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for .some t i me special illlpor~ance has been attached,, by 

both scientists and stock.men~ to the reeding of calcium and 

pbosph-on1s supplemen1;$ to sw:1.ne .. Probably no other class ot 

li!e&tock 1s so o.tten f ed a ration cons1-st1ng solely of cer-
--"' , 

eal grains u is swine. All cereals, espec1allf o:.orn which 

1"& a ·.chief constituent of ·nianrswine·- r a tions,. are low 1n both. ·,. -.,., 

calo1Ull and phosphorus. file reasons for adding mineral sttp

ple~~t~ ~ontain1ng these· elements are obviou$; ealciun,: and . . 
pho-sphorus ·being the most abundant mineral elements in the 

animal body,, ·,ne body is composed of a pproxiJDately 2% eal

(tj;Ull an« lj phosphorus. Eigbt7 five per cent o.t· the :mineral. 

matter of b<>nes and 75'/t, ot the a sh of the entire body is eal

ciwn ptio:sphate .. The added st~ain en the skeleton, nervous 

system and other body part$, resulting fro,m th-e i:nc..reasing 

4eaand tor earlier maturity and mo.r-e rapid mea t pro.ducti.on 

1a swine, ep,ab1-e you t o attach .a still greater signifi cance 

to the a(ldition of the.se llinerals to a rati on. 

.In support of Ute foregoing s:tatement-s·~ ani in order to 

set forth more elear1y the . 1Jlportan.ce of: calcium ,and phos

phorus in a s.wine ration, the author has made a thorough stu

dy' ot some of the more important literati.tr&; a -condensed re

port ot which follows. 
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.REVIE'N OF LITERATURE 

BOBB STROOTUU 

Orr states th.at 10 to 25 per cent at 11v1q matter 

consists ot organ1e com.poUllds ot 1thlch th.e colloidal mater

ial ot the protopla811 is formed. Th.e remaining '15 to iO 

per cent consi,ata ot water and inorganic salts; calciWll and 

phoephorua being iaportant constituents ot the latter. 

These Jlineral eleaents are preseut in 11.ving aatter, 

p.artl7 in cheaJ.cal comldnation Jf1th alld toraiag an integral 

part ot organic eompo1r1nda, and partly- tree or po-tentiall7 

tree either in solution a• aalta or 1.ons in the wat.er ot 

the protoplaa, or in a t .•aporar7 loose ua1011 with the col

loids. All t0.ru ot lite depend ultiaatel7 upon the trans~ 

.torm.at1on ot the energy ot the sunlight into chelllioal -ener .. 

g7. The power ot car!'Jing out this tunaaaental process, 
~ 

which o an be :regarded as the real origin ot lite, la pos-

2 

sessed by inorganic •alta in oolloiclal solutions. Witlt the 

production or torae.ldellyde ., which contains the trapped &ner

gy ot the sun, p-hotoayntllea1a arise.a troa the action ot sun

light and 1no.rgu1c aal.ts, with th• aid ot elllorophyll, on 

wat.er and carbon dioxide. 

Thus the beg1nn1ns ot lite proeeaaea can be aa.1~ to be 

a reault ot the action ot radiant energy on iurganic salts. 

Changes in the concentration ot the inorganic lona in tbe 

animal body can be correlated •1 \h change• in th• tunct1ona 

ot the OT'ge.n.a. 

The utegrit7 ot the tu.net.ions ot al.l orgalli.Slls regulated 



b-y the central nervous Sy$tein depend upon the maintenance of 

4efinite ratio-s of calcium,. potassiwa and sodium in the 

tl.uids withia the nerve t1ssuei.. Orr quo,tes Ringer as show

ing, 1n his experiments with th.e perfused lieart:_ ~ab minute 

changes tn the eonoentrat.ion& of ealeium in the pertusing 

fluid$ have a pronoune-ed effect on the heart ac:tivitt• 

lk>tn experiaelltal and chemical evidence .show that changes 

in the physiological. balance are ittVolved tn many pathological 

eoadition.s in which 'lhe symptoms can be associated with an ex,.. . 

eess or la.ck of specific ions. Aa example of thls is a 

racb.,1-tie eondition. In spite oi' the tact tllat there is con

siderable loss, of the mineral matter, in the excreta, the 

animal ~ is highly etf1.ci.ent 1n maintaining the balance .. 

2b.e bo~es act as a reserv-oir .for a reserve amount whieh 1a 

deposited when the suppl.,- 1s ample, t.o be used in time o:t 

nee4.. It is proba.bl.e that 'this !\metlon of the bones, , that 

is, re.gula'ting tbe supply ot mineral elements to body fluida, 

is as 111:portant as the more obvious -one of supplying a r.igi4 

framework t<>r the bod7.. This functi·on might be considered 

eYen more fundamental, tor, when the available .mineral .mat:ter 

is 1n.su.ffioJ.ent to maintain botb the I pbys1ological balan:ce 

in the blood and the rigidity of the skeleton~ the latter is 

sacrificed. Under experiaental con-d1t1ons it is possible t.o 

reed diets of lllarkied aeticienc1e$ or excesses o.f some of the 

mineral elements,, ani produce a condition ot •alnutr1t1on 

wh.loh is so definite and pronounced as to be called a disease. 

such a~e rickets and anaeJllia. Kot only must a sufficient 



4 

aJaount be suppl1.ed bUt a correct balanqe must be maintaiXted:. 

With the increased. demand tor a greater capac.ity for growth, 

high-er production e-tc., the m1n-eral requirements t--or the 

modern type.:; of animals have assued. a greater proportion. 

Orr eoncl.Udes that serious pathological conditions dev-elop 

when the supply or mineral e.l-ements in the ration does not 

meet the requirement• of the animal. 
23 

In a ser-ies or experiments· by Wolltlll and Simmon.ti$ 

to deterlline -the nature ot the dietary defi.eienc1es of cer

eal grains_, part of the rats used 1n the ex-per.1ments de-velop

e4 beaded ribs and. collapsed thoraces. In a sy:stem-atie et

.fort to find a preventati"fe they learned that no satter what 

other inorganic sa lts were ad.ded to supplement these eereal. 

diets,. these abnormal.1t1es or the skeleton oould not be: pr-e .... 

vented without the a4d1tion of a calciwrs salt. JfcCollum 

state s that Elliot, ·Crichton and Orr (1922) fed. pigs on diets 

of bran and oataeal.t together with an aburuianc.e of vitamins 

A, :S,. and C and the pigs developed rickets .in three months. 

Another seriea o:t pigs .were fed the same foods under the same 

conditions but were supp1ie.4 with calcium salts.. These did 

~ot develop rickets. ·-~· ... 

For senral yea rs,. previous to 1890, successful Wis.con

&in farmers had been advocating feeding hardwood ashes to 

hog_s,. especially where the ob1ef concentrate was corn-. Henry, 
21 

1n an endeavor to deterllline the value of this praetice and 

also to learn if there w:as any- advantage to :feeding bone meal 

with a corn. ration, eondueted a series or experilllents using, 



in the first trial, 6 pigs from a litter which had been fed 

cora meal .and skim-milk before weaning, and corn meal ex-
1 

elusively af'ter weatrlng until the beginning of th.e trial-. 

At the age of 1~9 days they were divided into 3 lo~ of 

2 pigs each. tot I reee1Yed a pinch of bone me.al daily 1n 

the feed; lot II was supplied hard wood ashes in a separate 

5 

trough and lot III received onlf corn meal. Bain water was 

furnished ea.ch lot fo_r -drink and all· the 'Salt they would eon ... ,.01"· ' .t · 

sume without waste was given each lot. 

In the second trial, the same number of pigs were ted 

under the same conditions, but were supplied with skim-milk 

both before and a.tter weaning and consequently were more 

thrifty. 

l>ut-ing the preceding year a similar experiment, ha't.1.ng 

the satne object as the one just mentioned, was conducted. 

'fhe following table shows the results or the two experi1J1ents. 
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!he preceding table shows plainly that corn alone cannot 

build strong bon.es or act as an economical teed in the pro

duetion of pork. Calciwa and phosphorus must be supplied in 

add1-tion. 

(1) ·!he lo~s receiving bone 11·eal and a:,hes cOllSU:rlecl ap

proxima'.tely 130# less ot cor-n 1n the production of 100# of 

~in.. This wa.s a saving of about 2e-.. 
(2) The strength of the thigh bones 1n tlae lot receiv

ing neither bane meal· or ashes ·was only about halt that ot 

the other two lots=. 

(3} 1.ftle bones of the pigs in the lo~s receiving. bone 

meal and ashes contained 50!t more ash than the bones of the 

pigs .in the lot receiving only corn meal. 
ll. 

At the lebra_ska Exper-1ment Station, Burnett co.nduct-

ed two experiments des-igned. to determine the relative strength 

or bones of pigs on di.fferen:t rations. 

The first experiment, beginning October 13., 1906 and end

ing J'ebruary 12, 1907 was com.posed of 4 lots of 4 pigs each. 

!he initial weight of the pigs wa$ 95# eaoh and at the ezad of 

17 weeks tbey weighed 232#. 

Lot I received lOOj corn meal, 10-tc II, 751, corn meal and 

25% shorts, lot III, 90% corn .meal and lO~ tankage and lot IV, 

90$ corn me.al an4 10~ bone meal. 

The second experiment, composed of 20 pigs divided into 

~ lots, began August 2, 1907 and ended June 30, 1908. The 

initial weight of these pigs was 621} each and their final 

weight 230# each. At the close of the experiment they we~e 



$lau$htered and bung in the ccoler for 48 hours. 

