


APPLIED ANIMAL

NUTRITION

The Use of Feedstuffs in the
Formulation of Livestock Rations

E. W. CRAMPTON
Macdonald College of McGill University, Quebec

L. E. HARRIS
Utah State University, Logan, Utah

S. CHAND & COMPANY LTD

RAM NAGAR, NEW DELHI—110055



S. CHAND & COMPANY LTD

Regd. Office : Ram Nagar, New Delhi-110055
Show Room : 4/16-B, Asaf Ali Road, New Delhi- 110002

Mai Hiran Gate, Jullundur-144008
Aminabad Park, Lucknow-226001
Blackie House,

103/5, Walchand Hirachand Marg,
Bombay-400001

Khazanchi Road, Patna-800004
Sultan Bazar, Hyderabad-500001
152, Anna Salai, Madras-600002

Branches :

285/], Bipin Behari Ganguli Street,
Calcutta-700012

3, Gandhi Sagar East,

Nagpur-440002

KPCC Building,

Race Course Road, Bangalore-560009
613-7, M.G. Road, Ernakulam,
Cochin-682011

Copyright ©) 1956,1969 by W.H. Freeman and Company

No part of this book may be reproduced by any mechanical, photographic, or

electronic process, or in the form of a phonographic recording, nor may it be

stored in a retrieval system, transmitted, or otherwise copied for public or
private use without written permission from the publisher.

Library of Congress Catalog Card Number : 68-10996

Reprinted in India by S. Chand & Company Ltd. by arrangement with
M/s W.H. Freeman and Company USA.

For Sale in India only

Published by S. Chand & Company Ltd., Ram Nagar, New Delhi—110055 and
Printed at Rajendra Ravindra Printers (Pvt.) Ltd., Ram Nagar New Delhi—110055



APPLIED ANIMAL NUTRITION



A Series of Books in Agricultural Science
Animal Science
Editors: G. W. Salisbury, E. W. Crampton



FOREWORD TO SECOND EDITION

The developments that have taken place in the field of animal nutrition in
the twelve years since the publication of the first edition of Applied Animal
Nutrition have not changed our basic premises so much as they have extended
their application to livestock ration formulation.

This second edition includes the first textbook use of a new system of
nomenclature for products used in animal feed mixtures. It presents infor-
mation on the use of the caloric system of describing biological energy, pre-
ferred by many to the total digestible nutrient (TDN) system. The concept
of expressing dietary requirements as nutrient-to-calorie ratios is proposed as
more rational in the light of modern nutritional knowledge than the consider-
ation of nutrients as independent entities. The quantitative data are given in
both the metric and avoirdupois systems in anticipation of the early universal
adoption of the former for scientific use.

The system for naming feed products, proposed by Harris in 1963, was
standardized by the National Research Council Committee on Feed Compo-
sition inr 1966, and adopted for use in all NRC Tables of Feed Composition.
The nomenclature features a unique name and reference number for each of
the more than 5,500 animal feeds of North America: the name of a given
product gives precise information about its (1) genus or parent material,
and (2) its species, variety or kind; (3) the part of the parent material that
constitutes the feedstuff; (4) the processes to which it has been subjected in
preparation; (5) for forages, the stage of physiological maturity and (6) the
cutting or crop it represents within the year of harvest; (7) its quality, grade,
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and/or guarantees, and (8) its feed class code number. In tabulations, feeds
are listed alphabetically, with the common area names for any given feed inte-
grated into the listing and cross-referenced to the “official” NRC name.

An improved and systematic nomenclature for feeds has been long overdue,
not only to describe the origin and nature of a product ar.d make more mean-
ingful the analytical data, but also to accommodate the rapidly expanding
number of by-products from the processing of human foods that are or can be
made edible and acceptable for livestock: for example, citrus pulp, seeds, and
rind; poultry feathers; laboratory-synthesized vitamins; purified amino acids;
defluorinated rock phosphate; fermentation products.

A development closely related to and facilitated by the adoption of a
systematic nomenclature has been the machine retrieval and manipulation of
feed compositional data, to produce least-cost feed combinations containing
the amounts and proportions of the nutrients that the feeding standard indi-
cates are needed for a particular ration. Thus we now can “balance” the ra-
tions, not only for three or four nutrients, but for all of them for which we
have requirement data. This advance has brought into prominence the current
paucity of data on the nutrient composition of all but a few feeds.

The so-called linear programming of rations is but an extension, albeit an
important one, of the principle of flexible formulae for balanced rations dealt
with in detail in the text. Each formula is based on the premise that there is
no one best formulation—that the adequacy and balance of nutrients rather
than those of the nutrient sources are the nutritionally critical features of a
fully acceptable ration.

As the number of nutritionally important components of livestock feeds
on which data are available has increased from the six of the Proximate Analy-
sis to the eighty or more now recognized, the problem of the format of a
functional working table in which to record these items has taken on new
significance. The NRC’s Committee on Animal Nutrition sub-committee on
Feed Composition* devised the tabulation format that is used in the NRC
Encyclopedia of Feed Composition and this format has been followed in this
edition of 4pplied Animal Nutrition. It assembles systematically and consecu-
tively all of the data currently available on a feeding stuff. There are no blank
spaces in the table, yet the format lends itself to expansion and, at the same
time, preserves the unity of each feed and its position in the alphabetical ar-
rangement of the tabulation as a whole. Feedstuffs are classified according to
their principal contribution to the feeding characteristics of the ration: (1)
dry, (2) fresh, or (3) ensiled forages; and (4) energy, (5) protein, (6) min-
eral, (7) vitamin carriers, (8) additives. To identify (as in linear programing

* E. W. Crampton and Lorin E. Harris.



