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I 220Dy ClIon

The ..odern deiry cow nas becoune esuch sn efiicient
mil..in: maciiine thet the ordinery feeds cen no longer sunHly
celciwa and »Hhosphorus in guentitiecs lerge enough to ieep ler
u» to zull Hroduction. 3oth elenents sre needed in relative-
ly large cmonwmits by thie enimel bocye Ynis need is intencsified
by iuncrcase in growth, by lccsetion, ena by preansncy. avout
three=Iourths of tne esh of the Loay is ceslcium »ho.nihcte, gnd
as the aninsl incresces in cize the reed ior celcium and nhos-
viiorus in the feed is incresceds A heavily lacteting cow
gunplieg a large sowt of celeium end »nospaorus in tue wilk
gs il conteins both of thiese eleients. The work oi rnioct
investizetore Hoiuts to tie iect tiet during Leevy milk produc-
tion “..ere is & lose or cszlcium end snovaborus froa the bLouy.
Also the woly of & new born calf weigning eihity »nounds con-
teins according to Ickles end Trowbridge, avrut £.8 Douunde of
mineral matter of which three-fourtiis is celeiwnm and pho¢ shiorus,.
Tiiese elenente .uct be iurnirhed by tire @othier gud sads to the
gmount re uired in the feede.

liost of the rougusges cild esgecieily tLe le waes coutein
celeiwm in sLundoneo. Cotsonseed nesl, lineeed oil eel, wouest
bren and in fact nearly £ll concentretes heve relatively lsrge
en unts ol oHwossuorus. he ordinery enimel on a well belsiced
rasion of greius cic lerwie ey nrobsbly Lec »lenty of czlceiun
and phosohorus in her diet.s It is differcut, inowvever, witin a

hesvily lactating suinsl, The sunply in the co.awou fecds is



not ensuzh to meet her re uiremeutss “ncre is a ueed for
gsunnHlouents wouich heve a Ligh wercentege of both celeium =nd
dhocshorus,

Bone meel and raw rock sHhoepiicte sre two miluercles which
contein an abu.dance of +iese eleieits. Sone mesl ig & o=
c:lled oracnic cources DBon mesl is a by osroduct of tie aeed
industry end c:n ve gecured fron nac.uing houces only in Linited
cuantities, CTnis :icies bone .ie2l & relavively exnencsive
sun le.icutes 2a w rock phosyvnete is en inropinic soarce of
celcium and Hhogpiorucs, It is simnly the natursl roci very
finely ground. The cupnly of rew rock pho:rete is rectic:Llly
wilimited cund ie taerefore inexnencives If tl.ere was not
difference in the feeding value, raw rock .hosgniiete would be
e auch cheeper suv_lement tien vone mecl,

o work vith deiry covs Lad been Goune directly cownsring
vone :eel enda rew rock vhorpliste end vais exserilent was uuder-
teiien in order o deteriiie the rclative availavility of the
calcium end pnoespihorus of wne meel end rew rock pnocphste vhen

fed to lactating deciry co s,



REVIEW OF LITLRATIE

Calcium &nd phosphorus esre considered the limiting
minersl elements in enimel nutrition, eince they are present
in the body in much larger guentities then eny of the other
elements. Larger smounts of both sre loet from the body
during the normel life »nrocescesg; and probably the mein uce
of mineral supplements such &8 raw rock nhosphete and bone
meal is to renlace the celcium end phosphorus that is used up

in tixie waye.

Normal Functions of Cslcium and hosphorus

Calcium and Phosphorus of the Skeleton

About three=fourths of ll the ash of the body is
calcium phosnhate. (21) About five percent of the live weight
or twelve percent of the dry weight of the carcass of the ox
is celcium phosphate. (86) Lawes and Gilbert have made the

following analysis: (60)

Half fat ox Fat ox Calf
Calcium 1,508 1.281% 1.177%
Phosphorus 0,803 0.677%% 046707

By far the greatest percentage of both calcium end
phosphorus is found in the ekeleton. Probably 99/ of all the
calcium and 85, of the phosvhorus of the body are found in the
bones., The two elements make up about 90,0 of the ash of bone.
(42) They are lsrgely combined, seven-eighthe of the boune ech
being phosphate of lime. (21) Besaunis found the following

compoeition of bone:



Lime 37458
Phosphoric Acid  53431%

Hart, licCollum and Humphrey of the Wieconein ttation
(34) have shown that the animel skeleton acte ss a reserve
storehouse for mineral matter supplying celcium end phosphorus
when the amount in the feed is below reguirements, in order thet
the metabolic processes of the vody mzy continues Under such
conditions the calcium of the flesh and other soft parts of the
body remein as high as in aenimels liberally fed with these
elements. Theege investigatore found that a cow fed a ration
deficient in calcium during three and one helf months gave off
5.5 pounde more calcium in milk and excrement than wee in the
feeds This was fully 25, of ell the celcium in her btody, in =
cluding the skeleton, at the beginning of the triel,

Forbes and associates (23) showed that liberal milk
nroduction on common practical rations, fed in sufficient guan-
tities to maintain live weight snd cause reguler nitrogen and
sulphur etorsge, csused consistent losses of celcium, negnesium
and phorphorus from the cow's skeleton. Losees occurred in
gspite of liberal suppnliee of these elemeuts in the feeas. (24)
With a ration of common fecds chogen to provide maximim supply
of minersl nutrients £ll celcium, magnesium esnd phosphorus
belances were negative. With incresse in these elements oy
increasing the food consumed and by addition of celcium cerbonste
and bone meal g1l celcium end ell1 but one magnesium balance re=-
meined negetive, the phosphorus balance, however, beceme positive.

These experiments indicete that minersls are normelly



removed from the skeleton during libersl milk ovroductione.

Later studies at the Ohio Station (25) save no evidence
that the limited utiliza%ion of celcium compounds is due to the
difficult solubility of celcium compounds in the retion. Celcium
lactate, celcium chloride, and precipitated bone phosphcte, 211
gnluble comnounds of ceslcium, were edded to the retione without
mexing the celcium balence vositives During this experiment the
vhoephorus balenceg were negetive,

All of these experiments show that it is & normel function
of the skeleton to give off calcium end vhosphorus during liberel
lectation,

Thie loes of minersls seems to take :lace until the im-
pulse to secrete milk has lergely spent itself after which a
retention begine to take nlace. Forbes end associates (R7) ehowed
in a series of studies that in 49 negative belances of celcium
during liberel milk production, without one exception, the animsal
began to store calcium &8 soon &8 the milk nroduction had de-
creased to such an extent that the celcium outgo did rot exceed
their capacities to asgsimilate celciunm.

lleige and Voodward (8l) found thet milk cows store large
emounts of calcium &né phoephofns during a dry period, if they
are properly fed.

It appears from the resulte of sll these investigetors
that the skeleton is msde up largely of celcium &nd phosphorusg;
that both of these elements are stored in the skeleton during
growth and neriods of rest from lactation; that during heavy milk
production the animel uses up part of the ceslcium end nhosgphorus

of the skeleton.



Calcium and “hosv»horus in QOther Tigcues

Both celcium and phos»nhiorus ere found in other tissues
of the body. Thosphorus ie found in relatively lzrge guentities
in muecle, brein, nervee, liver end lungse. Gilbert and 2osternsck
(Z2) estimate the totel phosphorus of the humen body a&s 1030 grems
P>05 @t midéle life, Thie 10600 grems ie made up of ebout 14C0
gramg ir the sgkeleton, 130 greme in muscles, 12 greme in brein,
8 grems in nervee, 10 grams in liver, 6 grems iun lungs,and ebout
4 grene in blood. Calcium i8 slso found in these tiesues but in
much smegller quantities. (28)

Calcium &nd 2hosphorus in Liilk

Very large quantities of both calciuim end phosphorus are
conteined in milik, This accounts for the enormous drein on the
celcium and rhosphorug of the skeleton during libersgl milk pro-
duction., The phosnhorus occurs mostly &8 nhoenhstee of cealciun,
maguesium, and eluminume. (40) Celcium occure as vhosnhete,
citrate and caseinate,

According to various authors the content of lime and

phosphoric acid in cows milk is as follows:

Author % Cg0 % P05

Barge (1874) 0.1599 0.1974

Schrodt & Hensen (1885) 21.45 <% of ach 24.115 of ech

Trunz (1903) 0.1524 0.1821
0.2841 0.3284

Jensen (1904) 042831 041983

Babcock 0.14C0 0.1700

Kstagama (1908) 0.1670 0.2160
_ (Average composition of
milk of improved breeds)
0.1780 062225

(Average composition of
milk of natlvenbgﬁjﬁc'

PN R T Y



The percentage of celcium and phosphorus in milk is
subject to but little variation. Some authors note (1ll) success
in increaeing the cslcium content of milk by eddition of celcium
salts to the retione An incresse in the smount of celcium and
phosvhorus in milk, however, is hardly the purpose of the feeder
in sdding mineral supnlemente to the ration. The velue of these
feeds lies in tneir ebility to supply enough ceclcium and vhog=-
phorus to meet the normel demend and thus prevent the loss of
these elements from the skeleton.

Calcium and Phosphorus in Blood

Calcium and phosphorus are aleo importent constituents
of the bloode 2Phosphorus is present a8 potassium and celcium
phoephate and inorgenic combinetion &8 vhosphatides and
neucleoproteins or nucleins and according to Penella &8 phos=-
phocarnic acide (29) ULecithin was found by CGobley in 1851.
Calcium occurs in blood serum a8 Cg(HCOz)ge (63) Other forms
of calcium are present but in emeller quantities,

The analysis of blood &8 found by several investigators

is as follows:

0x blood Bull blood

Corpuscles Serum Corpuscles Serum

(1) Parts per 1000 of blood Pp05 0.2392 0.1646 O, 2360 0.1560
" 1000 v " Cg0 0.0806 0.0720

(80) 9.6 - 9.8 milligrems calcium per 100 grsms blood plasma

(67) Oxen 6.43 milligrams celcium per 100 c.c. whole blood

(8) 0x blood 7.82 milligrems calcium per 100 c.c. whole blood
In humsn beings the aversge cslcium in the blood is

between 9 and 11 milligrams per 100 c.c. whole bloode. (39),

(60), (10) 1In rate 9.5 to 10.5 milligrems per 100 c.c. and that

of phosphorue 7 to 8.5 milligrams. (57)



The amount of phosphorus in both the placma snd the
corpugcles is extremely variabvle and depends to & large extent
upon the emount availsble in the feed. Celcium, however, is
quite constante. (53)

Calcium and vhosphorus may both be used for specific
purposes in the bloode For instence, celcium is neceseary for
clot sing of the blood, &and slksli compounds of phos,hates ere
of great importance in maintsining elmoet constent reaction of
body fluidee. It is doubtful, however, if the feeding of minere s
conteining celcium and phoschorus can effect these functions.

It ie the amount of celcium &nd phosphorus that is being carried
by the blood to replace that lost from the tissues through the
normel life nrocesces that may be affected by & diet rich in

calcium and phosnhorus,

Effect of Distrubance of Calcium

or Phdsphorue lletaboliem

An inesufficient suprly of either cslcium or phosphorus
or a disturbed metabolism of these elements mey leed to a number
of pathologicel changes.

Among these osseous cachexia, rickets, end teteny ere
the most imnortente.

