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BETHKE and associates (1900) and Dunlop (1935) conclude that grow
ing pigs require approximately 0·6 per cent. P in their rations and 
that maximum growth is obtained with a Calcium-phosphorus ratio 
between 1: 1 and 2: 1. Bethke et al. furthermore state that as the 
proportion of Ca to P exceeded 3: 1 the pigs became more racbitic 
and their vitamin D requirements increased. Our 01Yn experience 
here has been that while the ratio of Ca to P is undoubtedly impor
tant, osteodystrophic diseases may be produced in cattle, and prob
ably in other species, merely by limiting the Ca or P intake or both, 
even when the ratio of these two constituents to one another was 
normu l, when judged by the usually accepted standa1 ds; these obser
Yations have been summarized and discussed in the light of the 
findings of other imestigators by 'l'beiler and others (1936). Shohl 
and Wolbach (1936) report similar results with rats. 

It would appear therefore that the relation between the ratio of 
Ca to P of a diet and the absolute intake of these hrn constituents 
is l>y no means settled, nor is it rertain whether relatively high Ca 
with respect to P supplied in deficient amounts produces the same 
bone diseiH=e as the reverse, Yiz. high P and low Ca in the ration. 
Pigs 11·ere selected as the experimental animals as most of the more 
recent experiments at this Institute haYe been carried out on cattle 
and sheep, the results of w-hirh need obYiously not apply to pigs. 

:Jiarek and his school (1932) have carried out expe1iments on 
Ca : P metabolism in pigs for the last twenty years and more and 
haYe expressed their conclusions in regard to the production of 
osteodystrophic <lisease subseauent to what they regard as abnormal 
Ca : P metabolism in pigs as follows : -

If the difference per 100 gms . clr~- feed ·consumed between 
Ca+ :Mg and P expresserl as oxides does not fall within the rompu
ratively narrow range of 20 aml 2:) mgm.-equiYalents the deYelop
meut of osteoclystrophic diseases follows. :JiagneRium shoulrl not 
exceed a third of the calcium content of Hrn feed. It is not clear 
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from hlarek's work "·hether the above is generally true or only when 
vitamin D is present in deficient quantities. 'l1he above conception 
is clearly a modification of the Calcium-phosphorus ratio and does 
uot make allowance for the presence of insufficient amounts of Ca 
and P when the difference referred to above, i.e. Erdalkali-Alkalizitat 
(E.A. ) of Marek, can be made to lie within the limits laid do"·n 
by him. It must be admitted, however, that although an E.A . of 
20-25 is regarded as normal by Marek he reports several cases of 
osteodystrophic disease in pigs on rations ''hose Ca, P, Mg con ten ts 
ga1e normal 1alues and again se1eral animals remained healthy when 
the E.A. was distinctly abnormal. Ii'or instance pig o. 6 receiving 
daily per 10 Kg. body-weight on an average 3 ·435 gms. CaO and 
5 · 591P2 0 5 sho"·ing a strnngly negative Erdalkali-Alkalizitat remained 
healthy after 115 clays in the experiment. Pig No. 27 recei1ecl daily 
3·576 gms. CaO and l ·9 gms. P 2Q5 per 10 Kg . bodyweight with au 
E.A. of + 21·08 and developed severe rickets after 58 days in the 
experiment. Pigs No. 32, 33, 35, 39, 40 and 41 all remained healthy 
and with the exception of the last two received less than 1 gm. CaO 
per 10 Kg. liveweight but were given a supply of vitamin D by irra
diation of the feed or in the feed; the E .A. ranged from slightly to 
strongly negative. App,arently the limits for E.A. hold good only 
when vitamin D is present in Jeficient amounts. If so, then it is 
not clear why pigs No. 27 and 28 should have developed severe 
rickets on an intake per 10 Kg. liveweight of approximately 3 · 5 gms. 
CaO and l ·8 gms. P 2 Q 5 with an E.A. of about 21 mgm . equirnlents. 
In short, it woulcl seem that, like the Ca: P ratio, Marek's Erdalkali
Alkalizitiit provides an inadequate basis for a discussion of the occur
rence of osteodystrophic disease in pigs. If the intake of Ca or P, 
entirely c.qiarL from the ratio in \Yhich they occur or from the E.A. 
of the ration, can be made to determine whether or not bone disease 
develops, even if the animal can be made more sensitive to border
line intakes of Ca and P by altering the ratio, then surely the occur
rence of osteodystrophic disease should invariably be related to the 
intake of Ca and l' in the first instance unless of course the in1esti
gations are carried out under conditions of vitamin D deficiency 
when, generally speaking, the animal remains healthy within ('Ulll

parati1ely narrow limits of Ca: J:> intake, ralcium phosphorus ratio or 
Erdalkali-Alkaliziti:it. ALundant proof is arnilable for the latter 
statement as a consideration of the work of Marek on E.A. and those 
of many imestigators of Ca: P ratio will indicate (Shohl and Wohl
bach 1906; Bethke and associates HJ32, 293J; Dunlop 1!:)35 etc. ). 
But the occurrence of disease under conditions of vitamin b defi
ciency is the result of at least two factors, 1iz. abnormal ratio or 
intake of Ca and P or E.A. on the one hand and deficient vitamin D 
on the other. If however the latter factor be supplied the relation 
between abnormal Ca P metabolism and disease is a diiect one which 
justifies investigation especially as this problem of abnormal Ca P 
metabolism, frequently caused by P deficiency, is unassociated with 
vitamin D deficiency in most sub-tropical countries. 

An attempt 'ms made in the preliminary experiments to be 
reported in this publication to study the effect on piO's of straiO'ht 
P or calcium deficiencies or both, while related £actors0 such as E~A
and ratios of Ca to P naturally had to be consi clerecl. 
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EXPERIMENTAL DETAIL. 

U nifor~ Large White piglets bred for experimental purpose:; 
at this Institute were selected from the available stock and di>ided 
into pairs. Indi>idual feedin~· was practised for which purpose i~ 
~as ±ounJ best tu run the paus together and place each of a pair 
m a separate pen for feeding purposes from 12 noon until the follow
ing morning wh~n the pair mates were let out into the adjoining 
common pen which \\as unprotected from weather conditions an<l 
henc~ afforded exposure of the pigs to the sun . No bedding was 
provided except for a short period before artificial heatin"' of the 
piggeries had been installed when beo·asse or coarse fibro~s suo·ar 
cane left after the cane sugar had been °extracted, was supplied. For 
the rest a wooden board was placed in each pen on the concrete floor 
and the piglets generally accepted these as their beds without diffi
culty. 

·water \\as al\\ays aYailable in the common pen of each pair 
of piglets and by moistening the mash and feeding at maximum 
intake, but reducing feed \Yhenever any \l"aS left over, food con
sumption was easily controlled and kept at maximum intake for each 
pair. All the pens were scrubbed and ''ashed with water under 
pressure from a hose daily. This routine procedure was practised 
throughout the course of the experiments and left the animal undis
turbed throughout the day and night except at feeding and washing 
time. 

The piglets were weighed weekly, inspected daily for clinical 
symptoms of disease and blood ,,-as dra\\n and analysed for Ca, P 
and phosphatase at irregular intervals when technical assistance for 
the analyses was available; food consumption "\\as recorded daily. 
Portions of the chondro-costal junction of the ribs were remoYed 
under anaesthesia from some of the piglets periodically for micro
scopical examination while others were killed at certain stages in 
the experiments for bone study-microscopical, physical and 
chemical. In some cases X-ray photographs were taken of the front 
legs of the animals " ·bich were placed under anaesthesia for this 
purpose. 

ExPERDIENT I. 

Ration Deficient in P but Adeq1wte in Other Respects. 

Pigs Nos. 987 and 993 aged approximately G months were given 
the following basal ration daily: 900 gms. maize-samp-meat meal 
mixture containing 10 per cen~. of washed meat meal; 100 gms. 
green feed. and 100 ml. fresh milk. 

'rhe meat meal contained appro:ximatel_y 80 per cent. protern 
and was washed twice in a very dilute HCl solution to reduce 
its mineral content and then with water several times to remove the 
acid. The washed product contained 0 · l per cent. P and · 06 per 
cent Ca. The milk was given after diluting it with 300 ml. of 
water and was immediately consumed. The samp-meat meal mixture 
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was fed dry, while the green feed was placed alongside the trough 
on the concrete floor. CaC03 was added to the milk and water and 
well stirred in order to regulate the Ca intake according to the 
requirements of the experiment. As the appetite of the animals 
improved with growth the quantity of the samp-meat meal mixture 
was increased, the rest of the ration remaining constant. 

The average daily intake of P ancl Ca throughout the course 
of the experiment was · 8 grns. ancl 6 · 0 grns. respectively with a 
ratio of Ca: P of 7 · 5: 1. 

The control animals, Kos . 989 and 990, were kept on the same 
basal ration except that unwashed meat meal \Yas usecl instead of 
the washed product. Ca and P were added as CaC03 and N a2 HPOt 
to ensure an average daily in take of Ca and P of 6 · 0 gms. and 3 · 0 
gms. respectively; Ca : P, ·2 · 0 : 1. 

The experiment began in January, 1934. In March Nos. 987 
and 993 on the P -deficient ration began to show signs of poor 
appetite while the food consumption of the control pair continued 
to increase. In May five months after the beginning of the experi
ment, each pig of the control pair "as consuming 1,800 gms. samp
meat meal mixture, while Nos. 987 and 993 ate daily only 600 
gms. and at the conclusion of the experiment in October the daily 
feed consumption of the remaining control and remainin()' P -defi-
cient animal ;ms 2,400 and 400 gms . respectively. 0 

Pigs Nos . 987 and 993 showed signs of stiffness from June 
onwards but apart from that and, naturally, poor growth and con
dition, both lasted well . No. 987 "-as killed for bone study on 
1.9.1934 and No. 993 2~ months afterwards on 20.11.1934 . A 
control animal "-as kille<l on each of the two dates for purposes of 
comparison. 

