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INTRODUCTION

hundred years ago, people received nutritional guidance from

mothers and grandmothers: Eat your carrots because theyre
good for your eyes; don’t eat too many potatoes because they’ll make
you fat; be sure to get plenty of roughage so you can more easily move
your bowels. Today, everyone seems to offer more advice: Take a
vitamin supplement to optimize your health; don’t eat fish with cab-
bage because you won’t be able to digest them together; you can't stay
healthy on a vegetarian diet. Nutrition is one of those topics about
which all people seem to think they know something, or at least have
an opinion. Whether it is the clerk in your local health food store
recommending that you buy supplements or the woman behind you
in line at the grocery store raving about the latest low-carbohydrate
diet, everyone is ready to offer you nutritional advice. How do you
know what to believe or, more importantly, what to do?

The purpose of these books is to help you answer these ques-
tions. Even if you don’t love learning about science, at the very least
you probably enjoy certain foods and want to stay healthy—or
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become healthier. In response to this, these books are designed to
make the science you need to understand as palatable as the foods
you love. Once you understand the basics, you can apply this sim-
ple health knowledge to your everyday decisions about nutrition
and health. The Healthy Eating set includes one book with all of
the basic nutrition information you need to choose a healthy diet,
as well as five others that cover topics of special concern to many:
weight management, exercise, disease prevention, food safety, and
eating disorders.

Our goal is not to tell you to stop eating potato chips and candy
bars, give up fast food, or always eat your vegetables. Instead, it is
to provide you with the information you need to make informed
choices about your diet. We hope you will recognize that potato
chips and candy are not poison, but they should only be eaten as
occasional treats. We hope you will decide for yourself that fast
food is something you can indulge in every now and then, but is
not a good choice every day. We encourage you to recognize that
although you should eat your vegetables, not everyone always
does, so you should do your best to try new vegetables and fruits
and eat them as often as possible.

These books take the science of nutrition out of the classroom
and allow you to apply this information to the choices you make
about foods, exercise, dietary supplements, and other lifestyle deci-
sions that are important to your health. This knowledge should
help you choose a healthy diet while allowing you to enjoy the
diversity of flavors, textures, and tastes that food provides, and
also encouraging you to explore the meanings food holds in our
society. When you eat a healthy diet, you will feel good in the short
term and enjoy health benefits in the long term. We can’t person-
ally evaluate each meal you consume, but we believe these books
will give you the tools to make your own nutritious choices.

Lori A. Smolin, Ph.D., and
Mary B. Grosvenor, M.S., R.D.



WHAT IS NUTRITION?

utrition is the study of all of the interactions that occur

between people and the food they eat. It involves understand-
ing which nutrients the human body needs, what kind of foods
contain them, how the human body uses them, and the impact
they have on human health. Nutrition also involves sociological,
cultural, economic, and technological factors and the role they
play in obtaining and choosing the foods we eat.

WE GET NUTRIENTS FROM FOOD

Humans don’t eat individual nutrients; they eat food. Food pro-
vides the body with energy and nutrients; it also contains other
substances, such as chemicals found in plants. These chemicals
are called phytochemicals. Although they have not been defined
as nutrients, they do have health-promoting properties.

When we eat the right combination of foods, our diet pro-
vides all of the nutrients and other substances we need to stay



healthy. If we choose a poor combination of foods, we may
be missing out on some nutrients and consuming others in
excess.

There are more than 40 nutrients that are essential to human
life. We need to consume these essential nutrients in our diets
because our bodies either cannot make them or they cannot make
them in large enough amounts for optimal health. Different foods
contain different nutrients in varying amounts and combinations.
For example, beef, chicken, and fish provide protein, vitamin
B, and iron; bread, rice, and pastas provide carbohydrate, folic
acid, and niacin; fruits and vegetables provide carbohydrate,
fiber, vitamin A, and vitamin C; and vegetable oils provide fat
and vitamin E. In addition to the nutrients that they naturally
contain, many foods have nutrients added to them by fortifica-
tion to replace losses that occur during cooking and processing
or to supplement the diet. Dietary supplements are also a source
of nutrients. Although most people can meet their nutrient needs
without them, supplements can be useful for maintaining health
and preventing deficiencies.

Choosing a diet that provides enough of all the essential nutri-
ents without excesses of calories or nutrients can be a challenge
because we eat for many reasons other than to obtain nutrients.
We eat because we enjoy the sight or smell of certain foods, it’s
lunchtime, we're at a party, we’re in a sad or a happy mood, it’s a
holiday, and a multitude of other reasons. In order to meet nutri-
ent needs, we must understand what these needs are and how to
choose a diet that provides them.

WHAT DO NUTRIENTS DO?

Nutrients provide three basic functions for the body. Some
nutrients provide energy, some provide structure, and some
help to regulate the processes that keep us alive. Each nutri-
ent performs one or more of these functions, and all nutrients
together are needed for growth, for maintenance and repair, and
for reproduction.
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Energy
Nutrients provide the body with the energy or fuel it needs to
stay alive, to move, and to grow. This energy keeps the heart
pumping, the lungs respiring, and the body warm. It is also used
to keep the stomach churning and the muscles working. Carbo-
hydrates, lipids, and proteins are the only nutrients that provide
energy to the body; they are referred to as the energy-yielding
nutrients. The energy used by the body is measured in calories
or kilocalories (abbreviated as “kcalories” or “kcals™). In some
other countries, food energy is measured in joules or kilojoules
(abbreviated as “kjoules” or “kJs”).

Each gram of carbohydrate provides the body with
4 calories. A gram of protein also provides 4 calories; a gram of
fat provides 9 calories, more than twice the calories of carbo-
hydrates or protein. For this reason, foods that are high in fat
are high in calories. Alcohol can also provide energy in the diet,
7 calories per gram, but alcohol is not considered a nutrient
because the body does not need it for survival.

The more calories a person uses, the more calories need to be
supplied in the diet to maintain weight. Increasing exercise without

IS A CALORIE A KILOCALORIE?

There are 16 calories in a teaspoon of sugar. Yet, if in your chemistry class
you measured the amount of energy in a teaspoon of sugar, the result
would be about 16,000 calories, or 16 kilocalories. This is because the
“calories” we use in nutrition to refer to the energy content of food are
really kilocalories. A kilocalorie is 1,000 calories. Sometimes, as is the case
on food labels, calorie is spelled with a capital “C” to indicate that it is
referring to kilocalories. In the popular press, however, the term calorie
with a lower case “c” is typically used to express the kilocalorie content of
a food or of a diet. Therefore, when you eat a cookie that has 50 calories,
keep in mind that it really has 50 kilocalories, or 50,000 calories.




increasing the amount of food eaten will lead to weight loss. Increas-
ing food intake without increasing exercise will cause the extra
energy to be stored, mostly as fat, resulting in weight gain. When
a person consumes the same number of calories as he or she uses,
body weight remains the same—this means the person is in energy
balance.

Structure

There is truth to the saying “you are what you eat” because all
of the structures in our bodies are formed from the nutrients we
consume in our diet. By weight, our bodies are about 60% water,
16% protein, 16% fat, and 6% minerals. Water is a structural nutri-
ent because it plumps up the cells, giving them their shape. Pro-
tein forms the structure of tendons, ligaments, and muscles and
lipids are the major component of body fat; muscle and fat give
the body its shape. The minerals calcium and phosphorus harden
the bones, which provide the structural frame of the body and
determine one’s height and the length of the arms and legs.

Regulation

Nutrients are also important regulators of body functions. All of
the processes that occur in our bodies, from the breakdown of car-
bohydrates and fat to provide energy, to the building of bone and
muscle to form body structures, must be regulated for the body
to function normally. For instance, the chemical reactions that
maintain body temperature at 98.6°F (37°C) must be regulated or
body temperature will rise above or fall below the healthy range.
This constant internal body environment is called homeostasis.
Maintaining homeostasis requires many different nutrients. Car-
bohydrates help to label proteins that must be removed from the
blood. Water helps to regulate body temperature. Lipids and pro-
teins are needed to make regulatory molecules called hormones,
and certain protein molecules, vitamins, and minerals help to
regulate the rate of chemical reactions within the body.
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GETTING NUTRIENTS TO YOUR CELLS

To get nutrients to the cells that need them, food must be
digested and its nutrients must be absorbed. Digestion breaks
food into small molecules and absorption brings these sub-
stances into the body, where they are transported to the cells.

The digestive system is responsible for the digestion and
absorption of food (Figure 1.1). The main part of this system
is the gastrointestinal tract, also called the GI tract. The GI
tract is a hollow tube that starts at the mouth. From there food
passes down the esophagus into the stomach and then on into
the small intestine. Rhythmic contractions of the smooth mus-
cles lining the GI tract help mix the food and propel it along.
Substances, such as mucus and enzymes, are secreted into the
GI tract to help with the movement and digestion of food. The
digestive system also secretes hormones into the blood that
help regulate GI activity. Most of the digestion and absorp-
tion of nutrients occurs in the small intestine. Once absorbed,
nutrients are transported in the blood to the cells. Any material
that has not been absorbed passes into the large intestine. Here,
water and small amounts of some nutrients can be absorbed
and the remaining wastes are excreted in the feces.

HOW THE BODY USES NUTRIENTS
Once they are inside body cells, carbohydrates, lipids, and pro-

teins are involved in chemical reactions; the sum of these chem-
ical reactions that occur inside body cells is called metabolism.
The chemical reactions of metabolism synthesize the molecules
needed to form body structures such as muscles, nerves, and
bones. The reactions of metabolism also break down carbo-
hydrates, lipids, and proteins to yield energy in the form of
adenosine triphosphate (ATP). ATP is a molecule that is used
by cells as an energy source to do work such as pumping blood,
contracting muscles, or synthesizing new body tissue.
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FIGURE 1.1 The digestive system consists of the gastrointestinal tract
(mouth, esophagus, stomach, small intestine, and large intestine)

and accessory organs that secrete substances that aid digestion and
absorption (salivary glands, liver, and pancreas). Beginning with the
first bite, the digestive system starts the process of breaking down
foods into units that are small enough to be absorbed into the body.
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THE SIX CLASSES OF NUTRIENTS

The nutrients we need come from six different classes: carbohy-
drates, lipids, proteins, water, vitamins, and minerals. Each of these
classes, with the exception of water, includes a variety of different
molecules that are used by the body in different ways (Table 1.1).
Carbohydrates, lipids, proteins, and water are often referred to as
macronutrients because the body requires them in relatively large
amounts. Vitamins and minerals are referred to as micronutrients
because the body only needs them in small amounts.

