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I. INTRODUCTION. 

~IC"('E I h t• t·las:<ic·al ,;tucliPs of J,elnu:~nn (18.)8) . i ' ' " ·hi!'h h\' d t• tttott ­
,.: tl'alc•d tlt..- ab,;ol\ltt• ll et·t-ssi t y of tnint• tal,.: in a nllinn. the nu-iou, 
:1:-;pt•l'i ,; of mitl!'nt l ml'laholis1~ haYe tleYeluped i11to n •·otnplt•x ttllll'i­
t innnl Jl l'olalem. ( )f a ll t ht' minPral,; t·ssPtil ial l'ol' g-ro\1'1 h ancl ll'ell­
lwing- of' lh Eo' org-n11 ism , •·akium and phosphorus h<t YP n·t·Pi\'(•rl t·hp 
111ost attt•nt io 11. The.•l' t\YO miitPrnb, c·alc·uhtt>d '' " I IH·ir oxick,; . 
(·Otllpl'iSP !J."J pe l' ('<'Ill. ol' th e total miueral c·onll•Ht cd !lw ~iw ] p(oJl. 

Eilht·t· <Il l imhalauc·e undPt' c·e1·tain t'o ndit iotH nl' a ddi<-it•nt·\· 
ol' thPst• minPl'nls. whith lll:l\· be fou nd in mall\' lood-stuft',;, \\'iil 
g; r·c•at ly i til pair nnmttll~otTO\Hh. ancl deYt>lopllll:'nl. · 

Til t• natural pn:-;ttu·p,; iu mo:-;t subtropical l'!imat,•,; \\'ht'l\' tlw 
minl'all i,; 11111:'\'eu ly ,)i::;t rilJuted ieud to cnntaiu in:<nttil·it•llt pho:-­
phorns I' or llw norutal growth 1 n animnls, e:>pN·i;d l.' :t 1 t·t·r·t a i 11 time,; 
of tlw ,\'Par \\'hl:'n .nnmg- adiYel.\' gr·owing pn,.t11n• i,; not a,·nilahll:'. 
1' rul<·t· -;ueh t·oud it ions phosphorus deficiem·~· i-, u.;;uall~ a 11 :H·Uit• 

p l'Cibll•m in anirmd indu-<try. Although a straight 1·:dl'innt cll'fit·it>u<·y 
j., lh:< likt'ly to o<Tnr in animals kPpt on pa-<lni'P (for tlw f•al,·ium 
<·nnlt>trt ol' par;turp dm·s nut Yary appreciably \\'ilh it;; g:t'llw(h ). it 
Jll:t,\ h<· int l'Ocluct•d in stahh·s . where anirual-; an• ft•d on high t'O ilt 'l' ll­
t r:tl t•:>, whi r-h are low in f•alr-ium. Su!'h l·ondit ion,; :tl'l' ktto\\·tt tn 
0<'1'111' \\'IH're tht> defif·ieut·y is so nc·\ltP as to prod ll('l' n;;t t•od_,·,.t I'Ciph i<· 

d ist•nse,; as l'nt· i 11 :-;la rt c·e Mtt·o tl ~·.-tropllia fihro,;a in hm >'l'"· 

'l'hPi lt·r t•l ol (l !.J:Z.J., HJ27) . R enrici (1H2S, l!):jtl ) and du Toil 1/ ol 
l l ~J:l:~. l !J:I;,, l fna (a )] l ta ,·e e~tablisherl tlw fad lhnt ! lw pa:-otll t't's 
nf t hP 1'11io11 of So uth Africa are getlf'J·all_,. lo\\' itJ plw;olp horu,; . (I tT 
(lf12!) ) ;ol iiOII't•d llt<d t lt e positimt wa,.; t·tptn lly !ntP f'nr snnH• nf' ! It t• 
pa slllt't•s of uw,;! t·ounh·i e;) . It i to: l1y no 111(';1 ns ll tH·Otlllllllll for thP 
g-rnr. i tag- ani11tnl to ha\' E' in it,; feerl n C'aO: 1 ' ~0 ,, ra t io of :-1: I dul'i ng­
\\'in!l• l' . l~trb ·cl a <·ou:>i<lerahlv wiclr t· l':ltio somP( in~t·:< t-xisls . J I art. 
Unilltl'l'( and Oo"<~ ( ]!):~? ) g-i ~·p Yat·intion,; of ratios f t ·n111 unity to 
:H) : I. 

l ' ncl rr tlw ahoYE' g-ra r.ing: ('(HJdiiioils of ahnor111al l'<ltio,... animab 
111<1,\' " how nnor't•xia (Huftntan et al. 1!):1:3 ), P<'ITC•t·t(·d ;appt·lilt• (Gt't'l' ll. 
)!):2.-J) . .;oft and porotic bonp;; (Bet·ker el ol Hr3:1 ). unthriftitJP~=' 
(ShPI'hy and S('uinr, 1 9~01, bent leg- ( J~lliot ancl t'rig-h ton. HJ:2H\ and 
ahunnunl g"I'Owth nne) development (Erkle::; and HE>c·k<•t·, 19:?fi. ancl 
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'l'lwilPr ef ul, 1921). lu onler to c-ompensate for I he pn·ponch•rf'JH't' 
of ealc·ium oYer phoilphoru.-. or tlH' defitienty of pho~phnru:;, supplt>­
ru e nla ry ft•t•ding of the latter· elemeut. in tlw fonu of phosphat(',;, 
is nsua II~· resortt•cl to. with markeclly benefic·i;tl n>sul1 '· 

S!c'n·ral authors haYe +>xpresst·cl n·gn·t that 1lata JH'rtaining- to 
lht• ac·tual minNal n·quirements for growth art> ~o limitt'cl. This 
lnc·k of infcllmation may partly be U'>nihed to th<• f<H·t that tlw 
a,•ailnhilit.'· of mint'ral,; clifl'er in ;ariou;; feecling- stull's. Th<' form 
in whic·h tlw t'll'llll'Jll,; under c-on-sideration otTurs in tht• mtiou or 
m inc•ml ,upplemPnt. the C'a : P ratio and lht• Yitamin 1) c·nnlt>nl 
mny g-rt'at I.,. dl'et·l I heir absorption aud utilir.at iou. 

[u on lt>r to throw furtlw r lig-ht 011 the calt·iunl and phosphorus 
n·q IIi I'(' llll'll t" () r g'J"0\1' ing- hoYi !It'S. metaholism t'X JWri llll'll I,; 0\'t' l' a 
long- JIPriod , '''P I't' 111•dertakt:>n. Th f• animals \\'Pl'f' cli,·iriPrl into 
1li l1'en·nl g-roups whic·h wt>re fed rntions (u) ;;upplPmt•nlecl ll'ilh phos­
phatt>s, (b) al d ifrereut leq ' b of tHin e ral iutakt·, and (I') at dilrl•l'Pil t 
C'a : P 1·;1( ios. 

II. LITERATURE. 

A. H EYlE \1' AIIT I (TE~ . 

~\,.;a l't'snll uf PXIc•n;;iYe research throug-hout th t' sc·it•ntific· worlcl. 
I h<'l'!' arc> now ,1\':tilablE' Yoluminons data on llw prohlPlll>- asscH·ialt>cl 
with mint>ral JHE'Iaholism . and a detailed sm·,·py of th<• lilentlure 
will not lw undertakPn here. !:;en•ral exef't·diJ;!.!h· wt'll r·olllj>iled 
l't'\' it•w,; han> h!'t'll published 011 t·aleium and phosph.ol'\1'- llll•laho i,.;m. 
a c·onsiclt,mhle pmtion of thf'm hein~ rh•Yote<l to thE' clPfic·i<·n<·~ di..;t';hP' 
a..;soc·ial<'cl with llwsP two elf'ments. 

Forlw-. and T\<'it h (] 91-t) publishecl PXtPn>-in• work on llw pho-,­
phonl" t·oni[JOIIIHl.; in animal 1mtrition. Thesp author., ch•.-niht•cl 
in dPiail I ht• difl'l'l'l'lll l'o1·ms in whi(·h phosphorus PXish in org-auic 
and hinlog·ic·nl lllatt·rials, the ma.iOT portion of the work \wing- dt>,·olt>cl 
lo lh<· :th:mrplion. t>Xnetion . nwtauolislll and n·quin•nH·nts ol' phos­
ph orus or· il,; t·onrpouurls iu health and diiwa,;e. I I must ho\\l'\'1'1' lw 
poiutC'cl oul lbal rwarl.Y all tht:> \YOrk cli;;cu;;.;pcl thP rein ht·long-s to 
I hC' ·· pn;-,· italllin el'a .. . }Iudl of the work c·ill·cl nn lal)()r;tloJT 
ani 111otls i:; partly iuYalidaterl hy that fact. · 

I n his monogTaph .. )l int' rals in Past un' · · U IT ( l!l2H) g-an· 
val 11 <1 hlt• da In wit b rr~anl to tlw mineral c·o ntt•ll l nf pa ..;l urt's and 
poi u t~·d on! l lw dc-·lici t' Jif·ie:.;, to wh ic h g'l'n:~.i ng· anilllnl,; :11 t' ;; uhjt-d. 
f n c·Prlni 11 pnrts of South and Ea::;t Afri c-a , Anstra lin. :-iiH'\\' 01 .\' uud 
tlw l1 ni lt'cl S(ajp-; of Amc·r ic:l the pastur~·s \1'1'1'(' sn dt>fic·it· u l in 
c·;driunl ()(' phosphor ns or hoth , tk1t tlw.r l l't'l't;' j llc·apnhl t' or ,.;u ppol'­
(iup; lllll' llW l g'I'OIYth of ;;tuck . 

( '1·idllou ( HI:W) in a tjjsc us:>ion uf !he lllilll'l';d r·pqui l'l'llll'lll:i 
of dairy t·atl lt• dl.'plores the nh,;eJtc·t- t>f iufonn:dion r·~·g-;~rclin!! llw 
al'lu;il rt>qui1P1llf'nb of c·al,·inlll and phosphorus for g-mwing· ho,·int',.;. 
'l'hP author eonsiclel'ed that the information rc>lating- lo lht> ,..uhjt>c-t 
wa.- uol itunrecliately applico.tble in practic-e, b!c'c·nusl' I h!' work had 
lwPn ac·eoruplishecl nnclt>r tondition;; whieh hacl no pan1llc•l in pntt" li1·1'. 
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ASSDlli..-\TIOX 01-' ('.\I.Cil' ll .\:'iO PHOSPHOIH'S IIY TTI~ t:ROWIJSG BU\'I:\1::. 

A "\'erv extensin• review of the faetors a~sotiated with rickl'ls 
in human ·beings and animals, was giq·n b.'' Uoltlblatt (19;31) . 'l'lw 
subjec·t was d iscu~secl from din icnl. pat holog-ita I, hi::torical, radio­
logi<·al and chemi c,al vi.ewpoints, by far the gr!"att>r portion of the 
work lWlHg' devoted to the roles pl::tyetl by calci\1 111, phosphorus aud 
vitamins in the etiology of riC'kets. The di flereuce in t:hem i<·al 
composition ,of t h<• ,; kc iPton and bod,\· fluids 1lf' Hormal :md rachiric 
animals a111l h tuHan heings wat: <lescl·ibecl, and tlH• fadors whid1 
atfects the cal<·ium aud puosphorus utilisatiou in the tation. a!" wPll 
as the role ol' artific·ial nncl solar irradiation, t·:.n1sing- normal n1· 
n hnom1nl <·a h-i fi <·<t I i uu. were discussed. 

This review is pi'Ohahly the most complete published 111 ret:ent 
.'·pa J's on riekets: OYl'l' :! , 700 reft•renees are quoted. 

Tu thei r rl'l:('lll puhlic-ntion:', .Jl an·k and \Yl•llmanu (1931, 19;!2) 
gan· con,..iderahl\' data of their own l'XIH'J'i nwnts on dog-:; nnd pig-s, 
ns "·ell a,; of t ill• I iteJ'<IIure 011 t'alciuw a11d phosphoru;; metaholisll1 
i n a discuss ioJI of' t ht'ir eom·epti.on of t he <'au,..t•s of ost~·o<lystrophif· 
diseases iu auimnl :-<. 'l'lwy argued that lite 111i ne rnl Yaluc of th(• 
ration is :-lig-nific•d h.\· tltP alka l.i-alblixital, i.t'. (K~O + Xa~O ) ­
(<'l + SU3 ) ~wd crdalbli-alkalizitiit, i.e. \ CaO + .Jl).rU) - 1>2 0., 
wht• lt thc,;p ,·a l ut•,; arP expn·s,;pd in tnilligT<tlll t>quindPnt:- J>Pr lOll g-111. 
<hy matter. 

Sherman (19:12. l!J:l~ ) di:'c·ussed in detail the mineral requin·­
ments of humau lJl•iug·.;, and laid g1eal ~>li'P'-'s 011 the llt'C·e,;,;it.\' of n 
<·nlcium ,;ufli<·i!'ut dit·l for health and gT<lldiJ. ] It> pointed out that 
th is mo,;t impol'fant <·IPnwnt 1s u.;;nally ch•fi1·ieut in tlw onli twry 
hum;tn di et . 

l u hi:- t'PY ic>\\' , Sbohl (U):I:n aimNI a t h r ing i ng- up to 1latt· h-ow 
J 9:i0, llw litt>ratun• asso1·iate<l wilb llw u1:111y pha:<Ps of \'alcium 
metalJoli,;m. AtlP nliou was g·i ,·en mainly to tlH• form~ of <·akiunJ 
in the bloocl. tht· metnhol ism of cnlrium alld phosphorus and the 
fac·tor;:; inAu<·m·ing hon e c·alcification. Th P author <·om~iJered that 
mague;;ium nH•laholi.;m i,; intimate}_..· re l:ttt•< l to t ihlt of ndf'ium aud 
phosphoru-<. 

Theiler UJHl VJ<'cn ( 1!):32) discu::<st>d in <h•l:iil the effed of a 
phosphorus dt>fieielll',\' in the feed of' <·ut th· and shec·p g-rar.ing- on 
nat unll pa~tm·P~. '!'he hidOT'_'I', <·au,;e :tll<l Pil'c•ct:- of l .nmsiek1r i11 

South .Un<·a 1\'P t'c? g-i,·en and <·omparetl ILit h ddicieu<·y di~t>:tf'I-'S i11 
ol·her parts ol' t lw \\'OI'l(l . 

B. r .ILCrOl .\SD PHOS.I:'Ilf)l!('!' Lh:Ol' llU:MEr\T.S. 

\Yeiske ( IHi:l) c·onelucled hom ntl'laholis m Pxpt•t·imt>nb that 
.) to (j months old c·a ln•.; required 1~·0 gm. Ca ancl 9<> gm. P tlail_..-. 
The bod.'· of a !'all' w:h found to contain 1·2 p£>r' <'ent. Ca and ·(jj 
per cc>nf. P h_,. LawE's aucl Gilhert (188:{). From lhesP anal_,·st'" 
..\.nn~hy (19li) <·OmJntlecl tbat for the first 12 nl<!Jtths f'ahes should 
dail,'l· reta in lij·..j g'lll. ra aud 8·1 gm. 1'. 
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E.ellnt'r (1912) ;u·gul'd thnl n hoY ill t' weig·hing :j .-)() Kgn1. c·oH­
tni nt'd 1·01 pet· c-Pnt. Cn nr.Hl ·~8 1wr c·t'lll. P. If thr t'O tl st ilut•nts 
iu tlw hod,,· at birth '''Pl't' di ;, reg-anlcd. llw nnimnl 1m11ld J·pquirc 1iJ 
gm. ( ' :, n11d 8 -:3 gm . 1> JWI' d;ly: the food ~ lwultl c·oulaiu :! In 0 
tinw,; ns much of e:wh lllltwrnl. as nnl.1· :~:j to :)() per eeJd. of the 
mineral-. in the ration wn-; utilisPtl. 

As ~l10wn b~- Starling ( 1 9~11 ) , tbt>n' was n tlost> n·lutionship 
betwreu thP amounts of Jlliuerals pH•s('nt iu tlw milk of tlw moihrr 
antl t lh· ;\sh of the you up; f'o1· t':wh :-<pt>ties. From t his Crir·hton (1 ~):3() 1 
nrgm·d. that for en~ r.v l lh . of' pmtein in POWS milk. tl te r·t• was ·K 0 7.. 

C'nO. At'c·ording to \\' olfi'-Lchruann's lnhles a hoYiue of ;)(l(J lh. 
rPtprin·cl I lb. proteiu fWl' cln.\·. It ,.;hnu ld , thPl'efor·e. assin1 ilale ·8 
oz . ( 'aO 1w•· da~- . 

\\-l'llma nn (1!-}:iZ) c·onsitler·cd that lOll Kgm. liY!' WPight 
requirPd daily for nntinh•nnnee =-~-G gn1. ('a, aho\11 '2 g'll l. J', and~-::, 
gm. "P pl'r 10(1 g-n1. gai n in ho(ly " ·eighL rn tl1e 1·ase of plant roods, 
thn•c I inH•s n:; uwth t•akiulll a nd twi<·P ns mu('h pbosph onrs as Ht;li 
l'P(Jlli rcd, m11sf hr> tokrn for produ ctio 11 and growth. Ar·<·hibaltl 
and B t•tltr <'ft (19=35) CX ]n·os,;ed their results in a sl ig-htl.1· d ilfere11t 
way. 1'1wy foun(l that tlatr,\· heifers :rrrw uormall.,- during th<' fir,;( 
~·ear· 011 a r·ation whi,·h supplircl 1·8 gm. P Ull(l 3·8 g-ru. ( 'a th1il.'' pt.>t' 
IllO lh. lin' weig'ht. the :nnounts dt•crt'a.::ing- as the anilllals grew 
old<'r·. 

Theih• r· el al [HJ20, HNi (a)] Psti mntC'd that ow ing- to tht' defi­
eiPW'Y ol' pho,;phtll'UR in tlw pasturt' t he inlnkt· of rant·hing c·alt lc 
in Hctllllanahnd during· i hr dry st>ason wns onl.,· G-ll gn1. J> / l.\ JH' t' 

l ,000 l b. lin' "·eight . Thi s d ifieient·~· of' phosphorus <·au,.,!'d sCYere 
osteop hagia . They e"timate1l that 21 g-m. P 20 , per 1.000 lh. }i,-e 
weight wa.:: the minimulll phosphoru:" t'E'quin•n1ent for I he pn·,·ention 
of osteophagia i.n matur<' t·:lltle. Of this 2 i grH. P 2 0 ; . :20 gom. was 
supplied h~· ~\ SU]>plement of !3 or.. of bone· meaL 

'l' IH·w anthor;.; (1D2-~ ) found thai in other district;.; a ;.;upplt•ment 
of 4-it lb. IJonem.eal l>Pr w<·ek was sufliC'iPn t l'or thP T>l'\' l' l'lllion of 
o:<h•o ph ag- ia in p:rnzing- ani m a ls . bnt t•X[JI"<•s,.;('(l t lH> opi niou ( h;l( thi,; 
antnulll II'Hi\ p 1·obahl,~· insuftitient for optimum gn.ndh antl c·ond il ion . 

'L'ht>ilt'r. Green aud <lu T oit 1192i ) untler· Mall-feel <·ondition:; 
protlttl'<'d .. ;.;t.dsiekte .. in growin~ heifer·s b,1· feeding a fnnko ha~­
ration (·orllnininp: (j·!) gm. ( 'all unci :-> · 1 gur. 1\(L,. Tbey pspres,;;ed 
thP opinion that thi::; di st'<lSP "styfsirkt(' '' occ·uning- nalurall~· in 
~o ut h Af'r ira, in f'altlr gTazing on ph n:;phorn,; df'fic it•nt pa ~;t urP$, 
,,·as pnlhnhl.Y Hl e n li c•al 11·ifh o.~feolll ala<·ia. Theiler bt!'r (1fJ:3 1) h.v 
UI<Jking tlll l'Xten:;iYt' histnJogit·al :'tUd,\· of (lip hone;; of tiH' ani urals 
w;ed in tlw abo ,-e t·xpt>rilltC'nt, sho,,·etl that thl· (·OJHlitiou of aphospho­
rosis kuown a;; Rr,~-f~ickll• and prodncP<1 :u·t ifi<"iall,~· in growinJ.r ht'ifPr". 
waf' ost eomahwia in tlw mahr1·e and wa,., reJPtTetl to a-. rit·keb iu 
t lw J.rrowing- animal. 

Tht•»e nuHwrs found that a n iutn.ke of +·8 gm . P was iusuflieient 
for' g r<,win g· heife rs, alllrong-h half of it. was suppl iE·d in tl11' fo r 111 of 
ht~n emPal , _ ac·tual sigus of' a def1ci~nc·.r n ot. bceomiu~· ev~ll Cl!l until 
aft er t·n lnng-. A :;uppll'mf'nt of :J t>7.. of hnn emeal hnng-Jng' !ht> 



totnl dai!r ird:tkc· of('., to :jj' <>'Ill. CaO ancl of 1' to :..'H g·m. 1', 11 , 1\' a~ 
found to' ,;upp ly tlw minPraf rweds of the hf'il'ers u,c•d iu their 
t'X JwriiH C'IIt. J> u Toil and (;rt>eu (19:)(1) couducled that a claih 
:illpfliC•IIIf'lll of UJlJII'OXimatPiy JK g'lll. J>20 ,, g-in•n iu iiH' IOIIII c;f 
houi'IIIC'a l to g-l'llwi II!! hoYi ne;; kept on pho,;phonts clefic·it•nt pa,t ur·t• 
in tht· Bt·c·hu:w:darrd arc:• \Ya:< prohahly in c•xt'c•s,; of thc•ir n·cprirenwut 
for opti111al g-rowth. hut that a dail.\· suppiPmf'nl of li g-111. P.O., g-in·rr 
:h htlllt'llh·al wa-. :lefiniiPly lwlo,,· it . 

" 'atkirr-. I I!JTi l l'ound that a ration ,.;upplyin :z IX rnuuth-. old 
!!rowing -.tt•er-. with II ·Ci g-m. ('a ancl /'\·.-, "Ill. P (H'I' d:l\ "a' 
-.uflic·i!'nt " ·it h r·c•g-a rd to lhl':<e minl'nds. A slig-ht 1,,. hig-l~e•r 'intah 
ttl' phu-<phoru.-. ( l{l· ~- 1~·:~ g-m.) wa:; faYOlii'Pd hy Lantlr ef ol ( l!l:jl r 
for ).:'1'01\ til :tnd (ll'l'g'lll\UC',\' in hoYin f•:' from ( t).:l() 1111111fh:< l)f :lg'('. 

It \\'ould :ljlJW:tr fm n1 the data quoted thai ,\' tlll llg' ho\'irrt•:i \Yi ll 
g'I'O\\' 11or·nm ll.'· 011 a J·at ion ~-;uppb· ing- a])()ut :.?0 gm. 1>~0 .. and 20 g-111. 
( 'nO ]H' I' cl:l,,· . A c·rtJrsiclc•ra hle portior . of this n lllo\111 t s hould ho'' ­
c·,·•·r· lw i 11 arr a \·ailahlt> for·m su<·h a,; in mint•r:d ,;upplc•111C'Ilt,; or in 
g·ood qunli ty h n.v . 

('. A~:o-JMLL.\TIC)~ 0 1 .. C.\LC'Il'~l .\XIl I'JIOSf'IIO II I ~. 

~l ;~xi111111lt u! ili.,ation of' the fooa <·nu:sfifuents i,; a lwa,·,; :~inH·d 
at in or·dpr to suppl.'· atlPquatel;\' tlw dt·JU:Inds for g-ro\\'tlr, p;·odu1·fio11 
and rl'prodn<'lion. St>,·eral fa('tor:s impair the utiliz:llion ol' n1i1Jc•ral.., 
,.,.,." though f lw latter c>xi;;;l in an easil~· :ls:>illlilah],. fnn11. 

T h,. "111all intpstine i,; thl.' zone of :tl•snrptic.ll hu1 tlw minPral,.. 
:~h-.orbt•cl an· 11ot rwr·e~:;:nih· rt>bined, a;; a I' air an1oHnl . <•spf'c·ially 
c·:llc·iHm, i-; lwlin·d tn ht• ex<·retecl into the larg-e> intl',firH•, :111d lo 

p:r.., ... <•ut "ith tlw fac'<'l''. 

~lt>i g-:-. Bl:dlr en,·i1·k .tncl Cary ( 19 19) exprl's:<c•d tht· opi11io11 that 
t ht· ;p .. ,;iruilnt iou ol' C':tkium aud phosphoru,; \Y:t:i t':u·ilitatPd h.\ l't•t•diug­
t lw-.(' ruillt·r·als altc>rnati,·c>ly. but uo d"finite l'XJH'rimt•nf:.; han• :.inn· 
bl'l'll c·:~rric·cl out (,, pro\'E' t lw \'alidity of t his du•on. 

~fl'(:owan ( I!J:{:{J ruainfain ed tbaf l'nr optin1:1l utilizn!iun of ( ':t 
a11d I' ;~l'tt•r :th:;,rrptitlll, it i:- t>:>:>enliul that lhl',;c• rninl'r:rl,; ,;lwuld IH· 
:;Hpplic·d i11 lhc• l'ootl tll ll'nm hinc>d w it h on(' nrwtht•r· :1nd that 11ic•.' 
,;hnt rl d ht' ah,;n r l~t•d. a;; far :t" possihiP in this eon di l ion. 

l nfp,; l in a I nl,,;or·plion \\'[l'i pm,·pd lty j[ illl'l'. Yall':i nncl .lonp:; 
( l!J:!Ii) to IH• partly f·ont-rl•llecl h~· tlw llt•Pcls of lht• :t1r i111 a l. lu 
:H·I·~tn l arlt·t• \\'ilh the ahoYP, IJodg-:<on and 1\n ott ( l!J :~:2) a,.wr·i l~t·d lite• 
poor 1rfiliz:dion of r11inc•nds h~· clai r\' heifer>'. l'c•d on arli(i,·in ll.'· 
ilri,•d hprhag·p, t .. the• fad that \\·heu l he nnillln l" 1\'I'I'C' fu ll -g'l'n \\'11, 
t lu•ir· dt'l11a 111l:i \\'t•n· n·r~· "lll:t ll. 

Fnrlw.; PI 11/ (l!J:..':!). 'l'ur·nl'l" el al (l9:ti. HJ:ll ). llaag- 1'1 ol ( I!J:!!)), 
ll aydt'rr, ~lonr·oc· and ( 'ra ,,·fOJ·cl ( l!r30 ). TT:nt. J\linc• and ll11111phrt•y 
( 1 !J:l:.! ) found npg·:d in• rui nc•ml balant·c•,; for hig-h pmclu('ing- c·o\\',:, 
l rr ~onH• uf tlw,p C':J:;p~ rtli>I'P than !Jtl lll'l' tl'rtl. ol' !111• total mint•r·:d 
intakl' \\':1~ c•xc·r·l'lt•cl in thl' farces ancl urine, thP Ill JH'I' t'!'llt. left 
to ... llpply llw miut>l'al,; C'ontained in tlte milk bt·ing- inndNtllalt'; lJu .. 

:?K!i 
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an imal was f'on;ed to chaw on her s keletal resNves . Hart 1•f 1/1 
(1933) conc· lnd etl thai the animal was UJJable to liiC'l'eHse its 
assimilation of minerals enn when lht• mineral intake wns con,.i dc•r­
ahle. 

Mitc lwll et al (ll:J:J t ) found. with pregnant gilb. a n awn\~(· 
dail~· retention of 4-:38 gm. Ca and 1·32 gnJ. P , being· !31 ·:"> per c·t•nt. 
a nd Hi pe1· t·t•nt. of l'lw iniakes l't->Spt->c·tively. 

( 'em s g·i\' 1'11 58 gm. Cn nnd !) ] g"llt. P by 'l'ul·nr r , Kant· aud 
Hal(' (H)~:!) utili:~.ecl about :H per c:Pnt of Pach eleuwn1. The r ntion 
<·on:<isted of T i tnoth.'· hay, a gn1in mixtllt' (• and a c·alc·inm s11pplen•ent. 
IJ art ct ul ( IH:I:I) fo und with a high protluc·ing A.n:dtite cO\\' l't·d nn 
a ration of alft~lfa, g'l'<1in nnd corn si lag·p , a rd<'tdin rr of almo"t 1-l 
pe r ct•nt. of th e ('a iui;)kf'. 

Ac'tordi ng- to ~ft'ig~ 1'1 al (19:{-~ ) c•(l\\'S kt>pl for "C \'t•ral 11\0illhs 
on an inadt-'qu:dc c·<~fc.ium ration, uta .\ utili:t.P about :10 fH'l' c·t>Jtt . o f 

the cakium c·outPut of till' ration. 

F or-hl·S I'( a{ [ I n J (hl 1 found l hat pill'" red 1111 a gTain rat ion 
<·otdain ing a c·;d1•ium ::alt rp(ained 00-70 JWl' l 't• nl . nf' th e c·aii-Htnl, 
while ~:>piers and Shermnn on:1(}J with nd,; nnd ~Jorg·rn c>t of ~l!):!:n 
"ith dog;;, fouucl a I'<'!Pntion of 90 to !}:1 pE'r f•t•nt of th<• nd c·ium 
intake. Ilo\\'1'\' t'l' a;; far a-. th<• author j, awnre. :>uth high ,-alnt>-. h:Ht· 
not been II'JIIH'tl·tl for :<hPI'fi . pig- · or c·;~ttle. 

l t mu stlw point ed out, hmn?Yt'r, that tha t }JPI'('t' llt ag·t• utili:~.;rtiou 
or retPnl ion nwans YPl'\' li t t Ie. n::: ;; u!'h fad ors a:~ d!-'UH\Ild ol t Itt· 
animal. tlw total in lnkP. thP form in 1\'hich tlw miuPrals arc gil't•n 
aud lire ,·itamin )) eon(<•nt of tlw raliou or ;;ola1· irraclinlion, t• ll'N·t 
thP It'INJtiotJ. I lh,·iou:-1.\ tlw pt'll't>llla~e n•tt>ution ha-..p t! on a hig-h 
i n take nf ('a and P ma.\· lw low aud ht•11c·e gi ,·es :1 poor idPa o l tlw 
utilization of thc~w tuint>ral :-. lu I ht• :<amP wa,v JH>on•r 1rt ili:~.al i'l ll 
nr :1 lmvn in take nwy :; ho\\' <1 11 npprct·i ahly hig·ht•t· pen·r ali <U.('I' 
r<>ten tion. 

J). - F \l ' llllts E Fn;c 'JJX<• TllF {' ' ' 1.1z \TJO.\' oF ( • \l.nl"~l 
\ ~ II Puu.si'IIOHI' s. 

C'ousidPrahle \\'IJ I'k ha s hl'~-> 11 don e to d t>il' l'rll i lll' tlw rl'lil tiYe 
a ,·:ailahilit y of the.> •·nlc:ium aud phosphorus of dif'ft>rP rll f<·Pclinp- "'"n·~ 
nnd of tu int•r.d -.uppl<•uH·td.;, hut ihl' l'l'"'ldi" ohtair~t·d ;rt' P hy uo 1111':111" 

c·ouclusi n·. 

I\rntnt'l', Potter and Uillum (HJ:IO). Fint·kt> aucl !-'ht>J ' UHUI ll !J:IIi l 
;~ud Kohmn11 and ~nuhnr11 ( l !n:> l with mts aud ll:ul el 11! t l!l:!7. 
IH:l(). fH:lf l with hoY iJH'" cl t'll'ttniued t h" :n:ail:tbil it \· 111' ilw l'a.kiuitt 
nl ntriou,; food:<. · 

Jl t>,.,.l. aud )brnclt ( ]!J:J:} ) t·out·ltlllt•cl that tit<• alNII'(Iii<otl nl 
1·alcium l'ro1n llH· c·alrillll• salts tt>,ted (\·iz. 1·:dc·ium <·arhoua t .. . 
d i-t·akium phosphatf', l t·i-c·ult·ium phosphate. c·;lit·iulll g- lut·OJl<\ll' l j,., 
l' tllin•l,\· iud('jl\' ildant of iht' ,..olubil ii.\ of !ht•se sa lts. 

Atte rli ion has furl hl•rrrwr<' bet>u g-i \'1' 11 (o 1 he availabi lit,· o t t lw 
pho,:phoru-; in dilh•rent pho-.,.lwt it· -.uppl~ment", f'-l)IN·ially Ji~~·alt·iunl 
phosphatr :HHI houemc.>al. .\ lwttl'l' uti l i,.;ation ol' c·aleium <lntl 
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plio"l' ltnrlh wa ... o ld a i uc•d ''-'" H lonnl I 1 !):!:_! J h.Y I t•c·d i 1 1~ d i- ;·aki IIIII 
phc,..,ph:Jit• iha 11 by 1\·c·dinl! tri-c·:d("illnl pho·:ph:llt• or hnnc·ll lt'a l. :-;inJi­
l;,rl.'. clu Toil and ( ht·t•H ( J!l:l(l l <·ondudecl 11'11111 :-ttpplPIIH'Jii:tl',\ it•<'diHg 
('\flPI'illlt•nh '' ith c·atlll'. th·tt lakiug- Wl'i!!.'hl for lll'i!!.'ht. di-c·:dt·inm 
pho .... phalt• 11a.., t hn•e linu• 111on• Pflo·c·ti\"t• than !tone· llll'al. Di -c·:d :·iu n1 
p;lohpha l t• o·unl.till.., -l:! ('t'l' l't'lll . l\1 1 .. anol hont•Jiot•,Jl :! 1 JH'I' 1'1'11'. 
I' ,(I. l .alt•J' 11ork J,,. ~ ! alan and clu T oil (l!J:I:! J t•nahl"d tl~e•n1 "' 
t.fan· 11". '"PJIIrnll'lll·.., in lito· fo llowi !!ll w·.lt·r ol a1ailaloilit.' •d lh t> 
piJo..,pholll'. 

( ! 1 :-;ndiun1 phc,..,phatc· . 

( :! J l' n·c·ipilatl'ol <·alc·iiJJII john..;ph:ll<·. 

c:: 1 Bllllt'llll·al and oiPgt· lal iui~t·cl hon•· tlour. 

Th(• ('( llll'ln,; io n,., or t lt .. ,.;,• Hill hoh 1\'PI'O' hawd 1111 ill I' \\O•i:,.dl( 
i iH' I'f': l-<1' c,J' l hl' <1 11 inwb. 

Tho· o·:dc·iu lll a•H I Jlho,.,ph nll li' of l1oncl ... w·h a..; l'l't'l':tl s c·oJJtn i ning 
i n n~ il lll pl11 1.-<ph n1'11 ..; arl' poo rly uti li zt•ol. B nolh. 11 !'11 1'\ :1111 ! !\on 
c l !J:I.-, ) :tnt! llruo ·p :tiHI ( 'aile"' . I I!H-l-1 lll:tinhtiiH'cl tha t o:illl ll': ' l c·o n l ;~ i n" 
lll ll·d ly p h,\ li n ph cosp lt orn,; ri no:-; it n l lwx;~pho..,ph:tlt' l 11 l1ic· IJ II " '·' c·uJI­
.;i d r J· teo he• l loiJ-:II·ai laltl c• In a nin1 ;al,.; . .\ c·t·on l ing· to ll lc•.\' t• r aJ•d 
l.'i·dlC'I' ( 1!1:1 11 <111ol F rnl ot' "' ancl ln·ing- ( J!J:II l th e· ( 'a - .\l g· ... all n[ 
iun.;ilol hp:-::qd' ""Jlho ri c· at ·id was \\'I'll uii l izc•cl h.' ~:d .... Th1• ll"ol'k 
of .\ II'( 'anc·,· :11111 \\'icl cl o\1'.<0!1 ( lf):l.-1\ al..;o ,IHll\'\'cl a Jl<ll' ( i:t I ul iliz:tt ion 
ol' t hc· ]'" ·' i in in~.:c•..,lt•ol hy htllll:l 11 hPiJI).!''. 

~h•c •n hcll'k 1'1 ol C Hi::O I oh~c·rY!'cl ihat ·· Pquali:t.:di nu nl' tht> l'hth· 
phnl'lh c·ontPnt of t'f'rt•al rations clid not 1nakt• th c.'lll l'ljll:all.' c· fl'l'o·li \·p 
111 hon<• t'(JIIIl:tlion ... \n c·mTelatioll wa-<, ltnWI'YI'I', lnuncl 1" Jhrri~ 
and Bnnkc•r ( 1!1:~.-, , lt.•l\l't•ell tlw ph,uin pho..;phoru..; c·olliPIIt · an.l th.• 
1:wh ifog-c• nic· JII'OJH'I"Iic•.., of 1ht' diet. 

l.ali•r 'l'c•Jnplin and Stc•c•n llOl'k f I!J:I: l) foUJlll lol'l it-1' c·akifi.-ation 
b,\ lt•t•ding- imnwlun• yellow dent fiPicl mai:t.t· than \\'ht·n lllatun• 111ai;~p 
ul tiH• ... ;nlll' \';lril'l,\' and l!l'll\Yn unclPr iol.-nli<·al c·ondition" ''"' tc·cl. 
I n a :-u lht'q\11'111 papt>r hy the:o;o• ant hnr ... i lfl:~:{ (11\ I anloly,t•d gc• Jin in­
alc·d uwize """ ... hown to po,.;,-ps.; dc•linit t' aut i r:u·hitic · JIIIJ!Wrlic·:. . 11 l11•n 
c·c, Jn 1 oa l't•d 11 it h n~;t tu .. ,. 111a i :t.t• . 

l•' u II hPJ' 11 ork h.1· 1.011 r :11111 ~tc•rn lHH· k t I !):l(j) c·L1 ri lic•cl II a• po.., i t inn 
I'OJH.; iclt-m hly. 'I' J., .,,. s ho 11·cd that (:t l the pll.l' i in p hu,;phont-< pn•spn~ 

in the• l':lf· l,itog t•ltic· di t·l \\' :IS i'""rl .'· ;tY<lila hlc• whPl l c·tllll)lalc•d 11 it h thc· 
pho..; p horu,; ,f p ho"p hor ic· a c·iol :11 tol ..,t>clinnt g l,\ c· t· rop hco,.,p li :dt• at od (111 
1rP:ti111PII I o l' l lla i;~,c• \\' i lh lH'l inljl )'C)Y(·cl i ts ;~ nl i ra !' h i l i < · Jll'oJwl·l it•» in 
l' ~'" ]Hldicnl In lh P t•XtPnt llta l {h(' plt ,\·t in 11·us by d m l,Y:t.<'d. 

