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EFFECT OF LIMITED FOOD SUPPLY ON 
THE GROWTH OF YOUNG 

BEEF ANIMALS 
P. F. TROWBRIDGE, C. R. MOULTON, and L. D. HAIGH 

The investigations described in this bulletin were begun in the 
fail of 1907 as a part of the "Use of Food" investigations of the Mis
s1Juri Agricultural Experiment Station under the Adams Act. 

To H. J. Waters belongs the credit for the general plan of the 
experiment which he outlined as "An experiment to determine: (a) 
if an immature animal can use its stored fat to protect growth when 
sparsely nourished, and to what extent the body fat may be relied 
upon to supplement a limited ration to insure the continuation of the 
process of growth; (b) \i\That changes occur in the composition of 
the body of immature animals when held for a considerable time on 
a rn-called maintenance ration, and also what changes occur when 
such animals are kept on a ration above maintenance, but not in suf
fcient quantity to supply the maximum growth of which the animal 
is capable." J . M. Evvard selected the animals and was responsible 
for the Animal Husbandry part of the experiment. The Department 
of Agricultural Chemistry assumed responsibility when the animals 
were delivered at the slaughter house and the authors have endeav
ored to -put the mass of data in shape for presentation in this bulle-
tin. 

It is common practice among many farmers to bring young cat
tle thru the winter with practically no gain in weight. These animals 
make a very marked skeletal growth and become extremely emaciated 
and show a decided lack of thrift. Has there been muscular growth 
or has protein been consumed as well as fat in continuing the skeletal 
growth and in maintaining existence? 

In October, 1907, a number of closely related steer calves were 
purchased (Fig. 1) from which selection was to be made for this ex
periment. These were spring calves dropped between March 1 and 
15. The calves suckled the dams all summer and also had the run of 
a good blue grass pasture. 

Upon arriving at the Station these calves were immediately 
( 0ctober 10, 1907) put on liberal feed, which was increased as rap
idly as possible to full feed, so that by November 5 they were eating 

(3) 
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tr) the limit of their capacity. In order to stimulate their appetites a 
variety of feeds was used. On December 25 the grain ration was 
fixed at corn chops, eight parts, and linseed meal, one part, with al
falfa hay ad libitum. Up to January 26 the calves had all been fed 
iogether. On this date they were put in stanchions and fed separate
ly, the ratio of alfalfa hay to grain having been fixed at one part of 
hay to two and one-half parts of the grain. Figure 2 shows the ar
rangement of the stalls in a shed with open south exposure. Note 
the tight partitions to prevent one steer from gaining access to the 
feed of another. 

Since it was important to have the steers in as nearly a uniform 
condition as possible at the time the check animal was to be slaugh
tered the amount of feed for the differe~t animals was varied slight
ly to bring about this uniformity of condition. On February 25 it 
was decided that the animals were as nearly uniform as it was pos
sible to get them without too great an increase in age, so the check 
animal was slaughtered and the experiment proper was begun. 

Table 1 gives the general facts concerning the animals up to 
February 25, 1908. 

TAELE 1.-RECORD OF ANIMALS TO FEBRUARY 25, 1908 

No. I Age 

I 
Breed I Breed I Wt. Oct. Wt. Feb. Gain 

I 
Gain per 

of Date of Feb. of of 10, 1907 25, 1908 Since day for 
Ani· Birth 25, Sire1 Dam1 Pounds Pounds Oct. 10 139 days 
ma! Days Pounds Pounds -
591 May 15 288 H H+S 322 573 251 1.81 
592 Apr. 15 318 H s 405 664 259 1.86 
593 Apr. 15 318 H H+3S 455 700 245 1.76 
594 Apr. 1 332 H s 385 607 222 1.67 
595 May 15 288 H H 365 609 244 1.76 
597 Mar. 5 359 H s 455 741 286 2.06 
599 Mar. 1 363 H s 4892 730 241 1.76 

--
1H=Hercford; S=Shorthorn 
2Initial weight is for Oct. 12, date of delivery 

Calves 591, 592, 593, 594, and 595 were all sired by the same 
bull and the dam of calf 592 was dam of the dam of 594. The dam of 
594 was a purebred Shorthorn, thin, high in the flank and upstanding, 
barrel small, long, round, lacking in depth. She was regarded as the 
poorest of any of the calves' dams. No. 597 was the thinnest calf at the 
time of the purchase in October which may account for his making 
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the most rapid gains. The dam of 593 was regarded as the best of 

all the cows for raising beef calves. The dam of 597 was nearly as 

good as that of 593. 
About the first of February five different men from the Animal 

Husbandry Departmen~ graded the steers as to degree of fatness. 

No. 599 ·placed first by three men, second by two men. 

No. 593 placed second by three men, first by two men. 

No. 597 placed third by all five men. 
No. 595 placed fourth by four men, fifth by one man. 

No. 592 placed fifth by four men, fourth by one man. 

No. 591 placed sixth by three men, seventh by two men. 

No. 594 placed seventh by three men, sixth by two men. 

As to relative thrift of the animals there was a considerable dif-

ference of opinion. 
No. 593 all agreed was the most thrifty. 
No. 599 placed second by three men, third by two men. 

No. 597 placed third by one man, second by two men, fourth by 

one man, and fifth by one man. 
No. 595 placed fourth by four men, third by one man. 

No. 592 placed fifth by four men, third by one man. 

No. 594 placed sixth by three men, seventh by two men. 

No. 591 placed seventh by three men, sixth by two men. 
At the time of slaughter of the check animal February 25 it was 

decided that Steer 595 was a little fatter than 597 and that 594 was 

equal in condition to 591. 
It was estimated that No. 599 was a little the fattest and that on 

a full feed ration: 
Steer 593 was ten to fifteen days behind 599, 
Steer 595 was twenty-five days behind 599, 
Steer 597 was thirty days behind 599, 
Steer 592 was thirty-five to forty days behind 599, 
Steer 591 was forty-five to fifty days behind 599, 
Steer 594 was forty-five to fifty days behind 599. 
The consensus of opinion placed steer 594 last in fatness and 

next to the last in thrift. He had made the smallest gains during the 

139 days of preliminary feeding. In appearance, Fig. 1, he was a 

little long on the legs, small in the paunch, small in the head, and 

thin in the neck. He had a good straight back and thick loin. He 

was not quite fat enough for finished baby beef. 
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SELECTION OF THE CHECK ANIMAL 

In order that the data from this experiment should have the 
greatest significance it was necessary that the animal to be slaughter
ed as the check animal should not be fatter "than any other of the 
animals. Since it was expected that fat would be resorbed or used 
up by these animals in their effort to maintain a normal rate of 
growth, we must be certain that the check animal contained at least no 
more fat than those animals which were to be so treated that the fat 
rnpply would be diminished. If this were not true then a smaller 
fat content six months later in a certain animal compared with the 
check animal might be assumed to be due to a difference in con
dition at the beginning of the experiment. If, however, it was cer
tain that the check animal was thinner or at least contained no more 
fat than the other animals at the beginning of the experiment and 
the later data showed that the other animals when slaughtered had 
less fat than the check animal, it would be proof positive that there 
had been a loss of fat during the progress of the experiment. 

The decision was unanimous that 594 should be selected as the 
check animal, Fig. 3, and he was slaughtered February 25, 1908; 
The remaining six animals were divided into three groups. 

GROUPING OF THE ANIMALS 
L Supermaintenance Group ( To gain one-half pound per 

day) .-Steers 593 and 599, Figs. 4 and 5, the fattest and most thrifty 
:inimals, were selected for this group. Steer 593 was the blockiest 
steer in the experiment, of excellent feeding type, thick fleshed over 

. loin and ribs, good in the crops. He had short neck, medium length 
of leg and size of bone. In quality he was below 595. 

Steer 599 was a typical Shorthorn in good condition. He showed 
some fat over the crops, around the tail head, and on the flanks and 
cod. He was a little inclined to coarse bone and medium length of 
Jeg. He was not extra good in loin or rump and his face and neck 
were a little long. He was a good thrifty animal and in the best con
dition. This steer did not change much in general appearance until 
toward the close of the first six months, when his hair became rough, 
and the prominent points of the animal stood out much more notice
ably, indicating a loss in flesh. 

These animals were presumed to have a higher normal rate of 
growth than any other two of the animals. That is, their natural 
tendency to grow was stronger. Since these were to receive food 
cnotigh to satisfy maintenance and to provide for a gain of a half a 
pound a day in addition, if these animals were to use their stored fat 
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to secure a normal rate of growth, it was necessary to have animals 
possessing a high normal rate of growth. That is, their natural rate 
of growth must be in excess of one-half pound per day or they 
would not draw upon the reserve store of fat. 

It would not have been difficult to select animals of this age the 
normal rate of growth of which would have been fully satisfied by 
a gain of one-half pound per day and such animals would not need 
to draw on the stored up fat to provide for this normal growth. 

Further, the higher the condition of the animal the larger the 
amount of fat the animal is carrying and the more readily a portion 
of it can become available to aid in promoting growth. Two forces 
here may be said to oppose each other: ( 1) a tendency to . grow 
which, under normal conditions, is so persistent and deep seated as 
to require the animal, if necessary, to sacrifice some of its stored fat 
to maintain that growth; (2) the other force is represented by the 
persistency with which an animal normally strives to hold _its stored 
accumulation of fat. (It is known that an animal may starve to death 
and still have in the body some unused fat.) The greater the animal's 
thrift or vigor the greate1 is its tendency to grow at the expense of 
the stored fat. Especially would the animal of unusual vigor and 
thrift show a ready tendency to use stored fat to promote growth if 
this stored fat be abundant. These reasons seemed to justify the 
selection of the most vigorous and fattest animals for the super
maintenance group. 

It is well to note here that after 599 had been carried six months 
at a gain of one-half pound per day he was judged to be thinner than 
he was at the beginning of the experiment when the check animal 
was slaughtered; but when he had been carried another six months 
at the same rate of gain he was judged to be fatter than he was at 
the beginning of the experiment. That is, for the year his normal 
rate of growth averaged less than one-half pound per day and his 
food supply was sufficient to provide for storing some fat in addition 
to providing for his normal rate of growth. 

It may be assumed then, tentatively, that a thrifty, vigorous steer 
one year old has at that time a capacity for growth in excess of bne
half pound per day, but that this capacity for growth may diminish 
to less than one-half pound per day before the end of another year. 
In other words, a thrifty, vigorous yearling steer made to. gain one 
hundred eighty pounds during the second year will be slightly fatter 
lhan he was as a yearling. 

Analyses of steers at different ages that have been full fed from 
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birth show that these animals have a less per cent of fat as yearlings · 
than they have as six-month or twenty-month calves. That is, the 
normal tendency to growth appears to be greatest in the yearling and 
may be even greater than the tendency to store fat, so that while . 
there is an increase in the total amount of fat stored, this rate of in
creased storage of fat is much less than the rate of growth. Hence 
the full fed yearling is actually thinner than he was at six months or 
rhan he is later at twenty months. 

2. Maintenance Group (No change in the weight of the 
animal. )-Steers 597 and 595, Figs. 6 and 7, the next fattest pair, 
wer~ put into this group for the same reasons that the fattest pair 
were put into the supermaintanance group. There was bound to be 
a marked decrease in the supply of stored fat and a liberal supply 
was necessary to help sustain the normal rate of growth. To select 
the thinnest animals where the drain on the reserve supply would be 
least would be to select in such a way as to accentuate the differences 
caused by the restriction of feed and would diminish the positiveness 
of the conclusions to be drawn from the results. If we put the fat
test animals in the groups making the least demand on the reserve 
fat any differences shown by the results would be all the more posi
tive. 

Steer 597 was large and coarse boned, in fairly good condition; 
poor. over the crops and narrow in the chest, head rough and coarse. 
He was probably the coarsest boned animal in the experiment. 

Steer 595 was one of the small steers, of good quality and type 
for the feed lot. He was a thrifty quick maturing animal, fairly thick 
fleshed. This steer showed a great persistency to gain in weight on 
a supposed maintenance ration. It was necessary to cut his feed sev
eral times, so that in November, 1908, he was maintaining his weight 
on fully 15 pet cent less feed than during the previous June. To
'Nard the end of his year's maintenance period his feed was increased 
hut not up to his early maintenance requirement. · Toward the last 
his coat had a harsh look and feel and he became very gaunt. 

3. Submaintenance Group (To lose one-half pound per 
day) .-The thinnest pair, 591 and 59,2, Figs. 8 and 9, was put in this 
group because these animals were to yield up fat rapidly and even 
with the thinnest animals the chang.es would be very marked. 

Steer 591 was one of the small animals. His top and bottom 
lines were straight, he had good length but was a little narrow. He 
was small boned, and had a long neck and face. This steer proved 
to be a very persistent grower. His feed was cut repeatedly but it 
was almost impossible to make him lose one-half pound a day. He 
became very thin but still appeared strong and vigorous. 
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Fig. 1.-The steers used in the experiment were closely r elated. 
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Fig. 2.-Arrangement of the stalls in which the steers were fed. 

Fig. 3.-Steer 594 was selected as the check animal. 
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Fig. 4.-Steer 593 was of excellent feeding type. 
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No. 5 9 9 S U PE R MA I N T£1iAN CE 

20. 

1909 

Fig. 5.-Stecr 599 was a typical shorthorn in good condition. 
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No. 597 MAINTENANCE 

Fig. 6.-Steer 597 was large, coars~ boned and in good condition. 
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... 
Fig. 7.-Steer 595 was one of the smallest in the experiment, but he was of good 

quality and a good type for the feed lot. 
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.Jun: 1; 

1908 

Fig. 8.-Steer 591 was one of the smallest steers, but proved to be a very persistent 
grower in spite of the submaintenance ration. 
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SueMAINTENANCE 

FEB. 15, 
1908 

DEC. 22. 

Fig. 9.-Steer 592 was small and similar to 591, but lost more than the calculated 
half pound a day near the close of the experiment. 
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Steer 592 was of similar type to 591 but a little broader and 
thicker fleshed. He was a little wider chested than 591 but also too 
narrow for his height. At the slaughter of Steer 591, September 1, 
1908, Steer 592 was judged to be in a little better condition. Soon 
after this he began to fall off rapidly in condition and he lost more 
1han his scheduled one-half pound per day even tho his feed was 
~lightly increased. His skin was drawn very tight over his ribs and 
he stood humped up most of the time. 

It may seem as if the fattest animals should have been put into 
this group, as they would have been able to sustain growth for a 
longer period on their stored fat. It was assumed that these animals 
were liberally supplied with stored fat · for this purpose. Further, the 
fattest animals were the thriftiest, having a stronger tendency for 
growth which would have caused them to draw more severely on 
1heir stored up fat to sustain this strong tendency to growth and 
they would have therefore been less able to stand the loss of one-half 
pound per day than those with a less marked tendency to growth. 

GENERAL CONSIDERATIONS 

With older and fatter animals on submaintenance the tendency to 
growth would not be quite so rapid and with the additional supply of 
fat the animal could sustain growth thru a longer period. The 

. changes in the condition of the animal would be less radical and the 
vitality of the animal would be less impaired. At the same time the 
changes in fat supply and in skeletal growth would be sufficiently 
marked to permit definite conclusions. 

For supermaintenance animals, age would appear to be much 
more of a limiting factor than supply of fat. With increasing age 
the tendency to grow diminishes rapidly and a small supply of food 
above maintenance may easily take care of normal growth and per
mit of the storing of some fat. For a repetition of the experiment, 
results would be more striking for supermaintenance studies if very 
fat animals not over six months of age were used in the beginning. 

In maintenance of body weight even with very fat and fairly 
mature animals (three years old) there is a very noticeable change 
in general appearance, apparent lifting of the flank, disappearance of 
folds of fat, less sleekness of coat. Not much change may be noted 
in skel<';tal measurements unless the maintenance period extends over 
a considerable time (a year or more) . With young animals still · 
possessing a strong tendency to grow the changes in appearance are 
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striking. There is a decrease in measurements which are affected 
by the flesh covering, such as girth and depth of chest. Height, 
length, and other strictly skeletal measurements show a marked in
crease. 

TREATMENT OF THE ANIMALS 

When the check animal No. 594 was slaughtered February 25, 
1908, the duration of the experiment could not be definitely fixed 
since it had to be governed by the condition of the animals, especi
ally by those on submaintenance. It was hoped to hold the animals 
long enough so that it could be determined conclusively whether the 
skeletal growth of 1.he animals was in any way proportional to the 
amount of feed. It was impossible to disregard individual differ
ences but the changes in growth if large enough would clearly offset 
individual variations. 

Tentatively it was planned to slaughter one animal from each 
group at the end of six months and the remaining animal from each 
group at the end of a second six months. 

Beginning February 26, when the check animal No. 594 was 
slaughtered, the feed was reduced. Cut alfalfa hay constituted the 
roughage. A second cut on feed was made March 2 and a third re
duction March 6. The steers changed rapidly in appearance owing 
to this reduction in feed. The size of the paunch decreased appre
ciably. This was especially noticeable in Steer 591. By the middle 
of March the coat appeared to have lost in luster and this with the 
decrease in size of paunch gave the animal a more rangy appearance. 
Beginning about March 12 nearly all of the animals in the experi
ment began to scour considerably, and 591 had about the worst case. 
This tendency to scour continued with considerable persistency so 
that on May 7 the animals were changed to uncut hay in an attempt 
to remedy this condition. Early in May it was noticed that the ani
mals varied considerably in the tendency to shed the hair. They 
were graded May 9 in the order of their shedding. No. 593 had shed 
best, especially over the rump, twist, neck, and shoulders. No. 597 
had shed over shoulders, rump and twist. Nos. 592, 599, and 595 
were very close together, and had shed more or less over rump, twist 
and shoulders. No. 591 had shed but very little. His hairs were 
tight and he appeared to be poorly nourished. 

On June 9 the following ranking of the steers was made with 
the estimate as to the number of days each steer was behind No. 
599 in condition : 
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Days behind 
Steer No. Rank fattest animal 

599 .......... .. ........ fattest .................... . 
593 ....... . ........... . second . . . . . . . . . . . . . . . . . . . . . 10 
595 .................... third ...................... . 22 
597 ........ . ........... fourth . . . . . . . . . . . . . . . . . . . . . 25 
592 ....... . .... . ... .. .. fifth . ... . .. . ............... 35 
591 ......... . . . ........ sixth . . . . . . . . . . . . . . . . . . . . . . . 45 

On July 1 the steers were all scouring considerably, which indi
cated that the condition probably was not caused by the cut hay, but 
that it was more probably caused by the reduction in the feed. About 
the last of June the steers began to be troubled with pink eye. This 
trouble persisted for some time and was quite serious with some of 
the steers. Steers 591 and 592 suffered most from the trouble and 
of the rest No. 595 was most seriously affected. It was not nearly 
so severe with the animals in better condition. By the end of the 
first week in August the animals were all improving from the pink 
eye. On August 23 the animals had not completely shed their coats; 
593 was best shed, 599 second, 597 third, 595 fourth; 591 and 592 
showed almost no loosening of the old coat. 

One animal from each group was slaughtered September 1. Of 
the submaintenance group, No. 591 was selected for slaughter be
cause No. 592 seemed to be a little more vigorous and better able to 
endure the strain of a prolonged submaintenance period. No . . 597 
had held a little closer to actual maintenance weight so that he was 
selected for slaughter from the maintenance group. No. 593 was 
selected from the supermaintenance group because he had held a 
little closer to his schedule of one-half pound gain per day. 

These animals received their . regular morning feed and were 
weighed after feeding as usual. They were not watered. The regu
lar morning weights of all the animals for the last ten days before 
this slaughtering are shown in Table 2. The average of the last 
three weighings very fairly represents the weight of the animals at 
the close of this feeding period and are the weights used · for calcu
lating the gains and losses up to the date. 
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TABLE 2.-DAILY WEIGHTS FOR TEN DAYS 

Supermaintenance .. Maintenance Submaintenance 

I Steer Steer I Steer I Steer I Steer Steer 
1908 593 599 595 597 591 592 

Weight Weight Weight Weight Weight Weight 
Pounds Pounds Pounds Pounds Pounds Pounds 

Aug. 23 ............. 804 841 620 764 493 578 
24 ···· ·· ······ 791 840 610 755 500 581 
25 ·· ······· ··· 800 833 615 745 488 560 
26 ........... . 810 840 625 751 494 569 
27 ............ 801 831 628 760 488 570 
28 ............ 795 818 622 754 500 579 
29 ............ 787 810 612 746 484 570 
30 ..... ....... 818 845 643 761 492 574 
31 ............ 795 845 624 755 493 580 

Sept. 1 .......... -.. 786 836 627 746 483 571 
Av. of last 

three weighings ... .799.7 842.0 631.3 754.0 489.3 575.0 
Beginning Weight 

Feb. 25 ··········· 700.0 730.0 609.0 741.0 573.0 664.0 
Gain or loss 

in 188 days .... ... +99.7 +112.0 +22.3 +13.0 ·-83.7 -89.0 
Av. gain or loss 

per day ·········· + 0.530 + 0.596 +0.118 + 0.069 - 0.445 - 0.473 

Steers 591, 597, and 593 were weighed again just before they 
were slaughtered, and these weights were used in calculating the 
slaughter house data. 

Animal Time of Slaughter Weight at Time 
of Slaughter 

Group 

593 .... . .... . .. 3 :20 P . M ... .. ...... . . 765,1... .. .... . . . Supermaintenance 
597 .. .. .' .. .... . 11:15 A M .... . . .. .... . 738.1. .. ...... . . . Maintenance 
591. . ..... ..... 8 :45 A. M ... ......... .481.5. . . . . . . . . . . . Submaintenance 

The remaining animals were not entirely shed by September 28. 
No. 599 was best shed and looked as if he were growing his new 
winter coat. No. 595 was only partially shed and 592 had scarcely 
shed at all. 

DIGESTION TRIAL 

From November 6 to November 15 inclusive (1908) steers 599, 
supermaintenance, 595, maintenance, and 592, submaintenance, were 
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on digestion trial. These three were graded as follows as to condi
tion: 599 medium, 595 fair to thin, 592 markedly thin. November 
6 was the two hundred and fifty-fifth day of the experiment. These 
animals were all having exactly the same quality of ration. The only 
variation was in quantity. The floors of the digestion stalls were 
covered with heavy matting and Steer 592 ate a portion of his be
fore it was noticed so that the amount of crude fiber in the dung 
for the ten days exceeded that in the feed by 166.8 grams. Including 
Steer 595 the records of digestion trials are available for four young 
thin steers with the following digestion coefficient for crude fiber: 

Crude Fiber 
Steer No. Digestion coefficient 

529 ....................................... 31.521 
595 ... .. ............. . ............ •.• ...... 29.417 
164 ....................................... 29.547 
522 ....................................... 29.706 

Average ........ . .................... 30.048 

It can be safely assumed that for steer 592 the digestion coeffi
cient for crude fiber could not have been higher than this average 
figure of 30.048. Using this factor for crude fiber, a probable 
wei.ght of fiber in the dung exclusive of that from the matting can be 
calculated. 

The digestion coefficient for all nutrients found for steer 592 
is 64.954, but the foregoing correction for crude fiber gives a coeffi
cient for all nutrients digested of 70.559. These corrected figures 
for fiber and total nutrients on steer 592 have been used in com
piling Table 3 which shows the comparative results of the digestion 
trial. 

These data indicate that the condition of the animal is a factor 
influencing its ability to digest its feed. The animals in the thin and 
unthrifty condition do not seem to be ·able to handle their feed as 
economically as the animals in better condition, in spite of the fact 
that the need for the nutrients is much greater. 

The weather turned cold December 31, 1908, and both 595 and 
592 seemed to suffer considerably. No. 592 became more and more 
restless, gnawed some at the fences, ate considerable salt and made 
frequent trips to the water tank. These three remaining steers, 592, 
595, and 599, were continued in the three respective groups until 
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TABLE 3.-RESULTS OF DIGESTION TRIAL 

Protein in feed, grams .............. . 
Protein in dung, grams .............. . 
Protein digested, grams ............. . 
Per cent protein digested ............ . 
Fat in feed, grams . . .. .............. . 
Fat in dung, grams ................. . 
Fat digested, grams . . ............... . 
Per cent fat digested ................ . 
Crude fiber in feed, grams .......... . 
Crude. fiber in dung, grams ; ........ . 
Crude fiber digested, grams .......... . 
Per cent crude fiber digested ........ . 
N. F. E. in feed, grams ............. . 
N. F. E .. in dung, grams .............. . 
N. F. E. digested, grams ....... . .... . 
Per cent N. F. E. digested ...... . •.. 
Total nutrients in feed; grams ...... . 
Total nutrients in dung, grams ..... . 
Total nutrients digested, grams ...... . 
Per cent total nutrients digested ...... . 

1Corrected to exclude fiber from matting. 

I Super· 
Maintenance 

Steer 
No. 599 

5385.51 
1636.44 
3749.07 

69.614 
1933.25 
313.55 

1619.70 
83.781 

5071.87 
2875.97 
2195.90 

43.296 
25646.68 
3724.26 

21922.42 
85.478 

38037.31 
8550.22 

29487.09 
77.521 

Maintenance 
Steer 

No. 595 

3279.43 
1093.88 
2185.55 

66.644 
1178.46 
188.06 
990.40 
84.042 

3071.81 
2168.15 
903.66 
29.417 

15642.72 
2739.87 

12902.85 
82.485 

23172.42 
6189.96 

16982.46 
73.374 

Sub
Maintenance 

Steer 
No. 592 

1248.50 
479.75 
768.75 
61.574 

447.97 
84.92 

363.05 
81.043 

1178.62 
824.471 

354.15 
30.048 

5941.31 
1206.14 
4735.17 

79.699 
8816.40 
2595.281 

6221.12 
70.559 

January 18, 1909. At this time steer 592 had become very emaci

ated. It was deemed unsafe to try to hold him for the full year so 

he was slaughtered on that date, after 327 days of submaintenance. 

He weighed 470 pounds when he was slaughtered. His last three 

regular weights were 466, 462, and 472 pounds, the average of which, 
466.7 pounds, was. used for calculating his losses. 

His weight for September 1 (average three days) was taken 

as 575 pounds. On January 18, 139 days later, at a weight of 466.7 
pounds, he showed a loss of 108.3 pounds, which is . an average of 

0.779 pounds daily. 
At the beginning of the submaintenance period, February 25;. 

1908, he weighed 664 pounds. By the end of 327 days, January 18, 

1909, the date of slaughter he had lost 197.3 pounds, or 0.603 pounds 
per day for the entire period. 

Steer 595 was slaughtered February 22, 1909, at a weight of 

585.6 pounds afte:r 362 days of maintenance. The average of his 
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last three regular weights was 599.7 pounds, as against an initial 
weight of 609 pounds. 

Steer 599 was judged to be fatter February 22, 1909, than he 
was February 25, 1908, which indicated that a gain of one-half pound 
per day was in excess of his normal growth and that he was storing 
an additional supply of fat. It was thought, therefore, that his 
slaughter and analysis would not add any further data of value to 
the experiment. He was accordingly marketed. 

All of the animals during the first six months showed a decided 
cendency to grow in spite of the severe restrictions. The calculated 
rations were not limited enough to give the calculated effect and the 
rations had to be still further reduced. In the latter part of the ex
periment conditions were just the reverse. The tendency to decrease 
in weight was more marked. This was especially true with Steer 
592. Apparently he began in his last stages to draw upon his protein 
for maintenance of life and the amount required for the same energy 
was so much greater than when he was using fat that his decline was 
greatly accentuated. His rapid change in condition indicated this 
probability. Furthermore, he became more restless, consumed con
siderable quantities of salt, and wandered from the salt box to the 
water tank. He staggered somewhat as he walked, and his eyes 
seemed to have a more or less glassy appearance. This reduced 
vitality probably lessened his digestive capacity so that he could not 
digest his food as thoroly as he did in the earlier part of the experi
ment. 

The changing condition of these animals is shown in the respec-
tive pictures, Figs 4 to 9. · 

FEED AND WEIGHT RECORDS 

The animals were housed in an open shed, southern exposure, 
Fig. 2. They were fed in stanchions with mangers constructed to 
prevent waste of feed and to prevent one animal from getting at the 
feed of another. During the day the animals had the run of a feed 
lot with open shed, southern exposure, water and salt ad libitum in 
the lot. 

The feed for all animals was the same in quality, the variation 
_ being only in quantity. It was found necessary to reduce the feed 

gradually as sudden reduction of feed was found to create as great 
digestive disturbances as a too rapid increase. The grain (com chop 
eight parts, linseed meal one part) was fed twice daily in equal 
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amounts. The hay, alfalfa, was fed at night only and was four
tenths as much as the daily grain. All feed was accurately weighed 
and every lot of feed used was carefully sampled and analyzed. 
There was no feed refused during the experiment. 

The animals were weighed each morning after they were fed 
and before being turned out to water. Measurements were taken 
each month and photographs every three months. The detailed feed 
and weight records by ten-day periods are given in Tables 4 to 9 
inclusive. 



T ABLE 4 .-SUPERMAINTENANCE S TEER 593, WEIGHT AND FEED RECORD BY TEN-D AY PERIODS 

Ten-Day Periods I 

1908 Av erage Gain or Grain' Alfalfa Protein Fat N . F . E. Crud~ I Cl rcfanic 
Wt. Loss Lbs. Hay Lbs. Lbs. Lbs. Fiber Ntrtrient5 

Date 

I 
No. Lbs. Lbs. Lbs. Lbs . I Lbs. Ended . 

Feb. 25 700.0 

I 
M ar. 6 1 695.4 -4.6 66.0 26.3 10.422 4.386 52.621 11.241 78.670 
Mar. 16 2 698.2 + 2.8 55.0 22.5 8.757 3.661 44.081 9.601 66.100 
Mar. 26 3 698.9 + 0.7 55.0 22.5 8.761 3.543 44.284 9.615 

I 
66.203 

Apr. 5 4 698.3 - 0.6 57.8 23.5 9.258 1.389 50.484 

I 
10.332 71.463 

Apr. 15 5 712.2 + 13.9 62,5 25 .0 9.969 1.500 54.478 11.020 76.967 
Apr. 25 6 722.9 + 10.7 62.5 25.0 9.969 1.500 54.478 11.020 I 76.967 
May 5 7 720.1 - 2.8 62.5 25.0 9.969 1.500 54.478 

I 
11.020 i 76.967 

May 15 8 725.1 + 5.0 66.3 27.0 10.626 1.594 57.930 11.869 I 82.019 
May 25 9 738.9 +13.8 67.5 27.5 10.825 1.624 59.020 12.089 83.558 
J un. 4 10 743.6 + 4.7 67.5 27.5 10.825 1.624 59.020 l 12.089 i 83.558 I I J un. 14 11 744.8 + 1.2 67.5 27.5 10.825 1.624 59.020 I 12.089 

I 
83.558 

J un . 24 

I 
12 752.2 + 7.4 71.0 27.5 11.222 1.696 61.554 i 12.184 86.656 

Ju l. 4 13 763.3 +n.1 75 .0 30.0 12.006 2.019 65.103 13.184 92.312 
Jul. 14 i + 8 .3 75.0 I ! 92.128 14 771.6 30.0 12.177 2.900 64.027 13.024 

I 
I 

Jul. 24 

I 
15 782.9 +11.3 75.0 30.0 I 12.177 2.900 64.027 i 13.024 i 92.128 

Aug. 3 16 780.8 - 2.1 75.0 30.0 I 12.177 2.900 64.027 ! 
13.024 92.128 

Aug. 13 17 193.7 I +12.9 74.2 29.7 12.052 2.879 63 .364 12.S</3 I 91.179 I 

I 
Aug. 23 I 18 ~03.8 I + 10.1 65.0 26.1 10.573 2.Sf 5 55.561 11.340 I 79.989 
Aug. 31 19 799.6 I - 4.2 39.4 15.6 6.372 1.520 33.550 6.763 I 48.205 

) 
I 

I 1520.755 Total I +99.6 1239.6 498.1 198.962 43 .265 1061.10/ i 217.421 
\ ' I 

1Thc g:-ain was a mixture of 8 parts e.orn chop and 1 part l inseed mea1. 

Ash 
Lbs. 

3.095 
2.624 
2.623 
2.726 
2.919 
2.919 
2.919 
3.130 
3.189 
3.189 
3.189 

I 3.250 
I 3.546 
I 

3.723 

I 
3.723 
3.723 

I 3.684 

I 
3.237 
1.941 

I 
I 59.349 
i 
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TAJJLr: 5.-SU!'ERMAINTENANCE STEER 599, WEIGHT AND FEED RECORD BY TEN-DAY PERIODS ·-Ten-Day Periods 
Feb. 25, 1908 to 
July 31,1909 Average 

Date 
Weight 

No. Lbs. 
Ended I I 

Total Gain·· I Grain1 I Hav . 'Crude I Organic or Lo.ss Lbs. Alfalfa Protein Fat I N.F.E. Fibre Nutrients I Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Feb. 25 730.0 
J\far. 6 l 728.0 2.0 65.50 26.25 10.368 4.354 52.296 11.231 78.249 Mar. 16 2 720.9 7.1 55.00 22.50 8.Z~Y 3.661 44.081 9.601 66.100 Mar. 26 3 716.9 
Apr. 5 4 712.0 

4.0 55.00 22.50 &;{411 3.543 44.284 9.615 66.203 
4.9 57.75 23.50 9:258 1.389 50.484 10.332 71.463 Apr. 15 5 721.9 + 9.9 62.50 25.00 9.969 1.500 54.478 11.020 76.967 Apr. 25 6 728.6 + 6.7 62.50 25.00 9.969 1.500 54.478 11.020 76.967 May 5 7 739.7 + 11.1 62.50 25.00 9.969 1.500 54.478 11.020 76.967 May 15 8 737.5 - 2.2 66.25 27.00 10.626 1.594 57.930 11.869 82.019 May 25 9 750,3 + 12.8 73.00 29.00 11.623 1.750 63.552 12.835 89.760 fun. 4 10 753.0 

fun. 14 11 770.8 
fun , ~4 12 783.1 
ful. 4 13 792.2 

+ 2.7 75.00 30.00 11.964 1.800 65.371 13.224 92.359 + 17.8 79.75 32.75 12.821 1.920 69.827 14.380 98.948 + 12.3 83.50 32.50 13.217 1.995 72.457 14.388 102.057 + 9.1 84.50 32.50 13.375 2.264 72.867 14.370 102.876 ful. 14 14 795.8 + 3.6 80.00 31.60 12.940 3.089 68.143 13.743 97.915 ful. 24 15 803.7 
Aug. 3 16 811.0 
Aug. 13 17 824.5 

+ 7.9 80.00 33.49 13.159 3.105 68.841 14.448 99.553 + 7.3 80.00 31.90 12.974 3.091 68.254 13.854 98.173 + 13.5 79.05 31.60 12.832 3.056 67.475 13.721 97.084 Aug. 23 18 833.9 
Sep.: 2 19 830.9 

+ 9.4 68.30 27.40 11.097 2.641 58.331 11.890 83.959 
3.0 54.75 21.92 8.891 2.117 46.743 9.515 67.266 Sep. 12 20 825.5 5.4 57.75 23.65 9.441 2.238 49.503 10.223 71.405 Sep. 22 21 832.6 

Dct. 2 22 823.9 
+ 7.1 61.75 24.76 10.033 2.388 52.7H 10.645 75.810 - 8.7 67.80 26.68 10.956 2.617 57.716 11.609 82.898 Dct. 1? 23 - 842.0 + 18.! 70.52 28.38 11A70 2.727 60.264 12.310 86.771 Oct. 22 24 868.1 + 26.1 68.75 27.74 11.190 2.659 58.775 12.032 84.656 Nov. 1 25 859.3 - 8.8 67.50 26.88 10.945 2.608 57.577 11.677 82.807 Nov. 11 26 859.8 + 0.5 67.50 26.88 11.578 3.716 56.874 11.323 83.491 Nov. 21 27 857.7 - 2.1 68.38 27.31 11.392 3.190 58.017 11.718 84.317 Dec. 1 28 857.8 + 0.1 70.00 28.12 11.380 2.707 59.796 12.201 86.084 Dec. 11 29 I 863.4 + 5.6 70.00 28.13 11.354 2.799 59.400 12.289 85.842 

·---~ 

Ash 
Lbs. 

