 Explain the three categories
of lipids.

Describe how fatty acids form

triglycerides.

¢ Compare the structures of
saturated and unsaturated
fal.

Describe the properties of
triglycerides.

- @ Relate the composition of
lipids to their functions in
foods and in the body,

@ Fxplain the relationship
between cholesterol and
heart disease.

Develop an eating plan that
keeps dietary fipids within
healthful levels.

. Terms to Remember

- @ adipose tissue
« gtherosclerosis
e carboxyl group
= cholesterol
= double bond
o fatty acids
e hydrogenation
= lipids
# {ipoproteins
. ¢ phospholipid
e plaque
¢ rancig
= saturated fat
& single bond
“« gmoke point
« solidification point
e {riglycerides
‘= ynsaturated fat

at-free” and “low-fat” have become cormmon selling points
on food labels in recent years. For health reasons, people
¥ want Lo manage their fat intake. To help them, food manu-
facturers continue to design foods that have little or no fat.
Improvements have increased the popularity of these prod-
ucts. The fat-free brownie that once tasted like cardboard is

. now an enjoyable treak.

Although fat carries the role of viliain, the bad reputation
isn't all deserved. Fat is a nutrient that your body needs. You
just don’t need too much,

What Are Lipids?

You're probably already familiar with the term “fats,” but sci-
ence offers a view that you might not have explored before.
Fats are actually part of a larger grouping called lipids.
Lipids are a family of chemical compounds that are a
main component in every living cell. They include the fol-
lowing three categories:
® Triglycerides (try-GLI-suh-ryds). Triglycerides make
up the largest class of lipids. They include nearly all of
the fuls and oils people typically eat. Of the lipids that
are in foods and stored in the body, most are fats and
olls——about 95 percent, in fact. This chapter focuses pri-
marily on these particular lipids because of their link to
foods. Any references to fats are actually talking about this
fipid category.
Phospholipids (fahs-foh-LIH-puds). These versatile
lipids have a structure that enables them to dissolve in
both fat and water. For this reason, the food industry uses
them as emulsifiers that mix fats with water in such prod-
ucts as mayonnaise. They are also found naturally in some
foods, including eggs and peanuts.

Many of the foods you eat contain
. Lriglycerides. How do these
fit inty the lipid family?




¢ Sterols (STIHR-awls). Sterols include
important compounds. Bile acids and cer-
tain hormones, for example, perform vital
functions. Both plant and animal foods con-
tain sterols, but only animal foods contain
the most well-known sterol—cholesterol
(kuh-LESS-fuh-rawl).

Triglycerides

The main function of triglycerides, or fat, is to
fuel the body and keep it warm. Triglveerides
help keep body temperature relatively constant.
In the body, fat is a poor conductor of heat.
When {riglycerides are stored in the body, they
collect in adipose tissue (ADD-uh-pohs),
pockets of fut-storing cells. See Figure 16-1.
The thin layer of fat under your skin, similar to
the fat around a cut of beef, is natural insulation.

Fats serve other hunctions as well. The adi-
pose tissue under each kidney forms a cushion
0 help protect it from Impact. Natural body oils
help keep skin supple and hair glossy and
healthy, Fat also carries certain vitamins in the
body.

Figure 16-1

As it stores fat, an adipose cell grows larger. Triglycerides
gather at the outer edge of the cell and eventually merge
with the globule in the center.

An Adipose Cell

Cytoplasm

of fat

Cell

. nucleus
Expanding

cell memhbrane
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Structure of Triglveerides

Triglycerides are composed of carbon, hy;
gen, and oxygen. They form when an ale
reacts with organic acids. Here's the cheny
explanation of how that happens.

Fatiy Acids
Compounds that contain carborn-carbon bo
are known as organic compounds. Org
compounds that contain a carboxyl group (
BAHK-sul} at one end are classified as org
acids. Another name for organic acidg sue
those found in triglycerides is fat{y ac
These fatty acids are organic compounds th
have a carbon chain with attached hydrog
atoms and a carboxyl group at one end.

A carboxyl group consists of carb
bonded to oxygen by a double covalent bow
and to a hydroxyl group with a single bow
(Single and double bonds are described in
pages ahead.) In cherical formulas, carbos
groups are written as -COOH. Figure 16
shows the carboxyl structure. The “R” in ¢
formula is chemical shorthand, Think of it
meaning “the rest” of the compound.