' l'hp an t i-nt l' h ili l' f:ll'l ur . \ ' i t<ll ll ill ]) , a ppan•lll l,\ J'<·g-uLdt•" ( ltc• 
a h,;o r pt io 11 o l' c·a l c· iuJn a n d pbosph oru~ fr0 11 1 l hl' intc• ,; litlt ' an d t il t• 
<l<•Jiftsil ic on o f ltl ill l' l'a l:< in ! lw ossenu,.; tis,;ue . to for111 ho ne·. 

A ddi<·iPJH:\' of Yita n1i11 D. affec·t,.; tlw utili:~.:dio n o l c·all'it t lll a11:1 
J•htl$]Jhcll'llS cll•IJ:iuu•nta l ly . ~lMgnn ( iarri..;Oit nuol I fil l,; ( I!J:{:l ) Jllain ­
!aiiH'd l h at ,· il< t lllin I) app:tr!'ll!ly Jll'l'\'1-'lils rt'-t'XI'I'\'tioll of :dl"f· l'll'·d 
<·:tlc:iu m into thl' iuie,; tilJ<'. T he \itamin c·au .;t•s dl'Jll l,..ifion of c·alc·J lllll 
In I L'l Ill hnlll' ra t hc·r than au inf'l't':t "t' of ori!.riual alhoJ pticon . 
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ll upPI. Bohstedt atHl Hart (1!):):~ , and Bt>c·hcl dol (19=3:3) shnwNi 
that f'aln•;; requirp ,·itamin ]) in ;;ome fot·m. Further work witlt 
c·ah·f's 1)\· \Yalli;;, Palmet· nucl Gulliekson ( !!):!:) ) aud Duncan ancl 
Huffumn" (l!):l(i) indintl('(l that the addition of' ,·itumin D to a 1'<1tiou 
d efi<·it>nt iu thi,; c·on,;lilut'u t, hut adE' ~JuatP in <·akillln and phosph.n·n::- , 
~" rt::at h· iuneased tht• llliueral retention . :'\pg-atin• milll•rnl halan<·<'~' 
lht•n•l;y [,e<·nme positl\'f:'. 

Th e animals wwd i11 the experim<·ub t'Ppo rlPd in thi,; pnbl il'~ltHtll 
wen· t>Xpo,;c>d to dired !<Uillig-ht tlai l.\· for ~>t'\'Pral hours iu thc>ir 
exer<·ising paddocks . Jlt•n<·l' ahundanl ,.illllnin }) """" suppltecl in 
thi!' wa.'· in adllitiou to th;~t c·outained in tht• l't•<•tl. 

lt is g:enernll:v a<T('pted thnt tlw Ht ilir.nt ion ol C'a and P. i.­
affected by the ratio in wbit'lt the;;e element~ art> prl:'sent in the (het 
and from t•xtpn..;in· in,·c•sti:.ration-< of this pwhh•u1. i t i::- gPnerally 
c·oJH:eclPd that " ratio of approximat('ly :2 ('a to J P in the dit'l 
fan1m·s th(' lw:"t utili;.:ntion of tht>,;t• l•lPilH'llt s . 'l'ht>iler. Gnwn ;~ncl 
du 1'oit (19~7) expn•,.;se<l th€' 1·iew thnt tht• <'H ITt' llt f'lnphasis 011 

('a : P rntio wns prol,nhl,r f'X<tp;g€' ratl>d t'i' JH'<·ially wh1•11 I lw·H' ell'l tH·nts 
" ·e r'c pn'se ut in ahu rlCl t\l lc·e i n t h€' ration of ;luimals. AI lower l t'I'Pl~ 
of iuta kP t lw lwst uti lization of these t \YO millt->l';ds is au aclYantagt· 
to thr animal nHd ht>nt'<' a eOJ'I'el'l ratio beenuw.; Jnon• i rnpol'lt~ut; hut 
lwrP ag-ain it won ld '-<'P ill that thf' leYPl of iutakt' of ( 'a OJ' P Ol' hnth 
lwconH•s cqnall .,· if' not 111ore important. Fo1 in.-(niH·e Brown. Shohl 
ef al (19:J:! J and Shobl (19:1:2 , 19=Jii ) -;tal('(] tlw t thf' ( 'a : l' ratio 
inadequa tt·ly dl·fiuNI thf' r :u-llitogenit· proppJ·I it•.., of a dif't. Hi<·ket:­
coul<l be prorhw<'d in rat... 1'1•d on dit->h low iu ph o..;phmu::- uo mntlt>r 
what the ratio ol ( 'a : 1' " ·a:;. Tlu•ilt·r. du 'l'oi t and )lnlan (Jf):n ) 
ha...-e €'SprPsst>d thr ,· it'\1' that in tht• pro<hwtinu uf o~teod.\·~tn>phi<· 
disPast>,.; h~· lillliling t lw intake of {.' ·:~ o1· P m· hoth. tlw ratio \\'fls 
<lf'l'i tlerll.'· of sl'<·ondnry illlpurtnnce. 'l'lw mpidily "·ith "·hich the 
l'ondit iou tlt-•\"Pio twcl ho rf' n clirect n·hrt ionship to IIH· ratio, n nonnn l 
ra tio pmdueing th (• <·o rHii l ion b~· no llH'<IIlf' <1:4 rapi11ly as a widt• •·at. io 
does. but tlw diil'Prt'lll't' in lhl' ;;eYerity ol' t il l' !'onditions produe('d 
ultimate ly not lwing· alwa;\·s apparc11t. 

lt i;; douht£><1 whetlwr the ratio of dit>tar.\ ( 'a to P i" important 
to the ht•alth of animal..; uudt>r r·ot11lition-. of ft•cding whif'h are 
un1<1lly cousid('red Hnr·rual t>xce-pt Jlt>rhap,; in lht• c:a..;t· of hor;;e;; nntl 
pig-s where t lw nat UI'P of the ration j..; ,.;u!'h tlwi it eontains n•lali,·el~· 
high P and low ('a. T\inlrwr and Holt ( l!):~~ ) hdicw that the r:-~tio 
of l C'aO to :!·.) 1'~0 .. is dangerous to the heal! h ol' hurst's at11l iL is 
fea recl thnt thi,.; ratio i:- oflpn prr;;c•nt in tht•ir ratimt,; .. Thr widt­
ratio is ettcct iYt- in producing- di;;ease, but .it lllll,.;l lw J'<c'JllPllllwrerl that 
the Ca i,.; ln11· i n <tdditiuu a url it is hePlv ad lll ittrcl llwt thP rnlio will 
Pll'eet animal,.; ildri nH•nt:rlly unrlPr slH·h· I'OJHiitiol r ~<. 

E. - Bt.oon A~.\LYsrs. 

Hobin,;ou and TJnltlllan (19:?{i) found thai tlw ],Jood of nmmal 
mature callle contain1•rl holll 7 ·7 to l-l-·7 mg. of ('a per 100 ml. 
A.llcroft and Urpeu (19:{4 ) aud Haag and .J ones (l!):J5 ), however, 
fouud nllues betwt>en the uanower limit s of ·6 to ll·G mg- ('a per 
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.\~'-1) 11 1 .. \ ' I ICl:'\ 11 1: ( ' .\1 ,1 ' 11' ~1 .INll 1'110:--J 'II OI! l ' ~ B Y TilE 1:110\\ 1;\(. I\11\'1:\Jo:. 

IIl ii nd. n lwu l !)() JlP I' c·Pili. of t!wir ,·a l11e-.: fa ll in!.!' lwll\t'Pil !J and I 1 
111~. I t ha .... lwt·n t'ouud h.\ 1\iutnerand .Holt !1!):1:!) whilt• inl' l',;ligaling 
"quiut· n--IPtllnalar·ia . Filt·h 1'1 11f 1 1 n:~:1 1 and (;ro,•Jll''"dd ( 1!):\.-,J 11ith 
t·uttlt•. i re '''JI<'rinet•Jah o\'l'l' a long pt•riod .. Jilnt•:- and 11nl,-,nu I I!J:l:! l 
11itlt nil ... and F ra..,t•r ( I!-J:l:!1 with -.:ht·t·p. that 1l11· '~'l'lllll t':llt·iunl 
I'PIItaillt•d nonnal 11ith tlit't-.: ddicil'nt int·alr·inlll hut 11ith an adt•qu:ttl· 
:tlllllllllt ol 1 itantin I> . \\·lwn. howpl'pl·. a ddir·il'lll'\ o f both r·alt· inlH 
and \lla111i11 () PXi.;tl'rl in lin· ratiull .. \ t~t·hinar-ltit· ,;11d 1-:lll ~ lit• ( I!J:t.! l 
a11d Fra--Pt ,., ,,{ ( I!J:l.J l working with ,ht'l'fl. HPthk,· 1'1 ,{ ( I!J:!:I l and 
.loll!'' and ('oltt·n Cl!):l(j ) with rat..;, fllnllrl a )m,·r·lt>d hlnorl r·alr·i lllll. 
.\11 addition ot t·od-lin·r oil (1·itamin ]) , n·--ton•d th•· '''1'11111 r·nlr-ium 
In 1 ht• lltllneal l'altw. 

\\'itl1 t·:rln·,; 011 :111 ad,•qualt• lllillt'lal r;tliou l1111 l:rr · kin~.: in 
1 il:1 rniu I l . I< npl' l . 1\nh .;lr•dt and 11 :111 ( I!):J:\ 1. l1 111l'nrnll and I lunr·an 
II!J:J~, 111 1 1 lounrl a lnwr· r iup: ot i111• :->1'1'11111 r·alt-iunl, dt•t· n •:r--i llg- in "IIIII!' 
•·a'"' to li lll)f ll l. ( 'a JH' f' 100 111 !. l1lood. Thc• addiliou ol' !'nd- lin•1· ni l , 
hii\\PI'Pr . p ro llljt t ly h r011J.dll (h t• r·OIH' t' lll r:dion of tlri-< Pll'llll' lil i11 t iH• 
h(r,tn l ha r·k (o IIOI'Ill:t I. 

lluli' llt ;t ll :1ud llohin,.;ol l ( l !)~(j) . llal u11•r :r nd l•:, ·k lt•,; ( 1!1:27), 
ll l' lll li· l·so ll :r nd \\'t•:ddy t i!J:Hl l . '\f;d;ln . d u T uil an d (;l't •t'll (l!l:!l'\ ) 
,;hnw<•d llwt !ht• phnsp lr o1us <·ofll t·n ( of t h t· r:tlion o l' hol'i lll ''' h:11l a 
il t:a rkt•d in fill l' ll t' t' 11 11 I lw inuJ·g·a ni t· phn~p lwru~ \'tll t! Ptil ol' ( h t• hlond . 
~lll'h lo11 nrlnt·s :rs )· () lll).!'lll. I' pt·r 1011 111!. ldo11d ll l'l't ' olll :l inl'd hy 
~l ;d:rn, du '!'oil :1111l Cht•PII ( 11l'2K l l'o1· lllntllt'l' t·;tl( ll' 1111 phos phoru,.; 
dl'fi1•it•n I :,t r:rxi llg'. l' lw,.;p lr oJ'IIS :->Hflil'it•llt' .\' i 11 I liP d il'l of 111:1 t 11 ,., . 

hll\ ir11•-.: '"'" rd lt•('t .. d a -< an incn·asc in liH· in ttl'g'<tllit· I' t•onlt•nl ni 
lht· blood. \' :rllll'' nboYt' :: . .-, tll!!lll. pPI' 100 mi. ),Jond 11 <'1'1' l'l' !..:':ll'dPd 
a..; 1\01'111<11 lo r mat 111'1' 1>.,,-j Ill'S. 

1\ r:llllt•r and ll olland (1!):?:'. 1 with chif'kt•n-< ;llad Htqwl. Hnh.;ll'tll 
anti ll arl (I!J:::11 with r·:dn·--. ..;lwwp.J that with :111 adl"tpl<ltt• tnilll'l'lll 
d il'l dl"fit·it•lll i 11 vi l a 111 i 11 ]) I h1• i IIOI'!!a 11 it· hi owl pho-,phol' th d mppt>d 
hut """ l'l',..ltJI'I"d lo nonnal wlwn t·orl - lin•r oil wa-.: ~.ri\'1'11. 

The dPlt'l'lllin:llinll of inor-ganit· phosphnn1-.: in 1!11' hlood ol 
aninwl-< )11'0\' irll'.; :111 Pxr·PI IPnt ,,.<1_1· of' tli<lg'IH~:-.ing- pho,..phnru-.: dt•lit·i­
\'11<'.\' in -.ltwk k1•pt undPr •·onditinlb of' ,· itan1i11 () dt•lir·il'llt',\. l u 
~out h ,\ l'ri1·:1 I hi ,.; lliPI hod h:r,; hl'l'll l'nlpi•,_H·d to •·oll1•t·l inlor111al ion 
oil tht• t•:l.lt• lll ol' pl1o:-. phoru;-; d .. fil·it•lfl'." in ,.fot·k kt·pl 011 na t ura l 
paslll l'l'S . 

• \ c·<·ordin~.r lo l\:r1· ( J!l:!!l- l !J:IIII :1 nr:lrkt·dh· l':ti:->t ·d t'llllt'l'l t l ratiolt 
of pl :a ,; n1 :r plto:<p lra l:a,;,: i n lrll1 11 :111 ilo up,; \\' :1 ~ t•n r1fillf'd al rno;;t spl'(' il il'all .\' 
In l'l'l'l<l in g't'llt 'l';t )i ;.: ,.,J di ;; t •:t :->P~ ul' th c• ltlllll', 11 11'1'1':1M'd ~; lit lt•,; 11 1111'1 ' 
( h :t ll :,! () li 11 11•:-< (hp 11t lf'l11:1) IJPillj,!' i'O Uil d . 

. lluda u,;k,\ Hr11l .J :drr (l!J:ll, I!J:{ :,> ) wo1·k ing- w i tlr rnb ~~~~ ,( g·ullt «':t 
p 1gs l'ound I h t• pl ;c,.;1 11 :1 plw:;ph ata:o;p to ltP :dYcdPd 11.1 I' a-t ing a 11 d a 
d P(ir·i<'n t t· ;d r· illlll i nl:t kl' . 

A ,· ita lllin I) dt•fil'it:' n t·,\· . with adt•quaiP nailll'l'n l i u takt•. " ""fou nd 
11.\ .\ lwhill:lt'Jrjp :Inti i-:111 :> l ie \ l!J:I:·j ) {o iur·rP<hP till' pho~phala;;r t·ontPllt 
ol' I lr1· hlootl ol .;ht•l'p tlnPf' to l'onr t inw:<. Tlrt•-<p :tilt hot~ l'XPI'I'""Pd 
f lw opi11iun th ai l hl' t·onr·l'nlration of pla:->nla phn-.plt:ll<l'l' g:ll' t' IIIIH·h 
t•arJiP r intlit·ations of disnrdPt't'.J c:akium and plto~phorll,; flll•faiJo(i"lll 
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,J . :-.. ()'1' 1'0. 

!h;IIJ !' it hl'l' :,P I'HIIt tn h-iunl , blood inorgani<· plto,;phoru.;, gf'lll' l'al 
'lhtl P of h,·;d!h o1· hody wt-igltt. ]n agrt>eiiH'Ht with th<• aho\'PIIlt·n­
tiolll'd \\'orkPt':.:, Bodaul'ky and Jutre (l!J:{-i) c·ou-;icll'rl'd pla:<uw 
llho,;ph;ti••='P ,·alups to he hettt:>r c ri !PI'in for· thr ,;e,·pril.\' and pro~.rress 
of ric·k<'h than lho:'il' of tlw :;pr·:rn1 cnkium and pho..,phorn-.. 

Totally IIIH' XJlel'le<l p]a..,mn pho,;phal:he \·ahll•,.. 1\'l'I'P found hy 
l'a \1111'1' 1'1 nl ( l!J:l.-,). The l'ah·inm intake . \\'i!h ot· \\'ithnul ,·itan1i11 U , 
had 110 ,.n·<'c·l on t lw pla,..nw pltosphata,;e of c·ow:-. Tlw honl' unal,,·,-j ... 
indic .. tl !•,l thai llwn· wa,; no di;;turh<'d mt>laholis nt. 

I t i,; pn:<:<ihle that l lw detPr·minatiou of pla~nw plto-.phata-,p i-. 
not Pqna lly ,·:tluahiP for di ag-nosing poor <·ul1·ifi<·ation or P\"l'll 
alntunua l ( 'a l' lliPtaholi ... m in all spPl'il'" of anintal :<. 

J.'. Umn: A:-; .\T.Y::; ts. 

Apnl'( from tlw primary fund.ious of tit €' ,;kC' Ic•t o ll to ;-,p l'\'1' " "a 
fniiiiP\\'ork l'nr th l' l;ody , il play;; n Yer~· importan t nth• , 11<11111'1 .'. a:-o :1 
t't'Sf't'I'(Jir for HIP in1portant minerals c·alrium and pho:-; phunt~. Ft'Oiil 
this ntill t'l ':tl t'l'~t·n·nir r·alc.:it tlll ::1 11d phw;phonts art' withdrall'll duri ug· 
Jl f• t·iod :.: ol' n1 inrrn l s lrt'ss . Th e hone is rPso rhecl a~ " ll'hok dc•c· t·c•a:<ing­
in \\'l' ig-lti antl th>Hsi L.\' and int' reasing i11 )JOro~it,\' , a11d tht• bott l' 
ht'c·o nws O:'teoporot ic·. U11 lr:.:s romplic·aletl h~· n:-;teoulal;u·in, ll'it<'ll 
unl'alc-ifit•cl oi'lroi d Lis,;ur is depo:-l itecl. 'l'h e l'P:-ltdt i<: :1 drt· rPasPd ash 
l'ullLP rlt with o r ,,·ithont an inert>asp 1ll oga11H· lll:lll<' t', tlw rPb\' 
l'<'IHlc•ri ng- t br hom' s It>;;<' 1·ig-icl. · 

ll i~to l ogic·:tl l'Xalllinations of houe ,;edion:; g·in· a d<•:~r pidun: 
of tlu• l'OJtditiull of llw nuimal with rf'ganJ to c·alc·ium and phosphorus 
hut"" ,;ut·h a ~tud.'· l'nll=- outside the s<:opt> of thi,; papPI' a11d i-; fu ll ,\' 
cli.;1·u:-,;c·d h.v Th l'ikr et al (lfl:n). on ly tlu• ph~·si<·al tllld c·IH•mit·al 
analy-.i-. of U«llll' \\'ill lw d isi·U:>:'Pcl. 

Forl:c•,; lllltl hi- c·o-workPI':' r L9:! 1 (a ) , ( /J) , (c) . (d ) I lll:llh· au 
PSIPu;-,in· :-.1 udy ol the causes of hone fragili ty i11 hrood 'owt- . )l;ll'kf'd 
dill'.•rt-n<·t•s \\'l'l'l' ,;hn\\'n in f he dilfel'l' ll f gToup.; for flw ash JH'I' c·.l'. 
hnt lt' ( \tJiunw of l.onp takPn ) . the breaking slr<'n; .. !'fh.;; of fhf' hoiiPS a11rl 
th1• lin· \\' l'ig ht of the an inwls . 

HottPnste n and ~Ja y n a nl (19:3-1-) found tlwt tlw ;1\'t•ragt-
dr v- l'nt - l'r<·<· fpmur·,; of rats on a low lt•\·el nf lllinrral inlnkc•. c·olllainPd 
G~i· H JH'I' c·('ti( u:.:h a:; against (i-1 pP r t·ent for tiH• ho rw,.; of aninral :.: 
J'N·ci ,·ing an ;~d Pq uatP minernl supply. 'L'he U\' Nllg'<' ash <·n nl l' td ol' 
i lt c tln·-f:d-fn•p c·a nlloll hone,: of <·<11\'l'::l 011 a <·onc·t•nl r;tiC'd ralinu. 
w;~ ,.; f'n.und to he :J(i·H p e r l'enl hy )fen d ancl H <•g·;~u (1!):1 1). ' l' ltP 
ad diti on ol' c·alti um t·o lhi,; ration b rought tlt o n:.:h c·ontPnt fo r tltt> 
s :tlll (' ht>lii 'S ol' o(hpr enlvf's to fl4·G per ('ent. Sit11il;11' fig·un•,; nrP 
g i\' c ll hy 1\in l nt•r ancl Holt ( 19~2) for thr nwl:wnrp;tl n.-h nonl<:> n t ol' 
horsc•s . 

Bt·t hh , Edging- ton ;md Rick ( l 9a=3), Rupel , Hohslrdt nnd fl nl'l 
( .I !J:j:j) antl Shohl ( L9~ fi ) <·onrluded that tlr t> as lt I'Oitft'ul (t l' hom• 
afl'OI'tl ~ nn t>xc·c•llc•nl indPx of Ow df'gree of ea lf'i6eal ion. ' l'bt• figurt>s 
for I hi' ltn•a king- streng-th of boJJe>; h.'· l3PC'kt'r. ~ t'n l and She<~ I.'' 
( I !):!:1- l l):',.J) \\'~'I'P slrikiJJg. HNn·y prodm·ing· tow=- WPI't' hpl for 
'>t'YC'I'<ll l:ll·t:dion J>Priotls on f'aleiullt rlefic-ient ration;,. ( 'o" ~o .. -J!J. 
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alt<>r Pll·,·pn t·ou:<e<·lltin· l:tl'larinll'. fr:tt·tun•tl lwr tll'h· j,. :tn·h in lb11•t· 
pl ac·es. Th P ill't•ragt· hn•akiug :<1 r·ell.!!llr ol IH•r lt•utur..; and hu1111•ri 
m·pr :1 ,ix iul'h 'JI:tll. 11:1~ :r{:, lh. pPr ,.,qll:tlt' iuc·h '" a~aiu:-t '' '~-'' 
:W(IO II.. pE>r ... q11an• itwh lur t ht· :-:tlllt' lulltt'' ol anitnal..: l'l'CTinug­
s uppl e ut E> III s of hon<· ll lt•:d. 

H og-a u ( 1!):1:.! \ and .\ ulll'l. Jlug- IH•:- and l,iPIIhanl t ( [ !}:~t il t'onud 
witJr pig·s (hal l ht• [ ('\'!'[ or llliiH'I'<tl iut ak(' had JwnJ J.1· Hll,\' pfl'Pf•( it p1111 

the· diam .•te ·· or t hl' lo(lllt', IIlii n•mark alth iufllll ' ii( '(Hl f l ~t• th it·kit l'..:s 
"r i t , w :Il l . · 

Hln111 ( l !l:ll ). f lolmPs attd P iQ:ut! ( tn:!( ) :111d lla rtm:n1 a11d 
.\ fpig-< (l!):lJ) sh11\\'t>d that thP ( 'a : 'p ratio ol !ht' lmJII·'' of auirnaJ, 
•·au uol Ill' aJipn·d ''·' 1ar.1· iug tht• utinpral t'OIIIt'llf 11! the rnrion. l11 
c·onrraolic·t iuu wt! h I lw ;.1111\' t•, Y t':l!!l'r aud "' iut•·r, ( 1!1:1.-H •·urll' lllolt·d 
that tlrt·r·•· w:l'· 'nllll' iutlic·ation thnt tht• ('a : I' r:ttio in 1lw holll'"' 
dt•Jlt'lldt·tl to -.outt• 1':\lt•u! a! )pa,( 011 I hi' aurount..; ul •·:tl1·ium :11111 
plaosplton t:-- Jll 'l''''"' in tlw diPt. Th j, r;llio. \\ it h anir11ais f, . .] at 
\'arviJig· ]p,·~c·J, ol rHirH·r:d intakt- . 11·a, lnuud 1!\ lh ook •·. :-;nritlr and 
:--; ,11 -it h .( l !J::-1 1 In qary l'rnm :_!-:: : l·tl (u '.! · I : ( ·II. 

Ill. GENERAL DESCRIPTI ON OF IN VESTI GAT ION . 

. \ . IJrutr r. 

Tht· followiug in,t•-:1 i!{al ion.: \\'PI'<' undpr·tnkt'll 11 ith I Jr,, oh.i•·c-1 .. r 
.. tud~·ing-

\ l J 1 ht• ;1\'aiJahilif .l of' l)lf' pJ.o,phonr" ('OIIfaint•d in ,]j_j)'pn•ll1 
c:onllllt'l't· ial pho.;phat.•,.. whic·h an· ll,,.t] t• :>.ll'Jhil .. l~· a, .. tud, 
froPd in tl11· l'n ion of :-;outh .\ fri•·a: 

1'2 ) !Itt· e ll'c·..t of din·,.,·<·nl l t·\·l'l~ of rninl'l':d inla k1· upon rl11· 
ltl il ixat ion of I la c• •·alt-ium and pho,; pho r·u,;, ll' lll'n g'l'oll irq . .t 
btll' int•.: :tn· fl'd lh<• :-n rne b;rs;tl ratit on 11· i t lr a c·on·-Lrnt 
r·nl•·itllll I " p lll"(lhonJS ra I io of !.> : I : 

(:{) llw <·ll't•l·l nl' 1 aryi ng· t hr <·;rll'illlll to pho-...phonr,; ratio nf rlr .. 
rati on IIJH•n llrt· utili'l.uliou of' ! ltl''<' lllillt' r;d,.. 

In tlw PXJII'I'illll'llf to J.,, n·pnrtl'd nn . tht•n•tPnlion of' 1IH•::e lllillt'l ;tl, 
""" .:tuclit·d on ·'"urrg ho1 int•.., gro11·in!! JJIII'III:IIl.'· aud o11 tho,. .. n•an·d 
nucJpr· ath•••,•· l'llllll i1io1r.. 11hi(·lr arP uflt•JI t'lll'lllllllt•rPd in ]11U<·ril'al 
sl•wk fanning· i11 thl' l 'nion of :-;outh .\lr-it·a . 

H. l 'mw rcrH Hr-:. 

' l'lw artinr:r l ,; u,;P d for tht•,.;f' t'Xfl<'l·inH•rtl:< \\t•rt· ,\' llllllg' IHr\·int·:-. 
ll'hi t·h \\'f' l't' IH'riodi!' :t ll _l pl<li'Pil i11 t'IJ!l('l'\'1•• fluun·rl stall.;. '<l 
c·nnstnrl'l t-d tha t !ht· urin<· (·ollld lw run off info n•t·t•pfa..J p..: :<un k i11t11 
tlu· floor imlll\'diatt• l.' altt'r heing ,·oidt>1 l. TIH' 1':11'1'1'<' \\' t'I'P c·nlll'd\•11 
by au allendaut who \\a' 1111 dul_1· day antl nig-lrt. .\ ... a IE'"u]J of thi, 
ill'l'ang:cnlt>lll nn infpr·nrixing- of fae('l'' and urillt' ruok plae..... T IH· 
.:tall-< 11'\'I'E' large Pnough to .dlow the animals to lllO\'!' frrPly au•l tn 
liP 1luwn whenP\'l'J' tiH'_\. wi,;ht•tl. 



.J. S. OTTO. 

All lht• unue and the faec·es ,·oidNI L.'· an anirual during- l'ach 
week ,,·ere gat lwred separately. To earh t·oll<'d ion forurahu wn:; 
a1lded in order· to ;noid putrc>far·tion and to n•rrdt>r tlw s•r11rplt>::. le~:; 
ohjc>ctionahlP lu work wit h. The moi:;tm·t' enllll'lll of the fat>ees was 
deterrnin('d whilt• ( ':1 and P 1n•re determint>d on holh urinP and faei'E'~. 

The basa l rutior1 t111ll :ti uecl a snffie icr1l quantity of poor qualit.\ 
h; ,y to proYid!' roughngr. rl' he ingestinu of c·n lc ·i111n and phosphoru;; 
,,· ;t :; th us ke pt as low a:-> po:;sihlP. Fauko (rollc>d 111<1ize Pndo:,verrll) 0 1 

,;a mp (Ltnro ll t•d mai:t.P t•rHln;;pe rnt ) both of whic·h ;~re Yer·y l o11· iu 
IIILllerals. c-o tnp ri~<ed th(• major portion of lh~· ration nrHl pro,·iderl 
1110:;( of the enPI'g'.\' <1 1111 :lOIIll' or the protein. ~l c•;lt 1111':11 or hloorJ mc•al 
Was nclrJed to intT<';\N' iiH' (LIIHIItit.\- and (jUttlit.\· of tlw protein:<, g'l't't'll 
ft•Pu or silng-<• b<·ing- irwludPd to ;1\·oid a pos~ihl<' dt>fi<·iPn<·~ ()f Titamin:-. 
.\ and C'. Full part itular;; or the animal-. ancl rl11• ration;; will lw 
l.!i"en at llle eomult>Jl(·t•mt>llt of each PXpPt'inrPnl. 

'J'"·it·c daily l'<ll·h animal "·ns fpd n w<'ig-IIPd qunntil.Y of ft•l:'d. 
'l'np water. of knowu ealtium conteut. was pro,·idt•d. the total illllrilwcl 
"·'· t•ncll n u i rna I 111\';l:'lll'Nl and rN·ordt'd during· t h <' periocl~ w lH·n 
I'<H'Cf!:-> n11c.l lll'iHc• wc•n• < · ol i Pd<~rl. Prio r lo IIH• ft•P1liu g of 1 ht· 
t•xper irHcrd al ndion , tlw aninwls wen• kt•pt in llr t> st nlls <Hill f<>d ihe 
h;r.;al rat ion in order· to at·c- n:;tom them to the t·on d itions Hoeler wlrid1 
the• expcrinH·uL wa-; to lw i·mHiuP!t>tl. H lh<' unimnl cl icl 11ot fiuislt 
th~ fePd supplied, t iH• rl'tnaining portion was wl'ig·hpcl nud rccortlrcl . 
. \ 11 f'lldca,·our· \las .;ulr,equt'nlly ntadP to rc•gtrlnt<· lilt• quanlil.\· 
supplied in stH·h a lllHlllll'r that nothing or· n·r.r lit tiP n•mnint>d ,,,·pr·. 
\\'lien food was lPII O\l't· h.'· nn animal during- a nrt'taholism t rial, 
ib cal(·ium and its phosphonrs content;; "·ere dd<'rminPd ancl dccltwtcd 
l r'ollr the intake. 

The mint•r;d ('OII((•Jl t or t'H<·h COllliliitH•td or tlH· hasal ration was 
dl'lt' mtin ecl frn ttl tilllC' to tinw. 'l'b[::; l>l'll('t'<lnr(' wa,; dr<' liiC'cl neees>;a ry 
,; inee eo n::-itlrrahlt• vurinfinn:; were obtr~irwd in t l1 <' mineral conlc' n l 
or .Jj J'fert•ttt CO il Hig'fllll('llt:-> of food . 

The mine rals int (' rHlP(l for each anima l wer·c weighed out and 
;HI(If'cl to the ratinn" as required. 

D uring llw periurls of rest when fat•ee" and urine WPrP not 
<·ollt•eted. the auinrals \H'I (' allowerl to t•xerC'i:.t> i n u pacldotk clunng 
the day. whe1·e they had fr'€'e access to wakr· and ;;;unlig-ht. TlH• 
pacldock had a c·onen•(p Hoor to pre"ent Partb Paling-. 

The auintal .- IH'rl' wC'ighed and hlecl month!~· . t lt c•il<' oper;l!ion,; 
lw in ~· <':Hri ed out pari .'· in the morning- hdon• fpcdiJrg ancl watering. 

C. ~ I I·:Tnons OF A:-u i , YS r ~. 

The (ecltniqu<' ndopted was that out l ined hy ~lnlan and 
1·au der Lingt'n ( 1!) !~ I ) for taking- blood sa Hrplt•s ;llld for determining 
inorganic blood phosplrorus and blood eai<· iunr. 

The calc-ium arul phosphom;; contents of thl' f<'ed,; and the exnt>la 
\H're Jpterruiue<l h.1· th(' nrrthod gi,·eu b.'· the s<\IIH• authors for the 
analysis of g-ra:;,p,;. Bt•nt•did and Theis (1924-l. Fi,.,ke and Subbanow 
( l!J:!5l ancl Hoe :tntl 1\nhn (l!J26-19~!J) ha,·t· contributed to the 

~\):3 



ASSDU L.-\TJOX OF ( ',\I ,(' I l")l .\Xll PHO. l'li OJI\ ' :o. IIY I HE ( ;Jlt) \\' l NG H0\'1.\J:o:. 

-i(a.udardization ol the"r uwthods. .\ modifi<·:rtiou of tire nwthOtl uf 
Clark and Collip (192:} ) for t he determination of cul1·ium iu tlw 
feeds and excreta was intr·oduced since it was found to be nwre 
applicable. The calrium and the phosphorus eontents of the bone 
ash were determined br the standard maero-,·olu metric rrrt>t hndR 
described by TrcadwE'll t;nd H all (19:10). 

-.1-

Fig. l. 

A and ll are h\(> adjustable rollrrs ,,·hirh c-an be set at an~ 
reltttirecl distanc1• ap~1rt. AE must always be equal to EB. 
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.!. ~. OTTO. 

The a.uimals were destroyed at the end of eac·h exJH'rin•ent tor 
tlw purpost• ol' <·ollecling- the bones for chemical and histologic·al 
<'Xnminations. All the meat was qui<:kly and ('aref'ully rt'lllcncd from 
thC' hooC'o; without undue exposure of the lntif'l' to JHf'Yc•nt lo:<s of 
moi;;t u rr. 

J •nnwcliatrl~ after the hone had been cleant•d, it wa:-. "eighcd 
and its JII <'<~->UI'f'llleub takt•n. The Yolume wa-.. ohtainP<I In inlllll'l'"ioo 
into w;\tt'l' c·ontain~>cl in graduated glas>l <:ylindt>rs 01 -.pt•c·i'ully markecl 
g-la:-." jan., t hi' ,·c•-.:.p), used dt>pending- upon the :.il'.t' ol I ht• honP-.. 
AftPI' l'('lllOnd from thf' water, the bone wa.; chied h.' rubbing with 
a doth. Tht- hrt-aking .;trcn!!th "·a-; thf'n drlt•rmint>cl OHI a ~i:-. inc·h 
.;pan. 'l'ht• apparatu-. u.;ecl fo1· this purposE' wa;; a '>lllall ~c·:dP IIHHIPI 

uf' a -..lt·PI trsting lllt\C'hinf.' (Fig. 1). 

Fig. 2. 
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'"" 1.\111..\'lltl;\' OF I .\(.( II )I .l:'>ll 1'110~1'11111!1 ' " II\" 1111-; c.l(lll\"lSG 1!<1\'1:\ 1·:. 

In ordc·• In dc·lt•llllillt' tht> ltn•aking- ... tn•u!dh olthc· lu1111' jt..; t't'llllt• 
h pl:H·t:'d on tlw pc•int (' and lty appl,1 ill\!' lll''''u n· It_,. lll<':lll=' of 1hc• 
h·Yt·r I) t lw boiiE' i..; lon·t'cl ag-aiu:-t the· poiut~ .\ and H. 'l'ht' hn•aki11g 
pr<' ... :-UrE' of t lu• 1 .. 1nc• i ... tc•g-i,.,terl'd n11 1 hi' p1 t•:- ... un· gauge· H :1<' pui!Jlll" 
pt•r ,.,quare i11('h. 'l'hc· P•bilion 111 ,,. l1ic·h thc• dilh·•erd hotll':' Wt'l'<' 

pl:~t·rd j..; indic·:ltl'cl in F ig-. '.!. 

Tl tf' honl' "''" lht•fl h riJkPII It]' 11 ilh thc• 11irl nl' n t" lt i""l'l :111d 
lta111tJH'r i11tn ~m:tl l pit•(·c•.; ;dwut an iuc·h loug-. 

T it~· -·· l'l :l )..!'lllt·uh nt' bout' aut! Htai"I'0\1 "''' ''' thl'll o·nlll'c·lt•d i11 a 
rec·t•ptado> and plan·d in a hoi air .. ,.,.II at I o:,o ( '. lor ..J~ ho11r ... iu 
onlt•r to dt'fc•rlllinP tiH• 11:dl'l c·ouiC'III l11 ] ........ td 1\t•iohL Tl~t• tat \Iii' 
poun·d oft anol tl11· pi .. ,., • .., n l l:otlt' eollc·o··tt·d iu ;I li111~1 l1ag and plac·o·ol 
in a I at l'~trac·tot. 11 hc·lt· 1h" to'lllainiug- 1:11 ""' t•:o..lral'lt•d 11·ith Ptht·l . 
• \.IIPr l'•'lllol·al ln1111 th,• t•:o..lral'lor tl11· h<lllt'' 111'1'1' clrit•d j,, a hot air 
tl\'1'11 in 111 de• I' tn nhtaiu t Ill' dry-fal-l n•t• ll'l•ight. 'l'l11• pit•r·c•, c.t· hollt' 
1\'t'l'l' !hPH redtwc•tl to htnu·t lH':d i11 :c houo• ,.,hn•ddt• t ar1d au l'lt>:· tric· 
111ill ltll' tl11• dc·ll' l'lllin:lliPrl ot ,; ... h, c·:dc·in rn a11d plw ... plllnu- . 

I V. EXPERI M ENT I . 

'1'111-: .\ \' .\11. \1111 , 1'1 \ Il l' ' l Ill·: l ' llo:--l'IIC!IIt·~ ( ' II'\ I \1\ I·: I I 1.'\ ] )t F I·'Elli-::X'I 

l'llll"l'll.\1 I( ' ~1 '1'1'1.1·. )11· \ ' '· 

l·:xt<'ll'in• l•·<•ding- nl' pho ... pltont... to -.,lcwk ha,., r<•,.,ullt>cl in tilt' 
markl'ting- uf a lllllldlt'r ot pl:tu-.,phat i,· pr•nluc·l.... Ht~ llt'lllt•;tl ha ... lu•t'll 
g-rc·all_,. l'anHII'Pd h,\ -.,toc·k lannt'l" <I' a ... upplc•IIH'III<II'.'' lt·t•ll. i1 hc·ing· 
lht• fir:-! lo lu• ll'('lllllllll'llllt•d aud pa-..ily Jll'f\1'\ll':thll'. Thl' tlitlt:'H'nl 
''""'"'" pf I hi :-: prodll<"l Yar.\· in t'olnur l'l·u111 a cli11.1' hro\1'11 111 a cl•·a1· 
t'l'l'<llll.\' 11·lr itt•, dc•pt•JH iilll-(' ou tho• tl't'atlllt'lll during I ht· prot·•·" ol 
llt:llll l f:ti'IUit•. J•'or lhi:- l't':l-'011 it IY;h 1'(111-;ioJP I't'd ach·i-.;ah)l' lll 
inYL'>tig-a(!' lh1· as,.,itn il:lh ilily of th,, p iH>S]Ih tll' ll >' <'oll l a int'd in thc• 
,·ariou;; IHIIH' JIH·al s :1s ln•ll as thai n l' cd hPr pl1o~phat it· p rotlul'ls 
('t) llllll ()Jtly (li';C'd. 

