Describe the chemical
structure of profein.

Explain how amino acids link
to form polypeptide bonds.

Relate the processes of
denaturation and coagulation
to the uses of proteins in
cooking.

Compare profeins found in
different foods.

Expiain the relationship
between egq proteins and
storage.

Describe different functions
of protein in the body.

Explain the significance of
essential amino acids and
complete profein.

Evatuate foods as sources of
dietary protein.

Terms to Remember

= albumen
@ gmine group
“= amino acids
= antibodies
chalaza
coagulation
= complete profein
& denaturation
= pssential aming acids
= foam
= glulen
.= high-quality protein
-« incomplete proteln
"+ macromolecules
= peptide bonds
e polypeptide

#f you think of proteins primarily in terms of building mus-

cles, you have only part of the story of this interesting nutn-
lent. The human body contains an estimated 10,000 to
50,000 different proteins. Only about a thousand of these
have been studied. Proteins have specialized functions in the
body, which affect your health. As you will see, their role in
foods is also interesting, both chemically and in practical use.

What Is Protein?

Protein molecules are very large and complex. They are made
of hydrogen, carbon, oxygen, nitrogen, and sometimes other
elements. Because of their large size, proteins are often called
macromolecules (mak-ro-MAHL-uh-kyools). A macromole-
cule is a large molecule containing many atoms. Protein
molecules can make up to 50 percent of the dry mass of a
body cell.

Nitrogen is a crucial player in proteins, This elernent sets
protein apart from the nutrients you've studied so far; nitro-
gen occurs in neither carbohydrates nor lipids. Nitrogen is
also the site of the chemical bond that gives proteins their
variety and, thus, their versatility.

Structure of Protein

Protein is made of chains of substances called amino aclds
(uh-MEE-no). Amino acids are g type of organic acid. You
will recall that organic acids are molecules that contain a car-
boxyl group (~COOH). In addition to the carboxyl group,
amino acids also contain an amine group (uh-MEEN). An
amine group is composed of two atoms of hydrogen and
one gtom of nitrogen, and is written —=NH .

As you can see in Figare 17-1 on page 258, both the car-
boxy! group and the amine group are attached to a central car-
hon in the amino acid. A third bond to this carbon is to a single
hydrogen.

With four bonds needed around the carbon atom, one is
left. This is the variable side group, or side chain, that makes
one amino acid different from another.




Figure 17

structure. Which part will vary
among different amino acids?

In Figure 17-2, you see the simplest amino
acid, glycine. It containg all the components
just named. The side group in glycine, however,
is only one atom of hydrogen. In other aming
aclds, the side group has different structures.

Peptide Bonds

How do amino acids link to form a protein mol-
ecule? This attachment occurs through pep-
tide bonds, bonds between the wnitrogen of
one amine acid and the carbon of o second
amino acid. An example is in Figure 17-3.
Suppose that in glycine, the amine group re-
acts with the carboxyl group of a second amino
acid. One hydrogen in the amine group joins
with the -OH of the carboxyl group to form a

Flgure 17-3

Peptide bonds hold amino acids together In protein. How does a peptids bond form?

Glycine

Figure 172
Glycine is an amino acid. How does its structure compare fo
the basic structure of an aming acid?

Creating a Peptide Bond

?@&Ede
bond
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amiliar compound: HaO, or water. The water
olecule is released, leaving a bond between
he amine group’s nitrogen and the carboxyl
roup’s carbon. This is a peptide bond.
Through peptide bonds, amino acids chain
ogether. Hvenfually they may create a
olypeptide, o single protein molecule con-
aining ten or more aminc acids linked in
‘peptide chains.
Some protein chaing contain only a few amino

K00 amino acids, and some have thousands.

‘Hydrogen Bonds and Structure
Peptide bonds hold chains of amino acids to-
gether. Rather than stretching out like railroad

gle—more like a wadded-up piece of string.
How do these varied structures form?
Hydrogen bonds between parts of the pep-
tide chain help fold the protein into shapes and
hold it together. The shape that results depends
on the particular aming acids in the chain and
their order. Some chains form spirals called he-
lixes, shown in Figure 17-4. The helixes may
also entwine to form rope-like structures.
Polarity also influences a protein’s struc-
ture. Some aming acids are atiracted to, or re-
pelied by, other amino acids and water. Amino
acids with side groups that are atfracted to
water push to the outside of the structure to
get closer to water. Those that are repelled by
waler avoid it by moving toward the inside.