3.088 
2.614 
2.623 
2.726 
2.918 
2.918 
2.918 
3.130 
3.395 
3.503 
3.786 
3.834 
3.901 
3.941 
4.079 
3.963 
3.921 
3.395 
2.719 
2.906 
3.069 
3.333 
3.513 
3.429 
3.341 
3.533 
3.466 
3.483 
3.432 
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J 

J 

>ec. 21 30 873.8 + 10.4 71.00 28.62 11.477 3.011 59.53 
)ec. 31 31 893.0 + 19.2 71.25 28.75 11.427 2.984 58.94 
an. IO 32 889.2 - 3.8 71.25 28.75 11.427 2.984 58.94 
an. 20 33 887.5 - 1.7 71.25 28.75 11.427 2.984 58.94 
an. 30 34 902.2 + 14.7 71.25 28.75 11.427 2.984 58.94 
·eb. 9 35 898.3 _ 3.9 71.25 I 28.75 11.427 2.984 58.94 
'eb. 19 36 900.6 + 2.3 71.25 28.75 11.427 2.984 58.94 
far. 1 37 914.7 + 14.1 71.25 28.75 11.427 2.984 58.94 
far. 11 38 925.0 + 10.3 71.25 j 28.75 11.427 2.984 I 58.94 
far. 21 39 921.2 - 3.8 71.25 i · 28.75 11.427 2.984 58.94 
ra ... 31 40 924.9 + 3.7 1r.2s 28.75 11.~43 2.952 I s9.84 
,pr. 10 41 929.9 + 5.o 1uo 2s.15 lt.,69 2.323 I 60.96 
lpr. 20 42 939.3 + 9.4 72.50 28.75 11.863 2.329 I 61.61 
'pr. 30 43 951.2 + 11.9 72.50 28.75 11.863 2.329 61.61 
fay 10 44 960.7 + 9.5 72.50 28.75 11.863 2.329 61.61 
fay 20 45 961.3 + 0.6 72.50 28.75 11.863 2.329 61.61 
fay 30 46 968.9 + 7.6 72.50 28.75 11.863 2.329 61.61 
un. 9 47 974.2 + S.3 72.50 28.75 1 11.863 2.329 61.61 
un. 19 48 986.2 + 12.0 72.50 28.75 I 11.863 2.329 I 61.61 
un. 29 49 976.7 - 9.5 72.50 28.75 I 11.863 2.329 i 61.61 
U(. 9 50 965.3 - 11.4 72.50 28.75 11.863 2.329 I 61.61 

ul. '9 52 996.8 + 20.8 76.00 30.50 12.579 3.257 63.17 
ul. 31 53 998.5 + 1.7 11.62 3.13 1.746 0.485 9.09 
10 days 

0 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
3 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
2 

-

uly. 19 51 976.0 + 10.7 75.00 30.00 ~ 12.385 3.092 62.51 

Total • +268.5 3664.92 1467.19 593.418 136.455 I 3105.27 

1The grain was a mixture of 8 parts corn chop and 1 part linseed meal. 

12.657 
12.690 
12.690 
12.690 
12.690 
12.690 
12.690 
12.690 
12.690 
12.690 
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12.455 
12.455 
12.455 
12.455 
12.455 
12.455 
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1.462 

640.044 

t>J 
86.675 3.388 "1 

"1 
86.050 3.387 t>J 

86.050 3.387 ~ 
86.050 3.387 0 
86.050 3.387 ITj 

86.050 3.387 t-' ..... 
86.050 3.387 :;;: 
86.050 3.387 

..... 

I 
1-3 

86.050 3.387 ~ 
86.050 3.387 "1 
87.030 3.403 0 
87.506 3.422 0 

tJ 
88.266 3.487 0 
88.266 3.487 z 
88.266 3.487 Cl 
88.266 3.487 P::I 

0 
88.266 3.487 ~ 
88.266 3.487 >-l 
88.266 3.487 J:Ij 

88.266 3.487 0 
88.266 3.487 

ITj 

91.071 3.564 tn 

92.312 3.608 gi 
12.784 0.439 

ITj 

> z 
H 

I 4475.188 I 176.577 Ii:: 
> 
t-' 
(/) 

~ 
""-l 



T .\BLE 6 .-MAINTEN ANCE S TEER 597, W EIGHT A ND FEED R ECORD DY TEN-D AY PERIODS 

T en-Day Periods 
Feb. 25, to Aug. Total 31, 1908 Average Gain or Total Total Total Crude Weight Los• Grain1 Hay Proiein Fat N. F . E . Fiber Date Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Ended No. 

~·---

Feb. 25 741.0 
Mar. 6 1 734.1 - 6.9 66.0 27.3 10.538 4.395 52.990 11.614 
Mar . 16 2 722.6 - 11.5 55~0 22.5 8.757 3.661 44.081 9.601 
Mar ; 26 3 717.1 - 5.5 55.0 22.5 8.761 3.543 44.284 9.615 
Apr. 5 4 718.2 +u 53.5 20.8 8.459 1.278 46.392 9.191 
Apr. 15 5 716.1 - 2.1 55.0 22.5 8.831 1.324 48.124 9.885 
Apr. 25 6 719.0 + 2.9 55.0 22.5 8.831 1.324 48.124 9.885 
May 5 7 713.1 - 5.9 55.0 22.5 8.831 1.324 48.124 9.885 
May 15 8 724.7 +11.6 62.5 24.5 9.911 1.495 54.283 10.833 
May 25 9 742.8 + rn.1 65.0 25.0 10.253 1.552 56.288 11.087 
Jun. 4 10 744.4 + 1.6 60.0 23.5 9.513 1.435 52.113 10.39J 
J un. 14 11 740.7 - 3.7 57.5 22.5 9.114 1.375 49.935 9.952 
Jun. 24 12 739.0 - 1.7 57.5 24.0 9.288 1.388 50.488 10.512 
J ul. 4 13 751.4 +12.4 57.4 22.5 9.131 1.539 49.636 9.919 
Jul. 14 .14 744.8 - 6.6 56.3 22.7 9.157 2.1 78 48.120 9.837 
Jul. 24 15 746.1 + 1.3 56.3 22.7 9.166 2.178 48.143 9.859 
Aug. 3 16 750.4 + 4.3 56.3 22.5 9.138 2.176 48.054 9.770 
A ug. 13 17 756.4 + 6.0 54.4 21.7 8.833 2.103 46.440 9.455 
Aug. 23 18 758.7 + 2.3 48.0 19.2 7.798 1.857 40.992 8.350 
Aug. 31 19 753.3 - 5.4 29.3 14.0 5.020 1.150 25.829 5.950 

Total I +12.3 1054.9 425.5 169.330 I 37.275 I 902.440 185.593 

1T he grain was a mixture of 8 parts corn chop and 1 part linseed meal. 

Total 
Organic 
Constituent 

Lbs. 

79.537 
66.100 
66.203 
65.3?0 
68.164 
68.164 
68.164 
76.522 
79.180 
73.454 
70.376 
71.676 
70.225 
69.292 
69.346 
69.138 
66.831 
58.997 
37.949 

1294.638 I 

----. 

Total 
Ash 
Lbs. 

3.168 
2.624 
2.623 
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2.605 
2.605 
2.605 
2.882 
2.963 
2.765 
2.648 
2.758 
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2.793 
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Ten-Day Periods 
Feb. 25, 1908 to 
Feb. 21,1909 

Date 
Ended 

J 
I 
J 

'eb. 25 
far . 6 
far. 16 
far. 26 
cpr. 5 
.pr. 15 
cpr. 25 
fay 5 
fay 15 
fay 25 
un. 4 
un. 14 
un. 24 
ul. 4 
ul. 14 
ul. 24 
.ug. 3 
.ug. 13 
.ug. 23 
ept. 2 
ept. 12 
CP,t. 22 
let. 2 
let. 12 
let. 22 
fov. 1 
fov. 11 
fov. 21 
>ec. 1 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

TABLE 7.-MAINTENANCE STEER 595, WEIGHT AND FEED RECORD BY TEN-DAY PERIODS 

Av~rage 
Grain Total Total 

Gain or Corn 8 pis. Hay Total Total Total Crude Organic 
Weight Loss Linseed 1 pt Alfalfa Protein Fat N.F.E. Fiber Constituents 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

-
609.0 
610.4 + 1.4 58.8 23.5 9.293 3.906 46.889 10.056 70.144 

605.4 - 5.0 so.o 20.0 7.909 3.324 39.906 8.559 59.698 

594.6 - 10.8 50.0 20.0 7.913 3.217 40.089 8.572 59.791 

596.7 + 2.1 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

603.2 + 6.5 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

603.5 + 0.3 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

606.3 + 2.8 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

607.2 + 0.9 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

610.6 + 3.4 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

612.2 + 1.6 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

616.1 + 3.9 50.0 20.0 7.976 1.199 43.581 8.816 61.572 

616.0 - 0.1 50.0 20.0 7.976 1.199 43.581 8.816 . 61.572 

611.6 -4.4 50.0 20.0 8.004 1.347 43.402 8.790 61.543 

609.1 - 2.5 50.0 20.0 8.118 1.933 42.684 8.683 61.418 

613.4 + 4.3 50.0 20.0 8.118 1.933 42.684 

I 
8.683 61.418 

610.0 - 3.4 50.0 20.0 8.118 1.933 42.684 8.683 61.418 

621.8 +11.8 50.0 20.0 8.118 1.933 42.684 8.683 61.418 

623.8 + 2.0 47.8 19.l 7.748 1.846 40.745 8.273 58.612 

621.7 - 2.1 41.8 16.9 6.801 1.616 35.714 7.325 51.456 

626.4 + 4.7 40.0 16.3 6.529 1.548 34.257 7.058 49.392 

326.3 - 0.1 36.3 13.6 5.783 1.394 30.617 5.963 43.757 

612.0 -14.3 42.8 17.2 6.952 1.653 36.531 7.461 52.597 

616.5 + 4.5 48.8 20.0 7.974 1.889 41.804 8.656 60.323 

627.4 +lo.9 38.5 14.8 6.174 1.483 32.630 6.446 46.733 

603.0 -24.4 40.8 16.2 6,606 1.575 34:757 7.040 49.978 

600.7 - 2.3 41.3 16.3 7.052 2.268 34.698 6.857 50.875 

596.4 - 4.3 43.4 17.4 7.223 2.009 38.628 7.457 55.317 

599.6 + 3.2 45.0 18.1 7.320 1.741 38.460 7.859 55.380 

Total 
Ash 
Lbs. 

2.036 
2.353 
2.352 
2.335 
2.335 
2.335 
2.335 
2.335 
2.335 
2.335 
2.335 
2.335 
2.364 
2.481 
2.481 
2.481 
2.481 
2.367 
2.087 
2.007 
1.734 
2.129 
2.457 
1.864 
2.016 
2.146 
2.199 
2.242 
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TA13LE 7 .-MAINTENANCE STEER 595, WEIGHT ADD FEED RECORD BY TEN-DAY PERIODS-CONTINUED 

Ten-Dav Period s 

Average 

Date No. 
Weight 
Lbs. 

Ended 

Dec. 11 29 599.4 
Dec. 21 30 604.3 
Dec. 31 31 611.6 
fan. 10 32 601.9 
fan. 20 33 596.6 
fan. 30 34 604.2 
Feb. 9 35 595.1 
Feb. 19 36 601.8 
Feb. 21 37 603.5 

Total 

Gain or 
Loss 
Lbs. 

- 0.2 
+ 4.9 
+ 7.3 
- 9.7 
- 5.3 
+ 7.6 
- 9.1 
+ 6.7 
+ 1.7 

- 5.5 

·-· 

-

L 
L 

~rain Hay 
:orn 8 pts. Alfalfa 
insced 1 pt Lbs . 
os. 

---
45.0 18.1 
46.0 18.1 
46.3 18.1 
46.3 18.1 
47.1 18.6 
47.5 18.8 
47.5 18.8 
48.8 19.4 

9.8 3.9 

1709.0 681.1 

Total Total Total Total Total 
Protein Fat N . F.E. Crude Organic 
Lbs. Lbs. Lbs. Fiber Constituent 

Lbs. Lbs. 

7.307 1.791 38.242 7.910 55.250 
7.387 1.947 38.414 8.043 55.791 
7.416 1.957 38.586 8.050 56.009 
7.417 1.957 38.589 8.054 56.017 
7.567 1.995 39.349 8.239 57.150 
7.633 2.011 39.680 8.320 57.644 
7.633 2.011 39.680 8.320 57.644 
7.849 2.066 40.775 8.589 59.279 
1.571 0.413 8.157 1.720 11.861 

-
275.319 65.487 1453.564 297.693 2092.063 

Total 
Ash 
Lbs. 

2.214 
2.164 
2.169 
2.170 
2.217 
2.238 
2.238 
2.307 
0.461 

81.470 
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Ten-Day Periods 
Feb. 25, to Aug. 

31, 1908 

Date 
Ended No. 

Feb. 25 
Mar. 6 1 
Mar. 16 2 
Mar. 26 3 
Apr. 5 4 
Apr. 15 5 
Apr. 25 6 
May 5 7 
May 15 8 
May PS 9 
Jun. 4 10 
Jun. 14 11 
Jun. 24 12 
Jul. 4 13 
Jul. 14 14 
Jul. 24 15 
Aug. 3 16 
Aug. 13 17 
Aug. 23 18 
Aug. 31 19 

Total 

TABLE 8.-SUBMAINTENANCE STEER 591, WTIGHT AND FEED RECORD FOR TEN-DAY PERIODS 

Grain Total Total 

Average Gain or Corn 8 pts. Hay Total Total Total Crude Organic 

Weight Loss Linseed 1 pt Alfalfa Protein Fat N.F.E. Fiber constituents 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

-
573.0 
569.1 - 3.9 58.8 23.5 9.293 3.906 46.889 10.056 70.144 

562.8 - 6.3 50.0 20.0 7.909 3.324 39.905 8.559 59.697 

558.4 - 4.4 50.0 20.0 7.912 3.508 40.089 8.572 60.081 

558.4 0.0 50.0 20.0 7.976 1.199 43.575 8.816 61.566 

562.7 + 4.3 49.3 19.5 7.832 1.180 42.852 8.609 60.473 

565.0 + 2.3 45.0 17.5 7.119 1.076 39.039 7.748 54.982 

558.2 - 6.8 45.0 17.5 7.119 1.076 39.039 7.748 54.982 

560.0 + 1.8 45.0 17.5 7.119 1.076 39.039 7.748 54.982 

570.9 +10.9 42.0 16.0 6.606 1.001 36.313 7.106 51.026 

568.6 - 2.3 31.8 13.8 5.186 0.771 28.060 5.990 40.007 

550.8 -17.8 23.0 10.0 3.761 0.559 20.333 4.354 29.007 

535.5 -15.3 22.5 7.3 3.386 0.525 18.966 3.314 26.191 

530.4 - 5.1 22.5 7.6 3.442 0.594 19.026 3.444 26.506 

518.5 -11.9 22.5 9.0 3.653 0.869 19.201 I 3.900 27.623 

508.7 - 9.8 22.1 9.6 3.678 0.862 19.167 ! 4.115 

I 

27.822 

504.7 - 4.0 22.5 8.8 3.630 0.868 19.134 
I 3.8J3 27.465 

500.5 - 4.2 20.2 8.2 3.283 0.779 17 .235 I 3.532 24.829 

499.1 - 1.4 17.2 7.2 2.821 0.665 14.759 I 3.097 21.342 

492.4 - 6.7 6.9 2.7 1.118 0.267 5.897 1.176 8.458 
I 

-80.6 646.1 255.5 102.843 I 24.105 I 548.518 l 111.717 787.183 

Total 
Ash 

Lbs. 

~--~ 

2.765 
2.353 
2.352 
2.335 
2.286 
2.065 
2.065 
i.065 
1.902 
1.559 
1.133 
0.924 
0.964 
1.116 
1.151 
1.103 
1.007 
0.874 
0.340 

30.359 
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Ten-Day Periods 
Feb. 25. 1908 to 
Jan. 17, 1909 

Date I No. 
Ended 

Feb. 25 
Mar. 6 1 
Mar. 16 2 
Mar. 26 3 
Apr. 5 4 
Apr. 15 5 
Apr. 25 6 
May 5 7 
May 15 8 
May 25 9 
Jun. 4 10 
Jun. 14 11 
Jun. 24 12 
Jul. 4 13 
Jul. 14 14 
Jul. 24 15 
Aug. 3 16 
Aug. 13 17 
Aug. 23 18 
Sep. 2 19 
Sep. 12 20 
Sep. ?2 21 
Oct. 2 22 
Oct. 12 23 
Oc•. 22 24 
Nov. 1 25 
Nov. 11 26 
Nov. 21 27 
Dec. 1 28 

TABLE 9.-SUBMAINTENANCE STEER 592, WEIGHT AND FEED R ECO.RD BY TEN-DAY PERIODS 

Grain Total Total 
Average Gain or Corn 8 pts. Hay Total Total Total Crude Organic 
Weight Loss Linseed 1 pt Alfalfa Protein Fat N.F.E. F iber Constituents 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

--
664.0 
657.2 - 6.8 58.8 23.S 9.295 3.906 46.889 10.056 70.146 
648.7 - 8.5 50.0 20.0 7.909 3.324 . 39.906 8.559 59.698 
645.0 - 3.7 50.0 20.0 7.911 3.217 40.089 8.572 59.789 
648.4 + 3.4 50.0 20.0 7.976 1.199 43.581 8.816 61.572 
653.1 + 4.7 49.3 19.5 7.833 1.180 42.864 8.609 60.486 
649.6 - 3.5 45.0 17.5 7.120 1.076 39.039 7.784 55.019 
641.l - 8.5 45.0 17.5 7.120 1.076 39.039 7.784 55.019 
637.0 - 4.1 45.0 17.S 7.120 1.076 39.039 7.784 55.019 
650.6 + 13.6 42.0 16.0 6.607 1.001 36.313 7.106 51.027 
634.9 - 15.7 31.3 13.3 5.072 0.757 27.516 5.790 39.135 
618.4 - 16.5 23 .3 10.3 3.819 0.566 20.617 4.453 29.455 
603.0 - 15.4 24.3 8.8 3.758 0.574 20.787 3.920 29.039 
600.3 - 2.7 22.3 10.0 3.717 0.614 19.900 4 .329 28.560 
588.7 - 11.6 25.0 10.0 4.060 0.967 21.341 4.341 30.709 
580.6 - 8.1 25.0 10.0 4.060 0.967 21.341 4.341 30.709 
572.2 - 8.4 25.0 10.0 4.060 0.967 21.341 4.341 30.709 
579.8 + 7.6 26.2 10.4 4.246 1.013 22.344 4.527 32.130 
582.3 + 2.5 25.1 10.1 4.167 0.972 21.466 4.379 30.984 
572.2 - 10.l :.!1.3 8.6 3.469 0.825 18.234 3.722 26.250 
556.9 - 15.3 15.5 6.8 2.587 0.606 13.471 2.912 19.576 
556.5 - 0.4 15.0 6.1 2.445 0.581 12.837 2.638 18.501 
530.9 - 25.6 18.3 7.1 2.945 0.705 15.524 3.106 22.280 
544.8 + 13.9 18.8 9.8 3.314 0.746 16.883 4.109 25.052 
536.3 - 8.5 15.0 6.0 2.434 0.573 12.800 2.601 18.408 
498.8 - 37.5 15.7 6.4 2.560 0.607 13.436 2.767 19.370 
494.5 - 4.3 15.7 6.3 2.691 0.864 13.207 2.631 19.393 
485.3 - 9.2 16.7 6.6 2.773 0.771 14.155 2.849 20.548 
491.2 + 5.9 17.6 6.9 2.848 0.681 15.009 3.019 21.557 

Total 
Ash 
Lbs. 

2.76 
2.35 
2.35 
2.33 
2.28 
2.oc 
2.0< 
2.0t 
1.90 
1.51 
1.15 
1.06 
1.13 
1.24 

3 
2 
5 
6 
5 
5 
5 
2 
4 
5 
3 
7 

1.24 
1.24 
1.29 
1.25 
1.06 
0.81 
0.75 
0.89 
1.09 
0.74 
0.78 

1 
1 
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Dec. il 

I 
29 482.6 - 8.6 18.8 

~ 
7.5 3.038 

Dec. 21 30 487.6 + 5.0 19.8 8.0 3.196 
Dec. 31 31 > 490.4 + 2.8 21.0 8.1 3.354 
Jan. 10 32 473.2 - 17.2 21.5 8.3 3.428 
Jan . 17 33 459.9 - 13.3 20.0 s.o 3.226 

fotal -204.1 933.2 374.7 150.158 

0.746 15.916 3.275 
0.838 16.570 3.532 
0.888 17.480 3.615 
0.909 17.872 3.678 
0.848 16.747 3.542 
-· 

35.640 I 793.553 I 163.487 

22.975 0.919 
24.136 0.944 
25.337 0.977 
25 .887 ' 0.996 
24.363 0.950 

1142.838 44.791 
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WEIGHT CHANGES INFLUENCED BY THE FILL 

The change in weight during the feeding period is influenced to 
a greater or less extent by the change in the weight of the contents 
-0f the digestive and excretory tract, the fill. The check animal, No . 
.:S94, was slaughtered at a weight of 608 pounds. The contents of 
the digestive and excretory tract weighed 60.316 pounds or 9.953 per 
cent of his live weight. If the same proportion of fill is assumed for 
the other animals at the beginning of the experiment, February 25, 
1908, the weight of fill actually found at slaughtering may be de
ducted and the change in weight due to the change in the amount of 
fill may be corrected. Table 10 shows the probable variation. 

T AllLE 10.-G~rn OR Loss IN WEIGHT WITH CORRECTIONS FOR CHANGE IN FILL 

I 

sub-main- r Main- I Super- I Sub-main· 1 Main-tenance tenance ma1nte- ten a.nee tcnance 
si:s:: six n ace six eleven twelve 

months .months months 1 months months 

591 597 

I 
593 I 592 595 

Number of Animal Wt.in Wt.in Wt.in Wt. in Wt.in 
Pounds Pounds ·Pounds Pounds Pounds 

Live weight Feb. 25, 1908 ••.....•. - . 573 741 70C 664 609 
Calculated weight of fill at be-

ginning of experiment 
___ ,. _________ 

57.031 73.752 69.671 66.089 60.614 
Actual fill at slaughtering -·······-··· 62.503 71.551 64.231 56.116 48.611 

-- -- -- -- --
Gain or loss in fill ----···· .. -----··-···- + 5.472 - 2.201 - 5.440 - 9.973 - 12.003 
Weight at slaughtering O OoO oO• OHOoOooO 489.3 754.0 799.7 466.7 585.6 
Weight corrected for constant fill 483.828 756.201 805.140 476.673 597.6 
Gain or loss in weight on basis 

of constant fill ... --••oo•oo••.OH•••••OH•O ~ 89.172 + 15.201 +105.14 -187.327 -11.-4 
Calculated average gain or loss per 

day on basis of constant fill .... - 0.477 + 0.081 + 0.559 - 0.567 - 0.032 
Actual average .gain or loss per day 

di•regarding change in fill ·-····· - 0.445 + 0.069 + 0.530 - 0.603 - 0.015 

The weight of fill differs quite materially in the different ani
mals. With very fat mature steers the fill may be as low as eight 

. per cent of the live weight of the animal. In very thin steers the 
fill is as great as twelve or thirteen per cent. However, the percent
age of fill is constant enough so that age and ration being the same 
the fill may be taken as a measure of the degree of fatness. 

On the foregoing considerations, submaintenance animal No. 591, 
slaughtered September 1 after 180 days, appeared to have lost an 
average of 0.445 pounds per day while his actual flesh loss was 
0.477 pounds per day. The other submaintenance animal, No. 592, 
appeared to have lost an average of 0.603 pounds per day while his 
actual flesh los.s was 0.567 pounds per day for the 327 days. 
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Steer 597 on maintenance 188 days showed a gain in weight of 
0.069 pounds per day; while 595 showed a loss of 0.015 pounds per 
day for his maintenance period of 362. Corrected for constant fill 
these figures become +0.081 and -0.032 respectively. Steer 593 on 
supermaintenance appeared to gain during the 188 days an average 

of 0.530 pounds per day, but corrected for the change in fill this 
flesh gain was 0.559 pounds per day. Steer 599 on the date No. 595 
was slaughtered, February 22, 1909, weigh~d 913.6 pounds (average 
of five days). This was a gain for the 362 days of 183.6 pounds 

or an average daily gain of 0.508 pounds. Since he was not slaugh
tered we can make no correction for change in fill. 

ORGANIC NUTRIENTS CONSUMED DAILY 

First maintenance period, Steers 597 and 595.-During the 
first 188 days of the experiment, February 26 to September 1, Steer 
597 had consumed 1294.6 pounds of organic nutrients or 6.89 pounds 

per day as compared with 1150.8 pounds for 595 or 6.12 pounds per 
day. Taking 736.5 as the average daily weight for Steer 597 and 
610.2 pounds as the average daily weight for 595 we have on calcu

lating to the two-thirds power of the live weight a maintenance cost 
per 1000 pounds of 8.46 pounds of nutrients for 597 and 8.48 pounds 

for 595. This gives an average for the two steers of 8.47 pounds 
of organic nutrients. 

Second maintenance period, Steer 595.-From September 1 to 
February 21, 174 days, Steer 595 consumed 941.3 pounds of organic 
nutrients or 5.41 pounds per day. Taking the average daily weight 

for the period of 607 pounds we obtain a maintenance cost of 7.53 
pounds of nutrients per 1000 pounds live weight (referred to the 

two-thirds power of the live weight.) 
Entire maintenance period for · Steer 595.-Steer 595 was 

slaughtered February 22, 1909. During the 362 days he had con
sumed 2092.1 pounds of organic nutrients or 5.78 pounds per day. 
His average weight for the entire period was 608.6 pounds, so that 

his daily consumption per 1000 pounds live weight was 8.07 pounds 
organic nutrients. 

CORRECTED MAINTENANCE COST, STEERS 597 AND 595 

First period.- On the basis of constant fill Steer 597 gained 

15.2 pounds during the period. From a study of the supermainte
nance animals it is found that the maximum gain per pound cost 3.6 
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pounds of nutrients above that needed for maintenance so that the 
nutrients consumed by this steer should be decreased by 54.9 pounds. 
This gives 1239.7 pounds as the maintenance requirement, for 188 
days, or 6.594 pounds per day. Having corrected for change in 
weight the maintenance weight for the period must be taken as the 
initial weight of 741 pounds, so that his corrected maintenance cost 
per day per 1000 pounds is 8.05 pounds. Steer 595 compared with 597 
on basis of constant fill gained 17.2 pounds, so that from his feed con
sumption of 1150.8 pounds inust be deducted 62.1 pounds of nutri
ents, giving 1088.7 pounds as his corrected maintenance requirement 
for 188 days; or 5.791 pounds per day. His initial weight was 609 
pounds, so that his corrected maintenance cost per day per 1000 
pounds is 8.06. For this first period then the corrected average 
daily maintenance cost in nutrients is 8.055 pounds per 1000 pounds of 
animal. 

Second period, Steer 595.-At the beginning of this period Steer 
595 weighed 624 pounds, but on the basis of constant fill this should 
be increased to 626.2 pounds. At slaughter he weighed 585.6 pounds, 
with 12.0 pounds less than the calculated fill, so that during the 174 
days of the experiment he actually lost 28.6 pounds. Since the con
dition of 595 during this period is more nearly comparable with the 
supermaintenance steers during the first period it may be assumed 
that in order to have prevented this loss in weight Steer 595 should 
have consumed 28.6 times 3.6 pounds of nutrients or 103.2 pounds 
more than the 941.3 pounds which he did consume. To have main
tained· a weight of 626.2 pounds at constant fill he should then have 
consumed 1044.5 pounds of nutrients in the 174 days, or 6.00 pounds 
per day. This is equivalent to 8.20 pounds per day per 1000 pounds 
of animal. 

Total maintenance period for Steer 595.-During 1.he entire 
maintenance period of 362 days Steer 595 lost 11.4 pounds on the 
basis of constant fill. He should therefore have consumed 2092.1 
pounds plus 41.2 pounds ( 11.4 times 3.6), or 2133.3 pounds to have 
held strict body weight maintenance of 609 pounds. This would 
have required 5.893 pounds per day, or 8.20 pounds per day per 
1000 pounds weight. 

Ordinarily it is said that an animal on maintenance adjusts him
self to a lowered plane of nutrition and will actually reduce his cost 
of maintenance. This is established by experiments with mature ani
mals and would also seem to follow with the uncorrected data of the 
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two maintenance periods here discussed. The cost per 1000 pounds · 
during the first period dropped from 8.47 pounds of nutrients per 
day to 7.53 pounds per day. When, however, correction is made for 
the slight changes in weight that actually took place, an increase, 
from 8.06 pounds of nutrients per day per 1000 pounds of animal 
for the first period, to 8.20 pounds per day for the second period 
is found. 

At the beginning of the experiment the animals were in excellent 
condition. They were carrying considerable fat and were at the age 
of most rapid growth. The normal rate of growth was scarcely re
tarded so that in order to allow for the increased skeletal and flesh 
growth there was considerable utilization of fat to supplement the 
feed necessary for maintaining body weight, which made a low main
tenance cost. 

During the second period the tendency to growth was decreased, 
so that there was less crowding out of fat to make room for flesh 
and skeletal growth and the energy required for maintenance had to 
be met more nearly by the ration fed. During the second period the 
animal had more flesh than it had during the first period. Both of 
these conditions called for a greater amount of feed, hence, an in
creased maintenance cost. It may be expected, then, that an increas
ing amount of feed will be necessary to hold a young, thrifty, grow
ing steer to a constant body weight. 

SUMMARY OF MAINTENANCE COSTS 

I Nutrients per Day 
Weight of Nutrients per per 1000 Pounds 

Steer Animal, Day, Pounds live Weight, Pounds 
Pounds 

Actual Corrected Actual Corrected ----
f 597 

741 6.89 6.59 8.46 8.05 
First Period, 188 days 

595 609.0 6.12 5.79 8.48 8.06 
Second Period, 17 4 days 595 626.2 5.41 6.00 7.53 8.20 
Total Period, 362 days 595 609.0 5.78 5.89 8.07 8.20 

SUBMAINTEN ANCE 

First period, Steers 591 and 592.-During the 188 days of this 
period Steer 591 consumed 787.2 pounds of organic nutrients or 4.2 
pounds per day. His average weight for the period was 504.8 pounds 
so that on the basis of the maintenance steers he would have needed 
m order to maintain body weight 5.106 pounds of nutrients per day 
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or 959.9 pounds for the period. His feed was therefore reduced 
172.7 pounds of nutrients below his maintenance requirement. He 
lost in weight during the period 83.7 pounds, but his fill at slaughter
ing was 5.5 pounds more than the calculated amount for constant fill. 
His actual loss in weight then was 89.2 pounds caused by the de
crease of 172.7 pounds of nutrients so that a decrease of 1.9 pounds 
in nutrients had caused a loss of one pound in weight of animal. 

Steer 592 during this period consumed 830.2 pounds of nutri
ents, an average of 4.4 pounds per day. His average weight was 
619.1 pounds and for maintenance of body weight he should have 
consumed a daily average of 5.9 pounds of nutrients, a total of 
1100.0 pounds. He lost in weight for the period 95.2 pounds because 
of a reduction in nutrients of 269.8 pounds, so that a decrease of 
2.8 pounds in nutrients was necessary to cause a loss of one pound 
in body weight. 

Second period, Steer 592.-The difference between the initial 
weight for this period, 568.8 pounds (the average for 5 days, Aug. 
30, to Sept. 3, inclusive) and the slaughter weight, 466.7, 139 days 
later, was 102.1 pounds. At slaughter he had 10.0 pounds less fill 
than the calculated amount, so that on basis of constant fill he would 
have weighed 476.7 pounds, and his actual loss in weight for the 
period was 92.l pounds. His average weight for that period was 
506.4 pounds and for body weight maintenance he should have re
ceived a daily average of 5.2 pounds of nutrients or 724.3 pounds 
for the period. He actually consumed for the period 312.6 pounds of 
nutrients or an average of 2.25 pounds per day. The amount of 
nutrients used less than maintenance requirement was 411.7 pounds, 
so that a feed reduction below maintenance of 4.5 pounds was neces
sary for each pound loss in weight of animal. 

Entire period, Steer 592, 327 Days.-The average weight of 
the steer for this period was 571.3 pounds and his calculated main
tenance requirement was 5.6 pounds of nutrients per day (calculated 
on basis of the corrected requirement of Steer 595). He should 
therefore have consumed 1841.7 pounds of nutrients to have main
tained his average body weight. He did consume 1142.8 pounds. His 
loss for the entire period on the basis of constant fill was 187.3 
pounds, caused by a decrease of 698.9 pounds of nutrients; one 
pound loss in body weight was effected by a decrease of 3.7 pounds 
of nutrients. 

Steer 592 was judged to be in a little better condition than 591°. 
That means that he probably carried a little more fat, which in its 
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removal as the animal decreased in weight supplemented more of the 
feed so that a greater decrease in the feed was necessary to force a 
continuous loss in weight. 

During the second period · 592 required a very much greater de
crease in feed to force the same loss in weight. Analysis of 591 
shows a nearly complete use of the adipose tissue but no drain upon 
the skeletal fat. Steer 592 during this second period lost nearly all 
of his skeletal fat. In removing fat from the skeleton there was very 
little (if any) decrease in weight because fat was largely replaced 
by water. The loss in weight, therefore, came largely from a burn
ing up of the protein tissue itself which meant less active tissue to 
maintain. The tendency to grow had ceased almost entirely. All 
helped to conserve his feed so that a still greater reduction was 
needed to force the decrease in weight. 

SUPERMAINTENANCE 

First period, Steers 593 and 599.-During the 188 days of this 
period 593 consumed 1520.8 pounds of organic nutrients, an average 
of 8.1 pounds per day. His average weight for the period was 744.S 
pounds, which would require for body weight maintenance ( calcu
lated to corrected maintenance cost of 597 and 595) 6.6 pounds per 
day or 1244.2 for the period. He therefore consumed 276.6 pounds 
of nutrients more than his maintenance requirement. He was 
slaughtered at a weight of 799.7 pounds with 5.4 pounds less than 
the calculated amount of fill. His weight at slaughter with constant 
fill was then 805.1 pounds and his gain in weight was 105.1 pounds. 
This gain was obtained by the use of the 276.6 pounds of nutrients 
above the maintenance requirement. One pound of gain was pro
duced by 2.6 pounds of nutrients above the maintenance require
ments. 

Steer 599 consumed 1611.4 pounds of nutrients or 8.6 pounds 
per day. For maintenance (average weight 766.0 pounds) he should 
have eaten 6.7 pounds per day or 1267.7 pounds for the period. He 
consumed 343.8 pounds above his maintenance requirement and gain
ed 96.4" pounds. Each pound of gain cost 3.6 pounds of nutrients 
above maintenance. 

Second period, Steer 599.-During the second period of 174 
days Steer 599 consumed 1457.7 pounds of nutrients, an average of 
8.4 pounds per day. His average weight for the period was 866.8 
pounds, so that he should "have consumed for maintenance alone an 
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average of 7.5 · pounds per day, or 1297.0 pounds for the entire 
period. He gained 87.2 pounds during this period and consumed 
160.7 pounds of nutrients above maintenance. One pound gain in 
weight cost 2.0 pounds of nutrients above maintenance. 

Entire period, Steer 599.-During the entire period of 362 days 
Steer 599 consumed 3131.l pounds of nutrients, an average of 8.7 
pounds per day. His average weight was 813.3 pounds with a daily 
maintenance cost of 7.1 pounds or 2586.1 pounds for the entire period. 
He consumed 545.0 pounds of nutrients above maintenance and gain
ed 183.6 pounds, at a cost of 3.0 pounds nutrients above mainten
ance for each pound of gain. 

DISCUSSION SUPERMAINTENANCE PERIODS 

A study of the weight and feed record (Table 5) shows that 
while there was considerable fluctuation in the weight of 1.he animal 
for the different ten-day periods and considerable changes in feed 
were made to hold the weights to the desired one-half pound daily 
gain, yet the average daily gain for the first period ( 188 days) was 
0.503 pounds and for the second period (174 days) was 0.501 pounds. 
At the end of the first period September 1 the consensus of opinion 
was that 599 was not as fat as he was at the beginning of the ex
periment. At the end of the second period, February 22, he was 
judged to be fatter than he was at the beginning of the experi~ent 
so that he was not slaughtered but was held longer on the same feed 
and rate of gain. While during the first 188 days he showed the 
desired average gain, it should be noted that he lost weight for the 
first forty days, so that he was really on a submaintenance ration, 
altho at no time did he receive less than the calculated maintenance 
requirement for his weight. However, his early loss in weight re
quired a marked increase in feed to give him the required average 
gain. It is not impossible that the fluctuations of this first period may 
explain why the cost of the gain (above maintenance) was so much 
greater than it was in the second period. If, during the second 
period, the steer was getting fatter it is believed that the cost of 
adding this fat was an increasing cost. Since he was heavier the 
maintenance cost was also greater. But the fact remains that during 
the first 188 days he consumed 8.6 pounds of nutrients per day and 
during the second period of 174 days, he consumed but 8.4 pounds of 
nutrients per day with the same average gains for each period. 

During the period from February 22 to July 21 Steer 599 was 
continued in the experiment (weight on February 22, 913.6 pounds; 
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on July 31, 997.5 pounds; gain, 83.9 pounds) with an average gain 

of 0.528 pounds per day. His average weight was 954.5 pounds with 

a calculated maintenance cost of 7.9 pounds of nutrients per day 

or 1263.7 pounds for the 159 days. He consumed 8.8 pounds per 

day or 1401.8 pounds for the period. This is 138.1 pounds above 

maintenance or 1.6 pounds of nutrients for each pound of gain. 

By combining the periods from September 1 he has an average 

weight of 909.3 pounds, with a calculated maintenance cost of 7.7 
pounds per day. Feed consumption above maintenance was 296.4 

pounds, so that one pound of gain cost 1.7 pounds nutrients above 

maintenance. All the data points to a decreasing cost of the gains 

with the steer getting fatter or else there has been a serious error in 

computing the maintenance cost.* 

*Univ. of Mo .. Research Bui. 18. U. S. Dept. Agr. B. A. I. 143-94. 