The> t'lllllllll'l'(·i:l l ph••sphat ic· suppll'llll'llh g'l' lll'nclly usecl lllil_l' lw 
da',.;ecl und,•r thJ't't' 1uain I.'' Jil'S. Di-·ud ium pho,.,ph;lle and 11111111-

:lllllllollllllll pho-,ph:llc· \\'<'1'\' U:-t>cl <h t•x:llnplt•" ol water -..uluhlc· 
phn..,phatl'-. whic·h c·:111 ht• atlmini ... lt·n·d in "oint iou iu I lw drinkin).t 
ll:tll'r nl' ,.;loc·k. l'rt't·ipitatt•cl l·alc·ittlll plw ... phatP 11 hi1·h j,_ mainl.\ 
di-ntlc·innl pho,.;phatt' i:- al ... u <•xlt:'ll ... il·l'l.l· ll't•cl. It i ... Jli'I'Jl:ll't'd "' a 
1,_,·-prudntl in tltP lli:IIIUI:tt'lllt'l' ol' g-c·lalint• lrn111 '"'"""or i,; ohfainl'd 
lml)l rock pho ... ph:dt•. Th is pmdul'f i ... Jll'oh:~hly lht· c·heapP:<I l'n r 
I hi' ~uppiPlllt ' ll(ar,\' I'Pl'd iug- nr s lo<·k. BCIII (' IIlt •<d i,., IISI'd 11101'1' 
c>:O..Il' ll >lil'l• ly t.ha n tl, ll,l' othl' r phosph:dt' nncl II'H :i thPrdorP iuc ·lu df'd i n 
lhc· t•xpPrimt>nt. 

8.rperiment 1 (o). 

' J\,·o hair g-r:~dt' Frit•,.;land hm·inE'i' II'C>J'p u,.,t•<l iu this experin11•nL 
.\.1 lite c·nnlllH'tH'l'IIIPllt nf the work tlteir agot•s aucl \n•ights were os 
follo\\'· : -

::\o. . 1 ~1· . I nilt•tl '' iylt/. 
,jJ.il j.j lllnrtth- ................ 1!10 n •. 
. -,c li I 17 mototh' . .... . .. . ti:IO II•. 
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.1. '· 1n 10. 

'l'l11· ha.;al rat ion \\it h 11" cal•·ium and pho.;phoru< c·nntPnt< 1'~ 
taltu l.d t•d l:t·lmL 

, \UIQilt 1. " 1'. I' ,1!nl. 0 Cu. Ca ~m. •l 

ll a~ ....... . ... .......... . \ ·:1:! 1'>!. 11·111' \ ·li:ll II· I :!:!11 1· 11:! 
Faul-u ............ . . . . .. . . . . :l·tHI 1'!!· 11·11:1!1:1 1 · 1'111 11·11071 11·:!1:1 
~lf'atnwal ...... . .... .. ..... . -:1:1 Ku. 11·:! 17 ll · .itjll 11·01:1 11·11!1!) 
Wntl'r· ... . ...• . Ill lit rt:'' u .. ;s:~ 
Sotliorrn ,-h loriclt- ... . . . 1.-, $!Ill. 
T o inl int n k•· ... :!·:Is :!· Ii i 

!.! IlL P. !.! tt1. ('a . 

Tlw lllinPral iut;.J,,. \;llit•d ... Jig-htl.' \\tilt thl' tlllllt•t:d l'fllltPnl- ol 
t h1· r:tlinu and thl' \\:tlt•t -ttpplil'll. .\teal,,..,,.,.. 111 thl''l' \\ I' ll ' lltade 
fot 1t t I i 1111• I 11 t i 11H'. 

T .\ill , lc 1. 

'l'un t-fof,ft• for thr• Futlinyuf Snt'f"l '/11 1'11(.< ond thl' ('olf~t·l iuu of 
{",,I' I'' rnlfl ( ' ri111 . 

:I 
I 

• -1 

li 

i 
).. 

!I 
It I 
II 
1:! 
l :l 
II 

~.-. 
lti 
I i 
IH 
\!I 
:!II 
:!1 
:!:! 
:!:1 

~· :!.1 
:!4; 
:!'; 
:!~ 

:!!1 

II 

II 

~ I )i-sn.liuen l'hn ... phatt• t 'al{·iu1H ( ·n,lrc •nHtt• .... 
\. "{ =~·;) !!nl. P !t ·H gm. ('a ........ .. . 

l =~·:> !!Ill. P !I·H !!til. Ca . ... . .. ..• ...... 

111. Honc•JIIf':tl 
l" ~ :!- 7!1 !!Ill. ]' 

L:!· /H ~Ill. I' 

II 

II 
,·ulf·inm t·a rlulllalt· ... . .. . .... . 

10 ~Ill. Ca ...... ............. . 
10 >!Ill. Ca. , .... . , . , .. , , ..... . 

I) 

II 

II (dla ll!!< ' nl hn.' \ .... 
II 

t·alc·hun c:arhuiUtli· ........... . 
7· 1~ J.(tn. l'u .. . ............ .. 
i· l ~ t!lll. Ca ........ .. . ..... . 

II 

tl 

{ 

~lono ·a m UhnaiH m phu:-i phnt(· t'u lf·lu 111 ~..·n e·l,uua h· 
1>. :!·8X J.!lll . I, i · t~ }!nt. ()t . . .. ..... . . . . . 

:!·~~ gm. I' "; · t~ em. Cn .. .•...... •... . .. 
II 

II 
r lli-c·aldun. phn-phntt• Cnlciurn <'IUIH•n•H~' •... 

E. ~ :?·~r; !!nl . I' i·:)i gtu. <·a . . .............. . 
l 2·!l'i um. P 7 ·:•7 }!111. Cu . ............. . 

II 

II 

:2!)1 

Ht ' l liHrk~. 

l{e~t. 

( '11llt·~·tiun PI ,.,,.n·ta. 
lh·-1. 
l'oll•·• tiun. 
('nllt•• til•ll. 
H,· ... t. 
{'ol lc •,·IJ111•. 
l{p,,. 
( 'ol ln·tio>tl. 
('~tll t·r·tion. 

Hht. 
( 'nl lc·c·tiull. 
!{(',(. 

l'nll•·•·tioott, 
Ho·•l. 
(.'nlll•<·tilltt. 
('ollc·•·ti•itl , 
l{, .... t, 

('ollc•<·t iutl. 
1{(>, , . 
('ollc•diutt. 
('olll·o·tiiiP. 
He-t. 
('•>llr..tiun. 
lk-t. 
l'nll•·c·tiun. 
Co\1c·t·tiutt . 
He...t. 
l'o lll'l·t ion. 



\S)-.1.\ I II. .ITIO:-i I)Jo' l \l.l'll' M .1:\U I'J l i):'I'J IOBl':- II) 1111·: ! · 110\\l;).li 110\'l;\1-.. 

'l'hp.;uppll'lll~'ll(:-1<·:-\t>llt~ut iu thi,. e"l'l'ril1lt'l11 WPn· t.\) ll i-,ndiJJlll 
pll(lsph:11P. ( B ) r . Bllllt'llll':t!. ( ( ') H. Bollt'llll'<ll. ell ! )Jouco-:lllllllllllilllll 
pho-.l.llatJ• and (lo;) Di -l'alt·ium phn-<phat1·. 

( 'alt·iunl 1·arlwnate 11·a, adth•d In Paelt -.upplt•lllt'IJI iu nl.!t•J tu 
kt•o·p llw ndJ·iunl-pho,phorn:< taiio or tlw lllilll'li" iulakt• ('llll,f:lnl. 

lluth ani111:d, \\I'll' 1n•atPd in t'Xat·th· tht· -.;11111 ' 111:11lllt·r. 'l'ht•.' 
""''' lt·d on lhP -a1111' ratiou au.! '-llJ'I;I,·Illt·Jil- a1 th•· -:11111' li11w 
:•1·1·o1 d i 11g t .. T .. hi,. 1. 

The I'P-.Jdt :-. ol 1111' b :d:IIH't' 1rial,. :liP ).!ll' t'll iu 'J';Ji,j, . .., II l1o Ill. 

'J' .\H I.E ll. 

.If iuerul !Jaluun~ tdllil/1 111'1 l'llfJI'). 

l'll!'llll'lll<'lll ,\ X a ,H 1'0, - ('a(.'(),. i .t·. 3 · .; ,!!nL I' 

H \ '. H••Ht'llH'al l'a('03 i .l' . :l · .·· ·~"'- P • lli J.(n .. ('a. 

l' 11. Bunl'lll<•al Cal'O, i.\' . :! · 7!J gnL I' i · I ).(Ill. l 'n. 

IJ .\l oniHtllllll<>ll. phu-:phate Cal'O,, i.e-. :!·l-IS !(Ill. I' 7· 1:? !!Ill. l'n. 

I~ lli t·nh-iuJU pho:<pllatt' CaC<I" i.t·. ~'·!li ~Ill. I' i ·i.i l-(11 •• Co. 

()UtQ'O :£01. P. Outgo ~Ill. (".a. Hnlant•o•. 
\\'t·l'l-. Supph· 

Xo. 1111"11. 

() :! -:ss :!·li:l .!·'II II· :l) 1·71 1·7 1 ll ·i-1 :1·:!1-i 
:? () :! -:Ill :!-u.-, :3. :!li II·:?~ 1·1\ 1 I · i!l I · 1:! :s· n.; 
=~ .\ --··1!)-1 1:!·:!:1 :?·HX ll·:!:l t; -:;:1 11·;1( :!·H7 ;,.J!I 

~ ·' :;-~s l:!·:!li :J·Il:! H·:!l l ·~.-) II· li :!·n:; :1·!11 
;; 0 :!· :IH :!·HI :J.;J!) !I· l.i :1-tll l·.-d l · lli :!· :. 1 
I) 1\ .-.-11:1 l :!·liH :3 . .-.!l ll·:l:i t<·O:I II· .I I :!·U.I 1·11!1 
i II :;-!):1 l :.!·lili :J·:n 11·1\l S· 1.'< ll · 41i :!·41 1·11:! 
s II :!.·77 :!·70 :~ . n:; \) · 2.'\ 1·-11 l · :lli 11 ·:1:1 :l·lli 
!I () :J·IH 1· -1:.! :3. :!.:1 (I :!:1 ~ ·:!II I · 17 0·:!1 1 . :!.i 

10 ( ' (i. ·IIi 11· !1:! :J-+1) 11·21 li ·.'\ 1 ()· I!"• :!· 7!1 ,J ·!IH 
I I (' li·4li I I· !J.'i :1<\.~ II · :!II .-,·~Hi 11 ·-l.i :!·1\H .; . .-.4 
1:.! () :l·li7 ~ . 4\1 :!·HK II· :!:? :1· Sl) l ·lili 11--17 1 ·11:1 
I:\ II li·:):; II · S:i 3· 1.') II· 2~ ~·(IIi II· II :l·lli (j. I:. 
II II 1;·.).1 li · S:l 3 ·:!!! n-:H ;; .. ·,s tl·ll :!·H.i .1· HI 
l .i () :l·ti7 4. 1:! :3·4:3 11 · 23 -l·+li 1· 1-11 0·111 I · '<S 
lfi 1·: li·H I II·!J!l 3 4:1 ll·:!i .;. !1:1 II · IIi :!·H:! .'i·lill 
17 1•: (i·l\+ II·!J!l 3·/:i 1)·:3li :;·XK II· II :!-.')!1 .; . ';U 

IS (I :t·lii ~-+:! :! . !ll II· :!:3 :1·1\1 l ·i~ 0·.'\:l ll·!lli 
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·'- "' · 111'10. 

T .\RL.t:: lli . 

.1/ llll' l"fll 1/nloure (dn il.'J fi i"NIIfJl' l . 

:-.uppi<•IIIP:J I . \ :\a , H 1'11 1 ('acn, i.•·. :1-:; ~m. I' !l · •i :.:on l 'n. 

\ ' . Booh'lll!'nl l'n(.'<l1 i.c-. :1·."\ !!Ill. I' Ill :.!"' · ('a. 
I I. l lna ~t·nwnl ('n{_'l L1 i.t•. :! · I !IJO!ll•. I ' 

~ I PIIII •HIII ll l(lll. phn~ phat<· ~ ('a(,'() !l i.<•. ~·~~ )!Ill . I ' 

B 

( ' 

I I 

1·: lli -•·ah·i11tn pho:< phnl<· ('a( ' ( I . i. t•. ~·!li :!11 1. 11 ; · .\ !!I H . C'a. 

/Jr)t"J/1(' .-, ll i·l. 

lntal..o·. thll !!n !!Ill. 1'. ()ul 1!tt L! llL { 'H . Halnn•·•·. 
\\ .... ~ :-.npplt· 

:--;,., mt·nt. 
)!111. 1'. !!IU. t.'a. Fnet·t· ... l ' rim·. Fa .. t•t• !ii, l ' rin•·. t!lll. I'. !!IlL ( 'a. 

() :! . II :.! · li:l 3·111 11· :!~ I ·!IH :!·IIi f) -:l:l 1 ·~:! .. 0 :! . II :!· .)H :1·:!:1 It·:!.-, l ·~h 1· !1.". I · 117 l·lli 
:I . \ ··· ·!II l:!·:!:l :1-:n It · I !I ;,. X:l 11·111 :! . :l!l ,)· 7~ 
·I A .; ·!II 1•) ,•)•) :l· ;,:l 0· 17 i .;,1 I) .;jl) :!·:!1 1· 11 
·I () :! ·H :!·Il l :1 ·:!:! ll· l'j :2·77 I · ·•·• 0· H.~ I. :l.i 
II H .)·!Hi l:!·liH :l·'iH 11·1\1 i. :!:1 0-:111 :! · Il l .">· Ill 
'i II ;, . !II) 1:! ·II~ :1·~7 11· 1!1 .'<·0.1 o-:111 1·\)1) ~~ . :!.; 
ii () :!·~II :! · 7U :1 -:n It· :!:! 1· 1,'( l · llli ll · 'j!l :! .;; I 
\I () :1· 'j I 1· 1:! :!·:·m U·:!l I · il :! ·II'- 11· 11~ :!·I 

lo (' li . . -.:1 ll·!l:! :l·-W 11 · :!:1 ;, .;1~:~ ll · II :!·H:l tl·l:; 
II (.' fi·.i:l 11 · !111 :l·(j;, 0·:!-1 li · :l.i 11 · 1·1 :!·ti-l ;;. 1 I 
1:! I :l · 'il 1· 4\1 ;j . :!tl 11 · .!:1 :1·\q I · i I II · :11 I·IH 
I :1 J) li·l\:! ll · S.) 1·1111 11·:!-1 H· IU tl · t:l :!<32 ,j· :1:! 
II 1) fi · H:! II · ,) 3<111 II·:!~ ;,. H:! ll· 1:1 :1·11:! ."i · iiO 
).) (.) :l· i I 1·-10 :l·:!H ll·:!:l l·:lll 1· .'>:! 11 ·:!:! :!· i I 
\ ij E li· it 11·!1() :l·:!li O·:!li H·:?~ I)· .iti :1 · 1\J .-,. ):, 
17 E li · 71 I I ·!J!! :1· 7:! 11-:~li li·ll.i ll·."i:l :! · li:l .; . • 1() 

Iii () :l · 7-1 1 · 1:! :l·ltll 11 · :!11 :1· i:l [ .:.:! II · .)-l 11·!\ 1 

/),s f·us,, i()ll. 

SOil II' dill io·nl ty \\"as l'X ]Writ•nt ·t•d Ill dt'lt•nnini11g- <\ sat i;:;f:wtur.' 
ha .... i,; for r·nmpa l'lllg' I hi' a\·ailahilit .' ol !laP p l1n-phona, nll tl;\illt•d 111 
thP tl i lfp I' I' II I plltl..;ph:tlo•:- . 

. \lthou~h I ht• 111im•r:d .... o t a I'OIIlpt>tlllfl ha\L' In lw madl' availahlo· 
during dig-l•stion, i.t•. lw Jl 1'f'~Pnl iu :1 1'<11 '111 dwl would pas ... throu).dt 
lht• i tde:<li11al \\all. i11 nniPr tn lw n•taitiPd, !ht'Y IH:t\' llt'Yt.>rfhPle..;, 
ttnl lw rrtainf'd :til hough hi~·hly a,·ailablP, a' i11 tl~P t·ao;~• of a11 animal 
in equililn·iu n1 on a hig- h lcn·l of witH•ral i rt!akf'. I n sn (' h a r·a»t' 
il r·at tllo( lw ""~l ll ll l' d lhal tl11• ('a a11d I' HIT nrd a llsorl> t• d. :h tht' 
11 1 i 111·ra !:< <1 hsurht•d i 11 a ny <ll l <' part, do not ,;ho\\' i n I h1• 1,;1 l;~tH'I:' I' X pr t·i­
IIIPtd. :1lllto ugh t h t•,Y ha,·c· ltPPl t in •·in·u lutiun. ' l' lh·n· is 11n lllt·lhnd 
of d i,ti ug·ni ;;l•i ug-. i n thl' I':II'I'PS het"·" r n tht• nn1nnnl of 111 i11P ra l .... not 
:lh:\ot·lu•d a111l t hat l't' ·I'Xt'l't' i ed lt~· iht• inlt•,;ti nP;; arif'J' a lt:-;orpfiott. 

In thi ........ t nd .' I hP proportion n l ('a and P ll'lainPtl ha.., lwPn 
:H·t·t>p\rd ""' thP nll':hlllt.> of tht> a\ailahilil.\ n l tht• pro1h11'1 iu "hieh 
tlw •·:dc·ium aud phu ... phnrn..; WPI'e pre .... e u t. Stu•h n procedurE' i­
j n.;tifit·d 011 tlw ha-i ... 1h:ll tlw ( 'a and P r·nutaiut•d iu the -;upplPntt>nt.... 
l't>d "·pre \I'Pil IH•In\1· tl~t• n•qllin·u~t•nt nl' lhP animal". Tn nlhrr wunh. 
l'flllcl i fion,; \1 1'1'1' l'l't•:lll'd fnr tJ11• l'l'lo-ll(ion of :IS laq.re a ]ll'Oporl ion 

'29!) 
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a,: pu,,j]J!p o l t hl' nJttJPral:; it'd . wli ich oloYinu.;l~· nl!Ji d -,(>rn• a:< ill I 

ind~t·ation or t'\'t'll IH!'il:<Un' nl the a\·a i laloilit,\ ol ll11· (':i :tnd I' pn·-c·JII 
in thE' prnduf'l-; g·i,·c•n. 

\\ 'lwu tl11• aniiUal.; 'H'rt' ft>tl 1ht> l.a~;ol ration. ill t>\ -hcl\\l'd 
npg-ati\'1' lllint•ral ltalnnt·p.;, ('l'ht> pho~phat e ha};lll!"t'' lu·c·a11;,. -: li!.dill .\ 
P••-iti\·c· \\lwn till' lniuf'ral •·onll'lll of tho· lt:l-:11 !:Ilion iuo·it':t-Ptl.l 

Tht• dail.' lta-al ration c·t~utaint>d :!<\;-\ g-111. P :ond '"" intlt'a'•'" 
lo .-,.~;-{durin!.! thP th ird :111d fourth wt•t>k h,\· tht> addi1i o11 of:~-.-, g·111. 
1'"(1 "' di--c11lium pho-.phatP. Th .. llt>g':llin• I' h:danc·o• ht>t'illllt' cll'li­
lliil'l,,· po,ilin• . ~·lili g-111. P IH'ing 1etaiut>d. l I tht' "''11111plion i­
llladt· tlwl 11o 111•111' I' ol thP ha-<:d ration \\:h n·taint·d d111 in!! lh" 
ru·J i t~tl .. r h•t•diug- \ a" lll'l l, tha11 wht•Ji onh· lilt· ha:-al ratio11 ""' gi\t•ll 
it j, :d olll't' t•\idl'td th:d an a-loui•dlill!.!l.\ l:oJgt' p1nJHlJi it•11 col lho• P 

~' fifi - ' \1:~ I 
nl t iH• :-;upplt•lllt'll{ \\:IS n·lain .. ,J. Yiz .. .. _ x liHI ] O~·Ii pt•J' n·nt . . , .. ) 
J 11 t irl' .·:'"'' nl' a 11 i 111:d \ "· .-) 1.->1 an d ? ·-~~ -:t- 1 

x I Oil !J~ · li pPI' •·••111 111 
· ). ·) 

,., , ._,., ol \ 11 .. -l) ti-l. I I \1 nuld "t't'lll. I ht•J 't•l'nl'<'. that ,Juri ng· I IH• j l\' Ji:~tl nl 
f't•t• d ing- .\ n" l ll 't l , c· i l l11• r (1) "llllH' uf tht· l ' uf th c· 11;11-:tl r: l\ ion \\';t ,; 

l't'l :t illc· rl au d tlt:il a b:.l::nr·c· co n ill<• ha.;:d r:1l iou. d u ri ll\!' tht• ]• t• ri nd 
illll lll 'di :o lt· l.\ llt•flll'(' ( ill' ,lljl]lJt•Jllt-' Jti \\' :lo' ~!i\'1~11. i, 11111 ,\1\\:J,\-, :1 l'lll'l'l't'l 
ind i<·atin11 n l' tlw :1\·ail:t hi l i ty oi l' in tht• ha,;a l n oti on d nrillf! ;J 
,..ui'"~"!J'll'ld pl'riocl of I' ft>eding' .... t:.! ) tha1 n ll tl11• Jl of tht• \\':tlo•r 
,.;oluhlc• "ll]l )' lt•IIIP itl f't•d nnd<·l thc· !'olldition,; nf tht• t·:-.jll'l'iJIII'III """ 
J'PI:r inc•d. JU \\'hil·h <·a=-r t bt> 1' of tlw ,.,uppl<•Jlll'l11 :<hould Itt• rrg-ardt·d "' 
](HI Jll'l' <'t'l1\. :1\'ailahl,•. 

' l'hj, :IIJ.!'IllllPll l appliP:< in a g"Pltt'l':tl \\';~~· tluriu!.! tlw pPriod-. \\ ho·n 
tht• fir,\ (\\o -,uppiPlllt'lll:< Wl'I'P lwinp: lt>tl. .\ ltt>l that J'l'l'io,J 1l1o· I' 
ltalanc·p, on thP lw.;al ratiou \Tf'l't' dt>t·idP<ll.\· \e ... , JH'g-aliH• nJ' c•\o'n 
... lig-htl,\ po--it i't' -,ug-~c· ... ting- -oUJP utilization of tlw I' of tht· ha--al 
l':lt iou o1· at lt•a-.t that tlw P ple>;pJI ( in tht:' ha-al wtiun "'" -.ulllc·it•nl 
It• kt•c•p ill<' aninwl.; in t•quilihriulll with •·pgarcl to 1'. 

I t 11111"1 ht• lllllt>d that tlw .iunt>a~t' iu tho• :IIII!Jilllt nl l•a-al ratinu 
lc•d. "''tdll'd iu ;~n iut·n•a,..<· of I' ing-<'slt>d I rom :.! ·~ I In ::·1~ ).!'Ill. 
'l'l1i, <JIWiltit,\ ""' app:tlt>lllly "tdfit·it•nl 111 keo•p tho• aniu~:.J, in 
l'ljllilihrinnl \\ilh n•ganl to I' as r..tPI'I'II<'P In tht· lahlt•, indic·att•-,, 

Tnt·i dt'lltalh· lt 111:1\ l,r IIIPIJiiorJPcl that thl' IPI:d tl'{l'lllinJJ ol l' 
dlll'i llg· lhl' IH't,'io.J, nf ·,llpj>Jyiug- lhP phthphatp 'IIJ!Jl]l'IIIPIII. :-llll\1, 
litill' difl't'J 'I' JII'I' in " pitt• of a s n ~:dlPr qu;~nlit.'· of P lH·in.!.!' ""I'Pii"d 
in lht• ;..uppl t•J oii' Jtl. a fad \\'hid1 agai11 --ng-g-t·"t" IIIII pc·r c·t·nl. 
11ii l i.za t io n n l' t lw .;n pp lt•lnrntary I' or innPa,;t•cl utiliz:dinn "' tht• P 
Jl l't•;..t •n t i11 l ht• ha..;a[J ;tlio n c·om pai 'Ptl \\'it h !lt nt durir og l l11• pPr iod 
o l' no :-;up pl t' JII l'll l :r r ,\· l't •t• d ing-. 

l n r t•:.ran l to th e> n ·l c• n tion of ( 'a ;1,; p rP;-;t• ld(' tl in 'l'nh lt"' :!. a11d :1 
it i,..; :;u r p ri .~ i ng· t hat thP n<-'g-:diYf' r·nlrimn halanc•t•, \\' 1'1'1' -<o Ito\\' " hr 11 
l h t• ha :<a l r:diun "'""! hi? oJd_y >'OLIITI? o f ( 'a. F u rihl'l'lllnn•, J't•bti\'co]_y 
la1·g·t-' qnnnlilil':< nl' (':-. 'n' rP rrlainc>rl during- thc· p<'riod of' :-;npp l<'­
lll<'lll:tl'.' fPPding. ~o mtu·h ~n that it appe:11·,.. pra<"lil'all.' c·Prlain tlo:ll 

( 1 1 ( .\ •· ··r:t~t· dail_,. loalam·l' for 2 1\'t•l'ks ) _ ( ·' ''••rag .. fell' \\l't•kl'l prinr to and ) 
ul 'tlp)olt•llll'lllao·.•· h'<•dillJ! \\'o•t•k :tiJ••r ~ll)>plt•JIH'Illlll ,\ Jo•t·tlill)! 

upplt•ment 
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sontt· ('a o r thP ha snl nd ion wa s ul ilizl•tl whilP the :;upplcmt·nt wa:-: 
g in·u , uull'ss u11 e ots,:utnt•,: J()() pet· r·t' nt. utilization of HtP s ttpplc•­
IPt•rdn ry ('a.. For· iusl~luc·r• in case of animal :\tJ. 011i4 duriug- the• 
lOth and IJ llt trial I Ill• JlP I't·enf t1.ge l'l'll'Hlion ol' snpplt•tlll'lll nry ( 'a, 
. . . . . 3· -:L)+J ·iS 
Il onh· I ill< l'radwu t·ou ld lw rl'hlltl\' cl \\'otS _ -!~ x 100 !Jj . .-,. . ,. 
Thi, i-. :111 unlikt>ly re-.ult and sugg·l'-<(;, I hat the Ca l~:dau<·<• during­
tlw IPt>cling of tlw ha:ml ration only, did 1101 nt•ee:.:-;aril_v appl,\ In tlw 
JH>riod o:· su pple tnt•rltar,\' f<'Pdin,g- . _:\ p,·pr( he iP,:s, iu L• J <IN to an·in· 
at;~ l,., ,., i,; of tonJpa riu g· the rw rc·f'nl<tgl' r rlf' nlion ,: on ll tc• <l '<lilahilitie:­
nl' P nucl ( 'a iu lhc• cliiYc·n·nl snpple nH•td s, it is ao;:;nllH'd thai t he I' 
awl Ca lm l;lnc·es during lht' period;; wh en on ly the ha,;al raliou i:-: ft>d 
do appl y tltuing thP pt•t·iod imtlletliall'ly fol low iJtg- thai wh<>u l h P 
suppll'nH•nt i,; fed. 

For ,jx weeks ptior lo th<' cotumt·uc·t•ntt'lll of till· experintPnt lltt> 
aniutal-; n•c·eivt.>d a ration \'PI',\ lo"· in eakiun1 and phosphorth. \\"epk,-
1 :111cl '2 rc>pnrted iu thP halnn('e tahlt>:--, \\' 1'1'1' l'arriPd out during tht> 
ith :111cl ~t h \H't>h I'P~ (H' c · tiYc:>ly cluring· whid1 1 hP mitH•t a l dt•lic·it·ut 
rnt ion \\'<1 :-< ff'd; a d t•piPlion of 111ine ral " h o111 !he :<kt-•lf:'ton 1\';J,.; s howu. 

Young- growing l)()rinrs npproxintalf'I.Y l G ntouf u.; old \\'hose 
skeletons I'Pquirecl c·o n.;iclerable amount · of mineral:, to grow to 
maturity "·ere used. 'l'h<• total minPral in tab• did not t•xc·t·<·d thl' 
antoun( c·onsider<>1l in ll<' the optimal n•qui1emt>nt for lhi-; f_,·pe of 
antuwl but wa,; \n•ll hc·lo\\' it. Tlw suppll'nll'n t was only lt•tl fo 1· :1 
out of.-> "'~'''ks , ilte nnim:~ls hPing on a , ·pry lo,...- 111ineral int<tkc> for 
t.ht• n•ntninino· hro \\' l'l'kil ·thus l't".duc·ino· th,; :t\'l'I'Ho'e iul:tkl' c•on ,; idf'r­
ably. Jc'nrt li;m1on• lhf' 'fad thnl stwi~ hig·h rt>tt>';:lf ion fi gu t•t•s \\'Pl'f' 

ac-tually t·cenrckd. :; how 1hat the po~iti\'c haLuH·f>s pr,ohahl_,- do not 
repre-;(' nl tl1e maximum the animal was t:tpahlP of storing at lht> 
tliiiP. 

'J'.\ liT.}~ IY. 

S11 p pl c• 1111' 11/11 ry Pltn.~ph onts Retninrd. 
----

.. A. B. <.:. D. I E. Jlfran . 
.j l .i l l si week ...... . .. .. I ·OS!) 0·840 (l·!l7!! 1·014 0·8!)~ 0·96:3 

:!nd n-eck .......... 1-ns:t IJ..'J-31 (). 8.1fJ 0·9-/1 0· 781 f)-f}f{j 

:\ll'nn .. ..... _ ...... l·ll86 O·SS!i tJ.il.i!l 0·918 0·8:}7 0 ·9:29 
!illH bt wcPk . .......... (1·97 1 O· S:?H II· ' 1\7 0·71:? O·!l-lli ll·$6.j 

:?nd ·~ek .......... O· f/20 O·i!ii o-n1 0·9.5;j Q-751\ 11· 8 .Jl 
)fen•' ... . .......... II· !Ill\ 0 · 81:3 0·8:?1 0·83-i 0·8;):2 O·S->3 

:\h•an .... I st wct•k .. ....... . . 1-mo 0·83.) 0·87:1 0·86:! O·!ll!l 0·904 
~Pd week ...... .. • . 1·011:2 0· 864 (}. J\1}7 0·9.J8 0· 77Q 0·87S 
~l••an ........... . • • I ·Olli 0·8·HI I 0·8"0 O·~IO!i O ·S~ I 11 ·8!)1 

* 'l'h<' 1s t aud :2nd wpck dt'IIOtcs the :?ncl and :3nl week l'CS J:><::Ct ivcly of supplementary 
fcl.'diJJj!, i.('. the two week~ dul'in~ "hich a min<'rol hu la nee was deterruinNI on the supple· 
mE'uted rntion. 

Tht• ha;:al ration of tht:> two ani111als was suppiPlll!'ntecl 
:HHTE':--:: ivel.Y " ·ith fin• <liffrrPnl compouJuls of' phosph01 us. .\s pre­
Yiou~l.r Rtnlt•cl, Pal'h l' ll(l)lletn~:>nl " '" " g iv('n c·onlinuously for th reP 
wePks, durin g two of \\'hi1·h the cletPrm inntion s \TPr!' m;ulP. )h•twrf'u 
thP difi'C't'l'nt p t:>riorls 1.t· ~upp l !' llH'ntary fPNling Itoriorl :; ol' no-supple­
ment. ex isted. 

:JOl 
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I t is po~silol<·, front the data ,·tollec·ted , to clt•l<•rmirtf' I Itt• dill'<•n• rH'P 
in t lw 1'1'\t•ntion of tht• phosphoru" het~· et•n-

(o) tJw diil'PI'E' IIf s urpl rment:; : 

( IJ I t hi' t "''' auima J,..: 
(t·) thl' tw11 w<·E>k, ti.t>. <tftt>r· the animal-. had II'C't'l\t'd th• 

-.uppll'llll'llt !'or ont> \\Pt'k or for two \\Pt>k.o: l<'"]ll'l'ti\'»1~ l . 

I t wa-. l'ouud ln>111 art ;tuah·si:- ol tbt· auin1al \ari:tllt 'l' that tht"rt' 
\\a-. olll.' ;111 irtclir·atioll of a ~li'g-111 Yariatiort in tilt' ,,.,,,..,.ti\1• tPtc·ll­
tinth of phn-.pho1·u-. h.' tht> two animal.;. an indic·ation "hic·h i-. 1111t 
IH,IIIl' 0111 I" a ditl' .. n·nr·,• in tl~t• l'l'll'ntinll lit ( ';t lo,•l\\l't'll th,• 1\\o 
artiura l-.. ' l1lr 1· t'OII<· Iu ... ioll j, nut ju -t ifi .. d tlwn·fm·t·. tlwt an.' n•al 
ditll't'!'llt'l' I'X i-<tt•d lol'I\\••PII lhl' f\\'11 anint;d-. \\ ith I'P}.!';tl'tl l11 tl11·ir ll''jlt't '-
1 j, I' rl'tt•nt in11' ot' ( ';1 and 1' . 

l 11 ordt• t· lot -<iuch tht• t·l' lati\'1· 1'1'1t'11tin11:- of pho-.phnru-. ..,uppli1·d 
lo.\ I It ,. dill'o•ro•lll ..;np pit•tll o'llh . th o· l'nllnw ill }.!' tahlt· 11111,1 hi' rl'lt• t ro•d to: 

'I' \B t.E I\' ( o ). 

\. ll. l'. II. 1·:. 
I I • S,./, I. /Jr;nt uu of. II. Jl,,, Jftl ,, .1/rnll t lw. /l i ( .,,, 

'''"'"''""''. l'h(J't'lwt'. 1'/m . ..:J'ha/;. 
I ·llli; ll · >d\1 ll·i-;~(1 II · !IO~t 11·'<11 

Jf,,t, fJI rt·t- ,,,,~,._ tJj' pJt,, ... ,i,,,,,-;1 ... r•f,tin,d. 

IHI · H "' . ~· "4·0 !111 · 01 "4 • I 

\\'hPlt tlrt• dit'lt•lt'lll'<'"' lwtwpo·to lito· 1\\'to me;1tt-. \\1'1"1' •·nutp;tl 'l'd 1'.' lire 
1-lo--.h ( Fi,lwl. J!r::,). il """' fnllttclllwt .\ ;qtpP;tn•cl to Ill' grPatt·• tharr 
II.( ' and E. "hit,. a ll tlw otltt't' difi<'l'l·ttc ·t>, \\Pit' in-.i}.!'nific-au1. T h .. 
n·lati'" .J,.,.,,.a-.ing ..... l,•r wa-

.\ . D. B. E and('. 

The· IIH'<IIh lor rl11· I\\" ;tuir~t;d-. a}.!'ll'l'd \' t'l_\ o·loo-.t·l.\. IH•in}.!' ti · KIK lor 
loll\ ltll' .-JI r; I. 

F rtolll 'l':thlt• I\' \ Il l it \\ ill lw :-o•o•n that 1l11• phto-.plrorn,., Jt•lo•tllttoll 
fig·nn·-. ;o t'l' ,.,,.,.,.d i ll }.!'ly It ig-h . r:ittp;i ng I rnttl IIlii p•·r 1'1'11 t. I ot· hollt'­
t•tt·al ;IIH I di1 ·;d• ·in r11 plto"ph;llt•. 'l' h••-.t• l1ig·lt n•to·nli"" fig·uH•, indio·alt• 
that IIH· copt i11 r; tl plr<>-<plto rn:-: n•q~tirl'tl l t'tll to!' t Itt• all inral, ":1-. t1nl 
1':\l't•o•dt•d \\ lt~·tt till'"' -.upplo•llt o•tt t< \\ Pl't' ft•d. Th1· l l' lt•ttl i1111 fi!!tll 't'' 
t·otdd thl't't•lttt'l' Ill' u .... l'd ""a lllp;o..,tlt'P nl' th o• a\'ni lnh ilil\' nl' thP 
pl ln.-.piHol'll., itt t ho· ,;(' -.t rppiPtll t'tlb. T h<> p]tO;;pltnnt-. .. 1· ... nd inllt 
ph n.;phat1· "".'·'' h,· o·ort..;id•:n·d ;h lcol ;tll,· ;1,-;,j); ,t d" 1\'ht·r·,.;,.., t ltn t ,.f 
llllltllo-;ltt lll totltlltt l phco,;p hato·. tlw lwn · loottl'ttll'al-. and di-•·al1 ·i nllt 
phn-.ph<ttl' j.., I t'lltl l !HI-K f pt>r , ... ,.,. 

I t j, n• rna r kahlc• th;tl <tH·h h i!-!·h p rnpnnio11 ..; nl tlt1• plon-<phot·u,: 
i tt rho· phosphatic· -upplPntt·tll- l't·cl. \\'1·n· n·tair~t•d It,\ tl~t• ;tttirrr;tl-.. 
"" :1 rnaltt 'l' nl' hwt tltP diif,•n·rr•·p:< in I' n>to•Htitltt ;oltt iJlt).!' t l11• -.upplt•­
lllPI1h ;111' irr..,ig·rrifit·a n t t·ontpart>d " it h tlw lrig-h Y:tlttt' "' nlolaiHt·d for 
I h1· n·ft>ll t ion-. i 11 tltt· •·a"t' of o':H·h - npplt·tHPII L Th j.., oh-.1'1 \<ct in11 
i-. of g-n•at pnH·tit·al .;;ig-nifit-anc·p hc•c·<tu..;,• it ~llg'}.!'P-.1-. fltnt utilizPd I' 



.1. s. OTTO . 

.supplrmc•flts \\·lwu g'lYI'fl lwlo\\' optimal qttalltJtJ<'.s an• -.ig-uifieantl,\ 
IH'ttPt' than i~ g'PIIPrnlly aeeeptc:rl. In thr f'~qwrimPnt undPr 
di,c · IJ~,..ion. it \\·ould han• lwen inlt>I'P"tiug· to <·ompan• llw \ '<1 111"' 

ohtai1wcl \\'ith tho~p at hi::dwr lt>nb of intake of P. 

Tlw n•tpnlion:.: of ('a al'e c:ompal't>tl in tablr , . lwlo\\'. 

T .\RLE Y. 

:::; u I' piP 111 e nl a r.tJ Cn l r111111 rrl a i ,,,,{. 