Ocseoug Cachexia or Osteomelacia ( In Humen Beings )

Osteomelacia of domestic enimels differs from humnen
osteomeglacias, In humene the diseese 12 of en entirely wiknown
ceuege (30) One of the nrominent symptome ie en ebsorption of
celte from the bone end their revlacement by tissues not having

the normel content of bone seslts, There is usuelly & nmeried
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loss of minersl metter generslly, of celcium, & less merxed
loss of phognhorus, end & decided increese in megnesium., (83)
A moderately severe cese studied by IcCrudden (79) shoved that
the reletive emount of inorgenic mettcr of the dried Lone wes
2875 compared with 48-1/25 in normel bone. The cslcium was de=
creesed to nearly one-helf its noruel velue, while tue relstive
amunt of other minerel constitucnts was increcsede The ons
was two-thirds normgl, e&lthouzh the rstio 9205 : CaO vias
greater then normale. Nagnesium incressed fourfold and sulphur
increesed nearly fourfolde. 7The rclative increegse of inorgsnic
constituente other than celciwum was grecter than co ld be
eccounted for by simple decalcificetion. LlcCrudden ascsumes that
thie is a menifestetion of the orgenism to sup-ly other metericl
to replace CaHPO4.

The method by which these chenges tegke place, &8 stated
by Pommer (91), in 1885 is through a continuocas building of new
lime~free bone tiesue, & cessation of the deposition of lime,
and a locel removel of lime from the parts conteinins it,

Forbes etates (Z1) "While the czuse of the deposition
of the selts in bone is not definitely known we must admit: (1)
That there resides in the osteogenous tissue sone properly‘which
scts like an affinity for the bone ssltse (2) That this property
tends to maintain & constant proporti on between the sszlts deposit-
ede (2) T.st variations in thé coaposition or reaction of the
blood, as effected by dicease, mey modify the cheracter of this
affinity, es indicated b the composition of the bones, in
definite and consistent ways, even if not to unlimited degrees."

It is apparent that humaen osteomzlacia is nHt due

primarily to the lack of phosphorus or calcium compounds in the



food, nor to too repid growth, preguancy, lactation, or
genility, though neturelly these mey be coﬂtributory or
accentuating conditions, but is due rather to a disturbeuce
of the normel functions of the boue cells.

Osseous Cachexia or Osteomalacia ( In Domestic Animels)

Osteomalacia of domestic animels, however, ie due
principally to the deficiency of the food in bone forming materisl,
although it may be due to & lack of correct proportion between
the mineral elements, bone-forming or otherwise, contsined in the
foode (30) The condition is eesily curables The principel
predisnosing factors are pregnency, growth, lecteti-n, stervation,
and unhygenic condition. Bone mesl and raw rock phososhete may be
of great value as preventative or cure in regions wiere the
disease is prevalent.

Symptoms The syaptoms8 of the disease in domestic animels
cen be divided into four plhieses:

Initisl phese. (84), (90), (105), (96).
Irregulerity, diminution end sometimes
perversion of ep.etites Loss of epirite. Some
interference with movement. Tendency to remein
lying in the steble. Thie phase of the disesase
is seldom noticed except in = region where the
disecse 18 prevelent. The second phase, however,
is more noticeable,

Second phase
Difficulty in rising. \hen standing still
patient mey seem to be in psin. The leest
muecular effort when lying down mey ceuee it

to moen. Iiegkness becomes merked and apvetite



very irregular. <wellinge eppesr, due to
erthritis of extremities. Secretion of milk
diminishes or ceases, and evortion is not
UNCOMMOLL o

7hird phese
Characterized by froactures. XZven the sligutest
musculer effort or violence mey csuge fracture.
These fractures are geldom sccompanied by ex-
ceseive bleedings, and they ehow little tendency
to renegir,

Fourth phease
Softening of the bones, This phase is very
rarely seen in cettle because the accident so
often accompenying the pnreceding stege
necesesitates slaughter. The bones become
elastic, soft, and deprescsible., Bones of the
head are usuelly the first to suffer becoming
greetly enlerged, Osegeous tissue, properly
go-celled, elowly diseppeers,

The development of the disease is slow, lesting one to
two months =28 a rule,

Good milking cows seem to be most fregqueutly ettacxed,
probably because of great losses of nutritive materiel vhich
occur through milke According to J. l. Parzer (90), pregnent
cows sc:m to be the nost suscepitible. In some locelities of
mexas 50;0 of such cows are affectede

Qccurrence. The disease Las been reported emong domestic

eanimels in several countries and regions. D. Hutcheon (49)
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reports diceecse emoug cattle, sheep, goats and horseg over a
lerge srea of Cepe Colony, most vnrevelent on the eacster.cocet,
In Hawaii the dieease occurs ou scils lecking in lime. (17)
Thienesux (Cl) revorts the disease i: cettle, horses, cheep &ngd
goats. In .ueensland osteomelacia is & coudition affecting
meinly the bones of cows and heifers chiefly of deiry sbtcck ard
high -roduacerse. Creeping sicxunec¢s, &8 the diegecse is souetines
cclled, occurs eloiug the coastal plein region during the dry
ceason, (19) and the firet syaptoms of the disease nzy often

be noted in sections of llichiigen., The diteese is comewhct
prevalent emong cattle in sections of liontena. Je. A. Reid and
B. C. 4ston (96) report the disease in sheep ou scile lacking

it limee A Scheumut, A. Schattke and I. Loetsch (101) fed hegy
and oats to horses and osteomelecia sppecreds Lhe hey was some-
what lover in celcium then ordinery hey. No other merxed differ-
ences vere fnunde.

Causes. As Las been stated above thie chief ceuse of
osseous cachexia in domeetic enimsls is g deficiency of the food
in boe forming constituents. It mey, however, be due to a
lsck of correct proportin-n between the minersl elements conteined
in the foode (20) W. Dibbelt fed certein eelts end fownd thet
it is possible to continuously withdrew celcium selts (excretion
inn feces end urine) from the orgenism of a full growvn enimel, If
animels so trecated becasme preguent, the fetus developed nornslly
even &8 regards ekeleton formation. “he loss of celcium sclts
from the orgenism of the mother, however, was intensified end

led t0 osteomeslecis and atropnhy of osseous tissue. =tu.ni (16)
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chows that sdaministration of CaCLz in coneiderable emounts over
loug pericds ceuses an initsl retention of celcium followed by
increcsed eliminetion. The loss is derived cniefly from the
bones end mey reach 15.. Deformestions resultse waich resenble
osteonielacia. 3Both of tihiese cacsee tend to :how tnet the cese
may be an inaprover proportion of minerel elements in the feed.

Nearly £ll cecses of osteomslecia in the domeetic enimel
have occurred on s»>ils lecking in lime and phosphorus or
following the use of feeds deficient in these elements, This
fact backs up the belief of Forbes that the dicseece is due
primerily to feede low in celceium end phocshorus,

Treatment. The treatment of the disease consiete sinply

of eunolying additionel celcium and phosphorus to the ration in
the correct proportions,

lioussu end Doller (84) suggest as a cure the use of
ground bone, tri besic or di basie celcium nhocphete end feeds
rich in celcium end phosphorus. They elso recoummend the use of
cod liver oil, although it mey be expensive. Forbes claimse
that the disesse is resdily curable by the use of celcium &nd

hosphorue rich feeds. J. Eogen (45) cays that lime and phos-

o]

phete sh»>uld be added to the ration. De. Hutcheon (49) cleims
bone meel or bone esh controls the disecse,

All theege results point to the use of minerel euople=
ments as a8 preventitive or cure for osteomeslacia of domesgtic
animele,

Rickets
R.ckets 1s esscutielly & diseese of dietary or-in. 1I%

ie due to 2 leck of devosition of celcium ené phosvhorus &nd



in this wey differs from osteomslacia vhich is ceused by o with-
drawal of them from the slkeleton. According to maeny investigators
e deficiency in the ratiom in celcium or nhosvhorus leads to
rickete. It is therefore ponesible that young snimcle fed & ration
low in one or both of these elements mey develop the discase.

Symptoms. licCollum (70) eays the disease veriee in
severity, and individual ceses preseut pictures which differ in
gome deteil but 2ll of which have certein cheractericsitcs in
common.,. ﬁickete leads to deformity, due to abnormel enlergeuments
of the ends of bones, and to distortion due to beunding beceuse of
the lack of resistance of the bones to body weight, musculer
tension, end to atmospheric pressure. The letter factor is
egpecislly importent in chenging the form of the thorex. 3Bow legs,
knock knees, enlerged joints, flat or deformed cihests, esnd eb-
normel conformation of the ekull, are results of the feilure of
bones8 to develop in the normal mennere.

Rickets ies essentielly a disease of infancy end early
childhood elthough it occurs in children of five or six yeere of
age and even later (-rachitis terda). The disesse may be meni-
fested by the second mmth of life. It is most frequent from
the gecond mn:.th to the end of the yeér. It 18 usnelly accepted
that the diseese is rarely, if ever, present at birth, but since
clinically recognized symptoms may occur very early in life, end
gince the development of the discese is glow, it must in meny
ceseg8 heve ite beginning in the eesrlieet daye of extra uterine
lifes |

Occurrence. Rickets occur chiefly in Zurope and North

america especielly in lsrge industrisl centere where the people

are living in conditions differing very widely from the nsturel



state., Park (89) stetes thet the disegse is so common in tie
lerpe cities of imerica and Zurone thet few children among tle
poorer cleeses ere untouched by it.
iitiology. There ere ceverel fectors thet mey be con-
éidered in the etiolozy of ricxkete. These sre (1) the supnly
of celcium in the rstion, (2) the supvly of phosshorus in the
retion, (3) celcium end phoephorus of the blood, (4) the pro-
portion of these elements in the rstion, (5) the nresence of
an orgenic substance (vitamin D) which eids in their ecesimila=-
“ion, (8) and to these five we might add exercise and certein
kinds of light.
Eifect of ratioiue low in celcium

It has been believed for & long time thet e
lack of sufficient cdeium in the diet is of prime importence
in tie develonment of ricketss A survey of the history of the
disease shows that riczets is most coxmon in those perts of the
world vwhere milled cereegl vroducts, rubere, end muscle meste
form the »rincipel componeunts of the dietsry. 7This type of
diet is essentielly lecking in minerel coust. tuents end vitanins,
end hes repeatedly been shown to be inadequate for t.e production
of setisfactory milk by the lectating mother,

Recent experiments by severel investigstors
have shown that rickets cen be sroduced by fecding diets low
in celcium., (87), (14), (74), (76), (75), (72)

Lffect of rations low in phos»horus

Other experiments have illustrsted tne feact

that rickets mer eleo be developed by fecding rati ns low in

phosvhorue. (87), (1C3), (68)
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Calcium &nd phoye. horus of blood in ricxets
KcCollum and ecseocistes (77) state tuat tiere
ere two m=iu kinds of rickets. One is cherecterized by =«
normel or nesrly normel blood celcium end & low blood rhos-
phorus (inorgsnic). The other by & normel or nesrly nor.el

vhosvhoras but & low blond celciume

[¢7}

The ebove results of different investipators
indicete thet & lsck of either, or e rhecps both, of thece
elemente in the diet mey leed to ricxete, It ie, therelore,
poesible thet an addition of minerel supplements conteining
celcium and phosshorus to the rati-n micht be of velue in the
nrevention of riciets,

The proportion of celcium sund phosthorue in the diet

another factor involving the metabolism of

calcium and phoeohnrus mey e£lso be of importence in the develop-
ment of the diseesse. IlcCollum (09) mekes the following state-
ment: "It would seem from the results of & lsrger nuaber of ex-
reriments now aveileble, thay the physiologicel reletion in the
diet within certein limits between tue two elements (celcium &nd
phoephorus) is of much grester imgortence in insuring normel
celcificetion, then the absolu.e smount of the selts tremeelves,"
He mentions the eeries of experiments carried on by his associctes
and himself and eleo those of Shermen end Papnenheimer (102)
Hess, licCann and Pappenheimer (43) in eupport of this theory.

