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.11:ilc "'.;he ec.rly history of the hog is ru_ther obsc-.:i.re, 

~- et -r:e fi~1cl that ull. eurly \:'n.·iters in desc~ibing hogs have 

In f~c"'J, the thousand pound hog of t ode.;;-

The early day hog had free access to all kinds of green 

feed, i.11cludi::1e; herbs, roots, seeds, nuts and grusses.. :I~Ying 

~ccess-to all out-of-doo~s, this pioneer hog had unple oppor

tunitJY for sec..,_,.__ring all fo:rrns of inorganic minere.l for the 

:rn1r1Jose of building bone. As land i:1creased in value and lm:s 

Yrn:::::e passed requiring that livestocl::: be l:::ept in bouwls £i.ud 

no·t ullov:ed to roam the country at will, the hog i.-:us co11fi11ed. 

in most cases to small inclosures, usually r:itl:out pasture and 

with very little opportunity for securine mineral me.tte~ in 

any :form. 

About this same time, the various b-rceds of hogs were 

perfected a□ breeds, and show yard competition established. 

~"Ii th the fitting of hogs for the show came the developaent 

of certain peculiar characteristiqs in all breeds of hogs. 

The common idea of the breeders was to secure a hog with 

us short and broad a head, as broad a back and as short in 

t~e body and legs as it was possible to secure. This·· 

method of selection together with limited green fe0d and lack oi 



1:linerr1l metter coupled r;ith the free. use of oorn which ,iras 

abund:1,:1t in n:ost sections of the Uni tad States, caused a rapid 

decrease in the si~e of the hog and size of the bone which 

supported tr:.e hog. As a mattc1' of fact, ,v.i.th some breeds of 

hogs, as late as 1900 to 1906, were weighing only from four to 

five hu.ndre<.1 pou.nas at matui•i ty and the :pigs were finishing 

ready for the m.~rket at e. weight o:i:- one hW1dted fi:rty to 

t\'J'O hu.ndreci pOUDdS. 

'I'he breeders of this type of hogs soon foWld that he was 

playirnJ a losing game. In reducing the size, especially . 

t;he leng~11 f.l.l'ld heighth of his hog, he had also reduced the 

:fer Lili ty ano. the 1-itters that i·rere pi·oduceci, as ±'ar as 

numbers rrnre concerned, were very unsa tisfac to1--y·. ~he breeder· 

first realized ~nis mistal.:e ,.,,hen he found that the farmer who 

was producine; hogs fol' t11a pork barrel objected strenuou.sly 

to ti1-e small ii tters anti tho. lack of grazing qua.li -~1es, as • 

well as lack 01· size, of the type of hog tha'ti had been produced. 

About 1906, a f"ev, breecteiqs, realizing that sometiling must 

be done to increas-e the size and fertility of the modern hog, 

began to look~ for a hog that was better sllited to the 

average farm oondi1iions. A few breeders who were oonsi°dered 
-

old fashioned and out of date had stuck tenaciously to the 

original big type, heavy ~oned hog· that was proving more 

fertile and produ.cing larger pigs _with less T{t1ality. It was 

with these few large hogs as a nuoleus and the selection of the 

larger specimens of the more refined type that the present day 

big type of hog was produced. In as much as the "bot blood' or 
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soQll type of hog was produced by selecting from a type of 

hogs ·th~t '\."ere originally large and heavy boned, the process 

of selecting back to the original type i.vas more or less rapid. 

However, in developing the big type hog of today Wlder 

corn belt conditions i.'Jhere the principal feed used is highly 

carbonaceous and low in mineral and protein, the change has 

resulted in a large hog without bone of sufficient size and 
"-

quality to successfully carry the added and increased weight 

of the hog. SOi!S today instead of 1,\reighing follr to five hundred 

pounds at maturity are weighing from six to eight hundred pounds 

with some weighing close to one-thousand. Pigs ins tee.Ci o:f 

weighing one hundred fifty to two hundred pounds at six to 

eight months are now weighing two hundred to tv,ro hundred and 

fifty pounds at the same age. It is not uncommon to fmnd 

these young heavy pigs going down -o~ their feet, sometimes 

breaking down completely be£ore they are able to go over the 

packers scales and are sold as"crips" at a t1·emendous sacrif'ice 

in ,price. 

In order to :remedy this condition. , two methods are 

being employed: First, the selection of' heavier boned 

individuals for breeding pt1rposes and, ~ .. econd, better -i·eeding 

methods. 

The grain crops a.vai lab le for hog feeding, including 

corn, barley, kafir corn, milo maize, feterita and darso are 

all low in mineral m~tter and protein. Alfalfa, rape and other 

pasture crops contain considerable protein and mineral when 

available' but 75% of the pig orop &ii fnttened anct put 
on the 



mn.rket a:r.ter these crops have been ltilled by frost. 

ltost or the protein supplements a.re also lacking in_mineral, 

es11eciall;y c2.lcium, the principal ingredient in bona. I.!ilk 

in its vs.riot~ ::arms contains consiciera.ble mineral matter, 

both calcium ::i.nc; phosphorus, but as millc is scarce o.nd hflrd 

to s~curc commercially on account of it~ high ,vater content, 

it can only 'be used in a very limi tea way, as a source of' 

mineral supplement. Tankage and meat meal, by products of 

the pn.ci:in::-~ house ,contain considerable mineral ana are very 

valuable l)rotein feeds, but the supply is limited anc1 40~fl 

not nearly .supply the demand for this purpose. 

'I1hese facts ho.ve given rise in the past fei:; years to 

the realization on the part or va1·io us experiment stations 

or the :fa.ct tlm t somethit1g should be done in determining 

the v~lue or inoreanic minerals as bone building feeds. The 

lack 01· work, however, that hes been done by the various 

stations is :forcibly b1.·oue;11t out in a .staten1ent by :ero:ressor 

Evvard o:r the Iowa Bxperiment Station in reporting a test or 

· this kind in 1921. "While there have been numerous investi

gations carried on with minerals, it is really surprising how 

little we really kno1-1 about oorrect; prac .. liical mineral mixtu.res 

for swine, mix tux es such as are acceptable for $he f'eect lot. 

As a mat,ter of f'act, our applieei practical information on 
• 

mineral elements for swine :from the experimen·~ s·ta'tion point 

of vie·w, is appal ling small. n 
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'11he fe•:: tests that have been condlil.cted by the Experiment 

st~tione have pointed to some slight advantage in favor of 

mineral supplement and this has given rise to a great deal 

of aciv·ert:'...sing li "11erature being circulated among the farmers 

and breeders ,whiah, · to say the· least, is misleading and is 

no doubt causing the expeno.itu.re,on the pa.l't of the :farmer, 

of tnousands of dollars needlessly. 

SOLle of the follo~ing a.re quotations taken verbatim 

from companies advertising mi:nera l mixtures in 0klai.1oma.: * 

.E[[rKXita&x II The val Ll~ o:t" tl:c 1,i::;s is 23;S g1~cfl:ter. 11 11 l?igs ,:;:ain 

G9 - • 11 '111:e C:1.::.il:v" t:;ain \Vn.S '74.,• cruate:i:~. 11 n69if of feed rtith 

Acme runera.l 1.~d o [::.S rn:tn:r 12ou11(,s of ~-~in as 1001/: of feed 

v,i tho ut." :1:le :i:o llor.rin{; c uokt ti o:, from ti.1e sn.me company, 

uv ·to ~;c t1 ::>.1;c1 of::·er yot:;, 50:,:; interest per month. on your 

money. You -.:·Jould shorJ him -~he door im:~lcd.iately :ind tell 

him to 0 ive his [;old brick to someoue else ins·teac. oi c;iving 

it to you. It is simply surprising ho,:Jever. borer many 

0 r) .. ortunities are lyi:n;~· ri,:~ht around us for mal:iric 50;: 

01·1 U o r money. r;ot evei·y month but during the life time 

of A. J1og or i'ro1~1 the time be·tween v,eaning and marl;:c·ting." 

Jrrom anothor oom1)any selling mineral i:a t,he st2te ·is found 

. 11 . ... t ** 1 some of the io owing Su~.:i.tomen s: nGrows bone and muse e, 

keeps pasterns upright, produces strong ~ backs, prevents 

*Acme Mineral Company ** United Chemical 0re;anios 
Prodtlcts Company 



bre:::::i1. 6. 0::11, preveuts perverted appetite,, prolongs 

_p1·o(i U(.; ti -re.; life in ·oreeding stock." The following illtistra tion 

fror~i f.111oti:~1 com1)any 6ealinr: in miue:rals in Oklahoma shov,rs 

a v8:. ·;i cxo.c5ora teci ai·.i.:ec.,11 th.a~ mineral is· sllpposeci to have 

in strengthening the back and i'eet of bogs: 

Correct Feeding as Well as Breeding 
Necessary to Produce Right Type 

REPLACE BROKEN DOWN FRAMES 

A Weak Frame Resulted in a New Barn in One Case. Why 
Not a Change of Type and Stronger Bone in the Other? 

WHICH DO YOU BREED? 

Selection and Feed Will Make the Change. 



Eractic~lly ever~ company that advertises miner~l 

selects ~na c!uotes from the various experiment:s: stations 

c.nv 10ortion oJ: their results that would be favorable to the .. -

miner::il feedin". ¥:erk. The follor:rinr; in one of the items 

is sL::ni:fico.nt: "Our college tests :prove tha:'11 our hogs 

need n. 1:1inera..l feed, scientifically mixed and prepared so 

as to r.1r:J.ke the food e laments needed by the animal 

im:~,ea in tely a.vs.i lab le. 11* 
It 1:,ias :partly to secu.re more definite data on the 

actual value o:i:" minel'<:lS in feecting hogs and partly to 

set a'i. right some of the exaggerated claims maae by aompanies 

sell ine; mineral feeds in the state that ·the experiments 

covered in this thesis were undertalten. 1rhe ex.per iment 

Stations that have conducted the most work along the line 

of minerul nutritid>n a.re Kansas, Iowa, I1iissouri, Uebras.ka, 

and Ohio. The work conducted by .the.Se stations can be. 

divided into several g_ro11ps. Jirst: '.rhe effect of mineral 

on the cost of gain both in dry lot and on pasture. seconcl: 

the effect of mineral on the strength, size and density of 

the bone. The _follo·.rdng table is a s·11mmary of ·work ciooe at 

the Kansas Exp.eriment St11.t:Lon in 1916 an"f\ is pe.rhaps one of 

the best. 

