


STUDIES IN MINERAL METABOLISM XXXI. 

I. INTRODUCTION. 

INCREASED production of milk and beef, like the improvement of 
herds, is closely associated with good feeding, while improved nutri
tion can only be brought about if feeds in all their constituents 
satisfy the requirements of the animals. Minerals, as is probably 
universally realized in both agricultural research and practice, play 
an important par t in the rations of cattle kept for high production. 
Furthermore, the feeding of mineral con;;tituents to stock has cer
tainly hacl at least its fair share of attention during the last dozen 
years and, like most matters that are suddenly projected into the 
limelight, has been stressed and emphasized almost to the exclusion 
of other equally important problems. Perhaps a reason for this 
decided emphasis of the mineral composition of the diet has been 
the belief that a lactating cow assimilates probably only about 20 
per cent. of the minerals present in her feed, and that consequently 
milk production is a heavy drain upon the animal 's mineral reserves. 
Then too, the phenomenal improvement in the growth rate of cattle 
on supplying the naturally deficient mineral, especially phosphorus 
in certain countries, has given impetus to the study of the mineral 
constituents of the diet, with the result that while a balanced ration 
was assumed to contain sufficient minerals for the requirements of 
stock in the past, in recent years the practice has become prevalent 
to supply additional minerals to those contained in the ration of 
flairy cows and even of non-lactating grazing animals. 

II. OBJECT OF THE INVESTIGATION. 

It was with the view to determine the minimum mineral require
ments of growing cattle that a study of this problem was begun in 
1925. The first report of the work was published in 1927 while the 
experiments recorded in this article form a continu ation and in some 
ways an extension of the original object of stu dying the mineral 
requirements of growing heifers. As in the first investigation, a 
pair of Grade Friesland heifers, 30 months old, was placed in each 
experiment, which was continued through the g-ro"·ing period and 
until the end of the first three months of the second lactation period. 
Full details of each experiment and its results are given in the text 
below. 

Ill. LITERATURE. 

No attempt will be made to review recent literature on mineral 
metabolism, since this subject has 1·ecently been discussed by 
Crichton (1930), who gives a fairly extensive list of references, and 
although ·one regrets that the earlier " ·ork of investigators like )1:arek, 
Wellman and Sjollema in the field of mineral meta holism has been 
omitted, the revie,Y of the literature is undoubtedly a masterly one. 
Calcium and phos_phorus predominate in all the work mentioned. 

s amatter onact richton deplores the absence of data on the role 
of other inorganic constituents such as .!!:lag:nesium, !>Odium, potas
sium and chlori:JW. in animal nutrition, while he states that know
ledge of t1e mineral requirements of gro""ing cattle is regrettably 
scanty. 
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The position as set forth by Crichton with regard to the mineral 
requirement of dairy cattle may be summed up as follows : The 
literature provides abundant proof for the limitation set upon growth 
and milk production by deficient phosphorus in the diet under natural 
conditions of grazing. Under experimental conditions clinical \ -
symptoms of aphosphorosi_s may develop. vVith regard to calcium 
the position -1s not so c ear cut . There is no direct evidence that 
pastures exist that are so deficient in calcium that the growth rate 
or health of stock is affected, but the author doubts whether such 
cases do not occur. Calcium deficient diets have given positive 
results under experimental conditions. Concerning other minerals 
present in milk, there is almost no information as to the require-
ments of cattle and "there is no information on which to base even 
an opinion as to whether or not deficiency of some of these may 
affect milk yield or health ". Chlorine is liable to be deficient, but 
this is easily made good by providing rock or ordinary salt. Crichton 
concludes by expressing the view that the grading up of pastures, 
although a slow business to ensure adequate mineral intake must be 
given preference to the addition of inorganic salts to deficient rations. 

On the whole we are in agreement with the latter view as an 
ideal and grading up is comparatively simple where artificial pastures 
are concerned, but it does not as yet, except in a very small way, 
fall within the scope of practical agricultural politics where natural, 
mixed pastures are ooncerned. It has not yet been shown that 
phosphorus deficienc:v, undoubtedly the most widespread mineral 
deficiency in natural pastures can be made good in this way, so that 
supplementary feeding of minerals to stock is still an important 
method of overcoming mineral deficiencies in the natural feed of 
animals . 

An aspect of the cause of phosphorus deficiency in natural 
pastures which is often overlooked and which throws some light on 
the puzzle of an existing phosphorus deficiency in practically all 
sub-tropical areas with seasonal rainfalls not well distributed over 
the year and hence subject to droughts, lies in the variation of the 
phosphorus content of pastures with growth. Generally, young suc
culent grass high in phosphorus is available only for a comparatively 
short period, while full-grown, mature grass, low in phosphorus, 
forms the staple food for perhaps eight of the twelve months even 
in areas vvhere the soil is not necessarily deficient in phosphorus. 
Values of · 75 per cent. P 2 0,, for young grass may change quite 
normally to · 03 per cent . for the same grass when mature. Unless 
pasture improvement develops a short cut to the establishment of 
pastures consisting mainly ·of grasses which do not show a remarkable 
drop in their phosphorus content on maturing, supplementary phos
phorus feeding in pastoral countries like South Africa and parts of 
Australia, will of necessity still be practised for a long time. 

Reed and Huffman (1930) report on a five-year mineral feeding 
investigation with dairy cattle and state that the mineral require
ments of dairy cows under conditions of normal production ani! stall 
feeding of balanced rations are probably satisfied without the addition 
of supplementary minerals . 
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Marek (1924), Wellman (1931) and ~Iarek and vVelhnan (1932) 
place great stress upon ratios of minerals to one another which is 
implied in their conception of " Allmli-alkaliziti:it " and " Erdalkali- · 
alkalizitat ". These authors exp1ain rickets and allied conditions 
aiOng lines of abnormal Erdalkali-al.kalizibt (MgO + CaO - P 2 0 5 in 
milligmm equivalents per 100 grams dry matter of the ration). A 
''"ell balanced and healthy ration should show a value between 20 
and 25 mgm. equivalents and it is interesting to note that many 
so-called well balanced rations will not be approved of by these t\YO 
authors or may even be labelled as definitely rachitic. A vast amount 
of data obtained mainly from experiments with pigs during a score 
of years, is presented in two volumes under joint authorship and 
although much is stated which is not in agreement with the current 
conception of mineral metabolism, the work certainly demands the 
serious attention of investigators in this field of research. 

IV. DETAILS OF INVESTIGATION. 

In the experiments recorded in this paper an attempt ''"as made 
to subject heifers to extremely low intakes of mineral constituents 
and, as in the 1925 experiment, roughage was reduced to a minimum 
in order to obtain a basal ration sufficientlv low in all minerals to 
be satisfactory for all the groups, and so place them on a common 
basis for comparison as far as food consumption is concerned. It 
was found that 3! lb. hay, 5 lb. crushed maize and 5 lb. maize 
endosperm or fanko, gave a basal ration lmY in mineral but adequate 
in other respects in that it produced normal growth if the minerals 
required were given as a supplement. The tota l intake of minerals 
and the mineral composition of the ration are given in Table I. 

TABLE I. 
Pe?'Centage Mineral Composition of M atm·ials used. 

Material. CaO. MgO. K 20. Na20. P 20 5 • Cl. 803 • Protein . 

Hay ..... .. .. ·35 ·25 1 ·2 ·08 ·13 ·25 ·40 4 ·8 
Maize ..... . . ·03 ·24 ·36 ·16 ·5 ·08 ·16 9 ·0 
Fanko ... .... ·01 ·05 ·14 ·02 ·09 ·03 ·14 8·0 
Blood meal.. ·2 ·03 ·40 1 ·6 ·60 1·0 ·8 64·8 
Ensilage ... .. ·10 ·07 ·3 ·01 ·1 ·06 ·1 1·6 
Meat meal. .. 1·1 ·04 ·4 1·4 1·4 ·85 ·7 80·0 

The initial basal ration of 3·5 lb. hay, 5 lb. crushed maize, 5 lb. 
fanko, and 20 gm. blood meal contained the following approximate 
amounts of constituents in grams: - -
Constituent . . . . . . . .. CaO MgO K 2 0 N a 2 0 P 2 0 5 Cl 803 Protein. 
gm. per head per day G · 8 11 ·1 29 · 3 5 · 7 15 · 4 6 · 7 12 · 9 4 72 

Due to the high cost of fank·o the initial plan of omitting maize 
and increasing the fanko to 10 lb . had to he abandoned . Maize is 
considerably higher than fanko in minerals, especially phosphorus; 
so much so that it was impossible to produce an acute phosphorus 
deficiency on the above ration, and fanko had to be substituted for 
maize in the phosphorus deficient groups as indicated further in this 

568 



P. J. DU TOI'l', A. I. MALAN, AND J. W. GROENEWALD. 

article. Blood meal was added to improve the " quality " of the 
protein of which the ration contained sufli~ient for growing heifers 
weighing approximately 800 lb. on an average. 

'l'he experiment was begun in September, 1930. The animals 
were stabled under roof in separate feeding boxes over night in a 
shed. The fanko, maize and blood meal were fed in the afternoon 
at 3 o'clock when the animals were fastened to their mangers. In 
the early morning the hay was given which was invariably consume(l 
before half-past 9 when the animals were allowed to go into a fair 
sized paddock with concrete :floor for exercise until stabling time in 
the afternoon. Water " ·as always available and the minerals "·ere 
added to the concentrates of the ration. Each animal vvas placed 
on the experimental ration immediately after service. 

'l'wenty-six grade Friesland heifers, 21 years old, were available 
and pairs, as uniform as possible, were placed in each experiment. 
With the exception of one, all the animals calved in :May and June, 
1931. Each was milked for a 90-day period then allowed to dry 
off and placed with the same hull for a second service in December, 
1931. 

In February, 1932, 5 lb. maize ensilage was added daily to the 
basal ration which, therefore, altered the mineral intake per head 
to the,following values: Ca0 = 8·8 gm., M:g0=12·5 gm., K 20-35·3 
gm., Na2 0 - 5·9 gm., P 2 0 5 =l7·4 gm., 01=8·0 gm., 803 = 14·9 gm. 
The protein content of the new basal ration was 510 gm. At the 
beginning of the second lactation period additional protein was given 
in the form of 1 · 5 lb. of meat meal. A summary of the intake of 
minerals contained in the basal ration over the whole experimental 
period is given below in grams: -

Period. CaO. MgO. K 20 . Na20. P 20 5• Cl. 803. Protein. 

±17 .9.30-
18.5.32 . . . 6·8 11·1 29 ·3 5·7 15·4 6·7 12 ·9 472 

18.5.32-
8.8 .32 .... 8 ·8 12 ·5 35 ·3 5·9 17 ·4 8 ·0 14·9 510 

Last 3 months 15·1 12·8 38·0 15·5 27 ·0 13·8 19·5 1,026 

Prior to the experimental period the roughage of the ration was 
gradually reduced to that contained in the basal ration. During 
the preliminary period beginning on 11.5.30 each animal was put on 
a ration consisting of 3! lb . lucerne hay, 5 lb. maize, 5 lb. fanko, 
20 gm. blood meal, 4 ounces bone meal, until gestation began when 
the basal ration given for the period 17.9.30- 18.5.32 was given 
instead. 

Bearing m mind the basal rations for the periods given, the 
arrangement of the heifers into twelve groups of one pair each will 
be clear. An attempt was made to keep the total intake of minerals 
in all the groups constant except the one const ituent which was kept 
low intentionally. The quantities of mineral supplements given were 
based upon the composition of 12 lb. good English hay and an 
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attempt was made to approximate the quantity of minerals in the 
ration and supplement to t hat v.·hich Yl"ould be ingested by heifers 
of this type on English pasture . The following table contains a 
schematic representation of t he experiment a nd indicates at the same 
time the intake of minerals in the various gr oups. 

