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What 
As noted earlier (in Chapter 1), carbohydrates are one of the three macronutrients. As 

such, they are an important energy source for the entire body and are the preferred 

energy source for nerve cells, including those of the brain. We will say more about 

their functions later in this chapter.

The term  literally means “hydrated carbon.” When something is said 

to be hydrated, it contains water, which is made of hydrogen and oxygen (H2O). Thus, 

the chemical abbreviation for carbohydrate (CHO) indicates the atoms it contains: 

carbon, hydrogen, and oxygen.

We obtain carbohydrates predominantly from plant foods, such as fruits, vegeta-

bles, and grains. Plants make the most abundant form of carbohydrate, called , 

through a process called . During photosynthesis, the green pigment of 

plants, called chlorophyll, absorbs sunlight, which provides the energy needed to fuel 

the manufacture of glucose. As shown in , water absorbed from the earth 

by the roots of plants combines with the carbon dioxide present in the leaves to pro-

duce the carbohydrate glucose. Plants continually store glucose and use it to support 

their own growth. Then, when we eat plant foods, our bodies digest, absorb, and use 

the stored glucose.

Carbohydrates can be classified as simple or complex. These terms are used to 

describe carbohydrates based on the number of molecules of sugar present. Simple 

carbohydrates contain either one or two molecules, whereas complex carbohydrates 

contain hundreds to thousands of molecules.

carbohydrate One of the three 

 macronutrients, a compound made up 

of carbon, hydrogen, and oxygen, that 

is derived from plants and provides 

energy.

glucose The most abundant sugar 

molecule, a monosaccharide generally 

found in combination with other sug-

ars; it is the preferred source of energy 

for the brain and an important source 

of energy for all cells.

photosynthesis The process by 

which plants use sunlight to fuel a 

chemical reaction that combines car-

bon and water into glucose, which is 

then stored in their cells.

Energy
from sun

Glucose
stored
in plant

Water

Carbon
dioxide
from air

↑ FIGURE 4.1  Plants make carbohydrates through the process of photosynthesis. Water, 

 carbon dioxide, and energy from the sun are combined to produce glucose.

↑ Glucose is the preferred source of 

energy for the brain.
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 are commonly referred to as sugars. Four of these sugars are 

called  because they consist of a single sugar molecule (mono means 

“one,” and saccharide means “sugar”). The other three sugars are , 

which consist of two molecules of sugar joined together (di means “two”).

Glucose, fructose, and galactose are the three most common monosaccharides in our 

diet. Each of these monosaccharides contains six carbon atoms, twelve hydrogen 

atoms, and six oxygen atoms . Very slight differences in the arrangement 

of the atoms in these three monosaccharides cause major differences in their levels of 

sweetness.

Given what you’ve just learned about how plants manufacture and store carbohy-

drate in the form of glucose, it probably won’t surprise you to discover that glucose 

is the most abundant sugar molecule in our diets and in our bodies. Glucose does not 

generally occur by itself in foods, but attaches to other sugars to form disaccharides 

and complex carbohydrates. In our bodies, glucose is the preferred source of energy 

for the brain, and it is a very important source of energy for all cells.

, the sweetest natural sugar, is found in fruits and vegetables. Fructose 

is also called levulose, or fruit sugar. In many processed foods, it comes in the form 

of . This syrup is manufactured from corn and is used to 

sweeten soft drinks, desserts, candies, and jellies.

 does not occur alone in foods. It joins with glucose to create lactose, 

one of the three most common disaccharides.

 is a five-carbon monosaccharide. Very little ribose is found in our diets;  

our bodies produce ribose from other carbohydrates we eat, and ribose is contained  

in the genetic material of our cells: deoxyribonucleic acid (DNA) and ribonucleic  

acid (RNA).

The three most common disaccharides found in foods are lactose, maltose, and 

sucrose .  (also called milk sugar) consists of one glucose molecule 

and one galactose molecule. Interestingly, human breast milk has more lactose than 

cow’s milk, making human breast milk taste sweeter.

 (also called malt sugar) consists of two molecules of glucose. It does not 

generally occur by itself in foods but, rather, is bound together with other molecules. 

As our bodies break down these larger molecules, maltose results as a by-product. 

Maltose is also the sugar that is fermented during the production of beer and liquor 
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Most abundant sugar molecule 
in our diet; good energy source

Sweetest natural sugar; found in
fruit, high-fructose corn syrup

Does not occur alone in foods;
binds with glucose to form 
lactose

↑ FIGURE 4.2  The three most common monosaccharides. Notice that all three monosac-

charides contain identical atoms: 6 carbon, 12 hydrogen, and 6 oxygen. It is only the arrangement of 

these atoms that differs.

simple carbohydrate Commonly 

called sugar; can be either a mono-

saccharide (such as glucose) or a 

disaccharide.

monosaccharide The simplest of 

carbohydrates, consisting of one sugar 

molecule, the most common form of 

which is glucose.

disaccharide A carbohydrate com-

pound consisting of two sugar mol-

ecules joined together.

fructose The sweetest natural sugar; 

a monosaccharide that occurs in fruits 

and vegetables; also called levulose, or 

fruit sugar.

high-fructose corn syrup A highly 

sweet syrup that is manufactured from 

corn and is used to sweeten soft drinks, 

desserts, candies, and jellies.

galactose A monosaccharide that 

joins with glucose to create lactose, 

one of the three most common 

disaccharides.

ribose A five-carbon monosaccharide 

that is located in the genetic material 

of cells.

lactose A disaccharide consisting 

of one glucose molecule and one 

galactose molecule. It is found in milk, 

including human breast milk; also 

called milk sugar.

maltose A disaccharide consisting of 

two molecules of glucose. It does not 

generally occur independently in foods 

but results as a by-product of diges-

tion; also called malt sugar.
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Lactose

Maltose

Sucrose

Monosaccharides Disaccharides

Glucose + galactose;
also called milk sugar

Glucose + glucose;
maltose molecules join
in food to form starch
molecules

Glucose + fructose;
found in sugar cane,
sugar beets, and honey

Glucose Galactose

Glucose

Glucose Fructose

Glucose

+

+

+

↑ FIGURE 4.3  Galactose, glucose, and fructose join together in different combinations to 

make the disaccharides lactose, maltose, and sucrose.

products.  is a process in which an agent, such as yeast, causes an 

organic substance to break down into simpler substances and results in the produc-

tion of the energy molecule adenosine triphosphate (ATP). Maltose is formed during 

the breakdown of sugar in grains and other foods into alcohol. Contrary to popular 

belief, very little maltose remains in alcoholic beverages after the fermentation pro-

cess is complete; thus, alcoholic beverages are not good sources of carbohydrate.

 is composed of one glucose molecule and one fructose molecule. Because 

sucrose contains fructose, it is sweeter than lactose or maltose. Sucrose provides 

much of the sweet taste found in honey, maple syrup, fruits, and vegetables. Table 

sugar, brown sugar, powdered sugar, and many other products are made by refining 

the sucrose found in sugarcane and sugar beets. Are honey and other naturally occur-

ring forms of sucrose more healthful than manufactured forms? The Nutrition Myth 
or Fact? box investigates this question.

fermentation A process in which an 

agent causes an organic substance to 

break down into simpler substances 

and results in the production of ATP.

sucrose A disaccharide composed of 

one glucose molecule and one fruc-

tose molecule; sucrose is sweeter than 

lactose or maltose.

, the second major type of carbohydrate, generally consist of 

long chains of glucose molecules called  (poly means “many”). They 

include starch, glycogen, and most fibers .

Plants store glucose not as single molecules but as polysaccharides in the form of 

. The two forms of starch are amylose and amylopectin. Excellent food sources 

of starch include grains (wheat, rice, corn, oats, and barley), legumes (peas, beans, 

and lentils), and tubers (potatoes and yams). Our cells cannot use the complex starch 

molecules exactly as they occur in plants. Instead, our bodies must break them down 

into the monosaccharide glucose from which we can then fuel our energy needs.

Our bodies easily digest most starches; however, some starches in plants are not 

digestible and are called resistant. Technically, resistant starch is classified as a type  

complex carbohydrate A nutrient 

compound consisting of long chains 

of glucose molecules, such as starch, 

glycogen, and fiber.

polysaccharide A complex carbo-

hydrate consisting of long chains of 

glucose.

starch A polysaccharide stored in 

plants; the storage form of glucose in 

plants.

↑ Tubers, such as these sweet 

 potatoes, are excellent food sources 

of starch.



| 113

2 m

Is Honey More Nutritious Than Table Sugar?