Figure 174

When amiso acids chain together in a pro-
tein, some form rope-iike spirals. Where
would such profein be found n the body?

Coilagen

-acids. Most molecules, however, contain 100 to -

tracks, however, the chains coil, fold, and tan-’

Hemoglobin
Figure 17-3
When amine acid chains foid, they form globular structures,
Hemoglobin is a globular structure.

This rearrangement, shown in Figure 17.5,
can cause a structure Lo fold over on itself, be-
coming more compact and three-dimensional.

Structure and Function

A protein’s shape helps determine its function.
Protein molecules that form rope-like fibers are
called fibrous protein, This structure strength-
ens them to serve as connective tissue in the
body. Collagen (KAHL-uh-jun) and elastin (ih-
LAS-tin) are such fibrous proteins.

The more compact protein molecules have a
structure that can be compared to a ball of
steel wool. The rounded shape of these globu-
lar (GLAHB-yuh-lur) profeins makes them
convenient carriers. The protein hemoglobin
(HE-muh-glo-bun), for example, transports
oxygen in the blood.

Other functions of proteins are detailed
later in the chapter.

Denaturation of Protein

The size and folded shape of protein molecules
help prevent them from dissolving and forming
true solutions with water, They are prone to a
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Denatured
protein

Protein

Coagulated
protein

Figure 77-6

When protein denatures, the molecules unfold, New bonds produce the coaguiated state as protein mole-

cutes hind together and produce 2 gel or a solid mass.

different type of chemical transformation, how-
ever, called denaturation (dee-nay-chuh-RAY-
shun). This process changes the shape of o
protern molecule without breaking s pep-
tide bonds. Denaturation breaks the hydrogen
bonds that create the twists and turns of a pro-
tein molecule. The result is a looser, less com-
pact structure. As the molecule literally
unfolds, some of the protein’s original proper-
ties are dirninished or lost.

This kind of change is unique {o profein.
Also, because each protein is unique, the de-
naturation process varies frorn one molecule to
the next.

Denaturation is the first step in the process of
coagulation (ko-ag-yuh-LAY-shun), as shown in
Figare 17-6. Coagulation changes u liguid inlo
a soft, semisolid clot or solid mass, It ocours
when polypeptides unfold during denaturation,
then collide and clump together to form a solid.

An example of these processes is found In
scrambled eggs. Beating the egg denatures its
protein, The protein coagulstes as the egg
cooks.

Denaturation by Heat
Heat is the most common agent in denaturing
protein. The temperature is significant. The

A goed example of coagulation is scrambling an equ.

What happens to protein during this process?

Unit 4 The Science of Rufrition

rate and the degree of denaturation increase’
600 times for every 10°C rige in temnperature, !
The structure of the protein affects the process:
also. Most proteing denature at femperature
between 47° and 67°C, as in eggs and milk
Denaturation in beef, however, takes a much’
higher temperature.

{ther Means of Denaturation

Denaturation is caused not only hy hea

Protein molecules may unfold in reaction to th

following:

® Freezing, pressure, sound waves, and th
addition of certain compounds.




. & Mechanical treatment, as in beating eggs
and kneading bread.
& Very high or very low pH. Adding lemon
" juice, which lowers pH, can sour milk. Milk
proteins denature, coagulate, and separate
from the liguid.
e Certain metal ions. Sodium and potassinm
© ions are most commonly involved in this
process, bul copper and iron can have the
same effect.

Before coagulation occurs, depaburation is
semetimes reversible. That's why whipped egg
whites that are left o stand will subside again
into a viscous pool. Coagulation is not reversible,

- Fish, milk, eqgs, nuts, and

" {equmes are all protein
sources, What-other foods

- provide proten?

Protein in Foods

Protein in the diet can come from many varied
sources. Kggs, meat, fish, and poullry score
highly as protein sources. Legumes provide
some proteins as well, A closer logk at some of
these foods shows how diverse protein can be,

Eggs

Eggs are complex biological systems. They con-
taint almost every vitamin and mineral you
need. The yolk is rich in iron, phosphorus, vita-
min A, and several B vitamins. All that eggs lack
is vitamin G, which chickens make in thelr own
bodies, and calcium. Calcium is present only in
the shells, and there ave tastier ways to get cal-
cium than by eating egg shells. For ali their nu-
{ritional offerings, however, eggs are foremost
considered a protein food.