D.O.B.I 
Nos. 

3641 

3648 

3659 

3643 

3655 

3640 

3650 

3642 

3649 

TABLE II . 

Daily ·intalce of ,"vfinerals per head in Basal Rat·ion 
plus iVlineral Supplement. 

Experiment . 

I. 

Low Ca a nd low P .. .. . . 19.7.30 to 
17.2.32 6· 8 21 ·4 76·3 18 ·9 15·4 

18.2.32 to 
17.5.32 6·3 16· 3 72·3 16·7 8 ·4 

18.5.32 to 
8 .8 .32 8·3 17 ·3 78·3 16· 9 8·4 

Last t hree 
mon t hs 14 ·8 18·0 81·0 27·5 17·4 

Il. 

Low P .. .. .. . ..... .. ... 19.7. 30 to 
17. 2 .32 51·6 21·4 76·3 18·9 15·4 

18.2 .32 to 
17. 5.32 51·1 16·± 72·3 15· 8 6 ·4 

18 .5.32 to 
8.8.32 53·1 17· 8 80 ·3 16 ·0 8·4 

L ast t hree 
months 59 ·1 20 ·1 83· 0 25 ·6 18·0 

IILL 

I~ow Ca ...... . . . . . . . .... 19 .7 .30 to 
17. 5 .32 6·8 21 ·+ 74·0 18 ·9 45 ·1 

18.5 .32 to 
8.8 .32 8·8 22·8 80·0 19 ·1 46 8 

Last t hree 
m onths 15· 1 23·1 80·0 28· 7 56·7 

IITn. 

L ow Ca and low Mg ..... 19.7. 30 to 
17 .5.32 6· 8 11·1 101·3 18·9 45·1 

18 .5 .32 to 
8 .8 .32 8·8 12 ·5 107· 3 19 ·1 46·8 

Last th ree 
months 15· 1 12·8 110 ·0 28 ·7 56 ·7 

1V. 

All mineral deficiency ex- 19·7· 30 to 
cept P. and Ca 17.5.32 47 ·1 11·1 29· 3 5·7 45·1 

18.5.32 to 
8 .8 .32 49·1 12· 5 35·3 5·9 46·8 

Last t hree 
months 55·4 12 ·8 38·0 15·5 56 ·7 

070 

57·4 

56·2 

57 ·5 

63 ·3 

57·4 

56·2 

57·5 

65 ·3 

49· 8 

50·2 

56 ·0 

48 ·9 

50·2 

56 ·0 

6·7 

8 ·0 

13 ·8 

12 ·!) 

12 ·9 

14· 9 

19· 5 

12·!) 

12·9 

14 ·9 

19· 5 

l 2·!l 

J.+.!) 

JIH> 

]2·!) 

J.+.!) 

19· 5 

12·9 

14·9 

19 ·5 



D.O.B.l 
Nos. 

3651 

3646 

3658 

3675 

3653 

3673 

3656 

3677 

3652 

3645 
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TABLE II-- (continued). 

Experiment. Period. I Oao. [ MgO. i K20· 1 Na,o. [ P205· 1 Cc. I so3. 

v. 

Low Na and low 01.. ... 19 .7.30 to 
17.5.32 56·1 21·4 75·0 5·7 45·1 6·7 12·9 

18.5 .32 to 
8 .8.32 53·6 22·8 80 ·0 5·9 46·8 8 ·0 14·9 

Last three 
months 59·9 23·1 80·0 15 ·5 56·7 13·8 19· 5 

VI. 

Low 01. .. . . .. . .... . .... 19.7.30 to 
8.8.32 51·6 21·4 76 ·3 18·9 45·1 6 ·7 12·9 

18.5 .32 to 
8 .8.32 53·6 22·8 80 ·0 19·1 46·8 8 ·0 14 ·9 

Last three 
months 59·9 23·1 80 ·0 28·7 56·7 13 ·8 19·5 

VII. 

Low Na . ........ . ...... 19.7. 30 to 
17.5 .32 51·6 21·4 76·3 5·7 45 ·1 57·4 12·9 

18 .5.32 to 
8 .8. 32 53·6 22·8 82 ·3 5·9 46·8 58·7 14·9 

Last three 
months 59·9 23·1 80 ·0 15·5 56·7 64·5 19·5 

VIII. 

Low K .. .. . ... . . .. . . ... 19.7. 30 to 
17.5 .32 51·6 21·4 29·3 18·9 45·1 57·4 12·9 

18.5.32 to 
8.8.32 53·6 22·8 35·3 19·1 46·8 46·8 14·9 

Last t hree 
months 59·6 23·1 38·0 28·7 56·7 53 ·8 19·5 

IX. 

All m ineral sufficiency, 19 .7 .30 to 
plus KI 17 .5.32 47·1 21·4 76 ·3 18 ·9 45 ·1 57·4 12·9 

18 .5 .32 to 
8 .8 .32 49·1 22·8 82·3 19 ·1 46·8 57·4 14 ·9 

Last three 
months 55·4 23 ·1 85·0 28·7 56·7 64·5 19·5 

X. 

All mineral sufficiency .. 19 .7 .30 to 
17 .5.32 47·1 21·4 76·3 18·9 45 ·1 57·4 12·9 

18 .5.32 to 
8 .8.32 49·1 22·8 82·3 19·1 46 ·8 58·7 14·9 

Last three 
months 55·4 23·1 85·0 28·7 56 ·7 64·5 19·5 

It will be seen from 'Table II that eleven groups each comprising 
a pair of heifers were formed. Originally t here were 12 pairs but 
the group rece1vmg a supplement of sodium fluorine soon showed 
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clinical symptoms of fluorine poisoning as reported in an article by 
Du 'roit and others (1932) and was perforce eliminated when the 
animals died, about 12 months after the beginning of the experiment. 
On the whole the mineral intake remained constant for all groups 
except, of course, that the constituent intended to be low in . the 
ration of a particular group is restricted to the amount oontamed 
in the basal ration only. For instance, the phosphorus intake of 
animal No. 3659 viz. 15 · 4 gm. in Experiment II is intentionally 
different from that of the animals in Experiment IV, but the amount 
of other minerals contained in these two rations is the same for both 
groups. 

In Experiments I and II the basal ration containing 5 lb. fanko 
and 5 lb. maize was changed on 18.2.32 to 10 lb. fanko or maize 
endosperm and no maize, thereby decreasing the phosphorus intake 
very considerably (from 15·4 to 6·4 gm.), without altering the rest 
of the composition of the ration markedly. 

In the following pages each of the groups or experiments set 
forth in Table II will be considered separately and comparisons made 
with the control animal in Experiment X, the ration of which was 
supplemented to be sufficient in all the minerals studied . U nfor
tunately animal 3639, the second control heifer, was injured and had 
to be eliminated from the experiment. One of the heifers in Experi
ment II died of Heartwater (rickettsiosis) shortly after the beginning 
of the experiment and left only one in that group. It is unfortunate 
that only one control heifer remained in this investigation, but if 
a comparison is made of the growth curve of this heifer, viz. No. 3645 
with that of the control group kept under similar conditions in the 
experiments described by Theiler, Green and Du Toit (1927) it will 
be seen that this heifer can well be regarded as the standard of com
parison in the present investigation. Her increase in weight, general 
health, food consumption, etc., agree well with those of the controls 
in the miginal experiment. 

Reference to the weight curves will make the basis of comparison 
of the groups clear. Naturally the animals in the different groups 
did not calve on the same nate, yet it is obviously necessary, if com
parisons are to be made, to compare a lactating animal of a group 
with its mate during the same period of lactation. The same applies 
when groups are compared. Hence the two successive dates of 
calving of all the animals were made to coincide. The two periods 
of lactation and of gestation will then obviously coincide. The 
length of the rest periods were different and these are indicated in 
ngures on each curve. Direct comparisons between two animals are, 
therefore, made for the respective gestation and lactation periods in 
the graphic representations submitted below. 

The animals were weighed at monthly intervals, when samples 
of blood were drawn for analysis . Food consumption was registered 
from time to time as stated in the discussions of the individual ex
periments. Milk proiluction was registered and monthly milk samples 
analysed for minerals aR well as for the organic constituents . This 
aspect of the work will be reported on in detail by one of the authors 
(J. W. G.) at a later date. 

'rhe basal ration ·of 3 · 5 lb . hay, 5 lb. fanko, 5 lb. maize, 20 gm. 
blood meal was given daily for the flrst 20 months of the experiment, 
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when for reasons explained in the general discussion of the work, 
5 lb. of maize ensilage was given in addition. Actually, therefore, 
the animals were not receiving enough protein for milk production 
during the first lactation period, while during second lactation 
protein deficieney was rectifiecl by the daily addition of 1· 5 lb. meat 
meal (80 per cent. protein.) 

The basal rations for the three periods of the investigation were 
as follows :-

Period. Daily Basal Ration. 

l. Beginning of first gestation 
(Sept., 1930)- 17 .5.32 

3 · 5 tb. h ay, 5 tb. crushed maize, 5 tb. fanko, 20 gm. 
blood meal. 

2. 18.5.32-8.6 .32 ........... . 
3. Last 3 months of investigation 

Basal ration of 1st period, plus 5 tb. mair.e ensilage. 
Basal ration of 2nd period, plus 1·5 lb. meat meal (80 

per cent. protein). 

Reference to Table II reveals 3 corresponding periods of mineral 
intake as suggested by the above, except in Experiment I which has 
been explained elsewhere . Food consumption was registered daily and 
the animals inspected for clinical symptoms of disease or of 
deficiencies. 

ExPERIMENT I. 

Low calcium and lou· phospho1"us but adequate in other respects. 

Hist01·y. 
No. of animal. ... ... .. ..... ... .. . . . . 

Date when experimental ration began, 
i.e. beginning of 1st gestation .... . . 

Date of calving . .. . .. ... ... . ....... . 
End of lactation ................... . 
End of rest period, i.e. beginning of 2nd 

gestation . .............. . . .... ... . 
Date of calving .................... . 
Date of conclusion of experiment ..... . 

No. 3641 

28.8.30 
4.6.31 
4.9.31 

15.11.31 
26.8.32 
23.9.32 

(killed in 
extremis.) 

No. 3648 

1.9.30 
3.6.31 
3.9.31 

5.3.32 
12.12.32 

12.3.33 

No. 3645 
(control.) 

29.10.30 
19.7.31 

19.10.31 

14.12.31 
25.9.32 

25.12.32 

The basal ration of 3~ lb. hay, 5 lb. crushed maize, 5 lb. fanko, 
and 20 gm. blood meal was given, plus 25 gm. NaCl, 15 gm. 
Mg(OH) 2 and 75 gm. KCl. The mineral constituents in the day's 
food came to 6·8 gm. CaO, 15·4 gm. P 2 0 51 21·4 gm. MgO, 76·3 gm. 
K 20, 18·9 Na20, 57·4 gm. Cl and 12·9 gm. S03 • Except for phos
phorus and calcium the mineral content of this ration was the same 
as that given to the control animal No. 3645 on a ration sufficient 
in all minerals. The ration is potentially alkaline with a positive 
Erdalkali-alkalizitiit of approximately 24 milligram equivalents and 
a ratio of CaO to P 2 0 5 of 1:2·2. 

It should be stated, however, that this experiment was conceived 
·with the intention of producing deficiencies in phosphorus and calcium 
apart from the fact whether a favourable or unfavourable calcium 
phosphorus ratio, or Erdalkali-alkalizitat was present or not. These 
factors may and probably do influence the severity of a deficiency, and 
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its effect upon the system; but if an absolute deficiency can be brought 
about, factors influencing its effect upon the mganism or its acuteness 
must be of seco11dary im1Jortance. 'l'hat waB the attitude tmYards such 
factors at t he beginning of the im·estiga tion and hence they IYere 
left out of oonsideration, although it \YaS realized that they IYoulcl 
probably not be without effect . 'l'his course \\·as adopted in the 
belief that the deficiency ''"ould be sufficiently acute in any case 
to be recogni;:ed in spite of fayourable factors. 

