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Explain the chemical reaction

by which plants produce
carbohydrates,

Describe the molecular
structure of simple and
complex carbohydrates.

Describe properties of sugars.

Summarize how glucose is
made available to the body.

Discuss caramelization.

Compare the structures of
amylose and amylopectin and
how these structures affect
cooking properties,

¢ Contrast healthy blood
glucose requlation to the
complications of diabetes.

7 Define the ferms
- gelatinization, paste,
retrogradation, and syneresis
- as used in starch cookery.

erms o Bemember

mylopectin
mylose
aramelization
arbohydrates
elatinization
lucose
ormone
ydrolysis
ydroxyl group
version

Ipersaturated
neresis
Scosity

uppose you're late for a part-time job. With a quick burst

of energy, you sprint down the street to get to where you |

work. What fueled your body for that sprint? The energy
you used came primarily from the carbohydrates in food. Your
body changed carbohydrates into glucose, a form that you
can use for immediate energy. It also stored some of the glu-
cose in your muscles and liver so you have energy available
when you need it.

What Are Carbohydrates?

A carbohydrate is an organic compound that is the
body’s main source of energy. If you break down the word
“carbohydrate,” youll find part of the name of two of its main
elements: carbon and hydrogen. A carbohydrate molecule
also includes oxygen.

Carbohydrates are found mainly in foods from plant
sources, such as fruits, vegetables, grain products, dry
beans, and peas. People typically think of carbohydrates as
sugars and starches, More technically, they are simple and
complex carbohydrates, Simple carbohydrates consist of one
or {weo sugars in very small molecules.

Complex carbohydrates, which are
starches and fiber, are very
large molecules made of many
simple carbohydrate units.
Together, these two types

of carbohydrates are the

most abundant organic
molecules on earth.

Plants use chicrophyll fo make
carbohydrates. The plant then .
becomes your source of carbohydrates.




How Carbohydrates Form

Carbohydrates are produced by green planis.
Using the sun’s energy, planis convert cay-
bon dioxide and water tnfo glucose and oxy-
gen. The cavbon dioxide comes from the air,
and water is taken up by o planl’s roois.
Known as photosynthesis (foe-toe-SIN-thuh-
sus), this process is shown in Figure 15-1. The
green pigment that must he present in plants
for photosynthesis to occur 13 called chloro-
phyll (KLOR-uh-fill}.

Flgure 15-1

Ag you see in the equation, the carbohy-
drate produced by photosynthesis is glucose
(GLOO-kohs). Glucose is the busic sugar
molecule from which all other carbohydrates
are budll.

A pland can convert glucose molecules into
other sugars, starches, and fiber. It usually
staris by changing glucese into other sugars.
These become starches as plants mature.
Green peas from a young plant taste sweeter

Tarough photosynthesis, plants make carbohydrates. How does each part of the eguation refate io the iustration?
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Carbohydrate
{Glucose)




Both the orange and the
orange drink contain
carbohydrates. Which
one s the mere nutri-
ttous food choice? Why?

than peas from an older one because they are
higher in simple carbohydrates, or sugar. Peas
from older plants contain a higher level of
starch, The fiber formed from glucose strength-
ens and supporis the plant’s cell walls.

Simple Carbohydrates:
Sugars

imple carbohydrates, or sugars, are a natural
art of many foods. They have a sweet taste,
asily noticed, for example, in the apple or or-
1ge you eat for a snack. Foods with naturally
ceurring sugars often contain other nutrients

Sugars can also be extracted from plants
and used to sweeten such foods as candy, soft
drinks, and baked products. Overeating these
products can lead to health problems,

Simple carbohydrates exist in pure form as
crystalline solids. The basic sugar molecule is a
six-sided ring made of 6 carbon atoms, 12 hy-
drogen atoms, and 8 oxygen atoms. The hydro-
gen and oxygen atoms are arranged in hydroxyl
groups. A hydroxyl group is o combinaiion
of hydrogen and oxygen, conlaining one
atom of each element. It is written —~OH. The
dash represents the chemical bond that at.
taches the group to the rest of the molecule,

Sugars are also called saccharides, A sac-
charide (SAK-uh-ride) is simply @ sugar or a
substance made from sugar. Sugars have the
following two basic molecular structures, as
shown in Figure 15-2-
® Monosaccharides (mah~nuh~SA—kmh—ryds),

or single sugars, include glucose, the “build-
ing block” of all other sugars and thus of all
carbohydrates. The monesaccharide fruc-
tose (FRUHK-tohs) can be found in fruits
and tree sap. Galactose {guh-LACK-tohs) is
not found free in nature, but is always
bonded to something else. Small amounts
occur in such milk products as vogurt and
aged cheese,

Disaccharides (dy-SA-kuh-ryds) are sugars

made of two monosaccharides bonded to-

gether. These include the two most common
sugars found in food. Suerose {(SOO0-krohs)
is made of glucose and fructose. Lactose

(LAK-tohs), which is found in milk, is com-

- When combined, they produce a disaccharide calied sucrose, Why are these
orfring al carbohydrates?