TABLE 4.1  Nutrient Comparison of Four  
Different Sugars

 

of fiber. When our intestinal bacteria ferment resistant starch, a fatty acid called 

butyrate is produced. Consuming resistant starch may be beneficial: some research 

suggests that butyrate consumption reduces the risk for cancer.4 Legumes contain 

more resistant starch than do grains, fruits, or vegetables. This quality, plus their high 

protein and fiber content, makes legumes a healthful food.
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Amylose

Amylopectin

Starch Glycogen Fiber
Storage form of glucose in 
plants; found in grains, legumes, 
and tubers

Storage form of glucose in 
animals; stored in liver and 
muscles

Forms the support structures of 
leaves, stems, and plants

↑ FIGURE 4.4  Polysaccharides, also referred to as complex carbohydrates, include starch, 

glycogen, and fiber.

 is the storage form of glucose for animals, including humans. After an ani-

mal is slaughtered, most of the glycogen is broken down by enzymes found in animal 

tissues. Thus, very little glycogen exists in meat. As plants contain no glycogen, it is 

not a dietary source of carbohydrate. We store glycogen in our muscles and liver; our 

bodies can metabolize this stored glycogen to glucose when we need energy. The stor-

age and use of glycogen are discussed in more detail shortly.

Like starch, fiber is composed of long polysaccharide chains; however, our bodies do 

not easily break down the bonds that connect fiber molecules. This means that most 

fibers pass through the digestive system without being digested and absorbed, so they 

contribute no energy to our diet. However, fiber offers many other health benefits, as 

we will see shortly.

There are currently a number of definitions of fiber. The Food and Nutrition Board 

of the Institute of Medicine propose three distinctions: dietary fiber, functional fiber, 
and total fiber.5

  is the nondigestible parts of plants that form the support structures of 

leaves, stems, and seeds (see Figure 4.4). In a sense, you can think of dietary fiber 

as a plant’s “skeleton.”

  consists of the nondigestible forms of carbohydrates that are 

extracted from plants or manufactured in a laboratory and have known health 

benefits. Functional fiber is added to foods and is the form used in fiber supple-

ments. Examples of functional fiber sources you might see on nutrition labels 

include cellulose, guar gum, pectin, and psyllium.

  is the sum of dietary fiber and functional fiber.

Fiber can also be classified according to its chemical and physical properties as 

soluble or insoluble.

 dissolve in water. They are also , forming a gel 

when wet, and fermentable; that is, they are easily digested by bacteria in the colon. 

Soluble fibers are typically found in citrus fruits, berries, oat products, and beans. 

Research suggests that the regular consumption of soluble fibers reduces the risks for 

cardiovascular disease and type 2 diabetes by lowering blood cholesterol and blood 

glucose levels. Soluble fibers include the following:

 Pectins, which contain chains of galacturonic acid and other monosaccharides. 

Pectins are found in the cell walls and intracellular tissues of many fruits and ber-

ries. They can be isolated and used to thicken foods, such as jams and yogurts.

 Gums contain galactose, glucuronic acid, and other monosaccharides. Gums are a 

diverse group of polysaccharides that are viscous. They are typically isolated from 

↑ Dissolvable laxatives are  examples 

of soluble fiber.

glycogen A polysaccharide; the stor-

age form of glucose in animals.

dietary fiber The nondigestible 

carbohydrate parts of plants that form 

the support structures of leaves, stems, 

and seeds.

functional fiber The nondigest-

ible forms of carbohydrates that are 

extracted from plants or manufactured 

in a laboratory and have known health 

benefits.

total fiber The sum of dietary fiber 

and functional fiber.

soluble fibers Fibers that dissolve  

in water.

viscous Having a gel-like consistency; 

viscous fibers form a gel when 

 dissolved in water.
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seeds and are used as thickening, gelling, and stabilizing agents. Guar gum and 

gum arabic are common gums used as food additives.

 Mucilages are similar to gums and contain galactose, mannose, and other mono-

saccharides. Two examples are psyllium and carrageenan. Psyllium is the husk 

of psyllium seeds, which are also known as plantago or flea seeds. Carrageenan 

comes from seaweed. Mucilages are used as food stabilizers.

 are those that do not typically dissolve in water. 

These fibers are usually nonviscous and typically cannot be fermented by bacteria 

in the colon. Insoluble fibers are generally found in whole grains, such as wheat, 

rye, and brown rice as well as in many vegetables. These fibers are not associated 

with reducing cholesterol levels but are known for promoting regular bowel 

movements, alleviating constipation, and reducing the risk for a bowel disorder called 

diverticulosis (discussed later in this chapter).

Examples of insoluble fibers include the following:

 Lignins are noncarbohydrate forms of fiber. Lignins are found in the woody parts 

of plant cell walls and in carrots and the seeds of fruits and berries. Lignins are 

also found in brans (the outer husk of grains such as wheat, oats, and rye) and 

other whole grains.

 Cellulose is the main structural component of plant cell walls. Cellulose is a chain 

of glucose units similar to amylose but, unlike amylose, cellulose contains bonds 

that are nondigestible by humans. Cellulose is found in whole grains, fruits, veg-

etables, and legumes. It can also be extracted from wood pulp or cotton, and it is 

added to foods as an agent for anticaking, thickening, and texturizing.

 Hemicelluloses contain glucose, mannose, galacturonic acid, and other monosac-

charides. Hemicelluloses are found in plant cell walls and they surround cellulose. 

They are the primary component of cereal fibers and are found in whole grains 

and vegetables. Although many hemicelluloses are insoluble, some are also classi-

fied as soluble.

Materials written for the general public usually don’t refer 

to the carbohydrates found in foods as complex or simple; instead, resources such as 

the Dietary Guidelines for Americans 2010 emphasize eating fiber-rich carbohydrates, 
such as fruits, vegetables, and whole grains.6 This term is important because fiber-rich 

carbohydrates are known to contribute to good health, but not all complex carbohydrate 

foods are fiber-rich. For example, potatoes that have been processed into frozen hash 

browns retain very little of their original fiber. On the other hand, some foods rich in 

simple carbohydrates (such as fruits) are also rich in fiber. So when you’re reading labels, 

it pays to check the grams of dietary fiber per serving. And if the food you’re considering 

is fresh produce and there’s no label to read, that almost guarantees it’s fiber-rich.

insoluble fibers Fibers that do not 

dissolve in water.

↑ Our red blood cells, brain, and 

nerve cells primarily rely on glucose. 

This is why we get tired, irritable, and 

shaky when we have not eaten for a 

prolonged period.

Why 
We have seen that carbohydrates are an important energy source for our bodies. Let’s 

learn more about this and other functions of carbohydrates.

Carbohydrates, an excellent source of energy for all our cells, provide 4 kilocalories 

(kcal) of energy per gram. Some of our cells can also use fat and even protein for 
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energy if necessary. However, our red blood cells can use only 

glucose, and our brain and other nervous tissues rely primarily on 

glucose. This is why you get tired, irritable, and shaky when you 

haven’t eaten any carbohydrate for a prolonged period.

Many popular diets—such as Dr. Atkins’ New Revolution Diet and 

the Sugar Busters plan—are based on the idea that our bodies actu-

ally “prefer” to use fat and/or protein for energy. They claim that 

current carbohydrate recommendations are much higher than we 

really need.

In reality, we rely mostly on both carbohydrates and fat for 

energy. In fact, as shown in , our bodies always use some 

combination of carbohydrates and fat to fuel daily activities. Fat is 

the predominant energy source used at rest and during low- intensity 

activities, such as sitting, standing, and walking. Even during rest, 

however, our brain cells and red blood cells rely on glucose.

When we exercise, whether running, briskly walking, bicycling, or 

performing any other activity that causes us to breathe harder and 

sweat, we begin to use more glucose than fat. Whereas fat break-

down is a slow process and requires oxygen, we can break down 

glucose very quickly either with or without oxygen. Even during 

very intense exercise, when less oxygen is available, we can still 

break down glucose very quickly for energy. That’s why when you 

are exercising at maximal effort carbohydrates are providing almost 

100% of the energy your body requires.

If you are physically active, it is important to eat enough carbo-

hydrates to provide energy for your brain, red blood cells, and mus-

cles. In general, if you do not eat enough carbohydrate to support 

regular exercise, your body will have to rely on fat and protein as alternative energy 

sources. One advantage of becoming highly trained for endurance-type events, such as 

marathons and triathlons, is that our muscles are able to store more glycogen, which 

provides us with additional glucose we can use during exercise. (See Chapter 12 for 

more information on how exercise affects our need, use, and storage of carbohydrates.)

When we do not eat enough carbohydrate, our bodies seek an alternative source of 

fuel for our brain and begins to break down stored fat. This process, called , 

produces an alternative fuel called .

Ketosis is an important mechanism for providing energy to the brain during situa-

tions of fasting, low carbohydrate intake, or vigorous exercise. However, ketones also 

suppress appetite and cause dehydration and acetone breath (the breath smells like 

nail polish remover). If inadequate carbohydrate intake continues for an extended 

period, the body will produce excessive amounts of ketones. Because many ketones 

are acids, high ketone levels cause the blood to become very acidic, leading to a con-

dition called . The high acidity of the blood interferes with basic body 

functions, causes the loss of lean body mass, and damages many body tissues. People 

with untreated diabetes are at high risk for ketoacidosis, which can lead to coma and 

even death (see the In Depth on diabetes following this chapter).