Not all fatly acids are the same. The lengil
of the carbon chain makes the difference. Mog
fatty acids found in foods have an 18-carb
chain. The simplest type, however, is ace
acid. It has a two-carbon chain, as shown I
Figure 16-3.

To form triglycerides, three fatty acids reac
with the alcohol glycerol (GLI-suh-rawl), a
shown in Figure 16-4. Glycerol contains thret
hydroxyl groups (~-OH). A hydrogen atom from

Figure 162
Fatty acids centain a carboxyl group, How can you tefi that s
fatty acid is organic?

Carboxyl Group




Acetic Acid
Floure 16-3 _
Acetic acid is a fatly acid with a two-carBon chain. Note the
carboxyl group en the right.

“each fatty acid molecule attaches in place of

the hydrogen in each hydroxyl group. The
name triglyceride is a combination of “tri,” for
three fatty acids, and “glyceride,” & glycerol
“compound. Most triglycerides contain a mix of
fatty acids.

Essential Fatty Acids

The human body can make all but two fatty
acids. These are linoleic (lin-oh-LEE-1ik) and
- linolenic (lin-oh-LEN-ik). Both are needed for
norrnal growth and development. These essen-
tia} fatty acids must be obtained from such
. Toods as vegetables, grains, nuts, seeds, and
- soybeans.

Setyrated and Unsaturated Fat

You've probably heard about the health effects
of saturated versus unsaturated fats. These
terms describe how carbon atoms are bonded in
fatty acids. The bonds can be single or double.
A single bond is a covalent bond in which
each atom donates only one electrorn io Jorm
the bond. Thus, two atens share one pair of
electrons between them. A deuble bond is ¢ co-
valent bond in which each atom downaies 1o
electrons to form the bond. Thus, two atoms
share two pairs of electrons between them, Look
at- Figure 16-5 while you read how these bonds
define saturated and unsaturated fat.
® Saturated fat. In saturated fat, most of
the falty acids are saturated too. In other
words, the fatty acids contain all the hy-
drogen atoms their molecular structure
can hold. As long as no hydrogen atoms are
missing, each bond between a carbon atom
and its four partnering atoms will be single.
Thus, there will be four single bonds.
Unsaturated fat. In unsaturated fat,
most of the fatty acids are also unsaru-
rated. That s, they're missing hydirogen
atoms. Where hydrogen atoms are missing
due to a chemical change, single bonds can't
form. To make up the difference for a miss-
ing single bond, a double bond forms.
Therefore, two carbon atoms that are each
missing a hydrogen atom will bond o each
other with a double bond. FPorming this dou-

© Flgure 16-4 T
- When three fatty acids combine with | H—(
-glycerol, they form a triglyceride.
. Where are the hydroxy! grovps in
‘the glyeerol structore? Where are C
- the carboxyl groups in the fatty ]
-ackis? Where does the resuliing
“water gn the right side of the equa- H~C
ton come from? E{

Glycerol

| i
—OH + HO—C—R,

il
~OH + HO—C— R,

Forming a Triglyceride

Three
Fatty
Acids

Trighyceride
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Saturated
{singie bonding)

Two Fat Molecules

Unsaturated
{double bonding])

Figure 165

A saturated fat molecule contains aif single bonds. Why does the double bond form befween carbon atoms

in an unsaturated fat?

ble bond fulfills an interesting reguirement
of nature; all carbon atoms must have four
bonds.

Unsaturated fats are classified by the num-
ber of hydrogen atoms that “drop out” and pro-
duce double bonds. A monocunsaturaied fat
lacks two hydrogens, which creates one double
bond between carbons, Oleic acid (oh-LEE-ik)
ig an example of such a fal, A polyunsaturaled
fat has two or more double bonds between car-
bons and, thus, lacks four or more hydrogen
atoms. Linoleie acid has two double bonds, for
exarple, while linolenic acid has three double
bonds. How many hydrogens are missing from
each of these polyunsaturated fats?