1'.be huerus, radius, ulna, femur and tibia of each b.og 

was r,moved, c:Leaned and broken in a testing machine. !be 

toll.owing table shows the a'Verage breaking strength of the 

bones. 

a 
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A labo.ratory. examination was made of the bones taken 

from the second experiment (1907-1908) and a mar-ke-d differ

ence was found -in the thickness of tbe wall.s. !he thickness 

of the bone wall was about SO% greater 1n the lot fed bone 

meal than ill the lot fed eorn meal alone.' From. an examination 

or the t~ble it may well be assumed that .sit111-milk, t-al!lk.age 

and bone meal contain some bone building su.bstan(le which is 

~acking 1n corn. Burnett conc.ludes that since the laboratory 
:--..''.'. , "'!· :, .x~:i';. 

examination showed that tile increased mineral matter was 

largel.y ·phosphate of lime, and sinee sk.im-mi-lk, t~age and 

ground bone are each rich in phosphate of lime, it is fair to 

look upon .tbe phosphates in these foods as the determining 

f ac.tor 1n tb• buil41ng up of the bones in the pigs. 
. 20 

Bal.ver.son and _ixon observed that stockmen 11111me-

.stone regions ly-ing aloJlg side of or adjacent to non-cal

careous area$ produced stock. of a better quality and possess

ing more vigor and vitality than stock coming from the non

calcareous r ,egions. The diffe rence is attributed to the fact 

that a greater amount o~ calcium is supplied to the animals 

1n the limestone region. Since the pig is the mast rapid 

grower of !arm animals, has a small stomach, and subsists 

largely on concentrates r ather than on :roughages and bulk con

taining feeds,- Jlal.verson an ?tixon found the calcium req_uire-

ment of swine to be a .bout .-64 to .eo~ of the rat-ion. 

Water-extract of wheat. bran contribuiled to the sue -·and 

preaking strength of bones and to the 'deveJ.opment of thews
l.6 

eles, heart and lungs in swine, according to Forbes • 



ll 

2he qmscles- of pigs receiving bran extract we.re lower 

in phosphorus than 1DUScles of' pigs 1n c;>ther lots, though ttte 
- . 

·piga rece11'ing this reed. made the maxiJllUJD. increase in weight 

andt intts-cLe., ,.~d tota1 protein,. ,in the: muscle" 'The phosphorus . 

cf the bran was present mo.stl1 in the. form of sa1ts ot p}lytic 

acid, a cQ~J)leJt organic compound .. 

The ~ddition or bone meal to a ratio.n .low in ca.leitua and 
~$.,~-· .,,~· :, ;.· ··' ~ ~ « -:~~~}.:~f~;;~ri~i~fk~ 
pbo$phorua, increased the ash and .strength of the bones. !be 

-
pigs r eceiving bone meal had muscles containing less ash and 

less ·pfiosphorus in the ash, but more ash 1n the protei.a, t.han 

the UJuscles of those pigs fe4 no bone aeal and a ration lower 

1n calc.iUJJl ~nd phosph.orus.- Although the bones ot the pigs, 

fed a ration low in calcium and phosphorus, increased marked

ly in size, they decreased considerabl.y in ash content. 

!he most ur,gent ne-etl of growing animals for a mineral 

su~p1ement~{as1de from salt) 1.s .sat1st1ed by ca1ciwa carbon-
16 

ate; according to .Porbe,s, Hal"f~rson, llorgan and Schulz ·• 

l[owe'f'er, they determined that a ·rurther strengthening of the 
; ; 

skeleton cJuid be obtained by the addition or some phosphate 

.or the .feeding of ealei-wn phosphate instead or calcium car

bonate. In 1913, 30 gr0-wing :swine were used in an expe,ri

ment designed to compare a ration or cereal grains aloruf to 
• . I 

a ration of cereal grains supplemented w:1.th mineral mixtures .• 
'' 

Five pigs were killed as a contr·ol lot, while the remainder 
I 

were ted 1n· .5 lots · ot f> pigs each. The basal ra·t1on was corn, 

linseed oli meal. and Wheat mid~lings. )lineral m1xtu.res were 
·! 

fed to rour lets supplying 5 .gralllS of cal~ium to each pig. each 



day. -The pigs receiving m1ne-ral in the fora or precipitated 

calcium carbonate or steam;ed bone meal. bad dense, strong 

bones not found in the other lots. 

l,2 

· In -1'919 a similar exper.ime_nt was carried on 1n which 

the mineral supplements were supplied: s-eparately and theplgs 

were al.lowed to consae them at- :will. With ,the addition ot 

limestone., steamed bone, whiting, precipitated bone,. calcium 
. ' 

.carbonate and marl there "Was a11arked and · somewhat nearly e• 

qual increase 1n the strength o:t the bones. All. of the pigs 

1n the lot fed on a stri,ct cerea1 ra!tion possessed bones 

which were relatively poor 1n mineral constituents, other 

than magne&1111L, 

Bohstedt, Be·thke, .Edgington., and Robison, in an. at ... 

tempt to di.scover the tactor, er combination of factors, caus-
• I~ 

ing :rickets··: or par-tial paralysis in pigs, conducted the · tallow ... 

1ng e.xp.erirle:nt. T-en lots were .use~, each containing S Pola.nd 

China pigs a•erag1ng 41# each in weight.. !he lots were is 

feetr .by 30 ·.teet, paved with brick,. and each . o.ontained a :m0.v .... 

able hog house • .Rone of .the ,pigs had access to green, grow

ing vege.tation or soil. '!hey were fed .from December e, 192i · 

to May 14, 1924. Tbe· basal mixture was ·white corn~ flo~ 
- • < 

wheat middlings, linseed meal, and salt. this mi:x-ture was . 

supplemented with v.arious minerals,. proteins, vitamins •. and 

combinations ot these. • •• ,•j 

The aooompany1ng data .represents the average ."aail1 :&a1n, 

average daily feed consumption,, -ec.onoiq of gains 4urm,g -the ex ..... 

perimental per1(;)(1, and character or pigs at the end of ._;the p~riod. 
r/·. 
;r· 
I 
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The basal mixture; 

For :pigs weighing up to 100/} 

Ground white corn . . •· 
Flour wheat middlings. . .. 
Lins.~ed oil meal 

Blood aeal 

Salt 

.. ... 
••• 
., . . 

70# 

l.51 

io ... s, 

4 •. of 

.51 

15 

The t ables show that an insufticiencf o.t either minerals 

or vitamins will not permit proper develop~ent. 

With the coming of livestock production on a more intense 

scale a long 11st of diseases in animals has become prominent 
5 

s t ates Bohste4t Iaportant among these are rickets and os.-

teoporosis; and since they are no.t given any eonsideration in 

earlier literature it appears that intensity of culture and 

management has imposed conditions on livestock, particularily 

swine, which set real limitations on their development. The 

deposit.ing of calcium salts in the body, which is neeess&r-y 

for t-h.e complete ossifi.oation o.f bone, is an important part 

of the metabolism of the animal .. !he presence of rickets in .... 

<ih~ates a failure in this respect. .On the 'Other hand. osteo

porosis occl.lrs 1n bones more O.l' le~s completely developed, 
• • > 

and consists of deoalcification without the proliferative pro

cesses .characteristic of rickets. Bohstedt lists some ot the 

symptoms of these bone softening diseases as follows: 

Stiff'ness of body 

Disinclination to move from th.e lying pQsition 

Fear at being approached 



Pain at being touched 

Stilted, stagge,ring gait 

Rough, stary coat of hair 

Wrinkly skin 

Paraly_;,is of hind: quarters 

Broken bones 

Broken down 1n the back 

Lameness 
5 

Quoting Bohstedt. , 
·!Jlfore thoroughly established than any other possible 
cause of abnormal bone f orm.ati-on is a deficient and un
balanced .diet. A deficiency of calcium in the f eed was 
early suspected of causing riokets." 

~uoting HUtjtra and Karek (19th eentU7) he also makes the 

-statement, 

"A low eal.cium content of drinking ater might be a ·f a c
tGr in ~e incid-ence of rickets~ · and above all, the re
lationship between the liJDe .salts and phosphoric acid 
appears to be ot importan.ce." 

10 
In 1921., Bohs.tedt and Robison found that an addition 

ot limestone to a swine ration consisting of corn, flour 

wheat middlings, linseed meal and s alt c aused a greater gain 

in weigb-t. 

A similar experiaent the following year yie.ld.ed the same 

result. 'fhe b.reaking strength of the bone s of t he pigs fed 

limestone was mucti greater· than those o:f the pigs f ed the 

basa l r a'tion alone. In bo·th experiments the basal r tion -was 

supplied as follows: 



G:round Wlli, .. car:u. 
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1 

4 

lOGI l&o# 100# 

All pigs nr• hand ted ia•l«• \h• 'bara. 

Iad1cal1e-u are aacle on the ,graph• a.• lo- th• a1tp-plemen1ia 

auppliea each lolt tlle ,rate and ootmt- ot ga1a Gd ·the- plty•i-
~, 

cal characte;rietlo• ef the' -piga 1a each lot~ Each cum re-

prea•ll'• \he a'fetagt r~r one lot o~ pige. 

Jlqre tlulll •IT -•U•~ -one tlling. these &xperlaents, troa 

the clbloal. aaa1t•n•\10M Qt tlla pi.gs anti, .iuide-ntally 

t'r-Olll 8Wlh .t&4AIIUts_ . , •• ~ -

or the -IIW,I •• _ • p 

ull. 
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84 
la .ltal and 1923,, Jla7J1Ud~ O.Uherg a.ad Killer oan-

ductea experimeats to deteraiue whether o.alo1Ulll and vitalllin 

C had any et:te-ct upo,11 stUfll•ss 1n pigs. 

!he i-ai.lona tor the 1 21 •%pert•·• ••re aa t-o.llows: 

Yellow hOJliay teea 

Wheat 111141.l.uga

Oaaelu 

Past•uri.zea *S..Jd.lk 

IiaJJ •Jd;a-Jlltli 

Precipitated bolHI •al 

Oalclwa carbQnate 

J. 

.200 

ioo 

• 
Ill 

0 

' • 

:a 
aoo 
100-

• 
0 

au 

• 
... 

