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T .\"l'H () IJU C'TJON'. 

TnEILJ-:11, Green and Du T oi L (Ul::?4) f·irst <In>,,- atte n tion to a tnn r ke<l 
pho;, pllOrus <lefi l'ien<·y i n th e pa;;tu n !:-; -o f s twh p arLi of I he 1_T n io n , 
ns Hech unnalnn d alld t h e TransYaal IIi g- IIYei d. ]) u 'J'oi t u nd lli ,s<·l1op 
(HJ2U) ~ho11·ed how tl1is flefic ien c.v rn nte riull _y aifec iP<l gnmLb , 
deYelopment, pl'OULil'iion uncl reprodu cti o n in cattle ou thP VetPriuary 
Resear ch Station , " Armoe <l:-;vln kte " in B e<;huanaland. 

Henrici (1938), J)u Toil , et . al . (1930-1 935) mu<le u.n ex tensive 
sun·ey <Jf t he fel'ding Ya lne of n a t ur~d pastu re gra ~,;ps in thP T nion, 
a nd found a p husp lt onts d Pfil' i8tH ·y to exi,;l. pradi('ally t hmughou t 
l it e countr\. ! 11 o rde r to pn .. ,·enl. the eff<'r·b of this rlPfi<·ietf('y, 
fanner wer<" ach- i~ed to t> upply i heir cattle with the n ece,;sary 
phos ph orus supp lelll e nl fron1 tl1 e age of \\'P<Illi 1rg (a t G-U IIIOII( It s) 
onw<Irch . Prior to ihi,; age; e;;I I,·e::; of pho"p lwru;;-fed I 'O\Y,; usu nlly 
sho 11· sa li sbrtor y gTo1dh n11d c] p;-e lop nte ll t·, a n1l s ince it i s a t eclious 
prol'es:-; to dose y oun g cah es 'vith hm1emeal tl1is lower ag-e lim it 11·as 
introduce1l. l"or t he ti me bei i1 g· the question " ·h eth er or not 
phosplwrus ;-; upp len te nt.rt io " lo l'< lh es prior Lo ~~·e ;lnillg-, 11·ould br 
l''·o fi Lilllr, ~~- as left i11 aht'ynn<·r•. 

At " ArmoedsYlakte" a long ter m experim en t h as been m 
p rugre,;s si ll l'e 1!)25, in " -hil'h in<lig-e no us fenral es ha1 e hee11 g-raded 
up s_ys lPmali ca lly 11 ith pu reh1wl lml ls of huth in<lig-e ll ou,; ancl 
pxoge nous ca ttle bn·eds . Jn th is exp e ri111 e nt i t " ·ns fo u 11d ll rnt t he 
l,alfl Jre <l cn lf generation, b orn o ut o f bo 11 em enl-fed <hm s . cl eYeloped 
qui te sal isfadorily up t o wean i 11g· age•, 11·it h nut a phos phorus nillt :le
men t. The hig h er b red exogenous c·nlws, that is, the ~ a n1l 7 bred 
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l'EEJJING 01' PHOSl'HOlWS SUPPLEMENT TO CALVES . 

g-rade;; out of bonem eal m ot hers, did n ot do so ,,·ell as the halfbr eJ 
<:alves up to weaning age, ;md th e question \vhether such calves 
would nol be 11 efit by bone meal fee<l ing prior to weaning, had to be 
considered. 

0HJI·:cr oF T u E ExJ 'EHI~ll·:.xT. 

The obj ed of Ute e::qJeri me nt " ·as to a~certain, whetb e1· during 
th e first U mo nth s of l ife, cah es of honem eal-fe<l moth ers " ·h if'h r un 
und er open range conditions, "~'>·ill grow and develop more satisfac
torily " ·h en supp lied wit h a phosph oru ;; snpplemen t, than under t he 
present system of management of t h e grade herds at " Armoeds
vlakte ", i.e., wher e no pho,;phorus ;:;upplem t>ut is feel to calves until 
;tf ter " ·eanin g- al th e age of 9 months . 

Tl1 e e :-.:pe ri lt lt·ltl 11a" t·onduded <lu ri1 1g IU:HJ, 1907 ;tlld 19:1s al 
th e Veterinary Hesear c b Stu Lion , " Armoedsvlakte ", near Vr,Y burg, 
Cape Proviuce, where t h e or igi11al researches of 'l' h eiler , Green and 
]) u 'l'oit \\"Crt> •·;tni ed 0111 20 Y<·;tr,.; ;tg-o . 

A. E :cpe1·im enial Animals. 

T1tese consist ed of t bn·d Hedpoll cahes, born on th e Station 
ou t. of t bred, honemea l-fed Ilf'clpoll co11·s, a n<l s ired ll.Y p urPhred 
Ueclpoll bulls . These cahes were pa ' scd int o th e " Bonemeal " a ncl 
" Control " groups alternate ly in sequence of their dale of birth 
and ~ex . Table Xo . I gin's (lf'lail,.; of th e e :-.: pl' rilll enlal animnJR in 
P-ach gToup. 

i\ s will be 8ePn from t his tab le, one calf di erl in each group 
an(l a furtl1er c;tlf had to he <li sch :ug·ed from tl1e Conlrol g-roup on 
;lC<·ou n t of i ts dam cle, eloping mastiti s . The bonPmeal and con trol 
gro up s, ther efo re , finally con sisted re~ pectively of D ::tnrl 7 c:thcs. 

H. /lonemeol .\ u;1ple m e n&. 

The " control " c::thf's r ece ived no supplement. 1nio r to wPa ni ng . 
From the 27 ht day of ngP, lo t he end of lhe test at 480 days of age, 
t he:v receiYetl :1 oz. of ho ll t'IJJPa l pPl' lt l'a<l p<•r <lay . 

'.I.' h e '' boncm e;1.l ' ' cal vrs " ·e re trea l ell as follows : 

From date of hir lh to :lQ d:~ .)·s old , no supplement. 
From 31 days old , to GO days old , 1 oz. of bonemeal per day 

pe r head . 

From Gl days old, to 120 clays old, 1 oz. of bonem eal per day 
per hea d. 

From 121 clays old, to 180 days old , 2 oz. of bonemeal per day 
per head. 

From 180 days ol d on,,ards, 3 oz . of bonemenl p er day per 
head. 
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FEEDIKG O.F l'lfOS I'liOKUS SUl:'l'LEm·:ST TO CALVE S . 