If the diet does not provide enough carbohydrate, the body will make its own glucose 

from protein. This involves breaking down the proteins in blood and tissues into 

amino acids, then converting them to glucose. This process is called  

(“generating new glucose”).

When our bodies use proteins for energy, the amino acids from these proteins can-

not be used to make new cells, repair tissue damage, support our immune system, or 

Light

Moderate

Intense

Carbohydrate Use by Exercise Intensity

12.5% Carbohydrate

45% Carbohydrate

67% Carbohydrate

33% Fat

55% Fat

87.5% Fat

↑ FIGURE 4.5  Amounts of carbohydrate and fat 

used during light, moderate, and intense exercise.
Data adapted from: “Regulation of endogenous fat and carbohydrate metabolism in rela-

tion to exercise intensity and duration” by Romijn et al., from American Journal of Physiology, 

September 1, 1993. Copyright © 1993 by The American Physiological Society. Reprinted 

with permission.

ketosis The process by which the 

breakdown of fat during fasting states 

results in the production of ketones.

ketones Substances produced during 

the breakdown of fat when carbo-

hydrate intake is insufficient to meet 

energy needs. Ketones provide an 

alternative energy source for the brain 

when glucose levels are low.

ketoacidosis A condition in which 

excessive ketones are present in the 

blood, causing the blood to become 

very acidic, which alters basic body 

functions and damages tissues. 

Untreated ketoacidosis can be fatal. 

This condition is found in individuals 

with untreated diabetes mellitus.

gluconeogenesis The generation of 

glucose from the breakdown of pro-

teins into amino acids.
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perform any other function. During periods of starvation or when eating a diet that 

is very low in carbohydrate, our bodies will take amino acids from the blood first, 

and then from other tissues, such as muscles and the heart, liver, and kidneys. Using 

amino acids in this manner over a prolonged period can cause serious, possibly irre-

versible, damage to these organs. (See Chapter 6 for more details on using protein for 

energy.)

Although we cannot digest fiber, research indicates that it helps us stay healthy and 

may prevent many digestive and chronic diseases. The following are potential benefits 

of fiber consumption:

 May reduce the risk of colon cancer. Although there is some controversy sur-

rounding this claim, many researchers believe that fiber binds cancer-causing sub-

stances and speeds their elimination from the colon. However, recent studies of 

colon cancer and fiber have shown that their relationship is not as strong as previ-

ously thought.

 Promotes bowel health by helping to prevent hemorrhoids, constipation, and other 

intestinal problems by keeping our stools moist and soft. Fiber gives gut muscles 

“something to push on” and makes it easier to eliminate stools.

 Reduces the risk for diverticulosis, a condition that is caused in part by trying to 

eliminate small, hard stools. A great deal of pressure must be generated in the large 

intestine to pass hard stools. This increased pressure weakens intestinal walls, 

causing them to bulge outward and form pockets . Feces and fibrous 

materials can get trapped in these pockets, which become infected and inflamed. 

This is a painful condition that must be treated with antibiotics or surgery.

 May reduce the risk of heart disease by delaying or blocking the absorption of 

dietary cholesterol into the bloodstream, a process depicted in . In 

addition, when soluble fibers are digested, bacteria in the colon produce 

short-chain fatty acids that may reduce the production of low-density 

lipoprotein (LDL), a blood lipid that is associated with heart disease, to 

healthful levels.

 May enhance weight loss, as eating a high-fiber diet causes a person to 

feel more full. Fiber absorbs water, expands in our large intestine, and 

slows the movement of food through the upper part of the digestive tract. 

Also, people who eat a fiber-rich diet tend to eat fewer fatty and sugary foods.

 May lower the risk for type 2 diabetes. In slowing digestion and absorption, fiber 

also slows the release of glucose into the blood. It thereby improves the body’s 

regulation of insulin production and blood glucose levels.

↑ When we exercise or perform 

any activity that causes us to breathe 

harder and sweat, we begin to use 

more glucose than fat.

Colon
(large intestine)

Diverticula

Inflamed
diverticulum

Wall of colon

Feces

↑ FIGURE 4.6  Diverticulosis occurs when bulging pockets form in the wall of the colon. 

These pockets become infected and inflamed, demanding proper treatment.

↑ Brown rice is a good food source 

of dietary fiber.
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1

2

3

Bile is stored in
gallbladder.

Bile is secreted into
intestine to aid in the
digestion of fat.

(a) High-fiber
     diet

(b) Low-fiber
     diet

Fiber binds to bile
and both are excreted
in the feces.

Less cholesterol is
reabsorbed from the
remaining bile.

Blood levels of
cholesterol are reduced.

Less fiber is present to
bind to bile, so less bile
is excreted in the feces.

More cholesterol is
reabsorbed from the
remaining bile.

Blood levels of
cholesterol are elevated.

Liver

Small intestine

Gallbladder

Liver synthesizes bile 
using cholesterol.

4a

5a

6a

4b

5b

6b

→ FIGURE 4.7  How fiber may 

help decrease blood cholesterol 

 levels.  When eating a high-fiber 

diet, fiber binds to the bile that is 

produced from cholesterol, resulting 

in relatively more cholesterol being 

excreted in the feces.  When a 

lower-fiber diet is consumed, less fiber 

(and thus less cholesterol) is bound to 

bile and  excreted in the feces.

How 
Glucose is the form of sugar that our bodies use for energy, and the primary goal 

of carbohydrate digestion is to break down polysaccharides and disaccharides into 

monosaccharides, which can then be converted to glucose.  provides a 

 visual tour of carbohydrate digestion.

Carbohydrate digestion begins in the mouth as the starch in the foods you eat mixes 

with your saliva during chewing (see Figure 4.8). Saliva contains an enzyme called 

, which breaks starch into smaller particles and eventually into the 

disaccharide maltose. The next time you eat a piece of bread, notice that you can 

actually taste it becoming sweeter; this indicates the breakdown of starch into malt-

ose. Disaccharides are not digested in the mouth.

salivary amylase An enzyme in 

saliva that breaks starch into smaller 

particles and eventually into the 

 disaccharide maltose.
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Amylose Shorter chains Maltose

Amylopectin Shorter chains

Maltose

Lactose Glucose Galactose

Sucrose Glucose Fructose

Glucose

Shorter chains Maltose

The primary goal of carbohydrate digestion is to break down 

polysaccharides and disaccharides into monosaccharides 

that can then be converted to glucose. 

Chewing stimulates secretion of saliva from salivary glands.  

Salivary amylase breaks down starch into shorter 

polysaccharides and maltose. 

Salivary amylase is destroyed by acids.

No carbohydrate digestion takes place 

in the stomach.

Pancreatic amylase  breaks down remaining 

starch into maltose.

Some carbohydrates pass into the large intestine 

undigested.

Bacteria ferment some undigested carbohydrate. 

Remaining fiber is excreted in feces.

Monosaccharides travel to the liver 

in the bloodstream via the portal 

vein, are converted to glucose, 

and then are transported to body 

cells to provide energy.

Excess glucose is stored in liver 

and muscle as glycogen.

Produces digestive enzymes and 

bicarbonate, which are released 

into the small intestine via the 

pancreatic duct.

Produce salivary amylase.

Specific enzymes (maltase, sucrase, lactase) in 

small intestine break down disaccharides into 

monosaccharides.

All monosaccharides are absorbed by the 

small intestine and enter the bloodstream.

Lacteal

Capillary

Enterocytes

Monosaccharides
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As the bolus of food leaves the mouth and enters the stomach, all digestion of 

carbohydrates ceases. This is because the acid in the stomach inactivates the salivary 

amylase enzyme.

The majority of carbohydrate digestion occurs in the small intestine. As the con-

tents of the stomach enter the small intestine, an enzyme called  

is secreted by the pancreas into the small intestine. Pancreatic amylase continues to 

digest any remaining starch into maltose. Additional enzymes found in the microvilli 

of the mucosal cells that line the intestinal tract work to break down disaccharides 

into monosaccharides:

 Maltose is broken down into glucose by the enzyme .

 Sucrose is broken down into glucose and fructose by the enzyme .

 Lactose is broken down into glucose and galactose by the enzyme .

Once digestion of carbohydrates is complete, all monosaccharides are then 

absorbed into the mucosal cells lining the small intestine, where they pass through 

and enter into the bloodstream.