TABLE 11.-STEER 593-0N SUPERMAINTENANCE AFTER FEB. 26, 1908 
(MEASUREMENTS IN CENTIMETERS) 

--

Date of Measurement ·······················- ················· Feb. 8 Mar. 12 Mar. 28 Apr. 11 May2 June 2 
Weight of Animal- Pounds ................................ 683 703 691 712 732 731 

June 291 July 31 I Aug. 31 
761 783 795 

common 
to 

Condition of Animal ---·········-·--·········-···-·-······· .. --. good go_od medum medium medium medium 
1. Height at withers ........................................ 117.0 120.0 121.0 121.0 123.0 122.5 
2. Height at point between top of hips _______ 120.5 125.0 125.0 126.0 126.0 127.5 
3. Height at top hip point-average ................ 118.5 120.0 122.5 123.0 125.0 125.0 
4. Height of hind flank. ...................... - ........... 68.0 76.0 72.5 74.0 75.0 76.5 
5. Depth of chest behind elbow joint .......... 59.0 62.0 62.0 62.0 63.0 64.0 
6. Width of chest behind elbow joint .......... 40.0 39.0 38.5 38.0 40.0 37.0 
7. Width of paunch at end of last rib ........ 52.0 
8. Depth of paunch at end of last rib ........ 61.0 

10. Fore leg from elbow to ground. ............... 71.5 73.0 74.0 75.0 74.0 76.0 
11. Smallest circumference of shin ................ 17.0 17.5 17.5 17.5 18.0 18.0 
15. Withers to point between hips .................... 74.5 76.0 79.0 80.0 
17. Point of shoulders to front of hips ........ 97.0 95.0 100.0 100.0 104.0 97.0 
18. Point of shoulders to ground ···--·············· 85.0 84.0 86.0 85.0 87.0 84.5 
19. Girth of throat back of i aws .................... 86.5 87.0 85.0 87.0 87.0 83.0 
20. Poll to point of muzzle ............................ 42.0 43.5 43.0 44.0 45 .0 45.5 
23. H eart girth just behind elbow joint.. ...... 168.0 171.0 168.0 167.0 169.0 168.0 
24. Paunch girth at end of last rib ........... ____ 190.5 189.0 190.0 184.0 183.0 180.0 
30. Width of jaws, outside measurement.. ...... 17.0 16.5 17.5 17.5 17.5 17.5 
31. Width of hips, outside measurement ........ 38.0 39.0 41.0 42.0 41.5 41.5 
32. VVidth of ·loin, outside measurement. ....... 31.0 31.5 33.0 33.0 33.0 33.0 

medium medium medium 
123.5 126.5 128.0 
128.5 129.5 130.0 
127.0 129.0 129.5 

76.5 76.0 77.0 
65.0 66.0 66.5 

36.5 36.0 36.S 

54.0 55.0 53.5 
64.0 62.0 62.5 
75.0 75.5 76.5 
18.0 18.5 19.0 
80.0 81.0 81.5 

105.0 104.5 105.5 
88.0 89.0 _90.0 
86.0 90.0 87.0 
47.0 48.0 48.0 

171.5 171.5 172.0 
189.0 194.0 185.0 

18.0 17.5 17.5 
41.0 43.0 43.0 
33.0 34.5 33.5 
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TABLE 12.-STEER No. 599-0N SuPERMAINTENANCE AFTER FEB. 26, 1908 

(MEASUREMENTS IN CENTIMETERS) 

Date of Measurement ······························-····'····· 
Weight of Animal-Pounds 
Condition of Animal 

I. Height at withers ·····················,···-·-······-··· 
2. Height at point between top of hips .. ·-··· 

3. Height at top hip point-average ............... . 

4. Height of hind flank ................................... . 

5. Depth of chest behind elbow joint... ...... . 

6. Width of chest behind elbow joint ......... . 

7. Width of paunch at end . of last rib ....... . 

8. D epth of paunch at end of last rib .. ·-··· 

10. Fore leg from elbow to ground ............... . 

11. Smallest circumference of shin ............... . 

15. Withers to point between hips .......... ·-······· 
17. Point of shoulders to front of hips ....... . 

18. Point of shoulders to ground ···-··········-··· 
19. Girth of throat back of jaws ....... - .......... . 

20. Poll to point of muzzle ···················-······· 
23. Heart girth just behind elbow joint .. ·-··· 

24. Paunch girth at end of last rib .......... ·-··· 

30. Width of jaws, outside measurement...-.. . 

31. Width of hips, outside measurement ....... . 

32. Width of loin, outside measurement ....... . 

F 

c 

l Mar. 13 Mar. 28 
716 704 

' choice choice 
118.0 118.S 
122.5 124.0 
118.0 121.5 

72.0 72.0 
65.0 64.0 
40.5 38.5 

72.0 72.5 
19.0 18.5 
80.0 81.0 
94.0 101.0 
83.0 84.0 
88.0 87.0 
45.5 44.0 

171.0 170.0 

184.0 184.0 
16.0 18.0 
42.5 43.5 
33.5 34.0 

Apr. 11 Apr. 30 June 2 T une 30 

723 736 754 782 

good good good good 

120.0 119.5 120.: 122.C 

124.5 122.5 125.S 126.0 

123.0 123.5 124.0 124.5 

73.0 72.5 74.0 73 .5 

63.0 64.0 64.5 65 .0 

39.0 40.0 37.5 40.0 
53.5 55.5 
61.5 62.5 

74.0 73.0 71.5 73.5 

18.5 18.0 19.C 19.0 

82.0 83.0 84.0 85.0 

102.0 101.0 101.0 104.0 

85.0 85.0 84.5 86.0 

87.0 83.0 85.0 85.0 

46;0 46.5 47.0 48.0 
170.0 171.0 170.0 174.0 

186.0 185.0 187.0 192.5 

17.5 16.5 17.5 17.5 

44.0 44.0 44.0 45.0 

34.0 34.5 34.0 34.5 

Aug.1 Sept. 2 
810 811 
good good 

123.0 124.0 
127.0 128.0 
125.0 126.0 

75 .0 75.0 
65.5 66.0 
40.0 38.5 
57.0 53.0 
62.0 61.5 
75.0 75.0 
19.0 19.0 
85.0 85.0 

105.0 105.0 
86.0 86.0 
86.0 88.0 
48.5 50.0 

176.0 178.0 
196.0 188.0 

18.0 18.0 
45.0 45.5 
34.5 35.0 

Sept. 29 
839 

medium 
126.5 
130.0 
128.0 

77.0 
66.5 
39.5 
55.0 
60.0 
77.0 
19.0 
85.5 

109.0 
86.5 
86.0 
51.0 

176.0 
193.0 

18.5 
46.0 
35.5 
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TABLE 12.-STEER No. 599-0N SUPERMAINTENANCE AFTER FEB. 26, 1908-Continued 
(MEASUREMENTS IN CENTIMETERS) 

late of Measurement ·······································-··· Oct. 30 Nov. 30 Jan.2-09 Jan. 30 Feb. 27 Mar. 27 May 24 
Veight of Animal-Pounds ...•...........................• 872 860 896 900 910 916 965 
:ondition of Animal ............................................•. medium medium medium medmm medium medium medium 
1. Height at withers .......................................... 126.75 127.75 128.25 128.5 128.75 130.0 130.5 
2. Height at point between top of hips ........ 130.5 131.5 131.5 131.5 131.7 5 130.75 131.25 
3. Height at top hip point-average ............•. 128.0 129.0 129.25 129.5 130.25 130.75 130.05 
4. Height of hind flank ···························-··· 77 .0 77.5 77.0 77.25 78.25 79.0 79.0 
5. Depth of chest behind elbow joint ............ 66.5 66.0 68.0 68.75 68.75 69 .0 70.0 
6. Width of chest behind elbow joint ............ 38.0 38.0 38.5 38.5 38.25 38.5 38.75 
7. Width of paunch at end of last rib .......• 55.0 53.5 55.0 54.75 56.0 54.0 53 .75 
8. Depth of paunch at end of last rib ...... - 61.5 61.0 63 .0 62.75 63 .0 61.0 60.5 
0. Fore leg from elbow to ground ................ 77.0 77.5 78.75 79.0 79.25 79.8 80.0 
1. Smallest circumference of shin ............•..• 19.25 19.5 20.0 20.0 20.0 19.25 19.75 
5. Withers to point between hips ....•............... 86.0 88.0 88.0 83.5 88.75 90.0 90.0 
7. Point of shoulders to front of hips ........ 108.5 109.25 ll0.5 111.0 111.75 110.75 111.0 
8. Point of shoulders to ground ...........•....•..• 86.5 86.5 88.0 87.0 &7 .0 87.0 87.5 
9. Girth of throat back of jaws .......•.......•.... 86.5 86.0 87.0 88.0 89.5 90.0 90.0 
o, Poll to point of uzzle ..............................•. 51.5 51.8 53.0 52.0 52.0 52.0 53.0 
3. Heart girth just behind elbow joint. ....... 176.5 177.0 179.0 179.0 181.0 181.0 183.0 

~- Paunch girth at end of last rib ................ 193.0 186.0 190.0 190.5 195.0 188.0 195 .0 
). Width of jaws, outside measurement ........ 18.5 18.75 18.75 18.75 19.0 19.25 19.25 
I. Width of hips, outside measurement. ....... 46.5 47.0 47.25 47.75 "48.25 48.4 48.6 

~- Width of loin, ·outside measurement ........ 36.0 36.4 36.5 36.5 37.0 36.8 37.5 

May27 
980 
good 

131.0 
132.5 
130.5 

78.75 
70.75 
39.5 
58.0 
62.0 
80.0 
19.25 
91.5 

111.75 
88.0 
89.0 
53.0 

186.0 
202.0 

19.0 
49.25 
38.0 

June 30 
917 

good 
131.25 
132.75 
130.75 

78.75 
71.0 
39.0 
57.0 
63.0 
80.25 
19.5 
92.0 

112.0 
88.25 
90.0 
53.5 

186.0 
202.0 

19.25 
49.5 
38.0 
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TABLE 13.-STEER No. 597-0N MAINTENANCE AFTER FEB. 26, 1908 
(MF.ASUREMENTS IN CENTIMETERS) 

Date of Measurement ·······················-··-··-......... Feb. 8 Mar. 12 Mar. 28 Apr. 11 Apr. 30 June 2 

W eight of Animal-Pounds ···················-··········· 706 712 709 709 720 721 

Condition of Animal ............................................ good good medium medium medium medium 

1. H eight at withers ........................... _ ...... - ... 118.0 121.0 121.5 122.5 124.0 123.5 
2. Height at point between top of hips ... _ .. , 123.S 125.5 127.0 127.0 127.0 127.5 

3. Height at top hip point-average .. ·-······-··· 118.0 120.5 125.0 127.0 127.S 128.0 

4. Height of hind flank .................................... 70.0 71.0 73.5 74.5 74.5 77.0 
5. Depth of chest behind elbow joint .......... 62.0 64.0 63 .5 64.5 65.0 64.5 
6. Width of chest behind elbow joint .......... 39.5 37.5 39.0 37.5 38.0 36.5 

7. Width of paunch at end of last rib ........ 46.5 
8. Depth of paunch at end of last rib ........ 63.0 

10. Fore leg from elbow to ground. ............... 72.5 73.0 75.0 75.0 75.5 75.5 
11. Smallest circumference of shin ................ 18.0 17.5 18.0 18.0 18.0 18.f 
15. W ithers to point between hips .................... 76.5 76.0 81.0 81.5 82.0 87.0 
17. Point of shoulders to front of hips ........ 94.0 100.0 102.0 102.0 100.5 10.2.0 

18. Point of shoulders to ground .................... 82.S 82.0 86.0 86.0 86.S 90.0 
19. Girth of throat back of jaws .................... 85.0 85.0 85.0 84.0 88.0 89.0 
20. Poll to point of muzzle ............................ 45.0 44.0 45.0 46.0 47.0 47.0 
23 . Hear t girth just behind elbow joint.. ...... 170.5 172.0 171.0 170.0 169.0 172.0 
24. Paunch girth at end of last rib ........... - ... 196.0 191.0 197.0 182.0 179.0 181.0 

30. Width of jaws, outside measurement..H-·•· 18.0 18.0 17.5 18.0 17.5 19.0 

31. Width of hips, outside measurement. ....... 40.0 41.0 43.0 42.S 42.S 43.0 

32. Width of loin, outside measurement. ....... 33.0 35.0 34.5 34.0 33.5 31.5 
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medium common common 
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TAllLE 14.-STEER No. 595-0N MAINTENANCE AFTER FEB. 26, 1908 
(MEASUREMENTS IN CENTIMETERS) 

Date of Measurement 
Weight of Animal-Pounds 

----------------------···--· 
----···-------.---······----

Feb. 8 Mar. 13 
587 604 

Mar. 28 Apr. 11 May2 
593 601 615 

June 2 
605 

Condition of Animal ............... . ............................ medium medium medium medium medium common 
1. Height at withers ............................ 
2. Height at point between t •P of hips. ______ 
3. Height at top hip point-a rerage ........ ~ ....... 
4. Height of hind flank ....... . ···--------·····------····· 
5. Depth of chest behind cl ow joint .......... 
6. Width of chest behind el >ow joint .......... 
7. Width of paunch at end 1f last ril>. ....... 
8. Depth of paunch a t end f last rib ........ 

10. Fore leg from elbow to g round ................ 
11. Smallest circumference o 
15. "Withers to point between 
17. Point of shoulders to fro 

shin ........... - ... 
iips ........... ..:. ....... 
• t of hips ... ---· 

18. Point of shoulders to grou nd ···-·-·······-··· 
19. Girth of throat back of aws .................. H. 

20. Poll to point of muzzle ••··••U•••• • • ••••••••••••• 

23. Heart girth just behind e bow joint ... _ ... 
24 . Paunch girth at end of la st rib ............... c 
30. Width of j aws, outside m ,asurement. .. H··· 

31. Width of hips, outside m asurement ........ 
32. Width of loin, outside m asurement. ___ ___ 

109.0 
115.5 
113.0 

68.0 
56.0 
35.0 

17.5 
76,0 
99.0 
77.S 
80.0 
38.0 

155.0 
172.0 

16.0 
37.0 
31.0 

112.5 113.5 115.5 114.0 116.0 
119.0 120.5 120.0 120.0 119.0 
114.5 118.0 117.5 119.0 117.5 

69.0 71.0 71.0 72.0 72.5 
58.0 59.0 57.5 56.5 59.0 
36.5 37.0 35.5 36.0 33.5 

44.5 
56.0 

69.0 69.0 71.0 70.0 70.0 
17.0 17.0 16.5 17.0 16.0 
76.5 76.0 76.0 76.5 77.0 

97.0 100.0 99.0 98.0 
81.0 81.0 81.5 83.0 82.5 
83.0 77.0 76.0 85.0 76.5 
40.0 40.0 41.0 42.0 42.0 

155.0 157.0 154.0 155.0 153.0 
171.0 178.0 171.0 170.0 163.5 

15.5 17.0 16.5 16.0 17.0 
39.0 40.5 39.5 40.5 40.0 
31.0 32.0 31.0 31.0 31.0 

June 30 
602 

common 
117.5 
123.0 
121.0 

75.5 
58.5 
34.0 
48.0 
58.0 
71.0 
17.0 
79.0 

101.0 
83.0 
77.0 
44.0 

154.0 
173.5 

17.0 
39.5 
31.5 

Aug.1 
612 

rwommo 
117.5 
123.0 
121.0 

74.5 
59.0 
33.0 
46.0 
55.5 
71.5 
17.0 
79.5 
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TABLE 14.-STEER No. 595--0N MAINTENANCE AFTER FEB. 26, 1908-Continued I?'! 
lrj 

(MEASUREMENTS IN CENTIMETERS) lrj 
I?'! 
(") 
>-l 

1909 0 
Date of Measurement ............................................ Sept. 2 Sept. 29 Oct. 30 Nov. 30 Jan. 2 Jan.30 Feb.19 lrj 

Weight of Animal-Pounds ................................ 611 620 600 617 595 589 600 t"" 
Condition of Animal ............................................ common fair fair thin thin thin very thin 

H 

!;:: 
1. Height at withers .......................................... 117.5 119.0 119.25 119.5 119.75 119.75 120.0 H 

2. Height at point between top of hips .......• 123.0 124.5 125.0 125.0 125.25 125.75 126.5 >-l 

3. Height at top hip point-average ............ 121.5 123.0 123.5 123.5 123.25 123.25 124.0 ~ 
4. Height of hind flank ................................ 75.0 75.5 76.0 76.5 76.25 76.5 79.0 lrj 

5. Depth of chest behind elbow joint. ........... 59.5 59.5 59.5 59.5 60.5 60.75 60.5 
0 
0 

6. Width of chest behind elbow joint. ........... 33.0 33.5 31.0 31.0 30.75 30.75 31.0 t:.l 

7. ·width of paunch at end of last rib ........ 44.5 48.5 49.0 44.0 46.0 43.5 44.5 0 

8. Depth of paunch at end of last rib ........ 56.5 55.5 55.0 55.0 53.0 52.5 53.0 
z 

10. Fore leg from elbow to ground. ............... 71.0 73.0 73.5 74.3 74.25 74.5 75.0 0 

11. Smallest circumference of shin ................ 17.0 16.5 17.0 17.0 16.75 16.75 16.75 1:5 
15. Withers to point between hips ................ 80.0 80.0 80.0 80.0 81.0 81.0 81.0 ~ 

>-l 
17. Point of shoulders to front of hips ........ 101.5 103.0 102.0 102.5 102.5 102.5 103.25 P:l 
18. Point of shoulders to ground. ................... 83.0 83.5 82.5 83.0 83.25 83.5 83.75 0 
19. Girth of throat back of jaws .................... 78.0 75.0 75.0 76.0 76.0 76.0 76.0 lrj 

20. Poll to point of muzzle ................................ 44.0 45.5 45.75 45.75 46.5 45.5 46.0 to 

23. H_eart girth just behind elbow joint ........ 155.0 155.0 154.0 151.0 154.0 156.0 154.0 gJ 
24. Paunch girth at end of last rib ................ 167.0 178.0 171.0 163.0 165.0 157.0 158.0 lrj 

30. Width of jaws, outside measurement... ..... 16.5 16.0 16.5 16.5 16.5 16.75 16.75 > 
31. Width of hips, outs'de measurement... ..... 40.5 41.0 41.0 41.0 41.4 41.25 41.5 z 

H 
32. Width of loin, outside measurement ........ 31.0 31.0 31.0 30.5 31.0 30.75 31.0 !;:: 

> 
t"" 
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TABLE 15.-STEER No. 591-0N SuBMAINTENANcE AFTER FEB 26, 1908 
(MEASUREMENTS IN CENTIMETERS) 

te of Measurement ... .-....... -------------··-------·-··-·u Feb.8 Mar. 13 Mar. 28 Apr. 11 May2 June 1 June 28 
eight of Animal-Pounds. ·----------------------------··- 541 565 554 566 561 569 535 

very 
ndition of Animal ---··--···-·---·-··------------------------ · common fair fair thin thin thin thin 

Height . at withers --------------- ------------------------- 110.5 113.0 115.0 114.5 116.0 118.5 120.0 
Height at point between top of hips .. ·---- 116.5 119.0 119.0 122.0 121.5 124.5 125.5 
Height at top hip point- average·----·-------- 112.5 115.0 118.0 119.0 120.0 123.0 125.5 
Height of hind fiank.·-----------------------·--·-··-··· 70.0 70.0 71.5 72.0 74.0 75.5 79.5 
Depth of chest behind elbow joint---------- 57.0 57.5 57.5 58.0 57.0 57.5 58.0. 
Width of chest behind el.bow joint .......... 38.5 34.5 35.0 33.0 33.0 33.0 31.5 
Width of paunch at end of last rib-------- 39.0 37.5 
Depth of paunch at end of last rib--·---- 50.0 50.0 
Fore leg from elbow to ground.-----·-·------; 70.0 70.5 71.0 71.0 70.0 73.0 74.0 
Smallest circumference of shin _______________ 17.0 17.5 17.0 17.0 17.0 17.0 17.5 
Withers to point between hips ___ _________ : ___ __ 75.0 74.5 74.0 . 78.0 77.0 78.0 
Point of shoulders to front of hips _______ 93.5 100.0 100.0 100.0 101.0 104.5 105.0 
Point of shoulders to ground -------------------- 82.0 81.0 82.0 86.0 84.0 83.0 84.0 
Girth of throat back of jaws--··-----'-----·---- 79.0 82.0 79.0 76.0 80.0 78.0 80.0 
Poll to point of muzzle -·----------------------- 39.5 41.5 42.0 41.0 42.0 44.0 44.0 
Heart girth just behind elbow joint------- 152.5 151.0 150.0 152.0 151.0 152.0 150.0 
Paunch girth at end of last rib-------------- 171.5 166.0 160.0 157.0 160.0 157.0 150.0 
Width of jaws, outside measurement. ___ ___ 13.0 14.0 16.5 15.5 17.0 16.0 16.0 
Width of hips, outside measurement-------- 36.0 37.5 37.0 38.0 38.0 38.0 38.0 
Width of loin, ~utside measurement. ....... 28.0 29.0 28.5 28.0 28.0 28.5 28.0 
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Date of Measurement ....................... . 

Weight of Animal-Pounds 
Condition of Animal 

1. Height at withers .................... .. 

............ 

·····-···· 
········· 

·····-···· 
2. Height at point between top of hips. 

3. Height at top hip point-averag' 
4. Height of hind flank. ................ . 

5. Depth of chest behind elbow 
6, Width of chest behind elbow 

7. Width of paunch at end of la 
8. Depth of paunch at end of la 

lO. Fore leg from elbow to groun 
11. Smallest c'rcumference of shi 

15. \¥ithers to point between hips_ 

17. Point of shoulders to front of 
18. Point of shoulders to ground .. 
19. Girth of throat back of jaws .. 

20. Poll to point of muzzle 
23. Heart girth just behind elbow 
24. Paunch girth at end of last ri 

~- · ·· · ···· 

········· 
oint .... 
oint.. .. 
t rib .. 
;t rib 
1.. ....... 
}. ......... 

---------
hips. 

--------. 
····-···· 
---------
joint. 

•--------
30. Width of jaws, outside measure ment .. 

31. Width of hips, outside measure ment. 

32. Width of Loin, outside measure ment .. 

TABLE 16.-STEER No. 592-0N SUBMAINTENANCE AFTER FEB. 26, 1908. 
(MEASUREMENTS IN CENTIMETERS) 

Feb.8 Mar. 12 Mar. 28 April 11 l\fay2 June 2 June 29 July 31 Sept. 2 

628 649 651 655 636 632 592 572 568 

medium medium common common thin thin very very very 

thin thin thin 

115.5 118.0 116.0 120.0 121.0 120.0 121.5 122.0 122.5 

121.0 123.0 124.0 125.0 126.0 125.0 127.0 128.5 129.0 

117.0 119.0 121.5 124.0 123.0 123.5 125.0 125.5 126.0 

71.5 71.5 74.0 74.5 75 .0 78.0 79.0 80.5 80.5 

62.0 62.0 61.0 60.0 62.5 63.0 61.5 61.5 

38.5 37.0 35.0 36.0 37.0 34.5 35.0 33.5 32.0 

46.0 44.0 39.5 39.5 
57.5 59.0 56.0 57.0 

71.0 72.0 73 .0 74.0 73.0 75.0 74.0 74.5 75.0 

18.0 17.0 17.5 18.0 17.0 17.5 18.0 17.75 17.5 

79.0 82.0 83.5 82.5 83 .0 83.0 

94.0 95.0 100.0 101.0 100.0 101.0 106.0 107.0 107.0 

81.5 81.5 82.0 86.0 84.0 86.0 85.0 85.0 85.5 

81.5 84.0 82.0 85.0 81.0 82.0 80.0 74.0 76.0 

43.5 44.5 44.0 44.0 45.0 46.5 47.0 47.0 48.0 

162.5 165.0 161.0 160.0 160.0 160.0 161.0 156.0 155.0 

185.5 1 78.0 177.0 174.0 173.0 172.5 168.0 155.0 155.0 

15.5 15.0 17.5 17.0 17.5 17.0 17.0 17.0 17.0 

38.5 40.0 41.0 41.0 40.5 41.0 40.5 40.5 40.5 

29.0 32.0 31.5 31.5 30.5 32.5 31.5 31.5 31.0 

Sept. 29 Oct. 30 
512 508 

very, very, 
very thin very thin 

123.5 124.0 
129.0 129.5 
127.5 127.0 
82.0 81.0 
61.0 60.5 
30.5 29.0 
38.0 40.5 
52.0 53.0 
76.0 77.25 
17.0 17.5 
84.0 86.0 

105.0 107.0 
85.5 85.5 
74.0 75.0 
48.0 47.75 

153.5 152.0 
147.0 148.0 
16.5 16.5 
40.5 40.25 
31.0 31.5 

Nov. 30 
475 

marked-
ly thin 
124.0 
129.6 
126.75 
81.0 
61.0 
28.5 
37.5 
52.5 
77.5 
17.5 
86.5 

105.5 
85.5 
74.5 
48.0 

151.0 
145.0 

16.5 
40.1 
30.8 

Jan. 
4) 

mad 
lytl 
124 
129 
126 
83 
61 
28 
37 
49 
77 
17 
86 

1102 
85 
75 
48 
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TABLE 17.-STEER No. 501-CoNTINUOUSLY ON FuLL FEED 
(MEASUREMENTS IN CENTIMETERS) 

!;:: 
..... 

1908 1909 Ul 
Ul Date of Measurement .......................................... Feb. 22 May27 Sept. 7 Oct. 27 Dec. 1 Jan.2 Jan. 28 Feb. 22 Mar. 26 Mayl May29 0 
q Weight of Animal- Pounds ................................ 779 926 1100 1152 1190 1250 1312 1321 1365 1410 1453 ~ Condition of Animal ............................................ good choice choice prime prime prime prime prime prime prime vrime 1. H eight a t withers ........................................ 112.0 118.5 127.5 127.5 128.0 128.75 129.25 129.5 130.75 130.75 131.0 > 
C) 2. Height at point between top of hips ........ 119.5 127.0 131.5 132.5 133.0 134.0 135.0 135.25 135.5 136.75 137.25 !<I 3. Height at top h'p point-average ................ 123.0 130.0 131.0 131.5 132.5 132.5 132.75 133.0 134.5 135.0 (tj 4. Height of hind flank .................................... 70.0 74.0 72.5 73.0 73.0 70.5 72.0 72.0 72.5 73.0 72.75 :><: 5. Depth of chest behind elbow joint.. ........ 61.5 65.0 68.0 69.0 70.5 11:0 72.0 72.25 73.0 73.5 73.5 ~ 

6. Width of chest behind elbow joint .......... 41.5 46.5 47.0 48.0 47.0 47.0 49.5 50.0 51.5 51.0 51.75 Ul 
7. Width of paunch at end of last rib ........ 73.5 78.0 77.0 76.0 79.5 79.5 80.0 84.0 78.75 

>.,) 

?" 8. Depth of paunch at end of last rib ........ 71.5 73.5 77.0 73.75 76.0 75.75 78.0 78.5 78.75 10. Fore leg from elbow to ground ................ 70.0 72.0 75.5 76.0 77.5 78.0 78.25 78.5 79.0 79.0 79.0 ~ 11. Smallest circumference of shin ................ 19.0 18.5 19.0 20.0 20.0 20.0 20.0 20.0 19.5 19.5 19.5 Ul 
t<l 15. Withers to point between hips .................... 73.S 80.0 89.S 93.5 94.25 95.0 95.0 95.0 95.0 94.5 94.5 > 17. Point of shoulders to front of hip~ ........ 97.5 108.0 111.0 114.5 115.75 117.25 119.0 119.0 120.25 121.0 121.0 ~ 
() 18. Point of shoulders to ground .................... 85.ci 87.0 88.0 87.0 88.5 89.0 89.0 89.5 90.0 88.0 88.0 µj 

19. Girth of throat back of jaws .................... 81.5 90.0 92.0 90.0 91.0 92.5 93.0 94.5 94.0 95.5 96.0 td 20. Poll to point of muzzle ............................ 42.5 45.0 48.0 51.0 51.0 52.0 52.0 52.0 52.0 52.0 52.0 c:: 
23. Heart girth just behind elbow joint.. ...... 168.0 182.0 191.0 202.0 200.0 200.5 205 .0 208.0 208.0 210.0 214.0 b 24. Paunch girth at end of last rib ................ 200.5 234.0 237.0 250.0 250.0 251.0 257.0 261.0 268.0 278.0 265.0 !:j 30. \.Vidth of jaws, outside measurement ........ 17.5 18.0 19.0 19.0 19.6 19.75 19.75 19.6 19.85 20.0 20.25 ..... 
31. Width of hips, outside measurement ........ 38.0 46.5 51.5 52.0 52.75 53.25 53.75 54.75 55.75 56.25 57.0 z 
32. Width of loin, outside measurement.. ...... 32.0 38.5 41.0 42.0 44.0 44.0 44.5 46.5 48.5 48.75 48.75 N 

00 
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MEASUREMENTS 

More than thirty measurements were taken of the steers at inter
vals of about a month. In taking the measurements, in addition to a 
tape, pieces of special apparatus1 were used. 

For the cross section measurements the hinged wheel with ad
justable points was used to get the exact contour at the heart, paunch, 
and flank girths. (See Fig. 10, page 73) In later measurements 
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Fig. 11.-Curves showing gain in height at withers. 

this wheel was replaced with a chain of aluminum links each one ad
justable by means of a set screw. Twenty of the measurements have 
been selected as showing with sufficient detail just what changes in 
contour of the animals were taking place. These actual measure
ments are reported in Tables 11 to 16, to which is added for com
parison (Table 17) the same measurements of a full fed steer (No. 

· 501) of approximately the same age. In order to illustrate more 
clearly, six of the sets of measurements have been averaged for the 
different group of animals and the increase or decrease during the 
continuance of the experiment has been charted in Figs. 11 to 16. 

A study of these measurements shows how strongly the ten
dency to skeletal growth persists in the beef animal between one and 
two years old. During the first few months after the animals were 
put on the different planes of nutrition the growth of the skeleton 
appears to be about normal even with the submaintenance animals. 

1The special apparatus was devised by Mr. F. G. King, now at the Indiana Expcri· 
ment Station, and Mr. J. M. Evvard, now at the Iowa Station. 
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Increase in height at withers, Fig. 11.-In height at withers, 
the submaintenance animals showed a greater increase during the 
first 150 days than the supermaintenance animals. With the mainten
ance animals the increase in height for the first 200 days was greater 
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Fig. 12.-Curves showing gain in depth of chest behind elbow joint. 

than with the supermaintenance animals. For the first three months 
of the experiment all three groups increased in height at about the 
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Fig. 13.-Curves showing gain or loss in width of chest behind elbow joint. 
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same rate as the full ration animal. After about six to eight months 

when the animals were about one and one-half years old the rate of 

increase in height lessened very noticeably and appeared to be defi

nitely influenced by the nutrition of the animals. 

Depth of chest, Fig. 12.-In depth of chest the supermainten

ance animals apparently increased at very nearly the same rate as the 
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Fig. 14.-Curves showing gain in length of foreleg from elbow to ground. 

full ration animal for the entire period of the experiment. After the 

first sixty days the maintenance animals showed a slower rate of 

increase. The submaintenance animals showed some fluctuations in

dicating, however, a slight increase at first followed by an apparent 
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loss. This indicates that the loss in flesh covering was sufficient to 
offset any gain there may have been in the skeletal increase of the 
depth of the chest of these animals. 

Width of chest, Fig. 13.-The full ration animal showed a 
gradual increase in this measurement. The animals in the other 
groups all showed a decrease according to the plane of nutrition. 
This measurement demonstrates that even the supermaintenance ani
mals were getting thinner. There is no proof of a skeletal growth 
in this measurement. 

Length of fore leg, Fig. 14.-This measurement was almost 
purely skeletal. The rate of increase appeared to be but little affect
ed by the plane of nutrition. The changes were small. After about 
nine months the submaintenance group seemed to stop increasing. 

Length of back, Fig. 15.-This measurement indicated quite a 
uniformity of increase during the first three months, when the animal 
on full ration made a very great increase for the next six months. 
The other animals increased very slowly in length after the first 
three months, and gradually appeared to adapt the rate of growth to 
the plane of nutrition. It should be noted that the increase in all 
three groups was practically constant for the first nine months. Since 
this measurement was quite definitely a skeletal measurement, it 
would seem that the three groups of animals were not making maxi
mum growth of the spinal column after the first three or four 
months. 
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Fig. 16.-Curves showing gain in width of hips. 
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Gain in width of hips, Fig. I6.-The differences in the nutri
tion of the animals were shown very strikingly in this measurement. 
The great spread of the hips in the full ration animal would seem to 
indicate that this measurement was influenced by the fatness of the 
animal more than the actual flesh covering over the hip bones indi- · 
cated. This might have been due to a forced spread because of the 
filling in of flesh between the legs. 

Heart and paunch girth.-Figs. 17 and 18 illustrate graphically 
the striking changes in these measurements during the progress of 
the experiment. These plates are all the same scale reductions of the 
actual measurements which are given in the corresponding tables. 
The dotted lines drawn at the same relative height from the ground, 
show the measurement at the end of the period. The heart girth was 
taken just behind the elbow joint and the paunch girth at the floating 
end of the last rib. In all of the animals the lower line of both 
heart and paunch was raised very noticeably. With 599 the lower 
line of the chest apparently did not raise as much as that of 593 
which might have been caused by an increase in flesh in 599 during 
the second period. The rotundity of the paunch in 599 as com
pared with 593 indicated that 599 was getting fatter. Steer 593 which 
was gaining one-half pound a day for six months was shown by 
both of these measurements to be very much thinner. These con
tour measurements showed not only the growth in height but the 
narrowing of the chest and the peaked condition of the back. 

In general the measurements indicate that when yearling steers 
in most excellent condition of flesh are put upon rations insuf fi
cient to allow for maximum increase in weight the growth of the 
skeleton continues at about the normal rate for several months even 
when the animals are losing in weight daily. When these lower 
planes of nutrition are continued for some time there is a retarding 
of the skeletal growth in proportion as the plane of nutrition is re
s~ricted. 

SLAUGHTER HOUSE DATA 

In the conduct of this experiment great care was exercised that 
all of the operations with the different animals should be carried out 
under similar conditions. Altho the slaughtering and subsequent 
operations were necessarily carried out at different times, in order to 
make the results as comparable as possible the slaughtering was done 
by the same expert butcher.1 

1Swift and Company of Kansas City furnished an expert butcher to do the slaughtering. 
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The animal was weighed just before slaughter. It was led to 
the slaughter house followed by men with shovel and long handled 
dipper to catch dung or urine that might be voided. It was quickly 
stunned with the knocl~ing hammer, shackled by the hind legs and 
hoisted with windlass to swing clear of the floor. As soon as the 
steer dropped to the floor an oil cloth funnel was slipped over the 
nose with the opening extending into a tared tub; so that if the ani
mal vomited the stomach contents could be collected and weighed. 
The suspended animal was stuck in the throat near the brisket, ·so 
that both the jugular vein and the carotid artery were severed where 
they branch. The blood was collected in a tared tub. The fore legs 
were "pumped" to insure complete bleeding. While the blood was 
flowing freely the samples for analysis were taken, arid a measured 
volume was weighed so that the total volume and specific gravity 
might be calculated. 

While the carcass was hanging the head was skinned out. The 
hide was split accurately down the center of the throat and face. 
The gullet was firmly tied (with a skewer below the tie) and the 
head severed, permitting the dripping blood to collect in the tared tub. 

The head was immediately placed in a large tared1 can provided 
with cover, and the weight obtained. 

The tongue with larynx and bones was removed, separated into 
tongue marketable, tongue base, tongue bones, larynx, and piece of 
gullet. The weights were recorded and the portions set aside in the 
closed tared containers. Horns (if any) were sawed off and weigh
ed, the skull was split and the brain removed. From the right half 
of the skull the lean and fat meat was separated and the teeth were 
removed. If the head contained stomach contents (vomit) this was 
carefully removed and the weight recorded. 

As soon as the suspended carcass with the head removed had 
practically stopped bleeding it was lowered to the floor, with the 
anterior end in the direction of the slope of the smooth cement floor. 
A man with a rubber window wiper and a dustpan kept all oozing 
blood wiped up and transferred to a tared container. 

In skinning out the feet the dew claws were removed and care 
was taken to remove the hide exactly at the hoof line. From the 
right feet the hoofs were separated, the bones and tendons being 
treated as skeleton. The usual packing house order of procedure 

1Before the day of slaughtering a supply of cleaned numbered containers were care
fully tared. The tare weight was recorded on a tag attached to the container and also in 
the record book. 

2Hide was not removed from left half of carcass. 



EFFECT OF LBIITED FOOD ON GROWTH OF BEEF ANIMALS 59 

was followed in skinning2 the carcass and . removing the internal or
gans. The caul fat was removed before the carcass was hoisted. The 
bladder was tied and weighed with contents. The contents were re
jected and the empty bladder weighed. The rectum was tied as soon 
as it was cut loose. The tail was split and the lean and fat meat sep
arated from the right half. 

