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UNITED STATES DEPARTMENT QF AGRICULTURE
WASHINGTON, D.C.

EFFECT OF QUANTITY AND KINDS OF FEED
ON ECONOMY OF GAINS AND BODY
COMPOSITION OF HOGS?

By N. R. ELuis, chemist, and S B ZBLLER, associale antinal husbandman, Animal
Husbandry Divivion, Burcau of Animal Industry
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INTRODUCTION

Efficiency in the feeding of domestic animals involves not. only the
proper selection and combination of feeds and method of feeding, but
also the proper daily allowance. In the case of dairy cattle, much
attention has been given to the choive of feeding standards which
provide the optimuni level of protein, tota! energy, and other nutrient
factors for efficient milk production. The profitable perfo: xance of
animals raised for meat, such us hogs and cattle, depends in great
messure on both the economy of live-weight ncrease and the quality

wpl the meat.

In the case of hogs, the effect of variations in the level of feed

take on the efficiency of conversion of feed inio body tissue and on
the composition of the hody has received little nttention in comparison

wvith that given to the many other feeding experiments, conducted
uring recent years, on the influence of the diet on rate of growth.
erhaps the main cause for this lack of attention has heen the general

1 This work wns flrst underluken ns o pmri of Lhe project, eooperalive soft-pork jnvestigations, which
has hean combingd with the natlonal project, cooperative inent investipalions. The Burews of Anjmal
Industry, Agriculturs] Xeonoznics, un(] Hop Eeanowies of Lhe U.5. Dapurtment of Apriculture, and tha
agricnliural experimont stations of 28 Slates have been or are now partielpating in tha nalionn] project.
Tho following represenlatives ssisted in conducting tho wark: 1o frnges grading of earcusses, O G Hyg-
king, Bureny of Apimal Indostry, nud E, 1, Huostetler, North Caroling Agricultural Experiment Stution;
{b slnughtoring and physies] compositien, X, F. Warpger ool B. L. Hiner, Bureaw of Animal Industry; in
ehemical compnsition, I, E. ATeClure {rosigned), W. O. Pols (resipoed), K. W, Rismenschneidar, J, M.
Spadely, und W. 1. Kaulfmpo, Burean of Anfmal Industry; in cookiog (osts, Luey M. Alesunder, Burewy
of Heme Evonomies; in statistival nnalyses and computations of caccass composilion, Mrs. B, V. Steely,
Burenu of Animal Industry, snd 1 oumber of representsilves of the Buresims of Agrivaltursl Econotnios,
Home Eeppomivs, and Animal Indusiey for survices on the palatahilicy-of-ments committee,  Agknowi-
edpmaent s mude Lo . W. Sbeels, Paul B, Howe, E, % Russell, 8. 8§, Buckley (decessed), and 0. Q.
Hankins [or sugpestions sod advivs,
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asstmnption that o maximum rate of gain was of greatest importance.
Economic reasons—for example, the desire to reduce the labor costv
or to produce hogs for the early and top-price market—have governed
feeding practices, in which rapidity of gains has been uppermost.
To the study of the correction of nucritional deficiencies in hog rations,
the increase in the growth rate along with greater feed utilization
has been highly significant. Tt has been only natural to consider that
there is a direct relationship between increase in growtl: and efficiency
of feed utilization. Improvements in the nutritive values of feed
combinations usually have been accompanied by inerease in palata-~
bility and hence incressed consumption.

The building of adipose tissue is o relatively more expensive process
jn terms of feed requirements than is the building of protein lissue,
In addition, the changing market demands for meat have tended
towards less Tat in the pork cuts. Changes in hog types and the use
ol eflicient protein, vitamin, and mineral supplements with corn in the
hox ration buve been an aid in meeting the demand for leaner meat.
The readiness with which the hog stores [at mitigates against any
pronounced decrense in fal storage as long as the hog remains on an
nd Jibitum basis of feeding Ixperiments * have shown that the
nutritive ratio of a diet could be varied from 1:2 to 1:10 without
effect on the fat content of hogs slaughtered at a weight of approxi-
mately 200 pounds. Restrietion of the Teed conswmption offers a
possible meuns of lessening the quantity of fat stored and thereby
increasing the yield of Jean meat in the carcass, Such a practice in
feeding immedintely raises the guestions of economy of gains, rate of
gain, and quality of meat ns alfected by age and fatness of hogs.

The purpose of these investigations was to determine the efiect of
different levels of feed intake by hogs (1) on the efliciency of convert-
ing feed into gain in weight, (2) on the physical and chemical composi-
tion of the meat and carcass, and (3) on the firmness, palatability,
and other quulity factors of the meat, Data are presented on three
hasal feeds, namely peanuts, corn, and wheat. Comparisons of feed-
ing lovels were made with the same diet in each experiment.

Among the questions involved in a study of this kind is that of
experimental  {eeding methods. The usual feeding comparison,
whether by the paired method or otherwise, does nut take into account
the possible difierences in the response of hogs to differcnt diets fed
at egual and graduated levels or at frec choice and variable levels.
The question relative to the composition of the meat is largely one of
{atness. The possible implientions of control or limitation of the fat.
content of the carcass involve the changes in the yields of the lean and-
the fat cuts.

PREYIOUS INVESTIGATIONS

Interest in the effect of limited feeding was first aroused by the
results from hog-feeding experiments ? in which a study was made of
the effect of retarded growth, through the lowering of the feed iniake,
on subsequent growth on full feed and on the firmness of the carcass.
One lot of hogs was on a restricted ration during the first period and
was self-fed during the second period. The other lot was full fed
during the entire period. The former lot made so economical &
utilization of feed during the second period that the cost of feeding

1 Uopublished dnta,
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and gquantity of feed consumed were practically the same for the
two lots during the entire experiment, even though an unbalanced
ration of ¢ m and mineral mixture was used during the restricted
period. The results showed that limitation of feed did not produce
any apparent permanent impairment to the well-being of the animal
body es evidenced by the subsequent growth when the animals were
changed to sel{-fecding.

Interest in the subject was further stimulated by observations on
the growth of pigs on peanut rations (7, §,9)! Not only do hogs make
greater gain in weight on & given quantity of a ration high in peanuts
as compared with ope high in corn, but they frequently show exces-
sive fainess after periods of 2 months or more on a peanut ration,
owing largely to the high oil content of peanuts. The sugzestion was
advanced thai limitation of the feed intake might reduce the storage
of oily fat without wndue sacrifice in the rate of gain or the feed
re%zirements per unit gain, _

omaparisons of different levels of feeding have been conducted with
hogs in connection with studies on the utilization of forage crops. In
. the usual casc the animals have been given frec access to & {orage erop
+ and have been hand fed at various Jevels ranging from approximsately
4 pounds to 1 pound of feed per day per 100 pounds of live weight.
Results of many feeding trials have shown a material saving of con-
centrate feeds at the lower {feeding levels. However, it hus heen
found that limited feeding of a concentrate ration with access to forage
cr hay may not lower the total feed consvmption in all cases. Robison
(18) compared the teed requirements of {ull pigs on a full feed of corn
and tankage with their requirements on s linited feed of corn and
" tankage, with sccess to alfalia bay in both types of £ ecding. Although
in the limited feeding the requirements for concentrates were reduced,
the extra quantity of alfalfa hay consumed raised the total quantity
of dry matter above that consumed by the 1ull-fed groups.

The acoption of the self-feeder in place of hund feeding in swine-
hushandry practice was dus in great measure to the saving in Iabeor and
feed. The advantages of the seli-feeder have been described by Henry
and Morrison (70).  Their summary of results of self-feeding in com-
parison with hand feeding pigs in dry lot (0, p. 614) shows a higher
deily feed consumption for the sell-fed pigs. Further, they state that
this “is due to the fact that seli-Ted pigs help themselves many times
& day and even during the night, thus being full fed at all times.”
At another point the same authors have expressed the prevailing
opinion relative to full feeding in these words:

When pigs are fod about all 1they will eat cither by mieans of & self feeder or by
hand feeding, they will consume iess fecd for each 100 pounds’ gain up to market
weights aud therefore the galns will be cheuper than if they had beon fed less grain,

Armsby (1), v discussing the production values of feedstufis,
states:

11 bus beeu tacitly assumcd thal butly the losses of chemienl cnergy in the excreta
and {ue increment of heat productlion conseguent u pon feed consumption are pro-
portional to the quantity of feed Ingested, that is, Lthat the net unergy values per
unit of {eed are substantinlly unnflected by the smount consumed ov iy the plane
of nutlrition of the animals.

