Identify in order the parts of
the alimentary canal.
Describe the processes that
take place in each part of the
digestive tracl.

 Fxplain the function of
enzymes in digestion.

> Describe the roles of

accessory organs in digestion.

Fxplain how nutrients are
absorbed,

Terms to Ben

= aglimentary canal
= bile

= cardiac sphincter
= digestion

= epiglottis

= gsophagus

s mastication

= pancreatic juice
= peristaisis

= pyloric sphincter
 saliva

ith every bite of food you take,

ar amazing process Dbegins.

Most of the time, you're not aven
aware of what's happening.

Rody cells are incredibly smali. Nu-
trients, to enter and nourish cells, must be smaller still
Getting nutrients to the cells is the task of the digestive sys-
tem. This systerm unlocks nutrients, makes them available to
body cells, and even cleans up the leftovers. Start to finish,
the system works on a food for 12 to 48 hours, depending on
the food’s makeup and the final destination for each of its
parts.

Digestion of Nutrients

Digestion is the chemical and mechawical process of
breaking down food o velease nulrients a form your
body can absorb for use. Through digestion, nuirients are
made available 1o supply you with energy. Figure 13-1 on
page 194 shows the digestive system in the body.

Digestion occurs in the alimentary canal commonly
called the digestive tract, The canal Is abouf eight melers of
tubing. Coiled and winding, most of it fits within the rib cage.
Various sections have different shapes and perform different
funetions. The tract doesn't work alone, but is helped by ac-
cessory organs, which produce substances to aid the diges-
{ive process.

Digestion in the E%%@atﬁ’é-\;

Digestion beging with the mechanical step of breaking down
food into small pieces. Mastication, or chewing, not only
grinds food for easier swallowing but also creates more food
surface area for the chemical reactions that are already start-
ing to take place. As you chew, lquids released by the mucous
rembranes and glands under the tongue soften the food. Your
tongue helps push the food along on its way to the next stage
of digestion.




Figere 13-1

The digestive system begins in the mouth
and proceeds o the stomach and then the
small and large intestines. How is food
progress controlled along the way?

At the back of the fongue is a
most portant structure, the
epiglottis (e-puh-GLAH-tus).
This thin, elastic flap at the
root of the longue shields the
windpipe when you swallow
and prevents food and waler
from entering. You can inter-
fere with this reflex if you talk
or laugh while swallowing and
misdirect food “down thewrong

Action of Saliva
Many chemical processes com-

secreted are controlled by your
automatic nervous system. Most

pipe.” Liver

Galihladder

plement the mechanical actions Pyloric Pancreatic
in the mouth. These processes sphincter duct
are aided by enzymes, proteins .
that control chemical activity Bile duct
in living organisms. {You'll dis- Small
cover more aboul enzymes in intestine
Chapter 19.)

Salivary glands in the mouth
start the chemical processes by
secreting saliva, o muixiure of é_rgt?sﬁcine
water, mucus, salls, and the {coton)
digestive enzyme amylase.
The amount and type of saliva Rectum

The Digestive System

Salivary giands

Mouth

Epiglottis

{to lungs)

Esophagus

Cardiac sphincter

Stomach

Pancreas

Anus

people produce about one to 1.5

Iiters of saliva every day.

A vital component of the digestive process,
saliva performs the following functions:

e Adds water and salt to foods. This combina-
tion helps to dissolve and compress food,
making it easier to swallow.

e Lubricates and binds food so it slides easily
into the stormach.

e Helps protect and cleanse the feeth and
mouth ning.

¢ Provides a slight alkaline, buffering effect.
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Saliva also begins the digestion of carbohy-
drates, or starch, in the food. The amylase in
saliva reacts with the carbohydrates, breaking
them down info simpler sugars. Among these
sugars is mallose, which tastes something like
malted milk. If vou slowly chew a soda cracker
or a piece of bread, holding it in your mouth as
it disintegrates, vou begin to taste the subtle
sweetness of maltose.




