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INTRODUCTION. 

DuRING the last three decades many prominent investigators have 
given much time and attention to problems (ever increasing in com­
plexity) of mineral requirements of animal life and productiou, as 
well as the occurrence of minerals in nature. 

The results of these researches have shown that many countries 
suffer acutely from some mineral deficiency or other, which, if not 
artificially corrected, seriously hampers the productivity of range 
stock in such parts. 'rhe most widely occurring deficiency known at 
present is one of phosphorus. A deficiency of this element in the 
herbage being readily reflected in the inorganic phosphorus content 
of the blood. A ready method is provided for detecting the deficiency, 
prior to the appearance in the animals of clinical symptoms of 
aphosphorosis, as shown by Malan, Green and clu 'roit (1928) . 

Nutrition workers are finding it necessary to give more attention 
to the changes that may be brought about in the blood-stream as a 
result of Yariations in the feed of animals. Changes in borly-"·eight 
and size are not accurate indications of the effieiencv of rations: It 
is essential , if progress is to be made, that such superficial methods 
be supported by the fundamental study of the blood constituents. 

The present investigation proposes, therefore, to show whether 
the mineral content of the blood of cows and their progeny can be 
influenced by the feeding to the co"·s of rations low in certain 
minerals. 
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Since there ec-;J;;ts no great certaint.\' r egarding the nonunl 
mineral content of cow':; blood in this country, it became neceH:>ai')' 
to make a large number of bloocl mineral determinations on CO\Y:> 
re:;eivi11g rations adequate in resped of all miue1·al constitueuis. 

Tbe animals and the facilities nece;:sar)· for determining calrium, 
p l1o:'phorus, magnesium, pot<lt>sium, fw clium, arul ('hlorine in the 
blood of non-pregnant, preguant, and laetating ('0\\'S, a~> well as those 
for de term in ing the elements in the milk, " ·ere prm·icled at Ouderste­
poort in an erpe1·imeut on, " The ::\Iinimum ~1iueral Rel[uirement s of 
Cattle," by clu Toit, ~1alan, ancl Choene\vald (19:14). Thiil work ainli'i 
primarily at measuring general grmdh b)· " ·eight and clinical con­
tlitiou, as ·well as reprodu('tion of cov;·s fed rations " c·onRtitu tecl " to 
be extremely low in one nf the abo,·e minerals . 

In reganl to th e influence of diet upon it" constituentH, more 
attention ha, been paid to mi l k than to the bloocl as may he ga1.herecl 
from the very complete revie\\' of the older literature by Forbes ancl 
Keith (1914). In the present \Yorl\ als·o there \\3H opportunity of 
ohserYitJg the effect of certain rations either flefic·ient in or containing 
m inimal an1ounts of certain m ineral elements, upon some milk con­
stituents. 

Schutte (19~9) has drav;·n attention to the generally low solid~­
JJot-fat content of South African milk:>. \Yith this in mind attention 
\Y:J..s given to mllk protein, total ash, and sug:U', as well as to fat 
and solids-not-fat determinations. It was .iuclge(l that close obPerYa­
tions of the minerals in hloocl and milk might not only throw light 
on the total solids of milk, a l[Uestion of rising importance in the 
eheese industry, but might also augment our knowledge of the 
physiology of milk secretion, at present very incomplete. 

In order that the data m ight be as complete as possible, blood 
sa mples taken from hYehe cah·es '"ithin the first bYenty-four hours 
of life were analysed for c·alcium, inorganic phosphorus, magnesium, 
potassium, sodium, anfl <'hloriue. Although the ba;;is of ihe mineral 
intake of the cmYs variecl, no changes ('Ould be cletectecl in the level 
of the abov·e mineral constituents in the daily bloocl samples of the 
cah·es (luring the fil ·st week of l ife. For the first week each calf 
received the milk from its mot her. After a v;·eek all the cah-es were 
regarded as normal and fed on the mixed milk of the herd.. 

Lately much stress has been laic] on the proper proportions, 
ratios, and !'Onrentratioa,.; of mineral,.; in rations as emhoclied in 
:Marek's (1982) idea of " alkali-alkali;,:iti:it" anfl "Enlalkali­
alkallllihit ". This author attributes riekets mainly to an almonnai 
" Erclalkali-alkalizitat ", which means that the CaO + :MgO - 1\0., 
expres::;ed in milligram equivalents per 100 gramR dry mutter of the 
ration, is either above or belmY the optimum \Yhen it registers between 
20 and 25. It must be clearly und erstoocl at the outset that , althougl1 
the condition in regard to the " Erdalkali-alkalizitiit " of t h e ra t ion 
will be given, the primary object in planning rations lmY in certain 
minerals "·a.s to note "·hat effects such rations had on the animal, 
regardless of the " :Enlalkali-alkaliziti:it " !'Ontent. It was believecl 
that an abnormal " Enhlkali-alkaliziUit" v;·cmld have assisted in 
proving the object of this work by aiding the depletion of minerals 
in the system. 
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Mineral ratios as 'Yell as metabolism studies are, therefore, con­
s idered beyond t he scope of t his t hesis. R atios of normall_,, occurring 
constituents in the milk and blood 'rill , hmYever, be presented. In 
.comparing these figures an endeaYour is made to ascertain the 
influence one mineral exerts 0 11 another in the blood stream. 

It was desired to test t he suitability of certain formulae for cal­
culating protein and ash from the butter-fat percentages of milk, and 
sugar from the chlorine content of milk, because simplified an alytic 
procedure, accumulated in a readily aYailable form so as to be easily 
applied to the detection of mineral deficiencies may greatly facilitate 
the studies of these intricate problems. The necessity of su ch com­
pil ed methods is the more keenly felt under the conditions experiencerl 
in Routh Africa, where telluric bctor:-; g iYe rise to extreme variations 
an rl shortages of protein and phosphorus as shown rec:ently by du 
T·oit and co-worker:-; (1932). Another faetor that shoulrl not be lost 
sight of is t he increased productive r equirements of our domestieated 
animals . The dairy cow of t he present procluces at least four t imes 
t he quantity of milk secreted hy h er ancestors and ne('essary for the 
offspring. It is surprising that ou1· Yeld animals withstand, a,.; " ·ell 
as they do, t he adverse forcing {)f inneased produetivit:\· in t he 
absence of a eompensating feed supplPment. But a process of 
natural adaptation takes place. Kelley (1982) describes Yery d early 
ihe tendency f.or European breeds to deteriorate to the level of the 
Jll(1igenous stock when allowed to h erd for themselves on the range. 

REVIEW OF THE LITERATURE. 

A complete reYiew of the literature, relevant to the subject under 
1::onsideration, would occupy a lengthy Yolume . Sufficient referenceR 
h :we, therefor·e, been selected to indicate the general trend of ou r 
present knowledge . The ,,.ork of previou,; investigators which bear s 
more particularly on the yariow; phases of this investigation may be 
grouped under four general headings: 

I. THE IxFLuEXCE Ol' DIET ON THE ~hNElU.L CoxSTITuENTS OF THE 

B r.oon. 

Under th e general term " mineral constituents of the blood " a re 
included the metallic elements , ca lcium, sod ium, potassium, and 
m agnesium, and the non-metallic element s, phosphorus and chlorine. 
As a rule these mineral elements tend to r emain at a fairly constant 
level in the blood. A fact well illustratecl by the finding of Eckles, 
Sjollema and Kaag (1982) that phosphorus, calcium, ::mel magn esium 
" ·ere lowered in the blood of dairy cows only four days previous to 
parturition and became normal again soo n after calving. Gowen and 
Tobey (1931) giYe an interesting account of t h e result of starving 
eight good milking cows in order to observe changes in the composi­
tion of the mille Numerous ('Ul'Yes are given illustrating the milk 
and blood constituents determinerl. Alth.ough no c-hanges could be 
detected in the blood and milk calcium and the milk phosphorus, it 
is regrettable that these inYesti g,ators did not determine the inorganif· 
phosphorus content of t he blood before stating th at : " All the 
changes in the milk composition during stanation can be directly 
r elated to t h e simultaneous changes in the blood " . These author<; 
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have, however, shown that inanition increased fat, total solids, and, 
to a slight extent, protein. There was a pronounced decrease in lactose 
and total milk. The decrease in lactose corresponded to a decrease in 
the dextrose content of the blood, supporting the conclusion that the 
lactose of milk has as its percussor the dextrose of the blood. 