A. B. <:. 0. 
H. . ; l.i I .. 1<1 1\'N•k . . ... • •.••• 0·879 I). 6!11 (1·822 I·UIIIi 

:!ml ""rk .... . ... .. {). 'i.l9 fi·68.J 0·89,Y (). 981 
~I ran ........ • .. . . . 0·8 14 0·68S h · SI\0 I ·O:!.i 

B. . i (().j .. I <I w~:t•k .....•..... 0·890 0·@\1 I · Ot>6 0· !H~:! 
:!uti \\'f'(:k •.• .•..... (). l.Jl 0·6:!0 0 · !120 I· {).J7 
.\1 ~·1\11 .............. U·8 1!) 0·1160 0 · !)!JS I·Oii'i 

.\l ('a 11 •• • •• 1 ~ 1 W (•t •)\,,,,, . . .. ,. 0·88.3 ll· 69.) 0 · !\.J,.J I · (1:!4 
:! ru l 1\'('t·k ...... . ... 0·748 0·6.5'! 0 · !) I/ J.()/(i 

~h·nn ... . . . . 0·816 0·(\74 n-n:ln I · 0:!0 

. \ . 
/Ji .8wl. 

f,//IJ·•Jih<t/1. 

O·N IIi 

TAHLE Y ( o ) . 

.llc·n/1 ProJIUrliot~ of Ctt!l'illltl rPfttilled. 

B . c. D. 
lJ. Ron~;mut/. II. Bonnnfll{. Jj fJUO• .. J 1tiiiUJ)t. 

P/toRphal t. 
I ·U:!O 

.11~·111 ~o~rre •tla{tf' of Cal··iutu rf-flliuet/. 

(\7 ... 9:3· !J 10:!· (I 

I 

E. .1/tlllt. 
H·!Hi 0· 877 
II· !I ll 11·8.51 
I). !l:l-1 0·81S.j. 
0. fJI.j O·OLO 
(J. fl/7 fi·,Y.58 
O·!l:ll 0·884 
0·!1:! 1 0·8!l4 
0· fJ.I I 0·S!i6 
0·!1:1:! 0·87fi 

E. 
JJi.f'ltlci•nu 
pho~<phl'lll. 

II· n:l:! 

\\' lu•11 tlw "'<'parate meau· for the •lii!Prt>ut form..; of ..;upplpnwnt 
are l'OIH)HirE'd t h.\ tht> t-tesls reft.'I'T'eclto alHJ\'C) thP rl'lentiun ol (·akiulll 
for thP IIIOOo-auiiHOIIinm IJhosphate. di-call'illlll pho"pha\1• uud 
11 . Hont>lllt>al JWriods \\'as siguifieautly greatto>r than for that of the 
cli-sodiu111 phosphalP and \ -. Ron emeal period..:. 

'I'hl• t~1 kium rt>tl:'n tion \\" hen tl1P <l ilterent phos phat.:- supplt>UIPllb 
( pl u..; <·nk iun1 <·;t~·bunate, \\'he1·e IH'<·e:;sar_y ) \\' t'J't' l'c!d, \'al'il'd fmm 
100 pt•t· <·P n t. for n1ono-annnoni um phusvhnte lo (jj · -~ JH' I' l't'tJI. for 
\ r. Botwmca l. 

' l' lw t'l' is llO I'OJTPla lio n lwtw1•en tlw a lliOll tlt of pho,.;phoJ' IIS a nd 
t h<• ;u11 o un l of t <d eim u l'i:'la in ed l'ro n1 per iod to JWriotl hut lh <• 
Jl i'OJWt·lion ol' Ca I'Ptain ed was rt>mnrknhl ~- hi g·h i n a ll t hP a n in1a l•. 

/<;,/'j)PI'ii!IPI!( } (h) . 

I n \"il'\\' of' tbe result;; or iht' p retee<ling to>XlJl'l'illlt'lll it \\ ' a~ dPt·idPcl 
to <·OJI(llld "imi lar invrstig-ation:; with h\·o ot hrr auilllal,; in a ,.;imibr 
mann<>J". <hw fl'um eaf'h of tht> thrt>t> main t~·pe~ of pho..,phu l<>., , 
nauH•I.r ( :\. ) di-.;odium pho:-plwte, (B ) cli-c·alc·ium pho..,phatP a1111 
(C ) holli'IIIPal w,..., .;p]p('jpt) for the purpose of liH• le,;L 

:30:~ 



.\S,..DI I J.ITIII;\ OF L\LCil ' ~l .1:'\IJ ]'liOSI'J IOHCS lW TIH: (: IHI\\' 1;\(; IHI\1 1;\1•: . 

• 111111111 Is. 

S r,. l uilittl A!l'· ll..tml II ,;,f/11 . 

.-•. 1:!!1 12 ~lunth<.. ... . . . .• . . . . . . . . . . . . . . . . • . . . . . . . .i iO lh . 

. IJ:IH I:! ~l ut>t h'....... . . . . . . . . . . . . . . . . . . . . . . . . . . . 17."> II.. 

Nnf1011. 

.......... .\muunt. Pc·r<·•·ntng•· P t!HL f•t·r•·t·tltn.u-t• ('u t!U •. 

1'. t"n. 

" I .;,n 1\ J,!. -n:\7 .... , .. ·lll.i ·:!:1 · Hl11f1 •..••..•.•• , •• , ...• ... • 

'I In,\ ............. • ..... • ... • :,! ;) I\~. - (1:\!1 · I ll ·:!10 ·1\11 
Blowlllh·nl ................. ·10 I\ g. ·10\) · II · l:lii ·I I 
(;l'l 'I 'Jit (l(•d,,,, . . . •,, ,, , .. ... ·.'io Kg. ·11~7 ·:!·1 · 1:2S ·11 1 
S1tll . \l i ~tlll'(• :\ ........ . . ... :!:-. :.rm . 
\\'n 1 ,.r .... .... .. ..... . ...... Ill . :,:1 

lit rt•, 
'l'•+'l'\1 , I N'l' II< I' ...• 1 ·111 :l·l 1 

1'111· qtl<ltdlltl':< ;.ci\'1'11 ahoYt' \\'ei'P ff'cl at th l' c·oJlllllt>JI•·Pml'lll of ti1P 
I'XpPriiiH'lll lnll \\Pre iJH'l't-'a~e•l from tiuw to tillll' until fin:dl.' lht> 
aniuJ:Jl, I'I'I'Pin·d 1ht:' fullo\\'ing: ratloJJ. 

::-o 1\.g-. ~alllp. 

.. , li·· ll ~oy . 

._, Kg. Un·en lt•(•tl. 

. ·) Kl! . Blood lllt':ll. 

·J. -·' ~JU. ~:til Ill j X ltll I' .\ . 

'l'ht· fiu;tl ralio11 I'Pil1:tilll·d ah•mt :! ·111!111 . I ' auol ahr~ul :!·S ).!Ill. ( \1. 

'l' h,. :tllill~;d~ \I'PI 't' b•pt l'or fiq .. 1\'l'l·k,; 011 I h~· l,a,al ral io11 lwfon• 
l'nc·•·•'" aud urilll' "'''"'' c·ollt·•·tf'd to dt•l•·rlllilll' tl11· Jllillt·J;d h:,l;lnt ·t• 1111 
t l11· J,a,.,al r;lliou. 

'l'hl' I'XJH'ri ll l!' lll al :l ui lll al ,- \\'l' l 't' kPpl undl'r tht• ,;;llllc' I'Oil d it inn :-; 
u,.; 1111,,.,,. ;dn•;Hh· di,- .. u,;;;c• tl \\'hilt-' ll rt> ,;1 1111' " '('llt'J 'Hl roulilll' unol 
lP..IIniquc• a ppl ic.'d. Ear·lr ,.;upp lt•JllPill wa:-: l'c>d ;;11 lhr<'l' t•t·c·a-.ion ,.; in 
r ht· c·nlll '>'t' nl' I I tt' c•xpt>rinH'lil. 

Tht• l'l'"llli or tlw milll')';t[ ha!aJII'l'" art• !.!.'J\'I.OJI Ill T:tld t·~ \ ' J aud 
\' I I . 

• :\on .. ~all llli\1111'<' . \: 

Ft·KO I :2. :; )!Ul.. .\1 1!( ()II )" 
:\aliC03 - 1 1~1 :,!IU .. :\a('l 

:!·1.; !!Ill . 
6U ~rn., 



. J. s . O'l'TO. 

T.ll!LE n. 

.If ineral Balance (daily arerllfJf' ). 

Borin(' .)-t:l!). 

, upplcnwnt .\ Xn.HPO, ~ ('nCO, i.e. 4·5 gru. p +- II · :?i ~rn. Ca. 
u l>i -<:alcium pho~. ~ CaCO, i.e. 4·:l7 gm . P 11·27 ~~~~-(.'a. 

c , .. Bone meal - CaC03 i.e. 4·5!1 gm. P T li·:!H j!lll. (.'n . 
.,.,;,{j 

l ntakl'. Ontgo gm. P. Outgo !(tn. Cn. Ba lon<·<·. 
\\' t•ck SuppiP· ------Xu. llo('ll\. 

1-(tn. P. gnt. Ca. FaN~cs. lrine. Fae..:e~. l'rine. !(Ill. P. 1 gm. Cn. 

0 I ·OJ :!· 17 1·4!) 0·0:! 2 · ;15 I· :!7 O· .i I I ·45 
2 () I · t) l 2·U 1·:!9 0·04 2·7:3 hl7 (). :1 ~ 

I 
- 2·4)() 

;) ,\ ,)·:1H I :3 · -10 J ·7ii 0 · 06 6·112 \)·1)8 :1·78 U·O!J 
4 :\ .)· ij!) 1:1·38 I· 3:! 0 ·07 10·22 O·li8 ·1·20 2·4!! 
!\ () 1·1)1 :!·~1 1 ·6-! O·O:; 3·34 L ·18 O·H!~ - :!·:1 1 
II () 1·:!9 2·66 1·49 0 ·05 :1·59 l ·5:! 0·:!.3 :!·4:"> 
7 B .-•. 61\ 13· 8{) 1·69 0·04 tJ·,j:l O·H5 :1 · !J:l :!·liS 
8 B :; ·til\ 1:1 ·87 2·0.'\ 0 ·0·1 H· :1-1 0·-i I :l·.)i :l·!J!) 
!) () l·:l!) :! · {J(j ::! -:19 0·08 :!·6 1·4 1 1· I 8 1·46 

10 c .i·8S 1:1·94 :?·54 0·08 8·50 o-.;:; :l·:W I·H!) 
II (.; ."i·88 l:!·!)il :1·40 0·05 8·9!1 ll·6U :.!·4:1 1<30 
1:! () 1·:!!1 :!·6-1 :!·33 0·0.5 :!·73 I . .!7 1·0!1 I · :lti 

'l'ri,[ II 

I:! () I· 71 :!·6 1 :?·li O·tl:l :!·7!1 l·!W 0·-I!J l ·!l.i 
II .\ tl·2i I :1· !lti :!·23 O·OH 5·11 tl· 71 :)· !J.i 8·1-1 
]."; .\ ti·:!i t:l-!)0 2·-U 0·08 5·.";5 (l·ii :l ·i-1 7· .il:! 
lt) 0 I· 71 :!·llti :!·01 0·05 :!·03 :!·:! 1 - n-:1.; I ·til 
I i B .j. fl-1 13 · 4.) ] . 8!) 0·03 5·38 O·tl-1 -1·0:? 7·-l:l 
I H ,; . !I I I :1·4:1 :!· 13 0 · 05 i·titi II· .)7 :1·7(1 ;;. :!0 
J\) 0 1· il 2·ti7 :! ·1:1 0 · 04 :!·4$ I ·-li O·Ht - 1·:?8 
:.!0 <: 15·:!-l 13·4-1 I ·8!J ti · O.i 5·~ (I· i:l 1-:lo i. 1:1 
:!I (.; 6·:!4 l:l ·.J-3 :.!·23 0 ·0-l i. ()!J O·tl3 :l·lli ;; . 11 
~2 () I · 71 :!·till :!·36 0 · 05 1·8(1 l<l!; O·IHI ()·.i:l 

'/'rial Ill . 

:l:! () l ·7 1 :!· t;:l :!·53 0·04 l·!ll 1· -11 0·$8 - 0·7:! 
:lo.l A (i. :!(I I :3 ·:37 2·lii 0·03 4·2il u-:14 4·11H 8·7Ci 
2.1 ,\ li · :W 13-:16 :!·26 0·04 6. :w (Hil :l·!lli 11· ·~2 
20 () I ·li.i :!·(\6 :!·.)!) 0·04 4·:?8 1·:!:! (J·!I!I 2·H4 
:!7 ll :i· Kll l:l·-17 :! ·98 0·04 7. (jfj IHi!J :?·8 1 r.·l:! 
:!8 u .i·Sli l:l ·o.IQ 3·06 (1 ·04 ll·55 0·7ol :!·if) lj·:!l) 
:W () l ·ti.'j :!·64 :!·:37 0·07 3 ·14 1· l ij - 11·7fl l ·fi() 
30 (.' tj·l:l J:l·-14 2·4:! 0·08 ij. J.j 0·!1:1 :l·U:l U·3U 
:}J <; 1\· 1:1 t a·o.~o 2·7!1 0·0.) i-:!8 11-lifi :1· :!!) .i·4li 
:l:! 0 I. lS.i :!·63 :!·JU 0·04 3·09 I ·tli - 11-!15 - :?· -~:l 

:jQ[, 



.\';SL\IIL.\TlO~ OF t".\l.ll L\1 .\:\ll PHO. l'IIOnr-.. BY TJIE (;JWWJ?\G 110\'1:\b. 

/Jo l"liU! :)-J.:lli. 

Hu pplt>menl .-\ 

R 
(' 

Trifll l 

Wt•t·k Suppl!"-
.1\o. llll'nt. 

2 
:l 
4 
:; 
u 
i 
l:l 
!I 

IU 
II 
It 

() 

0 
:\ 
A 
0 
() 

B 
R 
0 
c 
c 
0 

'Frio/11 -

1:.! 
14 
1.; 
16 
17 
18 
HI 
20 
21 
2:!. 

0 
-~ 
_.\ 

0 
B 
B 
0 
c 
c 
0 

Tri,/1 11-

2:.! 
:!4 
:?:j 
:!(j 
~i 
2!! 
2!1 
:m 
:31 
:12 

0 
A 
_..\ 

0 
B 
B 
l) 
(_' 

<: 
0 

T .\JIJ.E rn. 

II 11/Prfll !Juln!lr·e (dail.'J rn·r•rtlff'' ). 

x.-,111'0, I l'aCO,,i.c.4·iill~111.1' 1 l l ·:?i~~:m.<.;a . 

lli -<·n l<"ium phn~. CaCO, i.t·- 4·!l7 )!'tn. I' 1 J I ·:H gm . Ca. 

II · :!S grH. l'a . 

l ntnl..t·. Out_!!u ,L!IH. Ca. Ralan<·e. 

1·0 1 
1·0 1 
;.. :.n 
;)·;)\) 

1 · 0 1 
J ·:?!) 
.l·llH 
.) · Iii> 
1·2!1 
:i · l!l! 
.-,.x~ 

I·:!!J 

J ·i I 
(i·:!li 
(i·:!ti 
I ·71 
.)·!1:1 
;;-9:! 
1·71 
ti·:!~ 
ti·:?-1 
1·71 

I · 7 1 
{;·:!() 
li·:!(i 
I ·ti.i 
.i·SI\ 
:i·\lli 
l·li.i 
ti·l:l 
lS·t:l 
I ·fi.i 

:!· 1·1 
:l· l .'\ 

I :~ -~11 

I :J· -l!i 
:?· IH 
2·(i.J. 

l :l·SH 
I :l· 1'-i 
:!·titi 

t:l-!1:1 
t:l·!l.i 
:?·!iii 

:!·li·l 
I:I ·SS 
I :J· \);{ 
:!·().; 

1:3·47 
l:l-41 
;!-(;!.; 

I :J · 1-l 
13· ·11 
:!·li4 

:! . t;.-, 
1:1-:l!J 
l :1· ;jl( 
:!·fl.) 

l:l · 44 
1:1· 4.i 
:l · H:l 

1:1· 14 
1:! · ·12 
:?·!Hi 

1·-l:! 
I · .i:1 
l·:W 
1· :1\J 
l·lS-1-
.?· 12 
2-:n 
2·4){ 
:!·3.) 
:!· .)1 
:!·lS2 
:?·:12 

I · !17 
:!·l:l 
2·-l-l 
:!·0:! 
J . !II 
2·(1.) 

I ·!li 
I·Si 
I·!JI 
I. ;j.} 

I · 7:{ 
1·\JU 
( ·){!) 

;!·ij;i 

·>·.17 
:!·.)0 
:! -:!:! 
:?·:?;') 
:!·(l;j 
:! . 1!1 

0·03 
0 · O:i 
0 · 07 
0 · 07 
0·0:1 
O·O.i 
U·O.i 
0·04 
(1·04 
0·0:1 
tl·()-l 

(l·().i 

(1·0+ 
0 ·0·1 
0·04 
{HJ3 
0·0:1 
0·04 
II-IJ:l 
O·W 
0·0,') 
o-n:~ 

U·O:{ 
0·1)4 
()·(}a 
0·04 
ll·U-l 
0·04 
O·O:l 
0·01 
0·113 
o-oa 

:JOG 

:! . II 
~·lH 
i .,)(1 

I 8• ;!(; 
:!·II\ 
:J · o:t 
l:>·IS 
!l·!ltl 
:I · !>:! 
i ·Oli 
1! · !1:! 
:1·01 

:I ·(JX 
+·!l:l 
-I·H 
2 · :!!1 
7·tlli 
li · :m 
:! · til 
:!- ;:Hi 
6·01! 
l·!IX 

:!·lli 
i·:IS 
7 · I l 
4-.'H 
i· Uli 
(i·l)(j 

:l · li> 
·71) 

(i · :!:! 
-l·31i 

1 -:11 
I · II 
11·:)(1 
11·811 
I· itt 
I ·.)2 
ll·il 
II · till 
l·i:J 
o·tin 
H· '4 
l·:>ti 

I .;,l) 
11·.)7 

IH I 
l· il 
n.;,o 
ll·:lU 
(1 · 1)11 
U·:H 
ll· ;Jt) 

I · .i! 

l ·ii·l 
0·-!7 
IJ-.1;) 
U·ti!l 
II· 71 
o -;;n 
0 · 74 
n-:11 
II·~:! 
Q· .. Hf 

- 0·+4 
- 0 · i>7 

4·:!6 
-1·1:1 
H·66 

- U· HS 
!l· 2-l 
:{-1-1 

- 1·10 
:3·34 
:l· :!:? 

- 1·0 

- o- ao 
4 ·10 
:3· 7 
0·34 
:HI!) 
:l-8-1-
ll·:!ll 
+ -:3:1 
-l·:! 
o-:33 

U·On 
4·3:! 
4 · :.!-1 
1 · 04 
3· ;!.} 
3·32 

- 11·7() 
:! · 84 
4·07 
O·iii 

0 . :!il 
I· 2~ 
.) . lli 
+.:Ill 

- :!·Oi 
l·!ll 
4·!1i 
:) · :!H 

- :! · H!I 
(i · :!!J 
-1 · 1!1 
1·!11 

1·!14 
s -:l!! 
H· i.l 

- 1-a:; 
.}·){1 
fi·.1X 
u-x:l 
Ii--i I 
;-o:.l 

- U·SS 

- O·!lti 
;)·.)4 

.)· 7H 
2·78 
.i · 07 
fi·:!!l 
1·:!11 
4·:3:! 
6·SU 

- 2. 1!1 
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,J. S. OT 1'0 . 

/Jist'/1,,,"1111 . 

T he t·unclul'linn o f t hi:; expe ri nH·tJt ,,·a;; idt·H( i,·;d \\'ith lht> 
Jll't'\'JcHJ:<. Oll l', L'Xl:l'pt that I he· t n ·atllJL'II\:< and ohi<P J'I'al iuu;; \\'t'l'P 
repeated i n lhn•t• c·oJIS(:'(' Uli i·P lrin l:<, ntak iug [ Ia• 1l ata l'ol l l't'll'd I'Dil ­
si deJ·ah ly mo re n·li;1hle and c·oudu,;iq: . 

A stati::di t·a l an ;J in; i,- of t he n•:m lt ,.; indinll Ps t hat tlw n•tpllilun 
of tlH' pho:<phuru;.; c,l' 1h-.~odiH111 pho:;phatt• c'lJ>pl':u·,; lu lw gn'atl'l' thall 
tha t of \' . Bnnt·tHP:d " ·h ik !Itt• n•tl' ll l in H o f the p hos l'horu,.; pr<';o;en t 
in di-f·;il<·inm p ho,;ph;Jt·p i-< 11 ol :<igniti('a11tl.1· tliiT!•l't>lll front !hal uf 
t•illwr di -:<c~tli um pho,;pha t t· ur th a t of \ . . B ollc• ttH·:tl. 

. I/ ('!I II 
.-\. 

/Ji -smlium Jih'""/ihflh . 

1·11 1::! 

lUll 

T .\1\LE r 11 r (t/) . 

!1tn)Jf(/'liuu of l'hl).<td''ll'/1 .~ l'l' fninetl . 

1 ~. (', 

J)i .rolr. pl"'"/'hfll• ·. 
I) ·!Hi.'• 

f',•rr'tiiiO(jt· nh•utiou . 

HO .'\ 

T .\II I,E J :\. (II) . 

1' . HfltiPI/Ifftl. 

iHI-l:! 

,J/ i'/111 F r tJfJf•rlion of ( 'n!l'itl /11 rl'i'11iuetf . 

. \. 
iJi·sflrli•tu> pho.<f ilttt/P. 

o·nn 

H . 
IJi-mlr. p/wRtJital•. 

li · H.'\.·, 

J>prcentogt o·leuliru~.­

(i;) . . ; 

c. 
J'. Nutleltlutl. 

0·(\(j;} 

(j(\ · .~ 

\\ 'he n thE> lll t>a ns fo r hoth :l ninl nl::; and t lw t hn ·<' t ri al!' arr ta kt>u 
the n ·l<·nl ion i n tht> thn•v .~uppiPJtH•nb ::;hnll'v<l :-:111all ,·a ri al ion,.; a:< 
wi ll Ol' SCl'l1 fmlll t hP a h O \ 'f' L1 hit- . 

Hcmarkably h ig·h pho,;phot·u;; l'('lenlion figurP:- " ·en· ob tained for 
ull t hree suppl < •II JE~ll l ;o; . 

As in t hP JII'PY iou,; <·Xp!· riiiH'Ill lh1• plto,.,pltn•·u,.; of di-.;;odium 
pho,;phail' \\'as <l f'JI:II'i' ll dy c·onlplPtl· ly n•laint•il. 

l'<·riod,- of ma:xi ll ll l ll t rc· l pnt inn of p lto:-:phn r u;; \\'!'1'<' nol Jl<•c · t•:.::-;~rily 
(Jt'l'iods of ll la x imnJH rP ti'Jtlion of c·; ll c·iH ill. 

Hn l h ao int al,; \\'!'rt• ,.,,n,;i:-IPttll.\- oil a lil'.~·:di\'c• p l w,..pl~<ll'\l:s anrl 
c·alciun ' hn lanc·•· d ul'ing t ht• JH·r iod;.; \\' h<·ll onl y th ,• ba:-:al l':tliclll "'"" 
g: i\'t' ll . ~~ ppa n•ttll .\· lherd orp I!H' a1·ailah le I' :Jt td C'a of lltt• ha,.;a} 
nd ion \\' :1:< dt·lil ti ((•l ,,· l Jc low th~· maintt·Jt;Ji l('(' l't'(jlli i'(•Jitt' ll (:.; or l hc> 
ani nJ:li s, ll'hilP tlw n · i::; n l \\'a.\·;o; th<· proh;~hilil .\' !IJ:tl \\'hat littlt· J' 
llwl'l" \\':t,; iu th <· hn;.;a l l'<lliou ,· i;o:. 1·01 g·H t. wa:-; not JWI'f':':<aril~· i11 a 11 

ca,;i ]y antilahl~· form; t h i,.; ,.it>\\' i;.; :-;(J't•J tglh l' tt\'d h.\' t lw high propo r­
tion of l' ,-oiderl in l he fa PC'l':<. 

TILe l'un sistP nt lo;;,; of ( 'a and l' lrOill !ltl' hotly duriug· ( it l· p<•r iods 
\\'J te ll 110 ,;u ppl t•Jl tf'Jl(. \\'a ::; h ·d i .t'. ll'lJvn al'li\'l' l'P:>CJI'Jl(i!>ll of :-kPIPlon 
too k plat(' . l'C\Tab ihat fa ,·ou rahl t> I'Olllli t ion;.; l'X i:.:L('(I for ntnsimum 
absorption of' ( ';J aud I' fl m·i ug t he· JH'riod:< 1Yhc>11 su pplf'IIJPnl \\'<J:< 

;;uppli c·d. a ,; lhl' a nimal. ;o;tan·<'cl fo r C'a and P . is n ll\· inu,.;ly iu a 
lwlte r position to retain lltP;;e Jllill l·ral;; 1 han \\'IH•n l lt P 1 )() 11~· is nn l in 
d ire ll!'ed of thP ill. 

:j()!) 



Tlw pr;H'tic·;tl ~i!.:nitic·allt't' uf tlti, nlht•l\;llinll j.., i111portant loll 
il "ll.!!'!!t> ... d..; tlwt tltt• !!n•:llt' l tht> lll'Pcl of tht• anilll;d for tlliiH'I'ill:... till' 
lllt•tc· c·r·onotnic·a l lhl' j, tn:t.lt· nf tl1e ... uppl ,l. I ll otl1t·r \\on! ... l'fllll(llc·ll•l.' 
:<alisl\· i ng- tiH• lllitH•r;~ l llt•t·cl of ;111illlal, Jlt•t•cl 11nt IIPt't';-.,;~ril ,l· he. 0111d 
]•toh;dcly i:< nol. !Itt• tlln,...l p• o lit ;tl .lt• "'"·'· ol IPt·d in!!' ltl illt'l';t\..., undf'r 
p ral'lic·a l c•o ftclilin lls. l•'urlht•t'lllo! 'f' , lhi, ulhr·t· ,· ;~tinll llll·cl\1'~ l ig-ht 0 11 

the o h:<t·n·:llinll frPqlll'llil.' tttade· 1· iz. tlwt tl11· ~l ·wkn~;lt l ll'hn l't • Pd ~ 
:I]Jjlt 'I!Ximalt•l.l· hall' til e' pltcc-<p lcul t-' n·qu in•d 1,_, Jcj , ·d cwk kt·lcl 011 I' 
drtie·it' lll pasl tll'e• oltt:lill :< \lt•ll (1\' (•r that I""Pill' li nll or profit ohtaint•cl 
lty -<ati·d·_~· ill!.(' tic~" tot al II'IJIIirt>ntt·tih. I f a d;~i l .l .... upplPnt<· ttl ol' ::oz. 
l.nllc•fltt•al p•·r ht·ad prndue·t•, a g-ai11 of}:,() Ill. in \\t• i:.rh1 o\'t'l' 1:! 
lltlllllh-< tl11•11 1-:, or.. " ill proclut·c· \\'t•ll H\' t•t' j' .-, lh. tdu T oi l ;and (: n•,•n. 
I !J:III t. 

' t' ht• 1'.\traonl ill;ll ,\ lti!!h lt'll'lltioll ol I' t'olll:tiiiPcl in tl~t• '"PPit•­
ellt>llf , !!ii'PII, "'"' hi!!ltl1 l:i\oun·cl II\ tl11· ln11 lt'\1'1 nl I' i11takP and it 
\\UUid .appeal th a t 1\ lt<;lt• I PI tltt- rli~t· ... til<' '·'''' ' '" t'OIIIt•tlc·d i11tn :111 

a[,,.,orha ltl t' fo1111 "" ' :cl c..;oriH'd nnd ut i lir.t•d : in t ht' r·a ,•· ol' lhl' 1\alt•r 
,..nlcdllt• snd in tll plt o,.:plta lc• a ll''''" appal'l'llil .l al'"'rlwd a11 d rt•lainPcl 
:all d e•\' l'll or lite• e·ofltpara(il·p]y ill:<oln ldt· d i-t·: t le·i tllll p!HJS I•ktl l' :t 11 d 
IHIIII' Itt t•<ll ,-t·ry litlk 1\':t :< tt o l dig-t•s( ;·d a11d n lil i r.e ·d lty tit" an i llt ;d. 
Th Pn· ll'a,... a tl ·nd l'll<'.' l'or lht• t' <tl'<' ;J I I ' to int'l'\' :ht' dur i11u· i h P ]H'ri w l ... 
of ft•t•ding lwlll'lllt·al a11d cli -1·ale·iuuJ phu:<phall'. :1g·ai 11 s uggt·st in g- that 
IUt· ,]ig·ht difl'r• n•lln' it t n•le·ntintt ltt>l\\t•t•ll lltt••l' 111 11 'llJI]llt•flwlll:> a11cl 
cli--<ndiulll pho.;phalt• \\;,..., ltll'l't' l.1· inl·ontple·ll· I'OII\ t•t,ioll of the l'orttll'l' 
111·o ... uh,.,hiiii'P' into ..;o l ulolt• a11tl :1h..;orltahlt• t•ut it it>..... lt \\'onld IH· 
itllt•(('-<ling lo clt•lt'l ll tilll' llht-tltl't' rh·· ditlt•tt•lle't' iu n•tc·llliou lt'lll:tlll ... 
alllto,;t lll'g')iJ.)p a t highl'l' lt•\'1'1:... of ">IIJ'J'It•Jllf'lllar,l i11fakP. 

! :' rtler i nlt' /11 I (• ·). 
I t 1\·a ,; l'l<•ar rrottl l·: x iH'rilltPIIl I t /1 ) th:ct lltf'rl' 1\:\S 110 dill'e•l'f•IWI' 

i11 tit" t-'liit ·ie•n t·.l ol' lht· t·;d t·i um :lltd p lt~htdto r· u, it·lt· tt l in11 or ! Itt· I 11 tt 
:l tt illt:tJ ,_ ll' hl'll ! It t',\' \\'e't'l' kt•pl \Ill iht• :<:IIIII' lt• l'f'[ or tlli fl(' l':tl inta k('. 
Th l·rdorP i 11 orde·r In dt•lt·l'ln int• 1 ht• rl'l!' ttl inn of' I l1<• ph o., plt otu:< at 
dil'ft•rP td ll'n·l,;, lht• " llJlld•·ll tP!tl for tlllt' allillt:ll '"'" clnuhl,•cl. 

.\ lurtltc·r t rial, n..,itt!.!' l ht• ..;aull' a11it11: tl ..; " ' i 11 l·:,pPrillwll t I (Ill 
1\'a:- •· .. uduc·tt>d in ''"H·I h- I he· ,.a nit' '"". '~" in tl~t· )flrtllt·r· lht'l'l' trial,, 
to dt>lt·rrllillc• llltt•llt t•t· 11;,. J,., ... J,.. of int.akc· ol tltt· '"I'JIIt'lllt'nl:< alft•c·tl'd 
tlw n•tt•H i ion ol I' and( ';~ -,i!!nifi,·antll. I t i ... H·alizt·d tlwt lh~> ,·:tlut• 
of 1 hl' n•-<nlh would lw , wr...ich-rahl,~· n·dllt 't•d 1,_, pl:ll'i 11g onl.' fllll' 
allillla) Oil (•;tf'!t of ll11• l 11 0 }p\'p),; oJ' illlakt• lout ;t ..; olltt'l' :-llitah lt• 
anintal ... 111'1'(• nnl :1\ :tilai,J, . at the tilllt• allcl ,,.., tl~t•,•· ""' :tn ima l ... 
:... IHIII' <•tl 1111 ,; ig11ilint nl dill'l'n·ne ·t· i ct 1t1 il izir tg- I' in lht· p n·,· inH:> t• xpt•ri­
llll' ld. il wa;.; hc'ilt'cl l h:d tiH • n•,.,u l t:< tlli~ltl prndllt· r• it~dit· alioll. pn:-<..;il cll' . 
of 11hal c·oulcl l l!' 1' .'\ IJI'I'lt•d. 

,\ JH' l'iod or l'i ~ lt t 1\'(•e•k,; t•lapse•d l' rnlll l It t· 1' 111 1 ol' I Itt• lll't•l' inu ..; 
I•XjH'tillJt'lll a11d (Ill• l'lllllllll' ll f'l'lllPill oJ' lhi..., IIIII'. '!'I tt' :lllilllal~ 1\t' rl'. 
ho\\·p\'1'1'. kt•pt lllldt•f' lht• ..;;IIIII' routillt ' ol IPI'<Iin!! .. \1 lht• <' till or th •· 
Jll'f' l'iOII:' ~' .'\jH'I'itllt'lll t hl' ;tllillla]-; 1'\'l't'il't•cl J'of' tlllt'P 1\'Pt>k-: fhl' ..;;tiiH' 
-upplPnwnt of phehphoru' in li11· lol' llt "' \ '. Bollt'lll<'"l ""during- tlw 
tri;al-<. F o r two 1\' t'l'k..., 110 ... upplt·IIH'Ill wn,.: It'd, tnllollt'cl b,~- lhn•t' \\l't•k-.. 
ol \ ' . H ont•nH·al 'll(lple•ttlf•llf. T ltt· attillwJ, \\I'll' tl11•tt lt•d lilt' ha,al 
ratitctt ot •l.\ lor 111·u 1\l'Pk,, du•ing tht· btll'r 11l "'•ic·h lal't'l'" a11d 
lll'lllt· ll't'l'l' t·olll't 'lt•d. tJti, lt!'i11g- ll11• fit..,f 1\c•t•k r·e•c·onl!'cl 111 thi ~ 
I'XJII' I'i llll'llt. 
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The mean propm·tion of P nnd Ca n:lained hy the two animals 
nre p1·esented in T nhlr XXYIII and a summar.\· of the data in 
Table X IY. Animal .Xo. 5-l:29 re('eiYed 4·.) g·nL P and 11·1:) gm . 
G :1 and X o . 5-1-(IG 8·!) g-m. l) and 22·:] gm. ('a iu their supplement. 
Di-sod iu m pJlOspla a t(•, di-ca lcimn I)hosphnte and Y . honemea l we1·c 
fed during:; periods A , B , and 0 I'P~pecliYcl y . 

Bodnc 
Xo. 

5420 ... ... . . 

5436 ...... • . 

Supplement. 

P. L'a. 

4 ·5 ll · l 

8·9 22· :1 

T .HIL}:; X I\'. 

A. 

l'. Ca. 

98·1 7 l ·:l 

84· 1 94·4 

B. c. 

l'. P. Ca. 

1!7·3 70·3 !H ·3 6:l·8 

S5·:l 47·0 83·0 44·5 

A glnnc·e at Tahlr X I Y reYeals a rPnl:nkabl:-· high retf'ntiou of 
C'a and P by hoth animals. .Furthermore ther·p was no :<ignific·aul 
difference betWl'l'll till' relt•ntion of P or Ca for either animal when 
the ;:;UJlplemcnt wa-1 giYer l a:< eli-sodium plwsphatt> 01· cnkium pho.-­
pbatc or Y . honelliNIL 1 t would appear, therefore, that theiie 
anima Iii were able at both the le>els oi intaiH• to .. dig·est ... absoru 
arHl retnin these two mi1H•rals equally well wlwther they were sup­
plied as t he water sohrhle di-soc!i um phosphatt• m· the relntiYely 
insoluble di-t'alci uua p bos ph ate or Y . lw twnwal. rr his result i:> 
rf•ma rJrable a nd tc·tHh 1u sh engthe n 1hr• iu fe r <'n <'e made in the 
disc·ussion of t he last experi ment Yii.l. tbal tbt· ph o;;;phoru" conta.iuNl 
in di-;;orliu m phosp hn iP, cli-cal ... ium pho,;phale nncl in Y . houemeal 
c·oul d he reg-arded for prndital pu1 poses ns heing made equally 
nYa il able to the arrirnn l body during dig-estion. 

The retention of hoth Ca and P was reclU('('d at the high lcYds 
of intake; .P de('rpa..;Nl from approximately H.i Jlt'l' <·ent. retention to 
S..J- per ce11 f. and Ca from a bout 10 to ..J-.) per tt•n L '!'here is th<.' 
possihility of' eoursP tl1al the higl1er IHrl of mineral intakf' f'X<·eeclPd 
t h e mineral requirement of the animals :nHl that thr retludion iu 
J'f'fention \H IS dne (o t)w f'limin::tho n of (he p anrJ ('a vresent in 
excess of 1 he ret(llir~m~ n t . Tn Ow t case appn·c·inhle dift'erence:s in 
th e ava ilability of V or Cn in t h e:.;l" -;upp Jt.ru e nls fe d mig h t be 
c·o an pletely masked by the ex c-e~;s pn·senl. unl esR. o£ cou rse, !he 
procl uf't \\·as so poo rly :wnilnble that !lw P or ( 'a proYidt>d during 
abso1'pt ion did not :;atisfy the requin•nleut of thE> animal. The 
supplements fed -;bowed only ,-light eli fferen<"CS n f f be lower le.-cl 
of intake :tnd indif·:1lecl then•fore that the P nnd ('a theY eoutained 
wen• approximate!.'· equall:r aYnilable to the nnimals at' that Jen!l. 
l~UJ·ther111ore. the big-her leq•J at whi<"h hoth P :md Ca we1·e feel is 
eertai.nl,Y not le=-s thnn that accepted for- tlu• P and Ca requirement 
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.\I'SI~II I •. \TIIIt\" OF L\LC" I l ")I .\XU PHOi' I'HO lll"S IIY T ill·: (:1{()\\" tl'<(: IHI\"ll\1•,. 

for tht> typt• of' anim:d ust•d, and one j,; fon·L•cl to tlw l"O iwlusion, that 
tlct• l'l'dUdin n in JH'I"("l' lltag-e refenliou at thto hig-hc•r lt·q•l of inlukr 
ts nwinl_,. due• tu tUP t> limination of tile Ca aucl P pn·:-.~·nt in l'Xc·p,.;,; 

of the· qu:cntitip:< l"!'ljllirt>d hy t}lt' ;\nimal;;, aud 1\0t IH'I"I':':<ari}y to 
thl• inav:tilahility of' tht>='t' minemh iu the· pmdul"h fc·tl. As a 
mallt·r of 1':\c·t a fnt~> picture ,,f tlw aYailabilit~· of ( 'a and P pn•sl•nl 
in difl"pr!'llt product..; <:aunol be ohtain<'d whPn the lalh·r i ... gin•u 
at lc•n•l-< t h:l' :u·c• in I'X<·t-s,.: of tlw re<tuirenwnl:- of th!' c•Xp<'rimeutal 
ani 111al'. 