- Fructose . ..
{Mionosaccharide)
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posed of glucose and galactose. A less com-
mon disaccharide, maltose (MAWIL-lohs),
oceurs in cereals and sprouting grains.
Maltose molecules consist of fwo glucose
units,

Properties of Sugar

While all simple sugars have the same chemical
formula, they differ in how the atoms are posi-
tioned in the molecular ring. This difference in
arrangement causes a difference in sweetness,
solubility, and other quslities.

Sweetness

It may sound strange, but some sugars are
sweeter than others. In taste tests of pure sug-
ars, fructose s generally found sweetest.
Sucrose, glucose, galactose, maltose, and lag-
tose follow in decreasing order of sweetness.

Honey is an example of a very sweet sugar.
When bees make honey, they collect nectar
from flowers that contain fructose, glucose, and
gucrose, An enzyme in thelr body converts
most of the sucrose into fruciose and glucose,
This makes honey a highly concentrated solu-
tion of two of the sweetest sugars.

Sweetness depends in part on how a certain
sugar’s molecules “fit” with the taste bud sites
thaf register the sweet {aste. Variations in taste
bud patterns affect how a person rates sweet-
ness.

Such factors as concentration, consistency,
temperature, and pH level can also affect how
sweetness is judged. For example, fructose
seems sweeter when used in cold foods and in
slightly acidic drinks. Adding other ingredients
affects a sugar’s molecular structure, and so its
{aste. Food technologisis consider all of these
factors when choosing sweeteners for recipes.

and sugars. The nectar collects in the cuplike base of
the petals, Why Is the honey sroduced by bees very
sweet?
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Mos? flowers produce nectar, a liguid made of proteins

Caramelization

Some mysteries remain in food science,
Caramelization (kahr-muh-ly-ZAY-shun}, the
browning reaction that can ocour with any
kind of sugar, is one of them. This complex
chemical process is not fully understood,

Caramelization requires either low or high
pH. As sugar is heated, some of the water
leaves its molecules in the form of hydrogen
and oxygen. At high temperatures, the mole-
cule “remnants” join to form larger molecules,
The new molecules have a higher concentra-
tion of carbon, creating the distinclive caramel
color.

Sugars differ in the degree to which they
caramelize and the temperature at which they
react. Sucrose, galactose, and glucose all
caramelize at 170°C. Fruciose, on the other
hand, caramelizes at 110°C.

Solubility

Sugars are highly sohuble in water because
they contain many hydroxyl groups, which
form hydrogen bonds with water molecules.
Interestingly, the solubility of sugars in water
mirrors their order of sweetness: fructose is
mogt soluble, followed by sucrose, glucose,
galactose, malitose, and lactose in descending




- The ability of sugars to carmelize can be applied to many
- cooking processes, including candy making. What gives
peanut brittie its brownish color?

‘solubility. Water temperature affects solubility
of sugar. At 25°C, the solubility of sucrose is
211 g per 100 g of water. Water that's too chilly
for a shower can dissolve twice its weight in
sucrose.

Suppose, however, that you want to dissolve
275 g of sucrose in 100 g of water. Sugar’s solu-
‘bility increases dramatically with water temper-
ature, Thus, you can dissolve more sugar if you

eat the solution. Eventually, you may get all
he sugar in solation. If you then cool the solu-
on very carefully, with absolutely no agitation,
ou'll have a supersaturated (SOO-pur-SA-
uh-ray-tud) solution. The solution contains
ore dissolved solute than it would nor-
wilty hold at that temperature,

Crystalfization

hat happens if you add more sugar to a sol-
vent than if can dissolve even at high tempera-
tures? As you raise the heat, the solution starts

to boil. Water evaporates, increasing the con-
centration of the sugar in the solveni. When
sugar reaches a certain concentration, erystal-
lization occurs. Sugar crystals separate from
the solution, each sugar in a unique organized
pattern of molecules.

Crystallization from a supersatursted solu-
tion begins when particles enter the solution.
Generally these particles are very tiny sugar
crystals that form on the sides of the container
and fall into the solution. However, & drifting

~speck of lint or dust can have the same effect.

The sugar in the solution erystallizes around
these particles. These newly formed crystals
can trigger additional crystallization. Under the
right circumstances, this process continues
until a solid forms.