Proteins in Eags

Inside and out, protein is the foundation of an
edg. You can see the parts of an egg in Figure
17-7 on page 262. The shell containg protein
molecules interwoven with calcium carbonate
crystals. Pores in the shell and the inner mem-
brane Ining allow a developing chick to breathe.

Cracking open an egg, vou {irst encounter
the albumen (al-BYOO-muln), or egy white.
This substance, which makes up b4 percent of
the inner contents of an egg, is named f{or oval-
bumin, a major protein in egg white,

The thickest part of the albumen is the cha-
laza (kuh-LAY-zuh), a twisted, ropelike struc-
ture that keeps the egg yolk centered. Due {o
its thickness, the chalaza iz the last part of the
egg to coagulate and may remain slightly watery.

The egg yolk is very different from the white
in composition. Main components in the yolk
include the globular protein livetin and both
high- and low-density lipoproteins. Thus, the
volk contains gl of the fat, along with most of
the other nutrients, found in eggs.

Effects of Storage

I you want eggs to retain their quality, the tray
on the refrigerator door is not the best place to
keep them. It exposes eggs to light and temper-
ature change every time you open the door.
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Figure 17-7
Here you see the parts of an eqq.
What is the albumen typically

catled? Fag

membrane

Air pocket

Thir
albumen

Such  storage  hastens
chemical changes that
cause physical changes that
ultimately spell egg deterio-
ration.

Eggs lose quality as
compounds in the egg
white break down, forming
water. The white grows less
viscous. Some of this water
enters the yolk, making it
thinner algo. At the same
time, ecarbon dioxide and more water escape
through the porous shell. This can increase the
pH, from a normal 7.6 to over 9, One result of
this change is that proteins begin to break
down, What's more, odors and flavors from
other foods can enter the egg through its shell,
giving it an off taste.

To delay these changes, a thin film of natu-
ral oil in the shell protects eggs. Shells may also
be Hghtly coated with mineral oll immediately
after eggs are laid. Storing eggs closed in their
carton helps preserve thelr quality after pur-
chase. The best temperature for long-term
storage is -1°C. This temperature is below the
freezing point of water but well above the
freezing point of the liquids Tound in eggs.

Chalaza

Meat

In this text, meat refers to the edible portion of
mammals, including both muscle and fatfy tis-
sue. Muscle tissue, the lean part of meat, is
about 15-20 percent protein, Other components

To protect egy quality, store them in the refrigerator and

in the carton they came in. When you crack an egg, how
can you tell whether it's fresh?

Unit 4 The Science of Nuirifion

Thick
atbumen

Shell
membrane

Include water, fat, and minerals. Muscle is come
posed of fibrous proteins called actin (AK-tin}
and myeosin {(MY-uh-sin). These proteins form
bundies of fibers, which are held together by
connective tissue made of collagen and elasting
two proteins with long, strong molecules,

Meat cookery is very complex due 1o vari
tions in fat and in types of muscle fibers and
conmective tissue. In a beel stew, for exampl
moist heat softens some of the collagen, te
derizing the meat. Elastin is heat-resistan
however. It must be broken down mechanicall
as by grinding or pounding.




The Steak and Eggs Dist

Eat all the meat and eggs you want—and lose
weight. That’s the promise of high-protein
diets, which are based on getting 30 to 40 per-
ceni of kcalories from protein, while strictly
limiting carbohydrates. '

Many people do lose weight on such diets.
Protein-rich foods, such as lean meat, are not
always high in kealories. They are filling, so di-

eters may consume fewer kcalories volunfarily.
Does this disprove the accepted advice that
you get 15 percent of kealories from protein
and 60 percent from carbohydrates?

From your studies, you know that carbohy-
drates are your best source of glucose, the fuel

“especially needed by the brain. Denied carbo-
-hydrates, the body relies on madequate stores
of glucose in body tissue. Ketones, & waste
product of protein breakdown, may accumi-

R e A T L E

late in the blood, lowering the pH of body flu-
ids. This could have an adverse affect on the
hody that may lead to gout or kidney stones.

Two short-term studies published in the
New England Jowrnal of Medicine found
that cholesterol levels were reduced in ohese
patients on high-protein, low-carbohydrate
diets. Many nutritionists still question the long-
term affect of these diets and stress the need
for long-term studies to analyze how the body
reacts to staying on high protein, low carbohy-
drates diets for any length of time.