Later in the discussion of this matter he mentions that heavy fecd-
ing may lower the digestibility of mixed rations, but that on the whole

3 Xtalic oumbers in prrentlicsus refer to Llterature Citutd, p, 38,
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“the net cnergy values may be regarded as being, if not strictly con-
stant, ab least nearly so over a wide range of feeding.” 1t should be
noted, however, that his statements relate in the main to Herbivora.

Benedict and Ritzmen (3) state:

It is reasonable {o assnme {hat the fime-honored belief Lthat domestic aninals
siionld be fed continually and fed {o excess may be fairly challenged on two
grounds: First, that the compiete withdrawsal of food Tov a Few diuys is nob injurious
or distressing; second, thal reasonably prolonged underfecding is not distressing
or permanaiily injrious,

At the Missouri station {15, 16, 17} beel animals were fed for ex-
tended periods at different levels of intake.  One group was given ali it
would eat, another wis fed at a level designed to obtain maximum growth
without storage of surplus Tat, and the third was distinctly retarded
in growth by further Lmitation of foed. The decrense in feed Jevel
mereased the gquantity of feed required per unit of gain and produced
caveasses containing decreased quantities of fat in the edible meat.

In o study of encrgy metabolism wn relation to plane of nutrition in
cattle, Forbes and sssociates (5) concluded that comparable deternu-
nation of the specific dynamic effects of leedstufls or nutrients can be
determined only at the same plane of nutrition.

Mitchell and Hamilton (J4) found that the percentage of availahle
metabolizable energy of a 2-year-old steer at six levels of nutrition
decreased with incresse in the level of {eeding. These workers also
emphasized the fact that the net energy value of each ration must be
expressed in relation to the dry-matter intake.

In studies on the growth of chickens, Jull and Titus (1) concluded
that the relalionship between growth and feed consumption is ex-
pressed by the law of dimindshing inerement.  Subsequent work by
Titus, Jull, and Hendricks * has led them to suggest underfeeding on
an equal and uniform level in comparative Ifeeding experiments.
Sueh a procedure utilizes the paired-ieeding method as applied by
Mitehell and Bendles (13) but provides lor a niore uniform and gradu-
ated feeding schedule without greatly affecting the economy of gain.

The hog excels other farm animals in the economy of conversion
of feed into cdible body tissue. Henry and Morrison (70} point out
that the hog not only has a low feed requirement per unit of gain but
also vields a high percentage of dressed carcass. The edible portion
of the earcass also has a high caloric value owing to the large quan-
tity of fat stored during growth and fattening. Lusk (72} quotes
Rubner as stating that growing hogs may store 40 perceni of the
caloric intake. Wilson, us reported by Lusk {12), found a 20-percent
retention in young pigs on & malik dieb. Armsbhy and Moulton (2)
have calenlated Swanson’s data (J9) in terms of gross efficiency and
found the highest value to be about 39 percent. When corn was
supplemented with protein and mineral elements, valves of 30 per-
cent or more wele obiained in the usual case. Washburn and Jones
(20) found a veviation of {rom shout 14 percent on skim milk to 44
percent on homogenized milk containing 8 percent of fat.

PLAN OF EXPERIMENTS

The hog-feeding experiments were conducted between 1924 and
1932, inclusive. Q.Eighty-ninc pigs were individually fed weighed

s, Ho W, Jois, M.AL, and SENBRICKS, W. A, GROWTH OF CIHCKENS AS A FURCTON OF FEED
COMSUMPTION, TUnpublished munuseript,
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umotnts of the rations twice daily. Six additionsl pigs were seli-fed
in & group. Most of the pigs weighed between 55 and 80 pounds
when they were placed ou experiment. In the usual case, purebred
Poland Ching, Chester White, Durac-Jersey, aud Tamworth pigs
were used and were weighed weekly. The initial and finai weighfs
were usually based on the average of three successive daily weighings,
At the beginning of the experimenis, the pigs were taken directly
irom seli-feeder tofs and received the weighed amounts of Jeed, accord-
ing t¢ the schedule of feed levels, without any intervening transition
perzod. In those pigs on the low level of feed, the decrease in feed
consumption tended to cause a marked drop in weight very soon
after the beginning of the experiment. The feed consumption was
racorded on a weekly basis.

The amimals were confined in paddocks and ségregated according
to feed levels. No green vegetation was available at any time.  Feed-
ing crates were provided so that at feeding time cach pig could be
confined In a separate compartment and fed individually.  The pigs
were relessed from the crates when all the feed was consumed.
Whin pigs friled to cat, as occasionally occurred, the feed was weighed
back.

In three experiments designated as A, B, and C, the rations con-
tained peanuts as the basal feed. The initial weights of all the pigs
in the three experiments ranged from 56 {o 82 pounds. Experiment
A, begun In December 1927 with fall pigs, consisted of two lots.
One lot containing 4 pigs received individually a full feed, whereas
the second lot, of 8 pigs, was fed approximately hall the amount,
per pig, fed to the first Jot. The feed allowance was adiusted st
weekly intervals to quantities such that the pigs on full feed readily
consumed their portion in a rensonable time and those on the low
level received approximately half this allowance. An intermediate
feed level was incinded in experiments B and C.  Experiment B con-
tained 4 pigs in the full-feed lot, 4 in the intermediate, and 8 in the
low-level lot. Experiment C contained 8, 4, and 8§ pigs, respectively,
i these lots. Experiment B was begun in July 1928 with spring
pizgs. The 4 pigs on the {ull-feed level were given a somewhat smaller
allowance of {eed than those in experiment A owing to disinclination
to consume readily the original level as planned. The intermedianie
and low-level groups of experiment B were also reduced accordingly.
Fall pigs were also used in experiment C which was begun in Decem-
ber 1929,

The severn! lots of pigs in experiments A an? B received the peanus
vations until the average gains of each lot reached 50 pounds but did
nob greatly exceed 60. The three lots in experiment C were fed the
peanut ration until the gains were approximately 40 pounds. There-
after, those hogs not sinughtered for analysis were fed & hardening
ration usually on o full-feed basis.

The pigs in two experiments, designated as D and E, received
rations containing corn as the basal feed. Experiment D was con-
dncted in 1824 and cxperiment I in 19830-31. In experiment D,
3 pigs in one group were individually fed 60 percont as much as 3
anumals in anosher group on full feed. A complex mineral mixture
was self-fed separutely from the grain ration.

In experiment E, begun in August 1930, three groups of pigs were
fed at three levels. These levels were bused on live weight but were
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compnrable fo those for experiments B and C. One group of 6
pigs received 4 pounds ol feed per 100 pounds of live weight, another
group of & pigs 3 pounds, and the third group of 6 pigs 2 pounds.
The quantity of feed was adjusted for each 20-pouna inerease in
weight, hbased on group averages. Thus, on the 4-pound level of
feeding the pigs weighing on the average between 60 and 79 pounds
received 2.4 pounds of feed per day. When the average group
weight was between 80 and 99 pounds, the feed allowance was raised
to 3.2 pounds. likewise, on the 3-pound level the feed sllowances
were 1.8 and 2.4 pounds, respectively, and on the 2-pound level
the amounts of feed were 1.2 and 1.6 pounds, respectively. How-
ever, the methed of feeding did not actnally permit consumption of
feed at the full levels of 4, 3, and 2 pounds per 106 pounds of live
weight owing to the fact that the weight for ealculation of the daily
allowance was the lowest limit for the weight interval.  All hogs in
experiments D and I were fed to weights of approximately 200
pounds.

Finally a ration with wheat as the basal feed was used in experiment
F. Three groups of six pigs, {arrowed in the fall of 1931, were fed
according to the same general plan followed in experiment E until
their weights also approximated 200 pounds. In addition, six pigs
were group fed with self-feeders until they weighed approximately
the same as the other groups. The wheat ration just mentioned has
been used with satisfactory results in other hog experiments at the
United States Animal Husbandry Experiment Farm at Beltsville, Md.
Adjustment of the daily feed allowances was made to permit the full
mtake of the 4-, 3-, and 2-percent levels by basing the ealeulation on
the mid-point instead of the lowest point of the 20-pound weight
mterval.