Carbohydrates

Carbohydrates include sugars, starches, and fiber. Sugars are the
simplest form of carbohydrate. They are made up of one or two
sugar units. They taste sweet and are found in fruit, milk, and sweet-
eners like honey and table sugar. Starches are made of many sugar
units that are linked together. They do not taste sweet, and are found
in cereals, grains, and starchy vegetables like potatoes. Starches and
sugars are good sources of energy in the diet and provide 4 calories
per gram. Most fiber is also carbohydrate. Good sources of fiber
include whole grains, legumes (peas and beans), fruits, and veg-
etables. Fiber provides little energy to the body because it cannot be
digested or absorbed. It is, however, important for the health of the
gastrointestinal tract.

Lipids

Lipids are commonly called fats. Fat is a concentrated source of
energy in our diet and in our bodies, providing 9 calories per gram
of fat. Most of the fat in our diet and in our bodies is in the form
of triglycerides. Each triglyceride contains three fatty acids. Fatty
acids are made up of chains of carbon atoms of varying lengths.
Depending on how these carbons are linked together, fats are clas-
sified as either saturated or unsaturated. Saturated fats are usually
solid at room temperature and are found mostly in animal prod-
ucts such as meat, milk, and butter. Unsaturated fats are found in
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TABLE 1.1 CATEGORIES OF NUTRIENTS

Nutrient Category

Nutrients included

Macronutrients

Carbohydrates Sugars, starches and fiber

Protein Proteins and amino acids

Lipids Triglycerides, fatty acids,
phosphoglycerides (phospholipids),
and sterols (including cholesterol)

Water Water

Micronutrients

Vitamins Fat soluble vitamins: vitamins A, D, E,
and K

Water-soluble vitamins: vitamins C, B,

B,,, thiamin, riboflavin, folate, niacin,
pantothenic acid, and biotin

Minerals Major minerals: sodium, potassium,

chloride, calcium, phosphorus,
magnesium, and sulfur

Trace minerals: iron, copper, zinc,
manganese, selenium, iodine, fluoride,
chromium, and molybdenum

vegetable oils and are usually liquid at room temperature. Small

amounts of certain unsaturated fatty acids are essential in the diet.

Cholesterol is another type of lipid found in animal foods. Diets

high in saturated fat and cholesterol may increase the risk of heart
disease. A type of unsaturated fat that is called trans fat should also
be limited in the diet because it promotes heart disease.

Protein

Protein is needed for growth, maintenance and repair of body

structures, and for the synthesis of regulatory molecules. It can




also be broken down to provide energy (4 calories per gram of
protein). Protein is made of folded chains of units called amino
acids. The number and order of amino acids in the chain deter-
mine the type of protein. The right amounts and types of amino
acids must be consumed in the diet in order to be able to build the
proteins that the body needs. Animal foods such as meat, poultry,
fish, eggs, and dairy products generally supply a combination of
amino acids that meets human needs better than plant proteins
do. However, vegetarian diets that contain only plant foods such
as grains, nuts, seeds, vegetables, and legumes, can also meet
protein needs.

Water

Water is an essential nutrient that makes up about 60% of the
weight of an adult human body. It provides no energy, but it is
needed in the body to transport nutrients, oxygen, waste prod-
ucts, and other important substances. It also is needed for many
chemical reactions, for body structure and protection, and to
regulate body temperature. Water is found in beverages as well as
solid foods. Because water is not stored in the body, water intake
must be balanced with water loss through urine, feces, sweat, and
from evaporation to maintain proper hydration.

Vitamins

Vitamins are small, carbon-based molecules that are needed to
regulate metabolic processes. They are found in almost all the
foods we eat, but no one food is a good source of all of them.
Some vitamins are soluble in water and others are soluble in fat,
a property that affects how they are absorbed into and trans-
ported throughout the body. Vitamins do not provide energy,
but the body needs many of them to regulate the chemical reac-
tions that extract energy from sugars, fatty acids, and amino
acids. Some vitamins are antioxidants, which protect the body
from reactive oxygen compounds like free radicals. Others have
roles in tissue growth and development, bone health, and blood
clot formation.

17
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Minerals

Minerals are single elements such as iron, calcium, zinc, and cop-
per. Some minerals are needed in the diet in significant amounts,
whereas the requirements for other minerals are extremely small.
Like vitamins, minerals provide no energy, but they do perform a
number of very diverse functions. Some of them are needed to regu-
late chemical reactions, some participate in reactions that protect
cells from oxidative damage, and others have roles in bone forma-
tion and maintenance, oxygen transport, or immune function.

HOW MUCH OF EACH NUTRIENT
DO YOU NEED?

To stay healthy, adequate amounts of energy and of each of the
essential nutrients must be consumed in the diet. The amount
of each nutrient that you need depends on your age, size, gen-
der, genetic makeup, lifestyle, and health status. The Dietary
Reference Intakes (DRIs) issued by the Food and Nutrition
Board of the National Academy of Sciences’ Institute of Medicine,
are recommendations for the amounts of energy (calories), nutri-
ents, and other substances that should be consumed on an average
daily basis in order to promote health, prevent deficiencies, and
reduce the incidence of chronic disease.

The Dietary Reference Intakes (DRIs)

The DRIs include recommendations for different groups of people
based on their age, gender, and, when appropriate, whether they
are pregnant or lactating. The recommendations for nutrient
intake include four different types of values. The Estimated Aver-
age Requirements (EARs), the first of these, are the amounts of
nutrients that are estimated to meet the average needs of the popu-
lation. EARs are not used to assess individual intake but rather are
intended for planning and evaluating the adequacy of the nutrient
intake of population groups. The next two, the Recommended
Dietary Allowances (RDAs) and Adequate Intakes (Als) are val-
ues that are calculated to meet the needs of nearly all healthy people
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in each gender and life-stage group. These values can be used to
plan and assess the diets of individuals. The fourth set of DRI
values is the Tolerable Upper Intake Levels (ULs). These are the
maximum levels of intake that are unlikely to pose a risk of adverse
health effects. ULs can be used as a guide to limit intake and evalu-
ate the possibility of excessive intake. When your diet provides the
RDA or Al for each nutrient and does not exceed the UL for any of
them, your risk of nutrient deficiency or toxicity is low.

The recommendations for energy intake are expressed as Esti-
mated Energy Requirements (EERs). These values predict the calo-
ries that are needed to maintain weight in healthy individuals. They
are based on a person’s age, gender, size, and activity level.

What Happens If You Get Too Little or
Too Much?

Consuming either too much or too little of one or more nutrients
or energy can cause malnutrition. Typically, we think of malnu-
trition as a lack of energy or nutrients. This occurs when there
is not enough food and when the diet is not well planned, but
it can also be caused by an increase in nutrient needs or an
inability to absorb or use nutrients.

A deficiency of energy is called starvation. It causes a loss of
body fat and muscle mass, resulting in an emaciated appearance.
Malnutrition that is caused by a deficiency of an individual nutri-
ent causes symptoms that reflect the functions of the nutrient in the
body. For example, vitamin D is needed for strong bones. A defi-
ciency of this vitamin causes children’s leg bones to bow outward
because they are too weak to support the body weight. Vitamin A
is needed for healthy eyes and so a deficiency in this vitamin can
result in blindness. For many nutrient deficiencies, supplying the
lacking nutrient can quickly reverse the symptoms.

Overnutrition is an excess of energy or nutrients and also a
form of malnutrition. An excess of energy causes obesity. Over-
nutrition also increases the risk of developing diseases such as
diabetes and heart disease. Excesses of saturated fat, trans fat,
cholesterol, and sodium can also increase the risk of heart dis-
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TOO MUCH OF A GOOD THING

CAN KILL YOU

We usually think of the vitamins and minerals in our supplements as a
healthy addition to our diets, but taking too much of one or more vita-
min or mineral can be dangerous. Large doses of vitamins and minerals
from dietary supplements can cause problems including nerve damage,
kidney stones, liver and heart damage, and in extreme cases, death.
For example, high doses of vitamin B, can cause tingling, numbness,
and muscle weakness; high doses of niacin can cause flushing; and too
much vitamin C can cause diarrhea. Overdosing on iron from children’s
vitamin/mineral supplements is one of the leading causes of poisoning
in children under the age of six. To be safe, take supplements according
to the recommended doses and use the ULs from the DRIs to check for
toxic doses.

ease. Excesses of vitamins and minerals rarely occur from eat-
ing food but they are seen with overuse of dietary supplements.
For example, consuming too much vitamin B, can cause nerve
damage and excess iron intake can cause liver failure.

TOOLS FOR CHOOSING A HEALTHY DIET

Knowing which nutrients your body needs to stay healthy
is the first step in choosing a healthy diet, but knowing how

many milligrams of niacin, micrograms of vitamin B ,, grams

122
of fiber, or what percent of calories from carbohydrates should
be included in a healthy diet doesn’t help in deciding what to
eat for breakfast or pack for lunch. A variety of tools have been
developed to help make these kinds of choices. Three of them—
standardized food labels, the Dietary Guidelines for Americans,

and MyPyramid—are discussed in the sections that follow.
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Understanding Food Labels

Food labels are a tool that is designed to help consumers make

healthy food choices. They provide readily available information

about the nutrient composition of individual foods and show how a

serving of food fits into the recommendations for a healthy diet.

WHAT CAN YOU BELIEVE?

Think about it. Does the information presented make
sense? If not, disregard it.

Consider the source. Where did the information come
from? If it is based on personal opinions, be aware that one
person’s perception does not make something true.

Ponder the purpose. Is the information helping to sell a
product? Is it making a magazine cover or newspaper head-
line more appealing? If so, beware—the claims may be exag-
gerated to promote sales.

View the claim skeptically. If a statement claims to be
based on a scientific study, try to find out who did the study,
what their credentials are, and what relationship they have to
the product. Do the people who did the study benefit from
the sale of the product?

Finally, evaluate the risks. Find out what the risks of using
the product are and be sure the expected benefit is worth the
risk associated with using it.

“Lose 10 pounds in a week!” Weight loss diets and products often make
fabulous claims like this. But can you really believe everything you read?
How can you tell what is fact and what is fantasy?

Generally, the rule is if it sounds too good to be true, it is. The follow-
ing tips offer some suggestions for evaluating nutritional claims:
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Sample label for Macaroni & Cheese

Nutrition Facts

Serving Size 1cup(2289)

Servings Per Container 2

Amount Per Serving

Calories 250 Calories from fat 110
% Daily Value*
Total Fat 12g 18%
Saturated Fat 3g 15%
Trans Fat 3g
Cholesterol 30g 10%
Sodium 470mg 20%
Total Carbohydrate 319 10%
Dietary Fiber Og 0%
Sugars 5g
Protein 5¢g
|
Vitamin A 4%
Vitamin C 2%
Calcium 20%
Iron 4%

*Percent Dailf/ Values are based on a 2,000 calorie diet.
Your Daily Values may be higher or lower depending on

your calorie needs. .
Calories: 2,000 2,500

Total Fat Less than 659 80g
Sat Fat Less than 20g 25¢g
Cholesterol Less than 300mg 300mg
Sodium Less than 2,400mg 2,400mg
Total Carbohydrate 300g 3759
Dietary Fiber 25¢g 30g

®

Quick guide
to % DV:

* 5% or less
is low

® 20% or more
is high

FIGURE 1.2 Standard “Nutrition Facts” labels like this one appear on all
packaged foods. They provide information about the number of calories
and the amounts of fat, carbohydrates, and other nutrients that are in each
serving of the packaged food. They can help you tell at a glance how much
of each nutrient a particular food adds to your nutrient requirements.