The best way to Jose weight, and to keep it
off, is to increase physical activity while reduc-
ing the total numbers of calories consumed. 1t
is extra calories that are not burned that make
fat in the body.

more energy than before. How do you explain this fact?
9. What are some disadvantages of diets that require unusual foods or eating patterns?

RGP ot eonannadab kA osddndnrRt Ao oad e R IR baul ke b oan AR Y ke At AER ARAIAbEmoRECIPRARREBECaRATARAREaRTIabUaLar

ecipes for fish often say “flake with a fork” to
st for doneness. This demonstrates a basic
ifference in fish proteins compared to those in
eat. In fish, shorter, segmented muscle fibers
re layered between thin sheets of connective
ssue. There is far less connective tissue, and

a type that liquefies easily. This protein
tructure also explains why fish cooks much
10re quickly than meat. '

Huts and Legumes

Among foods from plants, nuts and legumeg--
dry beans, peas, and lentils-—are considered
good sources of protein. Like eggs, these {oods
carry a rich store of nutrients. While nuts and
legumes are cholesterol-free, their fat content
ranges from almost zero fo very high. Nuts are
generally too high in fats to be a main source of
protein in a healthiul diet.

Chapter 17 Protein
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Fish flakes easily when cooked. Why does't a steak do the
same thing?

Soybeans, on the other hand, are a nutrition
standout. They're composed of 40 percent pro-
tein, and their protein is equal to that in foods
from animals. Soybeans are also high in fiber
and polyunsaturated fatly acids. Recent re-
search shows that soy foods in the diet IHaY re-
duce the risk of coronary heart disease. Other
possible health benefits are alse being re-
searched.

Soybeans are used to create many food
items, including meat substitutes. Improved
tastes and textures make soy foods easy to in-
corporate in the diet today.

Many healthful recipes today call for tofu, the product shown
here, Just as cheese is made from cow’s milk, tofu is made
from soy milk. Soybeans produce soy mitk, which is separat-
ed into curds and whey to form tofu,

Unit 4  The Science of Nutrition

Protein in Cooking

Like carbohydrates and lipids, protein’s stry
ture and traits give it many different roles i
food preparation. Proteins lend their “speci
effects” to foods, ranging from a simple butte
milk biscuit to a towering soufflé.

Emulsifiers

The polarity of amino acids makes some pro
tein foods good emulsifiers. Certain protein
contain amino acids that are polar. One end o
these amino acids is attracted o water, wher
it forms hydrogen bonds, while the other en
avoids water and bonds with oil. In this way
protein can stabilize an oil-and-water mixture
This is how egg yolk, the most common emulsi
fier used in home cooking, keeps oil and lemo
juice blended in mayonnaise.

Foams

Technically, the fuffy meringue on a cream il
is a foam, air bubbles incorporated an
trapped o protein film by whipping
Foams add volume and lightness to a recipe
and proteins provide the chemical ability t
make foams.

Meringues are mainly sugar and eqq white. More suqgar
means 4 stiffer meringue. Have you ever noticed syrupy
heads on a meringue? A high baking temperature may have
caused proteins to coagulate too fast, forcing out water that
didn't have time
to evaporate.




Foam formation begins when a protein-con-
tajning liquid, such as egg white or cream, is
whipped. Whipping introduces air and dena-
tares the protein molecules. The protein mole-
cules coagulate to form a fine film around the
pockets of air. As the protein molecules in this
“film unfold during denaturation, they form new
“ponds. The new bonds help give the feam sta-
" pility and structure,

Promoting Factors
- Qome fluids make better foams than others do.
Milk has too littie protein for its water content,
“and milk proteins vesist denaturation. Thus,
pubbles in milk don't last long. Egg white is bet-
| ter suited on both counts. Large protein mole-
' cules make the white more viscous. Some of its
' proteins are easily denatured by mechanical
means. Ovalbumin, one of the proteins in egg
white, coagulates nicely when heated, helping
to set macaroons and other puffy baked goods.