The composition of the rations for the six experiments is given in
table 1. The rations used in experiments A, B, and C were prepared
with the view of providing for rapid growth on the full-feed levels.
In this connection Hankins and Zeller {9) have shown that the effi-
ciency of peanuts for growth of pigs is greatly increased by the addi-
tion of aniumal protein in the form of tankage. Halverson, Hostetler,
and Sherwood {6) concluded that alfaifn mesl and mineral mixture
are eflective as supplements to peanuts in producing satisfactory gains
and that the further addition of animasl pretein supplements does not
appear necessary. However, all these supplements and others were
used in the present experiments.

Tanue 1.—PFercentage of diflerent ingredients in ralions wsed in experiments
designated

Pennuls, | Corn, Whesl | Alfalfu- Bkim- Tunk- § Mluceal

shalled | yellow middngs] leaf weal p::\l\l'ldli'r age | wixlure

Experiment

0
0
]
40
14
u
B 1]

7
5
a
i

4
o

Eal= bl =Rl b

+ This ratlon was sug%esl.ed by &, I7. Hosteller and H. 0. Hulverson of the North Carolinn Agriculiurs)
Exporiment Stallon. It e been used in A nimber of experitnents by saveral of the coopernting sintions,
*'I'he first sel ol figures shows Lhe percentape of the different ingredients fed when the pigs weighed bess
thaw 100 pounds; the seeoud set, when they walphed 100 pounds or more,

3 A cowplex mioeral mixture was sell-fed sspurulely from the grain ration,
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The average chemical compostiion of the rations is shown In takle 2.
The percentages of the feeds used in experiment D were changed when
the pigs reached a weight of 100 pounds in order to reduce the protein
content. The rations used .n experiments A, B, C, E, and I were not
altered during the course of the experiments. The rations used in
experiments A, B, and C were high in ether extract, uvwing to the
peanut oil, and in protein, also contained in large pars in the peanuts.
The average protein content of the corn ration was 14.3 percent and
the nutritive ratio approximately 1:6; the corresponding figures for
the wheat ration were 17.4 percent and 1:§, respectively. The peanut
rations contained approximately twice as much protein as the com
ration and were much higher in caloric value than either the com or
wheat rations because of the diflerences in the fat content, )

TasLe 2—Chemical compusifion (}w:’ccné) of the ralions used in cxperimenis
designaled

1
Biher | oo | Nitrogen-
extrael froe exirnel

Rumnber
Experiment, of Water 1 Proteln
Satpples

n
&

....
e f e e g
OB - DM TR =
1o

—
Bl ot
£ O e 0 ke 0 T

T Ol e LIPS ED 1D

11350 o e 1
_— S AT ALy
REpElRE
WA W R D

i The flest st of figares shows the chomieal eotipestiion of Lie ration fed while ibe pigs weighed loss fhnn
100 poamids; Lhe sceand sel, after they Trd alinined this weight.
1 Not ipcludiop self-fed minerals

Anslyses were made of the carcasses of seven animals from experi-
ments A and B, in which peanuts were fed, of 15 animals from experi-
ment B, in which corn was fed, and of 18 individually fed animals
from experiment F, in which wheat was fed. In addition, analyses of
back Iat were made on six self-fed anlmals In experiment F. The
first-named lot of seven hogs consisted of selected anirnals which were
sinughtered at weights ranging from 109 to 126 pounds immediately
alter she peanut-feeding pericd. From the full-fed groups, two hogs
from experiment A mnd one from experiment B were used, and from
the low-level groups two each were taken from experiments A and B.
As each hop m experiments E and T atteined a welght of approxi-
mately 200 pounds, iv was removed from ihe feed lot. Feed was
withbeld for a day and the animal sinughtered.

At the time of slaughter the blood, hair, and all viscera from all
hogs were saved, cxeept those in experiment . The stomnchs and
intestines were cleaned, and & composite sumple of all visceral organs
was prepared lor each hog. Lot snmples of blood and dried hair were
alse prepared. In the case of all tﬁe experimental hogs, after the
warm dressed carcasses were weighed they were refvigerated for 3
days and then graded for firmness. Subseguently, {at samples were
taken {rom all hogs after which the carcasses were separnted into
commereial cuts. The cuts were separated into lean, [at, bone, and
skin fractions, The procedure throughout was essentially that
usually followed in the cooperative investigations on quality of meats.
The cutting methods huve been deseribed by Warner et al.>  Analyti-

S Wannun, K. F, Eidag, N. R, and Towg, P. E.  CUTTING YIEL0US OF O8RS AN INDEX OF PATHESS. Jour.
Ayr, Hesenrch 48, 241-265, {llus, 1634,
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cal samples were prepared lor certuin cuts, including the lean and the
fat of the ham, the loin, the back fat, and the remaining edible ment
whicl was made into & composite sample. The total skin and the
bone were also sampled for all the hogs except, those in experiment F,

A number of hams from hogs on the 4- and 2-percent feed levels
from experiments E and F were cooked, and palatability tests made
in order to determine whether the low level of [eeding had any
pronounced effect on the quality of the meat.

EXPERIMENTAL RESULTS
EFFECTS OF FEEDING LEVE!L. ON ECONOMY OF GAINS
PEANTUTS AS THE BASAL FEED

The feeding results obtained in experiments A, B, and C are shown
in tables 3, 4, and 5. The duly feed consumption ¢n the lull-feed
level of the peanut rations was lower for oll the animals than is
ustinlly the case with pigs weighing not greatly more or less than 100
pounds and fed on cerenl rations,  As an example, compared with &
daily intake of 4 pounds, the estimated consumption of feed per 100
pounds of live weight of the hogs in the lill-fed lot in experiment B
was 2.94 pounds. However, this quantity ol leed hnd approximately
the same enloric value as 4.4 pounds of the ration of corn and supple-
ments ased in experiment I8, The small deercase in daily leed con-
sumpiion in experiment B from that of the eorresponding lots in
expertment A was reflected to o slight extent in a deerense in the
average daily gains of the animals.  However, the "aed required per
100 pounds of gain for comparnble leed levels shows good agreement.
The Tour pigs on the interniediate level in experiment B were excep-
tional in that they gained the most rapidly and required the least
feed per 100 pounds’ weight ol any loi.

TacLk 3.—Compnrison of gains and feed consywmplion of pigs in experimenl 4 on
high and fow fevels of o peanut ration

- ; Aver- Fred c?rb
; tnitinl | B rppyng g | gy | FUDIRLIOR

Feerding lavel Hog no. | Breed ! Sex weight ritetztil wain dl.'lLil_\' ol | 12T luq‘

turlod i pounds

S gain
b, ) bape | Lo Vooh, | Lb, Lé,

Barrow . 05 : 42 18 114 | 12 rox i
[ I Y Al 1,00 | 1538. 5 dL
. : Ao 42 H 1M | 132 2L 5
Trigh {full fead)--..-.--- Taio4F | AL | Lo | 1588 313
IRt T (TR TN IEPPE. P, iH L5 Ss ] LS| g a2
Barrpw ., i3] ifl al BE IR AL G
o G T ] 55 s | 1o 187, 4
_.| Barrow. a7 5 o] G| BULE 1726
Low (55 pereent of full I [ J— 57 Bl 58 LS 1107 140,49
o) aa o cmecan {51 P 11 44 45 A LT XLB
JRC T T ar Gl i) ) [ 150.9
R [ T 7l 1] 57 RN 1al, 2
Barrow._ [1x) 1] 53 BT R 8. 2
AVEMAEE . euarafen ceccmmmee]eremenas hmmamaman i Gl .3 BV LS 205, &

1 CW=Chester While; PC=Foluad Chinn,
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Tasys 4—Comparison of gains and feed consumption of pigs in experiment B on

8 levels of o peanut rotion

it | FExpert- oy e g | S0
- . . nigial | o Total | age | Tatn
Feeding level Horno. | Broed ) Sey welght nlor:;(t;é'l shin {daily | teed | potnus
ne wain poin
b, Pnix L, Lh, FAN A,

