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PREFACE

Modern Livestock and Poultry Production, Eighth Edition, is designed for career and technical edu-
cation students who require competency in all phases and types of livestock production. Its
comprehensive, balanced development emphasizes readability, organization, and hands-on
activities. The text is based on the most up-to-date information available and is applicable to all
areas of the United States.

Section 1 includes a general introduction to the livestock industry—its history, the careers
available, and the importance of safety and environmental considerations. Section 2 introduces
the student to the topics of feeding and nutrition, while Section 3 provides a sound basis for the
understanding and practice of animal breeding. Sections 4 through 11 detail the production of
beef cattle, swine, sheep and goats, horses, poultry, rabbits, bison, llamas, alpacas, and ratites.
Each section presents information on selection of the stock; feeding, management, and housing;
diseases and parasites; and marketing. The section on horses also includes a chapter on training
and horsemanship.

Every effort has been made to thoroughly update this very successful textbook. The eighth
edition of Modern Livestock and Poultry Production adds all new, full color photographs. Over 400
color photos have been added of the most up-to-date animal agriculture practices to better
facilitate learning and to hold student interest. Student Learning Activities have been added to
every chapter to assist students in planning and conducting supervised agricultural experience
programs. Updates and revisions have been made throughout the text to reflect the most cur-
rent information available.

The text is designed with the student in mind. Objectives at the beginning of each chapter
focus attention on the information and skills to be learned and then tested in the review sec-
tion at the end of the chapter. A bulleted format for important points, numerous subheads, and
chapter summaries facilitate the learning process. A list of suggested activities at the end of
each chapter provides the student and teacher with ideas for the hands-on experiences that are
essential for success in the livestock production field. Other outstanding features are the text's
many color illustrations, tables, and charts. An extensive appendix and expanded glossary are
also included.

The Instructor’s Guide for Modern Livestock and Poultry Production provides a list of equip-
ment for teaching the course, suggestions for effective use of the text and Instructor’s Guide, a
comprehensive list of livestock and poultry associations, lesson plan outlines, the major goal
of each chapter, and answers to the end of chapter review questions. Objective tests for each
chapter with answers are included. The Classmaster CD to accompany Modern Livestock and
Poultry Production contains an extensive computerized test bank and ExamView Pro software
test generator. The CD contains a PowerPoint presentation for each chapter, as well as educa-
tional games to make learning more interesting and effective.
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Domestication ana
Importance of Livestock

Objectives

After studying this chapter, the student should be able to

- discuss briefly the history of the domestication
of farm animals.

- list and explain the functions of livestock.

- describe the size of the livestock industry
in the United States.




Chapter 1 Domestication and Importance of Livestock

Livestock production is an important part of farming in the United States. People
are dependent upon livestock production for supplies of food and clothing. The
production of livestock involves selection, breeding, feeding, care, and marketing
of animals.

Success in raisinglivestock depends on many factors. Farmers must have knowl-
edge, skill, and patience. They must use the results of research by animal scientists.
Research in animal science is carried on by many state universities and the United
States Department of Agriculture (USDA). Many of the commercial firms that
supply and service the animal industry also do research in animal science.

DOMESTICATION OF ANIMALS

Our present civilization has its roots in the domestication of animals. To domes-
ticate means to adapt the behavior of an animal to fit the needs of people. The
domestication of animals began when early humans had contact with wild ani-
mals, which they hunted for food and skins. After a period of time these early
humans began to confine some of these animals to ensure a steadier supply of
food and clothing. These animals were bred in captivity to replace those that were
used. Humans later learned to select animals with certain desirable characteris-
tics to use for breeding purposes. As a result of selective breeding, identifiable
breeds began to be developed that would breed true for those characteristics that
were determined to be desirable. Before the human race learned to tame and raise
animals, it was dependent on hunting and wild plants for food and clothing. With
the domestication of animals came the beginnings of a more settled way of life.
Domesticated animals supplied a surer source of food and clothing. A better food
supply meant an increase in population. More people made it possible to divide
the labor within the tribe. Some historians believe that the human race would
never have become civilized without the domestication of animals.

Cattle

Modern cattle are descendants of Bos taurus and Bos indicus. Bos taurus are
domestic cattle that came from either the Aurochs or the Celtic Shorthorn. The
Aurochs were common in Europe. The Celtic Shorthorn were found in the British
Isles. Bos indicus are the humped cattle originating in tropical countries and are
common in modern cattle production throughout the United States. They are
more resistant to some diseases, parasites, and heat than are cattle that came from
Bos taurus.

Cattle were probably tamed early in the Neolithic (New Stone) Age. The
Neolithic Age occurred about 18,000 years ago. Early man used cattle for draft,
meat, and milk. Cattle were also a measure of wealth. They are mentioned in
records at least 4,000 years old. Various types of cattle were known at that time.

Selection and crossbreeding of cattle for different purposes began early in the
history of agriculture. Selection means to identify and use for breeding purposes
those animals with traits that are considered by the breeder to be desirable.
Crossbreeding is the mating of animals of different breeds. (See Chapter 12
for a discussion of breeding systems.) Selection and crossbreeding resulted in
improvement of the animal and the development of different breeds. Most of the
improvement has taken place since the middle of the eighteenth century.

Cattle are not native to the United States. Christopher Columbus brought
cattle to the New World on his second voyage in 1493. More cattle were brought
by Portuguese traders in 1553. The English were the first to bring large numbers
of cattle to the United States when they founded the Jamestown colony in 1611.
The Spanish type of longhorn cattle arrived in Mexico in 1521. They later spread
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6 Section 1 The Livestock Industry

Figure1-1 Many cattleare shipped
to be finished in feedlots, which are
cost efficient due to abundance of
corn in the region. Courtesy of USDA.

Figure 1-2 The Corn Belt states are
the nation’s leading hog-producing
states. Much of the feed used in
raising hogs is raised in the Corn
Belt. Courtesy of USDA. Photo by
Scott Bauer.

throughout the western United States as they were brought to Christian missions
built by the Spanish.

The number of cattle soon began to grow. Early pioneers took cattle with them
as they moved westward. The major growth of the large cattle herds took place
in the Great Plains states. This happened because plentiful grazing land was avail-
able in this area. The North Central states, which have good supplies of grain,
became the main region for finishing cattle (feeding the cattle to market weights)
(Figure 1-1).

The early pioneers took dairy cattle as well as beef cattle with them as they
moved westward. Before the 1850s most farms had at least one or two dairy cows
that provided milk and butter for the family. During the last half of the nineteenth
century, however, dairy herds began to increase in size as a market for dairy prod-
ucts began to develop in the growing cities of the United States.

The numbers of dairy cattle in the United States continued to increase until
they reached a peak in the middle 1940s. Since that time, the dairy cattle popula-
tion of the United States has been declining steadily. Milk is still produced in all
of the 50 states, but dairying as a major enterprise on the farm tends to be con-
centrated in several states, as shown in Table 1-S.

Swine

American breeds of swine come from two wild stocks: the European wild boar
(Sus scrofa) and the East Indian pig (Sus vittatus). Some wild types of piglike
animals, which have never been tamed, still exist in certain parts of the world.

The first use of swine for food probably occurred in the Neolithic Age. The first
people to tame swine were the Chinese. Written records show that this took place
about 4900 B.c. Biblical references to swine occur as early as 1500 B.c. The keep-
ing of swine in Great Britain is mentioned as early as 800 B.c.

Swine were brought to the New World by Columbus on his second voyage
in 1493. More swine were brought later by Spanish explorers. The first major
increase in the number of swine in the United States occurred in 1539 when
the Spanish explorer Hernando DeSoto brought 13 head of hogs to Florida. As
DeSoto moved westward during his exploration, the hogs were taken along. Three
years later, by the time the Spanish had reached the upper Mississippi valley, the
number of swine had increased to 700 head.

English settlers also brought swine with them to America. The herds grew
rapidly in size. Production was soon greater than the local need. Pork and lard
were then exported in trade for other products. The main expansion of the swine
industry occurred in the Corn Belt states, an area where feed for finishing hogs
for market was available (Figure 1-2).

Sheep

Sheep were among the first animals tamed by the human race. They were first
tamed during the early Neolithic Age. Sheep are shown on an early Egyptian
sculpture dated about 4000 B.c. and are mentioned in the earlier passages of the
Bible. Sheep bones have been found in caves and lake dwellings used by early
people of Europe.

Wool fabrics have been found in the ruins of Swiss Lake villages. These date
back to between 10,000 and 20,000 years ago. The Babylonians used wool
for clothing around 4000 B.c. Sheep flocks were important in both Spain and
England by 1000 A.p. and, by 1500 A.D., both countries were major sheep-
producing areas.
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The ancestry of sheep is not as well known as that of other domestic animals.
There are more than 200 breeds of sheep in the world. All of the breeds are timid,
defenseless, and the least intelligent of the tamed animals. These traits are the
result of selection for herding in large bands.

Most present-day sheep probably came from the wild sheep called Moufflons
and the Asiatic urial. The wild, big-horned sheep of Asia are also the ancestors of
some of the present-day breeds.

The only sheep native to North America are the Big Horn or Rocky Mountain
sheep. The present-day domestic breeds came from sheep that were imported.
Columbus brought sheep to the New World on his second voyage in 1493.
Merino sheep were brought to Mexico by Cortez in 1519. British breeds of
sheep were imported to Virginia in 1609. Sheep were used by the early colo-
nists mainly for wool production. Importation of breeding stock continued and
flock owners selected certain animals to breed that would improve the wool
produced.

By 1810, the northeastern part of the United States was the sheep-producing
center of the country. However, sheep production gradually moved westward.
The number of sheep increased until, by 1840, there were 19 million head of
sheep in the United States. The center of the sheep-producing industry moved
west when inexpensive rangeland became available (Figure 1-3).

Goats

Goats were first tamed in the Neolithic Age. They may have been the first tamed
animals in Western Asia. The goat is believed to be descended from the Pasang
or Grecian Ibex. These are species of wild goats found in Asia Minor, Persia, and
other countries. Other wild species, such as the Markhors and Tahrs, may be
ancestors of some of today’s domestic breeds of goats.

Goats are closely related to sheep. The following are the major differences
between the two species.

* Sheep have stockier bodies than goats.

* Goats have shorter tails than sheep.

* Goat horns are long and grow upward, backward, and outward; sheep horns
are spirally twisted.

* Male goats have beards; male sheep do not.

¢ Male goats give off a strong odor in the rutting (breeding) season; male sheep
do not.

* Goats do not have scent glands in the face and feet; sheep do have these scent
glands. (Scent glands are specialized organs that secrete odorous substances
[pheromones] that attract females.)

* Goats are more intelligent than sheep and have a greater ability to fight and
fend for themselves than do sheep.

* Goats can easily return to the wild state; sheep cannot.

Goat remains have been found in the Swiss Lake villages of the Neolithic Age.
The Bible refers to the use of mohair from goats.

Early goatimportations into the United States came from Switzerland. Records
show that milk goats were brought to Virginia and the New England states by
Captain John Smith and Lord Delaware. Angora goat flocks in the United States
came from Turkey. Most of the increase in milk goat numbers has occurred since
1900. Milk goats are found all over the United States. Many are kept on small
farms, and there are few large herds of milk goats. Production of mohair from
Angora goats has also increased mainly in the twentieth century. Most Angora

Figure 1-3 Sheep grazing on west-
ernrange land convert roughage into
wool and meat. Courtesy of USDA.
Photo by Scott Bauer.
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Figure 1-4 Horseback riding is
a major recreational activity in the
United States today. Courtesy of
USDA.

goats are found in the western states. Texas has the largest number of Angora
goats in the United States.

Horses

The horse evolved from a tiny four-toed ancestor called Eohippus (dawn horse).
Eohippus was about a foot high and lived in swamps about 58 million years ago.
The descendants of Eohippus gradually grew in size. Changes in the feet and skel-
eton occurred. Eventually, the animal was better adapted to the prairie than to
the swamp. Eohippus was native to the North American continent. However, it
had disappeared entirely before the white man discovered the New World. There
were no horses present in the New World when Columbus made his voyages.

The first domestication of the horse seems to have been in Central Asia or
Persia before 3000 B.c. The use of the horse spread from there into Europe.
Babylonian records show the use of the horse by 2000 B.c. Egyptians were
using horses by 1600 B.c. Horses were also used by the ancient Greeks and
Romans. The Arabs did not begin to use horses until after about 600 A.D.
Columbus brought horses to the New World on his second voyage in 1493.
In 1519, Cortez imported horses into Mexico. The first importation of horses
into what is now the United States was by DeSoto in 1539. During DeSoto’s
explorations throughout the Southeast, many of these horses were left behind.
Other Spanish explorers also brought horses with them. These horses spread
throughout the western part of what is now the United States. Wild horses
found on western ranges are the descendants of these tamed horses.

Saddle horses and draft horses were brought to the United States by the early
colonists. For many years, oxen were used as the main draft animal of the colo-
nists. (Draft animals are used for pulling loads.) Horses served mainly as pack
animals and for riding. The early development of the horse in the United States
was primarily associated with riding on plantations. Horse racing also developed
into a sport during the 1700s and early 1800s. Heavier draft horses were brought
into the colonies by Dutch, Puritan, and Quaker settlers. These horses were used
mainly for work.

With the development of other sources of power, the use of draft horses on
farms declined. Most horses in the United States today are used for riding and
racing (Figure 1-4).

Poultry

Chickens were domesticated in India and were being raised by the Chinese and
Egyptians about 1400 B.c. Drawings of chickens have been found in Egyptian
tombs dating from around 1400 B.c.

Although poultry and eggs were used for food early in history, poultry raising
has only recently become a major commercial enterprise. In the past, most poul-
try was raised on an individual family basis.

The wild jungle fowl of India (Gallus gallus) may have been the early ancestor
of most tame chickens. Some other wild species may also have been involved in
the development of chickens.

Turkeys are believed to be descended from two wild species. One is found in
Mexico and the other in the United States. The turkey was probably tamed by the
people originally living in America. Most of the American varieties were prob-
ably developed from the species found in the United States.

The wild mallard duck (Anas boschas) is thought to be the ancestor of all
domestic breeds of ducks. Ducks were tamed at an early date. The Romans
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referred to ducks more than 2,000 years ago. China has probably raised ducks on
a commercial basis longer than other parts of the world.

The goose was probably tamed shortly after the chicken. It was regarded as
a sacred bird in Egypt 4,000 years ago. Geese were well distributed over all of
Europe 2,000 years ago.

Poultry were brought to the New World by early explorers and colonists. There
were poultry in the Jamestown settlement in 1607. Poultry shows, which began to
be held around 1850, were important in the development of recognized breeds.
In the second half of the nineteenth century, older breeds were perfected and new
breeds were developed. The American Poultry Association was formed in 1873.
The American Standard of Perfection was first published in 1874. The purpose of
the Association and the Standard of Perfection was to standardize breeds for pur-
poses of showing.

The American poultry industry grew out of the small home flocks raised by
early settlers. For a long time, poultry raising was mainly a small enterprise on
the farm. However, as the population grew, the demand for poultry products
increased. Poultry production began to be more specialized in the late 1800s and
today is a highly specialized industry. Few small farm flocks remain. Most poultry
is raised in large confinement flocks. Much of the poultry industry is concen-
trated in the southern part of the United States (Figure 1-5).

CLASSIFICATION OF COMMON FARM ANIMALS

A great many species of plants and animals exist on the earth. It is necessary
to have a logical system to classify these different species in order to study and
describe them. In the past, all living things were divided into two large groups
called kingdoms—Plantae (plants) and Animalia (animal). Some forms of life
(bacteria, fungi, and protozoa) do not fit easily into either of these kingdoms,
however, so other systems of grouping have been developed. Some systems use
three large kingdoms, some use four, and some use five. Details about the various
grouping systems may be found in most biology textbooks.

A series of terms is used for the scientific name of a member of a kingdom.
This is called a hierarchy of categories. Living things are classified as follows:
kingdom, phylum (or division), class, order, family, genus, species. Each division
of the hierarchy contains one or more groups from the next lower division. For
example, a genus contains a group of related species, a family contains a group
of related genera, an order contains a group of related families, and so on. This
method of grouping continues up the hierarchy so that a kingdom contains all the
groups listed below it. Major groups may be divided into subphyla, subclasses,
suborders, subfamilies, or subgenera if necessary. Species may also be subdivided
into varieties, breeds, or strains for further grouping.

A species is a group of animals with many common traits. When members of
this group mate within the group, they will produce fertile young.

In all systems of grouping, one of the large kingdoms is called Animalia. All of
the domestic animals found on the farm are included in this kingdom. Domestic
farm animals are further classified as phylum Chordata, subphylum Vertebrata,
and either class Mammalia (for livestock) or class Aves (for poultry).

Members of class Mammalia, or mammals, share the following characteristics:
They have four-chambered hearts; they are warm-blooded, or homeothermic
(they can maintain their own body temperature). They have a diaphragm that
separates the thoracic, or chest, and abdominal cavities; this helps them breathe

Figure 1-5 Today most eggs are
produced by caged layers in large
confinement flocks. Courtesy of Getty
Images.
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Common

Name Phylum Subphylum Class Order Family Genus Species

Alpaca Chordata Vertebrata ~ Mammalia  Artiodactyla Camelidae Llama pacos

Bison Chordata Vertebrata ~ Mammalia  Artiodactyla Bovidae Bison bison

Cattle Chordata Vertebrata ~ Mammalia  Artiodactyla Bovidae Bos taurus (most of
the domestic
breeds)

Cattle Chordata Vertebrata ~ Mammalia  Artiodactyla Bovidae Bos indicus (humped
cattle)

Chicken  Chordata Vertebrata  Aves Galliformes Phasianidae Gallus domesticus

Donkey  Chordata Vertebrata ~ Mammalia  Perissodactyla Equidae Equus asinus

Duck Chordata Vertebrata ~ Aves Anseriformes Anatidae Anas platyrhyncha

Emu Chordata Vertebrata ~ Aves Casuariiformes ~ Dromiceidae ~ Dromiceius ~ novaehollandiae

Goat Chordata Vertebrata ~ Mammalia  Artiodactyla Bovidae Capra hircus

Goose Chordata Vertebrata ~ Aves Anseriformes Anatidae Anser anser

Horse Chordata Vertebrata ~ Mammalia  Perissodactyla Equidae Equus caballus

Llama Chordata Vertebrata ~ Mammalia  Artiodactyla Camelidae Llama glama

Ostrich Chordata Vertebrata  Aves Struthioniformes ~ Struthionidae  Struthia camelus

Rabbit Chordata Vertebrata ~ Mammalia  Lagomorpha Leporidae Oryctolagus — cuniculus

Rhea Chordata Vertebrata  Aves Rheiformes Rheidae Rhea americana

Sheep Chordata Vertebrata ~ Mammalia  Artiodactyla Bovidae Ovis aries

Swine Chordata Vertebrata ~ Mammalia  Artiodactyla Suidae Sus scrofa (evolved
from wild hog of
Europe)

Swine Chordata Vertebrata ~ Mammalia  Artiodactyla Suidae Sus vittatus (evolved
from wild hog of
East India)

Turkey Chordata Vertebrata ~ Aves Galliformes Meleagrididae  Meleagris gallopavo

more efficiently. Their bodies are covered with hair, which provides insulation.
The embryo develops in the mother’s uterus, and the young are born alive.
The mother secretes milk for the young through the mammary glands. There are
other traits of the class Mammalia, but these are some of the more important
ones shared by farm animals. Common domesticated animals that belong to this
class include cattle, sheep, goats, horses, donkeys, swine, bison, alpacas, llamas,
and rabbits.

Members of class Aves also have four-chambered hearts and are homeo-
thermic. Instead of hair, their bodies are covered with feathers, which provide
insulation. They do not have a diaphragm; instead they have light, hollow bones
and an air-sac system attached to the lungs. They lay eggs in which their young
develop. They do not secrete milk to nourish the young. These animals have
beaks and gizzards instead of teeth. Chickens, ducks, emus, geese, ostrich, rheas,
and turkeys all belong to this class.

The scientific name of an animal includes its genus and species names. The
genus name is capitalized; the species name is not. In written material, the genus
and species names are underlined or italicized.

The classifications of common farm animals are listed in Table 1-1.
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FUNCTIONS OF ANIMALS

Some functions of livestock benefit all of society. Other functions are important
mainly to individual farms. Taken together, the functions of livestock are a vital
part of the total agriculture of a nation. It is useful to understand the functions
of livestock when selecting enterprises for a farm. Selecting enterprises involves
the choice of what kind of livestock is to be raised. Some functions of livestock,
such as the conversion of roughage into food, are factors in this management
decision.

Converting Feed into Food

Livestock convert feed grains and roughages into food for human consumption.
There is some controversy over the use of feed grains as livestock feed. In the face
of world food shortages, it has been suggested that this is not the most efficient
use of limited resources.

Nonruminant animals such as swine and poultry are fed large amounts of grain
because they cannot use much roughage in their diet. However, about 30 percent
of the feed fed to swine and poultry in the United States consists of fish meal,
meat and bone meal, milling and fermentation by-products, and tankage. These
are feeds that generally cannot be used directly by humans for food.

Ruminants are animals of the suborder Ruminantia of the order Artiodactyla
that have a stomach that is divided into several compartments. These animals
regurgitate and masticate their feed after they swallow it. Animals in the subdi-
vision Tylopoda have a three-compartment stomach. Typical animals found in
this subdivision include camels, llamas, and alpacas. Animals in the subdivision
Pecora have a four-compartment stomach. The Pecora are referred to as true
ruminants. Typical animals found in this subdivision include cattle, bison, sheep,
and goats. The largest of the compartments in true ruminants, the rumen, con-
tains microorganisms that allow ruminants to digest many kinds of feed that non-
ruminant animals cannot use effectively. Antelope, deer, gazelles, and giraffes are
examples of other animals in the subdivision Pecora.

Ruminants are important because they have the ability to convert large
quantities of materials that cannot be used directly for human food into human
food. Almost half of the chemical energy in the major cereal crops such as corn,
wheat, and rice is found in parts of the plant, such as the stems, which are not
used by humans for food. These crop residues can be converted to human food
by ruminants. Waste products from a number of agricultural industries can be
used as feed for ruminants. Examples include waste products from fruit and
vegetable farming, citrus processing, sugar manufacturing, milling, and cotton
ginning. Wood chips, sawdust, and shredded newspaper can also be used as
feed for ruminants.

Hay, silage, and pasture are produced on about one-third of the cropland in the
United States. Approximately 55 percent of the total land area of the continen-
tal United States consists of native and natural grasslands and forest lands that
produce vegetation that can be grazed by livestock. Forests and rangeland cover
a large percentage of the land masses of the planet. Only about 11 percent of the
world’s land area is suitable for the production of foods that can be used directly
by humans. About 75 percent of the total energy intake of beef and dairy cattle
in the United States consists of roughages and other waste materials that cannot
be used directly for human food. The ability of ruminants to convert much of
what would not otherwise be available to humans as food adds significantly to
the world’s total food supply.

1
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Figure 1-6 A comparison of the efficiency of major farm livestock in converting feed
calorie intake to food calories output (energy efficiency) and converting crude pro-
tein in feed into edible protein in the form of meat, milk, and eggs (protein efficiency).
Sources: Vocational Agricultural Service, University of lllinois and National Academy of
Sciences.

In nations with limited grain supplies, ruminants are fed largely on roughages.
In the United States and some other nations of the world where grain is plenti-
ful and relatively inexpensive, ruminants are fed rations high in grain during the
finishing period. However, during the total lifetime of a beef animal, about 80
percent of the total feed used comes from roughages. Generally, these roughages
cannot be used by humans directly for food.

About 80 percent of the human population of the world gets most of its
protein, fats (lipids), iron, niacin, and some vitamins (including vitamin B12)
from the meat produced by ruminant animals. Because of the kind of land and/
or climate where they live, about 14 percent of these people have no other prac-
tical source of these nutrients. Food products from ruminants provide about
4§ percent of the protein, 32 percent of the fat, SO percent of the phosphorus,
and 77 percent of the calcium found in diets of people living in the United States.
About one-third of the total amount of food eaten by people in the United States
comes from ruminants.

Animal products (ruminantand nonruminant combined) are important sources
of nutrients in the average diet in the United States. They provide 35 percent of the
energy, 68 percent of the protein, 78 percent of the calcium, 39 percent of the iron,
42 percent of vitamin A, and 37 to 98 percent of various B vitamins consumed by
people in the United States.

The most important livestock sources of protein and energy for human con-
sumption are swine, beef, poultry, and sheep. The efficiency of the major farm
animals in converting feed into protein and energy for human use is shown in
Figure 1-6.

Clothing

Livestock provide fiber and skins for the production of clothing. The demand for
animal fibers for clothing is lower now because of the increased use of synthetic
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Figure 1-7 Annual US. consumption of wool in pounds. Source: USDA/Bureau of
Census U.S. Mill Consumption of Wool, 1980-2002.

fibers for clothing. The use of wool in the United States has been decreasing for
the past 10 years (Figure 1-7).

Most synthetic fibers are oil-based and the price of oil has risen dramatically in
recent years; this means that animal fibers continue to be an important resource
in human society.

Leather is used for shoes, belts, gloves, and clothing, as well as for other prod-
ucts used by humans. From S to 10 percent of the market value of animals comes
from the sale of hides. Leather has some characteristics that make it superior to
synthetics for the production of clothing. It can allow air to pass through, is more
durable, and is warmer than clothing made from synthetics.

Power

At one time, animals provided much of the power used by the human race. With
the development of other sources of power, this use has declined. Very little
animal power is now used in the United States. However, in some parts of the
world, animals still provide much of the power used by humans.

Recreation

Horseback riding is a major source of recreation for many people today. Racing
is also a popular sport. Livestock shows and fairs provide recreation for many
people, both as exhibitors and spectators.

Conservation

Livestock help to conserve soil and soil fertility. The grasses and legumes that are
used for livestock feed are soil-conserving crops. They form protective covers on
the land and help to prevent wind and water erosion. Nutrients are removed from
the soil by the crops being grown. When these crops are fed to livestock, about
80 percent of the nutrient value is excreted in the manure. However, by putting
the manure back on the soil, the rate of loss of soil fertility can be decreased. The
fertilizer value of animal manure and methods of handling manure are discussed
in Chapter 4.

13
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Figure 1-8 Diverse farm enterprises which include livestock and crops help spread the risk and distribute labor needs
evenly throughout the year. Courtesy of Harveststore-Engineered Storage Products Co.

Animal manure can also be used as a fuel source. In many parts of the
world, dried animal manure is burned as a fuel for cooking and to heat homes.
Approximately 8 to 12 percent of the world’s population depends on dried
manure as a fuel source.

Animal manures can be used as a raw material in methane gas digesters. The use
of methane gas converters has increased worldwide as a result of the energy crisis
brought about by higher oil prices. Fuel for the electricity, cooking, and heating
needs of an average U. S. farm could be supplied by the manure from about 40 cows.
Some large farms and feedlots in the United States have built biogas plants to
utilize the animal manure produced.

Higher feed costs have led to an increase in research on using animal manures
as a supplement in feeds. Chicken litter, for example, is sometimes used in
cattle feed.

Stabilize Farm Economy

Livestock help bring stability to the farm business. Raising livestock makes good
use of the resources already available to farmers—Iand, labor, capital, and man-
agement ability—and can increase the farming income. Including livestock in a
farm business helps to spread the risks involved in farming over more enterprises
(Figure 1-8). Thus, the farmer is not dependent on only one or two sources of
income. In addition, both labor and income are spread more evenly throughout
the year.

Concentrate Bulky Feeds

It costs a lot of money to transport bulky feeds such as hay. Livestock convert
these bulky feeds into a more concentrated form. This reduces transportation
costs to market, a great advantage for farms that produce large amounts of

bulky feeds.
By-Products

Meat, wool, and leather are not the only products that come from animals. Any
product from the animal carcass, other than meat, is called a by-product. Thus,
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wool and leather are by-products from the slaughter of animals. Many other
products come from the animal carcass. These include fat, bone, intestine, brain,
stomach, blood, and various glands. These by-products are used in the manufac-
ture of many products.

Edible by-products that come from animals include variety meats such as
brains, tongue, kidneys, and heart. Oleo stearine, which comes from the fat in
the animal carcass, is used in the manufacture of candy and gum. Hooves, horns,
bones, and hides produce gelatin, which is used in the production of gelatin des-
serts, marshmallows, canned meats, and ice cream.

Hides used in the manufacture of leather goods are the most important of the
inedible by-products that come from animals. Examples of leather goods made
from animal hides include clothing, belts, shoes, purses, furniture, drum-heads,
and sports equipment.

The inedible fats are used in the production of cosmetics, waxes, soap, lubri-
cants, and printing ink. Bones, horns, and hooves are also used in the production
of glue, buttons, bone china, camera film, sandpaper, dice, piano keys, wallpaper,
and toothbrushes. Hair from animal hides is used in making brushes, rug padding,
house insulation, and upholstering materials for furniture. Artists’ paintbrushes
are made from the fine hair found in the ears of animals.

Feeds for livestock are made from animal by-products. These include blood
meal and meat and bone scraps.

More than 100 drugs used by humans for medical purposes are made from
animal by-products. Insulin is extracted from the pancreas of animals and is used
in the treatment of diabetes. Cortisone comes from the adrenal glands and is
used for the treatment of rheumatoid arthritis, adrenal insufficiency, some allergies,
diseases of the connective tissues, and gout. Thrombin comes from the blood of
animals and is a coagulant used in surgery to help make blood clot. It is also used
in skin-graft operations and for the treatment of ulcers. Heparin comes from the
lungs and is used to prevent blood clotting during operations. It also helps pre-
vent heart attacks. Epinephrine comes from the adrenal glands. It is used for the
treatment of some kinds of allergies and to help relieve the symptoms of hay fever
and asthma. Rennet comes from the stomachs of cattle and is used in cheese
making. It also helps babies digest milk. Corticotropin (ACTH) comes from
the pituitary glands in the brain. It is used for the treatment of some breathing
problems, severe allergies, mononucleosis, and leukemia.

By-products are also used in the manufacture of perfumes, fertilizers, candles,
lanolin, and glycerine, as well as many other products. Animal by-products make
valuable contributions to society.

CONSUMPTION OF LIVESTOCK PRODUCTS

The per capita consumption of major livestock products is shown in Figures
1-9A, 1-9B, 1-9C, 1-9D, and 1-9E. The long-term downward trend in consump-
tion of beef has slowed significantly during the past several years. However, the
downward trend in the consumption of all red meat has continued, while the
consumption of chicken and turkey has increased. Consumption of eggs has
begun to trend upward in recent years and the consumption of dairy products
has continued to decline.

Producer organizations have conducted marketing campaigns financed by
check-oft programs based on producer sales of animals and milk to attempt to
increase market share for their particular product. An increased emphasis on pro-
ducing products that are perceived by the prospective consumer as being safe and

15
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healthy has contributed to the slower decline in demand for livestock products.
These promotional programs are discussed in more detail in the units related to
the marketing of specific livestock products.

Eating habits have also been influenced by more food consumption away from
home and an increase in demand for meals that are quick and easy to fix in the
home. Marketing methods and price competition have also influenced consumer
demand for various livestock products.

Consumers are concerned about food safety and nutrition. Food safety con-
cerns are discussed later in this chapter. Nutritional concerns about food content
include:

 cholesterol level
e food additives
 fat content

* sugar content
 salt content

* artificial coloring

Milk and animal fats are a source of cholesterol in the diet. The use of animal
fats has declined significantly since 1967. During this same period, the use of
vegetable fats, which are seen as having less cholesterol, has risen rapidly. The
per capita consumption of cholesterol in the diet of people in the United States
is declining. This decline is related to the decrease in per capita consumption of
livestock products that are high in cholesterol.

Producer groups such as the National Pork Producers Council, National
Cattlemen’s Beef Association, and the Dairy Council, as well as others interested
in livestock food products, are taking an active interest in research, promotion,
and marketing of these products. A greater effort is being made to coordinate
meat production among producers, packers, and processors to meet consumer
concerns. Grade and yield marketing of livestock helps reduce the amount of
fat in meat products by paying the producer a better price for leaner carcasses.
Research is being conducted in genetics to develop livestock that produce less
fat. The red meat industry is attempting to maintain its share of the market by
developing products that are priced competitively and meet the needs of the con-
sumer. The poultry industry is also actively promoting and marketing products
both to meet consumer needs and to address concerns related to health and the
safety of food products.

SIZE AND SCOPE OF THE LIVESTOCK INDUSTRY
IN THE UNITED STATES

Income and Costs

The total value of agricultural products sold from farms in the United States in 2005
was more than 239 billion dollars. The value of livestock and livestock products
sold in 2005 was over 124 billion dollars, as shown in Table 1-2. Changes in farm
income from livestock and crops for the years 2000 to 2005 are shown in the table.

In 2008, farmers spent over 226 billion dollars for total production expenses.
This amount is for both livestock and crop operations (Table 1-3). The changes
in farm production costs from 1990 to 2005 can be seen in the table.

Leading States in Livestock Production

Table 1-4 shows the 10 leading states in several categories of livestock and live-
stock products production. It also shows the 10 leading states in cash receipts
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Domestication and Importance of Livestock

Chapter 1
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Beef Cattle Feed Cattle Sheep and

and Calves Marketed Swine Dairy Cattle Lambs Wool
Texas Texas lowa California Texas Texas
Nebraska Kansas North Carolina Wisconsin Califonia Wyoming
Kansas Nebraska Minnesota New York Wyoming California
Colorado Oklahoma llinois Pennsylvania South Dakota Colorado
Oklahoma Colorado Indiana Minnesota Colorado South Dakota
lowa lowa Nebraska Idaho Montana Montana
South Dakota California Oklahoma New Mexico Idaho Utah
California South Dakota Missouri Texas Utah Idaho
Missouri Montana Ohio Michigan lowa lowa
Montana ldaho Kansas Ohio Oregon Oregon

Source: USDA, 2005.

from livestock. The ranking of the states shown in the table may change slightly
from year to year. However, the states listed tend to be those that are the major
producers year after year of the livestock or livestock product category shown.

Number of Livestock on Farms

Over a period of years, livestock and poultry numbers respond to economic
conditions and also reflect changes in consumer demand. Table 1-5 shows the
trend in livestock numbers in the United States for the period 1992-2007.
The increase in numbers for broilers reflects an increased consumer demand
for food perceived as having a lower cholesterol level. Sheep and goat pro-
duction have shown the greatest decline in numbers, in part because of lower
consumer demand for products from these animals. Beef and swine numbers
tend to move in cycles as herds expand and contract primarily in response to
economic conditions; however, there has been some weakening in demand for
red meat as consumers switch to poultry products that are perceived as being
lower in cholesterol.

ANIMAL HEALTH PRODUCTS

The development and sale of animal health products is a growing segment of the
livestock industry. The three categories of products included are feed additives,
biologicals, and pharmaceuticals. Feed additives are those products used in live-
stock and poultry production to control or prevent disease, enhance growth, or
improve feed efficiency. Biologicals include vaccines, bacterins, and antitoxins.
Pharmaceuticals include medicines used in disease control and prevention.

The sale of animal health products is big business, amounting to more than
four billion dollars per year. Of this amount, pharmaceutical sales account for
a little more than three billion dollars, biologicals total a little more than five
hundred million dollars, and feed additives total a little more than five hundred
million dollars.
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Chickens Leading States
(Including in Cash
Commercial Receipts from
Broilers) Eggs Broilers Turkeys Livestock
lowa lowa Georgia Minnesota Texas

Ohio Ohio Arkansas North Carolina California
Pennsylvania Indiana Alabama Missouri lowa

Indiana Pennsylvania North Carolina Arkansas Nebraska
California California Mississippi Virginia Kansas

Georgia Georgia Texas Indiana North Carolina
Texas Texas Delaware California Wisconsin
Arkansas Arkansas Kentucky lowa Minnesota
Nebraska Nebraska Virginia South Carolina Arkansas
Minnesota Florida Maryland Pennsylvania Oklahoma

Companies that produce animal health products spend millions of dollars
on research and development of new products. Additional millions are spent to
defend the continued use of products already approved.

TRENDS IN ANIMAL AGRICULTURE

Consumption and Production

The changes in lifestyle and eating habits of people in the United States will con-
tinue to have a significant impact on the production, processing, and market-
ing of meat, poultry, and dairy products in the twenty-first century. The trend
of eating meals in restaurants and fast-food businesses will continue to increase.
When food is consumed away from home, more of the consumer’s expenditure
goes toward marketing costs as compared to marketing costs of food consumed
at home.

As discussed earlier in this chapter, the concern over cholesterol levels in food
products has had an impact on consumption patterns for animal products. Per
capita consumption of red meats and eggs has decreased in recent years and this
trend is expected to continue unless significant changes are made in the saturated
fatty acid and cholesterol content of these products. Consumers are demanding
leaner meat and less fat in meat and dairy products. The long-term trend of an
increase in poultry consumption has resulted in a decrease primarily in beef con-
sumption. It is anticipated that pork consumption will tend to remain fairly con-
stant over the next few years.

A trend toward increased efficiency in livestock production is necessary to
lower the per unit cost of production. It is anticipated that this increased efh-
ciency will result from larger operations that use more automation.

The number of farms in the United States that raise swine has declined from
approximately one million in the 1970s to about 81,000. This trend is expected
to continue. Because hog numbers are expected to remain about constant during
this period, the size of each operation will increase dramatically. The swine
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Chapter 1 Domestication and Importance of Livestock

industry is currently moving toward large, integrated production systems, much
like the broiler industry did a few years ago.

The trend in beef production continues to be toward large feedlot operations.
These are expected to be increasingly located outside of the Midwest, which in
the past has fed large numbers of cattle because of the availability of corn. As
feeding practices tend to put more emphasis on the use of roughages and other
crop by-products for feeding cattle, the availability of grain for finishing cattle will
decline in importance.

Production of dairy products currently far outstrips the demand for those prod-
ucts. It will require a further reduction of about 20 percent in dairy cow numbers
to more closely balance production with demand. The use of a growth hormone
produced in large quantities through biotechnology has the potential to signifi-
cantly increase milk production per cow. If the use of this technology becomes
widespread in the dairy industry, the numbers of dairy cows needed to meet the
demand for dairy products will be greatly reduced. It is expected that the size of
dairy herds will continue to increase as the number of dairy farms decreases.

The increase in the per capita consumption of poultry is expected to con-
tinue. This will cause the trend toward greater numbers of broilers to continue.
Currently, the broiler industry is concentrated in the southern states. There is a
possibility that there may be some movement of large integrated broiler operations
into the Midwest, where feed grains are plentiful and major markets are located.
This would reduce the cost of transporting poultry meat into the marketplace.

The trend in sheep numbers has been sharply downward during the past
quarter-century. This trend is expected to continue.

Research in livestock production is continuing to improve production efhi-
ciency. Areas of research that are having and will continue to have a significant
impact on the livestock industry include:

* higher embryonic survival rate in swine

* shortening of calving interval for dairy cattle

* improved methods of artificial insemination

* biotechnology, including cloning, superovulation, sex determination,
in-vitro fertilization, and embryo transfer

Another trend in livestock production is increasing the emphasis on disease
prevention rather than treatment. It is estimated that livestock producers cur-
rently lose about 20 percent of their income from disease, parasites, and toxins.
Only about 10 percent of all livestock producers currently use effective disease-
prevention management practices. By placing increased emphasis on disease
prevention rather than treatment, livestock producers can increase efficiency

and profits.
Biotechnology

The use of technology in genetic and reproductive processes in livestock pro-
duction is in its early stages. This area of research and application is expected
to dramatically change many livestock production practices. A discussion of
biotechnology in livestock production is found in Chapter 11 in this text.

ANIMAL WELFARE AND ANIMAL RIGHTS

The domestication and use of animals for the benefit of humans began many
thousands of years ago. Questions about the ethics of animal use date back at
least to the time of the ancient Greeks, who held four views regarding the status of
animals. The animists believed that humans and animals shared and exchanged

23
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souls, the mechanists believed that neither humans nor animals had souls, the
vitalists believed that animals had souls but were not as advanced as humans, and
the fourth (and largest) group of ancient Greeks believed that animals existed on
earth for the benefit and use of humans.

Philosophers since the time of the ancient Greeks have held various views on
the status of animals; these views have had little impact on the question of the
use of animals until recently. When the majority of the population was directly
engaged in farming, most people understood that taking proper care of their ani-
mals resulted in greater productivity. As the percent of the population engaged in
production agriculture declined during the twentieth century, fewer people had
direct contact with animals (except for household pets) and little understand-
ing of the care and management of animals as practiced in modern agriculture.
This has provided an opportunity for those opposed to the use of animals to gain
many converts to their cause.

There is a significant difference between those people who are concerned
about animal welfare and those who believe in animal rights. There are many
different groups within these two views, each with their own agendas.

Animal Welfare

Animal welfare supporters emphasize the humane treatment of animals, both in
research and production agriculture. They believe that animals can be used to
benefit humans. Some animal welfare advocates take the position that there are
essential uses of animals (for example, for food and medical research), which they
support, and nonessential uses of animals (such as entertainment), which they
do not support.

Livestock producers generally support proper feeding and housing, veterinary
care, and good management practices because these activities result in more effi-
cient production of meat, milk, eggs, and wool.

Animal Rights

The views of animal rights activists vary. Some advocate the total elimination
of all animal use by humans (animal liberation), while others recognize that
animal use probably is not going to be eliminated and, therefore, work to elimi-
nate animal suffering to the greatest extent possible. If all animal use by humans
were to be eliminated, it would have a major impact on society. Those who take
a more moderate approach try to achieve their goals by influencing legislation
and through public education campaigns.

Some of the livestock production practices that are under attack by animal
rights activists include:

* use of hormones, antibiotics, and additives in animal feeding.

* caginglaying hens.

* production of veal calves in crates.

* raising swine in confinement and using farrowing crates for sows.

* management practices such as castration, docking, debeaking, and dehorning.

Other uses of animals to which animal rights activists object include:

* having them as household pets.

* using animals in medical and scientific research (including biotechnology).
* consuming animals’ flesh.

« using animal skins (leather and fur) for clothing or other products.

« using animal products (including milk and eggs) for food.

« making animals the target of hunting and trapping.

« featuring animals in entertainment activities such as horse and dog racing.
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Some militant animal rights activists have been willing to break laws by such
actions as stealing research animals and damaging property, to draw attention
to their cause. Major targets have included biomedical research facilities, food
production and food retail facilities, and retail fur facilities. They have targeted
meetings of farm groups with demonstrations protesting the use of animals
and animal products. They have also confronted exhibitors at livestock shows
with their protests. Investigations by the U.S. Department of Justice and the
U.S. Department of Agriculture show that there is an increasing tendency for
animal rights violence to be directed at food production facilities and individu-
als involved in animal production.

Some of the people involved in the animal rights movement are urban dwellers
who have limited direct knowledge of livestock production on the farm. Some
theologians, philosophers, and human rights activists also have taken up the
cause of animal rights.

Animal rights activists often distribute their message to school children by
providing free materials to schools under the label of educational material.
They also maintain sites on the Internet to distribute their message. Teachers
and parents need to carefully review such material to be sure that it is not mis-
leading students about the use of animals in our society. There are a number
of Internet sites that provide factual research reports about animal welfare and
animal rights.

Legislation

Societies for the prevention of cruelty to animals were organized in both
England and the United States in the 1800s. Today, there are federal, state,
and local laws that address the humane treatment and care of animals. The
Animal and Plant Health Inspection Service (APHIS) of the USDA has the
responsibility of enforcing federal legislation in this area.

In the United States, the first federal law dealing with the humane treatment
of animals was passed in 1873; this legislation mandated that feed and water be
provided for farm animals being transported by barge or railroad. Other federal
legislation includes:

« Federal Humane Slaughter Act of 1958 requires federally inspected slaughter
plants to comply with humane methods of slaughter.

« Animal Welfare Act of 1966 addresses the sale, transportation, and handling
of dogs and cats used in research institutions.

« Animal Welfare Act amendments of 1970 expand coverage of the 1966 Act
to most other warm-blooded animals used in research, animals in zoos and
circuses, marine mammals in sea life shows and exhibits, and animals sold
in the wholesale pet trade. Retail pet shops, game ranches, livestock shows,
rodeos, state and county fairs, and dog and cat shows are not covered by
this Act.

« Animal Welfare Act amendment of 1976 extends the 1970 Act to include
care and treatment while animals are being transported by common carriers
and outlaws animal fighting exhibits (dog or cock fights) unless specifically
permitted by state law.

« Horse Protection Act of 1970 (amended in 1976) prohibits the soring of
horses, as well as the transport of sored horses across state lines to compete
in shows. (Soring is the practice of using chemical or mechanical irritants
on the forelegs of the horse. A sored horse lifts its front legs more quickly to
relieve the pain. The practice is strictly prohibited by most horse industry
organizations and associations. )
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« Animal Welfare Act amendment of 1985 provides for the establishment
of special committees at all research facilities to oversee animal use; it also
requires exercise for dogs and provides for the psychological well-being of
nonhuman primates at such facilities.

« Animal Enterprise Protection Act of 1992 adds a section to the federal crimi-
nal code to deal with vandalism and theft at animal research facilities and
threats to research workers.

« Animal Welfare Act amendment of 1993 was passed to help prevent the use
of lost or stolen pets in research. It establishes requirements for more docu-
mentation from dealers selling animals to research facilities; it specifies that
dogs and cats must be held by pounds and animal shelters for at least S days,
including a Saturday, before releasing them to dealers.

The Animal Welfare Act, with its amendments, provides only a minimum level
of standards for the adequate care and treatment of animals covered by its pro-
visions. Areas addressed in the standards include housing, handling, sanitation,
nutrition, water, veterinary care, and protection from extreme weather and tem-
peratures. Farm animals used for food, fiber, or other agricultural purposes are
not covered by the Animal Welfare Act.

Livestock producers and others interested in the production and use of animals
need to understand that societal concern about the welfare of animals is not going
to go away. Decisions about the treatment and use of animals will increasingly be
made by society as a whole rather than by individuals. More research is needed on
issues that affect the welfare of animals. It is important that decisions about animal
welfare and use be made on the basis of scientific information and not emotions.

It is important that those people who produce or work with animals do the
best possible job of providing humane treatment for their animals. Animals that
are well managed are more efficient producers of meat, milk, eggs, wool, and
other products. Livestock producers need to do a good job of letting people know
that they care about the welfare of the animals they raise. Students who show
livestock need to be aware of the image they are projecting when they are com-
peting. Concern for the welfare of their animals should always be a priority when
students are participating in livestock shows.

ANIMAL IDENTIFICATION

A variety of methods are currently used to identify animals. These include ear
tags, ear notching, tattoos, electronic collars, electronic ear tags, ear buttons,
implants, microchips, and rumen boluses with microchips installed. There are
many commercial companies that manufacture animal identification systems and
the software packages used to record the data in a computer database.

The livestock industry is in the process of developing a system of unique iden-
tifying numbers that can be utilized with one or more of the methods currently
in use for livestock identification and that can be used to establish a database of
information about individual animals. Computer technology exists that allows
embedded microchips to be read and the information secured can then be trans-
ferred to a database. Additional information about the animal including place of
origin, health records, breeding records, production records, and so on can be
added to the database. Standards for security of information and rules for access
to database information need to be established.

A unique animal identification coupled with a database of information has
been developed by the Holstein Association. The system is known as National
Farm Animal Identification and Records (FAIR). The system is voluntary but
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many dairy producers are using it as a means of securing better information for
managing their dairy herds.

The advantages of developing a system of unique animal identification num-
bers coupled with a database of information include:

« providing data for disease control and eradication programs.

« providing a record of vaccinations and treatments for diseases.

« providing a record of good management practices used by the producer.

« monitoring emerging diseases.

« improving quality assurance programs and food safety.

« improving genetics in breeding programs.

« identifying animals so they may be returned to their owners in case of theft
or loss.

« improving access to international markets.

The development of a national animal identification system is endorsed by
many livestock organizations, yet the program remains highly controversial. The
first step toward a national identification program is the identification of livestock
producers, called premise ID. The program is administered through the USDA
and is voluntary. Information about the development of such a system may be
found at: http://www.usda.gov.

FOOD SAFETY

Despite the fact that the United States has the safest food supply in the world,
food safety is becoming a major area of concern among consumers. Much of
this concern is fueled by special-interest groups, consumer groups, and the news
media. Major issues regarding food safety include:

« bacterial contamination

« pesticides in food (generally related to crops—not discussed in this text)

« drugresidues in food (see Chapter 7 for withdrawal times before slaughter)
« irradiation of food

« genetic engineering (see Chapter 11 for general discussion)

« contamination of food by processors

Consumers are looking for zero health risk in relation to their food. Food
safety specialists know there is no such thing as zero risk; they define food
safety in terms of risk-benefit. A procedure designed to improve food safety
may pose some degree of risk for some consumers. However, the benefits to
most consumers may be many times greater than the risk. For example, many
additives are used in foods for a variety of purposes, including enhancing flavor,
maintaining freshness, and preservation. A small number of people may have
an adverse reaction to the additive; most people will not be affected. If the ben-
efits to the majority of consumers far outweigh the potential health hazard to
a small number of people, the risk-benefit ratio of using these additives is con-
sidered to be acceptable.

Most of the problems with food-borne illness are caused by bacteria (66 per-
cent). Other sources of food-borne illness include chemical (25 percent), viral
(S percent), and parasitic (4 percent). The most common bacterial causes of
food-borne illness are:

« Salmonella species (often found in eggs, milk, chickens, beef, and turkey)

« Campylobacter (often found in poultry, raw milk, and drinking water)

« Clostridium botulinum (lives in the soil, grows in many meats and vegetables;
multiplies in improperly processed canned or smoked foods)
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« Staphylococcus aureus (found on human skin—may enter food supply from
improper handling of food by workers)

« Shigella (normally found in the intestinal tract of humans—may be trans-
mitted to food by improper sanitation procedures by food handlers)

o Escherichia coli (E. coli) O157:H7 (a more deadly form of the common E. coli
bacteria; found in undercooked ground beef—may also be found in other
foods such as lettuce, salami, unpasteurized apple cider, and unpasteurized
milk)

« Listeria monocytogenes (bacteria is more resistant to acidity, salt, nitrite, and
heat than many other microorganisms; often found in soft cheese, unpas-
teurized milk, imported seafood products, frozen cooked crab-meat, cooked
shrimp, and cooked surimi [imitation shellfish]). These bacteria can survive
and grow at low temperatures.

« Clostridium perfringens (most often found in meat and meat products; bacte-
ria that survive cooking multiply when food is not kept hot enough [above
140°F (60°C)]. Do not leave prepared foods at room temperature for cooling
before storage—refrigerate immediately.)

According to the Centers for Disease Control and Prevention (CDC), the
four major bacterial pathogens that contaminate meat and poultry products are
Salmonella, Campylobacter, E. coli O157:H7, and Listeria monocytogenes. The
CDC estimates that these cause approximately 4,000 deaths and S million ill-
nesses each year in the United States when people eat meat or poultry products
that are contaminated.

These bacteria can cause illness ranging from diarrhea, nausea, vomiting,
breathing difficulty, and fever to death in extreme cases. Children and the elderly
are generally more susceptible and often have more severe reactions to these
bacteria than other people. Various species of Salmonella are the most common
cause of food-borne illness. Clostridium botulinum grows in improperly canned
foods and produces a toxin that can cause botulism, an illness that often results
in paralysis and death. Escherichia coli (E. coli) is a common cause of diarrhea
among travelers.

All fresh-food products contain some bacteria. Proper handling practices such
as cooking and holding temperature, personal hygiene of food handlers, and
kitchen sanitation will prevent most bacteria problems in food.

Regulation of food additives is the responsibility of the Food and Drug
Administration (FDA), with additional review provided by the U.S. Department
of Agriculture (USDA). In 1958 the Delaney Clause was added to the Food,
Drug, and Cosmetic Act of 1938. The Delaney Clause prohibits the use of any
food additive that causes cancer in humans or animals at any dosage. This zero
tolerance policy, if applied to all foods, would mean that most foods could not
be used. There are many naturally occurring chemicals in foods that can cause
cancer at high enough levels or if eaten over a long enough period of time.

The Food Quality Protection Act of 1996 revised the Delaney Clause to set a
new standard for carcinogens in food specified as “a reasonable certainty of no
harm.” This removed the zero tolerance policy relating to food additives and car-
cinogens that was imposed by the original Delaney Clause.

The USDA’s Food Safety and Inspection Service (FSIS) is responsible for
verifying that meat and poultry processing plants meet regulatory requirements
and takes enforcement action when a plant fails to meet these requirements.
Historically, the inspection of slaughter plants was based on a visual checking
for signs of sick animals or birds before slaughter, and inspecting the carcass
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for foreign matter, abscesses, or feces contamination. There was no routine micro-
biological testing done on raw meat or poultry.

In 1993, an outbreak of food-borne illness caused by the E. coli O157:H7 bac-
teria in ground beef showed that the then-current system of plant inspection did
not correct the problem of bacteria that are a major cause of food-borne illness.
The USDA determined that the meat and poultry inspection system needed to
be modernized.