Properties of Triglycerides

The number and arrangement of atoms influ-
ence how triglycerides behave. Understanding
this relationship between structure and proper-
ties helps you see what frigiyeerides do for you,
and what you can do with them.

rhergy Value

The structure of trighycerides makes them bun-
dles of energy. Recall that energy is released by
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oxidation, the reaction of a substance with oxy-
gen, Triglyceride molecules are high in carbon
and hydrogen, They offer many sites for oxida-
tion reactions. In contrast, carbohydrate mole-
cules are oxyvgen-rich., They can't be further
oxidized. Triglycerides supply over twice the
energy of glucose--nine kealories per gram
compared to four,

Sofubifity

Unlike sugars, triglyeerides are only slightly sol-
uble in water. Because triglyceride molecules
are nonpolar, they resist the hydrogen bonding
thaf dissolves sugars in water. That’s why you
have 1o shake a bottle of vinegarand-cil dressing
before pouring it over your salad. Triglycerides
are quite susceptible to organic, nonpolar sol-
vents, such as chloroform and acetone.

Phase Differences

As pairs, the words “animal fat” and “vegetable
oil” seem to go together, In referring to a fat’s
phase, these expressions are raore or less accu-
rate. Fats, which usually come from animals,
are saturated. Their single bonds allow a full set
of hydrogens, tightly packed like the teeth in a




fat, remember, i3 an assortment of fatty Rl
acids, with both long and short carbon R
chains. Thus, each fat melts gradually, over
a range of about 5 o 10°C, as more of its
long-chain acids melt. I a pat of butter on
your plate, for exarmple, some fats are in lig-
uid phase and some are solid crvstals. The
hutter softens as it warms to room tempera-
fure and melts if spread on a hot potato.
Saturation also affects melting, As with
Liguidity, fats with a greater proportion
of unsaturated fatty acids melt at lower
temperatures.

Solidification Point

if you refrigerate leffover buttered carrots, you
may find them coated with firm butter flecks
the next day. The butter chilled to its selidifi-
cation peoint, the temperature at which a
melied fat vegains s oviginal firmness.
Unlike pure crystalline substances, which melt
and {reeze at the same temperature, a fat’s so-
lidification point is lower than #s meliing range.
Some fats are sofid and some are liquid, Which are more Hke- Fats with more similar fatty acids solidify with a
v to be saturated? Whﬁf? grainier texture.

zipper. They are denser than oils and in a solid
phase at room temperature.

Most plant oils are unsaturated. The mole- i
cule “kinks” wherever a double bond replaces  Saturation affects meiting, Which do you think would melt
two hydrogens. This slight bend makes oils less  fasier on a hot ear of corn, 3 pat of margarine or butier?
compact, so they are liquid at room tempera-  Why?
fure. Plant fats tend to have shorter carbon
chains, which also promotes liquidity.
- Not all plant oils follow this model. Two
“tropical” oils, coconut and palm kernel oil, are
over 80 percent safurated,

Melting Range

Molecular structure has a related effect on how
fats change phase. Most substances have a
melting point and a freezing point, the temper-
ature at which they change from a solid to a lig-
uid and vice versa.

Fats are a different case. Fatty acids with
nore carbon have higher melting poinis. Bach
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Triglycerides in Food

Most fands contain some fal, Whipping cream
and olive oil contain almost nothing else. A
handful of mixed nuts is 50 to 70 percent fat,
depending on whether you scoop up more wal-
nuts, peanuts, or pecans. Af the low end of the
scale, most grains are between three and five
percent fat.

Triglyceride Subgroups

As Figure 16-6 shows, triglycerides are often
divided into seven subgroups that include the
various types of fats and oils found in food, As
vou read the chart, look for connections to the
previous discussion on {riglyceride structure
and properties, Likewise, some of the points
will be worth reviewing as you read on aboul
the role of triglvcerides in foods and health.

Functions of Fats in Food

Why do people drizzle butter over baked pota-
toes or beat shortening with sugar in a cake
batter? Whether it's flavor, texture, or mouth-

feel, fals add quaiitieé that can make foods
appealing.

Tenderizing

One of the most important uses of fats in foods
is tenderizing baked goods. Fats coat the flour
particles in baked products, creating a flaky,
delicate, lighter texture. Cakes would be crum-
bly without the moistness provided by fats,
Pizza dough and plecrusts would be tough,
chewy blocks of baked starch.