W .. g-‘i !':.'i 1) Iég }3].5 3&23

< Moowa ... [ i . 815 HIES
Tigh {fall feed). ... {15.... 7 g5 | e | n1078% 23,0
Wesee 72 T 8 P AL &
AVEIARS. et e oo JFOS NI S 474 BLE O A ViDL IRR 2 30,0
| I — weo| Tcoof Barrow.| 70 45 o4 .21 w8 152.6
Medium (70 percent. of 1182 22" - 770 Cw.| aQill...... Ha 15 & 110 1078 6.3
full feedd, - oL VLoD CWo. Burrow |1 50 EL] o L2 I07R 17 a
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TABLE 5.—Comparison of gains and feed consumplion of pigs in experintent (" on 8 levels of a peanul ralion
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+

Entire experimental period ‘ First 3 weeks of entire experimental period omitted

o " - ' Average

Feeding level Hog no. : Initiat | Experi | oo | Avernge ,{:f“l‘(]}() D Experi- | oepogqp 1 Average | moy | feed per

wei -ixt mental ,“i;x daily E(mnds’ mental ni;l daily feed 100

& period | 5 gnin I s peripd - & gain pounds’
gain

128.1
370.7
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".;gw----m. 67 56 40 0.72 35 32 0.91 .5 354.7
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: CW=Chester White; DJ=Duroe-Jerséy; PC=Poland China.
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The performance of alt the hogs for the entire period In experiment

was poor. This was especiaITy marked in the group on {ull feed,
not only in rate of gain but in feed required per 100 pounds of gain.
It is noteworthy that the feed required per 100 pounds of gain was less
on the limited feed levels, as occurred in experiments A and B.

During the first 3 weelts of experiment G, the full-fed hogs gained
approximately 5 pounds and the medium and the low-level srou ps
3 pounds each. After this period of poor gains the growt?l rate
improved. Insufficient evidence was availﬂ.b%e to indicute whether
the fatlure of the hogs to gain during the early part of the experimental
period was due to sickness incurred before the beginning of the
experiment or to the abrupt change in ration and method of {ecding.
The results of the experiment, when the data for the fist 3 weeks of
all lots are excluded, as shown in table §, indicate that the daily gains
and the feed utilization were not greatly different for the remaindor
of the experiment from those of the earlier experiments.

The results obsained from this recalculation show the h ighest rate of
gain and the best utilization of feed to be on the medium level of feed
intake. The latter observation is not in harmony with the figures
for the entire experimental period since the low-level group required
only 278.8 pounds of feed per 100 pounds of gain compared with 312.5
pounds for the medium level. The significance of the difference bo-
tween the mesns of (1) the average daily gains and (2) the feed con-
sumed per unit gain, has been tested according to the method for
¢ test given by Fisher (4, p. 109). Only the high and the low levels
have been compared, but the ¢ value has been caleulated for the two
sets of results for experiment C taken from table 5. The value of # for
the two comparisons of average daily gains correspond, in terms of P,
to 0.02, which means that the chances are 49 to | that the differences
ave significant. The comparisons of feed consumed per unit gain
yicld values for ¢ which indieate that the chances are greater than
99 to 1 thet the differcnces are significant. The order of significance
was nearly identical for the two sets of data based either on inclusion
or exclusion of the first 3 weeks of the feeding period. Since the
differences due to level of feed intake in oxperiments A and B are in
general accord with those in experiment C (table 5) both with and
without the questionable 3-weelk period included, there appears little
}'casi)n to doubt the significance of the differences produced by feed

evel.

The growth eurves of the hogs, based on lot averages, are shown in
figure 1 for cach of the three experiments. 1t will be noted that in
experiments B and C the curves for the medium-level lots closely
follow those of the high-level lots. Tn both experiments the medinn-
level lots have increased rates of gain midway in the period and the
gain curves remain above those of the high-level lots until the end of
the periods,

Although arowth was resarded on the low level of intake in all the
experiments, the gains were made more cfficiently in terms of feed
consumption than on the high level and were not greatly different
from those on the medium level. The feed requiremenis for unis
gain on the high, or full-feed, lovel were generally lower than is fownd
on peanut rations under the usual feeding conditions. As alveady
indicated, this may be accounted for by the evidently high ealoric value
of peanuts, owing to oil content, nnd nlso Lo the high protein content,
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Values such ns were obtained on the high-level groups have been noted
in other peanut-feeding experiments (7, 8, 9) 1n which the hogs were
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self-fed in groups. Results on 316 hogs (7) fed unshelled peanuts
and a mineral mixture showed that the animals consumed, per 100
pounds of gain, 351.9 pounds of peanuts, the equivalent of approxi-
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mately 275 pounds of shelled nuts. However, the shelled peanuts
used in experiments A, B, and C, although representative of the prod-
uct usually marketed for hog feeding, were not equal in feeding
value, as judged by the chemical composition, {o the usuul guality
and yield of nuts obtained by hand shelling whole nuts, which was
done in order to obtain the above estimate of equivalent values of
whole and shelled nuts.

The hogs of experiments A, B, and € which were not slaughtered né
the conclusion of the peanut-feeding period were individuglly fed o
hardening ration of corn and supplements. Although the details of
the hardening results are not given in this builetin, it is of interest
that the restriction of the peanut ration had little, if any, effect on the
gains and feed utilization on the hardening ration. Twenty hogs
Irom the lots on the low levels of the peanut rations gained an average
of 1.61 pounds per day and consumed 424.4 pounds of feed per 160
pounds of gain, whereas 13 hogs from the high-level lots gnined at the
rate of 1,563 pounds and consumed 437.6 pounds of feed.

COlN AS THE BABAL FEED

The results on gains and feed consumption for experiment D are
given in table 6. The daily feed of the full-fed lot on the corn ration,
as caleulated from the average weight, total feed consumption, and
days on experiment, averaged 3.63 pounds and the 60-percent lot
averaged 2.38 pounds per 100 pounds’ live weight. On the basis of
4 percent of the live weight as approximately a full feed for hogs
ranging {rom 58 to 200 pounds in weight, the consumption of these
hogs was below the average. As indicated by the growth curves of
the hogs, shown in figure 2, little difference in rate of growth existed
between the two groups of hogs. The best gajns were made after the
hogs passed the 100-pound weight. The feed required per 100 pounds
of gnin was higher for hog 51 than is usually associated in practical
feeding with thrilty, economical gains. The remaining two hogs on
full feed showed salisfactory feed utilization according to the usual
standards.  The lowering of the daily feed allowance of three hogs to
60 percent of the full ration resulted in correspondingly lower leed
requirement per unit gain,

TapLy 6.~—Comparison of gains and foed conswmplion of pigs in experiment D on
2 lewels of & corn rubion
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Aver. fecd por
X

ngo
daily
pain

Initig) [E¥peri

olwh | THiERERE
welhit periot

Feeding lovel Hap no, Breed 1
poumls’
gk

Dugs L. L. L.

: 136 LG4 [ 6150 455, 13
High (gl feedt L. REG. GilL .. . L] i) sing 4219
0] . 95 [ MO 5289

ATOT0. e v . B4 ] 4 Ll ows g 8.8

Low (60 pereent, of ; e B a 20 Loi | 880 L8

o] IR 0L A g, 2

full feeid), A F : s R T

Avertigy PSR RN P i + LT IE S M7

P OW=0Chester While; PO=TPold Chinn; T=Tumworth; Typr PC="M'airworth cross on wade
Poland Chinn,




14 TECHNICAL BULLEPIN 418, U, 8. DEPY, OF AGHICULTURE

The offect of fueding a corn ration at different foeding levels was
further studied in experiment E. The results are given in table 7.
The rate of growth as related to length of feeding peried is shown in
figure 2. The curves indicate that the rate of growth incressed in
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all lots proportionally to the feeding level with increasing live weight,
Thus, the curve for the lot on the low allowance of feed appears to
deviate the least from a straight line and the curve for the lot om
tha full allowanee the most.
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TanLE T—Comparison of gains and feed consumplion of pigs in experiment J5 on
8 levels of a corn ralion

Avernge
Aver- A
Initfat [B3perE- ars | Totnl fi.ufl L ner
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; : tafly | feed
welght period it

Freding lovol Breed ! B
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127,11
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w7
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115

Hlfh {4 percont of
live welght).

[

Averagn. .

