
DECEMBER, 1933 BULLETIN 330 

UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE 
AGRICULTURAL EXPERIMENT STATION 

M. F: MILLER, Director 

The Feeding of Live.stock 
A. G. HOGAN 

COLUMBIA, MISSOURI 

Reprinted November. 1942 



· TABLE OF CONTENTS 

The Composition of Feeds .................... ~ ..................... _ .................. , ...... ;> 
Moisture ............................................................................................ 3 
Nitrogen-free extract _ ........... _ ............... : ........................... ............ 3 
Crude fiber ........... _ ............ ' ....... , ............................................... : ......... 4 
Fat ............................................................. : ......................................... 4 
Ash ........................................................ ......................................... .. .... 4 
Protei n ..................... __ .. ... ,... ... ................ ... ................ .... ......... ...... .. ..... ".1-

The COIl1position of the Animal Body ............................... _ ..... .- .......... [} 

The Function of Feeds .... ........... , ... , .................... : .................. , ... : ... ....... (i 
Maintenance ................ : .. .............. .. .................................. ................. (). 
Repair ............................................................... ................................. '7 
Growth ............................................................................................... '7 
Milk production ................................................................... .. .. .......... 11 
Work ..... ....................... ....................................................................... 13 
Wool production ........................................................................... ... 12 
Fa ttening .................................•.......................................................... 12 

The Value of an Analysis ....................................................................... 13 

Vitamins .................................................................................................... 14 
A .............................................................................................. ...... ...... 14 
B ....... .. ................................................................................................. 14 
C ... ... .. ............. " ..................................................................................... 14 
D ............................ , .............................................................................. 14· 
E .. ........................................................................................................ 15 

. G ..... ..................................................................................................... 15 

Guides in Feeding ..................... ........................................................ _ .... 17, 
Calculating a balanced ration .......... __ ................... _ ........................ 25 " 

Estimating the Value of a Feed ................... ~ .................................. __ 30 

The Preparation of Feeds ........ _ ................ _ .... _ ..................................... 32 

Special Properties of Feeds ........................ _ ...............•........................ _ .. 33 
Soft Pork ........... _ ................................... _ .. ; ........................................ 33 
Prussic Acid ............................................... _ ....................................... 33 
Fluorine ................................................ ; ...................... _ .................... 34 
Cottonseed M eal ......... c ••••••••••...•••••. •••••..••••• ••• ••••••••. ••• •.• _ •• ••.••• •• _ ••••• 34 · 
S\'I'eet Clover ........... _._ .... _ ... __ ....... _ ....... _ .. __ ..... , .... __ ._ .......................... ~4 
Forage Poisoning ... _ .............. _ ............ _ ............................... ... ........... 34 
Tonics and Condiments .. _ ..... _ ............ c •••••••••••• _ ••••••••• , •• , •••••••••••••••• 35 

Fertilizer Constituents of Feeds ........................................................ 35 



The Feeding of Livestock 
A. G. HOGAN 

In feeding livestock every producer tries to provide a ration 
that is both satisfactory and inexpensive. There is no simple rule 
which will assure success in either attempt. It is possible, how
ever, to apply to the needs of animals the knowledge of feeds now 
available and so provide the ration that is most suitable, and most 
economical, under a given set of circumstances. 

\ 

THE COMPOSITION OF FEEDS 
The composition of c:: ration is of primary importance. All com

mon feeds, grains, hays, and commercial by-products such as bran, 
shorts, or tankage, have been analyzed frequently, and average analy
ses are readily z:vailable. The more important of these are given in 
Ta.ble 4, and a few examples are given below in Table 1. 

TABLE 1.-SAMPLE ANALYSES 

Water Protein 
I Nitrogen- Fiber Ash Fat free extract 

--
per cent per unt per cent per cent per cent per cer·t 

Corn _______ 12.0 9.9 69.7 2.0 1.5 4.9 
Alfalfa Hay 8.6 14.9 37.3 28.3 8.6 2.3 
Tankage ___ 7.9 60 .4 3.7 5.3 15.3 7.4 

Many feeds, especially the roughages and protein concentrates, 
are highly variable in composition. The average analysis is a fairly 
satisfactory approximation, but it may diverge widely from the analy
sis of anyone individual feed. The analysis ·of a feed is of no value . 
unless its meaning is clear, so a brief explanation will be given. 

, Moisture.-All feeds contain some moisture, and the amount 
depends on the length of time the feed has been stored, and on, the 
amount of moisture in the air. If stored in a dry place for a suffi
ciently long time most feeds in Missouri contain about 10 per cent of 
water. New corn usually contains considerably more, which explains 
why it is \vorth less than old corn, if the quality in other respects is the 
same. 

Nitrogen-Free Extract.~The term nitrogen-free extract in
cludes a' variety of substances, but ordinarily the only important one 
is starch. Sugars are included also, and though many feeds contain 
small quantities of these compounds, only .an exceptional few eontain 
enough to be of any consequence. Tables of analyses show that the 
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vast majority of feeds conta:in more nitrogen-free extract, or starch, 
than anything else. The more important grains, such as corn, con
tain more starch than of all other constituents combined. This means 
that, with a few exceptions, the greater part of all the digestible nu· 
trients consumed is starch. For all practical purposes this starch is 
the same as the corn starch we buy, and it has the same feeding value. 

Crude Fiber.-Crude fiber is the least digestible part of a feed, 
and it is found in largest proportion in hay and straw. The stems of 
plants, as a corn sta:lk, contain the largest percentage of crude fiber, 
the leaves contain less, and the seeds contain the least. Purified crude 
fiber has many important commercial uses, and it is more easily rec· 
ognized in those forms. Cotton, linen, hemp, paper, are all modifica
tions of crude fiber. Since it is only partly digestible its chief va:lue 
in a feed is to supply bulk. Cattle, sheep, and horses, all require a 
certain amount of bulk in their rations. Most concentrates con
tain less than 10 per cent of crude fiber and most roughages con
tain over 20 per cent. Since there is no definite dividing line be
tween them intermediate percentages are often classified accord
ing to their source. 

Fat.-The fat of feeds is very similar to fats from other sources. 
The fats of corn, cottonseed, flaxseed, and soybeans, are commercial 
products, and are liquids at ordinary temperatures. The fat of tank

. age is not markedly different from lard. 
Ash.-The ash of feeds is familar to all. When wood, corn, 

hay or any other feed is burned, ash or mineral matter is left. A 
chemist 'can analyze this ash a:nd find what it contains. He could then 
go to a drug store, buy mineral preparations such as table salt, lime 
phosphate, potassium salt, salts of iodine, and others, put them to
gether, and have about the same mineral mixture as remained after 
the feed had been burned. These minerals are necessary for an ani
mal. They give hardness and strength to the bones. They are an es
sential part of the blood, the muscles, and all other or~ns of the 
entire body. No animal can live without mineral, and none can be 
healthy if it doesn't have enough. 

Protein.-The constituent that should be most emphasized is 
protein, because it is the most expensive and most likely to be sup
plied in insufficient amount. This substance is variable in appear· 
ance, is seldom seen in pure form, and is the least familiar of all the 
nutrients. Egg white and the curd that sepa:rates out froni sour milk 
are both chiefly protein and water. The fat-free soft organs of the 
animal body are also good examples. 

These proteins may be quite different in color and in texture, but 
they have one characteristic in common, they all contain nitrogen. For 
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that reason the proteins are sometimes called the nitrogenous nu
trients to distinguish them from the fats and carbohydrates which are 
called carbonaceous nutrients. Every ration must contain protein, 
for all animals must have it, and the only way they can get it: is by 
consuming it in their feed. All feeds contain some protein. Straw 
conta:ins very little, sometimes only 3 or 4 per cent. Tankage may 
contain 60 per cent, some of the special meat meals may contain 80 
per cent. 

\Vhen calculating rations it is customary to assume that all pro
teins have the same feeding value, though that is not true. The pro
teins of milk have an unusuaUy high feeding value, and shotes fed 
skim milk r,equire less protein than if some other protein supplement 
is used. The proteins of bones have a low feeding value, so if meat 
meal contains a high percentage of bone its value as a protein supple
ment is reduced. Fortunately the deficiencies of one protein may be 
remedied by mixing it with another, hence a mixture of two proteins 
often has a higher feeding value than either one alone. It is for this 
reason chiefly that many feeders like to use a considerable variety in 
their rations. 

The composition of corn is ~hOWll graphica lly in Fig. 1. 

Fig. l.-Percentage Composition of Corn. 

COMPOSITION OF THE ANIMAL BODY 

The basis of every organ in the body is protein,or protein and 
water, for these two are always bound together in a living animal. 
On the average ,we find 3 pounds of water to 1 pound of protein. 
Protein is the chief constituent of dried lean meat, or a clean hide, or 
of a Clean piece of cartilage, or of any of the internal organs. It is 
the basis C?f even the bones. If a well Cleaned bonds soaked for some 
days in fairly strong acid, such as vinegar, the minerals will be dis
solved out, leaving a matrix of protein, a t~ugh rubbery material in 
which the lime phosphate had been imbedded. 
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Every animal body also contains fat. In the newly born animal, 
or in one that has, been starved, the amount is small. In the exces
sively fat animal, a fat steer, there may be 40 per cent of fat. and in 
an over fat hog there may be as much as SO per cent. 

A certain amount of ash is also present in animal tissues. Lean 
meat contains a little over 1 per cent, a clean bone contains about 2S 
per cent. 

The diagram in Fig, 2 indicates the constituents found in the 
animal body. 

Ash:2.5% Protein: 14% 
fat.: 28% Wa,£er:50% 

Fig. 2.-Compositi0I1 of a Barrow. 

THE FUNCTION OF FEEDS 

Maintenance.-An animal differs from an engine in this re
spect: an engine requires no fuel while at rest, but an animal requires 
fuel every second of the day, whether it is idle or not. N a difference 
how quietly a horse may be lying in its stall it still requires a certain 
amount of fuel, and the least amount on which it can exist is called 
it,S basal maintenance requirement. An additional amount of fuel is 
required for the ordinary activity ,of an animaI. Thus an animal re
quires about 15 per cent more fuel when standing ,than when lying, 
and still more for any movement it may make. The total amount of 
fuel required for an animal that is not used for production of some 
sort · is called its economic maintenance requirement, or simply its 
maintenance requirement. 
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In practice the fuel for maintenance is a combination of protein 
fat, and nitrogen-free extract, but nitrogen-free extract constitute:> 
by far the greater part because it is the cheapest. Few feeds c{)n
tain much fat, and the nitrogenous feeds are seldom used for main
tenance because of the C05t. All animals have a maintenance re
(juirement and this makes up a considerable part, probably one-half, 
of all the feed they consume. It is seldom, however, that animals 
are kept on a maintenance ration because usually they are fed at 
the same time for some productive purpose. 

Repair.-In addition to the feed required for fuel, an animal 
<llso requires a small amount for repair. The basis of the animal 
body is protein. As long as the animal is alive this protein is being 
slowly worn away, and finally the, nitrogen of this discarded part 
i" carried away in the excreta. This waste must be repaired, and 
the only source of repairs is the protein of the food. EYen for 
maintenance then, the feed must contain a small amount of pro
tein. Ordinarily this is no problem, for almost any ration \\'ill sup
ply all the protein that is required for maintenance. A small 
amount of minerals is required for maintenance, but this is not a 
serious problem for only the exceptional ration is deficient in thi:: 
respect. 

Growth.--Since protein is the basis of all parts .of the body 
c(>nsiclerable amounts are necessary during growth. These nitro
genous feeds are the most expensive, so there is a temptation to 
feed too little. In practice the best amount to feed is governed 
largely by the market price, and the estimation of this amount i:; 
undoubtedly the most important problem in livestock production. 
A ration that contains a large percentage of protein is described as 
having a narrow nutritive ratio. ' . 