The contents of the abdominal and thoracic cavities were caught 
in a large tub and immediately weighed. The separation and weigh
ing· of the organs was pushed as rapidly as possible to reduce the loss 
by evaporation to a minimum. A double tie was made at the end 
of the abomasum before separating it from the intestines. The fat 
was carefully cut from all four stomachs and weighed separately. 
The intestines were carefully run for removal of the fat. Frequently 
this was accomplished without any portion becoming smeared with 
contents. The stomachs were emptied of the contents and were 
cleaned by washing with water after which they were wiped dry 
with cloths. The contents of the intestines were removed by stripping 
in sections. The stripped sections were split open and the inside 
wiped lightly to remove all contents. Occasionally it was necessary 
to wash and wipe a smeared portion. 

The hide was split down the back, but it was not removed from 
the left side, so that later cross sections could be made from this 
side showing the presence or absence of layers of subdermal fat. The 
carcass was split in halves, the spinal cord and kidneys were removed 
and weighed. The diaphragm tissue was removed to the muscle on 
both sides and composited with internal organs. 

The internal organs were grouped for analysis and were ground 
in an electric driven Enterprise meat grinder. After each grinding 
the sample was thoroly mixed and passed thru a plate with holes of 
smaller diameter until a finely ground uniform sample was obtained. 

Table 18 gives the weights of the different parts of the animals 
as separated at slaughtering. 

TABLE 18.-SLAUGHTERING RECORD OF THE Srx STEERS 

Check l\:!nin tcnancc 

I 
Super-

Parts or organs 

Weight at slaughtering, lbs .... _. 
Weight at slaughtering ··-·--
Blood, .. -....................... -............ . 

Feet, -···-· .. -········· ..... _ ··········-·· 
Hoofs, right, --·-··-·--···--·---··----. 

-
594 

grams 

606.0 
274,876 

11,325 
5,220 

363 

597 595 
six one 
months year -

grams grams 

738.1 585.6 
335,248 265,613 

13,151 11,406 
6,614 5,436 

412 365 

Submaintcnancc main ten-
ance 

591 592 593 
six eleven six 
months months months 

grams grams grams 

481.5 470 .0 765.1 
218,394 213,187 347,051 

8,823 10,319 12,693 
5,179 5,824 6,497 

298 354 461 
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TABLE 18.-SLAUGHTERING RECORD OF THE Srx STE:ERS-CONTINUED 

Check Maintenance Submaintenance 
Super-
main ten-
ance 

Parts or or'1an• 
597 595 591 592 593 

594 six one six eleven six 
months year months months months 

Foot Bones, right ---·--·-······-- 2,288 2,869 2,292 2,285 2,556 2,787 
Dew claws, ••••••••••••• • •••••H•••••••• 108 192 100 130 124 220 
Hide, right ····-----··-·········-····-··· 10,161 14,542 10,33 1 9,355 10,482 12,854 
Head as cut off .................... 10,135 15,326 12,151 9,839 12,069 14,297 
Horn, right, o o o ooOOHO O O•OOO OO••H o O OO 188 400 283 231 316 340 
Teeth, r ight, ••••H • ••• ••H•••••••H•••• 164 209 233 159 217 228 
Lean of head, right, .......... 9,i3 1,173 877 756 1,251 1,083 
Fat of head, right, ······--------- 498 462 156 176 none 328 
Bone of head, right ............ 2,2i5 3,132 2,787 2,303 2,855 3,083 
Tail ··········----------········-··-···-······· 440 628 492 314 382 408 
Tail lean, ······-·················--·----- 216 312 206 162 40 154 
Tail fat, ····-···--··---·-···-··-·········- 36 36 none none none 20 
Tail bone, .............................. 188 270 280 152 342 222 
Tongue, marketable, ............ 830 1,876 1,199 1,272 1,229 1,889 
Tongue base, less bones, .. 511 1,309 767 481 433 1,127 
Tongue bones, H ••••••••••••••••H•• 65 * 88 72 * 
Larynx, .....•..... ._ ....................... 240 306 175 303 
Windpipe, •••••••• •• ••HOOO••OO H O•••••OOO * 593 * 690 478 
Lungs, ••••••OO•ooO•••H••o o • • MOO••o oooO•O-- 2,937 2,754 2,987 2,334 3,060 2,988 
Heart, marketable, ------------ 1,112 1,421 1,227 937 1,092 1,346 
Heart, lean muscle, ·············- 936 1,006 1,073 826 1,018 1,107 
Pericardium, arteries, and ad-

herent fat .............................• 1,679 1,162 880 597 629 1,390 
Sweet bread, neck, ··············- 253 205 * 49 
Sweet bread, heart, •••••u••••••• 242 678 185 277 40 771 
Gullet, ...................................... 312 572 503 385 583 481 
Diaphragm, ············-················· 938 1,165 393 663 204 1,115 
Stomachs, H O-•oooOOOO .. ••ooOOOHOO•• oOO• 4,662 6,590 6,206 4,424 4,979 7,820 
Intestines, ................................. 4,811 5,030 4,952 3,579 4,889 5,947 
Intestines, small, length, ctm ... 3,581 2,512 2,885 3,072 3,480 
Intestines, large, length, ctm .. 3,718 819 828 791 988 775 
Liver, ·······-····························--- 3,633 2,627 2,.169 1,444 1,878 3,166 
Gall bladder and gall, ........ 233 155 159 181 82 97 
Spleen, ································-····· 618 622 736 421 393 754 
Pancreas, ·········-············--·-······· 273 257 385 145 166 302 
Kidneys, ooooooo•••"-••••••• • • H ••·-- 549 550 558 398 563 630 
Bladder, empty, ···-···--·-········· 47 98 192 81 245 138 
Penis, ·········--------··-···········-·······- 241 286 279 183 132 273 
Digestive and excretory sys-

tern, entire ....... ·-··- ····-········· ... 18,153 21,815 19,288 13,933 15,865 24,510 
Drain, ·······················-··········------ 369 433 432 417 470 433 
Spinal cord, ···························- 190 288 349 244 290 259 
Offal fat, ·········-·····------···-·····- 7,419 7,272 3,983 2,055 l,191 8,298 

Stomach fat, oooOo••ooo•OOH O••O•OOe 4,056 4,033 1,730 747 559 4,332 
Intest inal fat, , ············-······. 3,363 3,239 2,253 1,308 632 3,966 

Contents digestive and excre-
tory system ...... ·-··············-··· 27,359 32,455 22,050 28,351 25,454 29,133 

Warm empty wt. of animal.. .... 247,517 302,793 243,563 190,043 187,733 317,917 
Weight of carcass (chilled) 

double right half..._ ............... 164,507 197,944 161,500 121,390 113,791 215,078 

*Included with the next weight or length below. 
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In Table 19 are shown the per cents of various parts referred to the 
live weight of the animal as slaughtered. In Table 20 the organs and 
other parts are expressed in per cent of the warm empty weight. 
In Table 21 a calculated gain or loss in the weight of some of the 
parts is shown. This assumes that at the beginning of the experi
ment these weights bear the same ratio to the entire animal as was 
found in the check animal No. 594. 

Blood.-In 591, 595, and 593 there does not appear to have been 
much if any change in the amount of blood. The amount found in 
597 was less than the calculated amount which indicates that he may 
have been considerably fatter than 594 at the beginning of the ex
·periment. Steers 591 and 592 each showed a calculated loss of a 
great deal of blood, 1,868 and 2,071 grams respectively. In 591 this 
loss was about proportional to the loss in body weight, so that the 
ratio of blood to animal did not show much change. With 592 the 
loss in blood while greater than in 591 was not proportional to loss in 
body weight so that his ratio of blood to body showed a marked in
crease. 

Feet.-All of the animals showed a calculated gain in weight of 
feet. With 591 and 592 this increase of weight in spite of decrease 
in body weight made a large increase in the ratio of the weight of 
the feet to total animal. This is indicative of a general skeletal 
growth. 

Hide.-With 591 and 592 the weight of the hide was less than 
its calculated weight at the beginning of the experiment, which show
ed that there has been an actual loss in weight, probably due chiefly 
to a loss in fat (see analysis). With all of the animals except 593 
the ratio of hide to the ·rest of the animal had increased. 

Head.-All steers showed gain over the calculated weight. This 
gain was least with the submaintenance steers. As indicating skele
tal growth the horns, teeth, and the bones all showed a calculated 
gain. The fat in every instance showed a loss. The marketable 
tongue gained even with the animals losing in weight. 

Lungs.-There does not appear to have been much actual in
crease or decrease in weight of the respiratory organs, so that the 
marked decrease in total weight of the submaintenance animals in
creased the ratio of these organs to the total animal. 

Heart.-The heart evidently lost weight in the submaintenance 
animals. With 592 this loss was not in proportion to the loss in body 
weight. The lean muscle of this organ in 595, 591, and 592 was an 
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increased proportion of the total weight. In the weight of the arter
ies, pericardium, and adherent fat there was a striking loss in all the 
animals. 

Sweet breads.-The weight of the thymus and thyroid glands 
(:tpparently increased in steers 597 and 593. With the other animals 
the loss in weight was very marked, much greater than the propor
tional loss in body weight. 

Stomachs.-In steers 591 and 592 the stomachs evidently did 
not gain. In all of the animals the ratio of the weight of stomachs 
to the body weight definitely increased. 

Intestines.-The intestines of steer 591 weighed less than those 
of the check animal. Steers 595 and 593 are the only ones which 
showed a calculated gain in weight of the intestines. While Steer 
591 showed a calculated loss in weight, he is the only one which 
showed a calculated gain in length of the intestines. 

Liver.-This organ in all cases showed a loss in weight, both 
actual and calculated. This loss in weight was greater than the pro
portional loss in body weight. 

Spleen.-With 591 and 592 the loss in weight of this organ was 
very marked-about proportional to loss in body weight. 

Pancreas.-With all of the animals except 595 there was a de
crease in weight. With 591 and 592 this decrease was greater than 
the proportional decrease in body weight. No. 595 showed about 40 
per cent gain in weight. 

Kidneys.-These organs showed some calculated loss in weight 
with all animals except 595 and here the gain in weight was slight. 

Digestive and excretory system.-On 595 and 593 these parts 
gained weight. Nos. 591 and 592 showed considerable loss in weight. 
'\i\Tith 591 this loss was about proportional to the loss in body weight, 
but with 592 the loss, altho greater, was not proportional to the loss 
in body weight. 

Brains and spinal cord.-The brain of 597, altho heavier than 
that of 594, was not proportional to the increased body weight. In 
all other cases both brain and spinal cord showed a calculated in
crease in weight. 

Offal fat.-The check animal had a higher proportion of offal 
fat to body weight than any of the other steers; 593 had a greater 
weight of offal fat but not in proportion to his increased body 
weight. 

The empty weight-Only in the submaintenance animals was 
the ratio of empty weight to live weight affected, that is, the fill had 
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not decreased in these animals in proportion to the decrease in live 
weight. Consequently with these submaintenance animals the carcass 
had decreased in weight much more rapidly than the live weight. 

TABLE 19.-PARTS OR ORGANS OF ANIMALS REFERRED TO LIVE WEIGHT 

Parts or organs 

Blood ...................................... .. 
Feet ......................................... . 
Head ........................................ .. 
Hide .......................................... . 
Offal fat ............................... . 
Fill ........................................... . 
Digestive and excretory sys-

tem .......................................... .. 
Carcass .................................... . 
Empty weight ........................ . 

Check 

594 

per cent 

4,120 
1.899 
3.687 
7,393 
2.699 
9.953 

6.604 
59,848 
90.047 

Maintenance 

597 

per cent 

3.923 
1,973 
4.572 
8,675 
2.169 
9.681 

6.507 
59.044 
90.319 

595 

per cent 

4.294 
2,047 
4,575 
7.779 
1.500 
8.302 

7 262 
60.803 
91,698 

Submaintenance 

591 

per cent 

4.040 
2,371 
4,505 
8.567 
0.941 

12,981 

6,380 
55,583 
87,019 

592 

per cent 

4.840 
2.732 
5,661 
9.834 
0.559 

11.940 

7.442 
53,376 
88.060 

TABLE 20.-PARTS OR ORGANS REFERRED TO EMPTY WEIGHT 

Parts or organs 

Blood ...................................... .. 
Feet ....................................... _ 

Hide ...................... ·---·-·----
Head ........................................ .. 
Tongue (market) ................. . 
Lungs and windpipe .......... . 
Heart (market) .................. .. 
Heart (muscle) ................... . 
Sweet-breads .......................... .. 
Stomachs ................................. . 
Intestines ............................... . 
Intestine (lengths)1 ···-----·--
Liver ...................................... .. 
Spleen ................................... _ 
Pancreas ................................. . 
Kidneys .................................. .. 
Digestive and excretory sys-

tem .......................................... . 
Brain ...................................... .. 

g:;~ssfa~ ... :::::::=:::::=:::=:::::=::::. \ 

(.heck 

594 

per cent 

4,575 
2,109 
8,210 
4,095 
0,335 
1,187 
0,449 
0,378 
0,200 
1,884 
1,944 

15,020 
1,468 
0,250 
0,110 
0,222 

7,334 
0,149 
2,997 

66,463 

Maintenance 

597 

per cent 

4,343 
2,184 
9,605 
5,062 
0,620 
1,105 
0,469 
0,332 
0,224 
2,176 
1,661 

14,530 
0,868 
0,205 
0,085 
0,182 

7,205 
0,143 
2,402 

65,373 

595 

per cent 

4,683 
2,232 
8,483 
4,989 
0,492 
1,226 
0,504 
0,441 
0,160 
2,548 
2,033 

13,710 
.l,055 
0,302 
0,158 
0,229 

7,919 
0,177 
1,635 

66,307 

1ccrnimcters length per kilo empty weight. 

Submaintenance 

591 

per cent 

4,643 
2,725 
9,845 
5,177 
0,669 
1,591 
0,493 
0,435 
0,146 
2,328 
1,883 

19,350 
0,760 
0,222 
0,076 
0,209 

7,331 
0,219 
1,081 

63,875 

592 

per cent 

5,486 
3,102 

11,167 
6,429 
0,655 
.1,630 
0,582 
0,542 
0,047 
2,652 
2,604 

21,630 
1,000 
0,209 
0,088 
0,300 

8,451 
0,250 
0,634 

60,613 

Super
mainten
a nee 

593 

per cent 

3.657 
1.872 
4.120 
7.408 
2.391 
8,395 

7.062 
61.973 
91.605 

Super
mainten~ 
ance 

593 

per cent 

3,993 
2,044 
8,086 
4,497 
0,594 
1,090 
0,423 
0,348 
0,242 
2,460 
1,871 

13,380 
0,996 
0,237 
0,09S 
0,198 

7,710 
0,136 
2,610 

67,652 



TABLE 21.-SLAUGHTERHOUSE DATA-GAIN OR Loss, GRAMS, CALCULATED TO 
COMPOSITION OF CHECK ANIMAL 

~nance Check Submaintenance 
Parts or org~ns 

594 I 597 595 591 I 592 

grams grams grams grams grams 

Live weight at beginning, pounds -··············-··· 607 741 609 373 664 
Blood, calculated at beginning ............................ 13,828 11,325 10,691 12,390 
Blood, at slaughtering ·······························-········· 11,325 13,151 11,406 8,823 10,319 

Gain or loss --·--·o·--·-·-·--.. --......................... -... - 677 + 81 - 1,868 - 2,071 
Feet, calculated at beginning ............................ 6,374 5,220 4,928 5,711 
Feet at slaughtering .............................................. 5,220 6,614 5,436 5,179 5,824 

Gain ·······································-··························· + 240 + 216 + 251 + 113 
Hide, right, calculated at beginning ................ 12,407 10,161 9,592 11,116 
Hide at slaughtering ·······························-··-······· 10,161 14,542 

I+ 
10,331 9,355 10,482 

Gain or loss .................................................... + 2,135 170 - 237 - 634 
Head, calculated at beginning ···-······················· 12,375 ; 10,135 9,567 11,088 
Head at slaughtering ............................................ 10,135 15,326 12,151 9,839 12,069 

Gain .................................................................... + 2,951 + 2,016 + 272 + 981 
Horn, right, calculated at beginning ................ 230 188 177 206 
Horn at slaughtering ···················-······················· 188 400 283 231 316 

Gain .................................................................... + 170 + 95 + 54 + 110 
Teeth, right, calculated at beginning ···········-··· 200 164 155 179 
Teeth at slaughtering OoooooooOooooooo oooooooooooooOH0.00009 0 0 0 164 209 233 159 217 

Gain ···································-······························· + 9 + 69 + 4 + 38 
Lean of head, right, calculated at beginning 1,151 943 890 1,032 
Lean of head, right, at slaughtering ...............• 943 1,173 877 756 1,251 

Gain. or loss .................................................. + 22 - 66 - 134 + 219 
Fat of head, right, calculated at beginninir 608 498 470 545 
Fat of head, right, at slaughtering .................... 498 462 156 176 none 

Loss ·······························································-··· - 146 - 342 - 294 - 545 
Bones of head, right, calculated at beginning 2,778 2,275 2,148 2,489 
Bones of head, right, at slaughtering ............ 2,275 3,132 2,787 2,303 2,855 

Gain .................................................................... + 354 + 512 + 155 + 366 

Super-
main ten-
ance 

593 

grams 
700 

13,058 
12,693 

- 365 
6,019 
6,497 

+ 478 
11,716 
12,854 

+ 1,138 
11,686 
14,297 

+ 2,611 
217 
3'40 

+ 123 
189 
228 

+ 39 
1,087 
1,083 

- 4 
574 
328 

- 246 
2,623 
3,083 

+ 460 

°' ""' 

ti:: .... 
(/l 
(/l 

§ 
~ 
~ 
~ 

~ 
~ 

~ 
() 
p:j 

~ 

~ 
~ z 
f)5 



Tongue, calculated at beginning ........................ 1,-013 330 I 784 ----908 _____ 9_5_7 
Tongue, at slaughtering ...................................... 830 . 1,876 1,199 1,272 1,229 1,889 

G~in ···················-··--·-··-······-···················-···-······· + 863 + 369 -f- 488 + 321 + 932 
Lungs and windpipe, calculated at beginning 3,586 2,937 2,773 3,213 3,386 
Lungs . and windpipe at slaughtering .............. 2,937 3,347 2,987 3,024 3,235 3,466 ~ 

Gain or loss ········---········································· - 239 + 50 + 251 + 22 + 80 "'.! 
Heart, calculated at beginning .......................... 1,358 1,112 1,050 1,217 1,282 ~ 
Heart, at slaughtering ·····--·-···-···················-····-···· 1,112 1,421 1,Z27 937 1,092 1,346 1--l 

Gain or loss ····-·························--····-···············I + 63 + 115 - 113 - 125 + 64 ~ 
H eart, lean muscle, calculated at beginning ' 1,H3 936 884 1,024 1,079 
Heart, lean muscle, at slaughtering ................ 936 1,006 1,073 826 1,018 1,107 !::: 

Gain or loss ------···-·····-··············-···-··-···········-·· - 137 + 137 - 58 - 6 + 28 5 
Pericardium, arteries and adherent fat calc. 2,050 1,679 1,585 1,837 1,934 ..,i 
Pericardium, etc., at slaughtering .................... 1,679 1,162 880 597 629 1,390 gj 
Swe~~~;ea.ci"~:···-~-~j"~~i~;~d···~~-··b·~~l-~~l·~;···:::::::::::: :~: - ~~~ - ~:~ , - l,~~~ - ;~i g 
Sweet-~reads at slaughtermg ............................ -495 678 390 I 277 89 771 ti 

Gam or loss .................................................... 
1 

+ 74 , - 105 I - 190 I - 453 + 200 o 
Stomachs, calculated at beginning .................... 5,692 I 4,662 4,401 5,100 5,375 Z 
Stomachs at slanghterinii .................................... I 4,662 6,590 ! 6,206 I 4,424 4,979 7,820 <:) 

Gain or loss ··-···············-··-··-·············-············· 1 + 898 I + 1,544 1 + 23 - 121 + 2,445 13 
Intestines, calculated at beginning .................... 5,874 4,811 4,542 5,263 5,547 ~ Intcsti~es, at slaughtcrin;:- ................................ I 4,811 5,030 4,952 I 3,579 4,889 5,947 ~ 

Gam or loss ............. .. .................................... 
1 

- 844 I + 141 , - 963 374 + 400 0 
ctm. elm. j ctm. I ctm. ctm. ctm. "'.! 

Intestines, calc. lengths at beginning................ 4,540 3,718 3,510 4,067 -4,287 
Intestines, length, at slaughtering .................... , 3,718 4,400 II 3,340 3,676 4,060 4,255 g:J 

Gain or loss .................................................... 1 - 140 - 378 !I + 166 - 7 - 32 f;J 
L~vcr, calculated a_t beginning ............................ 1 4,436 3,633 3,430 3,975 4,189 > 
Liver at slaughtermg ---·--··-.. ·-···---......................... 1 3,li.l3 2,627 2,569 j 1,444 1,878 3,166 z 

Loss ..................................................................... I - 1,809 I - 1,064 I - 1,986 - 2,097 - 1,023 ~ 
Spleen, calculated at beginning ........................ 755 618 I 583 676 713 > 
Spleen at slaughtering ........................................ 1 618 622 I 736 421 393 754 t-< 

Gain or loss .................................................... 1 133 + 118 - 162 283 + 41 en 
Pancreas, calculated at beginning .................... 333 \ 273 'I 258 I 299 315 
Pancreas at slaughtering .................................... 1 273 257 385 145 166 302 

Gain or loss .................................................... 1 - 76 + 112 - 113 - 133 - 13 o--
01 



TABLE 21.-SLAUGHTERHousE DATA-GAIN oR Loss, GRAMS, CALCULATED TO 
COMPOSITION OF CHECK ANIMAL-Continued 

Check Maintenance Submaintenance 
Parts of organs 

594 597 595 591 592 

grams grams grams grams grams 
idneys, calculated at beginning • HO•O • O•H••••-••• 670 549 518 601 
idneys at slaughtering ...................................... 549 550 558 398 563 

Gain . or loss ·········--·--·-········-··················-······· - 120 + 9 - 120 - 38 
igestive and excretory system calc. at beg. 22,165 18,153 17,136 19,859 
igestive and excretory system at slaughtering 18,153 21,815 19,288 13,933 15,865 

Gain or loss .................................................... - 350 + 1,135 - 3,203 - 3,994 
rain, calculated at beginning .......................... 451 369 348 404 
rain, at slaughtering ...................................... ._ 369 433 432 417 470 

Gain or loss ···········································-······· - 18 + 63 + 69 + 66 
pinal Cord, calculated at beginning ................ 232 190 179 208 
pinal Cord, at slaughtering ·······-··················· 190 288 349 244 290 

Gain .................................................................... t 56 + 159 + 65 + 82 
ffal fat,calculated at beginning ···············-··-··· 9,059 7,419 7,004 8,116 
H al fat, at slaughtering ···················-··- ··········· 7,419 7,272 3,983 2,055 1,191 

Loss ···-··-·····-------------------·······-···-························· - 1,787 - 3,436 - 4,949 - 6,925 
E mpty weight, calculated at beginning ............ 302,218 247.517 233,656 270,784 

mpty weight, at slaughtering ............................ 247,517 302,793 243,563 190,043 187,733 
Gain or loss .................................................... + 575 - 3,954 -43,613 -83,051 

arcass, calculated at beginning ···-··-··············· 200,863 I 164,507 155,295 179,971 
arcass, at slaughte~ing ···········-··········-··············· 164,507 197,944 I 161,500 121,390 113,791 

Gain or loss .................................................... - 2,919 - 3,007 -33,905 -66,180 

Super-
main ten-
ance 

593 

grams 
633 
630 

- 3 
20,930 
24,510 

+ 3,580 
425 
433 

+ 8 
219 
259 

+ 40 
8,554 
8,298 

- 256 
285,387 
317,917 

+32,530 
189,677 
215,078 

+25,401 
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THE CARCASS 

The carcass was allowed to chill for 48 hours when the right 
side was separated i11to the two quarters and these into the standard 
wholesale cuts as illustrated in Fig. 19. Each weighed wholesale cut 
was separated1 into lean, fat and bone. The tendons were weighed 
with the bones of the respective cuts. In the separation of the lean 
and fat care was taken that the fat tissue should contain no lean 
meat. Necessarily the lean meat contained some small pieces of fat 
which could not be separated. The meat was cut from the bones as 
fully as could be done with the usual packers' boning knives. The 
wholesale cuts were kept in closed containers and the exposure to 
loss by evaporation was limited as much as possible during the 
actual separation into lean, fat, and bone. 

The outside of the right half of the six carcasses is shown in 
Fig. 20, and the inside in Fig. 21. From the left side of each car
..:ass a two rib cross section was preserved in a solution of formalde
hyde, also a cross section of the loin forward of the pin bone. Fig. 
22 shows these cuts looking at the front of the sixth rib and at the 
front face of the loin cut made two vertebrae forward of the pin 
bone. The negative for the loin of Steer 592 was lost. Some of 
these cuts in hardening did not keep the shape well, so the results 
are not particularly satisfactory. The check animal, 594, baby beef, 
showed a greater shrinking of the cut possibly because it was in the 
preserving fluid six months longer. No. 597 showed a considerably 
greater indication of fat than any of the other animals except 593. 
There appeared to be a flattening of the rib in the older animals, 
and the lengthening of the rib was very noticeable. The relative de
crease of the kidney fat was shown in the loin of 595 and 591. Fig. 
23 gives views of the cuts of the rounds, ribs, and loins, right side, 
all taken at the same focal distance. The round cut shows the bone 
at the minimum diameter about four inches from the head of the 
femur. The loin cut is taken just forward of the pin bone, and. the 
rib cut is looking at the front end of the wholesale rib cut, sixth rib. 

From the left side of the chilled carcass before the hide was 
removed sections were cut out to be used in making life size color 
drawings. The exact cross section was not made until the artist was 
ready to get the color of the freshly cut meat. As soon as he had 
obtained the colors the full size tracing was made and the drawings 
completed. The particular purpose in leaving the hide on was to 

1The cutting was done by Samuel Godfrey, foreman of the beef cutting department, 
Swift and Company, Kansas City. 
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show the relative amounts of subcutaneous fat. These drawings are 
reproduced in Figs. 24, 25 and 26. The rib cross section looks for- · 
ward at the eighth rib. The round section is about four inches be
low the head of the femur at the small round bone looking down. 
The loin section is looking forward two vertebra forward of the pin 
bone (forward point of the pelvic bone). 

In Table 22 is given the weights of the wholesale cuts in the 
right halves of the different carcasses together with the distribution 
of the lean, fat, and bone in these cuts. In Steer 592 the resorption 
of fat was so complete that not enciugh fatty tissue could be ob
tained from the different cuts for samples to be analyzed so the 
wholesale cuts in this animal were separated into flesh and bone. 

The per cent of the cuts referred to the carcass is shown in Ta
ble 23, and in Table 24 is shown the per cent of the lean, fat, and 
bone in the different cuts referred to the corresponding cuts. 

By assuming that the proportion of lean, fat, and bone distribu
tion in all the animals was similar at the beginning of the experiment 
and was comparable with the distribution in the check animal No. 
594, the probable gain or loss in these constituents in the different 
cuts can be calculated. This calculation is shown in Tables 25 to 28. 

Carcass.-In both the maintenance and submaintenance animals 
there is a calculated loss in weight of carcass. Steer 591 in his six 
months' submaintenance period, fed to lose one-half pound per day, 
lost 33,784 grams of carcass, while 593, on supermaintenance for 
six months and fed to gain one-half pound per day, gained 25,404 
grams in weight of carcass. The hind quarters decreased in weight 
more rapidly than the forequarters in both maintenance and sub
maintenance steers. No. 593, supermaintenance, made a slightly 
greater gain in the hind quarters than in the forequarters. 

Shin.-This cut of the check animal was lighter _than in any of 
the other animals, but with 592 the weight was not equal to the calcu
lated weight at the beginning of the experiment. The bone showed 
an increase in all animals, and the increase of bone in this cut did 
not seem to be influenced by the condition of the animal. With all 
of the animals the lean was a decreased proportion of the cut. The 
submaintenance was lowest. The amount of fatty tissue showed 
considerable variation. 

Plate.-This cut in 597 and 593 was much heavier than in the 
check animal. The calculated increase with 597 was slight (35 
grams). With 595, 591, and 592 there was not only a loss in weight, 
but this cut had decreased in weight more rapidly than the carcass. 
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The lean of this cut showed a loss in both the maintenance and the 
submaintenance animals, but with 595 the loss in lean was not nearly 
in proportion to the loss in weight of the cut. Nos. 597 and 593 had 
greater weight of fat in this cut than the check animal, which was 
also an increased percentage of the cut. This would seem to indi
cate that at slaughter these two animals were fatter than the check 
animal. This will be discussed more fully in considering the analy
tical data. There was both actual and calculated increase in bone of 
this c~;t with all animals. The bone was also an increased per cent 
of the cut. 

N eck.-This cut is a trimming to give shape to the chuck and 
the thinner the carcass the greater the trimming, so that in all but 
593 this cut is an increased per cent of the carcass. 

Chuck.-Nos. 597, 595, and 593 showed a greater total weight 
of chuck. With all but 593 the weight of the chuck was an in
creased per cent of the carcass. Only in the case of 595 was the 
lean an increased per cent of the cut. Both 597 and 593 showed 
more fat. in this cut than the check animal. This fat was also a 
greater per cent of the weight of the cut; but that this does not 
prove that the animals at slaughter were fatter than the check ani
mal will be seen from a study of the analytical data. All of the 
animals showed both actual and calculated gain in the skeleton of 
this cut. The bone was also an increased per cent of the cut. The 
condition of the animal does not appear to have influenced the 
growth of the bone. 

Rib.-With the check animal the rib cut was a higher per cent 
of the carcass than with any of the other animals. Altho the rib 
cut of 593 showed a calculated gain in weight, this was not as great 
as the proportional gain in weight of carcass. The lean of 597 in
creased slightly. The decrease of the rib lean in the submaintenance 
animals was very striking. It was nearly SO per cent in 592. No. 
593 showed an increase in amount of rib fat; all others a decrease. 
The rib bone did not show a uniform increase in weight. The divi
sion between rib and plate is a cut not anatomically fixed and there 
is likely to be more variation in the cutting. Nos. 597 and 591 lost 
65 and 56 grams respectively. 

Shank.-In relative changes the shank is very similar to the 
shin. In all animals there was a decided growth of skeleton. 

Flank.-Both the lean and fat of this cut made an actual as well 
as a calculated decrease in weight. This apparent decrease in weight 
of flank in 593 was 16 per cent of the weight at the beginning of the 
experiment, and in 592 it was a 75 per cent decrease. 
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Rump.-The weight of the rump cut was relatively a lesser part 
of the carcass in the check animal altho this cut in 591 and 592 
weighed less than in 594. The lean, both actual and calculated, was 
greater than in the check. In fat there was a loss except in the case 
of 593, and in this animal the gain in weight of fat was not propor
tional to the increased weight of cut. The ratio of the rump bone 
to the entire cut had materially increased in 595, 591, and 592, and 
in ·all the animals there was both an actual and calculated increased 

weight of bone. 
Round.-The weight of round was a smaller per cent of carcass 

in the check animai than in any of the others. Both 591 and 592 
had a much smaller round than the check animal, but this decrease 
in weight was not proportional to the decrease in the weight of the 
carcass of these animals. In 592 the loss in weight of the round was 
about 30 per cent of the calculated weight of the round. The lean 
of the round in 597 was not as great a portion of the cut as in the 
check animal, while the fat seems to have been a greater portion. 
The chemical analyses, however, must be studied in connection with 
this apparent increase in fat in a maintenance animal. The fatty 
tissue in 593 was a still greater per cent of the cut. The round 
bone showed a very consistent growth in all of the animals. 

Loin.-The loin cut of the check animal constituted a greater 
per cent of the carcass than that of any of the other animals. All 
but 593 lost weight. In 592 the loss was nearly SO per cent of the 
calculated weight of the cut at the beginning of the experiment. The 
lean loin in all of the animals apparently lost. There was a gain of 
fat in both 597 and 593. ·The loin bone did not indicate skeletal 
growth; 595 was the only animal to show a calculated increase. 

Kidney fat.-This cut in both 597 and 593 was heavier than in 
the check animal. In these animals it was also a greater per cent of 
the carcass. 

Summary.-The carcass of 597 showed 2,027 grams more than 
the calculated amount of fat. Considerably more of this appeared in 
the forequarter than in the hindquarter. The rib, flank, and rump 
were the only cuts which had less than the calculated amount of fat. 
This seems to indicate that 597 after six months of maintenance was 
fatter than the check animal. He was admittedly fatter than the 
check animal at the beginning of the experiment which would mean 
that his proportion of lean to carcass weight was not so great as in 
the check animal. Even at the end of six months during which the 
measurements demonstrate actual growth he had four and one-half 
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kilos less lean than he should have had at the beginning of the ex
periment according to calculations based on 594. By a study of the 
relative amounts of lean, fat, and bone the resorption of fat during 
the maintenance period cannot be proved. On the other hand, the 
maintenance period of 12 months for Steer 595 had very plainly 
drawn upon a very large amount of the surplus fat, with a corre
sponding increase in the lean flesh and in the skeleton. In all of 
the cuts the lean showed a gain except in the plate, flank, and loin, 
the aggregate loss in these cuts having been less than 500 grams. The 
fat showed a loss in all cuts except the shin and neck (gain only 86 
grams) . In every cut there was a gain in skeleton. The submainten
ance period of six months had drawn heavily upon the reserve in 
Steer 591. The lean of every cut except the rump showed a loss. 
The fat had made a large decrease in all cuts except shin and neck. 
The total skeleton had made a gain of nearly three kilos. This gain 
showed in all the cuts except the rib and loin. As a result of the 
submaintenance period of eleven months for 592 every cut except 
the neck showed a considerable loss. This loss drew heavily upon 
the lean of all except the rump, and the fat had so fully disappeared 
that the fatty tissue was watery and of such small amount that there 
was not enough to save as separate samples. In spite of these great 
losses in the lean and fat the skeleton showed a gain in weight in 
all cuts except the flank and loin, where the loss aggregated only 26 
grams. 

Steer 593 during the six months' supermaintenance made a very 
material gain which was shown in all cuts except the neck and flank. 

There was a considerable increase in the weight of the lean, 
which, however, had not kept pace with the increase in fat, while the 
neck, flank, and loin failed to increase in both lean and bone. The 
total increase in bone was proportional to the increase in carcass 
weight. 

