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IN'l'RODUCTION 

One ot the most serious losaea tbat is suffered by hog raisers 

and nippers is caused by hogs becoming crippled, leg bones beco.miq 

fractured, vertebrae :fractured, or ligameats torn. Professor Wiley 

of Purdue Un1Ters1ty shows that "cripples" f'rom the country• s com

mercial hog crop cause a loss ot three to three and a halt Billion 

dollars a year. 

Animal.a require for their proper growth and deTelopment twelve 

or fifteen., or possibly more, miural eleme:n-ts, retaining daily dur

ing actin growth. two or tb.l'ee ounces for eTery thousand pounds ot 

live weight. Tb.a largest requirement of mineral :matter,, growing, 

breedillg, and lactating animals 1a tor bone growth, or tor the secre

tion of a :food (milk) capable tJf npporting Yigorous bone growth in 

their 7oung. 

1. 

About 85 percent ot t:be ash of bones is calcium phospl:late. Hence, 

quant1tatiTel7, the •st urgent need tor mineral •tter by t&rlll animals 

1a :for calciUlll and phoaphorua. It has been estimated that oTer 80 per

cent of the .miaeral matter retained ill the 'bodies of growi.ng 8llimala 

is calcium and phosphorus. 

It may be stated as a general propoaiUon that the leguminous 

rougaagea are adequate SOlU'Oe• of caloi111J1 aad pho.aphorua, except pos

sibly wider con.d1tiona of exoeea1Te demands fo:r bone-forming materials, 

as wUh high-J)l'Oducing cowe. '!'he :aon-legumil.loua roughages are much in

ferior 1n this respect, part1cl1larl7 as regards their con.tent ot calcium. 
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REVIEW OJ' LITERA'IURK 

Brealdng Strengta or Swine Bones 

1 
i.iee atatea that in experiments at the Nebraalta Station, as wll 

aa the Ohio Station, it has been shown that mineral aupplementa and 

feeds rich in mineral.a do not have an appreciable effect, if any at 

all, on the dimensions or the Tolwae of the bones, 'but that they may 

•rkedly increase the density• the thieklless of wall, the hardDesa and 

the breaking strength. AJJ Forbes has wll said, big bone can be ob-

taiued by breeding for it, bu dense bone only b7 :reeding for it~ The 

following figures taken fl"Om the Nebraska report show clearly the tav-

orable effect of certain rations on the breaking strength ot bones. 

Table 1. Comparative Breaking strength or Bone• 
or Hoga on Various Rations 

Average Break:illg Strenph par 100 Pounds Live Weight 

Femur tibia Bmlerua . Ulu.- . . . 
Ration . radius • 

Corn alone 276 2!52 434 ~l 

Corn "15, shorts 25 343 309 555 376 

corn 25, skim milk 75 "62 360 685 529 

Corn 90, tankage 10 559 .09 "'° 611 

corn 90, ~und bone 10 64.,6 465 898 '115 

l 

All bones 

325 

396 

509 

580 

681 

J'o.tm B. Rice, The Value of Mineral Supple•nts 1n Swine 1'eed1ng, 
University of Illinois Agricultural and Experiment 8'at1on Bulletin 
200, 11&7 1954. 



An inereasa in strength of more than 100 percent was secund b7 

the feeding of gro1111d bone with corn, and only a alightly smaller in-

cnase by the feeding or tankage. These increases are much larger 

than those reported b7 Forbes, who, however, started his experiments 

with b.eaTier pigs, weighing 100 pounds or mo.re. There seems to be no 

definite upper limit to the storage of minerals in the skeleton e.D.d 

to the increased denaU7 and strength associated with it. 

Aa Howard2 he.a shown by the tollowiJlg figures, there aee:ma to be 

no relation 'between. the amount of aineral fed. and the oircum.terenoe 

of the tore shin, 

ATerage inUial Ave.rage f 1nal Average gain ill 
circumterence circumference circumference 
of fore shin of fore shin of tore shin 

Lot I lS.18 c.m. 16.19 e.m. 3.01 e.m. 

Lot II 13.52 e.:m. 16.26 c.m. 2.7, e.m. 

Lot llI 13.59 e.m. 15.90 c.m. 2.:u c.m. 

Lot IV 15.61 o.m. 16.20 c.m. 2.59 e.m. 

Lot V 13. 27 e.m. 16.0-6 c.m. 2.79 c.m. 

Lot VI 13.44 c.m. 15.93 c.m. 2.49 c.m. 

Data on the breaking atre~h and wall thiclmeas of the tibia are 

given in Table 2. '!'ha wall thickness and circumference were obtained 

from. a tre.D.STe.rse section taken from the amallea't part ot the tibia. 

Tllis section was about midway 'between the two end• of the bone. The 

2-auriee B. Howard, 1l'he Effect ot Mineral on the Size and Breaking 
Strength of Bone in FatteniDg Swine, Oklahoma Agricultural and 
Mechanical College, Maater•a Thesis, 1931, p. 50. 



Lot and 
pig number : 

Lot I 
pig 303 

Lot II 
pig @9 

Lo~ III 
p1g 461 

Lot IV 
ri& 52 

Lot V 
pig 4,90 

Lot VI 
pig 4-98 

Table 2. 'ftle Breaking strength, Cirownterence, 
and Wall Thickness ot Tibia 

Bnaktng Circumtvencea . Aftrage wall • 
atrenph . tb1olu1e.s• . 
565 l'ba. 6.35 c.a. s.20 m.m. 

895 11-•• 6.70 c.m. 3.80 m.m. 

6~ lb•. 6.25 c.m. 2.80 m .. m. 

550 lb•. 6.10 c.a. s.12 a.m. 

690 lb•. 6.40 c.m. 3.'1 m.m. 

680 lba. 5.80 c.m. 3.82 .... 

4. 

from different •ide• ot ta• •eotion with a llicromner caliper and tak-

1ng the aTerage oft he three meaawemeuta. Ro detel'JliD&tiou relative 

to the d.eui ty, T01Ulll8, or percent ot uh or the t .11,1u were made. 

M abown 1a Table 2, the.re 1a quite a 41fterence 1D. the breaking 

strength of the tibiae. Should then 1'e any reason to auppoae that the 

skeletal f'Nllework of these hoga waa repreaentat1Te ot their reapect1Ye 

lot•, it would lte entirely in order to offer •ama explanation or to 

draw so- conolu•lou in rep.rd to these data. Bowenr, if these fig-

urea happened to 'be an aT&rage of the different lota, 1 t 1• only due to 

chance tbat they were secured. 



Table 3. Mineral Feeding 1n DE7 Lot 
SWmnary for Test of 1908-1909* 

ATer- :AT. 'breaking :AT. lengtluAT. c1ro1211l- : AT. weigllt:AT. YOlume: Av. apeottio:AT. wall :.Percentage 
age :strength o:r boaea:of bones :terenoe o:r : ot bonea :o:r 'bones : graTity :thickness of :mineral 
liTe : :Per 100# :in ma. :'bones in nm.: in grams :in o.c. : of bones :bones iD. mm. :matter in 
weight: Ll>a.:11Te weight: : : : : : :green bones 

Lot I. corn 

150 567 368 16.3 '14 !i96 426 1.22 3.4 33.96 

Lot II. Corn and Tankap 

218 824 387 17.1 77 641 .98 1.34 ,.2 ...0.06 

Lot llI. OOrn, .A.l:fa.tta Meal and Bo~• Meal 

18"1 888 479 16.'7 82 694 513 1.35 4.9 43,35 

*Source: Nebraska .Experiment Station, 24th Annual .Report of the Station, Lincoln, Nebraska. 

01 • 
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Table 3 giTes a summary of the tests made at the Nebraska Exper-

3 
imltnt Station in 1908-1909 to detel'lll1.ne the effect of mineral and pro-

tein when fed as e. supplement to corn and the breaking strength and 

deTelopment of bones in hoss. lor the data used in the table. the 

figures in Lot I represent the average ot those hogs ted 011 oorn only, 

Lot II the aTerage .of the YB.riou lots fed on eorn and tanka&e, and 

Lot III the average ot those lots where bone meal was used in the ration. 