The Yery young cahe,; '' ere dosed by opening th ei1 mouths 
and pouring the dry hon emeal .into it . At first a fe"· of the calves 
ejected some of th e bouemeal, but they all soon became accnstomecl 
to this method, "·hich " ·o rked quite satisfa ctorily. When the calves 
I': ere olcler th ey II' ere dosed accord in g- to st::rncl a rd method e nt ployed 
at the Station , i. e., wit h moistened bonemeal , by m eans of a spoon. 

C. J/ ill.· H ot1on::. 

ln order to obtain da,ta concerning the milk-procl uctwu of t ile 
cows, and hence concerni ng the milk intake of t he ex per imental 
calves, i t h as been necessary to adopt nn 11nnsunl p1 ocedure in all 
the experiments at " ArmoeclsYlakte " : \ Vhere co" ·s are depe1Hlent 
t:pou t he natural pasture for their ;msten::mce and recei ,·e no 
addit ional production r ation, hand-rearing of ca lYes is unpractical. 
!±the calYes are taken U\Yay, tl1e COIYR dry u p in about ](J-1~ IY ee l\~ 
aiter part urition. EYen where the cah es are reared on their dams, 
the a vernge lacta tion yeriod is relat iYely short. Bonemea l f ed cmn 
usually do not gi \·e more than 2-3 llb. of milk per clay nfter t he 
30th week of lactation. 

The C<lhe~ a l'e al lon·ed h nl£ their moth er'~ milf,. Du ring the 
first week they suek the two right teats of the udd er anti t he two l eft 
tea ts are mil ked for r e('o rding purposes . The follo\Yi ng v:eek i. ht 
calves suck the l eft hal£ of the udder and the right h al£ is milked. 
Each vVednesclay tl1e " hole nllder is milked, iu order r) estimate 
IYhether the miLk from on e half, actually represents 50 per cent. of 
the production of the whole u dder. 

For th e fi rst 14 weeks (98 clays) the cows are milked tw1ce a 
clay- for the next 16 weeks (up to and including th e .810th day) 
only once a clay. From t he 211th day until weanin g at 270 days of 
age, t he calves run ''ith their dam s. 

D. Calf Mann.r;Pnwnt . 

The caiJves wer e brough t to the milking sheds at milking ttme~, 
{rom calf p addods approximatelv 10 morgen ( ± 21 acres) in extent, 
where there was good gTazing, shelter and " ·ater supply. 

E. B orl y Tt' eights. 
Body weight~:> were taken every 30 days, from da te of birth 

onwards until the conclusion of t he experiment at 480 days ·of age. 

F . P1:ca T es ts. 
Pica Tests were conducted at interva ls of 14 days . The object 

was to cleterm me th e degree of <Jsteophagia, or lTttYing for bones, 
exhibited by the cah es. The pica tests '"ere co nducted in t h e usual 
manner (see Du Toit and Bissrhop, 1929) by first allowing t he 
animals access to a trough containing sterili?:ed rotten bones. Any 
animals picking u p and ch ewin g such bones were marked clown as 
" rotten bone " cr avers. The remainder were then passed in to a 
pen ('Outa ining a rrough 11·ith sh .. rilizecl " SIYeet" bo nes. The cn1lves 
which picked up and rh e\TE'rl t hese were recordecl as " s' ' eet hone '' 
navers. 'l'hose that dJ e\\·erl neither rottt•n no r S\Yeet hon es 11·ere 
recorded as " non-era Yers " . 



J. H. R. lJISS CIIOF, A. I. 11ALAN, II. P. S'l'EYN AND G . H. LAURENCE . 

G. B ody 111 easu1·emen t s. 

Docly measurements were taken eYery 30 clays from th e elates of 
hirth onwards. The '"ell-kno1Yn Deriaz system was employed. 'l'he 
measurements t aken " ·ere: -

(a) Length of body . 
(b) Height at with ers. 
(c) Height at hookbone::; . 
(d) Depth of chest. 
(e) W idth of chest. 
(f) L ength of r ump. 
(g) \ Vidth between hookbon e~ . 
(h) Width between thirls . 
(i) 'Width between p inbones. 
(j) Length of head . 
(lc) \Vidth between eyes . 
(Z) Heart girth or body circumference. 

H . B lood fl nalysis . 

A blood sample was taken from each calf at the ages of 30, 
GO, 120 and 180 days of age a nd an alysed for inorganic phosphorus . 
Thereafter all the exp0rimental anima!ls " ·ere bled for simil~ \l' tests 
once a month fr om October 1937 to March 1938, i.e. frr m t l1 e 
approximate average ages of 11 months to 16 months. 

I. H i stolo,r;icnl S t t((lies of JJones . 

The experimental prog-ramme called for rib-resections at the 
costo-chondra l junction, of all the experimental calves at the ages 
of 90 and 210 days, but on account of the time r eqn ired for a 
number of t hese operations, it IYas decided to select one heifer aucl 
one " tol·ly calf " 1 from eac h group . These 4 cah es 11·ere operated 
on in th e middle of February and ag-a in in the middle of June 1937, 
approximately at t h e ages of G5 and 180 clays . The resected pieces 
o£ ribs \\·ere examined histolog ically to ascertain 11.l1 eth er C'alcifl eution 
was taking place normally an d at the same rate , in both groups. 

J. Statistical A11alys?s of Data . 

All data " ·ere analysed statistically according to F ish er (1936) . 
On'ly su ch differences which proved t o be signifi cant in terms of 
Fishers P = 0·05 or P = O·Ol have been usecl in arriYi11g at conclusions. 

IV. E xPE R iliiEKT,\L l1ESULTS. 

A. lJocly W eights . 

Table No. 2, which has been divided into three parts, gives in 
Section A tlw aYerage botl:v \\·pights of th e Bonemeal and Control 
cah es at 30 J ay intervals from birth until 480 clays of age. 

( 1 ) " 'l'olly calf": A castra t ed bull c·alf. "Tolli <.>s " a re castrated hu ll cah·es 
up to t be age of 1$< months . 
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J . ll . .LL H I SSC II <J I '. ,\. J . . \1.\T. ,I.'\ . H . 1'. STEYS .\\1) G . II . L .\ 1. 111-:SC I<. 