In au experiment now being undertaken calcium and phosphorus 
metabolism is being studied on a broader ba:; is with due regan1 to 
the effect upon the absmption, retention and utilization of these hYo 
constituents, of modifying factors su ch as val"J'ing ratios am1 changes 
in the Erdalkali-alkalizitii.t in :Jiarek 's sense . 

'l'he e;omparati 1•e weight increases of animals 3641 and 3648 in 
Experimeut I are giYen in Graph I. The weight curve of the 
control animal 3645 is given on the same chart fm purposes of com
parison. A graphic representation of the inorganic phospl10rus and 
of calcium in the blooc1 of these th1ee animals is given in Graph II. 

Apparently both a nimals stood the strain of their first preg
nancy well. During laetation the h eaYier pr.oclucer 3641 lost more 
IYeight, s ho\\·ecl hardly any improvement during her comparatively 
short rest period of 72 clays, and withstood the strain of gestation 
until about 2 months before cah-ing, "·hen she began to lose " ·eight 
rapidly, and it became obvious that she would not live much longer. 
She calved normally "·hen in poor condition, continued losing weight, 

DAYS. 

I 

304S•50 days 

34>41=72 days 

3648-184 days 

Lactatoon Res t Period 

l2fl 400 

GHAPn I.-IV eights of Animals in Pounds. 
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""' 
3~4 1 

URAPH II.-Inorganic Phosphorus anll Calcium. 
and when about a mont h after calving she was unable to rise an<l 
in a misemble state, she ''"as killed in extremis. No . 3648 fared 
:;lightly better . She was a lighter milk produeer and had a com
paratively long rest period of 184 days during "·hich she show~<;i 
great imprm-ement. In spite of her better rhanees this animal also 
began to lose weight before calYing, \TaS reduced to very poor COn
dition during lactation , could hanlly \YaH: on accmmt of acute styf
siekte ( aphosphorosis), and died of sh ock following rl islocation of the 
hip in a fa ll, 10 days before t h e end of lactati-on . 

Both animals llid poorly when compared "·ith the control and 
developed clinicall y recognizable st y ,yesie kte, early in the exper i
ment. 'l'Ltis condition lasted throug hout " ·ith improvement during 
t he r est period "·hen t he phosphorus intake was most probably not 
far short of the requirements of the animals. Th e amount of inor
ganic blood pho:>phorus confirms tl1i s Yie,T. It ro,;e aftPr tlw first lacta 
tion to a normal figure of oTer 5 m gm. per 100 c.c . until t h e 5 lb. 
mai:.~e in the basal ration ''"ere suhstitutecl by 5 lb. fanko in Fehruar:v, 
1932. After t h at periocl th e i norganic pho,;phorus clroppecl in<licating 
aphosphorosis which lastPd until the end of the expe1·iment. Further
more, Graph II also indicates t hat the animals in Experiment I 
most probably did not feel the effects of the low phosphorus in t he 
ration before t he onset of first lactation . 

The values for calcium in the blood of these animals give no 
indication as to whether a calcium deficiency existerl. 

1~'or a comparison of the intake a nd outgo of calcium and phos
phorus in the food on the one hand and in the milk on the other, 
reference must be made to Tables III and IV. 
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STUDIES IN MINERAL :METABOLISM XXXI. 

From the above tables it is abundantly clear that 3641 was 
definitely suffering from n more acute phosphorus deficiency than 
3648. The former animal actually secreted daily in the milk almost 
exactly twice as much phosphorus as ''"as contained in the food. No 
wonder, therefore, that 3641 could not stand the conditions of the 
experiment at all. 

'With regard to calcium deficiency, the position was not much 
better, both animals receiving in the food only about half or less than 
half the calcium secreted in the milk. Both animals developed pica 
early in the experiment and TI"ere ferocious earth eaters whenever the 
opportunity was offered. Unfortunately the animals developed sore 
feet on the concrete floor where they were allowed to exercise, and 
had to be transferred to an adjoining sandy paddock for short periods 
on seYeral occasions. The sand in this paddock contained · 2 per cent. 
CaO and ·0003 per cent. P 2 0 5 • Some of the phosphorus and calcium 
in the sand went to rectify the shortage of these two minerals, espe
cially the Ca in the rations. Furthermore, the animals were given 
tapwater whieh ensured an additional intake -of CaO per day of 
·7 gm. The fact remains, however, that a calcium deficiency, 
although not recognisable clinically, most probably existed in this 
experiment as well as a definite aphosphorosis. 

Table V gives t he monthly milk yield of all the animals duri11g 
both lactation periods in this experiment. Animal 3641 showed 
remarkable drops in the successiYe monthly milk yields. This 
decrease \YUS not noticed in the smaller production of 3648 or in 
the control. 

No. 3659. 
Low P. 

FlGURE 1. 

Normal. 
Animal. 
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No. 3641. 
Low Ca and Low P. 
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Heproduction of X-ray ph otographs of selected bon ec; of 3641 
and of the control are g-iYeu belo\\· and thrmY light upon the experi
mental condition from - another angle. F or couYeni en ce, bones of 
animal a659 discussed in Experiment II have been incluclecl (see 
Figures 1 and 2) and will be con s ider ed along- \Yith tho~e of t he 
control animal a ncl of 0641. 

N onnal. 
Animal. 

Frcmm 2. 

Ko. 3641. 
Low Ca and Low P . 
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STUDIES IN MINERAL METABOLISM XXXI. 

* The normal tarsal and metatarsal bones show a dense and well
defined cortex, the outline of which is very sharply marked off from 
the medullary cavity. The medullary cavity is smaller than is the 
case in the experimental animal owing to the greater development of 
the compact tissue . 'fhe epiphysial trabeculae are well marked. 
The junction of the third and fourth metatarsal bones is shown 
by a dark line at both extremities, which disappears toward the middle 
third of the bone. The greater density of the tarsal bones is shown 
by the darker shade in the photograph. 

In the experimental animal these bones show a narrower and less 
dense cortex with a lack of definition in outline. The medullary 
cavity is larger and the spongy bone at the epiphysis not so dense. 
The tarsal bones also show a lighter shade in the photograph clue to 
being less dense. 

THE Os CALCANEI. 

The contrast in density of the os calcanei in the control and 
experimental animals is very well illustrated in the photographs. 
The shadow in the bones of the control animal is much deeper. The 
cortex of the bones of the experimental animal is much more trans
parent and lacks a definite border line. 

The os calcanei is an excellent bone in which to demonstrate the 
difference in bone density. The darker shadow shown by the more 
dense bone of the control animal is quite apparent from the 
photograph. 

ExPERIMENT II . 

Low Phosphm·us but adequate m Other Respects . 

History. 

No. of animal... . . .. .... . .. .. . .............. . ... No. 3659. 

Date experimental 1ation began beginning first 
gestation.. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 .9 . 30 

Date of calving. . .. . . . .............. . .. .. ..... . . 21.6.31 
End of lactation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21. 9. 31 
End of rest period beginning second lactation. . . . . . 14 . ll. 31 
Date of calving.. . ... . ...... . . . . . ..... ........ .. 23.8.32 
Date of conclusion of experiment ................. Died 4.10. 32 

(weakness 
and ex
posure). 

No. 3645 
(control.) 

29.10.30 
19.7.31 

19.10.31 
14.12.31 
25.9.32 

25.12 .32 

The basal ration was in complete agreement with that of 
Experiment I, except that calcium carbonate was added to increase 
the daily intake of Ca to 47 ·1 gm.-The same as that of the control 
animal, No. 3645. The weight curves are given in Graph III. 
Graphic representations ·of the inorganic phosphorus content of the 
blood are given in Graph IV. 

*A description of the radiograms was kindly given by J. Quinlan, 
F.R.C.V.S., D.V.Sc., etc. 
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GRAPH IV .- Blood Analysis. 
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STUDJES IN MINERAL META130LISM XXXI. 

A study of the Grapbs III and IV giYen aboYe reveals that in many 
"·ays the course of this experiment f.ollo"·s that of the first experiment 
very closely. An appreciable difference in ·weight bet,Yeen 3659 and 
the control 3645 appeared only when the first lactation period began. 
The rest periods are about equally long and 3659 showed signs of 
improvement which continued until shortly before the second calving, 
when the animal began to drop in weight; her condition, already 
very poor, became worse as she ''"as a h eayy milker. Styfsiekte 
developed early in the experiment and became "·orse during lactation. 
Just over a month after calving the animal, then in a miserable 
condition, was unable to rise ana was unfortunately left exposed to 
wind and rain during the night when she died. A post-mortem 
examination revealed a Lroken pelvis and several broken ribs . The 
bones \Yere kept for pathological study ·at a later date. 

The monthly blood analyses for inorganic phosphorus confirmed 
the observation made in regard to the weight curves. During the 
rest period the animal showed a normal value for blood phosphmus 
which rapidly dropped in February, 1932, 'vhen fanko was sub
stituted for maize as in Experiment I. Lo"· inorganic phosphmus 
in the blood continued until t he end of the experiment. 

The daily intake of minerals in the ration and output in the 
milk is represented in 'Tables III and IV. 

It is apparent from Table III that No. 3659 was actually 
secreting more than twice the amount of phosphorus in her milk than 
she " ·as getting in her food. Ko wonder, therefore, that her milk 
production during the third month was markedly less than that of 
the first month ( ± 200 lb. less). The phosphorus deficieney in addi
tion to the protein shortage must have made the position almost un
bearable during lactation or perhaps protein shortage helped to limit 
milk production and in that way saved the animal from further 
depleting her system to supply the necessary phosphorus. At all 
events phosphorus deficiency during lactation was an established 
fact. From Graph IV it is evident that phosphorus deficiency existed 
not only during lactation but also to,nrds the end of the first gesta
tion period, and from February, 1932, when fanko was increased at 
the expense of maize, until the animal's death. 

Calcium was abundantly present throughout, and blood calcium 
did not appear to be different from that of the control or from that 
of the animals in Experiment I. 

Complete data with regard to the mineral content of the blood 
of the bovines for the full period of the inYestigations reported on 
in this paper "-ill be found in the publication by Groenewald (1934). 
These analyses are omitted from this article for reasons of economy 
and to obviate repetition. 

A comparison of Experiments I and II leaves doubt as to what the 
effect of low calcium was in the former experiment. The history of 
animal No. 3641, a high producing cow, in Experiment I on low 
Ca and P. follO\YS that of No. 3659, also a high producing cow on 
low phosphorus only, in Experiment II, pretty closely, both having 
stood the strain of the first lactation period with loss in weight, 
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development of acu te styfsiekte and general setback . The strain of 
the second gestation per iod was too seYere and both succumbed about 
a mon th after the birt h of the second cal£. A comparison of these 
t wo experiments with No. III will be made after rliscussion of the 
latter . F.or t he present it can only be said that the effects of a 
phosphorus defi ciency on animal No. 3659 was as fatal as t hat of a 
phosphorus deficiency plus low cal cimn on K o. 3G41 - two animals 
directly compuTable as regards milk production. 

ExPERIM ENT III . 

'l 'wo pairs of heifers were incl ucled in this experiment, (A) one 
pair was placed on low calcium ,:mel high magnesium), while (B) the 
other pair received both low calcium and low magn esium. The 
h igher magnesium in A incidentally improved the E rdalkali-alkali
zitiit in Marek's sense, while t he magnesium "·as kept lmY in the 
other case, alth ough hardly sufficiently so to be of any significa nce 
in an attempt t o approach Becka's idea (1929) of the good effect of 
magnesium upon r,alcium metabolism. Reference to Table II shows 
the intake of CaO to be 6·8 gm. daily and 2'11:g0 21·4 an<lll·] g-m. 
respectively. 