The size of the crystals depends on how
many particles are present and how guickly the
crystals grow around them. The more particles
you have, the smaller the crystals are. Rapidly
growing crystals tend to be smaller,

Different sugars form crystals of different
sizes. Sucrose crystals are among the largest.
Glucose and fructose crystals are relatively
small,

By controfiing the cooking process, a boiled sugar solution
can produce both crystafline and noncrystaliine candies,
Crystafiine candies are usually soft, smooth, and creamy,
with very small crystals, Noncrystalline candies are typically
chewy or hard.
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Complex Carbohydrates:
Starch and Fiber

When people talk about starch and fiber in the
diet, they're speaking of complex carbohydrates.
Both are found in dry beans, peas, and lentils;
vegetables, such as potatoes and corn; and such
grain products as rice, pasta, and breads, These
foods also confain other nutrients.

Structurally, simple and complex carbohy-
drates are different. You saw that simple carbo-
hydrates have one or two monosaccharides per
molecule. In coraplex carbohydrates, glucose
forms compounds called polysaccharides (pah-
lee-SA-kuh-ryds). A polysaccharide is an exam-
ple of a polymer (PAH-luh-mur), which s a
large molecule formed when small wmolecules
of the same kind chain together. Polysaccha-
rides are made of chemically linked monosaccha-
rides—from ten to several thousand.

Structure of Starches

Starches are literaliy plant food. They are to
plants what glycogen is to people: reserve en-
ergy. Starches are stored in granular form,
largely in the seeds and roots.

Although they are chains of sugar mole-
cules, starches taste rather bland. They are
made of a form of glucose called alpha-D-gla-
cose. A single molecule of starch can include
anywhere from 400 to several hundred thou-
sand alpha-D-ghicose units.

The call walis of a plant have a firm structure that protects
the cell and gives it shape. The fibrous nature of cellulose is
shown in this magnified photo.

Starch melecules can have two structures,
as shown in Figure 15-3. Amylose (A-muh-
lohs ) molacules are livear; they're long and
narrow ke ¢ Hne. Starch molecules known
as amylopectin (A-muh-loh-PEK-tun) have
multiple branches, like the veins in o leaf,
Most starches found in foods contain both mo-
lecular structures, but in differing proportions.
Amvicpectin is typically more abundant in
starches than amylose. The cereal starches of
corn, wheat, and rice have more amylopectin
(about 80 percent) than the root starches of
tapioca and potato {about 75 percent).

Amylose

Figare 153

Starch molecules can have a linear or 3 branched struc-
ture. The starch in most piants contains both of these,
Typically there are more amylopectia molecules.

Amylopectin
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Carbohvdrates in a Healthful Diet

Carbohydrates that oceur naturally in foods deserve starring roles in your diet. They bring with

them the plant’s energy and nutrient store, Healthful carbo-

hydrate choices are as varied as they are nutritious.

# Whole grains, whether rice, cats, buckwheat, or barley,
are rich in vitamin E and several B vitamins, They supply
such minerals as iron, zinc, potassium, and phosphorus.
Whole is the key word; processing methods that strip
away the grain's bran also remove many nuirients.

Fruits and vegetables are almost your sole source of vita-
min C. Vitamins A, B, and a range of B vitamins and min-
erals are plentiful. Some nutrients are found fust under
the skins; eat those when possible. Vegetable leaves,
reots, tubers (underground stems such as potatoes), and
flowers {(including broccoli}, are most nutrient dense.
Legumes, including dry peas, beans, and lentils, are rich
m protein, B vitamins, iron, calcium, and potassium.

in contrast, refined or added sugars offer only kecalories
that must be used now or stored, often as fat. Such energy
contributes little to your overall, long-terni health.

Applying Your Know

. Some people think of carbohydrates, such as pasta and potatoes, as fattening foods. Why
do you think this is so?
In what ways might the mild taste of some carbohydrate-rich foods be a health advantage
and disadvantage?
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pectins, and algal polysaccharides. These also
contribute to a plant’s structural framework.
Bran, the most concentrated fiber, forms the
outer layers of grains.

tructure of Fiber

ike starches, fiber is related to table sugar but

worlds apart in taste. Fiber is what gives
lants their structure. The main plant fiber
ound in food is cellulose (SELL-yuh-lohs), a
olymer made of a form of glucose called beta-

Carbohydrates in the Body

~glucose. These molecules are chained in
traight, parallel lines to strengthen the plan{’s
ell walls and woody parts.

- Other basic structures of edible fiber in-
ude hernicellulose (heh-mih-SELL-yuh-lohs),

Carbohydrates are used and stored by the body
in various ways to help supply it with a steady
siream of energy. That's why your body and
mind function around the clock, although you
may eal only a few {imes a day. Experts recom-
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Your brain needs glucose to
function, if you don't eat
foods that provide glucose,
what might happen?

mend that 55-65 percent of your daily calories
come from carbohydrates, mostly complex.
Your body needs the nutrients in complex carbo-
hydrates (recornmended Daily Value is 300 g},
and dietary fiber helps in digestion.

Energy Production

Carbohydrates are efficient fuel for the body.
FEach gram of digested carbohydrate-—sugars
and starches—produces four kealories of energy.