C 

200 

100 

' • 
ua 

0 

0 

Twelve- p1g• were plac.e4 Oil rat1oa ~ o4 I ·On each ot 

ratlou a Gd O. A$ .1.he eu.4 et ·90 ds.ya tl,.e p1ga a raUaa 

A had e aoh galaed about. 0 .84,# 4aUJ' a.act show-el .n.o a1.gu ot 

atitt11ess. Th• p1g, on ~a\1oa B hd gala~ abcna, -0.811 

4a117 and showed ao .ttttu•a•~· 

Xea:'ly 1-n tA• expenaeat 1 p.ig wae NIIOYe.4 an.4 l at.ea in 

the pen ted -ration C. (.Ill nel"thel" caae waa the re.t1oa ai 

taui, •. ~v•l'} 'rile r•ll8izdll.l pigs de·••.lope4 •tlttneM du-
. ' ' 

ing '\he third monh.. Plg J1QJlber s. 8'1tt 1A all- :tour legs and 

loa1u ni~. •a• trailllterrea ,o ratioa a w1tl:l extra 'bou 

118al ad •alo"t• .oubQ11.a\e tvniall-ed ad 11.blta. Sn-8ll weeka 

later when he •• ktllecl I all attttneea bad 41sappeaNd an4 

gr~l\ ·llaa be•• re.uaed. · 



1ng ratic>n:a: 

.4 B Q, l) 

Yelle>w con meal 200 aao a.oo 200 

Wheat 1114411n&a i.oe 1.00 100 lQO 

Oil lleal IG 31 ,1 f5 

Pasteurizad lkla-Jd.lt ltt . ' ~II 0 0-

steaed lKni• ·...-i. I 0 ' • 
Ground 11 .. no.n $ 0 6 0 

6 pigs · weN :rel on aa.oh ot \he -• ;aUou; A• .B. Gl an4 J). 
,, 

A• t:tte ••4 tJt tG dqs the :,iga 1n. lot A ha4 caia.a an aTe-rage 

fl:t' 1/J per laJ an.4 ahow•« JlO· rtlt-taes•. A"\ -tb.e •Dt of- 80 da,e 

1. was atitt 1:n lo\ 8 aad 'the i-••' gaiae4 u a•era~ of • 9'7# 

each dallJ'. .4.'- t)l• itnd ,of 120 (lay• t ere wae m, st-lttnese 

in lot 0- ana. they gl;[1 ed .stl aftrage of ,6!11 •ach daily. Oae 

1n. lot I> b .... .. ,1n· 1n ·to def• wh.11. • . the .re,t gai:aed • ,, 

d-ai.ly. An e'X:811dnat1.on r,-t he bone• oil t)ul · pip JJ.ol e-ti~t in 

the •1ara1 -deftoie.~ lo-t :e ah:owed th•• lo. be poorly ct•velop-

•d 1n .eoapartao11 io th.oa• . in 10t$ Ntl ma.al.. 
ll4a•w.~• fra a la"l" •~per!a.eitl lltQ•Ml 8',ow tlla, aa 

atldi \iO"ll ot oalc-to· salts p-roduoe« boa•• of a •tit-ons nature 

and higb in. ash, nlle \he bo11~a f!l*oa, pigs tea. a ctiet low 

1n cel.c1wa ·•re low 1n _altiu a1'14 pho.sphotu oonten\. 

A. to\_e). , .et .I, plgs WU. \tMd 1a \had e:xpertmenl a 1 8:1 

ot wll.1:0;h dfft·lopea al-1fh41••· la ,hitff· o•li or tou o-t \he 



't1•• when atlttnees waa pnttuo•d 1 t wu n a :ration 'blow 

t:be: op:t1-ll 1:a alot-.m coaien.t. In 'two ou1. et three o.aaea 

tr1&4 t ,he st.ifh;e ,e SO prc;,f:ubd WB:8 aJ.l•da\od , b7 th& ac!-

41\1011 or U.~oJls aa4 b.- •al. . ~ , 

Aubel di hsbt• eoduotea; a ••uay 1Q ct•t•ftl!.ae the 

28 

r•qn1reae-$ of' )ho•:,).r>n• or po1rhg plga ••• td a n.1'.loa 

d:et1ote-11t ta •1,al.D. D. it_ was a etuay ef phoa_plu>rws r•

qa1reaents. UllO-QIIP:llQate-d by 'tihe dC>UUt o'cf eu•lua 1& 'th 

ration~ or by th• a •ence, ot eJ17 elem.eat• known t:0 oonsti

tlit'e an adequate 41et• ex6ei,t v.1 --atill: D. Tht 11aitr~ t:a•-

- tor u tl4 ra,1on was phoaphqrus~ 

~ee gent.Pe ot pi~,. 1J.ill.Uar 111; age., sin ana bffel

!,ag., were t&d on 14•nt~cal re.tloas. wh1oh eoJlkb•d the 

sama amounts ,Qf digestible at~1«ud •• ld.ae:-als- and v1-tw.ns 

but which 00J1taf.n1:t-4 di tte.-nut peroe?1te.~a or- leyals of phoa

pllorua. ae J!l8lalft Lu lob the pig o,f ••oh gro,ap tt"~t.ea 

j,?l bOdJ' a»A MM grQWth,, a\1Uz.atloa ot :teaa 8lld ·1>1eoa coa

positlon was taon -~s ·th• ori\erio11 tor datQ'Jlltnilfl at;thv 
or not the em11ale •r• ·rett1rtllg a euttlo,J.ut dlOu.a• o.t 

phospllons to ••• th.• ,rtqu1r ... d• tt1r aol11lal. 4•YttaJll,8n.\. 

ill. enim,ala ••r• te4 l _adirt.4:Jlally Mo, •acb day.. !ht 

ElllOut ted aaiq waa ohog•<t tra UM to tl•. ~ pl.an 

was to te•d ao that •aoh p1g ~.ated ••• . .._ QIOUJJ.\ ot 

teea eo that i _t U7 •iP1ri:0:ant 41t.teruce .in gaina 1.n 

welsh~ a114 ~ QetottJT*4 ~h• tau" would net be attr:1.

b.Uted to a l.Ug,er a oallv iniau ot 1'ood. le.ell »ia wu 
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ted the amo·unt the one ot the aeries eating the lee.at would 

clean up JIO?'ning and evening. There were tour pigs in Lot 

I; tour in 1-ot II; and tb.r•• 1n lot III. 

Pigs were we1gb.e4 and aeaaurea eaoh 88 days. Allalysea 

••re mad_e ot the b_looa. 4ran fr,o• tll.e tail, tor calcllllll 

and tor inorganic , phc;,~phon~, at • the begiDnine;. ot the: ex

periment, each 28 day.- thro~ghout the experilunt and at the 

time ot slaughter in order to asoertain the ettecta o·t the 

ration upon th• am.cnint ot these eleaen\s _ in tlle blood.. The 

experi• nt ran tor 22 weeka 'when the antmals were killed 

and a pathological 1nspeet1on waa mad.e ot · the eareaasea. 

:reaura •n4 coatochoDdral Junctions were s-aYed tor ex.-1,na

tion. 

The be.aal ration consisted ot '"~ pearl bom.11\7, 10~ 

tapioca roots, 1~ blood aeal, •~ deh7drated altalta 'ual, 

1.:s~ dried brewer's 7eaat and o.s~ iodized salt. Calciwa 

carbonate waa act4ed to these 1ngred1e.nts to bring the cal

cimi content up to the requirec! level tor ee.ch experillent 

and mono-calcium phosphate was used to raise the · phospho

rus content. The three groups were to be tea on tbe ,saae 

basal ration, b\lt eaoh was to rece1Te a ditterent lev•l. 

ot phosphorus. One leTel was to be low enough so that 

phosphorus d&ticiencies wouU be man.1.teated. Another was 

to conat1 tute a level high eJtough to be above the require

ment, while the third was to be an 1lltermed1ate leTel~ the 

adequacy of whioh waa unknown. 



'l'he levels decided upon were; o.u~ ot the ration in 

let I; O.Sl~ ot the ration 1n lot ll; and 0.?9~ ot the ra• 

t16n in lot z1·1. The level ot calotum 1n all three lots 

was to be o. V9~ a-f the ration.· ·ObserTatioas were JU.de &nd 

data collected on tlui 1ntluel).Ce ot the ration• upon thtt 

oona\Ullptlon and ut111zatlo~ or .feed and ll}>en a nwaber or 
deTelop•nts in the bod7. 

!he toll.owing table showa th• data ,erta1111:q to th1•. 

e:xperiaent an4 also includes the data u a lot ot 4 p1ge 

(lot t of· a ·i;revious experl.Jaent) fed the sde ration that 

the pigs received 1• this teat. The l ,e"f'el ot pho.sphorus 

tor the lot 9- waa o.~. and t~r oaletwa 1t was 0:.84~. 

file. p1gs lle.d acoeaa to sunshine a:nd receive« 5 co ot· cod 

liTeJ:' oil per pig ctall7. Thia wa:a the le-vel .o-r phosphorus 

that gave the· best gai·ns·, tee4 utll1zation., and blood and 

bone 'tol"1Q.t1oa tor young pigs .in a aerie• ot te.rlier ex• 
. 1 

pert•ents by Aubel alld "llughes · and A.t1bttl. ·allghes ad 
3 

• 

These dat.a t'or lot 9 are incl\tded her-• tor ,com.par1aoll 

with the dittereat. lots ot p1g&J ted in which •1tdiu D ••• 

omit.tad from tlte ra"t1on. 



COMPARISON or PIG8 !'ED TBE SAME RATIO!{' WlTR Dl:FJEBENT LEVELS o:r ~QSPHOBUS 

'l'able IV ·::, 
. o. 
p111 A••~••• J.Yel'age Av,ras• A.Tuage 
la Ca 1~ P in ~Jlitlu. tJ,.'aal · ta.117 da117 

J!o! ~.:. _ !_ol, _ 1a!J9.n:.,. tal1~•- ~!Ill'- ...;.•tl~t ~ &•!.•..,. __ f!.•! _________ _ 
' . 

P•r• · Per• . . («) 
Vtt .. D. ••nt. oent PolUIA• PoU4• Polla4a PoUJ.14• 

Q •· s o M o· iO .._1 1: aae 1 1 ,,,, • a, · 
~ .C.L ... -- ._ ... - · -.., -:"--. -... ... ~~·r- - .. ~ ··.S, -.. -. . .......... ~ - . ._ . .- --·- -.. - ..._ ~ .,.-. ..._ -. ~ ..._ ._ ~ ...,.. ,.... - _ _,. 

