total energy requirement for a given individ-
ual is difficult. An expert panel defined the estimated energy
requirement (EER) as the energy intake that will maintain
energy balance in a healthy adult of a certain age, gender,
weight, height, and level of physical activity,” and developed
some numerical equivalents to assist in calculation. Typical
ranges for RMR are 0.8 to 1.0 kcal/min for women and 1.1
to 1.3 kcal/min for men (1 kcal/min is about equal to the heat
released by a burning candle or 75-watt bulb over the course

KEY TERM

thermic effect of food (TEF) The amount of energy
required to digest and absorb food and transport nutrients to
the cells. This work accounts for about 10% of the total
energy requirement.
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ENERGY EXPENDITURE PER
POUND PER HOUR FOR

TABLE 8-2

VARIOUS ACTIVITIES

ACTIVITY Kcal/lb/hr*
Daily Activities

Cleaning 1.36
Cooking 0.91
Driving a car 0.91
Gardening 1.81
Reading, writing while sitting 0.70
Sleeping 0.41
Shoveling snow 2.72
Walking

Moderate: 3 mph (20 min/mile), level 1.50
Moderate: 3 mph (20 min/mile), uphill 2.73
Brisk: 3.5 mph (17 min/mile), level 1.72
Fast: 4.5 mph (13 min/mile), level 2.86
Running

5 mph (12 min/mile) 3.63
7 mph (8.5 min/mile) 5.22
9 mph (6.5 min/mile) 6.80
Bicycling

Light (10-11.9 mph) 2.72
Moderate (12-13.9 mph) 3.63
Fast (14-15.9 mph) 4.54
Sports

Field hockey 3.63
Golf 2.04
Rollerblading 4.42
Soccer 3.85
Swimming, moderate 3.14
Ultimate Frisbee 3.63
Volleyball 1.81
Weight Training

Light or moderate 1.36
Heavy or vigorous 2.72

Data from Nieman DC: Exercise testing and prescription: a
health-related approach, ed 5, New York, 2003, McGraw-Hill; and
Nix S: Williams’ basic nutrition and diet therapy, ed 13, St Louis,
Mo, 2009, Mosby-Elsevier.

Energy expenditure also depends on an individual’s physical fitness
and continuity of exercise.

*Multiply activity factor by weight in pounds by fraction of hour
performing activity. Example: a 150-Ib person plays soccer for 45
minutes, as follows: 3.18 (factor) x 150 (Ib) x 0.75 (hr) = 357.75
calories burned.

of a minute).” Differences in body dimensions and the pro-
portion of body fat versus muscle influence the RMR and
thus the total energy requirement. Individuals with a greater
amount of body fat and a lesser proportion of muscle will
likely need fewer kcalories.

Because your RMR reflects your body weight, your energy
expenditure in physical activity can be calculated using a

FACTORS FOR
CALCULATING DAILY

TABLE 8-3

ENERGY EXPENDED IN
PHYSICAL ACTIVITY

PHYSICAL
ACTIVITY ACTIVITY
LEVEL DEFINITION FACTOR*
Sedentary Normal activities required for 0.2
independent living
Low active Normal activities required for 0.5

independent living plus at
least 30 to 60 min of
moderately intensive activity
Active Normal activities required for 0.7
independent living plus
more than 60 min of
moderately intensive activity
or a mix of moderately
intensive and vigorous
activity
Normal activities required for 1.2
independent living plus 2
hours or more of vigorous
activity

Very active

Adapted from Food and Nutrition Board, Institute of Medicine:
Dietary Reference Intakes for energy, carbohydrate, fiber, fat, fatty
acids, cholesterol, protein, and amino acids (macronutrients),
Washington, D.C., 2002, National Academies Press.

*These physical activity factors represent the midpoint of the
range for each activity level.

factor that estimates your activity level. Nutrition experts
have defined several levels of physical activity and developed
factors that estimate the kcalories required (Table 8-3).” Con-
sider these definitions and the time span and intensity of
activity required. If your only physical activity for the day
involves the casual walking and routine tasks we all perform
as part of our daily living, then your pattern is sedentary.
Additional activity in the form of walking at a brisk pace,
running, dancing, sports, or use of fitness equipment is
needed for the higher categories of activity. Estimate your
personal activity level by keeping a daily record; you may be
less active than you think you are (Box 8-2).

Age influences the RMR and EER. As we age, we lose
muscle and organ weight, tissues with high metabolic activity,
and gain fat, tissue with low metabolic activity. Table 8-4
illustrates the effect of gender, age, and physical activity on
the total energy requirement. Within genders individuals
have the same body weight, although the older adults will
have experienced changes in body composition. Note the sig-
nificant differences in energy expenditure between sedentary
and active adults.

Energy requirements rise during pregnancy, lactation, and
other periods of rapid growth and elevated metabolism. (We
will estimate energy requirements using specific equations
that adjust for height, weight, and age in Chapter 16.)
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TABLE 8-4

BASED ON ACTIVITY LEVEL

AND AGE
MALE FEMALE
(178 Ib, 71 in)* (132 Ib, 61 in)*
KCALORIES KCALORIES

ACTIVITY
LEVEL AGE 25 AGE 65 AGE 25 AGE 65
Sedentary 2685 2285 1869 1589
Low active 2934 2534 2072 1792
Active 3250 2850 2325 2045
Very active 3770 3370 2628 2348

Calculations based on data presented in Food and Nutrition Board,
Institute of Medicine: Dietary Reference Intakes for energy,
carbohyadrate, fiber, fat, fatty acids, cholesterol, protein, and amino
acids (macronutrients), Washington, D.C., 2002, National
Academies Press.

*An individual of this height and weight has a BMI of
approximately 25 kg/m?, the boundary between normal weight and
overweight.

New Research Exploring Total
Energy Expenditure

As the prevalence of overweight grows worldwide, medical
scientists are exploring physiologic and metabolic factors that
might influence energy intake and energy expenditure. New
areas of research with potential for future intervention
include the following:

*  Action of intestinal microflora: Particular species of intes-
tinal bacteria may have a role in prevention and treatment
of obesity (see the discussion of probiotics in Chapter 2).
When the quantities of fatty acids produced by bacterial
fermentation exceed the amount needed by the intestinal
cells, the excess are absorbed into the body, adding
to energy intake.”” Obese individuals have a different
profile of intestinal microflora than the nonobese, and
introduction of useful microflora might assist in weight
management.”’

« Brown fat thermogenesis: Brown fat is a special adipose
tissue capable of high energy metabolism given off as heat.
Infants have plentiful amounts of brown fat to assist in
their response to cold as they move from the warmth of
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KEEPING A PHYSICAL
ACTIVITY RECORD

To get a true picture of your activity pattern you can keep a
physical activity record. Recording your physical activity over
a 24-hour period is much like recording your food intake.
Prepare a chart that allows you to record the time you start
and stop each activity and describe the type of activity. Carry
a notebook with you and make entries immediately as
changes occur and before you forget. Review the activity
expenditure database prior to use, so you are sure to include
the appropriate amount of detail when keeping your record.
The Evolve website accompanying this text provides a
comprehensive listing of day to day activities or refer to
Table 8-2. The Center for Disease Control and Prevention
also lists the kcalories required for typical activities at http://
www.cdc.gov/healthyweight/physical_activity/index.html
#calories %20used%20in % 20typical % 20activities. Using the
energy expenditures assigned to your body weight in pounds,
calculate your total energy expenditure over a 24-hour period.
Keep in mind that databases providing kcalories per activity
also account for RMR needs per pound of body weight per
unit of time; thus, you need sum only the time-corrected
values to estimate your total energy expenditure for the day.
If you are trying to increase your physical activity, keeping a
log for several days will help you identify times through the
day or week when you might add or increase an activity.
Keeping a record may also alert you to the fact that you are
not as active as you think you are.

BOX 8-2

the womb to the ambient temperature surrounding them.
Brown fat is lost as individuals move through childhood
and adolescence, although adults retain small amounts.
Brown fat affects long-term energy balance by raising the
BMR.*' Capsaicin, a compound found in hot peppers, acti-
vates brown fat thermogenesis in some individuals.*

+ Sleep deprivation: It is estimated that 30% of Americans
get 6 or fewer hours of sleep per night, as life becomes
more demanding. Too little sleep influences energy intake
and expenditure in several ways: (1) sleep-deprived indi-
viduals often experience increases in appetite and crave
snack foods high in carbohydrate and fat; (2) lack of sleep
reduces one’s energy level so that active pursuits are likely
avoided; and (3) hormonal changes set up metabolic pat-
terns that contribute to body weight gain.” Night shifts
and rotating work shifts can disrupt body metabolism and
promote unwanted weight gain. Increasing hours of sleep
may help bring about weight loss or prevent unwanted
weight gain.

BODY COMPOSITION: FATNESS
AND LEANNESS

A person’s body composition reflects his or her total lifetime
nutrient and energy balance.”* Individuals have different
body shapes and sizes depending on their age, gender, genes,
body type, and state of health. Ectomorphs have a body type

Ectomorph

Mesomorph Endomorph

FIGURE 8-4 Body types: the ectomorph, the mesomorph,
and the endomorph.

that is generally slender and fragile, mesomorphs have promi-
nent muscle and bone development, and endomorphs have a
soft, round physique with some accumulation of body fat
(Figure 8-4). Although each body type has a genetic base,
dietary intake and physical activity influence how it is
expressed. Some body types are associated with better health,
whereas others carry increased risk of chronic disease. We
need to be sensitive to different body types when developing
strategies to improve body composition and health.

Body Weight and Body Fat

Overweight Versus Overfat

Because height and weight are easily measured, they are com-
monly used to assess health status. It is important to know
what these measurements do and do not tell us. The terms
overweight and obesity have different meanings as related to
body composition, and these distinctions have implications
for health. A football player in peak physical condition can be
markedly “overweight” according to standard height-weight
charts. That is, the player weighs more than the average
person of similar height, but that player’s body tissues are
likely to be very different. A sedentary man above average
weight likely has an excess amount of body fat that is adding
to his total body weight; an athlete above average weight is
likely to have an exceptionally large amount of muscle. In fact,
the overweight athlete may have an even lower proportion
of body fat than an individual of average weight. When


http://www.cdc.gov/healthyweight/physical_activity/index.html#calories%20used%20in%20typical%20activities
http://www.cdc.gov/healthyweight/physical_activity/index.html#calories%20used%20in%20typical%20activities
http://www.cdc.gov/healthyweight/physical_activity/index.html#calories%20used%20in%20typical%20activities

CHAPTER 8 Energy Balance

overweight is the result of excessive body fat rather than
enhanced muscle or skeletal tissue, overfat or obese is the
appropriate term. The critical element when evaluating body
build and health is body composition. What we really need
to know is how much of a person’s body weight is fat and
how much is fat-free mass (FFM). It is more precise to think
in terms of fatness and leanness rather than body weight or
overweight.

Body Compartments

Body compartments are defined on the basis of their com-
parative size and metabolic activity. The relative amounts of
specific body tissues sometimes overlap among compart-
ments. The four-compartment model for evaluating body
composition includes lean body mass (LBM), body fat, body
water, and mineral mass, as follows:

1. LBM: This compartment is made up of active cells from
muscle and vital organs and largely determines the BMR
and related nutrient needs. In sedentary individuals it
accounts for almost the entire energy requirement. LBM
includes not only cell protein but also a large amount of
water, because muscle cells are about 65% water. This
compartment also contains very small amounts of fatty
acids found in the membranes of muscle and organ cells.
LBM changes in size across the life cycle, with steady
growth through childhood and young adulthood and
gradual loss in later years. In adults it makes up 30% to
65% of total body weight. Most weight reduction regimens
result in a loss of both body fat and LBM. (LBM contains
cell protein, cell water, and a very small amount of fat
found in membranes, while FEM includes cell protein, all
body water both inside and outside of cells, and bone
mineral mass—all body tissues except for fat.)

2. Body fat: Total body fat reflects both the number and
size of the fat cells (adipocytes) that form the adipose
tissue. Most adipocytes are white fat cells, not the brown
fat cells we referred to earlier. In an adult man of normal
weight, fat comprises 13% to 21% of body weight. In a
woman of normal weight, the range of body fat content
is 23% to 31%. These amounts vary with age, body type,
exercise, and fitness, and many people have body fat
levels markedly greater than or less than these ranges.
About one half of all body fat is located in the subcutane-
ous fat layers under the skin, where it serves as insulation.
In children and young adults, the subcutaneous fat pro-
vides a useful measure for estimating total body fat.
Skinfold thickness measured at various locations on the
body such as the triceps, subscapular region, or waist can
be applied to existing standards to assess relative leanness
or fatness. As individuals grow older, body fat is deposited
on the trunk rather than on the extremities; thus waist
circumference, waist-to-hip ratio, and waist-to-height
ratio become useful tools to evaluate body fatness and
health risk.”*’

3. Body water: Total body water includes both intracellular
and extracellular water. Total body water varies with rela-
tive leanness or fatness, age, hydration status, and health

status. Generally, water makes up about 50% to 65% of
body weight. Muscle tissue has high water content, whereas
adipose tissue has low water content; thus men have a
higher proportion of body water than women because
they have more muscle and less fat. Infants have a relatively
high proportion of body water, which drops to adult levels
by age 2.” This makes them especially vulnerable to the
dangers of dehydration with continued vomiting or
diarrhea.

4. Mineral mass: Body minerals found largely in the skeleton
account for only 4% to 6% of body weight. Major minerals
are calcium and phosphorus located in bone and other
body cells and in fluids. Sodium is the major mineral in
extracellular fluid (ECF), and potassium is the major
mineral in intracellular fluid (ICF).

The following factors influence the relative sizes of body
compartments”’:

+  Gender: Women have more adipose tissue, and men have
more lean tissue, particularly muscle tissue.

+ Age: Young adults have more LBM and less fat than older
adults.

*  Physical activity: Persons who are physically active have
less fat and more LBM than individuals who are
sedentary.

¢ Race: African Americans have relatively more bone mineral
than Caucasians or Hispanics; Caucasian men tend to have
more body fat than African-American men of similar
height and weight; Mexican-American women tend to
have more body fat than African-American women with
similar heights and weights.”

+ Climate: Individuals living in very cold climates develop
more subcutaneous fat to insulate against heat loss.

Importance of Body Fat

Although excess body fat is detrimental to health, some body
fat is necessary for life. In human starvation, victims die from
fat loss, not protein depletion. For mere survival, men require
about 3% body fat and women require about 12%; however,
for reproductive capacity women require a body fat of about
20%. The initiation of menstruation or menarche occurs
when the female body attains a certain size or, more precisely,
the critical proportion of body fat. Body fat gained during
pregnancy serves as an important energy reserve for lactation,
and the production of breast milk with its high energy cost
usually brings about a gradual loss of these fat stores. Ill-
advised dieting during pregnancy in an attempt to avoid
normal weight gain interferes with fetal development and can
result in a low-birth-weight infant with associated health
risks.

KEY TERMS

obesity Fatness; an excessive accumulation of body fat.
adipocyte A fat cell.

menarche The first menstruation with the onset of puberty.
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Measuring Body Compartments

Specialized Methods

The classic method for determining body composition is
hydrostatic weighing using Archimedes’ principle. The indi-
vidual is first weighed in air and then weighed completely
submerged in water. The volume of water displaced is mea-
sured, and using standardized equations the relative amounts
of LBM and body fat can be calculated. In a new application
of this principle, the individual is weighed in air and then
introduced to an air-controlled chamber, referred to as a pod.
The pod can measure the amount of air displaced by the
volume of the body (Figure 8-5). Both air and water displace-
ment methods take advantage of the fact that body fat and
lean tissue differ in density, and standard calculations can be
applied. The air displacement method offers an opportunity
for measuring infants, children, older adults, or patients who
cannot be weighed under water.”’