Mediuwm (4 percont, [}9o-- -ee- Jé’;ﬂm“"
of live welghi). s

Burrow.

Avernge.

Low (% percent of
live welghtd,

125 . .

131 L7210 4548

Avernge .. ). . . . ig | 1278 ST UNAL

! CWe=Chesier White; DY = Durae-Jersoy; PO == Polund Ching; Y=Yorkshire,

Arrangement of the feeding and growth data in the form given in
table 8 shows the average gnins by successive 100-pound increments
of feed intake. Adequate data on this phase of the study were
obtained only in experiments ¥ and F. Smoothed growth curves
were first constructed from the running averages of three successive
weekly weights of the individual pigs n order to remove occusional
irregularities in weights. The gain in weight for eacl 100 pounds of .
feed mntake was then obtained.

Tasuy 8—Comparison of gains in weight (pounds) per successive 100 pounds of
Jeed Tacrement consumed at 3 levels of feeding in crperiment K

Feed [nerewnant, Hieh level Mﬁﬁ‘mm Ly luwp]

Tirst 100 pounds.
Second 1 pound
Third 100 pownds..
Fourth 100 ponnds
Fifth 100 puuds. ...

Wl 8
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It will be noted that the hogs on the high level made the greatest
gain on the third 100-pound increment of feed, which occurred
between weights of approximately 110 and 140 pounds. Greater
gains on all corresponding feed increments oceurred on the medium
and low levels than on the high level. Apparently, the highest
gains occurred in all lots during the second or third 100 pounds of
Teed intake and tended to decrease thereafter. The most pronounced
decrense in efficiency of conversion of feed into body weight occurred
in the hi%h—leve] lot. The small decreases for the lots on the medium
and low levels are undoubtedly indicative of increasing mabtenance
reguirements resulting from increasing growth.

Table 7 shows that the total gains in weight of the 17 hogs ranged
Trom 120 to 155 pounds with the ot averages within the range of 128
to 135 pounds. The time required to reack the desired gain 1ncreased
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from 119 to 166 days with the decrease in the feed Jevel. Although
the time required to reach a final weight of approximately 200 peunds
was increased by limitation of the feed to 2 percent of the live weight
of the animal, the total feed consumption was reduced fully 25 per-
cent. The lot on the medium levelp of feeding gave results inter-
mediate to the high- and low-level lots. In the experiments with
the peanut rations the hogs on the medium levels tended to gain at
rates slightly better than those on the full levels and at the same tinte
utilized the peanut ration fully as well, if not better, than those on
the low levels of {eeding,

The differences in fecd econony bebween lots are of such size as $o
indicate & sigpificantly better utilization of feed with decreasing
intake with the levels used.  Although the numbers of hogs are small
within any one group, there is o consistent trend {rom group to group.
A study of the significance of the mean differences (4, p. 109) in the
feed required per unit gain bhetween the lots shows £ values to be
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less than 0.04 for lots on the high and medium levels and less than
0.01 for lots on the high and low levels. With odds greater than 24 to
1 and 99 to 1, as indicated by the values for P, the medium- and low-
level lots appear to have made a significantly better utilization of
the feed than the high-evel lot, even though the hogs required a
longer time to reach the same final weight, The data show a lack of
significance in the feed requirenients between the lots on the medium
and low levels of feeding.

WHEAT A% A BDASAL FZED

The feeding of a ration low in {fat and normal in protein content,
such us is found in the corn ration previously described, as distin-
guished from the high-fat and high-protein peanut ration, was con-
tinued in experiment F.  Wheat replaced corn as the basal feed.
As slready noted, the plan of work for experimnent F followed that of
experiment E in most details. One additional Jot on a self-fed basis
was_included for feed and growth comparisons with the feeding
levels of 4, 3, and 2 percent of live weight. 'The results of this
experimnent are shown in table 9.
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TanLe 8.~—Comparison of gains and feed consumption of the § lots of pigs in
cxperiment K on a wheal raiion
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FOW = Chosler White; 1 = Baroe-Jersey; PO="Toland-Chign.

The gnins in weight as related to length of feeding period of the
four lots of hogs are shown in ficure 3. The most pronounced differ-
ences i rate of gain occurred during the early part of the experiment,
Indeed, the low-level group failed to gain untdl the third week of the
experiment, and it was not unti! nfter the seventh week that 2 reason-
ably rapid rate of gain was maintained. Secveral {actors are possibly
involved, nomely, the “fill” at the beginning of the experiment, the
disturbance to health and to normal body functions owing to decrease
in feed, or other facfors. A similar situation oecurred in experiment
C. In this casc, however, all groups were affected, thus indicating
with greater certainty that Inctors other thun feed level were pre-
dominznt. When once adjusted to these factors causing the early
retardation, the lot on the low level of feeding in experiment F gained
s well as the corresponding lot in experiment B.  Indeed, the growth
curve of the two experiments are much alike except for she early
retardation as notud. g

A tabdlation of the datn aecording to gain per 100 pounds of feed
increments, as was presented for experiment E, yielded the results
given in table 10. The high-level group showed the most efficient
utilizasion of feed in the first 100 pounds consumed but was never
greatly in exeess and usually less than the two lower-level groups on all
successive 100-pound inerements,
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Tanuk 10.-—Comparisen gf gains in weight (pounds) for successive 100 pounds of
feed consumed ef 8 levels of feeding in experiment F (wheot ration)

Medium

level Low lowel

Feed inerement ! High level

FHrse 10 poupds

Second 100 pounds.
TMhird 100 pounds
Fourth 100 potnds.
Fiftly 100 pouncs. ._

The slow gains during the early weeks on the low level of feeding
were responsible for the Tow gain, 17.5 pounds, shown in table 10. On
the other hand, the high gain attained on the second 100 pounds of
{eed increment on the Jow level was maintained until the end; on the
medium level there was only a slight decrease; but on the high level
a decided decrease occurred on the fourth and fifth 100-pound incre-
ments. The low-level group made a maximum gain per unit of feed
intake between weights of approximately 115 and 150 pounds.

The growth and feed-consumption results for the entire experiment,
as shown in teble 9, indicate that the sel-fed group made the highest
average daily gain, but also consumed the largest quantity of feed per
100 pounds of gain. Although the requirement of 500.4 pounds of
{eed per 100 pounds of gain appears high, data from other experiments
conducted at the same time showed equally high feed consumption
when the animals were sell-fed.?

The lots or the 4-, 3-, and 2-percent feed levels ranked in decreasing
order not only for rate of growth but for Jeed requirement per 100
pounds of gamn. The differences among the three groups in feed
requirements were not so great as in experiment E.  Statistical tests
applied to the data in experiment I showed no significant differences
between mean values of the groups. However, a study of the hogs
Irom the same litter as distributed among the four lots indicated that
Ktter mates on the lower feed level grined consistently more economi-
cally and thus supports the order of efficiency indicated by the group
nverages.

EFFECTS OF FEEIMNG LEVEL ON PHYSII'(I:S‘ESAND CHEMICAL COMPOSITION OF THE
3 .

PEANTTS A5 THE BABAL FEED

The composition of the entire bodies of three hogs from the high
{eeding levels and four hogs {rom the low levels on the peanut ration,
the hogs being killed at approximately the same weights, is shown in
table 11. The limitation of the daily ration to 50 or 55 percent of the
full feed did not materially lower the intness of the carcasses. The
average percentage of fat differed by only 0.6 between the two groups.
Turthermore, the average fat composition of these seven hogs was
higher than that of hogs of similar weights taken from other cxperi-
merits and self-fed on rations low in fat. Twelve such hogs showed
an nverage fat content of 26.5 percent. However, results obtained
on the hogs changed to hardening feed indicated a wider ratio of soft
fut to hard fat in the carcasses of the hogs fed on the low level than in
those on the full-feed level, thus showing o favorable effect on {irmness
through restriction of softening feed,

STuputlished dutn,
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TasLE 11.—-Comparisen of the composition of the bodies of peunui-fed hogs fed at
high and low levels

Velchts Composition af eotire hody
of parts
nnalvaed

Hog | Live
. | waight

Feeding level Experitnent I
Water : Prolein | Fut

Pounds} Pounds | Pereent| Perceml | Percent
13 47,0 3,1 13,9 T
i, 2 ] I3, & |

High {full feed) R .4 e 2
.t 5. .2 4L 5

A VErLED 10i. 8 M. JER) 28,7

- I%."i! 5.3 14,2 253

; i - 10d. 554 14.3 M7
Low (50-56 pergent of futl feed) n: 24 . iona E5 3 14t i o
164, 4 631 1.9 PV

Avernge 164, 4 o 4.1 FL |

COnN AH THE RASAL FEED

After the slaughter of the hogs in experiment E atweights of approxi-
mately 200 pounds, both physical and chemical analyses were made
on the body parts of five hogs from each lot. The average percentage
cutting yields for the principal euts of the cold carcasses are given in
table 12. A small but generally consistent difference was found be-
tween lots Tor the lean cuts (ham, shoulder, a=d loin) on the one hand,
and for the fat cuts (belly, back fat, and cutting fat) on the other.
Cutting {at, as here used, consists of the skinless back fat and fat
trimmings and the leaf fat. The lean cuts increased with decrense
in leed Tevel and the fat cuts decreased with decrease in feed level.
The ratio of belly and cutting fat to ham and loin as an index ol
fatness 7 also decreased with the lowering of feed level.