The "·eekly body weigh ts of the brn pairs of pigs are given 
in Figure I . 
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vVei.ght increase a1Jpearecl tu be similar for the first five months 
of the experiment, i.e. until approximately 140 lb. was reached. 
Fr~rr_i then. onwards until the end of the experiment the pair on P 
defic.ient diet showed no further increase, "·hile the control pan 
contmued to.grow 1~ormally. 'l'h.e death ~f one pig in each group in 
S~ptember did not mfluence the mcrease m weight of the rernainino· 
pigs. 0 

. Inorganic phosphorus '-ms ~et~rmined in the blood in April, 
Le. four ~onths after the begmmng of the experiment and the 
values obtarned for the P -deficient group, viz. 3 · 6 and 3 · 7 mg P 
per 100 ml. blood suggest P deficiency while normal values of 8 · 8 
and 9 · 0 mgm. were obtained for the two animals in the control 
gro~1p. The Ca content of the blood was determined only once 
clunng the cou!'se of the experiment, viz. in April when all the 
four values registered were approximately 10 mgm . Ca per 100 c.c. 
blood. 

A femur of each pig was analysed at the end of the experiment 
and the results are shown in Table I. 

'l'.rnLE I.-On G1·een Weight. 

I % % dry % ash 

Nos. Experimental Green fat fat Specific in dry 
details. weight. and free gravity. fat free 

water. bone. bone. 
I 

989 normal ............ 278·3 52·2 47·8 1·13 62·5 
990 normal . . ... . ...... 380·0 51 ·6 48·8 l ·07 63·1 
987 P. low ............. 236·7 63·5 36·3 0·97 57·4 
993 P. low ..... . ....... 261 ·0 63·7 37·3 l·O 54·4 

It will be noticed from the results gi>en in the table that the 
quantity of bone material in the femurs of ~os. 987 and 990 is 
considerably less than that in the bones of the control group, viz. 
36 · 8 per cent. as against 48 · l per cent. Furthermore the percentage 
ash, calculated on the fat free bone weight is only 55 · 7 in the 
femurs of the P-deficient group and 62·8 in the control group . 
There can be no doubt that the bones of the former group "-ere 
abnormal. 

Sections of the ribs vrnre examined microscopically and both 
animals were found to show rachitic lesions. Pig No. 993 which 
remained almost three months longer in the experiment than No . 
987 showed lesions of marked rickets while slight rickets was chag
nosed in the case of the group mate No. 987. 

From a consideration of the data presented there can be nu 
doubt that the · 8 gm . P supplied in the rations of pigs Nos. 987 
and 993 was insufficient for normal growth. Increase in weight 
took place for the first 5 months of the experiment whi.le the ske~etal 
reserves of the pigs lasted and thereafter the bodyweight rema11?~cl 
practically constant. :Not only was gro" th absent but rach1hc 
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lesions developed due to the phosphorus deficiency. It is surpnsmg 
that the animals lasted the full time of the experiment, which was 
probably due to the fact that they were 6 months old at the begin
ning and had built up a considerable mineral reserve in their 
skeleton. Hence it was decided to determine the effect of P defi-. . 
c1ency on younger p1gs. 

Four 8-weeks-old piglets were accordingly selected. A differ
ence in the method of feeding was introduced into this trial; the 
minerals were added to the samp of the group and mixed in bulk 
at the beginning of the experiment and were not fed in the mille 
It was also thought advisable to introduce the vitamin D factor into 
this experiment. Hence in every group one pair of piglets was kept 
in semi-darkness and the other pair on the same ration but given 
free access to light. 

The four control piglets Nos . 1133, 1143, 1138 and 1140 of 
which the latter two were kept in semi-darkness were given the 
following ration:-

100 ml. milk. 
100 gms . green feed . 

:Niash according to appetite . 

The mash consisted of-
90 parts maize samp 
10 parts high protein meat meal, 

2·5 parts Na2 HP04 (19 per cent. P). 
2 ·2 parts CaC03 (40 per cent. CaO). 

1 part NaCl. 

The Ca and P content of the mash was 1 · 0 and · b5 per cent . 
respectively. 

Piglets Nos. 1135, 1144, 1131 and 1137 of which the latter two 
were kept in semi-darkness were given essentially the same rations 
as the controls, but the P intake was reduced to a minimum by 
omitting the N a2 HP04 from the ration and the effect of the P 
deficiency so created was made more severe by increasing the CaC03 • 

The ration consisted of the following :-

100 ml. milk. 

100 gms . green feed. 

The mash which was fed according to appetite consisted of-

90 parts maize samp. 

10 parts high protein meat meal. 

4·9 gms. CaC03 • 

" 
1 part NaCl. 
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'l'he P and Ca content of the mash was ·709 and 2·0 per cent. 
respectively and the milk and green feed which were girnn con
tained · 21 gms. Ca and · 152 gms. P. 

The darkness in the pens of the pigs kept in the dark was so 
intense that the troughs, etc., could be seen indistinctly and only 
after accustoming one's eyes to the darkness. 

The experiment hegan in November, 1935; one animal in each 
group was killed in February , 1936, for bone studies. 

A portion of the costo-chondral junction of a rib of the remain
ing group mates of the P-defi.cient group was removed in March 
and again in April, after which P "·as supplied and riL resections 
repeated on all the group mates in June when the experiment was 
discontinued. 

Data in regard to the body weights are supplied in the following 
figures. 

Figure 2 represents the comparison of the body weights _of the 
pair of control pigs kept in darkness throughout the experiments 
and the pair given free access to light. 
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It is remarkable that after two month no significant difference 
exi ted in the body weight of the hro pairs of yig. and that even 
after ei ()'ht months the remainino' pigs of each pau till ho·wed prac
tically the ame increase in b~dy weigh~. ~he increa e in .body 
weight undoubtedly suggest that the \itamin D .content of the 
feed used is u:fficient for the normal growth of pig for at lea t 
eio'ht months when given adequate rations . Thi finding i in agree
m~nt with that of Huffman et al. (1935) with dairy cal\e given an 
adequate upply of hay . It :would be. inter~ ting to kno"~ whe~her 
pio' may be reared to maturity practically in the absence of light 
and further work has been undertaken along the e lines. 

The body weights of the two pair of pigs on the P -deficient 
diet are compared in Figure 3. 
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Fig. 3. 

It is again een that except during the la t G "·eeks of the 
experinient there is no difference in body weight between the pair of 
pig exposed to light and the pair kept in e1ni-clarkne . The 
wei?'hts from the 31st week onwards should not be con1pared as the 
one pig "·as injured at that stage and was unable to walk or move 
about for everal weeks . 

It appear , therefore, that the Ca and P under conditions of 
ex~~·· of the forn1er and a defi:iency of the latter were equally well 
utilized whether or not the pig had access to light. The ration 
apparently contained sufficient vitamin D for the require1nents of 
the pigs . 

In .Figure 4 the ayerage body weight of the 4 pigs of the control 
gro.up is compared "·1th that of all the 4 pig on the P -deficient 
ration and. the curves show a. remarkable contrast, especially if the 
latter portion of the curve , i.e . fron1 the 26th week onward when 
P was given to the P -deficient group be not considered. 
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It is to be noted that the pigs rece1nng a P -deficient ratiou 
sho"\\ed a total increase in body 'might of only about 20 lb. during 
the 26 "eeks experimental period as against llO lb. for the control 
group . Growth in the P-deficient group was almost negligible 
which was also indicated by the poor food consumption and con
cli tion . 

rrhe average food consumption per pig per day calculated for 
the se~arate months is given in Table II. 

TABLE II. 
Weights given in ,gms. 

No. of Pig. I Ration. I Nov. \ Dec. \ _Jan. ! Feb. j1'farch.1 April. \ May. j June. 

1138, 1140, Controls in S" ll 370 750 1,100 1,300 1,500 1,600 1,700 1,750 

1133 and and darkness 
1143 

1131, 1137, P deficient in sun 400 535 720 460 350 720 740 1,000 

1135 and and darkness 
1144 

-
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Foo? consumption in the P-deficient group decreased eontinu
ally until March when P was added to the ration and food intake 
more th.an doubled itself during the fol~owing month. During 
March, i.e. the m.onth of poorest consumption, the control pigs ate 
more than four times the quantity of mash consumed by the P
deficient pigs. 

Phosphatase and the inorganic phosphorus content of the serum 
were determined six times during the course of the experiment and 
the results are submitted in Table III. 

. The inorganic P content of the serum confirms P defieiency 
":h1ch was apparently most severe in February. The last Yalues for 
Nos. 1131 and 1135 determined after P had been o·iven for sernral 
months indicates a sufficiency of P in the ration."' In the control 
group P sufficiency is suggested by the values of P throtwhout the 
experiment. It is note\Yorthy that the phosphatase valu~s of the 
control pigs kept in the dark appear to have been consistently lower 
for seYeral months of the experiment than those of the pigs reeeiving 
the same feed but allowed free access to sunlight. The normal values 
for phosphatase "·ere less than 10 Bodansky units and the values of 
the pigs suffering from P deficiency increased to approximately 17 
and "·ere reduced to normal Yalues after the addition of P in .M:arch, 
1936. 