Dual-energy x-ray absorptiometry (DEXA) is an advanced
form of radiographic technology that can differentiate among
muscle, fat, and bone; this method is used to measure bone
mineral density and age-related bone loss. Bioelectrical
impedance systems that pass a very small current of electric-
ity through the body can distinguish water, fat, and bone, and
are applicable to clinical settings. Body circumferences and
skinfold thicknesses are useful and inexpensive methods to
estimate body muscle and body fat in the clinical setting.
These procedures will be discussed in detail in Chapter 16.

Development of Height-Weight Tables

The Metropolitan Life Insurance Company, using informa-
tion obtained from their life insurance policyholders, mostly

FIGURE 8-5 A pod for measuring body composition. The
BOD POD uses air displacement technology to measure
body composition. (Courtesy Life Measurement, Inc, Concord,
Calif.)

middle-aged Caucasian men, constructed the first height-
weight tables in the 1930s. Desirable weights were based on
the body weights of the policyholders who lived the longest.
Early height-weight tables presented adult reference weights
according to age, based on the assumption that weight gain
continued throughout adult life. In recent years new concepts
have emerged regarding height-weight tables: (1) body weight
(and body fat) should not increase as individuals move into
middle and older ages, and (2) body build and body fat pat-
terns differ across racial and ethnic groups, so the standard
measurements developed using Caucasian populations may
not be appropriate for African Americans, Hispanics, or
Asians. (See the Focus on Culture box, “Evaluating Body
Compartments: One Size Really Doesn’t Fit All,” to explore
this issue further.)

Reference Tables for Clinical Evaluation

Health and nutrition professionals from the Institute of
Medicine and the U.S. Department of Health and Human
Services have since developed reference standards to define
the terms overweight and obesity.””*’" Appropriate ranges of
body weight for adults of a given height can be of use to
health professionals in assessing patients and setting goals
(see Table 8-5 and Appendix A).”" Americans are becoming
taller and heavier, but body weights have risen at a faster rate
than body heights.”” Since 1960 average body weight in
women increased by 24 1b (from 140 to 164 Ib), although
body height increased less than 1 inch. Men increased in
average weight from 166 to 191 1b (a gain of 25 Ib), with
about an inch increase in height. However, it appears the
proportion of U.S. adults who are obese has stabilized, after
steady increases in past decades.”* Nearly 74% of men and
64% of women ages 20 and over are either overweight or
obese, and these numbers are higher among Hispanic and
Mexican-American men, and African-American, Hispanic,
and Mexican-American women.

Body Mass Index

In 1871 Quetelet developed the body mass index (BMI),
which has replaced body weight as the medical standard to
define obesity. Although calculated using body height and
weight, BMI provides a better evaluation of appropriate
body weight than simple height-weight tables and correlates
well with estimates of body fat obtained by underwater
weighing. Nevertheless, BMI does not provide a quantitative
estimate of body fat and cannot distinguish between excess
body fat and increased muscle in persons who weigh more
than the standard. Stature influences body composition
because taller people have greater bone mass, which adds to
their body weight. Thus, individuals with the same BMI may
not have the same body composition.” Despite these limita-
tions, BMI is a useful tool relating the increase in health risk
with excessive body weight, and providing a base line for
intervention when more sophisticated equipment is not
available.
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FOCUS ON CULTURE

Evaluating Body Compartments: One Size Really Doesn’t Fit All

Body composition differs among racial and ethnic groups.
African Americans have greater bone mineral than Caucasians.'
Body potassium (a measure of LBM) is higher in African Ameri-
cans than Caucasians of similar size, and lower in Mexican
Americans and Asians.’

Total body fat and abdominal fat also vary according to age,
gender, and race. All women have a higher percentage of body
fat than men, but white men have a higher proportion of
abdominal fat than men of other groups.® Body mass index
(BMI) does not present a true estimate of weight status in
certain age and population groups. BMI underestimated the
amount of body fat in more than one fourth of older African-
American women and in Mexican-American adults of all ages.*

Common standards now used to evaluate body fat and health
risk are not equally appropriate for all groups. Even slight
increases in body fat carry greater health risks for Chinese men
and women. Chinese women whose waist-to-hip ratio was
above 0.8 had greater mortality risk from coronary heart disease
even though their BMI was in the healthy range (less than
25 kg/m?).° Health experts have suggested a cutoff of 23 kg/
m? rather than 25 kg/m? to define overweight, and a level of
25 kg/m? rather than 30 kg/m? to define obesity in Asians.

New prediction standards are needed to accurately target
disease risk and early intervention.
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TABLE 8-5  ADULT BMI CHART

To determine BMI, locate the height of interest in the left-most column and read across the row for that height to the weight of
interest. Follow the column of the weight up to the top row that lists the BMI. A BMI of 18.5 to 24.9 is the healthy-weight
range, a BMI of 25 to 29.9 is the overweight range, and a BMI of 30 or above is the obese range.

BMI 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35*%

HEIGHT BODY WEIGHT IN POUNDS

4 ft 10 in 91 96 100 105 110 115 119 124 129 134 138 143 148 153 168 162 167

4 ft 11 in 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173

5 ft 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179

5ft1in 100 106 111 116 122 127 132 137 143 148 153 1568 164 169 174 180 185

5ft2in 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191

5ft3in 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197

5ft4in 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204

5ft5in 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210

5ft6in 118 124 130 136 142 148 1556 161 167 173 179 186 192 198 204 210 216

5ft7in 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223

5 ft 8in 125 131 138 144 151 168 164 171 177 184 190 197 203 210 216 223 230

5t 9in 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236

5ft10in 132 139 146 1563 160 167 174 181 188 195 202 209 216 222 229 236 243

5ft11in 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250

6 ft 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258

6 ft 1in 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265

6 ft 2 in 148 155 163 171 179 186 194 202 210 218 225 233 241 249 266 264 272

6 ft 3 in 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279

6 ft 4 in 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287

Healthy Weight Overweight Obese

Data from National Heart, Lung, and Blood Institute, National Institute of Diabetes and Digestive and Kidney Disease: Clinical guidelines on
the identification, evaluation, and treatment of overweight and obesity in adults. The Evidence Report, NIH Pub No 98-04083, Bethesda, Md.,
1998, National Institutes of Health. Can be accessed at: <http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdIns.pdf>.

*Height and weight equivalents for BMI levels above 35 can be found in Appendix A.
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The formula for calculating BMI is as follows:

BMI = Weight (kg) + Height (m)?
Weight.1kg=2.21b
Height:1 m = 39.37 inches

The desirable BMI range for adults is 18.5 to 24.9 kg/m”.
Health risks associated with overweight begin at 25 kg/m’
and become apparent at 30kg/m’. Values beyond
35 kg/m® indicate severe obesity (Tables 8-5 and 8-6).” BMI
is often used to evaluate the effects of overweight and obesity
on morbidity and mortality. Age and gender become factors
when evaluating the mortality risk associated with a rise in
BMI, as older adults and women seem to better tolerate over-
weight or obesity than younger adults or men.”*® A recent
analysis of 27 studies that followed up on nearly 3 million
adults reported that overweight (BMI = 25 to 29.9) was asso-
ciated with lower all-cause mortality rates, and persons with
grade 1 obesity (BMI =30 to 34.9) had similar mortality rates
as those of desirable weight (18.5 to 24.9 kg/m?). BMI mea-
surements of 35 and over carried higher risk of death. These
findings have raised questions as to whether all individuals
with a BMI of 25 or higher should be approached about
weight loss or if identification and intervention for other risk
factors is a better approach.”

Abdominal Fat/Waist Circumference

Health and disease risk are influenced not only by the amount
of body fat but also by where it is positioned. The pear shape,
with a smaller waist and larger hip (gynoid shape), is charac-
teristic of younger women and controlled to some extent by
the female hormone estrogen. The apple shape, with more fat
around the abdomen (android shape), is common in men
and postmenopausal women. Because abdominal (visceral)
fat raises blood lipid levels and increases the risk of cardio-
vascular disease, extra weight around one’s middle is of
greater harm than extra weight on the hips or thighs. An
appropriate waist-to-hip ratio (WHR) is 0.9 or less for men

TABLE 8-6 BODY MASS INDEX AND

PERCENT BODY FAT

BODY

BMI WEIGHT BODY FAT BODY FAT
(kg/m?) STATUS (%): MEN (%): WOMEN
<18.5 Underweight <13 <23
18.5-24.9  Normal 13-21 23-31
25-29.9 Overweight 21-25 31-37
30-34.9 Obese 25-31 37-42
>35 Severely obese  >31 >42

From Food and Nutrition Board, Institute of Medicine: Dietary
Reference Intakes for energy, carbohydrate, fiber, fat, fatty acids,
cholesterol, protein, and amino acids (macronutrients), Washington,
D.C., 2005, National Academies Press.

and 0.8 or less for women. These ratios indicate a smaller
waist and a larger hip measurement.”” Waist circumference
has become a popular tool for evaluating abdominal fat and
health status.”® The threshold for abdominal obesity as
defined by waist circumference is greater than or equal to
88 cm (35 inches) in women and greater than or equal to
102 ¢cm (40 inches) in men.” (See the Perspectives in Practice
box, “Assessing Energy Expenditure and Body Weight,” to
estimate your energy requirements and evaluate your body
weight status.)

|HEALTH PROMOTION
Finding a Healthy Weight

For many people a normal body weight cannot be defined.'
In the traditional sense, overweight and excessive body fat
represent an energy imbalance arising from a surplus in
energy input (fuel from food) over energy output (total
energy expenditure). But it is not that simple. Our genetic
makeup influences propensity to weight gain and the amount
and position of body fat. Estrogen and testosterone control
the differences in body fat between men and women, but
other internal mechanisms also lead to differences in fat
accretion. Certain individuals have an exceptionally low RMR
and a high metabolic efficiency influenced by an inherited
obesity gene,”"* which adds to their risk of unwanted weight.
A genetic link has been identified among certain Native
Americans that characterizes their lower energy expenditure
and higher BMI and contributes to their elevated risk for type
2 diabetes.” Fidgeting and ongoing body movement, some-
times referred to as non-exercise activity thermogenesis
(NEAT) increases energy expenditure and helps some people
resist weight gain even if overfed.*"*

Just as weight gain results from a surplus of kcalories,
weight loss should follow a kcalorie deficit. Traditionally it
was believed that a shortfall of 3500 kcal would bring about
the loss of 1 1b of body weight; however, this can be a false
promise, and leading clinicians recommend that it not be
used.” Body mechanisms designed to preserve body mass can
decrease spontaneous activity or lower the RMR, making
weight loss more difficult. When weight loss is successful,
RMR and energy requirements decrease as body tissue is lost.
Adding an exercise component assists in weight management
if individuals do not increase their energy intake as a result
of the activity.” For some individuals the weight loss required
to move them into a more appropriate weight range is not
possible. Yet, it is critical to interrupt a cycle of continued
weight gain. The American Heart Association* points to the
misperception created by an emphasis on body weight and
mortality. Although body weight in the overweight or
moderately obese range does not always result in earlier

KEY TERM
visceral Referring to the organs in the abdominal cavity.
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' PERSPECTIVES IN PRACTICE
Assessing Energy Expenditure and Body Weight

In your professional role you will help clients define their
energy needs and assess their body weight and body fat.
This exercise provides experience in applying some simple
measures.

A. Calculate Your Total Energy Expenditure
Your total energy output per day is the sum of three uses of
energy:

1. Resting metabolic rate (RMR).

2. Thermic effect of food (TEF). (The factors we are using to
calculate physical activity include the TEF so for this exer-
cise we will not calculate it separately.)

3. Physical activity.

1. Resting Metabolic Rate

Calculate your RMR using one of the following':

Women: 0.9 kcal/kg/hr*
Men: 1.2 kcal/kg/hr

Convert your body weight from pounds (Ib) to kilograms (kg):
1 kg=2.2 Ib. Body weight in pounds +22=
kg.

Example: Mr. Frank weighs 176 Ib: 176 + 2.2 = 80 kg.

RMR (kcalories) = 0.9 (for women) or 1.2 (for men) x kg body
weight x 24 (hours in day) =

Example: Mr. Frank weighs 80 kg and the calculation factor for
men is 1.2.

RMR (kcalories) = 1.2 x 80 kg x 24 (hours) = 2304 kcal

2. Physical Activity'

Calculate your physical activity expenditure:

Calculate the energy cost of your physical activity using your
RMR and the activity factor from Table 8-4 that best fits your
current activity level.

Physical activity kcalories = RMR x physical activity factor =

Example: Mr. Frank’s RMR is 2304 kcal, and he is sedentary,
so his activity factor is 0.2.
Physical activity kcalories = 2304 x 0.2 = 461 kcal

3. Total Energy Expenditure
To calculate your total energy expenditure (kcalories):
RMR kcalories + physical activity kcalories =

Example: Mr. Frank’s total energy expenditure: 2304 kcal
(RMR) + 461 kcal (physical activity) = 2765 kcal (Total Energy
Expenditure)

Refer to the dietary intake record that you completed for the
Perspectives in Practice box in Chapter 1, and consider the
following questions:

a. How does your energy intake compare with your estimated
total energy expenditure completed above? Are you taking
in more kcalories, fewer kcalories, or about the same number
of kcalories as you are using each day?

b. What will be the effect on your body weight if you continue
this pattern? What will be the effect on your health status?

B. Evaluate Your Body Weight Using the Body

Mass Index?

Determine your body mass index (BMI) using Table 8-5 or

Appendix A.

BMI =
Health risks associated with overweight begin at a BMI of 25,
and individuals with a BMI of 30 or greater have increasing

levels of risk (see Table 8-6).

a. What is your assessment of your weight status using the
BMI? Are you underweight, overweight, or in the healthy
range?

b. If you are not in the healthy range, how might you begin to
improve your status? (Consider underweight to be as needful
of attention as overweight.)

C. Evaluate Your Health Status Using
Waist Circumference?
Measure your waist circumference (WC) using a nonstretch
tape.
WC =
If you are a woman, then your waist circumference should
not exceed 88 cm (35 inches); if you are a man, it should not
exceed 102 cm (40 inches).
a. What is your assessment of your chronic disease risk based
on your waist circumference?
b.If you are not in the healthful range, how might you begin
to improve your status?

References

1. Food and Nutrition Board, Institute of Medicine: Dietary Ref-
erence Intakes for energy, carbohydrate, fiber, fat, fatty
acids, cholesterol, protein, and amino acids (macronutrients),
Washington, D.C., 2002, National Academies Press.

2. National Heart, Lung, and Blood Institute/National Institute
of Diabetes and Digestive and Kidney Diseases: Clinical
guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults: the evidence report, NIH
Pub No 98-4083, Bethesda, Md., 1998, National Institutes of
Health.

*These factors represent the midpoint of the suggested range for each sex.

death,’®* even small increases in body weight can add to
risk of chronic conditions that adversely affect quality of
life. Conversely, small losses in body weight interrupt or slow
such changes. So what should be our approach to a healthy
weight?

Developing a Healthy Lifestyle

The goals of weight management go well beyond numbers on
a scale, even if a change in weight is one of the objectives.'
Successful weight management requires a lifelong com-
mitment to positive lifestyle behaviors that emphasize
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EVIDENCE-BASED PRACTICE

Is There a Role for Walking in Weight Management?

Identify the Problem: Health educators worldwide are encour-
aging individuals to increase their physical activity. Walking has
many advantages as a form of exercise: It requires no special
training, no special equipment other than a good pair of walking
shoes, does not cost money, and is considered a safe activity
forindividuals who are obese or have been sedentary. However,
is walking an effective form of physical activity for weight
management?

