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Foreword

This is the tenth in a series of books about animal feeding and nutrition. The
books in this series are designed to keep the reader abreast of the rapid devei-
opments that have occurred in this field in recent years. As the volume of scientific
literature expands, interpretation becomes more complex, and a continuing need
exists for summation and for up-to-date books.

This book on vitamins is written by Dr. Lee R. McDowell. a distinguished
scientist in animal nutrition. who was aiso editor of Nutrition of Grazing Ru-
minants in Warm Climates (Academic Press. 1985). For the past 23 years, he
has been working on anmimal nutrition studies at the University of Florida and
with numerous collaboratng amimal scientists in Laun Amenca, Africa. Asia.
and other areas. He has lectured throughout the worid and has collected research
data. photographs. and other matenals of value for this book. His expertise and
knowledge have been greatly ennched by contact with many of the worid’s leading
nuIrition scienusts.

For many years. there has been a great need for a singie book on vitamins
covering both animals and humans. Dr. McDowell has done a magnificent job
of reviewing the vitamin literature and condensing it into one textbook. He covers
the basic chemical. metaboiic. and functional role of vitamins. Moreover. he
devotes proper consideration t0 vitamin supplementation. The book is well il-
fustrated with a weaith of valuable photographs depicting vitamin deficiencies
in livestock, laboratory animais. and humans.

[n addition to woridwide use as a textbook. this book shouid also be of con-
siderable value to research and extension specialists. teachers. students, feed
manufacturers, farmers. and others dealing with the livestock industry. Animal
industry personnel, veterinarians. and those interested in comparative nutrition
will find-this book very useful. It should be valuable for anyone concerned with
vitamin nutrition.

New feed and food crops. improved methods of production and processing,
increased productvity of animals and crops. changes in ammal products inciuding
more lean and less fat in meat and less fat in milk. longer sheif life requirements
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of food products, and a myriad of new technological developments have resulted
in a need to reevaluate vitamin supplementation. This book is timely and valuable

in bringing the vitamin r'ield'_u;’a'ﬁto-dale and in discussing supplementation needs.

Tony J. Cunha




Pretface

Vitamins in Animal Nutrition contains |8 chapters of concise, up-to-date in-
formation on vitamin nutrition for both animais and humans. The first chapter
deals with the definition of vitamins, general considerations, and the fascinating
history of these nutrients. Chapters 2 through 15 discuss the 14 established vi-
tamins in relation to history; chemical structure, properties. and antagonists; an-
alytical' procedures: metabolism: functions: requirements; sources: deficiency;
suppiementation: and toxicity. Chapter |6 deals with other.vitamin-like sub-
stances. and Chapter 17 reviews the importance of essenual fatty acids. The finai
chapter discusses vitamin suppiementation considerations.

[t 1s hoped that this book will be of worldwide use as a textbook and as an
authoritauve reference book for use by research and extension specialists. feed
manutacturers. teachers. students, and others. An attempt has been made to pro-
vide a balance between animal nutrition and clinical human nutrition. Likewise.
a comparison between the baiance of chemical. metabolic. and functional aspects
of vitamins and their practical and applied considerations has been made.

A unigue feature 1s the description of the practical implications of vitamin
deficiencies and excesses and the conditions that might occur with various ammai
species and humans. A large number of photographs illustrate vitamin deficiencies
in farm livestock. laboratory animals. and humans. Unlike other textbooks. this
one places strong emphasis on vitamin supplementation in each chapter and de-
votes the last chapter to this subject.