Takli 13 —Compurison of average percentage yield of culs in curcasses of hogs fed
ol different tevels on corn and on wheal

i Yield of— Ralloof
N belly opd
Experi- Foodims C"_"{ . : eutting
1ment nod level wilre 7§ Miscel- Tt Lo

bissnd feed o weidn, Triomined] Buck Intteons Cut-
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Migh_ ... i LY 0.6 5 JEN X 14.4
E, corn___{{Medium. _ I 130, 4 i6.4 N 1L 5 13.4
4L 17.4 . 14.G 11,6

16.7
15.7
12,8
17.0

e
o

mom |
S e

J]‘Jiigh.._.-‘ 152,23 . X ;:-:
- Medium. . i » o
F, wheat. Low._. ; B S 158

Setlfed . ) 24 | 1o, 13.4

An analysis of the variance (4, p. 794) within the lots in relation
to that bebween lots for (1) the yield of the fat cuts and (2) the total
vield of ham and loin showed that the feeding lovel had a significant
effect on the yicids of fnt and lean cuts ns judged by the odds of a
chance observation. The value of z for the variance in the yield of
fat falls (table 13) between the 5-percent and I-percent values of the

7 Warskx, K. F,, Ly, N, 1L, and Howe, P. B, Ses footnoto 5
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z table and indicates odds of significance greater than 49 to 1. The
z value for the yield of ham and loin is even higher than that lor the
1-percent value with odds greater than 99 of 1.

TanLe 13.—Difference of variance in yield of (1) fat and of (2) ham and loin of
perecntage culting yields in experiment E (corn ration)

Deprees
Ilem af free-
dom

Sumof | Mean :Stundeed) , [0

| Sy s skanedurd
stjuares | osfuare d"‘immn'de\'hul‘nn

Wield of fat: Fereend | Pereent | Pereent | Pereent
Retween lols 226315 | 113144 3304 12140
Wilhin lots S, (Y0 . 380G

Totul differetes. 48, 6207 ! (2=, 8205

Tigld of hawm and loin:
Beuween Iols_ . - 17,
Within las. .. .. ) ! T

a5Th i 086
600 =2

Tl difference. - . BEAITE Jeame e z=01 000

¢ From Fisher's = lable (4): Far § percent {odds 1:19), 2=0.6786, and for | percent fodds 1:1), 2=0.0477.

Table 14 shows the percentage of water, protein, fat, and ash in the
edible and inedible parts of the bodies of the animals. The ham was
separated into lean and fat and these parts analyzed separately. The
composition of the total edible ham meat was then ealculated. An
additionn] series of ealeulated results was obtained by the combina-
tion of all the edible-meat fractions as the total edible portion of the
carcass.

TaBLE 14.—Comparisan of the average percentage chemical composition of bady
parts of the hogs 7n experiment E {corn ration) on 8 levcls of feed

Mgl Tevel 1 Metllun level : Law lavel
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e Fat p Ash  Waler; o0 Fai o Ash Water? o7 Fnt

LEiihle parts:
Ilom, lean 2,32 1 A.3% 3 TR0 | D026 | A.97
Thum, edibile_ d | 1576 LT | A6.90 Y 1584 4 2704
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The protein content (nitrogen times 6.25) of the meat samples,
both fat and lean, showed o generally consistent increase from the
high level of feeding to the low level, just as there was an inereasing
vield of Jean cuts. On the other hand, the fat content of the ment
cuts decreased as the protein content increased. The total edible
meat from the high-level and low-level lots differed in fat content
by 8.31 percent and from the medium-level and low-level lots by
6.45 percent. A statisticsl analysis of the differences between the
mean of the hich- and low-level lots and of the medium- and low-level
lots gave P values of less than 0.01, which indicates significantly less
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fat in the low-level lot than in either of the other two lots. Ioewever,
there is no significant difference between the lots on the high and
medium levels of feeding. The composition of the skin, bone, blood,
and viscera appears to bear no relation to the feed level since no
consistent differences between lots were obser red.

The total percentage yields of mechanically separable fractions
of the carcass, together with the average chemical composition of the
entire bodies, are given in tabie 15. There were only small differences
hetween lots in the avernge quantity of bone and skin. Hog 69 in
the low-level lot yielded move bone than any other hog, and chemical
analyses later showed that this hog had the higlest nsh content of
all 15 hogs.

TasLe 15.—Comparisan of the physical aml cheavicul composition of the enlive
bodies of hogs in experimene I {corn ration) on the & levels of Jeed
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The lots on the high and medium levels of feeding differed very
little in yields of lesn and of fat. However, the low-level lot yielded
approximately 16 percent more lean ment and 17 percent fess fat than
the medium-level Iot. In only one case the percentage of lean meat
in the medium-level lot exceeded the lowest percentage among the
hogs in the Jow-level lot, whereas the lowest percentage of fat in the
medium-level Jot was exceeded once in the low-level lot.

Just as in comparisons of physical and chemical analyses, there were
no pronounced differences in chemical composition between the high-
and medium-level lots. The hogs in the former lot, however, had
relatively wide extremes in percentages of fat, which ranged from
31.25 to 42.77.
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The hogs on the lowest feed level contained less {at and more lean
than either of the other two lots. The{ test of Fisher for significance
of diifferences baetween the lots on the highest and the lowest levels of
feeding, as well as between the lots on the medium and lowest levels,
again showed P values of 0.01 or less. It appears reasonably certain
that the limitation of the ration to 2 pounds for each 100 pounds of
live weight produced significantly less fat in the body as & whole than
either the 3-pound or 4-pound ration.

WHEAT A5 THE BASAL FERD

The physical and chemical analyses of the hogs on the wheat ration
(experiment F) yielded results generally comparuble to those of the
preceding experiment. The comparisons of the yields of cuts are
cluded 1n table 12. The group of hogs which were self{-fed had the
lowest percentage of lean cuts and the highest percentage of fat cuts
of the four lots. The data show the same order of increase in lean
and decrease in fat with change in feed level found on the corn ration.
The differences between lots are also of & comparable order of sig-
nificunee to those already described.

The chemieal anatyses of the edible ment of each carcass {from the
hogs on the 4+, 3-, and 2-pereent feeding levels are given in table 186.
Analyses are given on 2 lean cuts, the ham and lein, and on 2 fad
cuts, the belly and back fat, The lean meat of the ham was the
only sample which did not show a marked change in {at content ns
the feed level decreased. Tlie lot on the medium level of feeding
yvielded results midway to those of the other 2 lots and indicated
that the reduction in feed level from 4 to 3 percent of the live weight
of the animal had a greater effect on composition of the meat than »
similar reduction on the corn ration. The differences in fut content
of the total edible meat was 10.83 percent between the high- and
low-level lots and 7 percent between the medium- and low-level lots.
The [at content of the meat of the low-level lot was reduced to upprox-
imately 76 percent of that of the lot on the high level of feeding, A
slatistical examinetion of the differences of the means {or [at and for
protein content showed that o significant difference existed between
the lots on the high and medium levels of feeding, on the medium and
Jow levels, and on the high and low levels. The essential point of
difference {rom experiment I& was in the more pronounced reducticn
in fal conlent in the medium-level lot.