Review the Evidence: Researchers have evaluated walking
patterns and weight gain in persons with differing body
weights. Levine and colleagues' fitted both lean and obese
sedentary individuals with locomotion detection devices and
found that both had the same number of walking bouts (46 to
47) over the course of the day; however, the lean individuals
took more steps with each bout, which added about 3.5 miles
to their distance walked. Walking also may be key to slowing
the weight gain that occurs between youth and middle age.
Among 5000 young adults followed for 15 years, the average
weight gain was 2 |b per year, and BMI rose from less than 25
to 29 in women and from less than 25 to 28 in men.? Kcalorie
intake changed very little over the 15-year span; walking made
the difference. Women who walked 4 hours a week gained
about 11 Ib; those who did not walk gained 19 Ib. Among men,
weight gain for walkers was 15 Ib compared with 24 Ib for
nonwalkers.

Implement the Findings: Adults are encouraged to perform
at least 30 min of moderate-intensity exercise on most days of

the week, and walking at a speed of 3 to 4 mph (greater than
or equal to 100 steps/min) meets this standard. Although the
30 min of walking can be spread throughout the day, each bout
should extend for at least 10 min to meet the expectation for
moderate-intensity activity. Daily activities of independent
living require about 2500 steps and 30 min of brisk walking will
add at least 3000 steps to the daily total.® For most people,
including older adults or persons with chronic disease, 5500 to
7500 steps per day is an achievable goal.® Individuals who
stepped in place while television commercials were being aired
added 2000 steps to their daily total.* Inexpensive pedometers
can serve as incentives for individuals starting a walking
program.
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sustainable and enjoyable eating habits and daily physical
activity.***” A healthy food and activity pattern is a more
appropriate goal than weight loss at any cost. A meal plan low
to moderate in fat and rich in fruits, vegetables, whole grains,
and fiber at an energy level that prevents further weight gain
adds to well-being regardless of weight loss. Regular physical
activity such as walking lowers the risk of heart attack, even
if individuals remain obese.”® A stable weight, even if above
desirable weight, is favored over regular cycles of weight loss
followed by even greater weight gain. (Weight loss diets cel-
ebrated in the popular press but inappropriate for long-term
health and well-being will be discussed in Chapter 15 on
obesity.) For more discussion on the benefits of walking, see
the Evidence-Based Practice box, “Is There a Role for Walking
in Weight Management?”)

FATNESS, THINNESS, AND HEALTH

Obesity and Health

Weight-related health problems can be divided into four cat-

egories: (1) metabolic, (2) degenerative, (3) neoplastic, and

(4) anatomic.

+  Metabolic: Type 2 diabetes, hypertension, elevated blood
lipids, and the constellation of conditions associated with
metabolic syndrome often accompany obesity. Regardless

of total body fat, abdominal fat increases the risk of meta-

bolic disorders.”

+ Degenerative: Obesity and physical disability are strongly
linked.” Osteoarthritis and joint problems, atherosclerotic
changes, and pulmonary diseases are more serious in
obese persons.

* Neoplastic: Many forms of cancer including colorectal,
breast, prostate, esophageal, and ovarian cancer are more
frequent in higher weight categories.

+  Anatomic: Individuals who exceed a healthy weight have a
greater risk of gastroesophageal reflux disease (GERD)
and obstructive sleep apnea.

The current prevalence of overweight and obesity will
increase health care costs in the years ahead. A 10-year
follow-up of Medicare spending among normal weight, over-
weight, and obese older adults (classifications were based on
BMI) indicated growing expenditures related to weight.”
Spending increased $122 per year among the normal weight
beneficiaries, but $230 per year in the overweight group, and
$271 per year in the obese group.

Obsession with Thinness

A trend opposite to obesity but equally harmful to health is
the model of extreme thinness. Fueled by advertising dollars,
an image of thinness drives the marketing of clothes,
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cosmetics, and food to teenagers and young adults.”* Social
pressures have created an abnormally thin and unrealistic
ideal to the point that even fashion models express dissatis-
faction with their overall body shapes.” Social discrimination
against school-age children who are overweight can intensify
the fear of weight gain.”* Boys and girls as young as age 7
perceive their mothers’ encouragement to remain thin, and
develop restrained eating patterns and dissatisfaction with
their bodies.” When parents restrict food intake, children
may react by overeating when those restricted foods are avail-
able outside the home.”® Guilt feelings after eating certain
foods and distorted perceptions of body size often form the
basis for serious eating disorders that threaten nutritional and
physical health. School programs, voluntary community pro-
grams, and sports programs that build self-esteem offer
primary prevention for disordered eating.

The ongoing quest for the perfect body has given rise to
the chronic dieter who is constantly trying to restrict food
intake. Although restrained eating is often seen in women,
dieting is also a concern among boys and girls. The family has
a role in helping young people develop positive attitudes
toward food. Adolescents who reported positive communica-
tion and closeness within their families had more frequent
meals with family” and were less likely to follow inappropri-
ate diets or engage in disordered eating behaviors.”™ Teens
participating in weight-related sports are especially vulnera-
ble to unhealthy weight-control practices, and preventive
efforts should target parents and coaches.”

Eating Disorders: A High Price for Thinness

The number of individuals affected by eating disorders is
unknown, as these conditions often exist for some time
before clinical detection, and based on their secretive nature,
they often go unreported. Prevalence differs according to
gender and age. Although female adolescents are especially
vulnerable to eating disorders, the incidence among male
adolescents is rising. Males often have a history of obesity,
which leads them to begin dieting.”” Anorexia nervosa and
bulimia nervosa are more likely to occur among adolescents,
whereas binge eating disorder takes place well into adult-
hood.”" Older adults are diagnosed with eating disorders.
Eating disorders are biologically based mental illnesses that
lead to nutritional deficiencies, medical complications, and
in the extreme, disability and death. We associate eating dis-
orders with our society’s emphasis on thinness, but physi-
cians in Great Britain and France described anorexia nervosa
in the 1800s.

Causes of Eating Disorders

Eating disorders have an emotional/behavioral component
and a neurophysiologic/genetic component, although genes
appear to play a significant role.”” Alterations in CNS activity
directly affect food behavior and the development of eating
disorders. Levels of serotonin and other neurotransmitters
are altered, and changes in the hypothalamus affect appetite.
Personality traits such as perfectionism and obsessive-
compulsive behavior are common among individuals with

eating disorders. Family dynamics may be part of the envi-
ronmental stress that adds to the seriousness of these condi-
tions, but families are not the root cause. Eating disorders
often coexist with other psychiatric and anxiety-related dis-
orders, and the longer the nutritional deficits and emotional
problems continue, the more severe they become. Individuals
do not choose to have eating disorders and treatment must
address both physiologic and emotional components if res-
toration is to occur.”

For every individual who develops an eating disorder,
a particular factor may be more or less important. The
growing interest in athletics among children and youth
can increase risk of eating disorders or assist in prevention.
Those participating in activities in which thinness is
expected, such as gymnastics or dance, are at greater risk.”
Students who take part in school or recreational sports that
do not require a thin body are at lower risk. Activities that
build self-esteem and help young people feel good about
themselves and their accomplishments help protect against
eating disorders.

Types of Eating Disorders

The four types of eating disorders recognized by the Ameri-
can Psychiatric Association are (1) anorexia nervosa, (2)
bulimia nervosa, (3) binge-eating disorder, and (4) eating
disorders not otherwise specified (EDNOS).”" Each has dis-
tinctive diagnostic criteria and symptoms.

Anorexia nervosa means appetite loss from nervous
disease. Anorexia nervosa is a form of starvation with exces-
sive weight loss self-imposed at great physical and psycho-
logic cost. Although these patients may have a body weight
only 85% of average or a BMI of less than 17.5, they never
see themselves as underweight and emaciated but always as
fat.’" This distorted body image often persists during recov-
ery. Low bone mass is a frequent complication because amen-
orrhea usually accompanies this condition. Sudden death can
result from cardiac arrest. Individuals with a higher percent-
age of body fat at the time of hospital discharge are more
likely to have a positive long-term outcome.”

Bulimia nervosa, meaning “ox hunger,” describes the
massive amounts of food consumed by these patients. Because
this individual is eating, body weight is usually normal or
even above normal. Bulimia nervosa is often associated with
depression or difficulty in meeting social or role expectations.
Patients are consumed with guilt about their food behavior.
Eating episodes are followed by purging through self-induced
vomiting, use of laxatives or diuretics, enemas, or excessive
exercise, and may occur twice a week or more. Repeated vom-
iting of the highly acidic stomach contents is harmful to the
teeth and tissues of the mouth.* This condition is sometimes
referred to as the binge and purge syndrome.

Binge-eating disorder includes binge-eating episodes but
without the purging behavior of bulimia nervosa. Binge
eating occurs in response to stress or anxiety, or may soothe
or relieve painful feelings. Many of these patients are over-
weight and have the same medical problems as obese indi-
viduals who do not binge eat.”
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Eating disorders not otherwise specified (EDNOS) may
include a combination of the conditions described above or
a frequency of symptoms that differ from established diag-
nostic criteria. Eating problems such as purging syndrome
and night-eating syndrome are included here.”*

Prevention and Treatment

The identification of individuals at risk for eating disorders
can prompt early intervention and interrupt the progression
of malnutrition. Health professionals and school personnel
working with adolescents and athletes should watch for
behavioral and clinical signs that indicate those at risk (Box
8-3). Parents need to be alerted to the behavioral and health
characteristics of eating disorders and watch for such behav-
iors in their children. School personnel need to monitor
school-based programs intended to combat obesity.** Since it
is not known which students may be genetically predisposed
to an eating disorder, programs promoting weight loss require
personal supervision. Individuals with anorexia nervosa will
demonstrate characteristic signs of protein-energy malnutri-
tion as the condition worsens; those with bulimia nervosa are
less likely to be underweight.

SIGNS ASSOCIATED WITH
DEVELOPMENT OF EATING

DISORDERS IN
ADOLESCENTS

Behavioral Signs

e Obsession with dieting

e Extreme level of exercise

e Dissatisfaction with body size or shape

e QOverestimation of kcalorie intake (anorexia nervosa)

Clinical Signs (Anorexia Nervosa)

e Arrested growth and maturation

e Underweight: body mass index (BMI) <17.5

e Dry and yellowish skin

e Growth of fine hair over body (e.g., lanugo)

e Drop in internal body temperature; person feels cold
e Severe constipation

* |ow blood pressure, slowed breathing and pulse

Clinical Signs (Bulimia Nervosa)

e Chronically inflamed and sore throat

e Swollen glands in the neck and below the jaw

e \Worn tooth enamel and decaying teeth

¢ Intestinal distress and irritation from laxative abuse
e Severe dehydration from purging of fluids

Data from American Dietetic Association: Position of the American
Dietetic Association: nutrition intervention in the treatment of
anorexia nervosa, bulimia nervosa, and other eating disorders.

J Am Diet Assoc 106:2073, 2006; U.S. Department of Health and
Human Services, National Institute of Mental Health: Eating
disorders, NIH Pub No 07-4901, Bethesda, Md., 2007, National
Institute of Mental Health.

*Not all of these signs will be observed in all individuals

The treatment of eating disorders requires an experienced
team of health professionals including a physician, nurse,
dietitian, clinical psychologist or psychiatrist, and dentist.
Outpatient services may provide the care needed in less
advanced cases, but for life-threatening anorexia nervosa,
intense inpatient therapy is essential. The care plan for disor-
dered eating patients should include nutritional, medical, and
behavioral intervention. A framework for meals, snacks, and
food choices must be implemented on a gradual basis to
address the underweight or overweight. Medical complica-
tions arising from severe malnutrition, dehydration, habitual
vomiting, or excessive use of diuretics and laxatives require
immediate attention. The psychologist or psychiatrist on the
health care team can address the personal and emotional
issues contributing to the condition, and promote healthy
behaviors that will sustain the nutritional and medical recov-
ery. Persons with eating disorders can be resistant to treat-
ment, and progress can be slow. An individualized approach
to patients and their needs is mandatory for success.

The Problem of Underweight

We have discussed the problem of excessive body weight and
body fat, and situations in which individuals deliberately
reduce their food intake. Now we consider the causes and
effects of underweight caused by lack of food or debilitating
illness.

Definition

Extreme underweight is associated with serious health prob-
lems in all age groups.**>*° Underweight, defined as a BMI of
less than 18.5 kg/m’, is relatively uncommon in the United
States. A national survey identified only 2.2% of adults as
underweight,” although a regional study found nearly 5% of
low-income children between the ages of 2 and 4 to be low
weight for height.” Low weight for age is associated with
more than 2.2 million child deaths in developing countries,”
and those who do survive often experience long-term growth
retardation and disability. Underweight springs from poverty,
poor living conditions, long-term illness, or physiologic

KEY TERMS

neoplastic Describing abnormal growth of tissue, usually
associated with the formation of tumors.

anorexia nervosa Extreme psychophysiologic aversion to
food resulting in life-threatening weight loss. An eating dis-
order accompanied by a distorted body image considered to
reflect fat when the body is actually malnourished and thin
from self-starvation.

bulimia nervosa An eating disorder in which cycles of
gorging on large quantities of food are followed by self-
induced vomiting and use of diuretics or laxatives or extreme
levels of exercise to avoid weight gain.

binge-eating disorder An eating disorder in which indi-
viduals consume large amounts of food in a short period of
time, but without the purging behavior of bulimia nervosa.
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BOX 8-4 CAUSES OF UNDERWEIGHT

* Problems with self-feeding

® Long-term illness

e Cancer

e Cardiac failure (cardiac cachexia)

e Chronic obstructive pulmonary disease

e Acquired immunodeficiency syndrome (AIDS)

dysfunction. Infants, young children, and older adults are at
greatest risk. Resistance to infection is lower, general health is
poorer, and physical strength is decreased in seriously under-
weight individuals.

General Causes

Malnutrition and underweight stem from decreased food
intake, increased energy requirements, or poor utilization of
ingested nutrients (Box 8-4).

+ Poor food intake: Lack of sufficient and appropriate food
results in failure to thrive in children and older adults.
Medications such as digoxin and chemotherapeutic agents
contribute to the devastating weight loss known as cachexia
seen in cardiac failure and cancer. Older people in poverty
who live alone and lack transportation to a grocery store
risk unwanted weight loss. Skilled nursing facilities are
required to monitor body weight, as a patient’s inability to
self-feed can lead to significant weight loss. Self-imposed
food restriction associated with eating disorders can result
in life-threatening underweight.

+ Increase in energy requirements: Long-term hypermeta-
bolic conditions such as cancer, acquired immunodefi-
ciency syndrome (AIDS), advanced heart disease, or
infection impose energy demands that drain the body’s
resources. Hyperthyroidism increases caloric require-
ments. Extensive physical activity without a sufficient
increase in energy intake will over time bring about inap-
propriate weight loss in the normal weight individual.

fTo sum up

*  Poor utilization of available nutrients: Malabsorption asso-
ciated with prolonged diarrhea, gastrointestinal disease, or
laxative abuse depletes nutrient stores. Cytokines pro-
duced by the immune system in response to chronic con-
ditions such as cancer, chronic kidney disease, congestive
heart failure, and AIDS accelerate the breakdown of body
protein and fat. Cytokines also interfere with the effective
utilization of nutritional supplements, making it difficult
to reverse the patient’s deteriorating condition.”®

Nutritional Care

Underweight persons require special nutrition intervention
to rebuild body tissues and nutrient stores. Food plans must
be adapted to the individual’s personal preferences, financial
situation, and household concerns, and address any existing
disease. The dietary recommendation should be (1) high in
kcalories (at least 50% beyond standard needs); (2) high in
protein to rebuild tissue; (3) high in carbohydrate to provide
a primary energy source in an easily digested form; (4) mod-
erate in unsaturated fats to add kcalories but not exceed rec-
ommended limits; and (5) optimum in vitamins and minerals,
including supplements when deficiencies require them. A
wide variety of food that is well seasoned and attractively
presented helps revive a lagging appetite and the desire to eat.
Meals and snacks spread throughout the day that include
favorite foods increase interest in eating and promote optimal
utilization of nutrients. Liquid nutritional supplements add
kcalories and key nutrients. In extreme cases, tube feeding or
total parenteral nutrition (TPN) may be necessary. (Rehabili-
tation of undernourished patients will be discussed further
in Chapter 19.)