In discussing Shermen end Pepoeunheimer's work,
McCollum seys (72): "The basel ration employed by these investi-
gators was deficient in c¢<lcium, sodium, cholorin, iron, end

poesibly potessiug, in water-soluble B, in fat-soluble A, £nd in



the orgenic factor »lsyinz a role in the prevention of ric.ets,.
when celcium was added in the form of celcium lactete to the
ration a merxed dieproportion in calcium-phosrhete ratio wss
produced, the celcium being neerly optimel and the phosohorus
very low. Fat coluble A was glmost lacking end the condition
was euch under vhich we should expect severe rickets to develop.
(The suthors reported ricxets on tiis diet) When neither calciuxn
nor pnoephorus was added, the ratio was more nearly ootinmum than
sfter the celcium addition. 2Iiziets did not develop. Lhen
potassiwa vhosphete in addition to celcium lactate vas added to
the ration the cslcium to the phosphete ratio was again more
favorable gnd ricc<ets was nrevented."

In en experiment of LicCollum &£nd scsocistes (71)
a diet conteining about twice the optimum emount of celcium
and deficient in phosphorus and fat-soluble A wes fed to rats.
Very c€evere lesione developeds The diseese depended in severity
upon the deviation from the optimel calcium~phosphorus ratio.
These investigators repeetedly observed that the addition of
excessive amounte of celcium cearvbonste to diets vwhich were
deficient in phosshorus and fat-soluble A induced moest pronounced
disturbences in the growth of the boness -

The effect of feeding a ration conteining celcium
and phospnorus in a ratio opsosite to that described in the above
ratio was tried by Shipley, Park, Simmonds and McCollum. (104)

A diet coneisting of cereal greins &nd legumes did not induce
any growth because it was too poor in celcium. It was likewise
lacking in phosphorus slthsugh not to so marked a degree &8s in

cagse of calcium low in fat soluble 4, and tne proteine were not
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of tne best quality. If this diet was eupplemented with common
gelt, celcium end fet soluble A it supvorted good growth, elthough
the enimels were nnt normel. Without this suprlement the enimels
were €imply brought into ¢ state of nutritionel stavility. They
did nnt grow ena did not develop ricxete, although the bones wvere
not entirely normsal,
The addition of 105 cesein, & phosshorized protein,
enhenced the food velue both with respect to phosphorus end
emino acids, yet when this wee done ricxets promptly developed.
Thie cshowed that the addition of phosnhorus without exceeding a
concentration which is gbout optimum if -wore celcium were aveil-
able, mey ceuce demege when it leaas to en unfavoreble rstio be-
"tween the gquentities of the tvio elementse Wihen calcium sslts
were edded with the cesein the diet wes greatly improved and the
bones tended toward mormel structure.
These results show rather conclusively that the
quentitative ratio betwocen celcium end phoenhorus in the diet
is mn importent fector in the etiology of ricxzetse.
The Mineral Retention Factor

' The third factor concerned in the etiology of
rickets is the so-called vitamin D. This subetence ie presgent
in cousiderable gquentities in cod-liver o0il =nd to & very elight
degree in butter-fat. Cod-liver oil as & folk remedy hLae been
used for meny yesrs but no direct evidence of its curative
ection in rickets had been obtasined witil fecently. MeCollunm
and Simmond® (78) showed that cod-liver »il Eaused deposition
of calcium selts in the bones of tiie rachitic ret. By meens of

the X-rey, Howland and Park (47) showed thet the esdministretion
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of cod-liver o0il to rachitic children wes followed by the
denosition of lime selt in the certilege and bLoue alter a
period of 15 to 21 dgrs.

In the treetmeunt of rickets with codliver oil
reny investigetors heve obteined favoreoble resultse J. Ao
Schavaed (99) fr>und that cod-liver il inciecced retention of
celcium in rechitie, Addition of nhovonorue to the oil in-
creaced the favorable ectisu. 3oth the rlecin oil end the
nhosphorized H~il increecsed tre nhosohorus reteation. The seme
gutuor later found (100) in the uce of rhospshorized cod-liver oil
in rechitis, the partic.ler eclt of celciun fed with 1t cauced
mariied differences in cslcium retention. Celcium acetate ceucsed
retention in lerze desgree, Cclcium citrate ena cclcecium phosghote
did nnt ccuse reteusion. >2hosphorus retention correcnonded to
celcium rete:ition.

Pucklin (98) obtained distiuct inprovement in
a nctient end en incregee in cclcium rete.tion after administra-
tion of cod-liver oil with CaS(PO4)2.

H. Chick, Z. J. Dalyell, il. Eume, He i« ils
llacher, H. He &mith end H. Wimberger (9) observed thet riciets
developed in children during winter end s»nring wider excellent
hygenic conditione wheu receiving a diet coaposed of milic to
virich supar vwes edded. The discese wee prevented Ly =ddition
of cod-liver oil, lesc certohydrates end & sorevhat larger
emHhunt of milie

Se V. Telfer (106), Lowever, fowuid tl:at the
reteution of cglcium and phOSphorué in &u eight mouths old

child was no better on a diet of eitimillic &nid cod-=-liver oil



than osn a diet of c-ow'¥s milk or cow's 2ilk to vhich batterfsat

o)

e been cddede

A series of expcrincute by licCollua end asedcistes
led to their maxing the following couclusions: (75) "Codliver
01l conteing in gbundance sore sabstaice wiich is nresgent in

tutterfet in bubt very elight emdyurte eni vuich exerts & aistincet

e

intluence on bone developne..t aud encbleg erninels to develop vith

en insdeguete sup:-ly of celciuam much better then they conld other-

m

wise doe. Thnie vubstence is gpparently distinct from fet sd>lalle
4 vhich is esseutiel for grovth end vhich ie associsted with the
preventiom of ophthslmia."

Thig factor is &lso thourht to be »nresent in
fresh, green forage a:d to be deetroyed by curing in suulight,

Hart, Stecntsck end Hoppert (326) experimenting
vith cowes and goets showed that miluineg enimsle receiving grein
end dry octs straw ere brougzht invto & decidedly negsetive celeium
belance, 1.6 t02.,79 greme Cg0 deily. Wwhen the dry strew was re-

N

placed by en e:uivslent in dry matter of frecsh, green mestericl
the negative belance was ouly 0.6 greme per dey. another gost
showed a chenge from 1.5 to 2.5 grems CQO to 043 tn 0.0 grsas C.0
per deye 48 the intake was only 8 to 9 grems Cg0 deily a vosi-
tive balance was not expected. Andarciitly there wae something
in tiie freeh, green food vhich affected celcium assimilation.
The ssme investigatore leter shoved that oat
hey dried out of su.light but in a fairly well lighted room
seemed to retain the properties of fresh, grecn octs. (77)

In enother ceries of expcrimeuts Hert, Stcen-

back, Hoppert, Bethxze end Hwaplhrey (78) observed +iet cows
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produa ng 20 to 45 pounds of milk deily fed & ration of graius,
eilege and timothy hey were in negative celcium cond phosshorus
balances Substituting elfeclfe hey for timothy hay, reduced the
losses but did not meze the telence positive. Poeitive balauces
vith liberel milxing cows wee contresry to their former reculte.
However, the glfelfa Ley used in the firet experiment had been
cured under cess, while that used in the latter experiment was
cured in windrovis vith exposure to egir end suulight. These
differencee in the effects of the two elfelfa heys mey be
attrivuted to a difference in the degree of destruction.of the
vitamin assisting in essimilation due to the curring process,

It ie evident from theee results that the sene
fector which is present in cod-liver oil ie glso vprobebly cresent
in some green plents. Not all green plente, however, contein
this eubstance.

The retention of celcium end phosphorus by deiry
cows depends lergely on the vnresence of e vitemin in the hey or
grasses,

Relation of exercise and sunlight to rickets

The theory that leck of exercise is one of the
mein cesuses of rickets hae not been upheld by investigsetors,

Park end Howlasnd (89) snd leter Beldwin confined puppies in
sm21ll ceges for two or three mounthe et & time without inducing
rickete, Llellenby (82) showed that pupries on & properly con-
gtituted diet did not develop rickets when confined in such a
way thet they received very little exercice,

Light, however, has been found to exert direct
influence in offering protectin-n from rickets,

The seasonel variation indicstes that sunlight
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plays & very importent vnart in prevention of tiie disease. Schmorl
(89) made & study of the occurreunce of the diseese and found tuet,
glthough ricxets mey begin at eny time, the highest perceunteage of
early manifestations of the disesse is between November and ilgy
when there i8 the lesst sunlight. Raezynskxi in 1912 (95)
correlated the reletisnehip which exists befween the incideuce of
rickets end lecx of sunlight. He pointed ot that the curve
representing the number of cases admitted to the hospnitel begen
to rise gharply in Janusry, reeched & meximum in liey end fell
rapidly in June. This shows mecticelly the sesme thing ce the
work of Scimorl,

Hess, Unger, and Pspuemheimer (44) fed rets a
diet adequate in celcium but lecking in phosphorus. Rachitic
lesion developed regulerly. These co.ld be prevented by exposure
to direct sunlight.

Powers (92) placed 18 rats on a diet high in
celcium but low in phosnhorus end fat soluble A but in other re-
snects well conetituteds Twelve of the rats were expocsed to 242
hours of sunlight over & period of 62 degys. Six were kept under
ordinary roo.: light as controlse The coitrols were killed efter
60 deys end e£ll chowed ricketss The rats e:zoced to sunlight
were without excention free from rickets confirmed by histnlocicel
examinetion.

Raezyneki (95) revorted an experiment with
puppniee born of the seme mother in liey. One was kept in sunlight
from morning to evening and the other was kept in totel derkmness,
Both pups were nurced excluesively by the mother. At the eund of
gix wecks the two were killed for exeminetion. The one that hed

lived in lieht wae normel wnereas tlie one iept in derknees had
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but poorly sssimileted the minerel esltse necesesry for foraetion
of a skeleton.

The use of light in caring of . ricxets begen with
Huldschinsky's vork (59). He found that under the iniluence of
the ultra violet ray in children saffering from rickets tuere wes
a depoegition of celcium s=lts in the ends of the long bones wnich
were observable in rediogrephis.s Control children wio vere not
treated with the reys showed no improvement,

Winkler, Putzie, Karger; Riedel, Secke, Erlaeker,
Mengert, and Hess heve since corroborasted thie work and have
proven beyond d-ubt the curative velue of the ultra violet rey,

The e ffect of light on celcium assimiletion
seems to be the eseme as the effect of vitemin D. It rniuet be
noted, however, that neither cen prevent rickete if the supply
of calcium or nhosnhorus in the feed is too lowe In rations
deficient in these elements the sup ly of calcium Bnd vhosohorus
mey perheps be xept up by the use of minerel suppnlements,
Tetany

A diseese often associated with rickets is teteny. A
low percentage of blood celcium and ceslcium of the tissues
uguelly accomnanies the disesse., Thig fect supgests the posecivle
uge of celcium rich feecde as a nreventative and cure for tet=ny.
It may e enother cese where raw rocxk nhos hste or boue

meal cen be used to adventege,

Calcium in blood serum in teteny. The diseese ie usurlly

accompenied by 2 lovering of the nercent of ceicium in the btlood

serum, The normel esm-owit &8 mentiouned before is 10 - 11 milli-



grem8 per 100 c.c. Serum., Howland, ilickKim and llarriott (46)
found thet celcium mey fell es low es 3.5 milligremse. The
average of 18 ceses was 5.6 milligreme, Brown, llcLechlen end
Simpson (7) studied 8 ceses of teteny end isund the celciuwm to
vary from 5.7 to 8 illigreiase We Go 1icCollum gund Cerl
Voegtlin (65) showed that the Llood of animels killed in teteany
had about one-helf nor..cl conceuntretion of celciume. F. Fo
Tisdell, 3. Xremer, end J. HZowlend (107) aund A. Orgzler (93)
mention the fect that celcium content of the vlood is mer<edly
low during teteuny.