It will 'be obaerTed that the heaYieat hoga at the end of' the ex-

periment were those fed a ration containing tankage u a aupplement. 

There is a alight 1.norean 1n the e ircumf'erence ot the bone where hop 

haTe been fed on mineral and tankage O'f'e.r those :fed corn alone. There 

ia a decided 1ncreaae 1n the percentage or 1111neral of the bones where 

hogs have been fed mineral utter and tankage in addition to corn. It 

will also be observed that the breaking atrength of the bones baa been 

greatly increased by the use ot bone meal and tokage. Tbe wall thick• 

neaa was mu.oh greater where mineral matter or tankage waa added to the 

ration, than where .-traight corn wae ted. 

4 Sotola and associates giTe the content tor calcium and phosphorus 

of 80Jlle ot the ca11110a feeds as ahowa in the tollowing list, the content 

being parts per l ~O pounds drJ aubstance. Tb.esefigurea allow the calcium 

deficienc1 of the cereal grains. It can be seen that one pound of al-

falf'a hay contains aa much calcium as eighty pounds of corn. A ration 

Ettect of P.rotein and Mineral on the DeTelopment of SWine, Oklahoma 
Agricultural ExperiJllent Station, Bullet!~ 144, p. ~2, Kay, 1922. 

41. Sotola, R. T. Smith, ll •• Ellillgton, and L. w. Cassell. Washington 
Experiment St~tion Bulletin 127, p. 7, April 1924. 
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Feeds . Oalcimn 
t 

Phosphorus Total Ash . 
Corn .01• .J03 1.410 

Barley .047 .400 2.62-4. 

Wheat .056 .425 1.866 

Peas .094 ·'°° 2. ?ts3 

Wheat Middlings .108 .984 4.630 

'fallkage s.24:2 l.789 1'1.050 

Skim Milk 1.336 .979 ?.168 

Linseed Meal ,.05 .,86 6.463 

Cotton seed Meal ,291 l.'89 7.629 

Altalta .Bay 1.130 .238 6.890 

Wheat Straw .217 .038 3.650 

composed of c&real grains is deficient in calcium. but· when supple-

mented with tankage, alfalfa hay or akim milk, it will oontain calcium 

in sufficient quantUies. Calcium can be auppl1ed to animals in the 

form of ground limestone, air alaclced lime, cruahed oyster or clam 

ahells, whiting, chalk, marl, precipitated oalcium carbonate, raw rock 

phosphate floats, apent .bo.llte¥)lack or bonemeal. 

Jlineral supplements cou:tainiag phosphorus ere bon-al, spent 

bonel>lack:, rock phoaphate, or any of the bone preparations. 

So41a .- ohlorine can be supplied 1Xl the fol"ll of colllllOn salt. 

It is easiest te4 if kept before the animals all the time. 



Stif'tneae 1n Swine 

MaJll8l"d, Goldberg, and Miller5 claim that both livestock •n 

and exper1menters have loag been familiar with the tact that pigs 

in conf'ineluat, tei on o.enain raUone, frequently beo-.. atitt; 

that this atif':t'neaa may develop to the point where the pig is neither 

able to riae or to atan4; and that tl:t.e wouble, \Ulle.ae relieT-ed, 4••

tJ'OJS the uae.tul.Maa of the •nimal. The trouble haa bee». referred 

to 'be a Tarlety ot naaea, auoh aa lameneaa, paralyai.a, riclceta, and 

rheumatism. It moat trequo.tly ocova with growing pigs, but brood 

eows 1111ckling Utters also an aubjeot to 1t. 

In 1921 several caaea of atittneaa c181'9loped in a group ot pig9 

on e:xperime:nt in the agricultural college herd at OOrnell Un.ivers1t7. 

ID. referring to what was then kn.011J1 rega.rcU.ng the trouble, it ap-

peared that, although practice had shown that the a·Uttn.esa ooul4 

generally 'be prennted or eyea oYercOBMt by proper selection of the 

ration, neiiher the etiology nor the apeclf'ic pathology blamable for 

the lame1uHa had b .. n worke4 out aat1atactor1ly. Bence, an inveat1-

gation waa begw1 to obtiln ao:re exact 1Atonat1on as to the 41.etary 

relat1onah1pa and. the pdhology 1a.Yol'Yed.. 

A aurny indicates tbat the de1'9lopnent of atiffl:J.eaa ha.a be.en 

reporied with a n.riety ot diets and thu attri'butecl to a nrietJ ot 

cauea. Similarly, the patl:Lologioal findings tbat bave been reported 

a. 

as accompan.imanta or the external 8JB1Ptou are by no means 111 agre .... nt. 

5 
L. A. Ma7Uard, s. A. Goldberg_, a.n4 a. c.. tiller, A Study of t-he Dietary' 
Relat1onsh1pa and 11lle Pa:thology o~ ~iff.aeea 1n Sw1De, · Co:n.ell.i::UniYer
alt7 Agricultural Expertment Station. Memoir No. 86, pp. 3-29, February 
H~. ~ 
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These facts would lead to the conclusion that the external symptoms 

under discussion do not have a epeoi:f'ic etiology, and are not ac-

companied by a apeo1:f'ic pathological picture. However, the de:f'inUe-

nesa o:f' this coaclwsion is limited by the fact that many of these ex-

periments were not sufficiently well controlled because of a lack or 

knowledge of some of the :reoentl7 di•ooTered :f'actora in nutrition. 

Thie tact will be oonsiclerecl in reviewing certain of these experiments 

which show the different dietary de:f'iciencies and pathological :f'ind-

ings that have been reported ae associated with the development ot 

sti:t':f'nesa, 

Rerter6 in 1898 nudiecl the e:f':f'eot of a :f'at-:f'ree diet on pigs by 

feeding skim milk aa the aol• ra'Uoa :f'or one 7-.r, aDd reported _that 

the cleTelopnent of atif:f'ne.sa an4 hemorrhagic enpt1ou o:f' the akin 

wre the enernal aymptou. on pathological examination, lesions were 

found in the spinal cord an.4 the bones o:f' the a.ku.11 are ••en to be 

porous ancl bri'ttle. Coutipation waa constantly present, as would be 

expected trom 'the nature ot the diet. and thi• t .rouble aay have been 

a :f'acto:r in production o:f' the e,tttnes,. Skim milk ia clearly unaat-

1a:f'actory in other respeota u the aole ration for nine. 

Maynard and his associate• haTe aUlllllal"ized the work of aevA1'8.l 

1.aveatigatora who have couidered stif:f'neas to be a maai:f'eatation of 

scv"f'y. Holst ud :Frolich (1912), 7 in coimeotio.11 with their s t~d1es 

of pin•a-pig SCW"f'7, produce4 aimilar 81Jllptou in pigs on the follow

ing d.ieta: rye bread; rye bread and cooked l»Nf; polished rice. cooked. 

6Ibid. 