* :&,id el i ty supply Company. 



Table I 

Kansas Experiment Station*. Mineral Feeding in Dry Lot. 

Ration 

Corn 
Shorts 
Tank:Y£e 
Corn 
Shorts 
Te,nka.ge 
Boue Ash 

. . 
• . 
. . 
• • . 
• 

. 
• 
• . . 
• 

Daily Ga.in 
C 

• • : Feed per 
: 190# gain : 

• . 
• • 
• 394 # • • .. 
• . 
• • 

• • • • 
436.6 

,. 
• 'ff • 
~ • 
• . 
• • 

Cost of 100#: 
G~in : 

• • 
. 
• 

• • 
• • 
• • 

T~ble II. 

Kansas Experiment station*. Mineral Feeding on Pasto.re. 

Ration . DSeily G~in • Feed per • Cost of 100#: . • • . • 102£ Gain . Ga.in • • • • • 
• • • • • • • • Corn . . • • • • • • 

Shorts . :/l 363# $5.61 . 1.64;· • • . • • • • 
Tankage . • • • • • • • Pasture . . • • • • • • 

• . • • • • • • 
Corn . • • . 

• . • • 
Shorts • . • • . • • • 
Tank~ge •· 1.48# • 362# . $6.03 • • • . • 
..Bona Ash. . • • • • • • • 
Pasture • . • . . • • . 

Cost of Feed in Table No. I and II: corn $1.60 per 100# 
Shorts $1.45, 
Tankage $2.55 
Bone Ash $4. '15 

* Unp1tblished report of· ~xperiment begun J~ly 28, 1916. 



'.2here ,:;ere fourteen different lots with six. hogs to 

the 1 ot ased in the r:r.msas test, part of these being on 

pasture :1.110. pa:ct in dr~r lot. Contrary to results fround by 

some o:t· the other stations, Kansas Experiment indicates that 

it YJ'as necess2.r;y to mix the bone ash, the mineral used in 

this test, \"Ji th the other feed in oraer to set the hog to 

eat it. 'xhere was no attempt made to determine the size 

of the bone or brealdng strength in any of the Kansas tests. 

Accurate records were,however, kept on rate of gain; feed 

per 100:t/ gain; and cost of l0Otfa gain·. It will be observed 

that ,r.rhi le there was practically no differente, that on dry 

lot tLe bogs receiving mine1:al made 2/100 of a pound less 

daily gain thon bogs receiving no mineral. It will be 

observed that in each of these tests, the hogs were receiv

ing a balanced ration as far as protein is concerned in 
• 

addition to the mineral. When the amount of concentrates 

required to produce 100# gain were copsidered, it was found 

that on an average 41. 6# more concentrates i·.rere re·quired 

to produce lOo# of gain than where no mineral was used. 

For this reason and due to t~e extra cost of the mineral, 

the cost of producing 100#' of gain was ti.oo per 100/j higher 

than where no mineral was fed. It should be observed, however, 

that 2.5% of the ration was mineral, whereas in most experi

ments as low as 1% is deemed su.±'ficient. 

summarizing the re~ults of mineral feeding on pasture 

· of various kinds, it is found that the daily gain where no 

mineral was used was 6/100 of a pound greater than where 
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mineral was snpplied. While there \~S very little difference 

in the amount of feed, reqUired to produce 100 poll.nds of g~in 

yet there was a loss of 9 ponnds of concentrates by the addi

tion of mineral, and the cost of producing 100 pou.nds of gain 

was increased 42¢ per htmdred. The Kansas tests woUld indicate 

that bone ~sh v:.ras not desirable either from the standpoint of 

rate of gain or econom.v of gain. There wee.s no ~ttempt made. in 

this Experiment to determine the specific gravity or breaking strength 

0£ the bones. In f~ot~ the only results obtained from this 

Experiment were in regard to the rate of gain, cost of gain and 

feed per 100# of g~in. 

At the Nebraska Experiment Station -n experiment was 

conducted rnnning from August 2nd to Ootober 25th, 1917 in 

Which five lots of pigs containing fonr pigs to the lot were 

fed on various rations some containing mineral and others low 

in mineral. The following table is a part of this Experiment, 

including Lot l, which was fed on a straight :at oorn ration; 

Lot 2, fed on a ration oontaining 751t corn and 251~ shorts i 
. 

Lot 4, containing 90% oorn Slld 10% tankage; and Lot 5, containing 

90% oorn and l~t ground bone. In this Experiment -the pigs were 

fed the ~bove named rations on alfalfa p~stu.re. 

GrOIV7ing Pigs on 

Ration: 

Number in lot 
Weeks on experiment 

rain f 

T~ble III. 

Corn and supplementary Foods on 
Alfalf~ PQsture* 

: Lot 1 : Lot 2 : Lot i : Lot o: 
: :Corn'l5%:Corn90%:Corn 90% 
: Corn :Shorts :Tguikage:Gromid 
: : 26% : 10% :bone 10% 
·: 4 : 4 : 4 : 4 t 
: 12 : Ji : 12 : 12 : 

: 61.5: 61.2: 63.2: 63.: 

lbs.: 843 : 336 ~ 522: 336 : 
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It Will be observed from 3 study of this t~ble that the feed 

consumed dail~T was decreased where 10% of bone meal i.vas added• 

to~ straight corn ration. It will also ~e observed that even 

on alfalfa pasture the ~ddition of a protein supplement incre~sal 

slightly the dta\ily consumption of feed. While the results of 

this expe1·iment were very mu.ch the same in all classes, there 

appears to be no advantage, bu.ta slight dis~dva.ntage in the 

feeding of bone meal where hogs are fed on alfalfa pasture. It 

should be observed here however that 10% bone meal was u.sed, 

which is decidedly more tha,_n could p~ssible be used by the. hog. 

The follmving table gives the results of a.n experiment 

conducted at the Nebra.slra Experiment Station, where hogs were 

fed from October 25th to January 3rd, 1908--09 in dry lot. 

Only a portion of this experiment is given in the following 

table. In this experiment, Lot 1, received a straight con1 

ration; Lot 2, oorn 75%, shorts 25%: Lot 4 received a ration 
' of corn 90%, rankage 10%; and Lot 5 received a ration of oorn 

90%, ground bone 10%. It will be observed that this is an 

exact duplicate of the previous experiment with the excep~ion 

tha.t the first experiment W'lB oond11oted on ~lfa.lfa. pasture and 

the second in dry lot. 
T~ble IV. 

Growin on Corn and Su: Lot. 

: :Corn 76%:Corn9 ~:oorn90% 
: Corn :Shorts .:Tankage:Groa.nd 
: . : 25% : 10% :boni 1~ 

Nwnber in lot : 4 : 4 : 4 : 4 
weeks : : 10 : lo : 10 

R~tion 

A vera.ge : • : • : • : • 9 
D~ y gr~in consume per s; s.a: 6.8 : 5.8: 5. 



· Page 12. 

Comparing Lot 1 on corn only with.Lot 5 receiving corn 

and bone meal, it will be observed that where bone meal was added 

.03 of ~ pound daily v,as added to the rate of g_f.\in. This, 

however, wo Uld not be· sltfficient to prove that the ground bone 

,ivas responsible for this gain and is not sufficient to be of 

~ny considerable importance. It vdll be observed, however, 

that ten pounds of feed was saved by the ~e of bone meal. 

However, due to the higher price of the bone meal, the cost of 

100:/f of gain was oonsiderably higher. Where ta.nka.ge \ffis added 

to the ration, the daily gain vra.s c:onsiderably greater and the 

amount of feed required to produce l0oti of gain was 46# less 

than where bone meal was used. From this experiment, we wou.J.d 

conclude that bone meal .~dded to the coat of gains a.nd ~s of 

no particular val u.e even w·hen fed in dry lot. 

The following experiment is~ summery of the tests at the E 

Nebraska Experiment Station 1n 1908 and 09, to determine the 

effect of mineral and :protein when fed as a supplement to corn 

on the breaking strength and development of bone in hogs. In 

securing the figt1res used in the folloiving table, the figt1res 

in Lot 1 represent the average of those hogs fed on corn only. 

Lot 2, the average of the various lots fed on cor:nud tanlo\\ge. 

Lot 3, the ~vera.ge of those lots where bone meal was used in 

the ration. 
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T~ble V. 

Nebraska Experiment Station*. :Mineral Feeding in Dry Lot. 

SummAry for test of 1908-1909 

: :Average: :Aver. :Avowt1Aver. :Aver. :Avero :Percent
:Average :breaking:Average :Ciroum-:of :Volume:Spec. :wall :2ge min-

Av. :brea.king:strength:length :ferenoe:bones:of :gravity:thick-:eral 
live:strength:of bones:of bones:of bones in :bone :of :ness :matter 
wt. :of bones:per 100/fa:in mm. :in mm. :gr~ms:in a.c:bones :of bone:in 

:in lbs. :live wt.: : : : : :in mm :green 
: : of hog : : : : : : : 'bones . . . . . . . • . 
• • • • • • • • . 
• . . • LOT I • Corn: . • • • . . • . • • . . . . • . . . . . . . . • • • • • 

150 . 567 . 368 • 16.3 . 74 . 596 . 426 . 1.22 . 3.4 :33.96 . . . • • • . • . . . e . . • . . . . . . • . • • • . . . . . . . • . 
• . . • • . • • • 
e . . LOT II. Corn, and t$2.nkage . . . . . . • . . .. . . • • . • . . . . . • • • . • 

~18 . ai4 . 387 . 17.l . 77 • 641 . 498 : 1.34 . 4.2 :40.06 . . . . • • • . . . . • • . . . . ·• . . . . . • . . . . . . . . . • . . . . . . . • • . . . . LOT III. Corn, alfalf~-me~l a.lld bone-me~J. . . . . . . . . . . . . . . . . . . . . . . 
187 . 888 . 479 . 16.7 . 82 . 694 . 513 :1.35 . 4.9 :43.35 . . . . • . • . . . . . . . . . . . . . ~ . • . . 

* ~4th annual report of the station. 
' It wiU be observed that the heaviest hogs at the end of the experiment 

were those fed a ration containing tankage as a protein supplement. 