Aeration

Fats serve another function in some baked
goods. Through aeration, they add air or gas to
hatters and doughs. The fat forms a bubble
arcund air molecules, which are incorporated
in the batter. This fine dispersion of air bubbles
decreases viscosity, making the bafter {low
more easily. Baked goods rise, in part, due to
the air trapped by fats,

Emuisions

Lipids play two roles in creating emulsions.
They might be part of an emulsion or they
might influence one to form, Oils, for example,

Figare 166

Trighyceride Subgroups Bescription
Witk fat

Fats from the coconut
paim unsaturated fatty acids

Fats contalning
Hnolenic acld

Highly unsaturated

Vegetable butters

Contains some short-chais fatty acids

Low melting range; ssually low in

Fats from seeds of tropical trees; highly

Examples
Cow's milk

Coconut paim fat

Soybean oil, wheat germ ofl

Cocoa butter

saturated; very narrow melting range

Fats containing oleic

or finoleic acids in American diet

Marine {fish) oifs

Unsaturated; probably most common

Contain fong chains of polyunsaturated fatly

Corn, peanuf, sunflower, olive,
and sesame oils

Cod liver oit

acids; some very high in vitamins & and D

Animal fats
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Usually high in saturated fat; contain
oleic acid; high meiting range

Fat on edge of meat and
marbling throughout




“are frequently one of the liquid phases in an
emulsion, such as mayonnaise. Triglycerides
can be broken down inlo monoglycerides.
These have one fatty acid atfached and are sta-
ble enough to emulsify other fats with liquids.
As mentioned earlier, phospholipids are an-
- other lipid, aiso used as emulsifiers.

Flavor

As the aroma of frying doughnuts tells you, fats
carry flavor. They dissolve aromatic molecules
in foods and distribute their essence through-
out the recipe. Some fats add their own charac-
{eristic taste. Olive oil is valued to mildly flavor
salads, while bacon fat is unmistakably salty
and smoky. Others, such as corn o, are pre-
ferred because they lack distinctive flavor.

Gyidation

The oxidation of fats occurs as the surface of
foods react with oxygen. When fatty acids oxi-
dize, they lose electrons by combining with
-oxygen. This complex, somewhat mysterious
chemical chain reaction is a main reason that
high-fat foods spoil.

- Imagine what a piece of pie would faste fike without fat of
. some iype in the crust. Some people use oif in their crust
~ tecipe, and some use lard. Which contains more saturaled

Many people cook with olive ofl
today, It’s highty unsaturated
and toesn't easily oxidize. Olive
oil labeled as “virgin” was
obtained from the first pressing
of the olives without further
processing. By spraying the oif
on the pan, you can use g small-
ar amount.

Oxidation involves the loss of a hydrogen
atom from a single-bonded carbon next to a
double bond. Unsaturated fats, with more dou-
ble bonds, are more prone to oxidization,

Heat speeds the rate of oxidation. Cooling
the environment, even to freezing, slows but
doesn’t stop the process. Water inhibits oxida-
tion. Water molecules interfere with contact
between air and fatty acids. The oxygen in
water is not free to react with fats. Just as
water is used to put out fires, which are the
most rapid form of oxidation, water prevents
siow oxidation as well by preventing contact
between substances and elemental oxygen.
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s a dietetic technician for a com- MEY SIKILLES
munity health program, Margarita s Communication
Tillman works with low-income « Food preparation
mothers envolied in the government o Qrganization
nutrition program called Women, ¢ Ability to work with
Infants, and Children (WIC). “A dieti- people
tian teaches the class, and I work with ¢ Problem solving
the moms one-on-one, helping them de- =  Applyving coneceptis

velop menus based on what we talk
about in class, Our main goal is to help
them feed their families nutritiously
oxn a tight budget, but we ac-
complish something else
too. We teach problem
solving and decision
making. As our
clients build skills,
it’s a big boost to
their confidence.
They gain a sense of
power.”

Lifz on the Job: Dietetic technicians :
teach principies of food and nutrition
and provide dietary counseling
under the direction of a 1i-
censed dietitian. They help
guide people in selecting
and preparing foods and
planning menus based on
nutritional needs,
Dietetic technicians
often work in hospitals;
however, opportunities :
exist in other locations. '

RSN T

Education Meeded:
Preparing for a career
in dietetics can start in
high school, with classes in
biology, chemistry, and nutrition. In
coliege, candidates complete a two-
year program, earning an associ- S
: . i
ate's degree. Courses in f,-f/
psychology and communication
can help dietetic technicians
understand how people learn
and how to best present unfa-

,\»:,es».-;«.,w;:&\w'”m"””"m“w"m&m%
o

i o
it i,
P, i

our Challenge

Suppose vou're a dietelic technician for g
school district. Tired of seeing cafeicria
nches end up in the garbage, sdminis-
trators may =t a fast-food chain operate
in the schools. The schoo! board wantis

Vi
&
g
H
H
k
g
]
%

. ; public input.
miliar topics. _
kY 1. What are vour concerns about the
A school board's plan?