' Ibid. 
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dried ti.ah, and potatoes. '!'he ayaptou were: loosu.ing of the front 

teeth, bleeding ot the pas, petechiae of the slt1n,, aubcutaaeous hem.

on.hages., and changes in the 'bo11.e arrow. Siitf'Deaa uuall.J oocuned, 

ud on miaoroscopie stmy it waa oonaidere4 to be the nature ot pol7-

ne1U"it is. lien.ct• the authol"e b•l1eyecl t• U"Ouble in p1ga to be a 

lmundary case lteueen t.yp1oal aouny ud beriberi. It is olear that 

the :i-attou ue4 wUh the pouibl.• excei,$1ou of tll& oae con:talning tiu., 

were low in caloi\Jll and phoaphorua, •• .. 11 aa 1n Ti\eaS.D.a. 
8 

Plimu (1920) alao adT&aee4 the idea $hat t ,u atittneaa wu 4• 

ot oooke4 too4 whioh ooaa1•t•4 ot ...i, a1&ll.1nga, an4 turaipa. 1'11• 

nit:taeaa was oyereome "1 the ••• ot uooolcecl rood with tu adclitt.on 

ot mre f'l'e•h tura1pa, ... alda milk, and nttermllk. It 1• eTi4ent 

that the cure.ti•• ration. pzoT14e4 al.o .,_.. oaleitlBl allCl pho-,phorua. 
9 

Morrieon, Bart, and auoolatea at the W:ueonaln laperim1n1t 6'a-

deTelopm1nt o:t at1ttneaa 1 fJ'CD wht•h they eT1clently oonolucle tbat tu 

tn11ble 1• rickets. 

or pigs tad yellow oorn aad. alda lllilk dewlopecl aormall7, but 1D. a 

group fed wlli te own aA4 lk:1111 mllk MllJ. lMlomne re.u1lio b•aaue ot a 

lack ot tat•eolul>le 'l'Uuda. n. a4dit1on of ood 11Yer 011 to the 

811;,14. 
9 

· Ib14. -
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clus1o:n of ehopped alfalfa 111 the white corn ration prennted the dey-

elopmant of the trouble. 

Experimental stud.lea in the 111.D.ter or 1921-22, in eonaeetioa with 

an experiment, were carried on, in whicll four pigs, twelve ••ka ot age, 

were ted a ration of approximatel7 equal parta of yellow .b.omiBy feed 

and paateurize:4 skim milk. In addition, the7 bad acceaa to a mineral 

mixture of charcoal, groun.d 11meato1'e, and salt. Three ot these pig~ 

became at.if'f after appl"QX~tel;r ntnet.y days, and two of them •re able 

neither to rise nor to stand. 'l'o the ration of these two fo:u.r OUDees 

ot carrot• per da7 ad two percent of a mixt\ll'e of bone meal and oal-

cium. cubonate were adde4. The oha.Jlge of raUon over a period of aeyen 

week• put the pigs baek on theu feet and eauaed a resuaption or their 

growth. At this ti~ one ot the pigs, now able to geis around freely 

but at ill somewhat at1tr, aa killed e.nd the leg bones were examined. 

There were baalacl erosiou of the f'emoro-patelle:r Joint and o:f the 

femorotibial joint•• ud an increased amount of connective tisaue aroUJl4 

the hip jo'111ts. '!bere •• a fracture o:f both :remure, with begiimi.D.g 

callua fo.rmation. 1\le bone at the place of fracture waa Tery dense, 

1nd1oaUna inoreaaed calei:tication, as would be expected 1n a healed 

:fracture. 

Bohstedt, Bethke, E~o:a. and R.obison11 say tha\ grailla or seed.a 

and their products are detloiet pr1DIU"il:, in Dlinerala , a:ad usually in 

Ti tamina ud. proteins. A aer1oua slaortcoaing 1n. eny one of these three 

is sufficient to cause atw:a.ted growth or worse ooasequen'Ces. Salt, or 

11 
G. Bohatedt., R. 11. Bethke. a. Ji. Edgington, and W. L. Robison, Miner-
ala am VUamina 1n Rat1011a o:t Pigs, Ohio .Agrieu.Uural Bxperimant S11a
t1on Bulletin Reprinted troa B:lllonthly Bulletin, pp .• 71-75, May-.Tune, 
192.7. 
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sodium. chloride, is ot e()urse a leading defic1•n0'1, bU'i this defic-

ieney can easily be me1 .• 

their rear qWl?'ters, ban puzzled ntermariana u4 aaimal husbandmen 

for many years. ~ ot tae cauaea aa•iped to suh instancea was 

kidney woaa. In '1Leae experlmat• ai the Ohio matton lt aa towid 

of such posteriorly paralyzed pigs. fl&e ration alone••• at fault. 

Do ll1Ae:rala iaproYe a grain ratioD.? During tour expert.ma at 

the Ohio ~ation tha 11118l'e addition of two poua4• ot growul limaatone 

'lo one hunclred pou4• ot a llixtun of wb.Ue corn, Jld.dclllage, oil.meal, 

and aalt fed in dry-lot made the 41ttereAO• betWMn a N&Nna'ble d•gree 

of aucceaa ad r ..... 11ure, as tollowa; 

Table ,. Th• ?Ctf'ect or A.441.JI& Miael"ala to 
A Qr.ai.n Batton rea in »17-Lo'l 

An AY~rage ot FoUl" E%perble11l•, tJ•iDC a Total ot 56 Pigs 

! AY. leagth .ot:A•ereae ~J'••« Nql 
Bat ion. : •m:rlmellt : daily pi»._ : 100 lb. pia : llonality 

0.66 lb. 9 

Grain mJ.n.UN 8lld . 
gra_UD.d limestone 156. 4-Ya 1.00 lJ • l 
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The pigs in these experimenta "li6re kept 1n concrete or brick-paTed 

pens. Nine of the grain-fed pigs died, in most cases from pneumonia 

as the immediate cause. n is known that a TUemin de:ficiuoy is a 

contributory factor to the onset of pe:aumonia. 

Several pigs l>ec81118 lama or cruip7, and a few becama severely 

paralyzed in their rear quarters. The add:1tion of two pounda ot lime

stone to eyer7 100 pounds of the grain mu:t-ur& eubled th.e piga to gain 

0~3' pounda more daily, to safe 94 pounds feed for e.ve.ry 100 pounds in

crease in lin •ight, and to escape aeTere st,t:f'taess or paralysis, aa 

well as laaeneaa. Near the •Jld .of the tests, which ayeraged 1.56 daya 

in l•ngtll, two pigs had a ataggering gait, and one aeyere erempineaa, 

proYilag tbat a m.111eral dclition .. alo.ue oow.d not prevent the e:tfeeta of 

a Titamin deticieney. 
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The Mineral Problem in Swine Feecling 

12 
Rice says that for phyaiological and economic reasons the major 

part of the ration o:f swine will always be grain, and the nutritive 

det1o1encies of grains as feeds are tharef.ore, of first importance to 

swine feeders. nie e.dvante.gea of increasing the protein of oerea.l 

rationa by the add!:tion of aupplillent.s rieh in this nutrient, such as 

llkim mJ.lk, tankage, 11neeed oil meal, soybeans, end soybean oil meal, 

seem now well established, aad sueh supplelli9n.tif constitute an essential 

part of the :moat auocesatul rations for swine. 

It has been clearly shown by eareful balance ex:periments that 

cereal feed.a alone, and ill particular corn, do not provide enough cal- . 

ciwn to pe1'Jlit of a»y aonaid.erable retention of this element for the 

13 
bone and tissue growta. In fact, Forbes has contended that corn alone, 

or corn supplemented by tlae seed by-products, 11naeed oil meal and wheat 

m.1tl4lings, C8JUlot ma1ata1n the gowin.g pig 1n ealcium equilibrium. 

Forbes has shown that when there is a decrease in the intake and 

reteat 1011. ot caloium t .ure ia • marked reduction in · the ;eta11:Uon of 

sodium, potasaiwn, magnesium &Jld phosphorus. The mineral substaneea 

of' the bone aeem to be a mi~ure o:r loose combination of carboaate and 

phosphate, from which the carbonate at least can be aeleotively witb.dra.wa. 

12 
Rice, o;e. cU. , May 1924. 

13E. B. F1>rbea et al-, The Utilization ot Calcilllll Compounds in Animal 
Nu'trition, Ohio Agricultural Expe:rillant Station Bulle1i1n S.7, p. 4.4, 
March 1921. 



Table 5. Average Daily Ga.ills of Calcium. 8.114 Phosphorus 
ill the Skeleton• of Piga on. Ratlona 
ot Corn and a Supplemanta17 Feed* 

15. 

Slauaht•r . .A.Te rage daily . AY'erage daily . . . wigh~ . ga1A ot . gaiA Of . . . 
Ra:Uoa . ot ;eta : oalciua . phoaphons • • . Poaada : Gnu on.. . 