The alkalinity or acidity of the diet has long been held to haYe 
important influences on mineral assimilation. Barone and Bonanno· 
(19;i2) state that an acid diet produces an increase in blood calcium 
and an alkaline diet a decrease in the blood potassium. Theoretically 
this finding is in keeping with an older German school, but has not 
been confirmed in many of the later investigations. It is, therefore, 
a field of research awaiting investigation. 'l'here is at present no 
doubt, howeYer, that the inorganic blood phosphorus can be readily 
varied or limited by the intake as shown by Malan, Green and du 'l'oit 
(1928), although there is apparently a wide daily range of normal 
variation o£ inorganic blood phosphorus, which Henderson and 
Landingham (1932) give as 0·46 mgm., while the normal variation 
for twelve clays was found to be as much as 2·34 mgm. Palmer and 
Eckles (1927) found the inorganic blood phosphorus o£ dry cO\YS 
receiving rations containing 0 · 08 per cent. P and 0 · 36 per cent. Ca, 
to be abnormally low, while the calcium ·of the blood remained 
constant. 

Robinson and Huffman (1926) giYe the following average analyses 
for more than a hundred normal bee£ animals: Inorganic phosphorus 
5·87, chlorine 329, calcium ll·O, potassium 27·3, and mag­
nesium 2 ·16 mgm. per 100 c. c. in blood. These authors are of the 
opinion that an increased intake of calcium phosphate produced a 
slight increase in the inorganic blood phosphorus. Whelan (1925) 
found that following intravenous injections of chlorides, the chlorine 
in the blood of dogs showed no significant quantitative change. 
:Magnesium, calcium, sodium and potassium showed slight rises 
follo"·ing injections of these elemfmts. hut were soon back to their 
normal levels. 

Fitch, Boyd and Eckles (1932), failed to cause a lowered blood 
calcium by feeding to dairy cows rations low in calcium. Similarly 
du 'l'oit, Malan and Groenewald (1931) were unable to produce a 
lowered calcium content of the blood o£ a group of sheep whose daily 
calcium intake in the ration was only 0 · 84 gm. There is no doubt, 
however, that there is a sudden drop in blood calcium content during 
parturition. Godden and Allcroft (1932) recorded this condition in 
dairy cows and came to the conclusion that the blood calcium and 
inorganic blood phosphorus levels were lowered, the normal level 
again being reached four days after calving. 

Hart, Steenbock, and Klein (1932) could not increase the leYel of 
blood and milk calcium or inorganic phosphorus by the administrati·on 
of vitamin D. A drop in the blood calcium level at the onset of 
parturition is also reported by Wilson and Hart (1932), who further 
point out that milk fever is always associated with a low blood calcium 
content. Mirvish (1930) agrees that the calcium level is very constant 
in blood and varies only under special circumstances or when certain 
substances are injected. He shows that blood calcium is lowered by 
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i:he injection of oatmeal extract, but that it reaches its normal leYel 
within 48 hours after the injection. The effect is, therefore, of a 
transient nature. 

Morris and Morris (1930) conclude that, " in children the 
amount of volatile chlorine may be altered by the addition of variou~ 
substances to the blood, but that for each blood there is a certain 
maximum and minimum beyond which the content lloes not pass '·. 
It is possible that the blood chlorine may be regulated by the 
osmotic pressure "·i thin the blood stream, interchange taking place 
between the lactose of the mammary glancl or even the dextrose of 
i:he bloocl and the blood chlorine. 

The actual state or condition of the animal organism should te 
taken into consideration when determining its ability to absorb or 
make use of mineral supplements. Miller, Yates, Jones, and Brandt 
(192G) haYe proYed conclusively that alimentary absorption is con­
trolled to a certain extent by the needs of the animal. The percentage 
of calcium utilized by the system was greater at the height of lada­
tion. It would naturally follow, that the greater utilisation of 
eertain minerals, such as inorganic phosphorus, for milk produetim1, 
would result in these minerals attaining lower leYels in the blood 
stream during the lactation periods. 

It is evident from the literature cited that most attention has in 
the past been given to the role of calcium and phosphorus in the 
nnimal organism. It is to be cleplored that so little seems to be 
known about chlorine, potassium and sodium in relation to nutrition. 

All investigators seem to agree that a low phosphorus intake is 
reaclily reflected in a lo"·ered inorganic phosphorus content of the 
Hood stream. 'J'he majorit:;r of experiments have shown that the 
bloocl calcium content has remained unchanged by variations in the 
le\·el of calcium intake. This is true even uuder conditions of inani­
tion. There are some investigators, howeYer, who report slight 
changes in blood calcium level under certain experimental and elinical 
conditions. It is possible, for instance, that an abnormal " Erdalkali­
alkalizitat" would be capable of bringing about a change in the 
cal6um level o£ the blood. That calcium is lowered in the blootl 
stream at the onset of parturition and during the occurrence of milk 
fever is generally concedecl. 

A perusal of the literature leaYes no doubt that a great cleal of 
uncertainty exists regarding the behaviour of magnesium, chlorine, 
potassium, and sodium in the blood stream. The evidence indicates 
that the chlorine content of the blood is not easily affected by 
lowering the chlorine intake in the diet. 'J'he behaviour of the other 
three elements in the bloorl stream remains obscure. 

TI. 'I'HE INFLUJ,NCE OF DIET OK THE 1\h~FllAL AND PROXL\UTE 

CoxsnTUENTS OF }!rLh:. 

In regard to ~electiYe breeding of dairy stock, it is interesting to 
note that Anderson and Langmack (1924), in a statistical compilation 
found the average pr·otein content of milk to be increasing in Danish 
(lairies. In this connection Yan Slyke (192!1) states that the influence 
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of hreed is largel:-· the cause of nriatiom; in mil k in differen t 
coun tries. 'l'he breed of the cmY greatly influences the c;olids content 
of the mi l k as shmYn by seYeral inYestigators : Toc-her (1925), Ecldec; 
(1909), and Judkins (1918). These authors also show that there is 
a gradual increase in :solids-not-fat anrl in fat with age of cows. 

'l'ha t there is a rlefini te tendencv for mil k to test low in both 
fat and solids-not-fat during the hot summer months, is shO\nt hv 
Eckles (1909), Hills (1894), and Cranfield (1927). Attention should, 
however, be drawn to the recent work of Bartlett, Golding·, and \Yag­
staff (19:32) who C'OtH:l ude that Yariations between summer and winter 
sol irls-not-fat percentages are clue to a rlifference of laetometer rearlings 
and not to mil k r·omposition , an argument difficult to follow, 
especially in Yie"- of the fa ct that Hiclunond (1920) clearl:-- Ht::.ltes 
that long droughts in sumtner affN·t both the quantity a nd quali ty 
of t he mille It is, of course, well known that a smaller quantit.v of 
milk will y ield a higher percentage of butter-fat than a brger 
quantity of mi lk from the same c:m;· . 

Van Slyke (1920) foun r1 that dro11ght influenced the c-omposition 
r,£ milk only in regard to t he r·asein content as shmnt in table I. 

TABLE I. 

lnj{uencp of Drov_qht on Casein 111 lllilk. 

Month. 

. June .. . . . ........ . . •. · .. .. · · ·· · ····· · · · 
July .... . ......... . . . .... . .. . . . . . . . .. . . . 
Angt:st . . ..... . ... . ... ... ...... . . .... . . . 
Septem ter ......... . .. . .. . .. . ... . . . .. . . . 
Octo her ..... .. ...... . ... . . ...... . . . . ... . 