There is a slight increase in. the circwnferenoe of the bone where hogs 

have been fed on mineral and tankaga over-those fed corn alone. There 

is a decided increase in the percentage of mineral of the bones where 

pogs.have been fed mineral matter and~anka.ge in addition to corn. It 

will also be observed that the breaking strength of the bones has been 

greatly increawed by the use of bone -meal and t.ankage. There is ~ 

slightly greater breaking strength to the bones of hogs receiving a 

large percent of bone meal over those receiving tnnlcage, but not 

sufficient to be of any material or practical advantage. The vr£ill 

thickness of the bones was much greater where mineral matter or tank~ge 

was added to the ration, than where corn' only was fed. There is a 
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direct ratio .between the p~rcent of ash, specific gravity, wall 

thic~ness and breaking strength of the bones. The use of miner~l 

did not materially increase the length of the bog, al tho ugh Lot · 

3 did show a llight increase over the other lots. There are no 

figures given to show the rate of gai~ or cost of gain in the 

experimenta given iu this report. 

The following results giving the rate and cost of gain ~nd 

development of the body \Vere obtained at the Iowa Experiment 

Station. .Por convenience these have been summarized and divided 

into three tables. Table No. 6 gives the results of twelve 

different lots of hogs all fed on pasture. Various pasture 

crops ,•,~ere used in this experiment and protein supplement added 

in addition so that· each lot received a balanced ration ,::1th 

mineral added to six lots, six receiving no mineral. Various 

forms of mineral mixtures were used in this experiment. 

Table VI. 

. Iowa EJ;:periment Station* Mineral on Pasture 

• • . • • Feed : Feed Feed . Da.ily Gain . Daily for • . 
: 100# . . Eaten G~in 

• • . . • . 
·corn . • . • • . 

O.s.ts . • . • • . 
Tanka.ge . 96 . 4.16 . 434 • • . 
Pasture . . . • • • 

• . . • . . 
• . • . • • . 

Corn . . . . • . 
O~ts . . . 

• • . 
Tank~ge • 94 • 4.163 . 443.6 
Mineral • . . . . . . • . 
Pasture . • . • • . 

* Circlllar D 77, Iowa Experiment Station. 
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It ~~ll 'be noted that on an average 19¼ pounds more feed 

,·i1ere rec~ uired to produce 100# of gain where mineral was used the.n 

where mineral \i.1aS not used. It ,vi.11 a.ls o be observed that the 

.1·a. te of gain \:"ll'as slightly greater where no mineral was used. 

This test \VOU.ld indicate tllat mineral was of no pa.rtio uJ.ar advan

tage in increasing gains or ~eoreasing the amount of feed required 

to produce 100# of gain. On the other hand it seems to indic~te 

that the reverse is true. 

Table No. 7 gives a summary of twelve lots of hogs at the same 

station. Ten lots of theve were fed various mineral mixtures and 

two received no mineral. In all twelve lots sufficient protein 

V11a.s supplied to balance the corn ration •. The protein mixture 

used consisted of corn oil meal 40 parts, linseed oil meal, 40 p~rts 

and tankage 20 pa:rts. · It Will be observed tho. t ,~,rt th the exception 

of tankage, all of the protein supplement used was extremely low 

i1J mineral. 

Iowa Experiment Station*· 

• 
Feed • . 

I 
Da.ily Gain . . 

Corn . 
Protein 

. . 1.12 · 
Supplement 

. . 
• 

. 
Com • . . 
Protein . 
Stipplement • 

• . 
1.32 

Mineral . 
• . . 

. 
• . 
• . 
• 
• .. . 
• . 
• 

. 
• . 
• . 
• . 
• 
• • 
• 

Mineral on Rape. 

DAily Feed 
Ea.ten 

4.62 

5.08 

. . 
ft 

• 
• . . . . . . 
• 
• . 
• . 
• 
• . . . 
• • 
• 

Feed for 
100# Gain 

415 

386 

* Ciro ular D 77. Iowa Experiment St~ tion. 
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A saving of ~9 pounds of feed in the production of 100#= of 

gain w~s secured by the use of mineral in this experiment. 

It will be observed however that only two check lots receiving 

no miner~l were used and a considerable difference in the 

:ieed requ.ired to :produce 100 pOWlds of gsiin w~s secured in 

these tv10 lots. In the better check lot 44½ pounds less feed 

was req,Uired to produce 100#= of gain than in the average of the 

n:ineral fea lots. It appears that on an :aver~ge in this ex

periment the mineral fed pigs consumed slightly more grain 

daily and made slightly more rapid gains. This was probably 

a ue to the fa.ct thn t the protein su.pplied was decidedly lacking 

in mineral. Each of the experiments where~ high mineral protein 

has been UBed did not seem to show this advantage in favor of 

mineral. This particular experiment wou.ld indioate that one 

pound of mineral would effect a. saving of 16# of feed in the 
• produQtion of pork, but as only two check lots were a.sad, and 

as Professor Evvard, who cond11oted this 8J..'}1eriment, states, 

nthese results a.re not conclusive enough to draw positive 

cone lusions in regard to the value of mineral:' 

The following table gives the increase in mea.s11rements of 

swine also talcen f'rom the Iowa Experiment Station: 
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Feed 

Table 'iJl ll 

Increase in ~.1east1remen ts of ti Wine 

:average initial • average :final ., . 1t1easu.re:28lli t • measurement • • 

Iowa ~xperiment Jtation 

• ,t1.Verage absolute • % Increase • • 
• measurement • ilt • ~ 

: Length :neigbt :~ir.:Length:rieignt : (.ar. : Lerillgth: .a e igil t' : 0ir.: Lam gth :rie ign th .. of . o:f :of . of • o:f . of • of . of :of w of . of • . • • • • • • . 
: Gir. ~ 
:of ~ . 

:.oody :.dno11lder::nin:.Body : ;;:,11011lder: ~hin: Body ;3h0uldar:~hin:Body : Shoulder: Sh int: 
• . :.done: . 
• • . 
• . . • .. 
• .. . • corn .. . . . .. . • • oats : 28 .41 :lb.66 =~-07:46.12::23.62 

'.J:am:a.ge: • • • • East11re: .. . - • 
• . • • . • Corn . • • I> • . 

u~ts .. • " .. • • 
1: &nk~ge : 28 • 7 :15.62 :4.06 46.06 
Pasture: • • . • 
~:iner8.l: a .. 

• .. 

Same experiment as ~able VI. 

-F Circular D 77. 

• . 
• • .. 
• 
t 
• • 
:2~.61 .. .. . 
• 

: Bone: ., 
• 

• ~ . • 
• .. 
• • 
:5.'86:15.71 :8.06 . . 
• • .. • .. . 
.. • • • 
• .. .. .. .. • .. • 
:o.91 14.89 :8.07 . • • • .. • • • 

:.Bone: . :Bone: . 
• .. . • ., 
• . • . • 
• • . .. • • • • 
:1.82:55.30 :51.80 :44.71 
• ., • • . . • • . . . . . • . 
e .. . • . . • . • • • • • • • 
• • • • • • .. • • . 
• .. • • • • .. • •· • 
-:l.84:51.88 :51.66 :45.32 -
• ·o • • • • • .. • • .. • • . • • .. • • • 
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The atbove experiment is the summl:lry of the experimez:it reported in 

Ta1Jle VI, ·the :first oolu.mn being a s11mmary of the measnrements 

of ho8S receiving a ration of oorn, oats and tankage on pasture; 

the second colurm1 being a summary of those receiving the sa~ 

ra tiou rJi th mineral added. It will be observed that under these 

conditions mineral did not increase the length or heighth of 

the hog and had very little effect on the circumference, of the 

bone. 

Professor E. B. Forbes, formerly of the· Oh:i,.o Experiment 

Station has conductea nwnerous experiments on the val11e of 

various mineral supplements for swine, the following bein~ 

a few of the results sec11red: The ~verage rate of gain for 

mineral fed hogs vJ8.s .587 pounds daily whereas the check 1·ot 

rec ei Vi ng no mineral made an ~verage daily gain of • 604 ( Table 

l, Exper :iJ:nent 3, Bulletin 347). In the same experiment it was found 

that considerable more ash was found in the bone per ot1bic centi

meter of v.olwne where mineral was fed th~n where no mineral was 

u.sed. ( Table 3, Experiment 3, Bulle tin 347). It \VS.S also ·found that . 
the breaking strength of bones was greatly increased where mineral 

was used {Table 4, Experiment 3, Bt1ll2 tin 547). In the Ohio 

Experiment the cost or rate of gain was not given as the work 

wa.s almost entirely to determine the effect of mineral on the 

. breaking strength and development of bone. Ca.loiWll carbonate gave 

the highest breaking strength of any of the minerals supplied and 

rock phosphate gave the lowest breaking strength. As a matter of 

fact, rock phosphate did not seem to increase the breaking strength 

of bone over those fed corn a lone. The following quotation is 

from page 61, bulletin 347, the Ohio Experiment Station: "When 
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v,e consider hovrever the fact that lot 5 'lf!hich received only the 

- btlsal mtion without mineral supplement, ma.de as large a gain 

in v,e ig bt o.s lot 2 and 3, which received the bone flours, it is 

apparent that these mineral s u.pplements had no appreciable effect 

on the rate of gain from a given wnount of feed." QllOting 

again from Page 65, \'!e have the follov.ring statement: "The general 

development of the ~nimals vtas not shown to be influenced by the 

mineral feeds, but the skeleton was effected in important ways. 

especially in the ash per unit of volwne, the breaking strength 

and composition of ttSh11 • The follovving quotation is ta.lean from 

Volume 1, No. 2, of the monthly bulletin of the Ohio Agricul~tural 

Experiment st,ltion: "It is of interest, from a pramtica.l point 

of viev,, that the gro,r<Jth end condition of the skeleton, and of those 

tissues, v1hich compose the flesh, are to a considerable extent 

independent·; thus, to give a growing animal a great abundance 

of bone food aoes not cause any important addition to his gain 

in live weight, nor does a moderate shortage of bone foods restrict 

the gain in live weight, to an important extent. From the point 

of view of the feeder of hogs for market, therefore, this matter is 

one or little importance, especially if he sells his hogs to a 

shipper and le ts him take the risk of their breaking down in 

transit. It becomes important to the feeder onl~ in oase the ration 

is extremely deficient in bone food, tmd this is not an ordinary 

contingency •11 

"To the breeder of hogs, however, the facts regarding the 

mineral nutrients are worthy of consideration, since by planning 

his :feeding aild management so as to restut .in the production oi 

dense, strong bones in his hogs, he insures against loss th"Doo.gh 



The above picture is a reprint from a cut shown 
in Ohio E;ii.periment Station :Uo11thly BUlletin, Volume IV, 
No. 4, April 1919. uany of the companies selling mineral 
for swine feeding state that the ~ddition of mineral to 
a ration will cause hogs to have straight pasterns ~nd 
sto.nd upright on their feet. The o.bove picture shows 
a lot of bogs that had been fed 163 days on a mineral 
ration. Tha hog to the left shov,s decidedly weak feet 
and pasterns in spite of the long mineral feeding. Mineral 
feeding greatly increases the strength of bone but apparently 
does not affect the strength of pasterns. 
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accident, and agai11st the shortening of the period of usefulness 

for breedinc~ :purposes throu.gh lao.k of density of the skeleton." 