T ht• orip:i n<tl t•s p er int e> nl<ll p m g rmnntP r-o1·ered the period h o ttJ 
birtl1 to \Y enu in g. . \ t 1 1 ti.~ Litter ,;blgt', it ""'; tl l·r-iclPd (o t·o n ti n ue 
the test to 480 day .. ; of age, hut i tt t he lll eantinw a uulllber of calve;; 
had uot. been 11·eiohed 11·lwn :j( J(I da YS oltl. '!'he \\·ei~ht cohmlll for 
11Jis age ltas 1.herefore l>t•en ' '" chHI•··t!" fron1 (he ta hlt•. ' 

'l'h t· ;t<:ht:ll d itte rPn ces l:eh • l' t'll. t he <tl·entg t• \\·Pigl1b of lh<> 
l-o ttem e:tl a n d con i rol r-fthe.<- :tre giYen on the r>Lh ho ri~on (: tl li n e. 
Tn lJOriwutal lin t' :Xo . ti thec;e diffPreltn·~ <tiT gi\E'll a..; llen-t·nbgt·..; 
of tlte cont rol ll~<I Kal ) \\ Pigh t..; . ~ i g·nll i t·an t difiercnct'ci are prin1t•tl 
i11 heay~· type and to s ho\\· tl1e tlq.u·ce of ,;ig t l i fic<~J we Pilher a 5 or 
a 1 h:t .-; bee>n pLH·<>rl in bn1t ·kpt-; <I !:on• nnd l D l i1e r ig·ht of snch 
sig nific:m t cl iffer em·es . 

f-;edion I) g i n •s 6i llt iLtr tl:1ta n c; Sedion .\, ft>r lht· lteifer c:lht•..; 
i11 the t11·o t•xperi nl Pni:tl gTolll'·" <lt HI 8l'l"liorl ( ' fo r tlH· (,oll,· t·ah•·:;. 
T h <> tluee agee' of imporLttlC<' i 11 til <' te-;t \\·t'n', ii.rsth · t ha l at :jt) cla:1·R, 
\\·l tt> ll ll11~ ho t)( • l llll<li g t·oup \\·: ;.-; ] ·!:; ,· etl t l] >OII iL plwc;plttH·uc; ,; uppl t•
mt•nt ; seeon d l.1· :tl '210 day..; . 1d tt'tl hot l1 gmupt:: \l l:' t·e \\·ea lll' tl, <111 d 
t h e• c011Lrol g-roup \\·a,; placed upot l <I ho neme:1l 1·;dio1t . Pqurtl tu t lwt 
of t he honenlt-)<ll g-roup; and tl: iJd J.,· nt -I·RO thy.-; , 11hP11 Lol l gTo i!Jl ci 
h a rl r ece in:d a n eclu :tlp hoc;plwtll:' 'llJl]l lt•Jtt t'U1 for "i tll OJltl lci . <111(1 "·lwn 
tht· tPs l 11·as (e m t i 11ate(l. 

8<>clion .\.of T :1bl r· :\o . :! "ho ,,., lli:tl ai tl OJH' of t lw,;e <l ~ e' clid 
t.lwrP e-.; ist <1 11 1 s ig·nifir- :1 nt ,1 ifte< e nce i 11 Loch \\ t>ight beh1· r~Pll the 
experimental gTOilJl:' . ( h1ly lllle ;:; ignifit·ant tl rffen•J tf"E' i..; ci('P\1 in ( li e 
!able, i. P. i n ,'-:Pctio tl .\ :1t ~1!) (1 d ay,; . .Since, bmYe1·er. tlt i " sig·tlific:l ll t 
d i flerence is p recPrl ecl an d ;; uccPt•tlec1 lt.\" :1 seri(•,; of iusig-l l iii e:l n t 
rlif'ferew·Ps, i t·s <l ]tpPnrn nce j ..; mocd <liffit·nlt to e:s: plaiD <ltHl does tlo t 
<lppe~n to be of :111.1· Liolog i.t·:tl in l] torLIIt ce . 

Tt <~ppe : lr . ..; \\"<Jtt·;tn t• ·tl ttl r-ou ··l lll le l li Prdoi 't' tlt:1 t "' L n· :1 ~ !~ n th 
weight i s coneernetl, t lw f ePtling of honem eal. to ca lYes Jllior t·o 
\Yt'anillg- "·a ,; 11·it ltout Pl"fPd. 

Sections Hand Co r Tabl(" 2, ,, lllm tha t the t·t: 1c; 110 :>Jg·nifir·a nt 
<! iffprenct>s het\\·e t'll h m en iP:Il a111l cot1h·ol heifl't·'. attd l:e t\\·t·e tt 
honeme:ll allll conl1·ol !olli e,; . 'L'Itr re i,;, lHl1\·e1·n, a n· tT lll ;t l.er i:d 
rli fle re nce h r t 11·ee!t t li e ( 11 o ..;c·xPs <I ( 1l1 e sam r· <~gt'. T it is ;l,pt·d \\'i I! 
l;p rl e:tH \Titl t in :1 "' PJl<l t <~h· :lrti ,·l t• . 

H . P 1ca . 

Tall!(• N o.:: ;.::in•,; lli P l'l'"lllls ol t ll l' pica 1e,; ts fnr 8<1t·l1 ittdiYi(lu:il 
;~ nimal :tl ttl fr1 1· P<lt·lt gro np. :1 ! fodni!! l> tly int PrY:Jb , 11p ( o ..JHO th .'' 
of age . 'l'h n •p ..;\. lt tl)(Jb :1re IINerl: -

(o) A tll inu;; ~ ig t t, - , dPnt>il' .' a non-n:l\·er. 

(1,) A nost>, x, den ote,; r: roiteJ1 bone cra H't. 

(c) A plai n circle, 0 . ,]en ott•c; " ci\Yed bon (' cr:1Yer. 

'l'lw tnbiP i::; tl i ,·icl erl i n to two parb. Tl1e npJIPl' half giYes i hr 
p ica r es nlts of t liP bo11eme:tl group, t l1P lo11·er lt :tlf 1.h osP for t he 
control group. T ltt• th ick Ye rti ca l l in e al 00 dnys i11 t lt e uppt•r h:1lf 
J e note:i th e l;pg·inning of hon pme:1l su pplemetd at iotJ to tl1 e bot tell lPal 



FEEDING OF PHOSPHORUS SePPLEMENT TO C'J,LVES. 

group and a similar line in the lo"·er half at 271 days, the beginning 
of bonemeal feeding to the cont rol group. In the horizontal line 
below each group, are found, the group pica totals for all age points. 
In the last 3 Yerticall oolumns are found, for each animal and for 
each group the total number of occassions on which rotten and 
sweet bones were eaten and the total t.:raving per group. 