Sunlln:nir.ing- the n·:<nl!s ohtainl:'d in 1\w eXJH'rinwnl,; oil thr 
aYailahilit.v or V in cli--.o<lium pho,.:ph:11P, di-c·alt·iunt pho,;phalt• aucl 
hnut>IHc·:d out• j, ,;tmt·k h.\· t ht• rrmarkahly hig·h n•lt•nt ion of P at 
t hr lc"n' r len•l of inLd;e of I' Yir.. 4·.-> ~Ill. OYer !)0 p<'~" <·t•Jil. I' w:\:< 
n•tnint•cl in the· animal hoch· . whill:' l:'Yt" ll wht'll thi' iuhll«• of P wns 
clouhl!'rl , whic·h prohahl,,· ,.:iig-htl~· rxcet>cled I ht' P r<>quin•nwrafs of 
thl' :llcimal,; Jnurc• 1hau ~0 prr c·rnt. of tlw P iug·t!slccl '"'" n•lain rd. 
:-;ocliunl pho~> ph:lll' appenrNl to po...:,;es,.: a ,;lig-ld aclYn 1dng-l' O\'t•r lht' 
otlHlr ph n,;plndp,; in tha( i u hYo c·xpc·rinll:nt:< ~lightly 11101"1' nl" it,; 
P w:1 ,; rc•Ltinl'cl ih:111 of t hat· g-iYeu as cll-calc-iulll pho,.;ph:d!' nnd n,; 
hunc·lll<':ll: in t ht• third t•x pe rimt>n( "·l~t•rp only o iH' ani m al was 
u,:ecl ra o clill't•rc•nc·t· Px istecl hetwren the qtwnlilit'" of' I ' r pf ;~in Pcl \\' hc•u 
cl i-,.:o<l ium phosph:dc• m· cli-c·:1lc·iun1 pho,;pha te wa:< fpc(. 

V . EXPERIMENT II. 

' 1'111·: l "TII.l7. .\TIO:-.' OF C .\T.C "H")l .\XD PliO,;PHOitl' S 111 IIOYl:"~:-.; OX 11.\TIOKS 

( 'OXT.\1:-.'1 XG J>1 FVElt£:\T LEYEJ.S 01: )11":\t: JI.\ L I :->T.\In: \\" ITH ,\ 

f ' IIX:-.T.\X I' I .\f. ( ' l (Tlf TO l'IIO!'PHORt":-< R .\TTO. 

:lnim1d.~ :-Tt•ll half-g-raclt' Frie.-land step r, of thE' follmring- ag-E', 
~111cl 'n·ig-ht' Wl'l"t• u:;ecl in thi" expcl'iment. 

. \.1 c·ollllllt'lltPlllent of t'Xperiment: :t+.G.:~:L 

Oroup. Bm·ine 
::\o. 

.\j:((' 
lliOIIth~. 

I h. 
I ................... . ........... . ..... . ...... 4i l :! I i l:l:l l 

:Hi~ I ~ SOU 
11 ... .. . ........ .. . ........ . ........ . ...... .. . :341:!0 IR St.! 

:34(;.1 IS i(ii 
Ill ........ ... ... . ... .. ....... . ............. .. . 3~(i4 Ill 7HH 

:HB7 IS !I ll! 
I\"........... . .. .. ............. ..... . . ... . . ... 34.;4 IS 7.\U 

:Wie..i H> H:l6 
'lntm<luce d into l•:xp t. H/ 7 t :l4. 

\ " •••••••••••...•. ••..•..•..•.•.•.•..•..• ,.... :)-l,:JC) J:! 1 !)() 

.)-1-:11 1:! •100 

't'hl· :cninwl.~ Wl:'rt· di,·idecl into fhe group;; ol two animal~ t•Hc·h. 
Group \" was introduced into th1· experiment U ~ mouths aflt·r tht> 
f'Ollllllf.'lll't'llH'O t. 

:JH 



.1. s . mro. 

Holton of GrvufiS I -LV' . 

1-itunp ...................... . 
ll t~.l' . .. .. .. . ............ ... . 
.\l t·a t mPa l. .. ............ ... . 
\\'at!' r ..... .. ....... ...... .. 
1-iu(lium chloridl' ...... . • • .... 
Total mineral intBk <' ........ . 

Pt'r<'<'lllR ~(' 
• \lli(IUllt. P. 1:' gm. Per<·entage Ca <tnt • 

l'n. r'> 

:l · .i Kf! . ·0:~!1 
1· :? Kg. ·IIJ.'i 

·:?4 Kg. ·SUX 
I ll litre> 

. .; S(lll. I _ 
- ~ ·J7 gm. I' 

1-:37 ·117 1 
l·:?U ·:?!J7 
l·!J4 · :?11 

anu "ij. 38 ,1-(111. ; .. 

·:?.) 
:1 -.il) 
I · !17 

•,)II 

= 

Tlll't>l• mont li s uftt>r tilt> t·nuamt>ntelllt:'nl of' thP t'.Xpt'rillll'lll ·.) Kg- . 
,greP n fel'd wa s added to the ratiou. T owa rd, the !'nd of lhl' t:'.Xpl•ri­
Jlleut. i .t~. fmm tht> 2:.?nd mouth onwanls thl' has<ll ration wa~ 
i n t· re~t:>ed to -+·i', Kg· . s;.uup , 2 K g . hn.r aud ll lt'abnl'nl ll'a' s nhst i(utetl 
for blood 111en l. 'l'he tohl mi npnt l inl•tke 11·;~:; uo1 aff,•r-tecl hy th€'::;e 
dwn g es. 

'flu~ fon•· g-roups of animal' werP gin·n thP fm,,d rntinu for -<i.x 
II' Pl'k:>, the min l• r·n l ba l:tll t'l' heill!.!' (h·h·rmitJetl on thP rntio11 tlurirJg-
1 he lust l '>~'O II'N· k~ . Tlw su pplcr1wn(s ll'l' l'P therJ g· i \'(•n c·on tinuou;;l,v 
until t he t•Hd of the ex]wri mt>nt . 

The fo llowing 'l'a h lt· ;;hows t h t' amount of t·a ki u Ill au d 
pho-;phorus whit h was addNI as lli-C"akiHnJ plto ... plaaiP anol c·:d<·iu111 
(·:trbonah· to tlw hasal rnt ion of t-:wla g-I'Oup . 

T .\HI.a·. X\·. 

Ba~•~ 1 Hut ion. ,\ddNl. 'l'ntul Intake'. I 
'fol~tl 

ln tn.k(·. 
Group. 

Cn gru. P ~w. Ca ):!Ill. p gm. Cn J!lll . P gm. Ca: I' 
mtio. 

! ... ......... . ... cj -:u 4 ·5 l II . J.l :l·4fl j.j. ,l(j I!·(H) I ·H:l : I 
I I .. .... .. ..... . .. (i.;J:! -H>I ;) ·21 I. ·28 II · :;:! .) ·8:3 I ·!J7 : I 

Ill. ....... ........ (j .;j;! ·l ·.)ll J8 · 10 I ·:?15 :!4 ·-1:! .i ·Si> -1· 18: I 
I, . ........ • ....... () ·:32 4 ·-"i-l :? <38 S·in ~ ·J4. l·\J:l : t 
\ ' ................ 2 · l4 1·0 1 :? · I I l ·Ol :? · 1:? : l 

----

From 1 ht• ahOY(" 'l'ahl<> it wi ll bP :o;(•f' n that t hP f'a : P ratio of 
gl'oups [. I r. r r and \' \\':1~ ahout :! . n : 1. whPI'(•;t :-; f'n r gruup I I r' 
d~t· ratio wa~ .J. :1. 1 hl' lpq•] of p bn..:phnl'll:i iutal\p ht>i n~· th e s;Hne 
a-; that of g"I'Oup Il. 

:j}.) 



ASSIMILATION OJ:' ('A I,I' Il- M AKil PHOSl'JJO II\:S JJY THE tatO\\'lKG DO\'lSE. 

At a later elate group Y was in clurled in the experiment in or·del' 
to dctermiue to what extent bovines could utilize the calcium and 
phosphorus nf a. ration coutaining :"l lo~n>r mineral c·ont ent than 
thal suppli ('d to group JY. 

Feed. 

~nmp .•.......•............• 
Hay ....................... . 
Blood menl ................ . 
Green feed ................. . 
'Vntor .... . .............. • .. 
Snit mixtmo A .......... • ... 

Ration oj Gl'oup Y. 

Amorlnt. I Percentage! p - P. grn. 

I 1·:30 Kg. I 
·:?ri Kg. 
·10 Kg. 

I · :)0 .Kg. I = 10 litr·cs 
15 grn. 

-o:n-~­
·039 
· I()!) 
·047 

•1)\i 

. 10 
· II 
·:H 

I P<'r·c·!'ntagel C 
C• n gm. a. 

·01:3 
·240 
· 1:!6 
· I~ 

·23 
·60 
· 14 
·64 

'l'o1 nl mineraI intake ........ . 1·01 gru. 1' and 2·14 gm. <.:a. 

'l'he ration of gmup \ ' was the ,;ame a,; that g-ivrn to h o\'iues 
.)-t~9 and t,4;J(i in ExpC'r·iment I (b) . A s in the latter ease. ihe 
sa urp, hay aucl hlood 111eal was fimdl~· doubled. It tlnr;; bec·ame :-

:$.0 Kg. Sump. 

0 <j Kg. lJ ay. 

0·2 Ko· r-· HlocHl ll1 ('a 1. 

(l· .) K<r ". Green feed . 

lG g'lH. Salt mixtt11·e A. 

The C'n : P nr t io nuder· the n bon' ~:oncl it ions :o;howed n s lig-ht 
nltrra.tion, hut it was deeidNl uot to nd1l mi nt>rnls to 1 he nd in rr in 
orcll'r to bring tlw ratio nenr·er to 2·0 : I. 

[ n bnlh a rr imnl,; o£ ear·h g-nnrp thP mineral balarrc·t•s were tlrter­
miued (rom rncnci rrg· with g-roup \' at th e l :)fh 111orrth of' I he 
I'XpPriment) for one we£>k monthl,,·. the c·alc·ium a11d inorg-anic· 
pho,;phorus co ntent of the hlood beiug- cletenninrd nt monthly inter­
vals. In 1he c<r,.;e of g-toup Y tlw pla:;nw phosphatase was all:'o 
cleterminecl nt the nh!l\'e intt•r·nls. 1'he bocly wejgbt,; and ch•tniled 
TCstrlt of I he balnnee trial,; are g-ivl'n in t hl' app<>uclix i11 Tnhles 
X X IY to XXXIY ,,·hic·b h;we het•n summar·i ~l'd in Tabl e XIX. 
'I'll c P a.n c1 Ca of the hloocl an cl ho up a11a lyse:-; are g-iYen in Tn bles 
X \TT, XV 11 and X X r espect ixely. 



.T. S. OTTO. 

'l'AOLE XVI. 
lnor,tjani c lllood PltosrJlW'rW; ill mg. }Je1' 100 (:.c . ulood. 

Month Bovines. 

of 

I I I I I 
Expt. 4712. 3478. 3480. 3465. :~464. 3467. 3454 . 34!56. 

I -
4 7·6 6·9 

I 
7·0 7 ·'2 7·2 6 ·9 6·6 6·0 

5 7·3 7 · I 7 ·2· 7·0 6· 5 6·4 

I 
6·5 6·2 

(i 6·4 7·4 !l-4 ()·9 7 0 6·2 6·0 li ·2 
7 7 -2 8·0 6·6 ii-8 6·4 5·8 5·2 4·3 
8 6 8 6·8 5·8 5 ·4 5·9 5·6 4 ·6 3 ·9 
9 5·8 7·2 5 ·2 5·0 4·8 5·0 4·3 3 .;{ 

10 6·2 6·6 5-(l 5·2 5·0 4·2 - :1- () 
11 ;)·8 

I 
7·2 4·6 4·9 3·6 3·5 -

I 
3 ·2 

12 5 ·4 7·6 4 ·8 - 3 9 :3.7 - 3·0 
l:l 5·2 7·7 4·4 - 3 ·4 =~ ·4 - -.?. ·7 
14 5·3 - 3·0 - I 2 ·8 2·6 - 2·5 
15 6 ·I - 3·;) - 3·2 2·9 - 2·9 
16 6·2 - 3·7 - 3 ·3 3 ·4 - 2·6 
17 6 2 - :1·9 - 3 ·4 3 ·1 - 2·7 
18 6·2 - 4 ·7 - 3 ·5 2 ·7 - 2·8 
19 6· 1 - 4·6 - 4·0 - - 2·9 
20 5·7 - 4 ·8 - 3·6 - - I 2 ·8 
21 6·0 - 5· 1 - 3·+ - - 2·8 
22 5 ·7 - 4 ·7 - 3 ·6 - - :.HJ 
2:j ' 5 -(l 

I 

4 · :3 :l-4 2 ·i 

I 
- - - -

24 5-:j - 4 ·0 - 3 ·5 - - 2·9 
25 5 ·2 - 3 ·9 - 3·4 - - 2·8 
26 5·0 - 3·5 - J 3-:l - - 2·9 

-

'l'AU L T·: XVII . 
Hloo·r.l Calci,um 1 11. ''n.c; . per 100 t.c. blood. 

===-==-== 

4 10·2 
5 JO·O 
6 9·6 
7 10 ·4· 
8 10 ·2 
9 9·8 

10 10·0 
11 9 ·4 
12 10 ·6 
13 10 · 4 
14 9·4 
15 9·8 
16 8·9 
17 10.6 
18 10 ·2 
1\1 10·0 
20 10·0 
21 10 ·2 
22 9·8 
2:1 9 ·6 
24 10 ·l 
25 l 9·8 
26 8·9 

Bovines. 

3478. 1 3480. 3465. :l464. :!4~71-454. 
-'-----

10·6 I 10-o 
10 2 I 9 ·S 
10·0 8 ·9 
10 ·6 10 ·6 
9·9 10 ·2 

10·4 10·0 
lO 0 10· 1 
10·6 9·8 

t) 8 10 ·0 
10 ·0 9 ·6 

9 ·5 
10·0 
10 ·2 
10 ·1 
10·4 
10·6 
10·3 

I !J ·7 
10·6 
9·:> 

10 ·0 
10 ·2 
9 · 1 

9·9 
10 0 
10·1 
11 ·2 
10 ·6 
10·4 
10 ·7 
10·5 

1

10 ·2 
9 ·8 

10 4 
I u .z 

10 ·8 

1
10·4 
10 ·3 
10· 7 
10·1 
10·0 
10 ·6 
10·7 
10·4 
8 ·!J 
9 ·6 

10·4 
8 · f) 

10 ·4 
10·2 
10 ·9 
10 ·0 
9·9 
9·6 

317 

9·8 10·4 
10 ·2 ll-6 
10·0 8 ·9 
9·3 1 10·0 
9·4 9·4 
9·5 10·2 
9·8 
9 ·7 

10·0 
9·6 
9 ·5 

10 3 
11 ·2 
10 ·8 
ll·O 

1·0 
8·9 
9·2 

10·8 
10 ·4 
JO·O 
9 ·6 
9 2 
9·0 
8·0 

10·4 
11·2 
IO·fJ 
10·4 

I 8·4. 

I 9 ·4 
10·6 
8 ·6 

1
1.0-4 
J0 ·2 
10·0 

I 8·4 
9·0 

l 5430. 

-
-
-
-
-
-
-
-
-
-
-
i· 0 
(). 4 
5· 5 
4 · 4 
4· 8 
4 · 7 
3 · 5 
3 · 4 
3· 2 
3 · 3 
3· 1 
:l· 9 

54:30. 

10·8 
10 ·4 
10 ·6 
10·4 
10 ·2 
10·2 
10·9 
8·9 

10 ·0 
8·0 
8 ·6 
9· 1 

I 5431. 

-
-
-
-
-
-
-
-
-
-
-
4·4 
5·0 
4 ·0 
:3 ·:l 
:H; 
3·5 
2 ·3 
:3 ·0 
2 -ti 
2 ·6 
I ·8 
1·!1 

5431. 

10 ·5 
10 ·7 
10 ·2 
10 ·5 
10·0 
10 ·1 
10·6 
9·6 

11 ·0 
8·1l 
8 ·!) 
8·4 



1'.-\BLl': X YJ I I. 

)fonth of Blqwrimen t . 

.Bovine. 

2:2. :? :~. :!4 . 25. 2U. 

i"i431). ... .. . ... 5· 2 -!· 8 tHJ 6 ·8 8 ·0 

M:u . . . . . .. (i ·8 8· 2 s I) 10 ·9 ll·:J 

'fA IILJ-: XlX. 

J/ t>llll / )oily .llineml I ntake U 11d H Ptent ion ·in [Jill. 

( .'1111!111111'!1 of Tahl ps .\:.\11' lu .YJ: .\:11.) 

Phosphoru,;. Calcium. 

Uronp. Animal. --------
Ti me on ~·xpE'l'imeutnl 

ration. 
lntake. Hetention. lnta.ke. Hctention. 

1 .. . 471:2 ~-34 -! ·4:2 :~rd-:25t h n.onth C'xpt . 1() ·36 fj . :16 
:3478 8·59 4 ·57 

I 
3rd-J 3th month cxpt. 16·::15 7 ·19 

n ... 3480 5·88 :? ·47 :1rd- :25t h month \'X pt. 12 O!J 3 ·67 
:3-!65 6·4:? 2· 14 3rd- l2tb moot h <'X pt. l:?·t\2 4· 13 

llf. .. I :3464 5·48 :? ·03 3rd- :.15th month c xpt. .24·09 5·09 
3-167 5 i\J 2·18 3rd- 18t h month cxpt. 24·4.2 4 ·23 

1 \' . .. :H 54 4· 80 1·20 :3rd-l0tb month expt. 8·9ti 2·49 
3456 3 ·64 I ·07 :kd-25th mon t h cxpt . 7 · 94 1 ·78 

\' . .. . 3430 1 ·HS - 0 ·11 \;;t.h-26th month e xpt. 2·70 - 0·54 
:)4:31 l 68 - 0·05 15th-26th month t"xpt. :2·70 - 0 <3:) 

--- -

/Jiotussion . 

}'rom weeks ~o~. 1 aud 2, in the minen1l balance ta hle,; it wi 11 
he See n, that tht• :l)lllll<J is of gtonps I to n · while re(;eiYing the basal 
ration (without suppl em ents ) rearted Tmiforml~· with regard to th e 
retf'ntion of r·::llcill ll.J aud phosphorn:; . 'L'hf'~· were on n uegal.lYe 
c·alcium balance, while the phosphorn~ halance Yaried hom slig-htly 
neg-atiYe to ;.;l ig htly po,;itiYe. 
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AS ' JMII.ATlO;\' OF C'.\l.Cfl ' )f AXD 1'110 l'JJO!tl"S ll\' '!'HE GllOWlXG DOYI~I'~. 

Uroup I , B orines 471:2 and :347,. 

'fh e a,·erng'e daiJ,,. n1ineral intake of this g r oup was :::)·41 gm. P 
and l(j ·3G gm. Ca. 

'fhe monthi,Y weig-hts of the auimals of :rroup I (Table XXIV), 
indi cate that. thP bn~n l .ration permitted JJ e il he r lll a:xi llllUll growth 
nor the put.li ng on of Pxtm fat. 'l'hc ani111nls al.r g-r<'edily , reaclily 
fini shing their ration ;rud l i r king their troughs. H the,\' had brPn 
g·iven food a<l. lih. tl1c·.'· \\·ould certainly han' <'alen much more au cl 
gained consil1erahl,,· in wt>ight. The food inlnkr wns lin1itecl h~· llw 
group showing tlw lowest ron umption. 

During the fir,.;! lwt-h ·(> monthl' of tbe t'X p<'rimPnt th e ttn•rag{' 
gain in weight was j u,.;l OYer 200 lb. .\t t hi ::; ~lagc hoYine =~418 dird 
of acute haemorrha:.ric gastro-t>nteriti~>. Ho,·i 11e 4 T 12 gained 250 lh. 
from the 14th 1o tht- 2Gth month of the (':q wrilll('nL 

The Ca : P ratio of th e ration may he c'onsid l'red as optimal for 
grO\Yin g rattle. 'l' IH• pho,.;phorus coulninE>d iu the ration was wdl 
utilized, th e nvt>mge <lai ly retentio n bfling 4 · i) g-m. V or 5a p er cc>ni. 
nf the total inlakc>. whil e G·7 gm. C'a, tlta! i ~, 4 J ·rl P<'l' C'ent. of the 
c-al cium was relaio t><l. 

The iuorganir ph o"phorus and thl· l'a lc•ium l'Ofd e n l of th e hlood 
l'emaiJ•cd wi thin n ormal limits wh ile thE' blood en lrium values an> 
of no significanc·c• in th is t>xperimenl. Th e inorganic phosphorus 
values su ggest suftkit'nc~· of P in the l'a ti on. I t must, howewr, he 
poi n ted out thnt 0\'('J' ·HI per (·ent. of the to tal phosphorus of tht> 
ration was g i,·t'll io inor:.ranic· form whil'h wa s highly an1ilable. 

From Tn ble X X it is seen I hn t. for ('ad1 of tht> four lwnes 
examined, the g T ('l'll wc• ig ht and the pen·enlagc' of clr.Y-I'at-free hone 
were greater, \\'hilt• lhr perf'eutflgc:; of watPr and fat were le,;s in 1h» 
hones of g roup 1 thnn in th ose of any olb el' group . As llH· ;:pPe iJic· 
gnwity values of t IH· hon t' fluct uate no tl Pfin ilf' conclnsiOJJ :< <·an he 
drawn from the111. 

\ •Vith lhf' lypl' ol' mathin e u -e<l, it wa~ <'xc·N·dingly tlifticult lv 
kt'f'p the femurs ancl humeri in the r·t•q uiretl po:>ition whilt' 
<letennining tlu•ir hn·ak ing ;;t rength and lhP ,·a lut>s obtained t·annol 
bP l't>gardcu a,: prr,:<>nling- a !rut> intlieatiou of lhr breaking :;:h·pugtb 
of these bont>s . 'l' lw nll•tac·a r'JHrs whm:e ~>ha pt> IH'<'Yent,: undue Rlippi ng­
wn~ found to br Jllo" l sui (a hle i or lh is work . 

Th e metaC'arpu,.; of 1he animal of g'l'oup J l'('g i,.;le.retl :~, 140 lh. lH'r 
square inch on>r n ;;ix iuc·h ;;paH , t11is fig-urf' being- coJlsitlera bl .v 
h igher tbnn I hal for thr :'ln•n e bone in any o f th e ot.her group!<. 

The pro pori io 11 nl' ;1 ;;h iu the tlr~·-fal-fret• hon p shows its hi:rlw~ t 
ntlueF. f vr lh P bo11 Ps of group T, thE' p Pn·\·nlap:P of ash o£ lbr 
mt'ln carpu;;, rih, hnmNus ancl femu r hring ()j · l , li2·0, G4·9 aml fi;)·ij 
n·spertiYe ly. 

The <'akium nud pho:-phm·us eou tent of' tlw ''"b, of the diftcreut 
bont>s of tht> animal.; r f'presl'n ting- lhl' d iffl"r'ent. groups 1·emniJwcl 
JH'adieall~· (·onstnnl, llw Cn : P ratio of lhf' ash osrillaling wry 
closf'l y round 2 · '2 : I. 



.1 . S . OTTO. 

Th e most st riking varia t ion was obta tued wbf>u the percentage 
wa:-; calculated on the green weig·ht of tl1e hones. Th is value was 
considerably higher for the hones of group I. Uf the n1 etacarpus 
almo;;t half and of the ff>nnn, humerns and rib one-third of the green 
bone is ash. 

Group 11 , 7Jor1nes !1480 and :1465. 

Ca. 
'l'he averogf> dai l .Y 1ni nt-> ral inta ke "'as (i·J:l g-nt. l , ancl J2·a5 gm. 

The animals of this group react ed <lisa]Jpoiul.iugly . At tin1 es 
the~· lost app etite, leaviug som e of the ha;jal r;~ tion. During th e J;·lth 
m onth of t he exper i.ment Bovine :14(i5 be1·a mE> suddenly s ic k anll died 
of rf>nttl calculi. ))uri ng- the Gtb month of the experime nt. Bovine 
a480 berarne s ic k and (lid not recon•r tompl et.e l .... · before the lith 
lllOnth . .dt that time t lH•re was no stef>r' of the same age available ou 
th e station to replace it, and the1·e was no alternative hut to cont.inne 
lht> experiment with onl.v· this (Ul irnal in g-ronp \ .. 

n cJ eCl'E'<1Sf\d (O it s iuitin} \\·eight. during- fhP (irn e it WaS Si(']L 

After recovery from the 11th month ou,,·ards i t. cousumed its f ull 
rntlon satisful'toril y anrl for th e la,.;t h,·eh e JIIC)nths of the experiment 
it gainPd as mncll in weig·bt aR t.lw ani mal in group I fo r t he samt• 
period. 

The a ,·e r•rge dail y retention of calcium arHI phosphorus for the 
t.ola l expe ri 111ental period was 3·!1 gm. and 2·!5 g-n r. :re;;pective]y, 
bei11g- ;)] ·8 per ce nt. <>f th e c·aki um and 37 · f) per cent. of ihe 
phosphorus intak e . 

'l'he inorgani c blood phosphon1s ntluf's lran:! no doubt that. the 
phn~phoru s intake and, eonsetruentl.v, tll t' r E>t\'ntion 111rder these 
cond itions ~·ere below tlw o ptimal re1prirf'ment of the animals . 'L'h e 
bh1ocl ealci UJn valu es r emain f'rl HDrrHa l, ]wing in the vi cin ity of 
11 mg-m. per 100 c .<:. blond. 

T he weig-hts of the grE>e u bonf'f'> of lhe animals in this group 
eomparell faYonr·ah ly with t hose' in gTmq> 1 . 'l'he p e rcf>ntages of 
watf' r a nd of fn t in the honp,; 1\'l:'t'e definitely h igher , w hilf> tl1P 

pPrC'~o•ntng-~·s of 1h·y-fat-frN• bon e and of ash wcrf> lower thfLn t ho,;e of 
group 1. 'l'h e hrca king strength of t hE' metacarpus register ed mon• 
than a thousand pound s less, anil the• p e rc.eniages of URh wt>re ahon t 
(; pf>r c·ent. ler;s , than in the pre\·iou;; group. 

(/ro"/} lll, Horm es :{4G4 and 34(i7. 

'l'he average dnil:v 111.in f'ra l intake of this group "·as 24·2G gm. Ca 
aurl 5 · !i4 gm. P , with a Ca : 1> rat io of 4 ·lR : 1 wlrich was double 
that of an~r other group . 

During the fourth month after COlnH renee mPHt of t he experiment 
the"e anima ls snfl'e r(•<l from loss of appeti te to ;o;urh an extent I hat 
Bo,·ine :HG4 after eight' llH1ut}J,.; \\'~· i g-hed almos t i'lte sam e as a t the 
begin ning . During the Se('oncl hall' of the E>xperiw enta l pf>riod the 
ap[H>Iit.• i m proved and (he an im al gained iu weight. Bovine a4()7 
hehavetl slightly bette r , hut it ·u rrfortnnatE>]y di ecl of anaplasmosis 
aHer 18 months io t he expenment. 

a21 



A~~Dlii .. \ T ill:\ 0}' C.\I.CJl')l .\XU T'liO~PliOHr-. UY T HE fUlO\\J:\(. IICIYJ:\E. 

The an•t·a~e daily rE'tt>uli.on w:B :?·1 g-n1. I' nnd4·fi gm. Cn, hE>tng 
:~ ; ·:! per c·eut. of tht' phosphor us and 19 ·:! pe l' rrut. of tin· eulc·in n1 of 
the ratio n . Both th.e><e aui m:ds ><howecl :tlmnt the sanw l'!'tl•ntion of 
phosphorus as thP Jll'P\' ious group. hut a slig-htly }1 ig-her l'et e11tion of 
talrium. 

Thl' i11orgnnie hlood ph osphorus Yalue' of about :~-5 111g111. twr 
lOil t.l". were lwlow not·nwl, in<lif'atiug- that a dail,\· 1 t>ll'nlimt of 
'! ·l g-n1. P wa" insuffic·iPn t for growing- hm· i nf'~. 

T lw l'a!'! that th(' inorganic hlood vhosphorns Yallt f>S ol' this g'l'llllp 

wen• slightly lowc•r tha u thosp of g roup rn may indif'alc· that thr 
i ll trPas<•d addition of t·akhlln carbonate lei lht' rations of group III 
hac! " flptrimental t>fYeet upon phosphoru.; 111Ptalwlism. 

Thc>re i:> hardh· <lll\' <lift'Prrnce in the• c·hrmiral anah·,.is of the 
bone' uf the animals of .g-roup II and group JU in :;pitt> of thE> n1or·e 
hwourahlr· ratio of ( 'n : P in the fonriPI' group. Tb P hrt>aking­
slrt>ngth of the mdal'arplts of gronp Tff wn,; .-lig-htl~· higl1t'r tlwu that 
of g·roup J I. 

GrmtjJ I 1', !Jorines :3-F>-1- 1111rl :J-1-5() . 

Tlw clail~- ration of thi,; group c·o11tainPd l:)·.) gm. (.'a nncl 4 ·:2 
gm. 1>. 

BoYine :H.j-1 ate Y<'r·~· well without showiu::r an;\· sign,., ot ln.;,: of 
appt>titt>. lt gaineil l2i lh. during the first ~>ig-ht month..:. thi" hein~ 
equal to tlw "·eig-ht iuc·r·pasP of the ani 111;1l:; in group 1. 

'l'hr average daih· n•trntiou of HoYi nc• :~.j.)J \"ra~ :2·4!1 g' lll . Ca 
rm d '1· 20 g-111. P, thi,; heing 2i·8 pH l'en1. nurl ;?;j·O per r·Put. of th~> 
total iutnke respediwl.\'. The Ca : P ratio uf the miueral~ rrtaint>c1 
was 2·() :1. rnfuf'tli1Jf1(p}y this animal hncl to lie destroypc) in thP 
lOth month of the e:-qwrirue'nt, ou account of a frac·tnn~ of thP fenntr. 
ll ,; iuorg-anic· hloorl phosphorus at thi,; tim<' - howecl "ig-11' nf a 
ph o,;phorus rldi.c·ielll',\' in thP ration. 

HoYinc :~H5fi. tlH:• :-uniYing animal. went oft feed allllo!'it nt the 
heg·inuing- of tht> exprri ment nnd c·oulcl uot he iuducC'cl to r·ous llJUP 
the full ration. Th<'rt>l'cll'f' th e salllp of HlP ration was reJuct•tl to 
2'-'i Kg- . and the ha~· to O·i li.g-., gi\·iug an ayerag-P dail_\' intake of 
:~·(i-±g-m. P and 7·9-! g-111. <.'n. Thr uwragt> dail,\· releutiou wn,; l·J.t. 
g-111. P ancl 2· 14 g-1u. C'a, or 2i per cent. ancl 2:) per· cent. of tlw total 
iutak<' J't':-ipedivel~· - Thr ('n : P ratio of tlw mineral:- retainPcl was 
1·88: 1. Owing to thc• reclnced rati on. this anima l g-ai11r' d onl~­
.j(J lh . in weight for tlw Pnl ire experinw nlal pNiod. 

Tht> i110rg-auic pho:<pboru~> of the h lnod ,;onn <lropJWd lwlow :1 
m;cm. pe r· I 00 t.f' . aud J'<'lll<t inecl at I hi >< !eno l. The r-al<·iunl c·ontput 
of the hlocul "·as not in HIH' n<·f'd bY tlw low ]pyp) of miJ1rral intake 
but remained normal. · 

The gTeeu weig-hts of t hr hones wrrt> on t hP aYc>rug-e ~ I ig-h t ly lP:>s 
than I ho:;P of the otht>r group::;. C'alrific·ntion, howe>Pr. wa:< \'<'1'.\' in­
l'Omph·f<'. more :'o tlwu in 1l1e thrre pn>viou:> groups. For c>ru·h of 
the four houe:< exawi11ed in thiR gron p , thP pc•rc·entage of water :llHl 
fat Wi iS hig-h, whi\ (' thttt of thP dry-fat-fn•t lrOJl(' WUS low, tlH' SpPI'ific 
graYily :d~o ln>ing• lo\\'. 'l'h t> metal'arpal hn•nk regist<'rt>d l.fiRfl Jh. 
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per :,quare iuch, being auout 1,000 lb. Jmn:•r fhau that C)f gTO\Ij) 1 J. 
nnd ahout 2,000 lh. lower than that of group r. The prn·pnfage uf 
ash in lht· grPeu feruur, humerus and rih was juz;t OYPI' 20, il'i ag-ainst 
;j() per cent, for that of gro11p I. 'l'h P perr-entngP a"b <•f thE> gr<'ell 
hones of th~ la..:t-menfioned group ,wa;; I~ tilJleS thai of gi'OIIp rY. 

Grour• l'. !Jorines ;)-nO nnrl :> -t :~J. 

A \'\~ragP daily miueral intake : 1· fix gu1. P and 2 · i /-! 111. ( 'a. 

'l' be-;~:> two auimab werP giYen a hasnl ration as low a:< po::;sihlt· 
111 ( 'a and 1' . The lol:d daily 1> :uHl C'a prt-~~:>nt "·a~ nul_,. ahout I ·li 
gm. of ('ach. Henl'e it i,; not surprising- that thos(' qtn••d ities weJ't• 

in sufHC'it'Jit fo1· maiutt•naut·e a· rPfert-nte to 'J'nhle X X X 11 will 
in di l'atc. 

Th l•sc• ani111als \YeJ't• in uegatiYe r·a lciu n• ;1nd pho,.:phoJ·n,.; huh•nt·Ps, 
:uul tm ly af ter about ~;eYf'n months did their hahlnl·l:',.; gruduall_y 
het·o nlv :-; lig-htly positin~ . The an•rng·e Jni••end halann• l'or I hl" t-ntirP 
JH'riod , ho ll'l'VPI', " ·a,; ueg:ltiYe for both an imal ,;. ' l'ht• inorgnui1· 
blood pho"phon1s ;;boll't>d tha t- lhe:'<e ani111al,.; \\'l'l'e :-;t dl'et·i ng' htltt t 
lii'H' I'I:' ap lw i< phorus i;;, lhP blood ]Jhosplwtase YalnP,.; it1 rl'ahlt> :X \"111 
ful'l he r i nd i .. atP a di sl.w·hed ~-<lit · ifital io11 of t lw bon!',; . 

Although the nnimals con;;nm Nl the wholt> ration and :tppl'arl'd 
tc, bt> in ~ornod lwalth, thf'y g-ained ou ly nhoul 2(HI lh. P:tt ·h. du 1 ing· 
tht• 1:! lllotllh:< in \\'hit·h they \H're iu tht· ('X j!Pl'illlt'llt. I I i;., lH>\\'t>\'l-'l'. 
tlnnhtful \\'hf'lhe1· they wonld han• <·<m:>nmNl llLOI'f' of t l 1i~ utilll'l'al 
ration, if lh<' qHautih: hntl he<>n inrreaserl . 

. \ t tht> l'IHl of the e:xperiment one aninntl. viz, ho,·iut> .-1-t:!l. wa,; 
d(•stro.\·Nl. and hone:< rollN·tecl fm· analy;;i;;. The gn•en l11>Jil', ll'<•ig-hed 
c·on!-'idE>t'nhl.r 1{'~:> than those of the preYions g-roup.-. ,,·hic·h c·ould unt 
lw rt-g-nnlt>d a-; suitable c·onlro)-; on at·c·onnt of tlw rPillarkahlt> 
diffPrl'nt·~·" iu ag-e between g-roup .j and the other:-:. 

Ex<·Ppt for the femur the ~pec·ifir J.!l'<lYity of tlw hn11t>~ ,,·a-. ,., ••. .'. 
lOIY. 

Thl' lll'NLklnf!' strPn;.dh of the metaearpns regi:<ten•tl onl~· 1,200 
lh. (H' t' ~qunr't> inc·h. 'L'hP p f'lTf'Hiage of clr_,. fat-l'rPt' hmw . it~ (WI'-

l'('llbtg<• ash null the pNt'PlltHfte a;;h of thP green hour \I'PI'P In\\'. 

Gcnnol. 

J1f:'ro i'E' th t> :lllillla),; W e l'E' plfwec} lll t!Jl' f'Xperilllt>!lt. :111tl fl'cl {J.v 
ha:m l rttl ion, wh i!'b waR tl efi.eiE>n t 1u hoth c·;tlc·iu111 and pho~p lwnL,.; , 
tlt~•y had adrq uatc• min Prnls to sUp]Jl~· the· tissue•,; \\·i th lhc•ir 1111rn L:tl 
rcquircmcul:-;. \Yith t he chnng-f' t.o the min era I cl PHriPnt mliont', u 
;;lntt· of llPg'ativt- c·alC' iHm and phosphorus halanl'c> rn~t1t•d. lhr utint•J·nl 
inlakr si nking hc>low lhr levf'l of excret iou, H"mlting· in :t clirpc·( los,; 
I o the t i,;:;u<'s. 

Till' <ldtlition of ~npplements to tl1e ha;:;al •·alinn rP:'ullrcl in n 
moclPra{(' rel<'ntiou of the miner;~l;; in group r. .\ ,.: thP lcwl,; of' 
min('ral inlakt> '1\'f'I'P cll-'nea;:ed helnw the optimal rPquirPIIIPJI!-< 
(g-mup.; II to Y) the total retention df'Pr!'asecl, tho:-r animals at thr 
lowl'-:1 lcq•J of 1niueral intake ( ~ro11p Y ) hein!.(' in llf'!!':tfi,· p l.alnnc·rs. 
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Less efficient relention of: the n1iuerals was obsen·ecl in Experi­
ment I (C) at th<' hig·hl'l" than al the optimal l<.',·el of mineral intakP. 
In this experiment the rffieieucy of retPntion of tbe mineral der·n .. ased 
as the minernl intake was rlintinishcd below tht• optimum. In both 
experiments th<.' maxintuJn percentag·c retentio n was found at the 
optimal len•l o f' min eral inta ke. 