Once the monosaccharides enter the bloodstream, they travel to the liver, where fruc-

tose and galactose are converted to glucose. If needed immediately for energy, the 

glucose is released into the bloodstream, where it can travel to the cells to provide 

energy. If glucose is not needed immediately for energy, it is stored as glycogen in our 

liver and muscles. Enzymes in liver and muscle cells combine glucose molecules to 

form glycogen in an anabolic, or building, process called glycogenesis. On average, 

the liver can store 70 g (280 kcal) and the muscles can store about 120 g (480 kcal) of 

glycogen. Stored glycogen can then be converted back into glucose in a catabolic, or 

destructive, process called glycogenolysis to supply the body’s energy needs. Between 

meals, for example, our bodies draw on liver glycogen reserves to maintain blood 

glucose levels and support the needs of our cells, including those of our brain, spinal 

cord, and red blood cells .

pancreatic amylase An enzyme 

secreted by the pancreas into the small 

intestine that digests any remaining 

starch into maltose.

maltase A digestive enzyme that 

breaks maltose into glucose.

sucrase A digestive enzyme that 

breaks sucrose into glucose and 

fructose.

lactase A digestive enzyme that 

breaks lactose into glucose and 

galactose.

Dietary carbohydrates
from stomach delivered
to small intestine

Glucose and other
monosaccharides
transported to liver

Blood levels of
glucose maintained
for brain and other
body cells 

Glucose
transported
to muscle

Small intestine MuscleLiver

Energy

Glycogen

GlycogenGlucose

Glucose

↑ FIGURE 4.9  In the process of glycogenesis, glucose is stored as glycogen in both the liver and muscle. In the process of 

 glycogenolysis, the glycogen stored in the liver is metabolized to maintain blood glucose between meals; muscle glycogen provides immediate 

energy to the muscle during exercise.
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The glycogen stored in our muscles continually provides energy to our muscle 

cells, particularly during intense exercise. Endurance athletes can increase their stor-

age of muscle glycogen from two to four times the normal amount through a process 

called carbohydrate loading (see Chapter 12). Any excess glucose is stored as glycogen 

in the liver and muscles and saved for such future energy needs as exercise. Once the 

storage capacity of the liver and muscles is reached, any excess glucose can be stored 

as fat in adipose tissue.

As previously mentioned, humans do not possess enzymes in the small intestine that 

can break down fiber. Thus, fiber passes through the small intestine undigested and 

enters the large intestine, or colon. There, bacteria ferment some previously undi-

gested carbohydrates, causing the production of gases and a few short-chain fatty 

acids. The cells of the large intestine use these short-chain fatty acids for energy. 

The fiber remaining in the colon adds bulk to our stools and is excreted in feces (see 

 Figure 4.8). In this way, fiber assists in maintaining bowel regularity.

Our bodies regulate blood glucose levels within a fairly narrow range to provide ade-

quate glucose to the brain and other cells. A number of hormones, including insulin, 

glucagon, epinephrine, norepinephrine, cortisol, and growth hormone, assist the body 

with maintaining blood glucose.

When we eat a meal, our blood glucose level rises. But glucose in our blood can-

not help our nerves, muscles, and other organs function unless it can cross into their 

cells. Glucose molecules are too large to cross cell membranes independently. To get 

in, glucose needs assistance from the hormone , which is secreted by the pan-

creas (  top panel). Insulin is transported in the blood throughout the body, 

where it stimulates special molecules called glucose transporters, which are located 

in cells, to travel to the cell membrane and transport glucose into the cell. Insulin can 

therefore be thought of as a key that opens the gates of the cell membrane, enabling 

the transport of glucose into the cell interior, where it can be used for energy. Insulin 

also stimulates the liver and muscles to take up glucose and store it as glycogen.

When you have not eaten for some time, your blood glucose level declines. 

This decrease in blood glucose stimulates the pancreas to secrete another hormone, 

  (Figure 4.10 bottom panel). Glucagon acts in an opposite way to insulin. 

It triggers glycogenolysis, in which the liver converts its stored glycogen into glu-

cose, which is then secreted into the bloodstream and transported to the cells for 

energy. Glucagon also assists in the breakdown of body proteins to amino acids, so 

that the liver can stimulate gluconeogenesis, the production of new glucose from 

amino acids.

Epinephrine, norepinephrine, cortisol, and growth hormone are additional hor-

mones that work to increase blood glucose. Epinephrine and norepinephrine are 

secreted by the adrenal glands and nerve endings when blood glucose levels are low. 

They trigger glycogen breakdown in the liver, resulting in a subsequent increase in the 

release of glucose into the bloodstream. They also increase gluconeogenesis. These 

two hormones are also responsible for our “fight-or-flight” reaction to danger; they 

are released when we need a burst of energy to respond quickly. Cortisol and growth 

hormone are secreted by the adrenal glands to act on liver, muscle, and adipose tis-

sue. Cortisol increases gluconeogenesis and decreases the use of glucose by muscles 

and other body organs. Growth hormone decreases glucose uptake by our muscles, 

insulin The hormone secreted by the 

beta cells of the pancreas in response 

to increased blood levels of glucose; 

it facilitates the uptake of glucose by 

body cells.

glucagon The hormone secreted 

by the alpha cells of the pancreas in 

response to decreased blood levels of 

glucose; it causes the breakdown of 

liver stores of glycogen into glucose.
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Liver

Cellular uptake: Insulin travels to the 

tissues. There, it stimulates glucose 

transporters within cells to travel to the cell 

membrane, where they facilitate glucose 

transport into the cell to be used for energy.

  Glucose storage: Insulin also stimulates 

the storage of glucose in body tissues. 

Glucose is stored as glycogen in the liver and 

muscles (glycogenesis), and is stored as 

triglycerides in adipose tissue (lipogenesis).

Glucagon secretion: When 

blood glucose levels are low, the 

pancreas secretes the hormone 

glucagon from the alpha cells into   

the bloodstream. 

Glycogenolysis: Glucagon stimulates   

the liver to convert stored glycogen into 

glucose, which is released into the blood and 

transported to the cells for energy. 

  Gluconeogenesis: Glucagon also 

assists in the breakdown of proteins and the 

uptake of amino acids by the liver, which 

creates glucose from amino acids.

Insulin secretion: When blood 

glucose levels increase after a 

meal, the pancreas secretes the 

hormone insulin from the beta cells 

into the bloodstream. 

Our bodies regulate blood glucose levels within a fairly narrow range to 

provide adequate glucose to the brain and other cells. Insulin and glucagon 

are two hormones that play a key role in regulating blood glucose. 
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increases our mobilization and use of the 

fatty acids stored in our adipose tissue, and 

increases our liver’s output of glucose.

Normally, the effects of these hormones 

balance each other to maintain blood glucose 

within a healthy range. An alteration in this 

balance can lead to health conditions such as 

diabetes (discussed In Depth following this 

chapter) or hypoglycemia.

w F

The term  refers to the 

potential of foods to raise blood 

glucose levels. Foods with a 

high glycemic index cause a 

sudden surge in blood glu-

cose. This in turn triggers 

a large increase in insulin, 

which may be followed by 

a dramatic drop in blood glu-

cose. Foods with a low glycemic 

index cause low to moderate fluc-

tuations in blood glucose. When foods 

are assigned a glycemic index value, they are 

often compared to the glycemic effect of pure 

glucose.

The glycemic index of a food is not always 

easy to predict.  ranks certain foods 

according to their glycemic index. Do any 

of these rankings surprise you? Most people 

assume that foods containing simple sugars 

have a higher glycemic index than starches, but 

this is not always the case. For instance, com-

pare the glycemic index for apples and instant 

potatoes. Although instant potatoes are a 

starchy food, they have a glycemic index value 

of 85, whereas the value for an apple is only 38!

The type of carbohydrate, the way the food 

is prepared, and its fat and fiber content can 

all affect how quickly the body absorbs it. It 

is important to note that we eat most of our 

foods combined into a meal. In this case, the 

glycemic index of the total meal becomes more 

important than the ranking of each food.

For determining the effect of a food on a person’s glucose response, some nutrition 

experts believe that the  is more useful than the glycemic index. A food’s 

glycemic load is the number of grams of carbohydrate it contains multiplied by the gly-

cemic index of that carbohydrate. For instance, carrots are recognized as a vegetable hav-

ing a relatively high glycemic index of about 68; however, the glycemic load of carrots is 

only 3.7 This is because there is very little total carbohydrate in a serving of carrots. The 

low glycemic load of carrots means that carrot consumption is unlikely to cause a signifi-

cant rise in glucose and insulin levels.

Why do we care about the glycemic index and glycemic load? Foods and meals 

with a lower glycemic load are better choices for someone with diabetes because they 

will not trigger dramatic fluctuations in blood glucose. They may also reduce the risk 

for heart disease and colon cancer because they generally contain more fiber, and fiber 

TOPIC

hypoglycemia A condition marked 

by blood glucose levels that are below 

normal fasting levels.

glycemic load The amount of car-

bohydrate in a food multiplied by the 

glycemic index of the carbohydrate.

glycemic index The system that 

assigns ratings (or values) for the 

potential of foods to raise blood glu-

cose and insulin levels.