Almost all packaged foods must carry a standard food label.
The exceptions to this rule are raw fruits, vegetables, fish, meat, and
poultry. For these foods, the nutrition information is often posted
on placards in the grocery store or printed in brochures. Food labels
must include both an ingredient list and a “Nutrition Facts” panel.

The “ingredient list” is a listing of all the substances that
the food contains, including food additives, colors, and flavor-
ings. The ingredients are listed in order of their prominence by
weight. Therefore, a label that lists water first indicates that most
of the weight of that food comes from water. The ingredient list is
useful for those who need to avoid certain foods, such as animal
products, or food to which they have an allergy.

The “Nutrition Facts” portion of a food label lists the serving
size of the food followed by the total calories, calories from fat,
total fat, saturated fat, trans fat, cholesterol, sodium, total car-
bohydrate, dietary fiber, sugars, and protein per serving of the
food (Figure 1.2). The amounts of nutrients are given by weight
and for most, also as a percent of the Daily Value (DV). DVs are
standards developed for food labels. They help consumers see
how a food fits into their overall diet. For example, if a label
notes that the food provides 10% of the Daily Value for fiber,
then the food provides 10% of the daily recommendation for
fiber intake in a 2,000-calorie diet. The amounts of vitamin A,
vitamin C, iron, and calcium are also listed as a percent of the
Daily Value.

In addition to the required nutrition information, food labels
often highlight specific characteristics of a product that might be
of interest to the consumer, such as whether it is “low in calories”
or “high in fiber.” The Food and Drug Administration (FDA) has
developed definitions for these nutrient content descriptors. Food
labels are also permitted to include specific health claims if they
are relevant to the product. For example, the label on a package of
oatmeal may claim that it helps to lower blood cholesterol. These
claims are only permitted on labels if the scientific evidence for
the claim has been reviewed by the FDA and found to be well
supported.
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The Dietary Guidelines

The Dietary Guidelines for Americans include recommendations
that are designed to help people choose a diet and lifestyle that
will promote health and reduce chronic disease risks. The Dietary
Guidelines recommend choosing a variety of nutrient-dense
foods. These include vegetables, fruits, whole grains, low-fat dairy
products, lean meats, beans, nuts, and seeds. This type of diet
is rich in fiber, micronutrients, and phytochemicals, and low in
saturated and trans fats.

MyPyramid
MyPyramid is a tool designed to help consumers choose foods
that meet the recommendations of the Dietary Guidelines. This

KEY RECOMMENDATIONS OF THE DIETARY

GUIDELINES FOR AMERICANS

The key recommendations of the Dietary Guidelines are appropriate for

all healthy Americans two years of age and older.

® Consume a variety of foods within and among the various
food groups.

® Balance calorie intake with expenditure to manage body
weight.

® Be physically active every day.

Choose more fruits and vegetables, whole grains, and low-fat

dairy products.

Choose fats wisely.

Choose fiber-rich carbohydrates and limit added sugars.
Choose and prepare foods with little salt.

If you drink alcoholic beverages, do so in moderation.
Prepare, handle, and store food safely.

Source: USDA, 2005.
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food guide divides foods into five food groups (grains, veg-
etables, fruits, milk, and meat and beans) and oils, based on the
nutrients that they provide. The five food groups and oils are
represented by the colored triangles that make up the pyramid.
The shape of the pyramid helps emphasize the recommenda-
tions for the amounts of food from each of the five food groups

FOOD GROUPS BY THE NUMBERS

Using a food group system like MyPyramid to guide food intake in the
United States is not new. The first food group system, or food guide, was
published in 1916. It was called Food for Young Children and divided
food into five groups: milk/meat, cereals, vegetables/fruits, fats/fatty
foods, and sugars/sugary foods. During the Great Depression in the
1930s, a food guide consisting of 12 food groups was developed and
released to help families save money on groceries. In 1943, shortages
brought on by World War Il led to the release a food guide called the
“Basic Seven.” But this food guide turned out to be rather complicated,
so it was condensed to the Basic Four in 1956. The Basic Four included
milk, meats, fruits and vegetables, and grain products and was used for
the next 20 years. In the late 1970s, as concerns about the role of diet in
chronic disease began to intensify, the USDA added a fifth category to
the Basic Four: fats, sweets, and alcoholic beverages, all of which people
were advised to consume in moderation. In 1992, the Food Guide Pyra-
mid was introduced. It used a pyramid shape to emphasize the relative
contribution that each food group should make to a healthy diet. It was
replaced by MyPyramid in 2005.

Food guides are not unique to the United States. Those developed
in other countries use a variety of shapes and numbers of groups to
emphasize the proportions of different types of foods that should make
up a healthy diet. Korea and China use a pagoda shape; Mexico, Austra-
lia, and most European countries use a pie or plate shape; and Canada
uses a rainbow.




(Figure 1.4). Foods in the wider triangle columns of MyPyra-
mid contain the most nutrients per calorie, which is referred to
as nutrient density. Those in the narrow triangular columns
have lower nutrient density. The figure climbing the pyramid
is there to emphasize the importance of activity in maintain-
ing nutritional health. Choosing the recommended amounts
and varieties of foods from each group will provide a diet that
meets nutrient recommendations and helps promote health,
prevent disease, and support activity.

An individual MyPyramid plan can be found by going to www.
mypyramid.gov and selecting MyPyramid Plan, and entering your
age, gender, and activity level. The MyPyramid Web site also pro-
vides other interactive tools to help users identify their calorie needs,
choose nutrient-dense foods, plan healthy diets, analyze what they
are eating, and estimate the calories they expend in activity.

REVIEW

Food provides the human body with energy, in the form of calo-
ries, and nutrients, which are substances required in the diet for
growth, reproduction, and maintenance. The right number of
calories is needed to keep weight in the healthy range and the
right combination of nutrients is needed to maintain health.
There are six classes of nutrients. Carbohydrates include sugars,
starches, and fibers; sugars and starches provide energy (4 calo-
ries per gram), while fibers provide little energy because they
cannot be digested by human enzymes and therefore cannot be
absorbed. Lipids are a concentrated source of calories in the diet

(opposite) FIGURE 1.3 MyPyramid is designed to educate people about
how much they should include form each food group in their diets.
The amounts vary depending on individual calorie needs and can be
obtained by going to www.mypyramid.gov and entering age, gender,
and activity level.
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GRAINS VEGETABLES

MyPyr

MyPyramid.gov

amid

\LTHIER

MEAT & BEANS

GRAINS VEGETABLES

FRUITS

Focus on fruits

MILK

Get your calcium-|

MEAT & BEANS

Go lean with protein

Make half your grains whole Vary your veggies
Eat at least 3 oz. of whole- Eat more dark-green veggies
grain cereals, breads, like broccoli, spinach, and other
crackers, rice, or pasta dark leafy greens
every day

Eat more orange vegetables
1 oz. is about 1 slice of like carrots and sweetpotatoes
bread, about 1 cup of
breakfast cereal, or /2 cup Eat more dry beans and peas
of cooked rice, cereal, like pinto beans, kidney beans,
or pasta and lentils

Eat a variety of fruit

Choose fresh, frozen,
canned, or dried fruit

Go easy on fruit juices

Go low-fat or fat-free when
you choose milk, yogurt,
and other milk products

If you don't or can't
consume milk, choose
lactose-free products or
other calcium sources
such as fortified foods
and beverages

Choose low-fat or lean
meats and poultry

Bake it, broil it, or grill it

Vary your protein routine —
choose more fish, beans,
peas, nuts, and seeds

For a 2,000-calorie diet, you need the amounts below from each food group. To find the amounts that are right for you, go to MyPyramid.gov.

Eat 6 oz. every day Eat 2'/> cups every day

Find your balance between food and physical activity
Be sure to stay within your daily calorie needs.
Be physically active for at least 30 minutes most days of the week.

Eat 2 cups every day

About 60 minutes a day of physical activity may be needed to prevent weight gain.
For sustaining weight loss, at least 60 to 90 minutes a day of physical activity may be required.
Children and teenagers should be physically active for 60 minutes every day, or most days.

\

MyPyramid.gov

STEPS TO A HEAITHIER YOU

Get 3 cups every day;

for kids aged 2 to 8, it's 2

Eat 5'/2 0z. every day

Know the limits on fats, sugars, and salt (sodium)
Make most of your fat sources from fish, nuts, and vegetable oils.

Limit solid fats like butter, margarine, shortening, and lard, as well as foods

that contain these.

Check the Nutrition Facts label to keep saturated fats, trans fats, and sodium low.

Choose food and beverages low in added sugars. Added sugars contribute

calories with few, if any, nutrients.

UsS. Department of Agriculture
Center for Nutiition Policy and Promotion

Apiil 2005
CNPP-15

USDA




and in the body, providing 9 calories per gram—they are also
needed to synthesize molecules that help regulate body pro-
cesses. Proteins are made from amino acids. They can provide
energy for the body, but they are more important for their struc-
tural and regulatory roles. Water is the most abundant nutrient
in the body. Water intake must equal output to maintain bal-
ance. Vitamins and minerals are needed in the diet in small
amounts. They both have regulatory roles, while some minerals
also provide structure.

Consuming too much or too little energy or nutrients results
in malnutrition. The Dietary Reference Intakes (DRIs) recom-
mend the amounts of energy and nutrients that the body needs to
promote health, prevent deficiencies, and reduce the incidence of
chronic disease. Food labels, the Dietary Guidelines for Ameri-
cans, and MyPyramid, provide information and recommenda-
tions that help people choose foods that make up a healthy diet.
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High-carbohydrate foods form the basis of diets around the
world. For example, rice is the staple in the Asian diet, while
pasta is often at the center of Italian cuisine, and corn or wheat
tortillas play a major role in the Mexican diet. Whether the diet is
eaten by a farmer in China or an aristocrat in England, the great-
est proportion of the calories they consume generally comes from
carbohydrates. This has been true for centuries. Nonetheless, diets
high in carbohydrates have been blamed for everything from
obesity to hyperactivity. Whether the carbohydrates we include in
our diet promote our health or put it at risk depends on the type
and source of the carbohydrate.

WHAT IS A CARBOHYDRATE?

The basic structural unit of a carbohydrate is a single sugar unit
called a monosaccharide. The three most common monosac-
charides in the diet are glucose, fructose, and galactose. Each of
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Structure of Common Carbohydrates

Maltose is a disaccharide Cellulose ia a type of fiber. The bonds
made of 2 glucose molecules that link the glucose cannot be
bound together broken down by human enzymes.
Maltose Cellulose

N

Glucose

Glucose is a monosaccharide that
is a component of disaccharides
and complex carbohydrates.