The Sanitation Standard Operating Procedures (SSOPs) along with other
pathogen reduction regulations and new concepts for enforcement were intro-
duced in 1997 by the FSIS. These regulations and concepts place the responsibil-
ity for food safety on the plants; it also gives plants flexibility in the development
and implementation of innovative measures for the production of safe foods. The
role of FSIS inspectors and compliance officers is primarily one of verifying that
the plant is meeting industry standards and taking enforcement action when nec-
essary. The basis for the current regulations is the belief that if plants properly
maintain sanitation and process controls, food products produced by the plant
will not be contaminated by dangerous pathogens. The FSIS will not approve
the product of the plant if the control systems fail to prevent contamination by
pathogens. It is the responsibility of the plants to address any deficiencies found
by ESIS inspectors. Failure to correct the deficiencies may result in a suspension
of all or part of the plant’s operation. Plants have the right to receive notice of
alleged violations and file appeals of actions by FSIS.

Plants are required to keep accurate records to verify that their control mea-
sures work properly and the product that they produce is safe for human con-
sumption. Criminal prosecution may result if a plant is found to be maintaining
false or deceptive records.

Sanitation problems in plants are addressed by the Sanitation Standard
Operating Procedures. The focus is on making sure that the plant detects poten-
tial sanitation problems such as unclean equipment or poor worker hygiene that
may cause contamination of food products by harmful bacteria and then prevents
those problems from occurring.

In 1971, a system called Hazard Analysis and Critical Control Points
(HACCP) was developed for National Aeronautic and Space Administration
(NASA) to monitor the production of food for the space program. After that,
some plants used HACCP on a voluntary basis. A phase-in of mandatory use of
HACCP in all slaughter plants began in January 1998 with all large plants (500
or more employees) required to implement a HACCP plan. Small plants (10 or
more employees but fewer than S00) were required to implement a HACCP plan
by January 1999. All remaining slaughter plants were required to have a HACCP
plan in place by January 2000.

The National Advisory Committee on Microbiological Criteria for Foods
(NACMCEF) defined seven principles for assuring safety in the food supply using
HACCP. The HACCP systems used in slaughter plants must be based on those
seven principles. The seven HACCP principles are:

1. The plant conducts a hazard analysis to determine potential food safety haz-
ards and identify preventive measures the plant can use to control those
hazards.

2. The plant identifies critical control points (CCP). This is any point, step, or
procedure in the process where control can be applied to prevent, eliminate,
or reduce a food safety hazard to an acceptable level. Food safety hazards are
defined as any biological, chemical, or physical property that may cause a
food to be unsafe for human consumption.
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3. Critical limits are established for each CCP. A critical limit is defined as the
maximum or minimum value to which a physical, biological, or chemical
hazard must be controlled at a critical point to prevent, eliminate, or reduce
it to an acceptable level.

4. Critical control point monitoring requirements must be established. These
activities are necessary to ensure that the processis under control at each CCP.
The HACCP plan must list each monitoring procedure and its frequency.

5. Corrective actions must be established whenever monitoring indicates a
deviation from an established critical limit. The HACCP plan must identify
the corrective actions to be taken if a critical limit is not met. The purpose of
corrective actions is to prevent unsafe food from reaching the public.

6. Record keeping procedures must be established by all plants. These records
must include its hazard analysis, written HACCP plan, records documenting
the monitoring of CCPs, critical limits, verification activities, and the han-
dling of processing deviations.

7. Procedures must be established to verify that the HACCP system is working
as planned. Plants are required to validate their own HACCP plans. FSIS
does not approve HACCP plans in advance but does review them for con-
formance with the rules. Verification procedures include review of HACCP
plans, CCP records, critical limits, and microbial sampling and analysis. The
HACCP plan must include verification tasks to be performed by plant per-
sonnel. FSIS inspectors will also perform some verification tasks. Microbial
testing to be conducted by both FSIS and the plant is included as one of the
verification activities.

Slaughter plants must regularly test animal carcasses for the generic form of
E. coli to show that their control system for preventing fecal contamination is
working. The frequency of sampling is determined by the plant’s production
volume. Test results must be recorded and be made available to inspectors.

Testing for Salmonella contamination is required in slaughter plants and
any plants that produce raw ground products. The selection of Salmonella as
a performance standard was based on its prevalence in raw meat and poultry
products and the fact that reliable laboratory tests are available. Also, steps
taken to prevent Salmonella contamination may also reduce contamination
from other bacteria such as E. coli O157:H7 and Campylobacter. The FSIS has
developed a baseline standard based on the prevalence of Salmonella in raw
products that all plants must meet. The FSIS will continue to collect data and
revise its performance standards as necessary. The best way for plants to meet
the standards is to develop and implement process controls to prevent prod-
uct contamination.

Food irradiation is the treatment of food with radioactive isotopes to kill
bacteria, insects, and molds that are present in the food. Cobalt-60 is the most
widely used source of the short wavelength radiation used for food irradiation.
Cesium-137 is sometimes used as the radiation source. The process is carried
out in an irradiation facility that confines and directs the energy. The facility has
an irradiation chamber and thick concrete walls that confine the energy and pro-
tect the workers from stray radiation. The food is moved through the irradiation
chamber on a conveyor.

Irradiation does not raise the temperature of the food as it is treated.
The process can be used on fresh or frozen foods. The energy waves are not
retained by the food; the food does not become radioactive. No significant dif-
ference in nutritional quality has been found when irradiated foods are com-
pared to foods processed by other methods. There are a few foods that show
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undesirable changes when irradiated. An undesirable flavor change occurs in
dairy products that are irradiated, and some fruits, such as peaches and nectar-
ines, show a softening of tissues.

Irradiation of food as a method of food preservation began in 1950. Currently,
37 countries have approved irradiation for use on a variety of foods. Twenty-four
of these countries are using it commercially. There are over 40 irradiation facili-
ties operating in the United States.

Because irradiation is classified as a food additive, the FDA must approve
its use in the United States. Inspection and monitoring of irradiated meat and
poultry and the enforcement of FDA regulations concerning these products
are the responsibility of the USDA. All irradiated foods must carry the inter-
national symbol called a radura, along with a statement that they have been
treated by irradiation (Figure 1-10).

Current FDA approvals for irradiation of food include:

« August 21, 1963—wheat and wheat flour—to control insects

« August 8, 1964—white potatoes—to inhibit sprout development

« July 5, 1983—herbs, spices, and vegetable seasonings—to decontaminate
and control insects and microorganisms

« June 10, 1985—dry enzyme preparations primarily used in fermentation-
type food processes—to control insects and microorganisms

o July 22, 1985—pork—to control the parasite that causes trichinosis

o April 18,1986—fruits, vegetables, and grains—to control insects and inhibit
growth and ripening

« May 1, 1990—chicken, turkey, and other fresh or frozen uncooked poultry—
to control Salmonella and other disease-causing bacteria

« December 2, 1997—fresh and frozen red meats such as beef, lamb, and
pork—to slow spoilage and control disease-causing microorganisms

In 1999, the USDA approved the rules for the irradiation of refrigerated
or frozen uncooked meat and some meat products. This action was taken to
improve the safety of the food supply in the United States. The rules for irradia-
tion of poultry were changed to make them consistent with the rules for meat.
Raw poultry product may now be irradiated before packaging in addition to
the treatment of chicken carcasses. Irradiated raw poultry and meat may be
used in the manufacture of other products such as sausage or bologna.

Slaughter plants are not required to irradiate their products. Some of the
problems involved in the irradiation of meat include uncertainty about con-
sumer acceptance, the volume of product produced each year, and the cost of
irradiation compared to other methods of reducing bacteria in foods.

There are several benefits that result from the irradiation of food.

o Preservation of perishable foods—shelf life of foods is extended by destroy-
ing organisms that cause spoiling and decomposition.

« Sterilization—makes it possible to store foods for long periods of time with-
out refrigeration.

« Inhibition of sprouting—in potatoes, carrots, onions, garlic, and ginger.

« Delay in ripening—in bananas, mangos, avocados, and other non-citrus
fruits.

« Control of insect damage—in grains, fruits, vegetables, dehydrated fruits,
spices, and seasonings.

« Control of food-borne illness in meat, poultry, and fish—eliminates micro-
organisms such as Salmonella species, Campylobacter, Clostridium botulinum,
Staphylococcus aureus, Shigella, and Escherichia coli.

7

Figure 1-10 The international
radura symbol must be printed in
green. Courtesy of USDA.
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As is the case with the advent of many new technologies, food irradiation has
its opponents. Some people are confused because the word “irradiation” sounds
like radioactive, thus raising fears about the possibility of cancer or other ill-
nesses. They do not understand that irradiated food does not become radioac-
tive. Another concern is the possibility of toxic radiation products forming in the
food. Research done over many years has not shown any health problems result-
ing from the use of irradiated foods.

The use of food irradiation has been significantly delayed in the United States
by the activities of those opposed to this technology. However, recent polls
among consumers suggest that a majority is willing to buy irradiated foods,
especially in light of the increased safety of the food supply.

Improper handling of meat and poultry in the home is a major cause of food-
borne illness. Everything that touches food—bowls, countertops, hands, and
utensils—must be kept clean.

« Wash hands thoroughly in hot soapy water before preparing food and after
handling raw meat or poultry.

« Juices from raw meat or poultry must not come into contact with other foods.

« Use different plates for cooked foods and raw meat or poultry.

« All utensils that are used on raw meat or poultry must be thoroughly washed
in hot soapy water before they are used for cooked foods.

« Counters, cutting boards, and other surfaces where raw meat or poultry was
placed must be washed and sanitized before placing cooked foods on them.
Surfaces may be sanitized by using a solution of two to three teaspoons of
household bleach in 1 quart of warm water. After sanitizing the surface with
this mix, rinse with plain hot water.

Bacteria are destroyed by high temperatures (165° to 212°F) when meat and
poultry are cooked. Check the internal temperature of meat or poultry in sev-
eral spots with a meat thermometer, especially if cooking is done in a microwave
oven. Internal temperatures of cooked foods vary more when they are prepared
in a microwave oven instead of in a conventional oven. Make sure the meat or
poultry is thoroughly cooked; there should be no pink meat left internally in the
prepared food. Frozen foods usually need about 1.5 times the normal cooking
time used for thawed foods. Reheat leftover foods at 165°F to kill any bacteria.

Many food retailers now offer food safety pamphlets with specific instructions
for safely cooking and storing food. By following the advice in these guides, con-
sumers can prevent many cases of food-borne illnesses. Safe handling instruction
labels are now attached to many meats and poultry. A typical label is shown in
Figure 1-11.

Many farm animals are believed to be carriers of the common bacteria that
cause food-borne illnesses. It is usually not possible to determine by visual
inspection which animals are carrying these bacteria and which are not. Doing
simple serum antibody tests or examining cultures from blood or feces samples
does not always produce definite proof that the bacteria are present. If the bac-
teria are present in low numbers, a serum test will not show its presence. Some
bacteria live in specific tissues in the animal’s body and are not detected by cul-
ture tests. Research is needed to develop an accurate and simple test for the pres-
ence of bacteria that cause food-borne illnesses that can be used on the farm.

Because of the difficulty in determining which animals are carriers, the pos-
sibility of contaminating many uncontaminated carcasses in the packing plant is
always present. Ground meat products produced at the plant normally contain
meat from several animals. If one of these animals is contaminated, then the entire
product becomes contaminated.
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This product was prepared from inspected and passed
meat and/or poultry. Some food products may contain
bacteria that could cause illness if the product is mis-
handled or cooked improperly. For your protection, fol-
low these safe handling procedures.

Keep refrigerated or frozen. Thaw
in refrigerator or microwave.

Keep raw meat and poultry separate
from other foods. Wash working

@ surfaces (including cutting boards),
utensils, and hands after touching
raw meat or poultry.

==  Cook thoroughly.

BH—

Keep hot foods hot. Refrigerate
leftovers immediately or discard.

Figure 1-11 A typical food label showing instructions for safe handling. Courtesy
of USDA.

More research is needed to determine exactly how these bacteria infect
animals and thus get into the food chain. At present, following good manage-
ment practices on the farm is the best recommendation that can be given.
Maintain clean housing, keep animals healthy, and do not use contaminated
feed or water.

Closer inspection and regulation of livestock production on the farm by the
USDA can be expected as part of an overall program to improve food safety.
Tracking of infected animals from the packing plant back to the farm of origin
can be expected as a part of this effort. The determination of normal levels of
bacteria in livestock is under study and will help establish baselines for inspec-
tion and regulation.

Livestock producers have a vital interest in helping to ensure the safety of the
food supply. If consumers lose confidence in that safety, livestock producers
lose dollars.

ENDANGERED SPECIES

Changes in livestock production during the twentieth century have resulted in
a threat of extinction for many species that were once commonly found on the
farm. Livestock breeders increasingly select for those factors that increase pro-
duction, such as faster rate of gain, increased feed efficiency, larger litters, or more
milk production. More uniformity within a breed is developed by the use of arti-
ficial insemination, embryo transfer, and cloning. There is an increasing emphasis
on crossbreeding to produce animals that are considered better able to meet the
market demand for their products.

As a result of these changes, many purebred lines of traditional breeds of
livestock have almost disappeared. Selection for uniformity, crossbreeding,
and the decline in the numbers of many purebred lines has resulted in a loss of
genetic diversity within a species. Genetic diversity is important to maintain
within a species because it permits adaptation to changing conditions. When
genetic diversity is lost, specific breeds within the species are more likely to
become extinct.
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Modern livestock production is highly dependent upon the use of antimicrobial
compounds and anthelmintics to control diseases and parasites (see Chapter 7).
Natural resistance to diseases and parasites is not usually selected when breeding
animals. The result is a loss of natural resistance to infestations of diseases and
parasites. Some disease organisms and parasites develop immunity to the drugs
used for control. Most swine breeds used in the United States are not resistant
to scours caused by Escherichia coli. Some breeds of Chinese hogs, however, are
resistant to this form of scours. These breeds may be of importance in developing
a genetic resistance to scours in swine breeds in the United States. Gulf Coast
Native sheep, Caribbean hair sheep, and Florida Cracker cattle show a genetic
resistance to parasites. These breeds may be of importance in developing this
resistance in other sheep and cattle breeds that are currently not resistant to para-
site infestations. The lack of breeding stock with a natural resistance to diseases or
parasites could result in a serious threat to the food supply.

The preservation of genetic diversity within a species makes it possible to
develop new breeds with characteristics that meet changing market needs. Cattle
breeds such as the Santa Gertrudis and Senepol were developed in response to a
need for cattle that can be raised in hot climates. The Finn sheep has the ability
to produce multiple lambs instead of singles or twins. This ability is being devel-
oped in the sheep industry in crossbreeding programs.

Maintaining genetic diversity within species also contributes to scientific
knowledge and research. Minor breeds often have unusual characteristics
that allow study of adaptation, feed use, disease and parasite resistance, and
reproductive abilities under a variety of conditions. This knowledge may be
essential in the future for the maintenance of an adequate food supply for the
world’s population.

The American Livestock Breeds Conservancy, founded in 1977, is a non-
profit organization working to prevent the extinction of many breeds of
livestock once common in agriculture. A recent census of livestock in the
United States and Canada by the American Livestock Breeds Conservancy
reveals that many breeds now have low populations and some are very close
to extinction.

SUMMARY

The domestication of animals played a vital role in the development of civili-
zation. Domesticated animals provided a more dependable source of food and
clothing. Most of the ancestors of present-day farm animals were first tamed in
the Neolithic (New Stone) Age. Written records show that animals were being
used more than 4,000 years ago. Early explorers brought the various species of
farm animals to the United States. These animals spread across the United States
as early explorers and colonists moved westward.

Animals have many useful functions. They convert feed into food, are a source
of materials for clothing, and provide power and also recreation. They help con-
serve natural resources and contribute to good farm management by increasing
farm profits. Animals concentrate bulky feeds, making them easier to market.
Many by-products of animals are also important to society.

Animals and their products contribute billions of dollars to the economy each
year. The per person consumption of meat in the United States has been declining
in recent years.

The total number of livestock on farms in the United States is several billion.
Livestock numbers are expected to continue to increase in the years ahead.
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Student Learning Activities

1. Survey the farms in a community, collecting data on size of farm, acres of
various crops grown, and kind and size of livestock enterprises on the farms.
Prepare a bulletin board display showing a map of the community with the
data summarized.

2. Prepare and present an oral report on one of the following topics:

the domestication of animals

the spread of livestock in the United States

the functions of animals

. trends in animal agriculture

animal rights issues

. food safety

3. Prepare graphs based on Table 1-5 that show trends in livestock numbers in
the United States.

4. When planning and conducting one’s supervised experience program, take
into consideration the most common agricultural enterprises found in the
local area.

me a0 o

Discussion Questions

1. Why was the domestication of livestock important to the development of
civilization?
2. Why did the raising of large cattle herds develop in the Great Plains states
whereas the finishing of cattle developed in the North Central states?
3. From what two wild stocks of swine were the American breeds of swine
developed?
4. What was the main use of sheep by the early colonists in the United States?
5. Describe the major differences between sheep and goats.
6. What was the main use of the horses brought to the United States by the
early colonists?
7. What changes have taken place in the poultry enterprise from colonial times
to the present?
8. Name and briefly describe the eight functions of animals in our society.
9. How important economically is the livestock industry as compared to the
total farm industry in the United States?
10. Briefly explain the trends in consumption of livestock products per person in
the United States from 1983 to 2003.
11. What was the trend in consumption of wool in the United States from 1980
to 20022
12. Briefly explain current trends in animal agriculture.
13. Briefly explain the issue of animal rights.
14. Why are animal by-products important to human society?

Review Questions

True/False

1. Domestication means to adapt the behavior of an animal to fit the needs of
people.

2. The wild mallard duck has no relationship to the modern breeds of domesti-
cated ducks.
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3. Livestock producers generally support proper feeding, housing, and other
good management practices because these activities lead to more efficient
production.

Multiple Choice

4. Adapting the behavior of animals to fit the needs of humans is called

a. training c. breeding
b. domestication d. culling

5. The trend in the consumption of poultry is showing

a. anincrease C. remaining the same
b. a decrease d. difficult to determine

6. One of the earliest animals tamed by humans was

a. horses c. goats
b. sheep d. swine
Completion

7. Modern cattle are descendants of the
8. The three categories of animal health products are .
9. Chickens were being raised by the Chinese in about BC.

Short Answer

10. Why was domesticating and confining animals so important to the food
supply of early civilizations?

11. List and discuss three functions of animals.

12. What is the basic difference between the concerns of animal welfare and
animal rights activists?



Career Opportunities
in Animal Science

Objectives

After studying this chapter, the student should be able to

- explain the value of a farm background for the
individual entering a livestock-related occupation.

- list employment opportunities that require a
knowledge of animal science.

- describe the process of choosing an occupation.

- identify employer expectations and good worker
skills.

- identify good citizenship skills.
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EMPLOYMENT IN AGRICULTURE

Agriculture is a basic industry in the United States. The majority of career
opportunities in agriculture in the near future are in industries related to agri-
culture and not in production agriculture itself. More than 200 different careers
are available to persons with an interest in agriculture. Many of those careers
require a minimum of 2 years of education beyond high school and many are in
the field of Animal Science.

Agriculture and agriculture-related industries provide employment for almost
18 percent of the total work force in the United States. There are five major cat-
egories of employment in agriculture-related jobs.

1. Farm production and agricultural services. Typical jobs include farmers,
hired farm workers, farm managers, and veterinarians—2.6 percent of the
total work force.

2. Input suppliers. Typical jobs include employment in wholesale and retail
sales of farm equipment; seed, feed and feed ingredients, fertilizer, and
chemical suppliers; farm machinery manufacturing; and manufacturing and
sale of farm chemicals—0.3 percent of the total work force (Figure 2-1).

3. Processing and marketing. Typical jobs include employment in apparel and
textile manufacturing; and processing meats, dairy goods, fruits, vegetables,
bakery products, and beverages—2.4 percent of the total work force.

4. Agricultural wholesale and retail trade establishments. Typical jobs include
employment in grocery stores, restaurants, convenience and carry-out
stores—10.2 percent of the total work force.

S. Indirect agricultural businesses. Typical jobs include employment in chemi-
cal and fertilizer mining and manufacturing food processing machinery—0.4
percent of the total work force.

The number of jobs in the first three categories above has been declining during
the past 25 years and is expected to continue to decline in the years ahead. These

Figure 2-1 Feed and feed ingredients, salespeople must have a broad knowledge of
animal science. Courtesy of USDA National Resources Conservation Services.
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Figure 2-2 High school agriculture programs provide students with a hands-on
approach to learning about animal production and animal science occupations.
Courtesy of ARS.

are the jobs that are most closely related to production agriculture. The number
of jobs in the last two categories has been increasing during this same period and
is expected to continue to offer employment opportunities in the future. These
are jobs that are only marginally related to production agriculture.

The number of farms in the United States has been declining since 1936. This
trend is expected to continue in the future. The average size of farms has grown
steadily larger during this period, while the amount of land in farms has declined
only slightly. Approximately 90 percent of the farms in the United States are indi-
vidually owned and the other 10 percent are owned by partnerships or corpo-
rations. The decline in job opportunities in production agriculture and closely
related industries is related to the decline in the number of farms.

An expanding population in the United States and the world has resulted in
an increased demand for food. This has created more jobs in the businesses that
process, package, and market food.

Many job opportunities related to animal science are also available in the fields
of agribusiness, communications, science, government, education, and sales. The
emergence of new technologies provides additional job opportunities for well-
trained people with an interest in animal science. The right combination of skills,
education, training, and experience can lead to exciting careers in helping to feed
and clothe the people of our nation and the world.

People develop an interest in animal science careers in various ways. High
school agriculture programs are one source of information about animal science
occupations (Figure 2-2). Courses in animal science in high school can help stu-
dents learn more about agriculture and develop basic skills. Many colleges also
prepare people for various agriculture careers. There are many jobs for men and
women with experience and training in animal science.

The person who has lived on a farm and worked with animals already has many
skills that are important to job success in agriculture. One who has worked in
an agricultural business dealing with animals also possesses skills that employers
look for in choosing personnel. This experience is a great help to the person who
desires a career in animal science (Figure 2-3).

Figure 2-3 In agriculture educa-
tion classes, high school and middle
school students learn skills in the
care and handling of animals. Photo
by Dr. Frank Flanders.
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Beef cattle
Cow/calf operations
Stocker or grower programs
Feedlot

Dairy
Milk production

Swine
Farrowing operations
Grower/finisher operations
Farrow to finish

Sheep
Ewe flocks
Wheat pasture growing/finishing

programs

Poultry
Broiler production
Egg production

Horses
Mare breeding farm
Training facility

Livestock Feed

Production

Sales

Distribution

Veterinary Medicine
Practice

Research

Product development
Teaching

Inspection

Source: Oklahoma State University.

The Livestock Industry

Meat or Dairy Foods
Production

Product development
Quality control
Distribution and marketing

Livestock Promotion and Marketing
Breed organizations

Livestock publications

Livestock sales / market reporting

Sales

Feed
Pharmaceuticals
Agricultural chemicals
Livestock supplies

Management

Livestock production enterprises
Sales/marketing companies
Food production/distribution

Financial Institutions

Banks

Lending agencies

Service Organizations

Extension

Agriculture agents

4-H agents

Teaching (high school, junior
college, or university)

Feed/slaughter inspection
Private consulting

Computer Specialists
Computer programmers
Software distributors
Modeling

Technology Development and

Application (Biotechnology)

Laboratory technical support

Animal caretakers

Research scientists

Genetics and animal breeding

Population genetics

Molecular genetics

Genetic engineering

Reproductive management

Endocrinology

Cloning

Embryo technology

Nutrition

Feeding programs

Nutrition/reproduction interactions

Nutrition/health/ immunity
interactions

Food science

Product development

Food processing

Fermentation

There are many jobs available that relate to animal science and increasingly these
jobs require a minimum of a bachelor’s degree. Some of these jobs require educa-
tion beyond the bachelor’s degree, usually in a specialized area. While the opportu-
nities for employment in production agriculture are limited, many related careers
require some knowledge of animal production. Table 2-1 lists some of the career
opportunities for people who have a Bachelor of Science degree in animal science.

EMPLOYMENT OPPORTUNITIES FOR COLLEGE
GRADUATES IN AGRICULTURE

There is a growing concern among agribusinesses about a future shortage of
qualified college graduates with training in the field of agriculture. Current pro-
jections indicate that the average annual demand for university graduates with
training in agriculture will exceed the annual supply by about 1 percent during
the next several years.
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SCIENTISTS &
ENGINEERS
32%

AG
PRODUCTION
7%

SOCIAL

EDUCATION &
COMMUNICATION
11%

SERVICES
9%

Figure 2-4 Employment opportunities for college graduates in the food and agricultural
sciences. Source: USDA.

College graduates in the field of agriculture will find the best job opportunities
in basic plant and animal research, food and fiber processing, and agribusiness
management and marketing. Figure 2-4 shows the annual percentage of projected
openings for college graduates in the field of agriculture. The number of college
graduates specializing in the areas of agricultural production and education, com-
munication, and information is expected to exceed the number of annual open-
ings in these areas.

Scientists, Engineers, and Related Specialists

Some typical animal-science-related occupations found in this category include:

agricultural engineer food scientist
animal scientist geneticist
biochemist microbiologist
entomologist nutritionist
environmental engineer veterinarian

food engineer

Workers in these professions do essential research and development that
improves the competitive position of the United States in world markets.
Employment opportunities related to animal science are best for food scientists,
food process engineers, animal geneticists, and animal inspectors. Job opportuni-
ties are not as good for graduates in animal nutrition, agricultural economics, and
veterinary medicine. People in management positions will generally need doctoral
degrees; support personnel will generally need at least a baccalaureate degree.

Managers and Financial Specialists

Some typical occupations in this category that relate to animal science include:

business manager food service manager
credit analyst retail manager
economist wholesale manager

financial analyst

Some of the best job opportunities in this category are in computer infor-
mation systems, food distribution and related services, and veterinary medical
products marketing. Fewer job opportunities are expected for middle managers
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in agribusiness and credit, as well as in wholesale and retail businesses that sell
feed and agricultural chemicals. Managers need strong skills in human relations
and communications. Many jobs in this category will go to those having graduate
degrees. A shortage of graduates is projected in this area compared to the antici-
pated number of annual job openings.

Marketing, Merchandising, and Sales Representatives

Some typical occupations related to animal science that are found in this cat-
egory include:

food broker marketing manager
grain merchandiser sales representative
livestock buyer technical service representative

market analyst

About 28 percent of the employment opportunities for college graduates in
food and agricultural careers are in marketing, merchandising, and sales. Graduates
expecting to find careers in this field need good communication skills along with a
thorough knowledge of computer technologies used in business. Agricultural gradu-
ates can expect strong competition for jobs in this field from business school gradu-
ates who also possess the skills and knowledge required for these jobs. The outlook
for jobs as food company account representatives, commodity brokers, and adver-
tising and public relations specialists is better than for jobs as salespeople for goods
and services to farmers and ranchers. Average annual openings for college graduates
in this field are expected to exceed the average annual supply by about 9 percent. A
baccalaureate degree is required for more than 85 percent of the jobs in this category.
People with advanced degrees will find the most employment opportunities in pur-
chasing and buying, market analysis, technical sales, and international trade.

Education, Communication, and Information Specialists

Some typical occupations related to animal science that are found in this cat-
egory include:

agriculture education teacher  editor
college faculty member public relations specialist
cooperative extension agent ~ reporter

Overall, this group will have more job openings than qualified graduates
for several years. Job opportunities are best for computer information spe-
cialists, advertising representatives, public relations specialists, and secondary
school agricultural science and business teachers. People with skills to provide
communication and education services on the Internet have good employ-
ment prospects. The demand for college and university faculty members and
extension personnel is not expected to increase significantly during the next
several years. Agricultural college graduates will be competing for jobs in this
field with graduates of computer technology, journalism, and communication
programs. Those with technical knowledge in food, agriculture, or veterinary
medicine will have some competitive advantage in finding jobs in this area.

Social Services Professionals

Some typical occupations related to animal science that are found in this cat-
egory include:

dietitian

food inspector

nutrition counselor
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Opverall, the number of qualified graduates will exceed the number of job
openings in this field during the next several years. There will be strong
competition for jobs in this field. The outlook for job openings for dieti-
tians, nutritionists, and food inspectors is good. The need for dietitians and
nutritionists accounts for 41 percent of the projected job opportunities in
this field. This is a field that draws heavily on college graduates, with about
8S percent of the qualified graduates having baccalaureate degrees. Another
14 percent are expected to hold master’s degrees and 1 percent will have
doctoral degrees. Good communication skills and work experience in a
technical area of expertise are strong positive factors for finding employ-
ment in this field.

Agricultural Production Specialists

Some typical occupations related to animal science that are found in this cat-
egory include:

farmer
feedlot manager

professional farm manager
rancher

The trend toward larger farms has resulted in fewer job opportunities in pro-
duction agriculture. Only 28 percent of the farms in the United States account
for 87 percent of the total sales of farm products. Technological advances, higher
production costs, and unstable markets indicate an increasing need for people in
production agriculture to have the business and technical expertise that is pro-
vided by a college education.

It is expected that there will be about 18 percent more qualified graduates
in this field than there will be job openings during the next several years.
As the farm population ages, the demand for farmers, ranchers, and farm
managers will account for about 85 percent of the new job opportunities in
this field. The supply of graduates for these positions, however, will be more
than adequate. An increasing number of agricultural managers will be hired
or contracted employees rather than independent owner-operators. A solid
demand will exist for the next several years for managers of swine and poultry
operations; the demand for beef cattle and dairy farm managers is expected
to remain about the same from year to year. Problem solving and communi-
cation skills are needed for entry into this field. Work experience on a farm or
ranch is a strong positive when competing with others for the limited number
of jobs available. Production management decisions require a good under-
standing of the underlying scientific and business principles of production
agriculture.

OCCUPATIONS IN ANIMAL SCIENCE

Many occupations are possible in the field of animal science (see Figures 2-S
through 2-7). Some of these occupations are listed here by type of animal. Some
general occupations that deal with more than one phase of animal science are
also listed.

Descriptions of occupations marked with an “*” are found in the Dictionary of
Occupational Titles. Occupational titles that are indented in this list are alternate
names for the occupation immediately above the indented titles or may indicate
an occupation designated by a field of specialization under the general heading.
All indented occupational titles are found under the heading immediately pre-
ceding them in the Dictionary of Occupational Titles.

%

Figure 2-5 A federal meat inspec-
tor at work in of the more than 3.000
federallyinspected meat plantsinthe
United States. Courtesy of National
Meat Board.

Figure 2-6 A veterinarian may
specialize in large animal or small
animal medicine or both. Photo
by Dr. Frank Flanders.

Figure 2-7 A farrier is a person
who shoes horses. Farriers are a vital
part of the horse industry. Courtesy
of Wayne Nunn Farrier Services.
Photo by Dr. Frank Flanders.



44 Section 1 The Livestock Industry

General Occupations in Animal Science

agricultural economist*
agricultural education
instructor/FFA advisor
agricultural engineer
(livestock buildings and
equipment)*
agricultural journalist
agricultural news director
animal behaviorist
animal breeder*
animal breeding scientist*
animal caretaker*
- animal attendant
- animal control officer
- farmworker, livestock
animal cytologist*
animal ecologist*
animal health products
distributor
animal inspector
animal keeper*
animal nursery worker*
animal nutritionist*
animal physiologist*
animal science teacher
animal scientist*
animal taxonomist*
animal trainer*
animal treatment
investigator*
- animal control officer
artificial breeding
distributor*
artificial breeding
technician*
- breeding technician
artificial insemination herd
sire evaluator
artificial insemination herd
sire manager
artificial inseminator*
—inseminator
biological aide
biotechnologist*
breed association field
worker

breeding researcher
butcher*
central test station manager
central test station worker
county agricultural agent*®
- agricultural agent*
- county adviser
- county agent
- extension agent
- extension-service agent
— extension worker
— farm adviser
- farm agent
custom-feed-mill operator*
drug company
representative
extension service livestock
specialist*
farm broadcaster
farmhand
farm investment manager
farm loan officer
farm manager*
farmworker, general*
farmer, general*
— hired worker
— chore tender
— farm laborer
- farmworker, livestock*
- laborer, livestock
- ranch hand, livestock
feed and farm management
adviser*
feed mill operator
feed ration developer and
analyst
feed research aide*
field sales representative,
animal health products
food processing supervisor
4-H club agent*
geneticist*
inspector, grain mill
products*
laboratory technician,
veterinary*

land bank branch manager
livestock agent*
livestock auctioneer
livestock building dealer
livestock building
salesperson
livestock buyer
livestock caretaker
livestock commission
agent
livestock equipment dealer
livestock equipment
salesperson
livestock farmhand
livestock herder
livestock geneticist
livestock inspector
livestock producer
livestock rancher*
— livestock breeder
— livestock farmer
livestock sales
representative*®
livestock seller
livestock yard attendant*
livestock yard supervisor
magazine writer
manager of retail feed and
supply store
market research analyst,
agriculture*
marketing analyst
market news analyst
meat cutter®
meat grader
meat inspector*
meat science researcher
muscle biology researcher
nutritional physiologist
nutrition researcher
ova transplant specialist
pharmaceutical company
representative
production researcher
reproduction researcher
reproductive physiologist

salesperson, animal feed
products
show cattle caretaker,
supervisor*
superintendent, grain
elevator*
supervisor, animal cruelty
investigation*
—animal humane agent
supervisor
supervisor, artificial
breeding ranch*
supervisor, feed mill*
supervisor, livestock yard*
supervisor, stock ranch*
veterinarian*
veterinarian aide*
veterinarian, laboratory
animal care*
veterinarian, poultry*
veterinarian’s assistant
veterinary anatomist*
veterinary bacteriologist*
veterinary epidemiologist*
veterinary livestock
inspector*
veterinary meat inspector®
veterinary parasitologist*
veterinary pathologist*
veterinary
pharmacologist*
veterinary physiologist*
veterinary virologist*
veterinary virus-serum
inspector*

Beef
Occupations

beef breeder
beef farmer
beef farmhand
beef herder
cattle buyer
cattle feeder
cattle rancher*




cowpuncher*
- puncher
- ranch rider
- rider
feedlot maintenance
worker
feedlot supervisor
stock ranch supervisor*
top screw*
—lead rider
- ramrod
- top waddy

Dairy
Occupations
cheesemaker*
- cheese cooker
dairy barnman
dairy cattle herder
dairy choreman
dairy cow washer
dairy farm worker*
dairy farmer*
— laborer, dairy farm
dairy helper*
dairy herdsman
dairy herd supervisor (DHIA)
dairy management specialist*
dairy nutrition specialist*
dairy sanitarian
dairy scientist*
dairy technologist*
dairy tester
field contact technician,
dairy*
manager, dairy farm*
milk plant supervisor
milk sampler*
milker, machine*
- milking machine
operator
- sampler
supervisor, dairy
processing*
- butter production
supervisor
- cheese production
supervisor
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- instant-powder supervisor

— pasteurizing supervisor
supervisor, dairy farm*

Swine
Occupations

hog buyer
swine breeder
swine farmer
swine farmhand
swine herder
swine rancher*

Sheep
Occupations

camp tender*
fleece tier*
lamber*
sheep breeder
sheep farmer
sheep farmhand
sheep herder*

- herder

— mutton puncher

- shepherd
sheep shearer*

- sheep clipper

— stock clipper

— wool shearer
supervisor, wool-shearing*
wool buyer
wool-fleece grader*
wool-fleece sorter*

Horse
Occupations

barn boss*

— corral boss

- hostler

- lot boss

- stable manager
equine dentist
farrier
hoof and shoe inspector*®
horse breeder horse

exerciser*
horse farmhand
horse herder

horse rancher
horse stable attendant
horse trainer*
horseshoer*

- plater
paddock judge*
race horse trainer*
racing secretary and

handicapper*
stable attendant*

- barnworker

- groom

- horse tender

- mule tender

— stallion keeper

Poultry
Occupations

blood tester, fowl!*
caponizer*
chick grader*
— poultry culler
chick sexer*
chicken breeder
egg candler*®
farm worker, poultry*
- helper, chicken farm
— poultry helper
field service technician,
poultry*
grader, dressed poultry*
laborer, poultry farm*
— laborer, brooder farm
- laborer, chicken farm
- laborer, egg-producing
farm
— laborer, fryer farm
— laborer, pullet farm
— laborer, turkey farm
— laborer, poultry hatcher*
— hatchery helper
— incubator helper
manager, poultry farm*
manager, poultry hatchery*
- manager, chicken
hatchery
- manager, duck hatchery
- manager, turkey hatchery

poultry breeder*
— chicken fancier
poultry breeding
researcher
poultry debeaker*
— debeaker
poultry farmer*
— duck farmer
- poultry farmer, egg
— poultry farmer, meat
— turkey farmer
poultry farmhand
poultry field service
technician
poultry geneticist
poultry grader
poultry inseminator*
- artificial insemination
technician
poultry nutrition
researcher
poultry products sales
manager
poultry products
technologist
poultry scientist*
poultry tender*
poultry vaccinator®
— chicken vaccinator
supervisor, poultry farm*
— supervisor, brooder farm
— supervisor, egg-
producing farm
- supervisor, fryer farm
- supervisor, pullet farm
— supervisor, turkey farm
supervisor, poultry
hatchery*
— supervisor, chicken
hatchery
— supervisor, turkey
hatchery
turkey breeder
turkey producer

Goat
Occupations

goat herder*
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CHOOSING AN OCCUPATION

Selecting an occupation involves three basic steps. First, one must look at oneself.
Second, one should obtain as much information as possible about the occupation
in which one is interested. Third, one makes a decision based on the information
from steps one and two.

Self-Analysis

A person’s ability is his or her capacity to perform. Grades in school and test-
ing done by guidance counselors can help to determine a person’s abilities. It is
important to be as realistic as possible when matching abilities to occupations.

Occupations are sometimes chosen on the basis of talents. A talent is a nat-
ural aptitude a person possesses for performing an activity particularly well.
Some people type well, others can sketch or draw, and others get along well
with people. Being able to handle animals is an important talent for those con-
sidering a job in animal science. Hobbies may be an indication of talents. Other
personal qualities should be considered in addition to the talents that a person
possesses.

A person’s physical makeup is his or her health, strength, and stamina. Different
occupations have different requirements for physical condition. Limitations due
to health problems should be considered when deciding on an occupation.

Previous experience refers to the work a person has done in the past. How well
a person has done when working at one job is a good indication of future success
on other jobs. Work experience is also a good way to learn more about an occupa-
tion in which a person is interested.

Interests are those things that hold a person’s attention. People do best when
they work at an occupation that interests them. One way to determine one’s inter-
ests is by taking a test called an interest inventory. Guidance counselors are able
to give and interpret this kind of test. Interests sometimes change as a person
grows older. One must consider whether or not an interest in a particular occupa-
tion is temporary or lasting.

Educational aspiration refers to how much education a person desires or can
obtain. Many occupations in animal science require education beyond high
school. People must decide how long they are willing to study and if it is possible
for them to obtain the education needed for a particular occupation.

Attitudes and values refer to how a person thinks about life and what things are
important to him or her. A person’s choice of an occupation should agree with
his or her attitudes and values. Many people express their attitudes and values
through their work.

Self-concept is how a person sees himself or herself. A positive self-concept is
important to job success.

Flexibility, or willingness to change, helps people to make personal adjust-
ments that may be required by an occupation. There is no such thing as a per-
fect job. All jobs require adjustment. A worker must be able to accept criticism.
Flexibility is closely related to success on the job.

Personality is how others see a person. Each person’s personality is made up of
many different traits. Any given occupation requires certain personality traits for
success. Individuals must be sure they have the personality traits necessary for
success in a particular job.

Studying an Occupation

When studying an occupation, it helps to have an outline to follow. The following
points should be considered when seeking information on a specific job.
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The nature of the work is what a person has to do on the job. Included are the
activities, duties, and responsibilities of the worker. Working conditions are a part
of the nature of the work. Working conditions that should be studied include:

* hours

* location of work area (indoor or outdoor)
* physical activity required

* travel requirements

* tools or machines used

* noise level of the surroundings

* presence of dirt and odor

* possible physical hazards

+ amount of interaction with other people required
* degree of supervision

* variety of tasks involved

The mental skills required by a job should also be considered. Some jobs
require verbal comprehension; some require reasoning or number ability, while
others require spatial ability or mechanical comprehension.

Different jobs require people with different kinds of personalities. Personality
requirements may include being sociable, energetic, persuasive, or persistent.

Educational requirements are also an important factor in job selection. Some
jobs require only a high school education. For others, a person may need training
beyond high school. Some skills can be learned on the job. Sometimes, there are
limits on the number of people who are admitted for special training. The cost of
the training should also be known.

Some jobs have special entrance requirements, such as a certificate or license.
In some fields, a person must belong to a union or a professional association.
Other jobs have restrictions that would prevent entry, such as age, height, weight,
or physical handicaps.

The demand and supply of workers vary with different occupations and in
different parts of the country. Some jobs have a high turnover of workers. It is
important to know what the possibility is of obtaining a job in a particular field.

The chances for promotion and the job security available are also points to con-
sider in the choice of an occupation. A person should find out what beginning
workers are paid, as well as the earnings to be expected after a few years on the job.
The opportunity to transfer to another, similar occupation after gaining experience
in a particular occupation should be noted. Paid vacations, sick leave policies, pen-
sions or retirement plans, and normal retirement age are other important factors.

Making a Decision

After self-analysis and occupational study, it is time to make a decision. A person
must try to match himself or herself as closely as possible to the best occupation.
It is a good idea to have several occupations in mind. Most people can succeed
at more than one occupation. A person should leave room for a change of career
plans in the future.

SOURCES OF INFORMATION
ABOUT OCCUPATIONS

Information about occupations is available from a variety of sources. School
guidance counselors can provide a great deal of information. Most schools have a
copy of the Dictionary of Occupational Titles, which gives individual descriptions
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of more than 20,000 jobs in the United States. Many jobs related to animal sci-
ence are included.

Agricultural education instructors also have information about jobs in animal
science. They can help students explore occupations that interest them. They may
be able to give advice on how well a person might fit into a certain occupation.

People who are employed in the occupation in which a person is interested are
good sources of information. They know from personal experience the require-
ments of the job and what it takes to succeed.

Parents may also aid students in making a wise career choice.

State employment services offer help in determining the kinds of jobs available
locally. They provide help with testing, counseling, placement, and other services
free of charge.

Many books and pamphlets are available that contain information about jobs.
A number of these have descriptions of jobs, called occupational briefs, which
answer many questions about an occupation. Guidance counselors, high school
libraries, or agriculture education teachers can supply these books and pamphlets.

Never depend entirely on one source of information about an occupation.
Obtain information from as many different sources as possible. The more infor-
mation a person has, the better the chances of selecting a suitable occupation.

ON THE JOB: EMPLOYER EXPECTATIONS
AND GOOD WORK HABITS

Finding a suitable job is an important step in career planning and advancement.
After one is hired it is important to understand that employers have certain
expectations that must be met if one is to be successful in one’s career. Desirable
and undesirable work habits can have a strong influence on career success. Good
citizenship skills are important in one’s life and employees have a right to expect
certain things from their employers.

This section will provide a general discussion of the role that each of these
aspects plays in career success. The worker needs to understand that employer
expectations and good work habits are linked. For job success, the worker should
develop and use good work habits that will help meet employer expectations.

Specific expectations and work habits will vary from job to job. Some employ-
ers have employee handbooks that spell out acceptable and unacceptable behav-
ior. If such a handbook is available, study it carefully and take it seriously; failure
to do so often leads to job termination. If there is no policy handbook available,
ask your supervisor for an explanation of company policies and a summary of
what the company expects from its employees.

Attitude

One of the most important traits that employers expect in their employees is a
positive attitude. Workers with poor attitudes often have difficulty holding a job.
Some indications of a positive attitude include:

* being friendly, with a ready smile; looking people in the eye when interacting
with them but not being overbearing in manner.

* being willing to accept new ideas when appropriate; recognizing the right of
other workers to hold different points of view.

* rarely complaining about the job or other workers; not criticizing others on
the job.

* being willing to accept responsibility for one’s own actions, including
mistakes; not making excuses for one’s own behavior.
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* being willing to dress in a manner appropriate for the job.

* giving consideration to what is good for other workers and being willing
to help others succeed on the job.

* showing enthusiasm for the job.

* beingloyal to the employer.

Honesty and Dependability

Employers generally place a high value on traits of honesty and dependability
in their employees. A number of worker actions demonstrate these traits. These
include:

* being on time for work, not taking excessive breaks during the workday, and
putting in a full day’s work.

* using money that belongs to the company only for legitimate company
business and keeping an accurate accounting of company money.

* maintaining a high level of ethical behavior in relationships with fellow
workers, customers, suppliers, government officials, and any others one has
occasion to come into contact with during the course of one’s work.

* not disclosing proprietary or confidential company information to unau-
thorized persons.

* not using inside information if buying or selling securities that relate to
one’s employer—to do so is a violation of the law and subjects one to severe
penalties.

* not engaging in behavior in personal relationships or financial activities that
creates even the appearance of a conflict of interest.

Work Well with Others

The ability to work with other employees is an important job skill that
employers find desirable. Develop and maintain a pleasant personality and
have patience with other workers. Work with others to achieve the common
goals of the company. Good social skills, such as the ability to meet and talk
with people, may be important on some jobs (Figure 2-8). It is important
to understand appropriate relationships on the job both worker-to-peer and

Figure 2-8 Meeting and communicating with others is an important skill. Courtesy
of USDA National Resources Conservation Services.
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worker-to-supervisor. Show respect for authority in the workplace and be able
to reach a compromise when necessary to resolve differences of opinion.

The workplace of today differs from what it was just a few years ago. The equal-
ity of men and women on the job creates a different climate than once prevailed.
One must be careful not to create a hostile or intimidating work environment
nor to harass other workers. Jokes that may be offensive to some people or that
make fun of ethnic groups, religions, genders, sexual preferences, or minori-
ties are not appropriate in the workplace. Vulgar and profane language is to be
avoided. Making sexual advances to another worker, subordinate, or supervi-
sor may be construed as harassment and can result in legal action against both
the worker behaving in this manner and the company that allows this type of
behavior. Most companies have very specific policies that deal with these types
of behaviors. Learn what those policies are and obey them. Failure to do so may
result in job loss.

Do not become involved in disputes between other workers. When there are
disagreements between workers on the job, the wisest course one can take is to
stay neutral. Mind one’s own business; getting drawn into others’ disputes gener-
ally will not enhance one’s own career opportunities. Do not try to play politics
with such a situation; attempting to turn worker disputes into opportunities for
one’s own advantage rarely works and will often have negative results.

Time Management

Workers who learn to manage their time on the job in a productive manner are
usually considered to be more valuable employees than those who do not. Some
jobs have set hours that may be determined by a union contract; other jobs have
hours that may be determined more by the general practice of supervisors and
other employees. If the job has specific starting and stopping times as determined
by union contract, be punctual arriving and leaving the job. The work hours for
some jobs may be more flexible; however, it is wise to determine the general prac-
tices of supervisors and other workers regarding arrival and leaving times for the
job and then to follow those practices.

It is not enough to just come to work; one must also be a productive worker.
Planning how to use one’s time and producing quality work are good skills to
develop. Take pride in one’s work and in the product of that work. Take care
of the equipment one is using and do not waste materials that are used in the
workplace. Learn to listen carefully, follow directions, complete assigned tasks
in an appropriate manner, and be able to work under pressure. Sometimes jobs
need to be done in a shorter time than normal; a good worker is able and willing
to adjust to this need and still produce quality work. It is also important to show
initiative at work; do not wait to be told what to do next. Learn the require-
ments of the job and be willing to move ahead to the next task without waiting
for direction. The worker who cannot see what needs to be done next may not
have a job for long.

Safety on the Job

Most workplaces have safety rules that are designed to protect the workers and
customers. Learn and follow the safety practices required for the job. Failure to
do so may result in injury to oneself or to others in the workplace. Employers
expect workers to practice safe work habits on the job.

Good Communication Skills

The ability to communicate with others on the job is a desirable worker skill.
Learn to use correct grammar, spelling, punctuation, and sentence construction
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in written communication. Many jobs require good speaking skills. Develop a
pleasant speaking voice and enunciate words clearly. Use correct grammar and
avoid slang and colloquial expressions. Think about what is to be said before
speaking. Be willing to ask questions when instructions are not clear. Be willing
to contribute ideas at company meetings. Many of the concepts taught in English
and public speaking classes relate to important job skills.

Remember that one communicates with more than one’s speaking or writ-
ing. Body language and facial expressions may reveal more about what one is
thinking than the words being spoken. Be aware of the signals one is sending
to others by body language and facial expression. Practice maintaining a pleas-
ant demeanor at all times. This will become a habit that will serve one well in
working with others.

Appropriate Use of Computers and the Internet

Workers often use computers on their jobs and have access to the Internet
through these computers (Figure 2-9). The ability to use this technology is
increasingly important to employers. Workers must become familiar with com-
pany policy as it relates to the use of the Internet. Companies may not permit use
of their e-mail systems for personal use. Web sites that contain material such as
sexually explicit images should never be accessed from a computer at work. Be
aware of any written policies about appropriate Internet use and be sure to follow
those policies. Failure to do so may result in job loss. Remember that computers
retain history data files that employers may access to determine where a user has
been on the Internet. Some employers are adding software to company comput-
ers that records keystrokes and permits a reconstruction of activity on that com-
puter. The computer at work belongs to the employer and courts have upheld
the right of the employer to have absolute control over its use. Employees do not
have an expectation of privacy regarding their use of company computers.

If the job entails working with company data that is stored or transmitted
electronically, the worker is obliged to protect that data from misuse, unau-
thorized access, and loss. Develop the skill to use good backup systems to
build redundancy into the data system. Use a good firewall to isolate the com-
puter from access by outsiders on the Internet. This is especially important
where the computer is part of a local area network and is connected to the
Internet all the time.

Appropriate Behavior

Discrimination on the basis of age, race, ethnicity, religion, gender, or any
other protected class under applicable law is illegal. Do not discriminate or
show prejudice on the job. Federal and state laws prohibit discrimination and
provide penalties for engaging in it. Many companies also have policies that
govern worker relationships. Employers expect employees to learn and follow
the applicable policies.

If one works at a job where workers and supervisors occasionally gather in
social settings, such as an annual holiday party, be careful of one’s behavior in
such situations. Dress in an appropriately conservative manner and do not
indulge in excessive alcohol consumption. Getting drunk and acting in inappro-
priate ways toward others at the gathering will often result in trouble in the sober
light of the next day. When in doubt it is wise to be more conservative in one’s
behavior. Sober, thoughtful behavior in these social settings will rarely get one
into trouble on the job.

Be cautious about romances with fellow employees. Some companies have
policies that specifically prohibit such relationships; others do not. It is wise to

Figure 2-9 Computer skills and skills
using other technology is increasingly
important to employers. Photo by
Dr. Frank Flanders.
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proceed cautiously if one is tempted to pursue romance on the job. Remember
that one may have to work with the individual even after the romance has gone
sour. Be willing to accept the consequences when getting involved with a fellow
worker. If one is in a supervisory capacity, never become involved with a subor-
dinate. To do so may be perceived as harassment on the one hand or as blatant
opportunism by the subordinate on the other.

A recent survey on the impact of office romances revealed that slightly fewer
than one-half (46 percent) of respondents believed that productivity in the
office was negatively impacted. Approximately half (52 percent) of respondents
indicated that office romances result in favoritism or at least the perception
of favoritism; almost one-third (30 percent) of respondents believed that the
careers of those who were involved were damaged. As these data show, becom-
ing involved romantically with another worker on the job, especially in an office,
can be a dangerous path to follow. In all fairness it must be pointed out, however,
that romances between fellow workers often turn out to have no negative con-
sequences. The best path for one to follow is to exercise caution and proceed
slowly. Always be aware of and do not violate company policy.

Health and Grooming

To the extent that it is possible, the worker should strive to maintain the level of
physical fitness necessary to perform one’s job. The maintenance of good health
is closely related to proper diet and appropriate exercise. Getting enough sleep
so one is rested when coming to work contributes to better job performance. Do
not abuse drugs of any kind (prescription or illegal) or alcohol. It is difficult to
perform well on the job when one is impaired by drug or alcohol use.

Develop good grooming habits such as cleanliness. Proper grooming is an indi-
cation of respect for those one works with. Grooming habits may influence how
one’s job performance is evaluated by supervisors and affect the opportunities for
promotion or increased pay.

Different jobs require different kinds of clothing. Sometimes a uniform is
required; other jobs may leave the choice of clothing to the worker. Always dress
in a manner appropriate for the job one is doing. If in doubt, ask one’s supervisor
what is considered appropriate dress for the job one is assigned to do.

Many companies permit more casual dress if one is working in an office set-
ting. Do not confuse casual dress with sloppy dress. Clothing that is neat, clean,
and conservative is generally appropriate in an office setting. Leave the T-shirts,
jeans, and sneakers at home.