Cora alone 18Z .. 0.069 +0.0"4 

Oorn and soy-beans l?-2 -0.229 -..Q._086 

Gorn u4 oil meal 199 +o.220 +0.1$6 

Oorn e4 middlinge 201 ...0.081 +0.118 

oorn and tauage 190 +1.20.2 +0.583 

Corn an4 akla 11.ilk 216 +1.882 +0.90() 

retention in the SGd1um., potua1ua, aagn.eailB a:ad phosphoru. thi.a .:re-

tent1on lMiq 1n h&nlOllf with the iatake u.4 retention ot oalctua. 

14 
Wiley made a elud.T at tbrM of the principal terminal market• 

on the. death and uopple4 loaaea of hop, and toUJ14 that ti. alupping 

hog cl'Op ot tu country, 1n transit from local loading point• to the 

tffllll\8.l. ltreatook merbts, ahon that 85,000 to 105,000 hop die u-

nu.ally~ At these ~ket.a appronmatel7 140,000 to 1'1&.;'QOOO hoga are 

cluaed u cripples. Theae esU,matea are 'based on a c0111Uroial crop 

ot -'0,000,000 to 50,000,000 hega. The death lou tar: tour years aT-

erage<l 2.13 hogs tor •ach 1,000 ot local receipts and the orippled loss 

anraged 3.'6 tor the sams period. 'l'he total losa on the country-• a 

U.Ta111ta, R. Wiley, Deaill and crippled Louea 1n Shippillg Boga to Market, 
Ind.Lua Agricultural E?tP9rime11t station Bulletln :318, p. 5, HoTeml)er 
192'1. 
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eonaereial hog crop is estimated to be from $3,000,000 to $3,500,000 

a year. 

Most roughages contain aufticient m.inere.l for all classes of 

livestock, but since hogs are fed largely on concentrates and are 

often pushed tor an early market under more or less artificial eon-

ditiona, they suffer mre th&ll other classes of livestock from in-

sufficient mi.D.e:ral. 

Freeman15 contends that all our grains are lacking in mineral 

matter for the pig's needs. Pasture helps to correct thia cleticieney, 

as do skim milk and tankage, 'but even with ·these supplements some ad-

ditioaal minerals usually pay. A supply of minerals ahoul~ be kept 

before swine at all times. 'l'kia ls especially important when pigs 

are fed on. poor pasture or -in a dry lot. Wood ashes,finely ground 

limestone, air slacked lime, bone meal 8lld acid pho•phate have given 

good results in experimental work in such couinations as: 

1. Pulverized 11meatone . • • 
Bone meal. • . • . • • 
Salt . • • • • . . • . • • 
SUlphur. . . • • • • • 

2. Wood ashes. • . • • • . 
16% acid phosphate . • • . 
Salt . • • . • • • . • • • 

3. Pulverized limestone . • • 
16f acid phosphate • . • . 
Salt . • • . . • • . . • • 

4. Air alaked lime •• 
S1.eamed 'bone meal. 

. . . . . . 
salt •••••••• . . . 

30 lbs. 
30 lbs • 
30 lba. 
10 lbs • 

10 lbs. 
10 lbs • 

1 lb. 

10 lbs. 
10 lbs • 

l lb. 

10 lba. 
10 lba. 
10 lbs. 

15verne A. Freelll8.Jl, SWine Feeding, IUehigan Agricultural College .Ex
tension Di'f181on, Bul. No. 26, pp. 8-9, March 1925 •. 



Freema alao atatu the\ it trouble w1 th hairleu pigs at 'birth 

ha• been experienced, one oan be 1uured aga1ut it by t"41D.g the 

brood aows iodine d\Jl"iag pregnancy. 

16 
Thompaon found that tu rate of gala was decreased by the ad-

17. 

dition to the ration of a minel"al •u.pplement and that the adcllti<Hl of 

mineral 1noreased the amouai of feecl neceaaar7 to produce 100 pounds 

gain. 

. Fe-4 u.d . Aye rage : Aft rage : J'ee4 per 100 • • 
Lot aupplemeat dail.7 . dally :r .. t powul, gain • 
n\Jllber gain COJitADled 

1 laffir ·'" i.,, 801.4 

2 xai'fir _and 
mineral .38 3.20 842.0 

3 '.laf':tir and 
ahona 1.0, ~eo 459.5 

Kattil' and 
tankage l.S9 6.05 396.0 

5 Katttr. shorts 
and mineral .96 4.91 $11.5 

..., In the aboTe experiment oue perce:n, mineral we.a fed Wll_ioh oon-

stated of one part eaco3, ud e:ne part, precipUated bone meal 

Aceor41ng to :r.rrin!'I corn alone 1• a hi@l:t-prieed feed. Pl"otein 

and :minerals must 'be ad4e.4 to maka an ecollOJBiOal rat1Gn. Ferrin alao 

16c. P. Thompaoa, Etfect of Protein ant .141.Denl on tlLe DeTelo);Wlen\ of 
$Wine. Oklahoma Agrieuliural E:xper'iment Station Bulletin 144, p. 19, 
May 1922. 

17 
I. F. Fenia, cue aJMl :reedlag of SWlne, tJJ11Yer•H7 or lllnneeota, 
,Aaric.ultural Ertenaton 'l)iTislon, &peelal Bulletin No. '14, p., 6, lune 
1928. 



~-
states that the reeding of a m1.naral mixture is one sign ot a aueeess-

f'ul hog raiser. He further says 1:he.t the feeds o.olllllOnly fed to hogs 

have too little mineral aa:Uer to build the tramework of an animal 

that grows as rapidly as a hog. 

18 
Godden. and Husband MY that minerals are need.eel and are neces-

sary tor the maintenance of' neutralUy of the blood and lyaph, this 

being •••ntlal tor th.e nom.al. actiJ:lg ot the body cells. Minerals are 

needed to :maintain a proper physiological balance between the· Tarioua . 

mineral ingredients in the bl.ood ud for the process of 41.geat ion. 

In addition, the growing animal requires :mineral ingredients for the 

!oration of new t1aau.e and eapeetally for the skeletal fr81118wcrk. 

19 . 
Robison carried on the f ol101d.ng expenm•nt. Pip, aTeraging 

approximately '8 :pO\lD.da, were d1Tlded into lota or seyen pigs each and 

fed to an average :tin.al weight or 217 pound• per head. Corn, tankage, 

and linseed meal were fed in all lots and 111 addition lot 5 receiTed 

groWld alfalfa. The minerals fed 1n the reapeetive lots were alt; 

salt and limeetonet 20: 80; salt, limestone, and raw bone meal 20: -'O: 

-iG; salt, limenone, and iron oxide, 19.4: "1'1.6: ~; and salt. The aT-

erage daily gaina 1n the reapect1Te lots were: 1.32, 1.2, 1.19, 1.32, 

and 1.25 poUDds per head. 

The a4dition ot limestone or 11.mestone and raw bone meal did. not 

improve ei"ther the rate or e®nomy of gains, but the c<abination used 

18w1111aa Godden and Alfred D. Rue'band, Some Aspecta of the Mineral 
Metabollam or Farm AnhpeJ s, J"ournal ot the Society of Cheaioal In
dustry, Vol • .II.IV, p. 671, J'uly 3, 1925 .• 

19 w. L. Robison, W.nerala for !'ee41ng with. Co.rn, Tankage, aad Linseed 
Meal to Pigs in Dry Lot, Experiment station Record, Vol. 62, p. 66, 
1930. 
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in lot'.4 made as rapid and more economical gains than the ration fed 

lot 1. The salt and ground alfalfa fed in lot 5, while not produo-

ing aa rapid gains, did produce more economioal gains than the ration 

fed lot 1. 

20 
Basket aho11ecl that so• on a ration of maize meal 65 p,ereent., 

pollr.rda ( wheat "bran) 25 percent, and meat meal 10 percent failed to 

deTelop strong healthy pigs at weaning time. These son l').ad been rUJ1 

on pasture unUl a few weks before farrowing, then brought in and 

housed in concrete pens. Under this aya'tea of management the sou 

farrowed an aTerage of senn pigs per sow, of which 2.4 pigs were 

raiaed "to weaning tiae. 