A reduction of 2.9 %04 milligrems per 100 c.c. of
gerum was found by Peul Treudelenberg end w. Goebels (108)

All of these results show that tetany is sccomnsnied
by low celcium content of blood serun,

Celcium beclance in teteny. Accompenying the low blood

celcium in teteny is very often, though not elweys, & negative
celcium belance,

In four ceses of tetany studied by artzenias (3) three
showed negetive balence of celciume. The fourth patientvshowed
symptoms8 of letent teteny but :.o disturbence of the cslcium
belence,

A. Orgler (97) f-rund a negative bslence of celcium in
meny ceses of tetenye.

Underhill, Tileston &nd Z2ogert (109) pointed out thet
a patient with teteny showed a greeter tendéncy to store ceglcium
on & calciupg-rich diet end a grecter tendency to lose celcium
on & celciunm-poor diet then norusl iudividuale under thie gcme

condition.
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Peteny in iufeorts largely depends on the diet (93).
Potessium end phosphnrus increcse the srmptoms. Celceium end
maguesiun hevesgood influeunce, In sy ccges the c:=lciun
balance is negetive. laratliyroid tetsny and snontaneous teteuny
of infantes €ll chow %ihe scme trype of celcium metebolicsm,.

Pergthrroide end teteon-, Tiiet there ie e reletion

between the rversthyroid zle:ds end celceium in the develonment
of teteny is clecerly crovm Ly & lcrce nunber of enwcerinents,
According to obert F. Lumcer (5¢) the & neereuce of tetany
following the nrzo-frictioning of the nerethyroids is due to

-~

the disturbence of the belence between celcium end the vroducts

<

of metebnlism. The deficit of the cclcita depnrives the cclle
of their deferuce, faciliteting the entrence of toxle »nroducts

vhich give rige to tetany.

B

Paul Trendelenberg eud V. Goebel (108) fou.d in tetany
esalting from porathyroidectony there ies a deionizestiou of

calcium end the totcl celecium of the serun is depresced, ovide:.ce

of celcium deficiency epneers within six nours efter the opereatio..

I. Ott exd J. C. Scott (94) nroved thet remcvel of »e

l

thyroids clone ceuced tetenye. This tetony was not due to & Tgex
of celcium but to a wnoisoin i1l the L1oode

-

vorking with cects Z, Ferzer and . Eline (20) found that

[ﬂ

emell accessory »ncrethyroids ¢

)

n eglvrways be frounde ~These muthorse
renodsved iu forty cets the fonr rrincinel perathyroids., IZffect
was 110t the egave in =11 anlacls, Often acute snd sub-acute
teteny developed which ended fatally; other gninels remcined in
good heslth after the oreretion. 2his wes probebly not due to

the remeining sccessory glonds as trhere was 1o .correspounidence



between their exictaice £:0 “Tne €X.ptolg.
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The cuthors twice treig lented verethrrsids and teasorery
improvenent vas teell,
Ionel Datton Les shoovi tlet gucnidine or metiyl rucniliue

nroduce e;mavoue of tetrnry. The eathoors coeider tetuni en
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intoxication with these coupdwuds re furctiors nere=-

c*

r:7 (provebly osidize) tizume The rood

thyroide being to deg

results followiny cacium trcasnsut ~171ld be due *o the fect

that celcium selts ive & vrecinitate %0 guv:. tiine compounds.
The inteneity of the teteuy wrmld denrud ou the gurontity of

peratinyroid tissue <11 Juauniilne comarywrds iu tiie LodT.
Thie idec 1s& elso neld by oo Ublenhalth (110) vho ¢
J.aug glands secreve & tetony croducing sube
is antaenriized b7 the »norathyrslds, In nsrathiyroidectomized
animels this subctaice na- reduce the c<lciwm content of the
crzexniem, Jhis &lego hwe & Ri1cLly injarious effect on tine centrcl
viervong =retcem, recilting in neracuent cresenandic musonlar con-
traction 2nd poralysis of £lnnst the entire nervous gystem. LLe
most importent fTwicetiosn of *he prrathrroride is to orevent tetesuy
toxin fron rcechinz the coutrel nervous srystem Ly antaponizin: ity

Use of calciwa solitse Caleiwm selts neve been found to

be of grest vslue iu She cure of tetuni,

0) in thelr experiment witi pora-

[V

Parver and linge (:

Ky

thyroidectonmized cets had favoreble resulte from feediiz celcium

2
-

geltse.
Uhleuhuth (110) prevented the musculsr coutrectiouns by
introduction of cclceclum lactate iuto tihie LOGy.

We Ue llzcCollum end Carl Voeptlin (<€) found that the
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administration of celcium selts has en im.ediste end specific
curative effect on perathyroid teteny. %While much of the
evidence pointed to & type of acid invoxicetion the removel of
celcium nmust be one of the fzctors resHrousible for teteny.

Four grems dsily of CaCLO or celcium lectete was found
to decresse tiie s;mhtoms of teteuye (Z)

Both celcium eud niegnes. um heve go>d iufluence in
infen<ile teteny (92).

Howlend, licKim end wsrriott (46) showed cslcium adminie-
tration ceuces nerxed effect on the course of teteny. In & few
hhurs the s mptoms diss>rear, Celcium must be continued for e
long time. CaCL2 edminietretion per os ceguses &n iucrecee in
celcium content of the serum coincident wit. cessetioin of
gymptom® elthoiugh celcium of the serum does not usuelly return
to normel.

Codliver oil end phosphorus ves glso Hurd to be of
benefit in ceces of tetenye. Xight cveses studied by Erovn,
MacLachlend end Simpson were cured by &edministretion of phos-
phorized cod-liver oil. The Plood celcium was increeced within
a nperiod of 10 to 17 days.

The recults of neerly 11 the investigetors point to
a distrubance of the cclcium metabrliesm es a cause of teteny.
The feeding of celcium selts seernis to be of great benefit in
telieving the animele from the eymntome, end suggests thet
raw rock nhosshcte and Dbone meel ney be importent in the retion
as 8 preventetive for teteny.

Ion sntagonism and tetveny. Severel investigators hLeve

edveiced the theory thet teteny is due to en irrit-nt effect
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of certein ions. Loeb (62) exnerimenting vitn frogs, fHund
thet when cortein ions cime in coutect vith norves & tetonous
condition reculted, wnile other ioue, if nrescut, tended to
counteract this efiect, =mocium fluori digodium shiocnhet
end phospiete, €odiuwa owclete, ©n iam c¢isreve, coaliun terirete,
end acid sodium cervoncte, or tiie comooaude of soxciwa whoee
enioue form insosluvle cglciun om0 nas., e celcium ions
heve a soothing effect cud ¢ :uteract the sodium iouce hen
enions of seglteg of sodiam mentioned avove come in couvact with
celcium ions iuvolunle cclciuwm comnounds ere formed end tne
scdiwn ione gre left free ©to cecuse irritebility. 0d and H

ions heve a cstclytic gction end eed u» the coutrectini of

'c

-

sodium i-me, «@id thre tetenus of muscles in

ct
(@]

nuscles due
nresec:ie of eodiuns selts mey be due to presence of 0 in the
golution. This echtiori ig counberscted by tre counstent Hroduction
of H.)CO3 by the wmuecles vhich increese thie €0luuility of the
celcium selts. If Od ious cre adied tris effect i1l be corunter-
ected sgcine Alkelinity ceeme to eild rfoliun iosus in >rodaucing
irritebility. The 2dditi-n of CglL, to & eolium citrete ¢olu-
tion stonped tiie countect reachion,

4. Orrler (92) found $het csiciuan ond uequeciun hove
a good influsiice on the symptoas of teteuye D20ta2gcsium and
phosnhorue ssem %o incirecese the irritetiou.

Parhow &und Dumitresco (48) frund thet cclcium secns
%o excrcice a s=detive aciini 21l lierves,

Jogenh end licltzer (5:) using celciam chloride were

able to com letely inhibit £ll irritevilicy of nerves end



nuscle; thie imiitition wee rotply reveressble b sabseguent
nee of sodium chl-ridce.

Seve gl eutlinrs bellicve thiet teteny ic a conditior in
vhich the normel beal-uce betwermn cclceium snd mersnecla on oue
kend end eodiuvm end ~otesciuiy o stie other Leid i1g disturbed
€0 thet the gndount of coleiwa zid meuecium becomeeg relebively
gracller in propnorti-u %o she caonwit of sodiua exnd »nobtascsiwunm,
which ceuces en iuncresse in the irritability of th+ ucrves
eystems (15), (064), (u5)

Tisdsele, iramer g iowland found thet the sodiwm snd
megnecsium content of the serum of ciiildren suffcring from cctive
infanutile teteny felle within 1limite of normele The K content
ie somewhat eleveted. The ceglciam meriedly diminished below

~

normele The retio (Na,x ) : (Cg,ilg) i nerael iufanuts is 27.6
: 1, vhile in ccses of active teteny it is 44.5 : 1. Lowever,
if celcium were to remsin the sasne the ratio w-uld be 27.8 The
chenge in ratio is, therefore, cus glmoet wholly to decresse in
celcium councontration,

The resultes of thege Investigetores point to the fact

ther calcium and megneciun ions hove a srothing effect on the

nervous gystem vwiiile sodiwn &nd potacsium ions ~roduce irritebility

Tetany wnuld seem to be due to the =»resence of mdre sodium and
npotassium than celcium end aesneciun in the vody tissues.s The
feeding of minerel eunnlements high in cclcium mey correct this

condition,

Ccleium end Phosnhorus Reguirements

The literature concerning the ech reguiremente of deiry



cows is yuite fre mentsry end unsstiefectory. 2nics ncies it
difficult %o get eny trustvortiny estimates of the smaunt or
kind of cselciwn enc¢ phoes hdrus con ounds regyuired in the feed
of the dery mnimcls.

The iniluence o fwiction is so greet thet it is
neceesary to déiscuse this subject From & funuctionsl point of
view.

Requiremente for mecinteine:nce

Severel Tectors may csuse & cnelige in the emount of ssh
neceesary in the feed for meiunteining the gsh in the bodye. Arneby
(4) states that "The effort of the body to mcintein the osmotic
préssure of ite fluids by removing a surplus of sorme one ingredisnt
mey bring ab- it eu impoverishiment as regerds other elements and 8o
create a need for a supnly of the letter in the feeds The action
of the xidneys in elimineting surnlus selte e1d €0 preventing an
increase in t..¢ osmunotic nressure ie not confined tothe particuler
galt in excess but extends to others slco." LEe 2dde, "Snell
eamo ints of some &cids tend to escepe oxidation in the vody end to
be excreted in the urine carrying & correcoouding amr»wmt of becse
with theme OQzslic ascid and its sslte are oxidized with difficulty
end tend to impoveriesh the body in celcium by the formetion of
insoluble cslcium oxelete. This scid is listle to be ecspecielly
injurious to yormng ruminants while in meture ruminents it ceens
to be lergely destroyed in the first stomach",. "Long coutinued
mainteinence on ebnormel fecd or under counditions fevoring acid
nroduction in the btody mey recult in extracting from the body

comparatively lerge emounts of minerel matter even to the extent



apperently of brin.-ing aboutv patoologsicel changes., These
fluctuations of bone egch effect the ath ¢ & vnole ena the ver-
cent comnosition of the ssn remeinus &b ut constsut." "with
rationg conteining a lerger wrovortion of roughege t..ere is no
resson to fear loscee either specificelly of fixed beses or in
general of %otcl eshe Such whuld rfluost elveys be the cese vith
ordinary neintsine.ce revtions of cettles as regerds neint: ilcuce
it seems clear tiiat the ach rejiirement is a yurlitetive rether
then e guentitetive one. It is the proportisns far more tien the
total amyunts of esh that sre ‘mportent."