During lhc [ll' J'i<Jtls whe u onl.Y the basa l ration was feel urHl in 
the group a t the lo\\'Pst ] e~·pl of plw::;phorus iu takP, u \·er 60 pt:>I' r:l' nt. 
of the total calc·i u111 (·ons ume cl might lw ext·rdNl in the m ·inP. J t 
wa;: noted in group ,. (cletic·ient Ca anrll') that as the rakiu111 halante 
e,·entually ht>rnnw positi\'e the r·alrium ('ontPHt of I ht• urine dt'<'J 'l'a~t'tl. 
'fb e urine alwn.\·s ('Ontnined minimal amounts of phosphonts, il'l'e­
~pel'ti'e of the len•l of intaki'. 

As the ll'"el o f mint'l'al intake was lowrred from group I to 
g'I'Otlp y t lw inor·g-auil' vhosphoruR of thE> blood den.-a .~~cl . Tlw v;dlll'" 
of th e ani111al..- of g-rclliJl 1 ;dour may hE> (·on;;id(>rE'd us norm<~ I, when-'a" 
tho;;e of ho,·lll<' ~'>4:3 1 (<>Toup Y ) finalh· ch•t· rpa:o;i rw to the lo"· len·l 
nt l·G mgn1. JWr 100 c · .c~ hlood ir~<li<'aiP 'th;~t l hi ,; a1~ mal was sniff' r ing­
from seYere aphos ph ol'o;;is. 

'l.'he hlood c·alr·i 11m Yalue:; remaiuecl nor·ma l irrespedin> of t he• 
leYel of minernl in take. 

'l.'he anirnal, of group T, fed adeqnate ntint>mls, eoosumt'<l their 
full 1·ations. eating grrecli ly . hut as th(· 1<'''"1 nf minet·al intak<' wa::: 
lowered lo,.:s of appet it<• hrcame :>i)!nifiC"ant in gr·oup:: II to 1 Y. 

In gnmp Y, ted a rrrltt('ed ration and in expNiment for cud.'· 
1:~ mon ths, s.\·n•ptom;; of a noxeria IH'J'P less ]JI'Onoun cerl. 

Tlw ri'sult ,.: ohtainecl from the honp slwl iP::; Rhc"'· that ihe lew! 
of nrinl' ra l i ntak<• hnd a marked t> fl'ed upon the hrHaking s t I'Png-1 h 
of t h i' mehH'ill 'lJII s, I hi' perc·entage of clr·.v- f';d - f'rc•c• hont•, it;; ash !'nnt Pn t 
ancl lhe perc<mtagl' of a,.;h in the g- ri'en hou1•. I t i;; npporen t that t Itt• 
calcium a nd pllt>l' flhoru,.: l'nnlcnt of tlw ration nta,\' ,;('rYe as limiting­
factors in bone t';ikifil'alion, gra,·ities., aut! the break ing · treugtb,.: 
of the femurs ancl hu111e ri. 

J.3o,·inP •">·:J:H of g roup Y being ~·oungt•r and weighing- le,;,.: , lhc· 
green Wi'ighb an cl llll':l~ur·i'ments. of it" hemp,; were, as expedE>d, 
.malle r than tho:w of' the othi'r l?l'OUps. 

Tl1e finding·:; of tlre histologi ca l t'xa min atio ns o f t he l1onP:-: are 
disC"us::;l'd in a paper b,,. 'l'h c• iler eta/ (l ():li). 

From a erifi{'a] :; t utl,\· of the rPsuJt" ohtu inPcl in l hi& experiment 
it WOuld appear (bat the an ima ls lll g'l'OIIJl f , l'l't·(' iYiUg' daily 8·5 g m . 
P unrllt;·..j. gm. l'a n•t·eivt'd an adequate suppl!· of lhP,;e two minl'ncl,;. 
A reduetion in P intake lo npptoximah·ly () gn1. whi'ther the Ca be 
rNluced proportionalt· ly or not, eaused rdativrl.r poorer utilir.nlion 
of P: whereas J.;) 1-(111 . P was retained "'h•·n 8·4 gm. was giYen. 
approximately :!-:1 gnt. wa~ rdnim·cl " 'IH·n aho11t ··>·~ gom . " '"' 
supplied . The rntio or C'a to P wa.; apparenll,,· ,,·ithout 1<ignifirant 
efted on tlw r!'tt'ufion of P. (holtp 1 \ ' rl'c·eiYNlllo supplementar.'· ]' . 
.ApproximntPl,,· 4 g-nr. \\'as JH't'i<!' ll t iu the> hasal ration, of whic·h ahout 
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half was retained . A reduc·t.ion of P in group Y to 1· Gt> gl11. brougbt 
about a continual loss of P from the hodv. It is remarkable that 
growth eould have taken place at all unae'r these conditions. 

l ' .he percentage ash of lbe bones affords an excellent index of t he 
clegree of calcification. This .figme varied from 44·1 p er cent. for 
th(> metacarpus of the animal receiving adequate Cu ancl P to 31·4 
per cent . for that in the rniueraJ deficient group. The breaking 
strength of the metacal'p us afl'onls confirmatory e\•iclence for the 
condusion s basetl on ash determinations. 

Increasing demands fn r minerals b~· the animals fed DJineral 
defil'i ent tatious ma,· dimini sl• losses b\' more economical re-utiliza­
tion of endoget1011s in iut>ral:; and bence'x·efluce cxcr:etion in t he later 
as compared with the c>arlier stages ot lhe experimen t and so aholish 
a ucgati ,·e mineral balance. 

VI . EXPERIMENT Ill. 

An£mals.-For Lhi:> expcrimeot h l"eh e young Friesland heifers 
'''Cl'C' spt>cially selerte cl for unif01~ruit.~' of age and c:onfonnn,tion. 
They were diYided in to six groups of h\·o ead, n~ follows:-

Group. 

.l. ................... .... . . . . ·· · ··· ' · ·· 

LL .. ...... . • ..... •• .... . ••• .. . .•• ...... 

111 .........• . ....•.... . ...... . .... ·· • ·· · 

1\' .. .......... .. • ..... .• . .... • ..... . . ... 

\' ..... .. . ........................ . .... . 
\ ' I ....... .. .... . .. .. .. .... ... ... .. .. .. . . 

Basal Ration. 

T~ovinc. 

5V>4 
5 16:1 
6155 
51157 
5158 
;) 15!) 
5160 
ii Hil 
5153 
5167 
5147 
5 149 

I 

Age, nwnths. l Weight. 

ltJ. 
16 6-1 0 
15 600 
l!i 580 
16 570 
16 570 
16 020 
16 ij;)Q 

15~ !i(JO 
16- rno 
11! 510 
J6t 580 
JO t :310 

A.t the commencement ot the experiment these animals \Yere 
gi r en a basal ration consisting of : -

3·0 Kg. Fanko (maize endosperm) . 
· 5 Kg. Hay. 
· 5 Kg·. Green feed . 
·25 Kg. Meat meal. 

20 gm . Salt mixture A . 
Rain water ad lib . 
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Th ti:i rat ion suppl ied -! g m. P and 4·5 gm. Cu. Six weeb aftet 
tlte <.:ommeuccmeut ot' t he experi111ent two c·oul'ec-uti ,·e miueral 
lwlanees were de!erminP(l. being- wef'ks Xos. 1 aml 2 in tl1e mineral 
halance tables. 

Afte r t hel'e mineral ha In nces hn d hrPn ddrr tn i Heel t lw 1·:d ions 
uf the a nimnli' "·ere suppleme nted wit h di-~odi ll ll l p hosphrde nud 
c:a lt- ium t<Hhona!e ae('onlin~ to the foll o~\""ing- tn hlP: -

Group. 

1 .... . . 

ll ...... 

llf. .. . .. 

1\' ...... 

, ....... 
\'! .. . ... 

Uo\in<' 
Xn. 

.; I.H 
(;lti:l 
!j l .).) 
.)J.)i 
.i l .i8 
.) 1.)9 
.i lliO 
.j JHI 
.i I.;:J 
.) l f}i 
.ii .J i 
.ii.JU 

T ., uu£ :X:X T. 

Ba~al Hat io11. Ruppl<'nWnt. 

Cagm. l'gm. Cagm. l'g-rn. 

4 ·.52 4·02 
4·.):! 4 ·0:! 
4-:;~ -1 ·0:! 
4 ·52 4·02 
.J· .'i:! ·1·():! 
4 · .'1:! -1·0:! 
.J .. i:! ·1·0:! 
.J-:; ;2 4·1):! 
4 · .i:? 4 ·0:! 
4 -.'i:! -1·0:! 
4 -:;z 1·0:? 
-1--.i:! .J.·O:! 

---

18·..&. 
1 · .J 
I ·.J 
18·4 
40·0 
40·0 

.J.(HI 
40·0 

7·0 
l·fl 

i-0 
7·0 
7·0 
7 ·(l 

Totnl Intake. 

C:a gm. J P g:n1. 

:!:!·llt 11·0:! 
:!:!·9:! 11 ·0:! 
:!:?·9:! .J ·O:! 
22·92 .J·O:! 
4-1 . . ;:! -1·0:! 
+J·,'i:! 4 ·0 :! 
.... i:l 4·0:2 
·hi:? 4·0:! 

.J.J ·.i:! 11·0:? 
44·.):! 11·0:! 
-L):! 11·0:! 
4 .. ;:! 11·0:! 

<:a: p 
rutio of 

total 
intnkt>. 

:Hl~ 
:! ·0 
.) ·i:? 
.5· 72 

11 ·1 
11 ·1 

1 · 1:! 
1· 1:! 
4·0-1 
·Hl.J 
11·41 
0·41 

I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 

F rom the beg-iuuiug of' the 1-\th month tlw ha~al wtiou wa:- m­
c·n·a:"ed atHl lllouitietl as follows : -

Sarnp . . .. . ............. . ... . 
Uoty ...•.............• •• .... 
Crc!'n fe('J ................. . 
.\ Lf'at )lpaJ. ..... .. .. . ..... .. 
Tup IYat!•r .. ............ . •.. 

Salt )lix tu ru .\ ..... . .. • . . . .. 
Total Intake ...... . .. . . . ... . 

'l'.\ DLE XXII. 

llosal Holion. 

• \ mount. 

.J.·~ ~g. I 
-~ ~g. I 
··> Kg. 
·1.3 K11. 
, . HI 
lit res 
2.> grn. 

Pl'rl·Pnlng<' 
P . 

·O.'i9 
. Jt).; 
·O:l ' .; 
·$1 
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p gm . 

:! ·36 
· .);2.; 
· 19:! 

1 -:~ I 

4 · 2!1 
gm. P. 

l'!'r('€'ntagc l C 
C'n. a .'(Ill. 

·007 
·:!86 
·OiO 
·971 
-oo:; 

·:!!1 
I·.J:l 

.;j.; 
I·.J.Ii 
.. ;() 

4 ·0:1 
gm Cn. 
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Tht· aninHd, \\t·tt• g-iq•n thi~ '"''"' l'atinn ln1 ll11· n•, t of ll11• 
o'X(It>l·imt-ntal JlPI' iod. Ya1·iatio1H in \\all•t· c·un,lllllJilion ancl in tl11• 
:tnah·,.:p,.: nt thl• fpt·cl, c·all't'd -<lig-ht ,·:ni;tfiolb in tho· mineral infakt· 
of f (~,. animal .... 

Fro111 t lw !)lit t11o1 cth Oll\\·anb. i .t>. ,,.,.I'll llltJ111h.; uf(l.-'1' millt-r:tl.., 
h ;c d llt'l'll uddl'd In lhP r:dion ,; , lllillt•l·a l hn lnnt·t• l r i;d .; Wl'l'l' c ·:~ rrio•d 
ou t rq .nrlarl,\' l'o r n JH•rind of Ollt> \\' l'l'k 1'\'l' r,\' ntoJtllh, 1111lil ihl::' :111i11J:d,; 
\\'Pn• killt>cl for t hP pllr JII"'' of c·ollt•f'f ill!.!' lito• l1olllt'' fo r c·lwntit·al :111d 
lc i:<lologic·•li ,.;( t](l jp..;, 'l'ltt• 111 i lll'r:tl hnla llt't' of '""·'· ""'' a 11 i nwl i 11 
t•ar·h g-roup j, l't'l'"rdl'·l. althoug-h l'rPqllt' lltl,\ tht• 111illl'l':tl halallt'o· ol 
l1nth allilual, i11 ""·" pnrtic·nlar ~ro11p \\'a-< dPtPnnillc·d. Tht•-<t• allal,,,P.., 
:11'1.-' nor l't'JII•rtt'd '"" tl11·y \\'l'rl' tuainly n-..l:'d "'a o·ht>c k. 

Tho• an im:tl, ol !.('lOll)':-> I r <11111 ] I r I'Otdd lint IJ,. intlllC·t•d to C'Otll­

"""lt' rhE> full r:dio11. tho.;l' of gTollp I I J lwi11g· " '"""'' in thi-< l'e:<pt>t'l 
ll11ring· t he fir,.:t 1-l 111onth "' of tl11· t'XJll'rintt•nt it """ ol'tt•ll nPC't'""''"·' 
to reclm·t:> thP rnt iun ,,f group J I to '2 1\g-. ,;a Ill Jl in,fo•arl or + I\ g. for ll 
\\'t•t>k o r l\\'o). .\ ,; ,.:onn ;c ,.: il l!' allilua l,..; o·on,;n nl !'d IIH· :.! E.g . :<nmp 
r:ilio 11 ;-;ali,;Ja,·l on·i ly. 1111'.\' \\'1'1'1" again g·i\'1'11 -l 1\g·. l-'m111 thP J;">fh 
lliUIIth 1!11\\':ln l,;, hm\' t•\'t• r . it lwt:llli~· llt' I'P:<"-ar.\' to lt•t>d :l Kg·. ,;amp 
dnily. 

E ight 1110111h ... alit·r tht· c·omnwllc·l·llll'lli of tin· C:'X]'t'l'illlt>lll tht> 
~alii )I iu dw 1:11 ion ol !.!'I'C•IIJI I II wa-. lt>dllt't'd itt ·> 1\~. .-\ 111011t I. 
latt•l tlu· total h:...,al l';tlion wa-< J,{in·u for illl 't't' \\t>t>k.;. \\'lrPII tht• 
... amp had ag·ai11 let J.,. n•<lllt 't•d io '! 1\J-{. at '' hic·h ],.,.,.J it l'!'lll:lillt'ol 
•tntil th,. l'll.! nl tl11• t'XJ'I'I'ime:>nf. 

Ho,·iuP .",J.)!l nl g-roup I I I tlit·d in \Itt• t:ltlc 111 0111 h and lul\·illt• 
.-, 11 i 1 , ,r gTo" p 1 \ · ' " t h ,. 1 ~ J 1 1t 111 nn 1 h or t h, • l' :-. 11, ·r i 1111'11 t • 

Brl\·int• .-, , .-)~. till· ... un·jyi ng· (llliiiJ:.I or group I r I. wa,; i ll a YPI',\' 
poor r·ond i tion :111d c·nll.;ll llll'd lhl' dt·c·n•:J:wd ba,.al ratin11 wilh dilli­
c·otlt,\·. I n lht• ISt h lllnnth of tlrt• t'XJWI'illlt-111 l·t)'i ).('Ill. Jl ;o..; cli-,;uditllll 
pl1o..;p lwl t.• . \1 "" a dd t>d tu thl' ha,;al rat ion. part!.\· In ..... , ... thf' :111inwl 
and partl.\' ill or·dt'l to -<upp!PIIIf'nl I hl· pho,piH•ru ... J,,t iu t hp :.! I\ g. 
-.amp hy \\'hit·h tlw ration wa,; n·rilll't>d. 

I u ).!'I'OllJI II . .-,:: ).!'Ill. P in llw l'onu of di--.odinlll pho.;phait> w;b 
acldt>d to lht· ration of ho,·int·-< .">J.)."l :111tl .">1.">7. !hi' l't' Jli'E''PIIting· lhl' 
allHIItnl P~'~'"t·nt in l 1\ u·. of ;.:tlli Jl . hy '' hi··h tht· ha~al ration wa, 
l'('dllt'('tl. 

T ht• ani 111:d.-; n·c·l'i\'(•d l hP:<!' :oclolit io ns ol' p lcn.;; pl cnn t,.; j11sl :c l'h•r 
!ht•y h:.t d ltt-t ' ll llil'd in till' IXth n1o1llh. lh:tl lu• ing· apprnxin caiP iy 
lou r (t'<'ll d:t,\:' ltl'l'ol·c· t ht' cnilll'ral halallr 't' tri:d had to IH' •·untln•·IPd. 
Th e ""PJ1lt'll1t·nlnry pho.;ph:dt• r .... ding \\' ;t, di-<I'OIItillut•cl aft .... llw 
hlt•t·ding· :11 till' IH•j.!'illnillg nl' tht• :.!J..,f 11101111r. 

Dl'lail,·cl n•,Hlt... ol th1• haiatll'l" t•·ial,- :11'1' .-i\PII in th1' app<·ndix 
Ill T ahlt>:< Xl.-1.1. a "llllllll:ll'.'," or \\'llil'il appt'ill:iu Tahlt- XXIII . 

Ta hlt•s X X X\" - X: X: X I X rt•prt>=-C>nti ng- t lit• ltod.' ,, l'i!.!·l11" a nrl ,·:tl \If'" 
for hlo01l l·:tl .. iHnl appt•;ll ' in thl' :IJIJH?Jidix. 

J:!l 
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(:nmp. 

1 ...... 
11 .. .... 

Ill ...... 
I\' ...... 
\ ' ...... 

\ ' I ...... 

T .\Bu; XXIII. 

/Jnd.'l .1/uw .1/ ioPml l lltul.·c and Ht•flnftun. 

,...;,,11'/IIUr,lj uj Tuh/1:'.< _\'], (, JJ. 

Intake·. 

Bm inc>. 

t'n g m. 1' ~m. 

;; ) .• 4 :!:?·!11 IO ··Hl 
.1 J.ti :!:?·til :3·44 
;,);;g -l:l· :w :1·0:3 
.-,ltio 4-:?:l :1 -1-1 
.i l.i3 .J.'\-(10 I( •· Gx 
.-. l·l!l 4·1-1 10·68 

)lt·an 
C'a: I' 
ratio of 
r:11ion. 

:? ·IX : I 
H·.ll : I 

14 ·:?6: 1 
I . :?:J : I 
-l·:?l : I 

.;HJ : I 

Bahtn t·~>. 

en ,!!Ill . p ,ton. 

(i·ti!J fi·.>S 
4 -:11{ ·:l.i 

10·.-lt\ ·liS 
0·1-1 ·7ti 

l -l·'ifi .>0:1 1 
I · l :? ·1·:?0 

Discll .~.</11/1. 

l'c>n·t·n t n~c· 
ll•u·nlion. 

( 'n. 1'. 

·I:! -:l li:!·li 
1!1 ··1 lit·:? 
:!-4··1 :!:!· I 

:!:?·0 
:1:?·8 -1!1· X 
:!7·0 -10·:? 

Th t> tttinl'ral halant·!:'::: a:' talndatecl for tlw l"t :tntl :!nd \\'t•t•k:-;, 
\\'ht•n lilt• un,;upplf'HII'II1t'd lt;~,-al ratiOJt wa,; f!:' d indit·att• th;d al l iht' 
animnl,; lwha\'t•d :;illlilal'l,,·. Th!:'y wpJ'P in sli~ltti.Y ttt•g: tli,·r ( 'a and 
f'lig ht ly jl(l:<it iYt' P ltalant·e;;. S f·!-!·lig ihi C' 1]11:1111 itih of pho,..photu"· 
hut l'nir prcqtori inu:> of ('<t ll' imn were f'limin:ded in t hr urin(•. 

A s aln•;~<h· :;tatt>d thf' miueral hnlaul·t• of ouh· ollt' a11imal in !:'al'h 
g-t·oup Ita-< ltt>!:'.ll reJIOI'Ied. the - anH· anil!lal lwin~· killt•tl at tlw !'lid of 
thl' I'XJ'PI'illtl'll{ for tJw cltt•Jllit·al <llltl Jti:<tolu: . .ri<·;tl ,flld,\' of lht• hollt'"· 

Thl' H\1'1'01/-!!:' dail,,· lltitlt't'al intakt· "'"" :.?:?·!11 ).!Ill. ( 'a aud IO ··W 
gut. P. ol \\'hit·h hO\·iue i'l[.:,.t relaiued !J·(i!l ,!!Ill. ( 'a and fi · .->S ~111. P. 
IH·ing ·1:.! <1 ;rnd ti~-7 JWI' t·t>nt. l'I"'Jil't·liwly. 

Hn flt anintal< grpw uornwll,,- :ttHI lll:tint:lilll'd :111 1'\f 'l'llt•nt I ' OII· 

ditinn 11tnntg-llout tl11· rxp(·rillll'lll. th,· inorg:n1 i1· pho:<plwru". t·:tl(' il!ll t 
aud ph~t~pltata ... ~ · l'Oitll'llb nl tht• blood l'(•tll:linillg nnnH;~I. 

1111 \Itt· UII:Htpp lt•Jitl' ttlt•d h<t:<:ll ration !ht>;-;1• :tll iuwl ,.. :dn•ndY 
,o; h()\\' t•d a ,; lightl,\ po . .;itj ,·p balant·t·. F urtlH•rmnt·p tht• J>llll:-phn t·tt:- ~~r 
tli -~otl i ull t plto,; plw t•• ha:; ltrt•n ,;ho\\' !t to hi' i11 tltl' \' it·init_,. of 1()0 Jll' l' 
c·t· nt . a\ailahk. aud a;; I 1-f ll t. l' in thl' form o f' d i-;;od itllll phn,.;pltalt· 
\\';t~ :tdd(•d In !Itt• r:tliou. li:2 pt>r l'Pil! , re(('ntion nf p hn~p lttH' IIS ~1'1'111~ 
:1 l ik,•l_, Y:dllt> on tltt• l·nm ltitH'd ]' int;~kf'. 

~lig·htly Jp:-,; ( 'a than anti ('ipaled \\:1' rt'l;tilll'd, the• ratio or 
( 'a : Jl ret ;~illt•d lt!'iug J ·(j : I iu,-:tead of thE' ll:itt all,,- :H ·t·(•jd Pd :.! : I 
r;tlio. Alilwug-h it i:; impo-.,;iltle to .;(ate from lht> hal;~nr·e (t·inb thai 
t h t''l' :'lltin.tals n•t·~iYrd vnong·lt P for th eir rrquin•ntl·llb, tl11•ir \\\·ig-ht 
llll'l'l'a'l-, IIIOI'g'HttiC' l' Nllltent of the ],Jor .. l ·~ " \l't•ll a' <·arli(·l' \\'Ork 011 

I' l't•quil'(•llH.> nt do :·mg-g p,;j that ~nC'h '"a~ ihP <·;bt·. Tlw rntio 111 

wltif'lt tlw P wlwn c·ompared \rith Ca wa" Jlrf"'t·nt al~n ta,·nuH·d Jttaxi­
mum alhorplinn. 
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E:H·h 11t IIH' lmar hotu-:- anah·::;ed uf hovint> :"1(:,-t t·onlaiut>cl tlw 
lowest proportion of watt .. r and ·fat and I he• higlw:-t proportion ol 
dry-fat- fret> bout·. 'l'ht• :t-"h nllltelll of IIH' dr.\·- lat-frc•P UOIIPS ::ug·g-P-1 
good c·alt·ific·atiorl. Tht• a,;h (·oJIIPnt of tbP !.{l"l' c•rl ho11c•,: Yariecl fm111 
:1-f ·-1 per c·Ptll. fnr thc• humrru:< to ·t.f· -l pPr c'PIIt. for the liiPiaearpu,;. 

T ht> llJP\ac·a r pu .~ of HnvinP :1 1:)-l n•g-i,:IPrPd :1 hrPak[ng [tl"t•ss un· 
of :!:2~0 11>. prr :<qu nr1· irwh nw•r a ,; ix inc·h :<p:111, which i:- hig·h t'l" 
than t- hat ohlni111'd in all. !hc· othPr gTcttlp:< I'Xn•pl gToup Y. 

(; 1"0/lf! If. llo •·iurs .-,1.-,.-, ,,,/ .-,I i"i 7. 

,\q·rng-t• dail.' mint·t·al iutak": :!:! · Iii !!Ill. <"a and :1·4-1 !till . P . 
\\'hilt> the •·al,· iulll intake wa,; b·pt al IIH' -an1t· lt>n•l as that of lhl' 
prt>ncllh gToup . ,·iz. :!:! · f) g·m. ( ' a pPr da.v. tht> phcHphoru- lt•Ye l '"'' 
rPdlltl'd tu :~·4~ g-m . I' (WI' clay. Thi:< 1' ''"" t·olllaine·d PtdirPI.\· in 
the ha,-al r·ation. Short!~- after lht> eonrraa•uc·t•nH·nl ol the expt>rillrf'ul. 
lht .. ;~nima], ol gTcoup Ll hPgan losi ng- th('ir ;lppeiii<' and it" wa,; 
II PI:essary to r·educ·p tlu• s;lntp of thl' ralicm l'rnlll -1 1\g . to :!. Kg. 
p~·r day and P\' l' rr t u;d ]y tnnt·ase it agai 11 to :; E .~·. 

] ) ~rring IIH• fi r~( I"II IIJII !•of month.; \\'hilc• lhc•.;c• anirna l~ c·oll~lllllPd 
lhe•ir f1tll ra(i o rh . t h1·\· ~·ained nonHalh· ir1 \\'t•in·ht. hut nil I ht> 
rPcluc·pd ra l i11n>< IIH·.\· h~c·illlJI' thi rr and l o~l \\"I:LJ.t"h t. '""'fi rra lly \q•ig·h in !.r 
ahoul :;on lh. j p ........ llwn th11;;C' nf g-roup I. 

1n tlw Sth lllonth c•f the expPriniPill the• c·" ·t•t•ding·l.\" !11\\' inlll­
g>:lnic· pho.;phon~-< ,·aluc• of 1· 1 111)..!"111. JH'I' 100 •·.c·. hlond wa,.: nhlaint'cl. 
,-lwwing that till• aninwl.; of g-roup II \\t•rp :-11ff1'ri11g horn ..,,.,.1'1'!' 
a phosplwrn:-i". .\ f fliP lH•g-iuning- of i he· l~th 111 011( h the· pho.;phata,.,l' 
c·onlt>Jtl of th1• lJioocl wn,; f.l·O un it.; ( Bod;111:-dn·1 1\ hil"h i:< indic·afin• 
of cLi,;l~rrlwd c·alc·ium-phn,;p horu,; ml'laholi:-111. · ( 'n ntllll'll!'illg' 01 1 lhl' 
da\' al"tc•r lhn· had hc•t•n hied fnr lh1· d!•IPI"IIr i lla lin ll nf lhP ;doo\'P 
c·o;tstit Hl'nh . ilH· nni111a ls of I hi:< group ,, ... ,.!' g i ,.,.n ·:):{ g-111. I' a,.; 
di -~ocliurn pho,;phnlt• da il .' · for a p<'riocl nf thrPP 111nrdhs. Tht> tllllll'rtd 
halann• """" dt>l l'rluirll•cl a for·tnigld al'lt'l' thP ;Hidi£ in ll nf the pho ... -
phot•u:.: :.:uppl1•11l\'nl. 

TltP aclclitinn ol ·.·1:1 J.t"'"· P lo tlrC' ration ol thi .... group fa,·ourahl.' 
intlueHc·t>cl lht• incll").t"Hllil· pho:.:phoru;; and pho-,phalasp nll1(t>nl-.. ol ilw 
hluocl. \Yh c•n tlw -,upplc•nH•nla1ion wn.; cli ... r·nntirnH•cl al thl" lw~innirq.!· 
or tht• :!lst 111 011111, thi" hc•rH·fic·ial l'ih•C"\ \\a' lo ... t. T ht> <11111111111 of 
pho~p horus ~app i 1' 111Pilll'll wa;; . howt> \' r•r, in.;uflir·it·ni In n·lie\"1' lltP 
pho;;phoru,; ri Pfil·ic ·n c·~ a11el r·t•,;tnr·p tlw hlnocl c·on,;tiltH'Iti" to 11nrnt:tl. 

Bo,· inc.o r.t .->7 l'('laillc•d -1-=1~ gm. (', , n nd · :1:") g' lll. p Jll'l" cby. IH·illg 
I!J·-1: Jl!'l' <"t'ld. :t lld Ill ·:! Jll'r c·c> nl of llw i r.lak1•,: ~'~-"" P~'d in·l .\· . 'I' IH• 

1'."\t"l't.>dill) . .d.\· Jo\\" pho . .;pho i' IIS r·on(c•nl oJ' (j,p r;t(ioll <tdl·p r ,.;p] .\· all't·c·(c.od 
tlw l"l'll'ntion or lhl· t·alc·inrll. whic·h dmprwd to ] p,;..; tltnn h.df lh;ll 
ol llrt• Jll'l'\·iotb ,l!lllllJinn lhl' "'""'' lt-\"!•l of c·;~lc·iultl irll;t kt•. 

I t sPellb n·lllarknhlc· that ..:o littlr· V ""' rPta irtt•cl in tht> htHh· nn r 
1ht- t·OIHJlUI'ali\·t>ly long· Jlf'l"ind of iht• t'XJII'I'illll•nl a..: lf'fPI'P;II'I' to 
' l'ahlp XLI I in I he• appPrll lix will irrdit·all'. \\'hal lit'\\" hoaw wa .... 
formed nru ... t ha\c• rlt>riH·d it... Ca a11cl P al lllo,( rntirel.\· hy rp.;orptinll 
fmm lhl' skl' ll'toll :tnd " uh;;t ilntin g- ini"Prior· Iinne•. Tloc horw anal.'"'' 
bl'ars out thi, c·tJIIII'nliPrt. 
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' l'hP g-rre11 bo111P,; of g-roup I I wen· eou..;i<lt>rahl.v \ ig-hlt>r in w('i~h;, 
tlw mt>l:~e·;npll' ancl tlw rih lwiu!:! ahout ~ .. r that of tlw <·orrl':-JIOII<lin!.!' 
hont•-< o f g-roup I. 'l'ht• pt>lTf'ntag-P of clry-fal-ilt><• hmtt' \\;1-. f1n111 alu11<1 
10-l:l pH 1'1•111 lt·~, and thr ..;pf'<·ifil' g-ntYitit•..; ~li~hd.\ le" thnu tho~" 
of group I . Tht· lliPI<W<trpu,; rt-:.ri..;tl'rt'tl a hn•akin!.{ ~flt·n:.rth .. t 
I.XOO lh. JWr 'IJIWre iawh <b a:.rain:<t :!'2~0 lh. )11'1' ~q11an• inl'h fnt' 
tlw ..;anh· hnliP of :.rro11pl. T be rwr<·t>utag-.. a,h in luoth thl' tlr,\-lnt-lt'Pl' 
hmlt'" anri tlw :.rrt>C'n hottt''i was low . 

'l' ltt· •·alinn ditl not "11ppl.\· sufliti<'llf phn,phol'lh anti nnl,\ a 
nt':.di:.rihl .. qunntity ul' that JH'f':<l:'nt ,·oulcl hP utdizt••l. \\ ht>rt'a' a t·on­
.... itlPrahlt• anlllllllt of t·a kium was retained. Tht· l'I''Uih of tIll' ho11P 
a n aly~><'' i ll Ho;fl·;tlt'd t·h·arly thf' abuonnal takifieafitoll. .\ llhnug-h 
t lw a:-oh c·tndt>ltl \\:IS Yt' r,,·low its ('a : P ratio l'i'lllai llt'd nor111:1l. 

Tlw ( 'a: P ratio of the rat inu wa,; lnu loi .~h :1ntl tlw J,.,.I'J of 
ph os ph oru :o; in tak t• Inn low to pPrm it of suflit'it•l ll mint·J·;d,; hrin!.r 
rP tui nPtl iu lh t· t'OITt>l'f proportion fo r normn l l1n111' t·akifit·atinn an d 
gt' ll t> l·al ht•tdth o f fliP a n illlcds. 

(,'mujJ I fl. R nrillt' s :)]:)K (///(! ."ll:"'1H. 

AY!' I:I\!<' .Jail.'· llltllt'ntl intake : -t:l<l glll. ( 'nand :l·l):{ g11 1. Jl. 

\\~ith tl11' pllthplw ru;; nolllt'nt of tht' mtitJII al tl11• ~anll' .!Pfic·i,•: .. 
ll'VPI :lll c] fht• c·akiulll I'OIIIPilt clonhlf' that of gl'ollp II , tlw dtdoi l it.'· 
nncl Jo,..~ nf apJwtil<· of th(' aninaal,: Wt'rt' gn•at l,,· a!!g"l':l\:llt•tl. Shol'fl,\ 
aft<'l' IIH• 1'\jlt'rinwnlal r·afion had hPt'll ~i\'1:'11 , th,.,,. auinwl.; -,ho\\t•tl 
~ig-ns of '~'\'1'1'1' anorl:'xia; t·oll>'f':(llt'ntl.•• tlw ration \\ll" n·clu<·l'll to 
:! 1\g. -,n111p. Hnth anima], :o;hflwt.>.l :-titfiH'':o; ;11111 \\PH' in a \t•r.' poor 
!!<'lll:'ral <·onditiou. Ftll tlw fit·;;t <·ouple nf llltllll h.,, whilo· on tlw ha-,;.) 
ration. 1lw.' :.raitwd in wt·i:.rht. ln tlw third nuouth prior In thP 
l<•<•ding nl lhP t·.Xpl:'rtiiiCIIl~ll ration, htJ\·ine :Ji:)K \\'1'11-('ht•d (j:llJ lh. 
"hit·h ""' al .. o. in tlw :!:!nd month it.;; final "'"i!!ht. lwin:.r J(j() lh. 
]p" lira11 lht• \\(•ighl of h0\·jl1t'S 5]:) 'j of lht' }11\'\.jlt\1!'> 1-!'1'1111)1. 

Tht· inorgauic· pho,.;phnru..; and plw..;plwta~l' r·onll•n(.., o! lht• 
hlntHI ol gJonp Ill attaiut>d the S:llltf' ilhllot'Jllall~ lo" \:11111' a,; tlwt 
ul' tlw pn•viou,: group. 'rh f' addition of 1·07 g1n. Jl in lhl' for111 of 
di-rwtl iu1n plao:>phall:' fron1 tlw 18th lo llw ?l~t liiOJllh. H''llltt•d 111 
a hi:dw r i llllrgan if• pho:o;phorus ancl a lower p hosp lt: t!a:;p l'nllil'll! t han 
\\'l'l't· ohtuilwd h.\ lht- addition ·:)0 ~n1. ] ' to 111(' ndion of gr<onp I 1. 
' l'ht•sp l't· ;;n ll ~ l'llg'gl·s{ hd!t•l' l'ak ifka linll ol Hri 11 g· !hill JH•nnd i 11 g- J·oup 
I r I !ha n in gT nllp ll ' ll'hi('h is ('O it til'I1Jt•d h,\' IIIIJI'I' fa\ 'IHII':tlt l t• 1'1'11' 1:· 

liu n t>l' I' dm·ing- t h nl period h.\' t ht> l'ormPr grnup th an h,\ tlw latlt•r. 

'l'h t• 1·07 .~·11 1 . P ,;u pplPlllt'II I P d h:1d no \a:o;fing vll'o ·r·t. for \1 ht•ll t lw 
suppiPIIIPII I was tli 1ll'll11 linuecl , lhes1• hlnod r·onstilut•ll(:- n ·llll ' lt t>cl to 
llwir flll'IIIP I' \·;.JUP:<. 

'l'lw an· rag<' daily lllillt'l':d rt>t<·Hiiou of h.,,·illl' .-,j.-,K wa,; Ill·.-~~ 
1-('111. ('a aud ·OK [('Ill. P, !wing~-!·-! per c·enl and :!:!·-l JWI' c•<•nl. ot 
tlw illt:Jkt• r<">(lPI'IiYPI~· .• \ :-;in g-roup IT :1 high proportion ol t·alt·iHIIl 
\\:ts t>li11li1rult>tl in th1· IIJ'im·. In Yit•\\' of thP fac ·t that tlw ('a : V 
ratio of honp :Hh n·ntaint>tl pl·:wti<·all:·• c·mHt:tlll, t ht· data ohtai1wcl 
clo uot Jlt'l'lllil of t·xplaiuing \\hat happt>ne.l to tht> rPiafi\t>ly lal'!.('t' 
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amount of calcium which was retained b'y the animal. The animals 
of group III drank almost double the amount of water inbibed by 
the other groups. 

'l'he form in "·hich the phosphorus appears in the ration is 
undoubtedly of great importance for, during the three months from 
the beginning of the 18th to the beginning of the 21st month, when 
l · 07 gm. P in the form o£ eli-sodium phosphate was added to the 
ration, the average daily retention was 1· 27 gm. P, whilst during 
the 21st month the retention was · 22 gm. P, indicating that the 
entire amount of phosphorus added must ha.-e been retained by 
the animal. 'I.'he phosphorus intake was admitteclly lower during the 
21st month than during the three preYious months, but higher t han 
during the 17th month although the retention was the same. 

The average daily retention of phosphorus for the entire period 
was slightly better in this group than in group II. The retention 
during the three months of supplementary phosphate feeding greatly 
contributed to the a.-erage retentions of groups II and III. 

The green bo11es of Bovine 5158 weighed less than those of any 
of the other groups but the percentages of dry-fat-free bone and the 
specific gravities were slightly higher than those of Bovine 5157 of 
group II. The breaking strength of the metac.a.rpus was 1,200 lb. 
per square inch, being the lowest. figure obtained in the experiment. 
For each of the bones the percentage ash in the green bone was 
higher in this group than in group II, but considerably lo\Yer than 
in group I. This may be ascribed to the fact that group III 
retained slightly more phosphorus. 

Bovine 5158 of group II would with little doubt haYe died 
before the end of the experiment if the supplements of phosphorus 
had not been given . This addition, though small, undoubtedly 
influenced the figures obtained in the analyses. 

Group IV. Bov·ines 5160 and 5161. 

Average daily mineral intake. 4 · 23 gm. Ca and 3 · 44 gm. P. 

The rations of these animals were not Eupplemented "-ith 
minerals; therefore both the calcium and the phosphorus "\vere at 
the lowest levels. The Ca : P ratio of the ration was 1·2 : 1, which 
could probably still be regarded as normal. 

Although these animals did at times leave some of their food 
over, they never showed loss of appetite to such an extent that it was 
n ecessary to reduce their rations for more than a week at a time. 
They gained in weight almost to the same extent as those of the 
normal group, viz. I. If, hmYever, all the groups had been fed 
ad l·ib, it is doubtful whether this group \Yould haYe consumed more 
whereas group I would certainly have eaten more and consequently 
have gained more in weight. 