The table needs no explanation. The calves of th e bonemeal 
group show a negligible degree of craving. Five out of the nine 
animals never craved at all and of the four that did , the worst 
(No. 6777), chewed rotten bones only on one occasion and S\Yeet 
bones on:ly on 3 occasions, during 34 consecutiYe tests. The total 
craving for the group amounts to 9 out of a possible number of 
306, i .e . 2'94 per cent. 

The total craving for the control group amounts to 88 out of a 
possible 238, i .e. 36 · 97 per cent. 'l'his is 12~ times as much as in 
the bonemeal group. This high degree of pica is, howeYer, not 
common to all the calves in the control group. It " ·ill be noticed 
that although no calves were non-craYers throughout the course of 
the experiment, t"·o were practically so. The rest were a!ll marked 
cravers. As a group it will be noticed that the degree of pica 
increased up to the time ''"hen all the calves were weaned, i .e. as 
long as the animals recei,-ed no bonemeal. From then onwar<ls the 
pica in the control group, dropped steadily until, for the last 3 
tests, only one caH showed craving. 

From the data given in Table No. 2 one is justified to conclude

( a) that in the bonemeal group, the phosphorus supplement 
prevented craving almost entirely; 

(b) that in the control group, until "·earring age, th e degree 
of pica, indicatiYe of aphosphoro,sis, increased steadily; 

(c) that the bonemeal supplement given to the cah-es of the 
contro'l group, from weaning onwards, reducecl the clegree 
of pica to a negligible amount by the end of the test. 

C. Body M eaS1trements . 

Because all the calves were not measured at 30 days o£ ag·e, 
Table No. 4 does not include data for that age. It gives the average 
body measurements in em. of the ralves in both groups, for the 
ages of 60, 270 and 480 days . As in Table No. 2, the actual and 
percentage differences (in terms of the control measurements) are 
given for each age, and signifi cant differences are printed in thick 
type, with the degree o£ significance g iven within bra ckets above 
and to the right of the significant differences. 

It will be noticed from Table ~ o. 4 that no significant 
<lifferences were found het ,Yeen the bonemeal and contro'l groups, 
in the body measurements, at any of the three ages given. In fact, 
although the cah·es were measured eYery 30 days, no sio·uificant 
difference between the 2 groups, "·as found at any stage du~·ing the 
test and it is, therefore, justified to conclude that the bonemeal 
supplement had no effect upon the body measurements taken. 
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F EEDINli OJ: PIIOS I'l-lOltCS St;PPLEiHENT TO CALYES-

D . lilood cln alys1.:; . 

In 'lable ~o. 5 is giYen t he inorgani c blood phosphorus in 
milligrams per 100 c .c_ for each calf, at different ages throughout 
tl1 e experimen t. B elow each group t he group totals anll <Herages, 
at the g-iYen age, art> fo und . ln t he last 2 horizontal columns the 
adual and percentage differences (in i.erms of ihe control figures) 
are giYen . Significan t differences ar e sh own in t he usual wa:v-. 

For reason s alreaJ y explained uo an alyRil' >Yas co nlluded when 
l he ca lves were 270: clay.s old. U nfortunately it is , therefore , 
impossible to compare t he 3 important ages of 30, 270 and 480 day;;;. 
:\'ever thel ess, th e :figures in t h e last hor izontal column are mosi 
interesting. At t he age of ;~o days t here " -as no sig ni fica nt <lifference 
in inorganic bllood phosphorus bebveen thP b Yo groups, a li.houg-h 
th e average of Lhe contr-ol gr·oup is slightly higher lhan that of th e 
l:onemeal gl'01111. At 60 days ih e <l ifferPll r-P i s sti ll not sig-nificant 
bu t no\\- the bon emeal group is slig-htly higher than the controls . 
• 'd 120 clays the bonemeal ca lves sho 11· an in organic blood phosphorus 
1 ontent, \Yhich is 21 per ceu t . higher than that of t h e controls . At 
180 days this significant differen ce h as iHcrea;;ed to 45 per rent. It 
,;eems safe to assume t hat at 270 days, ,,·h en the controls 11·ere p laced 
upon a bonemeal ration, the differPn ce '~'Ollld probnhly haYe bePtl 
at Jeast a" marked ns at 180 cla ~·s. 

The next analysi :-;, at 11 mont hs of age, i .e. after th e controls 
had been ou a bonemeal ,;upplem ent for ~ month" sh-ows a distin ct 
drop in the percentage difference between the 2 groups . This 
difference, howeYe r, remains highly sig nificaut . Ai 13 mouth s of 
age, the inorgauic blood phosphorus of the con trols ,,-as actually 
significantly higher th an that of the ho nemea-l groups. From this 
point onwards there was no difference between the two groups . 

Comparing t he average P 20 .-, fig ure;; for the two groups, i t will 
be noticed , that n fter t he high figures of all the experimenta l cahes, 
up t o 60 days (a high inorganic blood phosphorus content is normal 
for young calves- see Green and }iacaskill, 19.28) th e bonemeal group 
retains a leYel of approximat.etly 6 milligrams per 100 e.c. throughou t , 
while in the control group there is a distinct decline until weaning 
age, but from the time IYhen these eah es too were placed upon a 
phosphorus supplement, t he averag-es show a defini te npwarcl trend. 

From these figures it is concluded , that th e bon emeal group of 
calves received sufficient available P 2 0 5 to maintain a constant level 
of inorganic blood. phosphorus, as judged by our analysis . On the 
oth er h and t he control group of calves probably did not receive 
sufficient available P 2 0 .,, and although no conformational evidence 
of an insufficiency could be detected, the analysis neverthe1less 
revealed a drop in the inorganic blood phosphorus . After t h e control 
calves h ad also been placed upon a bonemeal supplement, their 
inorganic blood phosphorus, rose to a level , equivalent to that of 
the bon emeal ca1lves. 