Nutrient Digestion

Mutrient Mouth Stomach

Small intestine Large intestine

Water

Carbohydrates

Proteins

Fats e Breakdown DY 8NZYMEs s
-« Emulsified by bile -
- Most absorbed —-

Flgure 13-2

in this chart, you can trace whet
happens to each nutrient during
the digestive process.

Yitamins

Minerais

DYietary fiber
Inon-nutiitive)

In the mouth, chemical action occurs only
on carbohydrates. Fats and proteins are dealt
with at other points in the digestive process. All

three of these are energy-producing nutrients,
Vitamins and minerals—the energy releasers—
and water don't need to be digested. The body
uses those nutrients just as they are. You can
see what happens to each of the nuirients in
Figure 13-2. S

Food in the Esophagus

Swallowing food starts the jowrney dovm the
esophagus. Your esophagus (ih-SAH-fuh-gus)
is the tube-like passage connecling the
mouth to the stomach. It is the least complex
section of the digestive tract, yet noteworthy in
" its way. The esophagus is repeatedly exposed
to all kinds of abrasive substances—rough,
tough, and acid foods. It is protected, however,
by a membrane lining that secretes mucus.

Figurs 13-3

During peristalsis, the muscles pull in two direc-
tions. They contract and refax around the diamater
of the esephagus, They also contract and refax
along the length of the esophagus,

Even the acid in fresh tomato salsa and the
rough edge of a tortilla chip that wasn’t chewed

well pass harmlessly.

As food descends your esophagus to your
stomach, it’s broken down into finer particles
through pevistalsis (PEHR-uh-STAHL-sus),
waves of muscular contractions. Strong mus-
cles that line the entire digestive tract accom-
plish peristalsis. These muscles continuously
churn and push food along the tract, as shown
in Figure 13-3.

Peristalsis

Esophagus

 Stomach

Chagler 13
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Figure 13-4
Food enters the stomach through the car-
diac sphincter, where i churns around and-
turns to chyme. The pyloric sphincter
stowly reteases the chyme into the small
intestine,

The esophagus ends With
a ving-like, muscuiar volve
called the cardiae sphincter
(SFINK-tur). Peristalsis pushes
food through this valve into the
stomach. The cardiac sphincter
then coniracts again to keep
foad from rising back into the
esophagus.

Entry o /

small intestine

Digestion in the Stomatch

Esophagus

Pyloric
sphincter

Cardiac
sphincter

Chyme production
in the stomach

Digestion in the Stomach

'The stomach, shown in Figure 1%-4, is basi-
cally a pouch, an enlarged section of the diges-
tive tract. In shape it resembles a sweet potato.
In size it varies with its human owner. A full
stomach can stretch to hold between two and
four liters of food, but one liter is the average,
more comfortable fit.

The stomach secretes gastric fluld, some-
times called gastric or digestive juices. This
water-based fluld contains four main sub-
stances that begin the next stage of digestion:
the breakdown of proteins and fats.
¢ Hydrochloric acid. Protein digestion re-

quires a high-acid envirorament. Hydrochioric

acid creates such a condition. Due to this
acid, gastric fiuid has a pH of 2 or below. This

Jow pH not only allows the breakdown of pro-

teing bub also prevents harmful bacterial

growth in the storaach.
e Enzymes. Yarious enzymes begin the diges-
tion of proteins and fats. Two of these are

Stregs can cause people to have indigestion.
Eating siowly withoul overeating may help.

stress management can too, What fochnigues

are good for relieving stress?

Unit 4 The Science of Hutrition

pepsin and rennin. Acting with the acid en-
vironment, these enzymes break down com-
plex proteins Into smaller ones. Another
enzyime, gastric lipase, starts fat digestion.
The amylase, which began digesting
starches in the mouth, continues its work in
the stomach. :

Gastrin. Gastrin is a protein made by the
body. It controls acid secretion.