/ N\

Starch Glycogen
Starch is made of long, straight Glycogen resembles starch but the
or occasionally branching chains chains of glucose are more highly
of glucose. branched.

© Infobase Publishing

FIGURE 2.1 All carbohydrates are made of sugars linked together. The
structure of some common carbohydrates is illustrated here.

them contains 6 carbon, 12 hydrogen, and 6 oxygen atoms, but
the arrangement of the atoms is different for each sugar. Glucose
is the monosaccharide that travels in our bloodstream and is often
called blood sugar. Fructose is a sugar found in fruit and is some-
times called fruit sugar. Galactose is a component of the sugar that
is found in milk.
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When two monosaccharides are linked together, they form a
disaccharide (Figure 2.1). The most common disaccharides in the
diet are lactose, maltose, and sucrose. Lactose is milk sugar. It is
the only sugar found naturally in an animal product. It is made up
of glucose linked to galactose. Maltose consists of two molecules
of glucose and is formed when starch is broken down during
digestion. Sucrose is what we know as common white sugar or
table sugar; it is formed by linking glucose to fructose.

The monosaccharides and disaccharides are simple carbohy-
drates. When many sugar molecules are linked together, they form

EAT BEFORE YOU COMPETE

We store glycogen in our muscles and in our liver. The glycogen in
muscles can be broken down to supply glucose to fuel muscle contrac-
tion during exercise. When liver glycogen is broken down, the glucose
enters the blood and circulates to supply glucose to the muscles as well
as the brain and other tissues throughout the body. To be at your best
during exercise, your glycogen stores should be full when you begin.
This could be a challenge if you exercise first thing in the morning after
having not eaten for 8 to 12 hours. You do not eat while you are asleep
and during this overnight fast, your muscles are resting, so the glyco-
gen they have stored remains untouched. However, liver glycogen is
needed to maintain blood glucose while you sleep. If you hit the pave-
ment without having any breakfast you are literally running on empty.
The glycogen in your muscles can provide glucose for muscle contrac-
tion, but to keep blood glucose in the normal range so your brain stays
sharp, the liver will need to make glucose from other molecules. This
may not be a problem when you take a quick morning jog, but if you
are competing in the morning, you should get up early enough to eat
a high-carbohydrate meal two to four hours before the competition to
ensure your glycogen stores are full.
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a polysaccharide (poly means “many”). Polysaccharides are com-
plex carbohydrates. They include starch, fiber, and glycogen. Starch
is an energy storage molecule for plants. It is made up of straight or
branching chains of glucose molecules. Grains such as wheat and
oats and starchy vegetables such as potatoes, beans, and corn, are
sources of dietary starch. Fiber is also found in plant foods, such as
grains, fruits, and vegetables. Fiber cannot be digested by human
enzymes. (The importance of fiber in human health and nutrition
will be discussed in Chapter 3). Glycogen, which is sometimes
called animal starch, is a polysaccharide that is the storage form of
glucose found in humans and other animals. It is made of glucose
molecules linked together in highly branched chains. This branched
structure allows it to be broken down quickly to release glucose into
the blood when it is needed. We do not consume glycogen in our
diets because it breaks down quickly after an animal dies.

CARBOHYDRATES IN THE HUMAN DIET

Carbohydrates make up more than 50% of the energy in a typical
American diet. Some of these carbohydrates come from unrefined
foods, meaning that the food has not been altered from its natural
state or that it has only been minimally altered by processing. For
example, corn on the cob is an unrefined source of carbohydrate, but
corn flakes are a refined source. Today, much of the carbohydrates
in the American diet is from refined grains and added refined sugar.
Refined foods have undergone processing to remove certain parts of
the original food. Recommendations for a healthy diet suggest that
we eat more natural unrefined sources of carbohydrates and limit
our consumption of refined grains and added sugars.

What are Whole Grains?

Most of the carbohydrates consumed in North America come
from grains such as wheat, rice, and oats. A kernel of grain has
three parts: the bran, the germ, and the endosperm (Figure 2.2).
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White vs Whole-Wheat Bread
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FIGURE 2.2 A grain of wheat is made up of the high-fiber bran
layers, the starchy endosperm, and the oil-rich germ. Milling
separates these components. White flour is made from just the
endosperm, but whole-wheat flour includes all parts of the wheat
kernel.
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The bran is the outer layers of the kernel. The layers are high in
fiber and are also a good source of many vitamins and miner-
als. The germ is located at the base of the kernel and is the plant
embryo where sprouting occurs. The germ is the source of plant
oils and is rich in vitamin E. The largest portion of the kernel is
called the endosperm. It is high in starch and contains most of
the protein in the grain and some vitamins and minerals. Whole
grain products, such as whole wheat bread, brown rice, and oat-
meal, contain the entire kernel of the grain, including the bran,
germ, and endosperm. Refined grain products, such as white
bread and white rice, are made by removing the bran and the
germ to produce a more uniform product. Removing the bran
and germ, however, also removes most of the fiber and reduces
the amounts of many of the vitamins and minerals. To identify
products made primarily from whole grains look for the word
“whole” before the name of the grain in the ingredient list. If this
is the first ingredient in the ingredient list on the food label, the
product is made mostly from whole grain.

Because nutrients are lost when the bran and germ are dis-
carded, refined grains are enriched with certain vitamins and
minerals. Enrichment is a type of fortification that adds some,
but not all, of the nutrients lost in processing back to the grains.
The B vitamins thiamin, riboflavin, niacin, and folic acid and the
mineral iron are added to enriched grains in the United States,
often to higher levels than originally present. However, vitamin B
and vitamin E, which are also lost in refining, are not added back.
Refined grains therefore contain more of some nutrients and less
of others than foods that are made from whole grains.

Added Sugars: Not So Sweet

Sugars are sweet, but eating too much added sugar is not. About
16% of the calories in the American diet are from refined sugar that
is added to foods during processing or at the table. Refined sugar is
sugar that has been separated from its plant sources so the fiber, vita-
mins, and minerals present in the original plant have been removed.
Although refined sugars are chemically no different from natural
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ones, they add what we refer to as empty calories because when
they are added to a food, they provide calories but no nutrients other
than the carbohydrate. Foods that naturally contain sugars provide
vitamins, minerals, fiber, and phytochemicals along with the calo-

THE CASE OF THE STRAWBERRY YOGURT

How much sugar is in a container of strawberry yogurt? It doesn’t take a
detective to find the answer. The number of grams of sugars in a serving
is listed on the Nutrition Facts label. The strawberry yogurt label will
indicate that a cup has 37 grams of sugars. But this number doesn’t
tell you whether the sugar came from the milk and strawberries used to
make the yogurt, or if it was added to sweeten the final product.

The 37 grams listed on the label includes the fructose found naturally
in strawberries, the lactose found naturally in milk, and any sugars added
in processing. There is no way to know for sure from the Nutrition Facts
label how much of the total is made up of added sugars. Sometimes a
label will say “no added sugar” or “without added sugar,” which tells you
that no refined sugars were added in processing. The ingredient list pro-
vides some information about the sweeteners added to a food. While the
amounts of ingredients are not given, the ingredients are listed in order
of prominence by weight, so the closer an ingredient is to the front of the
list, the more of it there is in the food. In strawberry yogurt, sugar is the
second ingredient and high-fructose corn syrup, another common source
of added sugar, is the fourth ingredient. The amount of added sugar is
the sum of these two sources of sugar.

If you are looking for a product without added sugars, check the
ingredients list and be sure you know the sugar terminology. All of the
following are considered added sugar when they appear in the ingredi-
ent list: brown sugar, corn sweetener, corn syrup, dextrose, fructose,
fruit juice, glucose, high-fructose corn syrup, honey, invert sugar, lac-
tose, maltose, malt syrup, molasses, raw sugar, sucrose, and sugar syrup
concentrates.
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ries from the sugar. Natural unrefined sources of sugar include fruit,
which provides fructose, and dairy products, which are a source of
lactose. Refined sugars include table sugar, high-fructose corn syrup,
corn syrup, maltose, honey (which is refined by bees), and others.
Because sucrose is the only sweetener that can be called “sugar” in
the ingredient list on food labels in the United States, you need to
know the names of other added sweeteners in order to see in the
ingredient list if sugars have been added to a food.

HOW ARE CARBOHYDRATES DIGESTED?

To be absorbed into the body, all carbohydrates, whether simple
or complex, must be broken down into monosaccharides. This
breakdown, or digestion, occurs with the help of enzymes in
the digestive tract. The digestion of starch begins in the mouth,
where the enzyme salivary amylase breaks it into shorter polysac-
charides. Starch digestion continues in the small intestine, where
the action of pancreatic amylases breaks polysaccharides into
maltose. Enzymes attached to the lining of the small intestine
then complete the digestion of maltose and also break the disac-
charides sucrose and lactose into monosaccharides. The result-
ing monosaccharides, glucose, galactose, and fructose, are then
absorbed into the blood and transported to the liver.

Indigestible Carbohydrates
If carbohydrates in the small intestine are not completely broken
down to monosaccharides, they cannot be absorbed and so they
pass into the large intestine. There, the bacteria that normally live
in this part of our gastrointestinal tract break down some of the
carbohydrates. This produces acids, gas, and other by-products.
Excessive amounts may cause abdominal discomfort and flatu-
lence. Fiber is the most abundant indigestible carbohydrate in
our food. Beans are a good source of fiber, but also contain other
indigestible carbohydrates called oligosaccharides.
Oligosaccharides are the carbohydrates in beans that causes
flatulence. These short polysaccharides cannot be completely



digested by human enzymes and, thus, pass into the large intes-
tine where they are broken down by bacteria. Some starch is also
indigestible. Resistant starch is starch that escapes digestion in
the small intestine because it is protected by the natural structure
of the grain or because cooking alters its digestibility. Foods that
are high in resistant starch include bananas, legumes, and cold
cooked pasta, rice, and potatoes.

Lactose Intolerance

Lactose intolerance occurs when the level of lactase, the intesti-
nal enzyme that breaks down lactose, is reduced. When someone
with low lactase levels consumes milk, or other dairy products that
contain lactose, the lactose is not digested and passes into the large
intestine. Here, it draws in water and is metabolized by bacteria to
produce acids and gas. The result is symptoms such as abdominal
distension, flatulence, cramping, and diarrhea. All humans nor-
mally produce lactase at birth, but the enzyme’s activity decreases
with age; in many individuals, lactase activity declines so much
that they are unable to completely digest lactose. It is estimated that
about 25% of adults in the United States are lactose intolerant; the
incidence is as high as 80% for African Americans, 80% to 100% for
Native Americans, and 90% to 100% for Asian Americans.