In. December 1924 these son had a mineral mixture ot ground lime-

atone 10, steamed bone flour 25, o011110n salt 10, 1.l"on oxide 25, and 

sulphv 2. 5 parts by weight added to their ration at the rate of tour 

pounds to every 100 pounds ot baaal ration. Under this syetem the 

sows averaged 10.4 pigs at f arrowing time and raised 7.1 to weaning 

age. It was evident that mile the sows were on the original diet 

tllere was an absence of a physi.ologieal balauce or mineral ma:Uer, 

and the aowa oould not transmit a prope~ balance or minerals to the 

pigs through ihe milk. 
21 

Sinclair and Saokv1lle report the results ot two trials with 

the :t'eediug ot minerals to hoga on pasture. The pigs in these exper-

imenta anraged from 45 to 55 powida in weight at tlle begiuing of' 

20R. G. Baskett, The Effect or Minerals in Oyereoming Breeding Dif
ficulties in Certain Sows, Agrioultural Progress, pp. 34-36, 1926. 

21 
R. D. Sinclair an.d 1. P. Se.ckTille • Some Experiment a in Mineral 
Feeding, Sc1e:nt1tic .Agriculture 6, No. 11, pp. 2'13-3,9, 1926. 
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the trial. All lots were run on rape pastuzee, and the grain consisted 

of oats, barley, and shorts. 

In both trials the addition ot a simple mineral mixture when tank-

age was aot f'e4 resulted in increased ga.11111 and lower teed requirements. 

OOaplex mineral mixtures were not aa economical, either 111 rate of gain 

or teed reqllired, as the simple minurea. 

The addition of a simple mi»aral mixture to tankage did not in-

41eate tankage needed mill8ral aupplemnts., In all teats the addUion 

ot the simple m1n~rals mixtures to grain alone ga·ye :more rapid and 

economical gains than when. tankage was addecl. 

22 
Pallller says that to deteJ'Jlli.ne the mineral deficienoiea in an-

imala many things must l»e observed. .Among these are: 

Iodine 4et1cieacy in swine my be otei,ained 1>7 the birth of 

dead, hairless pigs. 

Calcium and phoap);Lorua 4et1c1auy ia not real 1I:, rff<>pized until 

1 t ia serious ud ot long standing. In t 1ae, bowenr, the an1.llala 

will exhibit a ere.Ying tor bones. rua may deee at'• illto a desire 

to eat din, ohew fence poata, or deTour any sort or rubbish. 

"Piga often exhibit a paralytic oon41t1on ot the joints or either 

'the tore legs or hind lega." 

"Mineral el ... nta a:re not to be regarded aa me41o1ne to be ted 

in doses, but u tooda to 'be ••pplied daily." 

"'l'her• 1• :ao ooncluain eTidooe that Epaom. aau, Galauber•a salt. 

copperae, and sulfur, tound in NM proprietary mixtures,~ ot OJ' 

r eeding T&lue." 

22:t.. s. Pal.Jllar, llinerala tor Fara .All1mala, l1D1YeraU7 ot 111Dneaota, 
Speo1al Bllll•U.n No. 9,, p. 4-8, Sep\eJINr 1924. 
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Iodine should be red aa 8041\m or potasaium io-d1de, pref'-erablf 

the fol'IIC', or u a Ha salt trom which the 1oc11ne haa not been re-

moyed b7 retil'11ng, or aa CCIIIJlller1oall7 1ad1ze4 CODIDOn salt. 

"When 1t 1s neceasar7 or adTiaa\le to tee4 phoaphorus as a .mineral 

a11ppleaen1. l'Jon ... e.1, spent 'boaeblack, or :raw rock phosphorus floats, 

•7 be u.ae4~" 

When oaloi um and phoaphOl"WJ are to be f' e4 together, bonemeal, bone-

blaok, or raw rook phosphate float• can be wse4. J'ertilizer-boneaeal 

1 a not rec0111Dtade4. · 

When aniaal.s suffering from a det1c1enoy of calc1Ulll and phosphorus 

are ottered boaemeel or a1Ja11ar· aiBeral aupple•nt ~ they 11111 at :t"irst 

eat a large qu.ntity 'but will later cUm.lniah the •owit to ... t the 

regular llNda. 

23 
Wallace suggests taat swine raiser• no ue puul 4 a'bout min-

eral ainures will t1n4 their questtou auwered 1n the tollewing for

nml.aa whioll 1Doluo t:118 esaet_ial ingredieSB- e:om.bine4 ill the ript 

proporliou. A careful aurve1 of experimental work with minerals sug-

Four parts aoid phoapllat•• or ~wo parts rock phosplaate, or one 

part bo:u.maal with tour pane gl'OWlcl liaea'°ne• or aix parts uleache4 

wood uaee, or one part a1r-alaoka4 or hyclra1:e4 lime with on• part salt. 

Wallace alao r•port• that the lll1no1a Exp~ SU.lion re

OOllllll8Jada ginng m.1.-e.1 111.nve• trGJB. a ael:t t•4•r. They auggeat a 

mixtu.r• ot tiff parts ot alaolt coal, on• part o:t" groun4 liDleatone, one 

pan of rock phoaphate and ou part o:t" salt. Or inatead ot waing five 

23wal.1ace•a Farmer, An .Anner to 111lleral Q.ueatiou., Vol. "8, p. 158, 
February 2, 1923. 
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parts of slack coal, one-third of a part or tanka.ge may b41 uaed 1n 

coDJ18ct ion with the limestone, phoap1>:ate and aal t. 

Inaamueh ae they have eeoure4 good r.eaults at the Iowa sta'\1011 

with salt and lime, it would seem that salt an4 ground. limestone ahould 

serye a.a the essential l>aeta or most hog mineral mixtures. 
24 

Grimes and Salmon, using a basal ration of corn. two pa.rte, an4 

1 ng of one part char~oal, one pa1't marble duet and one part eaU, towu! 

that the lot rece1v1.ng tbe mineral auppl .. n.t D1Bde better gains, had 

better appetites and were much thr1:rt1•r tban the lot reoelv1ng no 

m.1,neral aappl8118nt. '!'he lot whioh reoe1Ted no minerala were restless, 

would root tbe teed ou.t ot the teedera, gp.aw on the aicl•a o:t' the trough, 

1nd1ea:Ung t bat there •• aomthing lacking tbat they nee4e4 in the 

ration. 

Lot I Lot II 

Oo?ll, two peunda Co:rn, two pounds 

Peanut meal, one pound Peanut meal, o:ae pound 

Mineral• self fed Self fed 

Daily gain Daily gain .46 

Daily :reed per hog Daily feed per hog 

Feed for 100 pounds gain 416.90 :Feed to:r 100 pounds @Illa 572,0~ 

Because or the poor reault,a ot ti. firat experimellt, a aecond waa 

made uur tae NJD.e oo:a4Uiou. S1m1lar result• were obtained. Two 

BiJ. c. Grimes and w. D. salaon* A Siaple llineral 111.xture tor :ldtenillg 
Piga, Alabama Agrieu.l'tu.ral lxpermnt Bulletin 222, pp. 5-'1, February 
1924. 
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hogs from the non-m.1.Jleral lot had to be remoY&4. during the experiment 

because of broken bones. 

Daily gain. for the non-mineral lot was • 9'1 pounds w1 th 437. 2 

pounds of feed being required for 100 pounds of gain. The lot rec•1Y-

1ng the minerals made a da117 .gaiD of 1.36 pounds with a feed require .. 

ment for 100 pounds of gain of 580.4 poUD.da. 
25 

Enard says: 

Our work last 8Wllllel" showed ·uiat b.igb. calcium limestone was 
m.uch better than the particular air•alacked lime we used. Our 
results haYe indicated alao that 20 percent salt wUh met min
eral minures 1s about a fair allow,m,oe• altho~ with some min
eral .co•l»1Dat1ons an enn lesaer proportion of salt is probably 
more correct. 