Figure 13-8

The liver, galibladder, and pancreas all
assist the digestive process. What functions
 do they serve?

Gallbladder

e Mucus. The stomach
lining protects itself by
releasing a coat of
heavy, bicarbonate-rich
mucus. This is why

Dueodenum

Bile duct

Organs that Assist Digestion

Biaphragm

Stomach

Pancreas

Pancreatic
duct

Small
intestine

your stomach isn't di-
gested by its own acid and enzymes.
The time a food stays in the stomach depends

on its nutrients. Some nutrients take longer than

‘others to break down. Carbohydrates may be in
and out in one to two hours, Proteins, which are
more complex, take three to five hours. Fats are
a bigger task for enzymes; they take up to seven
hours to break down, .

Leaving the stomach, the meal you ate 1s no

longer recognizable. It has been churned into a
thick fluid called chyme (KIME). Chyme passes
through the pyloric sphineter (pie-LOHR-K),
a crrculay muscle that controls the food’s vate
of movement from the stomach to the small
intestine. The pyloric sphincter releases food a
lgtle at a time. This leisurely pace helps ensure
the best possible absorption of nutrients in the
sraall intestine.

Digestion in the Small Intestine

* The srnall intestine is the longest section of the
alimentary canal. Straightened ouf, it would

- stretch about six meters, roughly the length of
your classroom. In diameter, however, it would
probably fit through a circle made by your
thumb and forefinger. It's a narrow 3.75 cm
across. This is why food must be mostly lique-
fied before leaving the stomach.

Spurred by many complex chemical reac-

" tions, the process of nutrient digestion swings

mto high gear in the small intestine.

Bife and Pancreatic Juice

Digestion in the small intestine gets an assist
from three accessory organs, the liver, the gall
bladder, and the pancreas (PAN-kree-us). You
can see these in Figure 13-5. The liver pro-
duces bile, ¢ greenish liguid that helps fut.
iz with the water in the intestine. By creat-
ing this water-fat emulsion, bile helps the body
digest and absorb fats.

Bile is stored in the gall bladder until
needed. The body continually monitors the
arnount of fat in the small intestine. It signals
the gall bladder to release the needed guantity-
of emulsifying bile, which enters the small in-
testine through the bile duct. .

Meanwhile, the pancreas secretes pancre-
atie juice (pan-kree-A-tik}), an enzyme-rich
Jludd that continues to reduce food to smaller
molecules, (There are, in fact, thousands of en-
zymes at work in the digestive process.) The
pancreas also releases bicarbonate in precise
amounts to néutralize the strong, acidic fluids
carried from the stomach.
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Iavorist Catherine McCloud sees HEY SBiCIELS
her job as creating complicated s Attention to detail

recipes. “A single flavor may take ¢ Creative thinking
dozens of substances, Banana flavor- = Math
ing, for instance, has 200 ingredients,” = Qrganization

]

she says. “Isolating and blending natu- Critical thinking
ral flavors or ereating new ones is al- * Keen sense of taste
most like doing nature one better, If an and smell

enzyme in 2 food contributes te its
taste, we have to figure out how to
recreate that effect in another food.
Some people frown on artifi-
cial flavors, but [ see the
positives. For one
thing, they make
foods more afford-
able., And with those
butter-flavered
sprinkies for veg-
etables and pop-

: eorn, the mouth geis
the taste and fee] of

i fat, but the body han-

: dies them like protein,
Lol That cuts calories.”

sales background could lead to
the position of vice-president
of ingredient sales,

Life on the Job: Flavoriste
identify the chemical com-
pounds in flavors and then
plan and conduct experi-
menis. Likely employers
include biotechnology
and pharmaceutical firms
and government agencies,
A flavorist often works
with a team.

