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Foreword

Agriculture is the world’s biggest and most vital industry. The job of
agriculture is to produce food to satisfy the nutritional requirements of
the population. United States agriculture is the envy of most nations in
the world. Of course, the United States is blessed with the land, animals,
equipment, skill and the incentive to produce abundant food supplies
efficiently. Industrialization of traditional agriculture production in the
United States has resulted in all the food that is necessary for growing
populations and a variety of nutritious foods at a price most people can
pay. A small portion of disposable income is required for food. Agri-
cultural scientists have worked diligently to give agriculture important
tools in achieving new dimensions of efficiency. In contrast, Soviet farm
output is 309 less than in the United States, even though their planted
acreage is 759 greater and their farm labor force far outnumbers that of
the United States.

The commercial feed industry and animal agriculture play unique roles
in the U.S. economy. Millions of tons of animal feeds are produced an-
nually by the commercial feed industry. This is a vital factor in the pro-
duction efficiency of U.S. livestock and poultry producers. The United
States could not have attained the abundant supply of high protein foods
and the production efficiency of animal agriculture without the commer-
cial feed industry. Animal agriculture’s production is geared almost
directly to consumer demand.

The world’s livestock population is at least twice that of the human
race. The food industry provides an inventory-free pipeline of abundant
food production. It is founded on research that has developed an amazing
variety of feed formulations to produce maximum efficiency in the pro-
duction of meat, milk, and eggs. The commercial broiler industry that
came of age in the mid 1940’s is an excellent example of the feed in-
dustry’s contribution to animal agriculture. Broilers used to require
51b of feed to gain 1 b in weight and it took approximately 15 weeks for
them to reach a 3-1b market weight. Today, broilers require half that
amount of feed and time.

Properly processed soybean meal has given U.S. animal agriculture a
foundation for production efficiency unmatched anywhere else in the
world. This is indeed one of the most spectacular chapters in the story
of modern civilization.

Animal foods are expensive compared to nonanimal foods and must be
v



vi FOREWORD

justified. Good crop land will produce 10 to 20 times the amount of
human food that can be obtained by utilization of animals produced on
the same area of land. At best, only a fourth of the protein in the edible
parts of plants is returned as meat. A dairy cow is the most efficient con-
verter (28%;) and the beef cow the least efficient (6%;) in converting plant
protein into animal protein. The broiler, laying hen, and swine are inter-
mediate with 22, 22, and 169 efficiencies, respectively. Alfalfa and soy-
bean crops are the leading protein producers. High-protein cereal grains
of the better balanced amino acid content, especially lysine, will have an
impact on animal proteins and high-protein, oil-bearing seeds within the
next decade.

Food resources are most limited in nations that are experiencing the
greatest pressure from population expansion. Protein insufficiency is the
prime culprit. Staples such as rice, corn, pulses, and cassava are so poor
in protein that a child cannot eat enough to supply his protein needs.
Proteins of animal origin such as poultry meat and eggs provide a con-
centrated source of readily assimilable amino acids in suitable proportions
for human needs. Vegetable proteins most frequently available in de-
veloping nations do not convert into body protein as readily as animal
protein. Kwashiorkor due to inadequate protein is common in Africa,
Asia, and Latin America, whereas obesity is a major problem in North
America and Western Europe.

If food of adequate quality is to be provided in a sufficient amount
to meet the needs of the world’s expanding human population, animal
nutritionists must work closely with veterinarians, geneticists, and other
animal specialists to apply present knowledge to the problem. From the
global standpoint, we have the knowledge and skill necessary to achieve
easily an enormously increased output of animal proteins. A most im-
portant aspect of solving this problem lies in the long-term aim of educa-
tion. Great numbers of young people must be trained in the basic tech-
niques of animal production and given advanced training in the fields of
nutrition and disease control. Many outmoded traditional husbandry
systems persist.

Worldwide, the food picture is not good. It is said that half of the
people are hungry; two-thirds suffer from malnutrition. World popula-
tion is growing twice as fast as world production. Undeveloped countries
have both the greatest population increases and the need for food. The
United States is committed to help fight world hunger but the feed-food
situation in the United States is at a turning point. The joker in the world
food situation is the ability to pay. If standards of economy in some of
the ill-fed countries could be raised, the problem would be easier to solve.
If the peoples of Latin America, Asia, and Africa had income from some
sources, the food would be available. There is no place in the world that
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has a food shortage if the money is there to pay for it. Religious taboos,
need for land reform, social customs, lack of incentive and a host of other
government and sociological problems are involved. The American
system should be exportable.