Figure 15-4

Glucose is the main carbohydrate found in
blood, where it is called blood sugar. It affects
the health and functioning of all the body's cells
but is most critical to the brain and nervous
system. In fact, it takes about fwice as much
glucose to run your brain as to power the resg
of your body.

Hydrolysis of Sugars

In the gmall intestine, glucose is “freed” for en-
ergy use by hydrolysis (hy-DRAH-luh-sus),
which is the splitting of a compound wnio
smalley parts by the addition of water This
reaction breaks down carbohydrates untll they
yield the sugars from which they are formed.
The word eguation below shows how the
process splits sucrose into glucose and fructose.

Sucrose + Water — Glucose + Fructose

Hydrolysis of sugars results from the action
of enzymes, certain proteins that control chem-
ical activities. The enzyme sucrase {(SOC-
krase), also called invertase (in-VUR-tase),
hydrolyzes sucrose. The enzyme lactase (LAK-
tase) breaks down lactose into two monosac-
charides, glucose and galactose. Galactose and
fructose are chemically changed to glucose in
the liver. Figure 15-4 shows how maltose hy-
drolyzes into two molecules of glucose.

Blood Glucose Levels

As one of its digestive duties, the pancreas
monitors the flow of glucose to the cells.
During digestion, the pancreas secretes the

The hydrolysis of mattose yields two molecules of glucose. How does this equation show fydrolysis?
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The pancreas produces insulin, shown here
microscopically, How Is this hormone related
to the disease dighetes? :

hormone insulin. A hormone isa
chemical messenger thal affects
@ Specific organ or bssue and
brings jorth a specific response.
In this case, insulin signals the
‘body’s cells {o aceept the surge of
nutrients that have entered the
- blood, including glucose.
Insulin also helps keep glucose
in the bleod at a normal level I
- blood glucose is too high, insulin

- friggers the liver and muscle cells to remove

glucose from the blood and store it as glycogen.
When Dbleod glucose drops below a certain
level, glycogen is retrieved from the liver,
changed back into glucose, and released in the
- blood.

Diabetes

‘Diabetes is a condition in which the body ¢an-
- not regulate blood glucose levels. It has two
“forms. In Type I diabetes, which usually occurs

in children and young adults, the pancreas se-
cretes little or no insulin. Type I diabetes is the
most cornmon form of the disease and accounts
for over 90 percent of all cases. People of any
age can develop Type UL diabetes, even chil- -
dren. In this form of the disease, the pancreas
does produce insulin, but either not enough or
the insulin can’t be used effectively. Sometimes
a cell defect prevents the body from using the
ingulin, :

Both types of diabetes cause an abnormally
high bleod glucose level, a condition called
hyperglycemia (hy-pur-gly-SEE-mee-uh). The
kidneys filter some glucose from the blood and
excrete it with urine. This glucose overload can
seriously strain and damage the heart and kid-
neys. Meanwhile, little ghicose reaches the
cells.

Untreated, diabetes can lead to other seri-
gus complications. In Type I, where no insulin
iIs produced, cells cannot use the energy in
food. They respond as they do to a starvation
diet; they break down proteins and fats and
throw off the body's chemistry. A diabetic coma
may result. In Type 1], cells get encugh glucose

A person who has diabetes may need insufin shots, What
type of diaheles do some children get?
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to avoid tapping into fats and proteins. A per-
son may become obese, however, trying to feed
the glucose-hungry cells. Added fat makes cells
ever less sensitive to insulin, leading to a dan-
gerous cycle of overeating and overworking in-
fernal organs.

RBffective treatment for Type I disbetes at
this time includes daily insulin injections plus
exercise and a planned diet, Through regular
exercise, people with Type I diabetes may be
able to reduce their daily dose of insulin.

Type I diabetes can often be controlled by
diet and exercise alone, without any medication
being needed. Exercise may make cells more
responisive {o the insulin the body produces.

Over half of all diabeticg are able to control
the disease through diet alone. Diabetic diets
are individualized but similar to other healthful
eating plans. They include limiting fat, sodium,
and protein, with increased intake of complex
carbohydrates, especially high-starch foods,
such as dry peas and beans. Adding the indi-
gestible bulk of fiber steadies the digestion and
absorption of ghucose, In addition, eating regu-
larly to avoid excessive hunger steadies the
flow of glucose to the bloodstream.

Hypoglycemia

A econdition opposite of diabetes is hypo-
glycemia (hy-po-gly-SEE-mee-uh}, an abnor-
mally low level of blood glucose, Without
enongh glucose pumping to the brain, the per-

son may feel dizzy, weak, and nauseous. Only a

physician can determine whether some-
one has hypoglycemia, which is often
corrected by a prescribed diet and eat-
ing schedule.