While these changes in weight and in the relative amount of 
lean, fat, and bone demonstrate very clearly a certain growth with 
more or less of a utilization of the stored fat and even of protein 
to promote this growth, yet the fullest significance of these changes 
is only manifest when the changes in chemical composition together 
with the noted changes in weight are considered. 
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TABLE 22.-DISTRIBUTION OF THE LEAN, FAT AND BONE IN THE RIGHT HALF OF 
THE CARCASSES OF THE Srx STEERS ' 

Check Maintenance Submaintenance 
Super-
main ten-
ance · 

594 597 595 591 592 593 -- -
grams grams grams gr a.ms grams grams 

Carcass1 .......... . . . ........... u .......... 
81,979 98,697 80,471 60,496 56,614 107,224 

Lean ••••••••••••••••••n• ••••••• •••• 54,421 61,953 57,598 40,686 37,126 67,703 
Fat oooO•oooooooooooH00000-00H000oOOO 

12,300 17,405 5,355 4,304 88 19,635 
Bone ••••••H•••••••••u oO•••••••o•••• 14,902 19,504 17,214 15,396 19,261 19,505 

Fore quarter ooewoooO••••••••••••-•- 41,964 51,986 41,680 32,423 30,596 54,544 
Lean --··········· .. ···-···· .. -·· 28,344 32,979 29,514 21,391 19,069 35,495 
Fat OHOOO OOH000000 0 •0000H000•0000oHO 

4,795 7,153 1,931 1,868 none 7,569 
Bone •-0000 _______ 000oOH .. H 00o o 8,639 11,744 10,121 9,144 11,456 

I 

11,331 
Hind quarter1 ----·-···········-·· 40,015 46,711 38,791 28,073 26,018 52,680 

Lean ··--··········--------···· --- 26,077 28,974 28,084 19,295 18,057 32,208 
Fat ··········-············---.. ··---- 7,505 9,892 3,424 2,436 88 12,066 
Bone •••••• • •-••••••n•••••••••-••• •• 6,263 7,760 7,093 6,252 7,805 8,174 

Shin OOOOOoOH•••o•••••oooooooooOOOOH•o•--
3,522 4,917 3,906 3,739 3,595 5,033 

Lean .......................... - .... 1,914 2,413 2,050 1,758 1,586 2,502 
Fat ----·---·······-··---····----··---- 127 449 169 220 none 464 
Bone -···----·----------------···-··- 1,487 2,057 1,672 1,771 2,007 2,066 

Plate, brisket ........................ 4,496 4,775 3,240 2,836 2,442 4,851 
Plate, naval .......................... - 3,922 5,538 4,205 2,913 2,956 6,733 

Lean ............................ --- 5,227 5,853 4,995 3,486 3,177 6,613 
Fat 00000000•00000000000••00Ho000-00H 0 

1,655 2,328 621 596 none 2,861 
Bone ·······-···············---·------ 1,499 2,120 1,825 1,662 2,216 2,094 

N eek ························-····-············ 1,233 1,734 1,832 1,258 1,635 1,338 
Lean ····•··························· 796 1,021 1,235 730 1,087 835 
Fat ····-·-··························-- 74 251 118 134 none 133 
Bone ................................... 360 466 476 398 556 378 

Chuck OOOHO•OOO•-•ooo00 0 000000•000-00000-
20,283 26,231 20,521 16,250 14,584 26,507 

Lean --·-·······----·····--- .... 14,895 18,099 15,554 11,894 10,105 19,024 
Fat ·-·-·····-··················-···- 1,918 3,200 921 738 none 2,809 
Bone ······-···-------····-···-···o. 3,445 4,910 4,003 3,624 4,454 4,630 

Rib ---------------···------------·-···-- 8,412 8,746 7,971 5,400 5,350 10,041 
Lean ········-----··················· 5,512 5,593 5,680 3,523 3,114 6,521 
Fat ···-·······--·--·········--···-··· 1,021 925 102 180 none 1,302 
Bone ----···-------------· .. ········· 1,848 2,191 2,145 1,689 2,223 2,163 

Shank ..................... ________________ 2,881 4,044 3,395 2,812 2,946 3,865 
Lean OOoHoOooo•OOOOOOOOO•O•OOO•••-

1,035 1,373 1,252 872 774 1,269 
Fat • •OHO•••o•o•ooOO-oo .. 000000•---

164 401 104 108 none 258 
- Bone ----------·······-----·----.. 1,681 2,252 2,016 1,834 2,158 2,325 

Flank ···········---------·--·- -······---- 3,522 2,511 2,028 1,120 951 3,412 
Lean -------------------- ...... 1,691 1,279 1,507 761 913 1,660 
Fat ·······-·····--····--*"···--------- 1,791 1,217 463 329 none 1,728 
Bone ••HOH-H•ooooOoooOOOoooo0000-0 39 16 46 40 38 32 

Rump ····--------·············-----···-·· 2,237 3,327 2,792 2,178 2,083 4,250 
Lean ----------------·--·····---- 1,019 1,757 1,608 1,278 1,192 2,206 
Fat -····--·-······-·-····'"""""" _____ 650 749 385 237 none 960 
Bone ------· ····--HOOOOOO_O ____ 560 822 791 668 894 1,082 

R ound ···--·----------------······----- 15,097 18,572 16,580 12,112 11,504 20,663 
Lean ···--------------·----··---- 12,112 14,019 13,550 9,578 9.,314 15,400 
Fat ....... ______________________ 1,269 2,409 1,061 746 none 2,926 
.Bo!le --------------·---····--· 1,656 2,084 1,895 l,758 2,190 2;235 

Loin ·-------··········-·------------ 15,264 17,028 13,658 9,727 8,380 18,748 
Lean ------------------------ 10,220 10,546 10,167 6,806 5,864 11,673 
Fat - --·----·--.'~-----·-- 2,664 3,920 1,113 906 none 4,482 
Bo:ie ·-----·---------- 2,32r 2,586 2,345 1,952 2,525 2,500 

Kidney Fat1 ~,;...,.c., ............. ;.....-~ 96~ 1,196 298 110 88 1,712 

•Except kidney. 



EFFECl OF r l ~ ll'l'Ell FOOi> ON c;1wwnr OF BEEF ANIMALS 73 

Fig. 10.-Taking measurements of the steers. 
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Fig. 19.-Wholesale cuts of beef. 
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Fig. 22.-Cross sections of the ribs and loins. 
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TAllLE 23.-PERCENTAGE DISTRIBUTIONS OF THE CUTS OF THE CARCASS 

I 
Super-

.. . - ·.i Check "' I\:Iaintenance Sub-l'naintenance mainten-

Cut or Portio~ .: -----l·-----.-----4------~-----i-"-r_1c_e __ 
594 597 595 591 592 593 