Calcium was not determined except once in the blood of the pig 
killed in each group during February. The values all range from 
9·4 to 10·2 mgm. per 100 c.c. blood and show no group differences. 
For the phosphatase determinations blood "·as dra"n from the caudal 
vein and it proved to be difficult to obtain enough blood for both 
phosphatase and calcium. 

A femur of each pig killed in February "·as taken for analyses 
and the results are tabulated in Table IV. 

Unfortunately the femur of Ko. 1135 on a P-deficient diet and 
kept in the dark " ·as not kept for analysis "hich reduces the value 
of the analyses given very considerably. It would seem, however, 
that a marked difference existed between the femur of the control 
pigs when compared "ith that of the P-deficient pig. The per
centage bone material \\as less and so was the ash "hen P was present 
in insufficient amounts. In regard to the P and Ca content of the 
ash and the ratio in which they occur more will be said at a later 
stage in this article when more data can be discussed. 

From a consideration of the data given one fact stands out 
clearly, Yiz. that P deficiency affected the pigs detrimentally 
althotwh the extent to "·hich 1.hat happened does not seem to have 
been i~fluenced by the presence or absence of sunlight. It cannot 
be said that the control pigs were affected with regard to any of 
the obserrntions made by the presence or absence of light. 
It would be interestin~ therefore to mention how the pigs reacted 
clinically to the conditions of the experiment. 

The experiment, as stated, \\US begun in No-yemberi 1935, and 
except for the poor appetites displayed by the P-deficient groups 
no difference was noticed between the P-deficient groups and the 
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controls until the end of December. Naturally the former groups 
appeared less satisfied and less hrnly than the latter. During the 
first "·eek of January both the P-deficient groups appeared to be less 
inclined to moYe about and eYen suggested stiffness. 

The huck1:> seemed tu sag as if the \reights of the bodies 'rere 
too oTeat to be held up properly by the legs. Towards the end of 
J am~ary X o. 1137 on the P-deficient diet iu the dark was slight~y 
but decidedly stiff. On 21.1.36 this animal seemed to be rn pam 
and so disinclined to walk or stand that it sat on its haunches most 
o-f the time. T"·o days afterwards all four pigs on the !'-deficient 
ration " ·ere decidedly. stiff, sho"·ed disinclination to ,rnlk and showed 
sagging of the hocks. No. 1135 died during the uight of 24.1.36 
after consuming wost of its food. The cause of death did not appear 
to be associated \Yith P deficiency. 'l'he remainiug three pigs on 
the P-low diet (1131 ancl 1137 in dark and 1144 in light) gradually 
became "·orse. Frnrn 10.2.36 01rn·ards rising was a sup1erne e:ffo1 t 
and \YUS preceded by hard struggling. The hind legs continually 
slipped under their bodies "·hen rising. On the 21.2.36 \Yhen No. 
1131 was killed for bone studies all three \rere very \reak in their 
hindquarters. 'L'he thickened joints which had gradually become 
rnore pronounced dming the last month were very noticeable. The 
pigs moYed from side to side when "-alking and were "·eak. 

'rhe remaining two pigs, Nos. 1137 and 1144, were giYen the 
P-cleficient ration for another month, <luring "·hich period they 
remained practically constant in " ·eight, underfed and in great pain 
when forced to moYe. A portion of the costo-chondral junction of 
the 6th rib was remoYecl from each pig on 27.3.36 after whirh they 
were given a daily supplement of N a 2HP04 ""hen they sho"·ed an 
immediate improvement. llibs were again remoYecl for micro
sropical examination on the 3/4, 17 /4 and 10/6. The animals "·ere 
then discharged . 

During the "·hole of the experimental period the control animals 
remained normal. No clinical symptoms "·ere noticed at any stage 
and the pigs remained lively and healthy. Ko. 1140 (in dark) and 
1133 (in light) were killed for hone study on 21.2.36 and ribs re
moved from the remaining controls on 10.6.36 at the end of the 
experiment. 

From an examination of the histological sections of the ribs, 
boue formation was proceeding normally in ::N' os. 1140 and 1133 'dien 
they were killed in February, as 'ms also the case with 1138 and 
1143 in June '"hen the resected ribs were examined. In contrast 
with these findings the rib sections of the pig No. 1131 on the P
deficient l"ation when killed at the end of February sho""'ed abundant 
microscopic lesions of marked rickets. The bones were soft and 
easily fractured by applying moderate pressure. '11be rib of No. 
1135 which died in January also showed severe rickets . Xo. 11:37 
whose rib \Yas removed in March suffered from florid rickets at that 
stage-the trabeculae consisting almost entirely of a mass of osteoid. 
After Na2HP04 had been given to Nos. 1137 and 1144 for 7 clays 
rib sections were again examined ancl still showed rickets hut less 
severe lesions than those of the preYious \\"'eek. Even after a fort
night a diagnosis of rickets could still be made although the animals 
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were moving about freely and showed •ery marked imp1ovement. 
Ho'l"ever , they did not seem to be recovering and in brne, H.13G, three 
months after the phosp~ate s~pplement had been given they appeared 
stunted a~d the legs still dec1<ledly abnormal although microscopical 
hon~ sect10n~ showed normal bone formation and certainly no sug
gest10.n of nckets. They moved about freely and easily and their 
appetites were excellent. 

EXPERIMENT IL 

Ration Deficient in Ca but Adequate in Other Respects . 

Pi~·s Kos .. 983 ~nd 978 '.lged approximately 6 months, like the 
first pan descnbed rn Expernnent I, were used and O'iven the same 
basal ration as in that case . The treatment was the ~ame and both 
experiments were conducted concurrently. 

The daily Ca intake increased during the course of the expeii. 
ment from 0 ·45 gms. at the beginning in January, 1934, when food 
consumption was low to l ·2 in May when almost 2 Kg. of mash was 
consurne<l per head daily and never at any time exceeding this poini 
until the conclusion of the experiment in November, 1934. The ratio 
of Ca: P was kept constant at 1: 10. 

Kos. 989 and 990 receiving on an average 6 · 0 gms. Ca and a 
gms. P daily as described in Experiment I, are regarded as the 
controls of the pigs in this experiment and the results will be pre
sented accordingly. 

During the second month of the experiment both pigs on the 
Ca-low ration (Nos. 983 and 978) appeared to be slightly stiff in the 
hindquarters. The quantity of feed consumed daily increased from 
900 gms. at the beginning 0£ the experiment in January to 1,700 
gms. in April and then graduall~r decreased to 800 in August and 
-sho-wed a slight increase towards the end. 

In August Ko. 978 showed digesti Ye disturbances and refused 
its feed altogether after a week. It died on 27.8.34. The experi
mental mate lasted until the end of the experiment. 

The '''eeldy body weights are presented in Figure 5. 

The a;-erao·e bodv weio·ht of the O'J'Oup receiving low Ua did not o J n o . 
differ significantly from that of the control gr~mp dun~g the first 
7 months of the experiment but after that period the d~fference ~rn 
weio·ht between the O'J'Oups became more pronounced. Still, the Ca
low0 group continued° to increase gradually in weight. 

Blood analysis for Ca and P reT'ealed no difference beh..-een the 
groups in March \Yhen the determinations were made. 

The results of the analysis of the femur of pig No. 983 is given 
in Table V. 'rhe control pigs are included in the table for compa
rison; the femur of No. ~78 was not analysed as this pig died during 
the course of the expenment and the results would therefore not 
be comparatiYe. 
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TABLE v. 
On G1'een Weight. 

% % dry % ash 

Nos. Experimental Green fat fat Specific in dry 
details. weight. and free gravity. fat free 

water. bone. bone. 

989 Normal ... .. ... ... . 278·3 52·2 47·8 1·13 62·5 
990 Normal ......... . .. 380·0 51·6 48·8 l ·07 63· l 
983 Low Ca ...... ... ... 267·5 63· l 36·!) l ·00 59·9 

It \\Ould seem from the values given that the femur of :No. 983 
receiYing lo>r Ca in its diet contained less bone material than the 
femur of the controls but the number of determinations is too limited 
to justify any serious consideration of the nlues. 

Sections of the ribs of both animals "·ere examined micro
scopically. The sections of No. 978 "hich had suffered from diges
tive disturbances prior to death shm•ed extensive lesions of esteo
porosis and atrophy and No. 983 osteoporosis and slight atrophy. 
The important fact of the diagnosis was that neither pig sho>red 
rickets microscopically and that the bones were not normal. 

Summarizing the conclusion that the quantity of Ca present in 
the diet Yiz., approximately 1 gram per daily ration was insuffi
cient for normal gTo\\th and bone formation, is justified. Apparently 
growth continued normally for the first 6 months of the experiment 
and only after that period could the skeletal reserves of lime no 
longer supply the body requirements of calcium, when growth began 
to suffer. The pigs were 6 months old at the beginning of the 
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~xper~ment wh.ich may a.ccount £or the fact that they lasted well 
m. spite of their lo" Ca mtake. It was therefore decided to deter
mrne the effect of a lo" Ca intake upon younger pigs. 

Four eight-weeks-old pigs ·'\\ere therefore selected and placerl 
on the fo llowing daily ration : -

100 ml. milk. 
100 gms. green feed. 

Mash according to appetite. 

The mash consisted of-
90 parts maize samp, 
10 parts high protein meat meal. 

5·8 parts Na 2HP04 (40 per cent. P 2 0 5), and 
1 part NaCl. 

Th.e P and .Ca conte~t of the mash was ·98 and · 11 per cent. 
respectiYely, while the daily milk and green feed supplied ·21 gms. 
Ca and · 152 gms. P. 

