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The National Research Council has published five previ-
ous editions of Nutrient Requirements of Horses. A great
deal of research on the nutrition and feeding of horses has
been conducted since the fifth edition was published in
1989. The Sixth Revised Edition contains updated informa-
tion on the nutrient requirements of domestic horses and
ponies, as well as expanded information on general consid-
erations for equine feeding management. This report in-
cludes a discussion of feeding management of other equids,
such as donkeys and wild equids kept in captivity. One chap-
ter provides information on the feeding management of
horses with nutritionally related disorders. A new web-based
computer program has been developed that will assist users
in determining the nutrient requirements of domestic horses
and ponies of specific physiological classes. 

In 2005, the American Horse Council estimated that the
number of horses in the United States exceeded 9 million and
that more than 2 million people were involved in horse own-
ership. The economic impact of the U.S. horse industry was
estimated to be more than $100 billion. Horses are used for
recreational purposes, sport (e.g., racing, polo, and Olympic
events), exhibition, breeding, ranch and farm work, and even
therapy. Type of use, age, and physiological state affect the
nutrient requirements of horses. Horses are distributed
broadly across the United States and the world, where they
are subjected to a variety of climates and housing conditions.
Effective feeding management practices must consider many
factors, including nutrient requirements, environmental con-
ditions, and available feeds. This report addresses not only
the nutrient requirements of horses, but also provides infor-
mation on feeds, feed processing, and feeding behavior of
horses. It is expected that professional nutritionists, veteri-
narians, feed manufacturers, researchers, teachers, students,
and horse owners will use the information.

Energy systems and energy requirements of horses are
discussed in Chapter 1. The energy needs of horses for
maintenance, reproduction, lactation, growth, and exercise
are expressed in units of digestible energy. Maintenance re-
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quirements have been related to body weight, and guidelines
for adjusting the energy intake to meet the needs of adult
horses with various levels of voluntary activity are given. A
method that enables users to estimate expected body weight
of growing horses at any age from expected mature body
weight has been proposed. The effect of exercise on energy
requirements is discussed in this chapter, as are the effects
of excessive and deficient energy intakes on horses.

Chapters 2 (Carbohydrates) and 3 (Fats and Fatty Acids)
address the main energy-containing compounds used by
horses. These chapters include information on the metabo-
lism of carbohydrates and fats during exercise. Chapter 2
discusses the classification of carbohydrates in horse feeds,
and Chapter 3 provides extensive review of the effects of
feeding fat-supplemented diets to horses.

A comprehensive review of protein and amino acid nutri-
tion of horses is presented in Chapter 4. Protein require-
ments are expressed in grams of crude protein, and lysine re-
quirements are estimated. This chapter includes a discussion
of protein digestibility and protein quality.

The requirements of horses for macrominerals and mi-
crominerals are found in Chapter 5. There has been a sub-
stantial amount of research on the mineral nutrition of
horses since the previous edition of this document was pub-
lished in 1989. This chapter includes an expanded discus-
sion on several topics in mineral nutrition, including the ef-
fect of exercise on mineral requirements, and the addition of
chromium and silicon to equine diets.

Chapter 6 addresses the vitamin requirements of horses.
A review of the literature revealed that previous recommen-
dations for several vitamins were based on extremely lim-
ited data. There have been a few new studies on vitamin nu-
trition in horses since 1989, and these studies were used to
evaluate previous vitamin requirements. However, the com-
mittee relied on previous recommendations as a basis for the
current estimates of requirements for several vitamins.

The section of the publication dealing with water re-
quirements of horses has been significantly expanded.
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Chapter 7 discusses water requirements, factors affecting
water requirements, and water quality.

Feeds and feed processing are covered in Chapter 8. This
chapter includes an extensive discussion of forages and 
the factors affecting forage composition. Grains, byproduct
feeds, protein supplements, vitamin supplements, and min-
eral supplements are also discussed. The effect of feed pro-
cessing on nutrient digestibility and site of nutrient absorp-
tion is also reviewed. Chapter 9 describes feed additives that
affect feed characteristics (such as colors, antioxidants, fla-
vors, and pellet-binders), as well as additives that are in-
tended to affect animal health.