Sffect of Lactation

The supsly of celciun end »hocnhorus in miliz niust cone
either from the feed or from the bvody of the euinsl. If the
skeleton is sup_lying these meteriels to the milx, the enincl
must be eble to reonlsce these elenente from the ash of the food,
otherwise psthologicel changecs will teke plece anda the animel

mey dles It is nececcsery, thercfore, to Leve suiliclent celcium

and nhosvhorus in the fe:d to cover the sap ly excreted in the

Zffect of Zreguency

According to iZcxles end Trowbridge (42) the vody of a
new born celf weighing 80 vounds co:..tains 2.8 o unde of minerel
mnatter. Additiomel celciun and vhoswnorus €nould be furunished
in the feed of the pregnent snimsl i order to meet the densids
of the developing fetas. This ash meteriel would necescerily
heve to come from the »regunent enimel cud should pe supolied in

the feed.

Amount of Calcium aud chocrhohrus needed ‘n feed.

It is herd to errive at sny defiulte fipures as to the
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emunt of celeiuwm :nl nhosHiidrae nececsery in the feedse “Le

4

work of eeverel cutnors tirows gohnas 11
as yet there is nnthing definite. Qhie mecin diffic.lty arisce
from the fact thet we (o ot .mow vraet oserceunt of tne zch in
the feed is d.gestiule,

Anger (2) sudrved thet storope of _hosohorus fud celcium
took »lace when lerge caoaute werc fed, ¢O0 greums Cg0 end 90 to

id

QJ

100 grems P205 being sifficient, 2ihe cows he voried with
not give over 15.43 Ilg nilk ( sboat 72 noauds), deil:.

Lert, llcCollwn, unnhrey (35) found that cows fed 190.5
greme of pvhoe horus d=ily h<d poeitive balsuces et diflerent
metabnliem »neriods duaring tihrze =a>uthe times Cowe receiving
only 46.7 grans wer ¢ F ned regetive belences,

Nordon, Hert &nd Paetton (1) found e cow shoring
pnosnhorus when fed »21ly 77 greac deily. Thie cow wves giving
164,72 xilos deily ( eb>ut 34 zHowids) end weighed 990 nowds.

~—

rorbes connuted

<+

Frorna work of iniuen {55) thet in edcition

v

to the emhHunt ~»f shos -horus in the milk & COowW i€ recelive niore
than 07 milligreme 2 O5 per kilogrsm live weighte. From Inucn's
work it cen eleo bLe figured thet OC7 grams C,0 ver kilogrem
live weight above the amount in milik is necded.

4¢ R Zoge (97) concluies thet the rhosvhorus resuire-
nents of a milit cow is the cmyunt of phoenhorus eliminsted in
the miik plve 430L06 grems of horrhorus er xilo of live wveight

or J6 grems P 0, per xilo live weight.

5
Henneberg (41) deteruired the meintsine.ce reyuireaent
of & etecr for celcium and phosovhorus per 130 kilogrem live

crams P.,0

weight as 100 gremes lime @ud 50 ¢ ,05
o
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cow adds to tli.ge
nhosshoric gecid coiteunt of

1030 kilo:zrene live wvoigsht b milk cowe cud then oblteiuwd &

totel of 00 groug ol Tiluz o 140 preas of ghorph-ric ecid cs
the re iirementes of milil cove er 1070 Lilogranmes live welsht,

It is lellner's table that was uvesed for fisuaring the
< (]

. b Al / . ~ - . ~ -
celcium end »nog iorie re uirctents of the cowve uced ‘n tnis
exnerinent, It ‘s gg& I21loms:

Coicium grems Phosphiorie gres
For mainteinerice 1770 pouuds 22 10

For »roducti-n 10 »owide nmilk ~9 15

nire-

@

Thie tglle gives o0uly &un &proxinmati-a of the r
ment, end ie boced o the gsecuimstion “hat a cow cen ascinilete
only one tiird ~f the celeiuvn end nhornsrus in the feed. Thie

truth of thie gsswantvion remesine %0 e nroven.

-

Snurcee of Celeiunm 004 “hos-h~rue for Jeir

[

Celcium end rhheniioaruas 14 netursl fecds

Meny of our comon fecde contein relstively lerge cuen-
tities of both calcium and nhosvhorus. The use of such feeds
in che ration will lergelyr elinincte the gbnoracl conditiown
that very often occurs when a ration thet ie low in celciun or
rhosohorus or low in both is fed.

Tne following tavle (48) suowse the celciun eurlysis
of geverel of the commin feed sburfe: (Teble coiputed by

Zuffmen froa different enslyesieg)



Feeds high in cclceiam -

1 Toulisgze Y- S ¢4
2 Cow tegc hey 26019, 40
3 Soy tecn hey  1.7785 2
4 Sirin milk 13560 27
5 Clover heay 142760 25
6 Alfzlfa 1.170,5 23
7 Beet pulp 07295 15
Feede low in cclcium -
1 Pe<l honiny Molola .10
2 Rice «029,5 .18
2 Corn o014 08
4 \hesat 0056, 4112
5 Oats 1125  Zeu4
6 Timothy 1925 T.84
7 wheat strew ATS 4434
\iehave no rsughcges thet sre high in

is necescery to

high in phosrhorus contente

feed some conccentrste if the

vhorus enelysis of some comaon feede,

Feeds high in phosphorus

Teniege

Corttonseed
wheat bran
Suim milk
Linseed ol

Soy becns

Cow pees

1,479

mesl 1.789%

(SN

1.233
«979,5
1 mcel 4789

N4
° 64 9,0
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reti-n is to ve

"he table (48) shows the phos -

(Teble by EHufimen)

o
[te}
[ ]

C

[63]
(S2}
.
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24.0
18.6
15.8
12.0
10.6

pounds ner ton
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Peeds low in phoc. horus -

v

1 .heat sqsw ¢ 0095 1.40 »n Ge ser ton
2 Bcet pulp «078,5 8 " oom
3 Corn stover $1027% 2,04 " noow
4 Rice «104,5 el M noon
S Timothy W122, 2.6 " oo
6 Clover $183,5 TJT M moom
7 Alfelfa 02285 447 " n "

5

Such feece cs corn, oets, viegt end sluten feed ngy
be classed as melium in phorplidrue,

As a rule if feeds hich in the tvwo elemeunte are used
in the retions, edditionel c:lcium e&nd ghos - horus in the form
of minerel sunnslements ie not neededs ZFor high oroducing cowve,
however, edditionel minerecls &re e necescsitye.

Mineral sunplements

Some of the most coumon sources of celciua sre
Rew rock phoepnste whrich 2lso conteins nhosvhorus
Acid phreohete which g£lco contsing nhocwhorus
Bone mesl vhich elso conteine vhosxhorus
Lime €tone rock, marl, ch<lk end vood acies.

Raw rock nhosphete, acid phosnhet , 1limestone rock,
end marl are so-cclled inorgecnic sources while bone meel is
an orgenic enurce., 3one meel end raw rock phosrhste sre the
two minerales thet were compered in this experinent.

Bone mezl esnd raw rock phosphete ere msde up to &
large extent of the seme chemicel compouna, tri-celcium nhos-

shete Caz(20 However, there is & difference in the

4)2’



physicel structure of the tvo mate.ieles 3onc meel is clesced
a8 an orgesnic substance wnile rew rock phosshcte is clecsced &8
en inorgenic substaice,

The phosphete rock used in this experiment ceme from
Tenneceee fields. Thece denoeits are the remsine of very mncient
micro-orgenic seg life, They'are clecsced in the ordovicien
periodes Forms of 1ife were crustacea, snd the rhosvhatic beds
of rock are the legched recidues of limestone beds forred 2t
locatvions where these tires of life were moset sgbundent snd which
conetituted & high nercentege of the limestone pede, Later
most of the ce2lcium cerbonate vae leached out lesving the
phoephatic residue,

The orgsnis:s meiing uw these depocits beceme costed
vwith eilicioig leryers of @ corel like structure, and it is to
these encesements tiat we owe the existegnce of the celcium
phosnhate contents todey; beceuse 1f thecge encesenents hzd
not been imnervious to g£cid weters, euch contents v-.uld heve
lesched away &ges 8goe.

However, these szne silicious wsalls todsy precent a
problem in the preneratiii of rew rock nhosphete for both eoil
aoplicetion and enimel feeding. They must be broken dovn be=-
fore the celcium phosni.ete contents are aveileble. Tuis silick
and other impurities mey ceuse a difference in the availability
of the calcium and phocohorus of raw rock phosohete end of bone
meel, as the celcium phosphote of boue neel ie not encesed in
these silica wslls,

The rock nhosnhete used in this experiment wes a very
finely gr-ruand rocic from the Tc.necsee bedse It vas the

commericel rew rocx pnosohate "floats" and had been speciclly
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prepared by *the Thomson Thosnhicte Com-eny of Chica2o, Illinois,
The boue necl was sbteined froa Lerliny sud Conneny of

Chicego and was mecde froa rew bones viiicn were etezmed to re-

move flesh end fetes egnd to destroy cny alecasge gerns and then

finely ground.

N . —~ R . ~t
The raw rock wnhosylcte connoined 73492, C&O end 20.70,
. . ’ et
Ps0ge 3one nmecl giclyeis ves aboub 48,0 € 0 end 25,5 2,0, .
8 ~ 0
The sup ly of rew rocii »hidspheve 1s ractically uualim-

iteds 3Bone neal, novever, depends o tne sup 1y thet cwn be
obteined froa the pecking indusiry., The price of bone eal ig
Juet &byt twice thet of raw roci plhosc hictes If the feeding
valueg of the tvo were I~und to be uearly eiusl it vouldl bLe

much cheavper to use the raw roci hospi.ctes

Feedina ixnerinent vith 2ope lieel sud Zaw Jock Phoe hothe

No workK hos been douue with asiry cettie coupzring boue
meal and rew rock :hoehhcte as a €rirce of ccleiwa cnd phog-
ohoruase, Ilovever, experiments vith Jother enimels givee a
general idea of thelr relative value,

KShler (09) found vrecivitated celcium phosnhicte, boue
aesh, end steaned boune ne el gll gseimilavle by loobe, the first
preneration f ur times as co:inletely s the lest twoe. lLerst
McCollum and «uller (27) studied the role of inorgsnic phos=
phorus in nutrition of swine by feeding, slecughter, and balance
experiments, Tney mcde the following conclusions:

1 Aunimels fed e low »rotein, sua>plenented with

1noro nic phosonheates, made as vigorous develoonuawits gs others

receiving their oHhos-hhrus enp 1y vholly in orgesnic foru.



2 7Precinitzted ceglcium .nos uete, & mixtare of
di end tri celcium shovrhetes, pave mno better recsults than did
floats, & crude tri cslcium »nhosphete.

Forbes and sssocistes &t the Ohio Zxperiment Stetion
in a series of experimcnte with ngis conpsred differeut com-
pounds of nhosohorus and cslciuwum. Theriound (Z1) tixat boue
meegl when added to & raetion which vias low in celciua gnd phos-
phorus greatly increesed thie gsh gnd the streungth of bones,
but did not increese the nercentese of protein in the growth
produced. Tnis whuld indicete that toune msel cennot serve ell
the bodily needs Ior »ohLosphoruse Come other coupounds of thise
element ere needed for muscle &nd tissues 2hytin from wheet
bren csused & marsed incresse in muscle development.