This experiment was conducted concurrently with the second 
part of Experiment I anrl the same £our animals, viz. No. 1138, 
1140, 1133 and 1143 acted as controls to both experiments. As 
already stated all four animals were given the same normal ration 
and the only difference in management was that the latter two 
animals were allowed free access to direct sunlight when they were 
not feeding while the two former ones were always in semi
darkness. 

The pigs receiving low Ca in their diets ''ere also divided into 
t"o pairs. The one pair, Yiz. Nos. 1130 and 1145 was kept m 
semi-darkness whereas Nos. 1136 and 1142, receiving the same ration 
and treatment, '"ere given free access to direct sunlight. 

The experiment began in NoYember, 1935, and continued £or 
approximately eight months. 

The average body weight of Nos. 1130 and 1145 on low Ca and 
in darkness is compared graphically in Figure 6 with that of Nos. 
1136 and 1142 ll"hich had received the same ration but were allowed 
free access to light. 

The body "-eights of the two pairs of pigs did not differ signifi
cantly during the first 22 ll"eeks of the experiment, i.e: until March, 
1935. Nos. 1136 and 1145 were killed £or bone stuches at the end 
of February and the remaining pig o. 1130 which was allowed 
free access to light cle1eloped severe diarrhoea shortly afterwards 
from which it suffered acutely £or approximately two months and 
then died. Hence the body weig-hts are not comparable after the 
22nd week of the experiment. Prior to that period it seems that 
the body weights of the pigs kept on . a Ca-deficient diet '\\ere not 
affected by the presence or absence of light. 

The aYerage body weight of pigs Nos. 1130 and 1145 on low .Ca 
but kept in semi-darkness is compared with that of the correspondrng 
r,ontrol pair in Figure 7. 
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. Lo.w Ca in the die_t affected the body weight almost from the 
begmnmg of the experiment and was responsible for the difference 
of about 70 ~b. at its conclusion eight months afterwards . In spite 
of a low Ca mtake, howeYer, a gradual increase in weight continued 
throughout. the course of the experiment; there was no cessation of 
grO\\' th as rn the case of the P-deficient pigs. 

hThe .average food consumption, which is given in Table VI, 
of t. e pigs on a Ca-low diet compared "·ith that of the controls 
confirms the obserYations made in reo'ard to the increase in body 
weight. 0 

TAilL:E VI. 

Daily lntalce of Mash per Pig: Weights given in gms. 

No. of Pig. I Ration. I Nov. I Dec. I Jan. j Feb. j ~Iarch. \ April. I May. \ June. 

1138, 1140, Controls in sun 370 750 1,100 1,300 1.500 1,600 1,700 1,750 
1133 and and semi-dark· 
1143 ness 

1130, 1145, Ca deficient diet 370 470 680 1,000 750 900 900 1,046 
1136 and in sun and 
1142 semi-darkness 

Food consumption was affected detrimentally by lo" Ca in the 
diet and more so as the experiment continued. 

The .-alues of phosphatase and the inorganic phosphorus content 
of the serum are gi Yeu in Table 7. 

It seems that neither phosphatase nor the inorganic phosphorus 
content of the serum was affected by the Ca content of the ration 
but the number of determinations ·is too limited to justify any 
conclusions being drawn in regard to phosphatase. 

Calcium determined in the blood of the pigs of each pair that 
was killed in February revealed no change and was still apparently 
normal. 

The femurs of the two pigs killed in February were analysed 
and the results presented in Table VIII together "ith the values 
of the control pigs. 

The percentage bone material 'rns considerably reduced in the 
oTeen bone of the animals receiving low Ca in their rations. The 

. ~sh content of the dry fat free bone was also significantly lower than 
that of the normal bones, although the percentage Ca and P of the 
ash remained practirally constant. 

Rib sections of the two pigs on a low Ca diet Nos. 1145 and 
1136 killed in February, four months after the beginning of the 
experiment, "ere examined microscopically and sho"·ed osteoporosis 
but no lesions of rickets. It will be remembered that No. 1145 was 
kept in semi-darkness during the experiment and that o. 1136 
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?ad f~ee access to light. Hibs were removed from the two remain
mg pigs on ~o"· Ca in March and again in June at the conclusion 
of the expenrnent. The sections ~f the ribs of both pigs showed 
marked bone atrophy or osteoporosis but no other lesions of osteo
dystrophic disease. 

From a consideration of the data presented it is clear that · 11 
per cent. of Ca in the mash of_ growing pigs was insufficient for 
normal growth and bone formation when 2·25 per cent. of P was 
present. It se~m.s, however, that the deficiency was not acute enough 
to produce chmcal symptoms of bone disease durino· the eio·ht 
months t~at the experiment lasted. None of the four 0 pigs on the 
qa-low drnt whether free _ac_cess "·as given to light or not, showed 
signs of stiffness or any clmical symptoms "·hich could be associated 
\Yith calcium deficiency. The ration consisted of 100 ml. milk and 
100 gms. green feed daily in addition to the mash. 

A pair of pigs of the same age, Yiz, eight weeks, as those used 
in Experiment 5 'ms placed on a calcium-low ration -when the latter 
experiment "·as conducted and the results obtained might briefly 
be reported here. 

'l'he daily ration given consisted of 100 ml. milk, 100 gms . 
green feed and mash consisting of 94 parts maize samp, 6 parts 
blood meal and 1 part of salt according to appetite. N a2HP04 was 
added dailv to the ration to ensure an intake of ·5 gms . CaO, 10·5 
gms. PiJs and a ratio of 1 :21. 

Both pigs (Nos. 1075 and 1089) sho"ed poor appetite almost 
from the beginning of the experiment. No. 1089 developed severe 
diarrhoea ancl died of acute enteritis shortly after the beginning of 
the experiment. Ko. 1075 showed no digestive disturbances but 
did not relish its food. Approximately two months after the begn1· 
ning of the experiment this pig showed unmistakable symptoms of 
stiffness ancl weakness. The hindquarters were apparently unable 
to support the body and especially on turning the pig "-ould go down 
on its haunches and remain in that position for a few- minutes. The 
pig appeared to improve slightly during the following week but on 
being driven to the scale for weighing it suddenly became lame and 
was quite unable to rise for seYeral days. It ate its food in a lying 
position and was unable to change its position without assistance. 
During the remaining six weeks in the experiment. this. J?ig on several 
occasions de·rnloped lameness and subsequent mabihty to move 
around . It was always stiff when able to move about. The pig was 
killed on 13.8.35, i.e. after 105 days in the experiment for histo
logical study of the bones . ~ umerous callusses ~-ere pres~nt in _the 
ribs and the bones "·ere obv10usly soft and bnttle . Histological 
sections of the ribs show·ed marked atrophy and incipient osteody
strophia fibrosa but no rickets. The i·acliographs taken after the 
pig had been in the experiment for about two months also showed 
marked atrophy. 

Only one pig was left on the Ca-low- diet and. the deve~opment 
of incipient osteofibrosis cannot therefore be ascribed defimtely to 
low Ca but in the light of the results obtained with cattle, sheep 
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and O'oats on Ca-deficient diets the possibility of a Ca-lo"· diet 
leadi~g to osteody;,hophia fibrosa in. pigs ~s tentati-rnly suggesteu. 
Further work with pigs along these hues will be reported at a later 
stage. 

ExPERlllfENT III. 

This Expenment was conducted concuNently with E xpe1·iments I 
and II and icas a.n Attem.pt to Dete1·mine the Effects of a Com
bined Deficiency of Ca. and P. 

It \\as realized that this experiment would throw further light 
on the effect of the ratio of Ca: J:> of the rntions used in the first brn 
experiments. Hence the P and Ca intakes wer~ made to a,!?Te~ "·ith 
those of Experiments I and II as the table g1Yen belo\Y rntl.1caies. 
A comprehensiYe table giving full details of all the experiments 
mentioned in thi~ report is giYen on page 161. 

Experiment. Ca intake. 

I. (6 months old pigs) ............. . 6 gms ........ . 
2 per cent ..... . 
1 gm ......... . 
· 11 per cent .... . 
1 gm ... .. .... . 
· 11 per cent ... . . 

I. (8 weeks old pigs) .............. . 
II. ( 6 months old pigs) ............. . 
II. (8 weeks old pigs) .... . ..... .... . 

III. (6 months old pigs) ...... .. ..... . 
III. (8 weeks old pigs) ....... ... .... . 

P intake. 

·6 gms ....... . 
· 11 per cent .... . 
10 gms . .. .... . 
· 98 per cent .... . 
·6 gm ........ . 
· 11 per c0nt .... . 

I Ratio Ca: P. 

10 : 1 
10·9: 1 
1 : 10 
1 : 8·9 
l · 7 : l 
1 : 1 

It must be noted that, although the ratio of Ca: P in Experi
ment III \\as more favourable than that of Experiment I or II a 
double deficiency existed in Experiment III. 

Two six-months-old pigs Kos. 988 and 994 we1e giYen the· same 
basal ration as that used for the pigs of this age iu Experiments I 
and II, viz.:-

100 gms. green feed. 
100 ml, milk. 

:Maize t>amp plus meatmeal mixed in the proportions of 90 parts 
to .10 respechrnly. 

The experiment began in January, 1934, and both animals 
lasted the full period of the experiment, i.e. until November, 1936. 
In l?ebruary No. 988 appeared to be slightly stiff in the front legs 
for a short period and again sho,Yed slight stiffness in August in the 
hindquarters. Other clinical symptoms "·ere not noticed at an.}' 
stage in the course of the experiment. 

The aYerage body "·eight of pigs Kos. 988 and 994 is compared 
graphically "ith that of the control pair in Figure 8 . 