Egg whites foam best at a pH of 4.6-4.8.
Since pH rises as eggs age, fresh, quality egds
produce better foams. Cream of tartar, which
lowers pH, is often added to stabilize the pro-
tein and produce a higher quality foam.

inhibiting Factors

Fats are frouble in protein foams. Fat mole-
cules, especially those in egg yolk, keep protein
molecules from bonding with each other and
with water, Even a trace of fat can drastically
reduce a foam’s volume and stability, or prevent
foaming entirely. That’s why a cook is careful to
keep the yvolk ouf when separating whites to
whip. Fats tend to cling to plastics, their chem-
ical relatives, so recipes often specify using
glass bowls for whipping egg whites.

Sugar partially interferes with coagulation,
delaying foam formation. However, sugar mole-
cules form hydrogen bonds with the water in
the fluid, improving foam stability. Adding
sugar gradually, after the whites have started to
foarn, tends to get the best resuits.

Whipping can itself cause problems. A foam
gains volume from air but 1s most stable just be-

fore reaching maximum volume. Past that
stage, the proteins unfold to the point that
they lose elasticity and water. Such over-
heaten foams are called “dry.” You can see
that they are less moist and more fragile.

Gelatin

The gelatin used to set desseris and
thicken meat sauces is an animal protein.
1t’s made by using heat and water to hy-
drolyze the collagen on the inner layer of
nicies and bones. Gelatin is highly purified,
making it safe to eaf. Due to very strict
conditions for manufacturing, it contains
no harmful bacteria.

Suppose you were separating eggs to get
whites for a meringue. A few spots of yolk
fand In the whites. What would you do? Why?

Chapler 17 Protein
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achel Bergstrom, senior protein bi-
ologist for a private research foun-
dation, says, “Using plants to heal
is as old as recorded history, but now
we understand more about how they
work. We need to look seriously at the
many plants in the world so that we
don’t miss a possible cure for AIDS or
cancer. I worry about what life-saving
treatments may be destroyved along
with the rain forests and wetlands.

“1 also worry about seri-
ously ill people who are
frustrated when con-
ventional medicine
can’t cure them. They
often grasp for so-
called cures that are
unproven. It takes
vears to find effec-
tive therapies. 1
hope researchers like
me can continue to ex-
pose the myths as well
as find what works.”

BEducation Meeded: Protein biologists
leading research efforts generally _
need a Ph.D. in biochemistyy, chem-
istry, or biochemical engineering. 7
However, many positions exist ¢

for researchers with bachelor’s z’f
degrees to validate testing, f '
carry out basic experiments, §
and assist senior researchers §
with keeping records and %%
preparing reports. %,

™

e,

T

i

Is a cure for cancer aro
in the forest?
ka...Senior

HEY SiILLS
Problem solving
Data analysis
Patience
Communication
Record keeping
Curiosity

B @ % 8 € @

Life on the Job: Producing curative
proteins from plants takes long hours
in the lab. Protein biologists sepa-
. vate, analyze, and purify these
nutrients, then test their ef-

s,, fectiveness against dis-

.. eases, Highly complex
techniques are employed.
When therapeutic pro-
teins are found, senior
protein biclogists plan
production.
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our Challenge

Suppose 2% your team of proteln bisle-
gists makes slow but steady progress, the
mediz mistakenby report yvou're nearing
discovery of a treatment for AIDS, As
senior researchern vou must respond,

1. How would vou explain vour advance
without raising false hopes?

Z. Whnat would vou say to those who crifi-
cize the slow pace of yvour work?
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As a connective-tissue protein, gelatin has
tong molecules, many of which are polar. This
structure allows gelatin to dissolve in water and
to create a more viscous solution. As it cools,
the protein forms a network that locks up the
liquid in a firm, semisolid mass. Gelatin is what

- causes refrigerated meat drippings to congeal.

~ Gelatin ean bind 100 tlmes its weight in
water. Unflavored gelatin may be used to stabi-
Yize liquids in food preparation. The sweetened
gelatin powders you find in stores are mostly
‘gugar, coloring, and flavoring,

Glsten

. Gluten (GLOO-tun) is an elastic substance
formed by mizing waler with the proteins
found in wheat. Gluten includes both fibrous
- and globular proteins. Extremely complex re-
© actions between the water and strong, insolu-
ble proteins make gluten both stretchy and
© springy. As a component of flour, gluten gives
*baked goods their structure and shape.
j Ghuten is developed as dough is kneaded,
. mechanically denaturing the protein molecules.
The molecules align themselves lengthwise,
while linking crosswise. The result is a smooth,
elastic dough with enough “give” to stretch as
the air and other gases trapped within it start to
expand. At the same time, it is firm enough to
form walls around the gases, creating an elastic
mesh that keeps them from bursting through
the surface. The heat of baking coagulates the
gluten, setting the structure it has created.