Conditions. 

Drought 
Drought 
Drought 
Nor m9 1 
Kormal 

P ounds C'asein in 
100- lb. )'Jilk . 

2· :l3 
2·:?0 
2 · :?fi 
2 · 47 
:?·6\l 

It is seen that there occurred a sl ight clrop in the casein content 
of the milk rlm-ing the months of drought. J ordan, Jenter , ancl 
Fuller (1901) fed two co,,-,., Yariable amounts of protein and carbo­
hydrates and showed an increa~e i 11 both total solids and fat through­
ou t the experimental periocl. One co"· was, howeYer, at the beginning­
of her lactation period, whereas the lactation period of the other cow 
was well ach-an cer1- <l difference \Yhich , together with the short expel· i­
menta l period , does not justify significa nt conclusions . 

Perkins (1902) ,dw incirlen ta lly g iws an extem;ive nnd ahh• 
reYiew of t he literature, states on the ha~i s of an aly:-;is of r;eYeral 
hunclrerl ~> of lll il k samples that " Yery little or no effect of the level 
of protein feeding \Tas shO\Yll on the charar ter of the milk ". Thei ler , 
Gr een an<l du To it (1927) arriYed at the conclusion th<c~t a rlefici ency 
in phosphorus in the ration was not r eflec-t ed in the percentage com­
position of the mil k. Porr·her (1912) is certain that a high chlorine 
content of milk is associated ,,-ith a lo"· lactose content , so that a lo" · 
lactose conten t mav cause a lmY solirls-not-fat rontent of the milk. 
Cranfield (1927) record,.; a low lime content in summer milk, whir·h he 
ascribes to the lo\\·ererl soli ds-not-fat content during- that period. 
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Among the early "·mkers von ViT enflt (1909) may he considered 
among the foremost who attempted tD bring about variations in milk 
composition by the administration of c-ertain salts . His extensiYe 
tables prove that he was not able to cause such changes. Fingerling 
(1914) concluded that neither the activity of the. mammary glans, nor 
the composition of the milk wa,; altererl by feeding inorganic phos­
phorus compounds. 

Overman (1932) found that Yarious kinds of proteins hom 
difteren t sources affected both the chemical ancl the physical nature 
of the milk fats. But the recording of his results is unsatisfactory. 
That a deficient intake l€ads to a decrease in volume of milk rather 
than to a decrease in any of the milk constituents \Yas shown by 
Bruwer (1931) , who praYed that 1he lactose an<l chlorine varied 
inversely to maintain the constancy of osmotic pressure, and that a 
high fat content was associated ,,-ith a high protein content. Becker, 
Eckles, and Palmer (1927), fed dairy co"·s on rations low in calcium 
and found that, although calcium was a limiting factor in milk 
production, the milk calcium was not lo"·ered. Neuman (1894) fed 
100 gm. Ca3 (P0.) 2 to milk co"·s with the result that the calcium and 
phosphorus in the milk slightly increased. U nfortunately the dura­
tion of his experiments (only 3-4 weeks) was far too short. 

Hart McCallum and Humphrey (1909) state that " Yariations 
" ·ithin wide limits in the form and quantity of supply of potassium, 
magnesium, or phosphorus flid not influence the percentage of these 
elements in the milk ". The Yalidih· of their observations would 
have been considerably strengthened · had these anthon; employed 
more than one cow. Reed and Huffman (1930) are of the opinion 
that the importance of mineral requir€ments for dairy cattle is greatly 
exaggerated. The feeding of extremely l(m· calcium diets made no 
difference to the milk production. 

In summarising our present knowledge of the influence of diet 
on the mineral and proximate constituents of milk, it is obvious that, 
although factors are given as reasons for certain types of changes in 
miLk composition, such as, for example, increased protein in c-ertain 
countries or higher solids in certain breeds. It is nevertheless belieYed 
that protein is slightl~· lo"·erecl during seYere droughts because of a 
lo,Yered milk casein. During the hot summer months, "·hen su cculent 
feed abounds, milk is lmYer in fat and solids-not-fat percentages, 
because quantitative production is increased. 

Lactose and chlorin€ Yary inversely to maintain a constancy ot 
osmotic pressure, enabling milk chlorine figures to be used in cal­
culating the 1 a ctose con tent of the milk. Some eli fference of opinion 
exists as to " ·hether milk mav be influenced in regard to its calcium 
and phosphorus content. w·ith reference to the magnesium, potas­
sium, and sodium content of milk less data are available, and it 
would appear that no definite conclusions have been reached as to 
the eff€ct of the minerals in the diet upon the composition of the milk 
in reganl to these constituents. 

Total milk production has been found to be very easily influenced 
by feeding. 
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III. PHYSIOLOGICAL RELATIONSHIP BE'nYEEK M:ILK AKD BLOOD 

MINERALS. 

In attempts to thro"· light upon the subject of milk secretion, 
comparisons have often been drawn between the quantities of certain 
minerals present in the blood stream and in the mille It would, 
therefore, be pr·ofitable to devote some attention to the rather obscure 
question of milk secretion in a trial \Yhere definjte figures are likely 
to be derived for blood and milk minerals respectively. The avail­
ab le evidence on the passage of blood minerals into the milk, is purely 
of a circumstantial nature, as clearly emphasised by Rogers (1928) 
who gives a complete bibliography on the question of milk secretion. 
Van der Laan (1916) found that the osmotic pressure of milk remained 
the same as that of the blood. The osmotic pressure of milk is a lmost 
entirely clue to the lactose anrl soluble salts such as Na01, so that 
there is a reciprocal relation between lactose and the soluble salts in 
milk. 

Interesting work has recently been clone by Blackwood and 
Stirling (1932) ,- who ,;how that in lactating and non~ lactating cows, 
the inorganic phosphorus content of mammary blood is higher than 
that of jugular blood and approximate!.\- equal to that of arterial 
blood. It is suggested that this is due to the assimilation of inorganic 
phosphorus from the blood by the tissues drained by the jugular vein 
and to the absence of absorption of inorganic phosphorus by the 
mammary gland. Brenner (19T3) states that the high inorganic 
phosphorus content of the mammary gland tissue is eYidence of 
autolytic breakdown of organic phosphorus compounds. The 
protein-free extract decreases as the phosphate increases. 'l'here is 
thus a suggestion that a certain osmotic pressure must be maintained 
in the mammary gland for normal composition of the milk. 

That lactalbumin and caseinogen are specific products of the 
mammary gland was shown by Crowther and Raistrick (191G) \Yho 
thereby createcl the 1·oncept of dissociation of blood constituents ancl 
their reorganisation into totally ne\Y products in the milk. Rimington 
(1927) has very carefully sho"·n hO\Y phosphorus is carried in milk 
b~~ illustrating the structural make-up of the amino-acid phosphorus 
carriers of mille Meigs, BlathenYick, and Cary (1919) ho\YeYer, haYe 
dra"·n the conclusions that phosphorus is concerned in the secretion of 
fat and that a large amount of excess phosphorus is returned into 
the blood stream in inorganic form, because the mammary blood 
phosphorus content is higher than that of the jugular vein. 

It is obvious, therefore, that a Yast amount of speculation exists 
in regard to the interchange of mineral substances from the blood 
stream to the milk and such speculation may be expected to conti nue 
in the future. Recent \HJrk suggests, ho"·eyer, that the osmotic 
pressure of milk remains the same as that of blood, and that this 
condition is almost entirely clue to lactose and solubl e chlorin e salts. 
'l'he inorganic phosphorus ·content of mammary blood has been found 
to be higher than that of iugular blood and equal to that of arterial 
blood, suggesting of course the absence of inorganic phosphorus 
absorption by the mammary gland. It is suggested, however, that 
phosphorus is carried by the proteins and fats of milk and that the 
excess phosphorus is carried away by the mammary Yein in the form 
of inorganic phosphorus. 
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IV. STUDIES OK CALl' BLOOJJ MINERALS. 