. It is e".ic~ent from the graphs that the body " ·eight of the pair 
of. pigs rece1nng low Ca and P in their c1iet was practically identical 
with that of the control pair for the first twenty " ·eeks of the experi
ment. ·After that period a difference set in "hich reached about 50 
lb. at the encl of the experiment in favour of the control pair. 
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The inorganic phosphorus content of the blood "\\as found to be 
5_·7 mg. _per 100 ml. which is_ lower than the control rnlue but appre
ciably- highe_r than that obtained for the blood of the pigs on the I>
defi cient rabon and excess Ca. Blood Ca was normal. 
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Dv'°"tlon. Ta""""'f 1931/- tfo.,rrnbr• IQ~"-. -

Fig. 8. 

T~ie results of the analyses of the femur are given m Table IX. 

TAULE IX. 

On Green lr eight . 

% % dry % ash 

Nos. 
Experimental Green fat fat Specifb in dry 

details. weight. and free gra\7 ity. fat free 
Gms. water. bone. bone. 

989 Normal .. ...... . .. . 278·3 52·2 47·8 l·l3 62·5 

990 Kormal ............ 380·0 51 ·6 48·8 l ·07 63· l 

988 Low Ca a.nd Low P. 248·8 58·1 41·9 l ·00 57·8 

994 Low Ca and Low P. 285·0 60·1 39·9 l ·02 60· l 

The percentage quantity of Lone material on the femurs of Nos. 
988 and 994 is less than that in the femurs of the controls which 
would indicate poorer bone formation; as a result the ash percentage 
of the former pair is also lower. 

The rib sections of the Ca and P deficient pair of pigs showed 
microscopic lesions of extensive osteoporosis and indications of slight 
rickets; these facts corroborate the conclusions drawn from the bone 
analyses. 

As alreacly stated these pigs were approximately six months old 
when the experiment started and it was therefore decided to deter
mine the effect of a ration low in both Ca and P on younger pigs. 
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Accordingly four eight-weeks-old . pigs were selected '.1nd give? 
the same basal ration as that of the pigs of the same age m Experi
ments I and II, viz.:-

100 ml. milk. 
100 gms. green feed. 

:Mash according to appetite. 

'rhe mash was composed of 90 parts maize immp, 10 parts of 
meatmeal high in protein and 1 part -0f salt. 

The Ca and P content of the mash was the same, viz. · 11 per 
cent. Ko extra mineral supplement was given . 

PiO's Nos. 1132 and 1141 were given free access to sunlight, 
wherea~ Nm;. 1139 and 1129 were kept in semi-darkness. 

The comparative weight curves of the two pairs of pigs are giYen 
in Figure 9. 

,,_., --· 100 

P. !JS 1129, 1139 - CQand P dej1t.1~nf /n sem ·-darkn(Sf;I' A .. , "'<i".t1' 
? ------- PiJ!. tl~Z. 11/.JI -C.aand Pde t'c1"ent 1'7 /ijh t ;1' 

i,' )'-"\ 
80 ,,,.,, v \_ ~ .; /,fl'/ I\ 1:J 

<:: 
:i 

~· A? 60 
I 
I v ·~ "' ..... ,,// -<: 

.?;\ 

3 1/0 
/' v v ~ 

~ 

zo . 

Weeks 6 II 16 21 26 31 

:fl11ralion. November 19;:,s- May 1936. 

Fig. \J. 

It is doubtful whether light bad any effect on the body weights 
of the pigs before :March, 1936, i.e. about fiye months after the 
beginning of the experiment. One pig of each pair '\Yas killed for 
bone studies towards the end of February and it was after that 
period that the body weights of the remaining pigs began to differ 
considerably. No. 1139 kept in the dark actually lost 20 lb. during 
the following nine " ·eeks, while No. 1141, which was allowed free 
access to sunlight increased about 20 lb. 

It would seem that the effect of the absence of light was beinO' 
felt during this period. However, as only two pigs could be con~ 
pared this conclusion must be drawn "ith reservation until further 
work has been done. 
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If the ?ocly weight of the pair of pigs Nos. 1132 and 1141 he 
compar~d wi~h .that of the control pair "·hich was also allowed access 
to .sunlight it is .seen that low Ca and P Legan to affect the body 
w.e1ght~ of the p~gs adversely about twenty \reeks after the beO'in
mng of .t~e experiment. W eight increase was poor after that pe~iod 
a~d a dd!erence of _70 lb. was registered bet\reen the two remaini ll" 
pigs at the conclus10n of the experiment. (Fig. JO.) 0 
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Fig. 10. 

It is "ell to remember that the increase in weight of the pigs 
r eceiving a diet lo" in both Ca and P 'llas by no means as poor as 
that registered in Experiment I , "hen P 'ms deficient and Ca 
present iu excess or as that giYen in Experiment II "hen Ca was 
deficient and P present in excess. The explanation of these appa
rently contradictory results, viz . that a deficiency of both Ca an<l P 
should produce better growth than a deficiency of either Ca or P , 
lies, of course, in the generally accepted view that the beneficial 
ratio in the :first instance reduced the effects of the deficiencies while 
the abnormal ratio when either Ca or P was present in deficient 
amounts aggravated the effects of the de:ficiencv to such an extent 
that it "as actually more se-rnrely felt than " ·hen both elements 
" ·ere deficient. 
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Food consumption like the body weights shmYs reduction when 
compared , .. ith that of the con tr? ls . but ~~t to the same e:s:ten t as 
when either Ca or P was present m insufficient amounts. 

The average food consumption per pig per day during the 
separate mon tbs is given in 'fable X. 

TABLE x. 
TVeights, Green 1·n gms. 

No. of Pig. I Ration. I No·,·· I Dec. \ Jan. \ Feb. \1Iarch.\ April. \ May. I June. 

1138, 1140, Controls in dark- 370 750 1,100 1,300 1,500 1,600 1.700 1,750 
1133 and ness and sun-
1143 light 

1132 and Ca. and P defici- 370 713 1,080 1,200 1,000 1,026 1,239 993 
1141 ent in light 

1129 and Ca a.nd P defici- 370 642 684 931 900 760 596 dead. 
1139 ent in darkness 

The food consumption of the pigs receiving a Ca and P lo'" diet 
but allo,1ed access to sunlight was not significantly different from 
that of the controls during the first two months of the experimental 
period but after that period the difference became increasingly 
greater. Nos. 1129 and 1139 showed poor consumption of food sooner 
and were significantly different from their group mates and also 
from the controls in this respect during the third month of the 
experiment. 

The values for the inorganic P and the phosphatase content of 
the serum are given in Table XL 

The inorganic P content of the serum of Kos . 1132 and 1129 "·as 
lower than that of the controls but the reduction ,~ms not as marked 
as when P alone was deficient (Experiment I). The phosphatase 
values also indicated poorer calcification when P and Ca 'Yere defi
cient than in the control pigs. The blood Ca rnlues gave an aserage 
of 9 · 5 in February, 1936, which was not significantly different from 
9 · 7 obtained for the controls. 

The results of the an-alysis of the femur are given in Table XII. 

The percentage ash calculated on the dry fat free bone of the 
pigs receiving low P and Ca diets was reduced and comiderabh- so 
in the case of Jo. 1129 w bi ch remained in semi-darkness d ui·ing 
the experiment. The Yalues suggest less bone material "·hen Ca 
and P "·ere present in insufficient amounts eYen if the ratio of Ca: P 
in the diet was a favourable one. 

Summarizing the data presented it would appear that the pre
sence of light was responsible for the differences in bod> weio·ht 
anr~ food consumption between the t"llo pairs of pig·s 'receiving 
rations lo" in both Ca and P, but it should be remembered that a 
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decided difference between the two groups, as far as body. weig~t 
was concerned began to show only after one pig ~ad been kille.d m 
each group during February, leaving only one pig for comparison. 
For this reason no conclusions can be drawn and further \\Ork has 
been undertaken to elucidate the point. 

It should be pointed out that when either Ca or P '"3:s cle~cient 
no difference appeared to exist "hen light was excluded m. spite of 
the abnormal ratio, but growth was considerabl:y slower m these 
cases than in the pigs recei Ying a ration deficient m both Ca and. P. 
More rapid <Yro"th in the latter case mig·ht have been responsible 
for the cliffe~ences observed "hen light was excluded and for the 
difference in the clinical picture presented by the pigs, but surmise 
is dangerous at this stage. 

Ko. 1132, allowed access to light and killed in February for 
bone studies, appeared clinically healthy throughout, with perhaps · 
only a suggestion of being slightly stiff. Its group mate, Ko. 1141, 
which remained in the experiment until it was discharged in June, 
first showed signs of stiffness in March and remained so until the 
end. 

In contrast with the above, the pair on the same ration but 
kept in semi-darkness fared less "ell. No. 1128 appeared weak 
on the legs at the encl of January and lay down most of the time 
when not feeding. Especially the hind legs seemed to be unable to 
carry the weight of the body. During February it was Yery stiff 
and remained down when feeding. It could rise, ho"-eYer, when 
urged to do so. This pig was killed towards the end of February 
for bone studies . Its group mate, No. 1139 developed stiffness 
during February and became very stiff in March. Towards the end 
of :March it had to struggle fiercely when rising. During April 
it was hardly able to walk after a struggling attempt to rise and 
stood shiYering most of the time. Its condition became worse and 
the animal showed nervous symptoms in addition. It would scream 
continuously when approached and seemed helpless to moYe except 
with the greatest effort. Its legs were so stiff that it could not 
take longer steps than a couple of inches at a time. This pig died 
on 27.5.3G and the bones were collected for analysis. Histological 
sections of the 3rd rib of No. 1139 "-ere examined microscopically 
both in March, "-hen a portion of the costochondral junction was 
removed, and after death in May. In March marked bone atrophy 
was noticed but although some red osteoid seams were present the 
amount did not transgress physiological limits and a diao·nosis of 
rickets was not justified. In May the bones still showed marked 
b?ne atrop~y but no rickets and it would be difficult to compare the 
chfference m degree of bone atrophy between the two pio·s without 
a more detailed microscopical study of all the bones. 0 [t would 
s~em, ?oweye_r, th3:t the extra three months in the experiment pro
vided insufficient time £.or the deYelopment of rickets or osteofibrosis 
under the conditions of Ca and P intake that existed in the experi
ment. 