A cerecl ration (26) was fed to growing swine. Quis

ration was supplenented by nulverized limestone, bone four,

raw rock nhosohete flnets, aud celciua csrwonete, and the

metebolism with the different suppleumente studied. On the
basal ratio-n of coru, oil meel, wheat middalings endM Cl there
was & loss of celcium, & subnormcl retentiou of megnecium and
phosphorus, and a high acidity and Jdz in the urine. The
feeding of lime msterielly ceused nerxed incresce in celcium,
megnesium, and phoc»nhorus retention. The carbonste lowered
urinary ecidity snd HHz, while precipitated bone flour in-
creesed these oroducts. Zrecipitated celcium carbonste end
steemed bone produced relatively very dense end strong bomnes,
while the raw rock phosphete produced bounes tiuet were ouly
8lightly denser and not cuite a8 strong es when no supplement

h)

wae fed, 2Treciniteted bLone was iutcriediste., RocK phosuvhete

-



produced no greater stirength »f skeleton in proportion to live
weight then did a ratimm without su plement. Stecmed tone,

recinitated bone flour, malverized lime
- o

(7

stoune and C_CO, crgused
a 73
merked increese in the strength of boue.
Forves also determined tue valetitility of minerel
gelte prepsrati-ne to catile (25). He fouwnd thet stesmed bone

is more pelsteble to cows tien is nreciniteted CaC33, precinite

ct

ed
bone vphosphste, or rock -~hoenhate. Thie wne onrepsration is eleo
more palatable vo Lelfers thean wves nerl, sulverized limestoune, or
precipitated CgCOze Ordinary paciier's steauned bone meel wes more
pelatable to cattle then sneciel stesmed boue meel, €lthough the
latter wes teicen fre:=ly. Hert, Lteenbeck, Hoprert, Bethke end
Humphrey (38) working with dciry cattle vnraducing 20 to 40 Howunds
of milk found thet the enimels were in e nesetive belaice on &
ration compocsed of greine end their by-nroducte, corn csilege and
timothy hey. Substituating alfelfa for tiwothy reduced the losses
but did not merxe thLe balonce nositive, 2iie was contrery to their
former worikx, bu%t in the esrlier attenst the alfelfa Led becen cured
under cens while the elfelfa used in thie exnerient Led been
cured in windrowe with exnoesure to sir end salight for four deye.
Addition of bone meel to the timothy hey ration did not result

in poeitive bzlaiices or even e uilibrium elthough the losses vere
reduced to snme extent as comnsred with uucusrnleaented nsy,.

Be F. Keupo (54) reiced chicks from hstching, to eight
weeks of age on & scretch rati n of crecked corn, cracied whest,
end pinheed oats 50:73:17 and & bzeel msecsh of fish meel, wheet
nide, pu1VCrized.oats, end cor:t megl 15:20:20:40. 70 ®very 995

pounde of mash fed to & »ert of the lots of chicis 4.5 pounds »f



bone meel and 0.& -ound selt viere edied. In lote receiving
minerels the woues were lecrrer, birds strouger, svercze weight
sonevhet grecter then tihose with ut mluercl, 3one nerl
evidently scsinilsile hy the chicks, elth-ueh the sslt mey heve
had something to do vith the d flerence in tne lots,

It would eseem Iroa tie llmited samoant of vork thet hes

1 [ 4

been doie that Loue eel ie cunerior tn rew rock _.hos hete,

4+

Thisg ie true &% lecst e fer gs growth is concerncd. Dlernens,

however, raw rock bLos:n.este is e ;usl to bone mecl for milk
nroduction cud me; rede just e £o00d a sur lement to the

«

retioie of =ilking cows,

Feview of Titeratare
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Under nor.el conditiones lerge yusutities of celcium e£nd
phosvhorue ere needed in the feed of lecteting deciry cowse,
Hart, lcCollwn eud ilixphrey shoved ti:et & hezcvily leciedting
animel will drew ti.cse elomente from the ckeletoun 1f the suruly
in the feed is below rejuiressutc. Foruves eisved thet the re-
novel of celcium eud »hocohorus took plece in epite of libersl
emdrunte in the feeds Tater studies at the yiscousin Chation
indiceted thet the gmount dravn froa She sieleton depends to
8 large extent on ths (azlity oF rorheze uvseds Xorves s
gsgociates end lleirs 1.4 woodwrrd found thet cowe store lorge

quentities of Doth celeiwm end Hhinsshiorus onring & period of

low milk »roduction or dwring the dry neriod.
Theee results gaz-ect the uce of & minsrel su) lenent

in the feed in order to supsly suficient eslcia end phos-
V

Pnorus in the rotion during hesevy losctetisn end aurine neriodls

2 5 T Ve o DU
te in tie sxelebhor.

o

in which the aui.cl uoy etore tuese elene:
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gussly of celeiun and
ohoruvs in the retion a wr-er of ret.nlocicel cuciges ey
taize ~lace.

Ossenus cachexia H»r Hegtennlaeizs of &orneetic aunianle is

egsentislly e diseccse of Jletery orgin sud ig dane ~riuncinslly

to & deficiency of the f324 1 boue Iorming ctericls UL

4.

nlacemnent b- tievue no>h neviug the noracl cmtent of boue s:lng
It is egesily curevle., resasient c¢orsiste of sanslying edaition-
2l cerlcium end =hdyec norus to the reti-n end sugr-ests thie ace of

a mineregl eup loucnt couteoining thece eleancuts.

Ric:xets is & disecse of owng eniszels g1d i€ aze to &
lacii of denosition of celcian end vnhos horuse tevercl cuthore

have chovm theit ric.ets melr be doeveloned by feeding rstions
low in celcium cid others lLeve chowl thet ricdets ce=n bte
aroduced by Teeding rations low i phoc hrruse. IleCollum nointe
out the fact tict there zre tvo winas of riccets, one
cherecterized by nsrmel shovphorus end low calcliuwa of the blood
end the other by norms=l celcium gud low ~hosgphorus., eCollum
hes elso ehiown that tre jn=utitetive ratio between cclcium cud
phogohorus in the aiet is en iaoortuut fector in the etiolo
of riczets.

Recentwork nes pohinted to en egusence of a factor which
hes been cslled vitemin D snd which eide in the essimiletion
of cglcium 28 & ccutge for rickets, Jlhis factor is nreseut

in lerge gucutities in cod- iver il end %o a2 sncll extent in
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butterfet, It i¢ &lso »nresent in cortsin green plentse Trect-
ment of recehitic peticicts with cod-liver oil hes prodiced godd
recults,

Sunligsht end ultra violet rey neve tie scue effect on

n

2lcium gssimiletion £1d ric.ete ge tie entirsciitic vitemin.

2icizets doece not ocenr za~ns~ dsir; cettles Conditious
ginilcr to riclets, Lovever, exiest zmons deiry calvec. Lioetd
guthore believe trat riciets is 1yt resentv in tiic wutborn
fetus, but since ciinicelly recogiiiced symotome gpeer very
early in 1ife, the firet s+scoe must occur in the esrliest

de;s of extra uteriue “ife. The diet of the riother ngy neve

LY

(o)

some effect on the development of riciiets in the ~ffeoring =n
the retion of the jsregnent milil cow should coutein silficient
celcium e&nd ~hosg horus.

Teteny is cnother cdisesce That mey be due to & distirbed
celcium metevnlitsm, Low celciwa of the blodd end ucuclly
negetive celcium belances accompeny teteny. 4 review of the
literature chove thet teteny; cen be cured by fecding or in-
Jecting cslcium cxlts The viork of severel inveetigators
ehow that teteny is due to &n increeeed provortion of initeting
ions in the tissue over the iomns thgt suvnress Irritevility.
Sodium g¢nd »Hotessium ione stimulste, vhile celcium snd meg-
necium ions repress or snoth. Feeding minerél sup "lemente high
in celcium wHuld heve a curasive eflect o tetanye.

There ie very 1little to be found in tue literature re-
garding the celcium gud phosiphorus reguiremeunts o delry cows.
Smell amounte of each =re necded for meinteinence beceuse

these eleneuts cre withdrewn with others during t.e ordiiery



47

life vrocesses, e lerge yusvtities of uLoth 1. milk cnd
in the fetis meiie the re . iirnient mucn greater during lcectetion
end orezusucye. uno definite conclusion cen be drawn & to the
eract rejuirecnute.

uany of our coramon feeds coutein lerge quentities of
both celcium cnd Hhosphiorus. In generel, celcium is touud in
largest gaentitice in rouagnsges =ud especislly legsunce. loct
of the commdi 2 egine &re low in celcium. Thosohorusis fHrund
in lerger quentities in the c¢oncensretes ecspecielly cotson-
seed meal, wheat bren, skimnilk, enda linseed 5il meel, All
of the roughegee cre low in phosvhorus,

Among the common mineral supplements the Tollowing con-
tein both celcium and nhosphorus, rew roixx -hos:hate, ecid
pnoe >hate, =nd borie meegl. Chose conteining cslcium sloune ere

-

limestone roci, marl, chrlk, and wood ashess, 3Bone mecl is @&

'3

so=-celled orgenic source vhile the otllere egre inorg:uie

m

ources.
liost of the worx compering minerel sun>lements hes been

done with enirnele other t.en daciry cowe. The revicw of

literature would indicese thet bone neel is more essimilelble

end es fer es growth is concerned suverior to rzw roclk ~hos-

vhete., It ic &t lezst nHre pelatable,

No work hes bcen aone with deiry cettle directly compering
bone meel end reaw rock vnhosphete end this exneriment was staerted
in order to determine the reletive availebility of the celciunm
and phos horus of bLone meel and rew rocs phosohete wuen fed to

lactating deiry cowse
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The object of the experiment is to determine the
relative velue of rasw rocx phosnhete =zii¢ .one negl csg
s urces8 of cclciwm «ud nhosnhiorug when used €€ sunnle=-
ments8 to the rati un of deiry cetiles

The availebility of the celcium snc nhosnhorus
from bone meel end from rew rock -~hosrhate vill be com-
nered throioh belence exporinentes on lecetoting coves ot
the seme time the »nsgletgvility of the two sun-lenente
will be noted.

In eddition, the efilect of &dding celcium «nd nhos-
Shorus to the feed in trne form of voune megl wnd rew rock
nhoenhete will be u>*ed ou the amuut of the tvio elemnents
found in the blozxd, on the percouteage fat in mil., end

on the hrdrogen ion coucentretvion of tiie feces,
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It

g nlinvied to use ithree lactaving cowse ior the
experiment. QThe animcle selected vill be nigh vroaucers
end will show deiry tempersneut. IT coscivle, guirels
thhat heve recontly Ireshicried anua cre iving more toen
forty sounds of il & agy ill Do ugwde

Tne exceriient will be édivided into frur poriods of
‘s ezcile 4 baescl rotion egs low in calciunm end

nhospHhorng &g uvrecticel vill be fed during the Tirst period.

- -

~ )

ed to tue retinii to H.e exteut

(@)

Rew rocz »hoenicte vill-ve &
of tkree por cent vy weirht of the greain retion in the
gecond period, Durin. the third oeriod tie enimele vill
e2¢in be nlauced oun tie woeel retisu vithout eny uinersl
vpolements  Gnile in tihe leet perind three ier ceunt by
weicht of tre g ein resi-n will coy.eist of Love icel,
Dariny toe s -
perinente will be ¢ iacted o the gniuslc, Lhe fecds and
vater end tho urine, milx =und feces will e guslyzed for
celcium, »nhoenhorte, wid nitrogen end the velences of thece
elements for €11 of tiie five crr veriod will be deterined.
The first snd Hnird p riode wi-re nd minercl suprlenent is
fed vill be ci.eci »ncriodes. 7The retentiou of ithe tiree
elenente by the eniacle daring the boue mesl eriod will ve
comnered with tue reteution duringz the rew rock phosphrte
period end the retentisn durin; theee periods vill be com=-

pared witn tict d:rine the ~wH check leriodc. Zrom thege



»hogvnhorue of L-une meel s raw rook choe hote vill be de-
the rete.tion of umuitr-osen vilt e | 2%ed.

The pglaterility ~»f revw r-cii npuasezhcte end bone nec
will be &p:arent from tle " ey “he wiicle eab the
onixtures conteinins thego Twh COHLnIULS,

The aniacles will be vled e% the end ¢f escl: metavnlien
period sna tre tlond cunziryzed for celeium cnd Hhocnorng €9
&g to determiine the eflect of cdding mliunercl cunilonente
unon the percs:.t of thise elencntes in the vlood,.