In a ddition it must be emphasized that t he average values ot 
5·52, 4 ·33 and 5· 10 milligrams phosphorus per 100 c.c . blood of 
the control calves respectively at 4, 6 and 11 months o£ age, are 
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FEEDI:\'G \H' YHOSJ'.HORUS SliJ:'L'LEM:ENT TO CALVES. 

indicative of aphosphmosis . The value 4 · 44 especially, is only JUSt 
above the minimum accepted as .sufficient for mature cattle, and IS 
therefore 1·ather :low for G months old cahes. This provides evidence, 
that the Gontrol calves suffered from a phosphorus deficiency, which 
howf'Vf' r . '"as not manifested conformationally . 

.E. JJone lhstology. 

The histological examination of the costo-chondral junctwn s 
>·howed good calcification '"ith long and closely knit primary 
trabeculae, both in the rib-resections taken at 65 a nd at 180 days 
of age. U p to 6 months of agP. tlwrefore, t he skeleton s of the calves 
examined were f.ound to be nonnall in terms of phosphorus. It is 
unfortunate that no histological examinations wNe done on resertions 
from cal ,·es at 9 months of age. 

ln the resections taken iu June 19~n (180 clays old) the cosTAl
chondral junctions of calves ~os. 6714 (control group) and 6727 
(bonemeal group) revealed t he presence of a fibrosis , probably 
osteodystrophic in nature, which is, J10wPver, as far as we know, 
not associated with aphosphorosis. 

\ ". 1 hsCUSSJOC\. 

NoT.r-:.- In the disc ussion of the experimental 1·esults t he word 
« function " is used in such phrases as " fundional efficiency ", 
''functionally subnormal "," fuudio nal abnormalities", etc. Tl1e 
reader may interpret thP word " fun ction " as the ;;;um total of an 
animal ';; physiologica l manifestations. In the p1·eseut discussion ,;uch 
an interpretation is not intended. 'l'b e <1du::d functions referred io 
are clearl:-;· clescribed in paragraph ~; ( IJ ) (1) and (b) (2), below. 

'l'he results of the experi1n en'l ~how , that m terms of the 
experimental criteria employed: -

(a) Th e bon.enwal swpplP1nent had no effert ·upon g1·owth and 
development, i.e. U]Jon e.?;ternal con/0?"1nation : At no time during 
the eour e of tl1e inYestigation. either before or after weaning, were 
s1gnificant differences found between the average body weigllts or 
hody meaHuremen ts of the two groups. 

(b) Th e l10nemeal supple111Pnt improued .functional ef/icie11cy: 
The hmlf'meal ca:lves, function ed on a higher plane of efficiency t han 
did the control <"alves, from the time they were plared upon a 
phosphorus supplement, until nw control calveR too r eceived the 
sam e supplPment . 

(1) In comparisoll '"ith thl' controls, th ey exhibited practieally 
no osteophagia, and sbmYed " higher and much more consta nt level 
of inorganic hlood phosphorus up to weaning age . 

(:2) From the age of weaning 01n~ards, " ·hen the controQ calve,; 
also receiYed bonemeal, the manifestations of a phosnhoru ,; 
defi ciem~· exhibited by them abated and fin ally diRappeared. A.t 
1 he conclw;ion of the experin1ent, the eont1u l calves were, in term s 
of the experimental criteria, in every '"a:'i' comparahle to the bonemea 1 
calves. 
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The experimental results tlho\1 up an apparent anomaly. At 
,,·eaning age the control caih-es, although conformationally normal, 
\\'ere functionally subnormal. How can subnormal funetion maintai 11 
norma 1 confonnational deYelopmen t? Theiler, D u Toi t au d Malan 
{1937) conducted mineral metabolism inYestigatiou:-; on pig-s. They 
found that a g-roup \Yhich r eceived an arlequnte r atiou, t>xcept for 
a deficiency in phosphorus, showe<l as ra pirl a weight innease, a;; 
<lid th e group on a completely adequate 1·ation, fm· the first 5 month~ 
of the experiment , i.e. up to a liYe "·eigh t of approximate:ly 140 lb. 
This normal f'onformational development took place notwithstanding 
t he fact, that 4 months after the commencement of the test, the 
inorganic blood phosphorus of the g-roup on the defi cient ratiou 
averaged only 0 · 60 milligrams P 20 5 per 100 c.c. as compared with 
g .g milligram~ TWr 100 c.c. for t he group 0 11 fl ('Omplete ration. 

Up to a point, therefore, the deficient skeleton \Yas able to 
support normal increase in body weight . After this limital point 
had been passed, the phosphorus deficien t group showed a rapid 
clecline in the rate of bodyweight increase in comparison to the 
pToup which received phosphates. 

It would appear as if, vp to u point , the ~l, elel.ou :-; of growiu g
animals are able to d·o with less than th eir normal mineral require
ments, and neverth eless f unction sufficien tly well to support normal 
increase in body weight and size . 

This idea explains the apparent anomaly encountered in t he 
Experiment under discussion . The control cahes, although receiving 
a phosphorus deficient diet, had not reached the " critical point '' . 
at weaning age, and therefore, showed no externally determinable 
"ympt-oms nf the deficiency, which, when removed h~· subsequent 
bonemeal feeding, allowed the animals t o huil<1 up the funetiona l 
ctbnormalities back to normal by the time they \1 ere -±80 days old. 

It must. be remembered, however, t hat t he calves of both 
experimental groups " ·ere born out of bonemeal fe(l cows, and 
received, through the milk of t heir dams, quite an appreciable 
amount of aYailable phosphates, up to weaning age . 

On th e <JYerage each calf of the bonemeal grou p n ·ceived 1,25.1 
lb. of milk dur ing th e 210 day period over whic·h t he production 
of its dam was recorded. The control calves each r eceived on t h e 
average 1,288 ilb. of milk. 'l'he difference of 37 lb . per calf between 
t he 2 groups is insignificant. Even if the difference wa s significa11t 
it would be in favour of th e control group . 

Groenewald (19M) gives an average of 0 · 221 per cent. of total 
P 20 5 in bovine mille Applying this figure to t he average milk 
intake of all the calves born out of bonemeal fed cows, that is 'to 
1,267 lb. , we find that each cal£ received on the a.-erage 1,258 
grammes of totall P 2 0,, in 210 days or 6- 00 grammes per head per day. 