Bo. Vit. . 
D 12 •-•· lG wJte. 
l -i o.'18 O .. k «.». lJt,I · O.'lf ,.1.'1· ' $,.1 . 
2 • . o • .,_ Q.1:l ,. it.... · 1., .. ,.J. (>-,,,, ·;~l· ·~'' a 3 o.,, o.,a.. 4'.,o 1az.o o.51 1.01 s.,n 

' .. , 
I . i (b:) (4) '. .. 
. .. Bloo« . a1u1lT•i • 

Bo. . - . 
_ . . . . . . A,-erage 

·· . · · · · . A.ts. · · . ••Jl · 1n 

Lot ilOe ·· 

;piss . Y•ei ·~•ci"red · 
~n. · .. 'to~ 100· J>bUild• .· (la· 1a 
lot 1•1t1 ·••i-u 

Iuorgan.1o. ATg. ~ ... · · bl'•~.· .' .· .··'.; t .•Jl:Ua · 
P 1Jt . •peoitlo· ,ir•nctJ.l· · pa 
..... gravity t•au• ,~r1 

. . . . . . . . . . . . . . _ ·. . . . . _ . . · . telltU'• . , . . 
~ --- -- 111!1111!!; ...... . ~ ....... ~ ..., -.i.t ~ "'!'lit· .... ...., ~ ~ · -~ .......... ..., . -,. :· ......... ~ ....... .,. .. ..-~ ..... . ......... ..... ......... ~ .. ...... ~ -et- ._._ ~ -~ ...,. _ 

Vit, D. . · .PoUAd~ · . : , . ,,.~ . lit• -· . . · Po\'$4• · ~l'-oet,.t 
(4) '(:tJ . ' . 

O 3 .319· .. . ll.a 6,1 · l.28 - . lSOI ·· t3.l . . -------~~~~-~~---~-~-~--~----~------------
Bo .. 

Tit.- D 

l ' 

. . .12 1'k• • . io . wke ~ .. 
4:05 · b9 10.t ,~., 

2: . . 4 

3 

,i-O:f: · '38'1 l:O • 4: 8 •• 
· (e) (t) 

9$U3 8. 0 :a. 4 $ · 656 
aJ, 24 weeks 

( b) At end of experiment 
(o) Mg. per 100 co. 

c1J · Data troa~lot t 
(e) Two pigs 
(t) Whole blood 

1.09 
1~:a1 

4&8 •. ,o u·.9 , ... 
. 1 •. 1,s . aocs ,$-t,e 

iii-earlier -.xptriiiint a• m.entionet 
to 
(JI 
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Th• table shows that on the basis ot dailr gains, teed 

conswaption and ut111zatio-ii or teed, lot II, receiving 0.51~ 

pb.Q&Sphorua, was ;reoeiving a more favorable ce.loiwa-phoaphor

us ratio, 1.n the absence ot vi tem1n D • 
. ' . ' 

' . 

'i'be resulta ot -the blood analya1• ab.ow that. the lowest 

inorguio phoaphorua ia the serum waa toud in lot I, and 

that lot a II ad Ill 414 not ·vary much tl-'011. . each other. 

'.fhe per4entago ot ••rm.a oalc1~_toun4 in lot III la herd to 
' . 

explain. Bowe;yer, tlle averages shown tor, lot III are troa 

2 p.1ga only. 'l'he othel:" pig dietl 10 .houre previ.o\la to the 

tiae o_r slaughter. One ot the pigs troa which the,se aver-
. . 

ages were mac1e yi;eldea bloocl that olottea rapidly and a 
. . . 

aatiataetory oalc.1• deteraiaat1Gn waa 110t aaae. 

!'he .resulte ot the bone anel7aie showed 'that the . beai 

bone was develope4 bJ the pigs in lot II. 'fb.ese piga seem.-
. ' 

ed to walk aormall7 .alld wtt4 ea,e and at. \he tiae or alaugh-

te:r no beat1e4 :r'i.bs wu-e toUl'ld alllOJlS tbe..ll. The pigs ot lot 

I were 'bac!.17 attel>t.ltd with rickets and exh.1.b~ted beade4 ribs. 

ho ot the pigs o·t lo.t, III were W'ldou.bte4lJ l'!:«'lcety aJl4 had 

beaded riba. ~· third pig sho!fed little be,e.dlng ot the 

ribs b-at 0a-.uu ha-re been ri.oket7·. 

Uacler cQnd1t1Qa-• ot this uveai;,.1gat1on, Av.bel. and a . . . . 
Bltghes c-onol.ucte t.hat ·the, pigs ill lot II, :re.oe1T1,ng a ra-

t.ion o.a~tai:niag Q.~~ phospharua auc! 0.'19~ calcima, a phos

phon~cale11lll ra~io ot· l 'to 1.5,., .had the beat appetite, 

made the best gain in weight, had the beat utilization ot 

teed, and formation ot bone ot •111 ot \he lots ot pigs. 
6 

Bohstedt saya nutrition. exper1m.enta trom the ear-



lie,t rears ot experilleatal wor·k have proved the need tor 

oalbl• 1:a ewiu :ratieu 1:t these rations .cons1ste4 ot cer

eals that were' balanced 1n respect to ·prot•ln. witli. 'b;r-pro

au.cts .ot oer•als or_· ••d.-. ·· All ot· th.eae te•de., wh11e :te.1:r-

11 rieh 1a. poap)lorws.,. .i-e low in llJle • . 

11:.perliaent.a 111 ·aw1u *1ural te, 1.1111 lla•e ehowa t .hat, 

lt perts ot oal.olu. f(tt ,e,-er:, l pa" ot ·phoaph·orua ill a. 
ratioll •,-• TUJ' aeal7.· ·•• opt~ Qa.;P ratio.. ~cell•nl 

s,owth a:D4 oalcltltat"iou o.t lx>ua have beta ob\a1».e4 1.n ra

tions with a oaloi'WI C:OJlteJlt ot .,o to .·,eJ a1'&4 a pllo,pb.02'

ua ooaten.t ot • $Z 'to • ~. 

27 



2'1 
JcooJ'dlq ,o Sheft\aJl_, the ealoiu and pho,ep)la:ru. con:.. 

..... 
ten$ o~ 'tb.fi bod7 or the 70W)I •••l at \h• •• bt 1'he •uok~ 

111'& pnio& i'•»:reaeu\s a ve:r,- 1-poneu added iuutt1\1oal. 

d4Jlaa4 lf!l10.h the JBOth•l" ha• bfe-D o all•c! llpOll to aeet 1>aril1 

dVUS the pe~1od o~ ,,._-8Jlal1.t7 ad t,att\11 4Ulf1M laoi.at:!01&.. 

,Ill e>Jble.ot1Ga nth a •~U4Y -ot ~. 1ntlil&JIM -- ~ - qtt, 

gorih •114 t••4 upoa the. calt,iwa a114 phoapllon• ooatent o, 

tlle body (111 ,.at•), steri-ea to a\ove. ft waa tollD4 that 

the bearing a -4 auekling ot young l'•eu_lted 1u a Yer,· ap~ 

p:re<llal>le 1ow•i-1q ot the •tbar~ a 8'or• ot oal:ola au 
pho.aplao~, ~ Tb1-• ••• \:rue .e.•a wheJl '"1.t •tht,l' ••• ••~ 

;ll•d with. a 41et rloch ••Gugh 1n eal41Ull and pho,phOn,, to 

aee-t all J'eqlliruent• o-t ••e:a th• JIO.at :rapid period-a. of 

growth~ Thi• ia aljJO tne in :tua 811Ulala* Wk-«n th••• 

t11qutreae11fi• ere not ctovered 1>1 the 1ntek•,• 111· tlle t'la rd 

u &4-ct•ct npplemtnt, tlle 4et1C-1'-' must be c-o?e:re4 by tratt, 

11po--n th• ai.Jlffal atoi-ect 1a t~ "'T· lion ot 'lh1• ·~ 

ho• tl\e boi,.e•. .Be qu_ou• ~l\1,er a• •ay;lag, 
\ _,, . 

"Cal•11111-1• oapabl..• 91 oo-n-.otill8 ~a• dia-turllanca•·• o:t 
h• 1IIO~ca.Jdt •qll.1l1'br1• b tile a•1•al 'boay, wha,

•'l'•r th• 4iT•ot~o•:th• teT1a-Uo.a ~oath• Ml'JIB.l •7 
b• 4fl:1 al>llO:nlal -ttteot whlol ao41•, po\.uJ• or 
aaca••l Mf pro4aot,,, 1'lla-~ller" abaoZllilU\J M 1a 
tl,,,• ab-ut1o t I.U'rea ta 1rr-1.tab1li~7 or e~ a.•
oreadt b'r1ta'bU1\J• -oalot• ls oapable ot .reeat-a
bll•hiJi! tlle 1yr.i eq'1111 b~l-~ 11 · 

DaTldao,._. :reo:oplalag oaltlu aa u laponant oQn-

a-1-ila•ni 1n the d•Telopment of the 9Jll>Q"O. 1:av-.st1gated 



sowa. 

1.o\ ,X - cont,.rol 
J.c:J'J, n ... hotein det'icient re:tio 
liot . ~ taloia ~l•-t1o1eat, J>at1oa. 

'lit• .ratiou tu1u1sted · ot: 
Ca,. 

Coauol 
tPari•J 

'"- P.roieiu Det1e1eat- htl~l•nt 
{~a.) (PU.ta) 

,. __ .,' Jle-"' ~ ·,1...flf -~ . 

Jlatze · al 

Bean lie.al 

Blood ·Jiau 
G:rou4 Liaeitou 

$al.\ 

M111eral IQ.xtur• 

188 

* · 
u 

• 
'I 

a 

--

188- 1S& 

l.$8 188 

li 14 

-- . 
' 2 

' Cod l1~er oil - i oua0,tt; Jre•ll- Qienge Jll].pi 

Pig• weightog . ,o, . .,. ao .0;0 • 
.O-J.OOI - 1QQ 40. 
So•••lUe. 

Th.• follctw1Jlg I.able showa th• -e_1µola :raquir,iae1t.\8 ro-.,. 
._. ... 

pip galAla« 11 ••1Sh-i p•~ a.,-. with tJle aaou.t·a ot· lh••• 

coaa~1 Q .eal• aup11Ued ln th• ~fr1•lllal :ta\LoJ:le .• 
• 



' 
I 

~ l.OQ .11. lOO ast 50.0 uo &. L1Te It. ll1-) 

l,.ba. ··ai I 
.over 

.P&r Beaa· Dail.7 

eal.(lt• Su.ppUea 
aa 4a-O lleqllln
•u· 
a~ol 

bot.et 
D•tio!eat: 

·euoia 
Detlctu 

a.o 

~·.01 

o.o.a, · 

,.u. 
0.001 . 