In our work with po$asa1um 10414- at Aae•• we haYe found in 
thr•• suecessiye trials:, one of wllioh •• coaduoted on pa•tur~. 
that in spite of the tact that •• haTe had no gross eYiclence of 
hairless pig malady or hairlaaanese in tlle new-bon pe~kers, that 
its addition to the ration naulted ill .apparently a ten pereeat 
greater gain ocmbined with a ten percent les•er feed requirement, 

f inerals and Titamins greatly 1.m:.proTe grain rations. Table 6 

shows the effect of Jll8king good both mineral and Titamin deficiencies 

by add.1ng two percent limestone and from o:ne"!"halt to one percent cod 

•. 

liTer oil t.o a grain. mixture of white oornt middlings, oil.meal and salt. 

Table 6 also shows that, in the limestone-cod-liTer-oil lot, not 

only was the grain and feed expenditure for 100 pounds gain .fairly sat-

istactory, but the pigs escaped stiffness, ametimes referred to as 

rhewnat ism, and death. 

26 Robison sa7a that a1nerals a.re easent 1al 1n animal :feeding. They 

25 J'obn M. Effard, Better Mineral Rations for Hoga, Wallace• s Farmer, 
Vol. 50, p. 458, March 27, 1925. 

26w. L. Robison, Compal'ieon of Mineral.a for Swine, Ohio Agricultural Ex
perillent Station Bi-monthly Bulletin, Vol. 10, No. a, pp. 146, Septembel'
October• 1925. 
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Table 6. Both Minerals and Vitamins Added 
to a Grain Ration Fed in Dry-Lot* 

Anrage of Four Experiments, Usin-g a Total mf 56 Pigs 

Ration 

Grain mixture 

Grain mixture, 

ATerage ATerage 
: length ot : dai11 

experiment: pin 

161 d.a7a 0.41 lb. 

ground limestone, 161 days o.98 lb. 
and cod liTer oil 

eed :Lameness :Streagth 
: required tor:st11'fnesa: thigh 

100 lb. gain: Paralyaia: bones 
Number 

6f38 lb. 5 201 lb. 

422 lb. 0 619 lb. 

*Source: w. L. Robi•on, Compuiaon ot Minerals tor Swine, Ohio Agri
cultural Experinlant Station Bi-monthly Bulletin, Vol. 10, 
No. 8, p. 146, Sept•'ber-Octol>er, 192~. 

are needed 1:n the :formation ot bone, as a part of the blood,. and in the 

vital processes of the cells. 

The elements most likely to be deficient in rations :for niae are 

sodium, calcium, chlorine, and phosphorus. Hairless pigs can be pre-

Tented by the f'ee41ng of iodine and it is highly important where cases 

ot hairlessness are concerned. 

Poaeibly ashes would prove of' Talue in eithe.r mixture, but appar-

ently they added nothing beneficial to the C01'1°Mila.tion of saU, lime-

stone and bo11emeal, which gan praot1oall7 tbe same results without the 

ashes aa it did. 111th aahee included. Tankage supplied good prote111s 

and minerals, as is ahoWD by the data ill Table 7. 

Tankage in this case not only improved the protein of the mixture, 

but also added aome muoh neede4 minerals, especially lime, through the 

bone which is oontained. Tankage did not greatly improYe the Titamin 

con.tent, henoe aeTeral of the pigs became slightly at1f'f near the end 



Ration 

Ta'ble 7. The Use of · Tenkage, .An Animal Proteill, 
in Balancing a Grain Mixture Fed in Dry-Lot* 

Anrage of One Experiment, Seven Pigs Per Lot 

ATerage :ATerage :Feed. 
lengtb. or :daily : required for Mortal-: 
exJ?!rimen~ :5!1U : 100 lba. 5!1n: 1tz 

No. 
Grain Jllixttll"e 154 days 0.49 lb. 526 lb. 3 

Grain minlll"e 
and tenltage 15' days 1.02 lb. 432 lb. 0 

*Both rationa haTe the same nutritiT-e ratio. 

Table a. Yellow Corn Compared with Wlli te Corn 
ill a Grain 111:nve Conta1ning Cl:roun4 Limestone 

Jed in Dl7-Lot 

ATerage of One Experiment , Fh·a Pigs Per Lot 

25. 

Laaeoaa 
Stit'tuas 
Pare.lzsis 

Bo. 
2 

5 

. ATRe..ge Aftrage . Feed state ot . . 
Ration l.ength of daily Required for thrift at 

•!,P!rimen't gain 100 lbs. gain end or trial 

White corn in 
grain mixture 139 daJS 0.85 lb. 465 lb. Fair 

Yellow corn ill 
grain mixture 139 days 1.12 418 lb. Very good 

ot tbe trial. Fish meal had llllOb. the aam effect aa tankage. 

'l'a'ble a is giTen to show the ditteren.oe in results between. the feed-

ing of yellow aa oompar•d with white corn in a grain mixture. It shows 

the record or two amall groups ot piga, one on yellow corn and the other 

on wbii• earn 1:n the grain minure fed in outdoor, brick-paved. pens. · 



'!'he equiTale:nt of Titemin D waa therefore supplied by sunlight• but 

more or less ~p:e-'l'teotly on account of mach cloudy and raiD.7 weather 

during the fall end early winter. The rations were not ideal with 

respect to the proteins. minerals. and vitamins or vitamin equtn-

lent, even for ·the yellow corn lot; nevertheless, · the pigs grew sur-

prisingly well. 

2? 
Kelly, in feeding pigs two to foe months of age, found that 

the addition of potassium iodide to a cereal ration led to an in-

26. 

creased assilrdlation a:nd retention of nitrogen. end phosphorus. There 

also seemed to be some eTideno• of an increase in the retention ot 

calciwn, although this seeme4 less definite. 'l'h.e amounts of iodide 

neoesea.ry varied 111 th different 1nd:i Tiduala and was taouglt to depencl 

on the type of cliet fed prerioua to the experiment. 
28 

Bohstedt has found that the addition of certain feeds rich in 

minerals and 1n Titamins and the adc1.U1on of :minerals to a grain ration 

increased the daily gain and dee:reaaed the •<>unt of' teed necessary to 

produ.ce 100 poWlcls of gain. 

2"Francia o. Jrelly, The Influence of Small QUantities ot PotasailUll 
Iodide on the AssiJBilation or Nitrogen, Phosphorus. and Calcium in 
the Growing Pig, Biochemical J'ournal, Vol. XIX. 

28 
GustaT Bohatedt, et al., Ohio Agrioulture.l Experiment Station Bi-
monthly Bulletin No. 3, May-.rue, 1927. 
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Gain in Weight and Coat ot 100 P9U11ds 

Ge.in 1n Weight of Swine 

2.9 
Howard says that by chemical analysis and by work at 0th.er 

stations, it has been shown that tankage and l,inseed oilm'1al are r.ioh 

in phosphorus and that takage and alfal:ta are rich in o.alctum. Corn 

is known to be def'icient 111 both or these minerals .. 

A ration couistiag or yellow oorn, tankage, 11.nseed oil.Jual, and 

alfalfa :meal contain these two minerals, at least in :mo4ei-ate aounta. 

However, .1t was not known with cenainty whether the additioa or scae 

mineral aupple•:at supplying calcium aa4 phosphorus would iDl:prove this 

ration by produeillg a bone with a greater breaking strength and whether 

larger daily gain.a are :more ee-onomical game to be obtained. Could too 

large quantiiiu ot a mineral aup-plemeat when feel in a ration o:f th1a 

kind pNYe harmtul, was another question whioh nee4ed aanering. 

Aecor41Jlgly it was decided. to aelt-teed pigs a ration consisting 

ot these teeb in. orcler to a~ablish th••• points. The results are 

eon as follow: 

Lot I, reo.eiYing the basal ration alone, made a c1aily gaiD of 1n2 

pouacla with 43Z, 56 pounds ot teed. 'baiDg required to produce 100 powida 

ot gain. The eost of 100 pounds of gain for lot I was $5.63. 