THE EF1!1ECT OF PROTEIN Al:JD IlINERAL SUPPIBMENT OtI 

DEVELOP11ENT OF 1£:BE LITTER. 

There has been very little work done to determine the effect 

of mineral on the development of the litter of unborn pigs. several 

of the stations have done some very credible work showing the valne of 

protein when fed to pregnan~ sows in the developing of the litter. 

In order to get 1~ore aefini te informat ~on on this subject the 

following experiment lVS.S planned and carried ou.t at this Station 

. beginning November 1st, 1921 and continu.ing until May 1st, 1922. 

The sows used in this experiment were all mature sows that were being 

kept in the college herd for breeding purposes. In orderto avoid 

any variation due to breeding or blood lines, the sows 11Sed were 

all mated to the same boar. While the sows were slightly different 

in breedine, they were all line bred Orion Cherry K~ng sows. The 

boar used wa.s of Great Orion ·sensation, Pathfinder ~nd Orion Cherry 

King breeding. This boar at a year and a h~lf stood 42 inches 

high and is .ll% strictly a. modern type hog. All of these sows 

were fed in ~ry lot bQt were not kept on cement or other hard 

floors. However, the soil on which they were kept is very free 

:from limestone and ottber sou.roes of minerael. With the exception 

of lot 2, there were only two sows to the lot. Lot 2 contained 

:four sows. For this reason, the results secured should be con

sidered as only indicative and not as oonqlusive. 
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Lot 1 receivea a ration of straight kafir corn from November 

lat until the pigs were weaned. - Lot 2 received a ration oonsisting 

of 50 pa.xts ~afir corn, 20 pa1·ts gro11nd oats, 26 parts Ylheat shorts 

and 5 parts tankage, this being the ration i.vhioh we were u.sing for 

011r orooa nows for -...·.Tinter feeding. Lot 3 received equal parts by, 

v:eight of \7heat shorts 0.11d ~1'..a.fir corn; Lot 4 received eq11al parts 

of wheat shorts o.:ad kafir corn v.ri th 1~i of mineral matter added. 

The mineral matter used in this e.xpe1:imer.1t .consisted of equal parts 

calciu.r.n carbonate ano precipitated bone meal. The kafir corn in 

ea.ch lot was f;I'O u.nd and all rations \1ere fed moist. The precipitated 

bone meal used in this expo~iment was donated by the Organics 

Products Company of Chicago and the calcium car·bonate ... ,as donated 

by the Jenson Sal1sb11ry Company, of Kansas City. No weightswere 

kept of' the sows during the experiment and no attempt made to 

determine the re. te or cost of gain of either the sows or litters. 

The object of this experiment ,vas to determine the effect 

of mineral· or protein or both mineral and protein on the size 1 

strength and vigor of the pigs farrowed. A sample of milk from 

ea.oh lot of sows was taken when the average age of the pigs in each 

lot was fourteen days and thirty days ola respectively. This milk 

was tested for ash content. At birth each litter was weighed, and 

the height at withers·and length of body from neck to point of b11ttock 

~taken. The size of the bone v,as a.lso measu.reo.. The sa1:1e rneasw.·e-

ments were again t~ken when the pigs wer~ thirty days old. One pig 

in each litter r,as killed and the ·bone analyzed rther1 farrowed •D-na 

one pig in each litter killed and the bone ant2lyzed 1c·.rben twenty 

Gtays old. · ".rhe reason the i.)ig was l::illed ut twenty days was been.use 

the .i:>ir,;s began at abotlt that ago to e~t :foed r:ith the not.her and 

it wo,s desi::ced to secure the resnl"l,s n1 ., b ~ 
l- 'Oaucect Y tho mothers milk 
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Table U. 

E:ff'ect of I.Iineral and Protein on Litter of Pigs. 

Lot I. Ka.fir corn only. 

Sows:.Aver. :Aver. :.ti.var;% of :5b of:% of:% of:Heighth :Length:Ash : 
in :pigs ::t1ft.of:size:strong:med.weak:dead: at : of :In : 
Lot ::fa.r- :Pigs :of :pigs :pigs:pigs:pigs:Shoulder:Pigs :Bone: 

2 

4 

2 

2 

: rowed: : bone: : : : : inches : : : 
: : :mm: : : : : : : : . 
• 

. . 
• • 

5 

: 9 . 
• 

. 
• 
:11 . 
• . . 
• . 
: 8 

. . . . 
: 1.94 : 

. 
• 

41 : 
. 
• 
:·80 :20 

. 
• 
: 0 

. 
• 
• • 6 

. 
• 

. . . . 
: 48.14 . . . . . . . . . . . . . • • • • • • • • 

Lot II. Kafir c:orn, Shorts, ~ts, .TankAge : • • . 
• 

. . . . 

. 
• 

. . . . • • • • • • • • 

. . . . . . . . . . . . 
Lot III. Ka.fir corn and shorts . . . . . . . 

• • • • • • • 
:2.12 : 44 : 54.5:27.4:18.1: 0 : . . . . • • 

. 
• 

. 
• 

. 
• 

7 
. . . . . . 
: 8.37 : 43.2: . 
• . 

• 
• • 

. . . . . . . . 
6.31 :7.75 :47.13 . . • . 

Lot IV. Ka.fir corn, shorts, minera-1. • • 

. 
• . 
• . . . . . . . . . 

• 
:2.25: 60: 81.2:18.8: 

. . . . ' . 
0 : 0 : 

. . • • • • 
:43.33 
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It ;_·.rill be observed that the smallest average number of pigs 

:farroyred 11.was in Lot 1 recei Ving a straight kafir corn ration 

but as there were butt~~ sows and one of these sows farrowed 

onl;y t\·:o pigs it •::ould not be safe to conclude that the ration 

was responsible :for the small number :farrowed. This might 

have been due to the indi viduali w of the sow. It \'.rill be 

observed, however, th.at the lightest pigs by far were those 

v.rhere the s ov..rs received kafir coru only even though the litters 

were sma11. 1.rhe largest pigs by oonsidera.ble 1-"!ere in Lot 2 

which \7ere receiving our standard ration of ks.fir corn I shorts 

and tankage. The mineral added to Lot 4 seemed to increase 

to a slight extent the size of the pigs over those in Lot 3 

receiving kafir corn and shorts. but as the litters were much 

larga.- in Lot 3 that would p1obably aooount for the slight 

disadvnntase in size of pigs. The circumference of bone in 

millimeters was greatest in Lot 4 where the sows had reoeived 

mineral in addition to a kafir corn and shorts ration. This 

was :followed very closely by Lot 2 receiving the standard ration 

o:f ka:f'ir corn, shorts, oats and tankage. The bone of pigs in 

Lot 1 shows decidedly smaller than the other lbts. Lots 2 and 

4 had larger percent of strong pigs than did any1 of the other 

lots. Lot 4, where mineral was supplied, seemed to have a slight 

advantage but this was probably due to the fact that there were 

several dead pigs in one litter in Lot. 2. This oo~ld not be 

attributed however to the effect of the ration but rather to 

natural conditions. The heighth !llld length of the pigs appears 
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t...o be in direct proportion to the size. It is hard to account 

fo::c ti.e vs.ri0-tion in the percent of ash of bones as the , 

highest percent of a.sh \vtlS found in Lot 1 where no mineral 

was added and rrhere the ration \"JaS very low in both mineral 
. . 

and protein. The seuond highest ash percent was found in 

Lot 3 v1heru_ kafir com and shorts, both low in mineral, 

were used. The )'.Jercent of ash in the standard ration and in 

the ration r,here mineral was added were both lower than in the, 

other trrn rations. The results were directly oppos.ite from 

\Vha.t was expected wou.ld be found. It may be that the ·sow 

gives , more readily, mineral from her body where mineral is 

not being properly supplied than where it is. 

• 
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Feed :.itver. 
: ¥It. 
: v,hen 

Increase in pigs first 30 days SQckling period 
Table X. 

:Aver. :Aver. :Aver. :Aver. :Aver. :Aver.: Avera% of:% of 
: wt.at:heighth: :length:length:size :size:min-:min-
:30 . 1,.'\!hen :heigh th when:30 :bone :bone:eral:era.l • 

: Furrot7- d~ys:far- • 30 :fS&.rrow- days :when . 30 :when:at • . . ed . :rowed : days . ed . :far- :da.ys:far-:20 . . • • . . . • . • :rowed: mm.: l'O\V8d: • . . • • • . . . • • . • mm. • . :da.zs • . • • • • • . • . . 
Lot 1: . . ,i 

;i 

ka:fir- . 1.94 12 6 10.25 7.5 13.25 41 69 48.14 50.55 ; . 
corn . i • ~ . 

• 
Lot ~: . . 
Xia:fir c: 2.94 17 7 11.26 a.57 16.25 47 91 45.l 47.01 
Shorts . . 
Oats . . 
Tanl::age: . . 

. Lot 3, . . 
Ka:firg.: 2.12 13.5 6.51 10.96 7.75 14. 44 85 47ol3 52.59 
Shorts . . . . 
Lot 4: . . 
Ka:fir c: 2.26 14 6.95 10.75 7.93 15.16 50 79 50.02 47059 
Shorts . . 
Mineral: 

Table .x C cnt i:e:~1ed. 
:Increase in : Incre8,se in:Increa.se :Inc1~case in : Inm ... e",,E'.e ' in 
:vJeie;ht 30 days:height in :in length:Bone, 30 da.ys:ash o ... ~ bone 
& i30 dail:s :30 da.lS ,. :ir,. 30 duys., • • . . • . . 
• . • • • 

Lot l . 10.06 . 4.25 . .. 5o75 • 28 . 2.41 • • . . • • . • . e . 
• • • • . 