A meat-eating economy is based on an affluent society, an over-
abundance of grain, a well-developed, sophisticated agriculture and
strong purchasing power. Animal agriculture has certain limitations.
Animals compete directly with man for his basic food supply, principally
grains and high protein oil seeds. Animals are inefficient nutrient con-
verters. More time and risk are involved in producing meat, milk, and
eggs, and more skilled labor is required than for crop production.

Animal proteins have no magic exclusive nutritional values, just
palatability. But the quality of the human diet is determined largely by
the amounts of animal products consumed. Meat, milk, and eggs are
especially important because they furnish high quality protein to balance
the protein from vegetable sources. Many cereals and vegetables are too
low in protein to meet the requirements of either adults or children and
they are deficient in essential amino acids unless supplemented. Poultry
meat is the richest source of protein per unit of energy, and eggs furnish
liberal amounts of vitamin A, riboflavin, and iron. Many peoples of the
world do not have supplies of these excellent foods because the conversion
involves wastage of the total food supplies.

Ep GLENNON, President
American Feed Manufacturers Association



Preface

From a source of the farmer’s wife’s pin money to a mass-produced,
supermarket loss leader, poultry has made tremendous strides in the past
half century. Paralleling its progress, and depending on it to a great ex-
tent, has been the feed manufacturing industry, two-thirds of whose vol-
ume is poultry feeds. It took a lot of doing, mainly by a team of scientists
who ranged from nutritionists, geneticists, and biologists to pathologists,
engineers and statisticians, to bring the U.S. poultry industry to its present
efficiency. In the middle has been the poultryman trying to manage an
enterprise that was growing nationally by leaps and bounds.

From expensive, New York-dressed, ‘“‘chicken in the pot every Sun-
day,” poultry has modernized to inexpensive, fully-dressed products that
are marketed every day in the year, frozen or ready-to-eat. It has shown
more progress than any other branch of animal agriculture.

In 1920, an average farm flock consisted of 200 hens or less; whereas
today with advances in automation, the commercial poultryman may have
25,000 hens. Previous chores like mixing feed and housekeeping are done
now by machinery so he can spend more time checking his chickens and
trouble-shooting. Innovations in equipment and labor-saving devices
developed by the poultry industry are being adopted by the livestock in-
dustry to a great extent.

Nevertheless, it takes more know-how and business acumen now to
keep a poultry enterprise profitable. A poultryman must be more aware
of other phases of the business. The more knowledgeable he is, the more
likely he will survive in a very competitive business. Feed manufacturers
must also be aware of the advances being made by poultry scientists so
that their feeds measure up to the potential bred into modern birds. The
amazing progress that has been made in recent years attests to the fact
that communication between the groups is needed.

For many years there has been a need for greater application of the
principles of nutrition to feeding practices as well as in preventing diseases
of poultry. This treatise attempts to encompass the fields of poultry feeds
and feeding in health and in disease in a concise and authoritative man-
ner. It is hoped that it will help the nutritionist, veterinarian, and feeder
to become more knowledgeable in the general area of poultry feeds and
feeding and become a teaching aid for teachers and students of nutrition
and feed technology, as well as for general poultrymen.

The solution of problems of nutritional improvement in poultry feeds

viii
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and feeding is vital to long-range betterment of standards for raising
poultry and production of human food. Experienced feed formulators,
feed manufacturers, county agents, vocational agricultural teachers recog-
nize the necessity of using great care in the selection of feed ingredients
for poultry. Nutrition principles explain the reasons why many estab-
lished practices are very important in the formulation and mixing of feeds
and provide the ways of assuring quality, uniformity, and the true value of
manufactured feeds.

With nearly 809 of the world population needing an improved diet,
any contribution toward producing more and better foodstuffs at lower
cost is both worthwhile and timely. Feed and poultry production are not
exact sciences but are based on knowledge, the base from which all
progress is made. Critical phases of feed and poultry production, and
current research are explored, and practical recommendations for meeting
a variety of circumstances are made.

The U.S. Congress recently passed legislation authorizing the Bureau
of Standards the possible adoption of the metric system. Half the world’s
population are now on the metric system. Canada and the United States
are the only big countries still clinging to the fading imperial system.
Britain hopes to have metrification completed by 1975. The simplicity
and efficiency of the metric system is self-evident, its basis being the
decimal point and the length of the meter. The latter is based on the
wave-length of orange-red light given off by the element Krypton-86. The
United States has had a legal metric system since 1866 which it does not
use, while it uses the foot-pound system that has never been legalized. The
benefits of a single measuring system are so great that conversion to the
metric system is inevitable. Because of the international aspects of the
book, measurements in the text are often given in both systems.