GOOD CITIZENSHIP SKILLS

Good citizenship is an important part of one’s life. Workers who practice good
citizenship are generally viewed as valuable employees. Good citizenship is a part
of a successful career. Many things go into being a good citizen. In this section, a
few of the most important aspects of good citizenship are discussed.

A good citizen understands his or her Constitutional rights and exercises those
rights without violating the rights of others. Several examples will serve to show
what is meant.

* One has the right to freedom of speech but not the right to libel others.

* One has the right to defend oneself but not the right to assault or murder
others.

* One has the right to worship in the religion of one’s choice but not the right
to force others to follow one’s own religious beliefs.
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Figure 2-10 Voting is a civic duty. Photo by Dr. Frank Flanders.

A good citizen understands and follows the laws that protect the rights of
workers and children in the workplace. For example, child labor laws prohibit
companies from hiring children under a certain age to do jobs that are consid-
ered too dangerous for young people. Minimum wage laws protect workers from
being exploited by employers who do not want to pay proper wages.

A good citizen understands the need for taxation to support the needs of soci-
ety and complies with applicable tax laws with honesty and integrity. Taxes pay
for such things as education, police protection, highways and other infrastruc-
ture, national defense, and care for the people who cannot care for themselves.
The good citizen understands the consequences of failing to follow the laws of
society. Breaking laws may result in heavy monetary fines or imprisonment.

Another mark of good citizenship is active participation in the political and
economic systems of one’s country. Be an informed voter; know the issues and
the positions taken by the various candidates for public office (Figure 2-10).
Understand the current problems of the society in which one lives. Exercise
one’s right to vote in all elections; local issues are as important and worthy
of one’s attention as are state and national issues. Respect the rights of other
members of society; reasonable people may disagree on the best way to meet
the needs of society but they do so in a respectful manner.

Beloyal to one’s country; remember, however, that loyalty does not mean blind
obedience to those in positions of authority. It is important that one exercises
one’s right to dissent and to raise public awareness of problems in society. A good
citizen contributes to the progress and growth of the society in which one lives.
Be willing to take part in civic and community activities that contribute to the
general good. For example, serve on the local board of education, city council, or
fire commission. Taking an active role by giving one’s time and talent to worthy
civic causes is an indication of good citizenship.

Being a good steward of the environment is important for future generations.
In one’s work and personal life, know, understand, and follow environmental
standards that protect the soil, air, and water. Be aware of the regulations of state
and federal environmental agencies and do not knowingly violate those regula-
tions. Many companies have policies that require workers to follow all applicable
regulations that protect the environment. Failure to follow such company poli-
cies can result in loss of the job.
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SUMMARY

People with an interest or experience in working with animals have a good chance
of success in occupations in animal science. There are many employment oppor-
tunities for people who have an interest in animal science.

Agriculture offers many different kinds of jobs and occupations. Livestock pro-
duction and its related services and supplies, processing, distributing, and mar-
keting are all a part of the agriculture industry. The outlook for job opportunities
in agriculture is good.

Three basic steps should be followed in choosing an occupation: (1) self-
analysis, (2) studying the occupation one is interested in, and (3) matching
personal traits and skills to the occupations of interest.

Many sources of information about occupations are available. School guidance
counselors, teachers, people who work in the occupation, and printed material all
provide information about various occupations.

To be successful on the job, a worker must have good work habits that meet the
expectations of employers. These include positive attitudes, honesty, dependabil-
ity, working with others, good time management, communication skills, appro-
priate use of new technologies, considerate behavior, good health, and proper
grooming. Workers who lack some of these skills will find it more difficult to hold
ajob and have a successful career.

Another important aspect of career success is possessing good citizenship
skills. Some important aspects of good citizenship include knowing one’s rights
and respecting the rights of others, contributing one’s time and talents for the
good of society, taking an active role in the political and economic system, obey-
ing the law, and being a good steward of the environment.

Student Learning Activities

1. Prepare a bulletin board display of occupations in animal science.

2. Survey the local community to determine employment opportunities in
animal science.

3. Interview a person working in an animal science occupation and present an
oral report to the class based on the interview.

4. Invite people in animal science occupations to speak to the class.

S. Practice good work habits and citizenship skills in school to help prepare one
for planning and conducting a supervised experience program.

Discussion Questions

1. About what percent of the total labor force in the United States is employed
in agriculture-related jobs?
2. What are two ways in which a young person can learn more about a career in
animal science?
. Name five general occupations in animal science.
4. Name three occupations in each of the following areas: (a) beef, (b) swine,
(c) sheep, (d) horses, (e) poultry, (f) dairy.
. List the three basic steps in choosing an occupation.
. Name five factors that play a part in self-analysis.
7. What types of information should be known about an occupation in order to
make a wise career decision?
8. What are three good sources of information about occupations?
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9. Name and briefly describe some of the skills that employers expect of
employees.
10. Name and briefly describe some of the good citizenship skills that one should
have to be a productive member of society.

Review Questions

True/False

1. An expanding population in the United States and the world has caused an
increased demand for food.

2. Selecting an occupation involves three basic steps: self-analysis, obtaining
information about the occupation, and making a decision based on steps one
and two.

3. Approximately one-third of all college graduates in food and agriculture
careers are in marketing, merchandising, and sales.

Multiple Choice
4. The number of careers available to those interested in agriculture number
more than .
a. 60 c. 500
b. 200 d. 150

S. The percentage of agriculture-related jobs in the total workforce is

a. 18 c. 10
b. 33 d. 2§

6. The hours, location, physical activity, and variety of tasks involved in an
occupation are called

a. job flexibility c. nature of work
b. educational requirements d. job security
Completion

7. The books and pamphlets available that contain descriptions about jobs are
called

Short Answer

8. List the five major categories of employment in agriculture-related jobs.
9. List five occupations in the category of managers and financial specialists
that relate to animal science.
10. What are some special entrance requirements for some jobs?
11. Why is a farm background important for a person seeking a career in
agriculture?
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Safety in Livestock
Production

Objectives

After studying this chapter, the student should be able to
- explain the importance of farm safety when
working with livestock.

- discuss four types of hazards related to livestock
production.

- list the safety practices to be followed when
working with beef cattle, hogs, sheep, goats,
horses, and poultry.

- develop and use a livestock safety checklist.

- distinguish the difference between agroterrorism
and biosecurity.

- discuss the dangers of bioterrorism.
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Deaths
per 100,000 Disabiling
Industry Workers Deaths  Workers Injuries
Mining/Quarrying 539,000 120 22 20,000
Agriculture 3,340,000 710 21 110,000
Construction 9,268,000 1,060 11 390,000
Transportation/ 7,721,000 770 10 320,000
Public Utilities
Manufacturing 17,708,000 490 3 460,000
Government 20,862,000 420 2 500,000
Trade 29,240,000 380 1 710,000
Services 50,310,000 550 1 890,000
All Industries 139,988,000 4,500 3 3,400,000
Combined

Source: National Safety Council.

Agriculture is one of the most dangerous occupations in the United States
(Figure 3-1). Recent data show a death rate of 21 workers per 100,000. Only
mining/quarrying was higher, with a death rate of 25 workers per 100,000.
All industries combined show a death rate of 4 workers per 100,000. There are
150,000 disabling accidents involving farm workers. Most fatal farm injuries are
caused by machinery. Livestock cause relatively few deaths each year but they
are the leading cause of injuries on the farm. Other major causes of nonfatal
injuries on farms, in descending order of importance, are machinery (except
tractors), hand tools, slips and falls, and tractors. More than 200 children die
each year in farm accidents. Most of these deaths result from accidents involving
farm machinery. The annual cost of farm accidents in the United States is esti-
mated to be between four and five billion dollars. Table 3-1 shows recent safety
statistical data.

Farmers who hire labor are required by law to provide safe and healthy work-
places for their employees. They must inform workers about safety practices.
Employees must be told about their rights and responsibilities under the regu-
lations of the Occupational Safety and Health Act (OSHA). Posters have been
designed by OSHA for this purpose. OSHA requires farm employers to keep
records of work-related injuries and illnesses if 11 or more employees work on
the farm. Farmers must permit OSHA inspectors to check their farms to see that
the law is being followed.

TYPES AND KINDS OF INJURIES

Surveys reported by the National Safety Council show that most of the people
hurt by cattle and hogs are males. Almost as many females as males are hurt
by horses.

The National Safety Council reports that people in the 45 to 64 age group are
most often hurt in accidents with cattle. Children in the S to 14 age group, and
young adults in the 15 to 25 age group, are most often hurt by horses. Injuries
caused by hogs occur most commonly to people in the 25 to 64 age group.

Figure3-1 Agricultureisone of the
most dangerous occupations in the
United States. Courtesy of the USDA.
Photo by Bill Tarpenning.
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Figure3-2  Poultry house with tun-
nel ventilation. Photo by Sarah Kane,
Courtesy of Cabe Brothers Farm.

Injuries from cattle and hogs usually occur in farm buildings or in lots close to
the buildings. Accidents involving horses are more common in barnyards, fields,
lanes, woods, and along public roads.

Injuries from cows usually occur when they kick or step on people or push
them against a hard surface, such as the side of a pen. People may be injured by
falling when working with cattle. Hogs bite, step on people, or knock them down.
The most serious accidents occur with horses and bulls.

Most of the people injured by animals on the farm are farm family members.
Fewer than 10 percent of the injuries are to hired help or visitors to the farm.

HUMAN AND ENVIRONMENTAL FACTORS
RELATING TO SAFETY

Human error is usually a major factor in the cause of accidents. Being tired, not
paying attention, and using poor judgment are frequent causes of accidents that
involve animals.

People younger than 25 and older than 64 have more accidents on the farm
than people between the ages of 25 and 64. Farming is an occupation in which
children are likely to be in the work area. Their curiosity and lack of experience
can easily lead them into situations where they may get hurt. As people grow
older, they tend to lose some of their strength and agility. They may have poorer
balance and failing vision. This may cause them to have more accidents around
animals.

Sometimes, workers are not properly instructed in handling animals. This can
also result in accidents involving livestock.

A worker who does not feel well may be more likely to have an accident.
Sometimes, people are in a hurry to get the job done. This can lead to mistakes in
judgment that cause accidents. Long hours of work during a day are often common
in farm operations. Being tired increases the chance of having an accident.

Workers who fail to use personal protective equipment in dangerous environ-
ments are more likely to be injured than those who dress correctly. There are many
dangerous environments involved in livestock operations. These include slippery
floors, manure pits, corrals, dusty feed areas, silos, automatic feeding equipment,
and confinement livestock and poultry buildings (Figure 3-2).

Many confinement livestock buildings have a manure storage pit that is
cleaned out only a few times each year. If the building is not properly ventilated,
the pit gases can kill workers and livestock. Vent pipes must be installed prop-
erly. Improperly installed vent pipes may allow gas fumes to be recycled into the
building, which can cause illness and possible death. Figure 3-3 shows a tunnel
ventilation system for poultry.

A standby source of electrical power is recommended for modern livestock
farms. This is especially important for farms with confinement livestock build-
ings. If pit fans do not operate because of an electrical power failure, a buildup of
toxic gases can result. An emergency source of power can be a life-saving measure
should this situation occur.

CHEMICAL SAFETY

The U.S. Environmental Protection Agency (EPA) issued regulations under the
Worker Protection Standard for farm chemicals that became effective January 1,
199S. These standards are designed to reduce the health risks associated with
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Figure 3-3 Tunnel vents in chicken houses help to circulate and cool the air and
reduce the danger from the buildup of toxic gases. Photo by Sarah Kane, Courtesy of
Cabe Brothers Farm.

pesticide use. They apply to farm employees who work with farm chemicals or
related equipment. Farmers and their immediate families are exempt from the
regulations. The standards apply to the use of pesticides for plant production on
farms, forests, nurseries, and greenhouses. There are exceptions for the use of
pesticides for livestock, pasture, rangeland, structures, gardens, lawns, rights-of-
way, and post harvest applications.

The major provisions of the regulations are:

* personal protective equipment must be provided to pesticide applicators or
handlers.

* restricted entry to fields treated
a. with highly toxic material, 48 hours.

b. with moderately toxic material, 24 hours.
c. with less toxic material, 12 hours.

* workers must be told, either in person or by posted signs, that a field has been
treated with a pesticide and when it is safe to enter the field after treatment.

* notices must be posted in easily seen locations showing the date, time, and
location of treated fields. The notices must include the brand name, active
ingredients, and EPA registration number of the pesticide used.

* workers must be trained in safe pesticide handling methods at least once
every S years.

* written safety information must be given to workers, and pesticide safety
posters must be displayed.

* water, soap, and towels for washing and decontamination must be provided
and located where they are readily accessible to the workers.

* emergency transportation to a medical facility must be readily available.

« if the worker is applying a Class I (highly toxic) pesticide, he or she must be
seen or talked to by the farmer or supervisor every 2 hours while the work is
being done.
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The EPA requires that labels on pesticides must provide information that
employers need to properly inform their employees about the safe use of the pes-
ticide. Much of the information required under the Worker Protection Standard
must be included on the pesticide label.

Although the Worker Protection Standard applies only to employees, farmers
and their families who work with chemicals should be careful to protect their
own health. Following the Worker Protection Standard that protects workers can
also protect farmers and family members.

Many chemicals that are used in growing crops or raising livestock are dan-
gerous to people. All workers must be instructed in safe practices relating to
the use of these chemicals. Make sure workers who handle farm chemicals read
and understand the label instructions on the chemical containers, including
the instructions for first aid treatment in case of an accidental spill or ingestion
of the chemicals.

OSHA requires that a Material Safety Data Sheet (MSDS) be available for all
chemicals in the workplace. Even if one is not required to have a MSDS available,
it is a good safety practice to do so. Any retail outlet that sells hazardous chemi-
cals is required to provide the MSDS for that chemical if a consumer requests
one. Anyone using a hazardous chemical should carefully read and understand
the MSDS for that chemical before handling it. Be sure the MSDS is current.
Check the date it was prepared; it may be wise to contact the manufacturer to
make sure it contains the most recent information available.

Information typically found in an MSDS includes:

* the identity of the chemical, the manufacturer’s name and address, and an
emergency contact number. A nonemergency number for more information
may also be included.

* hazardous ingredients found in the chemical.

* the physical and chemical characteristics of the chemical.

* the fire and explosion potential of the chemical.

* health hazards posed by the chemical.

* precautions for safe handling and use of the chemical.

* procedures for controlling spills of the chemical.

* control measures for the use of the chemical.

In some parts of the United States, a special permit is required to buy and use
some farm chemicals. Information regarding these requirements may be secured
from the local Agricultural Extension Service office.

Information about the proper disposal of unused pesticides and empty con-
tainers is found on the label of the container. Always follow these instructions to
reduce health hazards for workers. Generally, empty containers must be kept in
a safe storage area until they can be disposed of properly. Metal, plastic, and glass
containers should be rinsed three times, punctured or broken, and then disposed
of in a designated landfill or buried at least 18 inches deep in a location where
they will not contaminate surface or groundwater. Do not pour unused pesticides
down a drain or bury them in a designated landfill. CAUTION: Always check
label requirements and local and state disposal regulations before discarding any
unused pesticides or empty containers.

Information about chemical regulations may be obtained from the EPA by
calling a toll free number. A regional poison control center may also be reached
by calling a toll free number. Current toll free numbers may be secured by calling
1-800-555-1212 and giving the operator the name of the agency desired.

Chemicals, such as pesticides, must be handled with care, and clothing that
has been contaminated must be properly washed or disposed of. Some chemicals
can enter the body through the skin; this is the most common way dangerous
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chemicals get into a worker’s body. Other dangers include inhaling or swallowing
the chemical.

A person who has handled chemicals should always wash his or her hands and
face with soap and water. After completing a job that requires the use of chemi-
cals, a worker should shower to remove all the chemical from all parts of the body.
If an accidental, massive contamination of the body occurs, the worker should
immediately take a shower to avoid absorbing any of the chemical into the body.

Care of Clothing Worn While Using Farm Chemicals

The proper care or disposal of clothing worn while using farm chemicals depends
upon the level of toxicity of the chemical used. If the label says CAUTION, the
chemical is slightly toxic and the clothes may be cleaned with one to three machine
washings. If the label says WARNING, the chemical is moderately toxic and the
clothes will need more than three machine washings. If the label says DANGER
POISON, the chemical is highly toxic and the clothes must be disposed of accord-
ing to the directions on the label. Clothing that is contaminated with a concen-
trated chemical should also be disposed of following the label directions.

Guidelines to follow for washing clothes contaminated with farm chemicals
include:

* before washing, store the clothes in a plastic bag; separate from other clothes.

* handle the contaminated clothes with neoprene or rubber gloves; do not use
these gloves for any other purpose.

* wash the clothes within 8 hours of use.

* before washing, rinse the clothes by soaking in water in a tub, or hanging them
on a line outside and hosing them down with water, or run them through a
prewash cycle with agitation in the washing machine.

* be careful when disposing of the rinse water. If it contains herbicides, do not
dispose of it on a garden or lawn area.

* do not mix contaminated clothes with other clothes in the washing machine.

* put only a few contaminated clothes in the machine at a time, grouping
together those that are contaminated by the same chemical, and set the
machine for a full load.

« use hot water (140°F to 150°F) (60°C to 65°C) for washing.

* do not use a suds-saver cycle on the washing machine.

* use a heavy-duty liquid detergent to remove oily chemical residues from
emulsifiable concentrate or use a powdered detergent with a phosphate base
to remove chemical residues from wettable powders.

* use anormal 12- to 14-minute wash cycle with two rinses.

* donot use bleach if the clothing was contaminated with ammonia fertilizers.
The ammonia and bleach can combine to form a deadly chlorine gas.

* increase the amount of detergent by 1.25 times on clothes treated with soil or
water-repellent spray.

* dry the clothes on a clothesline to avoid contaminating the clothes dryer.

* toremove pesticides from the machine after washing contaminated clothes,
run the machine empty through a complete cycle using hot water and
detergent.

* after cleaning, wipe the tub with isopropyl alcohol; this will help remove all
traces of the chemical.

If any articles of clothing, including shoes, have become badly contaminated
with toxic chemicals, they should be burned or buried. It is more difficult to
remove oil-based chemicals from synthetic fibers than from clothing with nat-
ural fibers such as cotton. It may, therefore, be more likely to be necessary to
destroy contaminated synthetic fiber clothing than clothing made from natural
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fibers. Care must be taken when burning or burying articles of clothing that are
contaminated to avoid further contamination of the air or the worker. Bury con-
taminated clothing at least 18 inches deep in an area where there is no danger
of polluting either surface or subsurface water or dispose of them in a sanitary
landfill. Sealing the contaminated clothing in a plastic bag will help reduce the
danger of water pollution.

Do not wash and reuse disposable chemical respirators. Washing will not
remove chemical contamination from respirators. They are designed to be used
once and then thrown away.

Closely woven fabrics are more likely than other types of fabric to become
contaminated with chemicals. The close-knit fabric acts like a wick to absorb
chemicals. It is very difficult to remove chemicals from this type of clothing.
Leather gloves and boots also readily absorb chemicals and are almost impos-
sible to decontaminate.

Research at Michigan State University has found that a 100 percent olefin,
spun-bonded nonwoven material is one of the best fabrics for protective cloth-
ing. It is manufactured by DuPont under the trade name Tyvek®. When tested at
Michigan State University, Tyvek gave 25 times more protection from chemical
penetration than treated chambray.

Standard Tyvek is not totally waterproof, so it is a good practice to use a rubber
apron when mixing chemicals or if the possibility exists that the chemicals being
used are likely to get the worker wet. Polylaminated Tyvek costs more than stan-
dard Tyvek but is totally waterproof. The higher cost may be justified in situations
where the worker is more likely to get more of the chemical on his or her clothes.

Disposable coveralls made of either standard or polylaminated Tyvek are avail-
able as protective clothing when handling chemicals on the farm. Tyvek does not
breathe and is, therefore, hot to wear. It is, however, a lightweight fabric and is
white in color to reflect heat.

Storing Chemicals

Farm chemicals, such as pesticides, should be stored in a safe place where children
or others cannot accidentally get into them. Do not use the wrong types of con-
tainers, such as soft drink bottles, for chemical storage and be sure the container is
properly labeled. The label should contain a warning that the contents are danger-
ous. Children may not realize that a soft drink bottle contains a dangerous chemi-
cal, and they may accidentally drink the contents. National Safety Council data
indicates that this type of accident causes many deaths or injuries each year.

Chemicals should be kept locked in a cabinet located in an area that does not
freeze. Many chemicals used on the farm are damaged or destroyed by freezing.
Keep only chemicals in the cabinet. The area around the cabinet should be kept
free of other objects and should provide drainage in case of an accidental leak or
spill from any of the containers. The area should drain into a safe collection area
and not into regular sewer or drainage lines. Do not use the top of the cabinet to
store other items that may be accidentally knocked down, possibly upsetting con-
tainers and causing a dangerous spill. Proper lighting in the area makes it easier to
read the warning labels on the containers.

FIRST AID KITS

First aid kits containing the proper medical supplies should be kept in the
home, in livestock buildings, on all major pieces of equipment, and in all vehi-
cles. Several sizes of first aid kits are available commercially. Safety specialists
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recommend that a first aid kit for farm use should contain the following
items:

* various sizes of sterile bandages

* roller bandages: 5 yards long, 1- and 2-inch widths

+ various widths of adhesive tape

* triangular bandages for slings

* cotton balls

* bandage scissors

° tweezers

* tongue depressors

* safety pins

* thermometer

* chemical ice bags

* splints: 1/2 inch wide, 1/4 inch thick, 12 to 1S inches long

* eyewash solution

* tincture of green soap and/or a plastic bottle of soap solution that may be
used for cleaning wounds or washing off chemical spills

« one l-ounce bottle of ipecac syrup (it will induce vomiting if a chemical is
accidentally swallowed)

« one pint of activated charcoal (can be mixed with water and swallowed to
absorb many pesticides)

+ one can of evaporated milk and a can opener (milk is an antidote for many
chemicals)

« asmall container of salt (a solution of 1/2 teaspoon of salt mixed in 1 quart
of water, when drunk, provides first aid for someone in shock)

« aplastic quart container of clean water (in an emergency, water from a stream
or pond can be used)

* two empty plastic containers with tight lids for mixing antidotes

* ateaspoon for measuring

* several coins to use in a pay phone to call for help

+ alist of names and phone numbers of the nearest doctors, ambulance services,
paramedic services, and poison control centers (while these numbers can be
secured from the operator, a few minutes saved by being able to dial them
directly may mean the difference between life and death in an emergency)

Most commercially available first aid kits will not contain all of the recom-
mended items on the above list. The preparation of a first aid kit containing these
items may involve combining a commercial kit with additional items and putting
them all in a larger container.

In addition to having a first aid kit readily available, farm workers and family
members need to read the labels on chemical containers. These labels contain
information on first aid treatment when the chemicals are accidentally swallowed
or come into contact with the skin.

HEAT AND HUMIDITY FACTORS
RELATING TO SAFETY

High temperature combined with high humidity can be a health hazard for
farm workers. Some general guidelines on the relationship between tempera-
ture and humidity relating to safety when engaging in physical labor are shown
in Figure 3-4. Danger from heat-related problems exists both with lower tem-
peratures and higher humidity and higher temperatures with lower humidity.
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Figure 3-4 The relationship of temperature and humidity to safety when engaging
in physical labor.

Under these conditions, workers may be subject to heat exhaustion (sometimes
called heat prostration) or to heat stroke. Heat stroke is more dangerous to the
worker than heat exhaustion.

The symptoms of heat exhaustion include dizziness, nausea, a feeling of weak-
ness, lowered body temperature, and a cold, clammy feel to the skin. This con-
dition may result in the collapse of the victim. Treatment of heat exhaustion
includes rest, drinking fluids, and restoring salt to the body.

Heat stroke occurs when the body cannot get rid of excess heat fast enough by
sweating. The average person at rest produces about 70 calories of heat per hour.
When engaged in hard physical labor, the rate of heat production may increase
by as much as eight times the amount produced at rest. This will result in the pro-
duction of about 560 calories of heat per hour when the person is working hard.

The symptoms of heat stroke include rapid pulse and flushed, dry, and
extremely hot skin. The victim’s body temperature can increase to as much as
110°F (43°C) or higher, which causes damage to the central nervous system.
If the condition is not treated immediately, the pulse soon becomes weak. The
victim may collapse and go into a coma. Heat stroke can result in death if the
victim is not treated quickly.

Treatment of heat stroke must be designed to reduce the victim’s body temper-
ature as soon as possible. Use ice packs or an ice-water bath to treat heat stroke.
If these methods are not immediately available, spraying the victim’s body with
water will help reduce body temperature until the person can be transported to a
facility that can provide better treatment.

People who are engaging in heavy physical work during hot, humid weather
can take some precautions to help avoid heat-related problems. Select clothing
that is lightweight and light colored. A cotton or cotton blend fabric is preferred
because it allows air to pass through. A lightweight khaki is better than heavy
denim in hot weather.

Sweating causes a loss of body fluids, which results in weight loss. Any weight
loss in excess of S percent of one’s normal weight is dangerous when working in
hot, humid conditions. A person should drink a lot of water to replace lost body
fluids. Sugar-based drinks are not as good as water for replacing body fluids; the



Chapter 3 Safety in Livestock Production 65

sugar-based drink causes the stomach to draw water from other parts of the body
to dilute the sugar. This causes a delay in the absorption of water into the body
tissues. Eating fruits and vegetables also helps the body to replace electrolytes
that are lost in hot weather.

Some people have a greater risk of heat-related problems. Older people are
at greater risk because they do not sweat as easily and therefore their bodies
do not cool themselves as quickly as those of younger people. People who use
alcohol, tranquilizers, or are taking some kinds of medications are also at higher
risk from heat-related problems. People who are taking medications and may be
working in hot, humid conditions should consult their doctor for precautions
to be followed.

HAZARDS IN HANDLING LIVESTOCK

Whenever livestock are handled, there is the possibility of injury to the worker.
Loading and unloading operations are particularly dangerous because the ani-
mals are excited and confused by what is happening. It is important to have solid
facilities for handling livestock. Temporary or makeshift gates, pens, and chutes
increase the chances of a worker being injured. Squeeze chutes and headgates
should have solid latches to prevent accidental opening and possible injury to the
worker (Figure 3-5).

Facilities should be designed so that the worker does not have to enter a small
or enclosed area with animals. A mangate or other means of quickly getting out
of pens should be provided. Catwalks should be a part of chutes and alleys so that
the workers do not have to get into the area with the livestock. A guardrail should
be placed on all catwalks that are more than 18 inches off the ground.

Floors must not be slippery or be cluttered with things that might trip the
worker. Sharp corners, pinch points, and protrusions should be eliminated from
livestock handling facilities.

Lighting should be adequate so that workers can see what they are doing. The
National Safety Council recommends at least 10 foot-candles of light in squeeze
and loading chute areas. Lighting should be diffused and even. There should be
no bright spots that might confuse cattle and cause them to balk.

Beef cattle will seldom attack a person. However, sudden noises may startle
them. The cattle may then injure a person by crowding him or her against a
hard surface. Never approach cattle from the side or rear. Approach the animal
from the front while talking to it. This alerts the animal to the presence of the
worker. Always wear boots or hard shoes when working around cattle. Tennis
shoes should never be worn around livestock. Cattle kick forward and then
to the rear. This is a hazard that must be watched for when working with an
individual animal. Many of the safety practices outlined for horses also apply
to beef cattle.

An understanding of why cattle behave in certain ways helps reduce stress
for both the animal and the worker and increases safety. Reducing stress also
increases cattle productivity.

The eyes of cattle are located on the sides of their head, which gives them a pan-
oramic view of their surroundings. They have a wider range of peripheral vision
than do humans. Cattle have limited depth perception and see things in various
shades of black and white. As a result, they are sensitive to movement in their field
of vision and also react strongly to contrasting patterns of objects around them.
The eyes of sheep, goats, horses, and chickens are also located on the sides of their
heads. The visual reaction of these animals is very similar to that of cattle.

Figure 3-5 The use of well-
constructed headgates and squeeze
chutes when treating livestock
reduces danger to the workers. Cour-
tesy of ARS.
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Curved chutes that have solid sides and are a uniform color make it easier
and safer to move cattle. Anything that creates shadows and contrasting pat-
terns in cattle-working facilities should be avoided, because cattle will slow
or stop when they see these things. Cattle sometimes refuse to move across a
shadow or bright contrasting patterns on the floor in front of them. Articles of
clothing that can move in the wind should not be left hanging on the sides of
fences or chutes, because cattle may balk when confronted with these sudden
movements.

Cattle react negatively to sudden, loud noises, as well as to high-pitched
sounds. When moving cattle, do not yell or make other sudden loud noises. This
only tends to confuse the animals and will not get them to move in the desired
direction. Cattle should be handled calmly and quietly at all times.

Cattle behavior is patterned as a result of previous experiences. When cattle are
handled roughly in working pens, they remember the experience and it becomes
very difficult to get them to re-enter the area for further treatment. Avoid the
indiscriminate use of electric prods, yelling, punching, and arm waving to
move cattle.

To increase safety and make it easier to work with cattle, get them used to
being around people when they are on pasture. Handle the cattle carefully in the
working pens to avoid unpleasant experiences that they will remember. Don’t
try to push cattle too hard, and allow them to follow the natural herd leaders.
When catching cattle in a headgate, make sure to catch them the first time. It is
very difficult to catch them in the headgate after they have been missed on the
first attempt.

Cattle hesitate to enter what appears to them to be a dead end. That is one of
the main reasons for using curved chutes. Cattle will move more easily into head-
gates and chutes that are open ahead of them. Also, cattle hesitate to enter a dark-
ened building when it is light outside. Lighting the interior of a truck, especially
at night, makes it easier to get cattle to move into the truck.

After treating cattle in a headgate or working pen, allow them to move out of
the area at their own speed. Yelling at them or otherwise abusing them to get
them to move will make it more difficult to get them to ever enter the area again.

People who work with cattle, need to be aware of the “flight zone” concept.
The flight zone is an imaginary circle around the animal or the herd. The radius
of the circle is fairly small for animals that are used to being around people and
much bigger for animals that have not been handled much in the past. The flight
zone for cattle generally ranges from 5 to 20 feet. However, cattle that are used to
being handled, such as dairy cows, may allow a worker to walk up and touch them
without moving away. When the worker enters the animal’s or herd’s flight zone,
the animal or the herd will move away. If the worker stays on the edge of the flight
zone, the animals will move in a calm, steady manner.

When moving cattle, the worker should stay in a position where the animal
can see the worker. If the worker is directly behind the animal, a sudden, unpre-
dictable movement to one side or the other may result. When the worker is posi-
tioned at the edge of the flight zone and about 30 degrees to one side, the animal
will move straight ahead; when the worker moves to a position at the edge of the
flight zone about 45 degrees to one side of the animal, the animal will turn. Cattle
tend to turn in a circle to keep the worker in view. When moving a herd of cattle,
the worker should adjust his or her position at the edge of the herd flight zone
relative to the lead animal in the herd.

Do not try to head off cattle when they turn and try to go back into an alley-
way. A more effective way to handle this situation is to move out of the animal’s
flight zone when it starts to turn back. This will generally allow the worker to
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reestablish control over the animal’s movements. This is also a safer way to handle
the animal, because there is a danger of being knocked down by a charging animal
when trying to head it off.

A sow will attack a person if her pigs are hurt or threatened. Never work with
small pigs in the same pen as the sow. Hogs will bite or knock a worker down, so
care must be taken when moving these animals. A hurdle or solid panel should
be used when handling hogs. It is possible to move a hog backward by placing a
basket over its head. It will try to back out and can be guided fairly easily to where
it is wanted. Small children and visitors should be kept out of hog pens. Do not
let children pet hogs through the fence.

An understanding of how hogs behave makes it easier and safer to handle them
when they are being moved from one area to another. Unlike cattle, sheep, goats,
horses, and chickens, the eyes of hogs are located further forward on their heads.
This gives hogs better binocular vision and greater depth perception.

Hogs have a tendency to want to stay in or to return to an area with which they
are familiar. When an attempt is made to separate a hog from the herd, that hog
will try to return to the herd. However, hogs in a group will follow a leader, trying
to maintain visual and physical contact with each other. This makes it easier to
separate a group of hogs, rather than one hog, from the herd.

When hogs are handled under artificial light, they will move rather easily from
a dark area to a lighted area. However, if hogs are moved from a dark house into
bright sunlight, they are likely to balk as they leave the house. When moving hogs
at night, it is difficult to get them to move from a lighted house to a dark area out-
side the house. At night, hogs will move more easily into a truck if there is a light
in the truck. They will also move more easily through dark alleys or chutes if there
is a light at the end of the alley or chute.

Loading chute floors should be made of the same or similar material as the floor
the hogs were raised on. Hogs will move through a loading chute more easily if
the chute is nearly level or slopes at no more than 25 degrees. Make the outside
wall of the loading chute solid so the hogs cannot see outside and become dis-
tracted. A loading chute width of 14 to 16 inches reduces the possibility of hogs
trying to turn around in the chute.

Sheep and goats, being rather small animals, are generally not considered very
dangerous. It is possible to be injured by being butted by a ram or buck. This is a
particular hazard for younger children and elderly people.

Poultry are usually not dangerous, but a person may be pecked by a hen or
rooster. Geese and gobblers are more likely than chickens to injure a person by
pecking them. Female fowl that are setting on a nest hatching eggs can be aggres-
sive. They are liable to attack a person who disturbs them. The wings of the turkey,
duck, and goose hen can inflict injury if the setting hen is disturbed. Equipment
and dust hazards in poultry facilities are more likely to injure workers than the
poultry are.

HORSE SAFETY

Safety with horses is especially important since millions of Americans in both
rural and urban areas ride horses. Many of these people are not used to being
around animals and must be made aware of basic safety procedures. Serious
injury can result from failure to follow safety rules. Horses are variable in tem-
perament. Some are timid and will react violently when frightened. If safety rules
are followed when riding or working with horses, these activities can be enjoy-
able experiences.
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Figure 3-6 Stand to one side and
face the rear when working with the
horse’s tail. Photo by Dr. Frank Flanders.

Figure 3-7 The lead strap is
folded accordion style when leading
a horse. Photo by Dr. Frank Flanders.

Horses have good hearing, but they do not see well directly in front or to
the rear. Always speak to the horse as you approach. Approach the horse at a
45-degree angle from the shoulder, never directly from behind. Pet the horse
by rubbing its neck or shoulder. Do not reach for the end of its nose. Stay out of
kicking range when walking behind the horse. Do not step over the tie rope or
walk under it.

Handling

The most important rule to remember is to stay out of kicking range of the horse
whenever possible. Another safety measure is to stand close to the horse when
working with it. Then, if it kicks, the full force of the kick will not be felt. Work as
much as possible from a position near the shoulder of the horse. When working
with the horse’s tail, take a position near the point of the buttock. Stand to the
side and face the rear (Figure 3-6). Do not stand directly behind the horse.

A nervous handler makes the horse nervous. A calm, confident manner that
is kind but firm should be used. Let the horse know what is happening. Move
slowly when doing things with the horse, such as lifting his feet. A person should
learn the peculiarities of his or her horse and tell others who may be working or
riding the animal about it.

Use simple methods of restraint. Tying or holding the head is safest when
working with the horse. Horses should be tied with about 2 or 3 feet of rope.
This should be at the height where the lead rope attaches to the halter. Do not
leave a halter on a loose horse. The horse might catch the halter on a post or
other object. Break-away halters provide a measure of safety when the halter
must be left on a horse for a short period.

Never tease a horse. If it is necessary to punish the horse, do so at the moment
of its disobedience. Never strike a horse around the head.

Protective footwear should always be worn around horses. A horse may step
on a person’s foot, or there may be nails around the barn that could cause injury.
Boots or hard-toed shoes are better footwear than tennis shoes or moccasins.
Never go barefooted around horses or barns.

Leading

When leading a horse, walk beside him rather than ahead or behind. Turn the
horse to the right, walk around him and keep him on the inside. Horses are usu-
ally stronger than people, so it is unwise to try to out pull them. The horse will
usually respond to a quick snap on the lead strap if he is properly halter-broken.

The lead strap, halter shank, or reins should not be wrapped around the hand,
wrist, or body. Fold the lead strap accordion style in the left hand when leading
the horse (Figure 3-7). The right hand should be extended slightly toward the
horse. The horse’s shoulder will make contact with the elbow first and move a
person out of the way.

Be especially careful when leading a horse into a box stall or pasture. Always
turn the horse so that he faces the door or gate before releasing him. Otherwise,
he may bolt forward when released.

Tying

Horses should be tied with about 2 feet of rope. The rope should be tied with
a quick-release knot. Horses should not be staked out. Be sure the horse is tied
far enough away from strange horses so they cannot fight. Long lines and leads
should be kept off the ground. This will keep the horse’s or rider’s feet from being
tangled in the lines. The lead shank should be untied before taking the halter off
the horse.
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Bridling
Do not try to bridle a nervous horse in close quarters. When bridling, stand close

to the left side of the horse, just behind the head. In this position, the horse’s neck
action will push you clear if he throws his head to avoid the bridle.

Saddling

When saddling a horse, a person should stand well back in the clear and reach
forward. Do not let the cinch ring strike the off (right) knee of the horse. (See
Chapters 32 and 34 for detailed information on saddles and saddling.) The front
cinch of a Western double-rigged saddle should be fastened first. Fasten the rear
cinch last. When unsaddling the horse, unfasten the rear cinch first, then the
front cinch. Be sure the rear cinch is not so loose that the horse could get his foot
caught in it. Make sure the strap connecting the front and rear cinch is secure.

The saddle should be swung into position easily. Do not drop it. Adjust the
saddle carefully and check the cinch after walking the horse a few steps. The cinch
must be checked again after riding a short distance.

Mounting

Do not mount the horse in a barn or near fences, trees, or other overhanging
projections. Horses should be trained to stand perfectly still while the rider is
mounting.

Riding

Horses may be frightened by unusual objects or noises. If the horse is frightened,
steady him and give him time to calm down. After the horse is calm, ride or lead
him past the obstacle. If the horse attempts to run, turn him in a circle and tighten
the circle until he stops.

Walk horses up or down hills and go slowly on rough ground or in sand,
mud, ice, or snow. Always allow the horse to pick his own way. Try to stay off
paved roads. If it is necessary to cross or be on a paved road, slow to a walk or
lead the horse.

Do not ride away from another rider who is mounting a horse. Leave a safe
distance between riders and do not rush past other riders who are going slower.
If it is necessary to pass others, approach slowly and pass on the left side.

Night riding is more dangerous than riding during the day. If the ride is on a
road, follow the same rules as for pedestrians. Light-colored clothing should be
worn. Riders should carry flashlights and reflectors. Allow the horse more free-
dom to pick his way. The horse’s senses are much keener than the rider’s. Riding a
horse may be dangerous so it is best to wear a helmet (Figure 3-8).

Equipment and Clothing

All equipment should be kept in the best possible condition. Replace any strap
that is too worn to be safe. Make sure all tack fits the horse. Do not wear spurs on
the ground because of the danger of tripping. Clothing should be neat and well
fitted so that it will not snag on equipment. Boots and shoes should have heels
so the foot will not slip through the stirrup. The horse’s feet must be properly
trimmed and shod.

Hauling Horses

It is safer for two people to load a horse on a trailer than for one person to attempt
it alone. Stand to one side and never directly behind a horse when loading or
unloading it from a trailer. The horse should be trained so that it can be sent into

Figure 3-8 When riding a horse it
is advisable to wear a helmet to pre-
vent head injury. Photo by Dr. Frank
Flanders.
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the trailer. Do not lead a horse into a trailer unless there is a front exit from the
trailer. Be sure the ground around the trailer gives firm footing. Remove all equip-
ment from the horse before loading. Use the halter for leading the horse. Always
untie the horse before opening the trailer gate or door when unloading. Make
sure the trailer is in good condition.

HAZARDS OF ANIMAL DISEASES

Diseases and parasites that may be transmitted between man and animals are
called zoonoses. Some of the common zoonoses are rabies, brucellosis, bovine
tuberculosis, trichinosis, salmonella, leptospirosis, swine erysipelas, ringworm,
tapeworm, and spotted fever. Some of these diseases and parasites are very dan-
gerous to man.

Cleanliness, vaccination, quarantine of sick animals, and avoiding exposure are
some of the ways to prevent these diseases. Wear rubber gloves when treating sick
animals. A doctor should be called if a person becomes sick after contact with
animals.

Cases of human rabies in the United States are extremely rare, with only about
two cases per year reported. However, the disease is nearly always fatal once
symptoms appear. Because of the seriousness of rabies if it is contracted, people
who work around livestock need to take precautions against the possibility of
becoming infected by the virus that causes rabies.

The virus is normally transmitted in the saliva of the infected animal. Domestic
animals may contract rabies by being bitten by infected wild animals such as
skunks, raccoons, or bats. Domestic dogs rarely become infected because of
widespread immunization against rabies. Vaccinations must be kept up to date
for farm pets such as dogs and cats to reduce the danger of rabies infection.

Workers who treat sick animals should wear rubber gloves to help prevent
infection through open cuts on the hands. If the sick animal dies and there is
suspicion that rabies might be involved, the head of the animal must be sent to a
testing laboratory to determine whether it had rabies. Notify local health officials
of a suspected case of rabies. Be careful not to damage the brain tissue. When
handling the animal, keep your hands away from its mouth.

Be careful around any wild animal that appears to be acting strangely. Do not
pick up or play with wild animals. If there is a suspicion that the animal has rabies,
kill it but do not shoot or club it in the head. The brain tissue must be undamaged
for laboratory tests. Notify local health officials immediately when a wild animal
suspected of having rabies is killed. Preserve the head carefully for laboratory
analysis. If you are bitten by any animal, quickly wash the wound with soap and
water and have a doctor check the wound.

Workers who come into contact with animals with confirmed cases of rabies
must be vaccinated immediately. The vaccine is safe and painless. Five doses are
usually given over a 4-week period. Injections are given in the hip or arm.

PERSONAL PROTECTIVE EQUIPMENT

Several kinds of personal protective equipment should be used around livestock.
Bump caps protect the head around livestock facilities. Respirators should be
used around dusty or moldy hay. They should also be used in silos, manure stor-
age areas, and for the use of some pest-control chemicals. Eyes should be pro-
tected by goggles from dust, chaff, and chemicals. Glasses should have impact
lenses. Protective gloves should be used for certain jobs. Cotton or canvas gloves
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may be used as hand protection for light work. Leather gloves may be used for
heavier work or when working with barbed wire fencing. They increase gripping
power and protect the hands when handling rough or abrasive materials. Rubber
gloves should be worn around sick animals or when assisting at birth. Safety
shoes should always be worn on the farm.

Workers in livestock confinement buildings suffer a high rate of respiratory
and other problems. Typical problems include coughing, shortness of breath,
scratchy throat, headaches, and watering eyes. Permanent lung damage may
result from continued exposure to a contaminated atmosphere in confinement
livestock buildings. Some deaths have resulted from toxic gases produced in
liquid manure storage pits.

Livestock workers are exposed to three types of atmosphere contamina-
tion. Dust and particulate matter come from feed, animal hair, and fecal matter.
Pesticides used in treating livestock may cause health problems when inhaled by
workers. Toxic and asphyxiating gases are produced in liquid manure storage pits.
The four main kinds of dangerous gases produced are ammonia, hydrogen sul-
fide, methane, and carbon dioxide.

There are two kinds of respiratory protection equipment available for use by
workers. Air-purifying respirators use filters to remove the contaminants from
the air before it is inhaled. One type of purifying respirator removes particles
from the air. The other type removes vapor and gas from the air. A combination
filter is available for removing both kinds of contaminants from the air before it
is inhaled.

Atmosphere-supplying respirators supply air from a source independent from
the surrounding air. One type supplies air through a compressed air line and the
other type uses a compressed air cylinder.

Selection of respirator protection is based on the type and concentration of
contaminant found in the air. Use only respirators that have been tested and meet
the minimum standards of the National Institute for Occupational Safety and
Health (NIOSH). Such respirators can be identified by a NIOSH number and
label that describes the kind of hazard it protects against.

A coding system has been in use since July 1998 to identify three types of non-
powered particulate filter respirators. The “N” code means the respirator is not
oil resistant, the “R” code means it is oil resistant, and the “P” code means it is oil
proof. Efficiency levels of 99.7 percent, 99 percent, and 95 percent are available in
all three classes of filters. For example, a filter coded R99 means that it is at least
99 percent efficient and is resistant to oil.

FACILITIES

There are many hazards in the facilities used for livestock. Slippery steps or floors
may cause falls. Electric shock is a possible danger in damp areas. Electrical cords
or appliances that may come into contact with water are hazards. Waterers that
overflow or faucets that do not turn off completely may cause slippery conditions
or electrical shock hazards. Strains can result from lifting heavy loads. Other areas
that are hazardous include manure pits, lagoons, livestock confinement buildings,
and grain storage areas.

Silo Hazards

As noted earlier, silos are dangerous for several reasons. People can fall from the
silo or may be injured by equipment used to fill the silo (Figure 3-9). Nitrogen
gases that form from ensiling green material can be deadly. Fermentation of the

Figure 3-9 Silos pose a hazard for
farm workers. Workers may fall from
the silo or be harmed by the dan-
gerous gases that build up inside.
Always use caution when entering
a silo. Courtesy of Harveststore Engin-
eered Storage Products Co.
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ensiled material produces mainly carbon dioxide and nitrogen dioxide; hydrogen
sulfide and ammonia are produced in smaller quantities. Carbon dioxide is odor-
less and colorless. Nitrogen dioxide is yellow-brownish to reddish-brown in color
and smells like bleach. It is heavier than air and can sink down the unloading
chute into the feed room at the base of the silo. The most danger exists during the
first 12 to 60 hours after filling the silo. Silo gas can be a danger in an unvented
silo for several weeks after the silo is filled. Nitrogen dioxide at low concentration
can result in eye irritation and coughing or lung injury. At high concentration it
can render a person unconscious and even cause death.

Workers should not enter the silo for at least 3 weeks after it has been filled.
Warning signs of the presence of deadly gas include yellow or brown stains on
the sides of the silo chute or feed room wall and dead birds or small animals lying
on the floor below the unloading chute. If it is necessary to enter the silo during
this period, mechanically vent the silo by running the silo blower for at least 30
minutes before entering. Keep the blower running the entire time the worker is
in the silo. Do not depend on respiratory equipment for protection unless it car-
ries its own oxygen supply. Never enter the silo alone during the danger period.
Always wear a body harness with a safety lifeline and have another person present
and observing during the entire time the worker is in the silo.

The silo room should be ventilated for 2 weeks after the silo is filled. Keep any
doors between the silo room and the barn closed. Do not let children or visitors
enter the silo room or the silo during the danger period. Get treatment immedi-
ately if exposed to silo gas.

Grain Handling and Storage Hazards

Unloading grain from a storage bin can pose several dangers for workers.
Unloading equipment sometimes becomes plugged and a worker must enter the
storage facility to correct the situation. The worker may become trapped in the
flowing grain if proper precautions are not taken. It only takes 4 or S seconds for
a worker to become submerged to the point of helplessness. Within 20 seconds
a worker can become completely covered by the grain.

Another hazard is created when feed and grain bridge over in a storage facility
and a hollow space forms near the bottom. If a person falls into this space, he or
she may be buried under the feed or grain. This would result in suffocation.

Dust and molds in grain storage areas can cause workers to become sick.
Toxic organic dust syndrome can cause symptoms much like those of the
flu—coughing, fever, chills, headaches, muscle aches, shortness of breath, and
fatigue. Symptoms will last from 1 to 7 days. Farmer’s lung disease produces
similar symptoms but is more serious because it may cause permanent damage.
Breathing in large amounts of dust can cause toxic organic dust syndrome. An
allergic reaction to mold spores in the air from moldy grain, hay, or straw causes
farmer’s lung disease. Symptoms of either illness will become apparent within 4
to 12 hours after exposure to dust and molds in the air. A person with symptoms
of these illnesses should see a doctor for treatment. A blood test can determine
which illness is present.

Safety precautions to be followed when unloading grain from a storage facility
include:

* making sure the control circuit on automatic unloading equipment is locked
in the off position before entering the storage bin.

* not entering the storage bin when the unloading equipment is operating.

* not entering a storage bin from the bottom when the material is caked to the
sides of the bin or is bridged overhead.
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* using a long pole made of nonconductive material to break up bridged or
caked material. Work from the outside of the bin through a door or hatch in
the roof. Poles made of conductive material may contact a power line, posing
a danger of electrocution.

* always using safety harness or safety belts that are secured firmly to lines in
such a manner that a person will be kept above the material in case he or she
falls. Never work alone. Always have at least one other person, who knows
what to do in case of an accident, outside the bin and also equipped with a
safety harness or belt. (The use of a safety harness or safety belt is mandated
by OSHA in facilities subject to OSHA regulations.)

* being aware that an accumulation of dust in a grain bin can be highly explo-
sive. Do not do anything that might cause an accidental spark that could
result in an explosion.

* being sure the enclosed area is well ventilated before entering and keeping it
ventilated while working in the area.

* using a respirator designed for toxic dust/mist that is approved by the
National Institute for Occupational Safety and Health. It will have the words
“dust/mist” stamped on the mask. Thin paper filters should not be used
because they will not filter out the fine dust particles that can penetrate into

the lung.

Livestock Confinement Building Hazards

Livestock confinement buildings can have toxic concentrations of gases such as
ammonia, methane, hydrogen sulfide, and carbon monoxide. These gases, with
the exception of ammonia, are heavier than air and sink to the bottom of manure
pits. This forces oxygen out of the area and creates a dangerously lethal atmo-
sphere. Hydrogen sulfide is poisonous to humans and smells like rotten eggs. It
only takes one to three breaths of hydrogen sulfide to kill a person if the gas is
present in a high concentration. At a lower concentration it can cause nausea,
dizziness, sudden collapse, and severe breathing difficulty.

Workers in livestock confinement buildings must exercise caution because of
the danger from toxic gases. Proper ventilation of these buildings is especially
important. The greatest danger from lack of ventilation is during the winter when
ventilation rates may be reduced below the minimum recommended level in
order to conserve heat. The danger from toxic gases is higher when the manure in
the storage pit is being agitated.

It is safest to remove animals and workers from the building when agitating the
manure in the pit. If this is not possible, observe from a safe distance when start-
ing agitation and be prepared to stop the pump if any sign of trouble becomes
apparent. Workers should never enter a manure pit during or just after agitation
because the dangerous gas levels are at their highest at that time.

A power failure that stops the ventilating fans also poses a hazard both to work-
ers and to the livestock in the building. An alarm system should be installed to
warn of power failures and auxiliary power should be available to keep the ven-
tilating system working. Commercial gas monitors are available to measure the
level of toxic gases in the building.

Workers should not enter manure pits unless it is absolutely necessary. Before
entering the pit, test for oxygen with an oxygen meter and test for toxic gas
levels, especially hydrogen sulfide, using an appropriate detector. Continue to
monitor the oxygen and gas levels while the worker is in the pit. Make sure the
pit is well ventilated, and use self-contained breathing equipment and a safety
line attached to the person entering the pit. Always have another worker, also
equipped with self-contained breathing equipment and a safety line, available
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outside the pit to rescue the person going into the pit if it becomes necessary.
Never enter the manure pit without being properly equipped, even to rescue
another worker; to do so will probably result in the death of the person attempt-
ing the rescue as well as the person already in the pit. Have a third person outside
the confinement area to provide additional help if needed. This person should
also have self-contained breathing equipment available for use. At least one of
the workers present to provide assistance should be trained in cardiopulmonary
resuscitation (CPR) and first aid.

The following account is based on a true story of a tragic farm accident involv-
ing methane gas buildup in a manure pit. Unfortunately, this type of accident is
not uncommon.

FIVE DIE ON FARM FROM DEADLY GAS IN MANURE PIT

USA, 2008—Deadly methane gas emanating from a dairy farm’s manure pit
killed five people, including four members of one family, authorities said.

Emergency workers speculate that after the first victim was overcome by
the gas, the others climbed into the pit in a frantic rescue attempt. “It was a
domino effect with one person going in and becoming unconscious, and the
others going in one at a time to try to save them,” said local rescue person-
nel. As each person entered the pit he or she was immediately overcome by
methane gas.

The victims were a dairyman, his wife, their two children, and a farm-
hand. Another farmhand said he tried to save some of the victims by hook-
ing them from above and pulling them up. The second farmhand, visibly
shaken, said, “I tried to hook them but I couldn’t.” He said he recognized
the futility of going into the pit himself, as he would certainly have been the
sixth victim without the proper breathing apparatus, including a separate
oxygen supply.

The accident began when the dairyman tried to transfer manure from one
pit to another. The pipe that was transferring the manure became clogged, so
he climbed into the pit to unclog the pipe. It was probably something he had
done many times. There was gas in the pit and he immediately succumbed.

Methane gas is an odorless and colorless by-product of liquefied manure.
The pit was nearly enclosed and poorly vented.