Hind quarter ... . 
Fore qu:uter ...... . 
Shin 
Plate 
Neck 
Chuck 
l~ib ···-···················-
ShE:u!.: 
Flank 

~~~1;~ .. :::::::::::::::::::~ II 

Kidney fat .. ....... .. 

per cent 

48.973 
51.027 

4.282 
10.236 
l.499 

24.663 
10.229 

3.503 
4.282 
2.720 

18.357 
18.561 

1.176 

per cent 

47.482 
52.518 

4.967 
10.419 

l.752 
26.499 

8.836 
4.085 
2.537 
3.361 

rn.762 
17.202 

l.208 

per cent 

48.384 
51.616 

4.837 
9.220 
2.269 

25 .413 
9.871 
4.204 
2.511 
3.458 

20,533 
16.914 

0.369 

per cent 

46.589 
53.411 

6.159 
9.4/0 
2.072 

26 .769 
8.895 
4.632 
l.845 
3.588 

19.952 
16.023 

0.181 

per cent 

46.224 
53.776 

6.3 19 
9.488 
2.874 

25.633 
9.403 
5.178 
l.672 
3.661 

20.219 
14.729 

0.155 

per cent 

49.280 
50.720 

4.680 
10.772 

1.244 
24.649 

9.337 
3.594 
3.173 
3.952 

19.214 
17.434 

1.592 

TABLE 24.-PERCENTAGE DISTRIBUTION OF LEAN, FAT, AND BONE IN EACH CUT 

·----·--- ·--
Carcass, lean ...... 66.16 62.60 71.33 67.03 65.25 62.96 

Carcass, fat -------- 14.95 17.59 6.63 7.09 0. 16 18.26 

Carcass, bone --·- 18.12 19.71 21.32 25.37 33.85 18.14 

Forequarter, lean. 67.54 63.44 70.81 65.98 62.33 65.08 

Forequarter, fat ll.43 13.76 4.63 5.76 none 13.88 

Forequarter, bone 20.59 22.59 24.28 28.20 37.44 20.77 

Hindquarter, lean 65.17 62.03 72.40 68.73 69.40 61.14 

Hindquarter, fat 18.76 21.18 8.83 8.68 0.34 22.90 

Hindquarter, bone 15 .65 16.61 18.29 22.27 30.00 15.52 

Shin, lean -··--- 54.34 49.0!s 52.48 47.02 44.12 49.71 

Shin, fat ..... -.. --- 3.61 9.13 4.33 5.88 none 9.22 

Shin, bone --···-- - 42.22 41.83 42.82 47.37 55.83 41.05 

Plate, lean ....... ___ 62.09 56.75 67.09 60.64 58.86 57.09 

Plate, fat ............. 19.66 22.57 8.34 10.37 none 24.70 

Plate, bone ------ 17.81 20 .57 24.51 28.91 41.05 18.08 

Neck, lean ------ 64.56 58.88 67.41 58.03 66.48 62.41 

Neck, fat ·---·-- 6.00 14.48 6.44 10.65 none 9.94 

Neck bone •H•• •O•H 29.20 26.87 25 .98 31.64 34.01 28.25 

Chuck, lean ···-···· 73.44 69.00 75.80 73 .19 69.29 71.77 

Chuck, fat -·----·-·-- 9.46 12.20 4.49 4.54 none 10.59 

Chuck, bone ···--·· 16.99 18.72 19.51 22.30 30.54 17.47 

Rib, Jean ·······--··· 65 .53 63.95 71.26 65.24 58.21 64.94 

Rib, fat __ __ ____ _. ...... 12.14 10.58 1.28 3.33 none 12.97 

Rib, bone oo•oooH••o 21.97 25.05 26.91 31.28 41.55 21.54 

Chank, lean oow••••• 35.93 33.95 36.88 31.01 26.27 32.83 

Shank, fat -------- 5.69 9.92 3.06 3.84 none 6.68 

Shank, bone ------ 58.35 55.68 59.38 65.22 73.25 60. 16 

Flank, lean -------- 48.01 50.94 74.31 67.95 96.00 48.65 

Flank, fat ___ .:.. __ 50.85 48.47 22.83 29.38 none 50.64 

Flank, bone ------ l.11 0.64 2.27 3.57 4.00 0.94 

Rump, lean oHO• O•O 45.55 52.81 57.59 58.68 57.23 51.91 

Rump, fat ---------- 29.06 22.51 13.79 10.88 none 22.59 

Rump, bone 25 .03 24.71 28.33 30.67 42.92 25.46 

Round, lean - 80.23 75.48 81.73 79.08 80.96 74.53 

Round, fat ------ 8.41 12.97 6.40 6.16 none 14.16 

Round, bone OH • Oo 10.97 11.22 11.43 14.52 19.04 10.82 

Loin, lean ------- 66.96 61.93 74.44 69.97 69.98 62.26 

Loin, fat -------- 17.45 23.02 8.15 9.31 none 23.91 

Loin, bone ....... - 15.25 15.19 17.17 20.07 30.13 13.34 
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TABLE 25.-CUTS OF RIGHT HALF OF CARCASSES, SHOWING CALCULATED GAIN OR 
Loss IN WEIGHT 

c arcass at beginning (cxcl. 
kidney) .............. ...................... 

c arcns.s at s!:tUghtcring ....... 

F 
F 

Gain or 
orequarter 
orequarter 

Gain or 

loss ·················· 
at beginning ... 
at slaughtering 
loss ·········-········ 

H indquartcr (excl. kidney) 
at beginning ...... ·-··················· 

-Iindquarter at slaughtering .... 
Gain or Joss OHOO OOH OOOoooOOO 

s 
s 

hin at beginning ooooooOHOH•OO 

hin at slaughtering ........... _ 
Gain or loss .................. 

p 
p 

late at beginning OO••ooooOOOOHH 

late at slangh tering ····-·----
Gain or loss ••••OOOOHOOHO•Oo 

N 
N 

eek at beginning ..........•..... 
eek at slaughtering _______ .__ 

c 
c 

Gain 
huck at 
huck at 

Gain 

or loss ................... 
beginning -·····-····· 
slaughtering · ·•-•OH 

or loss ····-····-··----·-
R 
R 

ib at beginning ................... 
ib at slaughtering ............ 

Gain or loss __________ .......... 
s 
s 

hank at beginning ..............• 
hank at slaughtering ······ 

Gain or loss OHHOOonoOOoOooo .. 

lank at begi11ni11g O OO O OOHoOH•H F 
F lank at slaughtering .......... 

Gain or loss OHO••oOOooooooOOo, 

ump R 
R 

at beginning .............. 
ump at 

Gain 
ound R 

R 
at 

ound at 
Gain 

slaughtering ·······-
or loss ····-----·········· 
beginning ............. 
slaughtering ......... 

or loss .................... 
L 
L 

oin 
oin 

at beginning ................ 
at slaughtering ............. 

Gain or loss ................... 

Check 

594 
------

grams 

81,979 

41,964 

40,015 

3,522 

8,418 

1,233 

I 20,283 

8,412 

2,881 

3,522 

2,237 

15,097 

15,264 

i\faintenance Submaintcnance 
Super-
main ten-
a nee 

597 595 591 592 593 
-

grams grams grams grams grams 

I 100,096 81,979 77,388 

I 
86,685 94,522 

98,697 I 80,471 I 60,496 56,614 107,224 
- 1,399 - 1,508 -16,892 -30,071 +12,702 

51,238 41,9M 39,614 I 45,909 48,384 
51,986 41,680 32,423 30,596 54,544 

+ 748 - 284 - 7,191 -15,313 + 6,160 

48,858 40,015 37,774 43,776 46,137 
46,711 38,791 28,073 26,018 52,680 

- 2,147 - 1,224 - 9,701 -17,758 + 6,543 
4,300 3,522 3,325 3,853 4,061 
4,917 3,906 3,739 3,595 5,033 

+ 617 + 384 + 414 - 258 + 972 
10,278 8,418 7,947 9,209 9,706 
10,313 7,445 5,749 5,398 11,584 

+ 35 - 973 - 2,198 - 3,811 + 1,878 
1,505 1,233 1,164 1,349 1,422 
1,734 1,832 1,258 1,635 1,338 

+ 229 + 599 + 94 + 286 - 84 
24,766 20,283 19,147 22,190 23,386 
26,231 20,521 16,250 14,584 26,507 

+ 1,465 + 238 - 2,897 - 7,606 + 3,121 
10,271 8,412 7,941 9,203 9,699 
8,746 7,971 5,400 5,350 10,041 

- 1,525 - 441 - 2,541 - 3,853 + 342 
3,518 2,881 2,720 3,152 3,322 
4,044 3,395 2,812 2,946 3,865 

+ 526 + 514 + 92 - 206 + 543 
4,300 3,522 3,325 3,853 4,061 
2,511 2,028 1,120 951 3,412 

- 1,789 - 1,494 - 2,205 - 2,902 - 649 
2,731 2,237 2,112 2,447 2,579 
3,327 2,792 2,178 2,083 4,250 

+ 596 + SSS + 66 - 364 + 1,671 
18,433 15,097 14,252 16,516 17,407 
18,572 16,580 12,112 11 ,504 20,663 

+ 139 + 1,483 - 2,140 - 5,012 + 3,256 
18,637 15,264 14,409 16,699 17,599 
17,028 13,658 9,727 8,380 18,748 

- 1,609 - 1,606 - 4,682 - 8,31~ + 1,149 
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TABLE 26.-LEAN OF CUTS OF RIGHT HALF OF CARCASSES, SHOWING CALCULATED 
· GAIN OR Loss IN WElGHT · 

I 
Super -

Chcck Maintenance Submaintenance mainten-
ance 

___________ 
1 

____ 5_9_4_~----59-,-. -.-L~~~-59_5 __ l--~~~,--_9~1~~~~~1 ~~~~-5--9-2~~~~:~~~~5~9~3~~ 

Carcass at beginning ......... . 
Carcass at slaughtering ...... . 

Gain or loss ................. . 
Forequarter at beginning .. . 
For equarter at slaughtering 

Gain or loss .................. . 
Hindquarter at beginning .. . 
Hindquarter at slaughtering ... . 

Gain or loss ................ . 
Shin at beginning ............... . 
Shin at slaughtering ........... . 

Gain or loss ................. . 
Plate at beginning ............. . 
Plate a t slaughtering .......... . 

Gain or loss ................. . 
Neck at beginning ............. . 
Neck at slaughtering .......... . 

Gain or loss .................. . 
Chuck at beginning ........... . 
Chuck at slaughtering ....... . 

Gain or loss ................. . . 

Rib at beginning ·······- ········· 
Rib at slaughtering .............. I 

Gain or loss ................... 

1 Shank at beginning ........... . 
Shank at slaughtering ........ . 

Gain or loss ................. . 
Flank at beginning •............. 
Flank at slaughtering .......... . 

Loss 
Rump at beginning .............. : 
Rump at slaughtering ......... . 

Gain ................................. . 
Round at beginning ........... . 
R ound at slaughtering ..... . 

Gain or loss ................. . 
Loin at beginning ............... . 

Loin at &laugh tering ·······-·· 

Loss ································-

grams 

54,421 

28,344 

26,077 

1,914 

5,227 

796 

14,895 

5,512 

1,035 

1,691 

1,019 

12,112 

10,220 

grams 

66,448 
61,953 

- 4,495 
34,608 
32,979 

- 1,629 
31,840 
28,974 

- 2,866 
2,337 
2,413 

+ 76 
6,382 
5,853 

- 529 
972 

1,021 
+ 49 
+18,187 

18,099 
88 

6,730 
5,593 

- 1,137 

+ 

1,264 
1,373 

109 
2,065 
1,279 

786 
1,244 
1,757 

+ 513 
14,789 
14,019 

- 770 
12,479 
10,546 

- 1,933 

grams 

54,421 
57 ,598 

+ 3,177 
28,344 
29,514 

+ 1,170 
26,077 
28,084 

+ 2,007 
! 1,914 

I! + 2,050 
136 

5,227 
4,995 

232 
796 

1,235 

I + 439 

l,,I 14,895 15,554 
+ 659 

5,512 
5,680 

I + 168 
1,035 
1,252 

+ 217 
1,691 
1,507 

184 
1,019 
1,608 

+ 589 
12,112 
13,550 

+ 1,438 
10,220 
10,167 

53 

grams 

51 ,373 
40,686 

-10,687 
26,757 
21,391 

- 5,366 
24,617 
19,295 

- 5,322 
1,807 
1,758 

49 
4,934 
3,486 

- 1,448 
751 
730 

21 
14,061 
11,894 

- 2,167 
5,203 
3,523 

- 1,680 
9i7 
872 

- 105 
1,596 

761 
835 

+ 

962 
1,278 

316 
11,434 

9,578 
- 1,856 

9,648 
6,806 

- 2,842 

grams 

59,537 
37,126 

-22,411 
31,008 
19,069 

-11,939 
28,528 
18,057 

-10,471 
2,094 
1,586 

- 508 
5,718 
3,177 

- 2,541 
871 

1,087 
+ 216 

16,295 
10,105 

- 6,190 
6,030 
3,114 

- 2,916 
1,132 

774 
- 358 

1,850 
913 

- 937 
1,115 
1,192 

+ 77 
13,251 

9,314 
- 3,937 

11,181 
5,864 

- S,317 

grams 

62,747 
67,703 

+ 4,956 
32,681 
35,495 

+ 2,814 
30,067 
32,208 

+ 2,141 
2,207 
2,502 

+ 295 
6,027 
6,613 

+ 586 
918 
835 

83 
17,174 
19,024 

+ 1,850 
6,355 
6,521 

+ 166 
l,193 
1,269 

+ 76 
1,950 
1,660 

- 290 
l,175 
2,206 

+ 1,031 
13,965 
15,400 

+ 1,435 
11,784 
11,673 

- 111 
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TABLE 27.-FATS OF CUTS OF RIGHT HALF OF CARCASSES, SHOWING CALCULATED 
GAIN OR Loss IN vVEIGHT 

Carcass at beginning .......... . 
Carcass at sla ughtering .... .. 

Gnin or loss ................. . 
Forequarter at beginning .. . 
Forequarter at s laughtering 

Gain or loss ·······-·-··-······ 
Hindquarter at beginning .. 
Hin<lquart~r at sla ughtering 

Gain or Joss .................. . 
Shin at beginning ············u·• 
Shin at slaughtering ........... . 

Gain or loss .................. . 
Plate at beginning ............ .. 
Plate at s laughtering ........ .. 

Gain or loss ................. . 
Neck at beginning ............. .. 
Neck at slaughtering ......... . 

Gain or loss --····n····· .. ··-· 
Chuck at beginning ........... . 
Chuck at slanghtcring ....... . 

Gait> or loss ................ .. 
Rib at beginning .................. . 
Rib at. slaughtering ............... 1 

Ga1n or loss ···-·····-u· ······ 
Shank at beginning .............. I 
Shank at slaughtering ........ I 

Gain ·ar loss -· -··········u···· ! 
Flank at beginning .............. I 

Flan~05~t -~·l·~-~~'.'.t.~-~'..~.~ ... :::::::: I 
Rump at beginning .......... .. 
Rump at slanghtcring ......... .. 

Gain or loss .......... H •··· · · · 

Round at beginning .......... .. 
Round at slaughtering ....... . 

Gain or loss ................. . 
Loin at beginn in g ............... . 
Loin at slaughtering ........ .. 

Gain or loss ................. .. 
Kidney fat at beginning .. 
Kidney fat at slaughtering 

Gain or loss ................. .' 

Check 

594 

--
grams 

12,300 I 
I 

4,795 

7,505 

127 

1,655 

74 

1,918 

1,021 

164 

1,791 

I 
650 

I 1,269 

I 
2,664 

I 

l 967 

1\I:iintcnanc.e 

59i 595 

grams grams 

15,018 12,300 
17,045 

I 
5,355 

+ 2,027 - 6,945 
5,855 4,795 
7,153 1,931 

+ 1,298 - 2,864 
9,164 7,505 
9,892 3,424 

+ 728 - 4,081 
I 

155 I 127 
449 I 169 

+ 294 + 42 
2,021 1,655 
2,328 621 

+ 307 - 1,034 
90 I 74 

251 I 11 8 

I 
+ 161 + 44 

2,342 1,918 
3,200 921 

+ 858 - 99i 
1,247 1,021 

925 102 
- 322 - 919 

200 164 
401 104 

-r- 201 - 60 
2,187 1,791 
1,217 463 

- 970 - 1,328 
794 650 
749 385 

- 45 - 265 
1,549 1,269 
2,409 1,061 

+ 860 - 208 
3,253 

I 
2,664 

3,920 1,113 

+ 667 - 1,551 
1,181 

I 
967 

1,196 298 

+ 15 - 669 

Sub-mainti:nnncc 

591 
1. 

592 

grams grams 

11,611 13,456 
4,304 88 

- i ,307 -13,368 
4,526 5,246 
1,868 none 

- 2,658 - 5,246 
7,0S5 8,210 
2,436 SS 

- 4,649 - 8,122 
120 139 
220 none 

+ 100 - 139 
1,562 1,811 

I 

596 none 
- 966 - 1,811 

70 81 
134 none 

+ 64 - 81 
1,811 2,098 

73S none 
- 1,073 - 2,098 

964 1,117 
ISO none 

- 784 - 1,117 
155 179 
108 

I 
none 

- 47 -- 179 
l,691 1,959 

329 none 
- 1,362 - 1,959 

614 711 
237 none 

- 377 - 711 
1,198 1,388 

746 none 
- 452 - 1,388 

2,515 2,914 
906 none 

- 1,609 - 2,914 
913 1,058 
110 88 

- 803 - 970 

~ s"" maint 
r
c:n-

ance 

5 93 

ms gra 

14, 182 
635 
453 
529 
569 
040 
653 
066 
413 
146 
464 
318 
908 
861 
953 

19, 
- 5, 

5, 
7, 

+ 2, 
8, 

12, 
+ 3, 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

l, 
2, 

2, 
2, 

85 
133 

48 
211 
809 
598 
177 
302 
125 
189 
258 

1, 
1, 

2, 
1, 

l, 

69 
065 
728 
337 
749 
960 
211 
463 
926 
463 
072 
482 
410 
115 
712 
597 

2, 
1, 
3, 
4, 
1, 
1, 
1, 
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TABEL 28.-BONE OF CUTS OF RtGHT HALF OF CARCASSES, SHOWING CALCULATED 
GAIN OR Loss IN WEIGHT 

Carcass at beginning ......... . 
Carcass at slaughteri11g ..... . 

Gain .................................. . 
'Forequarter at bcginninli: .. . 
Forequarter at slaughtering 

Gain ·································-
Hindquarter at begin11ing 
Hindquarter at slaughtering 

Gain .................................. . 
Shin at begin11ing ............... . 
Shin at slaughtering ........... . 

Gain ................................. . 
Plate at beginning ............... . 
Plate at slaughtering ......... . 

Gain .................................. . 
Neck at beginning ............. . 
Neck at slaughteri11g ......... . 

Gain or loss ................. . 
Chuck at beginning ··-········ 
Chuck at slaughtering ....... . 

Gain ................................ . 
Rib at beginning ···············-· 
Rib at slaughtering ............. . 

Gain or loss ··············- , 
Shank at beginning ............... I 
Sha~ai:t -~'.:~~~-~~~-~~: ... :::::::: J 

F1ank at beginning ............... j' 

Flank at slaughtering ........ . 
Gain or loss ···············-· 

Rump at beginning ··-········ 
Rump at slaughtering ··-···-· 

Gain ................................. . 
Round at beginning ··········
Round at slaughtering ··-· 

Gain ······························-··· 
Loin at beginning ............. . 
Loin at slaughter ing ·······-·· 

Gain or loss ···············-·· 

Check 

594 

grams 

14,902 

8,639 

6,263 

1,487 

1,499 

360 

3,445 

1,848 

1,681 

39 

560 

1,656 

2,327 

Maintenance 

597 595 

grams grams 
18,195 14,902 
19,504 17,214 

+1,309 +2,312 
10,548 8,639 
11,744 10,121 

+1,196 +1,482 
7,647 6,263 
7,760 7,093 

+ 113 + 830 
1,816 1,487 
2,057 1,672 

+ 241 + 185 
1,830 1,499 
2,120 1,825 

+ 290 + 32°6 
440 360 
466 J,76 

+ 26 + 116 
4,206 3,445 
4,910 4,003 

+ 704 + 558 
2,256 1,848 
2,191 2,145 

- 65 + 297 
2,053 1,681 
2,252 2,01 6 

+ 199 + 335 
48 39 
16 46 

- 32 + 7 

684 560 
822 791 

+ 138 + 231 
2,022 1,656 
2,084 1,895 

+ 62 + 239 
2,841 2,327 
2,586 2,345 

- 255 + 18 

Super-
Submaintenancc mainten· 

an cc 

591 592 593 
- -

grams grams grams 
14,067 16,303 17.182 
15,396 19,261 19,505 

+1,329 +2,958 +2,323 
8,155 9,451 9,961 
9,144 11.456 11,331 

+ 989 +2,oos +1,370 
5,912 6,852 7,221 
6,252 7,805 8,174 

+ 340 + 953 + 953 
1,404 1,627 1,715 
1,771 2,007 2,066 

+ 367 + 380 + 351 
1,415 1,640 1,728 
1,662 2,216 2,094 

+ 247 + 576 + 366 
340 394 415 
398 556 378 

+ 58 + 162 - 37 
3,252 3,769 3,972 
3,624 4,454 4,630 

+ 372 + 685 + 658 
1,745 2,022 2,131 
1,689 2,223 2,163 

- 56 + 201 + 32 
1,587 1,839 1,938 
1,834 2,158 2,325 

+ 247 + 319 + 387 
37 43 45 
40 38 32 

+ 3 - 5 - 13 
529 613 646 
668 894 1,082 

+ 139 + 281 + 436 
1,563 1,812 1,909 
1,758 2,190 2,235 

+ 195 + 378 + 326 
2,197 2,546 2,683 
1,952 2,525 2,500 

- 245 - 21 - 183 
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THE CHEMICAL ANALYSES 

The parts of the animal separated at the time of slaughtering 
and the various lean, fat, and bone samples were composited into 
samples for the analytical work. The samples of the soft parts 
were passed thru an Enterprise electric driven meat chopper re
peatedly with thoro mixing between successive grindings. Grinding 
plates were changed to those of smaller opening until a uniform 
finely ground sample was obtained. . This sample was preserved in 
tightly sealed jars and kept in the ice box. The right half of the 
hide and hair was cut into thin strips, every alternate strip being 
rejected. The strips saved were cut into short pieces and ground. 
The grinding of the sample proceeded very slowly, but with repeated 
grindings a final uniform sample was obtained. 

The skeleton samples were ground as fine as possible in a 
Mann's poultry bone grinder and thoroly mixed for . the sample. 
Large samples (about 50 grams) in triplicate of .the green bone were 
dried in vacuo without heat to constant weight and then thoroly ex
trc:.cted with anhydrous ether. The residue was freed from ether, 
finely ground, and allowed to become air dry. This air dry sample 
was then subjected to analysis and the results calculated to the fresh 
sample. The samples were analyzed for moisture, fat, nitrogen, 
ash, and phosphorus. All determinations were made in triplicate and 
in accordance with the official methods of the Association of Official 
Agricultu.ral Chemists. 

The results of the analyses are given in Tables 29 to 34. From 
the check animal, No. 594, one composite was made of the skeleton, 
while from the other animals several samples were made to enable 
study of a possibly varying composition of the framework of the 
animal. The weight of the samples .in grams as given in the first 
column of each table represents the amount in the entire animal. In 
the parts of the carcass the weight is double that obtained from the 
right side. The per cent indicated in the tables is the average of 
the results obtained and in all cases is expressed in term:> of the 
fresh sample. 

The moisture, fat, nitrogen, ash, and phosphorus in the separate 
parts (samples) of the animal were computed from the weight of 
samples and the percentage composition and are expressed in grams, 
in Tables 35 to 40. 

In Tables 41 to 46 the constituents in different parts of the ani
mal are brought together and summarized to show the total weight 
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of constituents in each animal. The samples of hoofs, horns, agd 

dew claws of these animals and of the teeth of 595 were not ana

lyzed. These samples were saved for later analysis when the press 

of work should not be so great, but rats destroyed the samples, and 

in order to make the data approximately complete the percentage 

composition of similar parts as obtained from other animals of about 

the same age and condition was used. 
The per cent of constituents in the entire animal is determined 

from the weight of constituents as obtained. These data vvith the 

per cent nitrogen multiplied by 6.25 to represent the protein are 

shown in Table 47. The sum of the percentage of these constituents 

subtracted from 100 per cent gives the loss or undetermined. 

The factor 6.25 is used for expression of nitrogen in terms of 

protein because of its general acceptance and because it is the best 

single factor available. It is well known that the nitrogen in animals 

is present in a great variety of complex forms and that the ratio of 

the nitrogen to the complex proteins containing the nitrogen varies 

considerably.1 For this reason in most of the data presented in 

this bulletin the amount of nitrogen rather than the amount of pro

tein is used. 
The undetermined substances consist of the glycogen, flesh acids, · 

etc., while undoubtedly a portion of the mineral matter as represented 

by the ash is in the protein complex. The formation of the acids in 

the flesh progressively increases fi:om the time of the slaughtering of 

the animal up to a maximum with a later decrease to neutrality as 

decomposition takes place (Trowbridge and Grindley, 1. c.). The 

glycogen2 content varies considerably in different parts of the ani

mal and decreases quite rapidly as the flesh is held at ordinary tem

perature thru hydrolysis to dextrose. Thru determination of the gly

cogen in a number of animals it is certain that in beef flesh the 

amount of glycogen will seldom exceed one-half of one per cent. 

The authors do not know that the glycogen content is materially in

fluenced by the age or condition of the animal. 

1Trowbridge and Grindley, J. Chem. Soc., 1906, 28, 469. 

' Trowbridge and Francis, J. Ind. and Eng. Chem., 1910, 2, 21; and 215. 
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TABLE 29.-PERCENTAGE COMPOSITION OF CHECK STEER 594 

B 
c 

lood -·---- --··--···-··-· 
irculatory respi-
ratory and ner-
vous systems ....... 

D igestive and ex-
cretory systems1 

i\rcr L 
H 
Sh 

·················---
idc and hair ... 
in shank head 
and tail, lean .... 
ound, lean oowooo••o R 

R 
L 
F 
p 

ump, lean ----·-·-
oin, lean .......... 
lank, lean OOOOHOO 

late, lean -------·-
ib, lean ······------R 

c huck and neck 
lean ...................... 

c 
s 

omposite lean .. 
hin shank head 
and tail, fat ........ 
ound, fat on••••-R 

R 
L 
F 
p 

ump, fat H . ... . ....... 

oin, fat ............ 
lank, fat ............ 
late, fat ············ 
ib, fat .............. R 

c huck and neck; 
fat ....... - ............... 
idncy, fat ........ 
ffal, fat ········-· 
omposite, fat' .. 

K 
0 
c 
s kcleton, com· 

posite .....• ·-·-······-
T ecth • • ••••O•OH0.••0 0 000 

lExccpt linr 

Weight Moisture 
in animal 

grams per cent 

11,325 79.342 

6,287 65.737 

14,520 71.702 
3,633 68.823 

20,322 64.379 

8,000 73.643 
24,224 72.642 

2,038 71.218 
20,440 70.222 
3,382 65 .637 

10,454 65.086 
11,024 68.898 

31,382 72.951 
110,9~4 71.306 

1,614 41.912 
2,538 20.754 
1,300 13.520 
5,328 13.411 
3,582 19.567 
3,310 22.991 
2,042 14.273 

3,984 23.289 
1,934 5.481 
7,419 10.957 

23,698 20.047 

39,183 37.100 
656 23.378 

'Except kidney fat and offal fat 

Crude Fat 
lEthcrSol.) Nitrogen Ash - -

per cent per cent per cent 

0.100 3.182 0.318 

18.941 2.313 0.863 

12,266 2.297 0.932 
5.265 3.068 1.340 
3.617 5.303 0.965 

4.940 3.334 0.916 
5.335 3.350 1.024 
7.234 3.308 1.023 
8.304 3.258 0.986 

13.709 3.276 0.905 
15.471 3.049 0.861 
10.530 3.170 0.856 

6.814 3.129 0.916 
6.882 3.281 0.985 

44.837 1.994 0.445 
71.012 1.106 0.243 
82.357 0.723 0.181 
82.471 0.645 0.168 
72.853 1.083 0.151 
69.753 1.198 0.268 
80.815 0.840 0.202 

70.248 1.076 0.269 
93.155 0.266 0.072 
85.872 0.437 0.170 
72.902 1.241 0.231 

14.706 3.260 25.258 
0.539 2.531 56.822 

I Phosphorus 

per cent 

0.055 

0.181 

0.193 
0.347 
0.072 

0.182 
0.207 
0.212 
0.191 
0.176 
0.170 
0.171 

0.178 
0.193 

0.077 
0.043 
0.036 
0.031 
0.025 
0.044 
0.035 

0.046 
0.020 
0.034 
0.044 

4.775 
10.245 
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TABLE 30.-PERCENTAGE COMPOSITION OF MAINTENANCE STEER 597 

Weight Moisture 
in animal 

grams 
---

Blood ·---·----···-··---·- 13,151 
Circulatory system 2,583 
Respiratory syst'm 3,347 
Brain and spinal 

cord ....................• 721 
Digestive and ex· 

cretory system1 ... 19,188 
Liver ----·-·-······--.. -- 2,627 
I-lair and hide .. 29,085 
Head and tail,lcan 2,658 
Shin and shank, 

lean ...................... 7,572 
Flank, lean •••••••n 2,558 
Plate, lean ........... 11,706 
Chuck and neck, 

lean ...................... 38,240 
Round, lean ...... 28,038 
Rump, lean ·-·-····- 3,514 
Loin, lean .......... 21,092 
Rib, lean •O•hO••••OO 11,186 
Composite, lean 126,564 
Head and tail, fat . ." 960 
Shin and shank,fat 1,700 
Flank, fat ··-··-·--·· 2,434 
Plate, fat ······-··-·· 4,656 
Chuck and neck, 

fat ................•....... 6,902 
Round, fat ......... 4,818 
Rump, fat OHHOUO• 1,498 
Loin, fat ···········- 7,840 
Rib, fat ......... . . u •• 1,850 
Composite, fat2 ... 32,658 
Kidney, fat ····--·- 2,392 
Offal fat ............ 7,272 
Skeleton, feet• -· 5,738 
Skeleton, head 

and.tail• ............... 6,774 
Skeleton, shin 

and shank ............ 8,618 
Skeleton, flank 

4,272 
Skeieton, rump ... 1,644 
r~eletc•n, chuck 

.. lntck ......... - .. 10,752 
'. ~J'":, round 4,168 

: < .:~ 1.on, loin ··- 5,172 
i....eleton, rib ..... -4,382 

Teeth ..................... 836 

lExcept liver 
'Except kidney and offal fat · 
'Except hoofs 
•Except teeth and horns 

per cent 

80.601 
51.371 
7-4.748 

71.264 

71.738 
70.300 
61.595 
70.971 

73.483 
67.080 
63.902 

73.066 
74.323 
70.774 
71.636 
69.014 
71.293 
35.693 
40.190 
22.236 
24.899 

29.459 
26.640 
18.182 
18.956 
21.859 
25.492 

7.497 
17.969 
38.662 

43.834 

28.694 

46.997 
31.006 

34.004 
23.926 
29.992 
35.422 
25.964 

Crude Fat Nitrogen Ash Phosphoru 
(EtherSol.) 

per cent per cent per cent per cent 

- -

none 2.987 0.339 0.02$ 

37.150 1.775 0.764 0.12.S. 

6.160 2.658 0.956 0.162 

13.200 1.630 1.726 0.417 

15.190 1.944 0.672 0.122 

2.698 2.950 1.376 0.332 

2.294 5.746 0.646 0.051 

8.975 3.015 0.859 0.164 

4.067 3.293 0.881 0.170 
11.345 3.246 0.907 0.176 

16.797 2.829 0.762 0.148 

5.690 3.078 0.866 

l 
0.171 

3.691 3.227 0.956 0.193 

8.184 3.079 

l 
0.919 0.185 

5.938 3.117 0.945 0.183 

I 
10.261 3.009 0.862 0.164 

8.540 3.017 0.928 0.178 
49.965 1.599 0.435 0.061 

4-4.310 2.437 0.326 0.046 
68.198 1.399 0.215 0.031 

66.168 1.158 0.253 O.Q38 

58.719 1.385 0.315 0.055 
63.612 1.423 0.285 0.052 
74.178 0.939 0.223 0.040 
73.762 1.007 0.250 0.044 
70.190 1.127 0.286 0.051 

62.817 1.473 0.292 0.048 
90.219 0.301 0.115 0.014 

77.878 0.484 0.462 0.032 

14.815 3.367 23.725 4.377 

9.051 3.212 25.003 4.626 

21.562 3.278 27.811 5.209 

15.855 3.143 15.360 3.091 

2-4.758 2.915 23.666 4.554 

18.905 3.138 25.830 4.712 

35.290 2.280 24.012 4.487 

22.743 3.089 26.269 4.931 

19.317 3.097 23.685 4.446 

0.323 2.195 57.606 11.092 
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TABLE 31.-PERCENTAGE COMPOSITION OF MAINTENANCE STEER 595 

I 
Weight Weight of 
in animal llfoisturc 

-· 
grams per cent 

B!oocl .................... 11,406 80.634 
irculatory system 2,107 63.682 
cspiratory syst'm 2,987 7i.989 
rain and spinal 
cord ...................... iSl 67.214 

Digestive and ex-
crctory systcm1 16,719 I 75.340 

Liver •n••••••••••••••h•• 2,569 70.850 
Hair and hide ... 20,662 64.087 
Head a11d tail, 

Jean ...................... 1,960 72.880 
Shin and shank, 

Jean ....................... 6,604 75.080 
Flank and plate, 

Jean .....................• 13,004 70.625 
Chuck and neck, 

Jean ...................... 33,578 

I 
74.728 

Round, lean ······· 27,100 75.863 
Rump, Jean HOooOoooo 3,21 6 73.290 
Loin, lean .......... 20,334 73 .209 
Rib, lc~n ............ 11,360 72.818 
Composite, k:m 117,1 56 73 .522 
Head and t ail,fat 312 49.890 
Shin and shank, 

fat ........................ 546 51.441 
Flank an d plate, 

fat ........................ 2,168 36.944 
Chuck and neck, 

fat. .......................• 2,078 41.674 
Round, fat -········ 2,122 40.070 
Rump, fat ---··------ 770 26.404 
Loin, fat ••• ••••••u• .<,226 27.648 
Rib, fat •••••n •••••n 204 26.957 
Composite, fat' ·- 10,426 36.792 
Kidney fat O•OOOHO 596 26.884 
Offal, fat ············ 3,983 31.367 
Skeleton, head 

and tail• ............... 6,160 45.12.J 
Skeleton, feet 

cxcld. hoofs ...... _. 4,58l 39.342 
Skeleton, shin 

and shank ............ 7,376 29.738 
Skeleton, flank 

and plate .............. 3,742 46.426 
Skeleton, chuck 

and neck .............. 8,958 34.899 
Skeleton, round 3,790 28.695 
Skeleton, rump ... 1,582 34.930 
Skeleton, loin ·- 4,690 32.925 
Skeleton, rib ....... 4,290 33.008 

1Except liver 
'Except kidney fat and offal fat 

•Except teeth and horn~ 

Crude Fat Nitrogen Ash Phosphoru• 
(EthcrSol.) 

. - -
per cent per cent per cent per cent 

0.062 3.008 0.747 0.029 
21.650 2.271 0.744 0.145 
4.050 2.643 1.013 0.179 

18.600 l.337 1.492 0.361 

10.923 2.042 

I 
0.784 0.148 

3.360 3.198 l.47.1 0.319 
l.473 5.533 1.422 0.061 

7.330 3.112 0.961 0.182 

2.99i 3.307 0.997 0.187 

8.343 3.240 0.983 0.180 

4.207 3.076 

I 
0.998 0.187 

2.413 3.159 1.044 0.203 
5.600 3.050 1.050 0.205 
5.4i7 3.139 1.003 I 0.199 
5.6/ 0 3.215 0.996 0.191 
4.907 3.171 0.997 0.196 

32.275 2.139 0.587 0.071 

27.616 3.245 0.629 0.065 

46.844 2.582 0.516 0.058 

46.040 1.813 0.529 0.080 
45.192 2.827 0.495 0.062 
62.387 1.iSS 0.419 0.069 
62.784 1.648 0.419 0.064 
58.127 1.928 0.554 0.082 
48.535 2.081 0.492 0.069 
69.664 1.133 0.334 0.050 
62.253 0.799 0.319 0.050 

9.136 3.184 25.613 4.995 

14.031 3.063 25.778 4.723 

20.360 3.299 28.755 5.559 

11.946 3.330 19.531 3.612 

14.129 3.383 28.052 5.179 
-28.622 2.567 26.031 4.834 
20.679 2.988 24.134 4.487 
18.747 3.209 28.112 5.429 
16.597 3.484 27.444 5.225 

-
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TABLE 32 .- PERCENTAGE COMPOSI TION OF SUBMAINTEN ANCE STEER 591 

Weigh t 
in animal 

Moisture 

grams per cent 
B lood o o O••• O .O••oooo o OHO 8,823 81,208 
Circulator)" system 1,534 66.561 
Respira tory syst 'm 3,024 76.561 
Brain and spinal 

cord ..................... 661 72.689 
D igestive and ex-

crctory systcml ... 12,489 77.947 
Liver ..................... 1,444 69.680 
Hair and h ide ... 18,710 60.062 
H ead and tail, 

lean ....................... 1,674 71.927 
Shin and shank, 

lean ................... u. 5,260 74.247 
F lank, lean .......•. 1,522 72.243 
P late, lean ·········-· 6,972 71.905 
'huck and neck, c 

lean ...................... 25,248 74.688 
Round, lean OHHOo 19,,156 75.271 
Rump, lean ........ 2,556 73.059 
Loin, lean ........... 13,612 74.628 
Rib, lean ·······----- 7,046 73.195 
Composite, lean 83,046 74.236 
Head and tail, fat .. 1,352 34.872 
Shin an d shank, ...... 

f at ........................ 656 51.578 
Flank, fat ·····------ 658 47.229 
Plate, fat ............ 1,192 24.946 
Chuck and n eck, 

fat ........................ 1,744 49.349 
Round, rat ····-·-- 1,492 44.868 
Rump, fat •••H•••••• 474 29.663 
Loin,- fat -··-------·- 1,812 36.092 
Rib, fat ·············- 360 40.465 
Composite, fat• 8,740 42.366 
Kidney, fat -------- 220 19.700 
Offal, fat ·····----- 2,055 38.876 
Skeleton, feet3 ... 4,570 40.559 
Skeleton, head 

. and t 3il4 ............. . . . 4,846 45 .586 
Skeleton, shin 

and shank ............ 7,210 31.938 
Skeleton, flank 

and plate .............. 3,404 47,456 
Skeleton, rump 1,336 32.342 
Skeleton, chuck 

and neck. ............. 8,044 37.333 
Skeleton, round 3,516 28.102 
Skeleton, Join ---- 3,904 32.874 
Skeleton, rib ··--· 3,378 35.121 
Teeth ------------------- 636 31.117 

i Except liver 
2Except kidney fat an d offal fat 
•Except hoofs 
•Except teeth and horns 

Crude Fat Nitr ogen 
(EtherSol. ) 

Ash P hosphorus 

-
per cen t per cent per cent per cent 

none 2.897 0.322 0.024 
15.662 2.507 0.738 0 .141 
4.822 2.676 1.012 0.171 

12.275 1.591 1.689 0.414 

8.359 1.972 0.697 0.123 
2.174 3.499 1.453 0.386 
0.785 6.318 0.772 0.051 

6.863 3.260 0.953 0 .177 

2.011 3.506 0.981 0 .184 
3.800 3.522 0.895 0 .170 
5.524 3.330 0.849 0 .170 

3.338 3.260 0.926 0.179 
2.313 3.245 1.004 0.203 
5.077 3.228 1.042 0 .195 
3.431 3.224 1.002 0.201 
4.370 3.320 0.945 0 .184 
2.781 3.236 0.927 0.188 

48.374 1.719 0.440 0.057 

25.635 3.162 0.535 0.082 
25.045 4.411 0.391 0.056 
66.633 1.189 0.226 0 .038 

31.771 2.260 0.496 0.092 
39.641 2 .644 0.445 0 .076 
59.152 1.928 0.371 0.066 
49.296 1.912 0.475 0.085 
35.137 2.629 0.793 0 .144 
37.688 2.214 0.516 0.086 
75.847 0.764 0.287 0.068 
52.592 1.168 0.594 0.073 
14.424 3.470 22.140 3.885 

8.978 3.071 25.289 4 .487 

22.029 2.968 24.910 4.542 

11,681 3.374 17.710 3.354 
20.086 3.054 26.200 4 .658 

15.251 3.372 24.229 4 .754 
30.390 2 .528 23.600 4 .458 
23.105 2.843 23.590 4 .253 
15.561 3.236 26.170 4 .750 

0.314 2.022 53.625 10.319 
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TABLE 33.-PERCENTAGE COMPOSITION OF SUBMAINTENANCE STEER 592 

Weight 
in animal - -

grams 

Blood O•OHoO•HOHOO•OoOO ,. 10,319 
Circulatory system. 1,721 
Respiratory system 3,060 
Brain and spinal 

cord ...................... 760 
Digestive and ex-

crctory system'. .. 13,987 
Liver ·········---------- 1,878 
Hair and hide ...... 20,964 
Head and tail, 

lean and fat·-··-·- 2,542 
Shin and shank, 

lean and fat..-·--···- 4,720 
Flank,lean :md fat 1,826 
Plate, lean and fat 6,354 
Chuck and neck, 

lean and fat ........ 22,384 
Round, lean and 

fat ............... ·--·--·- 18,628 
Rump,lean and fat 2,384 
Loin, lean and fat 11,728 
Rib, lean and fat .... 6,228 
Kidney fat ........ 176 
Offal fat ······-- -·...: 1,191 
Composite, lean 

and fat'..·-····-···- 76,794 
Skeleton; head 

and tail"-·············· 6,299 
Skeleton, feet -· 5,112 
Skeleton, shin 

and shank. _______ 8,330 
Skeleton, flank 

and plate..----------- 4,508 
Skeleton, chuck 

and neck ............. 10,020 
Skeleton, rump . 1,788 
Skeleton, round . 4,380 
Skeleton, loin ..... 5,050 
Skeleton, rib ----- 4,446 

1Except liver 
•Except offal and kidney fat 
•Except teeth and horns 

:Moisture Crude Fat Nitrogen Ash Phosphoru 
(EthcrSol.) -per cent per cent per cent per cent per cen 

83.680 0.028 3.135 0.800 0.019 
77.410 5.487 2.515 0.923 0. 137 
79.110 1.852 2.872 1.162 0.159 

76.213 9.779 1.654 1.407 I 0.323 

82.885 3 .614 2.090 0.863 
I 

0.183 
71.33 7 • 3.739 3.283 1.540 0.333 
61.057 0.495 6.089 1.178 0.039 

71.893 8.330 3.000 1.071 0.160 

76.367 1.510 3.35 7 0.979 0.164 
74.140 1.901 3.904 0.937 0.130 
75.103 3.063 3.161 0.996 0.146 

77.837 1.517 3.152 1.040 0.170 

77.245 2.005 3.05 6 1.070 0.184 
77.360 3.009 2.894 1.089 0.173 
77.160 1.620 3.225 1.076 0.1 79 
77.010 2.090 3.170 1.084 0.1 86 
81.420 4.590 1.536 1.213 0.067 
81.597 5.027 1.915 1.055 0.109 

I 
76.370 1.873 3.150 1.045 0.174 

50.707 3.149 3.011 25.084 4.420 
47.291 3.429 3.594 24.371 4.343 

50.373 2.250 3.112 26.308 4.906 

57.061 2.325 3.120 17.619 3.174 

53.811 3.135 3.020 21.451 3.989 
53.288 2.151 2.965 23.574 4.335 
55.134 3.811 2.438 22.298 4.055 
55.949 2.695 2.858 20.656 3.820 
51.666 2.873 3.265 22.365 4.111 
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TABLE 34.-PERCENTAGE CoMrosITION OF SuPERMAINTENANCE STEER 593 

:Blood ••• •• • ••••••••n•••• 

Circulatory system 
Respiratory syst'm 
Brain and spinal 

cord ...................... 
Diestive and ex-

cretory systcm1 .• 

Liver 0.o o o o oooOHO • •oooO O 

Hair and hide ... 
Head and tail, 

lean ...................... 
Shin and shank, 

lean ...................... 
Flank, le:in ---·--· 
Plate, lean ........... 
Chuck and neck, 

lean .................... 
Round, lean OHHO• 

Rump, lean ........ 
Loin, lean ........... 
Rib, lean •• u ..... . .. 

Composite, lean 
Head and tail, 

fat ........................ 
Shink and shank, 

fat ........................ 
Flank, fat ••o••.W•••• 

Plate, fat ............ 
Chuck and neck, 

fat ........................ 
Round, fat ·········· 
Rump, fat ........... 
L 
l 

oin, fat ••H•n-••• 

lib, fat ..............• 
Composite, fatl ... 
'"iclney K 

0 
s 
s 

fat ··········• 
ff al fat ooo_O .. HH 

'kelcton, feet• .. 
keleton, head 
and tail• 

s kcleton, shin 
and shank ...........• 

s keleton, flank 
and plate ........... _ 

keleton, rump ... s 
s kelton, chuck 

and neck. ............. 
keleto1i, round 

' keleton, 
s 
s 
s 
'"(' 

loin .... 
kcleton, rib ..... 
eeth OOOHoOO•ooooooOOOOo 

1 Except liver 

Weight 
in animal I .. l\ l oisturc 

grams per cent 
12,693 80.5 70 

2,735 53.87$1 
3,466 75.564 

692 69.785 

21,344 72.095 
3,166 70.348 

25,708 62.334 

2,320 71.375 

7,542 73.552 
3,320 68.465 

13,226 64.320 

39,718 71.697 
30,800 73.798 

4,412 71.440 
23,346 71.265 
13,042 68.467 

137,726 71.401 

6i6 34.917 

1,444 41.150 
3,456 18.762 
5,722 21.134 

5,884 19.592 
5,852 20.927 
1,920 16.601 
8,964 14.860 
2,604 19.434 

36,522 19.989 
3,424 4.842 
8,~% 12.631 
5,574 38.587 

6,691 43.705 

8,782 33.309 

4,252 48.186 
2,164 34.858 

10,016 34.235 
4,470 22.708 
5,000 31.204 
4,326 30.859 

912 28.941 

'Except kidney fat and offal fat. 
1Except hoofs 
•Except teeth and horns. 

Crude Fat Nitrogen Ash Phosphoru 
(EtherSol.) 

-
per cent per cent per cent per cent 

none 3.002 0.358 0.025 
33.396 1.867 0.635 0.134 

5.136 2.696 0.996 0.199 

16.260 1.593 1.702 0.432 

15.494 1.885 0.703 0.146 
2.223 2.975 1.443 0.336 
3.534 5.352 0.637 0.054 

8.595 3.040 0.861 0.175 

4.255 3.272 0.939 0.185 
10.014 3.100 0.931 0.183 
16.535 2.879 0.807 0.164 

7.428 3.015 0.879 0.179 
4.314 3.164 1.001 0.205 

I 
7.457 3.0;i9 0.960 0.195 
7.5 60 3.097 0.946 0.195 

! 
10.i28 3.025 0.866 0.177 
6.207 3.033 0.979 0.188 

51.786 1.586 0.373 0.058 

40.467 2.791 Q.400 0.055 
72.728 1.417 0.182 0.028 

66.549 1.138 0.253 0.0·41 

71.848 0.843 0.229 0.036 
69.090 1.242 0.211 0 .037 
78.284 0.767 0.222 0.039 
80.503 0.832 0.212 0.035 

70.967 1.282 0.270 0.043 
73.102 1.112 0.151 0.053 

93 .751 0.184 0.084 0.011 

84.003 0.432 0.196 0.029 
12.233 3.591 25.316 4.597 

8.685 3.268 25.001 4.589 

21.925 2.809 24.414 .C..442 

11.871 3.235 17.243 3.121 
21.296 2.805 25.724 4.316 

14.535 3.488 27.417 4.891 

30.483 2.507 28.059 5.282 

22.919 3.131 24.749 4.610 

17.525 3.203 27.863 5.065 

0.219 2.147 54.273 10.388 
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TABLE 35.-WEIGHT OF CONSTITUENTS IN CHECK ANIMAL STEER 594 

Weight 
in animal 

Weight of 
Moisture I 

Weight of 
Fat 

Weight of 
Nitrogen 

Weight of 
Ash 

Weight of 
Phosphorus 
---

irams grams grams grams grams grams 

Blood .................... 11,325 8,985.5 11.3 360.4 36.0 6.25 
Circulatory, respi-

ratory and ner-
vous systems ........ 6,287 4,132.9 1,190.8 145.4 54.3 

I 
11.35 

Digestive and ex-
cretory systemsl .• 14,520 10,411.l 1,781.0 333.5 135.3 27.98 

Liver ..................... 3,633 2,500.3 191.3 111.5 48.7 12.60 
Hide and hair .• 20,322 13,083.l 735.1 1,077.7 196.1 14.61 
Shank head and 

tail, lean ............• 8,000 5,89°1.4 . 395.2 266.7 73.3 14.56 
Round, lean ,, ____ 24,224 17,596.8 1,292.4 811.5 248.1 50.14 
Rump, lean ------- 2,038 1,451.4 147.4 67.4 20.8 4.32 . 
Loin, lean ------- 20,440 14,353.4 1,697.3 665.9 201.5 39.04 
Flank, lean ......... 3,382 2,219.8 463.6 110.8 30.6 5.95 
Plate, lean ........... 10,454 6,804. l 1,617.3 318.7 90.0 17.77 
Rib, lean ·····-····· 11,024 7,595.3 1,160.8 349.5 94.4 18.85 

Chuck and neck, 
lean..·-············- 31,382 22,893.S 2,138.4 981.9 287.5 55.86 

Shin shank head 
and tail, fat ....... _ 1,614 676.5 723.7 ~2.2 7.2 1.24 

Round, fat ---·-- 2,538 526.7 1,802.3 28.1 6.2 1.09 
Rump, fat -------- 1,300 175.8 1,070.6 9.4 2.4 0.47 
Loin, fat ---------- 5,328 714.o 4,394.1 34.4 9.0 1.65 
Flanlr, fat ------ 3,582 700.9 2,609.6 38.8 5.4 0.90 
Plate, fat ---------- 3,310 761.0 2,308.8 39.7 8.9 1.46 
Rib, 'fat 

._ _________ 
2,042 291.5 1,650.2 17.2 4.1 0.71 

Chuck and neck, 

fat. .. ·------~--- 3,984 927.8 2,798.7 42.9 10.7 1.83 
Kidney fat ···--·- 1,934 106.0 1,80°1.6 5.1 1.4 0.39 
Offal fat -------- 7,419 812.9 6,370.8 32.4 12.6 2.50 
Skeleton ---------- 39,183 14,536.9 5,762.3 1,277.4 9,896.8 1,871.00 
Te·eth ----------- 656 153.4 3.5 16.6 372.8 67.21 

1Except liver 
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TABLE 36.-WEIGHT OF CONSTITUENTS IN MAINTENANCE STEER 597 

loocL ................ _ .... 
irculatory system 

B 
c 
R 
B 

espiratory syst'm 
rain and spinal 
cord ...................... 

D igestive and ex-
cretory system1 •• 

iver L 
H 
H 

--···-·--··········-
air and hide ... 
ead and tail, 
lean ..............•.... -

s hin and shank, 
lean ...................... 

F 
p 

lank, 
late, 

lean -------
Jean o•oH•O• 

c huck and neck, 
lean ..................... 
ound, R 

R 
L 
R 
H 
s 

lean ••••n 

ump, lean .......... 
oin, lean -----------
ib, lean w. • • •••••••• 

cad and tail, fat 
hin and shank, 
fat ........................ 

F 
p 

lank, fat ··········• 
late, fat ............ 

c huck and neck, 
fat .......................• 
ound, fat OMOHHO 

ump, 
R 
R 
L 
R 
K 
0 
s 
s 

fat ·---···---
oin, fat ···---------
ib, fat H•••H••o•••O 

idney · fat .......... 
£fa! fat -··-·--···---
keleton, feet2 ... 
keleton, head 
and tail8 •••••••••••••• 

s keleton, shin 
and shank. ........... 

s keleton, flank 

s 
s 

s 
s 
s 
T 

and plate. ...• -
keleton, rump .. 
keleton, chuck 
and neck ........ --. 

keleton, round 
keleton, loin ----
keleton, rib ------
eeth ·······----------· 

1Except liver 
'Except ltoofa 

I Weight 
in animal 

grams 
13,151 

2,583 
3,347 

721 

19,188 
2,627 

29,085 

2,658 

7,572 
2,558 

11,706 

38,240 
28,038 

3,514· 
21 ,092 
11,186 

960 

1,700 
2,434 
4,656 

6,902 
4,818 
1,498 
7,840 
1,850 
2,392 
7,272 
5,738 

6,774 

8,618 

4,272 
1,644 

10,752 
4,168 
5,172 
4,382 

836 

1Except teeth and ltorn.s 

Weight of Weight of Weight of Weight of Weight of 
Moisture Fat Nitrogen Ash Phosphoru 

grams grams grams gram! i:rams 
10,599.8 none 392.8 44.6 3.29 

1,326.9 959.6 45.9 19.7 3.23 
2,501.8 206.2 90.0 31.0 5.32 

513.8 95.2 11.8 12.4 3.01 

13,765.1 2,914.7 373.0 128.9 23.41 

1,846.8 70.9 77.5 36.2 8.7.2 

17,914.3 667.2 1,671.2 187.9 14.83 

1,886.4 238.6 80.1 22.8 4.35 

5,564.l 308.0 249.3 66.7 12.87 

1,715.9 290.2 83.0 23.2 4.50 

7,480.4 1,966.3 331.2 89.2 17.30 

27,940.4 .2,175.9 1,177.0 331.2 65.39 

20,838.7 1,034.9 904.8 268.0 54.11 

2,487.0 287.6 108.2 32.3 6.50 

15,109.5 1,252.4 657.4 199.3 38.60 

7,719.9 1,147.8 336.6 96.4 18.35 

342.7 479.7 15.4 4.2 0.59 

683.2 753.3 41.4 5.5 0.78 

541.2 1,659.9 34.1 5.2 0.75 

1,159.3 3,080.8 53.9 11.8 1.77 

2,033.3 4,052.8 95 .6 21.7 3.80 

1,283.5 3,064.8 68.6 13.7 2.51 

272.4 1,111.2 14.1 3.3 0.59 

1,486.2 5,782.9 78.9 19.6 3.45 

404.4 1,298.5 20.8 5.3 0.94 

179.3 2,158.0 7.2 2.8 0.33 

1,306.7 5,663.3 35.2 33.6 1.33 

2,218.4 850.1 193.2 1,361.3 251.15 

2,969.3 613 .1 217.6 1,693.7 313.37 

2,472.8 1,858.2 282.5 2,396.8 448.91 

2,007.7 677.3 134.3 656.2 132.05 

509.7 407.0 47.9 389.1 74.8.7 

3,656.1 2,032.7 337.4 2,777.2 506.63 

997.2 1,470.9 95.0 1,000.8 187.02 

1,551.2 1,176.3 159.8 1,358.6 255.03 

1,552.2 846.5 135.7 1,037.9 195.70 

217.1 2.7 18.4 481.6 92,73 
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TABLE 37.- WFJ.GHT OF C ON STITUENT S IN M AINTENANCE STEER 595 

Blood .................... 
Circulatory system 
Respir a tory syst 'm 
Brain and spina l 

cord ..................... 
Digestive and ex-

cretory system1 .. 
.Liver ··-··-···········-·· 
Hair and hide ... 
H ead and tail, 

lean ...................... 
Shin and shank, 

lean .................. - .. 
F lank an d plate, 
lean ...................... 

Chuck and n eck, 
lean ..................... 

Round, lca11 O O O OH 

Rump, lean ······· 
Loin, lea n ........... 
Rib, lean o OoO o O O H O OO 

Head and tail, fat.. 
Shin and sh ank, 

fat ... ·-·················· 
Flank and plate, 

f a t ........................ 
Chuck an d n eck, 

fat .................. -- ·-· 
Roun<l, fat ··-·--·· 
R tnnp, fat o O O O O H • H 

Loin, fat O O •H•O O O O H 

Rib, fat .............. : 
K idney fat OH H OH 

O ffal fat • ••••••• ••H 

Skeleton, head 
and tail' ......... ." .. _. 

Skeleton, feet 
excld . h oofs ...•... 

Skeleton, shin 
a n d shank .....•....•. 

Skeleton, f lank 
an d plate ....... -

Skeleton, chuck 
and neck .............. 

Skeleton, r oun d 
Skeleton, rump 
Skeleton, loin .. 
Skeleton, rib O H ••• O 

1Except liver 
' E xcept h oofs 

I in an imal 
\1Y"eight 

grams 
11,406 

2 ,107 
2,987 

781 

16,i 19 
2,569 

20,662 

1,960 

6,604 

13,004 

33,578 
27,100 

3,216 
20,334 
11,360 

312 

546 

2,168 

2,078 
2,1 22 

770 
2,226 

204 
596 

3,983 

6,160 

4,582 

7,376 

3,742 

8,958 
3,79J 
1,582 
4,690 
4 ,290 

•Except teeth and h orns 

_I 
W eight of 
~loisturc 

grams 
9,1 97.1 
1,341.8 
2,329.S 

524.9 

12,596.1 
1,820.1 

13,241.7 

1,428.4 

4,958.3 

9,184.1 

25,092.2 
20,558.9 

2,357.0 
14,886.3 
8,272.1 

155.7 

280.9 

800.9 

866.0 
850.3 
203.3 
615.4 

55.0 
160.2 

1,249.3 

2,779.6 

1,802.7 

2,193.5 

1,737.3 

3,126.3 
1,087.5 

552.6 
1,544.2 
1,416.0 

Weight of 
I 

Weight of I 
Fa t N itrogen 

grams grains I 7 .1 343.1 
4 56.2 4;·_9 
121.0 78.9 

145.2 10.4 

1,826.2 341.4 
86.3 82.2 

304.4 l,143.2 

H3.7 61.0 

197.9 218 .4 

1,084.9 421.3 

l ,412.6 1,032.9 
653.9 856.1 
180.1 98.1 

1,113.7 638.3 
644.1 365.2 
100.7 6 .7 

150.8 17.7 

1,0 15.6 56.0 

9 56.7 37.7 
9 59.0 60.0 
480.4 13.8 

1,397.6 36.7 
118.6 3.9 
4 15.2 6.8 

2,479.5 31.8 

562.8 196. l 

642.9 140.3 

1,5 01.8 243 .3 

447.0 124.6 

1,265.7 303.0 
1,084.8 97.2 

327. l 47.3 
879.2 150.5 
712.0 149.500 

Weight oi 
Ash 

gr(;.111 5 

I 
85.2 
15.7 
30.3 

I 

I 
11.7 

131.l I 
37.S I 

293.S I 
I 
I 

18.8 

I 65.S 

! 127.8 
I 

I 335.1 
282.9 ! 

33.S I 

2M.O 
I 

I 113.1 
1.8 I 

I 3.4 

11.2 
I 
I 

11.0 
10.5 

3.2 
9.3 
1.1 
2.0 

12.7 

1,577.8 

1,181.1 

2,121.0 I 
730.9 

2,512.9 
986.6 
38 1.8 

1,318.5 
1,1 77.3 

\Vei;,:ht of 
·us Phospho1 

u s ~rat 

3. 
3. 

31 
06 

5.3 5 

2. 82 

21 . 
8. 

12. 

74 
20 
60 

3.5 

12.3 5 

23. 41 

62. 
55.0 

79 
l 
9 

46 
0 

22 

6.5 
40. 
21.7 
o. 

0.3 

1.2 6 

1.6 
1.3 

6 
2 
3 
0 
7 
0 
9 

0.5 
1.4 
O.l 
0.3 
1.9 

307.6 9 

216.4 

410.0 3 

135.l 6 

463.9 
183.2 

70.9 

3 
1 
8 
2 
5 

254.6 
224.l 
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TABLE 38.- WEIGHT OF CONSTITUE NTS IN SUBMAINTENANCE S TEER 591 

load B 
c 
R 
B 

···-···-···-········ 
irculatory system 
espirato ry syst 'm 
rain and spinal 
cord ..................... 

D igestivc and ex -
crctory system1 .• 

iver • ••• oo o o o O HOo ++ o O+• o 

I 

L 
H 
H 

air and hide ... . 
cad and tail, 
lean ...................... 

s hin and shank, 
lean ...................... 
ank, Fl 

p late, 
lean --···-··· 

lean ·······-··· 
c huck and neck, 

lean ..................... 
ound, lean ....... 
ump, lean ........ 
oin, lean -······· 
ib, lean ······-······ 
ead and tail , fat 

R 
R 
L 
R 
H 
s hin and shank, 

f at ......................... 
F 
p 

lank, fat -······--·· 
late, fat ·······-··--

c huck and neck, 
fat ......................... 
ound, fa t ........... 

ump, fat --------
oin, 

R 
R 
L 
R 
K 
0 
s 
s 

fat ........... 
ib, fat ............... 
idney fat --------
ffal fat ............. 
keleton, f ect2 ... 
ke!eton, head 
and tail' ·······---· 

s keleton, sh in 

s 

s 
s 

and sh ank. ..........• 
kelcton flank 
and plate ........... -.. 

keleton, r ump ... 
kelcton, chuck 
and neck ......... - ••. 

kelcton, round 
kelcton , loin .... -. 
keleton, rib ----

s 
s 
s 
T eeth -----------------· . 

1 Except liver 
'Except ho ofs 

W eight 
in animal 

grams 
8,823 
1,534 
3,024 

661 

12,489 
1,444 

18,710 

1,674 

5,260 
1,522 
6,972 

25,248 
19,156 
2,556 

13,612 
7,046 

352 

656 
65~ 

1,1 92 

1,744 
1,492 

474 
1,812 

360 
220 

2,055 
4,570 

-4,846 

7,210 

3,404 
1,336 

8,044 
3,5 16 
3,904 
3,378 

636 

1Except teeth and horns 

\Vcight of W eight of I Weight of I W eight ot I Weight of 
1\Loisture F at .Nit rugl:n A.sh 1,hosr>hurus 

grams grams grams I gr r.. mS grams 

7, 165.0 none 255 .7 28.4 2.12 
1,021.0 240.2 38.5 11.3 2.16 
2,315.2 145 .8 80.9 30.6 5.17 

480.S 81.1 10.5 11.2 2.74 

9,743.8 1,044.0 246.3 87.0 15 .36 
1,006.2 31.4 50.5 21.0 5.5 7 

11,237.6 146.9 1,182.1 144.4 9.54 

1,204.1 114.9 54.6 16.0 2.96 

3,905.4 105 .8 184. 4 51.6 9.68 . 
1,099 .5 57.8 53.6 13.6 2.59 
5,013.2 385.1 232.2 58.6 11.85 

18,857.2 842.8 823.1 I 233.8 45 .19 I 
14,4 18.9 443. l 621.6 

I 
192.3 38.89 

1,867.4 129.8 82.5 26.6 4.98 
10,158.4 467.0 438.9 136.4 27.36 
5,157.3 307.9 233.9 66.6 12.96 

122.7 170.3 6. 1 l 1.5 0.20 

338.4 168.2 20.7 3.5 0.54 
310.8 164.8 29.0 2.6 0.37 
297.4 794.3 l ·\.2 2.7 0.45 

860.6 554.1 39.4 I 8.7 1.60 
669.4 591.4 39.4 6.6 l. ll 
140.6 280.4 9. 1 1.8 0.31 
654.0 893.2 34.6 8.6 l.54 
145.7 126.5 9.5 2.9 0.52 

43.3 166.9 1.7 0.6 0.15 

798.9 1,080.S 24.0 12.2 l.50 
1,853.4 659.2 158.6 l,011 .8 177.54 

2,209. l 435.1 148.8 1,225.5 217.44 

2,302.7 l ,588.3 214.0 1,796.0 327.48 

1,615.4 397.6 114.9 602.8 114.17 

432.1 268.3 40 .8 350.2 62.23 

3,003. l 1,226.8 271.2 1,949.0 382.41 

988.1 1,068.5 88.9 829.8 156.74 

1,283.4 902.0 11 1.0 921.0 166.04 

1,186.4 525.7 109.3 884.0 160.46 

197.9 2.0 12.9 341.l 6S.63 
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T ABLE 39.-WEIGHT OF C ONSTITUENTS I N SuBMAINT ENANCE STEER 592 

\\:eight Weight of Weight of ' "eight of I Weight of I Weight of 
in animal j\loisturc Fc.t i<it rogcn Ash Phosphorus 

gran1s grams grains grams I grams grams 
Blood .................... 10,319 8,634.9 2.9 323.5 82.6 1.96 
Circulatory system 1,72 1 1,332.2 94.4 43 .3 15.9 2.36 
Respiratory syst'm 3,060 2,420.8 56.7 87.9 35 .6 4.87 
Brain and spinal 

cord ...................... 760 579.2 74.3 12.6 10.7 2.45 
Digestive and ex-

cretory system1 •• 13,987 11 ,593.9 505 .5 292.3 120.7 25.60 
Liver ···············-···· 1,878 1,339.8 i0.2 61. 7 28.9 6.25 
Hair and h ide ..• 20,964 12,800.6 103.8 1,276.5 247.0 8.18 
Head and tail, 

lean and fat ........ 2,542 1,827.4 21 1.7 76.3 27 .2 4,07 
Shiu an shank, 

lean and fat ........ 4,720 3,604.7 71.3 158.5 46.2 7.74 
Flank,lean and fat 1,826 1,353.8 34.7 71.3 17. l 2.37 
Plate, lean and fat 6,354 4,771.9 194.6 200.8 63.9 9.28 
Chuck and n eck, 

lean and fat ........ 22,384 17,423.7 339.6 705.5 232.8 38.05 
Round, lean and 

fat ........................ 18,628 14,390.l 373.5 569.3 199.3 34.27 
Rump, lean and 

fat ........................ 2,384 1,844.3 71.7 69.0 26.0 4.12 
Loin, lean and fat.. 11 ,728 9,049.3 189.9 378.2 126.2 20.99 
Rib, lean and fat .... 6,228 4,796.2 130.2 197.4 67.5 11.58 
Kidney fat ·······- 176 143.3 8.1 2.7 2.1 0.12 
Offal fat ············ 1,191 971.9 59.9 22.8 12.6 1.30 
Skeleton, head 

and tail'-·· ········- 6,299 3,194.0 198.4 189.7 1,580.0 278.42 
Skeleton, feet ... 5,112 2,417.5 175.3 183.7 1,245.8 222.01 
Skeleton, shin 

and shank ...........• 8,330 4,196.1 187.4 259.2 2,1 91.5 408.67 
Skeleton, flank 

and plate ...........• 4,508 2,572.3 104.8 140.6 794.3 143.08 
Skelet on, chuck 

and n eck ............. 10,020 5,391.9 314.1 302.6 2,149.4 399.70 
Skeleton, rump 1,788 952.8 38.5 53.0 421.5 77.51 
Skeleton, roun 4,380 2,414.9 166.9 106.8 976.7 177.61 
Skeleton, Join ----· 5,050 2,825.4 136.1 144.3 1,043.1 192.91 
Skeleton, rib ....... '4,446 2,297.1 127.7 145.2 994.3 182.78 

1E:xcept liver 
2Except teeth and horns 
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TABLE 40.-WEIGHT OF CONSTITUENTS IN SUPERMAINTENANCE STEER 593 

Blood ·················-·· 
Circulatory system .............. 
Respiratory system ooooooooHOO•Oo 

Brain and spinal cord ········ 
Digestive and excretory 

system1 .................................... 

Liver • o •••••o•o.o•oo•o•noo•••••••••••O•OO 

Hair and hide ····-···-·······----.. 
Head and tail, lean -----········ 
Shi1' and shank, lean ·······-
Flank, lean ............................ 
Plate, lean ·················-········-··· 
Chuck and neck, lean ooo•oH•O 

Round, lean oOoH•Oo•H ooOooO•••••••• 

Rump, lean ········-·····-·········-----
Loin, lean .............................. 
Rib, lean •••••••••••••••••u-•••O .. • • • ••• 

Head and tail, fat .............. 
Shin and shank, fat a. ........ 

Flank, fat .............................. 
Plate, fat ······-····-····-----····-······ 
Chuck and neck, fat OOOO O H000o 

Round, fat ................................. 
R ump, fat ................... ----
Loin, fat 

_________________ .. _____________ 

Rib, fat ············-----------
Kidney fat -------------------······· 
Offal fat ······························· 
Skeleton, fcct2 ...................... 
Skeleton, head and tail'··-····-
Skeleton, shin and shank ... 
Skeleton, flank and plate ... 
Skeleton, rump •...................... 
Skeleton, chuck and neck 
Skeleton, round •H•O••oo•••···---· 

Skeleton, loin •••••••••••o•••--H-

Skeleton, rib ------------··-----------· 
T eeth ....................................... 

1Except liver 
'Except hoofs 
•Except teeth and horns 

Weight 
in animal L Weight of 

Moisture 
vVeight of 

Fat I 
vVeight of 
Nitrogen 

Weight of 
Ash 

grams grams grams grams grams 
12,693 10,226.8 none 381.0 45.4 
2,i36 l,4i4.1 913.7 51.1 17.4 
3,466 2,619.1 178.0 93.4 34.5 

692 482.9 112.5 11.0 11.8 

21,344 15,388.0 3,307.0 '102.3 150.1 
3,166 2,227.2 70.4 94.2 45.7 

25,708 16,024.8 908.5 1,376.9 163.8 
2,320 1,655.9 199.4 70.5 20.0 
1,542 5,547 .3 320.9 246.8 70.8 
3,320 2,273.0 332.5 102.9 30.9 

13,226 8,507 .0 2,186.9 380.8 106.7 
39,718 

I 
28,476.6 2,950.3 1,197.5 349.1 

30,800 22,729.8 1,328.7 974.5 308.3 
4,412 3,151.9 329.0 135.0 42.4 

23,346 l6,63i.5 1,765.0 723.0 220.9 
13,042 8,929.5 1,399.1 394.5 112.9 

6i6 236.0 350.1 10.7 2.5 
1,444 594.2 584.3 40.3 5.8 
3,456 648.4 2,513.5 49.(} 6.3 
5,722 1,209.3 3,807.9 65.l 14.5 
5,884 1,152.8 4,227.5 49.6 13.5 
5,852 1,224.6 4,043.1 72.i 12.3 
1,920 318.7 1,503.1 14.7 4.3 
8,964 1,332.1 7,216.3 74.6 19.0 
2,604 506.1 1,848.0 33.4 7.0 
3,424 165.8 3,210.0 6.3 2.9 
8,298 1,048. l 6,970.6 35.9 13.9 
5,574 2,150.8 681.9 200.l 1,411.1 
6,691 2,924.3 581.1 218.7 1,672.8 
8,782 2,925.;: 1,925.5 246.7 2,144.0 
4,252 2,048.9 504.8 137.6 733.2 
2,164 i54.3 460.8 60.7 556.7 

10,016 3,429.0 1,455.8 349.4 2,746.1 
4,470 1,015.1 1,362.6 112.1 1,254.2 
5,000 1,560.2 1,146.0 156.6 1,237.5 
4,326 

I 
1,335.0 758.1 138.6 1,205.4 

912 263.9 2.0 19.6 494.9 

T ADLE 41.-SUMMARY OF CONSTITUENTS IN CHECK STEER 594 

Blood -------------·------------·-------·----- l 1,325 8,985.S 11.3 360.4 36.0 
Internal organs .................... 24,440 17,044.3 3,163.l 590.4 238.3 
Hair and hide ----------········-.. -- 20,322 13,083.l 735.l l,077.7 196.1 
Total lean .............................. 110,944 78,805.7 8,912.4 3,572.4 1,046.2 
Total fat ---· ····••HH ••• • ••n•o•HO•••• 33,051 5,693.6 25,530.4 280.2 67.9 
Total skeleton ------·---------·----- 39,183 14,536.9 5,762.3 1,277.4 9,896.8 
Teeth o o oooooooooooooooooo O o oHOOOHoOO••oOo- 656 153.4 3.5 16.6 372.8 
Horns, hoofs and dew 

claws1 ..•..•.•.....•••••..••.••.•......•...• 1,210 760.9 6.0 65.8 50.7 
Entire animal O•OOOOOO•HOHOOOH00-0 241,131 139,063.4 44,124.1 7,240.9 11,904.8 

1Not analyzed. Calculated from data from animals of same age and condition. 

Weight of 
Phosphorus 

grams 
3.17 
3.67 
6.90 
2.99 

31.16 
10.64 
13.88 

4.06 
13.95 

6.08 
21.69 
71.10 
63.14 

8.60 
45.52 
23.08 

0.39 
0.79 
0.97 
2.35 
2.12 
2.17 
0.75 
3.14 
1.12 
0.38 
2.41 

256.24 
307.05 
390.10 
132.70 
93.40 

489.88 
236.11 
230.50 
219.11 

94.74 

6.25 
51.93 
14.61 

206.49 
12.24 

1,871.00 
67.21 

8.66 
2,238.39 
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T ADLE 42.-SUMMARY OF CONSTITUENTS IN f\'fAINTENANCE S TEER 597 

'Weight I Wo"" of 
Weight of Weight of Weight of \\'eight of 

in animal :Mois ture Fat Nitrog.cn Ash Phosphorus 

grams grams grams grams grams grams 
13,151 10,599.8 none 392.8 44.6 3.29 

Internal organs Hoooo o o oooH•OOO •O o 28,466 19,954.4 4,246.6 598.2 228.2 43.69 
Hair and hide -······-·············- 29,085 17,914.3 667.2 1,671.2 187.9 14.83 
Total lean ooo oO•OO O OO•H ••OooHOOOO••OOo 126,564 90,742.3 8,701.7 3,927 .6 1,129.1 221.98 

fat o o oOoOOO ••oooo Oo• o o ooooO o O o O o O H 42,322 9,692.2 29,J 05.2 465.2 126.7 16.84 
skeleton --····················· 51,520 17,934.6 9,932.1 1,603.4 12,671.6 2,364.73 
• • •••••• • • • • • ••••• • •••••••n•••••••••• • • 836 217.1 2.7 18.4 481.6 92.73 

Horns, hoofs and dew 
cla,vs1 ..••.•..• . •....••....• •••. . . .•...••••.• 2,639 1,394.7 17.7 190.7 96.6 14.07 

'Enti re animal ························ 294,583 168,449.4 52,673.2 8,867.5 14,966.3 2,7i2.16 

'Not analyzed. Calculated from data from animals of same age and condition. 

T ABLE 43.-SUMMARY 01' CONSTITUENTS IN MAINTENANCE S TEER 595 

W eight Weight of Weight of Weight of \\' eight of I Weight o f 
i 11 animal J\foisturc Fat N itrogen Ash _ Phosphorus - ---- · 

grams grams grams grams grams grams 
•••••••••••••••·-----·~---••o•••••O•HO• .11,406 9,197.1 7.1 343.1 85.2 3.31 

Internal organs o HO o • OO•oO O•• • ••OO• 25,163 18,612.4 2,634.9 560.S 226.6 44.17 
': Hair and hide ···················-- 20,622 13,241.7 304.4 1,143.2 293.8 12.60 

Total lean -······-····-·······-·······-- 117,156 86,737.3 5,430.9 3,691.3 1,181.3 225.88 
Total fat • • ••••• ••• ••••u•o••••••H• • • •• • 15,005 5,237.0 8,074. l 271.l 66.2 9.20 
Total skeleton ...................... 45,170 16,239.7 7,423.3 1,451.8 11,987.9 2,266.18 
Teeth1 ••••••••••••••..•••••••••••••••••••. ••••• 466 120.2 4.2 9.2 268.S 51.45 

H:~~~s~~~:.~-~'.~.~-~:: ............... 1 1,400 702.0 8.1 97.7 110.8 19.68 
Entire animal ··················-···· 1 236,428 150,087.4 23,887 .o 7,568.2 14,220.6 2.632.47 

1Not analyzed. Calculated from data from animals of same age and condition. 

TABLE 44.-SUMMARY OF CONSTITUENTS IN SuBMAINTENANCE STEER 591 

Weight Weight of Weigh t of Weight of Weight of Weight of 
in animal Moisture Fat Nitrogen 1\sh Phosphorus - - -- -

grams grams g rams grams grams grams 
<Blood • •••••••••••• • • ••••••• • ••••• • •••• •u• ••• 8,823 7,165.0 none 255.7 28.4 2.12 
': Internal organs ••OO• O OooOO•OHO OOOO 19,152 14,566.7 1,542.5 426.7 161.1 31.00 
. Hair and hide •••oo••o•oHOO OH • OO•O 18,710 11,237.6 146.9 1,182.1 144.4 9.54 
;Total lean ·····-······-············-···· 83,046 61,681.4 2,854.2 2,724.8 795.5 156.46 1Total fat •••••• • • ••• ••h•••o••n•• • • • • • • 11,015 4,381.8 4,990.9 227.7 51.7 8.31 

::,T otal skeleton ·············--········ 40,208 14,873.7 7 ,071 .S 1,257.5 9,570.1 1,764.51 
' T eeth O• • o•••o o oooo o o ••o o o ou••• ooo•OHH O• ••O 636 197.9 2.0 12.9 341.1 65.63 
Horns, hoofs and dew 

claws1 . ••. . ••. ••.•••.•. ••••••••••.••••••• ••• 1,784 940.9 12.l 130.0 60.9 8.49 Entire animal ··········-·····--·-···· 183,374 115,045.0 16,620.1 6,217.4 11,1 53.2 2,046.06 

•Not analyzed. Calculated from data from animals of same age and condition. 
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TABLE 45.-SuMMARY OF CoNsTITUENTs IN SuBMAINTENANCE STEER 592 

Weight 
in animal µVoight of 

Ioisture 
Weight of 

Fat 
Weight of 
Nitrogen 

Weight of I Weight of 
Ash . Phosphorus 

Blood --·-··-······-------···--·······-··-···· 
Internal organs ................... . 
Hair and hide ...................... . 
Total lean .............................. . 
Total fat .............................. .. 
Total skeleton ...................... . 
Tecthl ....................................... . 
Horns, hoofs and dew 

cla ws1 .....•...•................• H··-·-··OR 
Entire animal ................. 0 ••••• 

-----
gran1s grams 

10,319 
21,406 
20,964 
76,794 

I 
8,634.9 

17,255.9 
12,800.6 

. 59,061.4 
1,115.? 

26,262.0 
112.0 

1,367 
49,933 

434 

1,464 
182,681 

732.4 
125,984.4 

grams 
2.9 

801.1 
103.8 

l,617.2 
68.0 

1,449.2 
3.9 

8.5 
4,054.6 

grams 
323.5 
497.8 

1,276.5 
2,426.3 

25.5 
1,525.1 

8.6 

101.3 
6,184.6 

1Not analyzed. Calculated from data ±rom animals of same age and condition. 

grams 
82.6 

211.8 
247.0 
806.2 

14.7 
11,396.6 

250.4 

122.5 
13,131.8 

grams 
i.96 

41.53 
.8.18 

132.47 
1.42 

2,082.69 
47.91 

21.83 
2,337.99 

TABLE 46.-SUMMARY OF CONSTITUENTS IN SUPERMAINTENANCE STEER 593 

Blood ••••••o••••••O•O•O•••••OOR••••OHHOO••• 12,693 10,226.8 none 381.0 45.4 
Internal organs •n••••••••••••••••• 31,404 22,191.3 4,581.6 652.0 259.S 
Hair and hide ...................... 25,708 16,024.8 908.5 1,376.9 163.8 
Total lean O••HOooooHoOoOo••O••MoooooOoHo 137,726 97,908.5 10,811.8 4,225.S 1,262.0 
Total fat ·····••n••o••••H••H•••·••H• 48,244 8,436.1 36,274.4 452.3 102.0 
Total skeleton ··············-----···· 51,275 18,142.8 8,876.6 1,620.5 12,961.0 
Teeth ••••h•••o••••••n•••••••••H•O•••••••• 912 263.9 2.0 19.6 494.9 
Horns1 hoofs and dew 

claws'·-··--···--·--·······-···----··-·····-- 1,822 966.4 11.9 130.0 73.8 
Entire animal ••UOHOHOH .. _OW .. HO 309,784 174,160.6 61,466.8 8,857.8 15,362.4 

'Not analyzed. Calculated from data from animals of same age and condition. 

TABLE 47.-SUMMARY OF COMPOSITION OF THE ENTIRE ANIMALS 

Check !\Iaintenancc Submaintenance 

594 597 : s95 591 592 
I 

per cent per cent I per cent per cent per cent 
Moisture ................................. 57.671 57.182 

I 
63.481 62.738 68.964 

Fat O••••••-o•oOooOoo-u•oooOooooO .... OOHH•oo• 18.299 17.881 10.103 9.064 2.219 
Protein' ---·----···········--·····--·--· 18.769 18.813 

I 

20.006 21.194 21.156 
Ash ... OO•OM~O·••••o•••OOOO••••o•••H•••o••o•"""" 4.937 S.081 6.015 6.082 7.188 

Total .................................... 99.676 98.957 99.605 99.078 99.527 
Loss and undeterminal' O•HHM• 

0.324 1.043 I 0.395 0.922 0.473 
I 

Nitrogen ................................... 3.003 3.010 I 3.201 3.391 3.385 
Phosphorus •••••••••n•u••••••••••••HM•• 0.928 0.941 1.113 1.ll6 1.280 

SUMMARY. -OFWEIGnTS 

grams grams grams grams grams 
Moisture ..................................... 139,063 168,449 150,087 115,045 125,984 
Fat ••••••••"•••••••••••••••••••••••••••••n•••,. 44,124 52,673 23,887 16,620 4,055 
Protein' •H••••••••••••••••••••••••••un•o• 45,256 55,422 47,301 38,859 38,654 
Ash ·······················--·-----···-------- 11,905 14,966 14,221 11,153 13,132 

Total cons ti tu en ts .. ·-·-··--- 240,348 291,511 235,496 181,677 181,825 
Total parts---------··------·------ 241,131 294,583 236,428 183,374 182,681 

Loss and undetermined' 783 3,072 932 1,697 856 

1 Nitrogen 6.25 
2Glycogen in lean flesh is not far from one-half of one per cent. In Steer 592 the 

glycogen in a sample of the lean flesh was found to be 0.416 per cent; in Steer 595, 0.569 
per cent. Trowbridge and :Francis, J. Ind. and Eng. Chem. (1910), 2, 21 and 215. 

3.17 
55.36 
13.88 

257.22 
16.59 

2,355.09 
94.74 

11.38 
2,807.43 

Super-
main ten-
a nee 

593 

per cent 
56.220 
19.842 
17.869 

4.959 
98.890 

1.110 
2.859 
0.906 

grams 
174,161 
61,467 
55,356 
15,362 

306,346 
309,784 

3,438 



106 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN 28 

DISCUSSION OF ANALYTICAL DATA 

Total fat.-From the tabulation of the results of the chemical 
analyses the changes which had been taking place in the animals dur
ing the progress of the experiment can be shown with some degree 
of accuracy. If in maintaining its existence with an insufficient 
food supply the animal utilized its stored fat to a considerable extent 
the result would be indicated by a decrease in the fat content of the 
fatty tissue and probably also in a decrease in the fat content of 
other tissues and organs. It should be emphasized again that in the 
selection of Steer 594 to be slaughtered as the check animal he was 
judged to be the least fat of any in the experiment. It must then 
be kept clearly in mind that all of the other animals probably had 
more fat at the beginning of the experiment than the check animal 
and that therefore the relative amounts of lean and skeleton in these 
animals were less. Of the animals slaughtered the following is the 
order in degree of fatness as judged by members of the Department 
of Animal Husbandry at the beginning of the experiment: 593, 597, 
595, 592, 591, 594. By referring to the per cent of fat in the entire 
animal as shown in Table 47 it is noted that compared with 594, 
Steer 597, during six months on maintenance, had lost only a very 
small percentage of fat, so that he had not used appreciably from his 
stored fat to promote growth unless he had had a much greater 
amount of fat than 594 at the beginning of the experiment. Steer 
595 on maintenance for one year and Steer 591 on submaintenance 
for six months both drew 'heavily upon the stored fat to promote 
growth. Since Steer 591 had also lost a great deal in body weight, 
while the weight of Steer 595 had been held about constant, the loss 
of fat in 591 as compared with 595 was much greater than indicated 
by the remaining per cent of fat in the two animals. Steer 592 on 
submaintenance for eleven months had apparently about reached his 
limit in using the stored fat, for the fat left (2.219 per cent) was 
less than the per cent of fat (3.705 per cent average of twelve 
calves) found in normally developed calves at birth ;1 and was also 
lower than the per cent of fat found in a 185-day Jersey fetus (2.363 
per cent). Steer 593 on supermaintenance for six months had 1.543 
higher per cent of fat than the check animal. This would 
indicate the possibility that he had actually become fatter during the 
six months; and that the gain of one-half pound per day was more 
than his normal rate of growth without storing additional fat. It was 
generally conceded at the beginning of the experiment that he was 
1Unpublished data from the University of Missouri Agr. Expt. Sta. 
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the fattest of all the animals. Steer 599 was thought to be fatter than 
593, and a year later when 595 was slaughtered, it was decided that 599 
was plainly fatter than at the beginning of the experiment; and accord
ingly without slaughtering him it was concluded that so far as he 
was concerned a gain of one-half pound a day for one year was more 
than his normal rate of growth. At slaughter 593 was deemed to be 
less fat than at the beginning. of the experiment. There remains the 
possibility th_at he was enough fatter than 594 to have effected some 
resorption during the six months without reducing his per cent of fat 
to the level of that of the check animal. A closer examination of the 
chemical data is necessary. 

Fat in the adipose tissue.-Animals of approximately the same 
age and degree of fatness may show considerable individual differ
ence in amount of adipose tissue. However, the degree of fatness 
(per cent of fat) of the adipose tissue is a better measure of the fat
ness of the animal than the quantity of adipose tissue. At the be
ginning of the experiment the varying amounts of adipose tissue 
might have been due to the individual differences in the animals, 
but the fatter animals should have shown a higher fat content in the 
adipose tissue. The assumption was therefore that at the beginning 
of the experiment Steer 594 showed the lowest per cent of fat in the 
adipose tissue which was found to be 77.245 per cent in the total adi
pose tissue, including the kidney fat and the offal fat. The total adi
pose tissue in Steer 593, including kidney fat and offal fat, was 
58,244 grams containing 36,274.4 grams, or 75.189 per cent, of fat. 
The fat tissue of 593 therefore contained on the average 2.056 per 
cent less fat than was found in the fat tissue ot the check animal 
and it is assumed that at the beginning of the experiment there was 
at least as high a per cent of fat in these parts of 593 as in 594. 

The offal fat (Table 21) and the flank fat (Table 27) showed a 
calculated loss of weight. The other fat samples showed a calculated 
gain in weight or the presence of more weight of adipose tissue than 
there was at the beginning of the experiment provided that 593 was 
of the same degree of fatness as 594. 

fo Table 48 the percentage composition of the adipose tissue m 
the different animals is tabulated for comparison. 
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TABLE 48.-COMPARISON OF THE COMPOSITION OF 'THf' ADIPOSE TISSUE 

Constituents 
of total adi-
pose tissue 

oisture O•ooOHH•••••O M 
F 
p 

at -----------------··----
rotein •OooooHOO•••H• 

A 
p 

sh n•••••••••••••-• .. •••• 

hosphorus --------
Fat in parts 

of adipose 
tissue 

H ead, tail, shin, 
and shank. .......•... 

lank F 
p 

----············----
late ··--·········-------

Chuck and neck 

Round·-···-······-·-···--
Rump .................. 

oin OOOOHOOOooHOO_O_ L 
R ib ............. -----····· 
Kidney fat --··••Am•• 

0 ff al fat ............... 

Check 

---·-
594 

---
per cent 

17.228 
77.245 
5.295 
0.205 
0.037 

44.837 
72.853 
69.753 
70.248 
71.012 
82.357 
82.471 
80.815 
93.155 
85.872 

Super-
Maintenance Submaintenailce main ten-

ance 

597 595 591 592 593 

per cent per cent per cent per cent per cent 

22.901 34.902 39.780 81.580 17.486 
68.771 53.809 45.310 4.974 75.189 
6.870 11.292 12.920 Il.661 5.860 
0.299 0.441 0.469 1.075 0.211 
0.040 0.061 0.075 0.104· 0.034 

46.353 29.312 33.582 OOoOoOOOoOOOOoHo .. 44.075 
68.198 46.844 25.045 --······-··· 72.728 
66.168 46.844 66.633 ............ 66.549 
58.719 46.040 31.771 --------- --· 71.848 
63.612 45.192 39.641 ............ 69.090 
74.178 62.387 59.152 -----------· 78.284 
73.762 62.784 49.296 ............. 80.503 
70.190 58.127 35.137 ••OOHOHOOO 70.967 
90.219 69.664 75.847 4.590 93.751 
77.878 62.253 52.592 5.027 84.003 

In only two samples, chuck and neck, and kidney fat, was the 
per cent of fat higher in No. 593 than in the corresponding cuts of 
No. 594. All of the other samples show a lower per cent of fat. 

' The data demonstrates that Steer 593 at slaughter undoubtedly con
tained more fat than 594 at the beginning of the experiment. He 
also contained more adipose tissue fat at slaughter than he was sup
posed to have had at the beginning of the experiment provided that 
he was of the same degree of fatness as 594. There was certainly a 
percentage decrease of fat in the adipose tissue and these fat or adi
pose tissue samples were not as fat when the animal. was slaughtered 
as they were at the beginning of the experiment. 

By comparing the adipose tissue of 597 (maintenance six 
months) with that of the .check animal 594 it will be seen that the 
weight of the fat tissue in 597 was greater in ,most of the samples, 
the exceptions being the flank, rib, and offal fat. In addition to these 
three cuts, the rump fat also showed a calculated loss in weight. 
The entire carcass of 597 appears to have had 4,054 grams of fat tis
sue more than it should have had on basis of 594 at beginning of the 
experiment. The offal fat lost 1,787 grams, so that the total amount 
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of fatty tissue was apparently 2,267 grams greater at the time 597 
was slaughtered (maintenance of six months) than it would have 
been six months earlier if steer 597 had been of the same degree of 
fatness as 594. Steer 597 was fatter than 594 at the beginni11g of 
the experiment, but it is not known how much fatter he was. Dur
ing six months in which his ration was only just about sufficient to 
maintain body weight he made an unquestioned skeletal growth as 
evidenced by the measurements. There must surely have been a de
crease either in fill, lean flesh, or fatty tissue to account for this un
questioned gain in skeleton. 

Since it may be assumed that 597 was fatter than 594 at the be
ginning of the experiment it may also be assumed that the fat per 
cent in the fatty tissue of 597 was at least as high in 597 at the be
ginning of the experiment as it was in 594. In every sample of the 
fatty tissue except the shin and shank, head and tail fat (2660 grams 
weight, 1.516 per cent more fat) the per cent of fat was very mark
edly lower than in the corresponding sample for 594. The per cent 
of fat in the total fatty tissue of 597 was 68.747 as compared with 
77.245 per cent in 594, so that altho at slaughter 597 had a greater 
weight of fat in the adipose tissue than 594 yet the decrease of 8.498 
per cent (from 77.245 per cent to 68.747 per cent) indicates that fat 
from the fatty tissue must have been used during the six months. 

In steer 595 (maintenance for twelve months) the amount of 
fat in the animal ·was reduced nearly one-half and the decrease in 
adipose tissue both in quantity and in per cent of fat in the tissue 
was so great that there can be no question but that fat was used to 
supplement the supply of feed needed. In every sample there was a 
decrease in weight of adipose tissue and a decrease in the per cent 
of fat in the tissue. 

Concerning the use of the adipose tissue by the submaintenance 
animals it is interesting to note (Table 27) that 591 during the six 
months submaintenance appeared to have lost a little more fat than 
595 on maintenance for twelve months. The fat per cent in the 
various cuts (Table 48) indicated also that the fat resorption had 
proceeded farther than it had in 595. In 592, generally speaking, the 
fat had been all resorbed from the adipose tissue. The small amount 
of kidney fat left contained less fat than ordinary lean beef. 

Fat in the lean flesh.-As the steer grows fatter not only is 
there an increase in weight of adipose tissue with an increasing per 
cent of fat in that adipose tissue but there is also an increase in the 
amount of fat which is deposited between the fibers of muscular 
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tissue. This fat was not separated from the lean in preparation of 
the sample for analytical work. Table 49 gives the percentage com
position of the lean flesh of the different animals tabulated for com
parison. 

TABLE 49.-(0MPARISON OF THE COMPOSITION OF THE LEAN FLESH 

I 1L I Super-
------ --C-he-ck_ -~~-ai_n_teo-n-a1-1c_e __ _,_ __ s_ub_n_1aintt.~nance ~r~~~~ltl'n .. 

591 --- s92--I-· -593 

Constituents 
of total lean 

Moisttire ............. . 

Fat ························-
Protein ...............• 
Ash ....•............•...... 
Phosphorus ......... . 

Fat in parts of 
lean flesh 

Head and tail .... 
Shin and shank • 

Flank ·············-···-
Plate ·················--· 
Chuck and neck 
Round ............•....• 
Run1p H••·····-··•HH•· 