Foreword to Second Edition - vii

of rations), the class of a particular feed, its class code number has been made
the first digit of its six-digit reference number.

In accordance with the trend in scientific publications, the metric system
of weights and measures has been incorporated into the quantitative parts of
the book. In many tables both the original units and the corresponding metric
value are shown. Where the weight units are only generally descriptive, we
have rounded values, using, for example, 450 kilograms (instead of 454) to
describe a 1000-pound animal. This sort of approximation will, of course, dis-
appear as the avoirdupois system falls into disuse.

The broad general objectives of the second edition do not differ from those
of the first edition, since we believe them to be as relevant now as when out-
lined initially in 1956.

Our sincere thanks are due Dr. J. Malcolm Asplund, Utah State University,
for his help with the Feed Composition Table.

E. W. Crampton
L. E. Harris

September, 1968



FOREWORD TO FIRST EDITION

The subject of animal nutrition is concerned with the application of scientific
knowledge to the day-to-day feeding of livestock. Much remains to be dis-
covered before we can construct a completely satisfactory overall pattern of
nutrition. Nevertheless, we already have sufficient information to justify the
belief that apparent gaps between animal husbandry, in its broadest sense, and
such sciences as chemistry, physics, and physiology are not truly discontinuities,
but merely voids in our information. As discoveries in the sciences have grad-
ually filled these voids, there has been a tendency to change the grouping of
subject matter for the teaching of animal nutrition, which has become, in fact,
an integration of the relevant phases of all those sciences that underlie the
principles of animal feeding. One of its most urgent tasks, therefore, has be-
come the assessment of the relative significance and importance, from its
peculiar viewpoint, of advances in all sciences that bear on this phase of animal
huysbandry.

In their concern with integrating basic scientific advances into their subject,
animal nutritionists have all too often stopped short of practical application.
Nutrients are considered in regard to their physiological roles; but problems
of getting these nutrients to the animal day by day in accordance with the
exigencies of practical livestock management tend, it would seem, to be re-
garded as proper to some other field.

The author feels that such a tendency is regrettable. He believes that the
teaching of animal nutrition should bring closer together the theory of nutrition
and the practice of animal feeding. This gap is not adequately covered by re-
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capitulation of the specifications and behavior in rations of the hundreds of
edible products used in feeding animals. Nor should we shirk our responsibility
by discussing theories of animal nutrition, and leaving it for some phase of
animal care and management to apply the theories to feeding practice. For
example, the problems of ration formulation, together with those of ingredient
procurement, processing, and mixing have become so broad in scope and so
intricate in application that the commercial preparation of “balanced rations”
and of specialized ration supplements is no longer merely a matter of conven-
ience to the feeder.

The present book has been designed expressly to help bridge this gap be-
tween animal nutrition and livestock feeding practice; it is an attempt to extend
fundamental animal nutrition into what we may call “applied animal nutrition.”

Students taking this course should have as prerequisites, as far as practi-
cable, those subjects of a college undergraduate curriculum necessary for an
understanding of fundamental ahimal nutrition, as well as many of those that
deal with animal care and management.

The subject matter of the text can partly be deduced from the paragraphs
above. The author, in attempting a critical consideration of feedstuffs and their
use, accepts on the one hand the facts presented and discussed in animal
nutrition; and on the other, presumes that livestock feeding practice is a. part
of the subject of animal management. He also assumes that a catalogue of
feedstuffs is an important part of the subject matter of reference books on
feedstuffs rather than a desirable feature of a text dealing with problems of
the assembly of nutrients into rations. But he does believe firmly, that. to
present a coherent and reasonably complete treatment of applied animal nu-
trition,*he cannot be bound by traditional subject limitations.

The reader will find the subject matter treated under four main sections,
plus an appendix. The first section is devoted to definition and critical ap-
praisal of the terms and expressions used in describing feedstuffs. Section II
deals with the nutritional requirements of animals, with special attention to
the biological basis for feeding standard data. The nature of feeding standards
and their limitations as guides in ration formulation are also considered in
some detail. Section III features a classification of feeds. The discussion of
the properties and functions of key feeds is intended to establish a sound
basis for feed substitution in ration formulation. A classification of roughages
according to available energy is a feature of this section.

The last section (IV) has to do with the problems of ration formulation.
The translation of feeding standards into terms of meal mixtures, and the de-
velopment of the concept of flexible formulae for meal mixtures, mineral
mixtures; and mixed supplements intended as all, or as a part of the rations
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of farm livestock (cattle and swine) receives careful consideration in this
section. It is through such formulae that the facts of nutrition and the charac-
teristics of feeds are eventually brought together in terms that are immediately
useful in feeding practice:

Finally, pertinent comments on feed legislation and a selected tatle of feed
composition appear as an appendix.

E. W. Crampton

April, 1956 '
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