. Minerals are just as importap.t during the growing stage as pro
tein, though fortunately they can be provided with much less ex
pense. Most of this ash is required for growth of the bone, and 
an adequate amount must be supplied if the bone is to be sound. 
A sound bone is the foundation of a sound animal. The kind of 
minerals ln the bone is then an indication as to the kinds that should 
be fed in. largest quantity. Analysis shows that the most impor
tant minerals of bone are lime and phosphorus, so these two must 
be supplied in liberal amount to growing animals. Oneo£. the ef
fects of a deficiency of lime is illustrated in Fig_ ;1. Comnlon salt 
is also required in rather large quan:tities, but the need is slo well 
known that supplying it has become a universal custom. 
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fig-. 3.-The bone ll ll the left }\'as t:lk CIl from a sow rea red on a ra
tion deficient in lim e. The \\a11 of the hone i~ thin , porOllS, and weak. 
The bOlle 0 11 th e right is from a normal sow, 

Fig, 4.-StiIlborn goitrous calf, one of a pair of twins. Both 
were affected. (Courtesy of Prof. J. W. Kalkus, Western Wash
ington Experiment Station.) 

In addition to these minerals which are required in large 
amounts there are a few which may at times be insufficient, but 
which are required only in verY small quantities. One of these is 
iodine. Too much is poisonous, and too little is equally disastrous. 
This element is required for the proper functmning of the thyroid 
gland, located in the neck. If too little is consumed this gland in
creases in size, producing a goitre, sometimes referred to as "big 
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neck." Ordinarily Missouri is not supposed to be in the goitre 
district, and so it has never been shown satisfacto1"ily that Missouri 
livestock need supplements of iodine. It is certain that there can 
be no great deficiency, but it is possible that in some parts of the 
State there is a slight deficiency. 

There are no definite rules as to the amount of iodine to feed , 
but a large excess should be avoided. It is probable, however, that 
15 grains of sodium or potassium iodide per month for every 100 
pounds of live weight is sufficient. This may be given in broken 
doses, 'or it could be mixed with the feed. A practice that has been 
used successfully in emergencies is to add 30 grains of sodium 
iodide to every 100 pounds of feed . Iodized salt has much to rec
ommend it, but unfortuna,~e1y a reliable supply is not always avail
a ble. A photograph of a goitrous animal is reproduced in Fig. 4. 

Another mineral element, fluorine, has received considerable 
attention, not because of its value but because it sometimes causes 
injury to livestock. Apparently fluorine has never been detected 
in large amounts in crops, but i!t is usually present in raw rock 
phosphate, which has frequently been used in mineral feeds. It is 
well recognized now that this material is dangerous, and it is being 
abandoned as a source of minerals in livestock feeding. 

Another mineral which is sometimes added to the ration in 
small amounts is iron, usually in the form of ferrous sulphate, or 
copperas. There is little reason to believe, however, that this ele
ment is likely to be deficient in the Middle West. If pigs are far
rowed during bad weather, and kept inside on floors of wood or 
cement, they frequently become anemic. The blood appears thin 
and watery"and if the condition is not relieved the pigs become Ull

thrifty in appearance and will finally die. This condition is due 
to the fact that milk contains practically no iron, and .if this ele
ment is lacking· the red pigment of the blood can not be formed. 
It has been observed at the Missouri College of Agriculture that if 
a feed fortified with iron sulphate is kept before ,the pigs constant
ly after they are three weeks old, they will consume enough to ob
tain some iron, and they will recover from the anemia without n0-
ticeable injury. This feed should contain one-half pound of iron 
sulphate for each 10Q pounds of feed in order· to insure a liberal 

. intake of the mineral. Some investigators recommend that the pigs 
be dosed with an iron salt, so as to be sure that all get enough. If 
this is done it is best to begin when they are about a week old. Five 
grains of iron sulphate, or copperas, per pig each week sho1l1d be 
enough. 

If pigs have access to the soil of Missouri they will pick up 
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Fig. s.-A, Anemic cow. Blood conta in s onc-third 
o f norm al amount o f red pigment. B, Same cow as 
A, recove red on trea tment with iron . (Courtesy of 
Pro fesso rs R. B. Becker, W . M. Neal, and A. L. 
Shea ly of thc F lorida Ag ricultural Experim ent S ta tion. ) 

all th e iron they require. T h er a re isola ted a reas in t he U nitelT 
S ta tes, however, " 'hi ch are defi cient in iron , and a nim a ls in th ose 
regions may develop a nemia spontan eously . Su h a case is iJlu ~

trated in F ig . .J . 

P racti ca ll y a ll the min era l consum ed co mes from the feed, so 
it is necessary to know wh ether th e minerals in the ration a re of 
th e right kind and sufficient in am ount. 1' he amount of minerals in 
a feed depends to some extent n th e amount in th e so il in w hich it 
g rew, so different localiti es may have different min eral deficiencies. 
So far as is now known ~1i ssouri is fortun a te in thi s respec t, fo r ap
parently th ere are no speci:l1 deficiencies in Missouri feeds. It i. 
now believed that li me is th e only mineral likel y !to be defi cient. 
This is not bec<lu ge Ollr feeds contain less lim e than do th ose of oth
er localiti es, but is becauge only a few feeds contain any consider-
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able amount of lime, regardless of the amount in the soil. All of 
the grains and their by-products are deficient in lime. All of the 
vegetable protein concentrates are deficient. Under average con
ditions the only feeds that supply large amounts are the legume 
roughages, pasture of good quality, milk, and tankage. If any of 
these are available in reasonable amount, a deficiency of lime is 
unlikely. 

There are regions of the United' States, and of other parts of 
the world, in which phosphorus, iodine, or iron may be deficient, 
but no. such areas have as yet been reported in. Missouri. Herbivo
rous animals always require additional common salt, and this should 
be supplied regularly. 

It is a common practice to provide a mineral mixture for live
stock, swine especially, and several formulae have been recommend
ed. A mixture of two parts of ground limestone and one part of 
common salt is usually satisfactory. Many feeders prefer a mix
ture of equal parts of ground limestone, steam.ed bone meal and 
common salt; as the phosphorus of the bone meal may provide a 
wider margin of safety. It is recommended that the minerals be 
supplied in. a self-feeder. 

Milk Production.-Since the chief food in the early stages of 
growth is milk, it may be taken for granted that feeding for milk 
production requires about the same precautions as feeding for 
growth. A brood sow must manufacture a large quantity of milk 
if she is to suckle a large litter successfully, so in the first place 
she must consume a large quantity of feed. If she does not there 
will be excessive losses in weight, and the milk flow will fall off too 
soon. The composition of milk is a good indication of the kind of 
feed a milking animal should receive. CO\\7'S milk has approxi
mately the following composition: 

Water ______________________________ ~ ___________ 87.0 per cent 
Protein ________________________________________ 4.0 pcr cent 
Milk sugar ____________________________________ 4.3 per cent 
Fat ______________ . ______________________________ 4.0 per cent 
J\sh _____________________________ ~-------------- 0.7 per cent 

Nearly a third of the dry matter of milk is protein, and all this 
protein must come 'from the feed. The ration of a brood sow then 
must contain a high percentage of protein. Milk also contains a 
large percentage of calcium and phosphorus so the ration of a 
milking animal should contain a liberal quantity of these elements. 
Ii they are not supplied in the feed they will be abstracted from the 
bones and in severe cases this results in soreness, stiffness, and in 
fractures. 
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Wool Production.-Though a special ration for wool produc
tion is seldom employed, the quality of wool is lowered if the ani
mals that produce it are subjected to conditions unfavorable to 
health and thrift. , Sickness of any c.onsequence is usually accom
panied by weak spots in the fiber produced at that time. If sheep 
are underfed wool growth is somewhat reduced. Wool itself is 
nearly all protein, so a shortage of protein in the ration will slow 
down the rate of wool production, even though there is no restric
tion on the amount of feed consumed. 

Fattening.-The composition of a ration for fattening alone 
may be the same as for 'maintenance, but it must be supplied in 
larger quantity. Any feed that can be used for animal fuel may 
also be used for fat production. Body fat, therefore, may be form
ed from protein, fr.oin carbohydrate, or from fat originally present 
in the feed. Usually carbohydrate is the cheapest source, so ex
cept in unusual circumstances rations for fattening contain relative
ly little protein. Such a ration is described as having a wide nutri
tive ratio, which means it contains relatively little digestible pro
tein in proportion to the other digestible nutrients. 

Evider.t1y the more feed a gr,owing ot fattening animal con
sumes, the more economical V\'ill be its gains. As an illustration 
it may be assumed that a calf requires 6 pounds of feed' daily to 
maintain it, when making no gain. If the calf receives 3 pounds 
of additional feed or 9 pounds in all, it gains 1 pound in weight. If 
it receives 6 pounds of additional feed, or·12 ])ounds in all, it gains 
2 pounds in weight. This means that in both cases everY 3 pounds 
of feed available for gains produced a gain of 1 pound in live weight. 
On the basis of total feed consumed, howevet, a gain of one pound 
in weight required 9 pounds of feed in one, case and required only 
6 pounds in the other. The calculations are summarized in Table 2. 

T ABLI> 2.-EcONOMY OF GAINS 

Feed consumed daily, pounds ____________________ 6 9 12 
Feed used for maintenance, pounds ______________ 6 6 6 
Feed available for gains, pounds ________________ 0 3 ,6 
Incteasse in live weight, pounds __________________ 0 1 2 
Feed -consumed per lb. gain, pounds ______________ ~ 9 6 

For the most economical feeding it is necessary to have ani-
mals with a low maintenance requirement. Animals that are wild, 
or ,excitable, waste feed by taking unnecessary exercise. It· is also 
necessary to hay.e animals that can consume larg-e quantities of 
feed. The chief difference between a . good feeder and a poor one 
is in the am.ount of feed above the maintenance require!l1ent they 
are able to consume. 
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Work.-The chief requirement in the ration of a working ani
mal is for fuel, so in many respects the ration for \York is identical 
with that for fattening. A large a.mount of protein is not required, 
so the nutritive ratio is usually fairly wide. The ration of a hard 
working horse should not he too bulky, or he will not have time to 
consume it and also secure all the rest he needs. A general sum
mary of the functions of food is shown in Table 3. 

TARLE 3.-USE OF FOOD IN THE BODY 

Proteill.~Builds and repairs 
May be transformed into fat 

White of egg 
Curd of sour milk 
Lean meat 

Fat.-May be stored as fat 
Soybean oil 
'Cottonseed oil 
Corn oil 
Lard 
Butter fat 

Carbohydrate.-.:May be transformed into fat 
Starch 
Sugar 

111 ineral mat tcr, or ash 
. Lime 

Magnesium 
Soda 
Potash 
Iron 
Phosphates 
Chlorides 
Sulphates 
Iodine 

1 All of these may be used 
as fuel to produce heat, 
and to do work 

Give strength to bone. 
Aid digestion. 
Help make up red pigment of 
blood. 
Essential for every bu(ly pro
cess. 

THE VALUE OF AN ANALYSIS 
The analysis of a feed gives the percentage of water, protein, 

nitrogen-free extract, . fat, crude fiber, and ash. It is possible to 
make a more complete analysis and find the pe'-centage of lime, 
phosphorus, iron, iodine, and if necessarY of other minerals. 'I'hese 
analyses are essential and must be made. There are other im 
portant factors, however, concerning ·which the analyses give ',0 

information at all. They give no information qoncerning palata
bility, vitamin content, or the presence of injurious substances. A. 
feed may have spoiled before it ,,'as cured or dried, and actually be 
detrimental. The ordinary feed analysis does not determine that 
fact, however; and makes no attempt to do so. 

Occasional compliarits are heard that a feed has proven in· 
jurious to livestock. Even if a feed is injurious the chance of being 
able to prove it by analysis is very small. .The unfavorable results 
reported are usually due to sickness, or ~ome unsuspected cause. 
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VITAMINS 

These little known substances might logica lly be included in 
th clisc ll ssion of the composition of feed s, but they al'e treatt.:d 
~e par.ately because less is known abo u t them. Origina ll y th e evi
dence that indi ated their existence was onl y circu1l1 s tanti a l. It 
wa s sho\\"n that life can not be sustained by mixtures of hig hl y puri
fied protein s, fats, carbohytlra tes, and mineral s, so it ,yas concl ud
ed that natural foods conta in so me addi tion al material s whi ch were 
unknow n at the tim e and w hi ch are essen tia l for li fe. hemi sts are 
now conv inced that there are at least six vitam in s, a nd [ollr or five 
o f th em have been separated in reasonably pure form. Th ey a re 
present in foods in exceed ing ly minute amounts, and th ey are ('..x
traord inaril y potent. Sin ce nothin g" was known abo ut their C0 111 -

p siti on at the time they were discovered they were named I y let
rers from th e alphabet, A, B, C, D, E, and C. 