Hduration Needed: Flavorisis need &
bachelor’s degree in chemistry or
food science. A grounding in or-
ganic chemistry and coursework
f ' in nevroscience are useful for
;I understanding how the brain
decodes sensory responses to
food. Flavor chemists who
have a Ph.D. can work in food 1. Mow would vou fearn what fastes and
technology research. An ad- flavors are popular in the country?
vanced degree combined with a K 2. What faci:@rts besides taste would Yo
weigh in reworking a recipe?

our Chiallenge

Suppose vou werk for 2 restaurant chain
that wants to lecate in a countery known
for sploy culsing. As a flaverisi, you are
ashed to develop menu Hems that wil
appeal to this new markst,
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Absorption of Nutrients

Breaking food down into ifs basic components
is only half the job of digestion. Through ah-
gorption, nutrients are made available to nour-
ish the body cells for thelr many vital functions.

Absorptien in the Small Intestine

Nutrients need no special ducts or tubes to
carry them from the digestive tract to the rest
of the body, By this time they are mere mole-
cules, passing through the thin, intestinal walls.

The Ining of the small intestine is specially
fashioned to create the greatest possible sur-
face area for nutrient absorption—an area

Flgure 1576
The lining of the small intestine absorbs nutrients, How is the
lining equipped for that purpose?

Enlargement of Intestinal Wall

Stomach

Small
intestine

Villi
Folds in
lining of
small intestine

WMuscles o

in wall

equal to that of a tennis court, in fact. First, it is
pleated into numerous folds, Bach of these
folds is lined with tiny, finger-like projections
called villd. You can see them in Figare 13-6.
The villi, in turn, are covered with more projec-
tions called widcrovills. Each microvillus is
specifically designed to aid the absorption of
one particular nutrient, Microvilli designated as
absorbers for a certain sugar will not absorb a
protein, or even another sugar.

As with digestion, foods are absorbed in a
set order, the same order in which they are bro-
ken down. Shimple sugars, which begin {o be di-
gested in the mouth, are absorbed earlier, hugh
in the small intestine. Proteins are absorbed
further along and lower in the small intestine.
Fats are absorbed last,

Onee nuirient molecules flow through the
intestinal wall, they are transported to the rest
of the cells by two systems. The lymphatic
(lim-FA-tik} system carries off most of the di-
gested fat molecules and the fat-soluble vita-
mins. Later it *hands off” these nutrients to the
circulatory system {the bloodstrearn}, which
has already picked up proteins, carbohydrates,
water-soluble vitamins, and minerals.

Normally, by the time food reaches the end
of the small intestine, mostly water, dissolved
minerals, and indigestible fiber remain. These
substances are dealt with in the last section of
the alimentary canal, the large intestine.

Absorption in the Large intesting

Fven with most of the work of digestion com-
plete, the large intestine still has a few impor-
tant tasks to carry out. The large miesiine
includes two parts, the colon and the rectum.
These segments rake up the final 1.5 m of the
digestive tract and perform the following three
major functions:
® Bacterial action. Bacteria that live in the
colon complete the breakdown of any carbo-
hydrates that were not digested earlier by
enzymes. These bacteria also break down
indigestible f{iber into simpler compounds.
In addition, they synthesize vitamin K and
certain B vitamins, creating those nutrients
from other, existing chemicals.
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Fabulous Fiber

weight to the old advice.

that some foods contain,

that regulates blood sugar levels.

pect from choosing thern more often?

&nuonana‘ovoealoanoag'antoﬂnnvovhhraennobtnlovawbbnnnlla»vuaaoanuﬁovaloﬂnnq-nﬂe

@ Water recovery. Water has played a major
role in digestion. It has helped break down
foods and transport nutrients through the
digestive tract and beyond. From the large
intestine, much of this water is reabsorbed
by the body, along with such mineral salts as
sodium and potassitm.

e Collection of waste. Some parts of foods
that cannot be used or digested are stored
until elimination from the body.

Onece the nutrients have been released into
vour body, what does your body do with them?
How is energy exiracted from the breakfast you
ate so that you have what your body needs to
work efficiently? That story is detailed in the
next chapter on metabolism.