Nos. 1132 and 1141, kept under the same conditions of Ca and 
P deficiency as 1139 and 1192 but allowed free access to light, 
appeared to show better growth, as already stated. The rib sec6ons 
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of Ko. 1132, k.illed in February, showed marked bone atrophy and 
the .presence .of some red seams of osteoid but hardly rickets. Rib 
sections cut rn June from the experimental mate of No. 1132, viz. 
1141, also showed marked atrophy and more osteoid than normal -0r 
incipient rickets. 

'l'he clini?al picture presented by the two pairs of pigs on Ca 
and P low diets favours the conclusion that the absence of lio·ht 
affected the one pair -0f pigs detrimentally. The same indicatio; is 
found by examining the body weights, food consumption and some 
of the other data. The histological fillClings bear out the same point, 
viz . that the pair in the light de>eloped indications -0f rickets which 
might follow better grow·th, while the pair in the dark show·ed no 
rickets , but as already stated the eYidence is too limited to justify 
conclusions. 

A fact w·hich stands out clearly, however, and which must be 
emphasised is that Ca deficiency with excess P, and P deficiency 
with Ca excess, affected the pigs of both the ages used in these 
experiments more detrimentally as far as all the observations made 
w·ere concerned than w·hen the ration was deficient in both Ca and P. 
The abnormal ratio of Ca to P when onlv one of these constituents 
was present in insufficient amounts was "lindoubtedly responsible for 
the more drastic effects registered. It w-011ld appear, however, that 
rickets which deYelops rapidly when the P content of the ration is 
low is not produced as easily in pigs when both Ca and P are low. 
This obsenation does not apply to sheep, goats and bovines in which 
rickets is easily produced when both Ca and P are low in the diet. 
'l'he possibility remains, howe.er, that reduced quantities of P and 
Ca will produce rickets in pigs, as it should, in virtue of the low 
P, even when both are present in deficient amounts and in a favour
able ratio. 

Furthermore, as the ratio of Ca to P in the feed of pigs kept on 
rations deficient in one or both -0f the two constituents \Yas mainly 
responsible for the diffeiences registered between pigs receiving a 
normal and abnormal ratio respectively, it was decided to determine 
the effect of an abnormal ratio of Ca to P -when these elements were 
present in sufficient amounts. 

ExPERDIENT IV. 

The Ration contained E.rcess of eithe1· Ca or P and a Sufficiency of 
the other Jfineral ; in Other Respects it was Adequate. 

Two pairs of six-months-old p~gs w·ere . selected and .given t~e 
same basal ration as that reported m Experiment I for pigs of this 
age, VIZ.:-

100 ml. milk, 

100 gms . green feed. 

Mash according to appetite and consisting of 90 parts maize 
samp, 10 parts high protein meatmeal and 1 part -0f salt. 
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Cakium carbo11ate allll Ji1wdiurn phosphate were a.d_clecl t.o t~: 
milk of the pigs but in su ch a manner that the. one, pan, .:'\ os. ~f:Jo 
aurl 984 received sufficient Ca and excess J:>. nz. li grns. and .8 ·2 
grns. re; pecti\·ely, w·hile the ?ther pair , ~o:s . y1_7 and 8~7 , recei,~ e 1l 
sufficient p and excess Ca, .-iz. 3 grns . and 13 · 1 respecbYely. I~e 
ratios of Ca to P in the feed of the brn pairs were 1 : l · 4 and 1 : 0 · 2~ · 

The experiment began in January, 193-±, a?d w·as conclude.a 
appr<rximately nine months aftenrnn~s . All the pigs con~ urne<l then· 
food at least as w·ell as the controls did and at no stage did any sho'" 
symptoms of abnormalities. 

'rhe 1·mYes representing the a>erage bod~' w·ei.ght~ . of !Le t \YO 

p~~ irs of pi!!·s compared Yrith the contro'.s are g1,·e11 m l• 1gure LI. 

-- P<js 9s9. 990 - Cont,ols. - rat io 2; J 

- -- - - P.'9!> 977,997 - G:z and P sujfiul!nt - .-atlo I :, 0-.ll 
•· ..... .. .... P.9!> 9s1t,995 - Ca and P w]fic.ient - ,ar•o J : J·4 

zsof----_J_--+----+----t----+---+--- --t----:',;,; 
p~ 

2~1~----+----+---+----t-----+---+--__.,.~.--+-----1 

~:.1-· 
~ ~--~ .. ~..,>-.,,:1' 

#" •• Cf·"/ ...a',,I>"' 

~ zoo f-----+---+----+------J,~~~'---,.,,,e=~~~---""""'-='----+----t,-------i--~ 
rr·-fr·:ft- / 

.. ;-:f::/ 
16o f------+---+----:~'----f----+---+----+----+----j 

-~/ 
120+----+--,,,,~9----t---t----t----+---+----t-----i 

/"-
001-'----+----+----+---+----t-----+---+----+-- ----i 

ll 16 21 J/ 41 

Janva'J 19•t- l{ovemhu '93if. 

Fig. 11. 

The excess of Ca in the feed of the one pair of pigs and the 
excess P in that of the other "-ere apparently without detrimental 
effect on the weight increase of the pigs. It was only during the 
last eight weeks of the experiment, after one pig of each pair had 
been killed for bone studies, that the remaining · experimental pigs 
appearell to increase more rapidly in weight than the control pig; 
this r esult cannot be r egarded as significant therefore. 

The inorganic P content of the blood determined four months 
after the beginning of the experiment show no difference bet'IYeen 
the control group and the one receiving enough P and excess lime. 
The nlues are 7 · l and 7 · 5 mg. P per 100 ml. blood for these two 
groups respectively . The inorganic P content of the blood of the 
pair receiving excess P and sufficient lime "as 8·9 mgm. p.c. Blood 
calcium was normal in all three pairs, viz. 10 ·2to10·8 mgm. p .c . 
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The results of the analyses of the femurs are given in 'rable 
XIII. 

TABLE XIII. 
On Green Weight. 

% % dry % ash 
Experimental 

~OS. 
Green fat fat Specific in dry 

details. weight. and free gravity. fat free 
water. bone. bone. 

989 Control . ... .... .... 278·3 52·2 47·8 1· 13 62· 5 
990 Control ... ......... 380·0 51 ·6 48·8 l ·07 63 ·1 
995 Su ff. Ca excess P ... 359·0 49· l 50 ·9 1·12 64·2 
977 Suff. P excess Ca ... 370·0 53·0 47·0 l ·07 63·4 
997 Su ff. P excess Ca . . . 287·8 50·6 49·4 l ·05 62·3 

It is ob>ious from the figures given m Table XIII that not one 
of the rnlues gi Yen was affected significantly by excess lime or P 
in the ration. The femurs of the pi"'s receivin"' excess Ca or P did 
not contain less bone material than those of th~ controls and as far 
as could be ascertained the bones were normal. 

The histological sections of the ribs examined microscopically 
revealed no abnormalities. 

It would appear therefore that if a sufficieney of P or Ca be 
given in the diet of six-months-old pigs an excess or Ca or P to the 
extent of that given in this experiment, viz. almost one and a half 
times as much P as Ca an rl in another case three and a half times 
as much Ca as P is without significant effect on body weight, food 
consumption, blood and bone analyses. In contrast to the above 
an abnormal ratio of Ca to P under conditions of Ca or P deficiency 
had disastrous effects on body "·eight, food consumption, blood and 
bone analysis of pigs as against less detrimental effects when the 
ratio was corrected but the deficiency retained as reported in Experi
ments I, II , III. 

Although the experiment reported here by no means exhausts 
the study of the effect of abnormal ratios of Ca: P under conditions 
of a sufficiency of these two minerals it does suggest that an abnormal 
ratio under these conditions may not be as important as under 
conditions of a deficiency of P or Ca and work along these lines is 
heing undertaken at present. Furthermore, arising out of the results 
of this work, it was decided to test the effect of an abnormal Erd
alkali-Alkalizitiit in the ration of pigs under conditions of a suffi
ciency of Ca and P . Obviously changes in E .A. (CaO + M:gO - P 20' 
in mgm. equivalents per 100 grns. dry feed) involve changes in the 
Ca: P ratio. 

ExPERDIEKT V. 
Th e rations contain n rn/ficie11cy of Ca nnd P bnt nri> nhnormal 

1l'ith respect to tlie Erdallwli-Allwlizitiit in Mare lc's sense, 
Briefly Marek and his co-workers (1932 and 1935) claim that 

the best re~ponse to an adequate ration is obtained when the Erdal
kali-Alkalizitiit lies between 20 and 25 mgm. equivalents. Further
more, that if the E.A . is far remoYed from what they regard as the 
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normal limits (20-2,j mgm. ) m;teodyshophic disease is pructically 
certain to deYelop. From n e:ar eful consideration of ~Iarek 's . work 
it ,~rnuld appear that his results " ·ere obtained under conditions of 
Yitamin D defieien cy . If this is the ca:;e his results are uot direc tly 
comparable with most of those reported in this exper iment " ·her e 
Yitamin D "·as present in a bunclnnee, nor is it then correct to claim 
that a11 ab11ormal KA. is the sole cause of osteodystrophie disease 
is his experiments a.,;, obviously, Yitamin D defieiency 'ms a com
pli cating factor. 