V itamin A is present to a considerable extent in the fat of milk. 
It is al so present in fresh pasture, legume hay and to a cons id erable 
l:xtent in ye llow corn. f a ll the g rain s co mmonl y 11 ed ye ll ow 
corn is the onl y one th a t c nta in s a sig nifi ca nt amount. White 
corn can be used equall y well, however , if v ita min A is suppli ed 
from so m oth er so urce. 

Fig. 6.-These ca lves were twins. No. E-65 received an adequate diet and 
was normal. No. E-64 received an insufficient amount of vitamin A. Thi s calf 
was und ersized, and totally blind. (Courtesy of Dr. L. S. Palmer, Minnesota 
Agricultural Experiment Station.) 

The most characteristic symptom of a dcficien.cy of vita11l in r\ 
is an eye disease, often called ophthalmia. The first sign of this is 
inflammation and sensitivity to ligh t. Later there is a discharge 
from the eye, the eyelid's become swoll en, and usuall y wi ll ad-
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here so the eye can not be opened. In extreme cases the affected 
animal becomes permanently blind. It is believed that this defi
ciency is rare,and it should not be confused with the types of Llind
.ness that occur all too frequently in our domestic animals. Some 
of the effects of a deficiency of. vitamin A are illustrated in Fig. 6. 

Vitamin B is abundant in any practical ration, so examples of a 
deficiency are rarely observed except under experimental condi
tions. The most typical symptom in such cases. is some type of 
paralysis. It is believed that vitamin B is manufactured in the 
paunch of cattle and sheep by micro-organisms, so need not be 
present in their rations. 

The third of these vitamins to be discovered, vitamin C, will 
receive very little consideration because farm animals do not require 
it. 

Vitamin D is one of the most important in practice, for it is 
the one that prevents rickets. The symptoms are well known, such 
as softening and bending of the bones, especially in the region of 
the joints. If the condition persists for any length of time this 
bending becomes permanent and results in deformities. The vit
amin is not present, to any great degree, in any of the naturally oc
curring feeds, with the possible excepti'on of fresh pasture and for
age crops. This means then that under all ordinary circumstances, 
the chief defense we have against rickets is exposure to sunlight. 
This is due to the fact that a well known substance, ergosterol, oc
curs in a great variety of animal and plant tissues. Ergosterol it
self affords no protection against rickets, but after it is exposed to 
ultra violet rays of the sun or of some artificial source it becomes 
activated and has a powerful antirachitic effect. 

Vitamin E is called the antisterility vitamin, because in its ab
sence animals of bo>th sexes become sterile. This vitanlin is so 
widely distributed, however, that a deficiency is very improbable, 
and no special precautions need be taken. 

Vitamin G is variously described as the pellagra-preve,nting, 
and dermatitis-preventing, vitamin. The typical symptoms in ex
perimental animals begin with an inflammation of the feet and low
er part of the legs, which may change to a dry incrustation. This 
inflammation is usually accompanied by a similar condition around 
the mouth and muzzle. The eyes also becom.e affected in the early 
stages, in a manner similar to that due to a lack of vitamin A. It 
is not believed that a deficiency of vitamin G is likelY to OCCt~r. 

In practice the 'most important question concerning vitamins 
is whether they are ever deficient in the rations that are commonly 
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Fig. 7.-Above, a rase of rickets under farm conditions. Below, the 
, arne cal f afte r treatment with cod-liver oil. (Courtesy of Professors 1. 
W. Rupel, G. Bohsledt, and E. B. Hart, Wisconsi n Agricultural Experi
ment Station.) 

employed . The feeder wishes to know w heth er he can tak it for 
granted that hi s livestock are receiving all the vitamins that are 
necessary for normal health and vigor, or whether it is necessary for 
him to give some special consideration to hi s rations in order to in-
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sure that the necessary vitamins will be supplied in suffcient quan
tity. At the present time it is believed that poultry are most likely 
to receive an insufficient supply of vitamins, and that swine are 
.next. There is little reason to believe that cattle, horses, or sheep 
are likely to suffer from such a deficiencY. 

Although the number of vitamins, and the quantities required by 
domestic animals are not known, there are certain sources that may 
be relied: on to supply in adequate amount all the vitamins that ex
ist. In order to insure that vitamins are supplied in liberal amounts 
livestock should have good quality pasture whenever w.eather condi
tions will permit. A pasture of either bluegrass or legumes is most 
desirable. The liberal use of pasture has numerous advantages. It 
conserves the fertility of the soil. If the pasture is green and tender 
it supplies a considerable amount of protein. It is a good source 
of minerals. The liberal use of pasture of high quality will solve 
many problems in feeding, and it now seems that it will solve the 
vitamin problem almost completely. If the pasture is overstocked, 
and eaten down to the roots, it may not be sufficient insurance of 
an adequate ration. A good pasture, however, is almost perfect 
insurance. Legume hay is sometimes used to advantage when 
swine, either shotes or brood sows, are fed in dry· lots. 

Occasional advertisements try to persuade us that vitamins 
should be purchased: It is true that these vitamins must be pro
vided but they should be provided by the use of good feeding prac
tices. not by purchasing expensive carriers. No extra expense is 
necessary for securing a plentiful supply of vitamins. The only 
thing required is good food, and sunlight. 

GUIDES IN FEEDING 

It is im.possible in £ short pUblication to. give complete direc
tions fot the feeding of any kind of livestock. There ar,e exceptions 
to most rules, so if a rule is followed, literally under all circum
stances it v,,'ill at some time or other lead to unfortunate results. 
There is no substitute fo'r .experience, but the inexperienced feeder 
may profit from the experience of others and will find it advan
tageous at first to follow general rules. 

One of the first questions to be answe~ed is how much to feed, 
but in many respects this is the easiest. The live weight of the ani
mal if followed closely is an almost perfect guide. If weight is be-
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ing lost, a suitable increase in the ration will prevent it. If too 
much weight is being taken on a suitable decrease in the ration will 
hold the weight stationary. If growing animals are gaining too 
slowly, more feed will increase the rate of gain. The question of 
how much to feed is bound up, however, with the quality of the 
ration, especially when large gains are desired. . If a ration is defi
cient in any necessary nutrient, the time will come sooner or later 
when an animal will refuse to consume a large quantity, no matter 
how much is offered. If a ration contains too little protein, miner
als, or vitamins it is useless to expect that it will be consumed ill 
satisfactorY quantity. If then an animal is a conspicuously poor 
feeder, something is wrong. The animal may be injured, it may 
have defective teeth, or it may be sick. It may also be that the ra
t j'!11 lacks something which it ought to contain. It rarely happens 
~hat a sound and healthy animal will refuse to eat a good ration in 
satisfactory quantity. 

There should be a word of caution also in regard to over-feed
ing. Thus cattle or sheep should be put on full feed slowly. Breed
ing females should: be brought back on full feed slowly after they 
drop their -young. 

Attention: should also be given to the amount of roughage in 
the ration. The ration of swine; if rapid gains are expected, should 
contain very little crude fiber-not over 10 per cent. The amount 
of crude fiber allowable in the ration of horses, cattle, or sheep de 
pends on the rapidity of gain desired, If they are merely being 
maintained the ration may be all roughage, and contain from 30 to 
46 per cent crude fiber. If maximum gains are d,es.ir.ed, crud:e fiber 
may be reduced to 10 per cent. 

The question that is usually most difficult to answer is how 
much protein should be fed, and the simplest guide in the feeding 
of livestock is an estimate of the amount of protein that is needed 
by various animals at various stages of development. This protein 
requirement is from many standpoints the most important problem 
of the feeder, and when it is solved the solution of the others be
comes relatively simple. 

The protein content of feeds cannot be determined except by 
analysis, and the protein needs of animals cannot be determined ex
cept by actual trial. These determinations have been made and 
averages of the results have been published. These are rep-roduced 
in Tables 4, 5., and 6 of this . bulletin. 
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These averages are not perfect guides, but they are useful, and 
the best available. Feeders are often reluctant to use as much pro
tein as the standards specify, but it should be remembered that too 
little protein means slow growth. Larger quantities than are nec
essary are not likely to be injurious, but except in special cases they 
make the cost UI1necessarily high. 

TABLE 4.-AvERAGE PERCENTAGE COMPOSITI'ON OF FEEDING STUFFSl 

Carbohydrate. ------Crude N·free 
Feeding .tuff Water A.h Protein Fiber extract Fat ---------------

Pit <,,01 PlrCln' Per C/'" p" C/II' p., Clnl p" (tnl 
ConuntrGtll 

G,aills and silds 
Barley, common ... ____ • __________ -- .............. 9.3 2.7 11.5 4.6 69.8 2.1 
Bean, na'Vy __ .... ' ...... ----- ----- .. ------ - .. - ... - 13.4 3.6 22.7 5.8 53.0 I.S 
Corn, dent, Grade No. 1. ________________ 12.0 1.5 9.9 2.0 69.7 4.9 Corn, .oft (immature) ____________ • _____ • 30.6 1.0 7.4 1.2 56.0 3.8 Corn-and·cob meal. .. ________ • _________ 10.4 1.5 8.5 7.9 67.6 4.1 Cotton .eed _____ .... ____________ .. ____ • 9.4 4.6 19.5 22.6 24.9 19.0 
Cowpea ••• d ...... ____ .. ___ .. ___ ... ____ 11.6 3.4 23.6 4.1 55.S 1.'5 
Emm.r. (.P.It)_ .... _ .... __ .. __ .... ___ .. 8.7 3.7 11. 9 lU.I 63.7 1.9 
Kafir gram ____ .......... _____ .. _ .. _ .... 1l.S 1.7 11.1 2.3 70.1 3.0 
Oate .. _ ............... - .. _ .... _ ....... 9.2 3.5 12.4 10.9 59.6 4.4 

~:;b~;;'-;;;ci:::::: ::::::: :::: :::: .-:::: 9.4 2.0 11.8 1.8 73.2 1.8 
9.9 5.3 36.5 •. 3 26.5 17.5 

Sun:flower .eed, with hull. ________ .. __ .. _ 6.9 3.1 16.1 27.9 21.3 24.7 
Sun:flower .eed. without hull. _______ ..... 4.5 3.S 27.7 6.3 16.3 41.4 
Wheat, aJ! an.ly ••• ___ .. _ .... __ ._ ....... 10.2 1.9 12.4 2.2 71.2 2.1 

B:I·p,odu,1J of ,raills and IlIds: 
miscellaneous trJnctntra"1 

Be.t pulp, dried .... _ ........ ____ ...... _ S.2 3.5 S.9 18.9 59.6 0.9 
Brewer.' grain., drit'd ... ____ ... _ ... ____ ............. _ 7.5 3.5 26.5 14.6 41.0 6.Q 
Cocoanut m •• 1 or cak., old procell ___ ••• _. 10.2 5.6 20.7 10.3 4'1,.8 8.4 
Corn br.n. - __ ... - •• - _. - - •••• - ••••• - ••• 10.0 2.4 9.7 9.8 62.4 S .7 
Corn germ meal • • _ •• __ •••• __ • ___ ._._ ••• 8.9 2.7 22.6 9.0 46.0 10.S 
Corn glut.n me.L •• ___ • _____ ._. _____ • __ 9.1 1.1 35,,5 2.1 47.5 4.7 
Cottono.ed meal, choice ________ • __ • _____ 7.5 6.2 H.l 8.1 25.0 9.1 Hominl f •• d __________ ••• ___ ._ ... ______ 10.1 2.6 10.6 4.4 64.3 8.0 
Linlee meal, old procea ... __ ....... _ ....... ___ .. __ 9.1 5.4 33.9 8.4 35.7 7.S 
Molanel, cane, or black.trap ............ _______ 25.7 6.1 3.2 