•~• $~-

O.b O.G~ 

0.011 o.o.·a 

&.OU ·,O.Qll 

·O.@Ol ,o .. oos 

s.o 4.G &.2$ •. ,5 
&.OB t ·. ·08 &.ea o.o. 

: 

O.<W.4 . o.ett o.OSO· f.05 • 

&.Mt O.HS O.·OJO 0.054 

o.eo, Q.083 0.001 0.003 

l'aob e>t the or-ig1aal g,ilta wu uned by tl\6 .taM -~· 

lour out o~ the e.u hee:d · 1:a ·ee.eb grou1> we:r1. slallgl,1rea •h•n 

tk~7 w•n t'bne IIDnt a 1• pig. '?he .rellalmng ••• &11\a ••'?'• 
allowe~ to tarrow and an. additlonal'1 0-.0llp-· ot si~ wa• aelect,ecl 

tro. ~ese gilts • . Tbe1: Wll'8 tea : he ea.ae i'a't.lon., aftYed, 

tenr w~n aleag'b."'8N4 wh•a thn• moath• in p-16:t u4 \wo were 

all.owod to turow a• b•to.r•~ 

. a ,~!le pl.a~ was · .tally dtt:&1,oped ·ther$ ahoul~ haYe al• 

we.ye \•ett" four' sowa, · slx .stoN ,gilt• and six gt.ti p1gS iJl 

eaoh sr0;up + . 

Illv ,tigat1oll o-t tb-e -cal#l\1111 d•r1oleat ge.up ~vine th• 

exp&.ilDleu 1ll41catea \'he toUonng; 

{l) Th• ~a1lun et '-he 1111.k ,dppl.7 be«.._. mol"e ao ie 

w1·th eacth gement1oa. 



($) 'J)).e J18~ app•ar•d uadVtu ad th.e .a"fe~age. weight 
- ' .. . 

a\ •anine tuae 1>eoema .l•ae •1~ ••th g:enera\ion. 

h le.t•7- a.,a•• or 'h_. •pe--ri•~ the pig ci1e4 •1 thi.11 
' . 

two da7a tollowillg 'btr\11.. '",b.abl.7 ~• eoapl•i• lack . ot 

llil'lt. S.'ftl"al in tll• oeJ.ola detlot,~t ~P «h ~ 

ntll1\1'4 001141tioa•, ua._ o·dppled• "--oo-.k pe.ri'txndt1a or 

o..,.. a:on wt\11. a brobll •P1.Ja.e -or ,Mp boua .• 

Wk•a the lnv••\1.gaiiqu • ·J.14.•4 1n ltB8 .ae ·aqatnl SN•P 

haa l>Na npluily u1oe a yeu_ -and lla4 . :n:aoh•d ••· tiffct 

11,ter o:t ae third ge-iw:atioa a.i i;wo 4114· .ou halt para. 

A'J, Slle Clo.•• ture 1'fl"• l-WO , ·-·· PO gilt.a ia pig, ~1'f• 
. : ' . ' . 

#'tol'•_, dll• anl tiv• 70'\tllg, gill•, with a \.o'kl .~. founeen 

silts· 1PWe.4 o:t sJ.xt-,;ea •. 

The caldu ttedo·t•ai gro11J ha4 0.lll.1 l'eacb•a tb.• th1r4 

Utt•r ot the aeconct pMra\ton-' \h• end ot tb.t'•• yeae 

aa4 th·ere • ~• 0-1'17 two aow,• 111. pig. $al two &11:ta tor sv

"f'iee. Th.e r&sl. had ale-a or ltd l•ta ala11gla.iend on uooot 
' . 

ot aout• U4 pa1·ntul ltg ad eplae trouble. 

Ia a ,s-.a, DaT14••• ooapld•• ~ha~ a ·rati'oa a.•.t1o1eat 

in cal lvm doe• not pl"o4uo• d : 1 .. a.1a~• •tt.•o\ \lP()n bz•e4-

1ng sowa 4•• to \be1r abil1'7 te> :atore. l.J.M in the lody. 

De·t:lnit• e-rtaeace waa obta1)MJ4 thai a .oaltia. ~•t1c1ct" diet

leada to a 0:onsiclerable· 1u:t"•••• tu a\111 born piga. Cs

b111.1ng; tail.UN o-t aO"W• ,o ..S,.l:t, p"p bon. deat , an4 tai·a:1 

aaciaent, lt 1• •Tident \ha, • group ot pig.er -tecl •o·lel7 on. 

th1a ratlOJt •ill eY•at11eUy be •n·Uldnetea. 



l_S 
Iffans ext.ea4e4 the work ot DaYidaon end atuh.4 the 

o&ndit:iou attect1:o.g th• taound1 ty ot awlue by v.ar1atiou 

in th• oe.lo.1wn eo.nt,ent et the r .atton. Two group• .or gil.ta 

••n u.ncl ;. oae bt lug · plae-e-<i on a low c aloi:ma ,d 1.et anc1 ou 

on a h1g_h ca1o1ua ration. 'fhet ••.re b:r:ed and allowea \o 

farrow aeveral litte:rs. Ia the gr·o ~' ted a ration h1gh in 

caloia tlle a'1tvanceaent Qt ge-n·atlon was aeoeDJpan1•4 117 a 

a-•ore·aae 1a the eJlOlUlt or UM retaiu«. 

Tu. hlano:e :reetllt.s ttoa tke cal.01• d•tt1o1eat .sowa 

show.et tbat th.•7 he.d e;tta1ne4 l _tmo •qui.U br1a Oll aa iDtakll 

ot J.eaa thall 2 ~au et fa Q per claJ. Thia 1s $v1d•n•• 

supporting the tac\ \hfll 1.1* ftoa the troae• ot. tke aotlle,:i 

1a •••d tor· the defflopent .or •• · :toeta:e. n. 801"8 01° th• 
oala1:wa 4•t1ct-at po.up, llad iutlttiob-u al1k .aa. a.owe« e. 

4tff.ld.t• ,Donditlolt. •-t · w•a Gen tl1•7 . tai-n>Hd. 
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Aoo-or«tng te base~.. ratiou wblflo\J''-> tffa aeeua 

adequate, beca•·•• the rate ot growth an11 tee4 r&qui~ata 

1:o. the aal•wil4 tta.te .. .r~ et Jd#or uu,o.-,an.-., nQw r•

quire •pee.tai 0-pp1-.aia~lcoi in order to pJ>Oowa ept1Dl\1Jll 

g,e.h• Udtt~ ·t)l.8 preaent. rather- Qi1t1oial Ao.n_4tt1ou. 

Calcta 00*\'lpi&-.a a pl9QJIUtent plae• and ls lleedet 111 

goElter ~te un!er the pn.s:e~. a7stem. o-t h.e.».dli g .live

ai;ook. Oalcium 1s n.eceseqy tf!:rr the 04aSUlat1.on ot blo04 

U4 \he ado11atlcl:i1 of the he.an ts partiall·;r d•penl-•~· 

'Q.poa the prtaenoe Gt ealcl• 111 the blood stnaa. Fl"-.e,: 

1n41ca~ea th::ree periods ill o en1:mal'a lite as )eing time.a 

wtuu1 u •epeoiall7 getteJ-oua· s~ppl7 la ••••ntial. 

tl) P•r1Q4 of' growt)l. - d~ag lhu p.er1od oelcio 1e 

11eo••~7- tor the buU4iq ot l>oM a.ad t1aaue. 

{&) Pe~iod ()'f prepam.ri' - lr a gi"'tJ&~•r supply 1$ not 

giv••• too g:r-&at m a.-out ot etol'e4 oalciu;m. will b• 'talaa 

troa \ll• bon•• o'f th-A 110ther to •ee:~ tbe great delland tor 

tho tot.matloa .of b~ ill the toet,a. 

(S} Per1Q4 ot lactat-1011 • ldlk 1• ~e,latiYely ll1_gh 1a 

caLo1u tor the p1;1rpoae O·t •applying ti. grow.lag 701mg. A 

4•ticlemt7 l:a the 110tliez1 s :fa\'ion will :reeult 1n a 1tec.ea

eer, w1 thdrawal et toe &ch calciwa 'boil hei, tt'keletoa .. 

"- a reault ot experiments with IIW1nt he ·e·Qne111ded \ha\ , . 

e.ll calcium ooapoWld.e ted s 1lieltia1ng ':l~~:wa ---rith a kl&h . : ~ ~H_,'-,.: .,.· .. ~ :•." ._., 
oalotua carbonate eontent.,. calc:iua Jllii~te_~~ ~ -der,l-vad -and 

bone aa1 p»omote 1-ttez gl'OW\lt .-ih. tW.. -~J.g~_-:~~--~it.~ill 
:~j "' • - -) ~ .. ... ~ - ~ - :·c. ~:: ··. 

oon.taini:ag :aone ot the aboT8 Jien.,i_t,:Qd "aub.stab44l,. -~ . .- . -. : : ·. 



Gitt.AL HJW.~ -.All) l1llWZATIOJl Olf FEED 
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Ont' sta\es that tke· ·0::011:a.ltion or Jlal11utr-ition due to 

4-1aordere4 Jdaeral utal4llb acours ntost ree«lly 111 aniala 

~wing 'lli• ta~test. An ~x-oesa,_'or detieleJS.n7 ot on& ,minerd 

•l••at MY not.: o,lll.y . lnt'erte;re ·with the s.bsorptlon brtb wit.h 

th.• U;tillzation ot the cthe;r .. 

BeQaU$Cl of thJ lr physical or plqslco-c'.beJrdcal pnp•l"• 

t:ie•., th•· nd.neral' talts play ell baporte.:o.t part. ill the· vital 
10 

p:rae:ess ~ ,or _ the · eJ.UJtal een,. 8Q401'ding to 1-'orbes • 0•-r-

t .ain . obatoal Nact1otia 1n the . body oonst1tut•, tlle phys-1oel 

ba.s1• ot 11t,e. !hes$ ta'lc$ pla-cJt tJ,etwe•n subst:aac.o.at 1n aQ• 

lut1cn anA lt 1e b7 uau. · of' \he el.eot:r1·cal ol'l~se• can.led 

1>7 Ille .panloles in itQlut.1.u ta.at pact1o.n a. •oqht a

bout. JD •ll().*-oU,• tar•aa• la 'the powa:r to . c-ollduet eio•· 
t-riea.l ov.re.ata· can k ~UB)l.~ abou.\ · by -,:e.s-7 -.all aouata 

ot the a1n•r•l salt•. ao14il Qr- albl1e:a ill •tel'. · · Qrr 

giTeA the use• <1t c.alot• ·alld ·phcr.aph.on• at· toUowa; · 

fll Caleia ana phoeplloru·ne usea 1:n' the tonatioa 

et e44en.t1al atJ"uetues · 1n tll.o body~ 

· { 1-l -~• · ooiitr-ol -ot l>oth ·volua'taz7· And bvohultar7 .-ua

o:le• ia a .. 011.plts.lwd \.hl'Q\lgh ~·· -propoJ'lioll o't caleiu. aag

nesl-. so41a e.1l4 Potaaaie sal'ts ae ing upon thtt&. 