Carbon monoxide gas may accumulate to dangerous levels in poorly venti-
lated confinement buildings. Malfunctioning space heaters and unvented radi-
ant heaters in the building are often the source of this gas. Carbon monoxide
can cause abortions in sows and humans. It may also cause mental retardation,
an outcome that human fetuses are more susceptible to than are pig fetuses.
Pregnant women should be careful if they are working in livestock confinement
buildings. The use of personal protective equipment to filter air for breathing is
recommended for all workers who spend 2 or more hours per day in these build-
ings. Minimum protection is provided by disposable paper mask filters; better
protection is provided with quarter-face or half-face masks with a screw-on car-
tridge. An air stream helmet provides the greatest protection.

Even with proper ventilation, dust can be a major problem in livestock con-
finement buildings. Workers should use a high-quality dust filter that provides
protection from 0.3 micron diameter particles. Inexpensive filters generally do
not provide this level of protection. The addition of soybean oil or tallow to feed
has been shown to reduce the level of dust in confinement buildings. Another
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danger from dust is the possibility of an explosion and fire. Keeping the building
and equipment clean can help reduce the danger of high concentrations of dust.

Provide tight covers for ground-level and below-ground manure storage pits.
Keep lagoons and manure storage basins fenced oft and posted with signs warn-
ing people to keep out.

Any open flames, including cigarettes, should be prohibited in enclosed manure
storage areas. If repairs, such as welding, are necessary in the area, be sure it is well
ventilated to reduce the risk of explosion and fire. Use only explosion-proof elec-
tric motors in livestock confinement buildings. Make sure all lights and electrical
wiring are maintained to prevent accidental sparking. Methane gas, which is pro-
duced in manure pits, is highly explosive.

Locate first aid supplies and rescue equipment close by the manure storage
area. Train all workers in proper first aid procedures for toxic gas problems.
Emphasize to workers that they are not to enter manure pits without the proper
equipment, even to attempt the rescue of another worker. Move the victim to
fresh air if possible. If the victim is not breathing, begin CPR immediately and
continue until medical help arrives.

Keep the telephone number of the local fire department or rescue squad read-
ily available by the closest telephone. When phoning for help, be sure to let the
fire department or rescue squad know the nature of the problem so they will
bring the necessary equipment.

FIRE SAFETY

Fire can be one of the most serious hazards on livestock farms (Figure 3-10).
Fires are usually caused by carelessness. Most fires start from electrical equip-
ment, heaters, or careless smoking. Other causes of fires are lightning, arson, and
spontaneous combustion.

About 70 percent of all farm fires are caused by some problem in electri-
cal wiring or electrical equipment. Livestock confinement buildings often have
high levels of moisture and ammonia gas that can corrode electrical wiring and
equipment. In high concentrations, dust can explode if an ignition source such
as a spark from electrical wiring is present. Electrical control panels should
not be located within the confinement area; put them in an adjacent office or
outside the building. Sources of information about the electrical requirements
for confinement buildings include the Agricultural Wiring Handbook and the
National Electrical Code, which provide ratings of materials suitable for use
on the farm. Code requirements for home use are not adequate for livestock
confinement buildings.

Many things around a farm burn easily. Most buildings are of wood construc-
tion, and hay, bedding, and feed are easily ignited. Once a fire starts in a livestock
building, it burns and spreads very rapidly.

Safety practices to prevent fires include the following:

* protecting buildings from lightning.

* storing fuels properly.

* practicing good housekeeping by keeping all areas in and around buildings
clean and free of debris.

* not allowing people to smoke in and around buildings.

* making sure all electrical wiring and equipment is in good condition and
meets code requirements for use in livestock confinement buildings.

* being careful when using heaters and brooders in livestock buildings.

* avoiding conditions that could cause spontaneous combustion in stored feed.

Figure 3-10 Farm fires cause seri-
ous losses on livestock farms each
year. A lack of a good water supply
often makes it difficult to fight a
farm fire. Courtesy of USDA Natural
Resources Conservation Service.
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* when planning new buildings, spacing them at least 50 feet from other build-
ings to help slow the spread of fire (spacing of 75 feet will allow better access
by fire trucks).

* using fire-resistant exterior materials (metal siding, asphalt shingles) on new
construction.

* locating fire extinguishers near doorways in all buildings.

* maintaining fire extinguishers properly, with periodic inspection to make
sure they are fully charged.

* providing water outlets and hoses in and around the buildings.

* havinga pondlocated near the buildings can provide an emergency supply of
water for fire fighting.

* storing combustible chemicals in a safe place.

* instructing all workers and family members in methods of fire prevention
and what to do in case of fire.

People should also know what to do in case a fire starts. When a fire is seen,
the first thing to do is call the fire department. Fire extinguishers, water hoses,
wet gunnysacks, and shovels and dirt should be used to fight the fire until the fire
department arrives. If it is possible, animals should be removed from the build-
ings. They should be led to a place that is out of the way of the fire fighters.

Classification of Fires

Fires are classified as Class A, Class B, Class C, or Class D. Class A fires are those
in which the burning material is wood, paper, textiles, grass, trash, and other simi-
lar materials. Water can be used to extinguish Class A fires.

Class B fires are those in which the burning material is grease, gasoline, oils,
paints, kerosene, and solvents. Do not use water on a Class B fire because the
water can spread the fire. Class B fires must be smothered to extinguish them.
Blanketing agents such as carbon dioxide, water-based foam, or a wet blanket
may be used to smother a small Class B fire.

Class C fires are those involving burning electrical equipment. Do not use
water on a Class C fire unless all power to the area has been cut off. The fire fighter
can suffer severe electrical shock if water is used on a Class C fire. High-pressure
water fogs can be used on Class C fires.

Class D fires are those involving combustible metals like sodium, potassium,
titanium, and magnesium. These fires must be controlled by removing air with
a blanket of nonreactive powder like sodium chloride or graphite. Water and
carbon dioxide will not control Class D fires because these materials provide a
source of oxygen for the burning metal.

Fire Extinguishers

The proper type of fire extinguisher must be used for the different classes of fires.
Fire extinguishers are marked with a combination of letters and colors for the
class of fire on which they can be used.

* Class A extinguishers are marked with an A in a green triang]e.

* Class B extinguishers are marked with a B in a red square.

+ Class C extinguishers are marked with a C in a blue circle.

* Class D extinguishers are marked with a D in a yellow five-pointed star.

Class A and Class B fire extinguishers use numbers with the letters. The
number with the Class A extinguisher indicates its relative effectiveness for
putting out a fire. For example, a S would indicate that the extinguisher is five
times as effective as an extinguisher marked with a 1. The number on the Class B
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Checklist of Farm Safety Practices
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Establish good sanitation, vaccination, and inoculation programs.

Plan ahead when working with animals in an enclosed space to provide a way out; have at least
two exits from the area.

Use proper equipment when handling livestock; make sure all pens, gates, loading chutes, and
fences are strong enough for the job and in good repair.

Be sure livestock handling is done only by those with enough strength and experience for
the job.

Use caution when approaching animals to avoid startling them.
Teach workers the correct safety measures for handling livestock.
Know the animals.

Be patient with animals.

Do not work with animals when tired.

Have enough help available to do the job.

Be careful when leading animals and handle lead lines properly.
Do not allow horseplay around animals.

Keep children and visitors away from animals.

Dehorn dangerous animals.

Check equipment carefully when riding horses.

Do not allow smoking in and around farm buildings and fuel storage and refueling areas; post no
smoking signs in these areas.

Have working, fully charged ABC-type fire extinguishers in barns and other major buildings.
Remove all trash and junk in and around buildings to prevent fires and falls.
Keep all buildings in good repair.

Keep electrical wiring in good condition; check insulation, connections, outlets, and electrical
equipment.

Use adequate lighting in all buildings.

Use proper ventilation in buildings and silos; make sure vents are clear and fans operate properly
in all confinement buildings.

Keep floors and ramps clean and free of broken concrete and slippery spots to ensure good
footing.

Keep a well-maintained first aid kit in all major buildings.
Keep emergency telephone numbers posted by each telephone.
Have telephones or radios in vehicles and major buildings.

Keep entrances to grain, feed, and silage storage areas closed and locked to keep children out.

Post warning signs in grain and feed storage areas to warn of the hazard of becoming trapped in
flowing grain or feed.
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Safety Practices (continued)
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Maintain silo and bin ladders in good condition.

Shield auger inlets to prevent contact with the auger.

Cover loading troughs on augers, elevators, and conveyors with grating.

Use caution when moving augers and elevators; check for overhead power lines in the area.

Check that the proper shields are in place on all feeding, grinding, and other equipment; DO NOT
REMOVE SHIELDS.

Use protective equipment such as bump caps, respirators, goggles, and gloves when needed.

Store chemicals, fertilizers, medicines, and hardware away from animals and in a room or build-
ing that can be locked.

Post warning signs at the entrance to areas where chemicals are stored that identify the hazards
inside and provide information to fire fighters in case of fire.

Mix all chemicals outside or in an open, well-ventilated area in the building.

Have first aid equipment and plenty of water available in the area where chemicals are handled.
Properly dispose of all chemical containers, following directions on the label.

Store only chemicals in the chemical storage area.

Carry an ABC-type fire extinguisher (minimum size 10 Ib) in the combine.

Carry an ABC-type fire extinguisher (minimum size 5 Ib) in the tractor.

Maintain ladders and steps on tractors, combines, and other equipment in good repair and free
of mud and grease.

Keep the operator’s platform on combines free of mud, grease, and tools.
Keep cab windows and mirrors clean for maximum visibility.

Check mufflers and other parts of the exhaust system on tractors, combines, trucks, and other
powered equipment to make sure there are no leaks of exhaust fumes.

Maintain tires in good condition and properly inflated on all equipment.
Make sure all fuel, oil, and hydraulic systems on all equipment is in proper condition.

Use reflectors and Slow Moving Vehicle emblems on equipment; make sure they are clean and
positioned where they can be easily seen.

Make sure all tractors are equipped with roll-over protection cabs or roll bars.
Keep all farm ponds fenced to keep children out.

Do not carry loaded guns in vehicles, tractors, combines, or other equipment.

Keep guns unloaded and locked in a cabinet or gun rack in the home; keep ammunition stored in
a location separate from the guns.
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extinguisher gives an indication of the maximum square foot area of a liquid fire
that can be extinguished by the fire extinguisher.

Class C and Class D extinguishers do not use numbers to rate their effective-
ness. Select a Class C extinguisher on the basis of the type of construction sur-
rounding the electrical equipment. The nameplate of the Class D extinguisher
lists its effectiveness for various metals.

No one type of extinguisher is effective on all types of fires. Some are desig-
nated as multipurpose extinguishers and are effective for the classes of fires listed
on their labels. Typical multipurpose extinguishers are for Class A, B, and C fires.
Providing multipurpose fire extinguishers in buildings is recommended to help
reduce confusion when a fire occurs.

BIOSECURITY AND AGROTERRORISM

A safe and healthy food supply has been taken for granted during most of the his-
tory of the United States. Terrorism and the threat of worldwide disease epidem-
ics have changed the way we must think about our food supply.

The terrorists who struck the United States on September 11, 2001, changed
forever the way Americans think about security—including the security of our
food supply. Every aspect of the American economy and society must now be
continuously evaluated for vulnerabilities to attack. Many have expressed sur-
prise that our nation’s food supply has not already been targeted.

In addition, livestock producers have been concerned in recent times about
diseases in confinement livestock operations. These systems have large num-
bers of animals in close contact where diseases can spread quickly. Movement
of people and animals around the world with modern transportation methods
has increased the problem with the greater probability of the introduction of
new diseases. Most confinement, high-capacity livestock enterprises severely
limit visitors and take many precautions to prevent the introduction of diseases
(Figure 3-11).

Figure 3-11 Biosecurity at facilities such as this grandparent broiler stock farm is of vital importance.
Entry is strictly controlled. Photo by Dr. Frank Flanders.
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Figure 3-13 A federal inspector
cleans and disinfects the shoes of
returning international travelers who
had visited a farm in another coun-
try. Courtesy of USDA. Photo by Ken
Hammond.

Figure 3-12 A member of the Beagle Brigade inspects Luggage of returning inter-
national travelers. Beagles are specially trained to sniff-out food products, soil, etc.,
that may harbor agriculture animal disease of major concern such as foot-and-mouth
disease. Courtesy of USDA. Photo by Ken Hammond.

Many terms are used to describe the deliberate or incidental harm to the food
production system and the precautions taken for prevention.

* Biosecurity: protection from biological harm to living things from diseases,
pests, and bioterrorism.

* Bioterrorism: the deliberate use of biological or chemical weapons. In agri-
culture it is referred to as agroterrorism.

* Agroterrorism: the deliberate use of biological or chemical weapons to
bring harm to agricultural enterprises.

* Agrosecurity: the use of all possible means and procedures to guard against
deliberate or incidental harm to the food production system.

Assuring security of the nation’s food supply is a major responsibility and of
major importance to every citizen, and especially to individual producers. One
incidence of a major disease such as porcine reproductive and respiratory syn-
drome (PRRS) could be disastrous economically for a producer. Other diseases
such as foot-and-mouth disease could spell disaster for an entire industry. Almost
six million cattle had to be destroyed in the 2001 outbreak of foot-and-mouth
disease in the United Kingdom. Avian influenza (bird flu) could destroy the poul-
try industry as well as kill millions of humans. Since there are no vaccines for
some diseases, including foot-and-mouth disease and avian influenza, biosecurity
is the only line of defense (Figures 3-12 and 3-13).

Damage to the agriculture industry could come from pests, diseases, and
chemicals, among other threats. These agents of destruction could be spread
naturally though animals, wind, accidentally through the movement of people,
vehicles, and equipment, or deliberately as an act of terrorism. Anything a pro-
ducer does to prevent such destruction of the food industry can be considered
agrosecurity.

Agroterrorism is the intentional use of any weapon such as chemicals, bio-
logical agents, and explosives against the nation’s agricultural and food indus-
tries. Attacks of agroterrorism are intended to cause destruction of agricultural
resources and serious economic harm.

While biosecurity measures are taken at both the national and state levels to
keep diseases from entering the country or individual states, it is most important
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to start at individual herd levels (Figure 3-14). It is necessary that herd owners
or management teams implement programs that prevent diseases from even
entering their herds and spreading diseases to animals in the herds. To prevent
diseases from entering the herd, livestock producers buy healthy animals, and,
once at the farm, they keep new animals away from their other herds for 10 to
30 days. This period allows for the livestock producer or manager to detect any
diseases that the animal may have and to follow up on vaccinations and immu-
nizations. Here are some helpful tips that livestock producers may use to help
prevent disease.

* Limit the number of people who visit the farm and have access to the herd or
facility.

+ Keep a distance between the herd or facility and other operations.

* Keep the farm as clean as possible. Proper disposal of manure is essential. For
poultry and swine facilities, only enter with clean, disinfected attire, and keep
all cages and pens clean.

* Do not bring diseases home. Disinfect all outside equipment brought to the
facility before using it on the animals.

* Do not borrow diseases from the neighbor. Limit use of borrowed equip-
ment. If equipment is borrowed, disinfect before it comes to your property.

* Know the warning signs and symptoms of diseases.

* Report sick animals to a local veterinarian and/or a state veterinary
department.

* Livestock keepers should reevaluate the security on their premises, keep-
ing in mind the risk of intruders entering the farm at night. Animal houses,
feed storage facilities, fertilizer storage areas, water tanks, and milk houses all
should be tamper-free.

* Closed herds or flocks should be maintained, and all purchased animals
should be kept away from other animals for a minimum of 10 days.

SUMMARY

Farming is a dangerous occupation. Many people are injured and some are killed
each year when working with livestock. Children and older people are most likely
to be injured by livestock.

Many environmental factors play a part in farm accidents. Facilities, especially
silos and confinement livestock buildings, should be checked for safety. Protective
equipment should be worn when necessary.

It is important that all workers be familiar with the correct handling proce-
dures for various types of livestock. Horse safety is a special problem because so
many people are around horses who have little other experience with animals.

Many accidents can be avoided by preventing hazardous situations and know-
ing safety rules. Good housekeeping on the farm prevents many accidents.

Everything a producer does to reduce the risk of deliberate or incidental spread
of disease or other destruction or disruption of the food production system is
considered agrosecurity or biosecurity.

Student Learning Activities

1. Give an oral report on safety practices with livestock.

2. Prepare a bulletin board display of newspaper and magazine stories related
to livestock safety.

3. Prepare posters about livestock safety.

Figure 3-14 At many sites, work-
ers are required to wash and disin-
fect shoes before entering. Visitors
may be required to shower-in and
shower-out and may wear farm pro-
vided clothing. Photo by Dr. Frank
Flanders.



82 Section 1

The Livestock Industry

4.

S.
6.
7.

Survey farms in the community using a livestock safety checklist and formu-
late recommendations for improvement.

Present livestock safety programs to local agricultural groups.

Prepare a livestock safety exhibit for display in the community.

Follow good safety practices when planning and conducting a livestock
supervised experience program.

Discussion Questions

1

. What is the death rate per 100,000 for workers in agriculture?

2. Why do people under 25 and those over 64 have more accidents on farms

N

o J O\ »n

13.
14.
1S.
16.
17.
18.
19.
20.
21.
22.
23.
24,
2S.
26.
27.

28.

29.

than people between 25 and 64 years of age?

. List five environmental dangers to people working with livestock.
. Describe the proper procedure for washing clothes that have been contami-

nated by farm chemicals.

. Describe safety practices for the proper storage of farm chemicals.

. List the recommended contents of a first aid kit for use on the farm.
. What are the symptoms of heat exhaustion?

. How should heat exhaustion be treated?

. What are the symptoms of heat stroke?

10.
11.
12.

How should heat stroke be treated?

Why is water better than sugar-based drinks for replacing lost body fluids?
What circumstances might cause some people to be at greater risk from heat-
related problems than other people?

Why do cattle sometimes refuse to move across a shadow or bright contrast-
ing pattern on the floor in front of them?

Based on an understanding of how they react to noise and sudden movement,
list several good practices to follow when moving or working with cattle.
Describe the “flight zone” concept and how it may be used to control the
movement of cattle.

Describe several practices that make it easier to move hogs from one place to
another.

Describe how livestock facilities can be designed to prevent accidents.
What safety precautions should be followed when approaching a horse?
Describe three safety procedures a person should follow when handling a
horse.

What is the safest way to hold the horse’s lead strap?

List three safety rules to follow when mounting and riding a horse.

Why is it dangerous to enter a silo for a period of time after it has been filled?
Describe several safety practices that should be followed to protect workers
from the danger of rabies.

List three types of atmosphere contamination that might affect people work-
ing with livestock.

List the four main kinds of dangerous gases found in livestock confinement
buildings.

Describe the kinds of respiratory protection equipment available for use by
workers on farms.

List three safety practices that should be followed to reduce the danger from
toxic gases in livestock confinement buildings.

What safety equipment must a person use when entering the manure pitin a
livestock confinement building?

List 10 safety practices to follow to prevent farm fires.
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30. List the four types of fire extinguishers and tell what kinds of fires each may
be used on.

31. Name the three most common causes of fires on farms.

32. What should be done if a fire starts on the farm?

33. Describe two ways in which the dangers of animal diseases to humans can be
reduced.

34. Name three kinds of personal protective equipment a worker may need when
working around livestock.

Review Questions

True/False

1. Agriculture is not considered to be among the more dangerous occupations
in the United States.

2. The Environmental Protection Agency requires that Material Safety Data
Sheets be available for all chemicals in the workplace.

3. After using chemicals the best option is to only rinse the clothing worn in
cold water.

Multiple Choice

4. Farm chemicals such as pesticides should be stored in places where:
a. children cannot get to them
b. they will not freeze
c. there are no sewer or drainage lines
d. all of the above
S. Heat stress suffered by workers during hot weather is sometimes called:
a. heat exhaustion
b. heat prostration
c. heat stroke
d. all of the above
6. When unloading grain from a storage bin, a worker can be in a dangerous
situation within:
a. 10 tolS seconds
b. 4to 5 seconds
c. 60 to 90 seconds
d. 20 to 30 seconds

Completion

7. If the chemical is moderately toxic the label says
8. The issues regulations designed to reduce health risks associated
with chemicals.
9. are diseases and parasites that can be passed between humans and
animals.
10. is the deliberate use of biological or chemical weapons to bring harm
to agricultural enterprises.

Short Answer

11. List some precautions for the safe handling of cattle.

12. List examples of toxic gases found in livestock confinement buildings.
13. List and describe the types of fire extinguishers.

14. Discuss ways to avoid heat stroke in workers.
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Livestock and the
Environment

Objectives

After studying this chapter, the student should be able to

- describe livestock production problems relating to
the environment.

- describe methods of handling livestock wastes that
reduce environmental pollution and are within the
guidelines of current laws and regulations.

- describe the proper way to dispose of dead
animals from livestock production operations.

- explain farmer liability under animal trespass laws.
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Farmers have become more vulnerable to environmental lawsuits than at any
time in the past. Changes in federal and state environmental laws make it easier to
take action against farmers and ranchers who knowingly or accidentally damage
the environment with chemicals or animal wastes. Lawsuits may be filed by prop-
erty owners who have suffered damage. In some states, lawsuits may be filed by
individuals or groups that have not been directly damaged. Civil and criminal
penalties, including heavy fines and imprisonment, may be applied. Those con-
victed may also be required to pay for cleanup costs, attorney fees, and costs of
the prosecution. Farmers need to be aware of changes in environmental laws that
affect their current operations or restrict their ability to develop new enterprises
or expand existing ones. Insurance carried by farmers may not cover environ-
mental liability. It is wise to develop an environmental compliance plan and keep
good written records.

Anotherarea of growing concern for farmers and ranchersis the Endangered
Species Act. When a species is declared to be endangered and a particular
area is considered to be a critical habitat for that species, then all human
activity in that area must be stopped. This includes all farming or ranching
activities.

In response to people moving out of cities into rural areas during the late
1970s and early 1980s, all S0 states passed “right to farm” laws. These laws were
designed to protect farmers from nuisance lawsuits based on subjective percep-
tions of people who moved into the area from the city and were unfamiliar with
the reality of the sounds and smells of livestock production on farms. The laws
protected farmers against nuisance suits as long as the complaints were not based
on violations of federal or state laws, negligence in operating the farm, water pol-
lution, or excessive soil erosion.

A challenge to Iowa’s right to farm law worked its way through the lower
courts and finally reached the state supreme court. In 1998 that court struck
down the right to farm law, ruling that the law took valuable property rights
away from landowners for the benefit of a few. In 1999, the United States
Supreme Court refused to review the Iowa Supreme Court ruling, thus allow-
ing its ruling to stand and bringing into question the status of right to farm laws
in all the states.

Property rights of individuals are coming under increasing attack by environ-
mental groups that are urging more government control over land and water use.
Some farm groups are working to secure legislation that will help protect private
property rights.

Some states are more closely regulating the disposal of medical waste such as
needles, syringes, scalpel blades, and blood vials that are used in the treatment
of livestock. Before these materials can be disposed of they must be treated to
eliminate the possibility that they might transmit infections. Special containers
that are puncture and leak resistant are available from veterinarians, waste haul-
ers, hospitals, and local health departments. The medical waste is placed in the
special container and then shipped to an approved infectious medical waste facil-
ity. State environmental protection agencies may be contacted to determine the
location of approved facilities.

Livestock producers must deal with animal wastes, odors, and dead animals
in ways that do not harm the environment. They are also legally liable for any
damage their livestock may do to other people or their property. Many of these
problems require costly solutions. Society must decide whether the benefits are
worth the investment.
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Figure 4-1 Holding cattle in con-
fined spaces creates problems with
manure buildup. Courtesy of USDA
Natural Resources Conservation Ser-
vice. Photo by Lynn Betts.

ENVIRONMENT PROBLEMS WITH LIVESTOCK
PRODUCTION

Changes in Livestock Production

The trend toward larger livestock operations has caused an increase in the con-
centration of animal wastes on individual farms. The use of large livestock con-
finement buildings presents special problems related to the disposal of livestock
wastes in a manner that is not harmful to the environment or objectionable to
others living in the area. Confining cattle in large feedlots results in greater prob-
lems in the disposal of livestock wastes (Figure 4-1). Many operators of large
feedlots do not have the land on which to spread the manure. This increases the
potential for pollution problems.

The Changing Environment of Agriculture

Many people are moving into farm areas to get away from the problems of large
cities. Large recreational developments also attract city dwellers to rural areas.
Those who live in the cities often find farm odors offensive. They may not realize
that odors and livestock wastes are a natural part of livestock production. Farmers
must deal with this attitude while still maintaining production.

Handling farm wastes poses different problems than handling waste from
cities. The cost for handling these wastes falls on individuals rather than on a
whole community. Cities solve their waste problems by building waste disposal
plants that may cost several million dollars. However, the cost for each person
living in the city may be only $100 to $200. A poultry farm of 200,000 hens, a
beef feedlot of 1,200 head, or a 10,500-head hog operation may produce as much
waste as a city of 20,000 people.

Although several farms in a community may have large feeding operations,
they are usually too far apart to use a single disposal plant. Thus, each farm has to
bear the cost of taking care of its own waste.

Farmers must develop systems of waste control that are acceptable to others
in the changing rural environment. These systems must be a part of their total
management plan. They must be affordable and also meet the expectations of
nonfarming people who live nearby.

Federal and State Laws

The Federal Water Quality Act of 1965

The Federal Water Quality Act of 1965 requires states to have water quality stan-
dards. Public hearings must be held before the standards are set up. These stan-
dards apply to waters that move from one state to another. They also affect any
portion of these waters that are within the borders of a state. The United States
Environmental Protection Agency (EPA) must approve the standards that are
set by the state.

Changes in federal law relating to water pollution control are contained in the
Federal Water Pollution Control Act of 1972, also known as the Clean Water Act.
This law lists national goals for water quality.

It establishes cooperation between the federal and state governments to reach
these goals. The law prohibits the discharge of any pollutants from a point source
into a river or stream without a permit. A large feedlot is an example of a point
source of pollution. Thus, waste from a large feedlot cannot be allowed to run
into a river or stream. Nonpoint sources of pollution were added to the law in
the 1987 amendments to the Federal Water Pollution Control Act. A field that
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has manure spread on it is an example of a nonpoint source of pollution. The
main goal of the 1987 amendments is the development and implementation of
programs to control both nonpoint and point sources of pollution. The act gives
the states the main responsibility for controlling water pollution.

The Refuse Act of 1899

The Refuse Act of 1899 gives the United States Army Corps of Engineers con-
trol over some animal waste pollution problems. The Army Corps of Engineers
can approve or deny an application for permits to let waste run into navigable
waters or their tributaries. A permit is required if a confinement feedlot feeds
more than 1,000 animal units per year and if there is a direct discharge of waste
to the waters. Runoff from natural causes is not considered to be a discharge
of waste.

The Solid Waste Disposal Act of 1965

The Solid Waste Disposal Act of 1965 was amended in 1970. This act sets up
federal guidelines for solid waste management. This includes the management of
animal manure.

The Federal Clean Air Act

The Federal Clean Air Act establishes national air quality standards. The act
makes the states primarily responsible for making sure that these standards are
met, maintained, and enforced. State laws deal with how the standards are to be
met. These standards deal with things like dust, grit, organic matter, and open
burning as sources of air pollution.

State Laws
Most states have set up some type of environmental protection agency. Different
states have different names for these agencies, but they all have the job of seeing
that the federal and state laws that affect the environment are enforced. Livestock
producers are affected by many of the regulations of these agencies.

Many states have laws that deal with nuisances. Nuisances may include odors,
dust, chemicals, water pollution, and animal noises. These laws also often control
the disposal of dead animals.

Water Pollutants

Water pollution is a major concern when determining the best way to dispose
of animal wastes. The EPA monitors six water pollutants that can be measured
directly. These are biochemical oxygen demand (BOD)), fecal coliform, fecal
streptococcus, suspended solids, phosphorus, and ammonia.

Oxygen is required to digest the organic matter in animal manure that is dis-
charged into a river, stream, pond, or lake. Biochemical oxygen demand is a mea-
sure of the amount of oxygen-demanding organic matter in the water. Fish and
other organisms living in the water need oxygen to live. If the BOD level is too
high, there may not be enough oxygen left in the water to support life.

There are many types of bacteria found in the intestinal tracts of humans and
animals. Two types of these bacteria are fecal coliform and fecal streptococ-
cus. Water that is contaminated by human or animal waste contains measurable
amounts of one or both of these bacteria (Figure 4-2). Contamination of water
by coliform bacteria is undesirable because they can transmit disease to humans
and animals.

Some materials like oil, grease, organic matter, and minerals may not dissolve
in water. They may also float on the surface of a river, stream, pond, or lake. These
materials are called suspended solids. They are undesirable because of the odors
they may cause. They also give a river, stream, pond, or lake an unsightly appearance.

Figure 4-2 Manure dropped or
washed into streams cause environ-
mental damage as well as health
risks. Courtesy of USDA-ARS.



88 Section 1

The Livestock Industry

Algae problems in water may be caused by contamination with phosphorus
and ammonia contained in animal waste. These materials provide nutrients that
cause the algae in the water to grow by an excessive amount.

HANDLING LIVESTOCK WASTES

Objectives of Waste Management

Animal manure must be handled so that odors, dust, flies, rodents, and other nui-
sances are controlled. Nitrate problems in water supplies caused by nitrogen in
the manure must also be prevented. The system of waste handling must not allow
the waste to be dumped into streams, rivers, lakes, or reservoirs. The waste must
be in a form that is easily handled and disposed of without causing health and
safety hazards to people or animals.

The main objective of manure handling is to prevent surface and groundwater
pollution. Biological and chemical treatments of animal wastes are too expensive
for farmers to use. Generally, the wastes must be held in some way until they can

be properly disposed of on the land.

Amount of Waste Produced

The amount of raw manure that an animal produces depends on many factors,
including the ration fed and the age of the animal. The data presented in Table 4-1
are based on American Society of Agricultural Engineers (ASAE) research except
where otherwise indicated in the table. Data in Table 4-1 that are not based on
ASAE research are based on common assumptions and are not proven. The nutrient
content data represent guidelines to the approximate fertilizer value of the manure
and are not precise. Nutrient content of specific samples of manure may vary by
as much as 20 percent above or below the data given. Some factors that affect the
nutrient content of manure include (1) length of time in storage, (2) methods of
treatment, (3) amount and type of bedding used, and (4) amount of dilution by
water entering the system.

About 2 billion tons of manure are produced each year on livestock farms in
the United States. Some of this manure is deposited on pastures and rangeland
by the animals. A much larger volume of the total is in feedlots, barnyards, and
stockpiles. All of this manure has to be taken care of in some way. This is one of
the major problems that the livestock producer must solve.

Selecting a System of Manure Handling

An animal feeding operation refers to facilities that house livestock for produc-
tion purposes. The EPA specifies the conditions that must exist to define an
animal feeding operation as one subject to regulation. Livestock must be housed
at the location for at least 45 days out of each 12 months and neither crops nor
any other plants are normally grown in the area. The 45-day figure is simply
the total number of days, not necessarily continuous, during the 12 months. A
livestock pasture that is sodded over is not considered to be an animal feeding
operation under these regulations. If the farm has two or more kinds of livestock
operations that share the same waste disposal system, it is defined as one animal
feeding operation for the purposes of EPA regulation.

The choice of a system of manure handling depends primarily on the kind of
animal that is being raised. There are many different kinds of facilities that can
be used. The farmer must decide how to collect, handle, treat, and dispose of the
manure. The ration fed to the animals influences the characteristics of the manure
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Figure 4-3 Animals in confine-
ment operations create a manure
disposal problem. Courtesy of USDA
Natural Resources Conservation Ser-
vice. Photo by Bob Nichols.

Figure 4-4 Manure handling is
not much of a problem when cattle
are on pasture. Courtesy of USDA
Natural Resources Conservation Ser-
vice. Photo by Jeff Vanuga.

Figure 4-5 Some swine facili-
ties use slotted flooring for waste
handling. Courtesy of The Natural
Resources Conservation Services. Photo
by Jeff Vanuga.

Figure4-6 Liquid manureapplied
to fields serves as a fertilizer. Courtesy
of USDA. Photo by Tim McCabe.

The Livestock Industry

produced. The type of housing and management also affects the kind of system
selected (Figure 4-3).

Different sizes and types of feeding operations require different systems.
A large operation needs more equipment and automation. A small operation
requires less money and more labor. The amount of money the farmer can invest
also affects the selection of a system, as does personal preference.

Climate is important when selecting a system. The amount of rainfall and
when it occurs, and the amount of evaporation are other factors. Temperature
also makes a difference in the kind of system used. The usual direction of the local
wind may also influence system selection.

Each farm has characteristics that affect the system selected for that farm. How
big the farm is and the soil type must be considered. Whether the land is sloping
or level and the kind of crops the farmer grows affect the decision.

Regulations must be taken into account when planning waste handling sys-
tems. Federal, state, and local laws must be followed. Zoning may affect the kind of
system permitted in an area. Nearby neighbors must be taken into consideration.

Facilities for producinglivestock are classified as either unconfined or confined.
Unconfined facilities usually make use of pasture or range. In this case, most of
the manure is left on the pasture or range by the animal (Figure 4-4). Only small
amounts of manure will be deposited in barns and lots. This is a low-cost system
from the manure-handling standpoint.

Confined facilities may be open lot, lot and shelter, or a totally enclosed shelter.
These types of facilities mean greater costs for handling the manure produced.

Animal manure may be collected and handled as a solid. Other systems col-
lect and handle the manure as a liquid. If the manure is handled as a solid, then
bedding may also be handled with the manure. Liquid systems generally cannot
handle bedding; however, newspaper bedding usually breaks down completely
enough to be usable with these systems. Flushing systems add to the amount of
water in the raw manure.

Several types of floors are used, depending on the way in which the manure
is to be handled. Housing that uses a solid system may have concrete floors, dirt
floors, slotted floors, or solid floors with gutters. Those buildings with liquid sys-
tems may use solid concrete floors that are flushed with water. Slotted floors are
also used with liquid systems (Figure 4-5).

Liquid systems use pits, lagoons, or storage basins for storing and handling
manure. Pits are pumped out and the manure is spread on the land in liquid form.
Storage basins may be above or below ground. Above ground systems are more
expensive to build than underground basins. In both systems, a liquid manure
pump is used to unload the basin so that the manure can be hauled to the field
(Figure 4-6).

Manure pits may be recharged by draining the pit through pipes into a lagoon
and then pumping fresh water from the lagoon into the pit. Benefits from recharg-
ing the manure pit about once a week include less buildup of dangerous gases and
odors, improved feed efficiency, lower death rate of animals in the confinement
building, and less medication needed for the animals. Recharging systems are
used mainly in swine confinement buildings.

To determine the storage space needed for manure in a holding pit or tank,
multiply the number of days in the holding period by the daily production of
manure. This result is then multiplied by the number of animals that are pro-
ducing the manure. Water must be added to the manure for proper storage and
handling. The storage capacity requirement is increased by about 150 percent to
allow for this added water.

The manure in lagoon systems (Figure 4-7) is not unloaded and hauled to the
field. Instead, the waste material is broken down by bacteria. Lagoons may be
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either aerobic or anaerobic. Aerobic systems must have oxygen for the bacteria
to work. Aerobic lagoons are shallower and produce less odor but require more
area than anaerobic lagoons. They usually require mechanical aerators to control
sludge and reduce odors.

Anaerobic systems make use of bacteria that work without oxygen. They can
handle alarger volume of manure with less cost, labor, and maintenance than aero-
bic lagoons.

Lagoons must be designed to hold the total amount of manure produced by
the livestock, plus all extra water that may be added. Extra water may result from
rainfall, feedlot runoff, building wash water, and overflow from livestock water-
ers. The total design volume needed is about twice the volume needed for just
the livestock waste.

Determining the Amount of Livestock Waste
to Apply on the Land

The amount of available nitrogen per unit of yield necessary to produce a given
crop is called the agronomic nitrogen rate. If the recommended agronomic
nitrogen rate is followed when applying manure to the land, the crop will be pro-
vided with all the nitrogen it needs. If manure is applied at a higher rate than rec-
ommended, the excess nitrogen may pollute a water source. The reccommended
agronomic nitrogen rates for various crops are given in Table 4-2. The agronomic
nitrogen rate is shown in pounds of nitrogen per bushel or weight of crop yield.

The nitrogen content of animal wastes varies with the species of animal and
the waste storage method used on the farm. The approximate values for nitrogen
content of livestock wastes from various sources utilizing different storage meth-
ods are given in Table 4-3. These values are only guidelines because there can
be a wide variation in the nutrient content of animal wastes. The actual nutrient
content of any given sample of livestock waste is affected by the kind of ration fed
and the method of collecting and storing the waste. Actual nutrient content can
be determined by laboratory analysis.

For a sample calculation, assume that a corn yield of 150 bushels per acre is
expected. The livestock waste to be applied comes from a beef feeding opera-
tion using pit storage. Table 4-2 shows that 1.3 pounds of nitrogen per bushel
of expected yield is required. Therefore, multiply 150 times 1.3 to arrive at 195
pounds of nitrogen required per acre (150 x 1.3 = 195). Table 4-3 shows that
waste from a beef feeding operation using pit storage contains from 25 to 50
pounds of nitrogen per 1,000 gallons of waste. For this example, assume the
nitrogen content to be 30 pounds per acre divided by 30 pounds per 1,000 gal-
lons of waste, which results in 6,500 gallons of livestock waste per acre needed
[(195 divided by 30) x 1,000 = 6,500].

Not all of the nitrogen is available to the plant in the year in which the waste
is applied to the soil. It may take from 3 to 5 years for all the nitrogen from a
given application to become available. More animal waste will need to be applied
per year during this period if the amount needed for the expected crop yield is
to come from this source. After a 3- to S-year period, the amount available each
year from the calculated application rate plus that available from applications in
previous years will about equal the needs of the crop for the expected yield. An
alternative to applying more animal waste during this period is to make up the
difference with the application of commercial fertilizer.

Some farmers prefer to use the phosphorus requirements rather than the
nitrogen requirements for determining the application rate for animal wastes.
It takes less animal waste per acre to meet the phosphorus requirements. The
additional nutrients needed are then supplied by adding commercial fertilizer.
Tables that contain information on the agronomic rate for phosphorus and the

Figure 4-7 A state of the art
lagoon waste management system.
This facility is highly automated and
is temperature controlled. Courtesy
of USDA Natural Resources Conser-
vation Service. Photo by Jeff Vanuga.

Pounds of
Available

Crop Nitrogen

Corn (grain) 1.3/bushel

Corn (silage) 7.5/ton

Barley (straw 1.5/bushel
removed)

Grain sorghum 2.0/100 pounds
(grain)

Grain sorghum 7.5/ton
(silage)

Oats (straw 1.1/bushel
removed)

Reed canarygrass  55.0/ton

Rye (straw 2.2/bushel
removed)

Sorghum- 40.0/ton
Suda ngrass

Tall fescue 30.0/ton

Wheat (straw 2.3/bushel
removed)
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Nitrogen
Species Ib/1000 gal Ib/ton’
Beef:
Pit storage 25-50
Open lot—runoff 0.5-5.0
Open lot—solids 10-12
Bedded confinement solids 10-15
Anaerobic lagoon 10-15
Oxidation ditch 10-25
Dairy:
Pit storage 20-40
Open lot—runoff 0.5-5.0
Open lot—solids 7-10
Bedded confinement solids 10-15
Anaerobic lagoon 10-15
Poultry: 25
Swine:
Pit storage 30-55
Open lot—runoff 0.5-5.0
Open lot—solids 10-12
Bedded confinement solids 10-15
Anaerobic lagoon 10-15
Oxidation ditch 10-25

'At approximately 50% moisture content.

phosphorus content of animal wastes are available from state EPA offices or
county Cooperative Extension Service offices.

Disposing of Manure

Most animal waste is eventually spread on the land. All solid handling systems
work in this way. Liquid systems, except lagoons, also involve moving the manure
to a field to dispose of it.

Manure is valuable as a fertilizer. When commercial fertilizers were inexpen-
sive, the value of animal manure was low. With the increasing cost of chemical
fertilizers, animal manure has become more valuable as a fertilizer. The amount
of fertilizer value in manure is shown in Table 4-1.

Farmers who have fields to which manure can be hauled are less likely to use
lagoons. However, large confinement feeding operations may not have fields
available. They often use lagoons to handle the manure.

When livestock wastes are applied to the land, care must be taken to avoid pol-
luting the environment. The following points reflect EPA regulations and should
be considered when applying animal wastes to the land.

1. Animal wastes must be incorporated or injected into the soil:
a. ifthe percent of slope of the land on which itis being applied is greater than
5 percent or more than S tons of soil per acre is lost per year from erosion.
b. ifthe field is in a 10-year flood plain (the field floods at least 1 year in 10).
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2. Injection or incorporation of the livestock waste will reduce odors.

3. Generally, do not apply livestock wastes on frozen or snow-covered ground.
Such application may be done if the land slopes less than S percent or ade-
quate soil erosion control is practiced.

4. Do not apply livestock wastes immediately before or during a rainstorm or

to soil saturated with water.

. Do not apply livestock wastes to grass waterways.

6. Do not apply livestock wastes within 200 feet of surface waters or within 150
feet of a well.

7. Reduce the amount of livestock waste applied to the soil if there is a high
water table present or the soil is highly permeable. This will reduce the
chances of polluting water supplies.

N

Feedlot Runoff Control

In an open feedlot, runoftis caused by rainfall or snowmelt. A great deal of manure
is carried off the feedlot by the running water. If the runoft gets into a stream or
river, it may cause fish kill. Many states have laws to prevent runoff from being
channeled into a stream or river.

Five ways to prevent runoff are diversion, drainage, debris basins, detention
ponds, and disposal. A feedlot operator must plan each of these control measures
carefully.

Diversion is preventing surface water from outside the feedlot from getting
onto the feedlot. Some feedlots are located at the top of a slope. This prevents
much of the water from rain or snowmelt from getting onto the feedlot. If the
feedlot is located at the bottom of a slope, a diversion terrace must be built
(Figure 4-8). A diversion terrace forces the water to go around the feedlot.

The surface of the feedlot must be properly shaped to divert the runoff water
to a drainage channel or pipe in the shortest distance possible. If the surface
is graded correctly, water will not collect in ponds in the feedlot. Mounds are
sometimes made in feedlots (Figure 4-9). They are constructed with clay soil and
packed down. They should be 4 to S feet (1.2 to 1.5 m) high and large enough

at the top to let all the animals onto dry ground in wet weather. Feed bunks and

Figure 4-9 Dirt mounds in feedlots allow cattle to stay on drier ground in wet
weather. Courtesy of Dr. Angela Rieck-Hinz, lowa State University.

Figure4-8 Thishog operation uti-
lizes a filtering system that consists of
a series of hillside terraces that form
constructed wetlands that also use
bacteria to purify the wastewater.
Courtesy of USDA Natural Resources
Conservation Service. Photo by Tim
McCabe.
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waterers should be located so that the animals can get to them on dry ground.
There should be no high piles of manure within the pen.

Debris basins are used to catch runoff from the pens. The solids settle to the
bottom and the liquids are drained into holding ponds. Debris basins keep about
50 to 85 percent of the solids from reaching the holding ponds. This helps to
reduce odor from holding ponds. Solid manure should be removed regularly
from the debris basin. The manure should never be more than 1 foot (0.3 m)
deep. A wide, flat channel works best for collecting the debris. It should be
about 10 feet (3 m) wide and not more than 3 feet (0.9 m) deep.

A holding pond is a temporary storage area for runoff. It is not designed for
waste treatment. It should be big enough to hold the runoff from the maximum
24-hour rainfall expected once in 10 years. In drier parts of the United States, the
holding pond can be an evaporation area.

Disposal is the final step in controlling runoff from feedlots. The collected
water can be used for irrigation of the land, or it may be allowed to evaporate.
Holding ponds need to be pumped out fairly often. There must be enough space
to hold the runoft from future rains or snowmelts. Local weather bureau records
are used to determine how often the pond needs to be pumped.

Gases and Odors from Livestock Wastes

Gases and odors are given off by animal manure. This is caused by anaerobic
bacteria breaking down the organic part of the manure. Anaerobic bacteria work
when no oxygen is present. The gases produced can be dangerous to people and
animals in a confinement facility. Odors may cause people who live close to the
farm to take legal action against the farmer.

Gases and odors can be reduced by mixing air with the manure. In liquid
manure systems, this is done by installing equipment to force air through the
liquid. In solid manure systems, it is more difficult to prevent the gases and odors
from forming. In a feedlot, the cattle keep the surface stirred, which allows air to
mix with the manure.

It is hard to control odors when hauling manure onto the land. The best way to
do this is to mix the manure in the soil as soon as possible after hauling. This can
be done by plowing it under or disking it into the soil.

Chemical and bacterial culture odor-control products may be used to control
odors from animal manure. These are generally of four types: (1) masking agents,
(2) counteractants, (3) deodorants, and (4) digestive deodorants.

Masking agents cover up the odor of wastes with the introduction of another
odor. They are considered the most effective of the four types of odor control.
However, the masking odor is not always pleasant, and a different odor prob-
lem may be created. Counteractants attempt to neutralize the odor so no
odor remains. These substances are the second most effective type of control.
Deodorants are chemicals that kill the bacteria that cause the odor. They are not
as effective as the first two types. Digestive deodorants are bacteria that create a
digestive process that eliminates the odor. They are the least effective of the four
types. All of these control methods are expensive.

ENVIRONMENT AND NUTRITION

Environmental stress affects the nutrient requirements and intake of animals.
Livestock nutrient requirements shown in the older nutrient requirement
tables in the Appendix have, for the most part, been established without con-
sidering the effects of environmental stress. More recent releases of nutrient
requirement publications for beef and swine from the National Academy of
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Figure 4-10 The general relationship of temperature to energy intake in the feed,
energy used for maintenance, and energy available for production.

Sciences include computer programs that allow the user to include environ-
mental conditions when evaluating diets. As the Academy releases additional
updates to its nutrient requirements series, it is expected that information will
be included to allow the effects of environmental conditions to be considered
when evaluating diets.

The environment of animals that are raised in confinement is usually carefully
controlled to minimize stress caused by extremes of temperature and humidity.
Animals that are raised in less confined environments may be subject to more
environmental stress; this needs to be considered when determining their nutri-
tional needs.

The temperature of the air is the primary factor that affects the efficiency of
energy use by farm animals; secondary influences include humidity, precipita-
tion, wind, and heat radiation. The combined effect of these factors is referred
to as effective ambient temperature (EAT). Within limits, animals attempt to
compensate for changes in the EAT by altering feed intake, metabolism, and heat
dissipation (Figure 4-10).

The comfort zone, or thermoneutral zone, is the range of effective ambient
temperatures within which an animal does not have to increase normal meta-
bolic heat production to offset heat loss to the environment. The thermoneutral
zone varies with livestock species and may shift up or down as an animal becomes
acclimatized to warmer or colder temperatures. For example, as cattle become
accustomed to the winter season, their thermoneutral zone may shift downward
as much as 27°F (15°C).

The lower critical temperature (LCT) is the temperature at which animals
will show symptoms of cold stress; feed intake increases, as does metabolic heat
production. The upper critical temperature (UCT) is the temperature at which
animals will show symptoms of heat stress; feed intake is generally lower as ani-
mals attempt to reduce the rate of metabolic heat production when the upper
critical temperature is reached.

Mature ruminants at high feeding and production levels produce more
metabolic heat, have small surface areas relative to total body mass, and have
a large amount of insulative tissue. For these reasons, they have significantly
lower critical temperatures than do smaller animals such as swine, poultry, or
young animals.
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Because of their higher metabolic rate, mature ruminants have more difficulty
adjusting to high temperatures than to lower temperatures; they become heat
stressed more easily than they become cold stressed. The primary method of heat
loss in hot environments is through evaporation from the surface of the skin or
from the respiratory tract. Providing shade for animals during periods of high
temperature will help reduce heat stress.

During periods of high humidity, it is more difficult for animals to lose heat
by evaporation. Animals such as cattle (which depend more on sweating to lose
excess heat) are more affected by high humidity than are those such as swine
(which do not sweat but lose heat through the respiratory system).

Heat loss from the body by convection and evaporation is affected by the
movement of air surrounding the animal. The rate of change in heat transfer is
greatest at lower air velocities. Wind chill index is a measure of the combined
effect of air temperature and speed of air movement. Cold air in motion has a
greater adverse impact on animals than cold air that is still. Providing a wind-
break for animals during cold weather helps reduce cold stress. Table 4-4 shows
the wind chill index for a variety of wind speeds and temperatures.

Precipitation (in the form of rain or wet snow) combined with low tempera-
ture and wind can cause animals to lose heat at a rapid rate. The insulation value
of an animal’s hair, wool, or fur coat is reduced when it is wet or becomes matted
by rain or snow, and the animal loses heat more rapidly by conduction. When the
hair, wool, or fur coat dries, the animal loses heat by evaporation.

Water intake generally increases as the temperature rises and decreases in
colder weather. Cattle will drink more water during cold weather if it is heated;
heating water for sheep during cold weather does not appear to increase water
intake. Water intake of cattle and sheep tends to decrease as the relative humid-
ity increases. Pregnant and lactating animals have a higher water requirement
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than nonpregnant and nonlactating animals. Animals fed feeds with a high dry
matter content tend to have a higher water requirement than those fed feeds with
a higher moisture content.

Feed efficiency is reduced when the temperature is outside the animals’ com-
fort zone. This results in an economic loss for the livestock producer. The benefit
of controlling environmental conditions when raising livestock must be weighed
against this economic loss when making management decisions concerning the
expenditure of capital assets.

Some nutritional adjustments can be made during cold or hot weather. The
energy requirements of the animal during cold weather are higher; however,
the protein requirement is about the same as it is when the temperature is
in the comfort zone. The percentage of protein in the ration can be reduced
during cold weather because feed intake is higher to meet the energy require-
ments of the animal. Because feed intake is reduced during hot weather,
increasing the amount of fat in the ration will help to maintain caloric intake.
Fat has a lower heat increment than carbohydrate or protein. The percentage
of protein in the ration may need to be increased in hot weather to meet the
needs of the animal.

DISPOSAL OF DEAD ANIMALS

Most states have laws that require the disposal of dead animals within a given
period of time after death—usually 24 to 48 hours. It is generally the responsibil-
ity of the owner of the animal to dispose of it. This must be done in such a way
that no health hazard is created. Approved methods of disposal vary from state
to state. Some of the methods often approved include a licensed disposal plant,
burying, disposal pits, burning, and composting.

Diseases may spread from dead animals to people or to other animals. Always
treat dead animals as though they were diseased. Trucks or other equipment used
to haul dead animals should be disinfected after use. Sometimes there is doubt
about the cause of death. If this is the case, a diagnostic laboratory should check
the animal for possible diseases.

Dead animals should be hauled in a covered, metal, leak proof vehicle. Skinning
an animal makes it more difficult to haul the animal and also increases the chance
of spreading diseases.

The best place to dispose of dead animals is a rendering or disposal plant. There
are fewer of these plants today than in previous years. The operating costs have
gone up and the prices for products they make have gone down. They also have
trouble with liability for air and water pollution.

It is difficult to burn animals. Baby pigs, young chicks, and poults (young tur-
keys) are about the only animals that are practical to burn. It costs too much to
burn large animals. Bad odors are caused by burning animals. Commercial incin-
erators should be used. Burning dead animals on old brush piles or other open
burning is not recommended. In many places this practice is illegal.

When a local disposal plant or sanitary landfill is not available, farmers may
bury dead animals. A site should be selected that does not require moving the
animal over a public road or over someone else’s property. The burial site should
be far away from other buildings, public roads, and property boundaries. It
should be high enough so that it is above the water table. The site should have
good drainage away from water sources such as wells, springs, or streams.

Burying animals requires the use of excavation equipment to dig alarge enough
pit. Some farmers prepare an excavation in advance. This prevents delay in bury-
ing the dead animal.
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Figure 4-11 Poultry litter stack
houses are used to compost dead
chickens and litter before being
applied to pastures and crops. Photo
Courtesy of Gary Farmer.

The carcass should be placed at least 4 feet below the surface and then covered
with 4 feet of earth. Covering must be done so that water does not pond in the
excavation. The excavation is duglike a trench. The dead animal should be placed
at the high end of the trench.

A disposal pit should be rectangular in shape and have vertical sidewalls. If the
soil caves in easily, it is necessary to wall the pit with concrete blocks or pressure-
treated wood. This increases the cost of the pit. The pit cover may be of concrete,
pressure-treated wood, or steel. The cover must be:

« watertight.

« able to keep flies and predators out.

« able to keep most of the odor in.

« able to provide an easy way to drop the carcass in.

« constructed in such a way that it can be skidded from an old pit to a new one.

There are several chemicals that help speed the breakdown of the carcass. They
also help disinfect and control the spread of diseases. It is not practical to use
chemicals on large animals because of the high cost. Always follow the directions
and precautions on the label of any chemicals used.

In some areas it is possible to dispose of animal carcasses in sanitary landfills.
Check with the operator of the landfill ahead of time to see if it receives dead
animals. If it does, the advance notice gives the landfill operator time to prepare
for disposing of the animal. In this way, it can be disposed of as soon as it arrives
at the landfill.