Unit 4 The Science of Nutrition

For years, people have been urged to get
enough fiber in the diet. Newer research adds

People have long known that fiber absorbs
water, easing foods through the digestive tract.
Some studies indicate that this effect may help
prevent colon cancer. By moving food quickly
through the body, fiber may limit your expo-
sure to potential cancer-causing substances

Other research suggests that fiber may

lower blood cholestero! levels slightly and help
stabilize the production of insulin, a substance

© i Applying Your Knowledge

1. From the examples of high-fiber foods given here, what nuiritional benefits would you ex-
2. Why do you think fiber consumption is relatively low in the United States?

sanureaiuoseenoanuuauavxoue&ns:n-OusoﬂagnxdnBan;nnasevuuaévxsooavaanoanuunotasoeuaqnﬂkaﬂen&nonenuvuqnnsauavuaueoaoax

Both the American
Dietetic Association and the
National Cancer Institute urge a daily intake of
about 30 grams of fiber.

With so many varled sgources, getting
enough fiber is fairly easy. One cup of cooked
Kidney beans or lentils provides about 10 grams
of fiber; a cup of cooked spinach or broceol
adds five more. In general, you can add fiber by
eating fruits and vegetables and choosing
whole grain products over refined ones
Remember to increase fluids as you mcrease
fiber.

ﬂnuaaxtnnnqnnoﬁaonnmvamsaeoc»nnun4naovoanmya«aano«nbuoo&nqoﬂvuooqpankaveanvﬁﬁ

By choosing a variety of foods that are high in fiber, you hielp
ensure the healih of your digestive system. What are some
fpods that are high In fiber?




SAFETY FIRS'{
Review these sefety qmdetmes befcre yeu begm th;s expaﬂment

%igestion starts in the mouth. As teeth grind the food, an
enzyme in saliva begins the digestion of starch, Other
enzymes repeat the process throughout the digestive

& ae g

process, In this experiment, you'll see how starch in food
reacts with the safivary enzyme,

f@@uég&meﬁ% and Materials
5 test tubes dropper
1 g of polato starch water bath

-

thermomeler
tincture of iodine

N

test tube rack balance

massing paper

S

Brocedure

1. Label five fest tubes A through £,

2. Intest tube A, place 1 g of potato starch. Add 15 mb of
water. Gently Hick the test tube 1o mix,

3. With a dropper, remove a sample of the water-starch
mixture from test tube A, Mace 20 drops of mixture in
test tube B, Add 2 drops of tincture of lodine. Flick
tube gently to mix.

. Record the color of the mixture in each test tube, -

. Heat a water hath until the thermometer registers
379,

. While the water bath is heating, add approvimately
cm of safiva to test tube A, Flick the tube to mix. Then
place in the water bath.

. When test tube A has beern in the water bath for 5 min-
utes, remove a sample of the starch-safiva mixture with
a dropper. Place 10 drops of the mixture in test tube C.
Add 1 drop of tincture of jodine, Gently flick the tube fo
mix. Then record the color of the mixture.

SAMPLE DATA TABLE

Mixture

Tost tube A: starch-waler

Test tube B; water-starch-iodine
Test tube C: starch-saliva (5 mins.)
Test tube D: starch-saliva {10 mins.}
- Test tube £: starch-sativa (15 mins.)

M

. When test fube A has been in the water bath for 10
minutes, remove another sample of the starch-saliva
with a dropper, Place 10 drops in test tube D. Add
drap of tincture of fodine and flick tube fo mix. Record
the color of the mixture,

. When test tube A has been in the water bath for 15
minutes, remove a final sample of the starch-saliva
mixture with a medicine dropper, Place 10 drops in
test tube £. Add 1 drop of tincture of lodine and flick
the test tube to mix. Record the color of the mixture.

. What color Is the mixfure when starch is present?