↑ An apple has a much lower 

 glycemic index value (38) than a 

 serving of white rice (56).
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→ FIGURE 4.11  Glycemic index 

values for various foods as  compared 

to pure glucose.
Data adapted from: “International Table of Glycemic Index 

and Glycemic Load Values,” by Foster-Powell, K.,  

S. H. A. Holt, and J. C. Brand-Miller from American Journal 
of Clinical Nutrition, 2002.

helps decrease fat levels in the blood. Recent studies have shown that people who eat 

lower glycemic index diets have higher levels of high-density lipoprotein, or HDL (a 

healthful blood lipid), and lower levels of low-density lipoprotein, or LDL (a blood 

lipid associated with increased risk for heart disease), and their blood glucose values 

are more likely to be normal.8,9 Diets with a low glycemic index and load are also asso-

ciated with a reduced risk for prostate cancer.10

Despite some encouraging research findings, the glycemic index and glycemic load 

remain controversial. Many nutrition researchers feel that the evidence supporting 

their health benefits is weak. In addition, many believe the concepts of the glycemic 

index/load are too complex for people to apply to their daily lives. Other researchers 

insist that helping people choose foods with a lower glycemic index/load is critical 

in the prevention and treatment of many chronic diseases. Until this controversy is 

resolved, people are encouraged to eat a variety of fiber-rich and less-processed carbo-

hydrates, such as beans and lentils, fresh vegetables, and whole-wheat bread, because 

these forms of carbohydrates have a lower glycemic load and they contain a multitude 

of important nutrients.

    To find out the glycemic index 

and glycemic load of over 100 foods, visit 

 , enter “news-

week” into the search bar, and then click on 

the link to “glycemic index and glycemic load 

for 100+ foods.”

How 
Proponents of low-carbohydrate diets claim that eating carbohydrates makes you 

gain weight. However, anyone who consumes more Calories than he or she expends 

will gain weight, whether those Calories are in the form of simple or complex 
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carbohydrates, protein, or fat. Moreover, fat is twice as “fattening” as carbohydrate: 

it contains 9 kcal per gram, whereas carbohydrate contains only 4 kcal per gram. In 

fact, eating carbohydrate sources that are high in fiber and micronutrients has been 

shown to reduce the overall risk for obesity, heart disease, and diabetes. Thus, all car-

bohydrates are not bad, and even foods with added sugars—in limited amounts—can 

be included in a healthful diet.

The Recommended Dietary Allowance (RDA) for carbohydrate is based on the 

amount of glucose the brain uses.5 The current RDA for adults 19 years of age and 

older is 130 g of carbohydrate per day. It is important to emphasize that this RDA 

does not cover the amount of carbohydrate needed to support daily activities; it cov-

ers only the amount of carbohydrate needed to supply adequate glucose to the brain.

Carbohydrates have been assigned an Acceptable Macronutrient Distribution 

Range (AMDR) of 45% to 65% of total energy intake. This is the range of intake asso-

ciated with a decreased risk for chronic diseases.  compares the carbohy-

drate recommendations from the Institute of Medicine with the Dietary Guidelines for 

Americans related to carbohydrate-containing foods.5,6 As you can see, the Institute of 

Medicine provides specific numeric recommendations, whereas the Dietary Guidelines 

for Americans are general suggestions about foods high in fiber and low in added 

sugars. Most health agencies agree that most of the carbohydrates you eat each day 

should be high in fiber, whole-grain, and unprocessed. As recommended in the USDA 

Food Guide, eating at least half your grains as whole grains and eating the suggested 

amounts of fruits and vegetables each day will ensure that you get enough fiber-rich 

carbohydrates in your diet. Although fruits are predominantly composed of simple 

sugars, they are good sources of vitamins, some minerals, and fiber.

The average carbohydrate intake per person in the United States is approximately 

50% of total energy intake. For some people, almost half of this amount consists of 

sugars. Where does all this sugar come from? Some sugar comes from healthful food 

sources, such as fruit and milk. Some comes from foods made with refined grains, 

such as soft white breads, saltine crackers, and pastries. Much of the rest comes from 

—that is, sugars and syrups that are added to foods during process-

ing or preparation.5 For example, many processed foods include high-fructose-corn 

syrup (HFCS).

The most common source of added sugars in the U.S. diet is sweetened soft 

drinks; we drink an average of 40 gallons per person each year. Consider that one 

12-oz cola contains 38.5 g of sugar, or almost 10 teaspoons. If you drink the average 

amount, you are consuming more than 16,420 g of sugar (about 267 cups) each year! 

Other common sources of added sugars include cookies, cakes, pies, fruit drinks, fruit 

↑ Eating the suggested daily 

amounts of vegetables and fruit, such 

as apricots, will ensure that you’re get-

ting enough fiber-rich carbohydrate in 

your diet.

TABLE 4.2 Dietary Recommendations for Carbohydrates

19 years of age and older is 130 g of carbohydrate 

added sugars Sugars and syrups that 

are added to food during processing or 

preparation.
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punches, and candy. Even many nondessert items, such as peanut butter, yogurt, fla-

vored rice mixes, and even salad dressing, contain added sugars.

If you want a quick way to figure out the amount of sugar in a processed food, 

check the Nutrition Facts panel on the box for the line that identifies “Sugars.” You’ll 

notice that the amount of sugar in a serving is identified in grams. Divide the total 

grams by 4 to get teaspoons. For instance, one national brand of yogurt contains 

21 grams of sugar in a half-cup serving. That’s more than 5 teaspoons of sugar! Doing 

this simple math before you buy may help you choose among different, more health-

ful versions of the same food.

Added sugars are not chemically different from naturally occurring sugars. How-

ever, foods and beverages with added sugars have lower levels of vitamins, minerals, 

and fiber than foods that naturally contain simple sugars. That’s why most healthcare 

organizations recommend that we limit our consumption of added sugars. The Nutri-

tion Facts panel includes a listing of total sugars, but a distinction is not generally 

made between added sugars and naturally occurring sugars. Thus, you need to check 

the ingredients list. Refer to  for a list of terms indicating added sugars. To 

maintain a diet low in added sugars, limit foods in which a form of added sugar is 

listed as one of the first few ingredients on the label.

TABLE 4.3 Forms of Sugar Commonly Added to Foods

of sucrose.

↑ Candy and other foods with 

added sugars have lower levels of vita-

mins, minerals, and fiber than foods 

that naturally contain simple sugars.
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Why do sugars have such a bad reputation? First, they are known to contribute to 

tooth decay. Second, many people believe they cause hyperactivity in children. Third, 

eating a lot of sugar could increase the levels of unhealthful lipids in our blood, 

increasing our risk for heart disease. High intakes of sugar have also been blamed for 

causing diabetes and obesity. Let’s learn the truth about these accusations.

Sugars do play a role in dental problems, because the bacteria that cause tooth decay 

thrive on sugar. These bacteria produce acids, which eat away at tooth enamel and 

can eventually cause cavities and gum disease . Eating sticky foods that 

adhere to teeth—such as caramels, crackers, sugary cereals, and licorice—and sip-

ping sweetened beverages over time are two behaviors that increase the risk for tooth 

decay. This means that people shouldn’t suck on hard candies or caramels, slowly sip 

soda or juice, or put babies to bed with a bottle unless it contains water. As we have 

seen, even breast milk contains sugar, which can slowly drip onto the baby’s gums. 

As a result, infants should not routinely be allowed to fall asleep at the breast.

To reduce your risk for tooth decay, brush your teeth after each meal, after drink-

ing sugary drinks, and after snacking on sweets. Drinking fluoridated water and using 

a fluoride toothpaste will also help protect your teeth.

Although many people believe that eating sugar causes hyperactivity and other behav-

ioral problems in children, there is little scientific evidence to support this claim. 

Some children actually become less active shortly after a high-sugar meal! However, 

it is important to emphasize that most studies of sugar and children’s behavior have 

only looked at the effects of sugar a few hours after ingestion. We know very little 

about the long-term effects of sugar intake on the behavior of children. Behavioral 

and learning problems are complex issues, most likely caused by a multitude of fac-

tors. Because of this complexity, the Institute of Medicine has stated that, overall, 

there does not appear to be enough evidence to state that eating too much sugar 

causes hyperactivity or other behavioral problems in children.5 Thus, there is no 

 Tolerable Upper Intake Level for sugar.

Research evidence does suggest that consuming a diet high in added sugars is associ-

ated with unhealthful changes in blood lipids.11 For example, higher intakes of added 

sugars are associated with higher blood levels of low-density lipoproteins (LDL) 

and lower levels of high-density lipoproteins (HDL). These are risk factors for heart 

disease. Two recent studies have shown that people who consume sugar-sweetened 

beverages have an increased risk of heart disease.12,13 Although these recent findings 

illustrate a potential link between added sugar intake and heart disease, there is not 

enough evidence to prove that eating a diet high in sugar directly causes higher levels 

of heart disease. Still, based on current knowledge, it is prudent to eat a diet low in 

added sugars. Because added sugars are a component of many processed foods and 

beverages, careful label reading is advised.