(lj 1h · · aait& 1• tooctat\tft:a acJ\ a,r laxat1••• ant eie:0 

•·tteo~ the ao\,loa·ot .s:eo.r•t.1na gl.uda; ft'tJ.' al·•o usi•• ill 

the 'fZ'&aenattoa ot »ona.l 'phyaio-al conctlt1oe·w!ihbl ·th• 

Ct,11• 'by ragudiag · 'thll" 418tedlo1l ~y U quli•• ~!-doll, 

Bert- di httea,,_ .o.t th• Jlew !'Ort S\e.li-1012:. are quoted U ae.7-



lq th:a\ wheat bran~ tt&e4 ot aiae:ral c:onat.1tuenta 1s con• 

at,1,petillg. 

{ 4) OaleJ.-. 1s ••••nUal to bJ.ooa o..c0agulat-ion. 

UH ·JJio•pn.orus. wlu:J.h hu u eese itial •oue:o-tioa 

with aany of the body struoture11· aiaa proe11ssiu1. exieta 111. 

the bol7 1A _.,. o-ol!tpolad• b lengiug to at least tour 
groups; 

L I110rganio pb;osplla\es di stitlg 1n .olldion ill. 

llod7 t'.luids ena in a9l!.d suba,t~~ee ln \he boas. 

2. Z..01th1ns.-tou»A 1D all plant and aasJ1a:1 .c,ella. 

s. B\o•pl»•·P:n>te1ne and-

•· bl.8Ppl'O\e1na-bc:,ta being e1outaa c•ll oom• 

poutita. 

(t) ftlot:phortts thea 1• u.-usary t.o supply lnorga~o 

pho aph.oru'a. 

("'I) a.J.lar PIQUts. an eeded to auppori th• m•aolea, 

u:rvov.e ti•11u•, sled e.•U•-• tltlk,. and ,nproduotive aub

a\a.no••· 

A 11e\al>c>ll• e.xperlM•t• ,o-ndu.cted b7 l'or1.w>-a • Beegle, 
1, 

hi~s and JIAJ,a.aeh.1-,,., i•TolYing etglt,, ten day ooll9'tlo11 

ptri,ode ·• eparattd 1'7 ••••• 4-at la't·enale J'1•1-d•I •o• 1J£

tereat..ing. data. · rtn pigs hoa the1 eaM' lltt.e~ were used • 

. Corn aloma waa t .tt ill period& l ed. UI; 40nt AS\'IJPJ..•a&J&.ted 

with •01 ,._._..-. 11uee4 oil. taeal an4 n••' alctdllage lu 

period• .il. Xll ea IY ai14 a. t"a\J.oa ot rte• p-oU.ll &ll4_ 

wl¥•a, bru 111 pe.i-1o4 tin. l>UJ"in& per-ieda. V and VI the 

p!ga WfJre tea Bbl-ld.lk ana ••' Mal. fh.&ee teeda auppl7 



oalal:.a~,. llV'ln;g ~heae periods ·th•J' J$o~e4 a to lO tiaes •• 

llllOh oalo.ia a.s .a~ns ailJ o~ 1ibe oth•r }Mtr.J;.o4•·• . 14 . 
lC'ftlta ,,. found tha$ ~• t•4 a Ueli d:efio~Jlt tn ·,al.!'7 

~11Ui -nfhr · p•rl.od1taU.7 ·hoJ!t 1·~•:a ot: app:ellte: U4 i•h .. · \o 

t1ct1eat ~un:~· of c~l.eiWl11 

:ro:r aoae ·itme. the l)f!f8a••• o'.f t.14.-,, w~ h-4 l,tq 

'110.:. __ ··_, ,o ~a"e• paa11 .. ~ ·1a p1~ . ·l• all, 9't.l1Pt ·w ~·T 
th• tnt• a aUJ•; Boll .. edt ,, .Be .hke, .14g~qtol\ u4 Bablae>11., 

colldue\e.d t.o:v ·uperiaenta 111.Yolvt,ag ~e-ad4ltcloa td' Jd.D•r• 

ala and vltalllllB to a ~&\ioa. ~ l~ere.niq dat:a ••r• 
&;leo ,obtdaea as tQ gal• o4 ut-Utza•ia ·o.t fee4·1 · · 

.t. toi-al ot 54 pl·gs we-, uat4 U -· ·ap•:r•ala·-~ 
•re ~a a a.Terap o~ 11 4qa . ..._ aT•tr._ •~ to~ e.Q.er1~ 

unt·• · la whicb a eoapari,oll ot 0the retntlta obt1tinea ;~ _ 

tee:41q e grain 1ad,rta1re .. aloa.e, * a grain mixtve 1qJ1•at~ 

:H w1itl-. .a,o...i 1.illtaton, ·bro'Qghi ·th• toUowing .~••u.J.u ,: 

aaeUL,:a e:r :JDD?J(CJ ••JH lllffUaD- ~Q B 
CIUl)J.MIX'?lJBJS ,atJ'PPL»fll'l'II) Yll1.t'K 

OBOUD;' .til;J(-Oll& .. · 

I . . . . , ., _, :tis t - , LN t ~~ - i l . . -, & . , . 

le.U7 ~ ,:er lfo~tall\7 
gal• lGGI gua 

lio,. 

· 1 
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!he addition of two po~1td$ o~ limestone to ev:er1 100, ot 

grs,in mixture e-nable.d \he pigs to gain O. 341 more daily, to . 
save 94# of teed for every 100# 1nosease in liveweigbt and lo 

eeoape· severe st1ttness or pere:l.ybis as well as 1-a:neness. 

All aver.age or r-our ttXp47tm~u1ts in which b:ath l'linerala 

al'td •itaains were add d to the grain mixtUl"e showed result• 

a• follow•: 

RATIO& 

BESVLTS J'.ROJI AD»IBG MIUB',Al.S AND VIT.AIWIS TO 

GRAilf IIIUORB 

Lbe. 
t 

Graia~ 
' 

'Ble a4dlt1011 Qf 11-·eton•. or oalclwn earbo11«te • a,rd co4 

11 ver oil t.o tbe graln mJ.xtur-e e.aabled the pigs. \o gain, o.:ti'I# 
' 

IION dai~y, to sa1'e 3.-ffl· at Jteed -tor every- lOfJ/J increase· 1a 
Weigh\ and to .esoape lall81tess oy sti.ttnes-s. 

. . ~ 

,crbe-s1 Bal'Ye-rson, Kergan e.11cl Schulz made 1nve.~rtiga ... 

t1on of the :met.ab:<µUa ot IW1.ne . o,i .ee.re,al l'atlQns aa E>.ffecte4 

by the a441 ion. ,et 'tb toUow1ng supple•llts; t l) plll ve_r1ze4 

l.1-s one, {e) ~eoipitated bo-P tlou,e~ (3} raw rock pho,tpl:ulte 

rl-oata, (4j 9 .epe:•.la1-.1 Jt•-4 he tlour., to) pl'tu,.1p1tat-e4 e-al-



oiWll carbo_nate ~ 

SQM ot the proll1ul'lt oha:raeteriet1o.a ot' the metaboli• 

of nine on a ration ot cora., llue.M oll. Mal and Wheat. 1114-

dllnga .(with. eOIIDOa aalt) were lo.u '. 41.t c>,alciWll,. 0d sub-nor

mal reteat1oa ot ugu.e•1ua au pho:aphol'Ut 

An 1uo-reae•d tntake ot Jr~c-1p1t-ate4 ~boaal.-0 or pul,:.-r-

1ud U..stou oaued a Ye:r.y ~ti:o•abl• tuna• 1n c-a1'iua.

:aagae•.1• and pho.8J-lloru_._ relent~~- Pui-ver1sea U.atou,. 

:,no:1pitated boae fl.o~w:" and at~4 b.one ••l we" e.qu.llJ'' 

ettio1••t 111. t:U• r••»•ot., Pho.a1:llo~• r•~•at1oa we.a laozeaa~ 

•d b7 all ot the oalo1aa auppleae-ata. The atoat,ibllit:f 9t 

the J"&tfoa waa aoi atfeo-u.ct b7 the adct1\1oa ot· asq· ot. the.p 

auppl•••tarJ" mlaera:ta .,, 
at 

.Ro.bison~ tollll4 lll•rale t _9 be beut1~1e.l wl:th_ c9ra 

aD4· eorbeaa, or- ool:l'l au ,01'beaa oil Mal tor· ptgs 'bo'1t. ta 

dry lot aad oa rape paetUJ"•.. In J:>llt ot' 'th• eoJ')eaa u ·tal•· 
.- .... . ·" 

on torage • the a441$1on ot· lf.lleaton.e x-e.eul\ed 1a 7'1, ta1i•r. 

gain• .and ead poWld t"ed •av•ct s .. , powada ot ,o,rn and O 6 

pOc\UMJ o.t ao7-beua. In iJ:L•. otllel"· th•.:r• we.a praoi1cu1llT. M 

41.fter.eu.ce 1.u tll• ga1u.s ln1:t;, t .. -t powad• o~ e,-or.a. "-" ae.Te4 1>1 

each poUD4 -ot .liae·4tene and boUMal. fed., 

What applies to •uppleaea-.a ot· pltln.t ortg111 aa:, :not ap-· 

p•l:, to ~aakage alld e1allu proise1:n teeda.. '.r).eae a.re l3.0t on•, 

l:, high in asb. o~ aiaerals but alao hlgh 1.ll prote1n,, an4 •~ct. 
make up a 8118.l.ler peroeatage o-t the rattan. 
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rape pasture, in which a mineral mixture- wasted, both with 

corn alone and with corn and tankage 1 

Ill one itr1al t.h•· mtae~al,r oona1nea or salt., ltl'3'1; 

.u....tone, 38~8-f. au:tct~oua . ooppe .. . aultate,, o,.a. aD4 poi.-~ 

eta 1o~14e. 0'"93~ . la \ht o,lle:i:e a elail.u a4x.lur~ was tea 

except th.at 1t oodaiaetl . If of flaJb~• , eel.i• eJl4l JlO oop

per av:1:fat11. ln ••ola. tr1•1 \,J' lllsill& th• ••~ale_. or tlle 

tukage aD4 alJWr-ala with g<,UJ.t4 oor•• ~ P.11• ••~• to~e•d 

to take the vu1ou ft•«• 111 ct•f'il'dte pr:oportioaa. JlintJtel• 

. ·oonetituted 2.1~ e,.f \he ration ~•n :te4 wi~h e.or1li alone.