. Was starch present in all the samples tested? if not,
when did it disappear?

. How do you think heat affects enzyme action? How is
heat a factor in digestion?

J
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Chapter Summary

e Digestion is the process by which nutrients
are made available for the body to use.

s Food is broken down by both mechanical
and chemical means, especially by the work
of enzymes,

e Digestion begins in the mouth.

» Peristalsis moves food through the esopha-
gus to the stomach.

¢ The major breakdown of food into nutrients
begins in the stomach.

¢ Most food is thoroughly digested and ab-
sorbed in the small intestine.

e The large intestine completes the digestive
process.

Using Your Knowledge
1. Describe the mechanical process that be-
gins digestion.
How does saliva aid in digestion?
. Are gl nutrients digested? Explain,
Why is the esophagus relatively sturdy?
. What special function do the muscles of the
esophagus perform?

&, A friend is alarmed to learn that the stom-
ach contains hydrochloric acid. How do vou
respond?

. Name two enzymes and explain their role
in digestion.

8. How long does a food remain in the diges-
tive tract? What factors determine the
length of s stay?

2. In what chemical reaction is bile involved?
Why is this reaction tmportant Lo digestion?

0. How are nufrients absorbed and trans-
poried from the small intestine?

1. Should you be concerned about hacterial
growlh in the colon? Why or why not?

Unit & The Science of Nutrition

Do Antacids Spell Rellef?

Antacids were originally marketed as an antidote o
the acid or burning sensation of heartburn or indiges:
tion, The active ingredient in these products is calcium
tarbonate, which neutralizes acids, thus offering soms
relief, Package labels strictly limil how much of the
product shouid be taken over  period of time,
However, some consumers may take excessive doses
to make sure they meet their calcium allowance.

1. How might overreliance or grolonged use of
antacids make them less effective?
2. For what other reasons might manufacturers

warn against overusing antacids?

-




Skiti-Building Activities

1. Yoeabudary, Create a word puzzle that uses

most or all of the “Terms to Remember”
Exchange puzzles with a classmate,
Communicatien. Prepare a short presentation
{0 teach third-graders about the digestive
process. Include diagrams or other visual aids
and comparisons to help make concepts
clearer to your audience.

Social Studies. Using the Internet, explore
the impact of Ifestyle factors on digestive
system diseases. How do eating habits, to-
bacco nse, and aleohol use relate Lo various
uleers and cancers? If possible, compare i1-
ness rates among culfures with different
lifestyles. What conclusions do these find-
ings suggest?

. Bezearch, Pind information on screening
methods that provide early detection of
colon cancer, Wrile a report on the screen-
- ing methods used. .
Demonstration, Plan a short demonstration
for the class that visually depicts measure-
ments reentioned in the chapter. nclude the
length of the digestive tract, average daily
saliva production, and stomach capacity.
Critical Thinking. Suppose a friend complains
about continual stomach discomforts. You
know that the friend has been having prob-
lems at home, What would you suggest?

Taking
Medication

Medicatiam that are taken by mouth can
affect the digestive system. These in-
clude prescriptions and over-the-counter
products, Some medications can cause
harmful effects when taken together. In
other cases, prescriptions should be taken
with food, corticosteroids, for example,
should be taken with food or milk to de-
crease stomach upset. In contrast, prescrip-
tion antihistamines should be faken on an
empty stomach to increase their effective-
ness. Sometimes, a drug might not be ab-
sorbed into the system if taken with dairy
products. To prevent problems, never take
medicine that was prescribed for someone
else or medicine that has expired. When yvou
need medication for illness, read labels and
warnings first, and carefully follow direc-
tions for use. Any questions or concerns you
have should be referred to a doctor.

Thinking 1t Through
1. Overuse of aspirin has caused ulcers in
some people, Can vou cite other exam-
ples of problems caused by medications?
2. Search the Internet for more information
on the dangers of drug interactions.
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