Lot 2 0 14006 . 4.25 . 7.90 • 44 C 2o00 0 . • • • 
Cl . . • e 
• • . • • 

Lot 3 . 11.38 . 4.60 • 6.25 . 41 G 5.46 0 • ., • • . . . . . . . . e . 
Lot 4 . 11.75 • 3.82 "' '1,23 . 39 " 2.43 • • . . . 



In studying table X it t','i.11 be observed that the rate o~ ga.in 

vJas t:,-rea ter in ea.ch lot tJhere protein was s11pplied in the sows' 

ration than in Lot 1 t·1hare protein v;12.s lacking. This is due 

no 6. oubt; to "'~he increased flov: of' milk. Lot 2 had a decided 

advanta.r.::;e in rate of c;ain a.l thot1gh lots 3 and 4 we1"e very sat

isfuctory. There was pra.ctically no difference observed in 

the increase in either heighth or lezigth aside from the naturf.-\1 

increase Yi11ich tJOllld go rli. th the inoree.se in v1eight. The 

increase in size of bone of Lot 1 was considerably less than 

that of ti1e other lots. Lot 2 receiVing the illta.udard ration 

made the greatest increase in gain,• length of body,. heighth 

of body and development of bone. Lot 4, rec&iving mineral 

showed a slight advantage over lot 3 receiving the same ration 

minus the mineral, in rate of gain and increase in length bllt 

Lot 3 had a slightly greater inorease. in heighth and size of 

bone. The only conclusion that cou.ld be aravm fro□ the above 

table is that there is no perceptible difference in the 

development o~· the bone and size of the pig du.e to the r_a.tion 

:fed, ohly in so far as that ration effects the amount of milk 

secreted by the sow. The milk secreted, no do u.bt, carries all 

of the necessary mineral and protein to give proper development 

if sec urea in large enough q11a.nti ties~ 

Tlle :following table shows the composition of the millc 

:from the sows of variou.s lots at an average of fonrteen and 
. 

thirty days in the period of laotition. 
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Lot l~o. . ~:..). tion . ?e1"ce21t n~~ c 'n re e·11 ~sh:Avera3e l?er-:Avera.ge Sp. .. . ~~-- J:G ~ u . e 1,; da.rs• .. 30 ·days ~ce:nt ash. " . ,..,"l"'''\i .... • • . .. • ,...S- :,... ~.v .. . . . . . . .. • . • 
Lot ~:o • 1: ~~~'f::1~ . .f5 . .517 . .,513 . 1.02 . . • s . "91 ,"', .... ,.ii"" . . . #-. 1s.c:V·--= . . • CJ 

, ::t:.~.Z:L~?- ~ . . . . • • • 
Lot I~o,. 2 :co1,.::, oc:-t$ .77 . .954 . .a\,;2 . 1.033 • • ,. 

: S} , ,J 1~ t S , . . . . . • . . 
: ~; :.::.t1l;:c.,~e f . . :I . . . • 
: I:~~~:...ii~- . • • . . • • . 

Let L:o .. ~ ... ("l, "'> ..,?"t-4 . .74 . .854 • .797 . 1.036 V •'<.JV""'-..,.,.,,, . • • • 
: ~::a:~~·ts . • . . . • C • 
:1:a~..:1.~- . . . . . • • • 

Lot no. 4. :c m-~n, . .74 • .775 . e75'1 C 1.02a . • • • 
:r:incru.1 . . . • . • • • 
" . . • . . . • . • . . . • . . . • • . . . • . . . • • • . 



Page 28. 

It Y'Oul6 U!)pen.r that the protein in the ra.ti.~n might have a slilJht 

effect o:i.1 the l_'.}ercent of ash of milk as lots 2, 3 and 4 containing 

Plent:l o:f pro'tein in the rations contained u. mu.op higher percent 

of aeh in ·1. !19 mili~ than Lot 1 \".hich was fed on straight kaf ir 
- . 

corn. Lot 2 seems to sho\·: a considerably larger percent of ash 

than either Lot 3 or 4 v1hich V,'ou.ld shoi.v that mineraJ. a.t lea.st 

had no effect on increasing the ash peroent of milk. It shou.ld 
. 

be ex.9l.r~.i:ued tho.t in Lot .1 the semple of milk was taken :fran 

one sot: onlj•·, as it was impossible to secu.re e. sample of milk 

fror11 the other so\·1 in this Lot. \'lhile the percent· of ash was 

low 011 the :fourteenth day and lO\ve1.· still on the thirtieth day 

this mi~ht ·be due ·l;o the individu.al sow· and not to the ration 

fed. »JaJtx::t..~x~x~u~ ~he bones from pigs in Lot 1 being 

as high in :mineral a.s from the other lots A1S:lf- indicate that 

even though the mil.le was lower in ash, it contained su.£'ficient 

to supply the needs of the pig. 

From the above experiment, \".re ~ conolu.de that the 

development o:f the u.nborn pig can be effected materially both 

as to size and vigor by a properly ba.lanoed ration. Best 

results were secured where a. protein high in mineral, su.ch 

as tank:age was u.sed. Where proteins, low in· mineral, SUJi[h as 

wheat shorts, linseed oil meal and the like are u.sed the addition 

of mineral may slightly increase the size and strengt-!1 of the 

pigs. Sows fed on straight oar~onaoeou.s feeds au.ch as corn 

and kafir corn do not produ.ce satisfactory pigs. The effeot 

of ration 011 the development of pigs after farrm.ving seems to 

depend more upon the amollnt of milk prod u.oed than u.pon the ration 

fed. It seems that the sow is able to :furnish from her o-wn 

body, mineral necessary for developing the 
Pigs properly where 



sufi'icie1Jt amount of ·protein is fed to produ.ce a good flow of 

milk. 7:{o\'Jevcr, it would probably be found, after several years 

of this .i:ind of feediug that unless mineral ,va.s supplied i11 some 

f'orm, such ~s pasture c1·ops or mineral containing proteins that 

the so\·1 vrould eventually b eoome wea.lr in the bone and probably 

b re ale d 0·1,7n • 

THE EFFEC'l' OF PROTEIH .ttHD r-rniEHAL OU ~HE 

DEVELOPI.IBl? T OF sr;r NE. 

The object of this experiment was to determine the effect 

of protein and mineral matter on the gTowth and development of 

s1,-.rine when fed in connection i:-1i th a carbonaceous ration. For 

the purpose of this .. experiment twenty fi v.e fall shoats were 

selected and put on feed \\rhen approximately four month of age. 

] 1 i ve shoats were used in each lot, all of approximately the same 

age a;nd weight. Lot 1 was fed a ration consisting of i~fir corn 

only. Lot 2 received a ration c·onsisting of lea.fir corn and 1% 

mineral. Lot 3 was given a ration co~sistir1g of equal parts 

ka:fir corn and wheat shorts. Lot 4 received 11ine .parts of ka£ir 

corn and l part o:f tankage. Lot 5 recai vea equal parts of kafir 

corn and whea. t sher ts, . with 17~ mineral added. The mineral t1Sed 

in this experiment consisted of equal parts ca.lei um carbons. te 

and precipitated bon~ meal. Each lot of pigs was fed all they 

would clean up twice daily. 1the kafir corn was ground, all feeds 

mixed and fed moi' t. 

At the begin ing of the experiment ench pig was weighed in

di vio. ually, ear ma ked and measurements taken. In takiug the 
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measurements, the size of the bone was taken on the smallest 

:part; o:f the hind leg. The depth and width of chest were taken 

just bflck of the front legs. A pe.ir of calipers were u.sed for 

sec ur in;:; these measurements. The length of the hog i.,vas 'taken 

i:,ri th u tape mens tire from the place where the head joins the 

neck to the point of' the buttoo k. This measlll'emen t was taken 

vii th the pig lying on its side. ~he length o:f bone w~s taken 

from between the toes to the baol:: part of the hook on the hind 

leg. li.ll of thece measurements were reasonably accurate with 

perhaps the exception of the length measurements \'!thich could 

not be absolutely accurate. It was intended to weigh the 

·hogs every thirty days during the experime~t, but conditions 

made it impossible to set the weights on the exact thirty 

day periods, but are approximately so. At the encio:f the 

experiment, two s. verage pigs :from each lot were lcill ed a.nd the 

tibia :fro1;1 the right leg taken, cleaned of all meat and 

broken by the Department of ~ngineering. The me.chine used 

for breaking these bones was the Tinius Olsen Testing Ma.chime. 

Breaking strength was read directly from ti1e beam above. 

These samples o:f bone were then sav.req in t:mo at the smallest 

place in the bone and cross sections taken for chemical an~lysis. 

The &verage wall thickness in millimeters was measured fr om 

the cross sec ti 011s taken from the smallest part of the· bone. 

This experiment has been divided into three sections 

for consideration: First, the effect o:f the ration on the 

increase in size of bone and length and depth of body. Second 

the effect olli the breaking strength, specific gravity, wall 

thickness and density of bone. 1.rhird, the effect on rate 

of gain and cost of gain in hOgij, 

t 



:hv~eJ:.·::..:-,:;z :;:.. ~~~e,2.~G..3~: i;..ve1·c.r;e: 
Lot I!o. : I1:i tit:.~ :l?i:1al . To~al • . • 

: le:1~,1:: l: ,, ~~q =~"'1"l :increc.se: • - -""--u ....... 
:of boo:-.~ .,.£if : o:f bod:;: in length . . . . 
• t . . 

33~2 9.3 Lot 1 . ~3.9 e . . . . . , 
Kafir- . . . . 

• • • . 
torn ~ . t . 

• . • • . . . • ot II • . . • 
Ka.fir- 24 tt 2 Z:3.2 a.o .. . . • • . • • 
&orn . ,. .. C 

• • . • 
t"ot III: C . ,. . C • 
Kafir- 37.68 12.58: . 25.1 . . 

• C • 
corn, . . ., .. . . .. . 
~110J;~t s. ,. .. . • . ., . C 

Lot IV . e . C . • • . 
Lj:;1 14.66! Ko.fir- "' 26.,34: . 

• • 
corn, .. . . . 