29:2 
65.0 Tr Oat huhs ____ • ___ ••• __ •• _._. __ • ________ 6.8 6.0 4.0 52.3 Oat kerneL •• _. _______ • __ • ____ • ________ 6.9 2.2 14.3 1.4 67.1 8.1 

Oatm.al (rolled o.u)_.~_. ___ • ___ • ______ 7.9 2.0 16.0 1.5 66.1 6.S 
Peanut oil meal or cake, from .helled nuts 6.6 4.8 4L8 7.6 26.0 10.2 
Rice bran, high grade._. _______ • ____ • ___ 10.1 Q.7 12.1 12.4 44.3 11.4 
Rice poli.h .. _ ••••• ___ ••• _____ ._. _____ • 10.0 4.S 11.9 1.9 62.3 9.1 
So, bean oil meaL _______________ ._. ___ • 10.5 4.9 43.2 5.3 2Q.5 6.6 
W eat brand all analy.eo_._._ ... _. __ •• _. 10.1 6.3 16.0 9.5 53.7 4.4 
Whe.t mid ling ••• tandard (shorte) ____ • __ 10.5 4.4 17.4 6.0 56.8 4.9 

Milk, and itt prodUdJ 
87.2 0.7 3.5 4.9 3.7 Cow'o milk ___ •• _________ •• ___ ._. ______ _ ... _-

Buttermilk, dried. _________ • _____ • ____ ~. 11.7 9.0 31.2 ... --- 41.8 6.3 
Buttermilk, aemi ... olid ____ ........ _ ......... ____ .. __ 65.0 2.7 13.4 -_ .... 15.9 3.0 
Skim milk, centrifugal. ______ ... _. ___ • __ 90.1 0.7 3.8 ..... _ ... 5.2 0.2 Skim milk, dried_. ___________ • __________ S.3 25.1 36.6 _ .. _- 25.8 4.2 

Siaugnu,-nou" b:l.produtlJ 
9.7 82.3. 3.R 0.9 Dri.d blood _____ ••• _._. __ ; ______ • ___ ._. 3.3 ......... Fi.h meaL ____ ._ •••••• _________________ 10.5 28.1 51.4 -2:i -4:i 8.3 

Meat-and.bone m •• 1 30·40 per cent alh ____ 6.0 36.S 39.8 11.2 
Tankage, guaranteed 60 per cent protein __ 7.9 15.3 60.4 5.3 3.7 7.4 

f),ild Roughag. 
Cured eo,n and Jo,ghum fo,a,t 

IS.3 5.0 6.7 22.0 45.8 2.2 Corn lodder, medium in water .. _ ... ________ 
Corn stover, medium in water .... ____ .............. 19.0 5.5 5.7 27.7 40.' 1.2 Kafir todder, dry ___________________ • __ • 9.0 9.4 S.9 26.8 43.1 2.8 
Kafir .tov.~ dry. _____ •• ________ • ___ ._. 16.3 8.3 5.1 27." 41.2 1.7 
Sorghum fo der. dry •• _._ .. _________ ... ___ 9.7 7.8 7.4 26.1 45.9 3.1 

, 'Thele data are taken from Feed. and Feeding by Henry and Morri.on, with .pedal permiuioD 
of the HeRry.Morri.on Company. 

The simplest method of assessing the value of a ration is mere
ly to estimate the amount of prdtein that is to be supplied daily. 
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TABLE 4.-COMPOS1T10ll OF .FEEDING STUFFS (Continued) 

Carbohydrates ------
F eening Huff Water Alh 

Crude 
Protein 

N-free 
Fiber extract Fat ------------Ptr ·unt P" unt PIT ctnt Perunt Ptr trnt P~r "nt 

H a)l from t" ~raSJI!. rtc. 
BI uegra .. , Kentucky, all onol)l.es ____ . ___ . 
Millet, common, or Hungarian. __________ 
Prairie hay, western . _____ .. _____________ 
Red top, all anolyses __________________ __ 
Sudan grals ..... ___________ .... ____ ___ .... , .. .. 
Timothy, all analy.es __________________ _ 

H a)l from t" Jmallrr ,,,,.Is 
Barley hay. common ______ .. _____________ 
Oot hay __ --. -- - - -- - -- --- --------------

Ha)l from t" I"umu 
Alfalfa, all analy.e'-----c- ______________ 
Alfalfa meaL _. __ __ -------- -- -------- __ 
Alfalfa leaveL ____ - --- - - - - --- - -. - - - ____ 
Alfalfa otems __ • __ - - • • _. - •• ___ - - - - -- .. _. 
qover, ahike, 011 anoly ... ~ _______________ 
Clover.; reci, all gnalylel,;, ______ __________ 
Clover, sweet, white ______ .. _____________ 
Cowpea, all analyaefl .. ~_~ ________________ 
Leopcdeza, or Japan dover _________ .. ____ 

t~i~h,ah.J::::~~ == = == ======= :~=: =:: ::: =: 
StrtJw aud cnal! from t)lI (ural,! 

Oat straW __ .. __ -- - .... ------ ... ____ ----- - --
Rape ____ .•• __ - - - - -- .... - - - - - -- - -- - ----

Frn), G,er,. Rouc'act 
FrtJh (run !,ra11 

BluegraSl, Kentucky, all analy.e. _________ 
Bluegraal, Kentucky, before heading ______ 
Sudan gr.u ______ ---- ------ - - -- ---- -- __ Timothy, all onolysel ___ " _______________ 
Timothy, before bloom __________________ 

Grufl ie,vmeJ 
Alfalfa. all .nalyo~I ________ _____________ 
Clover, red, .11 .n.lyle. _________________ 
Clover, aweott __ ...... ___ .. ________ .. ________ 
Lelped.za. or J.pon Clover ______________ 
Soybeans, all analylel __ .. _____________ ___ 

Roots, tvbuJ, Ik. 
Carrot .. ___ .. _________________ - - ____ - ___ 
MangeL ___________________________ ___ 
Pari nip _ .... _ ..... __ .. __________ - - - _ -- ____ .. '_ 
Potato_ .. ___ .. ___ .... ______ ....... _- ________ ... 

¥~~~fp~g_a: _______ ~:: :::::::::: ::: ::= __ =::: __ 
M iuellalllovJ ,run jo,,,,IJ . 

A 

P 

pple pomace ________________________ __ 

Cabb.~e •. ----.-.-.----------,--------umpkin. field _________________________ 
Rape ______ . __________ • _______________ • 

SiitJ1.e from (Ofn, t)u .JorIJuunJ, rtc. 
Corn, well matured, recent analYle, .. ---

1>.2 
14.3 
6.5 
9.8 

'11.6 
11.6 

7.4 
12.0 

8 . 6 
8.8 
6 . 6 
5.6 

12.3 
12.9 
8. 6 
9.7 

11.8 
8.6 

12.3 

11.5 
11. 3 

68.4 
76.2 
77.5 
62.5 
75.8 

74.7 
73 . 8 
75.6 
63.4 
76.4 

88.3 
90.6 
83.4 
78.8 
89.1 
90.5 

76.7 
91.1 
91. 7 
83.3 

73.7 

6.6 8.3 28.3 40.7 2.9 
6.3 8 . 3 14.0 44.3 2.8 
7.7 8.0 30.5 44.7 2.6 
6.8 7.4 28.7 45.0 2.3 
7.0 8.2 26.9 44.7 1.6 
4.9 6.2 29.8 45.0 2.5 

6.4 7.0 29.7 47.3 2.2 
6.8 8.4 28.3 41.7 2.8 

8.6 14.9 28.3 37.3 2.3 
9.0 14.3 30.1 35.8 2.0 

13.6 22 . 5 12.7 41. 2 3.4 
4.9 6.3 54.4 27.9 0.9 
8.3 12.8 25.7 38.4 2.5 
7.1 12.8 25.5 38.7 3.1 
7.2 14.5 27 .4 40.1 2.2 

11.9 19.3 22.5 34.0 2.6 
5.8 12.1 25.9 41.6 2.8 
8.6 16.0 24.9 39.1 2.8 
8.6 19.9 24.8 31.6 2.8 

5.4 3.6 36 . 3 40.8 2.4 
14.5 18.9 12.8 39.2 3.3 

2.8 4.1 8.7 14 . 8 1.2 
2.7 5.3 S.2 9.3 1. 3 
1.6 1.8 7.5 10.9 0.7 
2.2 3.1 11. 7 19.3 1.2 
1.7 2.5 7.3 12.0 0 . 7 

2.4 4.5 7.0 lOA 1.0 
2.1 4.1 7.3 11.7 1.0 
2.1 4.4 7.0 10.2 0.7 
3.S 6 . 7 10.7 14.7 1.0 
2.4 4.1 6.3 9.8 1.0 

1.2 1.2 1.1 8.0 0.2 
1.0 1.4 0.8 6.1 0.1 
1.3 1.7 1.3 11.9 0.4 
1.1 2.2 0.4 17.4 0.1 
1.0 1.2 1.4 7.0 0 .. 3 
0.9 1.4 1.1 5.9 0.2 

1.0 1.6 4.6 1t.5 1.6 
0.8 2.2 0.9 4.7 0.3 
0.9 1.4 1.3 4.2 O.S 
2.2 2.9 2.6 8·4 0.6 

1.7 2.1 6.3 15.4 0.8 -
Reference to column 3 of Table 6 shows how much protein should 
be supplied daily per 1000 pounds live weight for any class of ani
mals. Suppose a feeder has 60 pigs weighing 75 pounds each or 4uOO 
pounds in all, and he is feeding corn 'alone. Experience shows that 
shotes do poorly on such a ration, and we will ·assume they ale 
eating 2.5 bushels 01 140 pounds daily. If additional protein is r.e,. 
quired it will be . supplied as tankage. The analyses of these feeds 
for digestible protein as shown in Table 5 are as follows: 

Protein pe·r cent Corn ___________________________________________________ 7.4 
Tankage ___________________ ,.. ______________ -" _____ --- --- __ 56.2 
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TAB.LE5.-AvERAGE DIGESTIBLE NUTRIENTS IN FEEDING STUFFS1 

Total Digeatible nutrieBu in 100 lb •• 
dry ------------ Nutri-

rratterin Crude Ca rbo- tive 
Feeding stuff 100 lb •• protein hydrate. Fat Total ratio ------------------

Lbs. Lbs. Lbs. Lbs. Lbs. I: 
CONCENTRATES 

Grain.! and suds 
Barley, common __ __ .. __ -- ........ -- - --- .. .. -_ ... 90.7 9.0 66.8 1.6 79.4 7.8 
Be'an, navy ______ " ____________________ . 86.6 18.8 51.3 0 . 8 71.9 2.8 
Corn, dent, grade No. L ____ __ __________ 88.0 7.4 66.6 -l.5 84 .2 10.4 
Corn, loft (immature) _____ .. _____ ' ________ 69.4 5.5 53 . 3 3.5 66.7 ILl 
Corn-and-cob meaL ___________ ___ - ___ -_ 89.6 6.1 63.7 3.7 78 .1 ll.8 
Cotton seed ____ ___ _________ --- --- - ----- 90.6 13.3 29.6 16.5 80 .0 5.0 
Cowpea sced ___ .... -_ .. _________ .. ---- ----- 88.4 19.4 54.5 1.1 76.4 2.9 Emmer (.pelt) __________ __ " ____________ 91.3 9.5 63.2 1.7 76.5 7.1 
Kafir grain _______________ -- __ ---- - ---- 88.2 9 ,0 65 .8 2.3 80.0 7.9 
Oats ____________________ - ___ _ -- -- -- --- 90.8 9. 7 52.1 3.8 70.4 6.3 

fzyeb~;r; ;;;i: __ ~ ~ ~: :=::: ::::: ::::: ::::: 90.6 9.9 68.4 1.2 81.0 7. 2 
90.1 33.2 24.7 16.1 94.1 1.8 

Sunflower aced, with hulls ______________ _ 93.1 13.5 38.1 20.3 97.3 6.2 
Sunflower .eed, without hull. ____________ 95.5 23.3 17.0 33.9 116.6 4.0 Wheat, all analyaea _____________________ 89.8 9.2 67 .5 1.5 80.1 7.7 

