
Digestion

DIGESTION is the physical and

chemical breakdown of feeds

as they pass through the gastrointes-

tinal tract. The structures of the gas-

trointestinal tract include the

mouth, the esophagus, the stomach,

and the intestines. Digestion breaks

down and releases the nutrients in

feeds so they may be absorbed into

the bloodstream. Once in the blood-

stream, the nutrients are transported

to cells to maintain the life of the ani-

mal or used to produce animal prod-

ucts, like milk and eggs.

Objective:

� Describe digestion, and explain and contrast the functions of the nonruminant
and ruminant digestive systems.

Key Terms:

� abomasum

absorption

anabolism

bloat

catabolism

cecum

crop

digestion

duodenum

gastrointestinal tract

gizzard
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jejunum

mastication

metabolism

monogastric

nonruminants

omasum

osmosis

oxidation

peristalsis

polygastric

prehension

proventriculus

regurgitate

reticulum

rumen

ruminants

symbiosis

villi

Digestion in General

Digestion occurs in different parts of the gastrointestinal tract, and each part has its own

unique function. Prehension, which is the simple act of an animal bringing food into its

mouth, begins the process. In organisms having teeth, mastication, or the physical reduction

of particle size, begins in the

mouth. Mastication is the chew-

ing of food. The chemical break-

down of food also begins in the

mouth with the addition of saliva.

Food then moves into the esopha-

gus. The esophagus connects the

mouth to the stomach. Food

moves through the esophagus by

muscle contractions called

peristalsis.

After food reaches the stom-

ach, further chemical digestion

occurs. The stomach is extremely
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FIGURE 1. When grazing, cattle and sheep must chew their food numerous

times to aid digestion. (Courtesy, Agricultural Research Service, USDA)



acidic, with a pH near 2. Hydrochloric acid secreted in the stomach causes the low pH. The

hydrochloric acid breaks down proteins in the feed into amino acids, which are small enough

to be absorbed. The hydrochloric acid also kills any bacteria ingested with the feed before they

do damage to the lower portions of the gastrointestinal tract.

The small intestine is the next structure in the digestive tract. Partially digested food enters

the duodenum, the first segment of the small intestine. The duodenum is the location of the

final stages of digestion. The jejunum and the ileum are the last two segments of the small

intestine. Absorption of nutrients is the primary function of the jejunum and the ileum.

Absorption is the movement of food nutrients into the bloodstream from the digestive sys-

tem. Villi, or small finger-like projections in the folds of the small intestine, increase the sur-

face area, allowing for more exposure to blood vessels and, therefore, for more absorption to

occur. Most absorption takes place via osmosis. Osmosis is the movement of substances

across a semipermeable membrane from an area of higher concentration to an area of lower

concentration.

Any remaining material that passes from the small intestine enters the large intestine, or

colon. This undigested material is prepared for excretion, and water in the material is absorbed

into the bloodstream.

Food nutrients absorbed into the bloodstream are taken to cells to support metabolism.

Metabolism is the sum total of all life processes. Metabolism includes anabolism, catabolism,

and oxidation of nutrients. Anabolism is the building or repair of body tissue. This is a pri-

mary function during an animal’s growth and keeps the animal in proper condition. Catabo-

lism is the breakdown of tissue for other uses and into waste products. Oxidation of nutri-

ents is necessary to release energy for the animal. During stressful environmental conditions,
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UNDER INVESTIGATION…

LAB CONNECTION: Absorption of Nutrients

The wall of the small intestine is a

selectively permeable membrane that pro-

hibits material that is not completely

digested from passing into the blood-

stream. This selectivity results in mole-

cules that are too large to pass on through

the digestive tract.

Use of dialysis tubing filled with various

solutions demonstrates the selectivity of

membranes. Use of enzymes in the dialy-

sis bags can further demonstrate the need

for digesting feedstuffs in order for the

nutrients to be absorbed into the blood-

stream.

Students fill a dialysis bag with a starch and saliva solution

to demonstrate absorption.



such as extremely cold temperatures, oxidation releases additional energy for the animal to

keep warm, at the expense of anabolism, or animal growth and repair.

Nonruminant Digestion

Animals are classified by the type of digestive tract they have. Nonruminants are animals

that have simple, one-compartment stomachs. This type of digestive system is called

monogastric. The human digestive system is monogastric.

Monogastric digestion is similar to the process described earlier in this E-unit. The

monogastric stomach acts primarily as a storage structure; therefore, most digestion occurs in

the small intestine. Because of their small stomachs, nonruminants are normally fed more

often than ruminants. Their diet is usually higher in concentrates, such as corn and proteins,

but lower in fiber, because nonruminants cannot digest cellulose found in grass, hay, and other

forages.

Horses and rabbits are monogastrics with an adaptation that allows them to consume rela-

tively large quantities of forages. The cecum, similar to the human appendix, is located at the

end of the small intestine. The cecum is home to bacteria that ferment forages. As the bacteria

break down the forages through fermentation, the forages denature into usable nutrients that

can be broken down and absorbed.