I 
CcM:u ion 

80 ... 
D AYS. 

I 
Lactat ion R~st Period 

I 
Gestation 

HO 3l0 .. '" 

G RAP H V .- \Yeights of Animals m Paunch. 
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STUDIES IN MINERAL METABOLISM XXXI. 

History. 
No. of animal. ........... No. 3643. No. 3655. No. 3640. No. 365). No. 3645. 

(control.) 
Date experimental ration 

began, i.e. beginning first 
gestation ...... .. ... . ... 2.9.3) l. 9 .30 9.9.30 28.8.30 29.10.30 

Date of calving ...... .... 27.5.31 24.5.31 2.6 . 31 1.6. 31 19.7.31 
End of lactation ......... 27.8.31 24.8.31 2.9.31 l. 9.31 19.10.31 
End of rest period, i.e. be-

ginning second lactation 18.12.31 19.11.31 13.11.31 not 14.12.31 
Date of calving .... ...... 22.9.32 25.8.32 21.8.32 pregnant . 25 .9.32 
Date of conclusion of Experi-

ment ......... ........• 22. 12.32 25.11.32 21.11.32 15.12.32 25.12.32 

A graphic representation of the weights of (A) the animals on 
low calcium only, viz., Nos. 3643 and 3655, and (B) the animals 
Nos. 3640 and 3650 on low calcium and low magnesium, are given 
in Graphs V and VI respectively. 

I 
Laclatlon Rnl Ptrlod 

I 
Lactation 

320 ... 
DAYS. 

GRAPH VI.-Weights of Animals m Pounds. 

Befme comparing Graphs V and VI it must be noted that animal 
No. 3640 calved after the first gestation period, but dried off within 
a week. It is not surprising, therefore, that she remained in excellent 
condition until shortly before the end of the second gestation period 
when she began to lose weight. Still, after 3 months lactation, this 
animal finished almost on a par with the control, No. 3645. No. 
3650 felt the drain of lactation severely in 1931, but for the rest 
nothing very significant is apparent from the charts, except perhaps 
that the second lactation period gradually increased the difference 
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between No . 3660 and the control. The differences between X o. 3643 
and No. 3655 (Graph IV) are perhaps even less significant. It i s 
t rue that t hese animals were lighter t han the control , but such "·as 
t he case practically from th e begiuning· of the experiment, and only 
during the two lactation per iods was the differen ce bebYeen th e con 
trol on the one h and and the experimental animals on t he other 
made significant . It seems, t herefore, t hat th e 10\Y calcium that 
existed in t he rat ions of the animals in this experimen t might have 
made i tself felt in a longer lactation period but t h at for the rest of 
th e experimental period it did not show significant effects upon t h e 
an imals. 

It is impossible to state defini tely t he effect of lO\Y or high 
magnesium upon the anim als . Nos . 3643 and 3655 seem to have 
done slig-htly better on the " ·hole, but generalizing would be dan
gerous without fur ther proof. The effects of a calcium deficiency 
during lactation- the only time that such a deficiency ''"as certain
undoubtedly masked the effect of magnesium. At all even ts ''"hether 
h igh or low magnesium was present , the curves diverge during lac
tat ion, i .e . t he period of acute Ca deficiency and sh ow a tende1t c.v 
to oonYerge gradually for t he rest of t h e period . 

It " ·otd d be interesting to glance at the milk production of t hese 
four animals g iven in Table V and abo a t the Tables III and I V 
giving the intake of miner als in the foo cl and the outgo in the milk . 

Undoubtedly greater m ilk production by th e £our experimental 
animals made greater demands upon their system s than in the case 
of t he control animal. Proof of this lies in the weight chart of 
No . 3655 during the first la ctation per iod. She approached the con
trol more closely than h er mat e but pr oduced about t he same quan tity 
of milk as t he contr ol and \Yell over 200 lb. , i .e . mor e t h an 2 lb . 
a day less t h an her mate. During the second lactation period when 
a protein supplement was g iven , and inciden tally t he calcium intake 
more th an doubled, although it r emain ed still definitely l ess than 
t h e output in t he milk, t he differences of th e effect of lactation u pon 
t h e weigh t curve in the case of No . 3650 and :No. a640 was even less 
marked. N o. 0640 produced about th e same quantity of milk as 
t h e cont rol an d No . 3650 just over 2 lb . a day more. Both Nos. 
3655 and 3643 h ad difficulty at calving tl1e second time, '.Yent off 
their feed and were reported sick for several days. 'l'his additional 
setback must be horne in mind when the weigh t cu rves are studied. 

That longer lactation periocls ''"ould have macle themseh ·es felt 
and would have had marked effects u pon the weights of t he experi
m ental animals, but that, for the r est of the experimental period , 
t he low calcium in the ration h ad doubtful effects upon the animals, 
seems to be suggested by the weight ch arts of t he animals and by a 
consider ation of t he i ntake and outgo of minerals during lactation . 
'l'his is appar ently a justifiable conclusion . Furthermore it is \Yell 
to remember t hat soil eating could not 1)e entirely eliminaterl f rom 
this exper iment, and that the intake of calcium was, therefore, 
slight ly more than that stated in Table II . 

'l'he resultr; of the blood analyses for Ca anrl Mg of ~os . 3643, 
3655 and 3645 and of X os . 3640, :)Q50 and 3645 clo n{)t 1·eyeal any-
thing significant . 
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Both calciurn and magnesium remained remarkably constant 
throughout the experimental peliod . Apparently the calcium in t he 
food was not sufficiently lo\1· to produce an effect upon blood calcium, 
\Yhile it is doubtful whether a daily intake of 11·] gm. )![gO could 
be regarded as insufficient for t he requirements of cattle. In any 
case, the magnesium level of the blood remained remarkably constant 
throughout. 

A 0omparison of the experiments so far considered, Yiz. low 
calcium with high and low magnesium respectively; low calcium and 
low· phosphorus; and lo>~· phosphorus, is necessary at the present 
stage, and brings to light se,-eral salient factors. 

It is difficult to see what role low calcium played in these experi
ments. 'fhe effects of low caleium and low phosphorus ,,.ere not 
more detrimental to the animal than those of low phosphorus alone. 
The demand for phosphorus during milk production >~·as higher than 
that for calcium and app:n~ntly the animals in the low calcium 
groups \Yere n ble to meet tl1 at demand "·ithout serious loss of concli
tion, \Yhile that in the phosphorus lo"· group (lied indirectly of 
aphosphorosis. It seems that ] 1·1 gm. )IgO were enough to meet 
the demands of the animals for that mineral. It is realizecl that 
the figure giving the intake o£ calcium in Tables II, III and IV 
is probably slightly lower than the actual intake; Rtill it is thought 
that a serious calcium deficiency would be difficult to bring about 
except during lactation. 

Practical aspects of this work upon lo"· calci um and low phos
phorus will be consiflerecl further on in th e text. 

ExPEIUMENT IV. 

Ration l01c in all minerals e.1·cept P and Ca. 

History. 
No. of animal. .... . .......... ... ... . 

Date of experimental ration began, i. e . 
beginning first gestation .. . ....... . 

Date of calving .. . ...... ... .... . 
End of lactation ...... . . . ..... .. . . . . 
End of rest period, i.e . beginn ing second 

lact:ttion ......... . . . . . 
Date of calving ..... . ...... . 
Date of conclusion of experiment ..... . 

~0. 3642. 

15.9 .30 
10 .6.31 
lO. 0 . 31 

6.11.:31 
16 .8 .32 

16.11.32 

No. 3640. 

21 .8.30 
12 .5 . 31 
12. 8 .31 

20 .ll.31 
2fi. 8.32 

25.11.32 

No. 3645 
(control). 

20 . 10 . 30 
19 . 7 . 31 

19.10 .31 

14 .12.31 
25.9.32 

25.12 . :32 

R efrl'ence to Table II shom; that the inia ke of minerals for the 
gTeater part o£ tl1e experiment '"as as follo\\'s: - CaO 47·1 gm., 
llfgO 11·1 gm., K,O 29·3 gm., Ka,O 5 ·7 gm., P 20 5 45·1 gm., Cl 
6·7 gm., 803 12·9 g m. 'l'he ration is potentially alkaline "·ith a 
decidedly positive earth-alkali-alkalinity. 

The "·eight charts of the animals in this experiment, viz. N·os . 
3642 and 3G49 are giYen in Graph VII togetl1 er with that of 
No . 3G40. 

Botl1 th ese experimental animals \Yere lighter at the beginning 
of t he experiment than the control and both sho,Yed very remarkable 
drops in \Yeight during the first l actation period, although they had 
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320 ;.100 

3o45-5b d~ys . 

3641 ... 57 clays. 

3049 .o. l00days. 

Rest Ptrlod 

GRAPH VII.-\Veigh ts of Animals m Pounds. 

kept condition quite well up to the time of calving. After that they 
1·emained in very poor condition throughout the experiment, were 
poor at calving and could ill afford a further drop in weight. They 
showed poor appetites f.or the first time during the first lactation 
period and repeated this behaviour during the second lactation 
period. On an average each consumed daily a lb. of the maize-fan ko 
mixture less during both lactation periods than she did otherwise 
or than the oontrol animal did. Food \Yas refused eratically, all or 
practically all the food being refused approximately once a week 
during lactation. Apart from their poor condition the animals 
appe~red listless most of the time and "·ere reported stiff on several 
occaswns. 

The animals showed a decided improvement during the rest 
period, but it seems that gestation heavily taxed their pmYers of 
endurance, and that a change for the worse set in before the end of 
gestation. A second lactation period was just about as much as the 
animals could stand, although it must be noted that they gradually 
increased in weight towards the end of lactation, of \Yhich more 
anon. 

Both animals produced approximately as much milk as the 
control as sho\Yn in Table V. 

It is noteworthy that the milk flo"· rapidly decreased in both 
cases during the first lactation period, the animals giving only about 
a third of the first months' milk during the last month. As a matter 
of fact, the reason why it was decided to discontinue milking after 
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:3 mo nt h ,; in all the grm l]Js, 11·a ,; been usc Xos . :lG42 a nd 3G49 h a <l 
p ra ct i r-a lly ct>a:-;erl i o prod uce m ilk at the end of iha t period and 
11·Pr e Ye r:v rapid l.v (h y ing off . In both casps less tha n 2 l b. milk pt:• r 
<L1 y 11·en• produ('Pd dur ing the last week ag·ainst 24 l h. in the begin
niug. T his is :ilso t lw proba ble r eas011 for thr sl ig·ht innease in 
11·eig ht <lurin g· i lte la ttP J' p a1-t of t he first lactat ion period . Duri n g 
the second l:iei :d·iou periorl Ill il k p rod ud ion C'O ll hm1ed ;;tea cl ily for 
tl1 e full peri od and a gl:nJ<·P ai T :1bles II I and I \ ' gi1·ing i.he intakP 
of lll in er a ls and t he ir ~p (·Je iion in t h e mi l k, .-;upplies t}JP reason for 
i he rl iften m<·p in thi s r e;;pet'l hri 11·ern first and se<·oncl lar:t ation. 