Tasve LG—Comparisen of the aucrage chemical composition {percen!) of cdible
portions of pork cuis af the hogs in cxperiment F on § Ivvels of the wheal ration
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EFFECTS OF FEEDING LEVEL ON FIRMNESS OF PAT, PALATABILITY, AND OTHER
QUALITY FACTORS

One of the factors which contribute to the quality of pork is the
firmness of the fat tissues. Peanuts generally produce a soft or oily
fat when they sre fed to hogs for extended periods.  The seven hogs
killed at the coneclusion of the pesnut-feeding period in experiments
A and B graded soft, and analyses of the fat showed the usual fot
constant values found under such conditions. No marked differences
were noted between the three hogs on full feed and the four hogs on
the low {eeding levels.

The firmness gradings of the six bogs in experiment D fed a corn
ration and slaughtered at weights of 185 to 200 pounds were hard for
two hogs and medium hard for one hog in the full-fed group, and
bard for one hog and medium hard for two hogs in the group fed at
the 60-percent level. The average refractive-index readings on the
back {at were 1.4593 and 1.4595 respectively for the two groups.

A ration of corn with nonsoftening supplements fed to hogs until
their weights approximate 200 pounds usually produces firm careasses
when the hogs are full fed or self-fed. The results given in table 17
indicate that the carcasses in experimment E were less firm than the
usual average. Two of the earcasses of the lot on the 4-percent feed
level were medium soft. Decreases in fed allowance were associated
with increased softness in the carcasses. Those carcasses with the
thickest bacik-fat layer were usually the firmest.

TawLe 17.—Comparison of the firmness, fol analyses, and fal-layer wooswremonts
of the carcasses of the hogs 1w experiment B { corn ralions)
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Both the refractive-index and the lodine-number values showed a
definite increase in unsaturation of the body Int with decrease in feed
level. The changes in saturntion of the fat indicated that the de-
crease i total fnb stored was largely ut the expense of the saturated
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acihs such as palmitic and stearie. These acids generally oceur in
relutively small proportions in the oils contnined in the usual hog feeds
and when built into body fat in the hog are largely the procfuct of
synthesis. Although the intake of the unsaturated acids was greatly
reduced by the restriction in feed intake of this experiment, the pro-
poriion of these acids in the total fat actually stored was increased.
(% the two possible sources available, namely, synthesis or use of
ingested fatty ocids, the greater reduction apparently occurred in
the former source,

A marked diflerenee in finish occurred in the three lots in experi-
ment E as judged by yields of lean and fat meat, fat content of the
carcasses, and thickness of the bacl fat. Increasing firmness of hogs
fed on rations of corn with nonsofltening supplements has been found
to be reiated to weight, which in turn is generally associated with the
‘inish or fatness (7). With weight held constant in experiment E,
the firmness was related to the finish.

The results relating to the firmness of the hogs receiving wheat as
the basal feed (expermment F) are given in table 18. All hogs on the
4-percent feed level were graded hard, whereas in the self-fed lot only
three out of six were graded hard. The differences in the fat constants
botween lots were small.  Apparently, the feed level had little if
any effect on the firmness of the careass, The relationship noted in
experiment 1 between the thickness of the back-fat layer as an
expression of finish and the firmness was also negligible.

TasLe 18.—Comparison of the firmness, fat analyses, and fat-layer measurements
of the corcnsses of hogs in experiment F (wheat rations)
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The cooking and palatebility tests carried out according to the
procedure used in coeperative meat investigations 8 were made on
uncured hams from hogs on the high and low levels of feeding in
experiments E and F. The average results are given in table 19,
Comparison of the two lots in each experiment shows that the feed
level failed to produce any marked differences in the fuctors of quality.

TasLe 19.—Comparison of the fotal cooking loss and palatability ' of holf-hom
samples from experiments E and F
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Only a slight decrease oceurred in the Tots on the low-feeding lovel
in both experiments in desirability of arema, in intensity of flavor of
fat, in tenderness, and in quality or richness of juice. In texture and
in desirability of -flavor of fat and lean, the differences between lots
in one experiment were at variance with those of the other, The
greatest dillerence between lots was observed in the quantity of juice;
the low-feeding level apparently produced the drier meat when cooked.

Witl: respect to cooking losses, the differences between lots both
in evaporation and drippings (table 19) were neither consistent be-
tween experuments nor of sufficient size to offer an explanation lop
the differences in quantity of juice. The slightly higher percentage
of drippings in the low level as compared with the high-level lot of
cxperiment F was contrary to normal expeetntion, on the basis of [at
content by analysis, and also contrary to results obtained for drippings
in experiment K.

The {at content of the lean mmeat of the hams (tables 14 and 16)
was notb greatly allected by feeding level and may have been respon-
sible in part for the slight differences in palatability and cooking losses.

{ UN)TED STATEY DEFPARTMENT OF AGRICULTURE, BUREAU 0F [TOME ECONUGMICS AND ANIMAL 1X0USTIY,

Mzﬂiouslur COORNG AXDTESTING MEAT PO PALATABIATY. 30 pp.  Revised, Februnry 1883, [Mime-
ogranhecl.
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DISCUSSION

The feeding results obtained with peanuts, corn, and wheat as the
basal feeds have geuerally agreed in the increased economy of gain
resulting {rom reductions in feed allowance to the hogs. The feeding
levels used in the different rations varied somewhat, owing chiefly
to the nature of the ration. Thus, the pesnut rations, with their
high oil content, were not consumed ot the same weight level on o
f u%l-feed basis although they were usually consumed at a higher ealoric
level than the corn and wheat rutions. The results of experiments
A, B, and C with the peanut rations suggested that the medium level
afforded the most economical utilization of feed. Although further
reduction of feed to approximately one half of & full feed caused a
glight Increase in feed requirements, it was not suflicient 40 be judged
significant.

Experiment I, with the corn ration, showed increased cconomy
when the feed level was reduced 40 percent from that of the full-fed
lot. The average results of experiment I, also with the corn ration,
showed that the saving in feed by reduction irom the 4 to 3-percent
level wes not greatly different from the saving obtained by {urther
reduction front 3 to 2 percent. On the other hand, no further saving
was ellected on the wheat ration {experiment F} by the reduction in
feed level trom 3 to 2 percent. The poor gains of the lot on the
lowest level during the early part of the experiment and the conse-
quent lengthening in the time required to reach a final weight of 200
pounds are the main points of difference in the reaction ol the lot to
the wheat ration and the reaction of the corresponding lot in experi-
ment I& to the corn ration.

Most of the initial weights in all the experiments were within the
range of 35 to 80 pounds, The work with peanuts did not permit
the continuation of the restricted feeding much beyond a weight of
135 pounds. Since the feeding level on a full or limited basis of the
growing animal during the carly period ol growth is generally higher
than during the later period as maturity approaches, the more severe
e}"i'c_ctg‘ of feed restriction are likely to be felt during the early growth
period.

It is apparent that further decreascs in the feed allowance below
the quantities given in these experiments would eventually lead to
incrensing requiveiments for unit gains.  That a 50-percent reduction
in the feed allowance below the full level should result in better utiliza-
tion and lowered feed requirements per unit of gain even when the
rate of gain is reduced is undoubtedly a contradiction of the general
opinion as shown in the references previously quoted.

Fhe rations were not unususal in composition. The peanut rations
contained more protein than the eorn or wheat rations. In experi-
ment I& with the corn ration, the daily protein intake of the six hogs
on the low level of feeding at 100-pound weights was approximately
0.5 pound. This quantity is little more than helf that given in feeding
stondards. Whether the protein, the total encrgy derived from the
feed, or other dietary constituents Hmited the development of the
animal remains for {uture experiments to defermine.