• • • • 
tankage, • . . . . • 
tot V : . . ~ . . • 
leafir- • 25 . 37.37 ~ 12.37: . . . 
aorn, • " .. . • • . .. • • 
shorts, . r . .. 

• . • • 
lninerals . . ,. . . • 

;.. "I." er~a:e ; i),.veru0e: 
A • Initia.1: ,~ incre: 
in . Y:eicht . 

• .. 
, ~l" r-th .. . .... \,; .. .J..9 . • 

I . -3 a~-,• 86.6: .:; .... ;-p: . . . • . . 
• • 

t C 

3$~ 
• 
• 79.9: 

' • 
• ., 
• • , .. 

50ft • . 89 . . • 
C C . • . . . • 
l ,,, " C 

99.4: 55.,6iJ: . . 
• • . . 

• . 
' a 5&: 

• 
68.6: 4 .... i;J• 

., .. 
• . 
.. . 
• • 
C . 
• . 

..;,vert:;.ge: 
:final .. 

• 
\7eight • . 

., 
• 

129 . 
e .. 
• •. 
• 
f . 

114.6 C 
C . . 
s . 

1.83 . ., . . . . 
C . 

237 " • . . 
, ,. 

175 . . . . . . . 
• 

A veri:.ge : A. vera 
Totc.l :ge ;i 
gain ;ge.in 

,. • • 8 a-~~ 42.~ .- .!J: •.;;~· 

94 

. 
• .. . . 

. 
• 

" . 

. . 

86 4 • "" ::J e • • l •,a 
t . 

1In -this table all measurements are rziven iu inches and \'..'eights in pounds. 

l 
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Tab le 12 shov1s the ef:fect of r~tion 011 the development of the 

len~tl-: o:f boci;r ~nd increase in weight. Comparing Lot 1, 

vJhich received a straight kafir corn ration with Lot 2, 

receiving ~~"l.:f:ir corn and mineral it is found that there was a., 

s lightl~y· greater ~a.in in weight ,uhere no minersrl was supplied 

than where 1~1ineral ·was supplied. However this di;fference is so 

small tl:a t it could easily be attribt1ted to the difference in 

indivitiualit,y of the 11igs. Comparing Lot 3, v1hich received a 

ration consisting of ks.fir corn and shorts. high in protein 

but low in mi11e1·aJ. with Lot 5, receiving the same ration \vi th 

the addition of mine1al, about the same fifference in favor 

of the no mineral Lot is observed as in Lots land 2. Lot 3 

made 8. 65~ greater gain \"! ithout mineral than did Lot 5 with 

mineral added to the sa.Jl?.e ration. 

Graph No. l shows that the rate of gain was influenced 

almost entirely by the .protein in the ration rather than by 

the mineral contained. In fact, in both cases, the mineral 

seemed to have a slight disadvantage. Lot 4 gave decidedly 

the highest rate o:f ga.in of ~.ny of the lots. The length of 

body seems to va.ry directly a.s the rate of gain. The higher 

the rate of gain the greater the increase in the length o:f b~dy 

and the less the rate of gain the less the increase in the length 

of body. Gra.ph No. 2 showing the increase in length of body 

corresponds very closely to Graph No. 1 showing the inorease in 

, rate of gain. 

Table No. 13 shows the effect of the ration .on the 

development of the depth and --'dth 
w... of chest. 
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Lot. 
rro. 

:no. vc:"~~ c : .. ,. ,.~c: 'j_•;_,"::e :Av~:;:1L;.3c :.~ verage :.av-erage :Average :average:.ave rage 
:In:Lti:;;.l ::2ir:~l !J:c·t;ul :?a~~ce11t:Ini tial:Final :Total :?ercm1t 
:cn·_c..:-:; : ::!~e:~t ~I::crc:::.seincrec.seChest :Chest :Increase :Increase 
::Jc1~1:::, :Dc1rt:1: :1>cpth !Chest :1.'Zidth :Uidth :Chest :Chest 
: : ~Cho st :De th li : :'.7id th :riid th . 
• 

Ko.fir-: 
co1•.n. 
Lot 2 . . 
Ko.fir-: 
corn, : 
minercl 
Lot 3: 

~ .. 
Kafira:: 
co:.--n . 

• 
shorts. 
Lot 4 : 
Kl:.fir=: 
corn, : 
Tanl:age 
Lot 5: 

l Y~fir-: . 
• co1~n, 

shorts; 
minf?ral,. 

. . 

. . . . 
10.t:5~ 

10 .. 3 

10 

., .. 

. 
• 
e 
0 

0 . 
0 .. 

. 1.62 • 

" .. 

r .. 

. . 

. . . . 

. 
• 

. 
; 30{~ 

. . 

. 
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. 
• 
• • •• 
• • ,, . 
" .. 

• 
x,• 

44.56,.i~ 
" • . 
• 
• • .. .. .. ., 

3751 

.. 
e 

" • 
" • 
• • .. 
• ., 
• 

8.48 

8 

.. . 
• . 
C 

• . 
• 
• • .. 
• 
• .. 
• ., 
• .. 
• 
l 
• 
• • 
C 

• 
• • .. 
• 

10.s 

12 

11 

• 
• C 

• 
" 

• 

o O e O I> 
• - e • e • • 
• • • • • ,. r . . . " . . .. 
. 41'. • .. C •• 

3 

3 

,. 
• • 

. 
• 

.. .. 

., 
e 
• 
• C 
., 
C 

ft ., 
• • 
C .. .. 
• 
• • 
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Here a~uin it ~ill be observed that the greatest percent of 

increase v:as in Lot 4, reoeivi:i;ig the ta.nkage as a protein 

·supplo1:1ent, followed rather closely by Lot 5 receiving 

shorts n.nd l;:o.fir corn vd th mineral added. There seems to be 

a ver~T slight a.dvan tage 111 Lot 5 over Lot 3 in the percent 

of chest development both as to heighth and width du.a to the 

addition of mineral. This is not very marked, however, as 

will be observedby Graphs No. 3 and 4. Graphs No. 3 and 4 

show that the three lots receiving protein su.pplement have 

about the same rate of chest development and that the two 

lots receiving no protein both fall mu.ch below the other 

three. From this ED t~ble we wou.ld oonclu.de that mineral 

had no e:f:feot ou the depth or width of the chest. 

Table No. 14 shows the fffect of the ration on the length 

and size o:f bone. 
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Ka.fire 01-"n: 
,Shorts 0 
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-fircorn: 

Tanka.·.e ., 
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Kafircorn: 
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' I 
I 

Shorts 
:1nera1 

I· 

. 
• .. 
• 

~~)5 

104 

1CO 

106 

100 
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., • C . e " • ., • ,. " • C .. . .. ., • • 21.4 ,, . 10,; 8.5 1.5 . 

110 10 .. 'l • e • • • . . • ,~ e • • e . 
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1-1s :far as t~:e lengtl: of the bone is concerned, there \Vas bu.t very 

little difference in the increase in any of the lots, ho\vever 

Lot 4 recei vinr i:a.fir corn and tanka.ge had a somewhat larger 

percent increase in length of bone than the other lots. 

Compn.ring Lots 3 end 5 it rcrou.ld appear that the addition 

of r.:ineTal to the ration iL1 Lot 5 had increased slightly the 

lengti1 o:f bone in this lot. Graph Mo. 6 shO\'t~ however that 

the lellE;tl: of the bone does not very to any considerable extent 

in s.ny of "'i,;he lots. Concerning the c irc111nference of the bone 

liowever \'le find a decided advuntage in favor of Lots 4 and,; 

5. Lot 5 which received mineral m~tter in ·addition to a. 

protein balanced ration low in mineral made 321b increase in 

the circumference of the bone. Lot 4 receiving lrafir corn 

and tanka8e made 275~ increase in size of b cne. Comparing 

these -,~ri th the other lots, we fin ti· that Lot 3 receiving the same 

ration as Lot 5 minus the mineral made an increase of only 

lOj'.; in size of bone. It is interesting to note that when 

mineral is fed alone Without protein supplement that it did 

not materially effect the size of the bone as the increase 

in Lot 2 ,v-as only 115;. A study of Graph Ho. 6 sho\7S a decided 

.advantage as far ns increase in size of l)one is concerned for 

the tanl:age and for the shorts-,mineral fed lots. 

Table No. 16 gives a swnmary of the total a.nd average 

increases in the development of bone, length, heighth, width 

and length of leg. 
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LO~ HO. :Total :p :~otal ~ In- :Total :~ In- :Total:% In- :Total:% In-:Totali% oj 

I. 
Ka.:t1r C 

II. 
Ka.1'ir o 
.iilin er al 

111. 
.t:.afir c 
Shorts 

1v. 
.n.a:fir c 
:i;anlrage 

v., 
.n,:?:f 1 r C 

i:::.!:urt:; 
eral 

:Aver. :Increase Aver. :creaae:aver. ecrease:Aver. :orease:Aver .. ::crea.se:aversin-
: Increase: Length : Increase: chest : .rncreaee: onest : 1n- : lag : rn- : bone : In- : ore~ 
: : : :•width : :depth :erease:length:erea.se:size~orease:in 
: : : : : : : : : : in mm: : 

. . . . 

. . . 
• . . .. . 
• . .. . 
• . . 
• • 

. 
• . . .. . . 
• 
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• . .. 
• 
0 .. 

a. 

. .. 
• . 
• . 

. 
• . . 

• . 
. . 

• • 
• • . .. 

33. 

60 
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• . . 
• . . 
• 
• • 
• . 
• • 
• • . 
• . . 
• 
• • 

• . 
• • 
• • 

1.79 

3.00 

: 3.00 
• • 
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: 22 .. '1 

• .. . .. 
: 16.6 . 
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• . 
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• • 
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• .. 
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Page 39. Table XVI. 
EFFECT OF RATION ON BONE OF swnm. 