Most individuals who are lactose intolerant can consume
small amounts of lactose without experiencing symptoms. This is
important because dairy products are the major source of calcium
in the American diet, so when they are eliminated from the diet,
it is difficult to meet calcium needs. People who can tolerate small
amounts of lactose can meet their calcium needs by consuming
small servings of milk and other dairy products throughout the
day. Yogurt and cheese are dairy sources of calcium that are more
easily tolerated than milk because some of the lactose in these
products is digested or lost in processing. Those who cannot tol-
erate any lactose can choose nondairy sources of calcium such
as tofu, legumes, leafy green vegetables, and fish consumed with
bones. Lactose-free milk and lactase tablets, which digest the lac-
tose before it passes into the large intestine, are also available.

37
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WHAT DO CARBOHYDRATES DO?

Carbohydrates serve a number of functions in the body. The sugar
galactose is needed in nervous tissue and to make lactose in breast
milk; the monosaccharides deoxyribose and ribose are needed to
make DNA and RNA, which contain genetic information and are
needed for the synthesis of proteins; and short polysaccharides
are important signaling molecules found on the surface of cells.
However, the main role of carbohydrate, particularly glucose, is as
an energy source: it provides about 4 calories per gram. Certain
body cells, including brain cells and red blood cells, rely almost
exclusively on glucose for energy.

Because of the key role that glucose plays in providing energy
to body cells, hormones in the body carefully regulate the level
of glucose in the blood, and therefore the amount of it that is
available to the cells. Normal blood glucose levels are about 70 to
100 milligrams per 100 milliliters of blood. This level is regulated
primarily by the hormones insulin and glucagon.

Lowering Blood Glucose

After a person eats a meal or snack containing carbohydrate, blood
glucose levels rise. This rise triggers the pancreas to secrete insulin.
Insulin promotes the uptake of glucose by body cells, where it can
be used to provide energy or stored as glycogen for later use. This
removes glucose from the blood, decreasing blood glucose levels to
the normal range. How quickly blood glucose rises and how high it
goes after carbohydrates are consumed depend on the amount and
type of carbohydrate. Refined sugars and starches cause a quicker,
greater rise in blood glucose than do unrefined sources of carbohy-
drate that contain fiber. This is because refined sugars and starches
leave the stomach rapidly and are digested and absorbed quickly,
causing a rapid rise in blood glucose. Fiber slows the emptying of
the stomach and the absorption of glucose, so sources of unrefined
carbohydrate, such as oatmeal, legumes, and whole grain bread
cause a slower, lower rise in blood glucose. Including protein and
fat with carbohydrates also slows glucose absorption. The disease
diabetes occurs when there is not enough insulin, or the body does
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not respond to it, allowing blood glucose levels to remain high.
High glucose concentrations can damage the eyes, the kidneys, and
the circulatory and nervous systems.

Maintaining Blood Glucose Levels

When blood glucose levels drop too low, glucagon causes liver gly-
cogen to break down, releasing glucose into the blood. Glucagon
also stimulates liver and kidney cells to synthesize new glucose
molecules by a process known as gluconeogenesis. Gluconeo-
genesis is important for meeting the body’s need for glucose, but
it can only use molecules containing 3 carbon atoms to synthe-
size glucose. These come primarily from amino acids found in
body proteins. Glucose cannot be synthesized from fatty acids
because they break down to form 2-carbon rather than 3-carbon
molecules. Gluconeogenesis therefore uses up protein that could
be used for other essential functions. When an adequate amount
of carbohydrates are consumed in the diet, protein is not needed
to synthesize glucose. Therefore, carbohydrates are said to spare
protein.

CARBOHYDRATE METABOLISM:
USING CARBOHYDRATES FOR ENERGY

Once glucose reaches the cells, it is broken down via a series of
reactions called cellular respiration to produce carbon dioxide,
water, and energy in the form of ATP. Cellular respiration involves
four stages (Figure 2.3). The first stage occurs in the cytoplasm
and is called glycolysis. In glycolysis, the 6-carbon sugar glucose
is broken into two 3-carbon pyruvate molecules to produce two
molecules of ATP. This stage is referred to as anaerobic glycolysis
or anaerobic metabolism because it can proceed whether or not
oxygen is available in the cell. This process produces ATP from
glucose rapidly but inefliciently. What happens next to the pyru-
vate molecules depends on whether or not oxygen is available.
When oxygen is unavailable, the pyruvate produced by anaerobic
metabolism is converted to lactic acid. During intense exercise,
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lactic acid is produced in the muscles and can be transported in

the blood and used as an energy source by other tissues. When
oxygen is available, cellular respiration can proceed.

Anaerobic and Aerobic Metabolism
Glycolysis Acetyl-CoA Citric Acid Electron Transport
Formation Cycle Chain
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FIGURE 2.3 Glycolysis breaks glucose into 3-carbon molecules. In the
presence of oxygen, these are converted to acetyl-CoA, which enters the
citric acid cycle. High-energy electrons are released and transferred to the
electron transport chain, where their energy is trapped to make ATP. When
oxygen is absent, pyruvate combines with an electron to form lactic acid.
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The remaining stages of cellular respiration take place in the
mitochondria. In the second stage, pyruvate loses a carbon atom as
carbon dioxide and combines with coenzyme A to form a molecule
called acetyl-CoA. Acetyl-CoA then enters the third stage of cel-
lular respiration, the citric acid cycle. Here, the molecule combines
with a 4-carbon molecule called oxaloacetate to form citric acid, a
6-carbon molecule. In the citric acid cycle, two carbon atoms are
removed as carbon dioxide until oxaloacetate is reformed. During
these first three stages of cellular respiration, high-energy electrons
are released. In the presence of oxygen, these electrons are passed to
the final stage of cellular respiration, the electron transport chain.
The electron transport chain accepts the electrons and passes them
down a chain of molecules until they are finally combined with
oxygen to form water. As the electrons are passed along, their
energy is trapped and used to make ATP.

Because oxygen is required for the last three stages of cellular
respiration to proceed, they are referred to as aerobic metabolism.
Aerobic metabolism, which completely breaks down glucose to form
carbon dioxide, water, and ATP, produces about 38 molecules of
ATP per molecule of glucose. In contrast, when no oxygen is avail-
able and glucose is broken down by anaerobic metabolism, only two
molecules of ATP are produced from each glucose molecule.

HEALTHY AND UNHEALTHY
CARBOHYDRATES

A diet high in carbohydrates can be either good or bad for you,
depending on the types of carbohydrates that are consumed, as
well as the other components of the diet. In general, diets that are
high in unrefined sources of carbohydrate, such as whole grains,
fruits, and vegetables, are considered healthy because they are
associated with a lower incidence of a variety of bowel disorders,
heart disease, diabetes, and certain cancers. Diets high in added
sugars and refined grains are generally considered unhealthy. This
is because refined sources of carbohydrates are lower in nutrient
density than unrefined sources. Unrefined carbohydrate sources,
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DOES SUGAR MAKE PEOPLE HYPER?

Sugar consumption has been implicated as a cause of hyperactivity
in children. When sugar is consumed, it causes a rapid rise in blood
glucose, which is thought to fuel hyperactive behavior. However,
research on sugar intake and behavior has failed to support the con-
nection between sugar and hyperactivity. The hyperactive behavior
observed after sugar consumption is likely to be due to other factors.
For example, the excitement of a birthday party, rather than the sugar
in the cake and ice cream, are more likely the cause of the hyperactive
behavior. Other factors, including caffeine consumption, lack of either
physical activity or sleep, the desire for more attention, and overstimu-
lation, are likely to play a role.

such as brown rice, kidney beans, and bananas, are high in nutri-
ent density because they provide many nutrients per calorie.
Refined products that are high in added sugar, such as donuts,
cakes, and cookies, are low in nutrient density because they
contain few nutrients relative to the calories they provide. Diets
high in refined carbohydrates and added sugar have been blamed
for tooth decay, hyperactivity, obesity, and diabetes. Nutrition
research supports the idea that carbohydrates play a role in some,
but not all, of these conditions.

Does Sugar Cause Cavities?

The most common health problem associated with a diet that is
high in sugar is dental caries, or cavities. Dental caries are formed
when bacteria that live in the mouth metabolize sugar from the
diet and produce acid. The acid can then dissolve the enamel and
underlying structure of the teeth. Simple carbohydrates, particu-
larly sucrose, cause cavities because they are easily broken down
by these bacteria, but starch can also be metabolized by bacteria
to produce acids that contribute to tooth decay. Preventing cavities
requires proper dental hygiene, even when the diet is low in sugar.



Carbohydrates

Do Sweets and Starchy Foods

Make You Fat?

Carbohydrates have been accused of contributing to weight gain.
Based just on calories, this seems unlikely. Carbohydrates provide
only 4 calories per gram compared to 9 calories per gram for fat.
However, it has been suggested that because eating carbohydrates
stimulates the release of insulin and insulin removes glucose from
the blood and promotes energy storage, diets high in carbohy-
drates may increase both hunger and the storage of body fat. Low-
carbohydrate diets cause less insulin release and also cause the
production of molecules called ketones. Ketones are made when
fat is broken down, and carbohydrate levels are low. Low blood
insulin levels and elevated blood ketone levels suppress appetite.
In addition, diets that are very low in carbohydrates can limit
food choices so much that people eat less food because the diet is
so monotonous. Weight is lost on low-carbohydrate diets because
people consume fewer calories than they expend.

The type of carbohydrate is as important as the amount when it
comes to insulin levels and weight loss. Refined carbohydrates are
digested and absorbed very rapidly and cause a sharp rise in blood
glucose and a corresponding rise in insulin levels. In contrast,
unrefined carbohydrates, which are high in fiber, may actually pro-
mote weight loss because the fiber they provide makes people feel
full after fewer calories are consumed. Fiber also slows the absorp-
tion of glucose and hence blunts the rise in insulin levels.

Do Refined Carbohydrates Cause
Diabetes?

When refined starches and added sugars are consumed, blood
glucose and, subsequently, insulin levels in the blood rise more
sharply than when unrefined carbohydrates are eaten. Evidence
is accumulating that long-term consumption of a diet that is
high in refined starches and added sugars may increase the risk
of developing type 2 diabetes. Type 2 diabetes is the form of
the disease in which an insensitivity of body cells to insulin, a
condition that is called insulin resistance, allows blood sugar
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FIGURE 2.4 Your long-term health may be improved by replacing
refined grains in your diet, such as the cookies and white bread in this

photo, with less refined grain products, such as whole-grain muffins and
whole-wheat bread.

levels to remain elevated. Studies have found that type 2 diabe-
tes is less common in populations that consume diets high in
unrefined grains than in populations that consume diets high
in refined starches and added sugars (Figure 2.4). It is thought
that over the long term the rise in insulin levels in response to
a high intake of refined carbohydrates may increase the risk of
developing diabetes.

HOW MUCH AND WHAT KIND OF
CARBOHYDRATES DO YOU NEED?