This amount, together with whatever available P 2 0 5 they 
obtained through their grazing, \vas apparently sufficient for the 
control g-roup to maintain normal conformational development, aml 
to ma intain functional efficiency, ubove th e "criti<;al point" up 
to 270 days of age. 
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The two group,; of calves ran togeth er in the same paddocks anrl 
received the same amounts of milk. Th erefore the fad tktt the 
honemeal calves ,,-ere hot h ronformationally and functionally 
uormal, while t he contr.ol cahes, though confom1atiom1lly normal, 
were f unetiona lly subnormal , can only be attrih ntecl to the ex.t1':1 
phosphates whi ch th e fonlll'l' gro up received hom t heir t; upp:lement. 
'l'h e phosphorus defi ciency in the controls 1n1s not ;;uffici ently acute 
to manifest itself conform:1tionally. 

So far we haYe comvared group,; of cahes horn of bonelll ea l 
{eel cows, and which receiYecl lhe same aYerage amount of milk from 
their clams . L et n ;; next compare t he con trol group of calves, in 
the test und e r di scusHion , '"i th a group o£ other\\'i ,·e comparable 
animals, but horn out of JJOn-bonemeal fed cows. To clistinp:nish 
the t wo groups. th e fonn er " ·ill he refe rred to as t lw ' · bon el1l e:1l 
r:ontro'l group " and t he la tter as the " straight control group ". 
'l'he ll::t ta for this latter group ltaYe l~ e en obtained from the record' 
of other exveriw ents, conducted at " ArmoedsYlakte " . No heifpr 
calves and onl:y ;{ tolliPs " ·er e fomHl, " ·h ich were fully comparab le 
i;o the " bon em eul control " ca lves, awl lhereh,re Table No. 6 give,., 
th e data of tht'se :j tolli es against tha t of the -l to:Uies in t he 
" bon em eal r·on t ro I " gTo 11 p. (' ) 

The table is di,·idecl into sections. fn Section I , the \\ eight,-
for each of the " bonem eal control " cah-es are given monthly from 
birth until the end of the test. Below these " ·eight figures, arr 
found the average daily atnonntt:J of milk Pf1ch calf obtained froJIJ 
1ts dam , (luring the preceding month. B ecause milk recording ::d 
"Annoedsvlakte" takes place only for 210 dn ." "· only 7 milk 
averages are g1ven. 

Section TJ gi1·es s imila r data for the "straigbL l·untrol " group. 
Tn Section IlJ , the actual clifferences in body " ·eigl1t a ud in milk 
,: upply between ihe tiYo groups, ar e given in the fi rst and third , ancl 
in the seconrl and fourth horizontal lines; these llifferenees an "' 
given as percentage.-; of the " straig·ht con t roll " figures. Rignifica nt. 
per centage differences are shown iu thick prin t :IIJd th e degTee of 
Hignifican ce indil'al ell in th e usual m::mn er. 

Section :No. Ill of Table No . u, shows that a t birth t ilt· 
" bonemeal con trol " cah·es, " ·eighed on the averag-e 7 lh. more tha 11 
the "straight colltrol " <·ah-es. This clitterence is not s ignificant: 
in fact Du Toit ancl Bis~chop (1929) found, when working wi th n 
mu ch larger nnrnher of grade Iteclpoll ('al ,-es, that t·li e differenCl' 

(!) l!Jxplanat ory S c•te by the Statistic ian.- 'l'lw small nu mber ol' animals i n 
each group, is a ~<' rious object ion , s ince thr co-efficien t of ,·a riation t ends to 
he hi g her than tli a~ of large g rou ps. The statistica l test of s ignifieaJl<·e require' 
t hat t he ditl'erences between sma II. g roups lia ve , in any C'ase, t o be much 
g1·eater than between large groups, but when C'ouplecl with n hi g h coeflie ie11t 
of variation these diffe rences have to b0 even larger. Th0 lack of s ignificunct· 
i n the ver~· large ]Wrccnt a ge diffe rences in the last horizontal line of Sectio1• 
[LI. of Table No. 6 may be explain ed on thi s basis . Small g roups th erefore lead 
to fewer s ignificant diffe rences, hu t it should he noted t l1at the power of the 
statisticnl analysis is such that t he s ignificant diffe re nces t ha t are obtained. 
may be accepted with the ~amc mensure of conficl<'nee, attribu tf'd to diffe rences 
between larger g roup>. 
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iJetll'een cahes uf bonemeal fpJ au d JIOn -LoncJneal fe<l CO II·s, at bi rth 
tu be on1ly 1 0 l h., i he resp ectiYe ~nerage 11·eighb being ()!:) · 2 lb . 
and u/· 3 lb. T.ltey fur t her foUJld t ll at \\·h e re 1-il mi lar figures \len· 
\\·orked out for four di ±h·r ent. breeds. tl1e Jesp ectiY e aYerag-e b i rt h 
w eight fo r c:a h es of bmw lll eal fell <" Oil'S ll'fl S (i8·8 lb . , a n <l for ('a lves 
of non-bon emL"al fed !'Oil'S 68·1 lb .- a ditfert>nce of .only 0·1 lb . 

In t h e bible under <li .'<·u s~ion, the insig-ni fi ca n t differPnce 111 
live ll'eigh t at bi1·th soo n be(';llne ~ign ifil'flnt and iucrea sed nni il at 
\\·canin g age the " ho nPmeal contro l " cr1h es IYeigh ecl :j :~ lh , or 
20·95 per cent. 111 01'1' t llaJt the " s trai g- h t control" cnhes . A t Hi 
montl1 s of ••ge this <l ifte l <' nce hfl<l inneasPd to Fl9 lb. , or 38 · -J.] pe r 
( '('II ( . 

!11 tprm ,; of liY<' weig.h t , t her d m·<·. t llP deq• \opn1PI1t of ilw 
'' sb·;tight <·ontrol" ··al1·<·s 11·a :; s ubn onnal 11·lten l'Olllparecl " ·ith t he 
<1E'Yelo pm Pnt of t h <" " honem f> ;ll l'on trol " <·ahE's . 