Dog :Aver.:Aver. :BrealCing:Breaking :Aver. :Aver.:Aver. :Aver. :Avero :% of 
No. :Live :dreaking:Strength:strengtn :cir.of:wt.of:vol.of:specific:wall :ash b 

: wt. :~trength:of oonea:per m.m. :bones :bones:bnnes :gre.Vity :thick- :"bones. 
: :of oone :par 100-tf:of cir- :in·mm.: in : in :of oones:ness of: 
: :in lbs. :live VJt.:cumference :grama:o.o. : :bones : 
: : : : . . . • :in mem.: ___________________ .....;. __ ~L~o...,.t....,,.,Li,..:;~-.-1-.---A..;;~_,f'"i~r-c-.0~1--·n-o~n'"""lll""Y~------------------

'18 :150 : !56 : 1.04 : 2.4 : 65. : lll.2: loo :1.112 :2.15 :52.71 

LOt 2, .Ka.fir com and mineral 
B'3 :180 : 220 : 1.22 : 3.28 : 67 :111 .5 : 100 : 1.1?5 :2.86 :60.32 
&I : 91:--=-ri-s-a---:-2,....-0-G----:-.... 2,.....-g-g----=-6-s----=-g-2-.0---=--,6--:-1-."""2"'"11---:: 2--. g~o;>:"'---:: 6~a--. 9'T'1----
.aver .i35. o: ·2"04 : l.64 : 3.13 : 65 :104.7 : 88 : l.193 :2.88 :60.61 

°90 :215 : 194 : .906 
Lot 3. Kaflr corn and shorts 

B'1 : 1'15 : 168 : 2.'13 : 61.5 :124.o: 106: 1.110 :2.43 :So.25 
: 180 : 2.a1 : 64.2 :127.a: 113.s:1.12g :2.54 :s1.s1 
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Ta.blo sixteen gives in detail the live weight, total breui.Dg 

stre1!r,.,t2_ 01· bone, breaI:int; streneth o:f"bones per lO~J live 

v,eir;ht, 'brea. ... :inr; strell[;th of bone per m.m. of circumference 

pf bone, avcrQ.r;e circwnference of bone 1n m.m., average weight 

o:f bone in ~rams, average volume of bone in cubic centimeters, 

averar,e spec i:fic gravity of the bone, the' average YJall thigkness 

:and tl:e percent of ash. In arriving at these resu.l ts, two 

avera,~:c hogs :ero1a each lot were slaughtered and the tibi~taken 
. 

fror.1 tho right leg. 11.11 meat and cartilage was carefully 

removed f'romthe bone end while the bone ·was yet green the 

breo.kinG strength to.ken. The breaking strength v.ras ta.ken by 

the Department of J1ngineering of the college. After the bones 

had been broken they were sawed in two at the saallest _p.iamet~r 

and a. sample 1/4 o:f an in~h ta.ken :from each side of the bone 

next to the sawed portipn. These Stl.mples were cleaned, the 

marrow removed nnd the wall thickness determined by means of 

an instrument which would measure in millimeters. Each bone 

was measured on the thinnest place on each of three sides 

and the average thickness ta.ken as the average wall thickness. 

Another sample ~f e_aoh b
0
6na· on~-ha.lf' inoh t)lick ]Q(J,.XXXXXX:XXX 

was analyz ea by the Department of Station Chemistry and the 

percent of a.sh determined, .by ashing the bone in an electric 

oven. Before breaking, each bone was weighed a.nd the bone 

immersed in a receptacle graduated in such a. way that the 

replacement of wa. ter 00 uld be read in Ollbic centimeters. The 

spec if'ic gravity was determined by dividing the weight of the 

bones by the volume of water replaced in grams. For detailed 

study Table 17 which is a swnmary of the 1·esul ts ta.bu t 
. a ed in 

tab le 16 Wl..11 be 1,~AA _ 
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.:i:..,:-.;._;1.:..J. 1j :IP O.l. 
Ucs:=--~•~~: a~h 
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Lot II: 
Ka:f:ir : 
Corn : 
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Lot III: 
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• 

Ka:f ir : l. e 258 
corn : 
Tanlca("l'o: 

Lot V 
Ka:fir 
Corn 

. . . . 

. . 
Shorts: 
11inera.l: 

. . 

. 
• 

. 
• 

. 
• 
• • 

. . 

. . . . 

287 

. . 

. . 
• . 
: 1.25 . . 

. .. 
• • 

. 
• 

. . 

. . . . 

. 
• 

. . 

. . 

. 
• 
6 • 

68 
. . 
: 3.52 . . 

. . 

: 227.5 

. . . . . . 
205 

! 
i 

{ 



Cor:1:p 0,:r in: t:ne specific ffro.vi ty of the different lots it ·will be 

noted t'.:::=:.t :~.ere mineral was ndded to the #straisht ka.fir corn 

ration ir1 Lot L that the specific gravity was higher than in 

Lot 1 ~:.-~:ere no mineral \':as added. Compa.ring Lot 3 reoeiVing a. 

rati0n of l::'.1±.ir corn and shorts r:ith Lot 5 where the same ration 

\":as used '.':i t:i.1 the uc1di tion of mineral matter a decided differeme· 

is noted i:::1 the specific gravity in favor of Lot 6, the mineral 

fed lot • 1: o ·t as :much difference is noted in the percent of 

ash, hovrnver in eech c::ise \"Jhai~e mineral was added; the percent 

of ash v-_1us increased over the ration where no mineral was used. 

The most signif'ica:nt and striking contra.st is found in· ·the 

breakinr~· strenGth of the variou.s bones. The bo:nes of hogs 

in Lot G, receiving mineral reCTuired 36 pounds more pressure - .for 

breaking than those in Lot l receiving no mineral. The hogs 

. in Lot 3, recei vi11g a bal:J.nced ration as :far as protein is concerned 

had a lov1er breaking strength than those in. Lot 2, having a very 

low protein ration;and broke.at 11&} poQnds less pressure than trose 

in Lot 5 receiving the same ration \Vi th 11~ mineral added. In 

most work: that has been c ondueted at other stations, the @res.king 

strength per lOo# live weight of hog has been given.* A comparison 

of' the columns showing the total brea.~ing strength, breaking streng1h 

per 100,i of" live weight, and breaking strength per millime~er of 

c ire umferenc e will show that this is not a desirable and is 

a misleading way o:f giving the results. Lot No. 3 has a much 

lov,er breaking strength per 100:ffe live weight tMn Lot 1-10. 1, 

not due to any difference in the bones, as the bones in Lot 

3 were much stronger than those in Lot l; the difference here 

being due to the fact that lot 3 made a very rapid gain where~s 

* Nebrask~ Bulletin No. 107 



Lot 1 Yt:as v er~- li8'h t in •::eight due to poor gains. The breaking· 

str0111:·t:r: _;,-icr i:1illi1:1eter of circumference of bone is a mu.ch mere 

sc.tis±'t:2cto:1·r :.:eans of ~rri,ring at conclusions a.s to strength of bone. 

I'c- is ve:::.~y interesting to note the thickness ·of the wall of bhe 

different bones. For instance, in Lot l·~·reoeiving no mineral. the 

bo11c 1:.rn.lls ·:•ere ver;y thin. In Lot 3, receiving o. protein 

ration lo'<.· i11 mineru.l, the bo1ie t,lfllls were very little thicker 

than tl:osc in Lot l, receiving low protei~ ration. \'/here mineral 

vJS.s added to ei tller of these rations, the v1all thickness ,vas 

materic.lly increased. Ji study of Lot 4, is very significant. 

This lot received a balanced ration, usir1g tankage as the 

protein sup. lement r:i th no addition of mineral, bide from that 

con ta.in ed in the ta.11.kage. The bones in this lot had the greatest 

specific gr.avi ty, next to the highest percent of ash, le.clred only 

8½ pounds of having as great a breaking strength as where 

mineral had been added to the ka.f'ir corn-shorts ration and 

ha.a the highest breaking strength per cubic centimeter of 

c ircum:ference o:f bone. This lot s.lso had the 5hickest bone 
. 

wall of any o:f the lo.ts. The breaking strength per 100# 

live weight was somev1hat lower due to the fa.ct that this lot 

were so much heavier in weight 1naking more rapid gains throughout 

the exper :iJnent. 

l'i.hother thing worthy of note is the fact that the breaking 

strength, specific gravity, wnll thickness and breaking strength 

per m.m. of oiwcumference were all much greater in Lot 5, receiving 

lea.fir corn, shorts and min7ral than they v-v-ere in Lot 2 ·or 3, 

one o:f which was receiving kafir corn and mineral and the ·other 

lta:fir corn and shorts. In· othe~ words, it wonld appear that 
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Lot ;:_ Lot J Lots 
Kafirlorn AaftrCorn /(afirCorn KalirCtrn 

~., 
Mineral Jhor/J J/u,r/J ~- Mineral 

cross section of nones · of Each. LOt. 

Lot :t ( \Vall' thiokneas 2.30 mm. 
(Brot.lking stre~th ~62# 

.... Lot II ( Wall thiCITJl8SB 2.88 mm. 
( BroBk.1:ng c trenp:th 1881 

Lot ·111(~011 thickness 2.5' nm. 
( Br onkine o trength 180C 

Lot IV ( Wn.11 thiol:.1181.'JO 3.85 nm. 
(Bronkin~ otrength 1891 

Lot V ( wall thicknoss 5.52 mm. 
(Jlrriakine; strene;th 296.5# 

• 

Lot 4 
/(oflrCom 

Tonlfa9e 





! 
I 
I 
l 

I 

miner:1.l nLttrition cs:mnot f'r,.nction to its ft,llest extent-unless 

accornp:J.niea ·oJ-,. 1n·otei11 rieh feeds. 

GAil~ IH si::nm. 

Tab le Ho. 18 gives the rate of gain, feed consumed per 

l001f e;ain, co st o:f lOoifa gain, profit or less per hog end the 

total feod consumed. 

Table XVIII 

Lot No. : Av~r;li. var:: liver. :Aver. :Aver. :Aver. :Feed:Cost:Pr.ofi t: 
:Ini-:finu.l:tota.l:ds.ily:dail.y:total:per :of : or : 
·:tial: wt. :gain :gain :feed :feed :100#:100#:loss : 
: wt. : : : : con- : con- : gain: gain: per : 
: ·: : : :su.med:sumed: : :pig. : . . . • .. • • • . . . • • • • • . • • • 

I . . . . . . . • • . . • . • • • • • • • 
Kafir 0 :86.6: 129 :42.4 . .47 :3.77 :339.8:801.4:8.86; .059: • . . . • • • • • . . • . • • • • • • • • . 
II : : : .: : : : : : : 
Kafir a :79.9:114.6:34.7 :.38+:3.20 :288.4:842. :10.17:-.406 
Mineral : : : : : : : : . • • . . 