. 2. What actions should the board take?
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Rancid is the term that describes the un-
- pleasant flavors that develop as fats oxidize.
Because foods contain different fats, however,
oxidation can be a different chemical change in
each product. Thus, rancid walnuts taste differ-
erd from rancid potato chips and certainly from
rancid meat. Rancidity produces a distinctive
flavor, one you know when you taste it

Controlling Oxidation

Food spoilage is a loss to both producers and
consumers, so food scientists continually re-
search ways to minimize oxidation during pro-
cessing. Potato chips are packaged in pure
nitrogen, Bacon is vacuum-sealed. Oils may be
bottled in dark glass. Dried foods, which lack
protective water molecules, may be treated
- with substances that prevent oxidation. These
substances are called antioxtdants.

Comnercial Uses of Fats

Some fats don't oceur naturally in foods but are

extracted and processed from natural sources.

Some are tailored for specific uses. Commenr

- cially important fats fall into two main groups:
animal fats and plant oils.

Among animal fats, butter, lard, and beef fat
are most important. Of these, butter is most fa-
miliar to consumers. Like milk, buiter is a natu-
ral emulsion, 80 percent fat and 18 percent
water. The remaining two percent is the pro-
tein that binds the other two ingredients.

Lard, or rendered hog fat, may not sound
very appetizing. It's popular in the haking in-
dustry, however, for use in pastries, cakes, and

~frostings. Modifying lard produces different ef-
fects. In baked goods, for instance, the fatty
acids are shifted among trigiveerides. This

“fumbling” creates smaller crystals for a more
uniform, creamy texture.

Deep-fried foods are totally immersed in fat, pro-

ducing a browned, crispy coating on the food.
the fat is not het enough, how might that affect
the amount of fat in the food?

Beef fat is usually combined with vegetable
fats for use in foods.

Flant lipids are derived from certain oil-rich
seeds. In lquid form, they're often called veg-
etable oils. Corn, olive, canola, and oil blends
are popuilar choices on grocery shelves. These
and other oils are also extensively used in
processed foods,

Hydrogenated 0ils

Another fat that you may have used is solid
vegetable shortening. This is a plant oil that
has undergone hydrogenation (hy-DRAH-
juh-NAY-shun), a chemical process in which
hydrogen 1s added to unsaturated fot mole-
cules, breaking some double bonds and re-
placing them with single bonds. Partial
hydrogenation changes liquid oil to spreadable,
semisolid fat, What effect do you think com-
plete hydrogenation would have?
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Besides imparting texture, hydrogenation
adds stability by eliminating some of the double
bonds in fatty acids. Hydrogenated oil resists
rancidify better than liguid oil. It doesn’t de-
velop a stale flavor and odor as quickly.
Hydrogenation helps make margarine a less
delicate substitute for butter, for example.

Cooking with Fats

Cooking with fats offen means frying. Fats form
so many bonds between carbon chains that it
takes temperatures of at least 280°C to sepa-
rate the molecules. Thus, the boiling point of
fats is more than twice that of water, making
them excellent heat conductors.

Heating fats to frying temperatures pro-
duces a range of chemical changes that affect
the quality of the cooked food.

Effects on Fats

Frying may add appeal to foods, but it's tough
on fats. Repeated exposure o infense heat
causes a decornposition similar to oxidation.
Also, foods release some of their own fat, water,
and other substances into the frying oil. These
factors contribute to the deterioration of fat, a
process called cracking. Cracking can discolor
oil and produce off flavors and odors, gualities
that are passed to fried foods.

init 4 The Science of Mutrition

Another effect of cracking is to lower the
smoke point, ihe femperaiure af which o fat
produces smoke. Reaching a smoke point is
part of a cycle of fat breakdown: smoking
makes the fat less stable, and the less stable the
fat, the lower its smoke point. Vegetable oils
generally have a higher smoke point than ani-
mal fats, making them more useful for frying.

Frying Safety

Safe frying starts with using the right equip-
ment. A properly designed deep-fat fryer is well
insulated, with high sides and a reliable ther-
mosfat. A frying pan used on the range top
should be of heavy-duty metal, with sides high
enough to contain spills.