The implementation of a successful feeding program de-
pends on an accurate assessment of the nutritional value of
the feed, as well as an understanding of the nutrient require-
ments of an animal. Therefore, Chapter 10 addresses feed
analysis. This chapter reviews many of the analytical proce-
dures currently available for feed analysis, with particular
emphasis on carbohydrates and proteins. Chapter 10 in-
cludes a schematic that compares several systems used to
classify carbohydrates in animal nutrition.

Chapter 11 reviews the existing literature pertaining to
feeding behavior in horses and also provides guidelines for
general considerations relating to feeding management. In-
cluded in this chapter is a discussion of factors affecting vol-
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untary feed intake. This chapter also addresses the relation-
ship between dietary management of horses and the excretion
of nutrients into the environment. Chapter 12 covers several
unique aspects of equine nutrition, such as feeding the orphan
foal and feeding horses in very hot or very cold weather.
Chapter 12 also addresses the interactions between feeding
management and several disorders such as colic, laminitis, re-
current airway obstruction, polysaccharide storage myopathy,
and gastric ulcer syndrome. The interaction between nutrition
and developmental orthopedic disease is also discussed. A
new addition to this publication is Chapter 13, which summa-
rizes the existing information related to the feeding manage-
ment of wild equids in captivity as well as donkeys.

The sixth revised edition of Nutrient Requirements of
Horses concludes with Chapters 14 and 15, which cover ra-
tion formulation and the equations used to develop the com-
puter program that accompanies this document. In addition,
the document contains sample tables that list the nutrient re-
quirements of selected types of horses, feed composition ta-
bles, and a table summarizing the composition of mare’s
milk. Users should recognize that many recommendations
for ponies and draft horses have been extrapolated from data
obtained using light horses. Therefore, it is suggested that
the recommendations for ponies and draft horses be applied
with discretion.



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

Committee on Nutrient Requirements of Horses

Board on Agriculture and Natural Resources

Division on Earth and Life Studies



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

THE NATIONAL ACADEMIES PRESS • 500 Fifth Street, N.W. • Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing Board of the National Research
Council, whose members are drawn from the councils of the National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine. The members of the committee responsible for the report were chosen for
their special competences and with regard for appropriate balance.

This study was supported by grants from the American Feed Industry Association, the American Paint Horse
Association, the American Quarter Horse Association, the Equine Science Society, the North American Equine
Ranching Information Council, general support of The Animal Nutrition Series provided by The Department of Health
and Human Services (U.S. Food and Drug Administration) under Award No. 223-01-01-2460, and internal National
Research Council funds. Any opinions, findings, conclusions, or recommendations expressed in this publication are
those of the author(s) and do not necessarily reflect the views of the organizations or agencies that provided support
for the project.

Library of Congress Cataloging-in-Publication Data

Nutrient requirements of horses / Committee on Nutrient Requirements of Horses,
Board on Agriculture and Natural Resources, Division on Earth and Life Studies,
National Research Council of the National Academies. — 6th rev. ed.

p. cm.
Includes bibliographical references and index.
ISBN-10: 0-309-10212-X (cloth)
ISBN-10: 0-309-66096-3 (pdf)
ISBN-13: 978-0-309-10212-4 (cloth)
ISBN-13: 978-0-309-66096-9 (pdf)

1. Horses—Nutrition—Requirements.  2. Horses—Feeding and feeds.  I. National 
Research Council (U.S.). Committee on Nutrient Requirements of Horses. 
SF285.5.N37 2007
636.1′0852—dc22

2006030795

Additional copies of this report are available from the National Academies Press, 500 Fifth Street, N.W., Lockbox 285,
Washington, DC 20055; (800) 624-6242 or (202) 334-3313 (in the Washington metropolitan area); Internet,
http://www.nap.edu.