Digestion

The body cannot digest fiber. The paral-
lel chains of molecules in cellulose are
not easily broken into monosaccharides

Fruits and vegetables contain fiber. Many people eat
the skin of a baked potato because it tastes good

and has fiber. With fow-fat toppings, a baked potfato
is a nutritious addition to a meal.
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by human digestive enzymes, Fiber does pro-
mote digestive health, however. High-fiber
foods absorb water as they pass through the in-
testines, helping ensure an easy fransit of
foods, Fiber’s indigestible bulk also exercises
and tones intestinal muscles.

The American Dietetic Association recom-
mends 20 g of dietary fiber per day for adult fe-
males and 38 g per day for adult males.
High-fiber foods include whole wheat and other
grain products, cereals such as oatmeal and
shredded wheat, fresh fruits with skin, dried
fruits, vaw vegetables, legumes, and nuts.

Carbohydrates in Food
Production

Your body uses carbohydrates in one way; the
food industry uses them in others, Garbohy-
drates add taste and texture o many food

- products.

Simple carbohydrates, not surprisingly, are
valued for sweetness. Glucose is the most com-
mon monoesaccharide in foods, as it is In nature.
This compound oceurs in varying amounts inall
fruits and vegetables. In numerous other foods,
sugars are added in different combinations and
proportions for the right degree of sweetness,
A survey of food labels will likely reveal the
simaple carbohydrates sucrose, fructose, corn
syrup, and honey among the ingredients.
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eaching peopie to use and care for
~ their resources, including them-
selves” i1s bow Dominique Chism
sums up her work as a Peace Corps vol-
unteer in the West African nation of
Senegal. “In agricalture you literally
start from the ground up. Most people
here raise wheat, but grain farming
alone can’t lift peopie out of poverty.
While I show farmers a steel blade for
plowing and ways to improve soil natu-
rally, other volunteers show
how to build solar cook-
ers. Families can sell
the wheat plas some
of the bread they
bake in the cooker
That'’s two sources
of income. It’s a
small step toward
seif-reliance, but
one that works.”

Edweation Needed: The

Peace Corps normally re-

guires a bachelor's degree.

However, experience isn’t overlooked,
especially in agriculture and forestyy.

HEY SHILLS
Organdzation
Teamwork
Patience
Leadership
Communication
Problem solving

work with small farmers to increase
food production and income, while pro-
moting environmental conserva-
tion. They teach organic
farming and soil improve-
ment techniques, such as
composting. Most of the
gver 150,000 people who
have served in the Peace
Corps say the work was
rewarding, yvet challeng-
£ ing, and one of the most
' satisfying experiences of
their lives.

TR R S
g e e

In fa’c,t’ older adults make up an in- 7 Suppose vou're an ag specialist in the
creasing number uf\_folunteers. & Peace Corps, Soll {ests show nutrient loss
Knawl:edge of a foreign lan- ! caused by planting the same crops every
guage is extremely helpful. ' yearn The farmers resist your suggestion
of crop rotation.

Life on the Job: From Africa
to the Sonth Pacific, agricul-
tare and forestry volunteers

1, Mow would you persuade the farmers
to iry 5 new crop?

Z. What small businesses might suit a
community in a developing nation?
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Complex carbohydrates, too, are used whole
and refined. An ear of corn and a baked potato
are bundles of carbohydrate energy. The starch
from these and similar carbohydrate-rieh foods
may be used to fexturize other products. The
Nutrition Facts panel on food labels tells the
total grams of carbohydrates, dietary fiber, and
sugar per serving.

Sweeteners

When you think of sugars in the food industry,
the first thing that comes to mind may be ordi-
nary sugar. Sucrose extracted from sugar cane
or sugar beets is the source of many popular
sweeteners in the supermarket. Granulated
sugar, or table sugar, is almost pure crystalline
sucrose. Brown sugar is gramiated sugar fla-
vored with molasses. Molasses is a thick, dark
syrup produced during the refining of sugar
cane. Confectioners’ sugar is powdered granu-
lated sugar with an added anti-caking agent
such as cornstarch. What type of food would
you say cornstarch is?

Sucrose is a main disaccharide in two other
natural sweeteners: maple syrup, the highly
condensed sap of the sugar maple tree, and
honey.

Simple carbohydrates are also added by
manufacturers to many foods, from candy bars
to ketchup. Some are added for sweelness,
Corn syrup contains glucose derived from the
enzymatic breakdown of cornstarch. It's often
found in ready-to-eat cereals. High-fructose
corn syrup is the most commonly used sweet-
ener in food manufacturing.

Other saccharides, including invert sugars,
are used as preservatives. These sugars are a
mixture of fructose and glucose thal results
when sucrose is hydvolyzed by acid arnd
heal, rather than water, This process is called
inversion,

Sugar Substitutes

Sucralose is an artificial sweetener that is a
chlorinated sucrose derivative. Because the
human body cannot recognize the chlorinated
carbohydrate, it is not absorbed by the body
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and does not add any calories to an individualis
dietary intake. FFood manufacturers frequently
use sucralose because it does not break down
with heat and can therefore be used in baked
products. It is also used to sweeten a wide vari-
ety of other manufactured food products, in-
cluding beverages, desserts, dairy products,
canned fruits, syrups, and condiments.