Protein in the Body

How do you build body protein from food pro-
tein? During digestion, proteins are denatured
by hydrochloric acid in the stomach, making
the peptide bonds easier for enzymes to break.

They are hydrolyzed into smaller chaing in the
small intestine, then absorbed through the villi,
Most proteins enter the bloodstream as individ-
ual amino acids.

n the blood, amino acids travel to cells.
There, special genetic material assembles them
into the specific proteins needed for the many
functions they perform. At various points in
life, some needs ouiweigh others-—building
bone in your teens, for instance. Like an auto
malker, cells respond by making more of those
proteins that are in highest demand.

The body creates all of its proteins from 20
different amino acids. It combines these com-
peunds in thousands of ways to make many dif-
ferent proteins. For comparison, think of all the
different words you can spell from the same
letters of the alphabet. At the same time, if you
lack even one letter, think of all the words you
can't spell. The body relies just as heavily on
those 20 amino acids.

Gluten gives dough its stretchy, springy
gualities. What makes protein denature

when & douah is prepared?
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Yoar body can’t grow and function without protein.
How does protein make a difference?

Functions of Body Proteins

Proteins have earned their title as "nature’s

body bullders.” Their complexity makes

them useful throughout the body. A few

major functions are described below,

2  Structural protein is needed by every cell
in the body, For example, collagen helps
build your bones, the ligaments that bind
them, the tendons that connect them to
muscles, and the muscles themselves,
New growth requires a continuous supply of
protein o replace and repair cells, Red
blood cells must be replaced every few :
months, Those lining your intestinal tract and bases that must be in balance. The.
last only three days. Your hair and nails blood, for example, can’t carry oxygen un-
couldn’t grow without new cells. iess its acid-base balance is correct. Proteins
The enzymes and hormones that are re- attract and release hydrogen ions in order 1o

sponsible for most body processes are
largely proteins. A single cell may contain
over 1000 different enzymes, some of which
break down other proteins. Various hor-
mones aid growth, balance body fuids, and
regilate metabolism.

Seme proteins pick up, deliver, and store
nufrients in cells. Lipoproteing transport
lipids in the blood, for example,

Proteins called antibodies help you ward off
disease. Antibodies are very large proteins
that weaken or destroy foreign subsiances
in the body. True to their specialized nature,
each antibody is developed as a custom-
made response to a specific substance.
Proteins are crucial for stabilizing pH levels.
Bodily functions continually produce acids

268 . Unit 4 The Science of Nufrition

control the acidity of a solution.

Proteins can supply energy if needed, but
this is an expensive, and even dangerous,’
way to fuel your body. It results when a
hody starved of carbohydrates breaks down.
its own protein in search of glucose,

Fesential Amino Acids

Of the 22 amino acids the body needs to build:
protein, it manufactures 13, The other nine ar
considered essential amino acids. The body:
needs them bui canmot make them iiself
Essential amino acids, which are listed i
Figure 17-8, must be included in the die
Otherwise the body dismantles its own protelt
to find them,




Figure 17-8

Histidine (HISS-tuh-deen)*
Isoleucine {eye-suh~L00-seen)
leucine {LOO-seen)
Lysine (LVE-seen)
Methionine (muh-THIGH uh-neen)
Phenylalanine (fen-ub-Al-ub-neen)
Threonin {THREE-uh-neen)
Tryptophan {TRIP-tuh-fan}

s Valine (VAY-leen)

*Because histidine is essential only for children,
some scientists don't consider it an essential
amino acid.

A protein thatl corntains oll the essenticl
amino acids is called a complete protein,
Logically, then, an incomplete protein is lack-
g one oy wmore essential gmine acids.
Ardmal protein s generally complete, Among
plants, only soybeans provide complefe protein.

Another concern about dietary protein is its
quality. A high-guality protein conlains all
the essential amino acids i proporiion o
the body’s need for thew. Kgg protein is the
fraditional standard for quality by which all
other proteinsg are measured.

Yegetarian Diels

Vegetarians who eat no foods from animals can
‘still get all the essential amino acids. Many
Toods from plant sources contain some of these
“amino acids. Eating a variety of these foods
over the day is likely to supply all that you
need.