~~~n ... :::::::::::::::::::::: I 

594 597 

per cent 

71.032 
8.033 

20.125 
0.943 
0.186 

4.940 
4.940 

13.709 
15.471 

6.814 
5.335 
7.234 
8.304 

10.530 

per cent 

71.697 
6.876 

19.400 
0.892 
0.175 

8.975 
4.067 

11.345 
16.797 

5.690 
3.691 
8.184 
5.938 

10.261 

595 

per cent 

74.035 
4.636 

19.694 
1.008 
0.193 

7.330 
2.997 
8.343 

4.207 
2.413 
5.600 
5.477 
5.670 

per cent 

74.273 
3.437 

20.506 
0.959 
0.188 

6.863 
2.011 
3.800 
5.524 
3.338 
2.313 
5.077 
3.431 
4.370 

per cent 

76.908 
2.106 

19.7.\4 
1.050 
0.17.! 

8.330 
1.510 
1.901 
3.063 
1.517 
2.005 
3.009 
1.620 
2.090 

per cent 

71.090 
7.850 

19.175 
0.916 
0.187 

8.595 
4.255 

10.014 
16.535 

7.428 
4.314 
7.457 
7.560 

10.728 

The calculated per cent of fat in the entire lean indicates that 
all. the animals had lost some of the fat from the lean flesh, and were 
therefore thinner than the check animal; or it may indicate that the 
growth of the lean flesh (protein) had been sufficient to make an 
apparent loss of fat. 

By comparing data for Steer 593 with that of 594 it will be 
noted that the loss per cent of fat in the entire lean was very small 
and that this loss apparently came from the round, loin, and flank 
cuts. Unless the lean of 593 at the beginning of the experiment \Vas 
considerably fatter than that of 594 it is not certain that there was any 
appreciable loss of the fat from the lean flesh during the six months 
supermaintenance period. 

Steer 597 had a greater amount of lean flesh but a less weight 
of fat in his lean flesh at the end of the six months maintenance 
period than 594 had at the beginning of the experiment. The lean 
flesh also showed a very marked decrease in per cent fat. He had 
undoubtedly lost some fat from the lean tissue. The plate was the 
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only large cut the lean of which did not show a loss in the per cent 
of fat. 

\Vi th the other three animals, 595, 591, and 592, the resorption 
of fot from the lean flesh was very striking. 

Fat in the skeleton.-- All of the animals except 592 gained in 
per cent of fat in the skeleton above that in the check animal. Altho 
Steers 51 >1 ;md 595 had lost a great deal of fat both from the adi
pose tissue and from the lean flesh the fat stored in the skeleton had 
very ma te rially increased. Steer 592 made great inroads upon the 
resel"\"e fat in the skeleton .. and replaced that fat by water as the un
usual high water content would indicate. The marrow fat from 
Steer 51)/ contained l l.491 per cent water and 87.302 per cent fat. 
In Steer 591 the marrow fat had a water content of 18.006 per cent 
and a fat rnntrnt nf 79.;:i73 per cent. \i\ 'hile the total fat per cent 
of the skc•lctun did not indicate any loss of fat from the skeleton of 
s<n th<.• cm11position of the manww indicated that some resorption 
had taken place. ln Steer 592 the marrow fat scarcely felt greasy 
and c< •ntaincd 8·l :'20 per cent water and but 11.113 per cent fat. The 
com1Hisitinn uf the marrow was not detenninccl in any of the other 
:mirnals; but analyses of marrow fat from numerous other steers m-

Super-
L'h«d• )!aintenanc1· Stibmaint~~n~u1cc main ten· 

a nee 

51),l 5lJ7 ;;•JS 591 592 593 
~""'·"--......... , ... .. .... ,,_"~'"''"""' . .,_ ... ........... ,.. 

f><'r r~nt per cent pt:rt..·1.mt per cent per cent per cent 
('.uns titt.tt ·nts 

of tntal 
skeleton 

Moistur~~ .... ............ .l7.IOO 34.811 35.9.52 36.992 52.595 35.383 
Fat ,., ., ,,., ., , , ... ,. ... ..... M.706 l'l.278 l 6.434 17.587 2.902 17.312 
t•rowin, ' ...... ~········ ! 20 .. 175 19.450 20.088 19.544 19.088 19.750 
.\sh ,, ... ,. ,., ............ i 2;i .. ?58 z,1.s<>" 26.540 2:l.801 22.824 25.277 
Phusphorns ........ ~ 4.775 4.590 5.017 4.388 4.171 4.593 

Fat. in p~rtR 
of skckton 

F c: <:t .. .. . . .... u,. ...... u 14.815 14.031 14.424 3.429 12.233 

lka<l an<! t:.il ..... 9.051 9.136 8.978 3.149 8.685 

Shin and shank 21.%2 20.360 22.029 2.250 21.925 

Fl:111k :mtl plate I 15.SSS 11.946 1 J.681 2.325 11.871 
.. r 

Rnmr> , ..................... 24.758 20.679 20.086 2.151 21.296 

Chuck am! neck 18.905 14.129 15.251 3.135 14.535 

Round ................... 35.290 28.622 30.390 3.811 30.483 

Loin ....................... 22.743 18.747 23 .105 2.695 22.919 

Rih • o o• ooooooooOOooooooHOO 19.317 16.597 15.561 2.873 17.525 
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dicate · that 89 per cent is about a maximum fat content. This con
dition of the marrow may be reached in the full fed animal at as 
early an age as five months. The thin mature animal has fully as 
much fat in the marrow as the excessively fat animal, but a thin 
five-months-old steer had only 80.261 per cent fat in the marrow with 
16.319 per cent water. Table 50 gives a summary of the composi
tion of the skeletons of the different animals and shows the per cent 
of fat in the different parts of the skeletons. 

Fat in the internal organs.-Steers 597 and 593 had a higher 
per cent of fat in the internal organs than the check animal. Steer 
595 appears to have lost about one-sixth of the fat from the internal 
organs; 591, one-half; and 592, over two-thirds. The actual per 
cents of fat in the composites of internal organs are as follows: 

No. 594-12.942 per cent 
No. 597-14.918 per cent 
No. 595-10.471 per cent 

No. 591- 8.054 per cent 
No. 592- 3.742 per cent 
No. 593-14.589 per cent 

Fat in the liver.-The liver of 594 was heavier and of a greater 
fat per cent than that of any of the other animals. 

Steer ............ . ....... 594 
Weight of liver, grams .... 3,633 
Per cent fat ............. 5.265 

· Weight of fat, grams .... 191.3 

597 595 
2,627 2,569 
2.698 3.360 

70.9 86.3 

591 . 592 
1,444 1,878 
2.174 3.739 

31.4 70.2 

593 
3,166 
2.223 

70.4 

Fat in the hide.-In all but the two submaintenance animals 
there appears to have been a growth of the hide, Table 21. Steer 
594 showed the highest per cent of fat, while the fat in the others 
was relative to the general condition of the animals, indicating a re
sorption of the fat from this part of the animals. 

TABLE SL-COMPARISON OF COMPOSITION OF THE HAIR AND HIDE 

594 I 597 595 I 191 I 592 I 593 

oisture ---M 
F 
p 

at _______ .... _ ...... --
rotein -·--··------

per cent per cent 
64.379 61.595 

3.617 2.294 
33.144 35.913 

per cent I per cent 
64.087 60.062 

1.473 0.785 
34.581 39.488 

per cent 
61.057 

0.495 
38.056 

per ce 
62.23 

nt 

4 
4 

so 
3.53 

33.4. 
h -------.As 

T 
p 

otal ········--·-·-··-· 
hosphorus -----

0.965 0.646 
102.105 100.448 

0.072 0.051 

1.422 0.772 L178 0.63 
101.563 101.107 100.786 99.85 

0.061 0.051 0.039 0.05 

Fat in definite locations on the animal.-The samples of adi
pose tissue from the different cuts into which the carcasses were di
vided for analysis permitted the determination of the changes which 

7 
5 
4 
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had taken place in the different parts of the animal. These samples, 
however, represented the tissue of the entire cut and combined ex
ternal, intra-muscular, and internal fatty tissue into a single sample. 
A few samples of adipose tissue were taken to show the fat content 
of that tissue in some particular part of the animal. In the thinnest 
animals, 595 and 592, there was not enough of the fatty tissue in 
the particular places to give samples for analysis. 

For exposed external fat, the positions over the last rib and 
over the rump near .the base of the tail were selected, with the fol
lowing results as to the fat content ii1dicating resorption during the 
first six months: 

Steer ...... .......... 594 597 591 593 

Fatty tissue over last rib 
Per cent fat ..... . ... . ............ . ... . .. . 81.693 67.227 8.267 73.912 
Per cent moisture ...................... . . 14.673 26.158 64.764 20.375 
Per cent nitrogen ............................. 0.556 0.963 4.150 0.848 
Fatty tissue over rump 
Per cent fat ........... . ..... . . . ..... . ... . 83.478 62.053 no 68.534 
Per cent moisture . . ........... . ... . .. . ... 13.451 26.920 sample 21.238 
·Per cent nitrogen ....... . ......... ....... 0.791 1.260 0.738 

Certainly the foregoing figures indicate a very distinct resorption 
of external fat. 

The cod fat was selected as representing an external fat probably 
not so readily drawn upon in times of need. 

Steer . ............... 594 
Fatty tissue from cod 
Per cent fat .. .. ... . . . .. . .... . .. .. .. . ..... 83.177 
Per cent moisture .. . .... . ................ 13.035 
Per cent nitrogen . ............ . . .. ....... 0.631 

597 

81.228 
13.920 
0.619 

591 

40.787 
45.490 
1.712 

593 

83.882 
12.541 
0.555 

There is no marked evidence of resorption except with Steer 591. 
The fatty tissue from the inside of the chuck under the scapula 

was selected as representing an intra-muscular fat: 

Steer ............... . 594 
Fatty tissue from inside of chuck 
Per cent fat ... . .......................... 81.563 
Per cent moisture . ....................... 14.414 
Per cent nitrogen . . . . . . . . . . . . . . . . . . . . . . . . 0.594 

597 

71.739 
20.737 

0.913 

591 

36.464 
47.324 

1.724 

593 

79.282 
15.503 
0.631 

Certainly there was resorption with 597 and 591, but it was,not 
so evident with 593. 
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The regular samples of kidney fat and of offal fat represent 
the internal fat of the animals: 

Steer .... 594 597 595 591 592 593 
Kidney fat, per cent fat 93.155 90.219 69.664 75.847 4.590 93.751 
Offal fat, per cent fat .. 85.872 77.878 62.253 52.592 5.027 84.003 

The data do not indicate any fat resorption from 593. There is 
no doubt as to the other animals. A comparison of the per cent of 
fat in the kidney fat, offal fat, and cod fat of Steer 593 with that 
of 594 did not indicate any resorption of fat. The inside chuck fat 
indicated some change, while the external fat, over the last rib and 
over the rump indicated a very material change owing to loss of fat. 

In Steer 597 resorption had taken place in all of the tissues 
mentioned. The least was in the kidney fat and in the cod fat. In 
Steer 591 the resorption was more deep seated, but the order was the 
same except the cod fat seems to have suffered more than the offal 
fat. 

Ratio of fat to other constituents.-!£ fat is resorbed from any 
tissue with no other change in that tissue the per cent of moisture, 
nitrogen, and ash in that tissue will be increased, but the relative 
amounts of these constituents will not be disturbed. If water is de
posited in the tissue as the fat is resorbed the ratio of the moisture 
to the nitrogen and ash will be changed. If there is an increase of 
nitrogen (protein) due to the growth of the animals in flesh there 
must also be an increase in weight of water and ash as a constituent 
part of this protein. This would reduce the per cent but not the 
weight of the fat. If nitrogen (protein) of the tissue is used up by 
the animal in order to maintain existence, water must be expected to 
disappear with that protein in about the proportion in which they ex
ist in the animal. To get, therefore, a more complete understanding 
of the changes that took place during the progress of the experiment 
the changes in the other constituents must be considered as well as 
the changes in the fat ·content. 

Assuming the composition of Steer 594 to represent the compo
sition of the other animals at the beginning of the experiment, the 
authors have calculated, in Table 52, the total gain or loss in the 
other animals. This table shows not only the gain or loss in the 
total weight but in the different constituents determined. 

In. calculating the probable amounts of the different constituents 
in the steers not slaughtered at the beginning of the experiment, the 
percentage found in Steer 594 must be used. These percentages of 
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constituents must be applied to a weight comparable with the weight! 
used for Steer 594. The fill of 594 was 9.953 per cent of the live 

weight, which gave a warm empty weight of 247,517 grams. The 
amounts of the moisture, fat, protein, etc., are, however, based not 

upon the warm empty weight but upon the weight of the various 
parts of the animal after chilling and separating. In the handling of 

the warm carcass and chilling for 48 hours, there is an unavoidable 
loss of moisture. In cutting up the carcass into the wholesale cuts 
and separating these into lean, fat, and bone there is a still further 

unavoidable loss of moisture. The sum of all the parts for analysis 
in 594 was 241,131 grams, or a decrease from the warm empty weight 

of 6,386 grams. 
To put the other animals then upon a similar basis at the begin

ning of the experiment, the respective live weights at that time must 
be reduced not by 9.953 per cent but by 12.565 per cent. The dif
ference between the warm empty weight and the sum of the cold 
separated parts is practically all water which should be added to the 

amount of water found on analysis to give a true amount of water 
in the warm empty animal. Since this calculated correction is prac
tically the same for all of the animals it does not affect the study of 
the changes in the constituents so that no attempt is made to show 
such a correction.1 The result would simply be to show a higher 
moisture per cent and a slightly lower per cent of the other consti-
tu en ts. 