Aspartame is an amino acid-based artificial
sweetener that was approved by the FDA in
1981, The original form of aspartame is not sta-
ble when healed, so it is not used in the pro-
duction of any baked or cooked food products.
A modified version of aspartame is now avail-
able that is more heat stable. Aspartame is a |
very popular sweetener for sodas because it
does not promote tooth decay and doesnt't have
an aftertaste. It is also used to sweeten cold ce-
reals, dairy products, and drink mixes.

Acesulfame potassium (potassium =K) is a
non-caloric sweetener that has a clean, very
perceptible sweet taste. It has excellent stabil-
ity under high temperatures and good solubility
and therefore is used in numerous food prod-
ucts. Frequently acesulfame K is combined
with other low-calorie sweeieners, the combi-
nation of which often provides a significantly
better sweet taste. The blend of sweeteners re-
tains flavor during baking, making them great
for preparing foods such as cookies and can-
dies. Acesulfame X blends sustain product
sweetness over time. This is valued by the food
industry as it increases the shelf life of prod-
uets.

Candy Making

Many popular candies, ineluding fondan
fudge, penuche (puh-NOO-chee), and divinig
are called crystalline because they're made b
crystals formed from supersaturated sucros
solutions. Smaller crystals produce a smoothe
texture and a superior product, Sucrose, th
sugar used for candy making, tends to produc
larger crystals, In the highest gquality candy,
small part of the sucrose is hydrolyzed to small
crystal glucose and fructose. Skilled cand
makers know how to influence the process ¢
control crystal size.




In order te get a guatity product, manufacturers must control
the processes used 1o make candy very carefully. What effect
does crystafiization have on candy making?

Controlling Crystailization

Crystal formation starts when the solufion, also
called the syrup, achieves the proper concen-
tration of sugar. Concentration is measured by
boiling point. The higher the concentration, the
higher the boiling point is. That’'s why candy
recipes call for a syrup to be bolled until it
reaches a certain temperature: to show that i
has reached the desired concentration. That’s
also why a candy thermometer should be cali-
brated on the day it's used.

Substances called 4nterfering agenis may
be added to a sugar syrup to control crystal
growth. For example, cream of tartar and vine-
gar contain acids that can cause sucrose {o hy-
drolize into ghucose and fructose, Corn syrup,
ancther interfering agent, is high in glucose.
Both fructose and glucose form small erystals.
Also, the fats and proteins in butter and egg
white can prevent crystallization completely if
enough of either is added. They literally get in
the way of crystal formation.

Agitation, that is, stirring or beating the so-
lution, also limits crystal growth. The tempera-
ture at which agitation occurs is a controlling

Simple carbohydrates are in many
foods—even kefchup. By reading
labels, you can tell what's inside.
Look for words that say "'sugar,”
such as sucrose and fructese.
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factor foo. Stirring should start when the solu-
tion cools to about 104°C and continue until
crystallization stops.

Ripening

In order to produce a soft, smooth confection,
such crystal candies as fondant are ripened—
stored in an airtight container for 12-24 hours.
During this time, the smallest crystals in the
candy dissolve, allowing large crystals to move
more freely. Meanwhile the candy absorbs sub-
stances that further interfere with crystal
growth. The resull is a smooth, pliant candy
that'’s easy fo knead into desired shapes.

Noncrystafline Candies

Some candies depend on avoiding sugar crystal-
lization altogether. Taffy, for instance, is made
by adding enough interfering agents to invert
some of the sucrose. Toffee results from heating
and caramelizing sugars before crystals can
form, Caramel making uses both technigues.

Siarches

Like the human body—your personal food
processor—eommercial food processors lock o
cereal grains and legumes for their starch supply.
The starch is separated from the oils and pro-
teins in these foods by grinding and screening.
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A basic fondant is made with water, cream of tartar,
lots of sugar, and perhaps flavoring. Cooks ripen and
knead the dough. Then they rolf it info shapes and
sometimes cover i with checolate, Fondant can also be
melted and used fo cover other candy centers,

Starches are very important in food prepa-
ration as thickening agents. In their role as food
thickeners and also stabilizers, starches go by
names ranging from arrowroot to xanthan gum,
They are matched to a certain use based on
their properties. If no existing starch satisfies g
manufacturer’s needs, food scientists may cre-
ate a new one.