'!'abl e Ill rd t>J 'S t o t hP fi rst b r t a ti on prriod ll'h en i h e animab 
11 ere on a p r o le in d t> fi cienc,l· :h lYell :1s :1 clefivif'nl' ~· of <'er t:ti n tninera l .-;. 
~\[ag n esi unt :1gain , Jllay prohaldy lw r ulerl out as the intake 11·afl 21·-1-
g m . :I Jicl on l_y J -;{ g n1. '<'net<•rl i n t he l11 il k. It is d iffi <' ult to sL1te any
t hing cl t>fi n iiP ahem( potassiulll a t t h i.-; stage. T he daily intakPs of 
sodiulll :md cblorin e durin g t1Jt• fin;t l:<c-iahon JH' r iod ll'l'l'f' i) ·i a n d 
(i · i ,!..!'I ll . l'P.-i]l f'rt in•l.\·, ~- hil P tl1e q uant itiPs .-; r n r tPr l in the' milk 11·erP 
n•;;prdiYPl,l· 4 ·S nnd (i ·(i g· n1. B otl t e le Jn Pnt ;; \YP J'P dnng·e>H>IIsl.v lo11· 
in i ll<' food :tnrl coul<l not h:IYr' lll <'i t he d<'mancls of tlw anim<<is fo r 
ih psr• mine r: tls fo r h a th 1n il k pr()(1ur-tio 11 nn<l oi h Pr n•quirPJIJPllis . 
H dt' n ing· to ' l';thle n · it i.-; .'i('P I1 th :d t hp pos it iOJ1 \\' ith rpganl to 
i hP ini :1 ke of nJin era l.-; h:ul improyp(J gTeatly . :JL1g-ne.-;inm ami 
po l:t .-;.-; ium 11·i th no or in :111.1· r·:1se o nly <lo uhtful <lPfi <'iP n<·y <lu ri ng tllr' 
firs t lad :t tioJ J }H'riod i .-; m ol'<' or l e.-;.-; 'l!JH·h:lnge<l l lll t 111 0re th:m ill'i<·(' 
t.l1 e ;;o<li um co n L1 iJJ<'d i 11 t h<· Ill i I k 11·as c; up plied l JI t lw food 11·hile ill(• 
r· h:111g<' 11:1s not qui te so f:J,·ou r:<blP :l s r ep;:ucl .' chlor ine . 

lloii·<'YPr, 1I1 P <>fte('t of an nl l round bei tPr .-;upply of min eral.-; 
duri 11 g i hP sPCOJI(l lad:dio n pP ri o<l is rPfiPded in tlw <Ye i):rht C'11n·p.-;, 
th e :lll t lJI:d~ sho11·in g on! _,. :1 .-;nJ:dl i niti al d rop <hw to m i ll, pro<hJdioll 
:m el :tdunll_, innensing i n ~·p ip;h t· d n r i11g· lar·ta tion. O ne is force <1 
to <'OJi r-ln<l e t.hnt '" ith ]n-ote in suflir·ir JI(·_I· tlw in t: th• of miner:1l,.; in 
t liP ('; lc't' of X o.-; . :Hi-1·2 <1 JH1 ~(i-1- !J \\':1.-i r nong-h to :iu.-;tih· a cet1Pr lei·(· I 
of llutri tion th:1n t lwt 11h i('h e-x istP<l 11 hen th e nnint ;JI;; f':1h- r rl . Jl Pn r·r• 
:1 11 1nne:1.-;e Ill 11·eig· ht SOOn SPt in . 'l' hp mil k ]li'O<]IIf'tion \1' :1.-i Oil :1 
par 11·ith t h:li of th e !'On( rol. H r•:ninp; in 111in rl t he JIHII'ked :IJHI 
rapirl clr•nP:I.,<·' in 1nilk prorl ud ion clm ing thP fi rs( l:1cl:dion JI Priod 
:111d t li P Lid tlwt prote in <l <•fi<' ir' JI<· \ · (li rl 110( ha1·p as n~:ll'kt>(l :Ill Pi'l<•r· t 
Olt Jnilk pl·o< in<' i ion in :111~· of t he ot] J<'I' gToups, on P is forrcrl to t l1 c 
!'Ol1 (' lu .-; io n t hat tit <' l o~· intakP of minPral.-; oihPr t han calr-inm ;tn d 
pl1 osphoru,-; 11·:1 s l'<lpidl y fp ]t a 1Hl <-•ffp<·tP<l :1 <l Pnr' :l~<<' in milk 11·hi ('h 
<'11 .-i llr<'<l ;1 liJO J'E' f nl'<m r:lhlP he l:11tr '<' of i ni:tkP OYP I' ouig·o rluring· ti l(• 
l:J ;;t JI! Onth of l.:~l't :rhon t h;t n rlurin ,!:!; th e first . 

'1'11·o po ints ,; Ltnfl out r· ]p;IJ'l_,. . 1\ <lPfir·iPJJ (' \. in nti JIPl':IL; otli<' J' 
t h:111 ph o.-;plJOnJ ~ or ('a l ci l! Jn i.-; not pasi}_,. lmn1g·ht :~houl :1 .-; .-;110\\'IJ 
h\· t hP l'eco n<l lndu t [on perio rl 11·l1Pn tl1e inbi; P 11:1~ noi I'Pr\· P,'I'P:d ly 
i n c• x ,. es~ of Hw m ine1·:1l r·onh• nt of thP Jnilk, hut ~ti l l Jnilk pro<lur·
tion <'OniinuP<ln onn all_,. a nd l ite :111i n1nl.-; \\·pre g·ainin p: IYeig·h i . i.P . 
ih e Jll lll<' ral intake su]lpli Prl t h e rl en1;1 nrl for 111il k p ro<lur·tion a 111l 
ot·h pJ· ph~·siolop:i<'al r Pq u irP JI Jen b . \Y!Jpn s uch a dPfi<·i<' n<':l· i~ pffp('(erl, 
110\YeYPl' , nc; fo r in~iancP <lu ri ng- fi rst la cl:ttion. 111 il k flo11· is rnpicl l .v 
clerr pase<l an rl 0 11 e i.-; l Prl to p r r .-;mne th at tlw bocl .1· r p.-;erYes of t hPse 
miJJ ('J'::< ]s an • n ot exten s iYe anrl a l P I·npi<lh· exhaust ed . 

. )SS 



P. J. DU TOIT, A. I. MALAN, AND J. W. GROENEWALD. 

'l'here can be no doubt, however, that animals Nos. 3642 and 
3649 were adversely affected by the conditions of the experiment. 
Both compared unfavourably throughout the experiment with the 
control. Not only were they lighter in weight, but to the eye they 
were poorer in c-ondition, listless, had a rough coat, and appeared 
abnormal. That either soclium or chlorine or both cont1·ibuted their 
share to the detrimental effects of the rations , seems safe to assume, 
but it is doubtful whether these were the only operating factors . 
vVhen the next experiment is considered this point will he referred 
to again. 

There are no outstanding points in the results of the blood 
analyses. As could be anticipated blood phosphorus indicates suffi
ciency throughout the experiment. Apparently the levels of the 
other minerals in the blood are not appreciably affected by the pro
portions of the minerals present in the rations of the animals under 
rliscussion. The high potassium value in the blood of No. 3642 was 
noticed right from the beginning of the experiment and it remainefl 
so throughout. 

ExPERIMENT. V. 

Ration low in Sodium and Chlorine b1tt adequate in Othe1' Respects. 

Histo?'y. 
No. of animal .. .... 00 00 00 00 00 00 00 00. 

Date experimental ration began, i.e. 
beginning first lactation . . ....... . . 

Date of calving .................... . 
End of lactation ...... . ............ . 
End ofrest period, i. e. beginning second 

lactation ......... . .... ... ........ . 

Date of calving .................... . 
Date of conclusion of experiment ..... . 

No. 365l. 

9.9.30 
4 . 6.31 
4 . 9 . 31 

not 
pt egnant. 

30.11.32 

No. 3646. 

21.8.30 
21.5.31 
21.8.31 

died 
18.12.31 
(impact). 

No. 3645 
(cont10l). 

29.10.30 
19.7.31 

19.10.31 

14.12.31 

25.9.32 
25.12 0 32 

Until M:ay, 1932, the daily intake of K a and chlorine was 5 · 7 
and 6·7 gm. respectively, whereas the other minerals were present in 
adequate quantities as in case of the control. 

Graph VIII gives charts of t h e weights of animals K os. 3651 
and 3646 on a diet low in sodium and chlorine compared with the 
weight cune of the control No. 3645. 

A glance at Graph VIII reveals the fact that comparisons can 
be made only until the end of the rest period. One of the experi
mental animals then died while the other did not conceive and 
therefore bad no second cal£. 'rhe weight curves ·of Nos. 3646 and 
3651 suggest that detrimental effects of the experimental ration began 
to show about a month and a hal£ before calving . The one animal 
actually dropped in weight while t h e other remained constant. Lac
tation accelerated the weight loss and it would be well therefore to 
glance at the milk production given in 'l'a ble V at this stage. 

Both the experimental animals started salivating excessively 
about 6 months after the beginning of the experiment, i.e. approxi
mately three months before calving (9 .2.31). This condition wae 
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J.:td31ion L~.<::tatlon 

"" J!O 

D .\Y S . 

UH .\PJ I \~I I f. - \ \,.-e ig·ht,; of An inwls in l'ou]l(l :; . 

m ost. no( icenl>le during- t h e h oi h om·,; of th e cb_,. ,,·lte u saliYa ~~-ould 
he :t'U IIllin g freely f o r h o m·::> at a ~hetd1, ,,·hil u b l !'a t hing i-ook t l1e 
for m of sh od, q uic k lllO\·eme nts . 1n t he !'[hP of anilll a ] X o . :l()4(i 
Uti:; ~ - ~md ition l::u; t e d :1t in t erYaL; of S(>\·eral 1hys uni il t h e an i ma l 
11·us J·emoYed t o h osp ital on :)0.] 1.01. ~\ t t h at .stap;p t h e a n imal 
l' ease!l ea ting alH1 deft>cating-, altl10ug- b u p to t hat tim e :;lJ e had not 
refu ~eL1 <lll,Y of h er f ood on a siug·le occa sion . Tl~t' a n iuwl be1·:une 
\\ Orse, w a s giYeu a }J ll rg·a iiYe, ~~- itltOut effect , a1 t<i di ed J J (lays :lft er
' ' arcls of im pa ction of t h e om:I.·Hllll. 'J'lt is :w im:d \\·:ts a goocl milke r 
and p rodu ced seYer a l h u n1h ed potmd ,; milk m ore t lwn e it.l1 e1 lw r 
cOl11I>:mion or t h e rou t rol. 

No . :1(;:) ] rd so began salin t ing prof usel y al> pro~im:d ely (; mo nth s 
afte1· th e beg·i uni ng of th e e~perimeut. '!'his I'Ollllitiml ,,·as JtPYer 
w ac ut e :l s i n t l1e casp of 1'\o . :)Q4(i , :1nd 1l i ,.;ap pea 1r'!l 1·om pl et el y ai 
i h e !' tiel of Lu ·tntion . T hi s :111im:l l di d n ot co ltc-e i,·<• :l .sec<m cl i im e 
:wcl \\ LI S ,]i;:; ,· h :ng<'rl from tlw e:s: pr·rimr>n t (O\I:nrl s ihe r>n d of 19T! 
rn p r imP 1·onrl i tio n . 