Recent studies suggest that eating a diet high in added sugars is associated with a 

higher risk for diabetes; this relationship is particularly strong between higher intakes 

of sugar-sweetened beverages and diabetes.14-16 An observational study examined the 

relationship between diabetes and sugar intake across 175 countries and found that 

for every 150 kcal per person per day increase in availability of sugar (equivalent to 

about one can of soft drink per day), the prevalence of diabetes increased by 1.1%.17 

Although the exact mechansims explaining this relationship are not clear, experts 

have speculated that the dramatic increase in glucose and insulin levels that occur 

when we consume high amounts of rapidly absorbable carbohydrates (which includes 

any forms of sugar or high-fructose corn syrup) may stimulate appetite, increase food 
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↑ FIGURE 4.12  Eating sugars 

can cause an increase in cavities and 

gum disease. This is because bacteria 

in the mouth consume sugars present 

on the teeth and gums and produce 

acids, which eat away at these tissues.
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intake, and promote weight gain, which increases our risk for diabetes. High-fructose 

corn syrup in particular has negative effects on how we metabolize and store body 

fat; this can lead to us being more resistant to the normal actions of insulin and 

increase our risk for diabetes.18

There is also evidence linking sugar intake with obesity. For example, a recent sys-

tematic review of randomized controlled trials and observational studies found that 

reducing intake of sugars in adults results in weight loss and increasing intake of sug-

ars results in weight gain.19 This increase in weight is due to the excess Calorie intake 

and not due to the sugars per se. This same review found that children who consume 

one or more servings of sugar-sweetened beverages per day had a 1.55 times higher 

risk of being overweight than those children consuming none or very little.

We know that if you consume more energy than you expend, you will gain weight. 

It makes intuitive sense that people who consume extra energy from high-sugar foods 

are at risk for obesity, just like people who consume extra energy from fat or protein. 

In addition to the increased potential for obesity, another major concern about high-

sugar diets is that they tend to be low in nutrient density because the intake of high-

sugar foods tends to replace that of more nutritious foods. The relationship between 

added sugars and obesity is highly controversial and is discussed in more detail in the 

Nutrition Debate (page 136).

If you’re concerned about the amount of added sugars you consume, what can 

you do to cut down? See the Quick Tips feature for answers.

↑ Whole-grain foods provide more 

nutrients and fiber than foods made 

with enriched flour.

✔

✔

✔

Quick
Slashing Your Sugar 
Intake

✔

✔

✔

Do you get enough fiber-rich carbohydrate each day? Most people in the United States 

eat only about two servings of fruits or vegetables each day, and most don’t consistently 

choose whole-grain breads, pastas, and cereals. As explained earlier, fruits, vegetables, 

and whole-grain foods are rich in micronutrients and fiber. Whole-grains also have a 

lower glycemic index than refined carbohydrates; thus, they prompt a more gradual 

release of insulin and result in less severe fluctuations in both insulin and glucose.
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 defines the terms commonly used on nutrition labels for breads and 

cereals. Read the label for the bread you eat—does it list whole-wheat flour or just 

wheat flour? Although most labels for breads and cereals list wheat flour as the first 

ingredient, this term actually refers to enriched white flour, which is made when flour 

is processed. So check the ingredients label closely to make sure the first ingredient 

has the word “whole” in it. To gain a better understanding of the difference between a 

whole grain and processed grain products, it’s important to learn about what makes a 

whole grain whole, and how whole grains are processed to reduce their fiber content.

Grains are grasses that produce edible kernels. A kernel of grain is the seed of the 

grass. If you were to plant a kernel of barley, a blade of grass would soon shoot up. 

Kernels of different grains all share a similar design. As shown in , 

they consist of three parts:

 The outermost covering, called the bran, is very high in fiber and contains 

most of the grain’s vitamins and minerals.

 The endosperm is the grain’s midsection and contains most of the grain’s 

carbohydrates and protein.

 The germ sits deep in the base of the kernel, surrounded by the endosperm, 

and is rich in healthful fats and some vitamins.

Whole grains are kernels that retain all three of these parts.

The kernels of some grains also have a husk (hull): a thin, dry coat that is 

inedible. Removing the husk is always the first step in milling (grinding) these 

grains for human consumption.

People worldwide have milled grains for centuries, usually using heavy 

stones. A little milling removes only a small amount of the bran, leaving a 

crunchy grain suitable for cooked cereals. For example, cracked wheat and 

hulled barley retain much of the kernel’s bran. Whole-grain flours are produced 

when whole grains are ground and then recombined. Because these hearty 

flours retain a portion of the bran, endosperm, and germ, foods such as breads made 

with them are rich in fiber and a wide array of vitamins and minerals.

With the advent of modern technology, processes for milling grains became more 

sophisticated, with seeds being repeatedly ground and sifted into increasingly finer 

flours, retaining little or no bran and therefore little fiber and few vitamins and miner-

als. For instance, white wheat flour, which consists almost entirely of endosperm, is 

high in carbohydrate but retains only about 25% of the wheat’s fiber, vitamins, and 

minerals. In the United States, manufacturers of breads and other baked goods made 

with white flour are required by law to enrich their products with vitamins and min-

erals to replace some of those lost in processing.   are foods in which 

nutrients that were lost during processing have been added back, so the food meets 

TABLE 4.4 Terms Used to Describe Grains and Cereals on Nutrition Labels

Bran

Endosperm

Germ

↑ FIGURE 4.13  A whole grain 

 includes the bran, endosperm, and germ.

enriched foods Foods in which nutri-

ents that were lost during processing 

have been added back, so that the 

food meets a specified standard.
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Recognizing Carbohydrates on the Label
 

a.

× =

b.

÷ × =

Nutrition Facts
Serving Size: 1/2 cup dry (40g)

Servings Per Container: 13

Amount Per Serving

% Daily Value*

Calories 

   Calories from Fat 

INGREDIENTS: 100% Natural Whole Grain Rolled 

Oats.

Total Fat 3g

 Saturated Fat 0.5g

  Trans Fat 0g

  Polyunsaturated Fat 1g

  Monounsaturated Fat 1g

Cholesterol 0mg

Sodium 0mg

Total Carbohydrate 27g

Dietary Fiber 4g

Soluble Fiber 2g

Insoluble Fiber 2g

Sugars 1g

Protein 5g

5%

2%

0%

0%

9%

15%

(b)

150

25

Nutrition Facts
Serving Size: 3/4 cup (30g)

Servings Per Package: About 14

Amount Per Serving

Cereal With
1/2 Cup

Skim MilkCereal

% Daily Value**

Calories 

   Calories from Fat 

120

15

160

15

INGREDIENTS: Corn Flour, Sugar, Brown Sugar, 

Partially Hydrogenated Vegetable Oil (Soybean 

and Cottonseed), Oat Flour, Salt, Sodium 

Citrate (a flavoring agent), Flavor added 

[Natural & Artificial Flavor, Strawberry Juice 

Concentrate, Malic Acid (a flavoring agent)], 

Niacinamide (Niacin), Zinc Oxide, Reduced 

Iron, Red 40, Yellow 5, Red 3, Yellow 6, 

Pyridoxine Hydrochloride (Vitamin B6), 

Riboflavin (Vitamin B2), Thiamin Mononitrate 

(Vitamin B1), Folic Acid (Folate) and Blue 1.

Total Fat 1.5g*

 Saturated Fat 0g

  Trans Fat 0g

 Polyunsaturated Fat 0g

 Monounsaturated Fat 0.5g

Cholesterol 0mg

Sodium 220mg

Potassium 40mg

Total Carbohydrate 26g

Dietary Fiber 1g

Sugars 13g

Other Carbohydrate 12g

Protein 1g

2%

0%

2%

0%

1%

12%

7%

11%

3%

0%

9%

1%

9%

3%

(a)

↑ FIGURE 4.14  Labels for two breakfast cereals:  processed and sweetened cereal;  whole-grain cereal with no sugar added.
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fortified foods Foods in which nutri-

ents are added that did not originally 

exist in the food, or which existed in 

insignificant amounts.

a specified standard. However, enrichment replaces only a handful of nutrients and 

leaves the product low in fiber. Notice that the terms enriched and fortified are not syn-

onymous:  have nutrients added that did not originally exist in the food 

(or existed in insignificant amounts). For example, some breakfast cereals have been 

fortified with iron, a mineral that is not present in cereals naturally.