Gelatinization

When a starch is heated in water, it thickens the
mixture in a process that is really quite remark-
able. Unlike sugars, starches are not water-solu-
ble. Thelr molecules are too big to form true
solutions. If starches are heated in water, how-
ever, energy from the water molecules can
loosen the bonds between the starch molectiles,
An trreversible thickening process called
gelatinization (juh-LA-tun-uh-ZAY-shun) be-
gins. Hydrogen bonds form between starch
and water molecules, causing starch gron-
wles (o absorb waler and sweil.

As a hot starch mixture thickens, it becomes
what 18 called a paste. You've seen this process
when watching someone make gravy. The tem-
perature at which a paste forms varies with the
type of starch. For example, wheat starch
thickens at a slightly lower temperature than
cornstarch.

Hot starch mixtures typically flow. However,
as gelatinization thickens a mixture, viscosity
{vis-KAH-suh-tee) increases. Viscosity is the
resistance to flow. The greater the concenira
tion of starch in & mixture, the more viscous
the resulting paste becomaes,

Thickening Properties

A starchs thickening ability is affected by is
structure. Its use in foods depends on the ratio
of amylose molecules to amylopectin molecules.




To make a lemon sauce, cornstarch is first mixed
with a small amount of the liquid before gradually
adding the rest of the liguid. Once the sauce thick-
ens, adding more dry cornstarch o the mixture
could cause lumps. How could you prevent lumps
from forming?

Amylopectin mixes less easily with water
than amylose, apparently due to its branched
form. This quality gives the desired thickness

to such foods as ketchup and gravies, which
should stay a bit runny.

Forming a Gel

When some starch pastes are cooled without
stirring, they change to gels. At this point the
mixture loses the flow properties it formerly
had. A fruit pie that holds its shape when you
cul a piece is an example. Amylose starch mol-
ecules are most effective at turning from a
paste to a gel.

After a period of time, gels have a tendency
toward retrogradation {reh-tro-gray-DAY-
shun). The amylose molecules shift and ove-
ent themselves in crysialline regions, which
Jorms o somewhat gritly lexture i the niix-
ture. A pudding that has been thickened with
starch can develop this condition if held in the
refrigerator for a few days.

During retrogradation, a mixture may “weep.”
That is, waler leaks from the gel as it ages. This
is called syneresis (suh-NEHR-uh-sus). As amy-
lose molecules pull together maore tightly, the gel
network shrinks, and water is pushed out of the
gel. You might see liquid forming on a pudding
that has been kept in the refrigerator for a while,

+ The first squeeze from a mustard container Is some-

7 times watery. What does this demonstrate?
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Modifying Starches

Have you seen the ingredient “modified food
starch” on a food label? Such starches are
“made to order” to maximize desired qualities
and minimize unwanted ones. Food scientists
might rework the molecular structure or ge-
netic makeup of an existing starch, or develop a

yiscasity is a desirable physical property in many foods. To
obtain the desired viscosity in a given recipe, different
starches can be used as ingredients, Each of these behaves

new one. The result is a starch that is more sta-
ble after heating or freezing, or in acidic foods,
Chermical tinkering can “fine tune” starches
for exact effects. For example, some new
strains of corn, rice, and barley contain mainly
amylopectin, These “waxy starches” give

differently. in this experiment, you'll compare how thicken-
ing agents used in food can affect #he final product.

1. Obtain a starch from your teacher. Record the fype of
starch in your data fable,

2. Wass 16 g of the starch, .

3. Place 60 mi of cold water in a 400-ml heaker; stir in
the starch sample. Add 220 ml more water; stir
again.

4. Heat the beaker over moderate heat, SHr slowly but
constantly until the mixture boils. Wear safety gog-
gles throughout the heating process.

5. Place a glass plate over {he fine~spread test sheet pro-
vided by your feacher. Place a plastic ring in the center
of the plate; il the ring with some of the starch mix-
ture, Lift the ring and allow the mixture to fiow for 2
minutes. Count the lines covered at each of 4 points
around the circle. Average your readings. Record the

K&_ result in your data table and on the chalkboard,

fﬁauﬁgmem and Materiais A
starch sample halance water 168-ml graduated cylinder
400-mi glass beaker stirring rod safety gogeles heat-diffusing ring {for electric ranges
clear pie plate plastic ring saticepan fine-spread test sheet
masking tape marking pen muffin tins paper muffin £n finers j
Procedure

&6, Cool the rest of the starch mixture to room tempera-
ture by placing the beaker in g pan of cold water.

1. Repeal the line-spread test described in Step 5, using
the cooled mixture.

8. Label two paper muffin cups with your name, and the
name and amount of starch used in the sample. Fill
each cup with the starch mixture and place in sepa-
rate muffin tins. Refrigerate one cup and freeze the
other until the next class period.