Some states permit the composting of dead animals, especially poultry and
hogs. The poultry industry began the practice of composting dead carcasses in
the 1980s. Composting is currently the most used method of dead carcass dis-
posal throughout the poultry industry in the United States. Poultry carcasses
will typically decompose in 4 to 6 weeks, depending on the size of the bird.
Composting is beginning to gain acceptance as a method for disposal of dead
animals in the swine industry. The facility needs to be larger when used for swine
and the decomposition time is longer than for poultry.

Composting bins are usually constructed on a concrete floor and should have
a roof to protect the material in the bin. Sufficient size should be allowed to
permit the use of end loaders or a tractor with a loader to handle the compost
material. The moisture content of the composting material should be in a range
of 40 to 60 percent. A variety of materials may be used to cover the carcasses in
the bin, including sawdust, wood chips, ground corn cobs, wood shavings, or
poultry barn litter (Figure 4-11). The temperature in the compost pile should
reach 120°F to 150°F (49°C to 68°C); this temperature level hastens the decom-
position process and helps kill harmful microorganisms. A properly constructed
compost pile does not give off odors or attract flies and rodents. The animal car-
casses are placed on a layer of composting material, then more material is added
on top. This layering process continues until the bin is full (typically about S feet
[1.5 m]). After an initial decomposition period, the pile is moved to a secondary
bin where the composting process is completed. The finished product is safe to
spread on fields as fertilizer.

Regulations regarding the disposal of dead animals vary from state to state.
Farmers should check state and local regulations to determine which methods
are legal in their area. A search of the Internet using the search string “dead animal
disposal” in a good search engine will produce information concerning approved
methods for disposal of dead animals in various states. Local and state health
departments and the Cooperative Extension Service are other good sources of
information regarding legal methods for dead animal disposal.



Chapter 4 Livestock and the Environment

LIVESTOCK LAWS

Animal Trespass

In many states, the owner of an animal is liable for damage an animal does if it
strays onto another person’s property. Animals that are trespassing may usually
be held by the person whose property is damaged. They may be held until the
owner makes good on the damage the animal has done. The person holding the
animal must notify the owner. If the owner of the animal is not known, public
notice must be posted that the animal is being held.

Estray means a domestic animal of unknown ownership that is running at
large. Although laws vary from state to state, the following generally applies to
an estray. A person may take possession of, and use, an estray found on his or
her property. However, public notice of possession must be made. If the owner
appears, the person holding the animal can collect the cost of keeping, feeding,
and advertising the animal. If the estray dies or gets away, the person holding it is
not held responsible.

The owner of an estray horse, mule, ass, or a head of cattle has 1 year in which to
claim the animal, and must pay any charges against the animal. The estray becomes
the property of the person holding it if the owner does not claim it within 1 year.
The owner of an estray hog, sheep, or goat must appear within 3 months to claim
the animal. Estray laws generally do not apply to poultry.

Animals on Highways

Animals sometimes stray onto public roads. A driver running into such an animal
may try to collect damages. Whether or not damages may be collected depends
on each individual case. Usually, negligence by the owner of the animal must be
proven before damages can be collected.

SUMMARY

Society’s growing concern for the environment is affecting livestock production.
Farmers must now plan for handling animal wastes within laws and regulations
that protect the environment. Larger feeding operations, with more confinement
feeding areas, have increased the problems of handling animal wastes. In addi-
tion, more people are moving into rural areas and may complain when livestock
feeding operations cause odors.

Farmers must select systems of manure handling that do not pollute the envi-
ronment. The major types of systems use either solid waste management or liquid
waste management. Equipment costs can be low if more manual labor is used to
handle the manure. On the other hand, high-cost systems reduce the amount of
labor required.

Manure is valuable as fertilizer. Thus, the best disposal method is often just to
spread the wastes on the land. However, some systems, such as lagoons, do not
use land for disposal of animal manure.

Feedlots must be constructed carefully to prevent runoft of the waste into
streams and rivers. Proper construction and management of the feedlot also
helps to prevent odors from feeding operations.

Gases and odors from livestock wastes can be dangerous and unpleasant.
Management of the facility so that the manure is aerated helps to hold down
the amount of odor given off. Chemical treatments can be used, but these are
expensive.

99



100 Section 1

The Livestock Industry

Dead animals must be disposed of properly. Most states have laws that control
the method of disposal. Care must be taken to prevent the spread of diseases.

Farmers are liable for damage their animals do to other people’s property.
Many states have laws that cover taking possession of stray animals. If an animal
strays onto a public road and is involved in an accident, the owner may have to
pay for damages if negligence can be proved.

Student Learning Activities

1.

2.

N

Present oral reports on various phases of livestock production as they relate
to the environment.

Survey the local community to determine what problems farmers have
experienced relating to livestock and the environment, and how these prob-
lems were solved.

. Interview farmers to learn their views about current laws and regulations

relating to livestock and the environment.

. Attend local meetings concerning laws and regulations as they affect live-

stock production.

. Visit livestock operations designed to conform to current laws and regulations.
. Follow all applicable environmental laws when planning and conducting an

animal supervised experience program.

Discussion Questions

1.

2.

13.
14.
1S.

16.
17.
18.

What changes have occurred in livestock production in recent years that have
increased environmental problems?

What changes have occurred in the environment of agriculture in recent
years that have made the handling of livestock wastes more difficult?

. List and briefly describe the federal and state laws that affect livestock pro-

duction as it relates to the environment.

. From an environmental standpoint, what is the main objective of manure

handling?

. Approximately how many tons of manure are produced each year by live-

stock on farms in the United States?

. How does the size of the livestock enterprise affect the system of manure

handling used?

. Describe the operation of a liquid manure-handling system.

. How valuable is livestock manure as a fertilizer for crop production?

. List and describe five ways to control runoff from feedlots.

. Describe how gases and odors from livestock wastes may be controlled.

. How does the method of livestock raising influence the effect of the environ-

ment on nutrition?

. Define effective ambient temperature, comfort zone, lower critical temperature,

and upper critical temperature and explain their effect on animal nutrition.
What is wind chill index and how does it affect stress in livestock?

How does the temperature affect water intake of animals?

What nutritional adjustments may need to be made when the weather is very
cold or very hot?

List five disposal methods for dead animals.

What precautions should be taken when disposing of dead animals?

What is the responsibility of the owner of an animal that strays onto another
person’s property?



19.
20.

21.
22.

i3
24,

2S.

26.

27.

Chapter 4 Livestock and the Environment

What is an estray and how should it be handled?

Name the six water pollutants that the EPA monitors and briefly discuss
each.

Name four factors that affect the nutrient content of animal manure.

What conditions must exist for the EPA to define an animal feeding opera-
tion as subject to regulation?

Define agronomic nitrogen rate.

Why should the rate of application of livestock waste not exceed the agro-
nomic nitrogen rate?

How much livestock waste from a swine-feeding operation that uses pit stor-
age should be applied per acre for an expected 130-bushel corn crop?
Under what conditions should animal wastes be injected or incorporated
into the soil?

List four points that should be considered when applying livestock wastes to

the land.

Review Questions

True/False

1.

2.

3.

4,

In some states, individuals or groups who do not directly suffer damages may
file lawsuits against farmers.

When an animal strays onto public roads, a driver does not have to prove
negligence in order to collect damages.

The Endangered Species Act is not a concern among farmers and agricultural
interests because it does not affect farming operations.

States do not regulate the disposal of dead animals; it is the responsibility
of each individual farmer to dispose of dead livestock in a safe and proper
manner.

. The Environmental Protection Agency determines whether an animal

feeding operation, based on the condition surrounding it, is subject to
regulations.

Multiple Choice
6. The Environmental Protection Agency monitors all of the following water
pollutants relative to animal wastes except:
a. fecal coliform c. chlorine
b. BOD d. ammonia
7. Bacteria that work without oxygen are called:
a. protozo c. one cell
b. anaerobic d. aerobic
Completion

8.

9.

with low temperature and wind can cause animals to lose heat at a
rapid rate.
is reduced when the temperature is outside the animal’s comfort zone.

Short Answer

10.

How does temperature affect feed efficiency?

11. What types of risks do dead animals present to humans?
12. What are the “right to farm” laws?
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Anatomy, Physiology,
and Absorption of

Nutrients

Objectives

After studying this chapter, the student should be able to

name, locate, and describe the functions of the
parts of the skeletal systems of animals.

name, locate, and describe the functions of the
parts of the muscle systems of animals.

name, locate, and describe the functions of the
parts of the respiratory systems of animals.

name, locate, and describe the functions of the
parts of the circulatory systems of animals.

name, locate, and describe the functions of the
parts of the digestive systems of ruminant and
nonruminant animals.

classify farm animals as ruminant or nonruminant.

explain the relationship of types of digestive
systems to the ability of ruminants and
nonruminants to digest and absorb different
classes of feed.



Chapter 5 Anatomy, Physiology, and Absorption of Nutrients

A knowledge of animal anatomy and physiology is helpful if one is to be success-
ful in the feeding and care of domesticated animals. This chapter gives a brief
overview of general anatomy and physiology common to most of the domesti-
cated species of farm animals, including poultry.

CELLS AND TISSUES

All higher organisms are built from cells, beginning as a single cell (the fertilized
egg or ovum) and developing into multicellular organisms. As cells divide and
grow they differentiate into tissues with a variety of functions. The tissues nor-
mally found in an animal’s body are:

+ muscle (contractile tissues that allow the animal to move).

« connective (tissues that hold other tissues together; for example, muscle tis-
sues are covered by a sheath of connective tissue). Bones are also classified as
connective tissue.

« nerve (bundles of tissues that transmit information throughout the body).

« epithelial (tissues that form the covering for most of the internal and external
surfaces of the body and its organs; skin is an example).

« fluid (in the body, blood is the best example).

The tissues of an animal’s body are grouped together to form the organs that
perform complex functions in the body. Any given organ consists of two or more
types of tissue. Examples of bodily organs include skin, heart, blood vessels,
stomach, small intestine, large intestine, liver, bones, brain, kidney, and blad-
der. A group of organs that carries out a major function is called a system. This
chapter discusses systems that are important in farm animals. (The reproductive
and mammary systems of animals are discussed in other chapters of this text.)
Although any given system is similar in structure and function among all species,
there are differences in the detail of bodily systems among species. The greatest
difference in a given system is between mammals and poultry.

SKELETAL SYSTEM

Components of the Skeleton

The skeletal system of class Mammalia (mammals) is composed of bones, car-
tilage, teeth, and joints. Figure 5-1 shows the skeletal system of the cow, which
is typical of mammals that have four legs (quadrupeds). The skeletal system
of a chicken (class Aves) is shown in Figure 5-2. Although the skeletal systems
of these two classes are similar, there are important differences that will be dis-
cussed later in this section.

Formation of Bone

Cartilage is a tough connective tissue that is flexible and elastic. It forms the early
skeletal structure of the vertebrate embryo. As the bones develop, they follow the
form of the cartilage skeletal structure and gradually replace much of the carti-
lage. The adult vertebrate skeleton retains some cartilage in the joints of bones
and in other specialized structures, such as the trachea, nose, larynx, and external
ear. Cartilage is also found between the bones of the vertebral column in the form
of discs that separate and cushion the bones.

Bones are composed of calcium compounds (primarily tricalcium phosphate)
and a gelatin-like protein called ossein. Small amounts of other minerals are also
found in bones. Most of the bones of the skeleton develop from the cartilage
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Figure 5-1 The skeletal system of a cow. While the skeletal system of other farm
animals will vary in detail, this illustration is typical.

found in the vertebrate embryo. This transformation of cartilage into bone is car-
ried out by specialized cells that break down the cartilage and replace it with bone
cells called osteocytes. The flat bones of the skull develop from membranes. By
the time the animal is born, most of the cartilage has been replaced by bone. Bone
growth and secondary bone development occur as the animal matures.
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Figure 5-2 The skeletal system of a chicken. This illustration is typical of the skeletal
system of birds.
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Bones are living structures containing blood and lymph vessels and nerve
fibers. Bones grow and repair themselves if damaged. Nutrients must be supplied
if the bones are to remain healthy. Some bones have a hollow center that is filled
with marrow. Bone marrow may be red, yellow, white, or gelatinous. The type
of marrow found in bones is to some degree a function of the age of the animal.
Red marrow is the type that forms blood cells and may be the only type found in
animals with short life spans. The other types of marrow tend to form in animals
with life spans greater than 10 years.

Functions of the Skeletal System

The main functions of the skeletal system are to provide form, protection, sup-
port, and strength for the body. With the muscles attached, the bones of the skel-
eton act as levers permitting the animal to move. The bones also store minerals
and the bone marrow produces blood cells.

Types of Skeletal Systems

Skeletal systems may be rigid or hydraulic. Animals with rigid skeletal systems are
able to move because muscles are attached to the rigid skeleton and apply force
that results in movement. There are two types of rigid systems: endoskeletal and
exoskeletal. The endoskeleton is found on the inside of the body; the exoskel-
eton is typically a hard shell on the outside of the body. Vertebrates such as farm
animals have endoskeletons. Arthropods such as insects and crustaceans gener-
ally have exoskeletons.

Animals such as worms do not have rigid skeletons. They achieve movement
by the application of force to a fluid confined in a small space and surrounded by
muscle tissue. This is a typical hydraulic skeletal system. Octopus and starfish are
examples of other animals with hydraulic skeletal systems.

Kinds of Bones

The two kinds of bone material, cancellous and compact, are based on structure.
Cancellous bone material is spongy and generally found in the ends of long
bones. Compact bone material is composed of Haversian systems and is usually
found on the outside of bones and surrounding the bone marrow. The Haversian
system is composed of cylindrical or tubular structures of hard, inorganic
material arranged in concentric layers. In the center of the structure there is
a Haversian canal through which blood vessels and nerves pass. Figure 5-3 is a
section of long bone showing these structures. This type of bone structure is
not found in small mammals (such as mice) or birds.

Bones may be divided into four classifications based on shape: long, short, flat,
and irregular. Classification of the major bones of an animal’s body is shown in
Table 5-1. The location of most of these bones in mammals can be seen by refer-
ring to Figure S-1.

Long bones have more length than width and are generally cylindrical in
shape. Some long bones have modifications based on their function in the body.
Short bones come in a variety of shapes. Their length and width are nearly the
same compared to long bones. Flat bones are found mostly in the head, where
they protect the brain. These bones are composed of a spongy layer between two
layers of compact bone. Flat bones are usually thinner than other bones. Irregular
bones have a variety of sizes and shapes.

Parts of the Skeletal System

The three components of the skeletal system are the axial skeleton, pectoral limb,
and pelvic limb. The skull, vertebral column, and rib cage are the main parts of the
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Table 5-1

Classification of Bones in Vertebrates. (Location of most

of these bones can be seen in Figure 5-1. Similar bones are seen in the
chicken in Figure 5-2.)

Skeletal Component Name of Bone Classification
axial skull group of flat & irregular
bones
vertebra irregular bones
ribs modified long bones
pectoral limb scapula modified long bone
humerus long bone
radius long bone
ulna long bone
carpus group of short bones
metacarpals long bones
first & second phalanx long bones
third phalanx modified short bone
digital sesamoid bones  short bones
pelvic limb illium modified long bone
ischium modified long bone
pubis modified long bone
femur long bone
patella short bone
tibia long bone
fibula modified long bone
tarsus short bone
metatarsus long bone
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Figure 5-3 Section of long bone.

- Proximal epiphysis
- Physis

}-Metaphysis

- Diaphysis

% Metaphysis
=Physis

- Distal epiphysis




Chapter 5 Anatomy, Physiology, and Absorption of Nutrients

axial skeleton. The pectoral limbs are the front legs of the animal and the pelvic

limbs are the hind legs.

Joints of the Skeleton

Three types of joints are found in the skeleton of an animal: synarthroses or
fibrous joints, amphiarthroses or cartilaginous joints, and diarthroses or synovial
joints. These classifications are based on the structure of the joint and the move-
ment it is capable of performing.

Synarthroses or fibrous joints are joined by fibrous tissue, or in some cases,
cartilage tissue. These joints generally do not permit any type of movement. The
joints in the bones of the skull are an example of this type of joint.

The vertebrae are joined by amphiarthroses joints. These joints consist of
discs of a fibrous cartilage that separate and cushion the vertebrae, allowing very
limited movement. If one of these joints becomes damaged it can cause serious
injury or paralysis of the animal. Limiting the movement of the vertebrae helps to
protect the spinal cord from injury.

Joints that allow free movement and have a fluid-filled cavity are called diar-
throses or synovial joints. A typical joint is surrounded by ligaments that help
hold the joint together. A synovial membrane is usually found inside the liga-
ments. The joint is lubricated by the fluid produced by the synovial membrane.
A cartilage disc may be found between the surfaces of the joint. These joints pro-
vide a variety of movements depending upon the functions required. Classifica-
tions include ball-and-socket, gliding, pivot, and hinge.

The joint between the scapula and the humerus is an example of a ball-and-
socket joint. The remaining joints in the pectoral limb are hinge joints. In the
pelvic limb, the femur connects to the pelvis with a ball-and-socket joint. The
mandibles are connected to the skull by both hinge and gliding joints. The first
vertebra attaches to the skull by means of a hinge joint and attaches to the second
vertebra with a pivotal joint. This allows the animal to move its head from side to
side as the neck is twisted on this pivotal joint.

Major Differences between Mammalian
and Avian Skeletal Systems

Avian bones tend to be thinner, harder, and more brittle than mammalian bones.
Generally, more of the bones of the avian skeleton contain air spaces than do the
bones of mammals. Avian bones develop almost exclusively from cartilage over
a period of several months after hatching. The avian rib cage does not move as
much as the rib cage in mammals. The avian rib cage thus has little involvement
in breathing. The avian skull does not contain any teeth.

MUSCLE SYSTEM
Types of Muscle

The three kinds of muscle found in the body are skeletal, smooth, and cardiac.
These muscle types are differentiated based on their structure, location, and
method of control. All three muscle types have the ability to contract; generally
they do not stretch. Figure 5-4 shows these three muscle types.

Skeletal (Striated Voluntary)

Much of the flesh referred to as meat in farm animals is composed of skeletal
muscle (also called striated voluntary muscle). It is called striated because it has
dark bands that cross each muscle fiber (see Figure 5-4). These bands can be seen
when the muscle is examined under a microscope. The cell nucleus is located near
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Figure 5-4 Skeletal, smooth, and cardiac muscle.

the periphery of the cell. Skeletal muscle may be subdivided into two types based
on color. Muscle that is involved with sustained work is generally red in color.
Muscle that is activated on a more intermittent basis is white or pale in color.

Skeletal muscles exist in bundles enclosed in connective tissue (perimysium)
that contains many muscle fibers (composed of sarcoplasm) of varying lengths
that are cylindrical in shape. Muscle fibers are enclosed in a sheath made up of
connective tissue (sarcolemma). The entire muscle is covered by a sheath of con-
nective tissue (epimysium). Myofibrils are the component parts of muscle fiber.
Two types of myofilaments (myosin, or thick, and actin, or thin) are found in the
myofibril. The muscle contracts when the thin myofilaments slide past the thick
myofilaments. Both myosin and actin are proteins. Figure 5-5 shows the basic
structure of meat.

The skeletal muscle is usually attached to the skeleton by tendons. One end of
the muscle is attached to a relatively immovable part of the skeleton (referred to
as the origin) and the other end to a more movable part of the skeleton (referred
to as the insertion). When the muscle contracts, it usually moves the bone at the
insertion point a greater distance than the bone at the origin point.
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The basic structure of meat.



Chapter 5 Anatomy, Physiology, and Absorption of Nutrients

Skeletal muscles are controlled by the voluntary nervous system. Nerve end-
ings are located on every muscle fibril. The muscle contracts when stimulated by
an impulse coming through the nerve; it relaxes in the absence of such stimula-
tion. The degree of contraction is not related to the strength of the stimulating
nerve impulse but rather to the frequency of the stimuli. As the series of stimuli
are spaced closer and closer, the degree of muscle contraction increases. This
feature permits muscles to operate over a range of requirements. If the stimulus
continues over too long a period of time, the muscle will begin to fatigue and
the strength of the contraction will begin to diminish. This is probably due to
a buildup of lactic acid in the muscle and a reduction in stored energy. Other
chemical changes may also be involved in muscle fatigue.

The energy required for muscle contraction comes from adenosine triphos-
phate (ATP). When a stimulus coming through a nerve reaches the muscle, it
releases calcium ions. The calcium activates the myosin to act as an enzyme that
breaks down ATP, a process that releases energy. This provides the energy needed
for the myosin myofilament to slide past the actin myofilament. This myosin-
actin mechanism appears to act in the same manner to cause muscle contraction
in all three types of muscles found in the body.

A muscle at work produces heat. The ATP that acts as the energy source is
produced by the oxidation of nutrients such as glucose and fatty acids. This is the
process known as metabolism that is discussed later in this chapter and also in
Chapter 8 on balancing rations.

Only a small amount of ATP is actually stored in the muscle of the animal.
This supply is quickly used up by strenuous activity. An additional source
of high-energy phosphate called creatine phosphate is stored in the muscle.
When needed, several chemical reactions occur that allow the creatine phos-
phate to ultimately serve as an additional source of phosphate for the produc-
tion of energy.

Skeletal muscles usually work in pairs or groups to facilitate movement. The
muscles that begin the movement are called agonists and the muscles that work
in opposition to the agonists are called antagonists. Even when no work is being
done, skeletal muscles are generally in a state of some tension. The tension is
maintained by the paired muscles balancing the contraction of each with the
other. This is referred to as muscle tone and allows the animal to give a rapid mus-
cular response as needed. A healthy animal will have good muscle tone. Skeletal
muscle may lose its tone and become flabby because of disease or injury.

Smooth (Unstriated Involuntary)
Muscles that surround the hollow internal organs of the body, such as the blood
vessels, stomach, intestines, and bladder, are called smooth or unstriated involun-
tary muscles. The two types of smooth muscle are visceral and multiunit. Most of
the smooth muscle in the vertebrate body is visceral. Multiunit smooth muscle is
found where better muscular control is needed, such as the sphincter muscle.
Smooth muscles are activated by the autonomic nervous system. Thus, they are
not under the conscious control of the mind, which is why they are called involun-
tary. They generally act more slowly than the skeletal muscles. They do not have the
myofibrils or dark striations found in skeletal muscle. The color of smooth muscle
is generally white; it does not have origin or insertion points and is not attached to
the skeleton. Smooth muscle can stretch, which allows the organ it surrounds to
expand. In addition to the myosin-actin mechanism, smooth muscle contraction
may be caused by other stimuli, such as chemicals and hormones. Smooth muscle
cells are smaller than skeletal or cardiac muscle cells and appear spindle-shaped,
with the nucleus located in the center of the cell.
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Cardiac (Striated Involuntary)
Cardiac muscle is found only in the muscular wall (myocardium) of the heart. It
is striated in the same manner as skeletal muscle. The nucleus of the cell, however,
is centrally located, as in smooth muscle. Cardiac muscle cells are rectangular in
shape and the muscle fibers appear to branch. Contraction of the heart muscle
normally begins in the sinoatrial node that is located in the upper right atrium.
Nerve stimulation is not required for this contraction to occur. An important
feature of the contraction mechanism in cardiac muscle is that when contraction
begins in the sinoatrial node it rapidly spreads to the entire muscle. Another
feature is that a contraction is followed by a relaxation period during which it
cannot be stimulated to contract again. These properties result in the rhythmic
beating of the heart that is essential to the circulation of blood in the body.
Cardiac muscle contains two components not found in other types of muscle:
intercalated discs and Purkinje fibers. The intercalated discs are dark thickenings
that cross the muscle fibers and separate the cardiac cells. Purkinje fibers are spe-
cialized muscle fibers that are found in the lateral ventricles of the heart. They are
apart of the contractile system, carrying the contraction impulses to the ventricle
muscles. The autonomic nervous system can speed up or slow down the rate of
heart muscle contraction but it does not start the contractions.

Muscle Functions

In conjunction with the skeletal system, the muscle system provides form, sup-
port, and movement for the body. It also generates body heat in the chemical pro-
cesses that provide energy for the movement of the muscles. The skeletal muscle
system is the primary one involved in movement. The smooth muscle system
is involved in digestion and other activities of the internal organs of the animal.
The cardiac muscle system maintains a rhythmic heartbeat that keeps the blood
circulating throughout the body.

RESPIRATORY SYSTEM

Animal Respiration

Animals use oxygen to release energy in their cells by oxidation of molecules that
contain carbon. A by-product of this oxidation is the production of carbon diox-
ide. In its simplest form, respiration is the process by which oxygen is brought
into the body and carbon dioxide is removed from the body. Water and other
gases that the body does not need are also expelled during respiration.

The oxygen is secured from the earth’s atmosphere, which contains oxygen
(20.95 percent), carbon dioxide (0.03 percent), nitrogen (78.09 percent), and
some rare gases (0.93 percent). Nitrogen and the rare gases are inert from the
standpoint of vertebrate animals. The amount of moisture in the atmosphere
varies considerably and does not affect the composition listed above.

Mammalian Respiratory System Structures
The structures of the respiratory system in vertebrates are as follows:

1. Nostrils. Air is drawn into the system through the nostrils; air may also be
drawn into the system through the mouth.

2. Nasal cavity. Here the air is warmed and moistened and dust particles are
filtered out. Smelling also occurs here. The nasal cavity is separated from the
mouth by the hard and soft palates.

3. Pharynx. This is where the passages from the nostrils and the mouth are
joined. The air and food passages cross in the pharynx. The esophagus is
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the food passage. The epiglottis is a flap of tissue that closes when food
is swallowed, thus preventing the food from entering the passage to the
lungs. The epiglottis opens when a breath is drawn in, allowing the air to
pass to the lungs.

4. Larynx. Air passes from the pharynx through the glottis to the larynx, an
area composed of cartilage structures. The larynx contains vocal cords that
vibrate when air passes across them, producing sound.

5. Trachea. The larynx opens into the trachea, a tube that leads to the bronchi.
The wall of the trachea is lined with a series of C-shaped rings of cartilage.
These help to maintain the shape of the passage during breathing.

6. Bronchi. At the lower end of the trachea, the tube divides into two branches
called the bronchi (singular bronchus). These branches lead to the two lungs
of the animal. The lungs of mammals are located in the thoracic cavity.

7. Bronchioles. Each bronchus keeps subdividing into smaller and smaller
branches, called bronchioles.

8. Alveoli. The bronchioles terminate in the alveoli (singular alveolus). The
walls of the alveoli are very thin, about one cell thick, and are covered by
a film of fluid that acts as a surfactant. This fluid is a complex mix of pro-
tein, polysaccharides, and phospholipids. The alveoli are surrounded by tiny
blood capillaries. This is where the actual exchange of gases occurs, which is
the real function of the respiratory system. Because the air contains a higher
concentration of oxygen than the blood, oxygen passes through the cell wall
membrane into the bloodstream. Conversely, there is a higher concentration
of carbon dioxide in the blood than in the air. Therefore, the carbon dioxide
passes from the bloodstream through the cell wall membrane into the air.
Carbon dioxide is then flushed out of the system when the animal exhales.

It is important to note that the method of exchanging gases in the respiratory
system is not mechanical. The exchange depends entirely on the diffusion of gases
from an area of higher concentration to one of lower concentration through the
cell wall membrane.

Avian Respiratory System

The avian respiratory system is different in some ways from the mammalian
system. Birds do not have nostrils; they do have a nasal chamber in the upper
mandible that opens into the mouth. The trachea leads down from the mouth
to the lungs and divides into the bronchi. The syrinx, a structure that allows
the bird to make sounds, is found at the lower end of the trachea. Birds have a
system of air sacs that are extensions of the bronchi. These air sacs extend into
the bones of the bird. Instead of alveoli, the avian respiratory system has small
air capillaries in the lung tissue through which air circulates and gas exchange
takes place. Birds do not have a diaphragm; breathingis accomplished by muscle
action in the thoracic and abdominal regions and is additionally helped by the
movement of the wings.

Physiology of Respiration

An animal breathes by utilizing muscles to enlarge the chest cavity, thus forcing
air in, and to reduce the chest cavity, thus forcing air out. Air enters the body
through the nostrils or mouth, passes through the nasal passage to the pharynx,
then goes through the trachea to the lungs. The lungs contain air sacs called alve-
oli, where oxygen from the air is exchanged for carbon dioxide from the body.
When the air is expelled from the lungs, the carbon dioxide is removed from
the body. The respiratory system also helps to control the temperature of the
animal’s body and to produce sounds by utilizing the larynx.
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CIRCULATORY SYSTEM

The heart, arteries, capillaries, and veins make up the major parts of the circu-
latory system. The heart is a muscular organ that pumps blood throughout the
body. Blood leaves the heart through the aorta, which branches into smaller
arteries and eventually into the capillaries that reach tissues in all parts of the
body. In the capillaries an exchange takes place: nutrients and oxygen go into the
cells while carbon dioxide, water, and waste products enter into the blood. From
the capillaries the blood enters small veins that converge into larger veins, even-
tually leading back to the heart.

Heart

The heart is the organ that pumps the blood through the circulatory system. In
mammals, it has four chambers. The left and right ventricles are found in the
lower part of the heart and the left and right atria (singular atrium) are found in
the upper part. Contraction of the heart muscle begins with the ventricles and
proceeds to the atria. When the ventricles are contracting, the atria are relaxing;
as the atria contract, the ventricles relax. This rhythmic cycle of contraction and
relaxation forces the blood to move through the circulatory system, which is a
closed system in vertebrates.

Valves located between the atria and ventricles function in a manner that keeps
the blood flow moving in one direction. Blood enters the right atrium of the heart
through two large veins. One vein, the anterior vena cava, comes from the head
and upper part of the body while the other, the posterior vena cava, comes from
the lower part of the body. This blood, which is low in oxygen and high in carbon
dioxide levels, is referred to as deoxygenated blood. The contraction of the right
ventricle forces the blood into the pulmonary artery that carries it to the lungs
through two branches, one to each lung. In the lungs, these arteries branch into
smaller and smaller arteries called arterioles. These connect to the capillary bed
surrounding the alveoli. Here is where the gas exchange takes place—the blood
picks up oxygen and loses carbon dioxide (see respiration earlier in this chapter).
This oxygenated blood flows into the many small veins connected to the capil-
laries. These veins join to form pulmonary veins, two from each lung, that carry
this oxygen-rich blood back to the heart. These four large pulmonary veins enter
the left atrium of the heart. As the left atrium contracts, it forces this blood into
the left ventricle, where it is forced into the aorta. The aorta is a large artery that
carries the oxygenated blood through a branching system of arteries to all parts
of the body. These arteries become smaller and smaller and eventually connect
to the capillaries. The capillaries are found throughout the tissues of the body.
This is where the oxygen, nutrients, and other materials needed by the body are
transferred to the tissues, and the waste products from metabolism are picked up
by the blood to be transported by the veins for elimination.

The pulmonary circulation system as described above carries blood through
the lungs of the animal. The systemic circulation system as described above
carries blood through the rest of the body and eventually returns the deoxygen-
ated blood to the heart. The hepatic circulation system is that part of the systemic
system that carries the blood from the stomach, intestines, spleen, and pancreas
to the liver, where the blood is filtered before it continues in the systemic circula-
tion system. This filtering removes some of the waste products from the blood.

Blood Vessels

Arteries are constructed with three layers of tissue: (a) the outer wall made up
of connective tissue that is strong enough to provide protection from cutting or
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tearing; (b) the middle wall made up of smooth muscle cells and elastic con-
nective tissues; and (c) the inner wall made up of a layer of endothelium cells
over connective tissue. Arteries are elastic enough to smooth out the pulsation
of the blood caused by the pumping action of the heart, which helps to maintain
a steady blood pressure. The inner wall generally does not allow blood or other
material to pass through; that is, it forms an impervious membrane.

As arteries branch, they become smaller, eventually reaching a size less than
0.2 mm in diameter. These tiny arteries are called arterioles; their walls are
constructed almost entirely of smooth muscle cells. The arterioles branch into
capillaries that are about 8 microns in diameter. Blood flow and pressure is
generally smooth and steady in the capillary bed. This is important to allow the
proper exchange of nutrients and waste products to occur. Capillary walls are
composed of cells that permit the passage of gases and some fluids to and from
body tissues. It is in the capillaries that oxygen and nutrients exchanged between
the blood and the body tissues and waste products are picked up from the body
tissues. All body tissues except hair, cartilage, hooves, horns, nails, part of the
teeth, and the cornea of the eye contain capillary beds.

The capillaries begin to come together again in the tissues, forming small veins
called venules. The venules continue to recombine to form larger vessels called
veins and eventually these return the blood to the heart. The walls of the veins are
also composed of three layers containing elastic tissue and smooth muscle. The
walls of veins are thinner than the walls of arteries; therefore, veins have a greater
capacity than arteries.

The rate of blood flow in the blood vessels is inversely proportional to the
diameter of the blood vessel. This means that blood flows faster in those parts
of the system with the smallest diameter or cross section and slowest in those
parts with the greatest diameter. It is the total cross section, however, of all
the branches of the system in a particular area taken together that determines
the diameter. As the arteries branch into smaller sections, the overall cross-
section diameter in that region increases and the rate of blood flow is slower.
As the capillaries combine to form venules, the total cross section of the vessels
in the region decreases and the rate of blood flow increases.

The rate of blood flow in the arteries also varies directly with the rate and
strength of the heart contractions. The pressure is highest (systolic pressure)
when the heart contracts and is lowest (diastolic pressure) when the heart relaxes.
This measurement is taken relatively close to the heart (in humans at the upper
arm). The farther away from the heart the lower the systolic and diastolic pres-
sures become, until in the capillary beds they are essentially nonexistent. Blood
pressure is necessary to force the blood through the system against the force of
gravity; to force blood through the smallest blood vessels; to overcome the resis-
tance to blood flow caused by friction in the system; and to help blood flow back
through the veins to the heart.

Blood pressure is reduced as it enters the capillary beds and is at its lowest in
the veins. Blood does not move as rapidly or pulse in the veins as it does in the
arteries. Veins are generally found closer to the surface of the skin than are arter-
ies. Veins also have valves to prevent the backflow of blood in the system and keep
it moving toward the heart. Most of the valves in the veins are found in the parts
of the body farthest from the heart and where two veins join.

Blood

Blood is the material that circulates through the circulatory system. Blood serves
a number of major functions in the body: (a) to transport nutrients from the
digestive system to the body tissues; (b) to transport oxygen from the lungs to
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the tissues and carbon dioxide from the tissues to the lungs; (c) to transport waste
products so they can be eliminated from the body; (d) to help regulate body tem-
perature by transferring heat from the internal organs toward the surface of the
body; (e) to transport hormones as needed in the body; (f) clotting to reduce
blood loss when injuries occur; (g) to maintain the electrolyte balance and pH
level in the body; and (h) to help protect the body against disease organisms.

The fluid portion of whole blood is called plasma and makes up about 50 to
60 percent of the total volume. The other 40 to 50 percent of the volume of the
whole blood consists of three components: red blood cells (erythrocytes), white
blood cells (leukocytes), and platelets (thrombocytes). Approximately 90 per-
cent of the plasma consists of water. The remaining 10 percent, dissolved in the
water, consists of proteins, organic nutrients, inorganic ions, hormones, gases,
and waste products.

Red blood cells are formed in the red bone marrow of adult vertebrates. They
are present in larger numbers than the white cells or the platelets. In mammals
the red blood cells do not have nuclei although they originate from cells that do
contain nuclei. As the cells mature they lose their nuclei and acquire hemoglobin.
Hemoglobin consists of iron and globulin (a protein); it helps in transporting
the oxygen and carbon dioxide in the blood throughout the body and gives blood
its characteristic red color. Red blood cells also help maintain a normal pH level
in the body. In birds and many other vertebrates, the red blood cells retain their
nuclei. On average, these cells live about 120 days in domestic animals; they are
continually being replaced by new cells produced by the red bone marrow.

White blood cells are not as numerous in the body as the red blood cells; they
are larger and have nuclei but do not contain hemoglobin. There are five types of
leukocytes, all of which function as part of the body’s immune system. The granu-
locytes are formed in the red bone marrow and the agranulocytes are formed in
lymph nodes. White blood cells are not confined to the blood but may be found
in other tissues of the body.

Platelets are small particles that occur in large numbers in the blood. They live
about 10 days and are being continually replaced from the bone marrow. Platelets
attach themselves to injuries in blood vessels and release a chemical necessary for
blood clotting. They are sticky and form a plug at the site of an injury.

LYMPHATIC SYSTEM

The lymphatic system is auxiliary to the circulatory system, carrying lymph (a
tissue fluid) into the capillaries of the circulatory system. A small amount of
lymph is carried back to the blood through a system of fine capillaries of the lym-
phatic system that are located adjacent to the blood capillaries. The lymphatic
capillaries merge into larger trunks that eventually feed into two large ducts that
merge into the circulatory system. Both the lymphatic system and the circulatory
system absorb nutrients from the digestive system (primarily the small intestine)
for transport to the tissues of the body.

NERVOUS SYSTEM

The nervous system transmits information to and from the various parts of the
body. The two major parts of the nervous system are the central nervous system
and the peripheral nervous system. The central nervous system is located in
the skull and vertebral column and is the master control system for the entire
body; it consists of the brain and the spinal cord. The nerves that radiate from
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the central nervous system to all other parts of the body make up the peripheral
nervous system. The sensory nerve fibers of the peripheral nervous system carry
information to the central nervous system where it is analyzed and appropriate
responses are transmitted to the body. The autonomic nervous system is a part
of the peripheral nervous system that controls those activities of the body under
automatic control.

ENDOCRINE SYSTEM

Hormones are organic catalysts that influence the growth and development of
the body; they are secreted by endocrine glands. These glands do not have ducts
to transport the hormones in the body. Blood passing through the gland absorbs
the hormone and transports it to its target organ or tissue. Many of the endocrine
glands and the hormones that they secrete are shown in Table S-2. The pituitary
gland secretes hormones that regulate hormone production in many other endo-
crine glands. Interactions between the endocrine glands, the level of hormone in
the blood, and the actions of the target organs maintain the appropriate level of
hormones in the body by utilizing a feedback mechanism.

URINARY SYSTEM

The major components of the urinary system are the kidneys, ureters, bladder,
and urethra. Blood passes through the kidneys, where waste products and some
water are filtered out. This liquid, urine, is then passed through the ureters to the
bladder, where it is stored until the bladder is full before being voided from the
body through the urethra. Poultry do not have a bladder or urethra; the ureters
lead to the cloaca, where the urine is voided along with the feces.

DIGESTIVE SYSTEMS

Knowledge of the different kinds of digestive systems helps in selecting the
proper livestock feeds. Understanding the chemical and physical changes that
take place after the feed is eaten leads to more efficient livestock feeding.

Digestion is the process of breaking feed down into simple substances that
can be absorbed by the body. Absorption refers to taking the digested parts
of the feed into the bloodstream. Ruminants are animals that have a stomach
that is divided into several parts (Figure 5-6). Cattle, sheep, and goats are rumi-
nants. Ruminants are cud-chewing animals. Nonruminants are animals that have
simple, one-compartment stomachs (Figure 5-7). Pigs, horses, and poultry are
nonruminants.

The digestive system (or tract) consists of the parts of the body involved in
chewing and digesting feed. This system also moves the digested feed through the
animal’s body and absorbs the products of digestion.

The capacities of digestive systems vary greatly among different species of ani-
mals (Table S-3). Within species, the age, breed, and size of animals also affect
the capacity of their digestive systems. The digestive systems of ruminant animals
are generally larger than those of nonruminants.

There is a great deal of difference among animals in their ability to digest vari-
ous kinds of feed. This difference is mainly the result of differences in their diges-
tive systems. Ruminant animals can digest large quantities of fibrous feeds, such
as hay and pasture. Nonruminant animals need a high-energy, low-fiber ration,
such as grain. Grains and protein supplements are called concentrates.
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Table 5-2 Major Hormones

Gland

Hormone

Action of Hormone

Adrenal (cortex)

Adrenal (medulla)

Hypothalamus

Ovary (corpus luteum);
placenta

Ovary (follicle);
placenta

Pancreas (in the islets
of Langerhans)

Parathyroid

Pituitary (anterior lobe)

Aldosterone

Glucocorticoids (group of
steroid hormones)

Mineral corticoids (group of
steroid hormones)

Epinephrine also called
Adrenaline

Norepinephrine also called
Noradrenaline

Gonadotropin-Releasing
Hormone (GNRH) also called
Luteinizing Hormone-Releasing
Hormone (LHRH)

Thyrotropin-Releasing Hormone
Progesterone

Relaxin

Estrogen

Glucagon

Insulin

Parathyroid (PTH) also

called Parathormone

Adrenocorticotropic (ACTH)

Follicle-Stimulating
Hormone (FSH)

Gonadotropin
(Gonadotrophin)

Luteinizing Hormone (LH)

A steroid hormone that regulates the salt and water balance
in the body.

Metabolism of carbohydrate, protein, and fat; also have
anti-inflalnmatory properties. Examples: cortisone, cortisol,
and corticosterone.

Regulate the balance of water and electrolytes in the body.
Example: aldosterone.

Released into the bloodstream in response to stress such as
fear or injury; increases heart rate and blood pressure, muscle
strength, and sugar metabolism increasing the concentration
of glucose in the blood. Associated with the “fight or flight”
response; prepares the body for strenuous activity.

Similar in action to epinephrine.

Causes the anterior pituitary gland to begin secreting
luteinizing hormone and follicle-stimulating hormone.

Stimulates release of thyrotropin.

Prepares the uterus for implantation of the fertilized ovum;
helps to maintain pregnancy; development of the alveoli
in the mammary glands.

Softens the cervix and relaxes the pelvic ligaments during
parturition.

Induces estrus; development of female reproductive organs
and secondary sexual characteristics.

Increases blood sugar level; opposes the action of insulin.

Helps to lower the glucose (sugar) level in the blood.

Regulates calcium metabolism in the body; reduces the
concentration of phosphorus ions that normally combine
with calcium to form a relatively insoluble salt.

Stimulates the adrenal cortex to secrete cortisone and
other steroid hormones.

Stimulates the growth of follicles in the ovary; stimulates
estrogen production by the follicles; induces the formation
of sperm in the testis.

Any of several pituitary hormones, such as luteinizing
hormone and follicle-stimulating hormone, that stimulate
the function of the ovaries and testis.

Stimulates ovulation and the development of the corpus
luteum and production of progesterone in the female;
stimulates production of testosterone by the interstitial cells
of the testis in the male.

(continues)
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Table 5-2 (continued)

Hormone

Action of Hormone

Pituitary (posterior lobe)

Testes (also produced
in small amounts in the
ovaries and placenta of
the female)

Thyroid

Prolactin

Somatotropin (Somatotrophin)
also called Somatotropic
Hormone (commonly called
Growth Hormone)

Thyrotropin (Thyrotrophin)
also called Thyroid-Stimulating
Hormone (TSH) or Thyrotropic
Hormone

Antidiuretic (ADH) also called
Vasopressin

Oxytocin

Testosterone

Thyroxine (Thyroxin)

Stimulates and maintains the secretion of milk.

Stimulates body growth; affects metabolism of proteins,
carbohydrates, and lipids.

Stimulates production of thyroid hormones; regulates
the activity of the thyroid gland.

Controls water retention in the kidneys, reduces excretion
of urine, and raises blood pressure.

Stimulates the contraction of the smooth muscle of the
uterus during parturition and facilitates milk letdown from
the mammary gland.

Development of the external genitals in the male fetus;
development and maintenance of male secondary sex
characteristics; sperm production; stimulates male sex drive
(libido).

Increases the rate of cell metabolism; regulates growth.
Mineral iodine is required for this hormone to function

properly.

Sources: Acker, D. and M. Cunningham, Animal Science and Industry. 4th ed. Englewood Cliffs, NJ: Prentice-Hall, 1990.
Stufflebeam, CE,, Principles of Animal Agriculture. Englewood Cliffs, NJ: Prentice-Hall, 1983.

Swenson, M.J, Dukes’ Physiology of Domestic Animals. 9th ed. Ithaca, NY: Comstock Publishing Associates.

Taylor, R.E, Scientific Farm Animal Production. 5th ed. Englewood Cliffs, NJ: Prentice-Hall, 1995.

Cattle and sheep can digest about 44 percent of the roughage they eat.
Roughage refers to high-fiber feeds, such as hay, silage, and pasture. Horses are
able to digest about 39 percent of the roughage in their ration. Swine can digest
only about 22 percent of the roughage they eat.

Ruminants can digest large quantities of roughage because of the bacte-
ria present in their digestive systems. These bacteria can produce proteins,

Anus

Figure 5-6 The digestive tract of the cow, a ruminant animal.
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Figure 5-7 The digestive tract of the pig, a simple-stomached (nonruminant) animal.

B-complex vitamins, and vitamin K. Since ruminant animals produce certain
nutrients themselves, the job of balancing their ration is somewhat easier than
it is for nonruminants.

Parts of the Digestive System

The digestive system is made up of a number of parts or organs. The system
begins at the mouth, which is where the food enters the animal’s body. The
esophagus or gullet is a tube-like passage from the mouth to the stomach. The
stomach receives the feed and adds chemicals that help in the digestive process.
The food next enters the small intestine. The small intestine is a long, folded tube
attached to the lower end of the stomach. From there, the digested material passes
to the large intestine. The large intestine is larger in diameter but much shorter
in length than the small intestine. The large intestine ends with the rectum.
Undigested material, called feces, is passed from the body through the anus.

The digestive system also includes a number of accessory organs. Accessory
organs are the teeth, tongue, salivary glands, liver, and pancreas.

The first three are located in the mouth. The liver is the largest gland in the
body. It is located along the small intestine just past the stomach. The pancreas is
located along the upper part of the small intestine.

Table 5-3 Capacities of the Digestive System of Selected Species (Ranges indicate different ages, breeds,

and sizes.)

Swine Horse Cattle Sheep/Goat
Organ/Species (qts) (liters) (qts) (liters) (qts) (liters) (qts) (liters)
Rumen 80-192  75.7-1816 25 236
Reticulum 4-12 38-114 2 19
Omasum 8-20 7.6-189 1 0.9
Abomasum 8-24 7.6-22.7 4 38
Stomach in

nonruminants 8 7.57 8-19 7.6-18

Small intestine 10 9.5 27-67 25.5-634 65-69 61.5-65.3 10 9.5
Cecum 1-15 0.95-14 14-35 13.2-33.1 10 9.5 1 0.9
Large intestine 9-11 8.5-104 41-100  38.8-94.6 25-40 23.6-37.8 5-6 4.7-5.7
Total 28-30.5 265-2887 90-221  85.1-209.1 200-367 1893-347.2 48-49 452-46.2
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The digestive systems of most livestock are very similar in terms of the parts
they contain. However, there are some differences in the poultry digestive system.
Poultry have no teeth. They have a crop and gizzard. They also have two blind
pouches, called ceca, that are attached to the small intestine. The cloaca is an
enlarged part connected to the large intestine. Elimination (passing of feces) in
poultry is through the vent.

THE DIGESTIVE PROCESS

The digestive process is summarized in Table 5-4.

Mouth and Esophagus

The chewing action of the mouth and teeth breaks, cuts, and tears up the feed.
This increases the surface area of the feed particles which, in turn, helps the chew-
ing and swallowing process. Saliva also stimulates the taste. In ruminants, saliva is
important in the chewing of the cud.

In most animals, saliva contains the enzymes salivary amylase and salivary
maltase. Enzymes are substances called organic catalysts that speed up the diges-
tive process. Salivary amylase changes some starch to maltose or malt sugar.
Salivary maltase changes maltose to glucose.

Ruminants do not chew their food completely when they eat. Roughages,
such as hay and silage, and coarse feeds, such as unbroken kernels of corn, are
re-chewed later. These feeds form ball-like masses in the stomach. The material is
then forced back up the esophagus to be chewed again. This is called rumination
or chewing the cud.

The tongue helps direct the feed to the throat for swallowing. The chewed
material enters the esophagus. Food is carried down the esophagus by a series
of muscle contractions. A valve called the cardia is located at the end of the
esophagus. This valve prevents food in the stomach from coming back into the

esophagus.

The Ruminant Stomach

The four parts of the ruminant stomach are the rumen, reticulum, omasum, and
abomasum (Figure 5-8). Because of this four-part stomach, digestion in rumi-
nants differs from that in nonruminants.

Ruminants eat rapidly. They do not chew much of their feed before they swal-
low it. The solid part of the feed goes into the rumen. The liquid part goes into
the reticulum, then to the omasum, and on into the abomasum. In the rumen, the
feed is mixed and partially broken down by bacteria. A slow churning and mixing
action takes place.

When the rumen is full, the animal lies down. The feed is then forced back into
the mouth and rumination occurs. Cattle chew their cud about six to eight times
per day. A total of S to 7 hours each day is spent in rumination.

There is no division between the rumen and the reticulum. Together, they
make up about 85 percent of the stomach. They are located on the left side of the
middle of the animal. The rumen and reticulum contain millions of microorgan-
isms called bacteria and protozoa. Bacteria and protozoa are one-celled animals.
Muscles in the rumen and reticulum help break the food into smaller particles.
This makes it easier for the bacteria to act in the digestive process. Saliva and
water are added to the feed to aid in digestion.

Itis the bacterial action in the rumen that allows ruminants to use large amounts
of roughage. These bacteria can change low-quality protein into the amino acids
needed by the animal. Amino acids are compounds that contain carbon, hydro-
gen, oxygen, and nitrogen. They are essential for growth and maintenance of cells.
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Table 5-4 Summary of Digestion

Location/ Source Digestive Juice Enzyme/ Secretion Action/Function Comment

Mouth
(Salivary glands)

Rumen and
Reticulum

Omasum

Stomach/
Abomasum in
ruminants/
proventriculus
inavian

(Wall of
stomach)

Gizzard in avian

Small intestine
(Pancreas)

Small intestine
(Pancreas)
(Liver)

(Intestinal wall)

Saliva

Gastric juice

Pancreatic juice

Bile

Intestinal juice

Salivary amylase

Salivary maltase

Hydrochloric acid

Pepsin

Rennin

Gastric lipase

Trypsin and
Chymotrypsin

Pancreatic
amylase
Pancreatic lipase

Carboxypeptidase

Intestinal peptidase

(formerly called
Erepsin)

Acts on starch/change to
maltose.

Acts on maltose/change to
glucose.

Microorganisms act on:

Protein/nonprotein
nitrogen to form essential
amino acids.

Starch/sucrose/cellulose to
form volatile fatty acids
(mainly acetic, proprionic,
butyric), methane, carbon
dioxide, and heat.

Fat to form fatty acids and
glycerol.

Glycerol to form propionic
acid.

Grinds and squeezes feed/
removes some liquid.

Stops action of salivary
amylase.

Acts on protein/change to
proteoses, polypeptides,
and peptides.

Acts on milk/curdles the
casein.

Acts on fat/forms fatty acids
and gylcerol.

Grinds and mixes feed.

Acts on proteins, proteoses,
polypeptides, and
peptides/produces
proteoses, peptones,
peptides, and amino
acids.

Acts on starch/change to
maltose.

Acts on fat/forms glycerol,
fatty acids, and
monoglycerides.

Acts on peptides/forms
peptides and amino acids.

Acts on fats/forms glycerol
and soap.

Acts on remaining proteins,
proteoses, peptones, and
peptides/produces amino
acids.

Of little importance.

None in ruminants.

Saliva adds moisture to
feed. Small amount in
poultry.

Synthesize essential
amino acids,
B complex vitamins,
vitamin K.

Little digestive action in
the omasum.

Digestive juices
continue to act on
feed.

Small amounts in
ruminants.

(continues)
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Location/ Source Digestive Juice Enzyme/ Secretion

Action/Function

Comment

Maltase
Sucrase

Lactase

Nucleotidase

Cecum in horse

Large intestine Cellulase

Acts on maltose/changes to
glucose.

Acts on sucrose/changes to
glucose and fructose.

Acts on lactose/changes
to glucose, fructose, and
galactose.

Acts on nucleoproteins/
forms nucleotides,
nucleosides, purines,
pyrimidines, phosphoric
acid.

Bacterial action digests
roughage.

Acts on cellulose/forms vola-
tile fatty acids.

Some digestion continues
as material moves from the
small intestine to the large

intestine.

Bacteria also produce many of the vitamins needed by the animal. As the bacteria
die, the animal digests them. This process makes protein and vitamins available
to the animal.

The kind of ration that is fed affects the growth of the microorganisms in the
rumen. The number of microbes in the rumen is reduced when the ration is made
up of a large amount of fine-particle material.

This effect (of fine-particle material on the rumen) is reduced when animals
are fed several times per day. Also, increasing the level of forage in the ration
improves the growth rate of microbes in the rumen.

The pH level in the rumen also affects the growth of microbes. Microbes grow
best when the pH of the rumen is in the range of 5.5 to 8.0 (optimum pH level
is 6.5). A pH level outside of this range reduces the growth rate of the rumen
microbes.

Rumen microbes use ammonia and amino acids, energy, and minerals for
growth. A shortage of any of these can cause reduced microbe growth in the
rumen. Ammonia deficiency may result in reduced efficiency of microbe growth
and thus a reduction in the rate and extent of digestion of organic matter in the
rumen. This may lead to reduced feed intake by the animal. Providing additional
protein sources may stimulate microbe growth in the rumen. The cheapest source
of ammonia for rumen microbes is generally some form of nonprotein nitrogen,
such as urea.