It is generally accepted that the greatest influence mt 1 be off­
spring of the state of nutrition of the dam is one of a possible shortag;e 
•Jf milk. 'l'he milk remains ummal in tl1e minerals under eonsidera­
t ion, so that the calf blood may be reganlecl as a normal physiological 
study . 

Godden a)}(l Allcroft (19!32) found that cahes at birth sho\Ye<l 
higher blood l"alcium and inorganic phosphoru.~ than their clams, but 
lhat the ch lorine content of the calf blood v;·as lmYel". Bogert (1923) 
found that a chil(l at birth registered 9 · 1 mgm. Ca. per 1 00 c .(·. blood, 
when the Ca. of the materml blood was 10·9 mgm. Robinson an1l 
Huffman (192G) report higher calcium in He"\"1" born cah-e;; blood than 
in that of the dams. These authors £nd that after the £rst week the 
blood calcium of the calves gradually decreases. Grt>en and Macaskill 
(1928), studying three cows and their cah-es, found that the pota;;sium 
of calf blood was notably higher than that of the cmY, and graclually 
assumed the adult level over a period of approximately ten \Yeeks. 
The inorganic phosphorus of calf blood was also higher than that 
of the dam. 

In reganl to calc.;ium, magnesium, soclium and chloriue, no 
characteristic differences were noted between the blood of a ro\Y and 
that of her calf. It should be noted, however, that Theiler, Green 
·mel du 'l'oit (1927) give £gures indicating that a 24-hour old calf 
showed higher in blood potassium, magnesium, calcium, and 
inorganic phosphorus, and lower in sodium than an adult animal. 
Although the differences are in most cases very slight, they are plain 
enough to stimulate further search for faets. 

It is evident then that the majority of investigators finrl that the 
calcium, inorganic phosphorus, and potassium content of the blood 
of the young is higher than that of adults. This is especially hue in 
the case of potassium .and inorganic phosphorus. Magnesium seems 
to he only very slightly higher in the blood of young at birth , while 
sodium is reported in one case to have been slightly lower at birth 
than that found in the blood of the adult at the time. It is, therefore, 
an open question whether there is any differenre in the magnesium, 
sodium, and chlorine content of the blood of Pah-es at birth or at any 
~u hsequent time. 

OBJECTS OF THE PRESENT INVESTI GATION. 

(1) To study the influence of a very lmY intake of certain 
minerals on the mineral Pontent of the blood of dairy cows. 

(2) To determine the influenpe these low mineral intakes, 
exercise on milk production, as well as milk composition. 

(3) To determine the calcium, inorganic phosphorus, magnesium, 
chlorine, sodium, and potassium content of calf blood bYenty-four 
hours after birth and at subsequent intervals, in order to compile· a 
record of the hehavi·our of the above elements in the blood of calves 
from birth to the age of three months. 

102 



J. \V. GHOENE\\'ALJ). 

A,; a lowered phosphorus i uta ke has recently l:een shoini 
definitely to be reflected in a lmwred inorganic phosphoru;; content 
of the bl.ood, it \Y~ts thought desirable to acquire accurate infonnation 
as to the manner in which elements suc-h as c::~lcium, magne;;iulll. 
potassium, sodium, and chlorine would beh aYe in the blood stream 
if reduced to a minimum in the ration. 

Even if any given element could not. be infiueneed by increa;;ing 
or lowering it in the blood stream, and is c.omparecl fnyourabl~· with 
the same element in the blood of a control animal , the collectecl data 
would still be valuable in enabling standards to be set up for t he 
normal mineral (;Qnteut of the bloocl of the cow;;. 

Should the milk sho"· no change in the quantity of any of its 
mineral constituent" uncler such con(litions of experimentally lo,YerE>d 
mineral intakeo;, yet useful clata would haYe been collec-ted upon 
" ·hieh to formulate the normal mineral content of South African 
miLk. 

The protein, sugar, total ash , :-;olicls-not-fat, ancl fat percentage» 
of all the milk are reconled in the hope of throwing: :-;o me light upon 
the notably low milk :-;olids-not-fnt conte11t of t he lllilk of Routh 
African Yeld herds. 

PLAN OF INVESTIGATION. 

Yearling grade Friesland heifers weighing approxima tely 500 lb . 
each were used. The twent,y-one heifers that were available ·were 
specia lly bought at Bloemfontein on 2G.ll.29 for the purpose of the 
study of the minimum m_ineral requirement:-; of c-attle. 

These animals '"ere Yery uniform in v;ei ght a ncl conformation. 
They were railed to Onderstepoort , immuuised against redwater and 
g-:dlsickness, ani!, with the exception of one animal that constitutecl 
Dn experimental group by it;;elf, g-rouped into pairs. 

'rhey "·ere numbered as follo1n;: D.O.H. Xos. :-Hi41, :~G4R, ;i();)9, 
:iu43, 0Gf)5, %40, ~Hi50, :~G42, %49, !Hi51, %4G, :~(;!)S, !'Hif)!i, %5(;, 
;l(j!12, %4;), :)(j;l9, 0G7 i), :Hi7 !) , :)(;7 2 an cl :)(i77. 

Thec;e heifers " ·ere housed in separate boxe,.; of an open shed 
cluring the night and \\·ere allon·ecl out in a c-onnete floored p~Hlclock 
·during- the da;v. Concrete floors '"ere put do"·n in onler to preYent 
earth-eating. Nose bags " ·ere nppliecl e1·ery morning- except on 
Sundays, during the last three months of pregnancy, ~1ncl the animab 
exercised by being tlriwn for a distan(·e of about a mile. The l1 ealth 
of the animals " ·as dail_v inspected h.\· Yeterinar~r officers on the 
s tation. 

In order to exercise the proper control oYer t he mineral intake, 
especially where it is desired t·o c·reate certain mineral deficiencies, 
it bel'omes essential not onh· to know th e detaile(l ana]y,.;es of the feecl 
.gi.ve_n, but to limit the mineral intake by reducing 1h~ roughage to a 
lllll1ll11Ulll . 
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In order to accustom the animals to rations supplying little bulk, 
they were on 1L5.:~o put on the following preliminar.\· ration: 3~­
pounds of lucerne hay, 5 pounds of maize, 5 pounds of fan ko, 
:20 gram" of blooc1 1nea l, and 4 ounees of hone meal each da ily until 
concephon , when the basal r a tion, to he deseribec1 belmY, \Yas g i.Yen. 

In considering the basal r:1tion it may he stated h ere that the 
ideal method \Yhich suggests itself for studying the role of t he 
inorganic elements indiYi.dually and collectiYely in nutr ition, and 
especially their effects on the blood mineral elements, would be to 
obserYe t he effect of synthetic rations in whi <"h the content of eYer.\· 
ingredient coulc1 be regula ted at will , both as to quautity and quality . 
Th e basal ration JIJa<1e use of in thi s study wa .~ based on t he findi ng s 
of Theiler, Green and du Toit (1927) a11<l ;~cccm1ing to the,;e auth or ;; 
complied fully \Yith all the physiological needs of the aninwl;;. 'rheir 
ration \Yas of as low a mineral content. as it \Yas possible to obtain 
without giYing the animal s a synthetic 1ation. All the minerals 
could , therefore , easily be mvplemented b.\· adding· them to the daily 
ration. 

The iuitial basal ration giYen daily to each animal a;; soon as sh e 
ha cl been sen · eel \Yas as follO\YS : :1 · 5 pounds of Yelll h ay , 5 pounds 
of crushe<l yello\\· mai~e, ;) pouEds of fanko or maize mu1osper m , and 
20 grams of bloorl meal. 

The ha~- wa s giYen to each animal earl~· in the morning a nd the 
conc-entrate mixture in the aftemoou. The mineral mix h 11 e su p ple­
ment was ahn1ys preYiously \Yeighed illto paper hags and t hen sim ply 
added to the concentrate grain mixture each cla:--· . 