Beans and rice malte a delicious meal whether
you're vegetarian or nol. How does this combing-
tion help fulfilt the need for protein?

Comabining grains with seeds, nuts, or
legumes offers variety and other nutrients
along with essential amino acids. Legumes and
grains are an especially efficient pair, sirice
each food containg the amino acids that the
other lacks. Including both of these in the digt,
often called complementing proteins, is how
people in many cultures typically get complete
protein.

Protein Allowances

Protein is not only a workhorse in the body but
also an efficient one. It accomplishes all of its
vital work in relatively small amounts.

The RDA for a healthy adulf is 0.8 g of high-
quality protein per kilogram of ideal body mass
(0.9 g for males under age eighteen). A teen fe-
male whose ideal body mass is b5 kg needs
abowut 44 g of protein a day (b5 kg X 0.8 g/kg =
44 gy,
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The RDA for children ages eleven to four-
teen is slightly higher, at 1.0 g of protein per
kilogram of body mass. A five-yvear-old child
needs almost twice as much per kilogram as an
adult—1.5 g of protein. Women who are preg-
nant or nursing require an extra 20 to 30 g of
protein datly to keep themselves and their ba-
bieg healthy.

Most people in the United States eat more
than enough protein. Depending on vour food
cholces, you might meet your protein require-
ment more easily than vou realize, For exam-

Figure 179

Guantity

Faods Protein
(g}
Aveocados i 4-5
8eans, black 12 cup 8
Beef, ground 4 olinces 3z
8read 1 slice 2-3
Cake 1 piece 2-5
Cheesg, cheddar 1 ounce 1
Cheese, cottage Tcup 28
Cheese, ricotta 1oup 28
Cheese, swiss 1 ounce 8
Chicken, breast, roasted 1 53
£ogs i 6
Egg substitute, liguid 12 cup 15
English muffin, whoie wheat 1 8
Fish, cod 4 gunces 26
Fish, tuna 1cup 49
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ple, 100 g of ight-fleshed fish and light chicken
meal each supply 25-30 g of complete protein
Many people eat larger portions than those, i -
addition to other profein foods throughout the
day.

Learning the protein content of a variety of
foods makes nutritional and economic sense,
Figure 17-9 shows you the protein content in
a few selected foods. How do you think your
protein intake compares to the recominended
daily amount?

Foods Guantity Protein
{g}
Frankfurter 1 57
Macaroni 1oup 7
Mifk tcup 8-%
Oatmeal cereal, instant  1/2 cup 4
Peanuts 1 ounce T
Peanut butter 2 tablespoons 8
Pear 1 ¥
Pork chop 1 23
Potate, baked with skin 1 5
Puddiag, chocolate tcup 9
Raising teup 5
Rice, brown foup 5
Tofu 12 cup 89
Tomato, raw, whole 1 1
Yogurt teup 13




gn this experiment you'll compare the behavior of egy increases. You will be able to draw some conclusions about
white in pure water and in an acid, vinegar, as temperature  the effect of acids on protein in egq white during cooking.

fgqu%gzmem and Materials \
eqq white 2 heakers, 100-mL 2 large saucepans safety gogyles

white vinegar metal spoon water
% y

Procedure
1. Obtain an egg white sampie from vour teacher. . Dbserve the egg samples after they have warmed for 1
2. Pour white vinegar into a 00-mi beaker to 3 depth of minute and again after 3 minutes. Record your obser-
about 3 ¢m. Pour room-temperafure water into a sec- vations in your data table.
ond 100-mi beaker {o exactly the same depth as the . After 5 minutes, remove both beakers from {he water
vinggar, bath. Hold them up to examine the samples from the
. Scoop up 5 ml of egg white. Avoid the chalaza, if pos- side. Record your observations in your data table.
sible, Gently add the white to the heaker of water,
with a minimum of dripping and stirring. Try to keep
the eqe white infact, Add 5 mi of egg white o the
beaker of vinegar in the same maaner,
. Pour tap water tnfo & large saucepan to a depth of
about 3 cm. Heat until the water boils. Wear safety )
goggles during heating. . What substances mighi vou substitule for vinegar to

. Pour cold tap water into a second large saucepan fo a get a simiar effect?
depth of about 2 cm. Place both 100-mL bealers in - How might you apply your findings when preparing
this saucepan. Stir the cold water as you slowly add food?
the hoiling water. Do not pour any water in the
beakers. Stop adding boiling water when the water in
the pan is about twice as deep as the liquid in the
beakers,

. What differences did you observe beiween the egy
white cooked In water and the eqg white cooked in
vinegar? What caused these differences?