Bovine 5160 showed an average daily retention of · 76 gm. P 
being 22 per cent. of the intake. The calcium balance oscillated 
between slightly negatiYe and slightly positive Yalues. 
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I t i,- surpr1s1 ng· thai althong'h 
nmnu11b ol' phosphoru..;, the <·al•·itun 
PI i 111 i n:d<•d i 11 the urine. 

thP anim:tl:-- rPtained ::;m ~1 1l 
whid1 1\'a .; w<' ll al,,orlwd ,,.:1 , 

Till' inorg-anit· hl ond phosplwru:-- 1·nlue,; \\' (' 11' at llw ,.;a lliP loll' 
IPI't•l a' in t It t' pn·,·iou' g-roups. d t>en·a;; ing- fiuall.'· to 1·-1 lllg"lll. pt'l' 

IIII I 1·.t·. hlood. Tlt t• phos phatast' I'OIIlt>ul n·:11'h1·d a hiu·lt 11"1111' ol 
IIi-:! unih ( Bod ansk.1·) )11'1' 100 <·.t·. hlood. Th t• fiual ,·al~t'' for 
t ht•St• hi nod t'llll ' l it 111'111:-. :-.IHHn·d a 111on• <>~' l't•n• <11')..!'11 '1' of 111int'r:tl 
dt•fil'il·nt·,l tlt:tll tlto..;p l'or g-ronps ll :1ntl I II. 

'f'h1• hfood t·:tit-LIIIH \ ':I ilii'S 11'1'1'1' llllt'fl't•t·fl•tf. lt'lll:ll lllll).!' IIOI'III ttl 

at :tlnHhl 10 lllg' lll. (H'r ltl ll •.. , .. hl ood. 

'l'lt t• "'l'l't·n rih ol "roup 1 \ ' 1·nnla iu ,•d :,?:, · :! pt·r 1'1'111. ash a~ 
:t )ra ins t :1~ - .-, (H'l' t'l'llf.,....l'or that of group I . ' l' ht•rl'l'on• lOO 1-!' 111. 

g n•pn ri lt nf lh t• latt1•r group t·mtlrl lo . .;p J:l · :? g·111. i.1 ' . :\.J ·:1 1'1' 1' t'l'lll. 

nl' it :-> :11-.lt llt•l'nr(• alia in in~· th e :->:1111 <' 111LII f' l'a l l'llllll•lt( :t;; I hal o l 
gTollp I \ ' . 

Th l' dr\' -f;l t- l'rl'l' 
1·:t 1<-i fit·n I ion . ll'h i<·l1 r:-. 
f hi' lll('(;lt·:tl']l \1 '4 . 

hnn f• and pc•n · ~· r lhlgl' :t :< h .;ugg·<·s t ('O•JJ· 

<·n lttil'lllt'd lt:1· illl' lo11· hn•aking s lr·pug·tlr of 

Da il.1 :1\' t•rag-t• lllilll'l':tl inl:tkt· : .J.-, g-Ill. ( ';I and lll ·li;-i ).!'Ill. 1'. 

Th t• •·:do·iu 111 t'OIIfPid of llri-. r·:tlion wa-. •·q ual to I h:d to I g'I'II IIJl 
Ill hut !11 it'l' I hal .. r g-n•up I , ,,·hill' lit<• pho:-:phoru-. •·oult•lll 11 ;~-. 
l'IJIIal lo that of' g-1oup I. T ht• Ca : P ratio \\'a-. ~ ·:? 1 : I, lll'iug 
almtt-.1 tloultll' I h;ll ol' th1· JH>rln;tl !.!'rou p. 

T h1· ;t \1'1 ':1!-tl' 1bih· II'IP IIIiou nf t·alt-ium \I'll-. 1-l·i fi g111. :111d nl 
plw-.phoru ,.. .-, :1 1 g'lll .. lwing :!:_> ·~ pt> r I'I'IIL anti -1!1 · ~ pt•t 1'1'11 1. nl lilt' 
iut:1k1• II''P"I'I i ,·t·l.'. "'hl'n a <·omp:ll·i . ..:ou i:- i11:1d1· '' itl1 gro up I . i1 
app1•at·, that in t'I'P<l:-ol'd c·alt·iu rll h;H( a ,]is:t~h-nul:lgt·0\1:-- t>ltt•t·t upon lht' 
pho-.phont:- n·tt•n tit>ll '"'hil l" inc-rPa,..prf plllt:>phnru-. had ;t ht·u Pfi,·ial 
o.ll'Pd upnn I fa p n·lt>ul ion of <·akittnl. 

,\ ltl~t~ug h thl' ( ':o : P ratio nf lht• ration\ nl 
,.. l ig-ld l.'· low!'l' than that nf' g 1'1111p I I. it w:a.; ;tl :1 

mint •rnl i rll :d\t' . wh i1·h :dJmq·d :<nHil-it'Ht lllilll'l'al-. 
lor ill(• p11rpo:-(' or pro(ll'l' IHIIIt' f'qrm ali on. fhl· I'-''''''" 
j II ill I' 1' .\l ' l'l'i:t . 

tlt i-. group \\':b 

hi" h<·r (,. ,.,.1 .. r 
l•;' Itt' rPiai111'd 
h1•ing di:-t·a rd 1•d 

It i:< unf ,.,,,n·thy t ha t '"'''al'l l:-> th,• "u d or iht• P:-.p.•rilll l' ltt . t hl' 
plHo;; p iJ o ru :-; t'rt llt t•n f nf !hC' urillt' ol' gnt up \ ' 1\';t :< :d tPttf ~(I filllt'S 
hig·lr!'l' t h:lll tllll 'lll:tl. \\'hl•n•as ll t•gl ig· ilt lc· :tll 'll ll ll (.; nr p la o ... ldtnru -. 
Wl ' l'<• <·nlll:t it~ t• tl itt !Itt• 11ri111' of g'l'nu p I ,,·hi..l t w:t :> 1111 I Itt• ": llll t' 1,· ,·~· 1 
nl' ph tt,;phor ll -. iulakt•. ' l' hr t·alt- i uut <·outt·lli of ll 11· tll'illt' ttl ;.poup \ ' 
l'l'lllllilll'd tlt•l' lll:t l . I I appt•ar,.; that thi ' a lntt ll 'lll <ll o•litttiltal in11 ol 
phn,.. pho l'lh 11t l hP uri 111• i:-> """'wi:d P<l 11·i I h t lw L''\l't''" of <·alt·i 11111 111 I h r• 
r:1l i 1111. 

Th<· inorg-alli<· phn,;p horn.;; anrl th e pho-.ph:ot:t .... l' l't lld <' lll nl tbt> 
hlood n·mai n<·rl nunnal. 



J. "'. ()'!']'I) . 

The breH king :'(reugth uf t ht· lll~·tae:npus i nd it·atf's Wl"ll l'a kifiP<l 
bone. As a ))latter of fad tht> Yalue ol1lainl'd oYel· a ,.:i.x inch sp:1u 
\\'as ahoul -HJ!J lh. higlwl' than tbnt nf th e mdnt·~l rpu,.; of thf' anim:JI 
killNI i 11 grnup I. ret·t>iYing en"ng·h Ca and P. 

'J'he Y:tlnes fen· ilaf' p~· l'C I'IIIag-t• dry-l'at-fn·t· bn111':'\, thrir a,.;h 
t·oJltrJits, a nd tbC' a;;h <·mdenis l)f I b<· gTPeu hnn f'" 1\'f'l'e· sl ight 1.,. 
IOWI'I' I ban I ho:;(> of grnup r. 

'l'hcsl' anin1:ds t'OtbUllll'd t·h,·ir full ralwn s tlanmp:laoul the 
,.x peri men t and !!'" im·d nonu:d ly in 1\'t>ighi. 

V/'IJIIfi YJ. Dori,ln :d-t7 a111l .-) 1 -I~J. 

Axera.!:!'t' daily minl'ral inbke -1·1-1 gm . ( 'a and lO·(i~ g'lll. 1'. 

Th(• ph u,;phoru,.; n•Plf'nl of the ration of g roup 'i"] wa:-: C'qui,·:dl'nt 
to that of t h(' uorlllal g·roup, ]l(•ing lU · (i~ gm . V "·hil r· !h t· ca l,·i11ll1 
I'OlllPut was relhtt·l'fl to -1 · 1-J. glll. C'a, whil'h ,...,-a,; thv ,;nme a,; that 
of g roup l \" . 

Th e aYerage daily reh•ntion of ·+·2H gm. P. i. e. -10·:! per ' 'ent. 
(lr th t· int:th· \Y;J.; ho\1-l'l' than that rf'Ltiurd 1,,,. rit hr1· group I or 
g roup Y, \Yhil'lt Wt're on I he ,.;nmt· leYl' l ot pho,;phoru-; iutakP hut 
h ighP r Ca . Bo,·inl' :)L-1-i rdaint•tl 1 · 1:2 gm. ( ';~ JH•r day. i.t- . :!i pvr 
c·t•nt uf t h1· iutake. A h igL proportion of pho,;phoru,; " .,,,_ l' lillliHalt•d 
in lh<: uri aH•. At I imr-•,; t hi s fig:urt' Ira,; ahoul ecpta l 1o I hat E>xc·n>h•d 
iu th~" f:H• c· <:,; <J tlll 1110n· than douhll' that rrta iiwd h~· lhto ani11wl. 

'L'ht·:w an i11wb a!t> \rd l i\1111 g:1i11ed normally i11 ,,.l'iglJI . tlw 
inorga nit pJao,;phorUs . pho,;piJata:;P and ('<llc•illtll ('O III(•Jl( ,; Of j ht· l1l ood 
n·nwining· nonH;al. Thl'n' wa,; no indif':lli"n lluri 11g· l ifl' or :a 
dpf.iti e n,·_y of t·it h<·r minf'r;d. 

'l'ht' rt>;o; ult,; ol' t itl' h o n e allah·se,;, hmn•YPI', :<hniYt>cl ,; i!.!lli' of 
ahnormnl bont• l'orm;d ion . Th,, p;·n·I-'JIIagt• <lr.'·- fa t -l'n •<• h(H;P nne! 
asb <·otd<·nl 0f tlw femll r . hunwrus <111d nu·(a, ·:1rp11,; 1\'l'l'l' on ly :-:li~o.!'htl.'· 
lol\'(' 1' than in t hose ol' gmup,; l to \ · . Tlw ril1, hml'e\'1·'1'. sltmn' d 
n 1nn· mn rk e<l cliffnt>nc·,•,; . 

lf the 1lata ohtainl'd in tb i,- ;..tToup liP c·omparPcl with tho,;(-' of thP 
pho,;phn l'll:': clf'f1f'it•JJt gToups t lw t·nndu,;inlls ap]War just ifif'd that 
lmr plto;;pboru ,; in tl1'' rnl ion ,, f ,;luck wlwn :-;nlti<·it' llt l'alc·ium is 
prp,;, ·tll i,; nlol' t• dl'lriJJif'll tal than wh t•n low t·nkiulll 1\·i lh :-;uflil'il"nl 
pho,;phona,; is gin•ta . 

,\ pmloahle PXpla n:ttioll for ! hi :-: fi ncli11g j,; I h:tf t ht-ir ,-alt·i um 
n•quirc·Jll('lll i,; )(l\\'t•l' than th(·ir ph usphorn ,.; reqnin·m<•nL 

(y' f' II {'I'll/. 

Thn·e g:roup,;. llHHH·I~- . 1-!'l'<•Hp;; 1, '\" ;uHl \ "1 ll't·n• g·i\'('11 :l rati"11 
t·nntai1aing· t hl' .'>a lt lt' allllllllli ol' pho,;phorn ,; hut with llw ( 'a : 1' 
rati o,.; of nlwut '.! : I . -+ : l :1nd O· :!(i : I ""~!Jl'l'lin' l,,-. 'fhe"l' 
n•J)l'P,;<•nlC'd l'ht· npt i na;d. th e hi g· la :11111 lin• low ratio,., nl th is 
I"Xl)<'l'imro 1ai. 

(houp 1 ,;hOI,-,.J th e lti ~-l l l'St p<·n·entnge re!Pta!ion of h oth <·al-
!'ium and phn:;phot'U3. f II g'l'Oilp Y tJWI'l' was :\ depre,;,;iun of the 
ph o!"ph orus r<'len1iun an1l a1 1 in<·n.' ;l ;;Pd calc:i111n retentioll. 

:rn 



1t would appl'<ll' that the tlt·fil'it-nt·y of t·akium in group Yl, 
t'Pt·ei Yiu;..r a phnsphoru:> adequate rn t ion. had a IJIOI'l' dt>tt·irnen Ia l 
efted upon thr fnt:tl t'l'll·ufinn of phosphorus . than I'Xt·t•ss of calt-ium 
:1.; in group Y. 

Compan•d ll' it l1 g mttp IY, wh f'rP bnth m inl•ra ls \\'PI'E:' cldic·iL•tlt , 
!Itt· bala.nt·e fig·un·,; of g roup \ -1 ,; ugg-t•sl thai in dig·eslion CX!'"*' 
of pllt>sphoru~ OYt·r· t ·;~ kium im·reas('s t lw so lul• ility of th e 1'<\l<·illnt 
t·ompountl >< nJJd J't•tulcr" a h;;orption of t·al<-ium ea,; it> r. 

The ft·l'ding of pLosphnru,; adequ:tlt• t'atinn,; I'Ontainin g 
su Hi(·iPnt and t'Xt't'"" t·alt·iunt ( g-mup~ 1 ;nHI \" n•spt•t·l in·l~·) re,;ul tt-d 
iu a betrer (·aleiu tll rt- lt>ntiou than wlwu thP ratiou,; ll't'l't' phosphont" 
tlefitit>nl (gmup..; II au<l Ill ). 

J n the tl trt>r phosphont,; dPfit ·ieut groups, JHIIllt>l,r J 1. lll :tntl 
!\', tlw averagt· daily phosphorus rclPntioltS of g-roup>< III antl J \ 
wen• nhout tltt• sn111 e, that of grnup I l hei ng ,; lightl.v lPss . But "" 
t lw anima ls of grn11p,; 11 aud JII WNI' g·in·n a pb o,;ph;ltt• SUJJplt•IIH' II l 
for a J>Priucl of' t lire<· Jnont h,.,, tlw.1· :11·r uol quit<· t·muparahiP wit u 
gmup IY. H tht• halant·t' figurl' ,., fm thL· thn•p months of udd Pd 
phosphatf' feedi ng h<• Olltit ted front t ht· c·:llt·ul:dion..; it is l'nuuil t hat 
group IY re ta in<'rl :;li gh tly mon· pho,;phnrus than Pitla·r g-roup,; I L 
or fiJ , ltehl'f't'll whi..lt thet'<' wa,; 11 0 tlil't't•n•ll<' t· . 

From tlH•,;p I'XJl"l'inwnt-, it f·a n UOII't'l't·r· 11of he !·Llimecl that a 
wide ( 'a : P ratio i11 a pho-<phonu: tlrfit·it>nl ration l':tn,;pt( :t tlf'pr·f',;sion 
ot the phosphor11,; l't>lt-lltion as tlw rPit•lll in11 nl' g-roup II wa,.; lowl'r 
t hun t hat of g-r·oup 111. 

'l'lw lt lnod :l un ly,;t•,; i~tdicate t·ha t in th e g roups rerPi ,· in g adequat e 
pbn,;phoru,;, thl' iuorg·anil' pl10sphorus and t hP ph o,;ph:da,;r !'oll tent 
I'PmainNl 11ormn I. ff I hP p hosph.ala,.;(' c·tmlt·nt of I l11· bl ood is aJft·tiNI 
IJ,\' n tlt:·ti <· it•ncy nl' <·:tlt·i Hill, th en fill· df'g r·c·<· nf t·a lt·i um de(icit'll t·~. 
a,; cxpl:' ril'nt·etl hy g-rou p \'I. was not :tc· ttt <· (' noug-h h1 nffer-1 n ri sl' 
111 t he phnsph:tt;tSI' c·orrtl'lll of the hlood. 

The hl•>od c·:.tlt·i um Yal ue,; rPJUa i tH'cl llOI'Illa 1 111 a II the gr·oup,, 
irre..;pediYe of tht' ( 'a :I' ratio or the mi11eral t'Oiltt>lll of the rati o11. 
A s the ration,- of tlw-t' animals c·onlainetl .::uffic·i<·n f Yitamin )) "IH·h 
Yalut>:- wr re ao ti('ipatt>cl. 

A tlPfi!'i l' l11',\' ol' pho,.phorus i 11 t he r:t t inrt rP~t rl le1l i 11 a lo;;;" of 
appeti tf' . Tlti,; c·onclition "'"" slig-ht.1· notit·t'a hl f' in g ro\tp IY fp c] 
on a r:tl ion with a unr111al ( ';t : l' r<tti o, l.ut ht>c·anlt· morr pnmmlltt't'<l 
as the ( 'a : P ntlio \1' ;1:; int·t't>a:<f'd, tho:;t' :rnilllals (gTntt ll TTl) f~>li on 
tlw rati on " ·ith a ('a: I' rat-io of l..J.·a: I t·:•tingo the lc:>a :"t. \\~ht•n 
ud ett11ate pho,;phonrs w;t.~ ft>d. with eit lwr n tlt>fitiellt·y ol' (·al !'ium 
(group \'I ) or· t•XC't>":: c·alt-ium (group Y ) tht> ahnormal ('a: P rntio 
of the ratiou t·au,;t'd no rtotii'Pa lrl e ,;ign;;; of allot·C?xia. 

Tt woultl ..;f'ellt llwn•for~> that the lo:-< of' appetite is assoeinl<'tl 
with almormal Ca: P lliPinholi,;m rather than with a specific· f:H·tor 
!'Ut·h a:< n low P ot· low ( 'n or ahnonnal ratio. whi<·h ohYiously might 
Ill· respon1'ihll' for 1 hP ahnonn al metctholi,;nt as :;(a feel hy 'l' ht>ile r , 
du Toit :1 nd )falau ( lfl:~7) . 



J. S. OTTO. 

The green weig-hts allll measurement· ot the booe;o. examined in 
group;; II, 111 , 1\" arul YI fed on ration:. tlefic·ieut in either or botlt 
cakium and phospboml', were ,mailer t bau t ho:;e of groupt\ I and \" 
whose Tations werl:' aclequatel~· t\upplie<l with lwth elenwnts, but ns 
t lw gTeen weight i:-; abo depenllent upou the size Qf the hone-au 
inherited factor-d is obYiously uot a s Inti' n c:rift>rion as p<>rc:entngl' 
nsh for inshmce. 

The dett•nuinat inn of the pen·entug·e a,.;h in I lw green bnlll'S 
affords an f'xc·ell l•llt inclex of the <legTPe of t·a,dc·ific·atiou. Either 
ralt·imu en· phosphorus whirbeYer wa,; retained iu le~!'-er qnanlity, 
limits the d£>g-ree of <·ah·ific·ation. Thus. for Pxample, a diet adequal£> 
in c·akium hut JHHn· in pho:-phorus )Pad,. to a state of minimal 
phosphorus reteutiou, <IIHI in such a c·a-<P, a 'Hlpediuity of ralcimn 
will uot lwlp to rai~<· tlw total perreutaJre of a~h in the hones ahoY!' 
ihat deterntined h~· iht> h>s::;Pr quautit~· of pho~phot·us retained. 

From the !lata ohtained the ('a : P ratio of ihe raiioo appears to 
he important for ttnrHtal growth nnd dPYPlopnwnf wlll'u tT:it> ration was 
lleficient in either ot· hot.lt ll1inerals, hut was withont appre<:ialJl~> 
infltteu('e in the: cast> of on e abt1ormal ratio w ht"r·e pho:::phonu; wa:-> 
prt'seni in an <l(IPquate quantity (group Y). 

Iu a paper by 'J'hf'ilt't' , tlu Toit ancl ~lalnn (1 ~:jj) full detail'l of 
weights, blood annlyst•s, c'liuicnl symptoms. hi:-;tologi<'al examination 
of the bone" and t lw cle,·dopntent of usteod~·st roph ie di;:eases are 
gin•n an<! diSl'US:i(•(J. 

Summarizing- the· l't':mlt,; of the ex1wrimPnt tle~c·rihed one is IE>cl 
to coudude that :.!:.!·H g-nt. ('a aucllO·:J gm. P, of which re.~pertiveJ,,· 
!J·fl9 and Q·.jR gtll. were retninecl provitlecl snflic·ient C..'a aud P for 
110nnal growth. 

'l'he retention nf P un t h e ;;ame li'YPl of iniake " ·as aftedetl b~­
the amount of ('n pre~ent a..: iucli('atecl in tlw foll owing table. 

Cn illlttkr. I' intake. C" rPIIliW(/. I' rf/nillPd. 
:?:!·!l 10·49 9·7 6·6 
4.'Hl 10·49 14·7 .3·3 

4·1 ·1 10·4!1 1·1 4·3 

'1'1te C'a retention j, dec·rea:;ed or imTeased h.\' n·spediYe)y dPrrea:>ing­
or increasing- th£> amourtl of the C'a ingested. \Yhen the P intah 
was TC'dm·ed io <IJl]ll'oximntely :J gru. thP lw"i n•tt~ntion of P wat: shown 
when the ( 'a intnkt' wao. proportionately tlN·r·pa,;Pcl. 

It appears that tlw HJain faelot· '"bid1 drtt~t·miue,; n•tentiou ot 
C'a or P is the lHel of intake of ihe minera l in question apnrt h10111 

thr ratio in "·hit·b ii i,.; assol'iatetl with the l'Pnl<lining miueral iu 1hf' 
food. 

SUMMARY. 

1. The aYailahilit ,. of the P in "'t'Yf'r·al c·ollllllen:ial phot:phatPs 
was determiut•cl in · hnlarl!'e experiment,.; with bo,·inc,-. The 
:n-ailahility wa,; nw;t,;ured in tf'rms of the rei ention of P. High 
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retention was favou red by g-i1·ing- t h e phosphates uta \eYel, vi~. fi gm . 
.P, well below that of the l' requiri'ntt>nt o£ the c·lass of animal used. 
The ratio of Ca : P wa.;; kt-pt eonstaut for all phosphatt>i\ at appmxi­
mately 2: I. 

2. D i-so<lium phosphat~> appearPd to be slighll_y more anilahle 
at the gi1·eu lt•nl of 1' intuke than E-ither di-calc·itlm phosphate or 
bon erne a l, bet. ween whose 1·eten ti ons there wa:-~ no sig-nificant 
diffprencP. 'l'nking all the results obtained into c·onsicleration it. is 
doubtful wbethe1· animals when fed phosphates well below their 
requiremE-nts will retnin lllore P wht•n it is gi1·pn as di-sodium 
phosphate than as the n·h1tiwly insoluble di-cnltium phosphate or 
bonemeal. In the e:qwrinat>nls report('d lhe hest retention ol' P in 
eli -sodium phosphate 1\'taS 100 per r·e1Jt. ancl t hnt of di-c·;ah:iu na 
phosphate ancl houemt>al 97 aucl 94 pl'r l'ent. re~pedivel:v. 

3. Thf' n•teution of Ca wbi(•h wa" supplied as CaC03 wh<>n 
insuffirieut "·as pre::E'nt in the plwsphatic supplement and the basal 
ration varird f'mm (j:).l(J() ppr· cent. irrespt>diYe of the ~upplement fed. 

4. The remarkably hig·h perct>ntngt'tl of P rf:'t.ainPd wheu the 
~upplemen t was fed weJl below t he requirements of the an imals were 
reduced by about 10 per c·t>nt. at approximately the optimal lHel of 
P intake. 

5 . Long- term nretaholism exp!'rinH•uts wen' c·oucluctecl with 
g-rowing bo,·inf's fed on ra lious at clifl'f'l't'Jlt lewls of 1n ineml intake 
lmt with <1 C"oustant optimal Ca : P ratio. At the end uf the 
experimen t 1 ht'st• onimal,; were killed and the bone:-~ used for l'hemical 
and histolog-iral studies. 

6. Ra tionil c·ontaiuiug H<) gm. P and 1G·4 g-m. Ca i.e. 19<) gm. 
1',0 , and 2a gm. f'aO were found to lw aclequatl~ for g-rowing- steers, 
whereas !1·8 g-m. P and 12 gm. ( 'a n.ncl less wArt' iusttftici<•nt. 
Lnm·ganie blood phosplaorns, mineral balances and bone ana lyst's 
\YE't'e tnkeu a:- <·rite-ria. 

i. A del erminat ion of tlw per<·t•n tag-e ash iu t lw gret'n hnnPs 
afionled an t'xc-ellent index of the- <l~>g-I·ee of raltification. .:\ close 
f·orre-lation was noted hetweeu the nhove iuclex and tlw brealong· 
sti·ength of lhf' metacarpus for the nninw ls of thf' snuw ag-e. 

8. Dat :t are fm-ther rN"ot·detl of loug term metabolism exper·imeut:; 
<·oodn<:tecl with growiug- ht>ifers fpc! a ration !'ontniuing dift'crent 
Je,·els of P ancl C'a anc1 IH•nee varying- f'a : P r·ntio,. 

9. 23 g-m. Ca ancl 10·0 gm. P pt>rmitting an average duil.v 
retention of about 9·7 g-m. Ca and ()·() g-m. P wen> found to he 
adequate for g-row ing heifers, the c·onc·lu<:>ion~ lwing- based on tht> 
mineral halan('es, aud blood and boue analyse:~. 'l'he histolog-ical 
findings of tlw hone" of the auiuaal:~ usec1 iu these expHiments 
are disc-ussed in detail h_v 'L'heiler et ol ( l9:H) . 

10. The qunntity of Ca nr P prt's(•nt in the ration limited the 
retention of the remaiuing element. V::nying- the intakeo of' the 
cnlcium and the vhosphorus from the optimum resulted iu less effir·ient 
retention of both elemeuts. 
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11. The quautitic~ of ('a aut! P }ll'l'i\Pllt iu the nttion apparently 
·determined more thau ;loy other clefuJahle factor the quan titje:.o of thl'H' 
mineral;; retainecl in thP hocl,Y. A hig-h iutah of Ca or· P or· bot h 
is associated with high r·<>l entiou of that c·oHstitneut. 
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pt·opcrtil''· IJiof'itPm. btl., \·ol. 2i, pp. 2055-2000. 
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JH'tlio·~ of the maize. Jliurhem . .Jnl .. \ol. 21. pp. 206J-201i.'~. 

THEILER .• \. CHJ!"I2). rntl'rsm·hungPn tiber dl'n nau IICII'lllalt•r und dun·h 
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:!(lfl-37 1. 
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Calcium nnd ptw~phorus metaholi:-m in clnir,l t·o""· 1\'. Th<' :1'-"imiln­
twn ol" c·akium fed as cnl<·ium glut·on:\tl'. ./td. J)oiru ,-iri .. \'nl. 14. 
pp. 26~-2;.;, 

TJH:.\1)\\"I•:LL. 1' .P. 1\)/U HALL, ''"· T. (19:30) . . -Lno/!ftiml f '/11 mi.~ lt/1., \ 'ut. 
fl. 6th J•:dilion. Chopm:ln & Hall. Rd. London. 

W.\TKIXS. \\'. E. (19:3:!). l)ig<'l>tion and minet·lll balall('" trllll~< on l'!ltl ).;l' 

r·ntll<• ~~-jtJ, nutin• .:\ew :\lexieo Hn,\'. cotton ~eed nwal ond utitHnal 
·' " ppl!"tllt'nh. S. .1/ r .rico E:rpt. Sfo. 7'•·,·/i. Uul/. :!'12. 

\\" .\LJ.I:O:. (). C'. , P.\ L:\tJt:rt , L. 8 . .\:->1> GlTLLLC'KSO~, T . W. (l!);J.i). ThP 
n•lalion of vitamiu D to eal1·ium and plw~phm•ns ri'l<'lllion in c·;l1 tl<• a~< 
io lwwn by bnlt~n<·e trials . . J11l. flttiry Sri,. \ 'nl. lH, pp. l!l:I-22R . 

\\' I•:ISK I•:. ll. (l Hi:J). Oher As~i 111ilation vo11 PhospltorsaHn•n ('nkiunL ./11111. 

/.tuttlll'irf.~l"h. lln nd 21, S. 139-1.5-!. 

\\"ELL~L\N , 0. 1932). Fiitt.erungsversuct .... iibe1· 1lio> fl<•th•utunl! des :\lin<'rnl­
stoiJ\1 t:(·hspJ~ in~besondl'rP der Erd:llk:llien 1md Pho~phm·~aurt>. llif!IIIUIIJ. 
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J. . OT'IO. 

APPENDIX. 

'l' I I! 1.}~ XXI L 

EXP ElU:llJo;XT Jl. 

(/I'UIIfJ 1: Ph u.~Jih Or I/ s lJal an('( (dmly nrnage ). 

B<winc ·Iii;:!. BO\·inc- 347!{. 

:'1Jnn1h 
Wrl'k Our!!o gm. 1'. of Outgogm. P. 

Xo. 
lrrtnk<' 13nhuwe F.xpt. Jntnk<· 1311 hill et· 

um. P. I( Ill. 1'. 1(111. 1'. t!ll). P. 
Fnl'l:<'~. l'drw. Fnece$. l"rin1·. 

-1·.1 1 -1·2-! ·IJ:!ll 0 ·:!-1 2 4 ·!i l -1·-1-l ·(I:! I 11·0-1 

2 -1· ,) I ·1· 88 ·O:! i 0·-10 :I ~ ·.i l -~ ·~8 ·0:!-! 11·01 
3 ll·OII :!·80 ·1)2.3 1 · 12 4 lHlO 4 .. :;1 ·O:!i :! · ~li 
4 8·00 J ·07 ·O:l(; 2·8!1 ;) 8·00 ·1·-1:! ·0:.11 :l·.),j 
.) ll · :~ ·1·:!.; · IJ.i:l I ·J-1 6 l'l·S:! ;; ·00 ·H-I:l :l · iH 
6 I!· :l -! . :!:! ·U.'iO -1 ·-1.) ·1!:1 1·10 ·U.):! l ·lh 
i lHii 4·46 ·061 I . 1.3 !) ·Iii :1·76 ·tl.i:! 4 ·llti 

ll·lli :l·-li ·Hi.i .i · l:! 10 8·67 :H)6 ·O:IX l · lii 
9 l!·ll7 -1·118 ·060 l · ?:l 11 ~ · Hi :3 ·48 · 0-l!l ,) · :14 

HI X· ll7 3·88 ·Oi l I ·92 12 8 ·87 :l · li5 ·0.) 1 ,) · 6i 
I I ~ · .j l 3·0fi ·U47 .i ·43 Ul S ·:).&. :1·36 ·0.)0 ,; · 13 
12 X·07 .j ·:37 · O i l) :l ·li:i 1.5 
1:3 7·7:1 4·:\7 ·OB I :1·:!8 16 
14 i · i:l :1·40 ·0!!0 ·1 · :!:) 17 
15 ·17 4 ·JO ·llOi :! · (11) 18 
16 ~ · ti a.:n ·01:3 I · 79 :!0 
17 · 14 :l ·S:! ·tKl$ 4 · :31 :!1 
IS '·:IU :3 · 16 · IK) .i . I:! 24 
I !I X· l-1 4 ·,)f) ·0()8 :l · (j:] :!5 

)frau for \\('(•I;;~ a- I n .\lean for \\('(·k~ :1-11 
- --

8·:3 1 .j.· .l2 S ·•i\J 4 ·.)i 



~\S!-.L\JILATIOX o~· CAJ.I"ll"~ AX]) PJIO~PllOHt'S IIY Tl~ G UO\\ Tl'iG HOVTXE. 

'f.\llf.E XXY. 

E:Xl>JmDI EXT If. 

<Jro11 I ' I : Calriwn Balall t' l' ( rlail.IJ a cerOlJC). 

Bo,·irw ~71:?. Rm·in!· :!liS. 

~lnn 1 h 
\\\•t•k Outgo gm. ('a. uf Ou1gn 1!111. l'n. 
:\n. 

lntnkc· n.tlam·c E"pt. £ntAk<• HAiatwc 
ll;ln.CII. gm. Ca. gm. Cn. I!"L ('a. 

I FaE-f-C·~. 
I 

llrin<.' . Fa<.'{'('s. l ' r·int·. 

ti ·31 ~-\):~ :?·:?7 ll · tl!l :? 6·311 3·62 :l·l:l II· 14 
2 () -:!:? 4·-11 :l·.j9 0·()8 a li <lfl 3·:?:1 :? · 71 0·4:! 
:! 15 ·47 7·48 1 ·:?4 H·7.i ., I '1 · Ill 6 ·1 :? 1·04 8·:?4 
4 lfj ··1!1 8·00 I · 71 !\ ·78 !) l.i .;):! 1)·40 O·!lll H· l4 
.) 17·4-J. 7 ·21 I · 13 8·80 (j 17 ·4H 8·+:? 1 ·:?:? 7·S4 
li li · 4-!l !HJi l·i4 IHitl s I i -;;1 s. Ill l·fl(i i 7o) 

i li·48 !J·07 I · 48 (i ·!l:l !I 17 ·.i l i ·4:1 l · +l 1' ·64 
8 

I 
lH ·!li 8 ·21 I <14 (j ·.~:? 10 115 · I i 8 · 14 I ·23 H·SU 

!) l.'> ·tli 7·93 I ··W (i ·48 I I 15·81i 7 · ll4 1 · 64 (i ·•38 
111 l.)·H!l 8 14 1 <~5 (j -~l!l 1:? J.j. 80 fHJO I ·:?S ~>· ;;~ 
II 1.5 ·8-t ·07 1 ·59 H· IS t:l l.i · 'l8 8·!1:{ 1·76 .;.,!) 
)·> 1:)·!\ 1 8 'l:l 1 -o:1 U·68 I;) 
1:1 16· 11 6·46 I ·75 7 · !)0 IH 
14 I I.'\ . 78 8·:00 I ·66 .)·6:! 17 
t ;) 16·-IH 9·07 l ·il ;)·!al IH 
lti 16 <II 8·74 1 · 74 .j ·8:1 :?0 
I i 16·8!:! II ·88 l ·OU 4 00 :!I 
18 HHUl U·OO 1 '14 li·74 24 
I !J I 16· 88 10·4:? 1· 36 I 5· 10 z:; ,;e-1; ~ I )lean for wt·cks 3 Hl )ll'o\0 for :l II 

lti -:lfi li·36 II; -:l.i i ·l!J 

- ~--
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J. S . OTTO. 

TAliLE XXVI. 

EXPl~ IIHIKKT II. 

Gronp II: Phosphoru.~ Bolo nee (doil y avcra.ge). 

- -- -- -- -
Bm·ine 3~xu. RO\' ine 3~ 6:;. 

I ~[outh 
\\'c•<'k Outl!o gm. P. or Ontl(o )!Ill. P. 

Xu. Intake Bnhllw!' Ex pl. In take• UalaH<'(' 

I lo( tn. l'. gut. P. gm. 1'. 
I 

g m. 1'. 
Fnet·P~ . L' l'ilk. .F[tt.x·e~. l'l'im·. 

-1 •• ;7 4 ·:,!:; ·03:! O·:W :! 4 •,)0 4·01 ·0:~:1 (ht(j 

:! 4·.";7 ·1·41> ·O:ll tHJt! :! 4 .;;() 4·3!\ ·038 U·OS 
a ,j ·t!.'i 1· 1 ' ·0:31 1 -:H ·1 .; .;s 4·:!0 ·0-Ul l-.)4 
4 ,) ·~.) ·1·119 ·03.; l ·ii ,') :> · ill -1- · (;.j ·O:J!3 1 · [I) 
:; (; 6 · Ill 4<H ·II·Hl 2·1!) 
(j I x IHil :3 -!)lo; ·O.J.:I :.! · .)!) 
j !l tHi3 4·UH ·042 •2-.33 

Ill 6-ua 4 ·3!1 •l),t,; 2 ·10 
9 J·i7 2 ·!111 ·11:!!1 :! ·b:l II t)-lj,j 4·.);j ·(I,) I :! ·U.'i 

10 J·77 ;{ · .) i ·o.-.:1 :! . 1.-. 1:? tH1n :Hi\J ·fi.J.II :HJL 
ll ii·77 3·1!1 · t)H :!·,H 13 
12 .'H!6 3·:!2 ·1) 10 :! ·!ill 1.) 
13 .i·.) l 3 ·.)4 ·04:! 1 · \l:l 16 
J.j. ;j . • jl :1·:37 ·041 2· 11) 17 
15 5·97 :!·()9 ·0 14 I l! ·!l4 18 
16 .-; · \)7 2·61 ·0211 ;J ·:3:! 20 
li .j.\)4 3 ··11 ·O iil 2 · 18 2 1 
18 tl· IO !l ·tll ·04 2 ·44 24 
)() .; ·!l4 4·1:3 I ·0.')7 

I 
1 · 7.; :!.') 

~1 ('1\11 foe· W<'l.' ks 3-1!1 .\h•a t\ for ,,·et\ks 3-Hl 

J·83 :! ·47 6· 1:! 2·1 I 

- -- -
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.\1-'S(MJI..\' I' IOX OF C.\l .f' f(TM .\~1) l'UOSI'ILOJtn; UY Tlll·: GH0 \1 1 ~1; 1\0VL\ E. 

1'A ilLt: XX\'lT. 

EXPEUDfEXT II. 

GrMtjl II : ('ulrillm. Bnlnn1·r ( rlnii.IJ (//'('I'll !Jf'). 

Bovine :1480. 1-lovirw :l4(iii. 