When choosing cereals, breads, and crackers and other baked goods, look for 

whole wheat, whole oats, or similar whole grains on the ingredient list. This ensures 

that the product contains the fiber and micronutrients that nature packed into the 

plant’s seed. Try the nearby Nutrition Label Activity to learn how to recognize vari-

ous carbohydrates on food labels.

How much fiber do we need? The Adequate Intake for fiber is 25 g per day for women 

and 38 g per day for men, or 14 g of fiber for every 1,000 kcal per day that a person eats.5 

Most people in the United States eat only 12 to 18 g of fiber each day, getting only half of 

the fiber they need. Although fiber supplements are available, it is best to get fiber from 

food because foods contain additional nutrients, such as vitamins and minerals.

It’s important to drink plenty of fluid as you increase your fiber intake because 

fiber binds with water to soften stools. Inadequate fluid intake with a high-fiber diet 

can actually result in hard, dry stools that are difficult to pass through the colon. At 

least eight 8-oz glasses of fluid each day are commonly recommended.

Can you eat too much fiber? Excessive fiber consumption can lead to problems 

such as intestinal gas, bloating, and constipation. Also, because fiber causes the body 

to eliminate more water in the feces, a very-high-fiber diet could result in dehydration. 

Fiber also binds many vitamins and minerals; thus, a diet with too much fiber can 

reduce our absorption of iron, zinc, calcium, and vitamin D. In children, some elderly, 

the chronically ill, and other at-risk populations, extreme fiber intake can even lead to 

 malnutrition—they feel full before they have eaten enough to provide adequate energy 

and nutrients. So, although some societies are accustomed to a very-high-fiber diet, most 

people in the United States find it difficult to tolerate more than 50 g of fiber per day.

Eating the amounts of whole grains, legumes and other vegetables, fruits, and 

nuts recommended in the USDA Food Guide will ensure that you eat enough fiber. 

 shows some common foods and their fiber content. You can use this 

information to design a diet that includes adequate fiber.

To help you eat right all day, see the menu choices high in fiber. Each of these choices 

is also packed with vitamins, minerals, and phytochemicals. For instance, a sweet potato 

is loaded with beta-carotene, a phytochemical the body converts to  vitamin A.

See the Quick Tips feature (p. 133) for suggestions on selecting carbohydrate 

sources rich in fiber.

   To see a vast menu of high-fiber 

choices for each meal of the day, and find out 

how much fiber the foods you eat provide, 

visit the Fiber-o-Meter at . 

Enter “fiber-o-meter” into the search bar to 

get to the page with a direct link.

ead of fr



132 |

Fiber content (grams)
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Strawberries, fresh – 1 cup

Banana – 1 medium

White bread – 1 slice

Whole-wheat bread – 1 slice

Pumpernickel bread – 1 slice

Lettuce, iceberg – 1 cup

Asparagus, cooked – 6 spears

Black beans, cooked – ½ cup

Navy beans, cooked – ½ cup

Pear – 1 medium with skin

Blackberries – 1 cup

Oatmeal, instant – 1 packet 

Broccoli, cooked – 1 cup

Corn, canned – 1 cup

Lentils, cooked – ½ cup

Kidney beans, cooked – ½ cup

↑ FIGURE 4.15  Fiber content of common foods. Note: The Adequate Intake for fiber is 25 g per day for women  

and 38 g per day for men.
Data from: U.S. Department of Agriculture, Agricultural Research Service. 2012. USDA National Nutrient Database for Standard Reference, Release 25. Nutrient Data Laboratory Home Page.

What’s 
Most of us love sweets but want to avoid the extra Calories and tooth decay that go 

along with them. Remember that all carbohydrates, whether simple or complex, con-

tain 4 kcal of energy per gram. Because sweeteners such as sucrose, fructose, honey, 

and brown sugar contribute energy, they are called .

Other nutritive sweeteners include the sugar alcohols such as mannitol, sorbitol, 

isomalt, and xylitol. Popular in sugar-free gums, mints, and diabetic candies, sugar 

alcohols are less sweet than sucrose. Foods with sugar alcohols have health benefits 

that foods made with sugars do not have, such as a reduced glycemic response and 

decreased risk of dental caries. Also, because sugar alcohols are absorbed slowly 

and incompletely from the intestine, they provide less energy than sugar, usually 2 to 

3 kcal of energy per gram. However, because they are not completely absorbed from 

the intestine, they can attract water into the large intestine and cause diarrhea.

A number of other products have been developed to sweeten foods without pro-

moting tooth decay and weight gain. Because these products provide little or no 

energy, they are called , or alternative, 

nutritive sweeteners Sweeteners, 

such as sucrose, fructose, honey, and 

brown sugar, that contribute Calories 

(energy).

non-nutritive sweeteners Manu-

factured sweeteners that provide little 

or no energy; also called alternative 
sweeteners.
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✔
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Research has shown alternative sweeteners to be safe for adults, children, and indi-

viduals with diabetes. Women who are pregnant should discuss the use of alternative 

sweeteners with their healthcare provider. In general, it appears safe for pregnant 

women to consume alternative sweeteners in amounts within the Food and Drug 

 Administration (FDA) guidelines.20 These amounts, known as the 

, are estimates of the amount of a sweetener that someone can consume 

each day over a lifetime without adverse effects. The estimates are based on stud-

ies conducted on laboratory animals, and they include a 100-fold safety factor. It is 

important to emphasize that actual intake by humans is typically well below the ADI.

Discovered in the late 1800s, saccharin is about 300 times sweeter than sucrose. 

 Concerns arose in the 1970s that saccharin could cause cancer; however, more than  

20 years of subsequent research failed to link saccharin to cancer in humans. Based on 

this evidence, in May 2000 the National Toxicology Program of the U.S. government 

removed saccharin from its list of products that may cause cancer. No ADI has been 

set for saccharin, and it is used in foods and beverages and as a tabletop sweetener.  

It is sold as Sweet n’ Low (also known as “the pink packet”) in the United States.

Acesulfame-K (acesulfame potassium) is marketed under the names Sunette and 

Sweet One. It is a Calorie-free sweetener that is 200 times sweeter than sugar. It is 

used to sweeten gums, candies, beverages, instant tea, coffee, gelatins, and puddings. 

The taste of acesulfame-K does not change when it is heated, so it can be used in 

cooking. The body does not metabolize acesulfame-K, so it is excreted unchanged 

by the kidneys. The ADI for acesulfame-K is 15 mg per kg body weight per day. For 

example, the ADI in an adult weighing 150 pounds (or 68 kg) would be 1,020 mg.

Acceptable Daily Intake (ADI) An 

FDA estimate of the amount of a non-

nutritive sweetener that someone can 

consume each day over a lifetime with-

out adverse effects.
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Aspartame, also called Equal (“the blue packet”) and NutraSweet, is one of the most 

popular alternative sweeteners currently in use. Aspartame is composed of two amino 

acids: phenylalanine and aspartic acid. When these amino acids are separate, one is 

bitter and the other has no flavor—but joined together, they make a substance that 

is 180 times sweeter than sucrose. Although aspartame contains 4 kcal of energy per 

gram, it is so sweet that only small amounts are used, thus it ends up contributing lit-

tle or no energy. Heat destroys the bonds that bind the two amino acids in aspartame. 

Thus, it cannot be used in cooking because it loses its sweetness.

Although there are numerous claims that aspartame causes headaches and dizzi-

ness, and can increase a person’s risk for cancer and nerve disorders, studies do not 

support these claims.21 A significant amount of research has been done to test the 

safety of aspartame.

The ADI for aspartame is 50 mg per kg body weight per day. For an adult weigh-

ing 150 pounds (or 68 kg), the ADI would be 3,400 mg.  shows how many 

servings of aspartame-sweetened foods would have to be consumed to exceed the 

ADI. Because the ADI is a very conservative estimate, it would be difficult for adults 

or children to exceed this amount of aspartame intake. However, drinks sweetened 

with aspartame, which are extremely popular among children and teenagers, are very 

low in nutritional value. They should not replace more healthful beverages such as 

milk, water, and 100% fruit juice.

There are some people who should not consume aspartame at all: those with the 

disease phenylketonuria (PKU). This is a genetic disorder that prevents the breakdown 

of the amino acid phenylalanine. Because the person with PKU cannot metabolize phe-

nylalanine, it builds up to toxic levels in the tissues of the body and causes irreversible 

brain damage. In the United States, all newborn babies are tested for PKU; those who 

have it are placed on a phenylalanine-limited diet. Some foods that are common sources 

of protein and other nutrients for many growing children, such as meats and milk, con-

tain phenylalanine. Thus, it is critical that children with PKU not waste what little phe-

nylalanine they can consume on nutrient-poor products sweetened with aspartame.