KEY TERM
hypermetabolic Increased rate of body metabolism occur-
ring as a result of infection, trauma, or disease.

Food provides the energy that enables the body to continue
its physical and metabolic work. Through a series of ongoing
metabolic reactions, the chemical energy in food is converted
to thermal, electrical, and mechanical energy. The heat pro-
duced by body work, expressed in kcalories, serves as a
measure of energy taken in and expended. One’s total energy
requirement is the sum of (1) basal metabolic needs, (2) the
food intake effect (TEF), and (3) physical activity. Physical
activity is the most variable component, adding relatively few
kcalories for sedentary persons but making up one half or
more of the total energy requirement of highly active people.
Both energy intake and physical activity influence the size of

the four major body compartments: (1) lean body mass
(LBM), (2) body fat, (3) body water, and (4) mineral mass.
Both the amount of body fat and its location on the body
influence disease risk, with abdominal fat of greatest concern.
Conversely, eating disorders with self-imposed food restric-
tion or purging result in poor health and even death, if pro-
longed, and treatment prognosis can be poor. Poverty, chronic
disease, and medications contribute to underweight through
low food intake, poor food utilization, or increased energy
requirements. A nutrient- and energy-rich diet combined
with ongoing counseling to support the rehabilitation process
can in many instances restore a healthy weight.
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l QUESTIONS FOR REVIEW

1.

Define fuel factor. Name the fuel factors of the energy-
yielding nutrients.

. List the three components contributing to the total

energy requirement. What factors influence the BMR and
why? What is the most variable component of the total
energy requirement and why?

. What is the difference between the BMR and the RMR?

Which is most often used in clinical practice? Why?

. Name the four body compartments and describe the

tissues found in each. How are they measured?

. You are performing a nutritional assessment of a man

who is 6 feet 2 inches tall and weighs 248 Ib. What is his
BMI? Is he overweight, overfat, or do you not know?
Explain.

. You are working with a client who wants to lose

weight and has found several diets on the Internet.
One is a high-fat diet containing 1800 kcal and the
other is a high-protein diet, also containing 1800 kcal.
Which diet is most likely to produce long-term weight
loss? Why?

. Describe various eating disorders defined by the

American Psychiatric Association. What factors contrib-
ute to risk of disordered eating?

. You are working with a single mother and her 3-year-old

daughter who are both underweight. They live in a small
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This site offers physical activity programs and information for
all age groups, as well as resources for health professionals:
http://www.cdc.gov/nccdphp/dnpa/physical/index.htm.
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CHAPTER

9

Food Selection and Food Safety

Eleanor D. Schlenker

(€)EVOLVE WEBSITE

http://evolve.elsevier.com/Williams/essentials/

OUTLINE

Personal Food Selection

The Food Environment

Expanding the Food Supply: Biotechnology and the
Consumer

Protecting the Food Supply: Regulation and
Information

The Problem of Misinformation: Food and Health

Food Safety and Food Processing

We begin a two-chapter section in which we apply our knowl-
edge of nutrition science to the food needs and food safety of
individuals and families. We look first at the web of factors that
influence our personal food choices, including the ever-changing
food environment. Issues such as health and convenience have
joined taste and cost as consumer concerns in the marketplace.
Although the expanding food supply offers more choices, it has
also created a need for increased food regulation. When families
produced their own food, they were responsible for its whole-
someness and safety. As our sphere of food access has broadened
to include our region, our nation, and the world, food safety has
become the responsibility of government and various enforce-
ment agencies. Maintaining a healthy food supply rich in nutri-
ents requires the cooperative efforts of farmers, food processors,
and health professionals.

PERSONAL FOOD SELECTION

Food habits, like other human behaviors, do not develop in
a vacuum. Rather, they grow out of our cultural, social, and
psychologic environment, and the unique experiences that
follow each of us throughout our lives.

Cultural Influences

Cultural Identity

Culture can be defined as the accumulation of a group’s
learned and shared behaviors in everyday life. Culture reveals

the knowledge, values, beliefs, attitudes, and practices
accepted by members of a group or community that bring a
sense of identity and order to their lives." Often the most
significant thing about a culture is what is taken for granted.
Culture involves not only the obvious aspects of life—
language, religion, family structure, and historical heritage—
but also daily patterns such as preparing and serving food
and caring for children or elders. Culture defines how an
individual describes health, perceives illness, and seeks treat-
ment.' These facets of daily life are passed from generation
to generation and learned as children grow up within the
community.

Food in a Culture

Foodways (food customs or traditions) are among the oldest
and most deeply rooted aspects of a culture. They determine
what is eaten, when and how it is eaten, and who prepares it.
An item considered to be a special treat by families in one
part of the world can be unacceptable somewhere else. The
geography of the land, the agriculture of that locality, experi-
ences related to health and food safety, religious beliefs, and
local history and traditions influence what we eat. Through-
out history, designated foods or meals have commemorated
special events of religious or national significance or rites of
passage. Many of these customs remain today.” (To learn
more about food customs see the Focus on Culture box,
“Family Meals: Where Food and Culture Meet.”)
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FOCUS ON CULTURE
Family Meals: Where Food and Culture Meet

Over the centuries the family meal has been the setting in
which children learn about their culture. Common vocabulary,
food-related customs, etiquette, food-related holidays, and
intergenerational and gender relationships are learned at the
family table. Generally, celebrations such as weddings, birth-
days, religious holidays, or secular holidays involve meals more
elaborate in preparation and variety than day-to-day fare, and
include food items not served at other times. Although Thanks-
giving and Christmas mark traditional holiday meals for some
groups, Chinese families celebrate New Year with feasting,
and Muslims mark the end of Ramadan and the period of
fasting with an elaborate meal. In agrarian societies, harvest
dinners marked the end of the growing season and the secur-
ing of food crops for the coming winter. Sunday dinner has
long been a special meal in the Appalachian culture and among
African-American families because this was the day of rest
when families had time to be together.

Family meals define gender roles and relationships. In East
Indian cultures, feeding the family is an important role of the
woman of the house. Even if servants or others assist with
preparation, the woman of the house delivers the food to the
table. Who eats together at mealtime establishes the frame-
work of social standing among family members. In East Asian
countries such as China and Japan, and traditional Native Amer-
ican, Arab, and African cultures, men and guests ate first, and
then women and children ate. In comparison, African-American,

Latino, and Asian Indian families celebrated the extended
family as an important social unit with grandparents, aunts,
uncles, and cousins joining in communal meals. Sociologists
suggest that the special cohesiveness observed among many
African-American families is an outgrowth of the extended
family meal.

The blending of families and cultures in the United States has
obscured some of these differences in traditional practice.
Nevertheless, the research associating better outcomes and
healthier food choices among youth who eat regular meals
with their families reinforces the importance of the learning and
social interaction in this environment.
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Components of a Cultural Food Pattern

All food patterns share several common characteristics,
although they differ in the actual foods they contain. These
common dietary components are as follows’:

+ Core foods: core foods, usually complex carbohydrates,
are eaten every day and provide the bulk of the energy
intake.

«  Complementary foods: these are items added to improve
palatability such as the vegetables or meat added to a rice
or pasta meal.

+ Food flavors and preparation: how foods are prepared and
seasoned is distinctive for every group and is as important
as the foods themselves.

+ Frequency and timing of meals: the number of meals or
snacks eaten each day, when they are eaten, and the foods
they contain, define dietary intake within individuals and
cultures.

Maintaining core foods, familiar flavors, and meal sequence
serves as a bridge to new meal patterns related to health or
other considerations.

Social Influences

Internal Factors

Food has social roles. Food is a symbol of acceptance, warmth,
and friendliness. People are more likely to accept food from
those they view as friends or supporters. The offering of food
is an expected act of hospitality in many cultures. Strong
food patterns develop within the primary family unit, and

to your home is an established custom among many cultural
and ethnic groups. (From Food and Nutrition Service, U.S.
Department of Agriculture and Food and Nutrition Informa-
tion Center, National Agricultural Library: SNAP-Ed Connec-
tion. SNAP-Ed photo gallery, Beltsville, Md., 2005, U.S.
Department of Agriculture. Reprinted with permission. from:
<http://snap.nal.usda.gov/photo-gallery?mode=mealtime>.
Retrieved February 25, 2013.

food practices associated with family celebrations and cama-
raderie are held tenaciously throughout life (Figure 9-1).
Long into adulthood, certain foods trigger a flood of child-
hood memories and are valued for reasons totally apart from
their nutritional contribution. Nevertheless, income, local
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availability, and market conditions ultimately influence food
choices. People eat foods that are readily available and that
they have the money to buy.

External Factors

Peer pressure influences food choices. Foods may be viewed
as high-prestige foods or associated with low economic status.
Those immigrating to the United States may reject their tra-
ditional foods in favor of American foods popular among
neighbors or classmates. Children plead for a particular snack
item if that is what their friends eat. Adolescents are particu-
larly susceptible to the influence of their peers in selecting
healthy or unhealthy foods.™

Psychologic Influences

People who enjoy a bountiful food supply think less about
food because it is always available, whereas those with chronic
hunger or food cravings think, talk, and dream about food.’
For most of us, concerns about food are associated with other
needs. Maslow’s classic hierarchy describes the five levels of
human need, each building on the one before’:
1. Basic physiologic needs: hunger and thirst
2. Need for safety: physical comfort, security, and protection
3. Need to belong: love, giving and receiving affection
4. Need for recognition: self-esteem, sense of self-worth, self-
confidence, and capability
5. Need for self-actualization: self-fulfillment and creative
growth
Although these needs vary with time and circumstance,
they help us understand the motivations and actions of others
and develop our care plan accordingly. As summarized in Box
9-1, a complex set of physical, social, and psychologic factors
influence what a person eats.

THE FOOD ENVIRONMENT
Food in the Marketplace

Family, ethnic, and regional ties are strong influences in our
lives, but new technology and mass media put old influences
in conflict with new forces, and this is also true for food. New
ethnic flavors are displacing traditional recipes, and parents
or grandparents who took pride in the dishes they prepared
are disheartened if children like the “box” version better. Over
26% of Americans live alone, and they are more likely to cook
from scratch or use more sophisticated ready-to-eat items.”
Traditional families with children under age 18 are being
targeted with prepackaged foods that can be prepared in
minimal time. These families eat more pasta, macaroni, cas-
seroles, and pizza.® With the busy lifestyles of parents and
children, more family kitchens are 24-hour commissaries that
family members can access at will, heating individual items
that accommodate their meal preferences and schedules.” Yet,
almost half of shoppers report they try to purchase fewer
convenience foods to save money.” The growing older popu-
lation will need healthy meals that require limited prepara-
tion while also accommodating the changes in taste and smell
that accompany aging.’

FACTORS INFLUENCING
FOOD CHOICES

Environmental Factors

e Food availability

¢ Food technology

e Geography, agriculture, food distribution
e Personal economics, income

e Sanitation, housing

e Season, climate

e Storage and cooking facilities

BOX 9-1

Social Factors

e Advertising

e Culture

e Education, food and nutrition knowledge

e Political and economic policies

e Religion and social customs

e Social class role, peer pressure

e Social problems, poverty, alcoholism

e Distance from food outlets (e.g., grocery stores,
restaurants)

Physiologic Factors

e Allergy, food tolerance or intolerance
e Physical disability

¢ Health-disease status

e Personal food acceptance

e Energy or nutrient needs

e Medical nutrition therapy

Taste, price, and health, followed by convenience and land
sustainability, drive the food purchases of the American
public, although consumer age also has an influence. Con-
sumers below age 50 are more driven by price, whereas older
groups are more concerned with healthfulness."’

Meal Solutions

For those who must respond to the question “What’s for
dinner?” the meal should be quick and easy.'' According to a
food industry survey, a growing trend is “dining in” with a
majority of meals eaten at home (Box 9-2). On average, U.S.
families eat dinner at home at least five times each week.”
Cooking skills that support healthy eating are also getting
more attention. Almost 60% of young adults rate their
cooking skills as good, compared with only 50% of those
above age 45.” For those using prepackaged items, multi-
portion skillet meals or oven meals are taking precedence
over individual heat-and-serve items.'' Consumer participa-
tion, even to a limited extent, brings the food preparation
experience closer to that of “cooking from scratch.” Parents
may feel more positive about dishes to which they add a few
fresh ingredients."

Convenience items and fresh items can be combined for a
quick and healthy meal. A rotisserie chicken from the super-
market or grilled chicken from a fast-food restaurant served
with a frozen vegetable, and fruit or salad in place of French
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BOX 9-2 CURRENT FOOD TRENDS

e Still cooking—cooking more meals at home

e Appeal of Americana—promoting the diversity of American
cooking

e Foodie focused—Iearning more about foods from televi-
sion food chefs

e Getting real—eating more fresh foods, avoiding highly pro-
cessed foods

e New nutrients—paying attention to nutrients, interest in
functional foods

e Three squares—eating three meals a day, with or without
snacks

e Home rituals—packing your own snacks for work or
events; entertaining at home

Data from Sloan AE: Top 10 food trends. Food Technol 65:24,
2011.

fries, is moderate in kcalories and nutrient dense. A frozen
vegetable can be cooked in the microwave in the time it takes
to set the table and get the family seated. Packaged salad
greens can provide a quick addition to a meal; however, they
should not be viewed as “ready to eat” without thorough
washing. (Later in this chapter we will discuss recent out-
breaks of foodborne illness related to bagged salad greens.)
Helping families identify low-fat and nutrient-dense accom-
paniments to convenience items improves the nutrition of all
family members.

Eating Frequency

The number of eating occasions throughout the day, both
meals and snacks, influences energy intake. In recent years
snacking (defined as any food or beverage other than water
taken between meals) has about doubled.'” Almost 90% of
adults have at least one and 40% have three or more snacks
each day. Snacks make up 24% of the daily energy intake of
adults with alcohol, sugars, and solid fats contributing the
highest proportion of kcalories.'” In some adults, snacks esca-
lated energy intake by as much as 1057 kcal while adding few
other nutrients.”” Among teens, snacks contributed on average
526 kcal per day; those with four or more snacks took in one
and one-half times as many kcalories as those who reported
no snacks.'* Many adolescents eating three or more snacks
a day also were eating three meals—breakfast, lunch, and
dinner."”

Smaller meals with snacks (a grazing pattern) rather than
one or two very large meals present a healthy eating pattern
if the energy and nutrient content of all foods eaten are moni-
tored wisely. Individuals who are physically active can benefit
from eating more frequently. Older adults who have two or
more snacks each day in addition to their regular meals are
more likely to meet their energy requirement than those who
do not snack.'® Snacking on fruits, vegetables, low-fat dairy
foods, low-fat grain products, or protein foods such as peanut
butter or hard-cooked eggs adds important nutrients with
low to moderate kcalories. When researchers from the U.S.
Department of Agriculture (USDA) evaluated snacking in

relation to overweight and obesity, the number of daily snacks
was not related to body mass index (BMI) in either youth'*
or adults." Portion size, energy density of the foods chosen,"”
or lack of physical activity may have a greater role in unwanted
weight gain.