The vigor and thriftiness of the pigs were undoubtedly factors in
the eflicient utilization of feed on the %smited fead lovels, not that the
pigs were exceptional in this respect but rather that unthrilty pigs
could not Le expected to respond efficiently at reduced leed f'evels.
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Onc exaumple ol such abnormality was furnished in experiment ¢ when
pigs at the three levels under tesé failed to gain &t a reasonable rate
during the first 3 weeks of the experiment, Inlormation {rom group-
feeding experiments bad indicated that individual feeding was not
an important factor but it served to insure a delinite quantity of feed
to each pig at each {feeding and thus prevented wide varintions in leed
consumption and rate of growth likely to oceur in group fleeding,

"The proncunced saving in feed cffected by restriction of the feed
level on the peanut and corn rations and also the small saving on the
wheat ration can be explained only by a more efficient utilization of
the feed consfituents and a decrease m the gquantity of fat stored in
the body tissues. The data suggest that the initial increases in econ-
omy of gnins, particularly on the medium level, on the various rations
were due to Increased efliciency in utilization. Undouobtedly a lower
])ercenta.ge of the nutrients in mixed rations may he assimilated hy
henvily fed animals than by moderately fed aninad«,  Other workers
(I, 8, 14) have rccognized that plane of nutrition is a factor in the
evaluation of the efficiency of utilization.

Because of their high oil content, the peanut rations are particularly
susceptible to o relatively Jow efliciency in digestion and assimilation
of the food constituents on a high feeding level. The overtaxing of
the digostive and assimilaiive processes of the body may have heen
sufficiently relieved by the lowered intake to perwmit of more efficient
utilization. Although a peanut ration has approximately a 50-percent
higher caloric value than that of a corn ration, the intake in calories in
the five lots in experiments A, B, and C on low and medivm levels wns
below the estimates for a.normal intake of o corn ration. This would
indicate that more efficient conversion of food constituents into bedy
constitucnts occurred rather thaa a diference in the proportions aof
{at and protein storage.

The building of {nfty tissue requires o greater expenditure of food
constituents (fat excepted) than the building of lean tissue. The
limitation of the pennut rations to approximately a half feed did not
materially decrense the storngeof fat in the bodies of the hogs analyzed.
1t the encrgy required had been the limiting factor the ingested fat
would have been used for this purpose and a greatly decreased rate of
fat storage should have resulted. Apparently this did nod oececur,
judging by the results given in table 11,

Although the hogs on the reduced feed levels in experiments E and
T apparently utilized their feed somewhat more efliciently than those
on the high level, much of the saving in feed was made at the expense
of the fat storage. From table 15 it can be determined that the hogs
on the 2-percent level of experiment B stored approximately 12 pounds
less fat than those on the 4-percent level. A similar difference be-
tween the Iots on the corvesponding feed levels is indicated in expert-
ment 1. The longer period of growth on the reduced feed levels,
with the consequent greater quantity of feed used for maintenance,
makes difficult even an approximation of the saving in feed due to
decreased fnt stornge and to greater efficiency in utilization. The
fecd expended for maintenance by the lot of hogs on the 2-percent
level in experiment F due to thoir slow rate of growth (table 9)
undoubtedly dissipated much of the possible saving of feed otherwise
effccted by decrense in fat storage and by other increases in efficiency
of utilization,
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Recent oxperimental work on paired feeding has shown the impor-
tance of controlled feeding. The present work has gone one step
beyond the paired method 1n thut different levels of feeding have been
employed. The hogs within a given group were usually fed the same
daily allowance. In experiments E and F this sllowance was based
on & certain percentage of the weights of the hogs, namely 4, 3, and 2
percent. The high level represented a full feed in the usual case.
This method furnished a convenient way for describing the exact
allowance to beused. I differences in feed allowance result in marked
differences in the relationship betaveen feed consumption and gain in
welght, as occurred in these experiments, then comparisons of feeds
andIof rations need to be made at definite and stated levels of feed
intake.

Thus one ration may be markedly superior to others but may not
show its value because i is consumed in larger quantities with conse-
quent decrease in efficiency of utilization. It must not be overlocked
that in many experiments reported in the literature the bogs have
actunlly made improved rates of gain along with increased savings in
feed requiremenis per unit gain when an improvement in the palata-
bility of the ration has resulted in increased consumption. Fre-
quently this improvement has been brought about by incorporation of
o supplement supplying a certain substance or group of substances
lacking in the ration in question. Improvement in the bhealth and
vigor of the animel brings with it increased appetite. The wide
variation among growing animals of a given species, even though of
the same age and sex and under the same environment, in their ability
to consume feed and fo c.rvert {eed into body constituents, has been
?, pé'iinmy fzetor contributing toward the observed diiferences in the

eed lot.

It must be recognized that the resiriction of the feed allowance in
the present experiments is not entirely comparable to the sel{-imposed
restriction of one selt-fed hog of small appetite, as compared with the
greater consumption by a second hog similarly fed but with s better
appetite and greater ability to assimilate the feed constituents,
The combination of {actors responstble for the association of Incrensed
efficiency of feed utilization and increased rate of growth in the latter
case of unrestricted {eeding may be different and less involved than
the combination of {actors in the limitation of the daily feed allow-
ance. One distinction, at least, concerns the individuel ability of the
animals regardless of the quantity of feed consumed as contrasted with
the gencral relationship between gquantity of feed and efficiency of
assimilation.

The effect of restriction of feed on the decreased proportion of fat in
the carcass observed in experimrats E and F is an important factor in
the fleld of meat production. Preseni-day demands of the ment-
consuming public are for lean cuts rather thasn for fat cuts. Because
degree of finish or fatness of the hog carcass in the ususl case is largely
a question of weight, the 175- to 200-pound hog usually sells {or &
higher price per pound than the 250- to 300-pound hog., The fact
that the rate of fattening was checked by lmitation of the feed appears
worthy of consideration in the development of feeding methods to
mecet the market demands for meat. Cooking and palntubility tests
on hams from these lote did not reveal any noteworthy differences,
However, the carcasses of the hogs fed corn had & somewhat less
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desirable degree of fivmness in the lot on the low feeding level thun in
the other lots. The use of wheat apperently eliminated the possible
softening effect of the feed level.

The differences observed in the response to reduction in feed level of
pesnuts, corn, and wheat suggest that the composition of the ration is
a factor, The need is at once apparent for an adeguate supply of the
essential mineral elements, proper proteins, vitamins, and other fac-
tors essential to the well-being of the animal, Other properiies more
particularly concerned with the digestibility of the feed constituents
may play a part.

The application of reduced feed levels to pructical feed-lot and mar-
ket conditions remains to be determined. Nesessarily, the savings in
feed will vary with the lind and choice of feeds in ithe ration, the
thriftiness of the hogs, and how well the feeder ¢can control the {eed
allowance under group-feeding conditions. It is altogether possible
that the increased labor charge and other undesirable factors nsso-
ciated with the lengthened feeding period more thun offset the saving
in feed shown in the present experiments,

SUMMARY

Restrietion of the feed allowance of growing pigs to approximately
three fourths and one half of a full Teed generslly decreased the
quantity of {eed required to produce & unit of gain.

On peanut rations the best gains were produced on a three-fourths
allowance. Although the feed requirements for a unit of gain were
the lowest on this level, the differences between these requirements
and those on the low level were not significant.

Hogs fed s ration of corn with supplements, at levels of 4, 3, and
2 pounds of feed per 100 pounds of live weight, gained vom an
initial weight of approximately 65 pounds to 200 pounds ab rates of
1.14, 1.03, and 0.77 pounds per day, respectively. However, the
feed consuinption per unit gain showed a sigpificant decrease with
the decrease in feed level, and the group on the high-feed level
required 34 percent more feed than the group on the low-feed level.

Results with a whest ration fed under conditions comparable to
those for the above-menticned corn ration showed wverage daily
gaing of 1.26, 0.95, and 0.52 pounds with decresse In feed level,
The {eed consumption per unit gain was not decrensed to the oxtent
of that of the corn ration.

The carcasses of hogs on the most restricted feeding level of corn
and of whest contsined s significantly grenter proportion of lean
meab and yielded a higher percentnge of lean cuts. The fat content
of the entire body was deereased as a result of the restriction of feed.
No marked effect on the Tatness of the body resulted from the restric-
tion of the peanut rations to 50 percent of a full feed in the case ol
pigs fed for gains of from 50 to 60 pounds. Although the restricted
feeding apparently resulted in a slight decresse in the firmness of the
carcasses in the corn-fed lots, no significant differences in the palata-
bility factors of the cooked meat were found in comparisons of the
high and low feeding levels on both the corn and the wheat rations.

These results also indicate the influence of controlled feeding levels
in comparative feeding experiments with hogs with respect to the
effect of differences in intake of hogs on the cfficiency of utilization
of the ration,
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