It should be pointed out that man y rations 1rhich are eousirlered 
normal are not such in :Jiarek · s sense and that unless speeia l a tteu
tion is paid to the E.A. of a iation the Erdalkali-Alkalizibt most 
probably does riot lie bet"·een the limits aceepted by :Jiarek . The 
control gronp in this experimeut for iustance sho"·ed normal growth 
and remained normal throughout the course of the experiment but 
did not r eeeiYe a ration of which the E.A. lay between 20 and 25 
mgnr. equiYaleuts. This point "llill be brought out more clearly, 
howe>er , "·hen considering the Yarious rations f c>d . 

Another factor "·hich was considered important in this experi
ment " ·as the produdion of rickets. Up to the present rickets has 
been producecl here in pigs receiYing adequate vitamin D only when 
the ration "·as deficient in phosphorus. 'l'his again is apparently at 
variance \\·i th :Jiarek's ,~rnrk in \rhich rickets was r eported in pig::; 
receiYing ~ uffif'i eut P in their diet stated to be adequate in all 
respects exeept its E.A. H ence two of the rations giYen in our 
experiment eorresponded as clo~ely as praeticable with the diets used 
by Marek and on which he produced seYere rickets, our object was 
to produce rickets "hich coul1l be prond to be clue to a cause other 
than P rleficiency. 

The general treatrnent of the pigs \YUS the same as that reported 
in Experiment I , and the experiment began in April 1935 "llith 

. 1 ' ' 11-,Yeeks-old pigs anc lasted until the end of Aug ust . 

'rhe conhol pigs, X o;; . 107G and 1079, " ·ere ginn 100 ml. milk, 
100 p;ms. g-1 een feed and mash according to appetite. The mash 
cousi~ted of 94 parts maize samp, G parts bloodmeal, and l · 5 parts 
of salt. CaC03 and X:1 2HJ:>O, \\·ere added to the mash to ewmre 
a dai ~y intake .of 7 ·2 gms. CaO and G·3 gms . P 20 5 ; the daily food 
supplierl contarned on an aYerage ·44 gms. "MgO. The Erdalkali
Alknlizi tii t for the en tire period was + 6 · 5 rngm. eq ui Yalen ts. 

These pigs weigh ed 13·3 Kg . on an aYerage at the beo·innino· of 
the experiment ond 68 · 4 K gs . four months after"llards ~-hen they 
were diseliargecl. Their appetite " ·as good throughout and no indi
cation of disease ''"as noticed at any stage . 

Racliographs were taken approximatel.\· hrn mouths after the 
beginning of the experiment and Ko. 1079 " ·as killed an 30.8.35, 
for bone studies, i.e. after haYing been 120 days in the experime11t. 
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The bones showed normal grm>th and development histologically 
and appeared to ~e perfe.ctly normal from the radiographs. The 
percentage ash registered m the dry fat free bone was 54 · 8. 

SeTeral other pairs of pigs of the same ao·e were fed concur
rently with the pair mentioned above on rations 0 showino· a variation 
in their Erdallrnli-Alkalizitat as indicated below, 0 

Nos. 1085 and 1090 "\\'ere given a mash accordino· to appetite 
and consisting of: - 0 

Yell ow maize meal 11 lb. 
Barley meal . . . . . . oo 

" \Vheaten bran .. . .. . . .. .. . 11 ,, 
High protein meatrneal .. . 
Salt .............. ... ... . 

11 " 
l · 5 " 

CaC03 and N a2HP04 were added to the daily ration to ensure 
a daily intake of CaO and P 2 0 5 per l(J Kg. body weight of 10·8 
and 4 gms. respectively. The ratio of CaO to P 20 5 was 1 :2·7 nJ.O'm. 
The Erdalkali-Alkalizitiit varied from 62 to 7 · 6 mgm. equivale~ts; 
the protein intake was 55 gms. per 10 Kg. live "·eight. 

Another pair of pigs of the same age, Ko. 1084 and 1086 "\\'ere 
given the same ration as that mentionod above, but these pig~ were 
kept indoors permanently. It should be mentjoned, however, that 
no attempt was made to exclude any but direct light and that it 
cannot be stated that this pair of pigs was kept under conditions 
of vitamin D deficiency. In addition the feed girnn, being grown 
under South African conditions and therefore expost:d almost daily 
for 5 to 10 hours to direct sunlight during the gro,Ting and ripening 
period probably also supplied appreciable quantities of vitamin D. 
Still, direct sunlight was excluded to reduce the vitamin D present. 

Another pair of pigs, viz. Kos. 1082 and 1087, was given the 
same mash as the hTo last mentioned pairs but 100 gms. green feed 
and 500 c.c. milk were given daily in addition to the quota of mash 
to improTe the quality of the feed. CaC03 and N a2HP04 were again 
added and the aTerage E.A. for the entire period was found to be 
65 mgm. equirnlents. 

Yet a fourth pair of pigs, viz. Nos. 1088 and 1074, was 0 'i>en 
the same mash which, incidentally, " ·as responsible for the pro
duction of Ter:r seTere rickets by ~Iarek. Less CaC03 was added to 
the mash of this pair of pigs in order to create a more favourable 
Ca: P ratio and :Mg(OH)2 "·as added to the daily ration to keep its 
E.A. approximately the same as that of t~e other g~oups. receivi_ng 
this mash. The average E.A. for the penod for this pair of p1gs 
1rns 61 mgm. equirnlents, and the CaO: P 2 0 5 ratio l · 3 to 1 with an 
average intake of 11·5 gm. CaO and 9 · 0 gm. P 205. 

Resiilts. 

The "·eights of the individual pairs of pigs and the aYerages 
for each pair are giYen in Table XIY submitted below. 
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A statisti<.;al analysis of the results sho\\s that no siO'nificant 
differences exit:>ied bebreen the group weights at the end of° the ex
perimental period. 

None of the groups showed an adverse reaction to the conditions 
of the experiment. The food consumption records show no sio·nifi-
1.:ant differences bebYeen the groups and all the pigs remained he~lthy 
throughout the course of the experiment. 

X-ray photographs "·ere taken one month before the conclusion 
of the experiment and re-vealed no differences in bone structure rn 
the comparatiYe groups. 

One pig of each pair "·as killed at the conclusion of the experi
ment, i.e. after 122 clays experimental period, and rib sections were 
examined histologically. l'hese sections were found to be normal 
and revealed normal bone gTO\Yth and deYelopment in every ease. 

DISCUSSION. 

There is no doubt that under the conditions described, rickets 
\Yas not p1 orlured in pigs " ·hich receiYecl for 122 days rations so 
C{lillpounded that their Enlalkali-Alkalizitat was abnormal in 
Marek 's sense. Furthermore, there \Yas apparently no difference 
in the body \1·eights, food consumption and microscopical bone struc
ture between the pigs receiYing a ration whose E.A. was + 6 · 5 mgm. 
equivalents when rompared "·ith those on a ration of approximately 
65 rngm. equivalents. 

As Yitamin D was present in abundance in the experiment 
reported here, whereas the same ration used by :J-Iarek contained 
negligible quantities of this Yitamin the conclusion appears justified 
that the difference between our results and those of Marek is clue to 
the difference in the Vitamin D eontent of the ration used by the 
t"·o schools of workers. It is also obYious that the highly positive 
E.A. in )farek's experiment "·os not responsible per se for the 
production of osteodystrophic disease. It would appear um1·ise, 
therefore, to emphasize the necessity of a correct Erdalkali-Alkali
zitat for normal gro,Yth and deYelopment in pigs unless it is stated 
that the E.A. of a ration is important \Yhen pigs are kept under 
conditions of vitamin D deficiency. 

Concurrently with the abon two pairs of pigs of the same age 
and litters as those used were giYen another of Marek's rations 
whose Erdalkali-Alkalizitat was - 25 nlgm. equivalents and which 
produced severe rickets after 141 clays. 

The ration consisted of 500 ml. separated milk, c1 ushed maize 
ad lib to which bonemeal and salt were added to ensure a daily 
intake per 10 Kg. body weight of approximatel~, 35 gms. protein, 
5·5 gms. CaO, 7 gms. P 20 5 and an Erdalkali-Alkalizitiit of - 25 
mgm. equiYalents. 

This ration, as stated by Marek, is low in protein "·hich was 
poor in quality. The pigs did not respond well and scouring was 
frequently present for short periods. Growth was poor on the whole 
and the pigs lagged behind those already mentioned and receiYing 
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the ration whose Erdalkali- Alkalizitiit was highly positive. The 
fortnightly body weights of these pigs compared with those of the 
controls are given below : -

TABLE xv. 
1935. 