'L' he r r> seun rs l ittle doubt holll t h e fig u1 es g·iYe ll i n T:1hle JII , 
lt oi\ P\-el·, th;d t hese t \HJ a ni m a l.., dtftPr ed fr-om :1 ,.;oclittur l'hlo rirll' 
!l Pfil'i r>n c~- !luri ng l a chd io n , if it is r e Jnemhel Pd tl1:1t ~ o . :)(;.±() ,,·ns 
:1 d 11 :t lly .~eneting m o re so<limn a nd r- hlor i ne ill lwr lll ilk than sh e 
,,.,H g etti ng· i n l1r>r fc e rl. ,,·hi l r> Xo . :)(; ,)] \H I:' :' l'CT!'Iin g· oui,· j u.s( :1 
I it t lP l es .~ . lt is Slll ']Jri .sill g tha t tlw eff!'l'b o f <I .-w di u 1n l'hl o r i,] e defi
l' ien , .. ,. \\ !'l"t' 110t JllOJ P noi il' eal d e for , :qJ:Ir t ho lll p rofu se :'<tliY:d io n 
a nd ;thnolmal r es p ir:thon , t lw one a n imal , a( all eYe ut s, beh a Yecl 
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normally, -n·hile it is uncertain in how far the death ()f the other 
animal can be associated with the deficient diet. At all events this 
experiment is indicative of interesting results when working with 
rations very lmY in sodium and chlorine, while the possibility of 
such deficiency during periods of poor feeding, as for instance during 
droughts, should be kept in mind. This point will again be eon
siclered under a general discussion of the significance of mineral 
deficiencies . A eomparison of Graph IX giving the weights of 
animals on a ration taken to be low in all minerals except C'a and P, 
with Graph X, leaves doubt about t he ultimate effect of low N a 
and Cl in the ration . Na and Cl deficiency undoubtedly existed 
during lactation , but not with the same detrimental effect as in the 
last experiment, although the milk pr.oduction of No. 3G51 clecreased 
rapidly, it is true. HoYrever, the point remains that apparently the 
had effects ()f the experimental conditions in Experiment IV were 
not due to N a and Cl deficiency only or alternately other conditions 
in Experiment V, e.g. abundant K, partly masked the effects of low 
Na and Cl. It seems nece ssary to elucidate this point by conducting 
an experiment with cattle on low Na and Cl with low K and high K, 
respectively. 

The bloocl analysis for sodium was '"ithout significance, the experi
mental animal showing figures that were no higher than those of the 
control . In the case of chlorine, especinlly during the period of acute 
deficiency, i. e . during the latter portion of the first gestation period 
and the whole of the lactation period a decided drop was shown as 
Graph IX suggests . It seems that low chlorine in the ration might 
he reflected as low chlorine in the blood. Such a condition seems 
natural if it is remembered that a low chlorine intake results in 
decreased elimination of chlorin e via the kidneys-a condition 
probably associated with a lower chlorine level in the blood. 

ExPERIMENT VI. 

Ration l01c in Chlorine but adequate in Othe1' Respects. 

IIi story . 

No. of an imal. .................... .. 

Date experimental ntion bega.n, i. e. 
beginning of first gestation ........ . 

Date of calving .......... .. . . .. .... . 
End of lactation .. . ...... . ......... . 
End of 1 est period, i.e. beginnin).i of 

second gestation . . .. . . .. . .. ... .... . 
Date of calving . .. .. .. . ... ... . . .... . 
Date of conclusion of expel iment . ... . 

No. 3658. 

3.9.30 
7.6.31 
7 .9.31 

died 
19.8 .32 
(T.B.) 

No. 3675. 

12.8.30 
12.5.31 
12.8.31 

9.1. 32 
11.10.32 

died 
29 .10 . 32 

(pe1 itoni tis.) 

No. 3645 
(control ). 

29 .10.3C 
19.7 .31 

19.10.31 

14.12.31 
25.9.32 

31.12.32 

The daily chlorine intake was 6·1 gm. against 57·4 gm. in case of 
the control. 

'l'he weight curves of the expe1imentnl ani mals Nos. 3G58 and 
3675 together "·ith that of the control are giYen in Graph IX . 
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I 
Lactation 

DAYS. 

JM5-56 days. 
3658="Rb days. 
3675- 150 days. 

I 

I _ ..... --- ----o'i 

Rt"SI Period 

400 

Aborted. 
L:u:tated JO dii)'S. 

GRAPH IX.-\Yeight- of Animals m Pounds. 

I 
Lacta•ion 

'l'he milk production of the tv.·o experimental animals and of 
the control is given in 'rable V, while t he intake of minerals and 
the outgo in the milk are giYen in Tables III and IV. 

Both experimental animals actually secreted more chlorine in 
their milk during the first lactation period than that conta ined in 
the food-a condition which must have affected the animalR adversely . 
It is also noticed, howeYer, that the experimental all imab were 
h eavier milkers than the control, each hav.ing proclueed at leaHt 3 lb. 
of milk more daily . These two groups, Yiz. chlorine cleficiency ancl 
heavy milk production, must be borne i n min d when Yie\Ying i he 
greater decrease in weight of Nos. 3658 and 3075 rluring lactation 
than of No. 3645. Unfortunately both animals lind only for a 
short while after calving the se(:ond time ; No. 0G75 died of peritonitis 
after pundure of the uterus, while No. 0G58 hacl to he (lestro.ved on 
account of t uberculosis infectio n. Still the fad remain. that, apad 
from lactation when, \Yith gTeater seeretion of chlmine in the milk 
than the intake of this constituent in the food, it iH doubted ho\\· far 
the low chlorine of the ration had any bearing upon the cou n;e of 
the experiment . 'l'he rate of increase of 'night of X os . 3G75 and 
3G58 agrees closely with that of the control, a 1thoug-h the latter was 
and remain ed a heavier animal t han No. 3675. ~o clinical symptoms 
were noticed in either animal during th e experiment, food commmp
tion was normal, and the animals behaved normally in all respects. 

The recmlts of the blood analyses for chlorine seem to confirm 
the findings in regard to the chlorine leYPl of t he blood made in the 
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last experiment, viz., that loY\" chlorine in the ration is a;;socia l eel 
with lo\Y chlorine in the blood. 

Summarizing the details of this experiment, it cannot be Raid 
that low chlotine, such as it was, affecte<l the animals very achersely. 
GroY~"th was satisfactory except during lactation. The average daily 
milk production sho,Yed a greater loss of Cl in the milk than that 
contained in the food, but both ::wimab produced only about 12 lb. 
milk daily during the latter part of lactation, or in othe1· "·ords, 
less chlorine was secreted than was actually contained in t h e foofl. 
Apparently even a very low Cl intake flifl not haYe a marked effect 
upon the animals in this experiment taken generally. 

ExPE in~mKT VII. 

Ration low in N(/ b11t nrleqnnte in Other Respects. 

History. 
No. of animal. . . . .................. . 

Date experimental ration began, i.e. 
beginnin[( of first gestation ........ . 

Date of calving ...... . ............. . 
End of lactation ................... . 
End of rest period, i.e. beginning of 

second gestation .......... . .. ..... . 
Date of cah•i ng .. . ........... .. .... . 
Date of conclusion of experiment. ... . 

I 
LfoOaliOn 

J:!O "' 

3&45-5(., d~)"$. 

3!•53-7b days 

Rest Period 

No. 3672. 

20 .8.30 
10.5.31 
10 .8.31 

13 .11. 31. 

cliscl">a r"cd 
16.5 ~32 
(J .n.) 

No. 3653. 

26.8.30 
24 .5.31 
24.8.31 

8.11.31 
18.8.32 

30 .11. 32 

~--T- 1 

I 
Gesuuion 

"' , .. 

No. 3645 
(control). 

29 .10.30 
19.7 .:n 

19.10.:11 

14.12.31 
25.9.32 

31.12.32 

I 
LIIICIIIiOn 

320 

DAY:>. 

ChuPn X.- \Yeig·ht of An imab in Pounds. 

8 593 
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The N a intake of the two bovines N o. 3672 and No. 3652 v.·as 
5·7 gm. as compared with 18·9 gm. in case of the oonbol. 

The weights of animal No. 3653 i8 giYen in Graph X. 

As animal No. 3672 was severely infected with tuberculosis, 
and showed many lesions on the post-mortem table, she ''"ill not be 
considered in the discussion ·Of this experiment. 

The milk production is given in Table V, while details of the 
difference between the intake of sodium and outgo in the milk are 
given in Tables III and IV. 

It is eYident that K o. 3653 "·as a much heavier milker than the 
control, having produced during the first 1adation period 2,127 lb. 
milk as against 1,446 lb. by the couhol. Furthennore, the outgo of 
sodium in the milk during lactation was definitely greater than t he 
intake in the food. Hov.·evm·, during both the first gestation and 
portion of the second gestation periods the animal did \Yell, increasing 
in weight. T.owarcls the end of t he second gestation period, howeYer, 
No. 3653 began to lose weight, which continued until after calving. 

Considering the greater milk production of X o. 3653 when com
pared with No. 3645, it is difficult to gauge the effect of low sodium 
in the ration. During lactation lov.· sodium undoubtedly had some 
effect upon the animal as the excess of outgo over intake had to be 
provided for from the body reserves. 'fhe animal went off her feed 
on several occasions, appeared listless and lay down most of the time 
about a month before giYing birth to her first calf. During the 
second gestation period she ate \Yell and appeared normal throughout. 
It does seem probable, however, that towards the end of gestation 
the sodium deficiency began to he felt, if weight decrease is a criterion 
at all. 

'l'he blood analyses for sodium shows no outstanding difference 
between the sodium level in the blood of the control compared with 
that of the experimental animal. 

'fhe practical significance ·of low sodium in the diet of growing 
bovines is doubtful. Whether it is possible to obtain a ration suffi
ciently lov.· in sodium to make itself felt, is also doubtful, exf·ept 
during lactation. It is remarkable that a ration containing only 
5 · 7 gm. sodium daily could produce a normal increase in " ·eight 
until lactation, and again afterwards, "·hen lactation ceased, without 
causing more devastating effects than appeared in bovine No. 3653 
in the experiment under review. However, it is to be admitted that 
the course of the experiment was not quite normal. Milk production 
was reduced during the first lactation period from 33 lb. daily during 
the first month to about 15 lb ., which, incidentally, meant that 
during the latter part of lactation slightly more sodium was contained 
in the food than in the milk. On the other hand, the converse '"as 
the case for the first h·o months of lactation, and the animal lost 
heavily in weight. The second gestation period was not uneventful 
and the drop in weight towards the end shows that the strain of 
gestation began to be felt. During the second lactation period, 
however, the animal showed almost complete recuperation, at all 
events a great improvement, and a glance at Table IV reveals that 
the sodium intake was about 1~ times the quantity secreted in the 
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mille ~Iilk production ·was very high-the highest of all the animals 
-but in spite of this the animal actually gained in weight. It 
appears that, although 5 · 7 gm. ::\'" a2 0 was insufficient for the require
ments of a 2-gallon cow O.uring lactation and during the latter part 
of gestation, 15 · 5 gm. was definitely enough for a 3-gallon cm\". 

ExrEIUMENT VIII. 

Ration low inK, b1Lt adequate ·in Other Respects. 

History. 

No. of animal. ..................... . 

Date experimental ration began, i.e. 
beginning of first gestation ........ . 

Date of calving ........ . ........... . 
End of lactation ................... . 

End of rest period, i.e. beginning of 
second gestation .................. . 

Date of calving .................... . 
Date of conclusion of experiment .... . 

No. 3656. 

19.8.30 
8.5.31 
Died 

l. 6. 31 
(metritis) 

No. 3673. 

29.8.30 
5.6.31 
5.9.31 

29.4.32 
6.2 . 33 
6.5.33 

No. 3645 
(control). 

29.10.3\: 
19.7.31 

19.10.31 

14.12.31 
25.9.32 
25.9.32 

From 'l'able II it is eYident that the daily potassium intake was 
approximately 30 gm. while the rest of the minerals contained m 
the ration "·as the same as those of the control animal No. 3645. 

DAYS. 

I 
l.acta!lon 

<00 

Jb45-=5b chys. 
l67J•l47 4ayl. 

ReM Period 

,. 
,J ~ 

I 

GRAPH XI.-vVeight of Animals lll .Pounds. 
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The weight curves of No. 3656 and 3673 together with that 
of the control are given in Graph XI. 