B')I-prod"cls 01 ,rains and suds; 
miJCtlla"~ous ,onCl1l.tratn Beet pulp, dried ________________________ 91.8 4.6 65 .2 0.8 71.6 a.6 

Brewcra' guina, dried ___________________ 92.5 21.5 30.5 6.1 65.7 2.1 
Cocoanut :real or cake, old prnccu_. ____ .. 89.S 18.6 41.3 8.4 78 . 8 3.2 
Corn bran __ __ ______________ - ---- - ----- 90.0 5.8 56.9 -l .6 73.1 11.6 
Corn germ meaL __ .. _ .. ___ .:. __________ .. ___ 9J.1 16.5 42.6 10.4 82.5 4.0 
C~rn gluten meaL __________ : __ . ___ " ____ 90.9 30.2 43.9 4.4 84.0 1.8 
Cottontlted mr:al, choice .. _____________ ... __ Q2.5 37.0 21.8 8 .6 78.2 1.1 
Hominl feed ___ - __ - - - _______ - - ___ - _____ 89.9 7.0 61.2 7.3 84.6 ILl 
I..inlt'c meal, aId proce .... _______________ 90 . 9 30.2 32.6 6.7 77.9 1.6 
MalaISes, cane, or blackltrap ____________ 74.3 1.0 58.5 _ .. _- ·59.5 58.5 Oat hulls ________________________ . ______ 

93.2 3.0 36 . 3 1.3 42.2 13.0 
Oat kernel (without hul1) _______________ _ 93.1 11.1 57.7 7.5 86.0 6.5 
Oat meal (rolled oatl) ___________________ 92.1 12.8 56.9 6.0 83.2 5.5 
Peanut oil meal or cake from sh<lled nuta 93.4 40.3 22 . 5 9.2 83 . 5 1.1 
Rice bran, high grade ___________ c _______ 89.9 7.9 38.1 8.8 65.8 7.3 Rice poli.h ____________________________ 90.0 8.0 57.2 7.5 82.1 9.3 
So/;'bean oil meaL _____ _________________ 89 . 5 39.7 34.7 4 .5 8-l . 5 1.1 W eat bran, all analyae. ________________ 89.9 12.5 41.6 3.0 60.9 3.9 
Wheat middling., atanelard jshortl) ______ 89 .5 13 .4 46 . 2 -l.3 69.3 4.2 

Milk and ils pro "cis 
Cow'a milk ____________________________ 13.6 3.3 -l.8 3.6 16.2 3.9 
Buttermilk, dried _____________________ 88.3 29.3 H.o 6.2 84.2 .1.9 
Buttermilk, .emi-Iolid __________________ . 35.0 12.6 16.7 3.5 36.2 1.9 
Skim milk, centrifugal _______________ " ___ 9.9 3.6 5. 1 0.2 9.1 1.5 Skim milk, dried _______________________ 91.7 34.4 25 . 3 4.1 68.9 1.0 

Sla .. ,.'" .0"11 b:;-prod .. cls 
0 .9 0.03 Dried blood __ . ________________________ . 

90.3 69.1 .... -- 71.1 
Fi.h meal __ 89.5 40.1 ._-- 8.3 58.8 0.5 
Meat-and-bon~ -':;;;;~i -30:4') p~; ~~~i ~;h:= =: 9-l .0 37.0 - - -- 11 .0 61.8 0.7 
Tanka,e, guaranteed 60 per cent protein __ 92.1 56 .2 -_ ..... 7.2 7l.-l 0 . 3 

DRIED ROUGHAGE 
Cured CO,." a"d JOrlh'Um for(j'~, ItC. 

Corn fodder, medium in water __ .. ________ 81. 7 3.0 -l7.3 1.5 .;3.7 16.9 
Corn nover, medium in water ____________ 81.0 2.1 -l2.4 0.7 -l6.1 21.0 
Kafir fodder, dry _______________________ 91.0 -l.1 45.0 1.7 52.9 11.9 Kafir Itove~ dry _______________________ 83.7 1.7 43 . 1 1.3 -l7.7 27.1 
Sorghum fa der, dry ____________________ 90.3 2.8 H.8 2.0 52.1 17.6 

H a')l Irom ,'', {'asus, til:. 
Bluegran, Kentucky, a 1 analy.e. _________ 86 .8 -l.7 -l3.5 1.5 51.6 10.0 
Millet, common, or Hungarian ... __ ... _____ ;._ 85.7 5.0 -l6.o 1.8 55.0 10.0 
Prairie hay, weltern ...... _______________ ..... 93.5 4,.0 -l1.4 1.1 4,7.9 11 .0 
Red top, all analy.es __________________ 90.2 4.6 45.9 1.2 53.2 10.6 Sudan grall ____________________________ 88.-l 3.7 -l5.7 0.9 51A 12.9 
TimothykaU analy.eo ___________________ 88.-l 3.0 -l2.8 1.2 48.5 15.2 

ay from I.' small" «"all 
10.9 Barley hay, common ____ .... _____ ... ___ ..... _ ..... 92 . 6 4,.6 ' -l8.2 0.9 H.S Oat hay ________ ______________ ___ ______ 

88.0 4,.5 38.1 1.7 4,6.4 9.3 
.. 
'Theae data are take" from Feeds and Feedins, by Henry and Morrilon, with Ipecial perm,i"ion 

of the Henry-Morti.on Company. 
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TABLE 5.-DIGESTIBLE NUTRIE:.ITS IN FEEDING STUFFS (Continued) 

Total Dig.stible nutrienu in 100 Ibl. 
dry ------------ Nutri-

matter in Crude Carbo- tive 
Feeding stuff 100 lb.. protein hydratel Fat Total ratio ----..,-----------1------------------

Hay from 'hI itgum" . 
'Alfalfa. all analy.el ____________________ _ 
Alf~lfa meal _________________________ _ 
Alfalfa I.a veo _________________________ _ 
Allalf uteml ______________________ __ __ 
Clover, .loil .. e. all .nalyo.I ______________ _ 
Clover, r.d, all analyo •• ________________ _ 
Clover, Iweet, white __ .. _______________ .. _ 
Cowpea, all analy~e._ .. _ .. _____ ... ____ ... ___ _ 
Lelpedeza, or Japan clover _ __ __________ _ Soybean hay __________________________ _ 
Vetch, hairy _____________ 00 ___________ _ 

Sira", and chaff from Ih, '''Iais 
Oa.t atra w _ ..... _____ .... ___ _______ .. _ .. __ ... _ .... 

MisClIIan .... f dry ro"chacu Rape ________________________________ _ 

FRESH GREEN ROUGHAGES 
Fru" ,'lin ,rau 

Bluegrall, Kentucky. all analylel ________ _ 
Bluegrall, Kentucky, before he.ding ,,- __ , Sudan grau. __________________________ _ 
Timothy, all an.lyleo __________________ _ 
Timothy, before bloom ________________ _ 

r;,lIn l~tumt1 Alfalfa, all analylel ___________________ __ 
Clonr, red. all analyoeo _______________ __ 
Clover, .weet ... _ ... _ ... ___ ....... ___ .. _ ......... _ ........... 
Lelpedeza or Japan clover ______________ _ 
Soybeanl, all analyo.. __________ _____ __ 

Roou and lub"s Carrot __________ , _________ .. ________ ......... 

~1~~f ~::: =: :==: == =:=:= = =::: =:~: ::::: RUTabaga ____________________ _____ _ 
Turnip ______________________________ __ 

M iu,Ilan,o"s ,,,In fora" Apple pomace _________________________ _ 
Cabbage _____________________________ __ 
Pumpkin, field ________________________ _ 
Rape. ________________________________ _ 

SILAGE 
Sila,t Jro ... (orn, 'h, lor,humf, 'Ic. 

Corn. well matured, rec:-ent .nalyie._ .... ___ _ 

Lbs. 

91.4 
91.2 
93.4 
94.4 
87.7 
87.1 
91.4 
90.3 
88.2 
91.4 
87.7 

88.5 

88.7 

31.6 
23 . 8 
22.5 
37.5 
24.2 

25.3 
26.2 
24.4 
36.6 
23.6 

11.7 
9.4 

16.6 
21.2 
10.9 
9.5 

23.3 
8.9 
8.3 

16.7 

26.3 

Lbf. 

10.6 
10.2 
17.3 
1.8 
7.9 
7.6 

10.9 
13 .1 
8.6 

11.7 
IS .7 

1.0 

16.8 

2.3 
3.7 
0.8 
1.5 
1.8 

3.3 
2.7 
3.3 
4.5 
3.2 

1.0 
0.8 
1.3 
1.1 
1.0 
1.0 

1.2 
1.9 
1.1 
2.6 

1.1 

Lbl. 

39.0 
38.7, 
35. 0 
46.9 
36.9 
39.3 
38.2 
33.7 
41.1 
39.2 
37.1 

42.6 

47.2 

14:.8 
10.4 
11.8 
19.3 
13.8_ .. 

10.4 
13.0 
10.3 
17.1 
10.2 

9.1 
6.4 

12.5 
15.8 
7.7 
6.0 

15.6 
5.6 
4.5 

10.0 

15.0 

Lbs. 

0.9 
0.8 
3.0 
0.4 
1.1 
1.8 
0.7 
1.0 
1.1 
1.2 
1.9 

0.9 

1.6 

0.6 
0.8 
0.4 
0.6 
0.4 

0.4 
0.6 
0.3 
0.6 
0.5 

0.2 
0.1 
0.4 
0.1 
0.3 
0.2 

0.8 
0.2 
0.5 
0.3 

0.7 

Lbs. 

51.6 
50.7 
60.0 
49 .6 
47.3 
50.9 
50.7 
49.0 
52.2 
536 
57.1 

45.6 

67.6 

18.5 
15.9 
13.5 
22.2 
16.5 

14.6 
17.1 
14.3 
23.0 
14.5 

10.6 
7.4 

14.7 
17.1 
9.4 
7.4 

18.6 
7.9 
6.7 

U.3 

17.7 

1.-

3.9 
4.0 
2.5 

26 .6 
5.0 
5.7 
3.7 
2.7 
5 . 1 
3.6 
2.6 

44.6 

3.0 

7.0 
3.3 

15.9 
13.8 
8.2 

3.4 
5.3 
3.3 
4.1 
3.S 

9.6 
8.2 

10.3 
U.S 
8.4 
6.4 

14.5 
3.2 
5.1 
4.1 

15.1 

Table 6 shows the shotes should receive from 5.5 to 6.0 pounds 
daily per 1000 pounds live weight, and that WlOuld be from 24.8 to 
27.0 pounds of protein for 4500 pOtlnds live weight. Suppose the 
feeder now adds 25 pounds of tankage. Table 5 shows that tank
age con:tains 56.2 percent of digestible protein, so 25 pounds of 
tankage contains 14.1 pounds. The ' corn contained 10.4 pounds of 
protein. This a:dded to 14.1 gives 24.5 pounds which is slightly 
below the minimum. ' . 