Nos. I E.A. 112/ 4 124/ 5 1 7/ 5 120/ 5 1 3/ 6 117/ 6 1 1/ 7 115/ 7 130/ 7 113/ 8 126/ 8 

1076 .. ... .. . . + 6·5 14·9 15·6 17 ·7 20·6 24·9 32·6 42·5 46·4 61·1 71·9 79·2 
1079 .. . ...... + 6·5 11·8 12·2 13· 1 14·0 16·8 19·1 27·6 35·4 43· l 49·6 57 ·6 

Average ... . 13·35 13·9 15 ·4 17·3 20 ·8 25·8 35·0 40·9 53·6 60·7 68·4 

1078 ..... .... -25 11 · l 12 ·2 14·2 16·4 18·2 23·1 26·7 30·8 34·6 36·8 43·8 
1080 ..... .. .. -25 9·3 10·2 12·9 13·6 16·1 18·2 21· 3 23·6 26·7 29·4 30 ·8 
1081 ......... - 25 9·7 11·3 13 ·3 15· l 17·0 19·5 23·6 27·6 29·6 33·7 36·3 
1083 ......... - 25 8·6 10·2 12 ·0 12·4 12·9 15·4 17·9 20·5 22·9 24·9 27·6 

Average .... 9·9 10·9 13 ·1 14·3 16·05 19·05 22·4 25·6 28·4 31 ·2 34·4 

The body weights of the pigs receiving the maize ration reYeal, 
as ·would be anticipated, poor "·eight increase, viz. 24 · 5 lb. after 
four months, compared with 55 lb. for the controls. The pigs showed 
poor appetites from time to time and although obYiously hungry 
did not relish their food . The radiographs ta ken after three months 
in the experiment shmY bone atrophy ancl the rib sections of pigs 
Nos . 1080 and 1083 killed after 122 days in the experiment confirm 
this finding. Osteoporosis was not extensive , but certainly present, 
'"hile the amount of osteoid present did not transgress physiological 
limits; osteofibrosis and rachitic lesions were absent . It is not sur
prising that bone formation did not proceed normally if the inade
quacy of the ration both in regard to the quality and the quantity 
of the protein is considered. The point that is most imp-0rtant, 
however, is that in spite of a strongly negatiYe Ercla lkali-Alkalizitat 
neither rickets nor osteoclystrophia fibrosa " ·as produced as was found 
to be the case by 'Marek, '"orking with the same diet but probablv 
under conditions of vitamin D deficiency . " 

For the convenience of the reader the main features of the five 
experiments reported in this publication are shown belm.- in tahular 
form. (Table XVI.) 

A glance at the table given aboYe reveals the fact that osteo
dystrophic diseases were produced only when the intake of P or Ca 
or both "·as low and that bone <lisease \\·as absent whenever sufficient 
lJUantities of these minerals were supplied in spite of the Erdalkali
Alkalizitat of the ration ranging from - 9 to + 65 milligram equiva
lents. 

Here again, as in the case of a ration of strongly positiYe E.A. 
it would appear that the difference in the results obtained at thi~ 
Institute when compared ;yith those of Marek and his school lies in 
the_ difference between the vitamin D contents of the respective 
rat10ns. 
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CALCICM AND PHOSPHORl:S IN THE ~TTRITIOX OF PIGS. 

Rations of strongly positive or negat~Ye E~·dalkali-.1\lkalizitiit 
apparently do not produce rickets or osteoclystrophia fibrosa lil young, 
"'rowino' pio·s if sufficient P and Ca are present, even after several 
7nonths'? feedino· unless the Yitamin D content of the ration is below 
the requirement~ of the pigs. ·Marek's results therefo1:e. cannot be 
<lesrribecl as being directly due to the Erdalkali-Alkahz1Uit of the 
ration but were apparently clue to a complex of at least two factors, 
viz. E.A. ancl vitamin D shortage. 

SUMMARY AND CONCLUSIONS. 

1. Data are presented on the effect upon growi11g pigs of rations 
deficient in P or Ca or both . Obsenations 'rere made upon the 
body \\eight, food consumption, blood anal~·sis and bone analysis
physical, chemical and histological. 

2. The effects of the Ca: P ratio and of the Erdalkali-Alkalizitiit 
of some of the rations were also considered and discussed. 

Low P, Abnormal Ratio. 

3. · Sgm. of P and · l per cent. P were found to be uot only 
insufficient for the normal gro"·th and cle•elopment of young gro\Y
ing pigs but caused severe rickets as determined microscopically . 

4. The absence or presence of light 1rns apparently without in
fluence on the effects of the phosphorus deficiency and this suggests 
that the ration, probably already contained a sufficiency of •itamin 
D. 

5. The lo'" _p content of the ration was reflected as low inorgamc 
phosphorus in the serum, while serum phosphatase (Bodansky units) 
gaYe significantly higher than normnl values, suggesting poor calci
fication . 

G. A considerably smaller percentage of ash \Yas present in the 
bones of the pigs suffering from P cleficiency than in those of the 
control group. 

7. Clinical symptoms of P cleficiency appeared shortly after the 
beginning of the experiment and gradually became more pronounced 
until severe rickets could be diagnosed "ith the naked eye, 'Yhen 
the pigs "·ere in a pitiable state ancl the experiment discontinued. 
'l1he addition of phosphate to the ration at this stage cured the 
rickets but the pigs remained smaller than the controls and had a 
stunted appearance, nor did the legs become normal. 

Lou; Ca, Abnormal Ratio. 

8. · l ner cent, Ca in one experiment and 1 gm. daily in another 
"·ere found to be insufficient for the normal growth of young pigs. 

9. As in the case of P deficiency, light appeared to be without 
effect on the results of the Ca deficiency and it is surmised that 
the food being grown under conditions of abundant sunshine, con
tains sufficient vitamin D for the requirements of the pigs. 
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10. Neither serum phosphatase nor serum Ca was sio·nificantly 
affected by the low Ca of the ration. " 

11. The ash of the bones 1rns considerably reduced. 

12 .. Bone at_rophy. or o~teoporosis was present but no rickets. 
I:i a third experiment rn which the ration of a pair of pigs contained 
·b gms._ C~q and 10·5 gm. P 2 0 5 the bones of the surviving pig 
showed rnc1p~en~ os~eodystro:phia fibrosa and bone atrophy after 105 
days. but no rndications of rickets. The suggestion is made that ()a 
deficiency per se will not produce rickets but mi()'h t produce osteo
dystrophia fibrosa in pigs and further work along these lines is bein"' 
carried out. 0 

Ca and P Deficiency, Normal Ratio. 

. 13. 0 · l g:m. Ca an<l · G gm. P were contained in the daily ration 
m one experunent and · 11 per cent. of Ca and P respectively in 
another experiment. 

14. The weight increase of the pigs was unaffected for the first 
brnnty weeks of the experiment when the animals on the Ca and P 
deficient ratiou began to increase more slowly in weight which 
differed significantly from that of control pigs at the end of the 
experiment after approximately another twenty weeks. 

15. The detrimental effect of Ca and P deficiency was by no 
means as severe as that of a deficiency of either Ca or P together 
with an excess of P or calcium respectively; the abnormal ratio of 
Ca: P in the latter case is believed to be responsible for the enhanced 
effect of the deficiency. 

16. Food consumption was poorer than in the control group, 
percentage ash in the bones low and the inorganic P of the serum 
not as low as that of the pigs on P deficiency but Ca excess. 

17. It would seem that the absence of light affected the health 
of the pigs detrimentally. The pig in the light showed at its worst 
only slight stiffness while that in semi-darkness could hardly stand 
and walked only with the greatest diffi1·ulty; its legs were Yery stiff 
and almost out of control. 

18. Microscopically the ribs of all four pigs sho"·ed marked 
bone atrophy and a suggestion of rickets in two of the four animals. 
The su()'gestion is made that the deficiency of P and Ca was not 
acute e~ough or that the experiment was not conducted for a suffi
ciently long period to produce rickets or ostitis fibrosa or both. Work 
along these lines is being continued . 

Ca and P Sufficiency icith Abno1·mal Ratio. 

19. A ration containing G gms. Ca and 8·2 gms. P was giveu 
to one pair of pigs while in the case of a second pair of animals 
the ration contained 13·7 gms. Ca and 3·0 gms. P. 

20. Body weight, food consumption, blood analysi~ ai;id bone 
composition, chemical and histological did not alter sigm:ficantly 
when Ca and P were present in the ration in the proportions given 
above instead of that contained in the ration of the control group. 
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E rdallwli-Allwlizitat ( E .A.). 

21. Rations whose aYerage E.A. for the 120 days experimental 
period \rere 6 · 5 mgru. equivalents and approximately. 62 mgm. 
equivalents respectively "·ere fed to eleYen weeks old pigs. Suffi
cient Ca and P were present for normal growth. 

~2. All the pigs grew normally and remained healthy, nor was 
there any significant difference in body weight, food consumption 
and bone development as judged radiographically and histologically. 

23. Neither rickets nor osteodystrophia fibrosa developed as was 
reported by Marek on this ration. 

24. It is suggested that the explanation of the apparently 
anomalous results lies in the fact that abundant vitamin D was 
present in our expe1iments while this was a limiting factor in 
:Marek's experiments. 

25. A strongly negative E.A. ( - 25 mgm. equivalents) in a 
ration consisting of maize produced bone atrophy and no rickets. 
As maize protein is admittedly deficient in protein- qualitatiYely 
and quantitatively-the results obtained cannot be ascribed exclu
sively to the abnormal E.A. of the ration. 

Marek produced rickets and osteofibrosis with this ration and 
the difference bet"·een his results and those obtained here is again 
ascribed to the difference in the Vitamin D content of the ration 
made up at the two Institutes. 

26. It is suggested that the Erdalkali-Alkalizitat of a ration 
when sufficient P and Ca are present is not exclusively responsible 
for the deYelopment or not of osteoclystrophic diseases in pigs. 

The "-riters "IYish to acknowlerlge gratefully the collaboration 
of Dr. 'rhomas, ~fr. van der \Vath, B.V.Sc., and Mr. B. A. du Toit, 
M.Sc. during the course of the investigation. 
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