One of the experimental animals, viz. No. 3656, died of metritis 
21 days after giving birth to a calf, while No. 3673 l astecl the full 
period of the experiment, but with the longest rest period, ...-iz., 247, 
days. This animal showed an appreciable drop in weight during the 
first lactation period, but improved in condition immediately after
wards until the second lactation began. 'raking the weight curve as 
a whole, the only outstanding point is the great loss of weight during 
the first lactation period. After calving thiR animal suffered from 
mastitis, \Yas removed to and treated in hospital for a considerable 
time. Hence it is difficult to judge the cause of the drop in weight 
0orrectly with three complicated factors, Yiz. low potassium, low 
protein and mastitis. During the second lactation, \Yhen the first 
two factors were absent, the response of the animal \Yas quite normal 
compared \Yith the control. At all events it appears that there was. 
no deficiency present. 

A glance at Tables III and IV, g1vmg the intake in the food 
and the outgo in the milk ·of potassium during both lactation periods, 
and at Table V, giving milk production, confirms the tentative 
suggestion made by the "·eight curve, viz. that low potassium was 
probably not a serious factor to contend \Yith in this experiment. 
Only about half of the potassium content of the food during both 
lactations was secreted in the milk. -While a definite conclusion as 
regards the sufficiency or otherwise of potassium in the ration of the 
experiment under discussion cannot be drawn, there is no presentable 
proof for believing that potassium was deficient. 

On the whole the potassium level of the blood of No. 3673 is 
slightly higher than those of the control. vVhether these high values 
are significant, it is difficult to say, for the normal variation of K in 
blood is considerable. This point about the relation bet\Yeen the 
potassium in the food and that in the blood must be left in abeyance 
until more information is forthcoming. 

EXPERIMENT IX. 

S1tjficiency of all Minemls plus a Supplem.ent of Potassiurn Iodide. 

H istory . 

No. of animal. .. . .. ...... .. .. . . . . . . . 

Date experimental ration began, i.e. 
beginning of first gestation .. _ . .... . 

Date of calving . . . ..... . . .......... . 
End of lactation .................. . . 
End of rest per iod, i .e. beginning of 

second gestation ...... .... ... . ... . . 
Date of calving .. . .... . ... . . . .. .... . 
Date of conclusion of experiment .. . . . 

596 

No. 3677. 

3.9.30 
2.6.31 
2.9.31 

12.12 .31 
19.9.32 

19.12.32 

No. 3652. 

2 .9. 30 
2.6 . 31 
2.9.31 

11.12. 31 
10.9.32 

died 
18 .9 .32 

(peritonitis 
and 
metritis) 

No. 3645 
(control). 

29.10.30 
19.7.31 

19.10.31 

14.12.31 
25.9 . 32 

25.12.32 
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'l'he two animals Kos . 0(552 and 3G77 in this experiment "·ere 
on the same ration as the control, but IeceiYed in addition a supple
meut of 0 ·1 g-m. KI daily. Both nni.mals remained normal, and ate 
n·ell . One ,,-as di H<.;harged to,\·anls the end of the experiment as a 
su~pi.~io11:; case of tuberculosis, \Yhil e th (i) other gaxe birth to bYi11s, 
retained her afterbirth and lliecl of metritis 28 day~> afterwards. 

The "·eight c-urves of the animals in this experiment a1·e given 
below in Graph XII together with that of the control Xo. 3645. 

DAYS. 

Jb4S • Sb da)s 
Jlo77 • 10 1 days 
Jt.Sl - 100 .J(I)S 

_o--- ----"'I 
_._-- -··1 

I 

Gn.\l'H XII.-\'i'eig-ht of .\.Jiimab in Pouucls . 

Neither from daily obsenaiion,; of the animals nor from Lhe 
"·eight curves \YeJ·e any beneficial t>:ffect; of potassium iorlide achnini
sll'<Jtiou noticeable. The experimental animal,; n·ere noi. as heavy as 
the control, but th e rate of i.nnen~e or deoease "·as never mnrkellly 
rli :fferent. The milk prorludion i r:; given in 'l'able V. 

'.l'he milk production of the experimental animals \Yas approxJ
mai elv lhe same as that of the r·ontrol. Both lost more weight 
dming· lactation than the control, bu t at the beginning of i.he second 
gestation period the difterence in weight of the experimental animals 
comparerl with that of the control n·as about the same as at the 
beginning of lactation, and Temainecl practically so until the end 
of the experiment. 

No marked beneficial effects of t he iodine in the ration \\·ere 
noticed, nm ran it be said that the iodine shon·ed hannful effects. 
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The milk of both experimental cows contained, as was anticipated 
and has often been shown (Crichton, 1930), considerably more iodine 
than that of the control. The follo"·ing figures give an indication 
of the results obtained. 

Iodine in daily milk of No. 3677 varied from 39 to 99 y per 
100 c.c., "'hile that in the milk of No. 3645 receiving no KI in its 
feed showed an average value of 7 · 2 y (5 · 6-9 · 2). 

No practical benefit of iodine feeding has been observed in thif:i 
experiment. Perhaps a large1· experiment carried out under fielcl 
conditions to make differences in milk, production, reproduction, 
keeping conditions, etc., sig·nificant, would be a fairer test of the 
beneficial effect or otherwise of iodine feeding than the one reported 
on here. 

V. GENERAL DISCUSSION OF EXPERIMENTS AND 
COMPARISON OF THE RESULTS OBTAINED. 

It is undoubtedly difficult to assign correct values to the role 
of the respective minerals in nutrition, · in the light of the results of 
the foregoing experiments. A number of salient points have been 
brought out by this investigahon, hmYever, and it is proposed tc 
deal in this discussion "-ith such factors and to compare the results 
of the experiments in a general ·,,·ay. 

On the "-hole the results of individual experiments, with few 
exceptions, have been neither decidedly positive 11or negative. This 
fact is m ost remm·kable if rrable II, on page 570, be looked at care
fully. The table reveals the fact often 1epeated in this report that, 
with the single exception of magnesium, the intake of the minerals 
intended to be deficient in any particular experiment, "·as remarkably 
low. As a matter of fact, the intake was so low that, with the current 
conception that only a small proportion of minerals present in an 
ordinary ration (Crichton states 15-20 per cent.) is absorbed, it is 
remarkable that the animals could produce milk at :1ll. In most 
cases they required daily approximately as much, and in several 
cases more, of the particular mineral (Ca, P, Na, K and Cl) than 
the ration contained of that particular constituent. Yet milk pro
duction continued under those conditions for 90 days, "·ith, it is 
true, in some cases bad effects upon the animal, but no fatal effects 
except in the phosphorus deficient group or complete cessation of milk 
flow except perhaps in Nos. 3642 and 3649, when an attempt was made 
to make all minerals, except Ca and P, as low as possible. Drastic 
effects of the mineral intakes during lactation upon the animals would 
be anticipated from the fact that in all cases except magnesium, the 
total daily intake of a particular mineral was hardly different from 
that secreted in the milk Cluring the same period apart from other 
physiological requirements of the animals. 

At this stage it is necessary to study Tables III, IV and Y 
carefully. 
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'rABLE V. 

Monthly Milk Yield in Pounds. 

l,'irst Lactation, 1931. Second Lactation, 1932. 
·-

Mo:-~th. Average 
Month. Average 

Group. 

I I 
per day I I 

per day 
1st. 2nd. 3rd. in Th. l st. 

I 
2nd. 3rcl. 

-·-·· 

1. Low Ca and P ..... 733·7 654·1 469·5 21 - - -
452·3 438·6 439 ·7 15 - - -

II. Low P ............. 770·6 676·2 577·3 22 817·6 - -

IliA. Low Ca ........... 654·4 583·3 505·4 19 771·7 703·2 652·6 
542·7 505·0 458·2 17 798·1 845-7 790 ·1 

IIIB. Low Ca . . ..... .. . . - - - - 672·9 738·4 661·7 
Low Mg ........... 621·0 682·6 526·2 20 858-1 766·9 736·1 

IV. All min . low except 714-8 419·1 240·7 15 719·7 692 -0 617·3 
Ca and P. 663· 5 470·3 254 ·1 15 730·9 660·4 659 ·6 

V. Low ~aCI. ........ 554·4 426·5 306·9 14 - - -
684·4 669·6 556·3 21 - - -

VI. Low Cl. ........... 703·2 649·7 492 ·l 20 487·8 - -
715·5 557·3 483·0 19 - - -

VII. Low ~a ... . . . ..... 1010·9 645 ·3 470·8 22 933· 8 929-2 853·7 

VTII. Low K. . .......... - - - - - - -
536·1 492·9 271·9 14 - - -

IX. All min. sufficiency 465·4 634·6 482·2 16 601·4 413·0 488·0 
+ KI 512-5 428·8 :l82 ·l 15 - - -

X. All min. sufficiency .. 500·4 498·5 447·3 16 746·1 698·7 611·2 

' 

(a) NA, K, CL AKD MG. 

Omitting calcium and phosphorus for the time being and mag
nesium entirely, ::ts it seems very improbable that the effects of 
" low _" magnesium were felt at any time, sodium, chlorine ancl 
potassium are left to be dealt with. Undoubtedly a defl_eier,ey of 
sodium and of chlorine existed durmg the first part of the first 
lactation period. 'l'he result inva1·iahly '"as tJwt milk production 
decreased until the quantity of the mineral secreted in the milk " ·as 
definitely less than that contained in the food, although usually not 
much less . During the second lactation period the intake "·as always 
more than the milk content of any one of these three constituents, with 
the result that the lactating animals which lasted the full period, 
actually showed improvement in condition, or as in the case oi 
the K lo"- animal, which was in excellent condition at calving: 
showed no abnormal effect. 

n99 

in Th. 

-
-

-

24 
27 

23 
2G 

22 
23 
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-
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If Expe1·iments V, VI, VIII and IX be reviewed, several points 
stand out which are worth recording : Animais X os. 0G42 and 3649, 
on a ration containing about 00 gm. K 20, 5 ·8 gm. Ka2 0, 7 ·3 gm. 
Cl for 20 months \Yhich included two gestation periods and one lac
tation, remained in very poor condition throughout the experiment 
and could easily be selected at any stage as the poorest group. The 
oombined effect of low N a, K and Cl in the ration affected the animals 
adversely and resulted in permanent loss of condition and poor 
appetite. During the second lactation, when these animals never 
produced less than 2 gallons milk daily, they actually improved in 
condition ancl gained in weight on a ration containing 30 gm. K 20, 
15 · 5 N a 2 0, 10 · 8 gm. Cl, while the secretion of these minerals in 
their miLk was as follows: K 2 0 24 gm.; N a 2 0 7 gm. ; Ol 10 gm. 
Animal K o. 3G53 on a so eli um low ration fared similarly. 5 · 8 gm. 
N a 2 0 dming the first 2 months of the experiment "·ith its two 
gestation and one 90-day lactation periods, was apparently insufficient 
to meet the demands of the animal, but when this quantity was 
increased to 15 · 5 gm. K a2 0 during second ladaiio11 , the animal 
easily stood the strain of producing over 3 gallons of milk daily. 
It must be noted that the daily mi.lk contained 9·G glll. Ka2 0 . In 
other words, No. 3652 secreted bYo-thircls of the total intake of 
sodium in her milk for 90 days without apparent ill effects upon her 
system. Cow No. 3670 receiving daily a bout 30 gm. K 2 0 during 
the first 20 months of the experiment with t\yo gestatiou periods, one 
lactation period, during 50 days of which this animal suffered severely 
from mastitis which was followed by a long rest period, apparently 
did not suffer from a potassium deficiency. During second lactat ion, 
when this animal gave over 2 gallons of milk daily, containing 22 
gm. K 2 0, she remained in good oondition throughout, and was 
apparently not abnormally affected hy lactation. 'rhe oonclusion 
seems justified that No. 3673 required during growth and pregnancy 
less than 30 gm. K 2 0 daily, while during a 90-day lactation period 
of over 2 gallons daily, 38 gm. K 2 0 \Yere ample i.n spite of 22 g-m. 
K 2 0 actually being secreted in the milk. Unfortunately no further 
light is thrmYn on the role of chlorine, as the remnining animal in 
the experiment after the first lactation period cli.cl not become preg
nant. Tentatively it may be stated, in the absence of further data, 
that 7 g-m. chlorine in the daily ration appears to have been ou 
the low side during first gestation, "·hen the animals were still actiYel:v 
growing, was definitely deficient during lactation, secretion in milk 
being greater than intake, hut cannot be said to have had further 
ill effects. Judging from the effects of lo"· sodium in the ration, 
one would be inclined to believe that during lactation at least one 
and a third times the amount of chl.orine contained in the milk should 
be supplied in the food. Passing to the animals Nos. 3646 and 36!11 
on low sodium chloride it is perhaps strange that these animals did 
well on the "·hole in spite of having in addition to low s-odium, with 
its detrimental effects upon No. 3653, also low chlorine. 'I.' he only 
difference between the rations of No. 3653 on the one hand and Nos. 
3646 and 3651 on the other is, that the ration of No. 3653 was poten
tially more acid, clue to the presence of chlorine . The addi tiona 1 
potential acidity was equivalent to ] 620 c. c. normal solution, but 
from the available data it is impossible to judge this effect at all 
correctly. It can only be said that low sodium was detrimental, 
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whereas low sodium in addition to low chlorine was not; and thirdly 
that lo''" sodium, lm\· chlmine, low potassium again produced Jetri
mental effects. It appears that the relation of these three co11stituents 
to one another is impm·tant and need further consideration. 

