
Nutrient
Requirements
of Dairy Cattle
Seventh Revised Edition, 2001

Subcommittee on Dairy Cattle Nutrition
Committee on Animal Nutrition
Board on Agriculture and Natural Resources
National Research Council

NATIONAL ACADEMY PRESS

Washington, D.C.



NATIONAL ACADEMY PRESS ● 2101 Constitution Avenue, NW ● Washington, D.C. 20418

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 the Agricultural Research Service of the U.S. Department of Agriculture under
Agreement No. 59-32U4-5-6, the Center for Veterinary Medicine of the U.S. Department of Health and Human
Services under Agreement No. R-13-FD01495, and the American Feed Industry Association.

Library of Congress Cataloging-in-Publication Data

Nutrient requirements of dairy cattle / Subcommittee on Dairy Cattle
Nutrition, Committee on Animal Nutrition, Board on Agriculture, National
Research Council. — 7th rev. ed.

p. cm.
Includes bibliographical references (p. ).
ISBN 0-309-06997-1
1. Dairy cattle—Nutrition—Requirements. 2. Dairy cattle—Feeding

and feeds. I. National Research Council (U.S.). Subcommittee on Dairy
Cattle Nutrition.

SF203 .N883 2001
636.2�13—dc21 00-012828

Additional copies of this report are available from the National Academy Press, 2101 Constitution Avenue, N.W.,
Lockbox 285, Washington, D.C. 20055; (800) 624-6242 or (202) 334-3313 (in the Washington metropolitan area);
Internet, http://www.nap.edu.

Copyright 2001 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America.



The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished 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 charter 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.
Bruce M. Alberts 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 autonomous in its administration and in the
selection of its members, sharing with the National Academy 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. William
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 secure 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 education. Dr. Kenneth I. Shine 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 general 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 providing 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. Bruce M. Alberts and
Dr. William A. Wulf are chairman and vice chairman, respectively, of the National Research Council.

iii





SUBCOMMITTEE ON DAIRY CATTLE NUTRITION

JIMMY H. CLARK, Chair, University of Illinois
DAVID K. BEEDE, Michigan State University
RICHARD A. ERDMAN, University of Maryland
JESSE P. GOFF, USDA/ARS/NSDC, Ames, Iowa
RIC R. GRUMMER, University of Wisconsin
JAMES G. LINN, University of Minnesota
ALICE N. PELL, Cornell University
CHARLES G. SCHWAB, University of New Hampshire
TREVOR TOMKINS, Milk Specialties Company
GABRIELLA A. VARGA, Pennsylvania State University
WILLIAM P. WEISS, The Ohio State University

COMMITTEE ON ANIMAL NUTRITION

GARY L. CROMWELL, Chair, University of Kentucky
MARY E. ALLEN, National Zoological Park
MICHAEL L. GALYEAN, Texas Tech University
RONALD W. HARDY, University of Idaho
BRIAN W. McBRIDE, University of Guelph
KEITH E. RINEHART, Perdue Farms Inc.
L. LEE SOUTHERN, Louisiana State University
JERRY W. SPEARS, North Carolina State University
DONALD R. TOPLIFF, West Texas A&M University
WILLIAM P. WEISS, The Ohio State University

Staff

CHARLOTTE KIRK BAER, Program Director
NORMAN GROSSBLATT, Editor
STEPHANIE PADGHAM, Project Assistant
MELINDA SIMONS, Project Assistant*

* through January 1999

v



BOARD ON AGRICULTURE AND NATURAL RESOURCES

HARLEY W. MOON, Chair, Iowa State University
DAVID H. BAKER, University of Illinois
MAY R. BERENBAUM, University of Illinois
CORNELIA B. FLORA, Iowa State University
ROBERT T. FRALEY, Monsanto Company, St. Louis, Missouri
ROBERT B. FRIDLEY, University of California, Davis
W.R. (REG) GOMES, University of California
PERRY R. HAGENSTEIN, Institute for Forest Analysis, Planning, and Policy, Wayland,

Massachusetts
GEORGE R. HALLBERG, The Cadmus Group, Inc., Waltham, Massachusetts
CALESTOUS JUMA, Harvard University
GILBERT A. LEVEILLE, McNeil Consumer Healthcare, Denville, New Jersey
WHITNEY MACMILLAN, Cargill, Inc., Minneapolis, Minnesota (retired)
WILLIAM L. OGREN, U.S. Department of Agriculture (retired)
NANCY J. RACHMAN, Novigen Sciences, Inc., Washington, District of Columbia
G. EDWARD SCHUH, University of Minnesota
JOHN W. SUTTIE, University of Wisconsin
THOMAS N. URBAN, Pioneer Hi-Bred International, Inc., Des Moines, Iowa (retired)
ROBERT P. WILSON, Mississippi State University
JAMES J. ZUICHES, Washington State University

Staff

WARREN MUIR, Executive Director
DAVID L. MEEKER, Director
CHARLOTTE KIRK BAER, Associate Director
SHIRLEY B. THATCHER, Administrative Assistant

vi



Preface

Dairy cattle production is an important component of
the food industry. Nutrition is a key factor in the perfor-
mance, health, and welfare of dairy cattle. Given the large
variation in dairy cattle types and the various environments
in which they are maintained, producers must increasingly
concern themselves with optimizing feeding programs.

To that end, the Subcommittee on Dairy Cattle Nutri-
tion, which was appointed in 1997 under the guidance
of the Committee on Animal Nutrition in the National
Research Council’s Board on Agriculture and Natural
Resources, embarked on a monumental task in the devel-
opment of a new edition of Nutrient Requirements of Dairy
Cattle. As we conducted our work, it was our desire to
provide users of this volume an accurate, comprehensive,
and useful review of the scientific literature and practical
experiences that have shaped our knowledge of dairy cattle
nutrition over the past decade.

We chose to provide both a written description of the
biologic basis for predicting nutrient requirements and a
computer model on a compact disk to use for estimating
requirements of lactating, nonlactating, growing, and
young dairy animals. The subcommittee recognizes that
some users of this revision will prefer to apply tables of
requirements for an average situation, and we have
attempted to provide those tables. Although there is often
uncertainty using a modeling approach to estimate nutrient
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requirements, we believed that we had a responsibility to
move the science forward, so we included a model that
was constructed on a substantial amount of data. We
believe that the model builds on the work of previous
Research Council committees and moves the science for-
ward without reaching so far that estimates cannot be vali-
dated. We found that an abundance of new science-based
knowledge had surfaced since the last edition, but we also
found that our knowledge of many aspects of dairy cattle
nutrition is incomplete; we chose not to venture too far
from what our knowledge base would allow.

In developing this report, the subcommittee considered
current issues in dairy cattle production inasmuch as they
affect nutrient requirements and animal feeding manage-
ment, including new emphasis on environmental consider-
ations in the feeding of dairy cattle. We have attempted
in this new edition to focus more than in the past on
considerations and criteria for establishing nutrient
requirements.

This study was conducted through the concerted efforts
of the members of the Subcommittee on Dairy Cattle
Nutrition. We began our 3-year task in 1997 and completed
this volume in 2000. We hope that it will be used with the
same passion and enthusiasm with which it was developed.

JIMMY H. CLARK, Chair
Subcommittee on Dairy Cattle Nutrition
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