Compogite se=urles of milk will be teceu deily through-
ot the exporiment cund will e tested for butterfat 1, tue
Babcock method. Jnis will ehov tie efiect, if any, of uvone
meel znd rew roci _hios hute on thie sercents of butterfet in
MilXe

During each netelolicm period, nortious of freceh feces
will be used for the hydrogen ion deterainstion in order to
determine the effcct of feediug boue eel cnd rew rock phos-
nhete on the nydrozen ion concentretini of the feces,

The appeecrance and heglth of the animels will be cere-

y will be

fully noted each d=y a4 iring the experiment. he

o’

weighed deily et fHrar 4. 1. beczuce the digestive trect is

probably :ore necrly eanty at thie time tien &t eny other
time during the d»y e1d the deily weiphts vill therefore
be more wiiforn,

All records will be kept in e rucient record tooxts
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Three lacteting cove were selected for the exnsrimeunt
which wee divided into Zoar ::2rionde.

During tie Iiret sericd of 23 deys tie gxuilacles vere
fed the basel retion which c¢ohusisted of timotky Loy, corn
eilage, and grein, ZTiiie rgiion wce 1ovw in bLoth phogploras
and calciume. Cnllection »f uri:e, fecesg, cud milk vere mnzde
during the lget five dere of this p-riod «uda these, togeticer
with the feeds, vere sieljyzed for nitrogen, celcium, €16 phos-

pnorus to determliiie tie emowite of these eleneute utilized,

Jgw-rock pnof_nizte ves galded to the bgeel reuvion

during the second period vhicn covered 22 degle Belunces
were determined duriug the lest five dgye of thie neriod.

The begel ration elone vwas fed the following neriod
nf 15 deye, 2iiie erind nhed two urpoces, Jne wae to cliecx
unp on the first necriod, end the other wes to give the gcunincls
a chence to recover from tne effect of the rew rock ohosnhete
feeding. A five dsy Dslance was taoien se ususl,

Bone megl ves edded to the besel retvion for tie fourth
period which wes coutinued for :0 dgrys. The uitrogcn, phoe-
nhorus, £1ud czlciwn belatces were determined Zor the les

L
five deg;se

From thc belences for thece cdifferent ovsriols the rele-
tive aveilebility of rew rock _hos-hete gi1d voue mcel weos

determined,



The eniwecle chogen vere as folliows: Cows No. 27, @&

nure~bred iloletein-rriceien, five resre of sge, welshing

: g
1,539 rounds g% the veainonii: of the experiument. at the
time sihiis euincl ves vleced in the mctetolisn e4ell, sle
weg giving sbouit 6 »Hounds of zef mili doily cné hed bien
fresh two monthe, Uhle cow Lad & seveu acgy record et DHhar
reers, twenty-tvo deors of 434.8 owide mllx, £6..28 butter.

She hed fresiened ::orn<il; enéd scered to be in extremely

p-J
H
&

oo0d conditi-u. Cow In. 71, & pire-vred cJerse;, scuior
three yeer old, woirned 6.9 o»rwids en1:d vee sivinug 45 hunds
of 5, milx d=ily ¢t *the begi.ning of the exserinent wnd had
been fresh one myuthe E£he Led a two yesr old Class AA re-
cord of 516 >unde felt. Uhis cow Lad Ireshened noraclly

and wae in pood couditiomn.s Cie gioved excellent milxing
rualities. Cow Joe 70 was & Durc-bred Jersey, four «.d oue-

-

half yeers of gge, woeighing 1,079 souwnde when pleced on ex-

Al . . B - ? . Y - 13
perinment. Sihe wegs giviug sbrut 23 » uuds of 50 milx deily
at the bepim.ing of the experiment end Led been frech a

1it+tle over one m-~uth, +le wee fab ecnd rrauded in goneerauce.

showing a teideucy towards ©

o
(]
b
[

.ese, iler jyesrly record was
only 220 »nnounds fat es &« three yeer 0ld. The firet two couve
showed s inher-ut teudcucy towords high groductinue. No. 70,

however, was clearly & low -rodicing tuimcle

Zouinient

The metal.~licm e4211lc used were & moyaificestion of
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Sxoerinent chetinn. Ihe eaws vere est in gt:iucilions, but
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feed it of the mugioer, Lhece pates wvere svuug forverd oud
£ ¥ | “- - P SR LA R ENPR
of the enivel's vey n feeine, Qhe

were bedded with chavings excez)pd fnr e few <o belsre caut &

during the wetci liem porinde, ot vhicn 5146 couwos Ll e e
vwere used. )
4.

29,000 preng wes uccd for wel it feeds, ariae cud feces,
The 21ilk wee ®wcished omn g sirirg boilelce, (oraiuvcicd ¢n &8
to veigh gecurgtely $o & tenth of ¢ noaudl.

The feces wee c¢ollected o0 lorse scdd)n snovaels end

ianedistely trenslerred to gelven zed ichel uveexete vhich

were :ent covered &t =11 times, Liie wilae ves ccllected in

pails ©vo witich 1oy +wooden heudles were atleched. Jne urive

&

¢

vag inmediuvtely treuvferred %o covered nila crng. o
peils, shovels, c<us and baswets were iced Jor tiec iLndividiel
CowSe The ordinery covercd to)p mitic Heil, wvelgned, was aced

to eoHllect “tue -1ilic,

Cow inoe 33 wvas nilied fHar tines
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experizent, Tic oiher two were niilued tirec tiaee & Al
Srein wes fed at tle tine of miliins. Cils
€ll three gnizcle twice o derr, of 4£:70 A0l :d 2:70 D.ll.
Hey ves glco fed twice & dv7, =2t Ca. ile 2lid & 2. Lie. 2oe

cove were wehered froa peile Zriiedictely eller ey Lied

egten thieir groille

Qe covwe vere wopt in metannlisa gvelle Laring the
entire exlerinent baic «very dey egbout 10 o'clocl vere

ellowed in £ dr; 1lo% to ex.recise ecxecet daring the Letabto-
lienm cxoerinent,

Growmd %i-»Hthy hey vae fedes Thie grinding wes doue

mzinly to ineure & better sannle for sncljysise It vas
fHund, howvever, “het grinding nude the hey norc paleteile,
The corn cilese fed nad been held over from the previous
yeer and wvee strou ly eciad.
Cow No. 23 received the following grein mixture from
rebrucry nineteeuth to llarch twenty-fifth:
100 payueide hoain; feed
20" Distiller's gresins (corn)
100 " gluven meel
100 " 01l mecl
1. selt
Abut the twenty-Ifiret of llarch Lo, 23 rcfused to eat

the grein mixture cna on the vrenty-fifth it wee found

a1
3}

resion €5 ¢ to meue 1V more releteble,

¢

neceseery to chinze he

-

Trhe new retion vas uled froa the twonty-fifth of ilerch witil

the end of the experim nte It was mode up &€ Iollovs:



cle " ronainy feed

200 " bren

2o 0&%s

12 " Dicmonu glaten
4og " 0il .egl

m1e " D.stiller's greins

1o s:1t
Lfter <he c¢uneupe to tie svove rationn there wae 1o
furt.er trouble g to paletavilit .,
Cows Liose. 70 =:d 71 receivea the followviig ration:

vouuds honiny feed

t
O
o O

co " Distiller's greius
100 " sluten nesal
100 " 0il meel

There was no change in thelr raiti»u througshout the exoeriment,.
The feeds viere cll nmiized ten sires to iusure uunifornity =md
to eliminete &g for e pnceitle error in scmpling.

Collechtion nf ~uperimentcl vet

Weishing

The animels were weighed Geily at four ae lle 7TLey were
weighed et thig %tine €5 g8 tn heve the digestive trzct zs
enpty &8 v»oscsible end trerefore the weichte more uniform. It
was frund that tie weizhts varied very little from deoy to daye
The daily weiosuts were nlaced in & peracuent record Look
immediestely.

Records of Feed

Records of tue feeds given to the esnincls vere iept in



-

a pernenent record vooxk s1:d4 £lr0 on cards at the bar viere

the fceds were weiched -»1%t, “These ccrds vere ept in sight

3

.

at all times o &8 to »nrevent euy emor in weigshing out the

feedse,

Semoline end enel;eig nf feeds

The feeds for eacch period were all grepered in gdvonce.

snd nilcced iu burlepn secus in s

[o]]

The timothy hzy ves groan
room senarete from other feeds. Laaples oF the hey were teien

from the top, ceuter, eund botton of each suck end placed in

[ 62}

air-tight Jers for enclyeis. Uhe silege viese grmpled at each
feeding and the ssmples placed in & large air-tight Jjer for
anaelyeis. The grein was 8l1ll nixed before esch feeding period
end stored in burlep seciis in a sepsrste feed room. A grsin
sanpler was used to tsike seversl sesnples from each bag. <These
8amples8 vere €180 kKept in eir-tight Jers,

Before ta «ing semples for finel ansl; sis from the com-
positee collected, the feeds were 11 finely sound, (ground
until they would go throigh a 20 mesh sieve) the £ilege having
been first drieds IThe large s=nples were then very thorou:shly
mixed and quartered. 2Two gnuorters were diccordeds The re-
mainder was mixed egsin cnd jucrtered. 2his process wes con-
tinued wntil the yueutity desired vwes reeached., In this oy
it was possible to get & very revreseutetive ssupnle ol the lot.

Tne method used for anclycsis was ae follows:

From the s=inle of feed ten greme were weighed out in
dunlicete. The ten grem semnple was then gshed, treated with
hydrochloric ecid ead Filvered. “ne filtrate ves made up to

250 cc. volume., 59 cc. wes tnen teixen for enelycsis of celcium

fa




—
-

e

gnd 25 cce. for snslysis of Hhogovrorus, 7The celcium waeg precipi-

P

tated as oxelste enda titreted vith rerusugerete solution. The

—

nhosphnhrue was rreci:itated with errionium molytdate solution,

This was dissolved in eodium hydroxride end titreted back with
nitric acid.

The nitrogen of t..c feeds wege determincd from & welghed
rortion by the iIj=1&:1 .ieti.od.

Semnles of weter were tciien et eech vetering » riod,

“he water was enslyzed for celcium snd vhaenhorus, The water

vas eveporeted end the a2sh troeted ag in the nreceding wnulyeis,

e}

Collectin gnd anglreis of Urine e1d Yeces

e

1 -

During the netgbolism neriod, oue sttendsant veas nrecent

-

at &1l times. The ririne wes collectved by mecus of loug hicniled

peails and imiedistely plcced 1 covered mili cens. The uriue
wag weighed deily end thora:ichly mixed by pourinz back end
forthe A scanple was tien teien. The ssmnles were texen in
dunlicate cud kXeot in eslace stnoysered bottles,s IFornelden
(3 drops) wes used &s ¢ oresevative. 411 She mutauslism ex-
periment started &t for 4. Ile €113 sennles were teden gbout
4:30 A. lle each dsye The cenples vere avelryzed for nitrogen
during the scme mnrning so ge to ¢usrd zreinet enr lose.

The feces vere collected in lerse econop chovels end
imedistely :luced in epelvenized weighed Luckel besiets vhich
were uevt covered. The foceg vere velgshed every morning snd
tha, mixed., 4 ssinle of 2,008 groas vas teken., Thiie seupnle
veg anrlyzed dsily For nitroecen end then nleced in drying

racig, Lfter drying, *th- fecee were inely ground end roore-

Y «

[ 3

sentative eegnnle obirined by tne _uwirterius ne tuod eed in

-

cagse of fe:d.




In the deterning<ion of nitrcgen of uriane 2 cc of the
gamnple wss teien, “he ieldehl meh..0od wae used.

For celceium £0 c¢c of urine wes used., Three cc. of
nitric gcid ves alded e..4 the solub on evenorated. 7Tle
recidue wes acghed, treated with hydrochloric scid end Iiltered,

It was the.. precinitated with oxelete and titroted vith
pernangenate ealation

Twensy-five cc oF urine vas teauwen for t.e phocnhorus .
anzlysie, Three cc of nmuz.oesium nitrete wase adced £ud the
solution evenoresed. <he residue wes treated with nitric ccid i
and smionium nolhyodate solution. <Yhe orecipitete wes discolved
in sodiun hydroxide end ti“reted back vit: nitric sgcid. The
feces weresiuglyzed in the cgne mcuner g5 the fecds.