Lota II, IV, end V made an aTerase dally gain greate:r than thai 

of Lot I. Tlle remainder of the lota, all of whiob i-ecei'n4 the ••• 

baaal ration '.bat. with t.he addition of the bonemeal, consumed less feed 

and the ooet or 100 pounds of gain•• lower. 

29ilowara, !It· .!!!·, pp. 40-46. 
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Lot llI, which received f'1Te pounds of' bonemeal min4 with 100 

pounda or the supplement, •d• the pooreat showing of any of the lot a, 

with the eiception ot lot I. lbweTer, the addition ot thia Jllinaral 

aaTed 2.1• pounde ot protein aupplement. 

Lot IV, recei Tiag ten pounda of bonemeal to 100 pouda. ot the 

aupplemat, ·require4 mere feed 4uriag the expvlmnt than the other 

lota reoeiT1ag the boaemeal. l'foweftr, the protein. aipple .. n.t col1All8d 

waa low. The oheapest gain made by 07 o:r the lots 1'88 made 'b7 lot v. 

Thia lo~ ma4a an eTe:rage daily gaia or 1.78 pollllda, with a feed re

quiremnt ot sea. 59 peun4a tor 100 po\lllda ot gain. 1'11• em.ouat ot pro

tein aupplemeat OOJlS\11184 'by this lot waa the lean oonawae4 by aay lot, 

Lot n, which obta1Ded ita 'boneaal tree choice inateacl or haTing 

it mixed with the .upplaet, made an aTerage claily pln of 1.,0 pounds, 

which wu leaa than that made b7 lot I, 11Lioh reoeiyed n.o mineral aup-
- ' 

plement. Lot VI req11lred 23. 91 pounds l••• r .. a. to produce 1.00 pow:ula 

ot gain tDJ1..ll lot I. J'or ea.ch 100 pcnmde ot pill the a441t1a of 2.96 

pomida ot bonmeal aayed 2$.9'1 pounds of tee4. 

The addUlon ot bonemeal to a :ration as n.a te4 here aeuia to 

he.Te ao ettect upon the anrage 4a11:, gain. bu\ the a441tion ot bone

meal to the ration deerea&ed the cost ot 100 pounda ot gaia. Table 9 

givea tbe data :relatin to 1ibe gaiae made an4 to the :teed eonaUIIIJ)tion. 

Henry anti llorriaon'° state that it pip are feel well-lNllu.ucl 

ratio:aa on auoh paaturea a.a altaita, clover, or rape, goecl reaul'\a 

will be secured without adding an7 m.111.eral a.uppleant except cOBmOn 

30w. A. Rel'lry- u4 F. B. Morrlso:ll, J'MM u4 ::reedhg, Abridged E41t1oa, 
p. ~'2. li29. 



Table 9. Rations Jed, Qeln 1n Weight, 
and Coat ot 100 Pounct. ot Gain in Swille* 

; Lot I : Lo\ II : Lot Ill :: Lo• l1' : Lot V : Lot VI 
. J3aaal Rat ion 

Bat ion i 1 2 1/2 u,a. : o 11,a. : lO ll>a.. : 20 lba. : 
Ho mil'l-: a1Deral : mineral 1 mineral , mineral : Mineral 

Self-fed ; •ral : to 100 lba.s to 100 lba.: to 100 lbs.: to 100 lbs.: free 
----------=-=- _______ : auppleme~t _ _J _ppplemuat : auppl$nient_:_i,_unlennt : choice 

N\IJll.ber hogs to lot 10 10 10 e** 10 10 
Humber daya te4 70 ,e ,, 75 75 75 
'l'ot-1 initial weight 114$ 1118 118' 927 1154. 10f6 
Total tinal we1ight · 2435 ~2 2418 1992 2499 UM 
Total gain in weight 1292 130ft l™ 1065 1"5 l.a?S 
Average initial weight 114 · 1115 118 115 115 10'7 
ATerap tinal weight 243 246 242 2'9 2'9 234 
Aftrage gain 129 130 124: 18! lM 128 
Averap daily gain 1.72 1.73 l.65 l.7, 1.79 1.vo 

' ATerage : Corn 516 498.8 498.9 114.25 478.7 
total : Pl'otein 
teed ' . Supplement 41.3 30.'113 5'1.535 30.55 27.2 ' . 
00ll8\11118d · : JUnenl o.o .787 1.966 3.35 6.8 

'l'otal 560.1 530.SOO 537.300 547. '16 512.'1 

ATerage : Corn 6.89 G.65 6.64 6.8' 6.18 
: Protein 

SUpple• nt • 57 • '8 • 4:t • 40 • 36 
Mineral o.oo .01 .02 .04 .o~' 

Total 7.-46 -- ~ 7.06 ~-- ~7.15 7.27 o.~83 

- Continued -

482.1 

38.0 
:s.e 

5U.3 

6.,3 

.50 

.05 
6.98 

!8 



Table 9. Oonl1nue4. 

Lot I : Lot II : U>1f . .X-II' ~_;__ Lot. 'ff • Lot V 1 Lot VI 
Be.•al Ration 

Ration i : 2 1]2~Tbi: : 5 lba. :To lba. : 20 lbs. 
: No min- : Jld,a•ral : 111Jter9.l : mineral : mineral : Mineral 

Self-fed : e:ral : to 100 lbs.: to lOO lbs.: to 100 lba: to 100 lbs.: fl'ee 

Feed . Go:rn . 
required : PJ'otein 
for 100 • Supplement . 
pouad8 :· Mineral 
pin • Total . 
Cost of lQO poun4a 
gain*** 

: : n.glemen, ; au.plement s . suppl••~t: sunlement ;: ohoioe 

"°o 383.6 401.6 

33. CS 2&.6 ;50.l 
o.o .6 1.5 

433.$ 40'7 .8 433.2 

$6.6$ $5.16 ts.st 

386.6 

22.6 
2.15 ,11., 

$5.20 

357.2 

20.2 
5.0 

882.4 

$4.a, 

3'16 • . 9 

29.6 
2.9 

<lOi.4 

$5..32 

*B<>uree; Maurice B. Bowe.rd, Th• Effect of Mineral on the Size and Breaking Strength ot Bone 
in Fattening [31rine, Oklahoma Agrioultural and .Me·ehanical College, Master" s Thesis, 
pp. 40 .. 46, 1931 

**Tb.is lot or1g111'1lly contained 10 hogs , but due to sickness two were removed. The teed that 
they ate was oomputed. and nbtracted. :trom the total amount oonsume4 by the lot. 

•••reed prices used 1n figuring oost of gain are as follows: con 65s1 per iuehel; tankage $70. 
per ton; linseed oilmeal $60 per ton; alfalfa meal $36 per ton; and bonemeal $50 per 
ton. 

~ . 
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salt. I! then 1a plen'\.7 or skim ailk, buttel'milk:, tukage, or tiah 

mal f'e4 to l>alanee the ration, then may be ao ad't'antage whataoner 

1D ad.41.ng a mineral appl••nt to fwnlah add1t1ol'18.l. oale1um or :phos

phorus where awille are on pasture. 

When tl:lere 1• aJl1 4uaer of a lack or ealoi • or phoaphorua in 

the ratt.on., a mineral auppl••nt ahoul4 l>e f-ed.. Calotum. ..,- 'be tur

lliabect by finely gi:a.und UMatoM, woo4 uhea, clalk, ateaaect 1:>ouemal, 

or groWld rock phosphate. 1h• lAn ho· apple.us alao f'Urnlah phos

phorua. Om•u.lt to on pou4 of one of· these mineral aappl.._n,a may 

be mixed with each 100 ,O.Wl4s of' eoncentratea, if oe 1• fM4tilg groun4 

eon~ntratea. When shelled oOl'B or ear corn 1a tec1, auoh a mineral 

mixture •• ou of •he tollowia.g allould be te4 ae,a.rately iD. a boz· or 

self-feeder. 