In order to make sure that the body’s cells receive glucose, a
minimal amount of carbohydrates need to be consumed. To
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HOW MANY CARBOHYDRATE CALORIES

DO YOU EAT?

The DRIs recommend that adults consume between 45% and 65% of
calories from carbohydrates, but how do you know the percentage in your
diet? To find out, you need to know how many calories and how many
grams of carbohydrates you eat each day. You can get this information
by using a diet analysis computer program or food composition tables.
Knowing that carbohydrates provide 4 calories per gram allows you to do
the following calculation:

® Multiply the grams of carbohydrates by 4 calories per gram

Grams carbohydrates x 4 calories/gram carbohydrate = calories from
carbohydrates

® Divide calories from carbohydrates by total calories in the diet
and multiply by 100 to express as a percent

Calories from carbohydrates
Total calories

x 100 = Percent calories from carbohydrates

For example:
If your diet contains 2,000 calories and 300 g of carbohydrates

300 g of carbohydrates x 4 cal/g = 1,200 calories from carbohydrates

1,200 calories from carbohydrates
2,000 calories

x 100 = 60% of calories from carbohydrates

meet this need, the DRIs recommend the consumption of at
least 150 grams of carbohydrates per day. However, in order to
meet the body’s energy needs without providing too much fat or
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protein, the diet should contain more than this—between 45%
and 65% of calories from carbohydrates. This is equivalent to
225 to 325 grams of carbohydrates for someone who eats 2,000
calories a day.

The typical American diet contains the right percentage of
calories from carbohydrate, but the types of carbohydrates that
Americans consume do not meet public health guidelines. Rec-
ommendations suggest that we limit added sugar consumption,
but it is estimated that about 16% of our calories come from added
sugars in foods such as soft drinks, candy, and bakery products.
It is recommended that half our grains be whole grains, but the
average American consumes only one serving of whole grains per
day. We can cut out added sugar by having fruit instead of baked
goods for dessert, drinking water instead of soda, and switching
to unsweetened breakfast cereal. Whole grain consumption can
be increased by switching to whole-grain breads, brown rice, and
whole-grain breakfast cereals.

SUGAR SUBSTITUTES :

SATISFYING YOUR SWEET TOOTH

People who love sweets but don't like the calories these foods add to
their diet might try artificial sweeteners. A 12-ounce, sugar-sweetened
soft drink has about 150 calories. A soft drink made with artificial
sweeteners has almost none. There are five artificial sweeteners com-
monly used in foods sold in the United States: saccharine, aspartame,
Acelsufame K, sucralose, and stevia. They can sweeten food without
adding many calories and they are generally safe for healthy people.
If you replace some foods that are high in added sugars with artificially
sweetened products, you can cut down on calories and decrease your
sugar intake, but you will not necessarily make your diet healthier.
Whether the soft drink is sweetened with sugar or artificial sweeten-
ers, it provides no other nutrients to the diet.




REVIEW

Carbohydrates include sugars, starches, and fibers; sugars and
starches provide energy, 4 calories per gram. Simple carbohy-
drates include single sugars called monosaccharides and double
sugars called disaccharides. Complex carbohydrates are polysac-
charides and include starches, fibers, and glycogen. Unrefined
foods are those that have not been altered from their natural
state. Healthy diets are full of unrefined sources of carbohydrates
such as whole grains, fruits, and vegetables. Unrefined sources
of sugar include fruit and milk. The added refined sugar found
in candy, soda, and baked goods adds calories but few nutrients.
To be absorbed from the digestive tract, carbohydrates must be
digested into monosaccharides. In the body, glucose is metabo-
lized to produce ATP, the energy source required by cells. To
ensure a constant supply of glucose to body cells, blood glucose
levels are regulated by the hormones insulin and glucagon. It is
recommended that people consume a minimum of 150 grams of
carbohydrates per day, but a more realistic goal is 45 to 65% of
calories from carbohydrates. This should come primarily from
whole grains, fruits, vegetables, and milk with limited amounts
of added sugars. A diet that meets these recommendations may
reduce the risk of diabetes, obesity, and dental caries.

L



DIETARY FIBER

“Eat your roughage,” was a common piece of advice that your
grandmother’s generation passed on to their children. Today,
the advice remains the same, but what they called roughage is
what we call fiber. Fiber is plant matter that cannot be digested by
human enzymes. We consume it whenever we eat whole grains,
legumes, fruits, and vegetables. Because we cannot digest fiber, it
moves through the entire digestive system and much of it winds
up being excreted in the feces. Yet, even though our bodies do not
absorb fiber, it is important to our health.

TYPES OF FIBER IN THE DIET

Fiber includes a number of chemical substances that have differ-
ent physical properties and different physiological effects in the
body. Most fibers are carbohydrates. Lignin is an exception. It is
chemically not a carbohydrate, but it is classified as fiber because

a8
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of how it behaves in the digestive tract. Fibers have been tradition-
ally categorized based on their solubility in water.

Insoluble fibers do not dissolve in water. These fibers are
derived primarily from the structural parts of plants. Chemi-
cally, they include lignin and cellulose and some hemicelluloses.
Dietary sources of insoluble fiber include wheat bran and rye
bran, and vegetables such as celery and broccoli.

Soluble fibers form viscous solutions when placed in water.
The soluble fiber in oats gives cooked oatmeal its thick gelatinous
consistency. Soluble fibers are found in and around plant cells and
include pectins, gums, and some hemicelluloses. Food sources of
soluble fibers include oats, apples, beans, and seaweed. Soluble
fibers are often added to foods in processing. Pectin is used to
thicken jams and jellies. Gums, such as gum arabic, gum karaya,
guar gum, and locust bean gum are extracted from shrubs, trees,
and seed pods and are added to foods like mayonnaise, yogurt,

FIGURE 3.1 Soluble and insoluble fibers help improve digestion and
prevent diseases. These two types of fiber can be found in fruits,
vegetables, and grain products such as whole-wheat bread.
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TABLE 3.7 DIETARY SOURCES OF SOLUBLE AND
INSOLUBLE FIBER

Food/Serving Total Insoluble | Soluble | Energy
Fiber Fiber Fiber (Cal)
(9) (9) (9)

Wheat bran flakes, 6.15 5.52 0.63 126
1 cup

Broccoli, 1 cup 2.8 1.4 1.4 28

Celery, 1 stalk 0.29 0.19 0.10 3

Oatmeal, 1 cup 4.00 215 1.85 145

Apple, T medium 3.73 2.76 0.97 81

Carrot, T medium 1.84 0.92 0.92 26

Plum, T medium 0.99 0.46 0.53 36

Kidney beans, 1/2 5.72 2.86 2.86 113
cup

Green peas, 1/2 cup 4.40 3.12 1.28 62

Metamucil, 1 tbsp 5.10 1.05 4.05 21

and cake as stabilizers and thickeners. Agar, carrageenan, and

alginates come from seaweed, and are used as thickeners and
stabilizers in foods like salad dressing and ice cream. Pectins and
gums are also used in reduced-fat products because they mimic
the slippery texture of fat. Most foods of plant origin contain mix-
tures of soluble and insoluble fibers (Figure 3.1 and Table 3.1).

WHAT HAPPENS TO FIBER IN THE

DIGESTIVE TRACT?

Soluble and insoluble fiber behave somewhat differently in the
gastrointestinal tract. Soluble fiber absorbs water and form viscous
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solutions that slow the rate at which nutrients are absorbed from
the small intestine. Because neither soluble nor insoluble fiber
can be digested in the small intestine, they cannot be absorbed
and so they travel into the large intestine. Bacteria in the colon
digest soluble fiber to produce gas and fatty acids, small quan-
tities of which are absorbed and affect other functions in the
body. Some soluble fiber—and most insoluble fiber—is excreted
in the feces.

Insoluble fibers do not absorb water and are not broken
down by bacteria, but they do increase the amount of material
in the intestine. When insoluble and soluble fiber are consumed
together, the increased bulk of the insoluble fiber and the extra
water held by the soluble fiber increase the volume of material
in the intestine. The larger, softer mass of material strengthens
the muscles of the colon by stimulating peristalsis, which is the
rhythmic muscle contractions that propel food through the diges-
tive tract. A high-fiber diet allows the stool to pass easily and
reduces transit time, which is the time it takes for food and fecal
matter to move through the gastrointestinal tract.

FIBER GETS THINGS MOVING

A high-fiber diet increases the volume of fecal matter and the rate at
which it moves through the gastrointestinal tract. A study done in the
1970s that compared the transit times and stool weights of African vil-
lagers who ate a high-fiber diet with British people who ate a low-fiber
diet dramatically illustrated fiber’s effect. It took an average of only
about 35 hours for material to pass through the digestive tracts of
the African villagers, but it took almost 70 hours for material to move
through the digestive tracts of the British citizens. Dramatic differences
were also seen in stool weight. The Africans who ate the high-fiber diets
had an average daily stool weight of about 480 grams in contrast to
only about 110 grams for the British who consumed the low-fiber diet.
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HOW DOES FIBER AFFECT YOUR HEALTH?
A diet high in fiber has beneficial effects on the health of the
gastrointestinal tract and can relieve or prevent some chronic
health problems. When a high-fiber diet is consumed, the feces
are larger and softer and the amount of pressure needed for def-

Diverticula in the Colon

Large intestine (colon)

Diverticula

1\ Wy
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FIGURE 3.2 A low-fiber diet can increase the risk of developing small
pouches, or diverticula, in the colon. If stool gathers in these small
pockets, it could lead to pain and infection.
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ecation is reduced. This helps reduce the incidence of constipa-
tion, which refers to infrequent stools that are dry and difficult
to pass. It also prevents hemorrhoids, which are swellings of the
veins in the rectal or anal area. The reduced pressure in the large
intestine also reduces the risk of diverticulosis (Figure 3.2). This
is a condition in which pressure causes outpouchings called
diverticula to form in the wall of the large intestine. If fecal
matter accumulates in these outpouchings, it can cause irrita-
tion, pain, inflammation, and infection, a condition known as
diverticulitis. A high-fiber diet can also be beneficial for weight
management because fiber makes a person feel full with less
food.

KELLOGG’S CORN FLAKES:

A HEALTH FOOD?