The original plan \\·as to feec1 ten pouncls of fanko alone, hut due 
to the high cost of this prochH~t, £1 pounds of mealies had to l1e 
substituted, except in the groups on a ]my phosphorus ration. The 
phosphorus content of 5 poun<ls of maize ''"as t oo high to ln inp: about 
a phosphorus defi!'iency in tlJ e latter animals; eon selp.lent ly they 
receiYed 10 pounds of fa uko. 1'he ba sal r nti on \Yas found to allow 
admirable g-ro,Yth proYicl ed it \Yas supplemented by t h e necessary 
minerah. The percentage protein and the mineral conten ts of t h e 
feeds used \Vere as follmYs: -

TABLE 2. 

The Protein and Jlin r tal Contents of thr F'reds 11sed (%) . 

I 
!v 
} 

fay ......... 
iaize .. ... . . 
~anko ..... . . 

Blood mea.! . . 

0· 35 
0·03 
O·Ol 
0 · 20 

0·2ii 1 ·20 
0·24 0·36 
O·Oi'i 0·14 
0·03 0 ·40 

Ka,O. I P 20 ., . I Cl. ! 80 3 • I P rotein. 

0·80 0 · 13 0·2;) 0 ·40 4 ·8 
0·16 0 ·;)0 0·08 0 · 16 9 ·0 
0·02 0· 09 O·Oa 0 · 14 8· 0 
1·60 0· 60 1·00 0·80 64 · 8 

I 

104 



J. \V. GIWEC\'E\VALD 

The above ration contains the following approximate amounts 
o'i minerals and protein in grams per animal per day: CaO = G · 8, 
.M:gO = 11 ·1, 1\22 0 = 29 ·3, N a 20 = 5 ·7, P 2 0 5 = 15 ·4, Cl = G ·7, S03 = 
12·9, and protein = 472. Linton (1931) gives the following as being 
the protein requirement of a 1,000 PO'lllfl cow giving 3 per cent. 
mille maintenance+! gallon, 1·148 pounds (496 grams). Orr (1932) 
gives the standard requirements of heifers weighing 500 pounds as 
450 grams protein. Blood meal was added to improve the 
" quality " of the protein, as lysine and tryptophane would com­
pensate the deficiency in zein. 

The ration contained sufficient protein for growing heifers 
weighing approximately 700 pounds, w·hich was the weight at service. 
Since 'rheiler, Green and du Toit (1927) after feeding similar rations 
stated " that exogenous requirements of cattle for vitamins A, B and 
C are so low that they are covered by a few pounds of poor quality 
roughage '', it was considered unnecessary to upset the mineral 
content of the ration by giving substances that would doubly insure 
these factors. Water was always available in troughs. 

All the heifers were served and the experiment was actually in 
full progress in September, 1930, when each heifer received the 
experimental ration supplemented by the mineral mixture, which 
was, of course, purposely low in the element to be studied. The 
quantities for each group are given below. 

vVith the exception of one cow all the animals calved in May 
and June, 1931. In order to obtain equality of factors as far as 
possible, all animals were dried off after having milked for the 
period it took the poorest individuals to cease lactating spontaneously, 
which in this case was exactly 90 days. They were then placed with 
the same Red Poll bull for a second service in December, 1931. In 
February, 1932, 5 pounds of maize ensilage was added to the daily 
basal ration of each animal because many calves were born weak and 
abnormal. Considerable trouble 'vas also experienced from retained 
placentae. T'hese conditions were general for the herd and not 
confined to any particular group. 

The percentage composition of maize ensilag·e is CaO = 0 ·10, 
Mg0 = 0 ·07, K 20 = 0·3, Na 20 = 0·01, P 2 0 ,= 0·1, Cl = 0·06, S03 = 0·1 
and protein = 1· 6. Hence the total daily intake per animal in grams 
was now Ca0 = 8·8, Mg0=12 ·5, K 20=35 ·3, Ka20 = 5·9, P 2 0 ,= 17 ·4, 
Cl = 8·0, S03 = 14·9 and protein = 510 grams. 'rhe cows now averaged 
about 900 pounds in weight showing that they were still receiving an 
adequate supply of protein for maintenance and growth. This 
quantity of protein had, however, proved insufficient for maintenance 
during lactation .as could very easily be seen by the severe decrease 
in weight of all the cows. At the beginning of the second lactat ion 
period the deficiency was compensated for by adding to the ration 
1· 5 pounds of meat meal per animal. 
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The calves born after the addition of the ensilage were normal. 
The percentage composition of meat meal is as follo·ws : CaO = 1·1, 
Mg0 = 0·04, K 20 = 0·4, Ka 20=1·4, P 2 0 ,= 1·4, Cl = 0·85, 803 = 0·7, 
and protein = 80 · 0. This brought the total daily mineral intake in 
gram:-J per animal in the basal ration to: CaO = 15 ·1, MgO = 12 · 8, 
K/> = !i8·0, Ka 2 0 = 15 ·5, P 2(), = 27·0, Cl = l 3 ·8, 803 ~= 19·5, and 
protein = 1,02G grams. The protein had, therefore, been raised to 
meet the requirements of a cow produ<·ing two gallons of 3 per rent. 
milk per day. 

The mineral elements had been lmYered in the rations to the 
lowest leYel yet attained for cows, an d lo\Yer than it was thou~rht 
possible for animals such as producing rows to be able to live on for 
more than a year without deleterious effects on health. 

The Ca anrl P requirements of a 1,000 pounrl co"· givmg 3 per 
cent. milk are g1ven by Crichton (1930) as:-

Ga. 

Maintenance + 1 gallon .59· 4 gm. 

+ 2 86 · 3 

+ 3 113·2 " 

+ 4 " 140·1 " 

+ 5 " 167·0 ,. 

P. 

32 · 5 gm. 

.5.5·0 

77·5 

100·0 " 
122·.~ 

Kellner (1926) is, hmYeYer, of the opinion that these requirements 
are:-

Crt. 

Maintenance + 1 gallon 41· 28 gm. 

+ 2 49·9 

+ 3 51'!·6 

+ 4 67 · 3 

+ 5 76 ·0 

P. 

17·0 gm. 

24·0 " 
31·0 

38·0 , 

-15 · 0 

Kellner's figures are considerably lower than those g iven by 
Crichton whir·h goes to emphasize the uncertainty of our lmowledge of 
the mineral requirements of "·hic-h caleium and phosphorus are the 
best known elements. 

A logical basis upon \Yhich to base the daily mineral require­
lllents is t"·elve pounds of good quality English hay, the quantit:v 
it is assumed animals of this type normally consume on pasture. With 
mineral supplement the total ingested by the animal would equal the 
amount obtained by the quantitatiYe analyses of 12 pounds of English 
hay. The desired element could, therefore, -easily be deleted when 
making the other elements up to what was taken to be the optimum. 
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These inorganic mineral substances were mnde up in to paper 
pacbget:> for the yarious groups as follow;;: -

Group. 

Low calcium ar,d low phosphoru• ........... . . 

Low phosphorus . .. . . .. ... . ..... . .... . ..... . . 

Low calcium ............... .. .. ....... . .... . 

Low calcium and low ma.gne.i :· m . ....... . ... . 

All mineral• low except cakiur.l aiC d pho~phorus 

Low sodium and low chlorine ... .. .. ... ..... . 

Low chlorir.e .. .. ............. . . .... ... . .... . 

Low sodi ~rr .. .... ...... . .... ... ......... . .. . 

Low pot~tssiu.ol ............................ . . 

All minerals sufficient + K.I ....... ... ...... . 

All minerals sufficient (control) .... .. .. ... ... . 

D.O.B. 

36.J.l 
3648 

3643 
36.!.5 

3640 
36.50 

3642 
3649 

36.51 
3646 

36.58 
3675 

3653 
367:2 

3673 
36.56 

3673 
3656 

:~645 
3639 

26 
l.'i 
75 

80 
l:'i 
2.') 
';;) 

70 
).') 

2i"i 
.57 

70 
2;") 
57 

7;) 

2.') 