Jt llHI\· . hml·<·veJ·, be ;n gu e cl that t hP t> Yt·r- lllt'l e;L·nng difl'en·n ces 
1n li1e \\'Pig-ht hl'1'11·ee 1l ! b e hYo g-n>U JI ~, " ·e re t b e re.-mll of thP inih:1 l 
<li l'l'er<·ncP r1t birt h. l11 Section ~o . JT. all th P \\'Pighb hilYE' hE'eJJ 
co rn•dt·d for tlw hirtli <li fleren cn. [.\ l'eonl in g to IL A . Fi c; her s 
(1!)>1() ) " . \.na lysi~ of co-Yariance tec h nique' '. ] 1f no1v t}w nd ual 
d illere lll'P in live weig·ht lwt11ee n t h e 2 groups we re hnt man ifes
t ation s of the diffen·nce ''h icl1 exi sted at bi rth. all ~iu·nifi<·nnt 
rliften· lln ·,.; sbo ul rl di ~<lpp<" :lr in SPction 1Y. Thi s does nut . hap pen, 
<~nd it i:; pern1iite <l io <·ondncle , t ha t tlw <lifft> re nl'P in ,,.pjgl1 t at 
bir th 11·aR n ot the ca u~e of tl1e lll <l r kP d diffeJ·e ncps latl'r on in l ifP. 

\VIt:JI tlw n C<ll L-;e<l thP marked <liffnen ce in bod~· ll't•iglds l1et11·E'en 
1 h t> i 1\·o groupo;" 

In Sel' tion '\ o. Y of Table Xo. (j the 11·eig hts of thE' !11·o group~ 
of ca lves, have heen l'·Orrer-tE'd for <l iftere11Ce in ; I vere~ ge Jui lk intake 
lnr"Conling· to H. A. Fi , ll E'rs' J9:lfi ".-\ nr1h·si' 0f l' O-Y<~ri:tiiC'e 
technique ''). and it will be notil'ed i11;JI all si.r;niir:rmt dift crcnce8 
not" fnl/ n tca .t;. 'J'h i,.; p ro1·es, t lLlt th e d ifferenl'<'s i n liY P ,,·eights 
het.ween t he "bo nPme;d c:ontrol" a 1Hl "straigl1t l'ontml " group;:; 
were <·au,.;<)(l h,v t h e dil'l'f' r enf'r i 11 the anwunts o f n1 ilk, 11·hidt tl1P1' 
got f rom the ir rla 111 S. 

Cheen (ln6), 13ef·ker , J~ckle~ an<! Pa lm e r I 18:!7), Droen e11ald 
i 19:)4) nn d <Oth ers, h ave s h o\\·n that. ,,·i th th e exception of fat, th e 
pe rcen tngA of which is in1·er se ly proportion n'l 1-o t he nmount of Jll i lk 
pro<lucecl, the re i R no s ig ni fi c<lnt rl iffe re 1we in tlu~ c ll emir<tl an a l_vsJs 
of th e milk of p lw spl10rus fE'd and non-ph ospho rus fed COII·s . The 
difterenee in bod y 11·eig h ts het\\·een t h e " bon e m e;d oontrol " and 
" s t r aigh t control '' l'ahes m u st therefore b e attrilm tecl to t h e straig h t 
quantit.ati,·e, :~nd not ;ilso to llH' qua li tatiYe <li ffe re nce of their milk 
1n take. 

The a1·err1ge milk intake 0f the f our " hon emPnl l'nntrol ,. tollie:" 
which appear in Table No. 6, amo unted to 1,278 lh. in 210 d ay s . The 
three "c;traight C·onttol ,. cahes er1ch n•r t>iYe(l 182 lb. d uri ng th e 
~ame p eriod: a differ e n ce of 40G !h .. or 63·4 p er cent. of thP :wer::~gr 
'' e<traigh t eon hol '' fi g-ure. 
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\V e have seen that both the " bonemeal " and bonemeal control " 
calves were born out of bonemeail fed cows. On the average they all 
got 1,267 lb. o£ milk in 210 days. This milk intake enabled them 
to devel·op 11ormully and eq na lly in terms o£ body weights and body 
measurements. Functionally, how eYer, the " hone meal control ' 
ealves were subnonnail until they also receiYed a bouemeal supple
ment, but their functional efficiency nHer fell to below the 
" critical point ". In them an intake of 1,267 lb. of milk over 210 
days, preyented fnnctional efficie11cy from becoming so depressed as 
to produce eonformationul effects. In the " straight control " cahes, 
the very lo"· milk intake depressed functional efficiency to beiow the 
" critical point " clnring the pre-weaning period, and resulted 
tonformationally iu subnmmal body \Yt'ights Yery eady in life . In 
the comparison between " bonemeal " al](l " bouemeal control .. 
calves, the difference iu functional efficiency was definitely due to 
the diffe1·ence in P 20 5 intake. As shown, this amounted to about 
12 grammes of aYailable P 2 0 5 per calf per day in faYour of the 
'' bonemeal" group. In the comparison of the "houemeal control" 
and " straight control " groups, the :;ubnormal bo<ly "·eights of 
the !latter were not due only to a lesser P 20 5 intake. Applying· 
composition figures given by Davis (1936) aud Groenewald (1934) , 
the 496 lb. milk intake difference bet,Ten the two g-roups, amounted 
to a differencf' JlE'r calf per clay of 2·3 grammes of P/\, 05 gramme~ 
of protein and 1.35 gramn:res of carbohythates, apart from differences 
i.n other food I"Onstituents. 

Graph :Ko. l gives eune:; for the a\'erage body weights of the 
two groups from birth to T months of age, and for the average 
accumulative amounts ·of milk the calves received from month to 
month OYer the same period. 

The graph illustrates quite clefini tely how the \\"ei.ght cnrH' " 
follov' the milk curves. 

If we make a closer study of Sections I and II of Table No. fi 
we find that in general, weight reacts to milk intake to a marked 
degree. For example, cal£ No. 6714 weighed 66 lb. at birth, whill' 
calf No. G742 weighed 81 lb. For the first 3 months the latter 
received more milk than the former anJ more than maintained ib 
advantage in weight. From the fourth to the seventh month tlw 
milk intake o£ Ko. 6742 dropped to below that of ~o. 6714, the live 
weights of which progressively approached those of No. 6742, ancl 
IJassed them from the 7th month, onwards. In the table this same 
phenomenon oceurs between any two animals which commence their 
life with different amounts of mi'lk, and where the one, which 
received the lesser amount to start off with, re("ei ,-es the larger 
amount during the latter part of the pre-weaning period. \Vhen in 
the compariso11 of any two animals in the Table, the milk supply 
of one remains higher than that of the other throughout the pre
weaning period. the body weights will show the same relationship. 
A comparison for example between Nos. 6714 and 6748, which harl 
similar birth weights, illustrates the latter point. 
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1+11 11'1' \" n. T. 