Food should be thoroughly dry before its
placed in hot fat. Recall that fat and water dont
mix. In “fleeing” the water, fat will spatter. Fat
droplets that hit you can cause serious burns.
Fat that comes in contact with a heating ele-
ment can start a five. Again, dousing with water
will only-spread the flames. Instead, smother a
fire in the pan with a frying pan lid, another
pan, or baking soda.

Frying demands constant monitoring. Use a
deep-fat thermometer fo keep the temperature
in the correct range. Keep the fryer filter clean:
and change the oil often. These steps help en-
sure the food’s quality as well ag your safety.

Triglycerides in the Dist

It sounds like common sense: the fats vou ea _:
become fals in your body. Basically this is frue.
Fats in {ood are broken down into fatty acid
and glycerol, then absorbed by villi in th
small intestine. Some of these fatty acids ar
stored in the liver, either converted ¢
glycogen or left as fat. Remaining fat
end up as adipose fissue throughout th
body.

Bid you ever eat fried chicken that was fried In
averused fal? Why was the flavor off?

e



While some dietary fat is essential, most
 Americans eat too much. A typical American

diet gets 45 percent of its calories from fat—an
- all-time high, and well over the 30 percent
- maximum recommended by nutrition experts.
- This trend alarms health professionals, for ex-
-.cess dietary fat, especially saturated, is one of
-several factors suspected in heart disease. The
- recorumended Daily Value Hmit is 65 g for fat
and 20 g for saturated fat.

Low-Fat Options

According to recent surveys, as many as 56
- percent of American adults are trying to limit
their fat intake. They are helped by a greater
variety of low-fat foods In the supermarket: fat-
free ice cream made with skim milk; lean cuts
of meat; and baked, rather than fried, snack
foods. To keep weight under control, however,
they must also watch calorie consumption,
Low-fat and fat-free foods are often high in
calories.

Fat Replacers

Tat replacers, substances that mimic fats in
foods but not in the body, are adding low-fag
choices. With fats’ complex nature and many
attributes, food technologists have vet to de-
velop one product to meet every need. Tnstead
different. replacers fill different functions.

Fat replacers are loosely grouped as either

fat, protein, or carbohydrate based. Fat-based
replacers are manufactured from very short
and long carbon-chain acids, which supply
fewer kcalories. Protein-based replacers use
milk or protein particles to stabilize and textur
ize dairy products and some baked gaods,
sauces, and soups. Digested as protein, they
also  provide fewer kealories per gram.
Carbohydrate fat replacers include cellulose,
gums, and modified food starch. They imitate
fat's mouthfeel at half the kealories.
A newer faf replacer consists of fatty acids
attached to a sucrose molecule. This “cross-
breed,” called sucrose polyester, is the first ar-
tificial fat that is suitable for frying. Since it
cannot be digested, it is calorie-free,
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Limiting Fats and Cholesterof
While heredity is a leading factor in heart
disease, evidence linking heart disease to :
saturated fat and cholestero! is mounting.
You can't choose your genes, but you can
choose an overall low-fas diet that stresses
monounsaturated oils. To help ensure your
heart’s health for many years, use the fol- °
lowing suggestions:
¢ Choose legumes, lean meats, poultyy, @
and fish as protein sources. .
Trim excess fat from meats. B
Eat liver only occasionally. Limit eggs to |
four a week. :
Use fat-free milk and cheeses. :
Use butter, cream, shortening, and solid
(hydrogenated) margarine sparingly.
® When possible, choose lquid oils in- :
stead, especially olive oils. :
® Bake, boil, and broil foods rather than fry :
them.
¢ Read labels to become familiar with the !
fat content of foods. See Figure 18-7 on *
page 250. :
® Learn how to substitute other food in- :
gredients for fats in recipes. :
¢ Make careful choices when eating out. :
Ask how foods are prepared. Request :
that high-fat sauces and dressings be left
out or served on the side. Learn terms :
for high-fat preparation methods, :

1. If someone said that heart disease is
only a problem for overweight people,
how would you respond?

Do you think foods labeled low or re-
duced fat are helpful in imiting dietary
{at? Explain,

o
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Filgure 16-7

Faods

Bacon

Baqels, plain

Beef, roast (lean and fat)
Beef steak, {-bone (lean and fat)
Bread, wheat '
Butter