The idea that fiber is good for health is not new. Dr. John Harvey Kel-
logg believed that problems with the bowel and stomach were the
cause of the majority of ailments. He thought that people developed
a condition called “autointoxication” by eating meat, drinking alcohol
and coffee, smoking, and overindulging in sex, spicy foods, and a vari-
ety of other activities. Kellogg treated the rich and famous for a host
of medical complaints at his Battle Creek Sanitarium (known as “the
San”) in Michigan. He advocated vigorous exercise, sexual abstinence,
and a high-fiber vegetarian diet, along with daily enemas to clean out
the bowels. On March 7, 1897, Dr. Kellogg dished up the first serving of
corn flakes at the San. These were an unsweetened addition to the diets
of Dr. Kellogg’s patients and were not the same corn flakes that you can
buy today. The corn flakes we recognize today made their appearance
in 1906. They were the brainchild of Dr. Kellogg’s brother, Will Keith
Kellogg, who added sugar to the recipe and began marketing them as
a breakfast food. John Harvey Kellogg was not supportive of this devel-
opment and actually sued his brother in a failed attempt to keep the
Kellogg name off mass-produced breakfast cereals.
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Fiber and Heart Disease

A diet that is high in fiber can help reduce the risk of heart dis-
ease. Soluble fibers such as those in legumes, rice and oat bran,
gums, pectin, and psyllium (a grain used in over-the-counter,
bulk-forming laxatives such as Metamucil) help reduce the risk of
heart disease by lowering blood cholesterol levels. Cholesterol in
the blood comes from both cholesterol made in the liver and cho-
lesterol consumed in animal products in the diet. One thing the
body uses cholesterol for is to make bile acids, which are secreted
into the GI tract to aid in the absorption of dietary fat. Normally,
these bile acids are then reabsorbed and reused, thereby recycling
the cholesterol. However, soluble fiber binds to bile acids and
cholesterol in the GI tract, causing them both to be excreted in
the feces rather than being absorbed (Figure 3.3). The liver must
then use cholesterol from the blood to synthesize new bile acids,
thereby reducing blood cholesterol levels.

Insoluble fiber, such as that found in wheat bran, does not
lower blood cholesterol, but a high-fiber diet in general helps pro-
tect against heart disease. One study found that every additional
10 grams of fiber in the diet reduced the incidence of heart disease
by 17%. In addition to lowering blood cholesterol, diets high in
fiber help to lower blood pressure, normalize blood glucose levels,
prevent obesity, and affect a number of other parameters that help
reduce the risk of heart disease.

Fiber and Diabetes

A high-fiber diet is beneficial for the prevention and management
of diabetes. The added bulk and thick solutions formed by fiber in
the intestine slows the absorption of glucose. Therefore, blood glu-
cose levels will rise more slowly with a carbohydrate-containing
meal that is high in fiber. This decreases the amount of insulin
needed to keep glucose in the normal range. This is beneficial
for managing blood glucose in individuals with diabetes and,
over the long term, is believed to reduce the risk of developing
the disease. In fact, studies have found that diets high in fiber are
associated with a lower incidence of diabetes.
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FIGURE 3.3 A diet high in soluble fiber reduces the absorption of bile
acids and cholesterol from the small intestine. This lowers cholesterol in
the bloodstream and reduces the risk of heart disease.

Fiber and Colon Cancer

Adequate dietary fiber may protect against colon cancer. Epi-
demiological studies have shown that colon cancer incidence is
lower in populations that consume high-fiber diets. This may
occur because fiber dilutes the intestinal contents and speeds the
rate at which material moves through the intestines. Together,
these effects decrease the amount of time that the cells lining
the colon are exposed to potentially cancer-causing substances
present in the intestinal contents. The presence of fiber in the
large intestine may also change the type of bacteria that grow
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there and the substances that are produced by the bacteria as they
break down material in the colon. These substances may directly
affect cells in the colon. Some of the effect of a high-fiber diet in
preventing colon cancer may also be due to substances other than

BACTERIA IN THE INTESTINE

Amazingly, the large intestine is home to several hundred species of
bacteria. Our bodies provide them with a nice warm home with lots
of food and they do you some favors in return—that is, if they are the
right kind of bacteria. The right intestinal bacteria improve the digestion
and absorption of essential nutrients, synthesize some vitamins, and
metabolize harmful substances, such as ammonia, thus reducing levels
in the blood. Bacteria are important for intestinal immune function,
proper growth of cells in the large intestine, and optimal movement
through the Gl tract. A healthy population of intestinal bacteria may
also help prevent constipation, gas, and excess stomach acid. However,
if the wrong bacteria take over, the result could be diarrhea, infections,
and perhaps an increased risk of cancer.

How can people make sure the right bacteria live in their gut? One
way is to eat them. This is referred to as probiotic therapy. Live bacte-
ria are found in foods such as yogurt and acidophilus milk, and they can
be purchased as bottled suspensions or tablets. However, one problem
with probiotic therapy is that the bacteria are washed out of the colon
once the user stops eating them. A second approach that can ensure
that healthy bacteria are growing in the gut is the consumption of foods
or other substances that encourage the growth of these particular types
of bacteria. Called prebiotics, these substances pass undigested into
the large intestine and serve as food for the healthy bacteria that live
there. Prebiotics are sold as dietary supplements, but don’t run to the
store just yet. For most of us, simply eating a healthy diet will support a
healthy population of intestinal bacteria.
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fiber that are present in high-fiber foods. Not all studies support
a role for fiber in reducing the incidence of colon cancer, but for
most people there is no disadvantage in consuming a high-fiber
diet as long as their fluid intake is adequate.

PROBLEMS WITH HIGH-FIBER DIETS

A high-fiber diet can cause problems if fluid intake is not suf-
ficient, or if fiber intake is increased too rapidly. High-fiber diets
also have the potential to affect vitamin and mineral levels and
calorie intake.

Consuming fiber without consuming enough fluid can cause
constipation. Fiber increases the need for water because it holds
fluid in the gastrointestinal tract. The more fiber there is in the
diet, the more water is needed to keep the stool soft. When too
little fluid is consumed, the stool becomes hard and difficult to
eliminate. Intestinal blockage can occur in severe cases when
fiber intake is excessive and fluid intake is low. To avoid these
problems, the fluid content of the diet should be increased
when fiber consumption increases. Even when there is plenty
of fluid, a sudden increase in fiber intake can cause abdominal
discomfort, gas, and diarrhea due to the bacterial breakdown of
fiber. To avoid these problems, fiber intake should be increased
gradually.

In some people, a diet high in fiber can increase the risk of vita-
min and mineral deficiencies. This occurs for two reasons. First, the
increase in the volume of intestinal contents that occurs with a high-
fiber diet may prevent enzymes from coming in contact with food.
If a food cannot be broken down, the vitamins and minerals from
that food cannot be absorbed. Second, fiber may bind some miner-
als, preventing their absorption. For instance, wheat bran fiber binds
zing, calcium, magnesium, and iron, reducing their absorption. A
high-fiber diet can contribute to deficiencies when the overall diet
is low in micronutrients. High-fiber diets are of concern in children
because they have small stomachs and high nutrient needs. Children

al
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consuming a diet that is very high in fiber may feel full before they
have met all their energy and nutrient needs.

HOW MUCH FIBER DO YOU NEED?

Most Americans do not eat enough fiber. The typical American
diet contains only about 15 grams per day while the DRIs recom-
mend a daily intake of 25 grams for young adult women and 38
grams for young adult men. This recommendation refers to total
fiber, which includes dietary fiber and functional fiber. Dietary
fiber is found intact in plant foods. Functional fiber is fiber that
has been isolated from foods and shown to have beneficial physi-
ological effects in humans. For example, the oat bran added to
breads and breakfast cereals is functional fiber. Increasing your
fiber intake means increasing your intake of plant foods that have
only been minimally refined, such as fresh fruits and vegetables
and whole grain products. People can also increase fiber intake by
consuming foods with added functional fiber such as cereal that
contains added oat bran or flax seed.

REVIEW

Fiber cannot be digested by human enzymes in the gastrointesti-
nal tract, so it is not absorbed into the body. Nonetheless, a diet
high in fiber is important to human health. Fiber is classified as
either soluble or insoluble. Soluble fiber absorbs water and forms
viscous solutions. It slows nutrient absorption and helps reduce
blood cholesterol levels. In the large intestine, soluble fiber can
be broken down by intestinal bacteria producing gas and acids,
some of which can be absorbed into the body. Insoluble fiber is
not broken down by intestinal bacteria and adds bulk to intesti-
nal contents. The added bulk stimulates intestinal motility and
strengthens muscles in the colon. A high-fiber diet, when con-
sumed with adequate fluid, reduces the risk of constipation and
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diverticulosis because stools are softer and less pressure is needed
for defecation. A high-fiber diet may also reduce the risk of heart
disease, diabetes, and colon cancer. Americans currently do not
consume the recommended amounts of fiber.



LIPIDS

It is cream that gives ice cream its smooth texture and rich taste,
and olive oil that gives Italian food its distinctive aroma and
flavor. Cream, oils, and other fats contribute to the texture, flavor,
and aroma of our food. While we crave fats for their taste and tex-
ture, we are told to avoid them because too much fat—or at least
too much of some types of fat—may increase our risk for heart
disease, cancer, and obesity.

TYPES OF FATS

The term fat usually refers to lipids, but what we are most often
referring to with this term are types of lipids called triglycerides.
Most of the lipids in our food and in our bodies are triglycerides.
The structure of a triglyceride includes lipids called fatty acids.
Phospholipids and sterols are two other types of lipids that play
an important role in human nutrition.
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Triglycerides and Fatty Acids

A triglyceride is made up of three fatty acids attached to a
3-carbon molecule called glycerol (Figure 4.1). (When one fatty
acid is attached, the molecule is called a monoglyceride; when
two fatty acids are attached, it is a diglyceride.) Triglycerides
may contain any combination of fatty acids. Their fatty acid
composition determines their taste, texture, physical character-
istics, and health effects.

Fatty acids consist of chains of carbon atoms linked together.
Some fatty acids contain only a few carbons in this chain; others
may have 20 carbons or more. Each carbon atom in the fatty acid
chain forms four chemical bonds that can link it to as many as
four other atoms. At one end of the chain, the omega end, the
carbon atom is attached to its neighboring carbon and 3 hydro-
gen atoms to form a methyl group (CH,); at the other end of the
chain, the last carbon is part of an acid group (COOH). Each of
the carbons in between is attached to 2 other carbons and up to
2 hydrogen atoms. When each carbon in the fatty acid chain is
bound to 2 hydrogen atoms, it is a called a saturated fatty acid
because the carbon chain is saturated with hydrogen atoms. If
the chain contains carbons that are not bound to 2 hydrogen
atoms, a double bond is formed between 2 carbons. Fatty acids
containing one or more double bonds are called unsaturated
fatty acids.

Saturated Fats

Triglycerides containing a high proportion of saturated fatty acids
are referred to as saturated fats. Saturated fats are found primarily
in animal foods such as meat, milk, and cheese. They are also found
in palm oil, palm kernel oil, and coconut oil. These saturated vege-
table oils are often called tropical oils because they are from plants
that commonly grow in tropical climates. They are used by the food
industry in cereals, crackers, salad dressings, and cookies because
saturated oils are more resistant to spoilage and therefore have a
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Triglycerides and Fatty Acids
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FIGURE 4.1 A triglyceride is made up of three fatty acids attached to a
molecule of glycerol. The fatty acids in the triglyceride may be saturated
(no carbon-carbon double bonds), monounsaturated (one carbon-carbon

double bond), or polyunsaturated (more than one carbon-carbon double
bonds).




longer shelf life than unsaturated oils. Diets high in saturated fats
are associated with an increased risk of heart disease.