Animals sometimes swallow foreign objects, such as wire and nails. These are
held in the reticulum. A small magnet is sometimes inserted into the throat of the
cow. When it enters the reticulum, it attracts the wire and nails and holds them so
that they do not injure the animal.

A large amount of carbon dioxide and methane gas is released by bacterial
action in the rumen. These gases must be disposed of through the digestive system.
Sometimes the gases form faster than the animal can eliminate them. This may

Small amounts in
ruminants.

Small amounts in
ruminants.

Large amounts in young
mammals.

Mostly in the horse.

Reticulum

Omasum

Abomasum
(true stomach)

Figure 5-8 The four divisions of
the ruminant stomach.
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happen when the animal eats large amounts of fresh grass or legumes, and it can
cause the animal to bloat.

The omasum is the third part of the ruminant stomach. It makes up about
8 percent of the stomach. The omasum has strong muscles in its walls. The purpose
of the omasum is not exactly known. It grinds up a certain amount of feed, but
how much is not known. It may also squeeze some of the water out of the feed.

The abomasum is called the true stomach of the ruminant. It makes up about
7 percent of the stomach. Feed is mixed with gastric juice in the abomasum.
Digestion is carried on here the same as in nonruminant animals.

The Nonruminant Stomach
When feed enters either the stomach of the nonruminant or the abomasum of the
ruminant, gastric juice begins to flow. This fluid comes from glands in the wall
of the stomach. The gastric juice contains 0.2 to 0.5 percent hydrochloric acid. It
stops all action of amylase when it mixes with the feed. The gastric juice contains
additional enzymes called pepsin, rennin, and gastric lipase. These enzymes act
on the feed in the following ways. Pepsin breaks the proteins in the feed into pro-
teoses and peptones. The casein of the milk is curdled by the rennin. Emulsified
fats are split by the gastric lipase into glycerol and fatty acids. However, most of
the fat entering the stomach is not emulsified. Thus, gastric lipase has little to do
in the digestion process.

The muscular walls of the stomach churn and squeeze the feed. Liquids are
pushed on into the small intestine. Gastric juice then acts on the solids that
remain in the stomach.

Small Intestine

When the partly digested feed leaves the stomach, it is an acid, semifluid, gray,
pulpy mass. This material is called chyme. In the small intestine, the chyme is
mixed with three digestive juices: pancreatic juice, bile, and intestinal juice.

Pancreatic Juice
Pancreatic juice is secreted (formed and given off) by the pancreas. It contains
the enzymes trypsin, pancreatic amylase, pancreatic lipase, and maltase.

Trypsin: breaks down proteins not broken down by pepsin. Some of the
proteoses and peptones are broken down by trypsin to peptides. Proteoses,
peptones, and peptides are combinations of amino acids. Proteoses are the
most complex compounds, with peptides being the simplest.

Pancreatic amylase: changes starch in the feed into maltose. Pancreatic
amylase is more active in this process than salivary amylase because it is
found in greater quantities and has a longer time to work on the feed. Sugar
and maltose are broken down into even simpler substances. When acted on
by maltase, they are changed into a simple sugar called glucose.

Lipase: works on fats in the feed. It changes them into fatty acids and glycerol.

Bile

The liver produces a yellowish-green, alkaline, bitter liquid called bile. Bile is
stored in the gallbladder in all animals except the horse, which does not have a
gallbladder. Bile aids in the digestion of fats and fatty acids. It also helps in the
action of the enzyme lipase. In a final step, fatty acids combine with bile to form
soluble bile salts.

Intestinal Juice

Glands in the walls of the small intestine produce intestinal juice. This fluid con-
tains peptidase, sucrase, maltase, and lactase, which help in the digestion process.
Proteoses and peptones are broken down by peptidase into amino acids. Starches
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Esophagus

I 9 Tongue

Duodenum
Large intestine Small intestine

Figure 5-9 The digestive tract of the horse, a nonruminant animal. Horses can digest
large amounts of roughage because of an organ called the cecum.

and sugars are broken down by sucrase, maltase, and lactase into the simple sugars
glucose, fructose, and galactose.

Absorption

The wall of the small intestine is lined with many small fingerlike projections
called villi. These increase the absorption area of the small intestine. Most food
nutrients used by the animal are absorbed from the small intestine.

The Cecum

The cecum or “blind gut” is found where the small intestine joins the large intes-
tine. The cecum is a small organ and has little function in most animals, except
the horse. In the horse, roughage feeds are digested by bacterial action in the
cecum, which explains why the horse can eat large amounts of roughage. The
digestive system of the horse is shown in Figure 5-9.

Large Intestine

The large intestine is larger in diameter but much shorter in length than the small
intestine. The main function of the large intestine is to absorb water. Material that
is not digested and absorbed in the small intestine passes into the large intestine.
The enzymes of the small intestine continue to work on the material even after it
has passed into the large intestine. Some bacteria also work on the material. The
large intestine adds mucus to enable the material to pass through more easily.

Feed materials that are not digested or absorbed are called feces. This material
is moved through the large intestine by muscles in the intestinal walls. The undi-
gested part of the feed is passed out of the animal’s body through the anus, the
opening at the end of the large intestine.

DEVELOPMENT OF THE RUMINANT STOMACH

The abomasum is the only part of the stomach of young ruminant animals that
functions. Therefore, young ruminants cannot use roughages in their diet. Milk
fed to the animal goes directly to the abomasum. This action continues until the
other parts of the stomach have developed.

When the animal is born, the rumen is a very small organ found in the upper
left part of the abdomen. After about 2 months, the rumen moves to its normal
position in the mature animal. The reticulum and the omasum grow and develop
rapidly during the first 2 months of the animal’s life. By the time the animal is
3 months old, the rumen has grown large enough to begin to function. The animal
can then begin to use more solid feeds and roughage in its diet.
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Cloaca

Small intestine

Vent Proventriculus

Liver Esophagus

Pancreas

Crop

! . Gizzard
Large intestine

Duodenum

Figure 5-10 The digestive tract of the chicken, a nonruminant, is similar to that of
other animals, but includes several special organs.

DIGESTION IN POULTRY

Poultry possess certain special digestive organs that are not found in other animals
(Figure 5-10). Feed taken in by poultry first goes to the crop for storage. Here it is
softened by saliva and secretions from the crop wall.

The feed moves from the crop, through the glandular stomach (the proven-
triculus), into the muscular stomach (the gizzard). The large red walls of the mus-
cular stomach are thick, powerful muscles. The muscular stomach is lined with a
thick, horny membrane-like material called the epithelium. Feed particles are
crushed and mixed with digestive juices by the gizzard.

Two blind pouches, or ceca, are found where the small intestine joins the large
intestine. These are about 7 inches long. Their function is not known, but they are
usually filled with soft, undigested feed.

The cloaca is an enlarged part found where the large intestine joins the vent.
Feces from the large intestine are passed out of the body through the vent. Eggs
from the oviduct and urine from the kidneys also pass out through the vent.

ABSORPTION OF FEED

Most absorption of digested feed takes place in the small intestine. Some feed
is also absorbed from the large intestine. Feed is not broken down enough to be
absorbed in the mouth or esophagus. In ruminants, some fatty acids are absorbed
from the rumen. The stomach tissue of nonruminants is not suited for absorption.

Villi, the millions of small finger-shaped projections on the wall of the intes-
tine, are the key to absorption because they greatly increase the surface area of
the intestine. Each villus (singular of villi) has a network of blood capillaries and
alymph vessel through which nutrients enter the bloodstream.

Digested protein is absorbed in the form of amino acids; some sodium must be
present for absorption to occur properly. Digested carbohydrates (starches and
sugars) are present as the monosaccharides (simple sugars) glucose, fructose, and
galactose. ATP supplies energy for the absorption of monosaccharides and fatty
acids. Sodium must also be present for monosaccharide absorption. As the sub-
stances are absorbed by the blood capillaries in the villi, they pass through the
liver and then into the blood.

Digested fats, in the form of soaps and glycerol, undergo a slightly different
process. They are formed again into fats and absorbed by the lymph vessel in the
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villi. They are then carried through the lymphatic system. They pass through the
thoracic duct in the neck into the circulatory system.

Villi also absorb water and dissolved minerals into the bloodstream. Some
minerals are present in the form of compounds that are not readily absorbed.
Phosphorus from grains, held in the compound phytin, is only partially absorbed
by swine and none of it is absorbed in poultry. Ruminants, however, can use this
phosphorus because the bacteria in the rumen release enzymes that break phytin
down so the phosphorus can be absorbed.

The large intestine also absorbs water and some nutrients directly into the
bloodstream. This is done through capillaries in the wall of the intestine. Nutrient
absorption in the large intestine is especially important in the horse because
much of the microbial digestion of roughage occurs in the cecum.

Most nutrients end their journey in the muscle cells. Some are deposited in
the liver. The animal uses the nutrients to replace worn-out cells and to build
new ones. Some nutrients are used for energy; others are stored in the form of
fat for later use.

METABOLISM

Metabolism is the sum of the processes, both chemical and physical, that are
used by living organisms and cells to handle nutrients after they have been
absorbed from the digestive system. The metabolic processes include anabo-
lism, catabolism, and oxidation of nutrients. Anabolism is the formation and
repair of body tissues. Catabolism is the breakdown of body tissues into simpler
substances and waste products. Oxidation of nutrients provides energy for
the animal.

SUMMARY

An animal’s body is composed of a number of different kinds of tissues. These
tissues are grouped to form organs and these organs are organized into systems
such as the skeletal, muscle, respiratory, circulatory, nervous, endocrine, urinary,
and digestive. Each system carries out some major function in the body.

The skeletal system gives form, protection, support, and strength to the body.
The muscle system helps the body to move and performs other vital functions,
such as maintaining the beating of the heart. The heart is a part of the circulatory
system that acts as a pump to keep blood moving throughout the body. Blood
carries oxygen and nutrients to the cells where they are needed and removes
waste products from those cells. The respiratory system draws air into the body,
where the oxygen is extracted to oxidize molecules to provide energy for body
activities. Air carrying waste products such as carbon dioxide is then expelled
out of the body.

The nervous system provides a method for cells to transmit signals from one
part of the body to another as needed. The endocrine system secretes hormones
that are needed for growth and development of the body. The urinary system car-
ries some waste products out of the body.

Digestion is the breaking down of feeds into simple substances that can be
absorbed into the bloodstream and used by the body cells. Enzymes do most of
the job of digestion.

Ruminant animals can use a lot of roughage in their rations. They have a four-
part stomach in which bacteria break down the roughage. Nonruminants must
have more concentrates, such as grain, in their ration because they have a simple,
one-part stomach.
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Most digested feed is absorbed from the small intestine of the animal. The
small intestine has millions of tiny projections called villi through which nutri-
ents are absorbed and enter the bloodstream.

Student Learning Activities

1.

2.

Secure digestive systems of various species of animals from a packing plant.
Dissect the systems, identify their parts, and explain their functions.

Prepare visuals and give oral reports on various digestive systems, identifying
the parts and explaining the functions.

. Prepare a bulletin board display with pictures of various species classified

as ruminant and nonruminant animals. Using pictures or samples of feeds,
show typical feeds that are fed to each kind of animal.

. Using an understanding of animal body systems, plan and conduct an animal

supervised experience program in order to learn to more effectively feed and
manage animals.

Discussion Questions

1.
. What are the main functions of the skeletal system?
. What are the three components and the major parts of each that comprise

12.
13.
14.
1S.
16.
17.

18.
19.
20.
21.
22.
23.
24,

2S.
26.

List and give examples of the tissues normally found in an animal’s body.

the skeletal system?

. Describe the kinds of bones normally found in the mammalian skeletal

system.

. Name several functions of bones.
. Name and describe the three types of muscle normally found in animal

bodies.

. Describe the functions of each of the three types of muscles found in animal

bodies.

. Describe how a typical muscle works.

. How does the cardiac muscle differ from other muscles found in the body?
10.
11.

Why do animals need to breathe?

Name and describe the functions of the major parts of the mammalian
respiratory system.

How does the avian respiratory system differ from the mammalian system?
Describe the physiology of respiration.

What are the major components of the circulatory system?

Describe how the heart functions to keep blood circulating.

Name the two kinds of blood vessels and describe how they function.
Where does the exchange of gas and waste product take place in the circula-
tory system?

Name and describe the major components of blood.

What is the function of blood in the circulatory system?

What is the function of the lymphatic system?

What are the function of and the major parts of the nervous system?

What is the importance of the endocrine system?

Describe the function of the urinary system.

Define each of the following terms: (a) digestion, (b) absorption, (c) ruminant,
(d) nonruminant.

Why can ruminants digest large quantities of roughage?

Describe the typical digestive system of an animal.
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27. How is the digestive system of poultry different from those of other animals?
28. What digestive action occurs in the mouth of an animal?

29. What is meant by “chewing the cud?”

30. List the four parts of the ruminant stomach.

31. What is the function of each part of the ruminant stomach?

32. What digestive action occurs in the small intestine of the animal?

33. What digestive action occurs in the large intestine of the animal?

34. Why are young ruminants unable to digest large quantities of roughage?
35. How does digestion in poultry differ from digestion in other animals?
36. How is feed absorbed in an animal’s body?

37. What use does an animal make of absorbed nutrients?

Review Questions

True/False

1. The kind of ration that is fed affects the growth of microorganisms in the
rumen.
2. Nonruminants do not require high levels of grain but can also survive on

roughage.

Multiple Choice

3. Feed taken in by poultry first goes to the where it is softened by saliva
and secretions from the walls.
a. crop
b. gizzard
c. esophagus
d. stomach
4. The key to absorption is the small finger like projections on the walls of the
intestine called
a. sugars c. villi

b. hairs d. fattyacids

Completion

S. are a group of animals that can digest large quantities of roughage in
their digestive systems.

6. The is called the true stomach of a ruminant.

7. refers to high-fiber feeds such as hay, silage, and pasture.

8. Feed particles in poultry are crushed and mixed with digestive juices by the

Short Answer

9. Explain the term “chewing the cud.”
10. What causes an animal to bloat?
11. What is the importance of the bacterial action in the rumen?
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Feed Nutrients

Objectives

After studying this chapter, the student should be able to

- identify the major functions of the basic nutrient
groups and identify feeds that are sources of each.

- identify the characteristics of nutrient sources for
each basic nutrient group.
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A nutrient is defined as a chemical element or compound that aids in the sup-
port of life. A nutrient becomes a part of the cells of the body. Nutrients are nec-
essary for cells to live, grow, and function properly.

Many different kinds of nutrients are needed by animals. In addition, they
must have the right nutrients in the proper balance. Too much of one nutrient
and not enough of another may result in unhealthy stock and high feed costs. A
lack of one or more nutrients may slow normal growth or production.

Animals differ in the kinds and amounts of nutrients they need. It is the job
of animal nutritionists to determine which nutrients animals need. They make
recommendations for feeding each kind of animal based on the results of feeding
experiments. The farmer who follows these recommendations produces healthy
livestock at a profit.

Nutrients are divided into five groups: (1) energy nutrients (carbohydrates,
fats, and oils), (2) proteins, (3) vitamins, (4) minerals, and (5) water.

ENERGY NUTRIENTS—CARBOHYDRATES

The main energy nutrients found in animal rations are carbohydrates. Carbohy-
drates are made up of sugars, starches, cellulose, and lignin. Carbohydrates are
chemically composed of carbon, hydrogen, and oxygen.

In a chemical reaction very much like burning, carbohydrates provide energy
for the body cells. This energy powers muscular movement such as the heart-
beat, walking, breathing, and digestive contractions. Carbohydrates also pro-
duce the body heat that helps to keep the animal warm. Extra carbohydrates
are converted to fat and stored in the body.

Simple Carbohydrates

The simple carbohydrates are sugars and starches. They are easily digested. Simple
carbohydrates are referred to as nitrogen-free extract (NFE) and come from
the cereal grains, such as corn, wheat, oats, barley, rye, and sorghum.

Complex Carbohydrates

The complex carbohydrates, called fiber, are cellulose and lignin. These sub-
stances are more difficult to digest than simple carbohydrates. Fiber is found
mainly in roughages such as hay and pasture plants. Examples are alfalfa, brome-
grass, orchard grass, and bluegrass.

Carbohydrate and Fiber Content of Feeds

The dry weight of most grains and roughages ranges from 65 to 80 percent car-
bohydrates. The dry weight of a feed refers to its weight with the moisture content
removed. Mature roughages contain more fiber than those harvested when less
mature. The mature plant is not easily digested. Hay plants harvested at an early
stage of maturity have a higher feed value because they are more easily digested.

Ruminant animals, such as cows, sheep, and goats, can digest large amounts of
fiber. A high percent of their ration is roughage (Figure 6-1). Simple-stomached
animals, such as swine, cannot digest large amounts of fiber. Their ration must be
mostly cereal grains that are more easily digested (Figure 6-2).

A commercial feed tag is the label attached to a bag of feed purchased at a
grain elevator or feed store. The maximum amount of fiber found in that feed is
shown as a percent of the total weight of the bag of feed.

The sources of carbohydrates used for that feed are found in the list of ingredi-
ents printed on the tag. Some examples of carbohydrate sources found on a feed
tag are cane molasses, ground corn, wheat middlings, and oats. There are many

Figure 6-1 Ruminant animals can
digest large amounts of fiber found
in roughages such as hay and pas-
ture. Courtesy of USDA. Photo by
Scott Bauer.

Figure 6-2 Simple-stomached
animals require primarily grain in
theirration; they cannotdigestlarge
amounts of roughage. Courtesy of
USDA. Photo by Scott Bauer.
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Essential Nonessential
Arginine Alanine
Histidine Aspartic acid
Isoleucine Citrulline
Leucine Cysteine
Lysine Cystine
Methionine* Glutamic acid
Phenylalanine**  Glycine
Threonine Hydroxyglu-
tamic acid
Tryptophan Hydroxyproline
Valine Norleucine
Proline
Additional Serine
Essential for Tyrosine
Poultry:
Alanine
Aspartic acid
Glycine
Serine

other sources of carbohydrates used in commercial feeds. The ones used depend
on the kind of animal for which the feed is made.

ENERGY NUTRIENTS—FATS AND OILS

Fats and oils are also energy nutrients. They are chemically composed of carbon,
hydrogen, and oxygen. They contain more carbon and hydrogen atoms than do
carbohydrates. For this reason, the energy value of fats is higher than that of car-
bohydrates. In fact, fats have 2.25 times the energy value of carbohydrates. Fats
are solid at body temperature, and oils are liquid at body temperature. In animal
nutrition, both fats and oils are commonly referred to as fats.

Fats are easily digested by animals. They provide energy and body heat. They
also carry the fat-soluble vitamins that are in the feed.

Fats come from both vegetable and animal sources. Cereal grains such as corn,
oats, and wheat range from 1.8 to 4.4 percent fat. Cereal products used in rations,
such as brewer’s dried grains, corn gluten meal, distiller’s dried grains, and wheat
middlings, range from 1.1 to 8.2 percent fat. Animal and vegetable protein con-
centrates range from 1 to 10.6 percent fat.

The amount of fat in a commercial feed is shown on the feed tag as a percent
of the total weight of feed in the bag. The fat content in the feed is expressed as a
guaranteed minimum level.

PROTEINS

Proteins are organic compounds made up of amino acids. Amino acids contain
carbon, hydrogen, oxygen, and nitrogen. Some amino acids also contain sulfur,
phosphorus, and iron.

Proteins supply material to build body tissues. The ligaments, hair, hooves,
horns, skin, internal organs, and muscles of the animal body are partially formed
from protein. Protein is essential for fetal development in pregnant animals.

If an animal takes in more protein than it needs, the nitrogen is separated and
given off in the urine. The material that is left is converted into energy or body fat
by the animal.

Ten amino acids are considered to be essential for swine, and fourteen are
considered to be essential for poultry (Table 6-1). Nonessential amino acids are
needed by animals, but are synthesized in the body from other amino acids and
therefore do not have to be provided in the ration for either ruminant or non-
ruminant animals. Nonruminant animals cannot synthesize the essential amino
acids fast enough to meet their needs; therefore, those amino acids must be pro-
vided in their rations. Ruminants can generally synthesize the essential amino
acids by rumen bacterial action at a rate sufficient to meet their needs.

Research suggests that fermentation and bacterial action in the rumen may
reduce the quality of protein in the feed. This may result in a deficiency of one
or more essential amino acids in ruminant rations. Encapsulating the protein
feed reduces exposure to fermentation in the rumen. Heat or chemical treatment
with tannic acid or formaldehyde reduces the tendency of the protein to degrade
in quality in the rumen. When the high-quality protein is protected, the rumen
bacteria are more likely to use nonprotein nitrogen sources in fermentation pro-
cesses. Research is continuing in this phase of animal nutrition.

Sources of Protein

Animal protein sources are considered to be good-quality proteins since they
usually contain a good balance of the essential amino acids. Plant protein sources
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are usually thought of as poor-quality proteins because they often lack some of
the essential amino acids.

The amino acid needs of ruminants can be met by feeding proteins from vegeta-
ble sources. They can also be met by including urea in the ration. Urea is a synthetic
nitrogen source that is manufactured from air, water, and carbon. It is then mixed in
the ration to provide nitrogen for the making of amino acids in the rumen.

It is necessary to feed simple-stomached animals protein from sources that
provide a balance of essential amino acids. This is done to make sure they get
the essential amino acids in their feed. If cereal grains are combined in the right
combination, they will provide a balanced ration. Soybean oil meal, for example,
is one of the most commonly used protein sources for feeding hogs.

A commercial feed tag shows the guaranteed minimum of crude protein
contained in that feed, shown as a percent of the weight of the bag of feed. The
amount of crude protein (total protein) is the amount of ammoniacal nitrogen
in the feed multiplied by 6.25. It may contain materials that are not true protein.
Plant protein sources often used in commercial feeds include linseed meal, soy-
bean meal, cottonseed meal, and dehydrated alfalfa meal. Animal protein sources
often used are meat meal, fish meal, condensed fish solubles, dried whey, casein,
dried milk albumin, and dried skim milk. The synthetic nitrogen source, urea,
is also used for ruminant feeds. The list of ingredients on the feed tag shows the
protein sources used in the mix.

Not all of the crude protein in a feed is digestible. Thus, the animal cannot use
all of it. Some may come from hair, hooves, feathers, or other sources that have
a low digestibility. About 60 percent of the crude protein in a roughage ration
is considered to be digestible. About 7S percent of the crude protein in a high-
concentrate ration is considered to be digestible. Digestible protein is approxi-
mately the amount of true protein in a feed.

VITAMINS

Vitamins are trace organic compounds. In other words, they are needed only
in very small amounts by animals. All vitamins contain carbon, but they are not
alike chemically.

Vitamins are divided into two groups: fat-soluble and water-soluble. Fat-soluble
vitamins can be dissolved in fat. Water-soluble vitamins can be dissolved in water.

The fat-soluble vitamins are A, D, E, and K. Vitamin A is associated with
healthy eyes, good conception rate, and disease resistance. Vitamin D is asso-
ciated with good bone development and the mineral balance of the blood.
Vitamin E is necessary for normal reproduction and muscle development.
Recent research suggests that increasing the level of vitamin E alone or in com-
bination with selenium in the diet may help strengthen the immune system of
several animal species. Vitamin K helps the blood to clot and prevents excessive
bleeding from injuries.

Some sources of the fat-soluble vitamins are green leafy hay, yellow corn, cod
liver and other fish oils, wheat germ oil, and green pastures. Vitamin D is pro-
duced in the animal’s body if the animal is in direct sunlight part of the day.

The water-soluble vitamins include vitamin C and the B-complex vitamins.
The B-complex includes many different vitamins. These are: B, (thiamine), ribo-
flavin, niacin, pyridoxine, pantothenic acid, biotin, folic acid, benzoic acid, cho-
line, and vitamin B ,.

Vitamin C helps in teeth and bone formation and the prevention of infections.
The B-complex vitamins are necessary for chemical reactions in the animal’s
body. They help improve appetite, growth, and reproduction.

133



134 Section 2 Anatomy, Physiology, Feeding, and Nutrition

Sources of Vitamins

Some sources of vitamin C are green pastures and hay. All farm animals seem
to produce enough vitamin C in their bodies. Therefore, it does not need to be
included as a specific nutrient in their rations. Some sources of the B-complex
vitamins are green pastures, cereal grains, green leafy hay, milk, fish solubles, and
certain animal proteins.

Commercial feeds usually include necessary vitamins in the mixture. Vitamins
often included in commercial feeds for ruminants are A, D, and E. Vitamins
often included in commercial feeds for swine are A, D, E, K, riboflavin, niacin,
d-pantothenic acid, B;,, and choline chloride.

MINERALS

Minerals are inorganic materials needed in various amounts by animals. Min-
erals contain no carbon. Thus, if a feed were completely burned, the ash that was
left would be the mineral content of the feed.

Minerals are important in animal feeding. They provide material for the growth
of bones, teeth, and tissue. Minerals also regulate many of the vital chemical pro-
cesses of the body. They aid in muscular activities, reproduction, digestion of
feed, repair of body tissues, formation of new tissue, and release of energy for
body heat. If there is a lack of a certain mineral in an animal’s ration, this is called
a deficiency.

For example, without iron in the blood, oxygen could not be carried to the
body cells. A deficiency of iron and copper in baby pig rations will cause anemia.
The bones and teeth will not form properly if the animal lacks calcium and phos-
phorus in its ration.

Recent research suggests that increasing the level of trace minerals in livestock
rations above the currently recommended level may improve an animal’s immu-
nity to disease. For example, increasing the level of selenium in the diet of calves
and swine has increased the antibody response of the immune system. A small
increase in the zinc level in the diet has increased the production of white blood
cells to fight infections. More research is needed before this practice can be rec-
ommended for use on the farm.

Minerals are divided into two groups. Major minerals are those needed in large
amounts. Trace minerals are those needed in small amounts.

Major minerals that are often lacking in animal rations are salt (sodium and
chlorine), calcium, and phosphorus. It is important to make sure that these min-
erals are included in the animal’s ration. The ratio of calcium to phosphorus in
swine rations should not be greater than 1.5 to 1. The ratio of calcium to phos-
phorus for ruminants can be as high as 7 to 1.

Trace minerals that are necessary for animals include potassium, sulfur, mag-
nesium, iron, iodine, copper, cobalt, zinc, manganese, boron, molybdenum, fluo-
rine, and selenium. Most of these trace minerals are found in common animal
feeds. Usually there are adequate amounts of these minerals in the feed.

In some areas and under certain conditions there may be deficiencies of
some trace minerals in the feed available to livestock. These deficiencies may
be widespread in a given geographic area or they may occur only in parts of
selected fields. Table 6-2 lists trace minerals and where problem areas of defi-
ciencies may occur in the United States. If a trace mineral deficiency in the
feed is suspected, it may be wise to have the feed analyzed. When a deficiency
is identified, the ration must be properly supplemented with the missing trace
minerals.
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Table 6-2 Trace Mineral Deficient Areas of the United States

Element Deficiency Occurrence in the United States

Boron Throughout the United States on sandy light-textured soils, acid soils, calcareous soils,
soils with low amounts of organic matter. Most serious with alfalfa.

Cobalt Sandy soils in New England states and South Atlantic Coastal Plain, especially in Florida.
Legume plants in these areas; grasses and cereal grains in all parts of the United States.

Copper Most often found in organic soils or very sandy soils in Central wheat belt, New England states,
lower Atlantic Coastal Plain. Generally in legumes grown in these areas.

lodine Great Lakes states, Dakotas, Montana, I[daho, Washington, Oregon, Nevada, Utah, Colorado,
Wyoming, western Nebraska, southeastern state of the Appalachian Range.

Iron Alkaline soils of western United States and very sandy soils. Intermountain region in western
United States including northern Nebraska to Kansas, Colorado, western Oklahoma, eastern
New Mexico, northwest Texas; also lowa and California. Often highly localized in specific fields.

Magnesium Sandy and loamy soils with a high level of available potassium.

Manganese Great Lakes region and Atlantic Coastal Plain states. Problem is greatest on calcareous soils,
peats, mucks, coarse-textured soils, and poorly drained soils.

Molybdenum Poorly drained acid soils in the intermountain valleys of western United States and poorly
drained acid soils in South Central Florida.

Selenium Great Lakes states, New England states, upper Appalachian area, Atlantic Coastal Plain, Florida.
Also, Washington, Oregon, northern two-thirds of California, Nevada, I[daho, western Montana,
western Utah. Deficiency may be highly localized in some areas.

Sulfur Pacific Northwest and some parts of the Great Lakes states.

Zinc Western United States (generally highly localized on irrigated land), southeastern United

States on sandy, well-drained, acid soils, or soils from phosphatic rock parent material. Some
localized areas of deficiency in other areas of the United States.

Some trace minerals, when present in excess quantities, are toxic to livestock.
Toxicity may occur when the minerals accumulate in plants grown in the area.
Some toxicity problems are discussed in Table 6-3.

Major and trace minerals are usually supplied in commercial feeds. They may
be included in a protein supplement or added by the use of a mineral premix.

Table 6-3 Trace Mineral Toxicity Areas of the United States

Element Toxicity Problem Areas in the United States

Boron San Joaquin Valley of California. Semiarid regions with alkaline soils in other areas of
the western United States.

Manganese On poorly drained, acid soils. More likely to affect crop growth than livestock production.

Molybdenum Forage crops on some alkaline soils in western United States and poorly drained organic
soils in South Central Florida. Cattle and sheep most likely to be affected.

Selenium Some areas of the Plains and Rocky Mountain states; most often on well-drained

alkaline soils. Some shrubs and weeds native to semiarid and desert rangelands have
an unusual ability to extract selenium from the soil. If grazed, these plants can cause
selenium toxicity in livestock. Range grasses and field crops growing in the same areas
do not accumulate excessive amounts of selenium in their tissues.
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Salt and mineral blocks are often used to provide the additional minerals needed
in the ration. Monocalcium phosphate, dicalcium phosphate, ground limestone,
steamed bonemeal, and calcium carbonate are usually included in commercial
feeds and mineral supplements to provide calcium and phosphorus.
Commercial feed tags show a guaranteed minimum and maximum percent
of calcium. The minimum percent of phosphorus is shown on the tag. If salt is
added, the minimum and maximum percent of salt is also shown on the feed tag.
Major minerals, except salt, are guaranteed in terms of the individual element
rather than as compounds. Salt is guaranteed as the compound sodium chloride
(NaCl). Trace minerals are guaranteed on the feed tag as a minimum percent of

the weight of the feed in the bag.

WATER

Water is so common that its importance as a nutrient is often forgotten. How-
ever, water makes up the largest part of most living things. The amount of water
in an animal’s body varies with the kind of animal, its age, and its condition.
In general, the amount of water in animal bodies ranges from 40 to 80 percent.
Younger animals have a higher percent of water in their bodies than older animals.

Water has many important functions. It helps to dissolve the nutrients the
animal eats. It also helps to control the temperature of the animal’s body. Water
in the blood acts as a carrier of the nutrients to different parts of the animal’s
body. Water is necessary for many of the chemical reactions that take place in
the body.

A fresh, clean supply of water is necessary for animals to grow and produce
profitably. A continuous supply is best for rapid growth and efficient production.
If animals do not have a good water supply, they will not make good use of the
other nutrients supplied in the ration. Animals can live longer without food than
they can without water.

SUMMARY

Nutrients are chemical elements or compounds that aid in the support of life.
Animals must have five different groups of nutrients to grow and produce effi-
ciently. Energy nutrients provide the energy necessary for movement and pro-
duction of body heat. Proteins supply material to build body tissues, hooves,
horns, hair, and skin. Vitamins help to regulate many of the body’s functions.
Minerals provide material for bones, teeth, and tissues and help to regulate
chemical activity in the body. Water dissolves and carries nutrients, regulates
temperature, and is necessary for chemical reactions in the body.

Nutrients are supplied by the grains and forages fed to the animal. Additional
nutrients needed by the animal are supplied by commercial feed mixes.

Student Learning Activities

1. Collect samples of nutrient sources from farms and feed stores. Develop an
exhibit of these samples showing the approximate percent of each nutrient
that comes from each source. Include in the exhibit, information about the
function of each nutrient.

2. Present a short oral report to the class about new developments in feed nutri-
ents that have been reported in farm magazines and newspapers.

3. Develop a bulletin board exhibit of commercial feed tags. Include informa-
tion about the functions of the nutrients listed on the tags.
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Take a field trip to alocal grain elevator, feed store, or commercial feed manu-
facturer. Observe the sources of feed nutrients used in feed mixing, and the
method of mixing complete feeds.

. Take a field trip to a local farm that has facilities for mixing complete feeds.

Observe the nutrient sources used and the methods used to obtain a com-
plete feed mix.

. Select and use appropriate feed sources containing the necessary feed nutri-

ents when planning and conducting a supervised experience program in
animal production.

Discussion Questions
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13.
14.
1S.
16.
17.
18.
19.
20.
21.
22.

. What is a nutrient?

. List the five groups of nutrients.

. What is nitrogen-free extract?

. What are the four substances that make up carbohydrates?
. What is the function of carbohydrates?

. List five feed sources of carbohydrates.

. What is the function of fats and oils?

. List five feed sources of fats and oils.

. What are proteins?

. What is the function of proteins?

. Name the 10 essential amino acids.

. What is the difference in value between animal protein sources and plant

protein sources?

What is urea?

List three plant protein sources and three animal protein sources.
What is the difference between crude protein and digestible protein?
What are vitamins?

What is the function of vitamins?

Which vitamins are fat-soluble and which are water-soluble?
What are minerals?

What is the function of minerals?

List the major and trace minerals often needed in animal rations.
What is the function of water in an animal’s body?

Review Questions

True/False

1.
2.

Some sources of vitamin C are green pastures and hay.
Major and trace minerals are usually supplied in commercial feeds.

3. Salt is usually guaranteed as the compound calcium nitrate.
Multiple Choice
4. The main energy nutrient found in animal rations are:
a. proteins c. fats
b. carbohydrates d. oils
S. Which have the highest energy value?
a. carbohydrates c. proteins
b. fats d. vitamins
6. Water does the following in the ration:
a. dissolves nutrients c. enhances chemical reaction

b. controls temperature d. all of the above
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Completion

7. A chemical element or compound that aids in the support of life is a

8. The amount of ammoniacal nitrogen in the feed multiplied by 6.25 is known
as

9. When there is a lack of a certain mineral in an animal’s ration, this is called a

Short Answer

10. List three sources of B-complex vitamins.

11. Because simple-stomached animals such as swine cannot digest large amounts
of fiber, what must be included in their rations?
12. List some sources of carbohydrates in animal feeds.



Feed Additives and
Hormone Implants

Objectives

After studying this chapter, the student should be able to

discuss the general use and purpose of feed
additives and hormone implants.

describe the proper method of hormone
implantation.

discuss the proper use of feed additives for various
species of animals.

discuss labeling and regulation of feed additives.

discuss the proper mixing of feed additives in
complete rations.

discuss health issues and concerns relating to the
use of feed additives.
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Feed additives are materials used in animal rations to improve feed efficiency,
promote faster gains, improve animal health, or increase production of animal
products. These materials are not generally considered to be nutrients and are
used in small amounts in the ration. They are often added to the basic feed mix
and require careful handling and mixing. Hormone implants are pelleted syn-
thetic or natural hormones or hormone-like compounds placed under the skin
or in the muscle of the animal. Implants are used to lower production costs by
improving both rate and efficiency of gain. Feed additives and hormone implants
are sometimes called performance stimulants.

Feed additives came into common use in livestock feeding in the early 1950s.
Since then, a wide variety of feed additives and hormone compounds have been
developed, tested, and approved for use with livestock. The use of some of these
materials has been discontinued because of toxicity, high cost, lack of proven ben-
efit, or excessive residues in meat and livestock products. However, many feed
additives and hormones are still widely used in livestock production. Hormone
implants are used mainly in beef cattle operations. The kinds of materials used in
livestock production include antimicrobial compounds (such as antibiotics and
chemoantibacterials), hormones and hormone-like substances, anthelmintics
(dewormers), buffering agents, feed flavors, and bloat preventatives.

KINDS OF FEED ADDITIVES AND HORMONES

Antimicrobial Drugs

Antibiotics and chemoantibacterial (chemotherapeutic) compounds are called
antimicrobial drugs because they kill or slow down the growth of some kinds of
microorganisms. These compounds are often used as feed additives for livestock
and poultry rations.

There are many different kinds of microorganisms (microbes) that live in the
bodies of animals. Some of these microbes are beneficial to animals and some are
harmful. When livestock are raised in confinement, there is a greater potential
for the spread of harmful microbes among the animals because they are crowded
more closely together; the use of antimicrobial drugs helps to keep these harm-
ful microbes under control. The use of these drugs at a lower level in the feed
than would be used for treating sick animals is referred to as a subtherapeutic
level of use. The use of antibiotics at subtherapeutic levels in large cattle feedlots
has been declining in recent years. Cattle feeders have become increasingly con-
cerned about the development of resistant strains of bacteria when drugs are used
at the subtherapeutic level.

The major difference between antibiotics and chemoantibacterial compounds
is the way in which they are produced. Antibiotics are produced by living microor-
ganisms. Chemoantibacterial compounds are made from chemicals. Sometimes an
antibiotic and an antibacterial are combined into one compound, called a chemo-
biotic, to combat a problem that is not susceptible to either one individually. In
this text, the term antibiotic is used generically to refer to all of these compounds.

There are hundreds of antibiotics. Some of the ones most commonly used
in livestock production include chlortetracycline (Aureomycin), neomycin,
oxytetracycline (Terramycin), penicillin, streptomycin, and tylosin. Polyether
antibiotics are called ionophores and are usually used in the production of rumi-
nant animals. Monensin (Rumensin) and lasalocid sodium (Bovatec) are two
commonly used ionophore antibiotics used in beef production. Some common
chemoantibacterial compounds used in livestock feeding include carbadox,
furazolidone, nitrofurazone, and sulfamethazine.
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There is a variation in response to the use of antibiotics among different species
and under various feeding conditions. Because antibiotics act to control microbes,
there is little or no benefit gained from the feeding of antibiotics when livestock
are raised under conditions that are free of harmful microorganisms. Research in
livestock nutrition shows several factors that explain why antibiotics increase rate
of gain, improve feed efficiency, or improve the general health of animals.

When a substance is referred to as nutrient sparing, it means that the sub-
stance allows animals to use available nutrients more effectively. Antibiotics act in
several ways to accomplish a nutrient-sparing effect in livestock. Some antibiotics
stimulate microbes that are present in the digestive tract to produce more nutri-
ents than they would without the presence of the antibiotic. Some microbes in
the digestive tract compete for essential nutrients without improving the perfor-
mance of the animal; some antibiotics slow down this competition for essential
nutrients. An animal must absorb nutrients through the intestinal wall in order
to use them in metabolism; some antibiotics help in the development of a thin,
healthy intestinal wall, which allows for easier absorption of nutrients.

The rate of metabolism in young, growing animals changes when they are fed
antibiotics. When antibiotics are included at low levels in the ration, the daily
feed intake is greater and the conversion of feed to meat becomes faster and
more efficient as compared with animals that do not have antibiotics included
in the ration.

Subclinical diseases are those that are present in the animal’s body at levels
too low to cause visible effects. Under many conditions of farm feeding, subclini-
cal diseases are present in the animals being fed. When antibiotics are included
in the ration, these subclinical diseases are continuously controlled. As a result,
the animal is healthier and more vigorous. Because subclinical diseases are con-
trolled, the rate of gain is more uniform among groups of animals that are being
fed antibiotics.

Different types of antibiotics vary in the range of microorganisms that they
control. Some control many different microorganisms and are thus referred to
as broad-spectrum antibiotics; those that control only a few microorganisms are
called narrow-spectrum antibiotics.

Broad-spectrum antibiotics are preferred for use as feed additives. They gen-
erally give better results in terms of rate of gain, feed efficiency, and improved
animal health. Narrow-spectrum antibiotics are more often used to control a spe-
cific disease problem that may be present in the group of animals being fed.

Hormones and Hormone-Like Compounds

Hormones are substances produced in the animal’s body. Natural hormones are
secreted into the body fluids, such as the bloodstream, by various glands in the
body. The adrenal cortex, pancreas, pituitary, ovaries, and testes all secrete small
amounts of hormones. Hormones regulate many body functions, such as growth,
metabolism, and the reproductive cycle. Hormone-like compounds are synthetic
substances that act like hormones in the body. Hormones and hormone-like
compounds are produced commercially to be used as feed additives, primarily
in beef nutrition.

Androgens, progestogens, and estrogens are hormones produced by the sex
glands of animals. These hormones increase the rate of protein synthesis and
muscle development. They are used in rations to improve feed efficiency and
increase the rate of growth. Beef cattle have shown the greatest response to their
use either as feed additives or implants.

The first synthetic hormone developed for use in animal feeding was stilbe-
strol (diethylstilbestrol [DES]). DES is a synthetic estrogen. It was approved by
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the U.S. Food and Drug Administration (FDA) in 1954 as an additive for use in
beef cattle finishing rations. The FDA approved DES implants for steers in 1956.
Significant increases in rate of gain and feed efficiency in steers were shown to
result from the use of DES.

DES was also used to treat women during pregnancy to prevent miscarriages.
During the 1960s, medical research indicated that there was some danger that
daughters of women who had been treated with DES during pregnancy could
develop arare form of cancer. Research also showed that DES could cause cancer
in mice when they were fed massive doses of the drug. In 1972, as a result of these
findings, the FDA withdrew approval of DES as a feed additive. This ban was chal-
lenged in the courts and DES was again approved for use. In 1979, the FDA again
banned the use of DES as a feed additive, and this ban is still in effect today.

The use of hormones and hormone-like compounds in livestock production
continues to be controversial. A recent survey of consumers in the United States
reveals that 61 percent believe that hormone residues in meat are a serious health
hazard; another 32 percent believe that they pose something of a hazard.

The debate over this use of hormones has affected the international markets for
meat produced in the United States. Since January 1, 1989, the European Union
(EU) has banned the importation of any meat for human consumption that has
been treated with anabolic agents. In effect, meat produced with the use of hor-
mones or hormone-like compounds cannot be sold in the EU. Individual meat
producers who do not use these compounds in livestock production can still
export their products to the EU under individual commercial agreements. The EU
has established criteria to monitor these products. However, a problem still exists
in monitoring this meat because it is not possible to differentiate between hor-
mones that the animal produces naturally and those that have been implanted.

The EU ban is based on consumer concern for human health and safety.
However, research by the FDA has shown that when these compounds are prop-
erly used, there are no adverse effects on human health. Researchers at the World
Health Organization (WHO) have reached the same conclusion. The amount of
these hormones that the human body produces naturally is far greater than any
residues found in meat.

Some of the consumer concern is related to the possible carcinogenic effects
of these compounds. Research shows that the hormones approved for use in the
United States for livestock production would have to be consumed in extremely
high dosages to act as carcinogens. When they are used in the proper manner at
the approved levels, they pose no danger as carcinogens to humans.

The continuing controversy over the use of these compounds in meat produc-
tion creates a greater need for livestock producers to exercise care in their use.
Careless use provides ammunition for those who would ban these compounds
in the United States. If such a ban were imposed, it would result in an estimated
13 percent drop in the amount of beef produced; this could mean annual losses
to beef producers of one to three billion dollars. The controversy over the use of
these compounds has been marked with a great deal of sensationalism and mis-
information. Beef producers face a major problem in providing accurate informa-
tion to the consuming public regarding this issue.

Hormones and hormone-like compounds will be discussed in more detail
later in this chapter in the section dealing with beef cattle.

Anthelmintics

Anthelmintics (dewormers) are compounds used to control various species of
worms that may infest animals. They may be provided to the animal in either feed
or water.
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Some of the more common species of worms that can infest animals at vari-
ous stages of production include large roundworms, nodular worms, and whip-
worms. The presence of worms in the animal’s system reduces feed efficiency
and rate of gain. The level of performance improvement gained from the use of
anthelmintics depends on the level of worm infestation found in the animals
being treated. Where good management practices (such as rotating pastures or
keeping manure cleaned from pens) are followed, there will be less response from
the use of anthelmintics. However, if there is an indication of worms in any of the
animals in a group, it is safe to assume that all animals in the group have some
level of worm infestation. This condition indicates the need to treat the entire
group of animals for worm infestation.

Other Feed Additives

A number of substances may be used for specific purposes in livestock feeding. In
some cases these are designed to improve growth, rate of gain, or feed efficiency.
In other cases they are used for specific purposes.

Coccidiostats are sometimes added to cattle, sheep, swine, and poultry rations
to prevent the disease coccidiosis. Coccidiosis is an intestinal parasitic infection
that results in decreased performance and diarrhea. Coccidiostats work to pre-
vent growth of the coccidia protozoa that cause coccidiosis.

The pH level (the acid-base balance) of the fluids in the digestive tract influ-
ences the proper digestion of feeds. Sodium bicarbonate and ground limestone
are sometimes used in rations of ruminant animals to regulate the pH level or the
acid-base balance and thus improve digestion.

Ruminant animals may bloat when they eat too much lush, green alfalfa or too
much grain. Foaming may occur in the rumen, or a slime layer may build up over
the liquid in the rumen that prevents the gases in the rumen from escaping. This
causes a noticeable swelling of the animal’s midsection. A bloat preventative may
be added to ruminant feeds when bloat is a problem. It may be used as a precau-
tionary measure when putting animals on pasture in the spring or when starting
them on feed in the feedlot. Bloat preventatives work by breaking up the foam or
the slime layer and allowing the gases to escape.

Animals under stress in the feedlot may be calmed by the use of tranquilizers.
Enzyme feed additives are also available. Antioxidants may be added to feeds to
prevent rancidity. Sodium bentonite is sometimes used as a pellet binder when
feeds are pelleted. Feed flavors are sometimes added to rations to make the ration
more palatable or to hide the taste of medication being given in the feed.

Several copper compounds, such as copper sulfate, copper carbonate, copper
chloride, and copper oxide, have improved performance when added to swine
growing rations. Care must be taken to use the appropriate level of the copper
compound and thoroughly mix the feed to prevent toxicity problems. The use of
such compounds is becoming popular because they are cheaper than antibiotics.
Because copper interferes with the bacterial action in lagoon manure disposal
systems, swine producers who use such systems should not use copper com-
pounds in animal rations.

Probiotics are compounds such as yeasts and lactobacilli that change the
bacterial population in the digestive tract to a more desirable type. In some cases
the use of probiotics has improved animal performance, but the improvement
has not been as great as that obtained by the use of antibiotics. Research has
shown that probiotics can be used in conjunction with antibiotics in the feeding
program.

Some organic acids such as propionic acid are used to slow the development of
molds in feed. They are used as preservatives in high-moisture grain.
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BEEF CATTLE

The use of antibiotics and hormones as feed additives is one of the most effective
management tools available to beef cattle producers. The use of these products
significantly increases feed efficiency and rate of gain, and thus increases profits.

Antibiotics

Cattle being fed a high-energy ration will show a 3 to S percent improvement in
rate of gain and feed efficiency when a continuous low level (35 to 100 milligrams
per head per day) of antibiotic is included in the ration. Daily gain and feed effi-
ciency is even higher for growing cattle being fed low-energy rations.

The improved performance that results from the use of antibiotics generally
results from the action of the antibiotics against harmful microorganisms. These
microorganisms cause such feedlot disorders as foot rot, liver abscess, respiratory
diseases, and shipping fever. The greatest response from the use of antibiotics
usually occurs when cattle are under stress or just starting on feed for finishing
in the feedlot. However, there is a continued response throughout the feeding
period when antibiotics are fed continuously at low levels.

A high percentage of rations for cattle on feed contain either monensin
sodium (Rumensin) or lasalocid sodium (Bovatec). Both are ionophore antibi-
otics. Monensin sodium generally improves feed efficiency and the rate of gain.
Addition of monensin sodium to the ration will typically decrease feed intake.
Lasalocid sodium is added to the ration to improve feed efficiency and also
increase the rate of gain, but addition of lasalocid sodium to the ration does not
affect feed intake.

These compounds affect the fermentation of feed in the rumen, decreasing
the proportion of methane gas and increasing the proportion of propionic acid
produced. As a result, the conversion of feed energy to growth is improved by
a factor of S to 10 percent. Feedlot bloat and acidosis are also reduced by these
compounds.

Cattle on a high-energy (high-grain) ration show an initial reduction in feed
intake of about 20 percent when monensin is first added to the diet. This reduc-
tion in feed intake lasts about 3 to 4 days. Feed intake then gradually rises to a
level of about 10 percent less than the feed intake of cattle that are not being fed
monensin. While cattle being fed monensin eat about 2 to 4 percent less than
those not being fed monensin, the rate of gain is about the same. The efficiency of
feed use is increased by the addition of monensin to the diet.

Monensin can also be used as a feed additive for cattle on pasture. Cattle on
low-energy (pasture or high roughage) diets do not respond in the same manner
as those on high-energy diets. Feed intake is not reduced, but the cattle make
better use of the energy in the feed. This reduces the daily energy maintenance
requirements of the cattle and results in faster gains. Research shows that cattle on
pasture with monensin in their diet gain about 16 percent faster than cattle that
are not being fed monensin.

Lasalocid sodium (Bovatec) acts in a manner similar to monensin. Research
shows that feed efficiency is improved by about 8 percent, while rate of gain is
increased by about S percent. A major difference between lasalocid sodium and
monensin is lasalocid is less toxic to horses and swine than is monensin.

In all cases, directions for use and claims on labels should be followed
closely. Current approvals for feed additive use are subject to change and the
user is cautioned to follow current regulations when using any feed additive.
Sources of current information relating to feed additives are given later in
this chapter.
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Hormones and Hormone-Like Compounds

Many hormones or hormone-like compounds have been developed for use with
beef cattle. Some are naturally occurring hormones and others are synthetic sub-
stances. In the following discussion, the generic term hormones is used to refer
to both natural hormones and synthetic hormone-like compounds. While some
of these compounds may be added to the feed, it is a common practice to use
others as implants in the ear of the animal (Figure 7-1).

The practice of using hormones in beef production is recognized as one of
the most effective management tools available to increase feed efficiency and
improve the rate of gain of cattle. Research shows that rate of gain is improved
an average of 10 percent, while feed efficiency is improved from 6 to 8 percent
through the use of hormones with feedlot cattle.

Hormone Feed Additive

Melengestrol acetate (MGA) is a synthetic hormone similar to progesterone. It
suppresses estrus (prevents the heifer from coming into heat), which reduces the
continual mounting seen when heifers are coming into heat in the feedlot. MGA
also increases the rate of gain and improves feed efficiency in fattening heifers.
Research shows that average daily gain is improved by about S to 11 percent and
feed efficiency is improved about 5 percent when MGA is included in the diets
of heifers in the feedlot. These results are based on sexually mature, nonpreg-
nant females. MGA gives no response in feed efficiency or rate of gain when fed
to steers.

There have been no negative side effects reported with the use of MGA.
Sometimes there is a slight enlargement of the mammary glands of the heifers,
but this has not been a problem. There have been no reports of any connection
between feeding MGA and dark-cutting carcasses.

Hormone Implants

Implants improve both rate of gain and feed efficiency when they are properly
implanted. Combining implants with feed additives improves performance more
than using either alone.

Implants stimulate growth hormones in the animal’s pituitary gland and
change the hormone balance in the animal’s body. Implants produce a slightly
greater response in steers as compared to heifers; bulls show less response than
either steers or heifers. Weight gain response also differs among different ages
of cattle. Implants increase weight gains by about 8 to 15 percent in growing
and finishing cattle and by about 8 percent in suckling calves. Feed efficiency in
growing and finishing cattle is improved by about 6 to 10 percent. Rate of gain is
higher in implanted suckling heifer calves compared to suckling steer calves.

A feeding trial at Iowa State University revealed that using implants with
large-frame steers increased the protein requirements of the ration. Rate of gain
increased by 30 percent and feed efficiency improved by 19 percent when the
ration contained 12.5 to 14 percent crude protein compared to a ration contain-
ing 9.5 to 11 percent crude protein.

Variation in response to hormone implants is greatest among cattle on pas-
ture and high-roughage diets. Research indicates that cattle should be gaining
about 1 pound (0.4S5 kg) per day before there is significant response to the use
of implants. Some studies have shown that implanting cull cows on a high-
concentrate ration will improve rate of gain and feed efficiency. The best response
to hormone implants is obtained when cattle are on a high-concentrate finishing
diet. Reimplanting before the effective period of the original implant expires
will produce improved performance.

Figure 7-1 An implant instru-
ment is commonly used to insert
growth hormone pellets in the ear
of market beef animals. Photo by
Dr. Frank Flanders.
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Cartilage

Figure 7-2 Proper location for
implant.

Because implants contain an active ingredient that is hormone-like, they can
interfere with reproduction or cause complete sterility. Implants should not be
used on animals that are to be kept for breeding purposes. The development of
the testicles is so severely impaired when implants are used with young bull
calves that they cannot be used for reproductive purposes. Research indicates
that there is less effect on the sexual development of heifers, but it is still recom-
mended that they not be implanted if they are to be kept for breeding purposes.
However, if heifers are not identified as replacements until later in life, they can
be implanted once iflabel directions are carefully followed. Heifers that have been
implanted may show a slightly lower conception rate when they are first bred.