When tecl with taabge· tb;e7 118.d• llP 2,1$ of the to~al te•d 

in 011e trial aD4 1.~ 1n th&. o'ihel'.8.. Suce older pt«-. Med 

less prot•tn than YQIJJlP%' on••• the p•N•atap ·1Jt tanlca8• 

· was ·rta:uc•a wheu an average weight ot l&0-125 powta• we 

~eao-lted. The pigs •v• b.at14•ted 1• o• a=. aut-taa 1a \wo 

ot 'the exper111811ta .. \Qt.en acl4d \o e.orn al••• eaoll potmA 

ot lid.net-al ·tea, exclue1ve •t tlle aalt, aayed 6. i poUd.•· ot 

.oora. When adde4 ta con aD.l tanltage ,. eaob pound ot 1111.n• 

eral t.a. exo1ua1Te or lh,e: aalt. ea:,e.4 a.1 po\Ql48 or ,corn 

anf 0-., poud et tUkage. 

' A4UJ,"41ng to Beet•,_., calol\1,11, phoeph@q an.4 _.,. 

11$.aiua are ftQd p:rbta~llT 1D t:Ji• ekeleton. · Belat..ively 

s.Jlall. deo:re.aaes bl th• 1.onlo oalolcwa ava1lable in \h.·• 
' ' ' 

blood ha.,.:e aarbd· •tt'eiJ'- tipon ~e.:no.a rtapoa•·· Jl1lk 

f:eT•r ia oaaaM· \i · a au.Iden .<fepl'esalon ·111 ava.tlable cal.

. o1UJl 1• the bl.ood. A shortage -of phosphons. w'hiob 1a 

•oa-tained 1n ·•'ffl'7 o.ell in the · b0cl7,. does not df'ect the 



algestiblllty ot a g11"e:!l rati-011., but do-ea atteet v:tiliza

ot the ptrienta · aner thiiy' ge d18ested . Prolonged 4e

tle1eno7 or ph~sphoru ln ,h.a ratio.a d•l•1• oenrwa al14 

afte 'tli tlle c.011posit!on ··or th bones. 
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In an utort \o d&t.eain• tb.• ·•al • ot tlul7 pow'4eJ"

ed gypaa · ia o011parisJ>a· to. poW'der•f · lblaa~ae •• a ao\U"o.• 
2.l 

ot calcda,. Ka:Qaapbell al'l4 Allbel ted 4 SNl1lJ>11 .ot pigs 

~ctt 11! aa7a. All plg• ••re ted iAdi"flduaU7 ancl ee.ch Jig 

waa t•a. tb.e aeM baa:al ration. Thia basal raticn1 oo:naiat

.a of 0 .. 6 ,oll114 ot l1naeea oll Mal ctallJ,. 1 po11Dd ot 

wheat •llorts 4a111 an4. .llteUed oorn eqQl \o the aJIOun~ 

'the leaa't collaaiag· ptg would eat. This oorn eonst111ptio:n 

avetU-d 2.52 pouD4a ptr head da117. Bach pig also re

ceived ou tahl•·•P"nhl ot eo4 llTer oll daily. 

ho pen• w&:re ted lbae·stca 111 the •aae propor\1oa 

the OthQ- two pena ·wue te4 gpa.a. Analyala showed 18-k~ 

caloio 1n the lilleeloa. and ·aa. 1e• 1n th.e m••· Dala 

relative to iJh•-1.oal ~1• o,t 'the bu.a: wer..e d.e.•'tro:7e4 

ln a tire. \'he an:rage 4a11Y ga1tt. per pig tor O• Ihle

n.one o-:oupa w.a,a l~OO'f$ polUl4.a; 'for ll:le &7Pawa groups 

. o. 9ff 5 po"QI. 

''!be ooapar-i•on indi<'-ate& t~• poaa1b1.l1ty o'f ttaing ~al

c1• .rut'at$ 1.n tll• torm ot ti!l•lT 1)0c1'1erea m•ua. as a 

source ot oal41a ill inrlne :r:atlons. A«cllll8 abe\lt l.'6.# of 

· .. groUll4 u.:ato11e or th•· cunatil!lllt1on or 1# or liuatone aD4 

'l:I Q,r a't.$8111ad bou lMal t:0 l.OOf: or ga,a1n ldxture l>rollgbt 

abou't tlle ta-.ora'ble pr.-o»ortloa. 

._ .... 
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15 
J'-orbea · ste:'tes that · 1:r oor~ alou · 1:a to · bo u~ed aa 

\he· pf1nc:t1:paf tood ror aJii~a. the great.e,st suo·cesa Call 

oe ~oped t:oz <mlT ·,,. t•e41.ng w1 th ·the corn~ suppleattiita 

~hat ae r1-u•r 'in pr<>t•1ll·• cal~1a and phosphoru.a. 'lie 

tolUld ~hat •1ae bet eoz-a alo• i,J'Qdlt<sed •mall;· weak bOJle.s., . . 

e.ll4 tllat,c '\hei:r.- 4~1t1:,e -'GJ',808. wert eo poorlT a.evelopect 

aJl4 -.ell a:a to be out ot. pr~"itlo.ll to ~he re a\ ct tb.1t1r 

·bed·,:c. 

~dJl Ration.a that .are h~c,ed With $07bea11 Oil Ual 

a!l4 ll•ed for P:1&•.. ban llltei-e~ea Jllltrl:t.ioll worker• .tor a 

a.ab.- ot nas.. SeM v«r.y llltere,et.lng reat.llt·• haft been 

#GQZ'•d a~9 ~•·-:- '°Jalo ~erw•, St~\loa b7 BoheteJ't·, 7argo 

Q.d 1'1.q,. Wku,e . ~ho qu...\lQa :ot teYo»a\le 1e..-ei., ot ()cal• 

c la alld J)h_oaplloru.a baa ••• Ull4•:r ·acr\lt·11lt• 

It •e.--4 de.a1ra'b1-e to exte.u. thia lnqtt1r.7 to t1114 out 

wheth'1" pigs t1t4 :,.ract1Qal ratlc,,u Wlde-r eondi tlona ot a'bun;;. 
. - . 

4a?G alJ4 Ua1 t.ed allltligbt., botll 1a ,~, .lot aad on pastv•, 

JJligh,t JiQt, 1Jlduate vuyiag optbl~ level• and p:roportiQn.a 

ot ealo1wa. ud J)loapho;ru.e tn th~1r· r,ati<>u;j, 'fhia iavesti

·gation wae also Bad·• · t.o 11lclu4, grain ratioiaa tha, ••i-• 
balall-o~cl with the coablna\ioh Qt . l:t~e«,4 -~ ad w.hea, 

llltdtlltuP whJ:oll t¢e ~1QbAr tn phc;>i,:pbo~ tha~ . i .a ,01b•att 

a11 .. al., 

fll• ·TU7 JJ."~t!•al. ,ua~ ••• al.so aaed 1• ,a.1, 
ae-t-1.q> neiJ1~1: P~J• t•d. •~.rio\17 grala. or ••r•al rai1_o.ns, 

••~e hQaegnn cr•1• waa •Qppl••ae4 wlth aoybaaa oil 

aeal. or · with Uu.eea. •al all4 whea'i m144llnga,, wc,uJ.4 0011,.. 



SUJ18 •nough ground · l1Dl8 atoll•, whe:a ao•••• . was .given ~Jl ·••p

arate alaiJre.l boxea. 

To tour dry•lot r-atiou . or can, ao1b•a11 oil. •al. 

gi-,oUhd altalte ha;r and ioalzea ea1,, were a44•4 1.2s, 1.10, 

l. ,5 ,. all4 2. 00 percent, :re·apecti v•l.J, ot gJ"o\Ul4 1.bl.e alone 

ha•1ng a o·alcbua -oom•at ot -·• per o•tt.t~ l'hia resuJ.i.e« 

in a ea:.P :ratio ot i.t·, a.a. a.,, e.114 a.t. ·!Jl~ average 4a1-

lT gaiu 1n Right ot the tour lot.a nl:'e 1.%0,, 1.2Q, 1.11, 

am l.U po11D4•• the teed Nqv.J.r••nt pe.r 100 poWlda galn, i 

4-0:1.. -'Of,. 411-. di 42! po~.. aJ.4 the an content or the 

ae-cond ~1.l> ot \he piga wa• !J, $1·._ 1,, all4 I~ p·er- e•nt, re

&))84.'·\.1 Tely • 

Thu• it appe~.e that t .Jlo Qae.llest addition~ l. 81 per 

cent ot' gl'ottlld 11-eatone • wb.1cll &a.T• the loweat ea::P ratio 

ot t.he, lo\ 1 g~ aa good gaiua • feed eoonOJaT, au nearly 

goo4 calo.1fi«at1on ot bo)it.e a.a or- tt~ tla:e others. 

fie aa.titi">n o-t 1.1 per o•nt shamed bone· aeal, n

nlt,iug ill a Q'a:P ratio Qt 1:1.1, bl'"oqltt about t.be lageat 

gala, 1.:n poulld1 4al17 p.er pig, the beet t••t ettollOJBT .. 880 

pott114a, e.a4 the i'athe:r high aah o.011ta.-t o'f 59 per cent. 