Copyright 2007 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the char-
ter granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise
the federal government on scientific and technical matters. Dr. Ralph J. Cicerone is president of
the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is auton-
omous in its administration and in the selection of its members, sharing with the National Acad-
emy of Sciences the responsibility for advising the federal government. The National Academy
of Engineering also sponsors engineering programs aimed at meeting national needs, encourages
education and research, and recognizes the superior achievements of engineers. Dr. Wm. A. Wulf
is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to se-
cure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given to
the National Academy of Sciences by its congressional charter to be an adviser to the federal
government and, upon its own initiative, to identify issues of medical care, research, and educa-
tion. Dr. Harvey V. Fineberg is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 
to associate the broad community of science and technology with the Academy’s purposes of
furthering knowledge and advising the federal government. Functioning in accordance with gen-
eral policies determined by the Academy, the Council has become the principal operating agency
of both the National Academy of Sciences and the National Academy of Engineering in provid-
ing services to the government, the public, and the scientific and engineering communities. The
Council is administered jointly by both Academies and the Institute of Medicine. Dr. Ralph J.
Cicerone and Dr. Wm. A. Wulf are chair and vice chair, respectively, of the National Research
Council.

www.national-academies.org



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

v

COMMITTEE ON NUTRIENT REQUIREMENTS OF HORSES

LAURIE M. LAWRENCE, Chair, University of Kentucky, Lexington
NADIA F. CYMBALUK, Linwood Equine Ranch, Brandon, Manitoba, Canada
DAVID W. FREEMAN, Oklahoma State University, Stillwater
RAYMOND J. GEOR, Virginia Polytechnic and State University, Middleburg 
PATRICIA M. GRAHAM-THIERS, Virginia Intermont College, Bristol
ANNETTE C. LONGLAND, Institute of Grassland and Environmental Research, Ceredigion,

Wales, United Kingdom
BRIAN D. NIELSEN, Michigan State University, East Lansing
PAUL D. SICILIANO, North Carolina State University, Raleigh 
DONALD R. TOPLIFF, West Texas A&M University, Canyon
EDUARDO V. VALDES, Disney’s Animal Kingdom, East Bay Lake, Florida
ROBERT J. VAN SAUN, The Pennsylvania State University, University Park

Staff

AUSTIN J. LEWIS, Study Director
JAMIE S. JONKER, Study Director*
DONNA LEE JAMEISON, Senior Program Assistant**
RUTH S. ARIETI, Project Assistant

External Support

MICHAEL C. BARRY (AgModels, LLC), Computer Programmer
PAULA T. WHITACRE (Full Circle Communications), Editor

*Through June 2004
**Through January 2006



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

vi

BOARD ON AGRICULTURE AND NATURAL RESOURCES

W. REG GOMES, Chair, University of California, Oakland
SANDRA J. BARTHOLMEY, University of Illinois at Chicago
ROGER N. BEACHY, Donald Danforth Plant Science Center, St. Louis, Missouri
H. H. CHENG, University of Minnesota, St. Paul
BRUCE L. GARDNER, University of Maryland, College Park 
JEAN HALLORAN, Consumer Policy Institute/Consumers Union, Yonkers, New York
HANS R. HERREN, Millennium Institute, Arlington, Virginia
KIRK C. KLASING, University of California, Davis
BRIAN W. MCBRIDE, University of Guelph, Guelph, Canada
TERRY L. MEDLEY, E. I. duPont de Nemours & Co., Wilmington, Delaware 
ROBERT PAARLBERG, Wellesley College, Watertown, Massachusetts
ALICE N. PELL, Cornell University, Ithaca, New York
BOBBY PHILLS, Florida A&M University, Tallahassee
SONYA B. SALAMON, University of Illinois, Urbana-Champaign
HAL SALWASSER, Oregon State University, Corvallis
PEDRO A. SANCHEZ, The Earth Institute at Columbia University, Palisades, New York
B. L. TURNER, II, Clark University, Worcester, Massachusetts
LAURIAN UNNEVEHR, University of Illinois, Urbana-Champaign
TILAHUN D. YILMA, University of California, Davis
JAW-KAI WANG, University of Hawaii, Honolulu

Staff

ROBIN A. SCHOEN, Director
KAREN L. IMHOF, Administrative Assistant
AUSTIN J. LEWIS, Program Officer
PEGGY TSAI, Research Associate
RUTH S. ARIETI, Project Assistant



Copyright  National Academy of Sciences. All rights reserved.
This summary plus thousands more available at http://www.nap.edu

Nutrient Requirements of Horses:  Sixth Revised Edition
http://books.nap.edu/catalog/11653.html

The domesticated members of the genus Equus (horses,
ponies, donkeys, mules) are used for many purposes includ-
ing competition, recreation, entertainment, transportation,
farm and ranch work, and even therapy. Several nondomes-
ticated species of Equus are maintained in zoological parks
or are the focus of conservation efforts. The demand for in-
formation relating to the nutrition and feeding management
of horses, ponies, and their relatives has grown with the pop-
ularity of these animals and with the increased interest in
nutrition in general.