This ration will permit the pigs to grow faster and they will 
eat more. We may assume the pigs will now consume 160 pounds 
of corn daily. Since this added 20 pounds of corn contains 1,48 
pounds of protein the amount of tankage may be reduced slightly, 
possibly to 23 pounds daily. Calculation shows this ration contains 
24.8 pounds of protein, or the minimum according to the standard. 
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THE FEEDING OF LIVESTOCK 

Corn 

Tankage 

Total 

160 x .074 = 11.8 pounds 

23 x 56.2 = 12.9 pounds 

_ 24.7 pounds 

23 

TABLE 6.-MORRISON FEEDING STANDARDS FOR FARM ANiMALSI 

Digenible 
crude protein 

Total dige.tible 
nutrienu 

Dairy COWl Lbl. Lbl. For maintenance of l000-lb . cow _____ __ _ . ________________ 0.7UU 7.Q2S 
To allowance for maintenance add: 

For each lb. of 2.5 po< ct. milk _________________ .. ________ 0.045-0.053 0 . 230-0.256 
For each lb. of 3.0 per ct. milk ___ " _______________________ 0.047-0.057 0.257-0.286 For each lb. of 3.5 per ct. milk __ . ________________________ 0.049-0.061 0 .284-0.316 For each lb. of 4.0 per ct. milk _____ ______________________ 0. 0540-0.065 0.311-0.H6 For each lb. of 4.5 per ct. milk ________ __ ___________ ______ 0.057-0 .069 0.338c0.376 For each lb. of 5.0 per ct. milk ____________________ . ______ 0.060-0.073 0.362-0.402 
For each lb. of 5.5 per ct. milk ______________ __ ___________ 0.064-0.077 0.385-0.42S For each lb. of 6.0 per ct. milk ___________________________ 0.067-0.0S1 1.1.409-0.454 For each lb. 016.5 per ct. milk ___________________________ 0.072-0.0S5 0.434-0.4S2 For each lb. of 7.0 per ct. milk ____ ~ _______________ .. ______ 0.074·0.0S9 0.454-0.505 

Animal 
Per day per 1.000 Ib,. live weight 

• 
Dry matter 

Dige.tible 
crude protein 

Total dige.tible 
nutrient. Nutritive ratio 

Lb,. Lb,. Lbl. 1: 
Growing dairy cattle WeiS t 100-200 lb •. _______ 22.0-24.0 2.9-3.2 17.0-19.0 4 . 5-5.2 

Weisht 200-300 lb •. __ _____ 23.0-25.0 2.6-2.9 16.5-18.5 5.2-5.9 Weicht 300-400 lb,. _______ 24.0-26.0 2.3..2.6 15.5-17.5 5.9-6.5 
Welsht 400-500 lb •. _______ 22.0-25.0 2.0-2.3 14 .5-16 .5 6.3-6.S 
Weisht 500-600 lb •. ______ _ 21.5-24.5 I.S-2.0 13.8clS.S 6.5-7.0 
Weisht 600-700 lb •. _______ 21.0-24.0 1. 7-1.9 13.0-15.0 6.6-7.2 
Weight 700-S00 lb •. __ . ____ 20.5-23.5 1. 6-1. S 12.2-H.2 6.7-7.3 
Weisht S00-900 lb •. _______ 20 . 0-23.0 1.5-1.7 11.4-13.4 6.9-7.5 
Weisht 900-1.000 lb •. _. ____ 20.0-23.0 1.3-1.5 10.6-12.6 7.0-7.6 

Growing, fattening .teer. 
Weis t 100-200 lb •• _______ 22.0-24.0 2.9-3.2 17 . 0-19.0 4.5-5 .2 
Weight 200-300 lb •. _______ 23.0-25.0 2.6-2.9 16.S-lS.S 5.2-5.9 
Weight 300-400 lb •• _______ 24.0-26.0 2.3-2 .6 15.6-17 . 6 5.9-6.5 
Weisht 400-500 lb •. _______ 24.0-26.0 2.1-2.3 15.1-17.1 6.4-6.9 
Weisht 500-600 lb •. _______ 23.0-25.0 2.0-2.2 14. 7-16.7 6.6-7.1 
Weight 600-700 ,b •. _______ 22.0-24.0 1. 9-2.1 14 . 3-16.3 6.7-7.2 
Weight 700-S00 Ib •. ___ . ___ _ 21.0-23.0 I.S-2.0 14.0-16.0 6.8-7.3 
Weisht S00-9OO lb •. _______ 20.5-22.5 1. 7-1.9 13.6-lS . 6 6.9-7.5 
Weight 900-1.000 lb •.. ____ 20.0-22.0 1,6-1.8 13.2-15.2 7.0-7.6 
Weight 1.000-1.100 lb •. ____ 19.5-21.5 1.5-1. 7 12.7-14.7 7.0-7.8 
Wei,ht 1.100-1.200 lb •. ____ 19.0-21.0 1.4-1.6 12.3-14 .3 7.O-S.0 

FatteDln" 2·year-old ateero on 
full eed Fint 40-60 day. _________ 2Z .O-Z5.0 I.S-2 . 1 16.5-18.5 1:7.0-1.:S.0 

Second .0-60 day... ______ 20.0-23.0 I.8cZ .O 16.0-18.0 1:7.0-1:S.0 
Third 40-60 day. __________ 18.0-21.0 1. 7-1.9 15 .5·17 .5 1:7.0-1:8 .0 Ox at reo! in atall ___________ 13.0-21.0 0.6-0.S S.4-10.4 10.0-16.0 

Winterinc beef cow. in calf ___ 1-!. 0-25 . 0 0.7-0.9 9 .0-12.0 10.0-15.0 
Horae. I dIe ______________ __ _____ 

13.O-lS .0 0.8c1.0 7.0-9.0 S.0-9.0 
At light work _______ . _____ 15.0-20.0 1.0-1.2 9.0-11 .0 S.O-S.5 At medium work __________ 16.0-21.0 1.2-1.5 11.0-13.0 7.S-R.3 At heavy work. __________ 18.0-22.0 1.5-1. S 13 ;0-15 . 0 7.6-S . 1 

Brood mare. .uckling foal •• but not at work __________ • 15 .0-22.0 1. 2-1. 5 9.0-12.0 6.5-7.5 
Growins colt •• over.6 month._. IS.0-22.0 1.6-1.8 11.0-13.0 6.0-7.0 
Fattening lamb. 

Weight 50·70 Ib •. _________ 27 . 0-30.0 2.7-3.0 19.0-22.0 6.0-6.7 Weight 70-90 Ib •. _. _______ 2S .0-31.0 2.5-2.S 20.O-Z3.0 6.7-7.2 Weight 90-110 lb •. ________ 27.0-31.0 2.3-2.5 19.0-23.0 7.O-S.0 
Sheep, maintainina. mature Coaroe wool. _____________ 18.0-23.0 1.1-1.3 11.0-13.0 8.0-9.1 Fine wool _______________ • 

20.0-26.0 1.4-1.6 12.0-1".0 7.5-8.5 
Breedinll' ewe •• with lamb. ___ 23.0-27.0 2.6-2.9 18.0-20.0 5.6-6.5 

'The.e data are take" from Feea. and Feedina. by Henry and Mortl.on. with ,peelal permiuion 
of the Henry-M?rriaon Company. . . 
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TABLE 6.-MoRRISON FEEDING STANDARDS FOR FARM ANIMALS (Continued) 

Per day per 1,000 lb •. live weight 
Animal 

DIgestible Total digestible 
Dry matter crude prot~in nutrients Nutritive ratio 

Lbs. Lbs. Lb!. l ' 
13. Fattening pigs 

Weight 30-50 Ib •. _________ 46.2-51.0 7.8-8.5 41.0-45,4 4.0-4 . 5 
Weight 50-100 Ib •. ________ 37 .0-40.3 5.5-6.0 . 32.9-36 .4 S . 0-5 .6 
W<ight 100-150 lb •. _______ 32.4-35.8 4.4-4.9 28.8-31.9 5.5-6.2 
Weight 150-200 Ib • . _______ 29 . 0-32.0 3.5-3 . 9 25 .8-28 .5 6.2-7.0 
Weight 200-250 Ib •• ___ ____ 25.5-28.1 3.0-3,4 22.7-25 .0 6 . .5-7.3 
Weight 250-300 lb •• _______ 22.4-24.8 2.6-2.9 ' 20.0-22.0 6.7-7.5 

14. Brood SOWI, with pigs _______ . 20.0-24.0 2.4-2.7 18 . 0-21'.0 6 .0-7.0 

.The protein requirement for steers may be calcul"ted in the 
same way. We will assume that a feeder has 20 steers each weighing 
500 pounds, and that he has enough clover hay, corn fodder, and 
com to feed them . 1£ additional protein is needed he may purchase 
cottonseed· meal. The analyses of the feeds for digestible protein 
as shown in TallIe 5 are as follows. . 

Clover hay 
Corn fodder 
Corn and cob meal 
Cottonseed. meal 

Protein 
per cent 

7.6 
3.0 
6.1 

37.0 

Table 6 shows the steers should have from 2.0 . to 2.2 pounds 
digestible protein daily per 1000 pounds live weight in all, or frOlll 
20.0 to 22.0 pounds for 20 steers of 500 pounds each. 

It will be assumed that the feeder is supply'ing 80 pounds of 
clover hay, 130 pounds of corn fodder and 60 pounds of corn and cob 
meal daily. The amount of protein this supplies is as follows: 

Clover hay 80 x .076 - 6.1 
Corn fodder 130 X. .03 - 3.9 
Corn and cob meal 60 x 0.61 = 3.7 
Total _ 13.7 

Since the standard called for a minimum of 20.0 pounds of di
gestible protein daily there is a deficit of over 6 pounds. If 21 
pounds of cottonseed meal are added to this ration and 20 lbs of 
corn removed the quantity of protein supplied is barely over 20 
pounds daily, which should be regarded as the minimum. 

Clover hay 80 x·.076 -6.1 pounds 
Corn fodder 130 x .03 _ 3.9 pounds 
Corn and cob meal 40 x .061 _ 2 ;4 pounds 
Cottonseed meal 21 x .370 - 7.8 pounds 
Total _ 20.2 pounds 
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If the method just described of calculating rations is used the 
total amount of feed to supply is estimated by the performance' of 
the animals. If they are nOit gaining rapidly enough, or are los
ing too much weight, the total quantity of feed may be .increased. 
If they are putting on too much fat, as is possible for idle horses, 
the total amount of feed may be reduced. . 

Calculating a Balanced Ration.-The method just described is 
helpful in estimating the amount of protein to feed, but it does not 
specify the total amount of feed or of total digestible nutrients that 
should be supplied. Therefore when greater exactness is desired 
it is the custom to calculate wha,t is called a balanced' ration. A 
balanced ration is one that contains the proper amount of digestible 
protein on one hand, and the proper amount of digestible carbohy
drate and fat on the other. These are two of the most important 
things about a feed, but it must be understood they are not the 
only important considerations. It disregards the quality of the 
protein, and the kind and am'ount of both minerals and vitamins. 
These must be given separate consideration. 

When calculating a balanced ration it is necessary to have a 
standard, and the standards most commonly used in the United 
States are the Morrison Feeding Standards. These standards must 
be accompanied by tables which show the percentage of digestible 
nutrients in the feeds to be used. These feeding standards and the 
table showing the percentage of digestible nutrients in the ,more 
Common feeds, are given on pages 21 to 22. 

Some explanation may be desirable in order that the tables may 
be used more easily. On examining the table showing the quan
tity of digestible nutrients in the feeds, it is seen that the first col
umn gives the percentage of dry mat'ter. This makes it easy to 
calculate the total weight of the ration, and so to decide whether it 
contains a suitable amount of roughage. If this were disregarded 
it would be possible to calculate a ration that was theoretically well 
balanced but which was either too bulky or not bulky enough. The 
second column gives the percentage 'Of digestible protein. The third 
gives the percentage of carbohydrates, the fourth gives the percent
age of fat, and the fifth gives the percentage of total digestible nu
trients, including protein, carbohydrates, and fat. This table then 
shows two of the most important things about a feed, its content of 
protein, and its total fuel value. If the values for total digestible nu
trients are examined close1yit will be seen that they are larger than 
the combined weights of. protein, carbohydrate, and fat, from which 
they were obtained. This is due to the fact that the fuel value of 
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fat is about 2;25 times as much as the fuel value of an equal weight 
of either protein or carbohydrate. If all feeds contained the' same 
amount of faUt would not be necessary to take this difference into 
account. As a matter of fact they differ widely. 

The last column in the table gives the nutritive ratio, and it is 
important to understand this. The nutritive ratio is the raltio of 
digestible protein to the digestible carbohydrate and fat. It is un
derstood in this instance that the actual weight of fat is mUltiplied 
by 2.25 before it 'was added to the digestible carbohydrate. The 
method of calculating the nutritive ratio is simple .. The percentage 
of digestibJe protein is subtracted from the percentage of total 
digestible nutrients, and then divided into the difference. The quo
tient gives the nutritive ratio. As an example we will take the an
alysis of corn. 

Corn 
Crude Protein 

7.4 

Total Digestible 
Nutrients 

84.2 
7.4 

76.8 
76.8 -;. 7.4 "" '10.4 

Nutritive Ratio 
1: 10.4 

This means that for every pound of digestible protein there are 10.4 
pounds of digestible carbohydrate and fat. When there is rela
tively little protein, as in corn, or timothy hay, that feed has a wide 
nutritive ratio. If there is a high percentage of digestible protein, 
as in soybeans, that feed has 0. narrow nutritive ratio. 