A4d1N 1.J- per e-ent ot a~• ot- :equal parta .e;rouna 1.iu

a\qne and s$•aa.ed bo.u •al, re,ult1q 111 a OatP ratio ot 

.1.:s.1, 4:id n:ot,, in thl• oaa•* 4o quite a:a well, tor <the aT

erage 4.U,- gaill ot· the p1ge: so t•d waa 1.2a p<1Wlde, wttll 

a re.ea •nao~ et 406 poude, all4 alt aah content or riba 

o~ 60 p•:r ceat. llc»w•T•r, th1a lldxt~ c.011parect f'avorahlJ 

in r .a'te o:r gain .aJ:14 eo.ol10lQ'· w1"1 the 1.t per cent ot 11u-



st.on• alcuie ana. pro~ueed. a h1gher ash aonteat. Ot pull.o

ll.lar 1.ntere.at is the tact t.h.a, bQnci meal g.aYe a lligber aah 

0011tent. ol aJ"1luJ although \he. caloiwa , ccat•nt Qt' th• ht ion. 

w l(IW'er· \ban in mo.e\ ot the ratiOM couta·inlng grou»a. · 

ll.,llle a'\oa•. . 

th• ga:uu, a1l4 eoonoJQ" of aiu ot plg• no lla4 aa op

portwt,- t>~ eati.ng gro1Ul4 U..atoa•, o, ·both groUlld liae

at·OAe and boa.• •al,, tt•• ho1••,, QOlllp~ed ta-.oraltl.J: with 

tk••• ot ~• ·pig• tea ct.t1n.1:t• a110tml• .of the mlneru• ia 
,. ' ,. 

their .l'a\ieJUJ. 

In an •xp•r1aent, sia1lu.1n all re.,peota 'l,o "th• tli-e't. 

except taal _th• J>las ••re on. rape pasture iaatead of:' 1n a 

lr7 .lot, 1\ ai,pared the\ the plg.a ••r• h.111' a. reqouive 

to t .he ditterentea .in ~al 8\lpple•ntat1oZUJ as we-r• the 

plp in $he Ary lots. AB la th• dry lot exper1aen\ th• 

piga reot1•18C 'he aJllallest ~at of limestone :mad• \h• 

a.oat rap1d ann .aoaoal.cuµ .gala. 1\ntthermore, the h1ghe~t 

a•k ooaleat wee -obla1Jled bf' 't , ,plga that :recei Ted bon.o 

Mal adt1\1<tU. 

A third «JXJ>erJ.ment waa c.oJ14llQ'ted using linseed. •al 

aJl4 wheat aicldllll&• aa :protein au.ppleaen\a to con 1a tb'J 
' 

!Qt ratiou. fheee \99 prote.in OOJIO.ePra'tes are: c~ns14er

ablf higher 111 pb.~phoru 'tlum 1s aotb.eu oil • .al. J11.n-
' •rala were etllppli,el tlle aall8 aa in tbe IWQ preT1ou,i sQ7bean 

oil uperiaoa~.a. 

1?1le•• data allow- tbat. aalle,r a.-wa of gv.o'W'd U.

at9ae t,)u.n .a.~ 11a7 b• p.l'eteral)l.6. !a• ). .• 6 per 0t11t bo• 



aeel adUtio.a Jtesul~d 1a the l.arges\ 8Jl4.. ••• •t~IIPiO.al . '. 

gains, al.tG 1n a bigh a.sll eoutent Qr \,ones. 

Ia a reYtew -o~ the• e~.riaenta. · Bo••bd't , . ~argp. U4 

l'.ing etate that 1.e .. - tllan. a~o per c•n.tt· o:t' hi8ll. -cal~·!.• 

11••1~ne gav:e W&• 'best r•s'1ll1 wh.ei-e lJJIIIUJt:olle •a• th• oa-
1:r Jll:i:unl. ad4it·i~a o.uts14' ot 8$11. A c.a:P J-1:ttlo ot .l•• 
than 2:.1 pl'Qved bet,ter than •her& the calolQ. lA:v-e.l i!~e.-4• 

ed that ·pi-ope:rtloa~ 

Bone ual ad41tiou ••• b•netidal 1n all oaae•. 

Plea ,se.It-ted- oo.ra. ground e.l~:aUa hay .an4. aelt' ap

parea\17 a$.e su.tt.1e·len.t ElJIOUts ·ot e1th.e~ #OlUJA l.•.rto•• 
or g?"O\lM· liM•toM ad bon• Mal, when tlwT had tree acQ:4:sa 

to th :-&e lli~rala. 



45 

DlSCU$SlOII 

A lack ot sutt1c.1-cu1t c.alc.ia and phosphorus in the ra ... 

t1on. can be the cause ot variecl diaeasea ~nd ph7siologieal 

dfsturbaneee in swia.e. 

Calcium 1.a most 11kely to be deficient and ricket• and 

osteoporoa1s are diaea·sea reaulti.ng· trom. this detioien.cy. 

The presen.ne ot the~ bone sott~a1ng d1aeues 1, 111an1teste4 

by lameneea, atittnea•:.- paral7sia ot the hind quarters, pain 

at being touohed. d1sinol1:r.iat1o~ to •ove, wrinkly sk1.n a1'Cl 

:rough, star7 coat of hair. 

Bree~1ng eowa ted a ration deticient 1n: calciua are 

poor ailkere. They tall to deTelop a norJllal Udder at tar

rowiag time a114 the.ir p1ga appeu underted and below aver- . 

age weight at weal\iag tiae·. 

1111~ tever is caused by a eudden cJ•presslon in avail• 

able calciwa. 

A ehortage ot ca.lei um · b.aa an adTerae ettect up,u1 the 

control of TOlllatary an4 il)Yoluntuy muselea. 

Yit8Jlla 1) ts e,sa,.at1al tor caloia absorp\1011 and 

Titaain e aeeu,,-to be aeoeaaary tor 1'k proper utlliza~ion. 

l?bo•phox-ua is also essential tor proper bone formation 
' 

and tor the proper develo;paent of 11\18~lea. 

A ehortage of pho.sphorus has an adverse ettect upon 

neno11a re sp.ou••. 

A prolollged detic1ency ot phosphorv.a delays oestrum.. 

Calcillll aQd phosphorus 1n foo4atutta aet as laxativea 

and · afrect the action ot se4reting· glal!ld.a. 



A deficiency ot either ot 1;hese two minerals appears 

to lessen. the rate ot gain arut ~o interfere wit.h the proper 

ut!liztl'tion o.t tee4. 

Since · a le.ok ot e.ttaer oaleiua er phosphorus or both 

has a rather pronounc,ea ettect upoa tb.e phJsleloe1oal pre

cesae, o.t ..S.n.e, thia Jl8J be the tllS.ag \he:t is responsible 

tor a number of the so called •poor doers" antoq pigs. The 

. wpplf e>t these ainerala aay b·~-- sufflc 1ent to prevent anr 

eutW$rd aan:1f:es'tat1oa. but at.11,J. the plga gain very alowl7 

ea aeoouui et t.he l.W.ted · aupj,17. Soae p1ga 118.7 be able to 

assimilate tbese aine~ala to. a better advantage than others 

because ot 1ndlv1dttal dltterenc,s or beoause of var'iations 

in the vi to1n .sap:pl7 iii the ration. 

C:alciu cu be adcted to cereal rations with ground 

11me6'o.ne'.t groua& oyster shell ~r hard wood a•hea. l'lnel7 

powde"a !J'Pau& ls al.so a possible aouro.e. 

Phosphorus can be supplied ill the torm ot boae aeal or 

8'0DO-o aleiua ph.osphato. 

Prot.•1n aupplemcenta .,. de:riTed boa plaats,. nil aot pro

vide the·• iuaecral• la •utt1o-1•at quant1t1 a. However, 

tankas- aD4 aki:Ja-ll1.lk, pn,tein s:upplements der1Ye4 trom anl

aela. aN good a.ourcee ot these ll.ineral•. 

·The 4e•1rable level et o:&loiwa · can be plao:ed at trea 

.M to 1., per cent ot the ra:tlon and the phoapbQrus level 

at trom .so to .51. per· cent. 

Bone of the· 11:terat;uoa studied listed hal"2d'w. results 

tro• teeding an exo••• of ea1c1a and pbospb.orua as long u 



., 
the7 were 1n a ratio of aliptl7 leas tho two pane ot oal'!' 

oiu to one part ot phoaporu and prov1a1ng lhere waa plen

ty ot · •1 t-1.n D · present 1n the ration. 

81ac• these. lliural •uppleme11ta are lnexpens1Te,. 11 

aeema tha~ th• proa~ce~ ahould 118.ke ce~aia a autticient a• 

mount .,.t theai Jldu~ala ar• 1n.oludect in \be awiae ratio.n. 



ft1a a'tudy, wb.1'01' is a rn1ew 0;t 1"1terature aad ex

perille.nlal results, att•111Jta t-0 tYaluak lht llaportaao, 

ot osloia ,qd phospnoi-ua la .ma, r•\101,a. 

Special al1111'ttoa)).Oe Js · e:\tacd1ed · to th•1r tunotio11 in 

:tegar4 to geaen:l health, \l:til.isati.oa ot tettd, bene eiruo-

ture , bM.ed1D8 an« lutat-1-oa p.&J'iQ4e. 

C6J'!9al. gain ttotl\ain 11tU.e :cal.Gia and ·pttoaphoru. 

Sisaoe pine ar.e: le.rs•l7 fed on sueh comtent~_at•, Qe1r ra• 

tiona a.n tteqo.eatly 1-ow tn caaiua a?Jd phoaphorua alld J1.11st 

be sllppl.eaeated. td th :tu-, .S.~a. 

In all oa•q the e4d.1tl.oa ot Mteb. a ml~al mixture 

broqat about \h•· t.oll.4wing t (J..) Be1r~&l" 4alo1t1eat1Qn o-t' 

bones, (2) JI.ore r11pid ad aoonom.oal g•1ns. (3-l A libe-ral 

supply ot 1111k duriq laetation_, lt) Better geueral 

health_. 

These eQerlael\tal ro•ulta plao• \h• a.esirab.1' level 

ot calc1lllll at tr·oa ,k to 1.5 per oea~ ot the. r .a'l1oa, al\4 

the phosphorus level at t.roa .80 to .fl. pe~ cent. 

'!he more ta•orable ?'•sulta ••r• ob~a1Md when the Ga :-P 

ra'lio was 4li.gh)l7 le ;,a thaa a :1. 
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