Family Meals

Extended working hours for parents and increasing sport
and club activities for children can make it difficult to
manage family meals. Over the past decade the number of
middle and high school students eating five or more meals
per week with their families has declined. This is especially
true among middle-school youth, girls, Asian families, and
limited resource families.'” Nevertheless, 44% of adolescents
still eat at least five meals a week with their parents. Eating
together as a family influences nutritional and emotional
well-being. The more meals children eat with their parents,
the greater their intakes of calcium-rich foods, fruits, and
vegetables, and the more likely they are to be of normal
weight."” Moreover, youth who have dinner regularly with
their families have lowered risk of disordered eating, do
better in school, and are less likely to use tobacco, alcohol,
and drugs."

Family meals also influence the food practices of parents,
as mothers and fathers eating more meals with their children
ate more fruits and vegetables. Mothers were less likely
to indulge in binge eating or inappropriate dietary behav-
iors.”” Meal patterns established in youth carry over in suc-
ceeding years. Young adults who ate breakfast regularly as
adolescents were more likely to eat breakfast regularly when
living independently.”! Men appear to be assuming more
responsibility for meal planning and preparation,” providing
important role models for children and youth. (See the Per-
spectives in Practice box, “Returning to Hands-On Food,” for
ideas on how to get started preparing healthy meals.)

Health Concerns

Americans continue to experience frustration regarding the
ever-changing nutrition messages flowing from the mass
media. In a recent poll consumers noted that choosing what
they should or should not eat was more difficult than figuring
out their taxes." Still, health ranks among the top three
influences on shopping decisions, after taste and price."’ In
one survey 64% of responders reported making recent
changes to improve their food choices, and the majority of
these changes were directed toward losing weight.” Despite
the growing prevalence of obesity, the proportion of con-
sumers concerned about their body weight declined from
earlier years, suggesting that people are becoming more com-
placent about their obesity.”” Parents appear to worry more
about the healthfulness of their children’s diets than about
their own."

Fat, sodium, and kcalories continue to influence food pur-
chases.'” Two thirds of Americans try to avoid saturated fat,
and 75% say they choose foods lower in fat at least some of
the time. Kcalorie and sodium content are the most used
information on the nutrition label.” In contrast, the majority
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' PERSPECTIVES IN PRACTICE
Returning to Hands-On Food

As the pace of life quickens with growing responsibilities of

work, school, and child care, preparing meals at home can

seem to be a daunting task. Young adults perceive lack of time
as a major barrier to healthful eating."? Eating on the run can
lead to increased intakes of sugar-sweetened beverages, high-
calorie fast-food, and saturated fat, and limited intakes of fruits
and vegetables. Poor food preparation skills add to the time
required to prepare meals at home.

Following are some ways to begin developing skills for quick
and healthy meals:

e Obtain a family cookbook to help you get started: The
Academy of Nutrition and Dietetics, American Heart Associa-
tion, and American Diabetes Association offer cookbooks
with quick and easy recipes that can be prepared in 30 min
and support healthy eating for all ages.

* Supplement take-out foods with healthy items prepared at
home: Add a frozen vegetable or salad and oven-browned
French fries (made with frozen potato strips) to the chicken
or hamburgers purchased on the way home.

e Try to make foods in advance to keep in your freezer for
quick meals: Instead of making a meat loaf in a loaf pan,
make individual meat loaves in a muffin pan. The muffin
meat loaves cook in half the time of a regular meat loaf, and
leftovers can be frozen individually to thaw and heat as
needed.

e Use cut-up chicken parts that cook quickly on the cooktop
or in the oven: Look for recipes that use canned low-sodium
chicken broth or low-sodium soups as ready-made sauces.

e [ ook for skillet meals or casseroles that mix a protein food
with pasta or vegetables: Consider skillet lasagna, tuna

References
. Larson NI, Nelson MC, Neumark-Sztainer D, et al: Making

1

If you have not been cooking, then start by preparing just one
or two meals a week. See how fast you develop your cooking
skills and perfect some favorite recipes!

. Escoto KH, Laska MN, Larson N, et al: Work hours and
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for adding color, texture, and nutrients to your meal; add
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and fat.
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of consumers don’t pay attention to refined carbohydrates
when purchasing food or beverages.'” Although shoppers are
very positive about food items with added benefits for
health—for instance, calcium and vitamin D—awareness
does not necessarily lead to behavior change. Over 90% of
consumers were aware of the association between calcium
and bone health, but only 58% were making an effort to
consume more calcium.”

EXPANDING THE FOOD SUPPLY:
BIOTECHNOLOGY AND THE CONSUMER

Throughout human history, new scientific discoveries have
created challenges for society. Biotechnology as it relates to
agriculture, food processing, and the environment holds the
potential to increase the quantity and quality of our food
supply. This field of science allows us to alter the deoxyribo-
nucleic acid (DNA) of a plant or animal species by adding or
removing a particular gene, likened to cutting a circle of
tape, inserting a different piece, and rejoining both ends to
the new piece.” This was the technique used to develop a new
variety of rice with increased B-carotene content,” and new

microorganisms for use in the making of cheese.”” However,
there are questions about the safety of the food produced
using these methods. We will examine some of these issues
and the process for biosafety review.

Genetically Modified Plants

Genetically modified (GM) organisms are plants or bacteria
in which the natural DNA has been changed in some way to
produce a desired trait. Genetic modification can take place
through plant breeding methods or through biotechnology
in which a gene is transferred from one organism to another.
Genetic engineering was first applied in the pharmaceutical
industry, and GM bacteria produce human insulin for man-
aging diabetes.

GM food crops were introduced in the 1990s, and their

use has grown dramatically. Farmers in at least 25 countries
are planting GM species,” representing 51% of the soybeans,
31% of the maize, and 5% of the rapeseed (canola oil) pro-
duced worldwide.” In the United States, the sale and use of
GM seeds are regulated by the Food and Drug Administra-
tion (FDA), the Environmental Protection Agency (EPA), and
the USDA.
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Goals for Genetic Modification

Since humans first began to cultivate plants, various practices
have been used to improve the yield or desirability of particu-
lar species. The use of Mendel’s principles of inheritance and
the development of hybrid plants led to the green revolution
and new varieties of wheat and rice with double the yields.

Such advances were credited with reducing food shortages in

the developing world.”

Genetic modification of food plants has three goals™:

1. Resistance to insects and disease: Plants carrying a protein
that acts as a built-in insecticide enable farmers to reduce
their use of pesticides and herbicides.

2. Increased tolerance to weather conditions: Varieties able to
survive more extreme environmental conditions are less
likely to be destroyed by a late frost.

3. Increased nutritional value: Genetic modification increased
the monounsaturated fatty acid content of soybean oil,
and scientists are working on a tomato with increased
amounts of lycopene. Grains with increased protein or
micronutrients lessen nutrient deficiencies in developing
nations.

Corn, soybeans, rapeseed (canola oil), papaya, and squash
are among the genetically altered food crops approved for use
in the United States.*

Safety of Genetically Modified Crops

Both scientists and consumers have voiced concerns about

GM foods as follows:

*  Risk of allergic reaction: Transfer of a known allergen into
a new food (e.g., adding a peanut allergen to a corn plant)
would make the modified plant unsafe for persons with
the allergy.*

+  Potential toxicity: Need to check DNA against a protein
database to identify any known harmful protein.”

* Danger to the environment™: Transfer of insect-resistant
genes to weeds or invasive plants could be harmful to
helpful insects such as butterflies. Farmers are urged to
confine GM plants to specific growing areas.

Current labeling regulations do not require the identifica-
tion of ingredients from GM sources unless the modification
has increased its allergenicity or reduced its nutrient content.”
This situation is controversial as many consumers wish to
avoid eating GM foods. A requirement that a GM food carry
label identification would provide the information needed for
making an informed decision.

Biotechnology and Animal Foods

Marker-Assisted Breeding

Conventional breeding methods have produced eggs with less
cholesterol and beef with reduced fat. Marker-assisted breed-
ing, which combines the skills of classic breeders with molec-
ular geneticists, offers increased potential for the development
of healthy animal foods. When geneticists identify existing
DNA patterns that influence traits such as fat composition,
breeders can better select for these characteristics.

Bovine Growth Hormone

Growth hormone has an essential role in growth, develop-
ment, and health. Bovine growth hormone (BGH) extracted
from the pituitary glands of cattle has long been used to
boost milk production. When it became possible to synthe-
size bovine somatotropin (bST) using recombinant DNA,
farmers petitioned the FDA for permission to use recombi-
nant bovine somatotropin (rbST) in their dairy herds.”" Fol-
lowing intense review this practice was approved. Evaluation
of milk samples from retail stores in 48 states indicated that
milk from rbST-treated cows did not differ in bST content
from milk obtained from nontreated cows.” Nevertheless,
many consumers choose to avoid purchasing milk from
rbST-treated cows.

When assessing risk, answers are seldom clear-cut; no
action or lack of action by either a government agency or an
individual is ever completely risk-free. Risk is evaluated
according to potential benefits versus potential harm and
usually involves numerous and often subtle variables. Avail-
able research evidence must form the basis for judgments that
serve the public interest.

PROTECTING THE FOOD SUPPLY:
REGULATION AND INFORMATION

Government Agencies Responsible

for Food Safety

A Shared Regulatory System: USDA and FDA
Regulation of the food supply began more than 100 years
ago when Congress charged the USDA with safeguarding the
nation’s food. Early on, USDA initiated on-site inspection of
meatpacking and poultry-processing plants, an enormous job
that continues today. The FDA was assigned responsibility for
the safety of all foods except meat and poultry. These two
agencies work with the EPA to ensure that pesticide residues
do not exceed tolerance standards. Interagency cooperation
is essential for mounting an effective response to any food-
related threat to health. The USDA, FDA, and the Centers for
Disease Control and Prevention (CDC) work together to
prevent the introduction and spread of such hazards as avian
flu or investigate and recall products associated with out-
breaks of foodborne illness.

Food and Drug Administration

The FDA enforces all federal regulations intended to keep our
food supply safe, pure, and wholesome (Box 9-3).” Included
in this mandate is the power to seize contaminated and unsafe
food, whether grown and processed in the United States or
entering from elsewhere. Because it is impossible to inspect
all food products before they are sold, the FDA has put in
place risk assessment procedures in food manufacturing
facilities to prevent contamination. These procedures, referred
to as Hazard Analysis and Critical Control Points (HACCP),
identify potential sources of contamination and help food
plant managers set up ways to control them. HACCP requires
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FOOD-RELATED ACTIVITIES
OF THE U.S. FOOD AND

BOX 9-3

DRUG ADMINISTRATION

e Ensure that processed foods are free of pathogens and
contaminants

* Inspect food-processing facilities (other than meat and

poultry plants)

Approve food additives

Monitor the content of infant formulas and medical foods

Oversee nutrition labeling

Check shipments of imported foods for purity

Approve drugs and supplements added to animal feeds

systematic testing for the presence of dangerous microbes at
production points where they might enter the system. The
joint efforts of the FDA and USDA to implement HACCP
procedures in poultry processing are credited with reducing
by half the number of chickens contaminated with Salmo-
nella. The FDA also monitors any suspicious behaviors that
might be related to intentional food contamination and food
bioterrorism.

Food Safety Laws

Approval Process for Drugs

The control of drugs by the FDA began in 1938 with the
passage of the Federal Food, Drug, and Cosmetic Act
(FFDCA). Any new drug, whether developed in the United
States or elsewhere, must undergo intensive testing, often
extending over a period of years. The manufacturer must
present convincing scientific evidence that the product meets
the legal standard of “safe and effective,” and formal FDA
approval is necessary before the drug can be sold.

Regulation of Food Ingredients and Food Additives

Manufacturers of all foods and food additives are legally obli-

gated to assure the public that their products are safe. For

conventional foods the FFDCA requires that the food and all

ingredients not be “ordinarily injurious.” Ingredients with a

long history of use are assumed safe, and such food items may

be marketed without prior FDA approval. Cookies made with
flour, brown sugar, eggs, butter, and baking soda would meet
this standard.

In 1960 the FFDCA was expanded to create two legal
classes of food additives as described below:

1. Generally recognized as safe (GRAS): The GRAS list includes
all food additives and ingredients that were marketed
before 1958. The GRAS list includes thousands of addi-
tives. One example is the yellow coloring added to marga-
rine that has been in use since the 1930s. Under the law a
food is unsafe if an additive “may render injurious” the
food product. Food processors are not required to obtain
FDA approval to use GRAS list additives; however, the
presumed safety of these additives was based on their wide
prior use; most were not tested. In 1977 Congress directed
the FDA to begin testing the additives on the list, and this
is continuing.

2. Food additives developed since 1958: For these additives
the same legal standard of “may render injurious” applies,
but they must undergo rigid testing before approval is
obtained. Splenda® (sucralose), a nonnutritive sweetener
described in Chapter 3, went through the FDA approval
process and is now being sold.

Dietary Supplements

Dietary supplements enjoy a very favorable legal status. In
1994 Congress passed the Dietary Supplement Health and
Education Act (DSHEA), which effectively deregulated the
dietary supplement industry.”*” All substances marketed as
supplements prior to 1994 were assumed to be safe, whether
or not research evidence existed to support this claim. The
dietary supplement industry markets thousands of products
containing vitamins, minerals, herbs, botanical compounds,
Asian medicinal herbals, and related substances. Under the
law these supplements are classified as neither foods nor
drugs. No scientific testing that demonstrates either product
safety or effectiveness is required. For supplement ingredients
developed after 1994, the safety standard is simply that there
be no “unreasonable risk.” The manufacturer must notify the
FDA before marketing such a product, but no prior approval
is required.

The DSHEA is a controversial law. Dietary supplements
are a major industry, with large advertising budgets and a
wide range of products, from single vitamins to complex
mixtures. Although a dietary supplement cannot claim to
cure a disease, statements about how the human body will
respond to the supplement, such as a claim that it will make
you burn away unwanted fat, require no substantiating evi-
dence. Supplements containing growth hormone or other
potentially dangerous substances said to restore youthful
vitality are often marketed to older adults. Steps are urgently
needed to ensure consumer safety and honest claims
describing appropriate use, expected effects, recommended
dose, and potential interactions among drugs, herbs, and
nutrients. (See later section on combating food and drug
misinformation.)

Agricultural Chemicals

Agricultural chemicals control destructive insects and weeds,
improve seed sprouting to increase yield, prevent plant dis-
eases, and improve market quality. However, overuse adds to
food pesticide residues and farm workers’” exposure to such
chemicals. Researchers are helping farmers reduce their use
of chemical pesticides through integrated pest management,
which uses the natural enemies of insect pests to decrease
their population. The FDA has the task of assessing health
risks and establishing guidelines for the thousands of agricul-
tural chemicals in development and use.

Organic farming—which bars the use of chemical pesti-
cides and herbicides—is growing in status as consumers
become more concerned about the conditions surrounding
the production of their food. Over a 10-year period, sales of
organic foods grew from $3.6 billion to $21.1 billion.”
Organic foods are now available in most major supermarkets.
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Organic farmers working with soil scientists are developing
sustainable systems for growing plant foods and raising beef
and poultry. National standards that govern growing proce-
dures and postharvest handling have been established for
producers who wish to label their food as “organic.” The
USDA must certify farmers before they can use the seal of the
National Organic Program (Figure 9-2).”