80 
7.~ 

15 

80 
75 
1;) 
40 

65 
7.5 
15 
6.5 

76 
7.') 
15 
~;) 

7.) 

2.5 
15 
25 
7i5 

75 
25 
15 
2.') 

Mineral Mixturt>. 

grams NaCl. 
Mg (OH) 2• 

K CI. 

CaC03 • 

Mg (OH),. 
NaC J. 
KCI. 

K2HPO~. 
Mg (OH),. 
NaCL 
KCI. 

K 2HP0 4 . 

NaCI. 
KCl. 

CaHP04 • 

c •• co,. 

CaC'O. 
K 2HP0 4 . 

Mg (O:H),. 

CaC03 . 

K 2HP0 4 • 

Mg(OH) 2• 

sodium citratl'. 

CaCl,. 
CaHl'0 4 • 

l\fg (OB )2 • 

KCl. 

CaCl 2 • 

CaHl:'04 • 

Mg (OH),. 
:NaCl. 

C~tHl:'0 4 • 
CaC0 3 . 

Mg (OH),. 
NaCl. 
KCl. 

Ca HP04 • 

CaC0 3 • 

Mg (UH) 2 • 

NaCl. 
7.5 KCl. 

----------------·--------------~------~~--~----------
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In order to Yiew the e:s:pe1·imen t i n its complete setting , a~ " ·ell 
as to see at a glance what t he tot al daily mineral intake in t he ration 
plus tha t in the supplement is, ta ble 0 is p:iwu : -

'l'ADLE 3. 
Daily Intake of llhnetals in Grams J!Ct Hearl in Basal Ration ]Jl11s 

1lhneml Suppleme11ts. 

Group. D.O.B. 
P<'riod. 

I 
CaO. No. I MgO.I K,O I Na,O. P"o,. J 

i 
Cl. ~0". 

I 

I I 

I 
Low Caand P 3641 19.9.H0-17.2.:3:2 6·8 21·4 76·3 18 · 9 15·4 57 ·4 1:2·9 

3648 19.2.3:2- 17.5.32 6 ·3 16·3 72 · 3 16·7 8·4 56·2 1:2·9 
18.5.32- 8.8.3:2 8 <l 17·3 78 ·3 16 · 9 8·4 57· :) 14 · 9 
Last 3 monthR 14·8 18·0 81·0 27·5 17·4 6:3.3 19· ;) 

Low P ... .. . 3659 19.9.:30- 17.2.32 51 ·6 21·4 76·3 l8·!J J.5·4 :i 7·4 12·9 
18.:2.:32- 1 Vi.32 51 · 1 16·4 72·3 15·8 6·4 :)6· :2 1:2·!) 
18.5.3:2- 8.8.:32 53·1 J7·8 80·3 16·0 8·4 ;}7 .;} 1+·9 
Last 3 months 59·1 20·1 83·0 25·6 18·0 6:3 · 3 19· :5 

I~ow Ca .. . . . 3643 ] !).9.30- 17.5 .3:2 6·8 2 1· 4 101 · 3 18· 9 4:} · l 49·8 1:2.!) 
365ii 18.!5.3:2- 8.8.32 8·8 :22·8 107·3 19·1 46·8 50·2 l+·!l 

Last 3 mont hs 15· I 23 · 1 llO·O 28 · 7 56·7 :'56 ·0 Hl·5 
Low Ca a nd 3640 17.9.30- 17.:) .32 6·8 11·1 101·3 18·9 45· 1 48 ·9 U·9 

Mg. 3650 18.ii.32- 8 .8.32 8·8 12 · :) 107·3 19· 1 46· 8 50 ·2 14·9 
Last 3 months 1:). I 12·8 llO·O 28·7 .56· 7 56 ·0 19· :) 

A ll mineral 364:2 19.\J.30-17.ii.3:2 4-7· 1 11 · 1 :29·3 :'5·7 4;}·1 6 ·7 12·9 
deficiency 2649 18.:'5 .32- 8.8 .32 49·1 12·5 :15·3 ii ·9 46· 8 8 ·0 14·9 
excep t P. Last 3 months ;)5·4 12·8 38·0 1;}·;} :i6 · 7 13 · 8 10· 5 
a nd Ca. 

Low Na and 3651 19.0.30- 17..'5.32 56·1 21·4 7ii·O i\ · 7 43·] 6 ·7 1:2·9 
Cl. 3646 18.:'5.:32- 8.8.32 53 ·6 22·8 80 ·0 IH) 46 ·8 8 ·0 14·9 

Last :l months 5!.l·9 2:3·1 80 ·0 1ii. ;) !i6· i 13 · 8 19·5 
J.o"· C1 . . ... 3658 19.9.:!0--17.0.32 51 ·6 21·4 76·:3 18·9 4i)·J 6 ·7 12·0 

3675 18.ii.:l:2- 8.8.3:2 53 · 6 2:2· 8 80 ·0 19 · 1 46·8 8 ·0 14·9 
Last 3 months 59·9 23· l 80 ·0 28 · 7 :)6 · 7 13 · 8 19·5 

L o"· Xa .. .. . 36ii3 19.9.:30-17.ii.3:2 :) 1· 6 :21· .j 76·3 ~) . 7 4ii· 1 57·4 12·9 
il672 18.0.:32- 8 .8.32 53·6 22·8 8:2 · 3 ;) · 9 46· 8 58 ·7 14· !) 

Last 3 months 59·9 23·1 80 ·0 l::i· ;) ii6· 7 64·5 19·5 
Low K ..... . :1673 19.9.30--17.5.32 5 1·6 21 ·4 29· :3 18·9 4ii·1 57· 4 12·9 

3656 18.6.32- 8.8.32 53·6 22·8 3:'i·3 19·1 46·8 46 · 8 14· 9 
Last 3 months :'59·6 23·1 38·0 28·7 56 · 7 5:1 · 8 19 · .) 

All mineral 3677 1!).9.30- 17.5 .32 47·1 21·4 76 · 3 18 · 0 45· I ;)7 ·4 12· !) 
suffi ciency :365:2 18.:>.3:2- 8.8.3:2 49·1 ~~·8 8:2 ·3 19·1 46 ·8 57 ·4 J.j. !) 
plus K .l. . . Last 3 months 55 ·4 23 · 1 85·0 :28·7 56 ·7 6.J·5 l!J. :) 

All 1n ineral 364;} ] 9.9.30-17.5.32 47 · I 21 ·4 76·:1 18 · 9 4:'5·1 57·4 12 · 0 
suffir·iency :3639 l8.iUl2- S.ll.32 49· 1 2:2·8 82·3 1!) . 1 46· 8 58 ·7 14· 9 

Last :l months 5:5 ·4 23 · 1 

I 
ll5 ·0 28·7 56·7 6.J·5 19·.5 

I I 

It \Yill be noted t hat more changes haYe heeu made iu the ration~ 
of the first bYo group~ in 'l'a ble ~l than in the case of the other groups. 
'l'hi::;, it should be r emembered , \Yas clue to the stubstitution of 10 
pounds of fanko only, on Hl. 2 .32 for the 5 lb. of crushecl mealies and 
F) lb. of fanko that had pre,·iously been giYen to these animals. 

L n for tunately mishaps befel several of the animals during the 
experimental per iod, t h e::;e " ·ill be not eel in due coun;e. It shou lcl 
he pointec1 out at t hi s stage, ho\Yever, t hat D.O .B. :-W72 contracted 
t uben·ul{Jsis, a ucl is fm t his reason not c-onsiclered in respect of weig-ht 
changes. Her hlooc1 compositiou does not, however , sho\Y any 
differences as c·ompare<l with that of her mate D.O.B . :_l(i :j:), uncl ,,·as 
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for this reason taken into consideration in this work. Similarly 
D.O.B. 3639 was injured at the time of her first calving, so that she 
became thin and generally unthrifty and was discarded from the 
experiment of du 1'<lit, Malan and Groenem1lcl (1934). These author:; 
could afford the loss of one control animal in vie''" of the fact that the 
gains made by the other control D.O.B. 3645 compared very favour­
ably with those made by the control animals of 1'heiler, Green, and 
du Toit (1927). However, for purposes of blood and milk analytiral 
\York such as giYen here, there is no reawn why she should not fill her 
proper place as a control animal , beca u;;e there is no indication that 
the mineral constituents of her blood " ·el'e in any way affected and 
comparison with those of D.O.B. 3645 wa;; therefore ~wt precluded. 