The Sixth Revised Edition of the Nutrient Requirements
of Horses is a project of the Board on Agriculture and
Natural Resources of the National Academies. This docu-
ment was produced from the work of a committee appointed
in February 2004. The committee accepted input from stake-
holders and sponsors during several public information ses-
sions and from a public website. The purpose of this publi-
cation is to review the existing scientific literature relating to
the nutrition and feeding of horses and to summarize the in-
formation relating to nutrient requirements of horses of var-
ious physiological classes. The publication is accompanied
by a web-based computer program. The computer program
will calculate nutrient requirements of domestic horses and
ponies of specific weights and physiological classes.
Included in this edition of this publication is a discussion of
the nutrition and feeding of donkeys, mules, and captive
equids. 

A complete review of information pertaining to the di-
gestive physiology of the horse was outside of the charge
given to this committee for this report. However, an under-
standing of the anatomy and physiology of the equine di-
gestive tract will be helpful in interpreting and applying
many of the recommendations contained in this publication.
Reviews of various aspects of equine digestive physiology
may be found in veterinary and animal science texts cited in
this publication.

A great deal of new information has appeared in the sci-
entific literature on topics related to the nutrition and feed-
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Preface

ing of horses since the publication of the previous edition in
1989. New information, previously existing information,
and previous recommendations have been considered in the
process of determining requirements. In some cases, authors
of papers on specific subjects were contacted for clarifica-
tion. In addition a few data sets were obtained for some
areas (growth) to augment existing values. In most cases
these data sets were from a graduate thesis so were pub-
lished in some format. Some areas of equine nutrition have
received little study from the scientific community.
Therefore, data from other animals were reviewed for appli-
cability when studies using horses were not available. Most
recent research has used horses of light horse breeding (such
as Thoroughbreds, Quarter horses, Standardbreds, and
Arabians). Several older studies used ponies. Very little re-
cent information is available for draft breeds, and, similarly,
few studies have compared draft breeds, light horse breeds,
and pony breeds. Users should recognize that many recom-
mendations for ponies and draft horses have been extrapo-
lated from data obtained using light horses. Therefore, it is
suggested that the recommendations for ponies and draft
horses be applied with discretion. Several sections of the
text provide information on how body size might affect re-
quirements for specific nutrients.

A central purpose of this publication was to evaluate the
recommendations in the previous edition in light of new in-
formation about the nutrient requirements of horses and 
to revise nutrient requirements when appropriate. Several
mathematical equations have been derived to provide more
dynamic estimates of requirements for some physiological
states including growth, gestation, and exercise. The re-
quirements shown in the tables provide recommendations
for broad classifications of horses, whereas the computer
program allows some flexibility in calculating the nutrient
requirements for a specific animal. The values listed in this
document represent the committee’s best estimates of the
nutrient requirements of horses of different physiological
states. The required amounts of many nutrients have been
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determined using average values for nutrient availability in
common horse feeds. Users of the document and the associ-
ated computer program may choose to recalculate require-
ments when they possess specific information on nutrient
availability for the rations being fed in practice. The com-
mittee recognizes that the values suggested here may not
meet the need for all horses in all situations and that adjust-
ments may be needed for individual horses or to meet spe-
cific production goals. Users of this document will find a
more detailed review of the literature on equine nutrition than
in previous editions. The committee has attempted to sum-
marize information on the factors that might modify a re-

quirement, such as individual variation, breed, feed composi-
tion, and environment. It is not possible for the committee to
predict every combination of variables that could influence
the nutrient requirements of a specific animal. Therefore, it is
incumbent upon the user to accurately assess the factors that
could alter requirements and then apply appropriate adjust-
ments accordingly. 

Laurie M. Lawrence
Chair, Committee on Nutrient
Requirements of Horses
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