Steer 597 on maintenance for six months showed a loss of more 
than one kilo of fat over his calculated amount at the beginning of 
the experiment. The gain in protein . was less than 100 grams, and 
instead of a gain in moisture there was a calculated loss of one and 
one-half kilos. A fat thrifty yearling, during six months body weight 

maintenance cannot conceivably fail to make a decided increase in 
his lean tissue at the expense of his surplus fat. If, however, Steer 
597 had at the beginning of the experiment relatively more fat and 
less lean than Steer 594 the results can be more readily understood. 

Table 53 shows the changes in the constituents of the lean flesh. 
Steer 597 while holding at body weight maintenance appears .to have 
lost more than nine kilos in . lean flesh, and the loss showed very dis
tinctly in all of the constituents. 

Table 54 gives the changes in the total adipose tissue which 
appears to have gained nearly two kilos in Steer 597. This would 

1The necessary data are given in the various t ables so that the student can calculate 

the ·percentage composition to warm empty weight or live weight, should he so desire. 
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suggest that Steer 597 was gaining fat and losing lean during the 
six months maintenance. · However. if the changes in the constitu
ents of the adipose tissue are noted it will be observed that altho the 
adipose tissue seems to have gained in weight it really lost more 
than two kilos in fat. The adipose tissue gained in water and pro
tein and lost in fat. It was not so fat as it was at the beginning of 
the experiment. The total adipose tissue of Steer 594 contained 
77.245 per cent fat (Table 48), while that of 597 contained but 
68.771 per cent fat. The lean flesh of 594 contained 8.033 per cent 
fat; that of 597 contained 6.875 per cent fat. It may be reasonably 
concluded that at the beginning of the experiment Steer 597 was 
somewhat fatter than 594 and that during the six months main
tenance there was a very distinct decrease in per cent of fat, and 
since the animal did not gain in weight this decrease in per cent 
fat must have been caused both by a loss in fat and a gain in protein. 

In Table SS the changes in the skeleton indicate an increase in 
all the constituents, and in the fat to the extent of nearly three kilos. 

A study of Tables 52 ·to 55 for Steer 595 on maintenance twelve 
months demonstrates that this animal was not kept quite at body 
maintenance. There was a loss in weight of about six kilos. In the 
entire animal {Table 52) there was a loss of more than twenty kilos 
of fat, nearly half the total fat in the animal. There had been defi
nite flesh growth as evidenced by the increase in both protein and 
water. The skeletal growth is attested by the addition of more than 
two kilos of ash. 

From the lean flesh alone of 595 (Table 53) there was a loss of 
more than three and one-half kilos of fat; while from the adipose tis
sue (Table 54) there was a resorption of more than two-thirds of the 
fat. Here there was also a loss in the moisture and protein, which 
indicated that some of the connective tiss-ue of the adipose tissue had 
been used. 

On the other hand in the skeleton (Table 55) not only was there 
a notable increase in ash, but there was also an increase in fat, pro
tein, and water. The skeleton seems to have grown about normally. 
However, when the skeleton of 595 was compared with that of 597 
(the six-months maintenance animal, see also Table 55) a decrease 
was found in every cut except the head and tail in which it increased 
one-tenth per cent. Steer 595 also had less skeletal fat than 591 or 
593. 

The two submaintenance animals, 591 (six months) and 592 
(eleven months), may be considered together. The conditions of 



EFFECT OF LIMITED FOOD ON GROWTH OF BEEF ANIMALS 117 

the experiment called for a very decided decrease. in weight which 
amounted to about 20 per cent of the empty animal in 591 and to 
more than 30 per cent in 592. This loss of weight was indicated in 
every constituent in 591 and in all but the ash in 592. In consider
ing .the loss of protein it should be remembered that in the animal 
one part of protein is always accompanied by about four parts of 
water. In the loss of protein in 591 of 3.9 kilos this ratio of water 
lost was about maintained. If this ratio had held with 592 for a 
loss of 10.9 kilos of protein there should have been a loss of more 
than forty kilos of water. Since the total loss of water was only 
26 kilos it must be assumed tentatively at least that there had been a 
replacement by water of some of the fat lost. 

These steers both drew very heavily upon the lean flesh (Table 
53). In 591 nearly half the loss in weight and in 592 more than hal.f 
the loss in weight was from the lean flesh. Steer 591 apparently 
used about one-fifth of his lean flesh with a decrease of all of the 
constituents, especially the fat, two-thirds of which had been used. 
Here, as with the total loss of constituents in 592, the loss in mois
ture was not sufficient to correspond with the loss in protein to make 
up the ratio in lean flesh. This indicates a replacement of some of 
the fat by water. The same relation held with 592 but under more 
extreme conditions. The protein loss was considerably more than 
one-third (38 per cent), while four-fifths of the fat had disappeared, 
some of which had been replaced by moisture. 

The greatest loss in weight in these animals came, as would be 
expected, from the adipose tissue. With 591 nearly two-thirds, and 
with 592 more than 95 per cent, of the adipose tissue had disappeared. 
Steer 591 lost 14 per cent of the protein of the adipose tissue, which 
does n,ot seem excessive. Steer 592 lost more than 90 per cent. (In 
this connection it should be remembered that in separating the flesh 
from the skeleton of Steer 592 the amount of adipose tissue was so 
small that separate samples could not be obtained for analysis. It 
was thought best to let the small amount of the tissue be composited 
with the lean flesh. At the most, the total weight of separable adi
pose connective tissue would not haye exceeded a few hundred grams. 
The 1,367 g.rams reported in Table 54 was the adipose tissue of the 
internal organs and the kidney fat). Steer 591 used about four-fifths 
of the fat from the adipose tissue (about two-thirds of the fat of 
the lean flesh was used at the same time), and in 592 the fat had 
practically all disappeared. 

While the changes in the lean flesh and adipose tissue were ex
ceedingly drastic it was in the skeleton that the most surprising 
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changes were found. Both steei·s made an unquestioned growth in 
the skeleton. This is attested by the increase in weight of the skeleton. 
as well as by the physical measurements of the live animal. With both 
steers the increase in constituents indicated not only a growth in 
mineral (ash) of the skeleton, but also in the protein content. It 
is indeed surprising that altho both of these animals used largely 
from the protein of the lean flesh to maintain their existence they 
both added to the protein content of the skeleton. The changes in 
the fat content were still more striking. Steer 591 very materially 
increased the fat content of the skeleton, and the increased fat de
position was more than proportional to the increased weight of the 
skeleton. (The skeleton increased about 8.5 per cent in weight during 
the six months submaintenance, while the fat content increased 
nearly 30 per cent). This increase in fat, 1,623 grams, in the skele
ton took place in spite of the loss of more than 30 kilos of fat from 
the lean flesh and adipose tissue. In the entire animal there was a 
loss of more than 25 kilos of fat and yet fat was stored in the skele
ton. 

By considering the measurements as well as the analytical data 
presented by the experiment, it would appear that the maximum 
growth of the skeleton of 591 was somewhat retarded but that the 
conditions of the growth were approximately normal. It may be 
concluded that the soft parts of an animal may undergo very se
rious disturbance of the conditions of normal growth without affect
ing the composition of the skeleton. 

While Steer 592 appears to have made a greater growth in pro
tein and ash of the skeleton than 591, he lost more than 75 per cent 
Jf the fat present at the beginning of the experiment. There was an 
increase in total weight of skeleton of seven kilos, in spite of this 
loss of nearly five kilos of fat from the skeleton. This had, without 
question, been replaced by water. The marrow of the hollow bones 
contained so little fat that it did not have a greasy appearance or 
feel (page 102). The pelvic bone (rump) of a normal steer usually 
contains more than 20 per cent of fat. This portion of the skeleton 
of 592 (not a marrow bone) contained only a little more than two 
per cent fat (Table 50). 

A comparison of the data of 595, 591, and 592, will show that 
when young beef animals in good condition are put on a ration in
sufficient to provide for a normal growth there is a very · persistent 
tendency to grow in spite of the feed restrictions. Much of the sur
plus fat will be used for energy, ~nd growth of both lean flesh and 
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skeleton will continue. Later, with continued feed restrictions, the 
animal will draw on both the residual fat supply, and also on the 
protein, of the soft parts to maintain existence and to promote a 
normal growth of the skeleton, which even includes the storing of 
protein and fat in the skeleton. 

As the fat supply of the soft parts becomes more seriously de
pleted and when the animal has drawn heavily on the protein structure 
of the soft parts in order to preserve existence the animal is able to 
draw on the fat supply of the skeleton until that structure is almost 
entirely robbed of its storage of fat. The authors have no evidence 
of the utilization of protein from the skeleton. Steer 592 had used 
up his fat from both soft and skeletal parts to about the condition 
of the new born calf. 

Steer 593 after the six months supermaintenance was judged by 
the animal husbandryman to be thinner than he was at the begin
ning of the experiment. He showed an increase in total constituents 
(Table 52) of more than 31 kilos. · This gain was fully one-third 
fat. His rate of increase in fat was therefor greater than· his pro
portional gain in weight, and consequently this steer must have been 
really fatter than he was at the beginning of the experiment, or 
rather than 594 was at the beginning of the experiment. A study of 
Tables 52 to 55 for this steer in comparison with the other animals 
will help to show the interesting changes that took place. The total 
gain in moisture compares with the total gain in protein for the 
building up of animal tissue. In the lean flesh there was only a 
small gain in protein and fat, with about three times as much water 
as the amount of protein would seem to have required. The to
tal gain in lean flesh seems to have been more than 70 per cent water 
and the percentage of the fat in the lean flesh was less than at the 
beginning of the experiment. There does not appear to have been 
a loss in weight of fat so · that it is evident that in the lean flesh there 
had been a more rapid increase of lean flesh (water and protein) 
than of fat. 

The adipose tissue showed a calculated gain of about ten kilos, 
fully two-thirds of which was fat. This would indicate that the adi
pose tissue increased in fat at a greater rate than it gained in weight. 
A comparison of the percentages of fat in the adipose tissue (Table 
48) indicates that so far as the fat in the adipose tissue is con
cerned Steer 593 was fully as fat at the end of the experiment as 
594 was six months previous. 
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The skeleton of 593 appears to have increased in weight by six 
kilos with more than two kilos of increase in fat. There was an in
crease in weight of the skeleton of about 13 per cent, while the fat 
in the skeleton increased 33 per cent. 

At time of slaughter Steer 593 evidently was fully as fat as 
Steer 594 (the check animal) was when he was slaughtered. The 
lean flesh was not quite so fat, the adipose tissue was just about as 
fat, and the skeleton was considerably fatter. If Steer 593 decreased 
in fatness ·during the six months supermaintenance as judged by the 
animal husbandry men he must have been considerably fatter than 
Steer 594 at the time the latter animal was slaughtered. Steer 593 
was judged to be next to the fattest of the animals in the experiment 
at the time Steer 594 was slaughtered (page 5); and with animals 
on full feed 594 was judged to be in degree of fatness from 30 to 35 
days behind 593. The analytical data demonstrates that 593 was as 
fat as 594. Under the conditions of the experiment it would appear 
then that his normal rate of growth during the six months he was on 
the experiment was not in excess of his actual increase in weight. 



TABLE S2.-CALCULATED CHANGES IN CONSTITUENTS IN ENTIRE ANIMAL 

Analytical weight at beginning1 ....................... .. 

Analytical weight at slaughter ......................... . 
G3in or loss h ............................. u······----------··· 

Composition at beg'nning basis 594 ............... . 
Moisture .......................................................... .. 
Fat ................................................................... . 
Protein 
Ash 
Phosphorus 

Change in constituents, Steer 597 

per cent 

-------···-
------····-
·-·-----··· 

57.671 
18,299 
18.769 
4.937 
0.928 

Check 

-
594 

grams 
241,131 
............ 

-----·····--

139,063 
44,124 
45,256 
11,905 
2,238 

Constituents at beginning ............................................ , ............................. .. 
Constituents at slaughter .......................................................................... .. 

Gain or loss in six months .............................................................. .. 
Change in constituents, Steer 595 .................. ~ . : ............................................. .. 

Constituents at beginning .......................................................................... .. 
Constituents at slaughter .......................................................................... .. 

Gain or loss in one year ................................................................... . 
Change in constituents, Steer 591 .............................. , .................................... . 

Constituents at beginning ............................ ......................................... , .... .. 
Constituents at slaughter ........................................................................... . 

Loss in six months ............................................................................. . 
Change. in constituents, Steer 592 ................................................................... . 

Const_itucnts at beginning ---------------·-·········· ······---------·-··-···············-··········-
Constituents at slaughter ...... .' ..................... -----------············-··········-----··--·u-· 

Gain or loss in eleven months ........................................................ .. 
Lhange in constituents, Steer 593 .................................................................. .. 

Constituents at beginning ....................................................................... , .. .. 
Constituents at slaughter ........................................................................... . 

Gain in six months ............................................................................ .. 

~faintenance 

597 I 595 

grams grams 
294,837 242,316 
294,583 236,428 

254 - 5,888 

170,035 139,746 
53,952 44,341 
55,338 45,480 
14,556 11,963 
2,736 2,249 

Moisture Fat 

grams grams 

170,035 53,952 
168,449 52,673 

- 1,586 - 1,279 

139,746 44,341 
150,087 23,887 

+10,341 -20,454 

131,492 41,722 
115,045 16,620 

-16,447 -?5,102 

152,366 48,346 
125,984 4,055 

-26,382 -44,291 

160,627 , I 50.967 
174,161 61,467 

+13,534 +10,soo 

1Fill and loss in chilling and cutting equals 12.565 per cent of the live weight of Steer 594. 

I Submaintenance 

591 592 

grams grams 
228,004 264,198 
183,374 182,681 

-44,630 -81,517 

131,492 152,366 
41,722 48,346 
42,794 49,587 
11.257 13,043 
2,116 2,452 

Protein Ash 

grams grams 

55,338 14,556 
55,422 14,966 

+ 84 + 410 

45,480 11,963 
47,301 14,221 

+ 1,821 + 2,258 

42,794 11,257 
38,859 11,153 

- 3,935 - 104 

49,587 13,043 
38,654 13,132 

-10,933 + 89 

52,276 13,751 
55,356 15,362 

+ 3,080 + 1,611 

I 
Super· 

main ten-
a nee 
--

593 
t>1 

grams 
lzj 
lzj 

278,523 t>1 
(') 

309,784 ~ 
+31,261 0 

lzj 

160,627 t"' 
H 

50,967 ~ 
52,276 

H 
~ 

13,751 ~ 
21585 lzj 

0 
Phosphorus g 

grams 0 z 
2,736 ~· 
2,772 0 

+ 36 ~ 
~ 
111 

2,249 
0 

2,63? lzj 

+ 383 td 
t>1 
t>1 

2,116 lzj 

2,046 > 
- 70 z 

H 

~ 
2,452 > 
2,338 I"" 

Vl 

- 114 

I 2,585 -2,807 N ... + 222 



TABLE 53.-CALCULATED CHANGES IN LEAN FLESH 

I 
Check Maintenance 

594 597 595 -per cent grams grams grams 
i:;mpty weight at begint1ing ........ -----·-·· .. ·--······-··· •O••••••••• 247,517 302,658 248,744 
Lean flesh at beginning basia 594-44.823 per ct. ------------ llQ,944 135,660 111,495 
Lean flesh at slaughter ........... -.... -...... -... --.--.. -----· ............ ····-·--···· 126,564 117,156 

Gai11 or loss ··················-·-·······-n---.-·-·············· -. .......... on••••••••• - 9,096 + 5,661 
Composition lean flesh at beginning basis 594 

Water ----·--·-·········---------··-·-····------········-···-·····---- 71.032 78,806 96,362 79,197 
Fat • • • •••••••••••••••• •••••••••·•••••• • •••••••••••••••••o•••••••••••• • 8.033 8,912 10,898 8,956 
Protein • ·••·••• ••• • ••• • ••••••••••• • •••••••••••••• •••••••••o•o••••••• 20.125 22,315 27,302 22,438 
Ash ................... _ ............... ---·-·-·---.... -------.. -- ...... _ 0.943 1,046 1,279 1,051 
Phosphorus --.. -.............. -... -----....... -.... -............ _ 0.186 206 252 207 

Moisture Fat 

grams grams Changes in lean flesh, Steer 597 ..... ___ ,, ...... --·- ... _ .............. _ .. ___________ ... _ .. ,_, _______ 
Constituents at beginning ··----···-··u-·······-··-···-·-···-·-········-·-----··u·0

••••••• • •••••••• 
96,362 10,898 

Constituents at slaughter -..... -.. --.... -....... -.... __ __ .... _ ...... ---·-·-............ ------·-··--·- 90,742 8,702 
Loss in six months _ .... -..... _ .. ______ ,, _____ ,,,, ___ ,, __________ ,,_,, __ .. ,,, ______ ... _ ..... -·--·-· - 5,620 - 2,196 

Change in lean flesh, Steer 5 9 5 ....... -.--.... -.... -..... __ ,, ___ ,,_ ........... -......... _ .. ,_,_,, ___ 
Constituents at beginning ····--------················ ................................................ ._ 79,197 8,956 
Co11stitttents at slaughter _ ............ -.... ----·-··-· ..... -- .. ·--·-·-·----.. -----....... ---·---··--·- 86,737 5,431 

Gain or loss in one year ·······-···-··············-·········-··············-················· + 7,540 - 3,525 
Change in lean flesh, Steer 591 _________ _ ,,,, ______ .............. _,, ____ ___ ,,,,., ___ ... _ .... , ... ___ 

Constituents at beginning ____ _ ...... -·-·-·--··---· .. ··-·-· .. ·-·-··--·-· .. --.. ----·· .. -· .... ··-·-· .... - 74,519 8,427 
Constituents at slaughter ............................................................................. 61,681 2,854 

Loss in six mo11ths ············-···-·························--·······-·····················--······ ~12,838 - 5,573 
Change in lean flesh, Steer 592 .... -... -...... _ ......... ____ ,, ......... -·---·-.. ·---· ....... _ .. ____ ,, ___ I 

Constituents at beginning ·-·-·······-··············-··-············---------·······-·················· ! 86,349 9,765 

"' .. ;;~:i~i~ f :f Et~·;~L =~= ::;_=::~~~~==~~==~=~~: I 
59,061 1,617 

-27,288 ·- 8,148 

91,030 10,295 

Cons~:~:n:~ ~~ s~~~~:r .. :::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: I 97,909 10,812 
+ 6,879 ' 517 T 

Submaintenance 

591 I 592 

grams grams 
234,052 271,206 
104,909 121,563 
83,046 76,794 

-21,863 -44,769 

74,519 86,349 
8,427 9,765 

21,113 24,465 
989 1,146 
195 226 

Protein Ash 

grams grams 

27,302 1,279 
24,550 1,129 

- 2,752 - 150 

22,438 1,051 
23,069 1,181 

+ 631 + 130 

21,113 989 
17,031 796 

- 4,082 - 193 

24,465 1,146 
15,163 806 

- 9,302 - 340 

25,791 1,208 
26,312 1,262 

+ 521 + 54 

Super-
main ten-
ance 

593 

grams 
285,911 
128,154 
137,726 

+ 9,572 

91,030 
10,295 
25,791 

1,208 
238 

P'-osphorus 

grams 

252 
222 

- 30 

207 
226 

+ 19 

195 
156 

- 39 

226 
133 

- 93 

238 
257 

+ 19 

... 
IV 
!-.) 

is: 
H 
Ul 
Ul 
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C! 
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TABLE 5'4-.-C ALCULATED CHANGES I N .A.nll'OSE T I SSUE 

Check: Maintenance 

594 597 595 

per cent grams grams grams 
Total adipose t issue at beginning, basis 594---

13.3 53 per cent ------------·-·· .................................. H•Ooooooo•o 33,051 40,414 33,215 
T otal adipose tissue at slaughter ...................... 

O o • O •HOoooO 33,051 42,322 15,005 
Gait1 or loss ........................................... ;: ....... .......... - ------·-··-- + 1,908 -18,210 

Composition of adipose tissue at beginning, 
basis 594 .............................................................. 

VV' ater ................................................................ 17,228 5,693.6 6,962.5 5,722.3 
Fat •••••••••• • • • • • •• • ••••••••••• ••· • · • • • • ••o••••·•· • • ••·••••• • •••• • ••• 77.245 25,530.4 31,217.8 25,656.9 
Protein -------··············-···············-·---------·-----------· 5,295 1,751.3 l 2,139.7 1,758.7 
Ash .................................................................... 0.205 67.9 82.5 68.1 
P hosphorus ...................................................... 0.037 12.2 15.0 12.3 

' 
Moisture I F at 

grams grams 
Changes in adepose t issue, Steer 597 .............. 

Constituents at beginning ·-··········-----······o••· ···••o •HH••·· ··--·----····· ··-·· ·· -· ···· .. ·· 6,952.5 31,217.8 
Constituents at slaughter .............................................................................. 9,692.2 29,105.2 

Gain or loss in six months ................................................................. + 2,729.7 - 2,112.6 
Changes in adipose t issue, Steer 595 ................ ................................................. 

Constituents ~t beginning ~--········ ···········--· .. -~ .... 0 . ......... .... ... . ... ........ .......... . . . 5,722.3 25,656.9 
Constituents at slaughter .......................... ~ . ................................................. 5,237.0 8,074.1 

Loss in one year .................................. ................................................ - 485.3 - 17,582.8 
Changes in adipose tissue, Steer 591 ....................................................... -....... 

Constituen ts at beginning ............................................................................. 5,384.3 24,141.4 

I Constituents at slaughter ............................................................................. 4,381.S 4,990.9 
L oss in sL'< months ............................................................................... - 1,002.5 - 19,150.5 

Changes in adipose tissue, Steer 592 ............ ................................................. 
Constituents at beginning ·············-·-·---·-·-·H• •···H·· ·· ·· ·· ·· ··· -············ ······ ···· ······ · 6,238.9 27,973.5 
Constituents at slaughter ............................ ................................................ 1,115.2 68.0 

Loss in eleven months ........................................................................ _ - 5,123.7 - 27,905.5 
Changes in adipose tissue, Steer 593 ............... , ............................................. 

Constituents a t beginning ............................................................................. 6,577.3 29,490.6 
Constituen ts at slaughter ............................ ................................................ 8,436.1 36,274.4 

Gain in six months --· ··-·-----n·--... ............ ---~-----: ....... - ····- ······-- · ··- + 1,858.8 + 6,783.8 

Submaintenance 
Super-
main ten-
ance 

591 592 593 

grams grams grams 

31,253 36,214 38,178 
11,015 1,367 48,244 

- 20,238 -34,847 + 10,066 

S,384.3 6,238.9 6,577.3 
24,141.4 27,973.5 29,490.6 

1,654.8 1,917.5 2,021.5 
64.1 74.2 78.3 
11.6 13.4 14.1 

Protein I Ash /Phosphorus 

grams grams grams 

2,139.7 82.5 14.95 
2,907.5 126.7 16.84 

+ 767.8 + 44.2 + 1.89 

1,758.7 68.1 12.29 
1,694.4 66.2 9.20 

- 64.3 - 1.9 - 3.09 

1,654.81 64.1 

I 
11.56 

1,423.1 51.7 8.31 
- Z31.7 - 12.4 - 3.25 

1,917.5 

I 
74.2 

I 
13.40 

159.4 14.7 1.42 
- 1,758.1 - 59.5 - 11.98 

2,021.5 I 78.3 I 1.(.13 
2,826.9 102.0 16.59 

+ 805.4 + 23.7 + 2.46 
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TABLE 55.~CALCULATED CHANGES IN SKELETON 

Skeleton at beginning, basis 594, 15,830 per ct. 

Skeleton at slaughter -·-··-·-·---······························· 

Gain in skeleton ·····-·····--···--·-----·-----------·------· 
Composition of skeleton at beginning, basis 594 

\Vater ---·-·-··-······--·--·----·-·---·-··-········-----------------·· 
Fat 
Protein 
Ash ···-·-········--···--··--····--···-····--···-···-·--···········----· 
Phosphorus 

per cent 

37.100 
14,706 
20.375 
25.258 

4.775 

Check 

594 

grams 
39,183 
39,183 

14,536.9 
5,762.3 
7,983.8 
9,896.8 
1,871.0 

Maintenance 

597 

grams 
47,9ll 
51,520 

+ 3,609 

17,775.0 
7,045.8 
9,761.9 

12,101.4 
2,287.8 

595 

grams 
39,376 
45,170 

+ 5,794 

14,608.5 
5,790.6 
8,022.9 
9,945.6 
1,880.2 

Submaintenance 

591 592 
--·-

grams grams 
37.050 42,932 
40,208 49,933 

+ 3,158 + 7,001 

13,745.6 15,927.8 
5,448.6 6,313.6 
7,548.9 8,747.4 
9,358.l 10,843.8 
1,769.1 2,050.0 

Protein Ash --~------------------------1 Moisture I Fat I I 1 

Changes in skeleton, Steer 597 ···-·-·······-····-----· 

Constituents at beginning -·------·--------···-···-·····-----······------···-········--·-·-··------·-·· 
Constituents at slaughter 

Gain in six months ................................ ··--·-··-·-------···-····---·--·-···-··········· 

Changes in skeleton, Steer 595 --·---·--···-····-·--·--·-------··-·-·····----·-·--········--·-·--·-···-

Constituents at beginning ·---------------------·---- ··-----------·---------·····----·-· ···---···-·· 
Constituents at slaughter 

Gain i11 t'velve months --·-·····--·-·-·-----------------·· .. ··--------------·····-···--------· 

Changes in skeleton, Steer 591 -·-·------------··-···-·-····-···---------------···--·-·····--··········· 
Constituents at beginning ............................................................................ . 

Constituents at slaughter ·····-------······-··················--·-···-·--·-····--·--·-·-·········-···· 

Gain or loss in six months ·-··--············-····--···············-·····-·················· 

Changes in skeleton, Steer 592 ····-·······-···-···············-·······························-······· 
Constituents at bcginn~ng ---····ow·-·· ---······H·····H······· ·· ·····-·---······ ·····-·····-···-·· 

Constituents at slaughter -·····-···-··--·--------·-- --··-·--····-·--···-·················--· 
Gain or loss in eleven months ···--·--·-···--·--··-............................. ---····· 

Changes in skeleton, Steer 593 -···--·---······-········-··-·-············-·······--·-······-·········· 

Constituents at beginning ·---·------------·····-·-··· ·--····················---··-···········-······ 

Constituents at slaughter ·····--·----··-··---·---··-··-·--·- ·······-····--··--···············-··-··· 
Gain in six months ·-·-··-····----·------····--····-·················-·: .................. .... . 

grams 

17,775.0 
17,934.6 

+ 159.6 

14,608.5 
16,239.7 

+ 1,631.2 

13,745.6 
14,873.7 

+ 1,128.1 

15,927.8 
26,262.0 

+I0,334.2 

16,791.5 
18,142.8 

+ 1,351.3 

grams 

7,045.8 
9,932.1 

+ 2,886.3 

5,790.6 
7,423.3 

+ 1,632.7 

5,448.6 
7,071.5 

+ 1,622.9 

6,313.6 
1,449.2 

- 4,864.4 

6,655.9 
8,876.6 

+ 2,220.7 

grams grams 

9,761.9 12,101.4 
10,021.3 12,671.6 

+ 259.4 + 570.2 

8,022.9 9,945.6 
9,073.8 11,987.9 

+ 1,050.9 + 2,042.3 

7,548.9 9,358.1 
7,859.4 9,570.1 

+ 310.5 + 212.0 

8,747.4 10,843.8 
9,531.9 11,396.6 

+ 784.5 + 552.8 

9,221.7 11,431.7 
10,128.1 12,961.0 

+ 906.4 + 1,529.3 

Super-
main ten-
ance 

593 

grams 
45,260 
51,275 

+ 6,015 

16,791.5 
6,655.9 
9,2?1.7 

11,431.7 
2,161.2 

Phosphorus 
-

grams 

2,287.8 
2,364.7 

+ 76.9 

1,880.2 
2,266.2 

+ 386.0 

1,769.1 
1,764.5 

- 4.6 

2,050.0 
2,082.7 

+ 32.7 

2,161.2 
2,355.1 

+ 193.9 
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SUMMARY 

The problem.-Can stored fat be used to supplement a limited 

ration? What changes take place in the body of an immature steer 

when it is on a so-called maintenance ration, when on a ration not 

sufficient for maintenance, and also when on a ration above main

tenance but not sttfficient for maximum growth? 

Animals used.-Seven thrifty, fat, yearling steers, which were 

as nearly uniform in condition as was possible without letting them 

get too old, were selected. 
Treatment of animals.-One steer was slaughtered as a check 

animal, 594. Two were placed on a maintenance ration, 597 and 

595. Two were placed on a submaintenance ration, 591 and 592. 

Two were placed on a supermaintenance ration, 593 and 599. 

Steers 597, 591, and 593 were slaughtered after six months; 

592 was slaughtered after eleven months; 595 was slaughtered after 

twelve months; and 599 was discarded after sixteen months. 

The ration.-The same ration was supplied to all animals. The 

only variation was in quantity. Four-tenths as much alfalfa hay as 

grain was fed. The grain consisted of eight parts com chop and 

one part linseed meal. 
Growth.-.:\11 animals grew in height and length. There was 

scarcely a perceptible retarding of growth at first. Later the sub

maintenance animals appeared to stop growing. 
Shedding coat-Poorly nourished animals shed the hair very 

late in the season. Pink eye (and other ailments) affected the poorly 

nourished animals most. 
Digestion trial.-A digestion trial was made after the animals 

had been on the planes of nutrition about eight months. The coeffi

cients of digestion were as follows: 

Supermaintenance Maintenance Submaintenance 
599 595 592 

Protein .. . .. .. . .. .. .. .. . . . .. .. .. .. 69.614 66.644 61.574 

Fat .. . . .. .. .. .. . .. .. .. .. .. .. . .. .. . 83.781 84.042 81.043 

Crude Fiber .. .. . . .. . .. . .. . . . .. .. . 43.296 29.417 30.048 

Nitrogen Free Extract . . . . . . . . . . . . 85.478 82.485 79.699 

Total Organic Nutrients .......... 77.521 73.374 70.559 

The condition of the animal appears to have a decided effect 

upon the digestive ability. A very low plane of nutrition depresses 

the coefficient of digestion. 
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COST OF BODY WEIGHT MAINTENANCE 

When a fat yearling steer is held at body weight maintenance 
for one year his maintenance cost in nutrients per thousand pounds 
of animal is only slightly less the first six months than the second 11ix 
months. During the first period the impetus to growth causes the 
addition of flesh and skeleton. Fat must be consumed to maintain 
constant weight, thus supplementing the ration. During the second 
period the impetus to grow is less, there 'is more active tissue to 
maintain and there is less available fat, hence the increased demand 
for food to maintain body weight. 

During the first 188 days Steer 595 cost in nutrients 8.06 pounds 
per day per thousand pounds; during the second period, 8.20 pounds. 

EFFECT OF THE SUBMAINTENANCE RATION 

During the first 188 days for the two steers ( 591 and 592) on 
submaintenance one pound loss in weight effected a saving of 1.9 
pounds of nutrients for 591 and 2.8 pounds for 592. 

During the second period of 139 days one pound loss in weight 
effected a saving of 4.5 pounds of organic nutrients. For the total 
period of 327 days, 3.7 pounds of organic nutrients were saved by 
each pound of weight lost. 

EFFECT OF THE SUPERMAINTENANCE RATION 

During the first period of 188 days one pound gain in Steers 
593 and 599 lost 2.6 and 3.6 pounds of organic nutrients respectively 
above the cost for maintenance. For the second period the cost was 
2.0 pounds and the average for the 362 days was 3.0 pounds. In 
the growing animal the cost of gain above the calculated maintenance 
requirement appears to decrease during the second year of the am
mal's life. 

GROWTH AS INDICATED BY THE MEASUREMENTS 

For the first three months the increase in height and length 
apparently is not retarded by the restricted rations as compared with 
a steer on full ration. The rate of growth gradually becomes in
fluenced by the plans of nutrition. 

All of the steers in the experiment decreased in width of chest. 
The length of fore leg was about normal even in the submain

tenancc animal for the first nine months. 



EFFECT OF LIMITED FOOD ON GROWTH OF BEEF ANIMALS 127 

Heart and paunch girths indicated that 593 became thinner dur
ing the six months but that 599 was getting fatter. In all of the 
animals the floor of the chest raised from the ground, which indi
cated growth of leg. In all animals the back raised from the ground 
more than the floor of chest, which indicated growth in depth of 
chest. 

SLAUGHTER HOUSE DATA 

Blood.-As the submaintenance animals lose weight there is a 
loss in amount of blood. However when an animal loses extremely, 
as in the case of Steer 592 in this experiment, the loss of blood is 
not proportional to the loss in weight. 

Feet.-All animals gained in weight of feet which indicated 
skeletal growth. 

Hide.-With the maintenance and submaintenance animals the 
ratio of hide to animal increased; with the submaintenance animals 
the hide apparently lost weight. 

Head.-There was a calculated gain in weight, altho there was 
a loss in fat with all animals. 

Heart.-The hearts of the submaintenance animals lost weight. 
Stomachs.-All steers showed an increase in ratio of weight of 

stomachs to weight of animal. The stomachs of the submaintenance 
animals did not show a calculated gain in weight. 

Liver.-The livers lost in both actual and calculated weight. 
Spleen and pancreas.-There was a marked loss in weight with 

the submaintenance animals. 
Brain and spinal cord.-Growth was apparently not checked by 

the plane of nutrition. 
Offal fat.-In all animals there was a decrease in weight of offal 

fat when compared with the body weight. 
Empty weight and fill.::-The fill of the submaintenance animals 

did not decrease in proportion to the loss in live weight. 
Carcass.-The maintenance and submaintenance animals lost 

weight from the hind quarters more rapidly than from the fore quar
ters. Steer 593, supermaintenance, gained more in hind quarters 
than in fore quarters. 

Shin and shank.-There was bone growt~ in all animals. The 
lean was a decreased proportion of the cut. 

Plate.-The decrease with the submaintenance animal was more 
rapid than the decrease in the entire carcass. All animals increased 
in the weight of the bone of this cut. 
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Chuck.~ The bone gained in both actual and calculated weight. 
Flank.-In all animals there was a decrease in both the lean 

and the fat of this cut. 
Rump and round.-All showed a relative increase in the bone. 
Loin.-In the check animal this cut was a greater per cent of 

the carcass than in any of the other animals. 
Steer 597 after six months maintenance had more fatty tissue 

and less lean in proportion to his empty weight than the check ani
mal. He was apparently very considerably fatter than the check 
animal at the beginning of the experiment. Steer 595, twelve 
months maintenance, lost very heavily in fat and gained in both lean 
and bone. Steer 591, six months of submaintenance, lost in both 
fat and lean, and gained in skeleton. The same was true, in a much 
greater degree, of Steer 592. Steer 593 increased in bone in pro
portion to his increase in carcass weight. 

CHEMICAL DATA 

Adipose tissue.-The relative amount of adipose tissue was 
greater in Steer 593 ( supermaintenance six months) than in the 
check animal; but the per cent of fat (ether soluble) in the adipose 
tissue was greater in the check animal-77.245 per cent for 594 and 
75.189 per cent for 593. The adipose tissue of Steer 593 must have 
lost fat during the six months. While the weight of adipose tissue 
at slaughter in Steer 597 (maintenance six months) was greater in 
proportion than it was in the check animal, yet the loss of fat was 
still more striking as shown by a fat content of only 66.747 per cent. 

Steer 595 (maintenance twelve months) used nearly one-half of 
his original fat. In the submaintenance animals the use of the adi
pose tissue to supplement the limited ration was carried to a great 
extreme, so that in 592 the adipose tissue had very nearly disap
peared. 

Fat in lean flesh.--All animals had a less per cent of "fat in 
lean flesh than the check animal. 

Fat in skeleton.-Fat continued to be .stored in the skeleton even 
when the total fat in the animal was decreasing rapidly. It is evi
dent therefore that only in great extremes of limited food supply 
will the fat of an animal be heavily withdrawn from the skeleton. 

The liver of the check animal contained more than twice as 
much fat as any of the other animals. 

The external fatty tissue apparently lost its fat more rapidly 
than other parts of the animal. 
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WATER SUBSTITUTED FOR FAT 

When large amounts of fat are used by the animal as a source 
of energy to supplement a limited food supply some of this fat is 
replaced by water. 

SKELETAL GROWTH 

The growth of the skeleton persists under very adverse condi
tions and this growth consists in an increase in protein and fat as 
well as in mineral constituents. 

When young beef animals in good condition are put on a ration 
insufficient to provide for a normal growth there is a very persist
ent tendency to grow in spite of the feed restrictions. Much of the 
surplus fat will be used for energy, and growth of both lean flesh 
and skeleton will continue. Later, with continued feed restrictions, 
the animals will draw on both the residual fat supply of the soft 
parts and also on the protein of the soft parts to maintain existence 
and to promote a normal growth of the skeleton, which even in
cludes the storing of fat in the skeleton. As the fat supply of the 
soft parts becomes more seriously depleted and when the animal has 
drawn heavily on the protein structure of the soft parts in order to 
preserve existence the animal is able to draw on the fat supply of 
the skeleton until that structure is almost entirely robbed of its 
storage of fat. 
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