EXPERIMENTAL METHODS. 
All hlo<lll Ra mples we1·e tha\Yll hom th e jugular Yein at reg·ular 

monthly intervals, except when a co"· eahed, in which case the blood 
and milk samples \\·ere collected, one, bnl. and three month s after the 
date of calving. From June, 1980, to Deeember , 19:n, lithium citrate 
wa s used exclusively as an anti-coagulant for the blood in the deter­
mination of all the mineral elements. Salit (19::12) found that lithium 
interfered with sodium determinations, and that a precipitate was 
formed in the trichloracetic acid soluti on. For this rea son the blood 
samples for ,;odium (leterminatiom; \\·ere (hawn into separate bottles 
containing 10 per cent. solution of potassium oxalate as anti­
coagulant. This procedure " ·as followed from January , 1932, to 
December. 1932, and the foJlo,Ying results taken haphazardly frolll 
hlood samples are given in table 4: -

TABLE -± . 
.Sodium Detenninations in Blood Sample s. 

I 
Datr 

Date I . I Date I Date Hesnlts in mgm/ 100 c.c. bled. 1 l Hesnlts m mgm/100 c.c. bled . analysed. ana ysec. · 

8. 3 . 31 30.1.33 280,284.276, 293.288 22.9.3:? 1. 2. 33 261 , 243, 259, 29:3, 288 
26.10. 31 l. 2. 33 261, 276, 250, 289, 272 2.~. 5 . 32 28 .. 5.:32 302, 280, 280. 266, 276 
22. 4.31 2?\.4.31 304,286,260,306,291 22.7.32 23.7.32 284, 284, 260, 301 , 30(} 
21. 9 . 31 28.9.31 243,261 , 293,280, 288 22.8 .32 26.8. 32 360, :~20, 286, 292, 256 

---------- ----------

Averages . .. . . 272,252,270,292.28?\ 302. 282, 271, 288, 2S(} 

The differences occurring in the aboYe ta hle may be considered 
to he normal iudi,·idual variations and proYe that the anticoagulant 
has no marked effect on the sodium in blood precipitate. The figures, 
theref<lre, indieate that for practical purpm;e;; there is no neeessity io 
haYe separate sample bottles " ·hen so dium is t-o be determined. 
Lithium citrate as a non-coagulant suits the purpose admirably. 
Attention should further he drawn to the fa ct that in two cases " ·here 
lithium citrate had been u sed, more than a year had elapsed between 
the bleeding of the animals and the making of the sodium determi­
nations. Yet even here there \Y ere no marked differences in the 
sodium values as compared with Yalues obtained from sample" 
analysed the day following bleeding. 
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The treatment of t he blocHl sample may Lest be clesn ibed b_,. 
quoting )'[alan and nn der Lingen (19:n) : " 'l'lw blood i~ clra\\' ll 
from the j ug-ular Yein into bottles containing the anti('oagulant, 1 e.c. 
-of a 20 per cent. lithium citrate ,;olntion per 100 c· .c. bloocl. 20 c·.c. 
blood are then transferred in a pipette to a flask ccmtaining 80 c·.c·. 
trichloracetic solution (:) per cent.). The fla sk is clm;ed \Yith a rubber 
s topper and sh aken Yigorously to eHsure the complete prE-cipitation of 
the protein s. After 00 m inutes · the mass iu the flask i,; filtered 
t hrnug h vVhat lila II N 0. 40 filter paper. 'l'he filtrate, eallecl 
trich loracetic arid filtrate, is used for the determina tion:; of the 
inorganic COJ t,;titnents i n question ". The methods tv' etl by thPs~ 
a uthors will he founrl conYenient in cloing blood analyses . 

I. BLOOD AK-I.LYSIS. 

(a) Ca.l('iU111.- Cakium '"as pre('ipitatecl as tricalcium phosphate 
and t he phosphate estimated by the Benedict and Theis ( 1924) method 
for inorganic phosphorus, also ar·corcling to Roe and Kahn (192tl ). 
Roe and Kahn (192G), Fiske and Subhorrow (1929), ancl Kuttner and 
Cohen (19~0), all of whom contributed tmntrcls the ;;tandarrlisation of 
the present colorimetric meth od. 

(b) PhuszJhon1s.-'l'he method for arriYing- at the inorganic blood 
phosphorus ro ntent wa,.; based on t he production of a colour by a 
rhosphate in th e pre,ence of ammonium molyhrlate, sulphuric a('ir1 , 
a nd a recluc;ing agent a" deseribecl hy Brig-gs (1924) and Green (1928). 

(c) JJ ag nes£u m.- The calc:i mn \\·as reiJJOYecl a s calc-ium oxalate , 
the magnesium precipita t ed as magnesium phosphate, ancl the pho'­
ph:de cletermined colorimetrieall.\· ac(·orcling to Kolthof (1827) . 
Kramer and Tisdall (1921), and Driggs (1924). 

(d ) l)otas~ ium.-'l'he potassium '"as precipitated from the bloocl 
filtrate as potas,;ium cohaltinitrite \\·h ich is insoluhle in "·ater alUl in 
" ·eak acid (pH 5.7-7.0) and can he determined Yolumetrirally agnin,.;t 
K)fnO. [Kramer and Tisdall (1921) ancl )Iorgulis (1928) 1. 

(e) Sodiwn.-The ~ocliulll " ·as precipitated as uranyl-zinc-sodium 
acetate [(U0 2 ) 3 Zn Na (CH:.COO)" 9 H 20] which \\·as clissohecl in 
acet ic acid ancl on addition of potassium ferrocyanide gaYe a recl 
br0\\'11 colour , th e intensity of whi('h \Yas proportional io the amount 
-of uran ium present . T h is is in acr·onlance with th e methocl of 
Darreuscheen aucl l\Ieissuer (1927). 

(f) Chlol'i ne.-'l'he chlorid es in the hloorl \Wre precipitated a,.; 
Ag-01, and excess Ag-K03 determined against KCNS in acconlance 
" ·i th t h e metho!l of Smirk (1928). 

II . l\IIJ.T\ AN.-I.LYSIS. 

Milk for analytiea l purpo,;e,.; shoul<l be fresh and cool. It '"as 
found u ec·essary to u se equa l Yolumes of a 20 per c·ent. trichlorac~ ti(' 
:wid solution in order to ensure a prefedly dear filtrate after filterm~· 
the mass in the flask through \Vhatman X o. 40 filter paper. 

Th e procedure for rleter mining- all the mineral elements. exc·epi 
total phosphorus, was essentiall.v the same as that employed for hloocl 
analysis. Th e eonr·en trations found c·onYenient for the cleterminatiou 
of each elen:ten t will be g-iYen:-

(a) Total J>h osphor11R.-1 ('.('. of milk anrl 19 c.f'. of water are 
shaken up well and 1 e.c. of this <liluted milk plaeNl in a sili(·a 
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crucible. 2 or 3 drops of a 10 per cent. ca-acetate solution are added 
and the crucible placed on a steam oven until the contents have 
evaporated to dryness. The residue is then heated to whiteness over 
an open flame, oooled, and treaterl " ·ith 10 c.c. 10 per cent. H,S04 

over a steam oven for a few minutes. The &olution is no"· quan­
titatively filtered into a 100 c.c. cylinder and the precipitate washed 
until the solution is brought up to approxilJl.ately 60 c.c. It is then 
neutralised "·ith NH.,OH and 2 c.c. of Reag-ent B * added. 