[n preparing this book, [ have obtained numerous suggestions from eminent
scientists both in the United States and in other countries of the world. [ wish
'0 express my sincere appreciation to them and to those who supplied photographs
and other material used. [ am especially gratefui to the following: C. B. Am-
merman. L. B. Bailey, R. B. Becker, D. K. Beede. B. J. Bock. H. L. Chapman.
J. H--Coprad. G. E: Ellis, R. H. Harms, J. F. Hentges. J. K. Loosii. R. M.
Mason, R. Miles. R. L. Shirley, R. R. Streiff. and W. B. Weaver (Florida); R.
T. Lovell and H. E. Sauberlich (Alabama); O. Balbuena. B. J. Camnllo. and B.
Ruksan (Argentina); H. Heitman (Califormia); J. M. Beil, M. Hidirogiou. and
N. Hidiroglou (Canada): N. Ruiz (Colombia): N. Comben (Engiand); M. Sand-
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holm (Finland); L. S. Jensen (Georgia); T. B. Keith (deceased) (Idaho); A. H.
Jensen (Illinois); V. Ramadas Murthy (India); A. Prabowo (Indonesia); V.-Catron
(deceased), and V. C. Speer (lowa); G. L. Cromwell (Kentucky); G. F. Combs
(Maryland); F. J. Stare (Massachusetts); R. W. Luecke, E. R. Miller, R. C.
Piper. J. W. Thomas, and D. E. Ullrey (Michigan); R. T. Holman and T. W.
Sullivan (Minnesota); V. Herbert, L. E. Kook, M. C. Latham, and M. L. Scott
(New York); A. Heigebostad and H. Rimeslatten (Norway); D. E. Becker (Ohio);
P. R. Cheeke, D. C. Church, O. H. Muth, and J. E. Oldfield (Oregon); D. S.
McLaren (Scotland); J. R. Couch and T. M. Ferguson (deceased) (Texas); D.
C. Dobson (Utah); J. P. Fontenot, M. D. Lindemann, and L. M. Potter (Virginia);
J. R. Carlson, J. A. Froseth, and L. L. Madsen (deceased) (Washington); and
M. L. Sunde (Wisconsin). Appreciaton is expressed to company representatives,
including G. Patterson (Chas. Pfizer Co); J. C. Bauernfeind, T. M. Fry, E. L.
MacDonald. L. A. Peterson. and S. N. Williams (Hoffmann—LaRoche. Inc.);
C. H. McGinnis (Rhone—Poulenc. Inc.); and A. T. Forrester (The Upjohn Co.).
Special thanks go to J. P. Fontenot for the preliminary planning of this book,
and to P. R. Cheeke and J. E. Oldfieid for editing and providing useful suggesuons
for the entire publication.

[ am particularly grateful to Nancy Wilkinson and Lorraine M. McDowell for
thetr useful suggestuons and assistance in the editing of the entire book. Likewise,
{ wish to acknowledge with thanks and appreciation the skill and care of Patricia
French for overseeing the typing and proofreading of chapters. and aiso thank
Vanessa Carbia for her valuable assistance. Also, [ am indebted to the Animai
Science Department ot the University of Flonda for providing the opportunity
and support tfor this undertaking. Finaily, { thank Tony J. Cunha for encouraging
me to undertake the responsibility of writing this book. and for the experience
of his expertise on this subject. :

Lee Russell McDoweil
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Introduction and Historical~Considerations

I. DEFINITION OF VITAMINS

Vitamins are defined as a group of compiex organic compounds present in
minute amounts in natural foodstuffs that are essential to normal metabolism and
lack of which in the diet causes deficiency diseases. Vitamins consist of a mixed
group of chemical compounds and are not reiated to each other as are proteins,
carbohydrates, and fats. Their classification together depends not on chemical
characteristics but on function. Vitamins are differenuated from the trace elements,
also present in the diet in small quantities. by their organic nature.

Vitamins are required in trace amounts (micrograms to milligrams per day)
in the diet for heaith. growth. and reproduction. Omission of a single vitamin
from the diet of a species that requires it wiil produce deficiency signs and symp-
toms. Many of the vitamins function as coenzymes (metabolic catalysts): others
have no such role, but pertorm certain essentiai functions.

Some vitamins deviate from the preceding definition in that they do not always
need to be consttuents of food. Certain substances that are considered to be
vitamins are synthesized by intestinal tract bacteria in quantities that are often
adequate for body needs. However, a ciear distinction 1s made between vitamins
and substances that are synthesized in tissues of the body. Ascorbic acid. for
example. cam be synthesized by most species of animals. except when they are
voung or under stress conditions. Likewise. niacin can be synthesized from the
amino acid tryptophan and vitamin D from action of ultraviolet light on precursor
compounds in the skin. Thus. under certain conditions and for specific species.
vitamin C. macin. and vitamin D would not always fit the classic definition of
a vitamin.

[I. CLASSIFICATION OF VITAMINS

Classically, vitamins have been divided into two groups based on their sol-
ubilities in fat solvents or in water. Thus. fat-soiuble vitamins inciude A. D. E,
and K. while vitamins of the B compiex. C. and others are classified as water
soluble. Fat-soluble vitamins are tound in feedsturfs in association with lipids.