PHILIP J. SCHAIBLE
February 1969



Acknowledgment

The author gratefully acknowledges the assistance of a number of his
colleagues and co-workers in the preparation of the manuscript. Dr.
H. M. Scott of the University of Illinois and Dr. R. J. Evans of Michigan
State University read the book critically and offered many helpful sug-
gestions. Dr. R. K. Ringer, Poultry Science Department of Michigan
State University reviewed the chapters on anatomy and physiology.
Mr. Robert Ewing, artist with the Avian Anatomy Project, U.S. Dept. of
Agr. prepared some of the figures used. Mr. Sulo Hulkonen made photo-
graphs for the book. Mrs. Nel Langham typed the manuscript with some
assistance from Mrs. Lou Shockey. Mrs. Joice Adams proofread the
manuscript. Their assistance was most helpful.



Contents

CHAPTER PAGE
1. INTRODUCTION. . . . . . . . it ittt e et e e e e e e e e e 1
2. MARKETS FOR THE POULTRY AND FEED INDUSTRIES . . . . ... .. 3
3. THEPOULTRYINDUSTRY. . . . . . . . i ittt ittt et e e 9
4, THEFEEDINDUSTRY. . . . . . . . . . i i ittt et i 23
5. POULTRY AND FEED SUPPLIES AROUND THE WORLD. . . . .. ... 32
6. MILESTONES IN NUTRITION, FEEDS, AND FEEDING. . . . . ... .. 46
7. POULTRY—THEANIMAL . . . . .« ¢ o vl et e e et e e e e e e e 56
8. ANATOMY AND PHYSIOLOGY. . . . . . . ... ... ... ....... 71
9. METABOLISM

PART 1. DIGESTION . . . . . . . . . . . ittt ie e e 91

PART2. GRIT . . . . . . it e e e e e et e e e e e e e 96
10. COMPONENTS OF THE RATION

PART 1. INTRODUCTION. . . . . . . . s v v ittt en e e nn 99

PART2. GRAINS . . . . . i e e e e e e e e e e 108

PART3. HORMONES . . . . . .. ... ... ... ..., 127

11. SUPPLEMENTS AND By-PRODUCTS USEDINFEEDS . . . ... .. .. 129

12. FERMENTATIONPRODUCTS. . . . . .. .. ... .. ... ....... 163

13. ENERGY. . . . . . i ittt ittt e e e e e e e e e e e e e e 193

14. PROPERTIES OF VITAMINS . . . . . . v v it e ittt et e e e e o 206

15. UNIDENTIFIED GROWTHFACTORS . . . . ... ... ......... 246

16. MINERALS . . . . . o i i it it e e e e e e e e e e e e e e e e e e 250

17. PROTEINSAND AMINOACIDS . . . « . v v v i e et e et e e e eea 283

18. FATS

PART 1. INTRODUCTION AND CHEMISTRY. . . . . ... .... 315
PART2. PIGMENTATION. . . . . . s v i i ittt e e e e e s 325

19. CARBOHYDRATES . . . « « & 4 o ot e e e e e e e et e e e e e e e e 330

20. WATER . . . . oottt e e e e e e e e e e e e e e e e e e 336

21. NUTRIENT INTERRELATIONSHIPS

PART L. INTERACTIONS . . . . . . . . .. o i i it e i .. 342
PART 2. ANTIMETABOLITES, INHIBITORS, AND
ANTAGONISTS . . . . . . v vt e e e e e e e e 350
22. FEED INGREDIENT QUALITY
PART 1. QUALITYCONTROL . . ... . ... .......... 360
PART 2. FEED PALATABILITY AND APPETITE . . . . . .. ... 372
23. NONNUTRIENT FEED ADDITIVES . . . . . . . o v o i i v i i 374
24. MOLDY FEEDS. . . . . . . . . . e 399



xii

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

CONTENTS

DISEASE AND PARASITECONTROL. . . . . . . v v v v v v v v o 407
FEED FORMULATION

PART 1. INTRODUCTION, PELLETING, STORAGE . . ... ... 424

PART 2. RATIONCOMPUTATION . . . . . . . . . . oo v ... 449
MANAGEMENT OF POULTRY OPERATIONS . . ... . . .. ... .... 464
FEED MANUFACTURING . . . .« v v v ot ittt e e e e o 487
MEASURING VALUES OF FEEDSTUFFS . . . . . . .. ... ... .... 518
FEEDING SYSTEMS . . . . . . . . i it i ittt it e oo 528
NUTRIENT REQUIREMENTS OFPOULTRY . . . . . ... ... ..... 541
SANITATION . . . . . i i it e e e e e e e e e e e e e e e 548
POISONS . . . . . e e e 556
TURKEYS . & o i i i i e i e e e e e e e e e e e e e e e e e 563
DUCKSAND GEESE . . . & v v v i v i it e e e e e e e e e e e e 578
GAMEBIRDS . . . . . . ... e 585
FEED LAWSANDCONTROL . . . .. .. . .t iiiiunnn. 595
ECONOMICS . . . . . . . . i e e e e s e 599
APPENDIX