Collection end .nclz-eie of Milk

1111k wes collected in veighed milk peilse.e Lhe nilk wes
weighed on esy»ring sceles whichvere gredusted to twentieth of a
pounnd. “he weight in grems wes figured from thie weight. The
milk wese voured bsck and forti. cseve 2l tines to mwie certein

of =n even mixtire. CHounoeite semples vere teken in triplicate
forme One sample was used for the determinetion of butter fet
present, endi tie other tvwo were used for cuelyeis of nitrogen,
calcium, wnd »hochorus. Uhe szmpleswere kent in glase
etoppered bottles aid formaldehrde ves ueed € & vreservetive,

The Bgbcock metrod was used to determine the perceutoge

(e}

of bntterfet in the milke
Nitropgen wee determined by the Iheldeahl nethod. Tive cc
of nilk wes talken for thic purnose,

For celcium deterninstion 25 ¢c¢ of milk wes used, The

meti.od was tiie come ag theth uced for the determinction of



oo
celeciuaa in uariue.
Por the vuoarnhinruas deteratnation 10 ce of nili, snd Loce
of marnesiun nitrete colatios weg uivd. OUhcrwice the mztiod
vas thie Coie g dncerived Sor rinie,.

-
1

g:aiing ol bone mesl and raw rdS:i phoc-
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ent of calolmn «id Lioorzonic prodeonorus in the

vlood wees determinale _hie Sowy were £11 Lled et thie eud 27 the

firet eud &t the enl o7 ti¢c cecond pveriod., Jue” were vlicd avout
the 1.ddle &:d abt e ocud of the ~nird and fourth weriods, o

order to getv fursiier dcta on tue effect of the raw rock phos-
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nhete on Jhoorus in the uvlool, tke
besel ration ves fed for & fifth period of twenty-thiree deys,.
They wviere bled three times dariug “hile e riode Lhen raw rock

phosnhete wes £iled to the retisu =Zid alter eeven dgyc ther vere

bled agein.

The following uethod ves used for bloodi en<lrsis:
Inorgsnic phosphcote, Eripss modificstion of Bell-Doisy method.

Calcium, precinitated os calcium oxclate and titrated with

senate rolution.,.

Hydrogen Ion Coucensration of the reces

During each five day metzbolism neriod semples of feces

were taken cnd tie hydrogen ion coucentretion determined,

The electronetric method ves uced for this entclreis,
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when it wee mixed with grein
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vas fed on silage., 1In. 7J ate grocin conteining
phoephete, bubt ner £ enlte wee poor «ud she pleyed withoar
food for & lous *tize before estiligs

when bone mezl wvas f2d o1l tihrec cuimcle ste hecrtily.

-~

A-negrance of [iinele Turine Zimeriuentg

At the beginuing of the experiment &ll three animsls
were in excellent coudlsioun. Jhey Lsad every epoearance of
good heelth, were well flasled, the halr was smooth &ud
gloesy, end thelr ejes wcere bright. ot the eid of the ex-
periment there wee s neried ciaupre in Jo. 37 aud No. 71,

T 2

Noe. 77, except for g little loss of flecsh, loosied s good

&s at the bveginnings 3oth 27 eud 71 had lodt & lerge emount

of flech, they epnsared zeunt, the her wes coerse zcnd luster-

less, snd they were very irritable.
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Graph No. II

Calcium and Phosphorous of the Blood

No Rock No Bone No Rock

Minersal Phosphate Minersl Meeal Minerel Phoe-

5
lgms
Phoephate
per
100 cec
3
/3
Ja
igme
Celcium 4
per
100 ce
/0
7 ;
|
¥ . i
| |
| | |
Cow No. 33
Sample lost

Cow No. 71
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Graph No. III

Hydrogen Ion Concentration of feces

Rock Bone Mesl
Phosphate
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Taule Ho. I

Lydrocen TIou Uoncentregti-m Hf Feces

Cow Wne Z3 Cow Joe 70 Cow No, 71

Date ol nH nd

Besal DRetion slone

llarch 17, 1924 Ge49 604 5.98

Bagal ration end raw rock phocphete

April 5, 1924 Ge89 570 7¢°1
April 9, 1924 6679 6684 Se71
April 10, 19:4 6.91 GoB2 6o 65

Basal ration =1lone
April 21, 1924 £e98 Oe 60 7.12
Arril 25, 1924 7.18 Gedd GeH3

Besal ration and bone neal

Mg 13, 19:4 6.70 H5¢76 Getl8
M=y 1o, 1924 T2l Ge01 6.18
May 19, 1924 6468 6468 662
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Talle Iioe I1T

Averegce Porcent Calciwn end 205 ia LIilk

Cowr Nde 73
; Celeium % 2,05
FPiret Deriod 012059 190
Second Period o177 ¢~ 00
Third Period «10v¢ 157
Fourth Zeriod .1974 003
Cow No. 70
5 Celeiun 5 :>205
Firet Period 0040 «2570
Second Zeriod 201 01488
Third 2Period 129 o270
Fourth Period o179 022
Cow No. 71
;5 Calceiun o P 0g
First 2eriod 0193 07
Cecond Pcriod 184 o238
Third 2eriod e 176 223
Fourth Period 126 «1lE6
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~eble Lo. IIT

Dhoeshoras Celeium
aniael 1. 8. DEr LT Der
—a%e nler 100 c¢ ¢ 180 ¢ ¢
winle 11ond v le Y And
Bassel rasion elone =/18 23 TeT6 8.68
Bacel revisn eud ,
2aw rocxk henitte 4 /10 Lol 10.%
. - ./ . , <
3asel rati-: cioue < /18 4ol 1l.2

t/25 o71 10.4

Basgel ration cud
Boue llesl £/13 £456 11.5

Bagel ratinu =zlone 5/.9 44:.8 10.77

Rggcl ration e1:d

Rew YOCK Lot ncte 6/19 4443 1:.2

Basal ra%tion clone 7/18 70 7400 15.15

Bascl ration ard

Rew rock _Loc-ha‘e 4/10 E470 1162
4/18 AR 10.5
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Baeggl ratinHr a:d
bone mnesl 5,13 4 .84 1.1

5/.0 ik 1047
Baszl ra*tion clone 5/09 4459 7¢95
s 7,98 13.75

£/12 SeT3 11.25
1 rasis: od rew /19 7908 11.°7
A . T
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/18 71 ", 14 2.95
/ - -
fr/' 10 e 1169

’
‘/.’/' 13 4T 11l.3
4.‘1/ —~ o7 ll.O

1048
11.4
10.3
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o/ L4500 11,02
¢,/19 5463 11.1
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rver of the
udder of cov Lioe 27 becane iulected. DThe guerter swelled

cove thiicik, wetery mila aud leter blooray wmilk wes

o

up and
~raduceds The blood alsgpresred juet belore the secoud
metavolis neriod but the milk wes etill thicuse Lo1i8 yusrter
remeined ‘rnfected witil g£lmost the end of the experinent,
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loss of wei ht juet g&fter bLone necl ves added. Ior

days the cnincl refused foo0d ¢nd wotere avout tiie fifth of

Iley ehe eloviy berswu to recovers The infectiou hed cone fron
her néder end e mild ves clear areiie. Cne recovered

apidly elter Uhiig sud lucregced counsideretly iuw her milk
flow =xd goined in welcshte Lhe ves entirely recovered ve-

fore the fourth mctaooliesn pevriods.

o, 71, & verssy, vas tie other sniasl that shoved a .
etriking differernce i1 gppecronce at the beginuing gnd at the

end of the test, Lhis aninicl showed coustunt veight during

aed

(@)
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excent that v ¢ 2o wcred roter irritesile. Tor welabd roncined
fairly conewoit "v.nil She c¢lhze of the serinent,
The Snird witasl, Woe 70, shoved very Listle verie®lou

in weipght, cte heortily diriug She "ntire e.erinent wid €2 ned
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first neriond, (ilarch eisiteentn) in viich the Lessl resisg slone
rvas fede. Jhic ratlci was low i Loth colceiuwa cud hoe. norus,
The gmo bt of prorrhorus in tne plood vwas very lowe Cu the
tenth of 4oril the eunindle were Lled woain., JTnig veg at tue wid
of the period in wi.ich roex ~hoeple
ration. 411 tirree ani.lals choved & definite ricse in the caouvut

- - . "

of inor_-inic punc norug in the Llonas Zuring *thie third period

the cows were fed She Lacel rchin clone, Dhey vore bled twice

durin- this Heriod, on arril eigshteenth and Anril tweunty-Tifth.
Here, &s in the first perind when the feed &s low in »hiosnrnnrag,
the inorganic nhne_ hinrus of the blood was lowe 0Oun Ly thirteenih
and ninetec:th, “he;” weres Lled zpein. Yunie was Juriig nd &
the ending o7 the norioa in viiclh bone netl woe fed clony with
the basal ra®iones &all three anincle chovea & hivier inorpeunic
nosrhorug content of the bloode The bascl retion wes fed arccin
fron the ulneteenth of lluy until the first of Jurs. 331204 cg ~le
were ta:en on ey tuenuty-ninth, June fifth eand June twelfth., Cre

amo mt of inorgounic »nosnpuaras in the blood of <ll tiree siiimcls
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ration and the cows were btled &’cin cu tie niiuctecnth of Jure.
The three csmplce eloved & rice in the pnocphorus consent over
the previous szrples, Lhe evide .ce snows thet tihie gmount of iu-
organic phnc-horus in the Llood variee with the cmo wt of phos-
phorug in the Fonrd.
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It is very dHruabtful if Ths geme is true of

now tiat there
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results obtaiiied in thie exzperiment, however,
ney be a tende:;c; for *the coaouut of ccleium in the ©vlood to
depend on the ax>» wt of ccleiuna in sk ration. 4t the en of

the first »eriod wiieu the tesel ravion, low in coleiun hed

m

been ted, 11 tiree cuiiiiicle es..oved a low celeium counteunt of the
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bloods After rew rock _linerlicte Lad been e.ded to thie lLasz
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ration during the secdud reriod &ll three gnimels hed & decided

increase in the Llocd colciuse Uniig gemple vwas tevten Lnril
tenth. In the next period on tie beeel retion both Ko. 70 and
71 ghowved 3 lovering in the ccleium content of the bvlood, on
both the eighteenth cud twenty;-7Iifth of Apnril. Lo. 37, Lowever,
ghowed an increzse o the eipgnteenth end then a decresce by tne
twenty-fifthe ~he ga unt of celciwa in the blood on the tweut -
fifth, though, wes Lizher tien on tune teuths 3Bone meai vag
then added to the rection. The cnimsls vere bled on the thir-
teenth and “ventieth »f llgy. On the thirteenth cows 70 gnd 23
snowed &n increase in itlooa celciun, Noe. 71, hovever, chowed

a decrecce. On the twentieth 211 three eninsls were higher
then on the twenty-fifth of A, ril &nd los. 71 end 73 showed &
decided iicresse over the celcium coutent of the blood oun the
thiirteenth of 4A:ril. No. 70 wes very much lower, Zuring the

period from ilcy twentieth to June twelfth the basgl retion wes



egain fed. “he zninels were tled three times during this perind
and on cll thres »Hccoesirng eved lover czlicium coutent ~f the

blood then ther aid on the tveonitieth of Tler wlen Loue necl wes

fed for the lest “ize. Ther 616, nwever, snow thet the 1lo-~d
celcium wes increcsing toverds the - 4 of the eriod.) DLow rock
Jnoeprete vag &
tled on tiuc nlustecitn of Juw.s. A4Al