There have been reports of undesirable side effects from implants, such as
“buller” steers, high tailheads, and udder development. Buller steers show an
unusual amount of sexual activity in the feedlot, which reduces gain and increases
labor costs. It is believed that these side effects are probably the result of improper
techniques used in implanting.

The proportion of lean meat deposition in the carcass is higher when implants
are used on feeder cattle. This may result in fewer carcasses grading choice.
Therefore, cattle need to be fed to slightly higher weights to achieve the same
level of marbling reached by cattle that are not implanted.

Implanting procedure. The length of time implants are effective appears to
be related to proper technique in applying the implant. If any of the pellets are
crushed during implantation, the effective period of the implant is decreased.
Some of the undesirable side effects that have been observed with implants
appear also to be traceable to improper implantation technique. Improper implant-
ing may also result in some of the animals losing the implant.

Being in too much of a hurry to do the implanting can result in serious eco-
nomic loss from improperly placed implants. It has been estimated that improper
implanting procedures may be causing losses of as much as 20 percent if com-
pared with the loss rate when proper procedures are followed. A little extra time
taken during the implanting procedure can pay big dividends for the beef producer.

The following guidelines should be followed to secure the proper placement
of the implant.

1. Restrain the animal securely in a headgate or squeeze chute. Use a halter to
secure the animal’s head to prevent up-and-down head movement.

2. Do not use an instrument with a dull needle as that will make it difficult to
penetrate the skin. Make sure the needle is not bent and that it has neither
burrs nor rough edges. These conditions often result in crushed pellets.

3. Be sure the needle and the implantation site are both clean. Cotton or a
sponge, soaked in alcohol, should be used to clean the needle before inject-
ing another animal. Clean manure and dirt from the implantation site on the
ear, using an alcohol-soaked sponge or cotton. Do not use the same cotton
or sponge you use to clean the needle. Failure to clean the needle and the
implantation site on the ear can result in infection. The infection may encap-
sulate the implant in connective tissue, rendering it ineffective.

4. Select the proper implanting site on the back surface of the ear. The current
recommendation is to place all implants in the middle one-third of the ear—
that is, about 1.5 to 2 inches (3.8-5 cm) from the base of the ear (Figure 7-2).

5. With the implanting instrument pointed toward the head and parallel to the
ear, lift the loose skin with the point of the needle. Push the needle in, being
careful not to go into or through the ear cartilage or hit a vein. Placing the
implant in the ear cartilage may cause encapsulation of the implant and result
in slower-than-normal absorption of the implant material. Hitting a vein can
cause excessive bleeding and possibly result in the loss of the implant.
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6. Withdraw the needle slightly before starting the implant. Push the plunger
or pull the trigger while slowly withdrawing the needle. Feel for the implant
with the opposite hand as the needle is being withdrawn to make sure the
pellets have been properly deposited. If the needle is withdrawn too rapidly,
the pellets may be crushed or balled up in one pocket. The pellets should be
deposited in a line between the skin and the ear. Crushing the pellets may
result in too rapid absorption and undesirable side effects.

Using Combinations of Feed Additives and Hormones

Antibiotics are sometimes used in combinations in beef production. These com-
binations are claimed to promote growth and be effective against diseases. Use of
antibiotics in combination must follow current regulations, and label directions
for mixing must be carefully followed.

The ionophore antibiotics (monensin sodium and lasalocid sodium) may be
used in combination with hormone implants. Melengestrol acetate (MGA) can
also be used in combination with hormone implants. The use of these combina-
tions results in significant increases in rate of gain and feed efficiency. Research
indicates that rate of gain is increased by about 18 percent and feed efficiency is
increased by about 12 percent when combinations are used.

Special Purpose Additives

Many beef producers treat all newly purchased cattle for worms, as well as cattle
that have just come off of pasture into the feedlot. Feed additives are also avail-
able for bloat prevention and for controlling flies. The use of a feed additive for fly
control works by controlling growth of fly larvae in the manure and is therefore
more effective when all cattle in the area consume the additive.

The materials discussed above are not intended to be inclusive of all the kinds
of special purpose additives that may be used in beef production. Other products
are available for a variety of purposes. Label directions and current regulations
must be followed when using any drug in livestock production.

DAIRY CATTLE

The use of feed additives is not as widespread among dairy farmers as it is with
beef producers (Figure 7-3). However, there are a number of additives that may
be used with the dairy herd that can increase profits. The returns from the use
of these additives vary with the environment and the management practices of
individual producers.

Antibiotics

Antibiotics may be used with replacement heifers that are under 16 weeks of
age and are not growing properly. The results of the use of antibiotics with these
young heifers is to improve their growth rate and reduce stress from the environ-
ment. Antibiotics may be used as a feed additive for calves to promote growth,
improve feed efficiency, and treat diarrhea, or for nonlactating dairy cows for
growth promotion, feed efficiency, and treatment or prevention of diarrhea, liver
abscesses, foot rot, respiratory diseases, anaplasmosis, and bloat. Antibiotics may
also be used for lactating dairy cows for treatment or prevention of diarrhea, foot
rot, and respiratory diseases and improved milk production .

Monensin may be used to improve feed efficiency and rate of gain in replace-
ment dairy heifers. It is now legal to use monensin with lactating dairy cows.
Label directions and current regulations must be followed when using antibiot-
ics in dairy cows.

Figure 7-3 Feed additives are
used more in beef cattle feed than
dairy cattle rations. Couresty of Getty
Images.
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Other Additives

Anhydrous ammonia (NH3) may be used as a forage preservative for corn
silage, low-quality forages, or wet hay. It improves the digestibility of the fiber in
the forage and also provides a nonprotein nitrogen source for ruminants. Add
7 pounds (3.2 kg) per ton of wet corn silage and 20 pounds (9 kg) per ton of
hay. It may be added to straw or corn stalks at the rate of 40 to 60 pounds (18 to
27 kg) applied as a gas for 1 to 3 weeks.

Buffers such as sodium bicarbonate (baking soda) and sodium sequecar-
bonate may be added to feed to help preserve a pH of 6.5 to 6.8 in the rumen.
This pH level is desirable because it improves feed intake and feed digestibility.
Buffers may be fed at the rate of 0.25 to 0.5 pound (0.11 to 0.22 kg) per head per
day. Use a buffer in the feed during the first 120 days after calving if the cows are
being fed more than 4S5 pounds (20 kg) per day of a high-moisture (over 50%)
corn silage or are receiving a heavy (more than 2% of body weight) feeding of
grain. Buffers may also be used to advantage when cattle are heat stressed, off-feed,
or when finely ground forages or grain are being fed.

Isoacids may be fed to lactating dairy cows to improve feed efficiency and the
digestion of fiber in the rumen. The use of isoacids in the ration may result in
from 2 to 6 pounds (0.9 to 2.7 kg) more milk per day. It may take as long as
4 weeks from the time feeding of this additive is started until milk production
begins to increase.

Propionic acid may be used as a preservative for hay or high-moisture corn.
It prevents mold and heating of the hay or corn. It is added at the rate of 0.5 to
1.5 percent of the feed. It is recommended for use when there is danger of spoil-
age when the hay or corn is too wet. When used at the recommended level,
milk fat tests are not lowered.

Propylene glycol may be used at the rate of 0.5 to 1 pound (0.22 to 0.45 kg) per
cow per day to treat ketosis. It is converted to blood sugar, thus raising the level of
sugar in the bloodstream. It is recommended for use when symptoms of ketosis
appear in urine tests or milk ketone tests.

SHEEP AND GOATS

There are fewer feed additives available for use with sheep and goats than cattle
or swine.

Extensive testing must be done to gain approval for use of drugs as feed addi-
tives. The sizes of the sheep and goat industries are not large enough to make
such an intensive effort worthwhile for commercial companies that produce
feed additives. Because feed additives do help to prevent disease problems,
the Minor Use and Minor Species Animal Health Act of 2004 was signed into
law. This law is designed to encourage development of new drugs for minor
species such as sheep and goats. Your local veterinarian, extension specialist,
nutritionist, or other qualified professional should be able to provide more
information on approved feed additives for sheep and goats.

Antibiotics

Some producers include a broad-spectrum antibiotic in feeder lamb rations. Most
feeder lambs will respond with improved feed efficiency and rate of gain when an anti-
biotic is used. Response is often better when the antibiotic is included in the ration
during the first month of the feeding period or when high-energy rations are fed.
Some producers will also use a broad-spectrum antibiotic in the ration for
pregnant ewes to prevent abortions. If abortions have been a problem in the
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past, antibiotics may be added to the ration for the last 6 weeks of gestation. If
an outbreak of abortions begins to occur, many producers will immediately add a
broad-spectrum antibiotic to the ration.

A coccidiostat may be used if a coccidiosis problem exists with feeder lambs.
Lasalocid sodium may also be used to improve rate of gain and feed efficiency in
lambs.

Special Purpose Additives

Some producers will choose to use a feed additive to control gastrointestinal
worms in sheep and goats. Some anthelmintic products (deworms) can be used
as an additive to the feed or salt. When using these products the label directions
must be closely followed and all withdrawal times observed.

Hormone Implants

Growth promoting hormone implants are available for sheep. Although, these
implants do enhance the lambs’ rate of gain and feed efficiency, most producers
do not use implants in lambs. The implants can result in premature hardening of
the lamb’s bones, and at slaughter the lamb could be classified as mutton and not
lamb. Most producers find the advantage in rate of gain and feed efficiency is not
sufficient to compensate for the potential reduced value of the lamb if it is classi-
fied as mutton at slaughter.

SWINE

Feed additives are widely used in swine rations. It is important for the swine pro-
ducer to determine the specific purpose for using any particular feed additive
in swine feeding. The economic returns expected from the use of the additive
should be greater than the cost of the additive.

Young swine give a greater economic return from the use of antibiotics than
any other age group. The use of antibiotics during the breeding, farrowing, and
weaning phases of production gives greater returns than at other stages of pro-
duction. Other factors that affect the economic returns from the use of feed
additives include the level of management, the environment in which the hogs
are raised, and the history of disease problems on the individual farm.

Antibiotics

Antibiotics may be used in swine rations for improving rate of gain and feed.
Antibiotics should either not be used at all or used only at low levels when grow-
ing gilts unless disease problems are clearly present.

The use of high levels of antibiotics in the ration for 10 days before or 10 days
after breeding increases conception rate and litter size. There are reasons other
than bacterial infections that may cause low conception rates or small litters in
sows. A veterinarian should be consulted if serious problems related to concep-
tion rates or litter size exist over a period of time.

Antibiotics are generally not needed during the gestation period unless there
is a high level of disease or environmental stress present. Sows and gilts should be
treated with an anthelmintic 3 to 4 weeks before farrowing.

The survival rate and the performance of pigs are improved when antibiotics
are used in farrowing rations for a period of 7 days before to 14 days after far-
rowing. Because this is normally a high-stress period, the use of antibiotics to
prevent infections during this period can produce significant economic returns.

The use of antibiotics may help prevent lactation problems when sows are nurs-
ing their litters. However, there are reasons other than bacterial infections that
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may cause lactation problems in sows. If problems with poor lactation persist, a
veterinarian should be consulted.

Stress and disease risks are high with pigs that have been weaned early or
orphaned. Antibiotics should be included in prestarter rations. Starter rations
used for pigs weighing up to 30 pounds (11 to 14 kg) should also include anti-
biotics because stress and disease risks are also high during this period. Scours is
often a problem during the weaning period. It is recommended that a veterinar-
ian should determine the specific bacteria that is causing a scours problem so the
proper antibiotic can be selected. This will reduce the cost of treating for scours.

During the growing period when pigs weigh from 25 to 60 pounds (11 to 27 kg),
low levels of antibiotics might be used unless a disease problem exists on the
farm. Higher levels of antibiotics should be used for purchased feeder pigs of this
weight because of the increased stress of shipping.

During the 60- to 125-pound (27 to 57 kg) stage of development, the use of
antibiotics will result in more economical gains. Higher levels should be used if a
disease problem exists on the farm.

The lowest level of response to the use of antibiotics in swine feeding is during
the finishing stage of 125 pounds (57 kg) to marketing. If an antibiotic is used,
preference should be given to one that does not require a withdrawal period
before slaughter.

Anthelmintics

Swine should be treated for worms anytime there appears to be an infestation.
Pigs housed outdoors are more likely to have worm problems than pigs housed in
confinement. A veterinarian should examine a sample of the manure to determine
the exact nature of the worm infestation. The recommendation of the veterinarian
regarding the anthelmintic to use should be followed.

Other Additives

Various compounds may be added to swine diets to promote growth and improve
feed efficiency. These additives must be in compliance with the label and with-
drawn from the feed before slaughter. Additional feed additives are available for
fly control in pigs. Some additives are used in swine production for medicinal
purposes. All feed additives in swine diets must be in compliance with FDA regu-
lations. More information can be obtained from your local veterinarian, extension
specialist, nutritionist, or other qualified professional.

POULTRY

The use of feed additives is a common practice in poultry feeding. They are used
primarily to improve feed efficiency and growth in broiler chick and market turkey
rations. Some feed additives are also used to improve egg production in laying
flocks. Some additives are also used for the prevention or control of diseases.

Good management practices need to be followed when raising poultry in
confinement to reduce disease problems and lessen the dependence on antibi-
otics for disease control. Access to poultry houses should be restricted and strict
clean-up procedures should be followed by all persons who enter the houses.
All poultry houses should be thoroughly cleaned and disinfected after the birds
are moved out and before bringing new birds into the houses. Disease-carrying
predators should be controlled. Avoid overcrowding the birds and make sure the
litter is kept dry. Proper ventilation and temperature control in poultry houses
also helps to reduce disease problems. If an outbreak of disease does occur, it
should be treated promptly and with the proper drugs.




Chapter 7 Feed Additives and Hormone Implants 151

HORSES

Antibiotics are generally not used for low-level feeding over a period of time in
horse rations (Figure 7-4). Feed additives may be used for fly control and for
gastrointestinal worm control. As with other species of animals, it is important to
consult your local veterinarian, extension specialist, nutritionist, or other quali-
fied professional about the use of feed additives.

REGULATION OF THE USE OF ADDITIVES

The use of feed additives and hormone implants is strictly regulated in the
United States by the FDA. In Canada, regulation is by the Animal Health and
Production Branch of the Canada Department of Agriculture. These regulations
change from time to time as new information on effects and dangers becomes
available. Many additives may be used only within certain specified levels and
for certain species or types of animals. Many additives must also be withdrawn
from use in the feed within specified times of marketing the animal. Your local
veterinarian, extension specialist, nutritionist, or other qualified professional
should be able to provide current information on the use of feed additives
for livestock.

Current detailed information on feed additive use and regulations may be
found in the Feed Additive Compendium, published annually by the Miller
Publishing Company, www.feedstufts.com. The compendium is updated during
the year on a regular basis.

In Canada, information on use and regulations is available in the compen-
dium of Medicating Ingredient Brochures, available from the Animal Health and
Production Division, Canada Department of Agriculture, Ottawa, Canada.

The Code of Federal Regulations (CFR) Title 21 contains official information
from the Food and Drug Administration concerning approval of antibiotics and
other animal drugs. Revisions of Title 21 are made annually as of April 1 and
the CFR is updated in individual issues of the Federal Register. The CFR and the
Federal Register must be used together to determine the current regulations con-
cerning the use of animal drugs. Title 21 (part 500-599 covering animal drugs,
feeds, and related products) is available from the Superintendent of Documents,
U.S. Government Printing Office. The Federal Register is available from the
Superintendent of Documents on an annual subscription basis and includes
monthly issues of the List of CFR Sections Affected and The Federal Register Index.

Feed Label Requirements

Any feed that contains any level of one or more drugs is defined as a medicated
feed. Medicated feeds may be a complete feed mix or may be a premix that is
mixed with other feeds to make a complete feed. Premixes contain higher levels
of the drug ingredients than do complete mixed medicated feeds.

The FDA requires all manufacturers of medicated feeds to provide information
on the label relating to the use of the feed. The word “medicated” must appear
under the name of the feed. The specific purpose of the drug or drugs included
in the feed must be stated on the label. The name and amounts of all active drug
ingredients must be listed. The required withdrawal period (if required) prior to
slaughter of the animals must be given. Cautions against misuse must be listed.
The directions for the use of the feed must be given.

Medicated feeds that are custom mixed at a local mill must meet the same
label requirements as commercial medicated feeds. All labels on medicated feeds

Figure 7-4 Antibiotics are not used
on a regular basis in horse feeds.
Photo by Dr. Frank Flanders.
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are assigned a lot or control number so the batch can be identified at a later date
if necessary.

MIXING AND RESIDUE AVOIDANCE

The proper mixing of medicated feeds is important for their safe use. Be sure the
drug ingredients are added in the correct proportions and are uniformly mixed
in the batch. Failure to do so can have undesirable results—for example, some
animals may get too much of the drug and others too little. This reduces the
effectiveness of the medicated feed and may result in higher production costs or
undesirable side effects.

Drug residues in livestock and livestock products can cause financial losses
for farmers. Carcasses of animals may be condemned at slaughter if illegal drug
residues are found. Public concern over drug residues in meat and livestock
products may result in additional regulation of or restriction on the use of feed
additives, which could result in higher production costs for farmers.

The U.S. Department of Agriculture conducts targeted and routine tissue
testing in all federally inspected slaughter plants. If evidence of illegal drugs is
found in the tissues of a producer’s animals, the producer is notified and the ani-
mals are held until they are free of the illegal substance. It usually takes 2 weeks
to 30 days to get test results back. This delay causes an economic loss for the
farmer. Additional animals cannot be marketed until the tests show them to be
free of the illegal drug.

Both horizontal- and vertical-type mixers may be used on the farm for mixing
medicated feeds. Regardless of which type of mixer is used, care must be taken to
assure a complete mix of the drug ingredients in the complete feed. Proper clean-
ing of the mixing equipment must be done after each batch of medicated feed is
mixed to avoid residue problems in later batches of feed.

A regular procedure should be used when mixing medicated feeds to avoid
problems with drug carryover. The following recommendations will help avoid
problems.

1. Know the labeled uses, mixing instructions, and withdrawal times for all
medications used in the feed.

2. Clean the mixer before use to avoid carryover of drugs from one batch to
the next.

3. Do not try to mix more feed in the batch than the mixer can hold.

4. Premix the drugs in a large enough quantity to allow accurate weighing and
mixing in the complete feed.

5. Follow the manufacturer’s instructions for premixing and adding medications.

6. Use an established order for mixing the medication with the feed. Put in
one-half of the supplement, then the medicated and vitamin premixes, then
one-fourth of the supplement, then the mineral premix, and then the rest of
the supplement. Mix thoroughly, then add the ground grain and continue to
mix for the amount of time recommended by the equipment manufacturer.

7. Mix all feeds containing medication first, clean the equipment, and then mix
the unmedicated feeds. Mix any withdrawal feeds before mixing other non-
medicated feeds.

8. Clean the mixer by putting several hundred pounds of ground corn or
soybeans through it. Remove, label, and store this feed for later use in a
medicated mix.

9. Keep feed additives stored in a clean, orderly area in their original packages.
Control rodents and insects in the storage area. Do not store other chemicals
in this area.
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10. Read all labels and observe withdrawal times.

11. Keep labeled samples of purchased premixes, supplements, and mixed medi-
cated feeds for at least 3 months after the livestock to which they were fed
have been marketed.

12. Make sure all augers, holding bins, feed wagons, and feeders are thoroughly
cleaned before withdrawal feeds are used. Do not mix withdrawal feeds with
medicated feeds in bins or feeders.

KEEPING RECORDS

A good set of up-to-date records on the use of medicated feeds can help the
farmer avoid problems with feed contamination and drug residues in livestock
and livestock products. The following records are recommended.

1. The date the batch was mixed.

. The mixing order and the amount of medication added.

. The mixing time for the batch.

. The location where the feed is stored.

. The number, age, and weight of the animals fed from the batch and the
amount given per head.

6. The medication that was used, the amount, and the concentration in the

batch of feed.

7. The date of cleaning mixers, bins, conveyors, and feeders.

N~ LN

In addition to keeping records, the farmer should have a long-term plan for
the use of feed additives. Because microorganisms develop resistance to anti-
biotics, the farmer should avoid feeding some types of antibiotics so that they
might be used in case of an outbreak of disease. Additionally, it is recommended
that the farmer periodically change the type of antibiotic being used to reduce
the chances of microorganisms building immunity to the additive. This change
should be made about once a year. Do not make frequent changes in the type of
antibiotic being used.

If good records are kept and a long-term plan for the use of feed additives is fol-
lowed, it is easier for a veterinarian to properly treat animals if a disease outbreak
should occur.

HEALTH CONCERNS

There has been a growing concern in recent years that the continued use of
antibiotics in animal agriculture may have an adverse effect on human as well
as animal health. This concern centers around the use of antibiotics at sub-
therapeutic levels in livestock feeding. It is feared that this continuous low-
level use of antibiotics might result in the development of resistant strains of
microorganisms that could not be effectively treated with antibiotics. Bacterial
resistance to drugs has been observed almost from the time antibiotics were
first used in animal feeding.

The impact of a ban on the use of antibiotics in animal feeding would vary
from species to species, but the overall effect would be to raise the cost of animal
products to the consumer. There would be less meat and livestock products
produced and the costs of production would be higher. More feed would be
required per animal raised and the rate of gain of animals on feed would decrease.
There would be an increase in the death loss among animals being raised.

The Food and Drug Administration has also expressed concern about the pos-
sible carcinogenic (cancer-causing) effects of some feed additives. The 1958 Food
Additives Amendments to the Food, Drug and Cosmetic Act of 1938 include
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prohibitions against adding to food any substance that is a known carcinogen.
There is ongoing research into the possible carcinogenic effects of feed additives.
If these effects are shown to be present in any additive, it will be withdrawn from
use in animal feeding.

SUMMARY

Feed additives are materials that are not considered to be nutrients and are used
in small amounts in the ration to improve feed efficiency, promote faster gains,
improve animal health, or increase production of animal products. Hormone
implants are pelleted synthetic or natural hormones or hormone-like com-
pounds that are used to improve rate and efficiency of gain.

Antibiotics and chemoantibacterial compounds are used to kill or slow the
growth of some kinds of microorganisms. The use of these compounds at low
levels in the ration over a period of time is a common practice in livestock feeding.

A number of other feed additives may be used in livestock production.
Anthelmintics (dewormers) are often used to control various species of worms
that may infest animals. Other specialized feed additives are used to prevent or
treat various diseases that may affect animals.

Beef producers are major users of feed additives and hormone implants. Feed
efficiency and rate of gain are significantly increased by the use of these products.
A high percentage of beef cattle rations use either monensin sodium (Rumensin)
or lasalocid sodium (Bovatec) either alone or in combination with other feed
additives.

Hormone implants improve both rate of gain and feed efficiency when they are
properly used. The current recommendation is to place all implants in the middle
one-third of the ear, about 1.5 to 2 inches (3.8 to 5 cm) from the base of the ear.
Implants cannot be used with breeding stock.

The use of feed additives is not as common with dairy animals as it is with beef
cattle. Most of the use of feed additives with dairy cattle is with younger animals.

There are few feed additives approved for use with sheep and goats.

The Minor Use and Minor Species Animal Health Act of 2004 may lead to
more feed additives being available for sheep and goats.

Feed additives are widely used in swine rations. The greatest economic returns
from the use of antibiotics occur when they are used for younger animals.

The use of feed additives is a common practice in poultry feeding, especially
with broilers and market turkeys.

Feed additives are generally not used with horses. Some antibiotics are
approved for use with younger horses to promote growth, improve feed effi-
ciency, and reduce stress.

The use of feed additives and hormone implants is regulated in the United
States by the U.S. Food and Drug Administration. Their use in Canada is regu-
lated by the Animal Health and Production Branch of the Canada Department
of Agriculture. Regulations on the use of additives and hormones change from
time to time; therefore, care should be taken to follow current regulations on use
of these products.

Any feed that contains any level of one or more drugs is considered a medi-
cated feed. There are strict requirements relating to the labeling of medicated
feeds.

It is important that all medicated feeds be properly mixed. Failure to do so
can have a severe negative economic impact on livestock producers. A regular
procedure should be followed when mixing medicated feeds and careful records

should be kept.
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There is concern about possible health hazards resulting from the use of feed
additives in livestock production. The concern focuses on the possible develop-
ment of resistant strains of microorganisms that cannot be treated with antibiot-
ics. After 30 years of use of antibiotics in animal feeding, there is no persuasive
evidence of animal or human health problems resulting from their use.

Student Learning Activities

1.

Present a short oral report to the class about new developments with feed
additives and/or hormone implants as reported in farm magazines and news-

papers.

. Prepare a bulletin board display of medicated feed tags.
. Take a field trip to a local farm that has facilities for mixing complete feeds

and observe the proper technique for mixing feed additives in the ration.

. Give a demonstration on the proper technique for hormone implants in beef

cattle.

. Select and use the appropriate feed additives and hormone implants as nec-

essary when planning and conducting a supervised experience program in
animal production.

Discussion Questions

1.
. Why are hormone implants used in livestock production?
. What is the major difference between antibiotics and chemoantibacterial

10.
11.

12.
13.
14.
1S.
16.
17.

18.
19.

20.

Why are feed additives used in animal rations?

compounds?

. List four ways in which antibiotics produce the results they do when used in

livestock production.

. What is the difference between broad-spectrum and narrow-spectrum anti-

biotics? Which type is preferred for use as a feed additive?

. What is the function of anthelmintics?
. When feeding beef cattle a high-energy ration, what is the range of per-

cent improvement in rate of gain and feed efficiency that can be expected
from the continuous feeding of a low level of antibiotic?

. What results can be expected from feeding monensin sodium to feedlot

cattle?

. What results can be expected from feeding lasalocid sodium to feedlot

cattle?

How do these compounds work to produce the results they do?

What is the effect of using melengestrol acetate (MGA) as a feed additive in
beef heifer rations?

List and describe the use of hormone implants in beef cattle.

Describe the proper procedures for implanting hormone pellets in beef cattle.
Briefly explain the use of feed additives with dairy cattle.

Why are there few feed additives available for use with sheep and goats?
Why is a broad-spectrum antibiotic sometimes used in feeder lamb rations?
Which age group of swine gives the greatest economic return from the use of
antibiotics in the ration?

For what two kinds of poultry are feed additives most commonly used?
What agency regulates the use of feed additives and hormone implants in the
United States? In Canada?

What publications are good sources of current regulations regarding the use
of feed additives and hormone implants in the United States? In Canada?
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21. List six things that must be on the label of all medicated feeds.

22. Why is the proper mixing of medicated feeds important to livestock
producers?

23. How might drug residues in livestock or livestock products cause economic
losses for farmers?

24. List the recommended steps for the proper mixing of medicated feeds.

2S. List the records that should be kept when using medicated feeds.

26. What is the major concern relating to possible health hazards from the use of
feed additives in livestock production?

27. What would be some of the effects of a total ban on the use of antibiotics in
livestock production?

Review Questions

True/False

1. Probiotics are sometimes added to cattle, sheep, swine, and poultry rations
to prevent the disease coccidiosis.
2. The rate of metabolism changes in young animals when they are fed antibiotics.

Multiple Choice

3. The use of drugs at a lower level in feeds than would be used to treat a sick
animal is referred to as:

a. chemobiotics c. antibiotic
b. subtherapeutic d. none of the above

4. The length of time an implant is effective is related to:
a. age of the animal c. size of the animal
b. strength of the implant d. proper technique in applying

S. The survival and performance rates of pigs are improved when antibiotics are
used in farrowing rations for a period of days before to days
after farrowing.
a. 6,6 c. 7,14
b. 6,12 d. 7,10

6. is a synthetic hormone that suppresses estrus.
a. monensin c. Bovatec
b. melengestrol acetate d. estrogen

Completion

7. Meat additives and hormone implants are sometimes called .

8. When animals have worms, an can be used to control various species
of worms that infest them.

9. Implants contain an active ingredient that is hormone-like and can interfere
with reproduction or cause

Short Answer

10. Why are hormones used in beef production?
11. Why does bloat occur in ruminants?
12. Why is there concern about the use of diethylstilbestrol (DES)?



Balancing Rations

Objectives

After studying this chapter, the student should be able to

classify feeds as roughages or concentrates.

describe the six functions of a good ration.

explain the characteristics of a good ration.

balance livestock rations using commonly
accepted practices.
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CLASSIFICATION OF FEEDS
Roughages

Livestock feeds that contain more than 18 percent crude fiber when dry are called
roughages. Fiber is the hard-to-digest part of the feed. Roughages include hay,
silage, pasture, and fodder. There are two general classes of roughages: legume
roughages and nonlegume roughages.

Plants that can take nitrogen from the air are called legumes. These plants
have nodules (small swellings or lumps) on their roots that contain bacteria.
The bacteria can fix the nitrogen from the air in soil and make it available
for use by the plant. This is done by combining the free nitrogen with other
elements to form nitrogen compounds. All of the clovers, as well as alfalfa,
soybeans, trefoil, lespedeza, peas, and beans, are legumes. Many other less
common crops are also legumes. Legumes are usually higher in protein than
nonlegume roughages.

Nonlegume roughages cannot use the nitrogen from the air. They are usu-
ally lower in protein than the legume roughages. Many common livestock feeds
are nonlegume roughages, including corn silage, sorghum silage, fodders, blue-
grass, timothy, redtop, bromegrass, orchard grass, fescue, coastal bermudagrass,
common bermudagrass, and prairie grasses.

Concentrates

Livestock feeds that contain less than 18 percent crude fiber when dry are called
concentrates. There are two classes of concentrates: protein supplements and
energy feeds.

Protein supplements are livestock feeds that contain 20 percent or more pro-
tein. They are divided into two groups based on their source. Those that come
from animals or animal by-products are called animal proteins. Those that come
from plants are called vegetable proteins.

Some common animal proteins are tankage, meat scraps, meat and bonemeal,
fish meal, dried skimmed milk, dried whole milk, blood meal, and feather meal.
(Tankage is animal tissues and bones from animal slaughterhouses and render-
ing plants that are cooked, dried, and ground.)

Most animal proteins contain more than 47 percent crude protein. The protein
is more variable in quality than protein from vegetable sources. Animal proteins
contain a more balanced amount of the essential amino acids than do plant pro-
teins. Thus, animal proteins are sometimes used for balancing rations for swine
and poultry.

Some common vegetable proteins are soybean meal, cottonseed meal, linseed
oil meal, peanut oil meal, corn gluten feed, brewer’s dried grains, and dried dis-
tiller’s grains. Most vegetable proteins contain less than 47 percent crude pro-
tein. Soybean meal is used more than any of the other protein supplements for
livestock rations. Soybean meal can supply the necessary amino acids to balance
a swine or poultry ration with cereal grains. Vegetable proteins can be used as
the only protein supplement for ruminants. Nonruminants, however, may need
some animal protein in their ration. Animal proteins give the amino acid balance
needed in nonruminant rations when plant protein sources other than soybean
oil meal are used.

Commercial protein supplements are made by commercial feed compa-
nies. They are mixes of animal and vegetable protein feeds. Each commercial
supplement is usually made for one class of animal. Feed companies often mix
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minerals, vitamins, and antibiotics in their protein supplements. The feed tag
on the supplement tells the class of animal for which it is designed. The tag also
gives feeding directions and lists the contents of the feed. Feeding directions
must always be followed carefully. Feed supplements with antibiotics in them
usually must be taken away from the animal for a period of time (withdrawal
period) before the animal is sent to market. This practice is required by law. The
antibiotic must not be present in the meat when humans eat it.

Livestock feeds with less than 20 percent crude protein are called energy
feeds. Most of the grains are energy feeds. Some common energy feeds are corn,
sorghum grain, oats, barley, rye, wheat, ground ear corn, wheat bran, wheat mid-
dlings, dried citrus pulp, dried beet pulp, and dried whey. Corn is the most widely
used energy feed. Sorghum grain, oats, and barley are the other commonly used
energy feeds.

RATION CHARACTERISTICS

An animal must receive the proper amounts of nutrients in the right propor-
tion to efficiently produce meat, milk, eggs, wool, work, etc. A ration is said to
be balanced when it provides the nutrient needs of the animal in the proper
proportions. Strictly speaking, a ration is the amount of feed given to an animal
to meet its needs during a 24-hour period; however, in common practice, the
term may refer to feed provided without reference to a time period. A balanced
ration is one that has all the nutrients the animal needs in the right proportions
and amounts. The term diet refers to the ration without reference to a specific
time period.

A ration must be palatable (taste good) in order for the animal to eat it. Moldy
feed is often not palatable. Insect and weather damage also lower the palatability
of feed. Feed is of no value if the animal will not eat it.

Feed accounts for approximately 75 percent of the total cost of raising live-
stock. To feed livestock profitably it is necessary to develop rations that are as
economical as possible. The ration must be palatable and meet the nutritional
requirements of the animals. Homegrown feeds are used as much as possible
because they are generally less expensive than purchased feeds. Commercial
feeds are used when homegrown feeds are not available and also to supply nutri-
ents not provided by homegrown feeds.

Feeds used in rations must not be harmful to the animal’s health or lower the
quality of the product. Poisonous plants should not be included in diets for live-
stock. Poisonous plants sometimes grow in hay and pasture fields (Table 8-1).
Eradicate these plants before harvesting the hay or allowing animals to graze the
pasture. Usually, animals will not eat poisonous plants, but if they are in the hay
the animals may not sort them out. If the pasture is sparse, animals may eat poi-
sonous plants that are growing there. Animals get sick every year from eating poi-
sonous plants because farmers do not take care to keep the poisonous plants out
of the animals’ diet.

It is necessary to balance the intake of roughage and concentrates for the par-
ticular species and age of livestock being fed. Ruminants can use more rough-
age in their diets than nonruminants. Also, younger animals cannot use as much
roughage in their diets as can more mature animals. The purpose for which the
animal is being fed must also be considered when including roughage in the diet.
For example, fattening animals generally should be fed less roughage than breed-
ing animals.
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Table 8-1 Poisonous Plants'

Common Name(s) Animals Affected
Arrowgrass Cattle; sheep

Aster Sheep

Azalea, western Sheep

Baccharis Cattle

Baccharis, eastern; silverling; groundsel tree; consumption weed

Bitterweed; sneezeweed

Bracken

Buttercup

Cherry, wild

Chokecherry

Cocklebur

Copperweed

Death camas; black snakeroot; crow poison; pink death
camas; poison sage; swamp grass; alkali grass; poison onion

Drymary

Dutchman’s breeches

Goldenrod

Halogeton

Hemp; marijuana

Henbane

Horsebrush; spring rabbit brush; coal-oil brush

Horsetail

Indian hemp; dogbane; Indian physic

Japanese yew

Jimmyweed, rayless goldenrod

Jimpson weed; thornapple

Larkspur; staggerweed (rocket, azure, tall, dwarf)

Laurels (Black sheep and Mountain)

Locoweed

Lupine; bluebonnet; wild bean; blue pea

Milkweed (several species)

Nightshade (Black; Deadly) Other species:
Horsenettle; bullnettle

Oaks

Oleander

Paperflower, greenstem

Peganum

Poison bean

Poison hemlock

Poisonvetch

Ragwort; groundsel

Rubberweed (Bitter and Colorado)

St. JohnsWort; goatweed

Snakeroot, white
Snakeweed

Spring parsley; wild carrot
Tarweed

Timber milkvetch

Water hemlock

Cattle; sheep; poultry

Sheep; cattle; horses

Horses; cattle, sometimes sheep

All livestock; most commonly cattle

Sheep; cattle; horses

Sheep; cattle

All livestock; especially hogs; chickens, if seeds ground in feed
Cattle; sheep

Sheep; cattle; horses
Cattle

Cattle

Cattle; sheep; horses
Sheep; occasionally cattle
Cattle; horses

Cattle; sheep; horses
Sheep

Horses

Cattle; horses; sheep

All livestock
All livestock
All livestock
Cattle

Sheep; goats; cattle; other animals to lesser degree
Cattle; horses; sheep; goats

Sheep; goats; cattle; hogs; horses

Cattle; sheep; goats; horses

All livestock

Cattle; sheep; goats; horses; occasionally hogs by the acorns
All livestock

Sheep

Sheep; cattle

Cattle; sheep; goats

Cattle; sheep; goats; horses; hogs; poultry
Cattle; sheep

Cattle; sheep; horses

All livestock; especially sheep

Animals with white skin and hair

All livestock

Cattle; sheep; goats

Cattle; sheep

Horses; cattle; hogs

Cattle; sheep; goats; horses
All livestock

"'Many other plants may be poisonous to livestock under certain conditions. This list is not intended to be all-inclusive but only presents some of the more

common poisonous plants that affect livestock.
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Micronutrients and feed additives are used in small quantities in the diet.
Care must be taken to thoroughly mix these materials to ensure uniform distri-
bution in the feed. Failure to do so may result in one animal getting too much of
the micronutrient or additive while another animal may get too little. Excessive
amounts of some additives may be harmful to an animal. Feed only the recom-
mended amounts of these materials and make sure they are well mixed with the
rest of the feed ingredients.

The functions of a ration must be considered when determining the nutrient
requirements of livestock. These functions include maintenance, growth, fatten-
ing, production, reproduction, and work.

RATION FUNCTIONS

Maintenance

The primary use of the nutrients in a ration is for maintaining the life of the animal.
The animal must have energy for the functioning of the heart, for breathing, and
for other vital body processes. These activities make up what is called the basal
metabolism of the animal. Maintenance also includes the use of energy supplied
by the ration to keep the animal’s body temperature normal. Protein in the body
tissues breaks down. Protein from the ration is used to repair these body tissues.
Minerals and vitamins are continually being lost from the body and are replaced
by those in the ration. Certain fatty acids are needed for good health, and must be
supplied by the animal’s ration. Water is required for all bodily activities.

If the animal is not being fed enough feed, it may need to use its entire ration
for maintenance. Thus, it will have none left for other activities, such as growth.
Normally, about one-half of the ration fed an animal is used for maintenance. An
animal on full feed will use about one-third of its ration for maintenance. Full
feed means to give an animal all it wants to eat.

Growth

Nutrients in the ration are used for growth only after the maintenance require-
ments of the animal are met. Animals grow by increases in the size of muscles,
bones, organs, and connective tissues. Animals become mature by growing. If
they do not grow properly, they will not be productive when they are mature.
Animals grow fastest when they are young. The rate of growth slows down as
they get older. The larger species of animals usually mature slower than the smaller
animals. The growth rate of larger animals is faster than that of smaller animals.

Fattening

Feed nutrients that are not used for maintenance or growth may be used for fat-
tening. Fat is stored in the tissues of the body. Fat stored within the muscles is
called marbling. Marbling helps make meat juicy and good tasting. The con-
sumer does not want too much fat, however. The object of fattening is to obtain
the right amount of fat in the muscle without getting too much fat. Feeds that are
high in carbohydrates and fats are used for fattening. They are less expensive than
protein feeds.

Production

Cows, swine, horses, sheep, and goats produce milk to feed their young. Dairy
goats and cows also produce milk for human use. Chickens produce eggs. Sheep
and goats produce wool and mobhair. All of this production requires nutrients.
The kind of nutrients needed depends on the kind of production.
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Reproduction

The proper nutrition is required for reproduction. The animal may become sterile
if it does not get an adequate level of nutrients. A sterile animal cannot be bred.
Nutrition is extremely important for pregnant animals. Most of the growth of the
fetus takes place during the last third of the pregnancy. (The fetus is the unborn
animal when it is still in the mother’s womb.) Animals need additional amounts
of nutrients during pregnancy.

Work

Livestock may be used to perform work. For example, horses do work when
they are ridden. The energy needed for work comes from carbohydrates, fats,
and extra protein in the ration. The other needs of the body are met before
nutrients are available for work. The animal may use fat stored in the body for
work if the ration does not provide enough nutrients. Animals sweat more
when they work. This creates a need for extra salt to make up for that lost by
sweating.

BALANCING RATIONS

General Principles

The livestock ration must meet the nutritional needs of the animal. The nutri-
ent allowance figured in the balanced ration should not be more than 3 percent
below the animal’s requirement, which should be met as closely as possible.

An animal must have a certain amount of dry matter in its ration, or it will
be hungry. Its digestive system will not function properly if it does not receive
enough dry matter. There is also an upper limit on the total amount of dry matter
that an animal can eat. This varies with the kind of animal being fed and its size.
The total dry matter in the ration of a full-fed animal should not be more than 3
percent above its need. Total dry matter for animals not on full feed can be con-
siderably above or below their listed needs.

The amount of protein in the ration may be measured by the total protein (TP)
need of the animal. Digestible protein (DP) may also be used as the measure
to balance the ration. The essential amino acids must be included when balanc-
ing rations for nonruminants. Some feeds being used may be below the average
protein content listed in feed composition tables. It is acceptable to allow 5 to 10
percent more protein in the ration than the animal needs. However, too much
protein above the animal’s needs will raise the cost of the ration.

Four methods are commonly used to measure the energy provided by a ration.
Energy may be calculated as digestible energy (DE), total digestible nutrients
(TDN), metabolizable energy (ME), and net energy (NE) as illustrated by
Figure 8-1. The gross energy of a feed is measured in a laboratory device called a
bomb calorimeter. The feed is completely burned (oxidized) in the bomb calo-
rimeter, which contains 25 to 30 atmospheres of oxygen. The gross energy is the
total amount of heat released by burning in the bomb calorimeter. Digestible
energy is the gross energy of a feed minus the energy remaining in the feces of
the animal after the feed is digested. Metabolizable energy, for ruminants, is the
gross energy in the feed eaten minus the energy found in the feces, the energy in
the gaseous products of digestion, and the energy in the urine. The energy in the
gaseous products of digestion is not considered when determining metabolizable
energy for birds and simple-stomached animals.

Net energy is the metabolizable energy minus the heat increment. It is
energy used either for maintenance only, or maintenance plus production, or
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Gross energy
from dietary intake

y

Digestible energy

v

Metabolizable energy

Energy lost in feces |«
Energy lost in urine
and gaseous products = |
of digestion
Heat Increment =

y

Net energy

Figure 8-1 Utilization of dietary energy by animals.

production only. Net energy for maintenance only is written NE, ; for produc-
tion only it is written NEp; and for maintenance plus production it is written
NEm + p. Net energy for maintenance is the amount of energy used to keep
the animal in energy equilibrium; that is, there is no net gain or loss of energy
in the animal’s body tissues. The net energy for production is that amount of
energy needed by the animal above the amount used for maintenance which
is used for work, tissue growth, fat production, fetus growth, or milk, egg, or
wool production. The different kinds of net energy are indicated as follows: for
work, NEwork; for egg production, NEegg; for gain, NEgain; for fetus growth,
NEpreg; for wool production, NEwool; and so on. The total digestible nutrients
in a feed is the total of the digestible protein, digestible nitrogen-free extract,
digestible crude fiber, and 2.25 times the digestible fat. It gives a measure of the
total energy value of a feed when it is fed to an animal. The TDN value of a feed
varies with the class of animal to which it is fed. (See feed composition tables
in the Appendix.) The energy in the ration should not be more than about S per-
cent greater than the animal’s needs. Animals are limited in the total amount of
energy they can use.

Two minerals, calcium and phosphorus, are important in balancing rations.
The ratio of calcium to phosphorus should be between 1:1 and 2:1 for most
animals. For sheep, the calcium to phosphorus ratio should be 2:1 or higher.
In fact, ruminants can tolerate calcium to phosphorus ratios as high as 7:1.
This ratio is more important than the total amount being fed. The total calcium
and phosphorus available in the ration is often more than the animal needs
when the other requirements are met. The other mineral needs of the animal
are usually not considered when balancing rations. Trace-mineralized salt will
usually meet these needs.

e
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Vitamin A is taken into account when balancing rations. The other vitamins
needed are added to the ration without calculating the vitamin content of the
feed. The amount needed to meet the minimum daily requirement for the animal
is added with a vitamin supplement. The amount of vitamin A in feed will often
be more than the animal needs, but this is not harmful. Vitamin deficiencies
may occur in cattle and sheep during pregnancy if low-quality legume hay is fed.
A vitamin supplement should always be added to a pregnancy ration.

Some feeds are cheaper sources of nutrients than other feeds. Energy feeds
should be compared on the basis of price per pound (or kilogram) of energy
(TDN, DE, ME, or NE). Protein feeds should be compared in terms of the price
per pound (or kilogram) of total protein or digestible protein. The least expensive
sources of nutrients should be used as much as possible.

Sampling and Analyzing Feeds

A person must know the nutrient composition of the feeds used to properly
balance a ration. Average nutrient composition values can be found in nutrient
composition tables such as the one in the appendix of this volume. However,
some feed, especially forages, can vary considerably from these average values.
To get the maximum benefit from the ration, it is wise to have the feeds used
analyzed for nutrient content.

Milk cows, beef cows that are nursing calves, and young growing animals
require high nutrient levels. Forages fed to these animals should be analyzed for
nutrient content. Haylage, silage, and high-moisture grains may vary greatly in
moisture and nutrient content. Better rations can be developed if these feeds are
also analyzed for moisture and nutrient content.

Growing conditions, such as excessive rainfall or drought, can affect the nutri-
ent content of feeds, especially forages. When unusual growing conditions occur,
itis a good idea to have these feeds analyzed. Other indications that a feed should
be analyzed include musty odor, unusual amounts of foreign material or pests
present in the feed, and a high level of leaf shattering on forages.

The most important tests to be done on feed grains are moisture, protein,
and energy content. Test forages for moisture, protein, acid detergent fiber, and
neutral detergent fiber. It seldom pays to test for major or trace mineral content.
Under some growing conditions it is wise to check forages for nitrate and prussic
acid content. Excessive amounts of these substances can be harmful to animals.

Take representative samples of the feed to be analyzed. Take random samples
of hay from at least 20 bales. Insert the sampling tube into the center of the bale.
About 15 samples from silage and S from grain will usually give enough to be
representative of the entire lot. Samples of silage or total mixed rations should be
taken from the silage feeder or feed mixer as it is being fed. Avoid the top of the
feed because it is drier than the entire batch.

Mix the samples from one type of feed and take a subsample from the mixture for
analysis. Seal the samples in polyethylene freezer bags; store dry samples in a cool
area. Freeze samples that contain more than 15 percent moisture. Send the samples
to a testing laboratory as soon as possible. Use a laboratory that is certified by the
National Forage Testing Association to ensure the highest accuracy of the test.

A feed analysis report will generally include the following measures:

« dry matter (DM) (see discussion in next section).

« crude protein (CP)—the total of both true protein and nonprotein nitrogen.

« insoluble crude protein (ICP)—the amount of indigestible crude protein in
the feed resulting from overheating.

. adjusted crude protein (ACP)—calculated value, adjusted for insoluble
crude protein. If the ICP/CP ratio exceeds 0.1, use this value instead of crude
protein when balancing a ration.
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« neutral detergent fiber (NDF)—relatively insoluble material found in the
cell wall of plants, which may be used to predict feed intake. A low NDF is
desirable.

« acid detergent fiber (ADF)—measures the least digestible part of the feed;
includes cellulose, lignin, silica, insoluble crude protein, and ash. Alow ADF
is desirable.

« digestible dry matter (DDM)—percent of forage that is digestible.

« net energy (NE)—an indicator of the true value of a feed. It is the energy
left after determining the energy lost through the feces, urine, gas, and heat
generated by metabolism. See Figure 8-1 for an explanation of the utilization
of dietary energy by the animal.

. total digestible nutrients (TDN)—the total of the digestible parts of crude
fiber, protein, fat, and nitrogen-free extract.

« dry matter intake (DMI)—estimated maximum consumption of forage dry
matter by the animal. It is shown as a percentage of body weight.

. relative feed value (RFV)—an evaluation of the quality of hay and haylage
by combining into one number digestibility and feed intake.

The energy value of forage can also be estimated by plant maturity at harvest
and the amount of weather damage to the feed. Late-cut, mature plants are lower
in energy than early-cut, immature plants. Weather damage lowers the energy
content of forages regardless of the stage of maturity when cut.

Relationship between 100 Percent Dry Matter Basis
and As-Fed Basis

Many publications list nutrient requirements and feed composition on a 100 per-
cent dry matter basis. All feeds contain some moisture. The amount varies with
the feed, the form of the feed, the stage of growth at which it was harvested, the
length of time it was stored, and the conditions under which it was stored. The
feed composition table in the Appendix of this volume shows the average per-
cent of dry matter in the feeds listed.

The term 100 percent dry matter basis means that the data presented is
calculated on the basis of all the moisture removed from the feed. The term
as-fed basis means the data is calculated on the basis of the average amount of
moisture found in the feed as it is used on the farm. The term air-dry means
the same as the term as-fed.

Using the 100 percent dry matter basis makes it easier to compare feeds that
have different moisture contents on an as-fed (air-dry) basis. The values, when
given on a 100 percent dry matter basis, must be changed to the as-fed basis to
find the amounts of feed to actually use. If the feed being used is analyzed, the
actual dry matter content is used for this conversion. If no analysis is available,
the average dry matter content given in the feed composition table is used. These
are averages and actual feeds being used may vary widely from these figures.

The method of converting from one basis to the other is as follows.

Let a = pounds (kilograms) of feed on a 100 percent dry
matter basis
b = pounds (kilograms) of feed on an as-fed (air-dry) basis
¢ = the percent of dry matter in the feed

To convert from an as-fed (air-dry) basis to a 100 percent dry matter basis:

a=bXc
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That is, the pounds (kilograms) of feed on a 100 percent dry matter basis
equals the pounds (kilograms) of feed on an as-fed (air-dry) basis multiplied by
the percent of dry matter in the feed.

Example 1: A ration calls for 5.6 pounds (2.6 kilograms) of #2 dent corn on
an as-fed basis. The feed composition table shows that corn has 89 percent dry
matter. Therefore: 5.6 X 0.89 = 5.0 pounds (or 2.6 X 0.89 = 2.3 kilograms) on
a 100 percent dry matter basis. (Amounts have been rounded to the nearest tenth
of a pound or kilogram.)

Example 2: A ration calls for 22.4 pounds (10 kilograms) of alfalfa hay on
an as-fed basis. The alfalfa has been cut in the mid-bloom stage. The feed com-
position table shows that mid-bloom alfalfa hay has 89.2 percent dry matter.
Therefore: 22.4 X 0.892 = 20 pounds (or 10 X 0.892 = 9 kilograms) on a 100
percent dry matter basis.

Example 3: A ration calls for 21.8 pounds (9.8 kilograms) of corn silage on
an as-fed basis. The feed composition table shows that mature corn silage has a
dry matter content of 55 percent. Therefore: 21.8 X 0.55 = 12 pounds (or 9.8 X
0.55 = 5.4 kilograms) on a 100 percent dry matter basis.

To convert from a 100 percent dry matter basis to an as-fed basis:

b=a+c

That is, the pounds (kilograms) of feed on an as-fed (air-dry) basis equals the
pounds (kilograms) of feed on a 100 percent dry matter basis divided by the
percent of dry matter in the feed.

Example 1: A ration calls for S pounds (2.3 kilograms) of #2 dent corn on a
100 percent dry matter basis. The feed composition table shows that #2 dent corn
has 89 percent dry matter. Therefore:

5 + 0.89 = 5.6 pounds (or 2.3 = 0.89 =2.6 kilograms)

on an as-fed basis.

Example 2: A ration calls for 20 pounds (9 kilograms) of alfalfa hay on a 100
percent dry matter basis. The alfalfa has been cut in the mid-bloom stage. The
feed composition table shows that mid-bloom alfalfa hay has 89.2 percent dry
matter. Therefore:

20 + 0.892 = 22.4 pounds (or 9 = 0.892 = 10 kilograms)
on an as-fed basis.
Example 3: A ration calls for 12 pounds (5.4 kilograms) of corn silage on a

100 percent dry matter basis. The feed composition table shows that mature corn
silage has a dry matter content of 55 percent. Therefore:

12 =+ 0.55 = 21.8 pounds (or 5.4 =+ 0.55 = 9.8 kilograms)
on an as-fed basis.

When using nutrient requirement and feed composition tables given on a
100 percent dry matter basis, it is easier to work out the ration on the dry matter
basis and then convert the final figures to an as-fed (air-dry) basis.
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Rules of Thumb for Balancing Rations

Beef

A maintenance ration for beef cows is primarily roughage. Some supplement
may be required, depending on the quality of the roughage fed. The amount of
air-dry roughage to feed should equal about 2 percent of the body weight of the
animal. For example, if the beef cow weighs 1,213 pounds (550 kilograms), the
amount of air-dry roughage to feed for maintenance would be about 24 pounds
(11 kilograms). If the ration is being calculated on a 100 percent dry matter
basis, 1.8 percent of the animal’s body weight is used as the rule of thumb. For a
1,213-pound (550-kilogram) cow this would be about 22 pounds (10 kilograms)
of 100 percent dry matter roughage.

Cows nursing calves in drylot should be fed about 50 percent more than dry
cows. Silage is substituted at the rate of three parts silage for each one part of
dry roughage. Vitamin A supplement may be needed if the roughage is of poor
quality.