Water Contamination

Indiscriminate dumping of waste has raised the concentra-
tions of polychlorinated biphenyls (PCBs), heavy metals such
as mercury, and other toxic substances in inland and ocean
waters. These pollutants are transferred to fish, shellfish, and
other wildlife living in or drinking these waters, and then to
the humans who eat them. State and local health departments
post advisories to fishermen regarding the safety of fish
caught in local waters, and the FDA monitors the mercury
content of ocean and farm-raised fish sold in the United
States. Although fish is valued for the protein and omega-3
fatty acids it contains, women who are pregnant or nursing
or who may become pregnant should monitor their intake
and choose fish low in mercury (Box 9-4).”® This FDA advi-
sory relating to the developing fetus or infant also applies to
young children based on the damaging effect of mercury on
the developing nervous system.

Government Agencies Responsible
for Food Education

Just as several federal agencies share responsibility for food
safety, so several groups partner to provide food and health
information to the public. The U.S. Department of Health
and Human Services (USDHHS) is the major source of
health information. The USDA focuses on food and diet

USDA

FIGURE 9-2 Seal of the National Organic Program. The U.S.
Department of Agriculture (USDA) has developed a certifica-
tion program to enable organic farmers to label their produce
as organically grown. (From National Organic Program, Agri-
cultural Marketing Service, U.S. Department of Agriculture:
The organic seal, Washington, D.C., 2012, U.S. Department
of Agriculture. Available at: <www.ams.usda.gov/AMSv1.0/
nop>.)

with responsibility for the Dietary Guidelines for Americans
and MyPlate (choosemyplate.gov). The FDA oversees con-
sumer food and drug education and reviews food labels, food
health claims, and false advertising.

Food Labels

To choose food wisely, consumers must know what nutrients
they need, the amounts, and where to find them. Over the
past 30 years, the FDA, with the advice of experts representing
agriculture, foods, nutrition, and health, developed a frame-
work of food labeling to help individuals monitor their nutri-
ent intake.

Early Efforts at Food Labeling

In the mid-1970s, new requirements were set for the food
label. All cans and packages had to provide content informa-
tion including weight, list of ingredients, and the name and
address of the manufacturer (Figure 9-3). The goal at that
time was to protect consumers from economic risk—giving
true information about food weight and ingredients—not
health risk. However, surveys indicated that consumers
wanted more nutrition information, including amounts of
carbohydrate, fat, and protein, total number of kcalories, and
key vitamins and minerals.

Original Nutrition Facts Label

The original nutrition facts label became law under the
Nutrition Labeling and Education Act of 1990 and has been
in use since 1994 (Figure 9-4). This label has been required
on all prepared or processed foods such as bread, cereal,

BOX 9-4 MERCURY CONTENT OF FISH

Fish Lower in Mercury

e Canned light tuna (albacore or white tuna is higher in
mercury than light tuna)

e Pollock

e Salmon

e Catfish

e Shrimp

Fish Higher in Mercury
e Shark

e Swordfish

e King mackerel

e Tilefish

Data from U.S. Food and Drug Administration and U.S.
Environmental Protection Agency: What you need to know about
mercury in fish and shellfish: advice for women who might
become pregnant, women who are pregnant, nursing mothers,
young children, EPA-823-R-04-005, Washington, D.C., 2004, U.S.
Department of Health and Human Services. from: <http://www.fda
.gov/Food/FoodbornellinessContaminants/BuyStoreServeSafeFood/
ucm110591.htm>. Retrieved February 26, 2013.

NOTE: VWomen who are pregnant or nursing or might become
pregnant should eat no more than two meals or 12 oz a week of
low-mercury fish; these recommendations also apply to young
children (but serve smaller portions). Fish sticks and fish
sandwiches served at fast-food restaurants are generally made
from fish low in mercury.


http://www.ams.usda.gov/AMSv1.0/nop
http://www.ams.usda.gov/AMSv1.0/nop
http://www.fda.gov/Food/FoodborneIllnessContaminants/BuyStoreServeSafeFood/ucm110591.htm
http://www.fda.gov/Food/FoodborneIllnessContaminants/BuyStoreServeSafeFood/ucm110591.htm
http://www.fda.gov/Food/FoodborneIllnessContaminants/BuyStoreServeSafeFood/ucm110591.htm

CHAPTER 9 Food Selection and Food Safety

INGREDIENTS: WATER, TOMATO PASTE, WHEAT FLOUR, HIGH FRUCTOSE CORN
SYAUP, SUGAR, SALT, SOYBEAN QIL, ASCORBIC ACID (FOR COLOR], CITRIC ACID,
CONTAINS: WHEAT,

DESTRIBUTED BY THE KROGER CJ.,
I, DHI 45202

FREPARATION INSTRUCTIONS:
MIX SOUP WITH ONE CAN OF WATER 0R MILK.

STOVE: HEAT UNTIL SIMMERING WHILE STIRING. 00 KOT BOIL. condensed
'MICSOWAVE: PLACE CONTENTS INTO MICROWAVE.SAFE WARE. COVER AND HEAT O S O u P
HIGH FOR 4-5 MIUTES OR UNTIL HOT. STIR AND SERVE.

REFRIGERATE IN SEPARATE CONTAINER ANY UNUSED PORTION,
BEST IF USED BY DATE DN CAM END,

CLASSIC
(O]

Tomato

L

: Commants Urﬂuuﬂlm:?“

product contains wheat—one of eight food allergens that must be clearly stated to protect indi-
viduals having this allergy. (Courtesy The Kroger Company, Cincinnati, Ohio.)

Original vs. Proposed

Nutrition Facts

Serving Size: 1/2 cup (114 g)
Servings Per Container: 4

Amount per Serving

Calories 260
Calories from Fat 120

% Daily Value*

Total Fat 13 g 20%
Saturated Fat 5 g 25%
Trans Fat0 g

Cholesterol 30 mg 10%

Sodium 660 mg 28%

Total Carbohydrate 31 g 11%

Nutrition Facts

8 servings per container
Serving size 2/3 cup (559)

230

Amount per 2/3 cup
Calories

% Daily Value*

QUICK FACTS:
12%| Total Fat 8g
12% | Total Carbs 37g
Sugars 1g
Protein 3g

AVOID TOO MUCH:
5%/ Saturated Fat 1g

Calcium 15% . Iron 4%

*Percents (%) of a Daily Value are based on
a 2,000 calorie diet. Your Daily Values may
vary higher or lower depending on your
calorie needs.

2,000 2,500
Nutrient calories calories

Total Fat <659 <80g

Saturated Fat <209 <259
Cholesterol <300mg <300 mg
Sodium <2,400 mg <2,400 mg
Total Carbohydrate 300 g 375¢g

Dietary Fiber 259 309

1 g Fat =9 calories
1 g Carbohydrate = 4 calories
1 g Protein = 4 calories

Dietary Fiber 0 g 0%
Trans Fat Og
SuQars 59 0% | Cholesterol Omg
Protein 5 g 7%| Sodium 160mg
Vitamin A 4% . Vitamin C 1% Added Sugars 0g

GET ENOUGH:
14%| Fiber 4g
10%| Vitamin D 2mcg
20%| Calcium 260mg
45%| Iron 8mg
5% | Potassium 235mg

* Footnote on Daily Values (DV) and calorie
reference to be inserted here.

canned and frozen food, snacks, desserts, and beverages, but
it is voluntary for fresh fruits, fresh vegetables, and seafood.

The original nutrition facts label describes the serving size

and nutrient content as compared with recommended intakes
of those nutrients. Health claims on the food label (approved
by the FDA) help consumers make choices to lower their risk

FIGURE 9-4 The original Nutrition Facts label as
compared with the proposed Nutrition Facts label. The
proposed Nutrition Facts label reflects new dietary
recommendations and draws attention to calories,
portion size, and nutrients lacking in the U.S. diet.
(From U.S. Food and Drug Administration [FDA],
Silver Spring, Md. Available at: <http://www.fda
.gov/Food/GuidanceRegulation/GuidanceDocuments
Regulatorylnformation/LabelingNutrition/ucm385663
.htm#images>.)

of chronic disease. The USDA, rather than the FDA, controls
labeling on fresh meat, poultry, and dairy foods.

The nutrition facts label enables consumers to compare
the nutritional value of one product with another and make
informed choices. The information on the original nutrition
facts label is described below™:
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+  Food amount and energy content: Food amount is described
by weight, serving size, and number of servings in the
package or container.

*  Macronutrient content: Protein, carbohydrate, and fat are
listed in grams. Individual amounts of saturated fat, trans
fat, and cholesterol are also required, and some processors
have voluntarily added monounsaturated and polyunsatu-
rated fats. Total carbohydrate is broken down into dietary
fiber and sugar. Suggested daily intakes are compared with
reference diets of 2000 or 2500 kcal.

« Vitamin and mineral content: Sodium and four leader
nutrients—vitamin A, vitamin C, calcium, and iron—are
required on the original nutrition label. Sodium is listed
in milligrams and as a percentage of the suggested upper
limit of 2400 mg, the recognized goal at that time. Vita-
mins and minerals appear as percentages of the Daily Ref-
erence Value (DV). The DVs were derived from thel968
edition of the Recommended Dietary Allowances (RDAs),
the standards in general use when the original nutrition
label was being developed. The DV represented the highest
RDA for that nutrient among the various age and gender
groups. For example, the DV for iron is 18 mg, the RDA
for women of childbearing age. Fortified foods such as
cereals also list other vitamins and minerals added in the
manufacturing process.

Proposed Changes in the Nutrition Facts Label

Since the original nutrition facts label was introduced
in 1994, there have been changes in our knowledge of
nutrition science and the food patterns and health of the
American people. The prevalence of obesity has escalated
across all age groups, and foods high in energy value
and added sugars but low in nutrient density constitute a
growing proportion of the American diet. Portion sizes have
increased such that the reference servings used in the devel-
opment of the original nutrition label no longer represent
what individuals actually eat. The proposed nutrition
facts label addresses these issues as described further on.

(The original and proposed nutrition facts labels are com-

pared in Figure 9-4).*

Label Changes Based on New Nutrition Science

+ Added sugars. The 2010 Dietary Guidelines for Americans
recommended that consumers limit their intakes of added
sugars, and the meal plans provided on MyPlate (choos-
emyplate.gov) include an upper limit to intake of added
sugars. The original nutrition label indicates the total
amount of sugar in a food but does not indicate what
portion is naturally occurring sugar and what portion is
added sugars. The proposed label provides consumers
with the amount of added sugar and the total sugar (natu-
rally occurring sugar plus added sugar) in the food.

+ Fats. The proposed food label will continue to note the
amounts of total fat, saturated fat, and trans fats in a food,
but it will not list the total calories coming from fat.
Current research suggests that the type of fat in the diet is
more important to health than the number of calories
obtained from fat.

+  Specific nutrients. The original nutrition label drew atten-
tion to calcium, iron, vitamin A, and vitamin C, problem
nutrients at that time. Recent U.S. dietary surveys have
revealed that many population groups are deficient in
calcium, iron, vitamin D, and potassium, nutrients with
important roles in the prevention of chronic disease, and
these nutrients will be mandatory on the proposed label.
Vitamin A and vitamin C intakes are generally adequate
in most U.S. population groups and will no longer be
mandatory, although they may be added.

* Daily Reference Value (DV). The DV serves two purposes:
it establishes a maximum intake for a nutrient such as fat,
and it indicates the percentage of the daily requirement of
a nutrient, such as calcium, that is provided in a serving.
The DVs for several nutrients, including sodium and
calcium, are being revised to agree with current Dietary
Reference Intakes (DRIs). The maximum intake for
sodium will be lowered from 2400 mg to 2300 mg, and the
DV for calcium will increase from 1000 mg to 1300 mg.

Label Changes Pertaining to Serving Sizes and

Labeling Requirements

*  Reference servings. The size of food portions consumed by
the U.S. population has increased greatly over the past 20
years, and so have the calories and nutrients that go with
them (review Figure 1-2). By law reference servings used
on nutrition labels must reflect what individuals actually
eat, not what dietitians recommend they eat; thus 27 of
the 158 reference servings used in labeling will be adjusted
to accommodate current eating patterns. Several new ref-
erence servings will be developed for use with new foods.

*  Number of servings in a package. The size and number of
servings contained in a package as stated on the original
nutrition label were often misunderstood. A food package
perceived by the general public to contain a 1-cup single
serving that was typically eaten in one sitting could be
labeled as containing two, % cup servings; consequently
the portion actually consumed contained twice the calo-
ries expected. The proposed nutrition label will require
that packages containing between 150% and 200% of the
reference serving, such as a 20-ounce can of soda or a
15-ounce can of soup, must be labeled as containing one
serving. Packages containing at least 200% but less than or
equal to 400% of the reference serving will require dual
labeling, listing information per serving and per package.
(See Figure 9-5 describing this concept.)

Refreshed Design

+ Information important to health will receive new empha-
sis. Calorie content and the number of servings per con-
tainer will be highlighted and printed in bold. The specific
amount of a nutrient will be included in addition to the
%DV. This could be helpful to individuals requiring lesser
amounts of that nutrient, such as men whose iron DRI is
only 8 mg, when compared with women of childbearing
age, who require 18 mg. The “Amount per Serving” section
has been replaced with “Amount per J with the
blank providing the household measure as, for example,
the Amount per Cup. “Total Carbohydrate” has been
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replaced by “Total Carbs,” followed by “Added Sugars.” The
existing footnote on the original nutrition label that
related the %DV to a standard diet containing 2000 or
2500 calories will be replaced with an explanation of the
%DV, a concept that is confusing to many consumers.*
(Compare the original and proposed nutrition facts label
in Figure 9-4.)

+ The proposed changes to the nutrition facts label were
published in the Federal Register, with 90 days allowed for
public comment from consumers, food and health profes-
sionals, and food manufacturers. When all comments have
been read and considered, FDA will release a final rule.
Then food manufacturers will have 2 years to implement
the required changes.

FOOD SERVING SIZES GET A REALITY CHECK

Serving Size Changes

CURRENT SERVING SIZE PROPOSED SERVING SIZE

SERVINGS ‘&nggs
Y

Packaging Affects Servings

12 20

OUNCES OUNCES

120 200
CALORIES CALORIES

1SERVING PER BOTTLE
FOR EITHER BOTTLE SIZE

FIGURE 9-5 Serving size changes in the proposed Nutrition
Facts label. These changes in serving sizes will more closely
reflect the amount of food that people actually eat at one
time. (From U.S. Food and Drug Administration [FDA], Silver
Spring, Md. Available at: <http://www.fda.gov/Food/Guidance
Regulation/GuidanceDocumentsRegulatorylnformation/
LabelingNutrition/ucm385663.htm#images>.)

Nutrition Labeling for Special Conditions

Since the development and implementation of the original
nutrition facts label, additional information has been added
to the label to assist consumers with special needs or interests,
as described below:

Health claims: Health claims are label statements that
imply a relationship between the consumption of a nutri-
ent or food substance and a disease or health-related con-
dition; however, there can be no suggestion that the
nutrient or substance will cure or mitigate the condition.”
Based on scientific evidence presented for review, the FDA
has approved 15 health claims that address such relation-
ships as calcium, vitamin D, and bone health; soluble fiber
and heart health; and folate and neural tube defects
(Table 9-1)."

Labels for special needs: Some nutrition labels include
information for the benefit of certain groups. Animal
foods processed under the supervision of a rabbi and meet
Jewish dietary standards are labeled as kosher.