• 
III. :. 
Kafir corn 
shorts : 

" . 

. 
• 

89 : 183 . 
• . . . 
• 

IV• : : 
Kafir c :99.4:237 
Tankage : : . . • • 
V • : : 
Kafir c • . . . 
Shorts :88.6:175 

. . Mineral • . . . 

. 
• . 94 • .. 
• . 
• . 
• 
• • 

. . 
• • 
:1.04 :4.8 
• • • • . . 
• • 
• • • • 

• • 
:432 
• . . 
• . 
• . . . . • • 

: 137 • 6: 1.39:6.06 :545 . • . . • 
• • . • . • • • 
• • • • 
:86.4 • • 
• • • • 

. . . 
• • • 
• • 
• . 

. 
• 

. . 
• • 

• 96 :4.91 :442 
• • • • 

. . . . • • • • 
:469.5:5.63:3.26: . . 
• . 

• • 
• • . 
• 

• • 
•· • 
• • 

. 
• . 
• 
• • . . . . 

• • • • 
: 396.:6.72: 4.51: 
• • : ~ : __ 
• • 
• • 

• • 
• • 

• • 
• • . . . 

• • • 

• • 
• • 
• • 

:611.5:6.41:2.24: . 
• • • 0 

• 
Price of' f'eeds: k.afir corn, Ql.16,Tankage 4.00,Miner&l 6.00 
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o~c ,~::;,:· J: . .' t:_e lo-'~s in the e::iq101•iment. This lot also consumed 

les~ :Z:ceo. pe1: d:1~1 ana less total feed than a11y lot in the exper

iment. Il1 :?.odi"t,ion to oonsmning less feed this lot ref:,uired 

~here was very little 

thn t the t:i,dd i ti on o:f mineral to a straight lcafir corn ration 

vrhen l:ed in 2 dry lot 6 id not increase but rather had a 

teuo.ency to decrease the l'Rte of' e;e.in !llld inorea.se the feed 

cousumea 1_)er 100,f gs.in and cost. As a matter of fact, Lot 

2 was tb.e onl;y lot to lose any money d11ring the experiment, 

the l)i~s in this lot losing 40¢ pe1· head. durillg the feeding 

trial, •. 7hereas the pigs in Lot l made a profit of approximately 

6¢ 11er heo.6 during the trial. Hot enou.gh 6ifferem:e v.ras 

observed in ·these tv,o lots to make o.ny -positi'Ve or conclusive 

statemcnt as to the effect o:f mineral on cost of gain. The 

l1igs in Lots 1 and 2 did not make satisfactory gains, had 

rough s ta.ring ooats, and both appeared to be craving something 

in addition to the rations they were receiving. The addition 

of mineral did not seem to satisfy the craving for something 

in addition, which no a ouh t wa.s rirotei:n feed. Conu>aring Lot 

3 tl.:nd 5 it will be observed that the aaily gain \rJ!lS greater 

where r10 mineral was u.sed in Lot 21, al thou.gh the total feed 

consumed in Lot 5 was slightly mmre.. It l"equired 62# more fwed 
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Lot III. Ka.fir corn and Shorts 

,, 

LOt V. Ka.fir corn, shorts and mineral. 



Lot IV. Ka.fir corn r::.nd tan~ge. 

This 1 o t ma.de the largest daily gAin, made 100# g~n 

on the least feed and mad~ the most profit. 
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tl:un i:::.1ci'et::.se ti1e e:fficiency of the 1·ation. stu.dy of Lot 4 

gain ic ciecidelil~.- r~run.te1:, tha total feed consumed greater 

and the feed 1Jor lOJi.' c;n.in rol1ch less than in any of the other 

rations .. .!hile the shorts and l~afir corn lot proo.uced l0Oif 

gain sl ir;·htly chea:-?er than. the kn.fir aorn-tankarre lot, yet 

on account of the increased gain in the tankage lot, the 

profit per head tt•as 1.25 gi~ea.ter in favor of' the tsnkage lot. 

While this should not be ta:~en as oo:nolusive, yet it would 

strongly indicate that mineral matter when fed in connection 

with a. ration v,ithout protein or a ration high in protein, bu.t 

low in minern.l would have no advantage in inoreasing gains or de-. . 

creasing cost of gains. 

CONG.LUSIOM$ 

EFJ?EC1' Ol!, RA ~I OH ON LITTER 0~1 PIGS AT DA1re OF 

FARROVJ. 

I• The add it ion of protein to a brood sow' s ration ·low in 

protein produces stronger pigs. 



II. oi· protein to a brood sow's ration produces 

III. ~~:c :~c1~. it ion o:C 11roteiu to a brood sow's ration produces 

IV. diti0n o:.:· 2rotein to the brood sow's ration produces 

V. 1:iie :;,G.0:i1.ion o:;.:· I:tineral to a l"ation high in protein but 

loi..·, ir: L:iner::::.1 see111s to i:10:rense to a :very slight degree the 

farrowed. 

VI. '..l.:1:.e :::1.e1d i ti on of mineral to a protein rution low in mineral 

increased tl~o size of' bona of the pigs fl.lrrowed. 

SUCKLII:K1 'i:H:b: sml: 

I. La.ck of' protein and ,,:,sh in the ration given to Lot l 

seemed to have the effeot of reduoing the pe1"cent of ash in 

the milk. However, as the sample of milk in the lot was taken 

:from but one sow this might easily have been caused from the 

variation in the indi viaual. 

II• Vlhere protein either 10w or high in mineral tim.s su.pplied 

to the ration, there appeared to be no difference in the 

percentage of ash in the milk. 

III.. Analysis of the bones of pigs where the sows had been 

:fed on various r~tions, did not indicate that the ration 

would e:f:fect the JQ'I3m-cent of a.sh in the bone, Evidently eno~h 

ash is f'o und in all milk to supply proper bone development, 

The add~tion of mineral to the ration did not give any addi-

tional gain either in length, heighth, or size of pigs. 



]:e.i1e ru.te o:f gain of pie;s seemed to be determined entirely by 

the t:?.r.10unt o:f protein furnished in the ration. 

IV. T1·,e increase in s ir;e of bone of 11igs \",1ls no greete1' rt.a ei,e 

the sor-1s \?ere fed mineral in the ration than where no mineral 

i."tUS fed. 

V. 'Jhile no attempt v,a.s made to determine the effeot of lack 

ot· mineral fed 6.uring the lac ti tion period on the breaking 

strength or percent of ash in the bones of sows, it is more than 

likely that the mineral s ll.9plie6 to the pigs in the milk vms ls.rgeq 

derived f'rom the ~oody of the sov.r. rather than direotljr from her 

food. 

r. Circwnfarenoe of bone is increased by the addition of 

mineral to a- miner·a.1 low ration. 

II. 'fhe circumference of bone v.ias increased by the addition 

of mineral high protein ~"q a low mineral protein ration. 

III. The increase in size of bone by the addition of tan,k.a.ge 

to a. kafir corn ration was almost as great as where mineral 

wa.s added to a ka.fir corn a.nd shorts ration. 

IV. The rate of gain in every oase v.ias slightly decreased by 

the addition of minei .. al to the ration. 

V. The increase in depth and width of chest, length of leg al1<i 

length of body were in direct proportion to the rate of Gain. 

VI. Tha rate of gain depends u.pon the proper ba~noe of~ 

oa.rbona.ceot1s ra.ti on wi. th protein and not upo11 the addition of 

miner~l. 



TF-3 EPFECT OF RATIOI~ orr THE 

COST OF P'.dODUCTIOl~. 

I. I,ii.neral increased the amount of t·eed reqtlired to produce 

1001-,: gain. 

II. Eineral increased the cost of p2·odt1cing 100# ga.in. 

III. Uineral decreased the re.te of ~a.in. 

IV. IIineral decreased the total profits. 

V. Protein added to the os.rbouaoeous rs.ti on increased the 

rate of gain. 

VI. Protein added to a carbonaceous ration decrea.seci the 

amount of concentrates necessary to prodooe 10OJ of gain. 

VII. Protein added to the carbono.oeou.8 ration decreased the 

cost of prodri.ction. 

VIII• Protein added to a carbonaceous ration increased 

the profits. 

IX. Ta.nkage proved more e:!:ficient as a protein sup:plement 

to carbonaceous grains than 1.•.frleat shorts. 

THE ~Fl!,ECT o:H1 RATION OH BOHE OF sr✓II'~: 

I. The aiddition of mineral increased the specifio gravity 

of bone. 

II. The addition of mineral to a carbonaceous ration low 

in protein and the addition of mineral to a properly balanced 

ration low in mineral inoreased the bresking strength of the 

bones e 

III e The ad.di ti on of mineral to a ration low in protein and to 
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a protein balanced r~tion low in mineral increased the wall thick

ness af the "bones. 

IV. The addition of mineral to the ra ti. on increased the percent 

of ash in bone. 

V. ~he addition of wheat shorts to a ration of kafir corn 

increased the brealcing strength of the bone bllt very little 

over a straight kafir corn ration, showing that protein rich 

feeds that are low in mineral do not produoe strong bone. 

VI. ~he addition of shorts to a k!lfi:r corn ration did not 

increa.se the thickness of the bone \":all over that recei Vil:lg 

straight lea.fir c.orn. 

VII. Tankage gave almost .a.s high a specific gravity, practically 

the same breaking strength and larger percent of ash and a 

sl 1.ghtly thicker bone 'I.Ya.11 th.an where mineral v.ras added to a 

kafir corn-shorts ration. 

VIII. 1.['he thickness of bone \"Jal 1, specific gravity, percent 

of ash, and breaking strength of the bones in Lot 6 1 receiving 

kafir ~orn, shorts and mineral were much greater than in either 

Lot 2, receiving kafir corn andmineral or Lot 3, receiving 

kafir corn and shorts. This ,vou.ld indicate that mineral a.lone 

is not sufficient for bone building bllt that minei"al must be 

fed in connection with protein in order to give best results. 

It would appear from the above conclusions that where tanlcage 

containing a large percent of mineral is available for hog feeding 

there would be no advantage whatever from the addition of mineral 

matter but where a protein supplement low in mineral is used, the 

addition of a small percent of mineral will give a stronger bone 
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with ~ very much higher brea.kil1g strength v.bich is of o ansiderable 

im1)ortance to ·the hog feeder a.s well as breeder of pure bred 

swine. 
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