Cereal, corn flakes

Cheese {(American)
Cheese (Cheddar)
Cheeseburger
Cheesecake

Chicken breast (roasted; skinless)
Chicken breast (batter-fried)
Chacolate, plain milk
Cookies, chocolate chip
Corn chips

Croissant

Cupcakes

Eggs (whofe)

Granola bar, hard

Ige cream, vanilia
Mayonnaise {regular)

Milk, nonfat

Mitk, whole

Pasta, spaghetti

Peanuts (oif reasted}

Pie, cherry

Pizza, combination
Popcorn (air popped) _
Pork chops {lean and fat)
Potatoes, mashed
Pretzels, thin sticks
Pudding, vaniffa

Salad dressing, ranch
Trail mix

Tuna, in water

< = Less than
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Guantity
3 pieces
i

4 ounces
4 ounces
1 slice

- Hiahlespoon

1cup

1 ounce
T ounce
1

1 piece

1

fcup

1 tablespoon
fcup

1cup

1cup

1¢up

1 piece

1 piece

teup

1

- 12ew
. 1ounce
“teup

1 tabiespoon
toup
1cup

Total Fat {g}

g
i
35
4
1
11
<1
g

20
18

31

]

12

14
i1
<1

T

29

<1
12

Saturated Fat {g}

3.3
2
15.8
4
2
IA;
A
8.5
5.¢9
2.2
9.2
1.8
2.9
5.2
4.5
12
6.7

1.5

17
4
5.4

9.8
7.2
1.5
Trace

9.3




- Trans fat _
. The term trans fat (also known as trans fatty
© acids) is a manmade type of fat formed when a
- liguid vegetable oil is made into solid fat, like
. margarine. Only very small amounts of trans
- fats are found naturally, usually in animal-based
- foods.
Trans fat is made when hydrogen is added
to vegetable oil in a process called hydrogena-
‘tion. Hydrogenation is popular because it in-
. creases the stability and shelf life of foods,
- When an oil goes through partial hydrogenation
some double bonds and the hydrogen atoms
-end up on different sides of the chain. This
type of configuration is called “trans” (which
“means “across” in Latin).
Trans fat behaves in the human body much
Iike a saturated fat. It raises the low-density
lipoprotein (LDL or “bad™ cholesterol that in-
- creases the risk of coronary heart disease.
Trans fat is often found in many of the same
foods as saturated fat, such as vegetable short-
“enings, some margarines, cookies, snack foods,
“fried foods, baked goods, and other processed
foods made with partially hydrogenated veg-
etable oils. Federal nutrition labeling laws re-
quire the amount of trans fat to be listed on all
food labels by the year 2006. There is a growing
concern about the amount of trans fat present
in the foods we consume.

Cholesterol

Another lipid found in humans and animals is
- cholesterol (kub-LESS-tuh-rawl). Cholesterol
is not a triglyceride but a sterol, a fatty alcokol
“made from glucose or saty-
rated fatty acids. The cho-
lesterol molecule is complex;
fts formula is CgeH;0H.
Cholesterol is vital in pro-
ducing vitamin D and some
hormones; it strengthens cell
membranes,

Note the difference hetween strands of H

“is” and "trans” double bonds.

¢is-2-hutene

The liver makes all the cholesterol the body
needs. Dietary cholesterol, found only in animal
products, is useless and possibly harmful. The
recommended Daily Value for cholesterol is 300
mg. Cholesterol in the bleod is thought to con-
tribute to the manufacture of plague (PLAKD,
a mound of lipid matevial mirved with cal-
ctum and smooth wuscle cells. Plaque can
lodge in artery walls in and around the heart,
reducing blood flow, This may lead to athero-
selerosis (a-thuh-ro-skluh-RO-sus), or “hard-
ening of the arteries,” a buildup of plague
along the inmer walls of the arleries.
Atherosclerosis raises the risk of heart attack
and stroke.

Research shows that fat, especially safu-
rated, is related to blood cholesterol levels, To
avoid saturated fats, many people now substi-
Eute margarine for butter in their diets and
avoid foods made with lard. The long-term im-
pact of such dietary changes is still under
study. Limiting full-fat dairy foods and high-
cholesterol meat products probably has a
greater impact on lowering blood cholesterol.