If we turn to the tables of feeding standard·s on page 23 we 
see that the first c'olurnn tells what kind of animal is 'to be fed, 
and gives the more important specifications. It will be observed 
that the ration of 50-pound pigs should differ from that of 200-
pound pigs, and the ration 0.£ a horse at hard work should differ 
from that of an idle horse. 

The second column gives the approximate amount of dry mat
ter that should be consumed per 1000 pounds live weight in each 
case. The third column tells how much protein should be con
sumed, and the fourth tells what quantity of total nutrients should 
be consumed. The fifth columll tells what the nutritive r*io 
should be. 

Feeding standards are guides, not fixed rules. In the first place 
the feeder never knows the exact percentage of digestible nutrients 
in his rations. The values given in the tables are averages of a large 
llumberof analyses, and are not exactly correct for anyone feed. 
Furthermore allariimals do not respond alike to a given ration, and 
a ration that is satisfactory in one trial may not be so satisfactory in 
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another. Finally, the kind of ration that is most profitable de
pends on market prices of the feeds, and of the livestock. If pro
tein supplements are cheap as compared to grain it may be profit
able to feed a narrower nutritive ratio than is specified in the feed
ing standard. Or it may happen that if a feeder has a large quan
tity of legume hay, or soybeans, he wishes to use up it might be im
possible for him 'to keep the quantity of protein down wtithin the 
range specified . In such cases there is no objection to departing 
from the standards, though it is commonly believed that a large ex
cess of protein, 35 or 40 per cent of the ration, may be injurious. If, 
however, protein feeds are excessively high in price, it may be eco
nomical to feed a wider nutritive ratio than is specified in the table. 
The answer to these questions depends on the judgment and experi
ence of the feeder. 

It is impossible in a bulletin to describe the various short cuts 
by which the calculation of rations may be simplified, but a few ex
amples will demonstrate the more important principles. 

As a simple case a ration is to be calculated for pigs, weighing 
from 50 to 100 pounds, from corn and tankage. The standard speci
fies how much of the ration and of the various constituents should 
be supplied for enough pigs to weigh 1000 pounds in all. The 
~tandard also permits a considerable degree of variation. For ex
ample 20 pigs each ,",eighing 50 pounds should have more feed than 
10 pigs each weighing 100 pounds. They should also have a larger 
percentage of protein, or as we commoniy say, they should have a 
narrower nutritive ratio. 

Reference· to the standard shows that the maximum of dry mat
ter allowed is 40.8 pounds, and since most feeds contain appr.oxi
mately 10 per cent of water, it is evident that the total amouQt of 
feed must be something over 40 pounds. As a first estimate we will 
try a 14:1 ratio of corn and tankage, 42 pounds of corn and 3 pounds 
of tankage, and calculate the nutrients and nutritive ratio it will 
supply. 

FIRST TRIAL, RATION FOR PIGS WEIGHING 50-100 POUNDS 

I Digestible Total 
Nutritive Dry Crude Digestible 

Feeds Matter Protein Nutrients Ratio 
------

lbs. lbs. lbs. I: 
Corn, 42.0 pounds ________ 37.0 3.1 35.4 10.4 
Tankage, 3.0 pounds ______ 2.8 1.7 2.1 0 . 3 
----. -Total. ___ ________ " __ __ __ 39.8 4.8 37.5 6.8 
-- - -Standard ___ __ ______ ____ _ 37 .0-40 .8 5.5-6 .0 32 . 9-36.4 5 .0-5.6 
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:\ oomparisonof the ration with the standard shows that too 
little protein has been supplied. that there is a slight excess of total 
digestible nutrients, and that the nutritive ratio is too wide. The 
quantity of protein can be increased by increasing the amount of 
tankage, and the total nutrients can be reduced by · reducing the 
amount of corn. In the final calculation the tankage is increased by 
2 pounds, the corn is reduced by 4 pounds, and the calculations are 
repeated . 

FI NAL TRIAL, RATION FOR PIGS WEIGHING 50-100 POUNDS 

Dry 
Digestible Total 

Nutritive Crude Digestible 
Feeds Matter Protein Nutrients Ratio 

Ibs. lbs. Ibs. 1: 
Corn, 38 pounds _______ __ 33.4 2.8 32.0 10.4 
Tankage, 5 pounds _______ 4 .6 2.8 3.6 0.3 
TotaL __ _______ __ __ . _____ 38 .0 5.6 35.6 5.4 
Standard ______ _______ ___ 37.0-40.8 5.5-6 .0 32.9-36.4 5.0-5.6 

Inspection shows that this ration is in satisfactory agreement 
with the standard. 

We will next assume that a ration is to be calculated for steers 
weighing from 500 to 600 pounds, and that corn fodder (ears at
tached), clover hay, and corn-and-cob meal are on hand. Usually 
there are limitations on the amounts available of some feeds, and 
the ration has to be planned with that in mind. In this case it is 
assumed that there is available 8 pounds of clover· hay and 13 
pounds of corn fOG'der daily per 1000 pounds live weight. Corn
and-cob" meal is available in whatever amounlt is necessary. As a 
first trial 6 pounds of the meal are added to the hay and fodder. 

FIRST TRIAL, RATION FOR STEERS WEIGHING 500-600 POUNDS 

Dry 
D~estible Total 

Nutritive . rude Digestible 
Feeds Matter Protein Nutrients Ratio 

Ibs. lbs. lbs. I: 
Clover hay, 8 pounds ___ __ 7.0 0.6 4.1 5.7 
Corn fodder, 13 pounds ___ 10.6 0.4 7 .0 16.9 
Corn and cob meal, 

5.4 4 .7 11.8 6 pounds ___________ _ 0.4 
-TotaL _____ ______ ______ _ 23.0 1.4 15 .8 10.3 

Standard ___ ~- ___ __ " __ - __ i 23-25 2.0-2.2 14.7-16.7 6.6-7.1 
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Inspection shows that the total amoun:t of feed, and of total 
nutrients, is satisfactory, but the amount of protein is too low, and 
this gives a nutritive ratio that is too wide. This can be remedied 
by reducing the amount of corn-and-cob meal and replacing part 
of it with cotton seed meal. The final amounts are 4 pounds of 
corn-and-cob meal and 2.5 pound~s of cottonseed meal daily. 

FINAL TRIAL, RATION FOR STEERS WEIGHING 500-600 POUNDS 

Dry 
Digestible, Total 

Nutritive Crude Digestible 
Feeds Matter Protein Nutrients Ratio 

lbs. lbs. lbs. 1: 
Clover hay, 8 pounds _____ 7.0 0.6 4.1 5.7 
Corn fodder, 13 pounds ___ 10.6 0.4 7.0 16.9 
Corn and cob meal, 4 pounds ____________ 3.6 0.2 3.1 11.8 
Cottonseed meal, 

2.5 pounds __________ 2.3 O.C; 2.0 1.1 
Total. __________________ 23.5 2.1 16.2 6.7 
--Standard •. _______________ 23-25 2.0-2.2 If. 7-16.7 6.6-7.1 

This ration conforms to the standard and may be regarded a<; 
satisfactory. 

The inexperienced feeder is often uncertain as to the amounts of 
concentrates and roughage that are required by various classes 'Of 
animals, so useful general rules have been formulated on these 
points. 

"Mature idle horses and mature cattle and sheep being maintained at con
stant weight may be fed chiefly or entirely on roughage. unless it is of poor 
quality. wl1.en some grain must be used. 

"Horses at work should be fed 2 to 2.5 Ibs. of feed. (dry roughages and con
centrates combined) daily per 100 Ibs. of live weight. the allowance of concen
trates ranging from 0.7 to 1.4 Ibs. per 100 Ibs. live weight, for horses at medium 
to hard work. 

"Dairy cows in milk will eat 2 lbs. of good quality dry roughage ~i1y per 100 
pounds live weight. Silage may be substituted for dry roughage at the rate of 
3 lbs. silage for 1 lb. dry roughage. A.common rule is to feed 1 lb. hay and 
3 Ibs. silage daily per 100 lbs. live weight. Sufficient concentrates should be 
fed in addition to briI'\&' the nutrients up to the standard. 

"Fattening steers should receive 2.l Ibs. or more 6f concentrates and dry 
roughage (or the equivalent in silage) daily poer 100 Ibs. live weight. the allow
ance of concentrates rang,ing from less than 1 lb. to 1.7 Ibs. or more. per 100 
Ibs. live weight. depending on the rate of gain desired and the character of the 
roughage. 

"Fattening lambs will consume about 1.4 Ibs. of dry roughage daily when fed 
all the grain they will eat. and up to 2.3 Ibs. or over when the grain allowance 
is restricted. Silage may replace a corresponding amount of dry matter in 
dry roughage. . 

'Swine can make but limited use of dry roughage. except in the case of brood 
sows not suckling young.... . 

·From Feeds and Feeding, by Henl'Y , aQd Morrison. 
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ESTIMATING THE VALUE OF A FEED 

Estimating the value of a feed from its guaranteed analysis will 
he considered next. The state feed law requires that all prepared 
feeds shall be sold on a guarantee of the analysis. Corn, wheat, oats, 
l1ay, do not re.quire an analysis, but bran, shorts, linseed oil meal, 
cottonseed meal, tankage, and of course all readY mixed feeds must 
he sold on guarantee. This law is now administered by the State 
Commissioner of Agriculture, and bulletins are published giving the 
results of the inspection of Missouri feeds. Examination of these 
publications shows that the guaranteed analyses are usually correct, 
and it is very seldom that the actual analysis is much below guaran
tee. 

To get the most out of this inspection, however, the buyer 
should be able to look at the tag and decide at once whether it is 
the feed that suits his purpose. 

Starch makes up the greatest part of the feed consumed, and 
it may be used for maintenance or for fattening. Corn is usually 
the cheapest source of starch, apd it should be used in largest quan
tity. The chemist calls starch; and similar substances, nitrogen
free extract, whith is the cheapest thing that can be fed. 

The substance fed " in next largest quantity is usually protein, 
and this is the expensive part 'of the ration, in first cost. It is absol
utely necessary, ho\vever, at least in some quantity. If it is not sup
plied, the animals will die. If they are fed an insufficient amount 
they will grow, or fatten, very slowly. It will be necessary to keep 
them too long, and the extra feed 'for maintenance will make the 
cost of production excessive. The lowest cost of' production is ob
tained only by feeding just enough protein. If too much protein 
is fed it is ,vasted, and that also makes the cost of production ex
cessi\-e. One of the essentials of good feeding is to provide enough 
protein, and in Missouri that is the greatest problem. Feeders have 
frequently asked if it is econom'ical to buy feeding molasses in
stead of protein concentrates such as cottonseed meal. Molasses 
may be very useful if properly used, but it should be remembered 
that it is high in sugar, a carbohydrate, anel contains practically no 
protein. Molasses may be combined with a protein concentrate, 
hut it is in no way a substitute for protein. 

Let us now return to the use' of feed tags. If he has plenty of 
-conl. the only thing the buyer should be interested in is the amount 
of protein in the feed.' Inspection of the Missouri Feed Bulletin 
-~ho,,-s that feeds range in protein content all the way friom 10 to 
BO per cent_ There is no use in considering feeds that contain only 
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10 per cent, for corn contains that much. Suppose, however, two 
feeds are being considered, one of which contains 30, the other 60 
per cent of protein. The first sells for $1.00 a hundred, the other 
for $1.50 per hundred. Which is the cheape&t? In the first case 
(he buyer gets 30 pounds of protein for $1.00, or 1 p~und for 3% 
cents. In the second he gets 60 pounds for $1.50, or 20 cents" per 
pound. 

Price per cwt. 

$1.00 
1.50 

Protein per cent 

30 
60 

Cost per lb. protein 

3;.1 cents 
2:'-5 cents 

This method is not perfect, it will not give accurate results in 
all cases, but it will work in 95 cases in 100, and the buyer can af
ford to take a chance on the other 5. 