Sucralose is marketed under the brand name Splenda and is known as “the yellow 

packet.” It is made from sucrose, but chlorine atoms are substituted for the hydro-

gen and oxygen normally found in sucrose, and it passes through the digestive tract 

unchanged, without contributing any energy. It is 600 times sweeter than sucrose and is 

stable when heated, so it can be used in cooking. It has been approved for use in many 

foods, including chewing gum, salad dressings, beverages, gelatin and pudding prod-

ucts, canned fruits, frozen dairy desserts, and baked goods. Studies have shown sucra-

lose to be safe. The ADI for sucralose is 5 mg per kg body weight per day. For example, 

the ADI of sucralose in an adult weighing 150 pounds (or 68 kg) would be 340 mg.

Neotame is an alternative sweetener that is 7,000 times sweeter than sugar. Manufac-

turers use it to sweeten a variety of products, such as beverages, dairy products, fro-

zen desserts, and chewing gums.

Stevia was approved as an alternative sweetener by 

the FDA in 2008. It is produced from a purified extract 

of the stevia plant, native to South America. Stevia is 

200 times sweeter than sugar. It is currently used com-

mercially to sweeten beverages and is available in powder 

and liquid for tabletop use. Stevia is also called Rebiana, 

Reb-A, Truvia, and Purevia.

Remember that to prevent weight gain, you need to bal-

ance the total number of Calories you consume against 

TABLE 4.5  Foods and Beverages That a Child and an 
Adult Would Have to Consume Daily to 
Exceed the ADI for Aspartame

↑ Contrary to media reports claim-

ing severe health consequences 

related to the consumption of 

alternative sweeteners, major health 

agencies have determined that these 

 products are safe for us to consume.
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the number you expend. If you’re expending an average of 2,000 kcal a day and you 

consume about 2,000 kcal per day, then you’ll neither gain nor lose weight. But if, in 

addition to your normal diet, you regularly indulge in “treats,” you’re bound to gain 

weight, whether they are sugar free or not. Consider the Calorie count of these artifi-

cially sweetened foods:

 One cup of nonfat chocolate frozen yogurt with artificial sweetener = 199 Calories

 One sugar-free chocolate cookie = 100 Calories

 One serving of no-sugar-added hot cocoa = 55 Calories

Does the number of Calories in these foods surprise you? Remember, sugar-free 
doesn’t mean Calorie-free. Make it a habit to check the Nutrition Facts panel to find 

out how much energy is really in your food!

nutri-   |  

I fI f

*  . . . getting started!
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insulin release could increase 

energy intake. In addition, fructose 

enters body cells via a transport 

protein not present in brain cells; 

thus, unlike glucose, fructose can-

not enter brain cells and stimulate 

satiety signals. If we don’t feel full, 

we are likely to continue eating or 

drinking.

The growing evidence link-

ing the consumption of sugar- 

sweetened beverages with 

 overweight and obesity in children 

has led to dramatic changes in soft 

drink availability in schools and at 

school-sponsored events. In 2006, 

the soft drink industry agreed to 

a voluntary ban on sales of all 

sweetened soft drinks in elementary and high schools. 

Despite these positive changes, there is still ample avail-

ability of foods and beverages containing added sugars in 

the marketplace.

Although the evidence pinpointing added sugars and 

HFCS as major contributors to the obesity epidemic may 

appear strong, other nutrition professionals disagree. It 

has been proposed that soft drinks would have contrib-

uted to the obesity epidemic whether the sweetener was 

sucrose or fructose, and that their contribution to obesity 

is due to increased consumption as a result of advertising, 

increases in serving sizes, and virtually unlimited access 

to soft drinks.23 It is possible that the obesity epidemic 

has resulted from increased consumption of energy (from 

sweetened soft drinks and other high-energy foods) and 

a reduction in physical activity levels, and added sugars 

themselves are not to blame.

This issue is extremely complex, and more research 

needs to be done in humans before we can fully under-

stand how added sugars contribute to our diet and our 

health.

Over the past 30 years, obesity 

rates have increased dramatically 

for adults and children. Obesity 

has become public health enemy 

number one because many chronic 

diseases, such as type 2 diabetes, 

heart disease, high blood pressure, 

and arthritis, go hand in hand with 

obesity.

Genetics cannot be held solely 

responsible for the rapid rise in 

obesity that has occurred. Our 

genetic makeup takes thousands 

of years to change; humans who 

lived 100 years ago had essentially 

the same genetic makeup as we 

do. We need to look at the effect of 

our lifestyle changes over the same 

period.

One lifestyle factor that has come to the forefront of 

nutrition research is the contribution of added sugars to 

overweight and obesity. Consuming more energy than we 

expend causes weight gain. Consuming higher amounts 

of added sugars is a factor in weight gain for many people 

because they do not compensate for these increased Calo-

ries by increasing their energy expenditure through exer-

cise or by reducing their energy intake from other foods.

The role of sugar-sweetened beverages in increasing 

our risk for obesity has received a great deal of atten-

tion in recent years. These beverages include soft drinks, 

fruit drinks, energy drinks, and vitamin water drinks. It is 

estimated that U.S. children’s intake of sugar-sweetened 

 beverages has increased threefold since the late 1970s, 

with approximately 10% of children’s energy intake com-

ing from these beverages.19

High-fructose corn syrup (HFCS), in particular, has 

garnered a great deal of attention because researchers 

have emphasized that HFCS is the sole caloric sweetener 

in sugared soft drinks and represents more than 40% of 

caloric sweeteners added to other foods and beverages 

in the United States.22 These researchers have linked the 

increased use and consumption of HFCS with the rising 

rates of obesity since the 1970s, when HFCS first appeared. 

HFCS is made by converting the starch in corn to glucose 

and then converting some of the glucose to fructose, which 

is sweeter. Unfortunately, fructose is metabolized differ-

ently than glucose because it is absorbed farther down 

in the small intestine, and, unlike glucose, it does not 

stimulate insulin release from the pancreas. Because insu-

lin inhibits food intake in people, this failure to stimulate 

Are Added Sugars the Cause  
of the Obesity Epidemic?
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chapter 
yourself  |  

False.

False.

True.

Glucose, fructose, and galactose are

a. monosaccharides.

b. disaccharides.

c. polysaccharides.

d. complex carbohydrates.

Which of the following statements about carbohydrates  

is true?

a. Carbohydrates are our main energy source during light 

activity and while we are at rest.

b. Simple carbohydrates are higher in energy (kcals per 

gram) than complex carbohydrates.

c. Excessive intake of carbohydrates can lead to 

ketoacidosis.

d. Consuming a diet high in fiber-rich carbohydrates may 

reduce the level of cholesterol in the blood.

Glucose not immediately needed by the body

a. is converted to cholesterol and stored in abdominal fat.

b. is converted to glycogen and stored in the liver and 

muscles.

c. passes into the large intestine and is fermented by 

bacteria.

d. All of the above are possible fates of excess glucose.

The glycemic index rates

a. the acceptable amount of alternative sweeteners to 

consume in 1 day.

b. the potential of foods to raise blood glucose and insu-

lin levels.

c. the risk of a given food for causing diabetes.

d. the ratio of soluble to insoluble fiber in a complex 

carbohydrate.

The Institute of Medicine recommends that adults 

consume

a. up to 14 grams of fiber a day.

b. at least 25% of our daily energy intake as added 

sugars.

c. up to 65% of our daily energy intake as carbohydrate.

d. at least half of all grains as whole grains.

The most common source of added sugar in the American 

diet is

a. table sugar.

b. white flour.

c. alcohol.

d. sweetened soft drinks.
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Answers to Review Questions and Math Review are located at the back of this text and in the MasteringNutrition Study Area.

Simon is trying to determine the minimum amount of carbo-

hydrate he should consume in his diet to meet the AMDR for 

health. His total energy intake needed to maintain his cur-

rent weight is 3,500 kcal per day. How many a) kcal, and b) 

grams, of carbohydrate should Simon consume each day?

www.foodinsight.org
Food Insight—International Food Information Council 

Foundation

Search this site to find out more about sugars and low-Calorie 

sweeteners.

www.ada.org
American Dental Association

Go to this site to learn more about tooth decay as well as other 

oral health topics.

www.nidcr.nih.gov
National Institute of Dental and Craniofacial Research

Find out more about recent oral and dental health discoveries, 

and obtain statistics and data on the status of dental health in 

the United States.

www.caloriecontrol.org
Calorie Control Council

This site provides information about reducing energy and fat 

in the diet, achieving and maintaining a healthy weight, and 

eating various low-Calorie, reduced-fat foods and beverages.

Which of the following is a reliable source of fiber-rich 

carbohydrate?

a. wheat bread

b. unbleached flour

c. whole-oat cereal

d. enriched grains

Aspartame should not be consumed by people who have

a. phenylketonuria.

b. type 1 diabetes.

c. lactose intolerance.

d. diverticulosis.

 True or false? In the process of photosynthesis, plants 

produce carbohydrate and store it as fiber.

 True or false? Both insulin and glucagon are pancreatic 

hormones.