LDL and HDL

In the bloodstream, cholesterol and other lipids
travel to where they're needed. For the jour-
ney, they are packaged as Hpoproteins (lip-
oh-PRO-teens), large, complex molecules of
liprds and protein that carry lipids in the
blood. See Figure 16-8. The more lipids in a

trans-2- butensa
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Chapter Summary

¢ The body needs fat, but only in limited
armounis.

e Lipids are a family of chemical compounds
that are a main component in every hving
cell.

= Trigiycerides make up the largest category
of lipids and are corunonly referred to as
fats.

= Trigiycerides perform a number of neces-
sary functions in the body.

s Fatty acids are the organic acids that make
up trighycerides,

» Saturated fats have single bonds between

carbon atoms and contain the maximum
number of hydrogen atoms. In unsaturated
fats, double bonds between two or more
carbon atoms occur when hydrogen atoms
are missing.

+ The structure of triglycerides influences

their properties and, thus, their functions
i foods and cooking.

e Reducing intakes of total fat, saturated fat,

and chelesterol can help prevent heart
disease.

Using Your Knowledge
1, Describe the three categories of lipids.
2. What functions do triglycerides serve in the
body?
3. Describe the structure of triglycerides.
4, Why does the body need to obtain linoleic
and linolenic acids from plant sources?
5. How are unsaturated fats classiffed? Give
examples.
6. How do fats compare to carbohydrates as
" an energy source?
How does carbon bonding affect the phase
of a fat?
. Why do fats have a melting range rather
than a melting point?
From a chemical standpoint, why might
stale potato chips become rancid?
How does hydrogenation affect oils?
If you fried chicken in a restaurant, what
signs might tell you the frying oll needed
changing?
12. Compare low- and high-density lipoproteins.
13. How do marine oils differ from animal fats?

Unit 4 The Science of Nutrition

Low-Fat Fats

Nutritionists advise fimiting saturaled fats and choles-
terol to reduce your risk of heart disease. To enjoy
some of the flavor and texture of fat while reducing
their health risk, many people have switched from but-
ter to margarine, and especially “diel” spreads.

1. Compare labels from a package of butter, regular
margarine, and a reduced-fat and reduced-calorie
spread. Note the amounts of fat, saturated fat,
chotesterol, and kcalories. Present this data
chart form. :

. Based on your findings, how effective is changing
from butter to another fat in cutting saturated
fais and cholesterol?




Stdli-Building Activities

i

. 2.

Yocabidary. Explain the difference between
lipids and Hpoproteins.

Math. Nutrition experts recommend that
you get no more than 30 percent of your
kecalories from fat. If each gram of fat pro-
vides nine kealories, how many fat grams
could you eat without exceeding this limit
on a daily diet of 1600 kealories? 1900
kealorieg? 2200 kealories?

. Rutrition. Bring in three different food la-

bels. Read the Nutrition Facts panel for in-
formation related to fat content, Compare
your findings with those of classmates. Are
you surprised at the amount of fat in cep-
tain foods? How might you account for high
levels of fat in foods that don't seem partic-
ularly fatty?

. Planning. Create an appropriate three-day

eating plan aiimed at balanced overal] fat in-
take. Refer fo actual recipes in the plan.
Verify your eating plan with nutrition
analysis software. .

. Communication. On the Internet, find and

print one article that deals with fats in
fouds or in health. Summarize your article
{o share and discuss with the class,

. Critical Thinking. Devon cut down on fat by

choosing fat-free snacks, which he really
iikes and eats often. Now he is gaining
weight. What might the problem be? What
should he do?

Fat
Substitute

We all know that a healthful diet includes
a limited fat intake. How people limit
their fat intake is a matter of personal
cholee, In 1996, Olestra became available in
the United States. This synthetic fat with-
stands the high heats of frying without
adding kcalories to such foods as corn chips
and potato chips—making them lower in fat
and calories than snacks made with tradi-
tional fats. Olestra has experienced some
controversy and a bit of backlash from nuiri-
tionists and consurner advocates, however,
because it also picks up fat-soluble vitamins
as it passes through the system, preventing
their absorption. In some tests, Olestra
caused people to have diarrhea and other
digestive problems. Labels of foods fried in
Olestra must warn of these effects.

Furthermore, eating a food with a fat sub-
stitute is not a lcense to eat as much as you
want. Portion control should still be exer-
cised.

Thinking 1t Through
1. Research other fat substitutes and their
effects on the digestive system.
2. What precautions should be taken when
eating producis that contain Olestra?
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