PART 1. GLOSSARY . . . . . . .. i ittt it 606

PART 2. FEED AND PROCESSING DEFINITIONS. . . . ... ... 613

PART3. FEEDTERMS . . . .. ... ..., 615

PArRT4. U.S. FOOD AND DRUG ADMINISTRATION

DEFINITIONS . . . . . . . v et e e e e e e 620
PART S. TERMS FOR STRUCTURE AND COMPOSITION
OFFOODS. . . . . i ittt e it e e e e e e 621
PART6. POULTRY TERMS. . . . . . . . ..o i ii i .. 622
PART 7. LiIST OF POULTRY BREEDERS. . . . . .. .. ..... 623



CHAPTER 1

Introduction

Poultry nutrition deals with the laws governing the requirements of
poultry for maintenance, growth, activity, and reproduction. Lavoisier in
1777 laid the foundation for the science of nutrition by supplying the basic
facts regarding energy metabolism. Advances in physiology, and more
especially the development of physiological chemistry in the last century,
made possible efficient feeds and feeding. It is obvious that nutrition,
feeds, and feeding are so closely interwoven as to be inseparable. Poultry
assimilate feed for promoting growth, egg production, and replacing worn
or injured tissues. Under the term Nutrition, the following are involved:
digestion, absorption, metabolism, feed utilization, quantitative nutritive
requirements, interrelationship of nutrients, etc. Under the subject of
feeding are: composition and selection of feed, feed habits, feeds for all
ages and conditions.

The Oxford English dictionary gave some ten different spellings of the
word diet as it appeared in early English writings. It derives from the
Latin diaeta, meaning mode of life. At first, it was used in the much broader
sense than it is accepted today. It dealt with the doctrine of health and
hygiene. This discussion will treat diet only as it relates to food and health.

For thousands of years, poultry ate anything that they could get. Not un-
til the nineteenth century was it known that there was a difference in the
dietetic value of different foods. Ration means a fixed allowance or allot-
ment of feed in 24 hr or, more loosely, affixed portion or share of a feed.
Roots, berries, fruits, and seeds were the first foods and later came honey,
eggs, and fish of various kinds. It was not until the discovery of fire and
cookery and the devising of weapons to kill animals that there was much use
of animal foods. When man learned how to domesticate poultry, flesh and
eggs became a part of his diet. He led a pastoral nomadic way of life with a
necessity for frequent movement in search of new pastures. Man, the
hunter, changed to man, the food gatherer. He learned to make tools so
that he could crush seeds between stones to make meal and later, of course,
flour for gruel, and then bread. By the time of Moses, fruits, seeds, herbs,
bread, milk, fish, flesh, butter, honey, eggs, and cheese were man’s diet
and their waste products were used for feeding poultry. The early Egyp-
tians, Greeks, and Romans cultivated food on farms, cooked their
meat by boiling and roasting, and ate well. Storage or preservation of food
was limited. Pickling, drying, salting, and smoking were early methods of

1
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preservation. With the accidental discovery of the new world, Indian corn
or maize added immeasurably to the food supply of man and poultry.

In sixteenth century Europe, meat and milk were still unusual foods
but fresh, salted, and dried fish were common fare and vegetable growing
was beginning to increase. By the seventeenth century, barley was in fairly
general use. The invention of the steel-faced plow about 1840 led to the
mass production of grain because the soil could be turned over to a depth
sufficient to kill grass. The modern roller mill for breaking of the wheat
grain and separation of bran, germ, and coarser grades of flour was de-
veloped about 1880. Since poultry was fed waste food from the human
supply, their diets were more or less based on what was available.

The discovery of vitamins extends back through the years. Numerous ob-
servations indicated that some diseases could be prevented or cured by
dietary changes. Although advanced knowledge in chemistry and analytic
methods helped, it still required the development of a biologic technique
using chickens, rats, guinea pigs, dogs, and other experimental animals
to chart the way to identification of the essential food nutrients. There was
considerable reluctance in the acceptance of dietary deficiencies as the ex-
planation of disease because the work of Pasteur had finally been accepted
and the infectious origin of disease was the dominant consideration.