Suppose, however, it becomes necessarY to buy all the feed 
used. It is possible of course to buy corn and a protein separately, 
such as linseed oil meal, cottonseed meal, or tankage. On the oth
er hand it may be possible to buy a mill feed, bran, shorts, or mixed 
feed, that oontains not only nitrogen-free extract, but also a consid
erable quantity of protein. How can one decide whether tal take 
it, or whether it would be cheaper to buy corn and the protein sup
plement separately. There is a simple rule to follow which is very 
helpful. Let us suppose a mixed feed which contains 15 per cent 
protein is offered at $1.00 per cwt. Corn containing 10 per cent 

. protein may be purchased at $0.50 per cwt., and tankage containing 
60 per cent protein, at $1.50 per cwt. 

The problexp is to mix the corn and tankage in such propor
tions that the mixture will contain 15 per cent of protein. It will 
then be possible to calculate which is the cheapest, corn and tank
age, or the 15 per cent mixed feed. The method of calculation is as 
follows: The percentage of protein in corn, which is 10, is substract
ed from the desired percentage which is 15. The difference is !i, 
so 5 pounds of tankage are set aside. The percentage of protein in 
the mixture, which is 15, is subtracted from the percentage of pro
tein in tankage which is 60. The difference is 45, so 45 pounds (Jf 
corn are set aside. If now 45 pounds of corn and 5 pounds of tank
age are mixed the mixture will weigh 50 pounds and will contain 
15 per ceJ1t of protein. At the prices given the corn would cost 
22.5 cents, and the tankage would cost 7.5 cents. The 50 pounds 
mixture would then cost 30 cents, or 60 cents per cwt. With th;1; 
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information the purchaser is in a better position to decide which 
combination he prefers. The actual calculation is illustrated be
low. 

Corn 

Tankage 

10 

60 
45 x 0.5 - 22.5 
• 5 x 1.5 -- 7.5 
SO 30.0 

50 Ibs. cost 30 cents 
100 Ibs. cost 60 cents 

45 
15 

5 

There is one other constituent on the tag that should be noticed, 
especially when buying feeds low in protein, and: that is crude fiber. 
Suppose a feed. runs 12 or 13 per cent protein, and 15 per cent crude 
fiber. It should be remembered that crude fiber in teeds has prac
tically no market value, and that other things being equal, a feed 
with a high fiber .content should sell lower than one that contains 
5 per cent or less. If a feed is to be used as a concentrate it should 
not contain much over 10 per cent crude fiber as a maximum. 

THE PREPARATION OF FEEDS 

This topic deserves separate consideration, and will not be 
discussed in detail at present. The various methods of preparing 
feeds have found favor in special cases, but it · should be pointed out 
that under average conditions they offer no marked advantages. 
Grinding feed usually incrt:ases the digestibility, but this is seldom 
enough to pay for the cost of grinding. The smaller grains, such 
as wheat, rye, or kafir, are exceptions, as they have hard coats that 
are not easily broken in the digestive tract. If grinding is not prac
ticable these grains may be made more digestible by soaking. Feed
ers are often urged to grind roughages also, such as alfalfa, but 
actual trials do not indicate that this process is usually profitable. 

Attempts have also been made to increase digestibility by sub
jecting feeds to chemical action. It is possible to use strong chem
icals that will digest crude fiber in the laboratory, and make most 
of it as digestible as corn starch. A number of attempts have been 
made to find a mild treatment for roughage, such as corn stover, 
that will convert it into highlY digestible material comparable to 
corn. A device that has been advertised for this purpose is often 
called a predigester. This process requires expensive equipment, 
and fu,rthermore does not work. It has been tried by various agri
cultural experiment stations, and all agree that the process is 
worthless. 
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SPECIAL PROPERTIES OF FEEDS 

Soft Pork.-In addition to the chemical composition of a feed 
there are occasionally certain characteristics that require some men
t ion. One of these is the presence in some feeds of fat that is soft 
at ordinary temperatures. The fat of our domestic animals is ordi
narily solid, and when chilled it is firm enough that the meat can be 
evenly and' neatly sliced. If fattening animals, as hogs, are fed a 
considerable quantity of certain liquid fats these will be laid down 
in the body without undergoing much change, and so produce soft 
pork. Such pork is flabby and oily even in a refrigerator, and is 
very objectionable both to the butcher and to his customer. The 
soybean contains nearlY 20 per cent of a soft oil, and pigs fed large
lyon soybeans make soft pork. Strangely enough cottonseed oil 
is said to produce a firm body fat. A photograph of hard and sof t 
bacon is reproduced in Fig'. 8. 

Fig. B.-The bacon on the left is oily, which makes it unpopular with deal
ers and consumers. The specimen on the right is preferable because of its 
firmness . (Courtesy of Professor S leeter Bull, Univerity of Illinois.) 

P russic Acid.-Some feeds are occasionally poisonous. For 
example sorghum, Sudan, and Johnson grass have all been report
ed as killing livestock at times. A careful examination of any of 
these plants will nearly always show t hat they contai n a trace of 
prussic acid , one of the most deadly poisons known. T he amount 
is usually so small that it is of no consequence but occasionally 
it will accumulate and suddenl y become dangerous. T here is no 
known way to eliminate this hazard. If poisonous sorghum is cut 
and either cured or put in a silo the poison will rapidly leave and 
in a few days the feed can be used safely. Prussic acid is also found 
in the leaves of the wild cherry. 
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Fluorine.-It sometimes happens that rock phosphate is used 
as a source of calcium and phosphorus in preparing mineral feeds, 
and that the results are unsatisfactory. Most rock phosphate de
posits contain fluorine, and this is a slow poison. Rock phosphate 
is now regarded unfavorably as a constituent of mineral feeds un
less the absence of fluorine can be assured. 

Cottoneed Meal.-It is generally believed that cottonseed meal 
is slightly poisonous to swine, and there seems to be little doubt 
that a small quantity of poison may be present in this feed. It is 
probable, though, that the danger has been ,exaggerated. Very 
large quantities of cottonseed meal may be fed to cattle without 
dariger, and manY feeders have been using it in swine rations with 
no unfavorable ·effects. 

Sweet. Clover.-It is also stated on good authoritiy that hay 
made from sweet clover is occasionally poisonous. It is believed 
the poison is to be found only in moldy hay, but the conditions that 
govern its· development are uncertain. Cattle are most subject to 
this disease, though it may occur in sheep a)Slo. Horses are not 
(!.ffected by this toxin. Rahbits react as readily as cattle, and they 
are sometimes .used to test suspected hay. . 

Nothing is known about the nature of the toxic substance, but 
it acts on the blood so as to .pre~ent it from clotting. If therefore 
affected cattle are dehorned or wounded in any way they maY bleed 
to death. Internal hemorrhages may also occur, especially in the 
muscles of the rump, thigh, neck, or shoulders. The, blood tends 
to col!.ect in pockets, and the swelling that results is sometimes 
diagnosed as blackleg. An animal may recover from a mild at
tack, but in severe cases it will literally bleed to death. There are 
not many instances of this sort on record, and the danger of sweet 
c1ov.er poisoning seems remote. 

Forage Poisoning.-A I1tllnber of cases of forage poisoning 
have been reported, but the cause of the disease is obscure, and 
there is no known method of preventing it. . Some investigators 
believe the disease is caused by bacteria ai)d that it is similar to 
ptomaine poisoning in man. Horses and cattle are sometimes kill
ed by the corn stalk disease but the origin of the trouble is uncer
tain. One explanation is that the stalks do not become thorough~ 
Iy dry, and the agent of the disease forms as they slowly decom~ 
pose. 

There are a number of plants th.at are always poisonous, but for~ 
tunately they are either rare in Missouri, or else animals will not 
cat them unle!'is forced to do so. 
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Tonics and Condiments.-The stock foods in common use are 
mixtures of mineral and organic compounds, and it was formerly 
supposed that they had some special value in maintaining livestock 
in a thrifty condition, in warding off disease, and in increasing the 
rate of gain per pound of feed consumed. Such mixtures have only 
two legitimate uses. First they may be used as medicine in the 
treatment of sick animals, but in such cases the disease should be 
diagnosed and the treatment prescrihe<lby a competent veterina
rian. Second, as mentioned before, they may be used as ' mineral 
supplements. If, however, animals are well, and fed properly, it 
is not believed that their performance will be improved by supply
ing them with tonics or condiments. 

FERTILIZER CONSTITUENTS OF FEEDS 

There is another aspect of feeds that requires mor,e attention 
than it ordinarily receives, and that is their content of substances 
that contribute to soil fertility. Few soils are inexhaustible, and 
they are slowly 'but surely depleted if the plant growth is continu
ously removed, and no precautions are taken to return plant food 
to the soil. It is recognized that the feeding of livestock is essen
tial for a permanent system of agriculture. There is no better way 
to maintain soil fertility than to feed livestock, if the manure is re
turned to the soil. 

The fertilizing constituents in which we are interested are nit
rogen, phosphorus, and potassium. Of course . the . value 
of the manure excreted depends on the degree of success 
in havi.ng it returned to the soil. It is worth while to ex
amine the various crops for their fertilizing constituents, and 
make some estimate of the amount they contain. It is possible 
then to compare the price of the feed witH the expense of buying 
high grade fertilizers to replace the fertilizer constituents contain
ed in the crop. A few of the more common commercial feeds have 
also been included in these comparisons. In addition one may also 
calculate the value of the fertilizer constituents voided in the man-

. ure, both liquid and solid. Such calculations can only be approxi
mate because the prices, especially of feed, are quite variable. Fur
thermore it is difficult to estimate what proportion of the fertilizer 
constituents will be stor~d in the bodies of the animals that consume 
the feed, and what proportion wi.11 be voided in the manure. For 
example a mature horse voids as much as it consumes. A growing 
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pig, however, stores considerable quantities of nitrogen and phos
phorus, and small quantities .of potassium. For the,secalculations 
it is assumed that at least 7'0 per cent of the nitrogen consum
ed is excreted. Some of this will be lost by fermentation, so it is 
assumed' that 65 per cent of the nitrogen consumed may be return
ed to the soiL The value of this nitrogen is assumed to be 13~/;1 
cents per pound. It is also. assumed that at least 80 per cent of the 
phosphorus and potassium consumed will be returned to the soiL 
Phosphoric acid is assumed to be worth 6 cents per pound, potash 
I) cents a pound. With these assumptions then, it is possible to 
calculate the value of the fertilizer constituents that may be recov~ 
cred in the manure, as shown in the following table. 

Fertili7.er Constituents in Feed·t Val ue of fertilizer 
- - consti tuen ts 

Phos- Potas- Cost of - ----
Nitrogen phorus sium feed Con- Ex-

(N) (P.06) (K.O) per ton sumed creted . 
per ~ent per cent per cent 1> 1> 1> - - --

\'Vheat. _____ _____ 1.65 0 . 85 0 .62 32 .00 6.04 4 . 18 
Wheat bran __ ~ __ . 2.52 2.54 1.58 16.50 11.34 8.06 
Wheat middlings . . 3.01 2.01 1.23 20.00 11.66 8. 12 
Corn _____ ~ ____ .. __ 1.39 0.60 0.41 20.00 4.84 3 .32 Oats ____ ______ ___ 1.74 0.90 0.50 20 .00 6.22 4.28 
Clover hay ______ _ 2.08 0.39 2.04 9.00 8.06 5.62 
Alfalfa hay ___ -'_ .. 2 .31 0.51 0.92 10.00 7.69 5.23 
Timothy hay _____ 0.85 0.26 0 .68 8.00 3.26 2.27 
Soybeans _________ 6.31 1.36 2.30 33.00 20 . 75 14 .07 
Linseed oil meaL __ 5.68 1.61 1.32 45 .00 18.39 12.44 
Cottonseed meal __ 5.74 3.10 1:99 35 .00 21.01 14.52 
Skim milk ________ 0.51 0 .22 0.15 5.00 1.81 1.24 
Tankage_.------- 9.37 3 . 73 0.66 45 .00 30.02 20.27 

*Recalculated from Ohio Agr. Exp. Sta. Bul. 255, by E . B .. Forbes, F. M., 
Beegle, and ]. E. Meusching. 
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