Unsaturated Fats

Unsaturated fats are triglycerides that contain a high proportion of
unsaturated fatty acids. Unsaturated fatty acids contain one or more
unsaturated (double) bonds. Those that contain one carbon-carbon
double bond are called monounsaturated fatty acids (MUFA).
Oils that are high in monounsaturated fatty acids include olive,
peanut, and canola oils. Fatty acids with more than one double
bond in their carbon chains are called polyunsaturated fatty acids
(PUFA). Good sources of polyunsaturated fatty acids include corn,
soybean, and safflower oils. Diets high in mono- and polyunsatu-
rated fats are associated with a reduced risk of heart disease.

A type of unsaturated fatty acid that is not good for your heart
is trans fat. Trans fatty acids are found in small amounts in nature
and in larger amounts in hydrogenated fats. Food manufacturers
use hydrogenation to increase the shelf life of oils. Hydrogena-
tion is a process that adds hydrogen atoms to unsaturated fatty
acids, converting some carbon-carbon double bonds to saturated
bonds. This makes the fat more solid at room temperature and
less likely to spoil. However, it also changes some of the carbon-
carbon double bonds that remain. Most unsaturated fatty acids
have carbon-carbon double bonds with both hydrogen atoms on
the same side of the bond. This is known as the cis configuration.
Hydrogenation results in trans fatty acids, which have carbon-
carbon double bonds with the hydrogen atoms on opposite sides
of the double bond (Figure 4.2).

Unsaturated fatty acids are categorized based on the location
of the first double bond in the carbon chain. If the first double
bond occurs after the sixth carbon (from the omega, or CH,, end)
the fat is said to be an omega-6 fatty acid. The major omega-6
fatty acid in the American diet is linoleic acid, which is plentiful
in vegetable oils. Omega-6 fatty acids are important for growth,
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skin integrity, fertility, and maintaining red blood cell struc-
ture. Unsaturated fatty acids with the first double bond after the
third carbon, counting from the omega (CH,) end of the chain,

Cis and Trans Double Bonds
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(cis) (trans)
Cis Trans
double bond double bond
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FIGURE 4.2 In a cis double bond, the hydrogen atoms are on the same
side of the double bond. In a trans double bond, the hydrogen atoms are
on opposite sides. During the hydrogenation of vegetable oils to make
margarine and shortening, some of the cis bonds are converted to trans.
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are called omega-3 fatty acids. Alpha-linolenic acid, found in
vegetable oils, and eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), found in fish oils, are omega-3 fatty acids.
Omega-3 fatty acids play an important role in the structure and
function of cell membranes, particularly those in the retina of the
eye and the central nervous system. Diets high in omega-3 fatty
acids help reduce the risk of heart disease. Supplements contain-
ing fish oils or purified omega-3 fatty acids are marketed to lower
heart disease risk although they are not as effective as consuming
a diet high in fish that contains omega-3 fatty acids.

Essential Fatty Acids

Because the human body is unable to synthesize double bonds in
the omega-6 and omega-3 positions, linoleic acid (omega-6) and
alpha-linolenic acid (omega-3) are essential fatty acids and must be
included in the diet. They can be used to make other omega-6 and
omega-3 fatty acids. For example, if the diet is low in linoleic acid,
the body cannot make the omega-6 fatty acid, known as arachi-

FIXING INFANT FORMULAS

Docosahexaenoic acid (DHA) and arachidonic acid are important com-
ponents of the central nervous system and the retina of the eye. DHA
is an omega-3 fatty acid that can be made in the body from alpha-
linolenic acid, and arachidonic acid is an omega-6 fatty acid that can
be made from linoleic acid. An infant’s body, particularly a premature
infant’s, may make these fatty acids at too slow a rate to support opti-
mal brain and retinal development. This is not a problem in breast-fed
infants because DHA and arachidonic acid are plentiful in breast milk.
Does this mean that breast-fed babies are smarter and can see better?
Not necessarily, but to optimize infant nutrition, some infant formulas
are now fortified with these fatty acids. These formulas are recom-
mended for premature infants.
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donic acid, and so it becomes a dietary essential. EPA and DHA are
omega-3 fatty acids that are synthesized from alpha-linolenic acid.

People who do not consume essential fatty acids in adequate
amounts are likely to suffer from symptoms of essential fatty
acid deficiency. These symptoms include scaly, dry skin; liver
abnormalities; wounds that heal poorly; and impaired vision and
hearing. Infants with this deficiency fail to grow properly. Luckily,
essential fatty acid deficiency is rare because the human body’s
requirement for essential fatty acids is well below the amounts
that people typically consume.

Phospholipids

Phospholipids are important in foods and in the body because they
allow water and oil to mix. They consist of a backbone of glycerol
with two fatty acids and a phosphate group attached (Figure 4.3).
(A phosphate group is a chemical group containing the mineral
phosphorous.) The negative chemical charge on the phosphate end
of the phospholipid molecule allows this end to dissolve in water. In
contrast, the fatty acid end of the molecule is soluble in fat. In foods,
phospholipids act as emulsifiers, which are substances that break
oils into small droplets so they can mix with watery ingredients.
For example, the phospholipid lecithin is used in salad dressings to
keep the oil and water portions from separating.

In the body, phospholipids form the structure of cell mem-
branes. Cell membranes consist of two layers of phospholipid
molecules called a lipid bilayer. The molecules are oriented so
that the water-soluble phosphate end of the phospholipid mol-
ecules faces the watery environments inside and outside of the
cell and the fat-soluble fatty acids face each other. This allows an
aqueous environment both inside and outside the cell with a lipid
environment sandwiched between them.

Cholesterol and Other Sterols

Cholesterol is probably the best-known sterol. Sterols are lipids that
have chemical rings as the basis of their structure. In the body,
cholesterol is part of both cell membranes and the insulating sheath
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FIGURE 4.3 Phospholipids have a water-soluble head, containing a
phosphate group, and a fat-soluble tail of fatty acids. In food, such as
salad dressing, they act as emulsifiers by surrounding lipid droplets so
they stay suspended in water. In the body, they form the basic structure
of cell membranes.

that covers the nerves and is needed for proper nerve function.
Cholesterol is also needed to synthesize vitamin D, bile acids, and
a number of hormones, including the sex hormones. Although it is
essential in the body, cholesterol is not a dietary essential because
it is made in the liver. Dietary cholesterol is found only in animal
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foods such as meats, eggs, and dairy products. Plant foods do not
contain cholesterol, but they do contain other types of sterols. A
diet high in cholesterol can increase the risk of heart disease.

WHAT DO LIPIDS DO?

Lipids are an important structural component of cell membranes,
particularly in the brain and nervous system. Lipids also have
important regulatory roles. The lipid cholesterol is used to synthe-
size certain hormones, such as the sex hormones, and fatty acids
are used to make hormone-like molecules called eicosanoids.
Eicosanoids help regulate blood clotting, blood pressure, immune
function, and other body processes. The effect that an eicosanoid
has on these parameters depends on whether it is made from an
omega-3 or an omega-6 fatty acid. For example, eicosanoids made
from omega-3 fatty acids will lower blood pressure and those
made for omega-6 fatty acids will raise blood pressure. Therefore,
it is important to consume a diet that includes a healthy balance
of omega-3 and omega-6 fatty acids.

Fat is also an important energy source. Triglycerides consumed
in the diet can be used as an immediate source of energy or be
stored in the adipose tissue for future use. Because triglycerides are
a concentrated energy source (9 calories per gram), they can store a
large amount of energy in the body without a great increase in body
size or weight. Adipose tissue also insulates the body from changes
in temperature, and provides a cushion to protect against shock.

DIGESTING, ABSORBING, AND
TRANSPORTING LIPIDS

Because most fats do not dissolve in water, they require special
treatment during digestion, absorption, and transport throughout
the body. Most lipid digestion takes place in the small intestine
through the action of enzymes that are called lipases. Digestion
and absorption of lipids are aided by bile. Bile is produced in the
liver and stored in the gallbladder. It contains bile acids and helps
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break fat into small globules that can be accessed more easily by
digestive enzymes. The enzymes break triglycerides into fatty
acids, glycerol, and monoglycerides. The fatty acids and mono-
glycerides mix with bile and other lipids to form tiny droplets
called micelles, which facilitate fat absorption.

After their absorption into the cells lining the small intestine,
shorter fatty acids, which are water soluble, enter the blood and
are transported to the liver. Larger fatty acids and monoglycerides
are reassembled into triglycerides and then combined with cho-
lesterol, phospholipids, and protein to form particles called chylo-
microns. Chylomicrons are a type of lipoprotein that transports
lipids from the intestines. Chylomicrons move from the intestinal
cells into the lymph, a fluid that then carries them to the blood-
stream. Chylomicrons travel in the blood, delivering triglycerides
to the body cells. To enter body cells, an enzyme must first break
the triglycerides into fatty acids and glycerol. What remains of the
chylomicron goes to the liver.

When they reach the liver, the remnants of chylomicrons, as well
as the triglycerides and cholesterol that are synthesized in the liver,
are incorporated into lipoprotein particles called very-low-density
lipoproteins (VLDLs). VLDLs transport lipids from the liver
and deliver triglycerides to body cells. As with chylomicrons, an

SEEING THE FAT YOU EAT

If a blood sample is taken from a person who has just eaten a fatty meal,
his or her blood plasma will look white like milk. Plasma is the blood
fluid. Between meals it is a clear, yellowish liquid. After a fatty meal the
high concentration of chylomicrons formed to transport the fat makes
the plasma look white and opaque. People who are having their blood
lipids measured are usually asked to fast for 8 to 10 hours before the
blood sample is taken. Otherwise, the blood sample will include the
chylomicrons carrying the fat from their most recent meal.
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enzyme breaks the triglycerides in VLDLSs into fatty acids and glyc-
erol so they can be taken up by cells. After triglycerides have been
removed from the VLDLs, these particles can either be returned to
the liver or transformed into lipoproteins called low-density lipo-
proteins (LDLs). LDLs deliver cholesterol to body cells. For LDLs
to be taken up by cells, the LDL particle must bind to a protein on
the cell membrane, which is called an LDL receptor. High levels of
LDLs in the blood are associated with an increased risk for heart
disease and, therefore, are thought of as “bad” cholesterol.

Cholesterol that is not used by cells can be returned to the
liver by lipoproteins called high-density lipoproteins (HDLs).
High levels of HDLs in the blood are associated with a reduction
in heart disease risk, therefore HDLs are thought of as “good”
cholesterol.

LIPID METABOLISM:
USING AND STORING FAT

The fatty acids we consume in our diets can be used to produce
ATP via cellular respiration. For this to occur, the carbon chains
of the fatty acids must first be broken into