Poultry are also monogastrics with physiological adaptations. The crop is a storage struc-

ture in the upper portion of the poultry digestive system. From the crop, food passes into the

proventriculus, or true stomach. The proventriculus mixes acid with the food prior to it

entering the gizzard. Poultry have no teeth to reduce particle size; instead, their feed is ground

in the gizzard, a muscular structure in the digestive tract.
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FIGURE 2. Swine digestive system.
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FIGURE 3. Horse digestive system.
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FIGURE 4. Poultry digestive system.



Ruminant Digestion

Ruminants are animals that have four-compartment stomachs. A ruminant’s stomach is

much larger than a nonruminant’s. The stomach of the ruminant makes up approximately

two-thirds of the total capacity of the digestive tract. This type of digestive system is called

polygastric.

Ruminants spend as much as eight hours per day ruminating. A ruminant animal typically

grazes for a few hours and then lies down and digests its food. As it grazes, the ruminant con-

sumes large quantities of food

that are stored in the rumen. The

animal will regurgitate, bring-

ing the food back into its mouth

to continue chewing it and fur-

ther break it down. The food then

passes back into the stomach for

further physical and chemical

digestion. Chewing is no small

task for cattle, as it is estimated

that they will chew 40,000 to

60,000 times a day, eating and

rechewing regurgitated feed!
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FIGURE 5. Mule deer are ruminant animals.
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FIGURE 6. Cattle digestive system.



RUMEN

The rumen is the first compartment of the ruminant stomach. The rumen is the site of

forage digestion and is the large storage container for consumed feed and forage. The rumen’s

wall muscles keep the feed mixing through strong contractions. The rumen provides a host

site for bacteria, anaerobic fungi, and protozoa that carry out a symbiotic relationship. The

symbiosis exists when both the ruminant and the microorganisms benefit. In this case, the

rumen provides food for the microbes, while the microbes digest foods for the animal.

The microorganisms produce protease, and they also produce volatile fatty acids because of

starch digestion. The microbes also synthesize vitamin K, all the B-complex vitamins, and all

the essential amino acids. The microbes flourish in the fermentation environment created in

the rumen. Microbial fermentation results in the digestion of cellulose into starches and sug-

ars, with carbon dioxide and methane as byproducts. The carbon dioxide and methane must be

expelled to prevent bloat, the buildup of gases in the rumen. Bloat often occurs when animals

eat larger quantities of green forages than they can digest. A cattle rumen has a capacity of 40 to

60 gallons and may contain 500,000 billion bacteria and 50 billion protozoa.

RETICULUM

The reticulum is the second part of the ruminant stomach. It is often called the hardware

stomach. The reticulum is a small pouch that traps foreign materials consumed by the ani-

mal. Producers of dairy cows often administer magnets to attract any metallic material, such as

nails or wire, mistakenly eaten by the cows.

OMASUM

The omasum is the third compartment of the ruminant stomach. The omasum is a round

structure layered with folds of tissue that help absorb the water, electrolytes, and remaining

volatile fatty acids as feed passes through it.

ABOMASUM

The abomasum is often called the true stomach of the ruminant because it functions most

like a monogastric stomach. The abomasum is made up of many folds to increase the surface

area within it. This surface area is in contact with the large quantity of feed that passes through

it daily. The walls of the abomasum secrete hydrochloric acid and enzymes. The food material

enters the abomasum at a pH of near 6.0, but that is quickly lowered to 2.5 by the acid. The

lower pH provides an environment for the enzymes to work properly, breaking down the pro-

teins.

* * * * *
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Once the food has gone through the four compartments of the ruminant system, it pro-

ceeds to the small intestine for absorption.

Summary:

� Digestion includes the physical reduction in size and the chemical breakdown of
food particles in the gastrointestinal tract. Digestion begins in the mouth and con-
tinues through the esophagus, stomach, and intestines. After food particles are
digested into their components, nutrients may be absorbed into the bloodstream
and transported through the body for use by cells.

Nonruminants are animals with simple, one-compartment stomachs. Ruminants
are animals with four-compartment stomachs. The ruminant stomach includes the
rumen, reticulum, omasum, and abomasum. A ruminant is able to digest large
quantities of roughage because of the activity of microbes in its rumen. It is also
able to produce amino acids from nonprotein sources of nitrogen.

Checking Your Knowledge:

� 1. Define digestion.

2. List the structures that food passes through in the gastrointestinal tract of a
nonruminant animal.

3. What are villi? Where are they located in the gastrointestinal tract?

4. Differentiate between metabolism, anabolism, and catabolism.

5. List the compartments of a ruminant stomach and explain their functions.

Web Links:

� The Digestive System

http://www.teachnet.ie/farmnet/Digestive.htm#The Rumen and Ruminant
system

Teachers Domain—Ruminants

http://www.teachersdomain.org/6-8/sci/life/stru/ruminant/
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