\\' l'l' " 
~ronth 

Outgo g rn. Cn. of Uu t!(o g-m. (.'n. 
No. lnt 11l«• .Balanc·e Blrpt. Intnkt• lln lnn• ·•· 

grn. Cu .. grn. Ca. )!Ill. Cn. 1(111. l'n. 
f,'a.et·t•s. Urine. Fa.t•t•(•:o;. l ' rirw. 

li ·~!l 1 · 1~ ~-61 U ·H:l :? li·:l:? 1·.1:.! I ·IIM 0·1:-. .. H<l~ ;, ·IIi :!·H - ll·~!l :~ li<ltl :3 , .... .. l :i ll·(lj 
:I II · 1.; ; . . ;n 11·!1-1 :Hr2 -1 II ·1\.i 11·\141 I I~ :!·.ii 
I II .-.:1 i·UH IJ·!I:! :l · ;):! :; ll ·:ill X·H I I :!:! l·til 
:; lj I:Hi:! j ·.i:l ·!II .1·11\1 
ti !- 1:3·.1:! i :!:\ !1:1 :i·:ll 
i !I 1:3. 1!1 li·!IU I!! I ;,.;u 
h Ill 1:3 .it j !1:, ·I> I I 7:! 
!) II l!i ti·li-1 (}. 74 4 · -!!1 11 II ·\Ill I !I:! !Ill :l·lli 

Ill II !)O ~ :!8 I .;3:1 :?·:?9 1:! ll Xi 7·\l:i H:i :Hii 
II ll · 'ih 7 · 1!1 O·i(i 3·9:! 1:3 
1:! II :n 7-~8 I ··IX :!<H 1.) 
l:l II ·711 H x.; 1·:!1! :Hi:3 Hi 
l<l II 7i .i·:!H :!·I:! .t ·:n I i 
J.j 12 ·.11 7 .;!) 1 ·81 3 · I I 18 
)(j I :! · -l:l 7·!10 l·:.!ll :l·:!,j :?n 
17 I:HHI li<l:l 1 ·7 1 -l · X6 :!1 
lx 12 ·!!7 lHi-1 I ·50 -1- ·73 24 
I !I I:H~K i · I-I- I ·86 :!·88 :!5 

.\1!'1111 for WN:ks :1 - 1!1 .\ll'U II ftJr \\'(•(·k~ :!- Ill 

I :HI\! :l·{i7 l :!·li:l ·1· 1:1 
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T .\ BLE XX\"Ill. 

EXPERDIEXT 11. 

GJ·OIIJI I II : fih os,Jhorus Bohmer (doil:t; fl 1'{' ro,qe). 

-- --
Bodnt• :l~IH. Ht•vint• :l46i. 

~lonth 
\\'('t'k OuiJ.!OJ!Ill. I'. of Outgo ~rm. P. ;.;,,, 

lrttakt• B:dan<"<' Ex pt. lntakt· Balance 
!(11\ . l'. gnt. P. !!Jll. P. ~nl . P. 

Faetes. l ' rin<'. Ftat'(·t\s. l' r·ine. 

·h 3li 3 · 7:! ·0:3:3 O·SI 2 ·l ·.)(i 4 . ;);; ·0'2!l I 0· 18 
:l 4 ·5li ·1·:1:1 ·O:Ii'i O· l !l :I ·l ·:jfl 4 ·i\!1 ·03,~ - 0·00 
:l ~·84 4 · I S · 0:17 1 ·(;:.! 4 :; ·!!4 ,,.,, ·042 1 ·1\H 
+ 5 ·M :t·i8 ·0:11 2·0:3 £j .) ·84 ·1·:1:1 ·0:3!) I ··H 
•J -! · :?() :l·Hl ·0:111 1 ·4 1 u .; ·7!1 :l ·:!O ·04:3 2 •l) ,j 

ll -! ·:2U :!·.iO ·h:l7 I ·i:! ~ ;; ·7!1 ;).;17 ·IJ.)O :.! ·:17 
7 +·!l:l :l·iO \14.) 2 ·I i 9 .i · i!l :l ·7r, ·051 l·!l!l 
s 4·9:! :) .;j.j ·O:;:I l ·.~:l I ll .) · ifl :I·:H ·050 2·.):1 
!J ·I · '!I :! · 1!1 ·114!1 2 · 1).1 II iH}~ :!·lii ·IJ.):l :!·!lti 

Ill .) ·U8 :! ·!12 n:.o :?·il 1:? .'l ·tiH :1· 11 ·U.J3 2·:?:? 
ll :; .. , :! · iH n:;u :Hl3 I :1 .j ·HH :l·M ·IH5 :HH 
1:! :; ·87 ;J.;,u ·O:ll :l·:l-1 1.1 :i·S7 :1 · !1-1 ·(l.i-! 1 ·88 
1:1 :; ·.3:1 + · :!1 ·0-l.i I ·:!7 lti :; .. ;:I .J ·Ii:l ·04.) 0·8() 
14 .; · .):} :l·i·l IJ:II l ·/(i I i :; . !)7 :! ·!IIi ·03 1 l · ll8 
15 .; ·Vi 4 · 11 · li.JS l ·t'\ 1 18 :; ·!Ji :1 ·1.14 ·048 2·88 
lli J·!li :l · l>:l · l).'j:! :l· IIJ 211 
I; 5 ·!l-! 4·:!7 ·OUt I Il l :ll 
l H (j ·10 I :j ·4:! ·Oil:! :.!·.38 :!4 
1!1 ;j ·!J.j :Hi:! ·048 2·:n ;!.) 

) lrttll for WCl·k~ :H!J )Jmn for W('('ks :3- !.i 

5·48 :l ·O:l .i·7U :!·18 
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ASSDIIL.\TIO~ OF I .\T.( Jll~[ .\:-.'0 PlJO)o:l>l!OT!l~ BY '1111:; f,UQ\\'I);C: UOYJ:\E. 

T .\BU: XXIX. 

EX PE HUI EXT fl. 

&' rt/11 }J Ill: ('alrwm Halnnr1 ( tlwl !I r!/ ' l"l'f/.'}1 ). 

= 
Ho1·im• :II()~. Bm ine !H67. 

Wl'<'k ' 
11onth 

I OuiL(u~m. C.t. of Ooll)!o gm. Ga. 
No. Intakfl Hnlan~t· t::xpt. lnlttkt• Bnlnnl'l· 

_gm. Ca. ~tn. C.:a. g 111. l'u. ~Ill. en. 
Fn······~. ll rinl'. Fne(·t·~ . t · rint>. 

6 · 311 4 · 1\1 :! ·41! 0·37 .. H · :!~ -1 li:! I ·!Jil () <l:! 
•1 t>·311 -1 IS =• 1:3 0 · 31 ;j li :!~ 4 -li :1-:W u -:1:1 
:3 :!-1·41 II> :l.i :! · :j.'j :3 · 71 4 :!~ :lh II> U!l :l ·:!-1 :J·o:; 
4 :!4·:38 l;) · Si'i :! ·:38 () · l.j ;; :.! ~ · :!!' 17 · 17 :! :;3 4 · 1i!\ 
5 :!3·0.1. J:l ·71l :! t!8 l) -!ll'! ti :!-~ · Il-l I!Hi4 :3-;30 :! !lll 
6 :!:.! · 3:1 16 ·-12 l ·;j6 4·3.i s :!4 · 01 IIi 14 :J·711 .>·07 
7 :!:}·3:) Hl ·71l I ·7:1 -1·8-1 !I :!Hill 14 · ri7 :H>+ 7 ·:{:") 
8 :!:!·24 l·i . 1:1 I · 74 7 · 0~ l tl :!l · llii Ul ·40 :H:i2 :H!I 
9 :!:!·8:! 111 ·:>7 J · !lil 4 · \.IS I I :!:l · :ll t:l-117 :! · .>7 (l·tii 

10 22 ·8;{ 16·11 :.:1·96 :3·7:3 ]:.! :.!3·:!li 17 · !1:1 :!·74. l · tiO 
II :!:.! 8 1 17 ·:!S ;J · !13 2·20 1 :1 :!:1 ·:.!1! 1-1 · 1-1 :! · .Jfl (i •• ;:; 

1:! 24 ·72 1!1 ·:! 1 2 · 77 2 ·74 ].) :! I . 7:1 !!1 · 14 :l· till l ·!l!l 
13 :!-l·.i-1 17 ··IH :H)( I :l ·O!l IIi :! l · .)li 17 ·85 :1 ·4-l :l·:l7 
14 :?4 · 5:l lli ·71 :! · 14 4 ·61! 17 :! I ;;;; l!l til :J·.jl 1 · -111 
1.) :!:3·80 11>·7:! I . 1-t J · ll-1 ll> :!;') :!I\ I:; · Ill :.! · -11 i · ii 
16 :!5 · 2:J lfi ·U I I ·!I.J i ·2·1 :?II 
Jj :!:3·73 J;) ·:! l :? :!R 8 ·:!-1 :!I 
18 :?5 · il 17 · :!1 :? ·81i .j ·ti-l :!4 
19 ~5·71 IIi · !I:! :? . l:l ll·:l(i ~;) 

)1('1111 r.u· ~ll't•k« :3 - 1!) )il'all foo· W<'<'ks :!- J.i 

24 ·0!) .~·0!1 :! 1 · 1:! 4 ·:!:1 
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,J. S . OTTO. 

EXPEHDJKK'J' l l. 

H(n·inf• :3-l:i·L Hodne :J~ .-,(j. 

- --.\ l onth 
"-"c-.-1; Oul_go _gm . 1'. of Outgo J.!Jll . 1' . 
);o . 

(nl-a l{(' Balance Ex pt . r nt>tkf' Halanc!' 
gm. 1'. gnL 1'. gru. 1'. gm. P. 

Fa('l"<'S . Crinc•. Fae<·c~ . I l"l"illl·. 
4 ·?i·l 4·0:3 ·0:11 11 ·4S 2 4 - ~)4 -~· :W ·0:3 1 o-:31 

:! 4 ·!14 :I ·H3 ·0:10 O·li8 3 4 <i4 4 ·47 ·O:n 11·04 
:I 4 · 5·1 4·24 ·0:.17 li · :?U 4 :.1 4i 4-·Il l ·O:?H I ·17 
4 -! · ,.i4 4 · 15 ·0:31 0 <II> .) 3 ·7!1 ·1<37 ·O:J:.! - ll · li l 
,) :3 <l i :J · f>8 -o:u I ·7(i 6 4. lli :1 ·47 ·O:J:l 1\ ·61> 
(i 4 -:l~ :?-:l() ·O:l+ I ·!lU 8 2· :W I · .:i:l ·0:1:1 {) ·li·t 
7 3 · l :i :1·45 ·03H I · tjlj () 3 ·44 I ·77 ·03fi I · li3 
IS Ill :?·7:1 I ·75 ·0 :17 11 ·()4 
!) IJ -~ S!J ~ ·:l 7 ·O:IH :? -r;8 

\ (J 12 4 ·!\!) 2 <32 ·040 :? ·4() 
I I 1:3 4 4H 2·25 ·0:1:! :?·:W 
12 (.j 4 · :?:1 :?· 19 ·0 1!1 :? ·02 
13 16 :? ·!J:I :!·50 ·OCi!l u-:n 
l -1 17 :? ·!i(j I -()(l · 0:1!1 (1- ,;(l 
l j 18 :; i(i :? <36 ·0:11 I <17 
] lj :?0 :~ ·:2:4 :? · 16 ·0:11 1 ·11!) 
17 :?J 3 7 1 2·78 ·O!i:? 0·88 
18 2-l :3 ·H7 :?·:?() ·0() 1 I ·.):) 
1!1 ~ :) :3 ·.il) :? ·4ij ·04X I {1·!)9 

~ l t ·an fo r W (.•(•l\s :j- 7 ~'kan r.,,. WN'k~ :3- 1 ~~ 
- - -- -- - ----

4· ::l0 ·20 3 ·1i4 I I ·07 

- --
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EXPEHL\I EXT II. 

t}ro'llf1 I V : Colr·iwu. Bolrwce (doily ornaue ) . 

W~l·k 
. \lunth 

Outgo gru. Ca.. o f Outgo gm. Cn. 
Xo. 

1 lntnke Hnlanct· Ex pt. Jnta kt- Ba la ne(' 
gm. Ca. gm. Ca. ~m. Ca. ,((Ill . <:a. 

Fo.('ces. Crine. Faeco:, . !'rille . 

- --

0 ·3U ~ · .33 ::! · 1;-l O·~n :! 6 ·:!2 ;j 8!1 ~ ·4:! 
2 1) · 30 4 ·00 :HIS 0·:!2 :l (i .;{:l :J·8(i 2 ·61i - ll·l!l 
:l 8·6\l !i·Ol 1 ·!10 I 78 ·I 6 ·:lo .i · -lti :!:!:3 - I .;{!) 

-t X · i(J ,) ·fl:3 I ·.i ~ I . ~=~ :; 6 ·!1H J)..lfi :! · ~·=I 1 ·01 
.; 10·()7 4·5:l I ·54 .t ·fiO (j 8 · .)~ -1- •,};j :?·~~ I · 7:{ 
li !>·38 :Hll 2·:!4 ~ ·:i:l :-; 7 · ii7 2 · :!1 ~ ·.t:l a oa 
i 8-:37 :l ·U-1 2 ·4 1 :! · :12 !I 8 · 1ili :3 . l.i :! Ii-I ~ ·H7 
!_; I ll 8 ·:ll :J · 7!i 2 .;;;j 2 · 0:~ 
H ll 7 · !1!1 :hi:! :! .;,;j I ·!J.l 

10 1:! 8 ·7:1 :.l· :li:\ :! ·8H ~ ·4i 
11 I;{ S ·il :l · .'i:l 2 .;,:3 :! ·6.'1 
1:! 1.1 7 ·!).) 3 ·:!.) 2 ·07 :! . fi:l 
I:! IIi 6 ·2:3 :1 · 9:! :! ·Oll 0 · 2-l 
1·1 17 :.l - 7~ 1 · 34 :! ·:H I) · l+ 
Iii l8 9·1)() ;J.;;j 4 · :?fi I · 2:.l 
IIi :?0 7 · ,) ,) :3 ·0:! :!·3:? 2·21 
17 ~1 H-:n -l · Sii l-:311 :l·l !i 
18 :H H·:l+ :)·88 I ·,}(1 :l · llli 
lH 2.1 n ·!li .)·:!1 1 ·-l:l :1·:!:3 

~l €'an for wee I\ ~ :l - 7 ~l<'an [or \\'l't•ks :l lH 
·- - - - --

S ·!l(j :? ·-Ill 7 ·!II I · 7/o. 
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J. S . OTTO. 

TABLE X.X.Xll. 

RS.PERilLEXT I!. 
Group 1·: Pho.~phorus Balm1cc ( dail.IJ al'f'l·age ). 

:! 
:3 
-! 
;; 
I) 

i 
8 
9 I 

10 
I I 
I~ 

Week 
Xo. 

.) 

:I 
4 
5 
(j 
I 
8 
9 

10 
11 
1:? 

Intake 
gm. P. 

I ·Ill 
1·0 1 
I ·:!9 
L·:HJ 
I ·71 
I · i l 
l ·il 
1 · 71 
l ·7 1 
1 ·7l 
l -~)8 
1·!)8 

1·68 

lntakc 
gm. Cn. 

:! ·14 
2 · 15 
:2 · 17 
2 ·18 
:2 ·67 
:! ·7 1 
:! ·SL 
:! 78 
:!· () 

:!·83 
3 ·00 
3·02 

2 · 70 

-----

Bovine <H30. 

Outgo gm. 1'. 

1 -:n ·IIIII 
1 ·.):! ·o:w 
:! ·01 ·03 1 
l ·!l!J ·o:l.3 
:!-:Ill ·O:J.i 
I ·8:! ·O:!ti 
:! . I '~ ·Ill S 
l ·8:! ·018 
1 ·11:! ·0-1-1 
1·:18 ·0·1-1 
I ·48 ·O:l l 
I · liS ·O:l8 

,\[o•;UI. 

Balanc<' 
gm. P. 

tl·3 
0·54 

- 0. ii) 
O·H 

- 0·6U 
0· 14 

- 0·4:\ 
- 0· 13 

0·0!) 
O·:W 
o-.n 
0 · :!6 

-· 11 

:\ lonth 
of 

Ex pt. 

l::i 
J(i 

17 
18 
If) 
:W 
:!1 
:!:! 
:!3 
:!-I 
:!.') 
:26 

lntak(• 
.f.tlll. 1'. 

1 ·01 
1·01 
I · :!9 
1 ·:!!1 
I ·7 1 
1 ·7 1 
I ·7 1 
1 ·7 1 
I ·7 1 
I ·7 1 
l ·Ht! 
I ·!lH 

1· 68 

T.\HL£ :XXXllJ . 

EXPERDIES'l' 11. 

Bovine 543l. 

Outgo gm . P. 

Fa<'t'C>'. t7rinc. 

I ·JO ·022 
1·-1-1 ·031 
:! ·00 ·031 
:!·03 ·0:!6 
2 ·27 ·0:19 
I · 7:! ·035 
l · tll ·03<> 
I ·3U ·03 1 
1 ·44 ·O:U 
I ·7:i ·026 
I ·47 ·048 
l ·3:i ·038 

:\1<'an. 

.Balanet• 
gn1. P. 

- O·i>l 
- {1·46 
- 0·74. 
- 0 ·77 
- 0·60 
- 0·05 

O·O!i 
O·:!!l 
0·24 
0·07 
0·4(i 
I)·.)!) 

- ·0.1 

Gtottp I': Calcium. Balance (daily avern,qe). 

Out~o gm. ('a. 

Faccc~. l'rin('. 

:I ·O.i 0 · 80 
:! ··17 1·03 
:! ·44 I · ~7 
1 ·47 :! ·118 
1. ·S.i :! -:10 
:! ·8:3 1 ·88 
:l · :!:l I . -~:l 
1-:n 0·70 
I · ~:> O·llt; 
1·0-t 1·03 
1· :!.) 1· :!1 
I <l6 1·09 
)lt•an for WN'k, 

J3.11ancc 
~m. Ca . 

- l ·i l 
- 1·3.3 
- :2· 1-1 
- 1·97 
- 1·~8 
- :! ·00 
- 0·84 

0·71 
0·-19 
ll·i(j 
0 ·5-l 
() .;;i 

3- 1:! 

- 0·5-1. 

)[onth 
of 

Ex pt. 

[ ;) 
l(j 

17 
18 
J9 
:!U 
:!l 
2:? 
:!3 
:?4 
:!5 
26 

:l53 

Intake 
S(lll. Ca. 

:!· !() 
2 · 17 
2. [ (j 

:.! · 19 
2·68 
:1 · 70 
:! · 78 
:! · 80 
:! · 81 
2 ·8:! 
:~ · O:l 
:l·OI 

:! · iO 

BO\•ine 5431. 

Outgo gm. Ca. 
______ llalance 

Fao:'ccs. l:rinc. 
gm. Ca. 

:!·!)8 0·84 - ! ·till 
:!·!'i l !1·80 - 1 · 14 
I ·;{6 :!·:!1 - I ··U 
I ·22 3 15 2 ·Ill 

·85 3·00 - 1 17 
·89 :2·9 1 - 1 ·10 

I · 16 1·:!9 0 ·3:3 
I ·:!3 1·41 O· lH 
1 <l:.! 1·07 0 · 1:? 
1·89 0 ·75 0 ·18 
1·4:3 ·87 0 ·73 
1·52 ·91 0·58 

Mean for we('ks 3- 1:! 
1-

- · t) ·:{.j 

------·-
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EXP lmTJIEXT liL 

P/togpfwru.~ Balunre ( daily flrerage ). 

{/toll'! I I. flo ri Jl(' .-) F>J. 

2 
3 
4 
.] 

ti 
7 
8 
\) 

10 
I I 
] ;!. 

1:3 

Intake 
~Ill . 

:3·!1a 
4·M 

10· 11 
lU <l!) 
10. :w 
10 ·41 
10·-12 
lO·:lO 
lO <lO 
10 -~() 
10·!1:! 
I I· 16 
I 1·08 

10 ·4!) 

Outgo gm. 

FaN·('s. 

3·34 
:{ ·0:? 
l· S8 
:)· 2 1 
4 ·.i:l 
4·1-1 
4·0:! 
4 ·-3~ 
-1·:?1 
:~ Si 
:!·till 
:3·7:! 
.) ·~.-) 

:\l~an r,,,. 

·0;/. 
·0:? 
·O:l 
·05 
·Oti 
·U.'\ 
·04 
·07 
·CJ-1 
·Ot> 
· I ~ 
·OR 
· 10 

\l'l•t·k~ 
I 

Balan<·e 
gm. 

l).;)i 

0·!)8 
8·:?0 
7 · ]:~ 

.)· SO 

.)·~:l 
ti <lU 
.) . 71 
tHI:i 
li·!l l 
S·l4 
7 -:lli 
.-. ·li:l 

:1-1 13 
I) ·.iS 

T .\HLE XLl. 

:\lontll nr 
gxpcri · 
ment . 

:l 
~3 

It! 
11 
1:! 
1:! 
14 
lli 
17 
I~ 

\!l 
:W 
:?l 

Cal(·ium Holoure {rlail.1) oraagr). 

UrOII/1 I. H01·inl' .-Jl.)+. 

1 
2 
:l 
4 
5 
(i 

7 
8 
9 

10 
I 1 
12 
I :3 

- ----

lntake 
grn. 

4 ·4:3 
4-::i~ 

22·48 
22·G4 
22 .)L 
22 ·.):! 
~:! ·HH 
Zt-r.:J 
22·47 
2:3 · i:! 
:!.:l·tlS 
n·2i 
2:J·.'i4 

2:HJl 

Out~o gm. ___ · -1 
Faect•,;. I e ri nt•. I 

4·0.'i ·(i:! 
5·01> -.:;:J 
J·5:! ·20 

];j ·\)() ·:?1 
1:1·6:'1 -:37 
14·20 ·38 
J.! ·50 ·:!;? 
!1·00 · 50 

lli ·00 ·4 1 
1:!·4:J ·I I 
l3 ·liCI ·14 
H -::!o ·Oti 
1:3 . (j() ·0!) 

BalaMe 
gn1 . 

- 0·24 
- J ·O!l 

IIi· 7fi 
ti·J:l 
8 ·4!1 
7 ·flfi 
7·!)7 

I ::1·():1 
U·llli 

ll · lH 
!J·94 
!J·UI 
9 · 8.i 

;\Iran fo ,r weeks :3- 1:3 
I !J ·(i!l 

:359 

.\lonth of 
Expr·ri­
ment. 

a 
;J 

10 
II 
1:2 
l ;J 
14 
lti 
17 
I~ 

I !) 
20 
21 

.J. S . OTTO. 

Has,., I Hat ion. 
., , 

Ex pl. llation. 

---------

Basal Ratiun. 
•: .. 

Ex pt. l{at i<Jn. 



.\~SDllL.\'L lOS OF C.\Llll'M .\..'"11 L'JIII:-.L'llORl'" LIY Tllt: GUO\\T:-iG HOVlYE. 

'1'.\HU: XLU. 

EXPEl"tDIB~T J l i. 

Pho.~plwr11.~ IJalonr(' ( dail.11 orerafJP ) . 

fJr011J1 II . Borine ;}];>i. 

Week 
.No. 

1 
2 
3 
4 
5 
6 
7 
l.l 
9 

10 

l l 
1:! 
13 

Intake 
gm. 

3·9:~ 
4·0:? 
4-:W 
:! <i7 
3·3U 
3·41 
a ·42 
2 .;}:! 
:?·98 
:3·il 

3 ·71; 
3·!111 
3·!H 

:l·H 

Outgo gm. 

l' rirw. 

:J :?6 ·0:? 
:l·:JU ·03 
:?·74 ·04 
2 · ~1 ·06 
3. ~;) ·Oti 
4 ·l.i ·Oil 
=~ ·03 ·Jl 
:!·4:? · I I 
a·:l6 ·Uti 
2·i2 · 11 

2·3:! . 1:! 
3·J!l ·16 
:l·43 ·24 
.\l(·art {o r \\ ecks 

Balarl<'e I .\I ont h of 
Exp<'ri-

gm. nwut. 

O·U5 :.1 
O·t>tl :l 
1·31 10 

·30 ll 
-0· 12 J2 
-O·l>O J:l 

·28 14 
- ·0 1 l ti 
-O··H I i 

·ill> IS 

I ·32 l!l 
·HI :!n 
·27 21 

:3- 13 
·35 

T.\LILE .X.LllL 

Calcium Balontt> ( daif!J u.reroyc). 

UJ'(Iup II. Hol'lne :)l,)i. 

\\'cck 
:\o. 

:! 
:l 
4 
5 
6 
i 
8 
9 

10 

11 
l :l 
13 

lntnkl' 
grn. 

.J.·o.l:? 

.J. .:;o 
22 (i~ 

14 ·l>.i 
:!2·\)0 
22 ·til 
:!3·74 
23 ·O:l 
2:L'\O 
24 ·18 

:N · 10 
23·81 
:U ·Ol! 

22 ·til 

Outgo !!''"· 
Balnm•t• 

gm. 
L'l'inE-. 

·l·il3 O·i\2 -O ·Ii3 
4 ·Sti 0·12 I - 1·08 
ti·Otl :; ·20 11 ·44 
.i ·:?ll I ·70 4·lli 

1:!·40 2 · ·H) 7' 10 
ltl ';!.j .; · IIi 1 ·50 
li 20 4 ·86 1 ·6~ 
17 :W :l·JO 2 ·:l:l 
17 · ·~0 l ·3'i =~ ·7.) 
tl ·I\.) !l·OO :l · .i3 

1:1·.)0 lHll.l 4 ·.3:! 
14· 1:) I··H u·:!:) 
1.3·10 U·76 :! ·:!:! 
.\l~>nn for we<>ks 3- l:J 

.J.·:ls 

:3(i0 

.\lomh of 
ExpC'ri· 
nwrtt. 

:J 
:3 

IU 
II 
1:! 
l:l 
14 
IIi 
ti 
I S 

1!1 
20 
:!l 

Btlsal Hntion. 
., 

l•;xpt. Hntion. 

.:;:j gm. 1' ~uppU:· 
nwntNI. 

.. .. 
Expt. Hntion. 

Ha~al Hal ion. 

Expt. R·1tion. 

.;;:l grn. I' s::rplt• 
lllt'lltl'll. 

~;'tpt. H11tiorr. 



'l'AliLE XLI v. 
I•:XP I.:H HIEX'l' 11 f. 

Pho.~plwr11s fialnnc( (d(//ly ,n·rra!JP ). 

(;1'01/fl Ill. /Jori111 .-)l.)K. 

:! 
:I 
I 
.; 
(i 

7 
X 
\1 

10 

II 
1:! 
1:1 

IHtako· 
gill. 

:l ·!I:J 
1·11:! 
:I· II 
:1<3!1 
:!<l7 
~-;)~ 
2·5H 
~ ·,):! 
:!·!'\:! 
:l · :l:i 

:l · i.i 
:l ·S!J 
:1 ·0:! 

:l·U:! 

tlutgn ,ern. 

L'r·inl•. 

:l ·li:! ·0:! 
:I II ·II:! 
l ·fiti ·U:! 
:! .... -~ ·ll4 
:! . n:; ·0~ 
:! IIi ·O.i 
:!· 1111 ·0~ 
:!· (;, ·11:·1 
:! · 1:! ·(I.) 
·> :!:1 ·IH 

. ) :!S ·Ill 
•) .u ·llli 
:a-1:! ·II~ 

\lo·nn l't• r \'.t•t:"k ..... 

BalntH'l' 
gru. 

11·:!!1 
fl ~.-. 

I ~:1 
tl !Ill 
II ,, 
11 · -lli 
o ;,o 
11·1!11 
0 ·:!.-. 
0 !II\ 

I 1:1 
1 <1!1 
II :!:! 

3- l:l 
tHi~ 

T.\BU: :XL \". 

:llouth nf 
K~f•l·ri­
llll'nl . 

:l 
:I 

Ill 
II 
1:! 
J:l 
I ~ 
IIi 
l i 
IS 

I!! 
~0 

:!I 

Call'llll/1. /Jain net' (d111l!J nl'l rfl!Jl ). 

f:ro"l' I II. lJoc111e :11.)~. 

·\\'o•t•k 
Xu. 

·• 
:! 
I 
li 
li 
7 
H 
H 

10 

II 
I:! 
1:1 

In t a ke 
gm. 

.t ·fitj 

.t·.H 
1-4·1:? 
4-l · :!(f 
4·1 ·O:l 
44 ·(10 
4 ·1·.j:! 
4:1 · XO 
4:1 · :!4 
4tl · H2 

·Hi · 14 
41i·09 
:l.i · 36 

4:J·:lO 

01111.!0 ).(Ill . 

Fao·('l'S. 

.J ~7 

~ ·311 
:?7 ·4 ;j 
:!li ·4 11 
'17 . 70 
:!li·7() 
:!7 ·::W 
:!!1 · .)0 
:l:J · ."i.i 
:lo ·:m 

;J:I :!.) 
:ll nn 
:!.t ·4 :! 
:I f l'fl.ll fn I' 

l ' l'iue. 

··Hi 
· .)-! 

:! ·;)ti 
:l ·2.t 
-l·lll 
4 ·8:1 
li ·:J2 
l·l:? 
I ·65 
;; ,'}!) 

4 ·41 
:J ·7:! 
:!·21 

weeks 

ll>litllll'(' 
)(Ill. 

ll·~i 
- U·:ltl 

1-l · l l 
l ·l·.itl 
I :!. 1.-, 
I:! ··l i 
11 ·00 
J:l· IX 
i'HH 
·HI:I 

h·-1~ 

10 ·47 
i ·I :1 

:!- l :l 
lll·.jS 

:3(; I 

:ll onlh nf 
I~Xpt·ri· 
menl. 

3 
:I 

Ill 
J I 
12 
1:1 
1·1 
J(j 

li 
1$ 

l!l 
:!O 
:!I 

.1. ::>. OTTO. 

Expl. Uatto>n. 

.. .. 
I ·IIi )!Ill. 1'. -u ppf<'­

llll'lllo·cf • 

Basal Hati!tn. .. 
1~:-pl. Hation. 

.. 
r ·117 j!rll. 1'. suppfc-

1111'111<'<1. 

Expl. Hntion. 



ASSDIIL.-\TLO.:\ OF ( \U It )I .\XIl I'IIOSPJIOitl !'-' IIY 'IIIJo; GHOWlXG llOYIXli:. 

T.\BLE XLYl. 

KXPEBDfF.X'J' 11 I. 

Pltosplwru.~ lJn7nncP (dail,IJ fll'l' l'fl,fJe). 

Uroup Jr. Horine :") l(iO. 

-

\\"eek 
Xo. 

---

:? 
3 
4 
:i 
(j 

i 
8 
~~ 

10 
ll 
1:! 
J:l 

lntnkt• 
gm. 

3 ·!l3 
~-11:? 

:! -11 
a-:m 
:l-:3!l 
2·.38 
:~ --~:! 
:1 · :10 
:3 -:10 
:l · 7:? 
:1-78 
3 · !1:! 
:HI-I 

:3·-1--1 

Outgo gm. 

l"rine. 

:1·:?1 ·0:? 
a-:;:-~ -1r2 
I ·U!i ·03 
:? -~! 1 ·0-1-
l ·llli ·IHi 
l ·!ll ·OH 
:l · lil 0-1 
2·H:4 ·06 
:!·75 -1(1 

:!·1!1 ·Oi 
:!·.lti -08 
:!·!Ill ·)!) 

:3-:;:? ·II 
3h•an for "et>ks 

13nlan(·t• 
gm. 

11-711 
ll·-1:? 
I .. &;! 

·Hi 
I -:17 
·fil 
<17 
-~(\ 

·4.; 
l·l fi 
l· I -1 

-~-1 ,. 
-·' 

:3- t:l 
(I iii 

TulLE XL n r. 

lllonth of 
Bxpt·ri­
mt•nt. 

:J 
:I 

IU 
II 
1:! 
1:) 
11 
[ ;', 

IIi 
I i 
IS 
1\l 
:!fl 

Gttl!'£um Halance (daily fll'f'l'fi!JI'). 

(/ronp 11'. lJot•in e ;') ) fiO. 

Week 
Xo. 

:? 
=~ 
.j. 

5 
(i 

7 
8 
9 

10 
ll 
1:! 
13 

lntakt' 
gm. 

-1--17 
-1--:H 
~·Ill 
-I· I H 
-1 · 1-1 
-l-11:! 
4 ·:II 
3·!17 
4 · HI 
·HH 
-t-.n 
3·!11 
.a-:!11 

-1 -2:3 

Outqo gm. 
lk•lnnce 

1!0\. 

l'rinc. 

.; ·18 ·03 - 1-:H 
t.:ll · 7:? ().,):! 

:! . !o\7 ·H O·HO 
a ·7.; ·8:! (l-:l!) 
:! .,;(1 1 · 30 li ·:!ll 
:) . .jti 1-:l!l 0 ·8:3 
:1-:l:i I · :?tl - ll-30 
3 ·:!;j 1·-1-9 tJ·77 
:! ·:?.i :!·10 () -!).; 
:! !J:l l ·9:? 0·:?1 
:HJ.i I -:3:; tJ·Ii 
:l·:!-1- ·-tl · :!-l-
:I 61 -n -:~:! 
:\l<•un [or week>5 3- 13 

0·1-1 

:l(i2 

~lunth of 
Rxflt'ri­
lllt·nt. 

:I 
:j 

Ill 
II 
1:! 
1:1 
1..( 
J.'j 
Ill 
17 
I'-
Hl 
:!II 

Ba,al Rat inn. 

E:o-pt. Ration. 

HMal Ration. 
.. 

Ex pt. Ration. 



EX PEHL\f EXT ll I. 

Pl10.vtdtur11s /111fanr·, (rlnil!; rll'l' l'fl!Jl' ). 

()/'(}I( p T'. /1(/t' l/lt' .",] .-,:3. 

:! 
:! 
I 
;; 
ii 
7 
H 
!) 

Ill 
II 
12 
l:l 

ln1 ake 
).:111. 

:l·!l:l 
.J- ·02 

11 ·:!!1 
IU·:l!l 
W .:!H 
10 · ~1 

10 · ~:? 
lll · :IO 
Ill :ln 
HI ·SU 
1!1 · !1:? 
II · Iii 
ll · U~ 

III ·Ut> 

Outgu 1(111. 

l' rim·. 

:!·OS ·ll~ 
:! Iii) ·II:! 
:! ·11.) ·I~ 

I 1 .... .i:! 
:! · ()2 ·:!H 
:! · S:! ·IIi 
:J<i:! . I~ 
.; 7.} :!·I);) 

:l ··Hi :! · i"\ 
I .. i;! :? . :;.J. 
:J · S:3 ·) IS 
1 ·11-l 1 · 11 
;; s-·) :! ··H 
\lean In 1 ll<'t'k' :! 

Balan•·•· 
u-m. 

II ·!1:3 
11.:~!1 
.~·:!II 

.-, · tiH 
i .il 
II l:l 
li · ill 
·• :.o 
4 Ill\ 

:!· '"' 
~ !II 
.i -71 
.) 7!1 

J:l 
.-, <l I 

T \ll!.E :XL I X. 

\lomh uf 
I•:Oqwl'i ­
lll<·nt. 

;j 

:l 
10 
II 
12 
I:! 
1-l 
]I\ 

Jj 

"' )\I 

~I) 

:.!I 

('olritu/1 H,d,ntt'r• ( d11ify rll'l' l'll.f/1' ). 

( / IIIII fl r. /Jo rt It I ' .-I]:,:). 

•) 

;j 

.J. 
f) 

li 
j 

s 
!I 

Ill 
II 
1:! 
I :3 

lruakc· 
gm. 

~ - !II 

! · .ill 
II I i 
I.J- ·0\1 
1·1· JH 
14 ·17 
II.:!:! 
H ·:li 
1-l ·:!.i 
11\·:i:J 
lli·-lli 
lti. J ,; 
IIi ·311 

l.'i ·Oil 

F'ac •c-t·~. 

-l · .i:l 
I · :ltl 

:!~ ;;u 
:!li · :~11 
I i · ,ill 
:!7 ·Oil 
:111 :1u 
:l;; :!II 
:l:l·:!ll 
:lH-111 
:!!1 · 1(1 
:!;, !Ill 
:1:! lilt 
~ll·an fo r 

----

l'riaw. 

·:l.i 
·HI 
·H.i 
·:?II 
·1!1 
· I.J. 
·(;,) 

·Sh 
. 411 
·4l; 
· -11 

8:!1 
I l'\i 

ll.\laiH'l' 
t!tlt. 

fl · li'\ 
() 41 

:!I U:.! 
17 · .l!i 
:!15 ·-Ht 
17 11:1 
l:l :Js 

'> · I!! 
I · li.) 
B·XH 

ltl · !l.) 
n-:11; 

11 ~->:! 

\\('(·k~ 3- J:l 
l·l·ili 

:!(;:~ 

\J,.nlh n l 
E'J>eri · 
llll'llt. 

:l 
a 

I !I 
II 
l:! 
I :1 
1-l 
IIi 
II 
Is 
1!1 
:!II 
:!1 

.J. :--. iiTTO. 

lla~al H:1ti••n. 
.. 

J·:,pt. Hntiun. 

Hn~al Hat inn. 
,. 

l•:,pt. Ha1i""· 

.. 



\SSDilLA'ILOJ\ 0~' C\LOL\1 .\Nil l'IIOSI'liOHt S J.lr 1'11E l;JI0\1"1:-.(. HII\'1:-.E. 

T.II:IU; L. 

EXPEHDJB:XT Ill. 

Pho.~phm·u.~ Balancr ( dwly al'l'm!JP ). 

(;rotlp I /. Horlltl .-,1-!9. 

·> 
:I 
I 

."\ 
II 
7 
K 

!I 
10 
II 
1:! 
1:1 

lntnkc· 
J_!tn. 

:Ht:J 
1·11:! 

I I · :!!) 
In -!In 
10 . :lll 
10 ·<II 
Ill ··1:! 
lu·:lll 
10 ·:10 
I O· S(i 
10·!1:! 
II · IH 
11·111{ 

10 • HS 

Out!!o gm. 

Fat•(·t-~. 

:! · 7~ 
:!-.;I 
:! ·4!! 
<1·14 
:l-:1:.> 
:l · !l ·~ 
-1-:n 
cl-·S:l 
I <IH 
4 · :!-'i 
:1-:n 
:j· :):! 
4 ·:!1 
~lc•an [u r 

-

-u:1 
·II:! 

1·0\) 
:!·liU 
I · iO 

·\J(i 
:!·Il l 
1 ·47 
.J ·OR 
4 · ;)() 
;?-116 
:! -:3o 
4 ·.>3 

Wl't·ks 

- -

Balan('!' 
,ttnt. 

I · IIi 
0 ··IIi 
6 ·7:! 
:l · l:) 
.:;-:n 
U·.il 
4 ·114 
4·110 
I - ~:1 
:!·Ill 
.} -.HI 
.; · .i!l 
2-:U 

:l- 1:1 
.J. ·:W 

-

T.llli.E LI. 

~lorllh ut 
El\(K'I'i 
nu·nt . 

:! 
:1 

Ill 
II 
1:! 
1:1 
14 
Ill 
li 
IH 
I !I 
:211 
:!I 

Calcium Bnlai!Cf (dwl!J fll'fl'llfJI ). 

(/ro~tp I /. Donne :) 1-!!). 

:! 
:l 
•I 
,) 

II 
7 
I{ 

n 
10 
II 
1:! 
1:1 

Intake· 
)!Ill. 

.j ··t:l 
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