9. Onthe next day, thaw the frozen sample. Check the
thawed and refrigerated sample for refrogradation
and syneresis. Record your shservations in the data
table and on the chalkboard. in the data table, also
record the results from the other starches writfen on
the chalkboard,
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ready-made gravies a good consistency but also Another technigue has created starches that
have a stringiness that you wouldn’t want in a  swell in cold lquids. A starch is cooked, and the
fruit pie. By rearranging molecules, scientists  granules then flaked into fragments. You can
have created a modified starch that has the  whip up an instant pudding for dessert without
same thickening ability plus a smooth texture. waiting for it {0 cool to eating temperature.

1. Compare the findings. Then explain which starches, if ¢} Make a gravy.
any, you would choose to: dy Thicken a cream pie that would be frozen and
a} Make a molded chicken salad. thawed before serving. '
b} Thicken a fruit ple that would be refrigerated 2. What may have caused the different results produced
before serving. by different starches?

SAMPLE DATA TABLE

Appearance of Appearance of
Hame of Line-Spread Average Refrigerated Frozen
Starch Coid Sample Sampie
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Chapter Summary

o Carbohydrates are formed in green plants
through the process of photosynthesis.

e Carbohvdrates inclnde simple sugars,
starches, and fibers.

¢ (Glucose is the basic sugar unit around
which all carbohydrates are formed.

e Different types and arrangements of mole-
cules affect the properties of carbohydrates.

» The body regulates levels of blood glucose,
which is critical to cell functions. Otherwise,
serious health complications can develop.

= Simiple carbohydrates play a major role in
cormrercial food production.

¢ Candy is made by congrolling crystallization
in sugars.

¢ I'ood manufacturers use starches’ thicken-
ing properties Lo stabilize food products,

Using Your Knowledge
1. How is the term “carbohydrate” related to

the nutrient’s composition?

2. How are carbohydrates involved in trans-
ferring solar energy to people?
Compare monosaccharides and disaccha-
rides, using examples to lusirate,
In developing a new recipe, why might you
use fructose instead of sucrose?
How would a chemist describe a complex
carbohydrate?
What would happen if carbohydrates in
your body were not hydrolyzed?
Describe the process that ensures your
body a steady flow of glucose.
Compare the complications of Type [ and
Type I diabetes.
What is nutritionally significant aboug
fiber?
Suppose vou forgot {o calibrate your ther-
mometer before making candy. It registers
10°C less than the actual temperature of
the syrup. What may result?

1. How do amylese and amylopectin affect
thickening?

1Z2. Why do food scientists modify starches for
food production?

tnit 4 The Science of Mutrition

Diabetic Decisions

People with diabetes, who cannot rely on normal
insulin production, must monitor their diel to control
blood glucose. Besides fimiting obviously sugary foods,
they need to walch their entire food intake for foods
containing starches or “hidden” sugars that the body
breaks down info glucose.

1 List ter foods you commonty eat for breakfast,
lunch, dinner, and as a snack. bvaluate the carbo-
hydrate value of each food to defermine whether
it would significantly affect your blood ghucose
fevel. identify those foods that might have a posi-
tive or negative impact,

2. Create a three-day eating plan that is appropriate
for someone who is disbetic. Verify vour plan with
nutrition analysis software or other appropriate
resources.

. ..fd




Skill-Bullding Activities

1. VYocabulary. Choose one term from the
"Terms to Remember.” Draw & visual that
depicts the meaning of the term, and dis-
play it on the bulletin board.

Management. Using a reliable chart of nutri-
tive values, identify five high-carbohydrate
foods that you would recommend for a
weight-loss diet. Give reasons for your
selections.

Consumer Skills, Bring in labels from two dif-
ferent types of food, such as cereal and
canned tuna. List the sweetening agents
and starches (including gums) included
among the ingredients. What conclusions
can you draw about the kinds, amounts,
and proportions of sweeteners and
starches used in various types of commer-
cially available foods?

Communication. Design a poster showing the
progression of a glucose molecule into at
least five disaccharides, starches, and
fibers. Include examples of foods contain-
ing these molecules.

Critical Thinking. Review the Food Guide
Pyramid on page 182. Explain how the in-
formation in this chapter relates to the
guidelines suggested by the Pyramid.
Communication. Plan a demonstration using
meal preparation or serving situation to
llustrate a chemical process deseribed in
this chapter.

Rice in Japan

R;ce is central to Japanese history, cul-
ture, and diet. Even Samural warriors of
ancient times were paid in rice, Today, rice
is part of almost every meal, including
breakfast, and is even made into beverages.
Sushi, those picture-perfect rolls of rice, sea-
weed, fish, and vegetables, are a traditional
Japanese favorite.

Rice is a good gource of fiber-—especially
brown rice, which is a whole grain type.
Fiber is a part of any healthy diet. Fiber is
associated with a reduced risk of heart dis-
ease, diabetes, diverticular disease, and con-
stipation. '

Thinking It Through

1. Why do you think Samurai warriors were
paid in rice?

2. The traditional Japanese diet is known as
a very healthful one. How do you think
rice eontributes to this reputation?

3. What other types of foods contain fiber?
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