SAMPLE PATA TABLE

Time Egg White Egg White
in Water in Vinegar

1 minute | ] ;
3 minutes | '
5 minutes ] |

S
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@h@m@f’ Sﬁﬁmm&w = Protein is found in a variety of foods, affect-
® Protein molecules are very complex. ing their storage and preparation.
® Amino aclds, the building blocks of protein, e Protelns serve rany purposes in food
consist of a carboxyl group and an amine preparation.
group. » Proteins are indispensable to the body's
¢ Proteing are made up of chains of amino functioning.
acids joined by peptide bonds. e Complete proteins are needed in the diet to
e Denaturation changes a protein’s shape and provide the nine essential amino acids.
properties,

Using Your Knowledge
1. Why are amine groups important to
proteins?
2. Compare peptide bonds and hydrogen g
bonds in protein formation. Gluten in Bread Makm@
3. Describe the two basic protein shapes. Gluten is the elastic, stretchy protein in wheat that
What Js the main function of each? gives bread ifs final shape and structure. As the cell

4. What occurs during denaturation? walls of the gluten stretch during baking, heat coagu-
5. Can proteins coagulate without denatura- lates the gluten and forms holes in the dough, But

Hon? Why or why not? , when does that structure become strong enough to
6. How does the egg yolk compare in compo- keep a bread from falfing?

sition to the egg white?

. A friend refrigerates eggs still in their car-
ton inunediately after returning from the
supermarket. Explain whether thisis a
good idea.

. Compare the protein structure of meat to
that in fish.

Suppose your egg whites aren't making a
very irnpressive foam. What might be some S
reasons?
Why is kneading the dough an importani
step In making bread?
Why might injury and iliness be more seri-
ous for someone with a long-term protein
deficiency?
12. Should you be concerned if your diet lacks
just one essential amine acid? Explain.
13. Can a diet of fruits, vegetables, and grains
supply all the essential amino ackds?
Explain.

1. Is there a point at which the bread can withstand
the force of a slamming door? Develop an experi-
ment to test when in the baking process gluten is
most vulnerable to collapse.

2. Present your findings in a data table.
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skili-Building Activities
1. Vocabulary. Name the essential amino acids.
2. Math. How much protein would be needed

When Protein
is Missing

£

by & sixteen-year-old male whose ideal
body mass is 67 kg?

Social Studies. Research well-known national
and regional dishes that are based on com-
plementing proteins, such as tabouli, &

1. ebanese salad made with chick peas and
wheat kernels, and Louisiana red beans and
rice. What plant proteins are used? How is
the dish typical of a culture? Does it have
any special cultural significance?

Planning, Create a three-day vegetarian
reenu, Compare your eating plan with
those of clagsmates. Does each provide
complete protein? Are they otherwise nu-
trifious? Varied? What are some advantages
and disadvantages of getting protein only
from plant sources?

Critical Thinking. Why do you think that
cream, which is mostly fat, whips Into a
petter foam if chilled, while egg whites pro-
duce a better foam at room temperature?
seience. Purther research proteins, using &
biology or chemistry text. How does the
new information you find relate to the facts
in this chapter? Choose one aspect of pro-
teins discussed in this chapter and prepare
2 more detailed explanation for the class
based on your research.

Pmtein—energy mamutrition (PEM), the

most common type of malnutrition in the

world, graphically Hlustrates the body's need
for protein. PEM affects mostly children,

contributing to 10.9 million of their deaths a

year. It slows physical muscle wasting and

diarrhea, weakens the immune system, and
prevents the body from using other nutri-
ents. It is most common among people fac-
ing natural disasters, war, and large-scale
displacement. According to the World

Health Organizatiorn:

o PEM affects every fourth child around the
world, One hundred fifty million children
are underweight, while 182 miilion are
stanted.

e OF those suffering from PEM, more than 70
percent live in Asia, 26 percent in Africa,
and 4 percent in Latin America and the
Caribbear.

o Children afflicted with PEM may have
begun life in the wornb with a malnour-
ished mother.

Thinking It Through
1. Why do you think most PEM victims are
children?
9. Why do you think PEM is more comimon
than other types of malnutrition?
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