Presence of particular substances: Foods or beverages con-
taining aspartame must include a warning for the safety
of individuals with phenylketonuria who must avoid the
amino acid phenylalanine found in this nonnutritive
sweetener. The Food Allergen Labeling and Consumer
Protection Act requires that foods containing any amount
of a major allergen known to cause anaphylactic shock
in allergic individuals must be so labeled. These eight
allergens are (1) milk (casein), (2) peanuts, (3) tree nuts,
(4) fish, (5) shellfish, (6) wheat, (7) eggs, and (8) soy-
beans.” Casein, eggs, wheat flour, and soy are sometimes
added in very small amounts to product formulations
to provide texture or stability, and would not be apparent
to the general consumer if not included on the label.
In light of the very minute amounts of these substances
that can have lethal consequences in allergic individuals,
a label warning must be included. Figure 9-3 provides
such an example, as one might not expect to find a wheat
ingredient in tomato soup. With sweet baked items it is
common to see the notation “this product was produced
in a plant that also processes peanuts.” It is estimated that
1 in 133 persons in the United States has celiac disease,
an immune disorder characterized by a response to

KEY TERMS

anaphylactic shock A serious and sometimes fatal hyper-
sensitivity reaction to a drug, food, toxin, chemical, or other
allergen; the patient experiences weakness, sweating, and
shortness of breath or such life-threatening responses as
loss of blood pressure and shock, respiratory congestion, or
cardiac arrest (see allergens below).

allergens Substances that cause a hypersensitivity reac-
tion in the body; proteins found in milk, eggs, fish, shellfish,
wheat, tree nuts (such as almonds or walnuts), peanuts, and
soy can produce serious and sometimes fatal reactions in
allergic individuals. The presence of these foods must be
indicated on the food label.
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TABLE 9-1

CLAIM

FOOD REQUIREMENT

HEALTH CLAIMS APPROVED BY THE U.S. FOOD AND DRUG
ADMINISTRATION FOR NUTRITION LABELS

MODEL STATEMENT

Calcium and osteoporosis

Sodium and hypertension

Dietary fat and cancer

Dietary saturated fat and
cholesterol and risk of
coronary heart disease

Fiber-containing grain products,
fruits, and vegetables, and
cancer

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

Fruits and vegetables and
cancer

Folate and neural tube defects

Dietary sugar alcohols and
dental caries

Soy protein and risk of
coronary heart disease

Plant sterol/stanol esters and
risk of coronary heart disease

High in calcium*

Low in sodium

Low fat

Low saturated fat

Low cholesterol

Low fat

A grain product, fruit, or vegetable that
contains dietary fiber

Low fat

Good source of dietary fiber without
fortification

A fruit, vegetable, or grain product that
contains fiber

Low saturated fat

Low cholesterol

Low fat

At least 0.6 g soluble fiber per serving
(without fortification)

Soluble fiber content provided on label

A fruit or vegetable

Low fat

Food source (without fortification) of at
least one of the following:
Vitamin A
Vitamin C
Dietary fiber

Good source of folate (at least 40 ug per
serving)

Sugar-free

Sugar alcohol must be xylitol, sorbitol,
mannitol, maltitol, isomalt, lactitol,
hydrogenated starch hydrolysates,
hydrogenated glucose syrups, erythritol,
or a combination

Food must not lower plaque pH below 5.7

At least 6.25 g soy protein per serving

Low saturated fat

Low cholesterol

Low fat

At least 0.65 g plant sterol esters per
serving of spreads and salad dressings

Or

At least 1.7 g plant stanol esters per
serving of spreads or salad dressings

Low saturated fat

Low cholesterol

Regular exercise and a healthy diet with
enough calcium helps teens and young
adult white and Asian women maintain
good bone health and may reduce their high
risk of osteoporosis later in life.

Diets low in sodium may reduce the risk of
high blood pressure, a disease associated
with many factors.

Development of cancer depends on many
factors. A diet low in total fat may reduce
the risk of some cancers.

Although many factors affect heart disease,
diets low in saturated fat and cholesterol
may reduce the risk of this disease.

Low-fat diets rich in fiber-containing grain
products, fruits, and vegetables may reduce
the risk of some types of cancer, a disease
associated with many factors.

Diets low in saturated fat and cholesterol and
rich in fruits, vegetables, and grain products
that contain some types of dietary fiber,
particularly soluble fiber, may reduce the
risk of heart disease, a disease associated
with many factors.

Low-fat diets rich in fruits and vegetables
(foods that are low in fat and may contain
dietary fiber, vitamin A, or vitamin C) may
reduce the risk of some types of cancer, a
disease associated with many factors.

Example: Broccoli is high in vitamins A and C
and is a good source of dietary fiber.

Healthful diets with adequate folate may
reduce a woman'’s risk of having a child
with a brain or spinal cord defect.

Frequent between-meal consumption of
foods high in sugars and starches promotes
tooth decay. The sugar alcohols in this food
do not promote tooth decay.

25 g of soy protein a day, as part of a diet
low in saturated fat and cholesterol, may
reduce the risk of heart disease. The grams
of soy protein that can be derived from a
serving varies with the food."

Foods containing at least 0.65 g per serving
of vegetable oil sterol esters, eaten twice a
day with meals for a daily total intake of at
least 1.3 g, as part of a diet low in saturated
fat and cholesterol, may reduce the risk of
heart disease. The grams of vegetable oll
sterol esters that can be derived from a
serving varies with the food."
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TABLE 9-1

HEALTH CLAIMS APPROVED BY THE U.S. FOOD AND DRUG

ADMINISTRATION FOR NUTRITION LABELS—cont'd

CLAIM

FOOD REQUIREMENT

MODEL STATEMENT

Monounsaturated fat from
olive oil and coronary heart
disease

Omega-3 (n-3) fatty acids and

coronary heart disease (n-3) fatty acids

Whole grain foods and risk of
heart disease and certain
cancers Good fiber source

Low fat

Potassium and the risk of high
blood pressure and stroke Low sodium

Low total fat

Low saturated fat

Low cholesterol

Must contain monounsaturated fat

Must contain both EPA and DHA omega-3

Contains 51% or more whole grain
ingredients by weight per serving

Good source of potassium

Eating about 2 tablespoons of olive oil daily
may reduce the risk of coronary heart
disease due to the monounsaturated fat in
olive oil. To achieve this benefit, olive oil
should replace a similar amount of saturated
fat and not increase the total number of
kcalories eaten in a day. The grams of olive
oil that can be derived varies with the
food."

Eating EPA and DHA omega-3 (n-3) fatty
acids may reduce the risk of coronary heart
disease. The grams of EPA and DHA fatty
acids that can be derived from 1 serving
varies with the food."

Diets rich in whole grain foods and other
plant foods and low in total fat, saturated
fat, and cholesterol may reduce the risk of
heart disease and some cancers.

Diets containing foods that are a good source
of potassium and low in sodium may
reduce the risk of high blood pressure and
stroke.

Modified from U.S. Food and Drug Administration: Guidance for industry. A food labeling guide—Appendix C: Health claims, Rockville, Md.,
1994 (rev 1999, 2004, 2008, 2009), Author. Retrieved August 8, 2013 from: <http://www.fda.gov/Food/GuidanceRegulation/
GuidanceDocumentsRegulatorylnformation/LabelingNutrition/ucrn2006828.htm>.

EPA: Eicosapentaenoic acid; DHA: docosahexaenoic acid.

*Food contains, without fortification, at least 10% of the Daily Reference Value for the named vitamin, mineral, or fiber, and less than 13 g

fat, 4 g saturated fat, 60 mg cholesterol, and 480 mg sodium per serving.

Label will list the amount found in that particular food serving.

gluten, a protein found in wheat, rye, barley, and some-
times oats. To prevent resulting damage to the lining of
the gastrointestinal tract, patients must follow a gluten-
free diet. The FDA has defined standards for products
carrying the label of “gluten-free” to help patients make
informed choices.”

Public attention to the energy, fat, sodium, and cholesterol
content of foods led to legal definitions for terms such as low
or reduced to protect the public from inappropriate or mis-
leading claims.” Nevertheless, confusion about serving sizes
and differences between the DVs used on the nutrition label
and the Dietary Reference Intakes (DRIs) create mispercep-
tions for users.

Food and Botanicals

New foods and beverages with added herbs or stimulants are
blurring the distinction between food and supplements. One
product receiving increased scrutiny is “energy drinks” that
contain high levels of caffeine and may include added B vita-
mins, taurine (an amino acid), and the botanicals ginseng,
gingko, or milk thistle.**** Energy drinks can be marketed as
foods or supplements. Those sold as supplements fall under
the 1994 DSHEA,* enabling manufacturers to bypass label
disclosure of ingredients that appear on the GRAS list, such

as caffeine.”* Energy drinks usually contain about 80 to
140 mg of caffeine per 8-oz serving, the equivalent of 5 oz of
coffee or two cans of caffeinated soda*’; however, some energy
drinks contain as much as 500 mg of caffeine per can—the
equivalent of about 14 cans of caffeinated soda. A safe intake
of caffeine is estimated to be less than 500 mg per day,
although individuals with heart disease or liver disease or
who take medications that slow the metabolism of caffeine
need to consider a lower intake.*

Energy drinks and alcohol are a particularly dangerous
combination as the high caffeine content of the energy drink
reduces the symptoms of intoxication, encouraging even
greater alcohol consumption.” Excessive energy drink con-
sumption has been related to caffeine-induced seizures,”
cardiac arrhythmias, and death.** Energy drinks often contain
as much as 37 g of sugar per 12-o0z can; young men partici-
pating in a national survey added 477 kcal per week through
use of energy drinks.”

THE PROBLEM OF MISINFORMATION:
FOOD AND HEALTH

For centuries people have been concerned with the safety
and wholesomeness of their food. Particular foods were
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believed to possess healing properties or, conversely, cause
illness, and certain religious food laws are likely rooted in
food safety. In the absence of formal health care, remedies
prepared from local plants and herbs were used to cure ail-
ments as much as possible. In today’s world of electronic
communication, the Internet, blogs, and other forms of mes-
saging can be used to advertise foods, drugs, herbs, and other
plant botanicals as preventives or cures for common condi-
tions. Some unsubstantiated beliefs about food or plant rem-
edies or bogus drugs are harmless, but others carry serious
implications for health. False information may be embedded
in folklore, built on half-truths, or stem from intentional
deception. The FDA supports a vigorous campaign to prevent
and prosecute false advertising for particular foods, supple-
ments, or medicines.

False claims usually fall within one of the following
categories:

1. The food or product will cure a specific disease or
condition.

2. Certain food combinations have special therapeutic
effects.

3. Only “natural” foods or plant remedies can meet body
needs and prevent disease.

Misleading claims about the healing properties of certain
foods or other substances delay appropriate health interven-
tion with a worsening of the illness and possible death.
Patients with difficult-to-treat conditions such as cancer, dia-
betes, or arthritis are especially vulnerable to fraudulent
claims for medicines that promise immediate cures and relief
from pain. Diagnostic tests sold online are often the products
of illegal pharmaceutical operations and result in inaccurate
findings that delay treatment or lead to expenditures for
unneeded medications from the same online supplier. Prod-
ucts formulated under unsanitary conditions or that contain
potentially harmful substances can lead to further illness
and critical consequences. Misleading advertising has a high
economic cost. As much as $25.2 billion per year is spent
on dietary supplements,” and many are unnecessary or
ineffective.

The FDA Division of Consumer Education conducts an
active program of public education through its website. A
checklist to assist consumers in separating legitimate prod-
ucts and health advice from those that are harmful and waste
money is found in Box 9-5.

FOOD SAFETY AND FOOD PROCESSING

In Chapter 1 we introduced the topic of food safety and the
need for vigilance in preparing and handling food. Here we
look at the pathogens that cause foodborne illness and ways
to prevent contamination on the journey from the farm to
the market to the kitchen.

Foodborne lliness

Prevalence and Causes of Foodborne lliness

Many disease-producing microorganisms in our environ-
ment have the potential to contaminate our food and water,

CHECKLIST FOR SPOTTING A
HEALTH SCAM

* Promises a quick or painless cure

e Claims to be made from a special, secret, or ancient
formula available from only one source

e Uses testimonials or undocumented case histories from
satisfied patients

e Claims to be effective for a wide range of ailments

e Claims to cure a disease such as arthritis or cancer or
diabetes that is not fully understood by physicians and
medical scientists

¢ Requires advance payment and claims limited availability
of the product

BOX 9-5

Modified from National Institute on Aging, U.S. Department of
Health and Human Services: Age page: Beware of health scams,
Washington, D.C., 2008, U.S. Department of Health and Human
Services.

posing a serious threat to public health. New technologies
ranging from refrigerated trucks to freeze-drying to food
irradiation have brought major improvements in food han-
dling and food safety, yet Americans are still vulnerable to
foodborne pathogens. The distribution of food across conti-
nents by large corporations presents opportunities for organ-
isms to enter the food chain and be spread regionally and
globally. Fruits and vegetables are often eaten raw or unpeeled,
without being washed. Families eat more precooked foods,
seafood salads, and deli meats that are vulnerable to spoilage.
Meals picked up at food outlets on the way home are kept
warm for extended periods, in contrast to cooked meals eaten
immediately after preparation. Those who eat at their desks
or in their cars while traveling may not take time to wash their
hands or use a hand sanitizer.

The CDC s responsible for tracking the incidence of food-
borne illness and sharing their findings with other regulatory
agencies in an effort to improve food production and han-
dling methods. According to most recent estimates 1 in 6
Americans (or 48 million people) get sick; 128,000 are hos-
pitalized; and 3000 die from foodborne illness each year.”” A
1999 report estimated morbidity and mortality from food-
borne illness as 325,000 hospitalizations and 5000 deaths;
however, the more recent lower estimates of hospitalizations
and deaths likely reflect differences in data collection proce-
dures rather than actual decreases in incidence.”' Estimat-
ing both the true incidence of foodborne illness and the food
responsible is difficult. First, many people experiencing illness
assume it is the “flu” or other temporary upset and do not
seek medical care. Most of us eat various foods at a meal and
may not be able to identify the particular cause of any sub-
sequent distress.”’ The food or organism responsible is more
likely to be identified if individuals receive medical treatment
or if the outbreak involves an entire family or population
group who consumed the same food.

Forms of Foodborne lliness

Food infection and food poisoning are two different forms of
foodborne illness caused by microorganisms.
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Bacterial food infection occurs when individuals eat food
contaminated with large colonies of bacteria.

Bacterial food poisoning results from toxins produced by
bacteria before the food was eaten.

Bacterial Food Infection. Six common pathogens cause

food infection:
1. Escherichia coli O157:H7: Most classes of E. coli are benign,

and some do nutritionally important work such as fer-
menting resistant starch. However, other strains such as
E. coli O157:H7 produce toxins that produce severe illness.
Found naturally in the intestines of animals and humans,
E. coli O157:H7 has emerged as a major cause of both
individual cases and more extensive outbreaks of inflam-
matory diarrhea with bloody stool and fever. Serious
infections result in renal failure or death. E. coli O157:H7
is destroyed by heat, and most outbreaks arise from unpas-
teurized or undercooked food or contaminated water.
Several outbreaks of E. coli O157:H7 infection included
several deaths that resulted from drinking unpasteurized
cider made from apples that had fallen to the ground, been
contaminated with animal droppings, and not thoroughly
washed. These events led to greater emphasis on the need
for pasteurization of juices and beverages. A major out-
break occurred from beef contaminated in processing and
then undercooked at a fast-food restaurant.”” The restau-
rant incident reminds us that all parties across the food
chain—those who process food and those who prepare
it—are responsible for food safety. Ground beef must be
cooked to a temperature of 165°F to safely destroy E. coli.
E. coli is also found in salad greens, which reinforces the
need to thoroughly wash these foods.