---Weight Curve "Bonemeal Control" Group 

-- - Mi:k Curve" Boncmeal Control ' ' Group. 

---Weight Curve "Str<.ight Control" Group. 

- - -Milk Curve "Straight Control" Group. 

Age i n r1on ti'IS. 

The r esul ts ;rre pre~r·JJted of an P:S:Jlt'rimPnt to :tS<:t' rLrin ,, ], etlrPr 
;t J't•o·uhr Sllppl e n,r·nl of hon<' I1 JE'al ... i,·e l1 to ca \l'(•s up t-o ll't':lnino· :i"'l' 

" ·ould he be npfif'i:11 to tltL•ir gTOI\'(!~ ;tud <leYf'lopmPn l, in <· omp;~·i ~~n 
" ·it !J ;1 compara ble g ro up of r·:dYC6 11·hi('h r eceiYed no l l(J Jl enJ f~:1l 11 p 

to 11·e:min g. J•'rom ll'l'<~lling OJrll·a nls, bot\1 groups recei1·!'rl l h t· sa JlJP 
~upp l ement. The ;J\·cr:•ge milk intake fur the groups 11·a ,; t hl' s:111Jl' . 
. \ ll the l'alH·~ were II'Pig h<,d ;rncl men.sured el·<·ry :1() tbys fl'n11 1 hirtlr 
unti l t he condusio 11 of t lr.c lcsl :rt -180 tlay ;:; of age . '\'hey "·e n• le~ t<-tl 
for osi.cophagi.:t at fo rlni g lrtl y inter Yab a nrl a blood-sample for 
in·org-a ni c blood pirosplio JII s rld f' J'JJJi11at io 11 11· ;~s eollectPd l' roJlJ e;wiJ 
ca l l' a( approx im:1tely lllu11lhl,,· i11ten·als . 

Tlrp res ult s ;r rp r-o lllparcd '"itl1 data wh ich II Cl'e 1·olledPd on 
l'ompa r<~ble l':rJ,· e~, 11ot in clud ed in t he c:xpe ri111 ellt. Thr-y \\·e rr· born 
uuL of co11·s 11·1Jich received 11 0 bonetueal supplelllent nncl tlw refore 
ga1·p to their t·ah·es, 0 11 the aYerngf' J9G lb. less milk thau did t hr 
bouem cal fe(l rlams of tl1e cahcs in the C'X J:erim eni. This oomp:rriso11 
de nJOn sLr:\te:; t he effect of a r!Pne<~se<l 1n ilk in take upou gTo11·1h a1HI 
tle ,·clop Ill e nl. 
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Co:-rcr.u sro:r; :s. 

(a ) Under 
CJUant itaYe milk 
1 i fe, <lcte nnin cs 

open range condil ion,; 1n Bechtwnalancl , the 
i.uta kc of a t nlf during i ts pre- 11-eanin g pe riod of 
it::; l-o<ly or co: ,fonnalionn l deYeloplll ent. 

( /1 ) ln geueral, l:on enH•;d feel C0\1-s, liYillg' nnder O[lell ra nge 
coll(li l ions iu ll-ednwHnlanrl supply lheir ('aln•s ,,·ith ,; uffi eien t ll!ilk 
for normal de1 elopm e nt up lo \Yeani ng age . 

(c) ln Bec hu:tll<li HJHl, CO \\' S "hich rccci,-e no pho~p l 10r tt s SlllJple
lllCIJ L, d-o uol :Is :t 1nl e s upply their ca h-e,; with suffici ent milk fot' 
normal dcYclopm ent 11p to 1\·eaniitg- age. 

(d ) .'iJC, ouglJ the 111 ilk ;; up ply of co 11·s r ece1n ng a p lw;;p horu ,; 
snpp le nwnt i,; as a 1ni L~ suffit·ient for th e uorJu al confonnntional 
de,·e lopm eut of the ir t'<th-es, ~,tch cah·es ne ,·erth el e,;s arc functionally 
sulm ormal a s iuJicale rl by loll' in-org-a nic pho_svhorus in their blood. 

(e) This phosphoms d efi c ie ncy can he conede<l by feeding
phosphate:;; prior to \l-eanin g . 

(/) ~. nc h a wppleJtl e ll t prior to 
ll ecessar y, if the uah-es r et'ei ~-e tl t e 
we:\ 11 i ng- on \Y:lrcl s. 

'"ean1ng, 
11 ecessary 

h o\\'C\·er , is not 
phosphate;; froJJJ 

(g) l~ p to a point, skeletons of gro11·ing- t:ah-es are ahlP t o do 
IYilh l e~s I h:ttl their nonnal miu e r:d r eqn iJE' lllP llt s , aucl nevertheles~ 
fundion ::mf+icieutly well lo ::>Ullpo rl Jtormal int:re: tsc in body 11eig-ht 
:: ud Lotl~- s_i :r,p_ 

(h) Th e '' nitical 1 oint" is 11 0t reat:lit•d 111io!' to 11 eantng- age 
1 n the en I ,-es of bonumea l feel COli'S, n nd t h ere lore s uch c:d ,-e:-, 
although functio na lly su bnormal, are con fonnationally uormnl. 

(i) J n t he c-ah-es of non-phosphorus fed com; this 
point" i;-; real'hed p r ior to \Yean ing. ~.uuh <:al1 es 
fnnctio !l all_v <tHcl confo rm:ll iu n:llly snbnol'ma l. 

" nitical 
ar e hol!1 

lii•:C KIW , .I•:CKLES A.KD P .\L\IEil (192i'; . .fn/_ D airy Sc ience, Vol. l U, p. 160. 
(,) uoted by 1Javib ( l!J3li). p. 17i . 

DA V l l·:s, \\' _ L. (UI:lli) . Tltc c-lt e rni st r y ol mi lk . Ch a pm:111 attd .H ill. 

Dli T O IT, P . J. A:->D B.I SRCHO.I.' , J _ H . LL (l 92fJ). Til t• IJn·t-dillg of ca tt le 011 
p lws pli OI'II S d cfil'it•n t ,-e ld. J..jf h rl n llnal Hq Jo d JJin' tflll' l 'ef_ H eseurch , 
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