1. Equal pane lay weight of grcnm.4 ltmeetollB u.d alt or equal 

part• wood aahea au. aaU. 

2. lqual pans ot ground liDMtno:ne, salt, u4 either bollemnl or 

bon.e'black. 

S. Eq11al parts or ei t.her bo .... al or bone'black and one part tank

age tor fla't'Oring. 



10.nerala markedly increase t.he denait7, the th iekn••• of wall, 

the hardneae and breaking atnngth of bone•, 

'1'he addition ot bonemeal to the ration. resulted in • slight in

crease in b:reeking atrenph e.nd a alight tecreaae 1n c1roumterence ot 

the iibta. 

When a ration oom.pese4 ot yellow corn, tankage, liaa••d oilmeal 

ud a].:f'alf'a me.al, the a4d1'1oa o-f boD.emeal cau:aecl lit\l• e:f'teet- on th• 

~mumtwencee ad 'breaking •trength of tile bou. 

lh1le the addition of mineral auppl811$ata to a rat1oa or con.,. 

linseed oil.meal., m14dl1np, and blue-gn.aa paa1iure, baa no great or 

certain. effect on the rate or eoonomy 0,f the gains se.cured, U aoea 

distinctly prod\J.ce denaer and probably atronger bones. 

Pigs be.thed b. aunligb:t in the open made better gaina ancl grew 

deuer and ~tronger boa•• than pigs fed the see rat.ion• but kept tn

doora.. 

Sti:f'f'uas in Swine 

The eT14enoe f'llrnuhecl by chainl aa4 patllologioal at-\14bs 

aho•d tb.at atiftn.ess 1n pigs aoaeUmea •• a ruult of 1nedequ.ate 

mineral• in tu ration. 

Pigs. are apt to 1.aeur stwit.ed gi-o1Rh, sti:tf'u.aa, po8*:•rio11> par

al7ais and deeth where proper minerals are not :fed. 



Ground limestone added to a grain mixture of 111h1te °'om-. wheat 

mid411nga, lin8M-4 meal, and salt, atimulatecl gronh 8.Jl4 prevented 

posterior paralyaia. 

Pasture pnved the one lHlst practical correotiYe at a e;ra.1n 

ration. Pasture :f'ura1she-4 abundant vitamins, easily assimila'-d llWl-

era.ls, and ta..-orable proteins. 

A grain ration fer pigs in the wi.Jlt.el.'. or in dry lot feedin& is 

wu,atisf'actoey b~oaua• they lack ,ae proper qounta or the right ldnu 

ot miuerals, Yitamiu, and proteiu. 

If mineral atnv.• an ult-fed, the .tree oftertng ot ooal alao 

During the period o:f' growtll :tram the time pigs are lS weeks old 

until they are 4:0 to 4:3 ""ks 014-. the percenage of total phoaphoru 

in the skeletg 1a inereaaed about one-half, and that in the entire 

body ie 1norease4 about tbree-twatie~. 

or fifteen or ponil>ly :more mineral elemeate. 

Abou:t 85 percent ot the uh of boMa 1a ealoitlll phosphate. 

One to two percent m1J.18ral 1n a swi.D.e ration is auf:f'1c1ent. 

A supply of minerals should b.e k•itt ltet'Gre swine al ill t1mea, aa 

minerals and vUamina greatly improw th• grain ration. 

blood an.d the lympth, this being es•ntial for the normal action of 

the body cells. 

' ' 
" 

' ..... : : 
: .. : : . . ~. 

C • 'e •', • • 
C c; , e • • e 
;- , . : . : . . ... 

.,• .... .... 
. . . . ' . . . . .. . . . .. : .. . . . . . ... • .. . . . . - '' 



34. 

Iodine is :aeceasary for the proper growth of the body, and. its 

addition to some ratione will cause aa in.crease in gain, but it is a 

matter of geographieal importance. 

Coarse an4 gritty mineral substuoes are more palatable to pigs 

than finely ground substances. 

Cereals fed alone, and. especially corn, do net provide eaough 

calcium to permit any couaidera'ble retent.1on o:f \his el.e .. nt :for the 

bone and tissue growth. 

Gain in W•1ght an4 Cost ot 100 Pouat\a Gain 
111 Weight of SWine 

The a4dit1on ot aalt to a ration will pay greater d1 Y1den411 then 

the ad4U1on ot any other mineral. 

The greater ~ ot the oost ot p?"OduoiDS pork lies in the teed 

oona\111184. Th• q-.ntity or teed reqw.rec1 tor a unit or gain 1n weight 

varies greatly under 41:fi"eren.t oond1'1oaa, anJ U ia mater1allt lessen-

ed where one hu healthy, thr1.f'ty pigs, uae.a good panurea, giws ac

cess to minerals and ha.- su.tticient protein teed to balance the i'tltion 

'J!he add.1 Uon ot bonemtal to a ration decreased the amount ot tee4 

producing 100 pouncla ot gain. 

Con alone is a high-priced t .. d. Protein and llliDen.ls must be 

added to make an economical ration. 



CONCLUSIONS 

Tlle soils or OklahOIIII. are faat becoming depleted in plant t E>od 

elemuta such aa calcium, phosphonus, and ~her plant foods. 

35. 

Small grauus. cereals and other plants fe4 ewine are alao becom

ing more def'ioiu:t 1n the•• elell8!lta aa the .oils are depleted ot 

their mineral pleat tooda. 

Today o:ae of' tu moat aerioua lo•••• auttere4 1>7 hog raiser• and 

shipper• 1a oaused by hogs beo-1.Jl& crippled., leg bones fractured, 

'Hriebrae fractured, or ligameate torn, directly due to a lack ot min

eral.a in tu rations to p~uee strong boned hop. These losses are 

annually coating hog ra1aer• and shippers <>Yer three and a half million 

dollara, u 8hon bf t:b.e alaupter records. 

The mon urp.nt .aee4 tor mineral matter by tara uimals 1• tor 

aalc1um and phoaphoru. OTer 80 percent ot the mineral matter re

tained. in the bodies ot growhg u.1mela is eal.ei\JJB and phosphorus. 

Minerals ahoul.4 be a4de4 to a aow's raUon t.o produce strong pigs. 

Not OJlly will mineral incnase the size and strength of pigs farrowed., 

but 1 t illereaaes eel etrengtheu the boaee ot the pip farrowed. 

Today we breed our son tor two litters a year. a spring and fall 

11tt,er. '!'hen these pigs are crowded to reach the market at about six 

months of age, •1gll1Dg :fJl'Om 200 to 250 pounde in this short period. 

This f'orced growth requires strong bone framework to carry the night 

to market. With this toroillg conditio:m. u.4 depleting of' our soil• of 

calcium and phoaphorua w ca.a expeet oontiaued difficulties :trom bone 

wealmeaees. 



MiJleral lllltter 1• requ1racl for maintenance of Tital body funetiona 

aa4 growth or strong 1",ae. A de:t'ioieno7 1a siJJ.erau leads to lUlthritt

ineea, p()Or deftlopMtnt, ud cliaean• auch u rioketa, depleted appetite, 

and paralyaia. 

Tlla eonen1Ye tor tuH oon41tlou n ... not a o. expeuiu min

eral ainure. Bou tlov a4de4 to a bual ration ot groUD.4 oorn, flour 

whnt at4AU:•p, l1it .... c1 ••l boawal ..a aalt ncreaae• ti- 'breakin& 

atreagtlt ot th• fellllll! oftr IO pereent. 

Skbl llilk 1• higlt ill m1nUala Gd oae-halt pllon a ••1 per pig will 

auppl7 all t.u mineral n•••narr. 
Caloilllll lU1' be n.ppU.e4 in the ton. or '°11. ... &1 or oalo1a. oarbon

a-ie. Tllo percent or eltur of the a-.Ow a4cle4 to the ration 1a suttie-

1ent Jll:Jlftal P8!" pig .daily. 
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