Fattening rations for beef should be about 2 to 2.5 percent of the animal’s
body weight, fed as air-dry grain and protein supplement. If the ration is calcu-
lated on a 100 percent dry matter basis, use 1.8 to 2.25 percent of the animal’s
body weight. About 0.5 to 1.0 percent of body weight should be fed as air-dry
roughage. On a 100 percent dry matter basis, use 0.45 to 0.9 percent of the ani-
mal’s body weight. About one part of protein supplement should be fed to each
eight to twelve parts of grain. The total ration should have about 10 to 1S percent
air-dry roughage. On a 100 percent dry matter basis, about 9 to 13.5 percent of
the total ration should be roughage. Rations with a high grain content give the
fastest and most efficient weight gains.

Fattening cattle must be fed a mineral supplement. If a high-concentrate
(grain) ration is fed, a mineral supplement consisting of two parts dicalcium
phosphate, two parts limestone, and six parts trace mineralized salt should be
fed free choice. Free choice means that the supplement is available at all times to
the animal. When feeding a high roughage ration, a mineral supplement consist-
ing of two parts trace mineralized salt and one part dicalcium phosphate should
be fed free choice. (See Chapters 15 and 16 for examples of beef rations. )

Swine

Bred sows and gilts that are limit-fed should receive about 3.5 to 4.5 pounds
(1.6 to 2.0 kilograms) of air-dry feed in the ration. Feed about 3.15 to 4 pounds
(1.44 to 1.8 kilograms) on a 100 percent dry matter basis.

Limit-fed means that the amount of feed given the animal is controlled or
limited to less than the animal would eat if given free access to the feed. Self-fed
means that the animal is given free access to all the feed it will eat.

The ration for bred sows and gilts should contain about 14 percent total
(crude) protein. Ground roughage may be added to a self-fed ration to limit the
energy intake.

Sows nursing litters should receive about 10 to 15 pounds (4.5 to 6.8 kilograms)
of air-dry feed in the ration. Feed 9 to 13.5 pounds (4 to 6 kilograms) when cal-
culating the ration on a 100 percent dry matter basis. The ration should contain
about 15 percent total protein.

Growing-finishing pigs are fed according to their size. Fifty-pound (23-kilo-
gram) pigs should be fed about 6.5 percent of their body weight as air-dry feed
(5.8 percent on a 100 percent dry matter basis). The total protein in the ration
should be about 16 percent. Pigs weighing 100 pounds (45 kilograms) should
be fed about S.5 percent of their body weight on an air-dry basis (S percent on
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a 100 percent dry matter basis). The ration should be about 14 percent total
protein. Pigs from about 170 pounds (77 kilograms) to market weight should be
fed about 4.5 to 3.5 percent of their body weight as air-dry feed (4 to 3 percent
on a 100 percent dry matter basis). The ration should have about 13 percent total
protein. As the pig becomes larger, the percent of its body weight to be fed as
feed in the ration should decrease.

In all cases, the balance of amino acids in the ration is as important as the
amount of protein. (See Chapter 22 for examples of swine rations.)

Sheep

Sheep maintenance rations should have about 3 percent of body weight as air-
dry roughage (2.7 percent on a 100 percent dry matter basis). Supplement may
be needed to balance the ration. In fattening rations for sheep, about 0.5 to
1 percent of body weight should be fed as air-dry roughage (0.45 to 0.9 percent
ona 100 percent dry matter basis). The ration should have about 2 to 3 percent of
body weight fed as air-dry grain and protein supplement (1.8 to 2.7 percent on a
100 percent dry matter basis).

Goats

Rules of thumb for goats are similar to those for sheep. Milk goats should receive
about 0.5 pound (0.2 kilogram) of air-dry grain (0.4S pound or 0.18 kilogram
on a 100 percent dry matter basis) for each pound (kilogram) of milk produced.
This is fed in addition to the needs of the animal for maintenance, growth, fetal
development, and mohair production.

Horses

Horse rations are based on the amount of work the horse is doing. Table 8-2
gives some guidelines for use in balancing rations for horses. Amounts given in
Table 8-2 are on an air-dry (as-fed) basis. Use 90 percent of the amounts given
to calculate a ration on a 100 percent dry matter basis.

Poultry

Poultry rations are made up almost entirely of grain and protein supplements.
Laying hens need a great deal of calcium for forming the egg shell. A ration for
poultry is about 10 percent of body weight, fed as air-dry feed (9 percent if ration
is calculated on a 100 percent dry matter basis).

Pounds/100 b BodyWt Kilograms/100 kg Body Wt

Hours Use
Class per Day Roughage Grain Roughage Grain
Idle 0 1.5-2.0 0 3.3-44 0
Light work 1-3 1.25-15 0.5-0.75 28-33 1.1-1.6
Medium work 3-5 1.0-1.5 0.66-1.0 2.2-33 14-22
Heavy work 5-8 1.0-1.5 1.0-14 2.2-33 2.2-3.1
Idle mares nursing foals 0 1.5 0.33 33 0.7
Growing colts after weaning 0 1.5-2.0 1.0-1.5 33-44 2.2-33
Stallions (breeding season) 0.75-15 0.75-1.5 1.6-3.3 1.6-3.3
Pregnant mares 0.5-15 0.5-15 1.1-33 1.1-33
Foals before weaning 0.5-0.75 0.5-0.75 1.1-16 1.1-16
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Steps in Balancing a Ration

Step 1. Identify the kind, age, weight, and function of the animal(s) for which
the ration is being formulated. In this volume, suggested rations and feeding
programs are found in the units referring to specific species of animals. These
may be used as general guides in formulating rations.

Step 2. Consult a table of nutrient requirements to determine the nutrient
needs of the animal(s). These requirements are called feeding standards.
Feeding standards are based on average requirements and may not meet the
needs under specific feeding conditions. If unusual conditions such as weather
stress are present, adjustments in the diet may be needed.

Step 3. Choose the feeds to be used in the ration and consult a feed composi-
tion table to determine the nutrient content of the selected feeds. Note that the
nutrient content of a feed may be different for different species. Values given in a
feed composition table are average values and may not represent the actual com-
position values of the feeds being used. An analysis of feeds being used is a more
accurate method of determining feed composition.

Step 4. Calculate the amounts of each feed to use in the ration. Several methods
may be used to do this. The Pearson Square or algebraic equations may be used to
balance a ration using two or more feeds. Computer programs may also be used
to balance rations.

Step 5. Check the ration formulated against the needs of the animal(s). Be sure it
meets the requirements for minerals and vitamins. If there is an excessive amount
of a nutrient present, it may be necessary to recalculate the ration to bring it more
closely in line with the requirements.

Determining Ration Costs

Check the cost of the nutrients in the ration to determine if this is the most
economical ration that is practical to feed. Calculate the cost of the ration per
pound (kilogram) or ton (tonne). The daily cost of feeding the animal may
also be calculated if a daily consumption rate is known or assumed. In some
cases it may be necessary to feed certain nutrients, such as salt or other miner-
als, on a free-choice basis in addition to the amounts provided in the formu-
lated ration.

The most commonly purchased feeds in rations are the protein supplements.
Compare these on the basis of the cost per pound or kilogram of the nutrient
content. For example, several protein supplements may be compared as follows:

Percent Price per PoundsProtein Price per Pound

Protein Ton per Ton Protein
14% $186 280 50.66
16% $200 320 $0.625
18% $213 360 $0.59
20% $219 400 $0.5475

In this example, the 20% protein feed has the lowest cost per pound of protein
content although its cost per ton is higher than the other examples.

Other factors to consider when comparing prices include the transporta-
tion costs of the feed from the supplier to the farm and the suitability of the
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particular feed for the class of animal being fed. Feed prices vary over a period
of time. Sometimes it is profitable to change feeds used in the diet as prices
change. However, the availability of the feed and the effect of a diet change on
the performance of the animals being fed must be considered before making
changes. Some species of animals react unfavorably when major changes are
made in their diet. Changes in diet usually need to be made gradually to avoid
a reduction in feed intake, which may result in a reduction in rate of gain or
production.

If the livestock feeder knows about how much feed will be needed for a given
period of time, it may be profitable to purchase that feed when prices are lower
and in larger quantities. The amount of money available and alternate uses of the
money must be considered before making this kind of an investment in a feed
supply. It may be wise to use an electronic spreadsheet on a computer to make
various kinds of projections concerning alternate uses of capital in the farming
operation.

Evaluating Diets Using the Computer

The National Research Council publish Nutrient Requirements of Beef Cattle
and Nutrient Requirements of Swine that include computer programs to evaluate
diets. Both of these programs generate tables of nutrient requirements based
on much more detailed information about management, breed (beef program),
and environmental conditions than was previously provided in earlier nutrient
requirement publications. Both programs evaluate diets based on detailed user
input. It is possible for the user to add feeds and to add different feed analyses
to the feed library used in the programs. The programs take into account the
many variables that interact in livestock feeding and thus are much more accu-
rate in evaluating diets than other methods described in this volume. Because
both programs require the user to select feeds and enter estimated amounts
to be fed, it is useful to use the ration balancing techniques and the rules of
thumb for feeding described in this volume to help provide a starting point
in these computer programs. It is then possible to quickly refine the inputs
to develop a diet to closely match the nutrient requirements of the specific
animals being fed.

The methods for balancing rations as outlined in this chapter may still be used
to gain a general understanding of livestock nutrition and formulating diets.
However, the use of the computer programs provided in these revised nutrient
requirement publications will allow the user to do a much better job of evaluating
diets for a wider range of conditions. The older tables of nutrient requirements
are retained in this volume for those who wish to use them for learning methods
of balancing rations.

The revised nutrient requirement publications may be downloaded without
charge from the Internet. The download includes the computer programs. The URL
for the National Academy of Sciences where these publications may be down-
loaded is http://www.nas.edu/. For those who do not have access to the Internet,
the publications, including the computer programs, may be ordered in print form
from: The National Academy Press, 2101 Constitution Avenue, Washington,
D.C.20418.

Use of the Pearson Square

It is difficult to balance a ration by trial and error. The Pearson Square is a
useful tool for simplifying the balancing of rations. It shows the proportions or
percentages of two feeds to be mixed together to give a percent of the needed
nutrient.
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For example, 2,000 pounds (907 kilograms) of feed is needed to feed a
100-pound (45-kilogram) growing hog. A feeding standards table shows that a
14 percent crude protein ration is needed. Corn and soybean meal are selected
as feeds. A feed composition table shows that corn has 8.9 percent and soybean
oil meal has 45.8 percent crude protein on an as-fed basis. How much corn and
soybean meal need to be mixed together for 2,000 pounds (907 kilograms)
of feed?

Step 1. Draw a square with lines connecting the opposite corners. Write the
percent of crude protein needed (14) in the center of the square where the

lines cross.

14

Step 2. Write the feeds to be used and their crude protein percents at the left-
hand corners of the square.

corn 8.9

14

soybean meal 45.8

Step 3. Subtract the smaller number from the larger, along the diagonal lines.
Write the difference at the opposite end of the diagonals.

14 — 8.9=5.1
45.8 —14=31.8

8.9 31.8

14

45.8 5.1

The difference between the percent protein in the soybean meal (45.8) and the
needed percent protein in the ration (14) is the parts of corn needed (31.8). The
difference between the percent protein in the corn (8.9) and the percent protein
needed in the ration (14) is the parts of soybean meal needed (5.1).

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.
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The sum of the numbers on the right equals the difference in the numbers on
the left. This fact is used as a check to see if the square is set up correctly.

corn 8.9 31.8 parts corn

14

soybean oil meal 45.8 5.1 parts soybean meal

36.9 36.9

Step 4. Divide the parts of each feed by the total parts to find the percent of
each feed in the ration.

Corn 31.8 + 36.9 X 100 = 86.2%
Soybean meal 5.1 <+ 36.9 X 100 = 13.8%

Step 5. It is known that 2,000 pounds (907 kilograms) of the mixture is
needed. Thus, the amount of corn needed is 1,724 pounds (782 kilograms).
This is found by multiplying the percent of corn in the mix by the total pounds
(kilograms) of the mix.

2,000 X 0.862 = 1,724 pounds
or
907 X 0.862 = 782 kilograms

The amount of soybean meal needed is 276 pounds (125 kilograms). This is
found by multiplying the percent of soybean meal in the mix by the total pounds
(kilograms) of the mix.
2,000 X 0.138 = 276 pounds
or
907 x 0.138 = 125 kilograms

(Numbers are rounded off to full pounds or kilograms.)

Step 6. Check the mix to make sure the protein need is met. Multiply the
pounds (kilograms) of corn by the percent of protein in the corn (1,724 X
0.089 = 153; or 782 X 0.089 = 69.6). Multiply the pounds (kilograms) of soy-
bean meal by the percent of protein in the soybean meal (276 X 0.458 = 126; or
125 X 0.458 = 57.2). Add the pounds (kilograms) of protein together. Divide
by the total weight of the mix.

153 + 126 = 279

279 + 2,000 X 100 = 14%
69.6 + 57.2 = 126.8

126.8 +~ 907 X 100 = 14%

The mix is balanced for crude protein content.

Using the Pearson Square to Mix Two Grains with a Supplement

The Pearson Square can be used to find out how much of two grains should be
mixed with a supplement. This example is calculated on an as-fed basis. The pro-
portions of each grain to be used must be known or decided upon first.

For example, assume that a 2,000-pound mix of corn, oats, and soybean meal is
needed. The mix s to contain 16 percent digestible protein. A decision is made to
use 3/4 corn and 1/4 oats in the mix. Thus, the proportion of corn to oats is 3:1.
How many pounds of corn, oats, and soybean meal are needed?

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.
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The weighted average percent of protein in the corn and oats is found first.
Multiply the proportion of corn (3) by the percent digestible protein in corn
(7.1). Do the same for oats. Add the two answers together and divide by the total
parts (4). The answer is the weighted average percent of digestible protein in the
corn—oats mix.

3x71=213
1xX99= 99
31.2

31.2 =+ 4 = 7.8% digestible protein in the corn-oats mix.

The Pearson Square is then used to find the pounds of the corn—oats mix and the
soybean meal needed.

3 parts corn plus 1 part oats 7.8 25.7 parts corn-oats mix
16
soybean meal 41.7 8.2 parts soybean meal
33.9 33.9 total parts

25.7 + 33.9 X 100 = 75.8 corn-oats mix
0.758 X 2,000 = 1,516 pounds corn-oats mix
1,516 X 3/4 = 1,137 pounds corn needed
1,516 X 1/4 = 379 pounds oats needed
100 — 75.8 = 24.2% soybean meal
0.242 x 2,000 = 484 pounds of soybean meal needed

The same method is used to mix two protein supplements with one grain. It is
also used to mix two grains and two protein supplements. In each case, the pro-
portions of like feeds to each other (such as the two grains) must be decided
upon in advance. The weighted average percent of protein is then found. Finally,
the Pearson Square is used to balance the mix. Any of the measures of nutrients
in the feed may be used. To balance on energy needs, use TDN, NE, ME, or DE.
To balance on protein needs, use total (crude) protein or digestible protein.

Balancing a Swine Ration
A ration is needed for a 45-kilogram growing hog.

Step 1. The daily requirements are found in a feeding standards table. They
appear as follows:

Feed Intake (kg) ME (kcal) Lysine (g) Ca(g) P(g)
1.9 6,200 14.3 114 9.5

Step 2. Feedsto be used are selected. Their composition is found in a feed com-
position table. They are listed as follows:

Feed ME (kcal/kg) Lysine (%) Ca (%) P (%)

Corn 3,420 0.25 0.034 033
Soybean oil meal 3,220 29 0.38 0.78
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Step 3. Use the Pearson Square to find out how much corn and soybean meal
to mix together to make 1.9 kilograms of feed. A shortage of the amino acid
lysine often slows the weight gain of the hog. Therefore, in this example, the
ration is balanced on the lysine needs. The other needs are then checked.

The ration must provide 14.3 grams of lysine. This is 0.0143 kilograms. Divide
0.0143 by 1.9 and multiply by 100, which gives 0.75 as the percent of lysine in
the ration. The Pearson Square is set up using the percent of lysine in corn and
soybean oil meal.

corn 0.25 2.15 parts corn

soybean meal 2.9 0.50 parts soybean meal

2.65 2.65

2.15+2.65 X 100 = 81.1%
0.811 X 1.9 = 1.54 kg corn needed
0.50 + 2.65 X 100 = 18.9%
0.189 X 1.9 = 0.36 kg soybean oil meal needed

Step 4. The amount of each nutrient in the ration is checked against the needs
of the animal (Figure 8-2).

The ration meets or exceeds the needs of the animal for lysine and metaboliz-
able energy. The extra amounts that this ration gives for these nutrients will not
harm the animal. They are within the allowable limits for a ration. However, the
ration is short on calcium and phosphorus. This need can be met by feeding a
mineral supplement. The amounts needed can be added to the mix to meet the
needs of the animal.

Balancing a Ration for Beef

The ration is for an 800-pound medium-frame steer with an expected daily gain

of 2.0 pounds.
Feed Lysine ME
(kg) (kg) (kg) (kg)
Corn 1.54 X 0025 = 0.0039 154 X 3420= 52608
Soybean oil meal 0.36 X 0.029 = 0.0104 036 X 3220= 11,1592
Total provided 0.0143 6,426
Needed by animal 0.0143 6,200
Excess or deficiency 0.0 +226
Ca P
@ () () ©)

Corn

Soybean oil meal
Total provided
Needed by animal
Excess or deficiency

Figure 8-2 Comparison
nutrient requirements.

1,540 X 0.00034 = 0.5236
360 X 0.0038 =_1.368
1.8916
114
—9.5084

of nutrient content in the proposed swine ration to daily

1,540 X 0.0033 = 5.082
360 X 0.0078 =_2.808
7.89
9.5
—1.61
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Step 1. Find the requirements for the animal in a feeding standards table
similar to the tables in the Appendix. For this example, determine the energy
need in metabolizable energy. Measure the protein need as total protein.
Calculate the ration on a 100 percent dry matter basis and convert the final
figures to an as-fed basis.

The 800 pound steer in this example has the following requirements:

Dry Matter Intake

(Ib) per Day ME (Mcal/lb) Protein (%) Ca (%) P (%)

18.6 1.11 9.2 0.31 0.20
Total Mcal Pounds Protein Pounds Ca Pounds P
per Day per Day per Day per Day
20.64 1.71 0.057 0.041

Find the megacalories per day and the pounds per day requirements shown
above by multiplying the dry matter intake per day by the megacalories per
pound and the percents for the appropriate nutrients.

Step 2. Select the feeds to be used. Find their composition in a feed composi-
tion table. The following feeds are used in this example:

Dry Matter ME ME Protein Ca P
Feed (%) (Mcal/’kg) (Mcal/lb) (%) (%) (%)
Bromegrass hay 89 1.99 0.9 10.0 0.30 0.35
Corn 87 3.00 1.36 9.0 007 027
Soybean meal 90 3.04 1.38 499 033 071

Step 3. Use the rules of thumb outlined earlier in this chapter to determine the
amount of each feed to use. While this is not as exact as other methods, it will
work for general on-farm use. The rule of thumb for the amount of 100 percent
dry matter roughage to feed to fattening beef is 0.45 to 0.9 percent of body
weight. For this example, 0.9 percent is used:

0.009 x 800 = 7.2 pounds of hay to feed
Calculate the amount of ME and protein the hay will provide:
7.2 X 0.90 = 6.48 Mcal of ME from hay
7.2 x0.10 = 0.72 pounds protein from hay

Subtract the amount of ME and protein that comes from the hay from the
amounts the animal needs:
20.64 — 6.48 = 14.16 Mcal ME from concentrate mix
1.71 — 0.72 = 0.99 pounds protein from concentrate mix

Divide the deficit amount of Mcal in ME by the Mcal in 1 pound of corn
(1.36). Use the Mcal in corn because the largest portion of the concentrate
mix is corn. The answer to this calculation gives the pounds of concentrate
mix needed.

14.16 + 1.36 = 10.4 pounds of concentrate mix needed

The pounds of deficit protein is divided by the pounds of concentrate needed
and multiplied by 100. The answer is the percentage of protein needed in the
concentrate mix.

0.99 + 10.4 X 100 = 9.5% protein in concentrate mix

175



176 Section 2

Anatomy, Physiology, Feeding, and Nutrition

The Pearson Square is used to determine the amount of corn and soybean meal

needed.
ground corn 9.0 40.4 parts of corn
9.5
soybean meal 49.9 0.5 parts of soybean meal
40.9 40.9

40.4 = 40.9 X 100 = 98.8% corn in concentrate mix
0.988 x 10.4 = 10.28 pounds of corn needed
0.5 =+ 40.9 X 100 = 1.22% soybean meal in concentrate mix
0.0122 X 10.4 = 0.13 pounds of soybean meal needed

(Answers are rounded.)

Step 4. Check the amount of each nutrient in the ration against the needs of the
animal (Figure 8-3).

This ration is exactly balanced for the metabolizable energy and protein needs
of the animal. It is slightly deficient in calcium and has a slight excess of phospho-
rus. Although these variations are within the allowable limits for a ration, it might
be wise to add a little calcium with a mineral supplement.

The ration was calculated on a 100 percent dry matter basis. The calculated
amounts are converted to an as-fed basis by dividing by the percent of dry matter
in each feed. The calculations are as follows:

Bromegrass hay 7.2 + 0.89 = 8.09 pounds
Ground ear corn 10.28 <+ 0.87 = 11.82 pounds
Soybean meal 0.13 + 0.9 = 0.14 pounds

Feed ME Protein
(Mcal) (Ib)

Bromegrass hay 72X09= 648 72X01= 072
Corn 10.28 X 136 = 13.98 10.28 X 0.09 = 0.93
Soybean oil meal 013X 138= 0.18 0.13 X 0499 = 0.06
Total provided 20.64 1.71
Needed by animal 20.64 1.71
Excess or deficiency 0.0 0.0

Ca P

(Ib) (Ib)
Bromegrass hay 7.2 X 0.003 = 0.0216 7.2 X 0.0035 = 0.0252
Corn 10.28 X 0.0007 = 0.0072 10.28 X 0.0027 = 0.0278
Soybean oil meal 0.13 X 0.0033 = 0.0004 0.13 X 0.0071 = 0.0009
Total provided 0.0292 0.0539
Needed by animal 0.057 0.041
Excess or deficiency —-0.0278 +0.0129

Figure 8-3 Comparison of nutrient content in the proposed ration to daily nutrient
requirements for beef cattle.
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The total pounds of feed to be fed is found by adding the pounds of each feed:

hay 8.09

corn 11.82

soybean meal 0.14
ﬁpounds

The animal will eat about 2.5 to 3 percent of its body weight in feed each day.
This ration provides 2.51 percent of the body weight in the total ration.

20.05 + 800 X 100 = 2.51

This is within the allowable limits for feeding the animal.

Using Algebraic Equations to Balance Rations

Algebraic equations may be used instead of the Pearson Square to balance rations.
This may be illustrated by using the same problem as the first Pearson Square
example shown in this chapter. The mix of 2,000 pounds is to be balanced for
protein using two feeds. The basic equations are:

X = pounds (or kilograms) of grain needed

Y = pounds (or kilograms) of supplement needed

Equation 1:
X + Y = total pounds (or kilograms) of mix needed

Equation 2:
(percent nutrient in grain) X (X) + (percent nutrient in supplement) X
(Y) = pounds (or kilograms) of nutrient desired in mix

Place the desired values (express all percents as decimals) in equation 2:

0.089X + 0.458Y = 280

(The quantity 280 is found by multiplying the quantity of feed
[2,000 Ib] by the percent [0.14] [or the amount/kg or Ib] of the
nutrient desired: 2,000 x 0.14 = 280.)

Either X or Y must be canceled by the multiplication of equation 1 by the percent-
age of nutrient for either X or Y, and the resulting equation 3 is subtracted from
equation 2. This example uses the percentage crude protein for corn (0.089),
giving equation 3:
0.089X + 0.089Y =178
(The value 178 is found by multiplying 0.089 times 2,000 Ib.)

Subtract equation 3 from equation 2:
0.089X + 0.458Y = 280
—0.089X — 0.089Y = —178

0.369Y = 102
Y = 276 pounds of soybean meal

The value of X may be found by substituting the value of Y in equation 1 and
solving for X:

X+ 276 =2,000

X =2,000 —-276

X = 1,724 pounds of corn
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Answers in the above example have been rounded to whole numbers. Note that
this method gives the same results as the use of the Pearson Square in the first
example in this unit.

Algebraic equations may also be used to balance rations using three or more
feeds. The same initial step must be taken as when using the Pearson Square, that
is, group similar feeds into two groups and determine the proportions of each to
be used in each group. After this is done, the same procedure as outlined above is
followed to balance the ration.

Balancing Rations with Simultaneous Algebraic Equations
Simultaneous algebraic equations may be used to balance a ration using two feeds
or groups of feeds and balancing for two desired nutrients.

Assume that a feed mix is desired for growing finishing pigs weighing 20 to
50 kg (44 to 110 Ibs). The mix is to be balanced for lysine and metabolizable
energy (ME) requirements using corn and soybean meal. The nutrient and energy
composition of the feeds to be used are found in the tables of feed composition in
the Appendix. When using the tables, note that energy values are different for
different classes of livestock. Be sure to secure the value for the type of livestock
for which the diet is being formulated. In this example, corn (IFN 4-02-935)
and soybean meal (IFN 5-04-604) are to be used. Ground limestone (IFN 6-02-
632) and ground defluorinated phosphate (IFN 6-01-780) are used to supply
the additional major minerals needed. All values are expressed on an as-fed
basis. Lysine is often the first limiting amino acid in swine diets; therefore, it is
used to balance this example diet. If the lysine requirement is not met, it makes
no difference how many of the other essential amino acids are present. The pigs
will not grow any faster than the amount of lysine in the diet will permit.

Step 1. Set up the requirements and composition of the feeds:

Lysine ME Calcium Phosphorus
Required/kg of diet 0.75% 3,260 kcal 0.60% 0.50%
Corn 0.25% 3,420 kcal/kg  0.03% 0.29%
SBM 290%  3220kcal’/kg 034%  0.70%
Ground limestone 36.07%  0.02%
Defluorinated phosphate 31.65%  13.7%

Step 2. Set up the algebraic equations and solve:

X =amount of corn needed per kilogram of diet

Y = amount of soybean meal needed per kilogram of diet
Equation 1:

0.25X + 2.90Y = 0.75 (lysine equation)
Equation 2:
3,420X + 3,220Y = 3,260 (energy equation)

Divide 3,420 by 0.25 to get a factor (3,420/0.25 = 13,680) that is multiplied times
equation 1:(13,680) X (0.25X + 2.90Y = 0.75) = 3,420X + 39,672X = 10,260.

The resulting equation is then subtracted from equation 2 to eliminate the X
unknown and solve for Y. Alternatively, the Y unknown could be eliminated by
dividing 3,420 by 2.90 and then solving for X:

3,420X + 3,220Y= 3,260
—3,420X — 39,672Y =—-10,260
—36,452Y= —7,000

Y= 0.192
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Substitute the value of Y'in equation 1 and solve for X:

0.25X + (2.90 X 0.192) = 0.75
0.25X + 0.5568 = 0.75
0.25X = 0.75 — 0.5568
0.25X = 0.1932
X=0.7728

Step 3. The accuracy of the solution may be checked by comparing the
computed amounts of lysine and ME provided by this diet with the original
requirements:
Lysine requirement
corn 0.25 X 0.7728 = 0.1932
SBM 2.90 x 0.192 = 0.5568
Total lysine = 0.75 per kilogram of diet

ME requirement
corn 3,420 X 0.7728 = 2,642.98
SBM 3,220 X 0.192 =618.24
Total ME = 3,261 per kilogram of diet

Step 4. Calculate the amount of ground limestone and defluorinated phosphate
needed using simultaneous algebraic equations:

X = amount of ground limestone needed per kilogram of diet
Y = amount of defluorinated phosphate needed per kilogram of diet

Determine the amount of calcium and phosphorus supplied by the corn
and soybean meal.

Calcium:
corn: 0.03 X 0.7728 = 0.0232
SBM:0.34 X 0.192 = 0.0653
Phosphorus:
corn: 0.29 X 0.7728 = 0.2241
SBM: 0.70 X 0.192 =0.1344
Equation 1:

(percent calcium in ground limestone times X) + (percent calcium

in defluorinated phosphate times Y) = (percent calcium required in
diet minus [calcium provided in corn plus calcium provided in soybean
meal])

36.07X + 31.65Y = 0.60 — (0.0232 + 0.0653)
36.07X + 31.65Y = 0.5115 (calcium equation)

Equation 2:

(percent phosphorus in ground limestone times X) + (percent phosphorus
in defluorinated phosphate times Y) = (percent phosphorus required in
diet minus [phosphorus provided in corn plus phosphorus provided

in soybean meal])

0.02X + 13.70Y = 0.50 — (0.2240 + 0.1344)
0.02X + 13.70Y = 0.1416 (phosphorus equation)
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Divide 0.02 by 36.07 to get a factor (0.02 + 36.07 = 0.0005545) that is multi-
plied times equation 1: (0.0005545) X (36.07X + 31.65Y = 0.5115) = 0.02X +
0.01755Y = 0.000284. The resulting equation is then subtracted from equation 2
to eliminate the X unknown and solve for Y.
0.02X + 13.70Y = 0.1416
— 0.02X — 0.01755Y = —0.000284
13.68245Y = 0.1413
Y =0.010327

Substitute the value of Y'in equation 1 and solve for X:

36.07X + (31.65 x 0.010327) = 0.5115
36.07X + 0.32684 = 0.5115
36.07X=0.5115 — 0.32684
36.07X = 0.18466
X =0.00512

Step 5. Compare the nutrients supplied by the computed diet and the require-
ments of the animal:

Lysine ME Calcium  Phosphorus
Amount supplied in diet:
Corn 0.1931 2,641.65 0.0232 0.2240
Soybean meal 0.5569 61835 0.0653 0.1344
Ground limestone 0.1847 0.0001
Defluorinated phosphate 0.3268 0.1415
Total in diet 0.75 3,260 0.60 0.50
Required/kg of diet 0.75 3,260 0.60 0.50
Difference 0.0 0 0 0

The computed ration meets the dietary requirements for lysine, metabo-
lizable energy, calcium, and phosphorus. To provide a completely fortified
ration, add 0.2S percent sodium chloride, 0.1 percent trace mineral premix,
0.1 percent vitamin premix, and 0.1 percent antimicrobial premix to the
ration. To make the total equal 100 percent, add an amount equal to the dif-
ference between the calculated total and 100 to the calculated percent of corn
in the diet. The percent of each ingredient in the diet is shown as calculated
and as revised:

Percent of Each Ingredient in the Diet

% as Calculated Revised % to Total 100
Corn 77.24 78.71
Soybean meal 19.20 19.20
Ground limestone 0.51 0.51
Defluorinated phosphate 1.03 1.03
Sodium chloride 0.25 0.25
Trace mineral premix 0.10 0.10
Vitamin premix 0.10 0.10
Antimicrobial premix 0.10 0.10

Total 98.53 100
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USING FIXED INGREDIENTS
WHEN FORMULATING DIETS

Feed mixes formulated to provide a complete diet for the animal normally have
small amounts of minerals, vitamins, and antibiotics added. Generally, these total
less than 10 percent of the total mix and provide little of the protein or energy
needed in the diet. However, these fixed ingredients must be taken into account
when formulating diets if the final computed protein and energy needs of the
animals are to be met.

The first step in formulating a diet using fixed ingredients is to determine what
these ingredients are and how much of each is to be in the final mix. Next, deter-
mine if any of these fixed ingredients provide any of the nutrients for which the
ration is being balanced. If they do, then these amounts must be calculated and
subtracted from the amount to be provided by the major ingredients in the diet.
After this is done, then the procedures outlined above may be followed to balance
the major ingredients for the mix.

This procedure is demonstrated using algebraic equations. Assume a 1 ton
(2,000 1b) mix is needed to feed finishing hogs weighing 125 pounds (57 kg).
The major ingredients selected are corn (IFN 4-02-935) and soybean meal (IFN
5-01-600). The fixed ingredients that provide additional minerals and vitamins
do not add either energy or protein to the ration and total 55 pounds. The ration
is to be balanced for daily requirements of lysine and ME.

Step 1. Set up the requirements and composition of the feeds:

Lysine ME
Daily requirement (kg) 0.0122 6,320 kcal
Corn (4-02-935) 0.0025 3,300 kcal/kg
SBM (5-04-600) 0.0279 2,972 kcal/kg

Step 2. Set up the algebraic equations and solve:

X = amount of corn needed per day
Y = amount of soybean meal needed per day

Equation 1:
0.0025X + 0.0279Y = 0.0122 (lysine equation)
Equation 2:
3,300X + 2,972Y = 6,320 (energy equation)

Divide 3,300 by 0.0025 to get a factor that is multiplied times equation 1. The
resulting equation is then subtracted from equation 2 to eliminate the X unknown
and solve for Y. Alternatively, the Y unknown can be eliminated by dividing 2,972
by 0.0279 and then solving for X:

3,300 + 0.0025 = 1,320,000
3,300X + 2,972Y = 6,320
—3,300X — 36,828Y = —16,104
—33,856Y = —9,784

Y =0.289
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Substitute the value of Yin equation 1 and solve for X:

0.0025X + (0.0279 X 0.289) = 0.0122
0.0025X + 0.008 = 0.0122
0.0025X = 0.0122 — 0.008
0.0025X = 0.0042
X=1.68

Step 3. The accuracy of the solution may be checked by comparing the
computed amounts of lysine and ME provided by this diet with the original
requirements:
Lysine requirement (0.0122 kg)

corn 0.0025 X 1.68 = 0.0042

SBM 0.0279 X 0.289 = 0.008

Total lysine = 0.0122 kg per day

ME requirement (6,320 kcal)

corn 3,300 X 1.68 = 5,544
SBM 2,972 X 0.289 = 859

Total ME = 6,403 kcal per day

Step 4. Determine the amount of corn and soybean meal to mix together to
make 1,945 pounds of mix. The amounts of corn and soybean meal needed daily
are added together and each amount is divided by the total to determine the per-
cent of each ingredient in the ration. This percentage is then multiplied times
1,945 pounds to determine how many pounds of corn and soybean meal are nec-
essary in the total mix. The balance of the 2,000 pounds is composed of the fixed
ingredients previously determined to provide the added minerals and vitamins
needed in the ration.

kg/day % diet Ib/ton

Corn 1.68 85.3 1,654
SBM 0.289 14.7 286
Total 1.969 100 1,945

SUBSTITUTING SILAGE FOR HAY

Silage replaces hay in a ration at the rate of three parts silage to one part hay. In
the beef ration example given in this chapter, assume that one-half of the rough-
age is from silage. The amount of hay and silage used is calculated as follows:

7.2 + 2 = 3.6 pounds of hay
3.6 X 3 = 10.8 pounds of silage

The ration is then calculated using the same method as in the example. The
ME and protein content of the silage and hay is balanced by adding grain and
supplement. The pounds of ME in the hay and silage are added together when
finding the pounds of concentrate mix needed. The pounds of protein in the hay
and silage are added together when finding the percent of protein needed in the
concentrate mix.
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USE OF COMPUTERS TO BALANCE RATIONS

Livestock rations can be balanced by the use of a computer. Computer services
for balancing rations are offered by many universities and commercial feed com-
panies. A computer can balance a ration more quickly than a person can. In addi-
tion, a least-cost ration can be calculated. The cost of the computer service must
be considered when deciding whether or not to use this service. It may be pos-
sible to save money by using a computer service to balance livestock rations.

SUMMARY

Livestock feeds are classified as roughages and concentrates. Roughages have
a crude fiber content of more than 18 percent. Concentrates have less than
18 percent crude fiber. Roughages are either legume or nonlegume. Legume
roughages can use nitrogen from the air. They are higher in protein content than
nonlegume roughages. Concentrates are either energy feeds or protein supple-
ments. Energy feeds are usually grains such as corn or oats. Protein supplements
have more than 20 percent protein content. They come from either animal or
vegetable sources.

A ration is the amount of feed an animal is given during a 24-hour period.
It is balanced if it provides all the nutrients the animal needs for good growth,
gain, or production. In addition, the ration must taste good to the animal and it
must be economical. The right balance of roughages and concentrates must be
in the ration. No harmful materials or excessive amounts of additives should be
fed. Micronutrients and additives must be carefully mixed in the right amounts
in the ration.

A ration is fed for several purposes. It must provide the nutrients needed for
maintenance, growth, pregnancy and, sometimes, work. Many animals are also
fed to fatten for market or to produce milk, eggs, or wool. Proper nutrition is also
essential for reproduction.

Rations are balanced for the protein and energy needs of the animal. Feeding
standards and tables of feed composition are used in balancing rations. The min-
eral and vitamin needs of the animal are also considered. The price of the feed
used is important when calculating least-cost rations. Certain rules of thumb,
which give general guides to use for rations, may be used.

There are five steps in balancing a ration. (1) The kind of animal to be fed is
identified. (2) The needs of the animal are found. (3) Feeds are selected and the
composition of the feed is found. (4) The amount of each feed to use is calcu-
lated. (5) The ration is checked against the needs of the animal to make sure it is
balanced. The Pearson Square is a helpful tool to use in balancing rations.

Computers may be used to make balancing rations easier and faster. More
nutrients can be considered when using a computer to balance a ration.

Student Learning Activities

1. Calculate balanced rations for livestock on a local farm.

2. Secure prices of feeds from local sources and calculate least-cost, balanced
rations for various classes of animals.

3. Prepare an exhibit showing feeds classified as roughages and concentrates.

4. Present an oral report on balancing a ration for livestock on your home
farm.
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. Take a field trip to a feed company that uses a computer for balancing rations
and observe the method being used.

. Calculate and use appropriate balanced rations when planning and conduct-
ing an animal supervised experience program in animal production.

iscussion Questions

o N e N L

11.
12.

13.

14.
1S.

. What are roughages?

. Name the two general classes of roughages.

. What are the sources of each of these two classes of roughages?

. What are concentrates?

. Define the term ration.

. List and briefly explain the six functions of a ration.

. What are the two common ways to measure the amount of protein in a ration?

. What are the four common ways to measure the amount of energy provided
by a ration?

. What should be the ratio of calcium to phosphorus in a ration?

. What are the rules of thumb for balancing rations for (a) beef cattle,

(b) swine, (c) sheep and goats, (d) horses, (e) poultry?

List and briefly explain the five steps to follow when balancing a ration.

Give an example showing how to use the Pearson Square when balancing

a ration.

Select an animal from the home farm or in the local area and balance a ration

for that animal using feeds available locally.

How much silage can be substituted for hay in a ration for beef?

Show how to convert the amounts in a ration calculated on a dry-matter basis

to an as-fed basis.

Review Questions

True/False

1

. Legume roughages can use nitrogen from the air.

2. Computers have not been found proficient in balancing rations.
3. Rations are balanced for the protein and energy needs of the animal.
Multiple Choice

4, Livestock feeds are classifiedas ___:

a. roughages c. crude fiber

b. concentrates d. aandb

S. A maintenance ration for beef cattle is primarily ___:

a. carbohydrates c. roughages

b. vitamins d. fats

6. The net energy for production is that amount of energy needed by the animal
above the amount used for

a. growth c. work

b. fat production d. maintenance

7. When determining a ration, the must be considered when determin-
ing the nutrient requirements.

a. weight of the ration c. size of the ration

b. type of the ration d. functions of the ration
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Completion
8. Breathing, function of the heart, and other vital body processes are called
9. Livestock feeds that contain 20% or more protein are called

10. is animal tissues and bones from animal slaughterhouses and render-
ing plants that are cooked, dried, and ground.

Short Answer

11. How does proper nutrition affect reproduction?
12. What is the primary use of nutrients in a ration?
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Genetics of Animal
Breeding

Objectives

After studying this chapter, the student should be able to

- explain how genetics relates to improvement
in livestock production.

. describe how cell division occurs.

- diagram and explain how animal characteristics are
transmitted.

- diagram and explain sex determination, linkage,
crossover, and mutation.
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THE IMPORTANCE OF GENETICS

Farm animals today are better than they were 100 years ago. They produce more
meat, milk, eggs, and wool on less feed. Much of this progress in livestock effi-
ciency is the result of the use of genetics. Genetics is the study of heredity, or
the way in which traits of parents are passed on to offspring. Good breeding pro-
grams are based on an application of the principles of genetics (Figure 9-1).

An Austrian monk named Gregor Johann Mendel is considered to be the
founder of the science of genetics. In a period from 1857 to 1865, Mendel did
many experiments with garden peas. He proved that certain characteristics, such
as color and height, are passed from parent to offspring. Livestock breeders use
this fact to select animals for breeding that will produce offspring with desirable
characteristics.

Not all differences in animals are caused by genetics. Some are caused by the
environment, or the conditions under which the animals are raised. This makes
the job of selection more difficult. However, methods have been developed that
enable farmers to select parent animals with traits that are related to genetics
rather than the environment.

SELECTION BASED ON GENETICS

Additive and Nonadditive Gene Effects

Observation of any population of farm animals reveals variation in phenotype
and, by inference, variation in genotype. Two factors are responsible for the
genetic variation in animals: additive gene effects and nonadditive gene effects.

When many different genes are involved in the expression of a trait, that
expression is said to be controlled by additive gene effects. Individual genes
have relatively little effect on the trait; the effect of each gene is cumulative
with very little or no dominance between pairs of alleles. Each member of the
gene pair has an equal opportunity to be expressed. Most of the economically
important traits of livestock are controlled by additive gene effects. Carcass
traits, weight gain, and milk production are examples of traits that have moder-
ate to high heritability and are considered to be greatly influenced by additive
gene effects.

Traits that result from additive gene effects are considered to be quantitative.
There may be hundreds or even thousands of gene pairs, located on different
chromosome pairs, that are involved in the expression of the trait. The environ-
ment the animal is raised in often influences the expression of the trait. It is dif-
ficult to classify the phenotypes of the animals into distinct categories because
they usually follow a continuous distribution. It is hard to identify animals with
superior genotypes for quantitative traits.

Nonadditive gene effects control traits by determining how gene pairs act
in different combinations with one another. Generally, these traits are readily
observable and are controlled by only one or a few pairs of genes. Typically, one
of the genes in the pair will be dominant if the animal is heterozygous for the
trait being expressed. When combinations of gene pairs give good effects, the
offspring will be better than either of its parents. This is sometimes called hybrid
vigor or heterosis.

Traits that result from nonadditive gene effects are considered to be qualita-
tive. The phenotype of these traits can usually be identified easily, there is rela-
tively little environmental effect on these traits, and the genotype can usually be
easily determined.

The Genomic Map of the Chicken

Linkige group E4D €19

Limkage group E38 €38

B i e

Figure 9-1 Good breeding pro-
grams are based on the applica-
tion of genetics. Photo by Peggy
Greb. Courtesy of U.S. Department of
Agriculture.
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Heritability

Trait (%)
Number born 5
Calving interval (fertility) 10
Percent calf crop 10
Services per conception 10
Conformation score

at weaning 25
Cancer eye susceptibility 30
Gain on pasture 30
Weaning weight 30
Yield grade 30
Carcass grade 35
Age at puberty 40
Birth weight 40
Body condition score 40
Carcass—percent lean

cuts 40
Conformation score at

slaughter 40
Cow maternal ability 40
Efficiency of gain 40
Preweaning gain 40
Yearling frame size 40
Yearling weight 40
Fat thickness 45
Feedlot gain 45
Dressing percent 46
Marbling score 50
Mature weight 50
Scrotal circumference 50
Tenderness 50
Final feedlot weight 60
Retail yield 60
Rib eye area 70

Section 3 Animal Breeding

Heritability Estimates

Heritability is the proportion of the total variation (genetic and environmental)
that is due to additive gene effects. A heritability estimate expresses the likeli-
hood of a trait being passed on from parent to offspring.

If a trait has a high heritability, the improvement in the animals’ characteristics
will be rapid. The improvement is slow for traits with a low heritability, requiring
several generations of animals for the desirable trait to become strong. Tables 9-1,
9-2,9-3, and 42-4 list heritability estimates for several species of livestock.

Selecting Breeding Stock

The selection of breeding animals in specific species is discussed in later
units in this text. There are computer programs and databases, developed
by universities and breed associations, currently available that can provide
information about the breeding value of animals. The use of estimated
breeding value and expected progeny difference helps the producer make
faster genetic improvement in livestock. Mating systems for livestock are also
discussed later in this text.

There are three types of systems that might be used to select breeding
animals.

1. Tandem

« Selection is for one trait at a time; selection for another trait begins when
a desired level of performance is achieved in the first.

« Ananimal with one desirable trait but other undesirable traits may be kept
for breeding purposes.

« For the most profitable production, emphasis needs to be placed on
several traits when selecting breeding stock; tandem selection does not
do this.

« Simple to use but not reccommended; it is the least effective of the selec-
tion methods.

2. Independent Culling Levels

« Establishes a performance level for each trait in the selection program that
an animal must achieve to be kept for breeding purposes.

« Selection for the breeding program is based on more than one trait.

« A disadvantage of this type of selection is that superior performance in
one trait cannot offset a trait that does not meet the criteria for selection.

« Most effective when only a small number of traits are being selected for in
the breeding program.

« This is the second most effective method of selection and is the one most
widely used in the livestock industry.

3. Selection Index

 An index of net merit is established that gives weight to traits based on
their economic importance, heritability, and genetic correlations that may
exist between the traits.

« Does not discriminate against a trait with only slightly substandard per-
formance when it is offset by high performance in another trait.

« Provides more rapid improvement in overall genetic improvement in the
breeding group.

« Extensive records are required to establish the index.

« Is the most effective method of achieving improvement in genetic merit.

From a practical standpoint, it may be wise for a livestock breeder to use a com-
bination of selection methods in the breeding program. A combination of the
independent culling level method and the selection index method may work best



Chapter 9

Ribosomes

Centriole

Lysosome

Vacuole Nucleolus

Nucleus

: Rough Enc_ioplasmic
s Reticulum

Apparatus >
(Complex)  /

Mitochondrion

3
Plasma Membrane

Smooth Endoplasmic Reticulum

Figure 9-2 Parts of the cell.

for many producers. One or two traits that are particularly critical for the producer
may be selected for using the independent culling level method. The selection
index might then be used for other traits that are important for that producer.

THE CELL AND CELL DIVISION

An animal’s body is made up of millions of cells. Cells are the basic and gener-
ally the smallest parts of the body that are capable of sustaining the processes of
life (metabolism and reproduction). Figure 9-2 shows the parts of a cell. Most
of the cell is made of a material called protoplasm. The nucleus contains the
hereditary material of the cell, that is, the chromosomes that contain the genes.
The nucleus also controls the cell’s metabolism, growth, and reproduction. The
nucleus is surrounded by the cytoplasm. The cytoplasm contains mitochondria,
lysosomes, Golgi apparatuses, and ribosomes. The nucleus and cytoplasm are
surrounded by the semipermeable cell membrane.

Mitosis

Each animal begins as a single cell. This cell divides to make two cells. The cells
continue to divide, and groups of cells form specialized tissues and organs in
the animal’s body. This division of body cells in an animal is called mitosis.
Mitosis increases the number of body cells, which causes the animal to grow.
Old body cells that die are replaced by mitosis. Chromosomes occur in pairs
in the nucleus of all body cells except the sperm and ovum. Each parent con-
tributes one-half of the pair. The number of pairs of chromosomes is called
the diploid number. The diploid number varies from species to species but is
constant for each species of animal:

cattle 30 goat 30 chicken 39
swine 19 horse 32 rabbit 22
sheep 27 donkey 31
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Table 9-2 Heritability Estimates

for Swine

Heritability

Trait (%)
Litter survival to weaning 5
Litter size 10
Number farrowed 10
Number pigs weaned 12
Weaning weight (3 weeks) 15
Birth weight 20
Five month weight 25
Number of nipples 25
Conformation 30
Feed efficiency 30
Age at puberty 35
Percent lean cuts 45
Probe back fat

(live at 200 Ib [99.8 kq]) 45
Carcass length 50
Loin muscle area 50
Percent of shoulder 50
Percentage carcass muscle 50
Percent ham 55
Percent fat cuts 60

Table 9-3 Heritability Estimates

for Sheep

Heritability
Trait (%)
Number born 13
Conformation score 15
Feed efficiency 20
Fat thickness 25
Milking ability 25
Birth weight 30
Weaning weight 30
Carcass—percent lean cuts 35
Fleece weight 40
Post weaning daily gain 40
Skin folds 40
Weight of retail cuts 40
Yearling weight 40
Rib eye area 45
Face covering 50
Mature weight 50
Staple length 50
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Figure 9-3 Cell division (mitosis).

During mitosis, the chromosome pairs are duplicated in each daughter cell,
so they are exactly like the old cell. Figure 9-3 shows the steps in mitosis. A
cell that is not dividing is in the interphase stage. During mitosis there are four
typical stages in the division of the cell nucleus. In the order in which they
occur these are: prophase, metaphase, anaphase, and telophase.

The ability of body cells to continue to divide throughout the life of the
animal is limited. At the end of each chromosome in the nucleus of the cell
there is a specific repeating DNA sequence called a telomere. The presence of
these telomeres is critical for successful cell division. Each time a cell divides,
some of the telomere is lost from the end of the chromosome. As the animal
ages, the telomeres become shorter and eventually the cells stop dividing. This
causes the animal to eventually die of old age, if it does not die from some other
cause earlier.

Meiosis

When cells divide by mitosis, the daughter cells contain two of each type of chro-
mosome, that is, they are diploid. The reproductive cells are called gametes. The
male gamete is called a sperm cell and the female gamete is called an ovum, or
egg, cell. During sexual reproduction two gametes (one sperm and one ovum)
unite to form the zygote. If each gamete were diploid, the zygote would have
twice as many chromosomes as the parents. Since this does not happen, clearly
a mechanism for cell division exists that reduces the number of chromosomes in
the gametes by one-half. This specialized type of cell division that occurs in the
gametes is called meiosis, Figure 9-4.
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Figure 9-4 Cell dividing by meiosis.

During meiosis the chromosome pairs are divided in such a manner that
each gamete has one of each type of chromosome; the gamete cell has a
haploid number of chromosomes. The zygote that results from the union of
the sperm and ovum has a diploid number of chromosomes. One set comes
from the sperm and one set comes from the ovum. The chromosome pairs
are homologous, that is the first chromosome in the sperm matches the first
chromosome in the ovum; the rest of the chromosomes in the sperm and
ovum match up in a similar manner.

Although both the spermatozoa and the ova are produced by meiosis, there
are some differences in the production of each. The production of spermatozoa
is called spermatogenesis; the production of an ovum is called oogenesis,
Figure 9-S.

When they reach sexual maturity, male animals begin producing spermato-
zoa (sperm cells) from spermatogonia in the seminiferous tubules in the testes.
Spermatogonia are the parents of spermatocytes (diploid cells that divide by
meiosis to produce four spermatids). A spermatid is any of the four haploid
cells produced by meiosis that develop into spermatozoa. The first meiotic divi-
sion acts on a primary spermatocyte to produce two secondary spermatocytes
that then divide in the second meiotic division to produce four spermatids.
Spermatozoa are small, with only a small amount of cytoplasm in the head that is
primarily the nucleus; they develop a long flagellum or tail that gives them a high
degree of motility.
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Figure 9-5 The steps in production of sperm (spermatogenesis) and the ovum (oogenesis).

At sexual maturity, female animals produce ova (egg cells) in the ovaries.
(Ovais the plural of ovum.) The first meiotic division acts on a primary oocyte
to produce two cells; one is the secondary oocyte and the other is the first polar
body. The secondary oocyte is a relatively large body, while the first polar body
is quite small. The second meiotic division acting on the secondary oocyte
produces one large cell (ootid) and one small cell (second polar body). The
ootid develops in the ovum. The first polar body may or may not divide during
the second meiotic division; if it does it produces two second polar bodies.
The second polar bodies produced are not functional and are reabsorbed. The
single ovum that is produced is large and contains a lot of cytoplasm and stored
food; this provides the initial nourishment for the zygote and embryo.

Fertilization

When a sperm cell from the male reaches an egg cell from the female, fertil-
ization takes place. The two haploid cells unite to form one complete cell
called a zygote. The zygote is diploid; that is, it has a full set of chromosome
pairs. This process results in many different possible combinations of traits
in the offspring.

TRANSMISSION OF CHARACTERISTICS

Genes

The characteristics of an animal that are inheritable are passed from one genera-
tion to the next by genes. Genes are located on chromosomes and are composed
of DNA. Because chromosomes occur in homologous pairs, the genes that they
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carry are also paired. The sequence of the locations of the gene pairs is the same
in a homologous pair of chromosomes. If a gene pair at a given location is identi-
cal, they control a trait in the same way. For example, both may code for the color
black. In this case the gene pair is said to be homozygous. In some gene pairs each
gene codes for a different expression of the same trait. In this case the genes are
called alleles and the gene pair is said to be heterozygous. For example, one allele
may code for black color and the other may code for red color. The same trait is
being affected but the alleles are coding for different effects. Genotype refers to
the com