A natural subsequent development in the matter of what foods poultry
should eat, was the question ‘‘how much?” Quantitative studies ad-
vanced only with progress in chemistry, and thus little could be done in this
area until the nineteenth century.

In simplest terms, poultry nutrition is concerned with what poultry
need to eat in quantitative amounts of specific nutrients. This, of course,
involves the “why’” of the subject. Feeding is concerned with what poultry
do eat in order to meet their specific needseand what they should eat in
terms of individual variation, state of health, activity, and all the factors
which influence selection of rations.



CHAPTER 2

Markets for the Poultry and Feed Industries

Feed is needed to produce poultry, a substantial part of the food industry.
The size of the food industry depends on population which is not con-
stant. A tripling of the world’s food supply will be necessary in the next
30 yr if 7 billion people in the year 2000 are to be adequately fed. The
U.S. Dept. of Agr. estimates that the United States cannot continue to
feed developing countries after 1984. If today’s trends continue, there is
likely to be further rapid deterioration in man’s environment.

A fantastic world effort over the next decade at changing the attitude of
people toward family size might conceivably arrest population at 2 or 3
times its present level. Some biologists feel that compulsory family regula-
tion will be necessary to limit population. World population is exploding.
More children are being born, many diseases have been cured, and the life-
span is increasing. It took from the beginning of time for world population
to reach 3.3 billion; by 2000 A.D. that figure will more than double (Table
2.1).

TaBLE 2.1

POPULATION PROJECTIONS: WORLD AND MAJOR AREAS— 1965 AND 2000

Population in Millions in Year 2000

on the Basis of Trends

World and
Major Areas 1965 Present Medium Low
World 3308 7410 5965 5296
Asia 1842 4401 3307 2969
East Asia 867 1803 1284 1114
South Asia 965 2598 2023 1855
Africa 311 860 768 684
Latin America 248 756 624 514
Europe 443 571 527 491
Northern America 215 388 354 294
Oceania 17 33 32 27
U.SS.R. 234 402 353 316

Source: Population Reference Bureau, Washington.

The answer to the problem of feeding tomorrow’s world is found in its
agriculture and the men who grow food—farmers, feed manufacturers,
livestockmen, and poultrymen. In the United States 1 farmer produces
food for 40 people and thus frees the others to work at jobs on which the
nation’s progress depends. But agribusiness is more than one farmer feed-
ing so many people. It is processors and distributors who make the food

3
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available to the people. It is science providing new seeds, livestock strains,
pest control, technical knowledge, and modern methods. It is educators
teaching the young in the ways of agriculture. It is companies that make
the hundreds of items farmers need. Food production has its roots deep in
the farm.

Americans eat on the average 1,500 Ib of food per year. The amount
needed to feed Americans in 2000 A.D. is 135 million tons of food a year
more than is being produced now.

Industries playing increasing roles in the struggle against world hunger
include the poultry industry which requires less capital to enter than other
animal industries, and the feed industry which provides economical feeds
upon which the poultry industry depends. More than 96% of all food
originates on land rather than from the seas.

FOOD CHAIN

Solar radiation energy is the driving force that keeps the earth’s system
going. Energy is captured by the food producers which may be simple algae
in the water and rooted plants along the shore. All animals are predators
either on other animals, plants, or both. Passage of materials from pro-
ducer through primary, secondary, tertiary, quaternary, etc., consumers
is called a ‘““food chain.” The end is generally an organism that is not
preyed on by any larger form.

Each step along the food chain extracts only a fraction of the potential
energy of the previous step. The food chain, thus involves a series of en-
ergy conversions; with each transformation from prey to predator along
the food chain there is a loss of energy.

All organisms live in nature in a close and delicately controlled relation-
ship with a great many other organisms forming a biotic community. It is
said that the glory of England was due to its old maids. It is reasoned:
“British men are nourished by roast beef; the cattle that supply the roast
beef feed on clover; clover is pollinated by bumble bees; bumble bees nests
are destroyed by field mice; and the number of field mice depends on the
number of cats. Since old maids keep cats, their number ultimately deter-
mines how much roast beef is available.” As far-fetched as this argument
is, it nevertheless, emphasizes the important principle that in any biotic
community the existence of each species, as well as each individual, is gov-
erned to some extent by the presence of all the others. Organisms depend
on each other, directly or indirectly for day-to-day existence, but also
compete for the resources available in the environment. This competition
is mainly for energy to maintain itself and reproduce. A population of or-
ganisms with an- unlimited food supply could quickly fill the entire earth
with their own kind. The food supply of any population of organisms is