Applying the information gainell in these experiments with 
regard to loTI· K, N a and chlorine in a ration to possible deficiencies 
in practice the following points are brought out:-

(1) 

(2) 

(3) 

(4) 

(5) 

Potassium deficiency, \\·hi~.;h ca11not Le said to have been 
brought about in Experiment YIII will probably ne,·er 
be present in two-gallo11 eapacity lactating coTI·s on pas
hue. Kren ·4 per rent. R,O in pasture, "·hich is much 
loTI·e1· than the usual figure, would supply about twice :ts 
mu_ch potassium as that contained in the potassium low 
ranon. 

'l'he chlorine coutent of the rations in Experiments V and 
VI was much lower than the intake of cows on very poor 
pasture ( ·15 per cent. chlorine). As a matte1· of fact, a 
1,000 lb. cow on such pasture woul<l probably ingest 
about ;J times as much chlorine as the animals in the 
chlorine lmY rations of this investigation. 

'l'he sodium intake of the animals in Experiment VII on 
lo"· sodium, was not particularly low. :Jiature South 
African pastures often contain as little as · 015 per cent. 
Na 20 under which conclitio11s a 1,000 lb. cow " ·ould ingest 
only about as much sodium as that contained in the 
sodium low ration or, in other words, only about as much 
as she actually required for the production of 2 gallons of 
mille Sodium deficiency in South African pastures at 
certain times of the year, when only fully grown mature 
and often old grass is available, is well \\Orth the serious 
attention of investigators in this field. 

rrhe combined effect of 10\Y N a, Cl and K was detrimental 
to the health of the animals, but there is little danger 
of procuring such an extl·emely low intake of these three 
constituents in animals on natural grazi11g. 

It is tentatively suggested that two-gallon lactating cows 
require daily, as a minimum, one and a half times the 
quantities of easily available N a and Cl secreted in the 
milk, i.e. a bout 15 gm. N a 2 0 and about 13 gm. Cl, while 
an intake of 38 gm. K 20 is sufficient to provide for thE' 
secretion of over 21 gm. K 20 in the milk v;·ithout dele
terious effects upon the cow. 

(b) CALCIUill AND PHOSPHORUS. 

With regard to E:s:pe1·ime11ts I, II, III and IV on the role of 
P and Ca, the position is more clear.. 1'he often observed fact that 
low phosphorus in a ration brings a bout stywesiekte, poor condition, 
lo"\\· inorganie phosphorus in the blood, and general unthriftiness, 
has been confirm ed both in Experiment I and II. 'l'he latter experic 
ment was a straightforward P (}eficiency, "·hile the animal& in the 

601 



STUDIES IN MINERAL METABOLISM XXXI. 

former were subject to low calcium in addition to low phosphorus. 
A consideration of Experiments III aud IV indicates that the animals 
in both experiments wi thstood the low calcium quite ''"ell. On the 
other hand, Table III indicates that calcium deficiency was acute 
during both lactation periods. 'rhe animals, as already stated, 
ingested a certain amount of soil, so that the intake of calcium was 
probably higher than that given in Table II. However, apparently 
Ca deficiency was practically \Yithout effect upon the animals and 
the only possible conclusion seems to be that the intake of Ca \Yith 
the soil must have increased the total intake of Ca very considerably, 
as it seems Yery improbable that the animals in Expe1·iment III on lo\\· 
Ca could have continued to secrete in thei1· milk, without more 
marked effect on their bodies, about t\Yice the quantity of calcium 
that they were getting in their f.ood. Clinical symptoms of calcium 
deficiency were not noticed in this investigation, and it is feared that 
reliable conclusions about the calcium requirements of cattlE' cannot 
be drawn until additional data have been obtained from an experi
ment no"- under consideration on the role of the Ca, P complex in 
the nutrition of bovines. 

As suggested by a study of the phosphorus intake and outgo of 
Nos. 3641, 3648 and 3659 in Tables III and IV, by clinical symptomR 
of aphosphorosis in the course of the experiment, and by low inor
ganic phosphorus in the blood, phosphorus deficiency was acute fo:· 
the gTeater part of the experiment. Exp1·essed as P 2 0 5 tl!e clemaud 
for phosphorus during lactation is greater than that of any othe]' 
mineral, and unfmtunately, varies greatly from season to season. 

It may be pointed out here that Crichton (1931) considers that 
one of the authors (A. I. M:.) is of the opinion that inorganic phos
phorus in the blood limits milk production. but that he erroneously 
attributed that view to the author concerned. It has been pointed 
out time and again from this Institute, that phosphorus deficiency 
limits milk production and is also associated 1rith low inorganic 
}Jhosphorus in the blood. But it certai11ly would he illogical and 
JlUrely speculative for anyone to conclude that therefore inorganic 
I)hosphorus in the blood limits production . Under South African con
ditions, at the best of times, pasture will not usually contain more 
than ·45 per cent. P 2 0 5 for any length of time. In such circum
stances 25 lb. pasture (on dry basis) would contain about 50 gm . 
P 2 0 5 , which would hardly meet the requirements of a 2-gallon CO\\". 

It may safely be said that 'vithout drastic pasture improYemeut there 
is little hope of getting a daily milk production for any length of 
time of 2 gallons from cows on pasture ·only. Unfortunately lm,· 
protein in such pasture would be an additional limiting factor for 
the production of 2 gallons mille Phosphorus supply is undoubtedly 
a problem that has to be contended "-ith under systems of milk pro
duction under ranching conditions. 

(c) REPRODUCTION. 

Before concluding, it is necessary to review reproduction in this 
investigation. In Table VI below the calving chart of the animals 
is given. 
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A glance at Table VI reveals the fact that in 1931 calving was 
abnormal. ¥leak and blind calves were the rule, and almost flO 
per cent. of the calf crop was blind. The vitality of the calves 
was low in practically all cases. It seems that a factor present in 
all the experiments was responsible for poor reproduction, and 1t 
is f.or this reason that 5 lb. ensilage w·ere added to the basal ration 
·of each animal in 1932, i.e. about 6 months before second calving 
period was due. rrhe increase of minerals was negligible as shown 
in Table II, but subsequent calving was a complete success. 

In the light of this work and of that of Hart, Hadley and 
Humphrey (1932), where similar results were obtained with a basal 
ration consisting primarily of wheat products, it appears that the 
birth of abnormal calves in this experiment should be associated with 
.an inherent deficiency in the 1·ation, such as poor quality protein or 
perhaps vitamin A. 5 lb . of ensilage containing 80 per cent. water, 
can hardly be said to add much " quantity " of any food constituents 
to the ration, while it is rich in vitamins, as is all green feed . The 
problem of poor reproduction must be left unsolved until the experi
went now being conducted to elucidate this point has yielded some 
information, and it is taken for granted provisionally, especially 
when the t\\·o cal'ving periods are compared, that abnormal calving 
in 1931 "·as not associated with any specific factor related io the 
mineral composition of the rations. Apparently the 5 lb. ensilage 
which, according to Table II, hardly increased the mineral content 
of the basal ration at all, contained the factor or factors "·hich made 
calving in 1932 one hundred per cent. successful. No weak or 
abnormal calves were born, although the number of animals still 
alive to calve down was considerably less than in 1931. 

VI. SUMMARY. 

1. Data are presented on the requirements of growmg and lac
tating cattle of Ca, P, Mg, Na, K, Cl and I. 

2. The investigation lasted approximately 21 years; the animals 
passed through 2 gestation periods and two lactation periods of 90 
clays each. 

3. A pair of grade Friesland heifers "·as placed in each experi
ment on a basal ration of 3J, lb. hav , 10 lb. maize concentrates 
[crushed maize and/or maize ~ndosperin (fanko)J and 20 gm. blood 
meal. 

4. The mineral content of the basal ration was as follmYs: 
CaO 6·8 gm.; MgO ll·l gm.; K 20 29 ·3 gm. ; ~a20 5·7 gm.; P20, 
15·4 gm. and when crushed maize was eliminated 8·4 gm. ; Cl 6·7 
grn. and 803 12 · 9 gm. All the minerals " ·ere given as supplements 
daily, except Sundays, with the concentrates . 

.. ·- 5. The animals were inspected daily for symptoms of deficiency, 
weights were registered monthly, food consumption C'becked anr1 
samples of blood clra"·n monthly for the determination of their 
mineral content. 
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6. The animals were kept over night under roof in feeding boxes 
in an open shed. During the day they were allowed to exercise ~n 
a padJock with concrete floor, except on some occasions when they 
IYere allo"·ed into an adjoining paddock with a surface of sand. 

7. 0 ·1 gm. potassium iodide had no visible effect upon the pair 
of bovines in this experiment. 

8. It is provisionally suggested that 14 gm. Cl "·as enough to 
provide for the daily secretion of 2 gallons of milk and that this 
amount \Youlcl also be enough for growth and gestatiou. 

9. 'Vhen one and a hal£ times the quantity of sodium containeJ 
in 2 gallons of milk is supplied in the food, this is apparently enough 
for the normal production of such a quantity of milk, i.e. about 
15 gm. Na,O per day. 

10. · 38 gm. of K,O " ·as enough for the production of 2 gallons 
of milk daily for 90 days without ill effects. 

11. There is Yery little possibility of a K or a Cl defic:iency 
when 2-gallon COIYS are run on pasture only. 

12. 'l'he sodium content of a 1,000 lb. cow's ration of South 
African pasture · 015 per cent. N a,O is often below that of the basal 
ration, " ·hi.ch is Jeficient for the production of 2 gallons of milk 
daily. 

13. It was impossible to produce clinical or other symptoms of y 
acalcicosis. An explanation is offered tentatively. 

14. Aphosphorosis- incipient and clinical- was easily produced 
on a ration both low and not so low in phosphorus. 

15. Radiographs of selected bones of phosphorus and ealcium 
Jeficient animals are presented. 

16. A lactating animal's Jefence against mineral deficiency is 
Jec1ease in milk production, the greatest dee1ease being noticeable 
IYhen the deficiency is greatest, e.g. Experiment IV, low K, Ka and 
Cl. 

17. It is doubted IYhether low magnesium could possibly become 
a problem in an animal's diet. 'l'he basal diet composed of materials 
low in minerals contained at least 5 times the amount of magnesimn 
secreted in 2 gallons mille 

l B. 'l'he present study 1s being follo11·ed up by a stuch· of the 
role of the Ca, P complex in the nutrition of rattle and by further 
studies on Na, K an<l chlorin e low rations. 
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