. Salmonella: Salmonella grow quickly in high-protein foods
such as milk, custard, egg dishes, and sandwich fillings.
Seafood, especially shellfish such as oysters and clams har-
vested from polluted waters, are a source of infection.
Contamination of eggs with Salmonella enteritidis is a
worldwide problem. No one should eat raw cookie dough,
drink unpasteurized beverages containing milk or egg, or
eat undercooked eggs, but these rules are especially impor-
tant for older adults or others with impaired immune
function. Forty percent of deaths from Salmonella occur
in people over age 65.” Symptoms develop slowly, usually
12 to 24 hours after ingestion, with mild to bloody diar-
rhea with fever.

. Campylobacter: Campylobacter is a cause of acute diarrhea
in the United States and around the world. This pathogen
is found in raw and undercooked beef, poultry, and
seafood; raw milk; and untreated water. It is destroyed
by heating food to 160°F or applying appropriate water
purification methods. Cross-contamination such as using
a cutting board for raw poultry and then using it to
chop lettuce without appropriate cleaning is a major
cause.”” Campylobacter infection has been associated with
Guillain-Barré syndrome and other neuropathies that
occur months or years following infection.™

. Shigella: First discovered as the cause of a dysentery epi-
demic in Japan, Shigella infection is usually confined to the

large intestine and varies from simple cramps and diar-
rhea to fatal dysentery. Young children are at particular
risk of fatal complications, and treatment with antibiotics
may be required. Shigella are found in the intestinal tract
of animals and in contaminated water. They are spread by
insects and unsanitary food handling and grow rapidly in
moist or protein foods such as milk, beans, tuna, and
turkey. Apple cider or raw fruits and vegetables contami-
nated by animal droppings are sources of Shigella. Foods
must be washed and cooked thoroughly and chilled
quickly to prevent infection.

. Listeria: This microorganism is a major cause of infection

after surgery, but only recently was Listeria monocytogenes
linked with foodborne illness. In older adults, pregnant
women, infants, or those with suppressed immune systems,
this organism produces diarrhea and flulike fever and
headache. Related complications include pneumonia,
sepsis, meningitis, endocarditis, and miscarriage. Out-
breaks of Listeria-related illness have been traced to unpas-
teurized dairy products, particularly soft Mexican cheeses
made with unpasteurized milk. Undercooked poultry and
deli foods have been implicated in Listeria infections.”
Pregnant women are advised to heat to steaming all lun-
cheon meats and processed meats to avoid exposure to
Listeria organisms. Thorough cooking and careful washing
of raw fruits and vegetables are preventive measures (see
the Focus on Food Safety box, “Do I Really Need to Wash
That Melon?”).

2 FOCUS ON FOOD SAFETY

Do I Really Need to Wash That Melon?

Unwashed or poorly washed vegetables and fruits are
common sources of foodborne illness. Produce can become
contaminated with Escherichia coli O157:H7, Salmonella, or

Cyclospora through contact with animals, fertilizers contain-

ing animal waste, contaminated irrigation water, or poor sani-

tation practices of workers who pick or sort these crops.
Following are safety tips for washing fresh fruits and
vegetables:

* Rinse raw produce under running water, even if you are
not going to eat the skin or rind. Any bacteria on the outer
surface will be transferred to your hands or to the knife as
you peel or cut and then to the food itself. Rub firm-
skinned fruits and vegetables or scrub with a small vege-
table brush to remove surface dirt.

* Remove and discard the outermost leaves of a head of
lettuce or cabbage. Wash each lettuce leaf under running
water. Scrub melons thoroughly. Do not dip the entire
head of lettuce or melon in a container of water. You may
be rinsing in contaminated water.

e Store fruits and vegetables in the refrigerator within 2
hours of peeling or cutting. Be especially careful with cut
melon. Melons are low in acid as compared with oranges,
apples, or pineapple, and this allows more rapid growth of
bacteria on cut surfaces when the melon stands at room
temperature.
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6. Vibrio: This family of bacteria includes V. cholerae, the
pathogen causing cholera. The species generally associated
with outbreaks of foodborne illness in the United States is
V. parahaemolyticus, found in coastal waters. This is a salt-
requiring organism and increases in number in warm
weather. Persons who eat raw or undercooked fish, oysters,
clams, or other shellfish are at high risk. V. parahaemolyti-
cus causes a watery diarrhea with abdominal cramps, vom-
iting, fever, and chills that usually last no more than 3 days.
Many incidents go unreported, although it is estimated
that at least 1400 cases occur each year.”® Individuals with
compromised immune systems, liver disease, or alcohol-
ism can have serious complications and require medical
attention.”

Bacterial Food Poisoning. Foodborne illness caused by
toxins already present in the food when it is eaten develops
rapidly, with symptoms appearing within 1 to 6 hours after
eating. The two most common types of bacterial food poi-
soning are caused by Staphylococcus and Clostridia species:
1. Staphylococcal food poisoning:  Staphylococcus aureus,

involved in various illnesses such as toxic shock syndrome,
is a common cause of food poisoning that affects an esti-
mated 185,000 individuals annually.”” Symptoms come on
suddenly and include severe cramping and abdominal
pain with vomiting and diarrhea, along with sweating,
headache, and fever. In some cases, shock and prostration
occur. Recovery is fairly rapid, usually within a day, but
depends on the amount of toxin ingested and the general
health of the victim.”” A common source of contamination
is an infection on the hand of a food worker, often minor
or unnoticed. This bacterium grows rapidly in custard-
and cream-filled bakery goods, chicken and ham salads,
egg products, and processed meat, cheese, and sauces—all
moist foods with a high protein content. There is no
change in odor, taste, or appearance of the food, so the
consumer has no warning.

2. Clostridial food poisoning: Clostridium perfringens spores
are in soil, water, dust, and refuse—virtually everywhere.
It multiplies in cooked meat and meat dishes and develops
its toxin in foods held for extended times after cooking.
Outbreaks occur in food service facilities that hold foods
for long periods at warming or room temperatures. Pre-
vention rests with thorough cooking, prompt serving after
cooking, and immediate refrigeration thereafter.

The toxins produced by another Clostridium, C. botuli-
num, cause more serious and often-fatal food poisoning.
Depending on the amount of toxin consumed and the indi-
vidual response, death ensues within 24 hours. The botulinum
neurotoxin is the most potent substance known, and con-
suming only a few milligrams of a food that contains this
poison can cause illness and death.” Initial complaints are
vomiting, weakness, and dizziness. Progressively, the toxin
irritates motor nerve cells and blocks transmission of neural
impulses, causing gradual paralysis ending in respiratory
paralysis. C. botulinum spores are found in soils throughout
the world and carried on harvested food to the canning
process. Like all clostridia, this species is anaerobic (i.e., it

develops in the absence of air). If spores are not completely
destroyed in the canning process, this relatively air-free envi-
ronment provides ideal conditions for toxin production. The
commercial canning industry follows processing standards
that eliminate the risk of botulism, but cases still result from
foods canned at home using inappropriate methods. Boiling
for 10 min destroys the toxin (although not the spore), so all
home-canned food, no matter how well preserved, should be
boiled at least 10 minutes before eating. Native Alaskan food
practices involving uncooked or partially cooked meats have
resulted in cases of botulism.” Table 9-2 summarizes bacte-
rial sources of food contamination.

Viruses. Viruses from the Caliciviridae family, also known
as noroviruses, are responsible for over half of all gastroen-
teritis cases in the United States. There is no vaccine to prevent
infection and no drug to cure it.”” Norovirus infection arises
from contaminated fruits and vegetables that are not washed
prior to eating, and raw or undercooked shellfish. However,
these viruses are also spread via the fecal-oral route. Nursing
homes are subject to outbreaks if health care workers dispos-
ing of vomitus, feces, or used bed linens or dishes touch food
or serving dishes without washing their hands. In food service
facilities, illness can spread from worker to worker and on to
food. Vomiting and diarrhea resulting from norovirus con-
tamination usually last no more than 1 to 2 days, but this
illness and related dehydration can be serious in young chil-
dren and older adults.

Vulnerability to Foodborne lllness

Foodborne illness has health and economic consequences.
Microbial foodborne illness causes acute but self-limiting
symptoms, and most people require only general supportive
care. However, for young children; older adults; and immune-
compromised patients with cancer, recent organ or bone
marrow transplants, or autoimmune deficiency diseases,
foodborne pathogens can lead to septicemia, acute renal
failure, or death. In pregnant women, foodborne illness can
result in miscarriage. Medical intervention and lost produc-
tivity have an annual cost of $23 billion.”

KEY TERMS

dysentery A number of disorders marked by inflammation
of the intestines, especially the colon, and accompanied by
abdominal pain and frequent stools containing blood and
mucus; it is caused by chemical irritants, bacteria, protozoa,
or parasites.

sepsis Presence of pathogenic microorganisms or their
toxins in the blood or other tissues.

meningitis Inflammation of the meninges, the three mem-
branes that envelop the brain and spinal cord, caused by a
bacterial or viral infection and leading to high fever, severe
headache, and stiff neck or back muscles.

endocarditis Inflammation of the endocardium, the serous
membrane lining the cavities of the heart.

prostration Extreme exhaustion.
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The increasing use of foods often associated with food-
borne illness points to the need for vigilance. In recent years,
46% of reported foodborne illness was attributed to plant
foods with major emphasis on leafy vegetables.”' Bacteria
in the soil cling to growing plants and failure to properly
wash fruits and vegetables prior to eating or processing
transfer these pathogens to humans.”' Poor sanitation on the
part of farm workers or irrigation with polluted water ele-
vates the risk from plant foods. Cheeses made with unpas-
teurized milk, raw milk as a beverage, or contamination of
milk following pasteurization are responsible for 14% of
reported foodborne illnesses. Raw or poorly cooked eggs
and shellfish are each responsible for 6% of reported out-
breaks.”” Although bacterial contamination of raw poultry
has been reduced with vigilance in processing,” thorough
cooking is necessary. Ground meat, with its expanded surface
area for contamination, must be cooked until it is no longer

pink. See Figure 9-6 for guidance on appropriate cooking
and holding temperatures for various foods. (Using the infor-
mation you learned about the importance of family meals,
the nutrition label, and food safety complete the Case Study
box, “Planning the Family Dinner.”)

Prevention of Foodborne lliness

Protecting food from bacterial contamination in the home or
food service facility begins with appropriate storage. Covered
containers or sealable plastic bags for dry, refrigerated, or
freezer storage protect food from insects or unwanted contact
with other raw foods. Opened packages of dry foods are best
kept at the front of the shelf where they are visible and will
be used first. Labels on highly perishable foods such as meat,
poultry, and fish give directions for preventing spoilage and
contamination (Figure 9-7). Raw poultry must be kept sepa-
rate from other foods and work surfaces. Thorough cooking

TABLE 9-2  SELECTED EXAMPLES OF BACTERIAL FOODBORNE ILLNESS

FOODBORNE ILLNESS

CAUSATIVE ORGANISMS
(GENUS AND SPECIES)

COMMON FOOD SOURCE

SYMPTOMS AND COURSE

Bacterial Food Infections
Salmonellosis

Shigellosis

Listeriosis

Vibrio

Staphylococcal

Clostridium perfringens
enteritis

Botulism

Salmonella

S. typhi

S. paratyphi
Shigella

S. dysenteriae

Listeria
L. monocytogenes

Vibrio
V. parahaemolyticus

Bacterial Food Poisoning Enterotoxins

Staphylococcus
S. aureus

Clostridium
C. perfringens

Clostridium
C. botulinum

Milk, custards, egg dishes,
salad dressings, sandwich
fillings, polluted shellfish

Milk and milk products,
seafood, salads

Soft cheese made from
unpasteurized milk;
poultry, seafood,
unpasteurized milk, meat
products (paté)

Raw or undercooked
oysters, clams, mussels,
other shellfish or fin fish;

Custards, cream fillings,
processed meats, ham,
cheese, ice cream, potato
salad, sauces, casseroles

Cooked meats, meat dishes
held at warm or room
temperature

Improperly home-canned
foods; smoked and salted
fish, ham, sausage,
shellfish

Mild to severe diarrhea, cramps,
vomiting; appears 12-24 hours after
eating; lasts 1-7 days

Mild diarrhea to fatal dysentery
(especially in young children);
appears 7-36 hours after eating;
lasts 3-14 days

Severe diarrhea, fever, headache,
pneumonia, meningitis,
endocarditis; can cause miscarriage
in pregnant women; symptoms
begin after 3-21 days

Watery diarrhea, abdominal cramps,
nausea, vomiting, fever, and chills;
symptoms occur within 24 hours
and usually continue for no more
than 3 days; severe complications
possible with compromised
immune systems, liver disease, or
alcoholism

Severe abdominal pain, cramps,
vomiting, diarrhea, perspiration,
headache, fever, prostration;
appears suddenly 1-6 hours after
eating; symptoms usually subside
within 24 hours

Mild diarrhea, vomiting; appears
8-24 hours after eating; lasts <1 day

Severe cases lead to death within
24 hours; initial nausea, vomiting,
weakness, dizziness, progressing to
motor and sometimes fatal
breathing paralysis
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Minimum Internal Temperature for Safety

165° F 165° F; Poultry, stuffing, casseroles, reheated leftovers
160° F; Egg dishes and ground meat

Holding temperature
for cooked food; 140° F

~

— 145° F; Beef, pork, lamb, veal*, roasts, steaks, chops
~—

140° F; Ham, fully cooked (to reheat)

A
DANGER ZONE ¢ :

40° F

40° F; Refrigerator temperature

0° F; Freezer temperature

*Allow to rest for at least 3 minutes

FIGURE 9-6 Chart of food temperatures: Danger Zone Stand Time. It is important to keep hot
foods hot and cold foods cold. Foods should be held at temperatures below 40°F or above 140°F
to prevent microbial growth. Microorganisms grow rapidly between 40°F and 140°F. Meat
and poultry products should be cooked to the internal temperature indicated on the chart.
(From U.S. Department of Agriculture, Food Safety and Inspection Service: “Danger Zone”
40°F to 140°F. at: <http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-
answers/food-safety-fact-sheets/safe-food-handling/danger-zone-40-f-140-f/ct_index>. Accessed

on August 29, 2013.)

CASE STUDY

Planning the Family Dinner

Mrs. G is a single parent with two children: a daughter in
third grade and a son in ninth grade. Although they ride
different buses to school, both children get home about
3:30 p.m. Mrs. G is employed in a real estate office and usually
does not get home until about 6:30 p.m. By that time the
children have already filled up on snacks and are not really
hungry for a meal. Sometimes she calls ahead to tell them that
she is stopping at a fast-food restaurant and they should wait
to eat with her, but most of the time they get something to
eat for themselves. Mrs. G's son has been gaining weight at
a faster-than-expected rate and has a body mass index (BMI)
of 29. At his most recent physical examination, his blood pres-
sure was higher than normal, and the physician recommended
that he moderate his weight gain to improve his long-term
health.

Questions for Analysis
1. Is it important that the family eat together when Mrs. G gets
home? How would you approach this?

.What are some appropriate snack foods that the children

might have when they get home from school that would hold
them over until dinner?

.What are important facts on the new nutrition label that

Mrs. G could use in selecting after-school snacks for her
children?

.USDA food patterns recommend an energy intake of

2400 kcal for a 14-year-old moderately active boy. What
should be the upper level of fat and sodium included in his
food for the day? If one fourth of his daily energy intake is
reserved for snacks, then recommend some food combina-
tions that would not exceed the appropriate amounts of
kcalories, sodium, and fat.

. What might Mrs. G bring home, or what could the children

begin to prepare before she arrives home that would provide
a quick and healthy meal?

.Develop five rules for food safety that the children

should practice when preparing and eating their after-school
snacks.
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[0 Keep refrigerated or frozen.
|j| Thaw in refrigerator or microwav