10 c.c. phosphorus standard (2 mgm. P 20 5 per 100 c.c.) is treated 
similarly and 2 c.c. Reagent B added. Both cylinders are now made 
up to the 100 c.c. mark with water and 10 drops of freshly prepared 
stannous chloricle solution adderl to each cylinder. After 10 minutes 
the colours are fully rleveloped and may he read. The colours "·ill 
last ± 30 minutes. 

(6) Inorganic Phospho1·u's.-The method is the same as that for 
the determination of inorganic phosphorus in blood, except that the 
concentration is 5 c.c. of thrichloracetic milk filtrate (1: 1) made up 
to 200 c.c. with water in a standard measuring flask and 10 c.c. of 
this dilution is used for the colorimetric reading. 

(c) Cale1:um..-The method is the same as that used for blood 
calcium. 2 · 5 c.c. of the milk filtrate (1: 1) is made up to 100 c.c. 
with water in a standard measuring flask, and 10 c.c. of this dilution 
is usecl for every calcium determination. 

(d) Magnes£um.-In the case of magnesium 1 c.c. of the milk 
filtrate (1 : 1) is made up to 10 c.c. with water in a eentrifuge tube 
and the determination carried out as for blood magnesium. 

(e) Potassiwn.- In determining potassium, 0·5 c.c. of the milk 
filtrate (1 : 1) is placed in a centrifuge tube, the total solution in the 
tube made up to 5 c.c. with water, anrl the proeedure for blood analysis 
followed. 

(/) Sodium._:_ For sodium, 10 c. c. milk filtrate (1: 1) is made up 
to 25 c.c. with water. 1 c.c. of this solution is now treated as in the 
case of blood sodium determination. 

(g) Chlorine>.-For determining chlorine in milk it was found 
necessary to use 20 c.c. of the milk filtrate (1: 1) for every determina­
tion. 'l'he procedure is the same as that described for the determina­
tion of chlorine in blood. 

As pointed out pr·eviously, van Slyke suspected that conditiom; 
such as drought influenced the casein content of mille When it was 
found that Kahlenberg (1913) had obtained good results from the 
formula P = 0·8977 +0·6393 F, the correlation coefficient being 
0·7027 ±0·0295, this formula was used in the present work. It was, 
however, considered necessary to do a number of actual determinations 
of protein, although it is unfortunate that time did not permit the 
completion of many more. 

(h) Prote£n.-The standard Gunning-Kjeldahl method for the 
determination of protein was used according to that given by the 
Association of Official Chemists (1920). For each determination 5 c.c. 
of milk was found to be sufficient. 

*Reagent B.- 10 grams ammonium molybdate dissolved in 100 c.c. of water, and 
mixed with lfiO c.c. of sulplmric acid diluted with 150 c.c. of water. 
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The d ose relationship sho,Yn to exist. between the chlori ne anr1 
th e sugar content of the blood, as " -ell as hebYeen the chlorine content 
of milk and lac togen stimulated interest in the ,;uga1· content of milk 
in this investigation. S ugar forms a Yery large pe1·ceutage of the 
milk constituents and would reasonably he e:s:peetecl to Yary if mil k 
composi t ion i:-; subj ect to variatiou . Only a lim ited number of m ilk 
t.mmples eould be deterrniue<1 chemically, the 1·est " ·ere done by the 
formula giYeu by Sundberg (1931 which is : L = 7 ·07 - 18 Cl. 

(i) .Sugm-. - The lactogen " ·as detennined by l•'olin and \Vu 's 
(1920) modification of t he Shaffer-Hal'tman sugar method. Since 
many constituents of ash '"e1·e determined it woulcl be a useful cheek 
t o give total ash ('Ontents ·Of the milk as well. The ash was calculated 
by t he formula, A = 0· 3G+ 0 ·Jll' , given by Richmond (1920). 

(j) A sh.- 'l'he method a<1opted for the accurate ash <1etermination 
of milk was that described in Ha"·k and Bergheim (1927). 

All butter-fat percentages were determined by carefully taking 
composite morning aru1 evening samples of milk oYer a 48 hour period, 
and the Gerber tester was used in these fat. determinations . The 
solids-not -fat r eadings '"ere made by means of t he QueYenne la('to­
m eter and the ealculations " ·orked accordiug to Richmond ' s formula: 
'l '·= ·25 G + 1·2 F = · 14 . 

RESULTS. 

In on1 er to suhstautiate the tables giYing the analyt ical resu lh; 
o£ th e blood and milk determi.na.tions, tlte feed constuned ancl general 
c.:ond i tion of the animals " ·ill be reYie IYed b riefly . 

All t he an ima.b, except those of ·one group, <·owmmed all the ir 
feed completely every day. It nwy, therefore, he taken t hat all the 
minerals given were inge~tecl and that the auimals apparently 
experienced no i ll-effects due to th ese large qtlald i ties of inorgani(' 
substances. The faeces remained of a n ormal doughy consistence an<1 
brown in colour th rough out the experimental period. 

'l'he animals receiv ing the ration 10\Y in all minerals except 
calcium and phosphorus (D.O.B . %42 an d :~G49) became listless awl 
thin and at t imes refused their feed. Taken oYer i h e whole period 
their " orts " aYeraged a pound a day. 

The group receiving the rat ion low in calcium and phosphorus 
(D.O.B. 3(141 and :~()48) ns well as the animal (D.O.B. :w59) on a low 
phosphorus intake :;oon sho\\'ed ;;ign;:; ot unthrifh11 ess and later 
developed styfsiekte, eYentually sueeumbing to a phosphoru,.; 
llefieiency. No ot her serious n utritional disturbances appeared in the 
1·emammg groups as judg·ed by the condition of the an imals . The 
an imals in the low sodium and chlorine group (D .O.B. 3651 and 3646) 
as well a s the group on low potassium intake (D.O.B. 3673 and 3656) 
periodically exhibited a drooling saliva flow aeeompani ecl by short 
respirations, a condition stated by Rupel , Bohsteclt and Hart (1933) to 
be c1ue to exhaustion and \\·eakness. 

Quar terly weigh t records are g1ven in table 5 . 
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INFLUENCE OF RA'l'IONS ON COMPOSITION OF BLOOD AND MILK. 

By studying the figures presented in table 5, it will be noticed 
that there was a deciiled drop in weight in all the animals iluring the 
first lactation period " ·hich was from .Tune to September, 1931. 
'l'here was not such a severe drop in weight during the second lacta­
tion, however, indicating that sufficient protein had been supplied. 
In fact some groups, for instance the " all minerals low except 
adequate calcium and phosphorus " ration actually gained in weight 
during this period. · 

It was decided to discontinue the work in December, 1932, because 
only ten animals survived, in fact only three groups " ·ere left intact 
and had suffered no loss . 

I. 'l'nE :MrNERAL CoNTEKT OF THE BLooD. 

In order to obviate repetition and unnecessarily long discussion~, 
the groups will not be dealt with separately but rather reviewed collec­
tively by means of tables giving the individual as well as the 
average figures for the determinations. Each table will incorporate 
only such groups as 1Yere considered important in the study of the 
particular element under c-onsideration. For instanr.e, no mention 
will be made of a group receiving a ration low in chlorine, 1Yhen the 
hgures are prPsented for the calcium contents of the blood. 

(a) Blood calciwn .. -The figures representing the monthly 
calcium content of t he blood in milligrams per hundred c.c.· are given 
in table 6. 

From the above table it is apparent that all the blood calcium 
values are remarkably constant and all variations may be considererl 
as mere normal monthly fluctuations. As no group could be con­
sidered as lagging, or could for this reason not be directly comparable 
to the control or any other group, the averages of all the calcium 
figures were taken as indicative of true average blooc1 calcium valne::; 
for the non-laetating periorl, averaging 8 ·1 mgm. per 100 c.c. , the 
lactating period averaging 8 · 3 mgm., and a general average of 8 · 2 
mgm. per 100 c.c. of blood. 

Thus it would seem that it is not possible to bring about any 
change in the hlood cal cium content of the oows, even when the 
r.alciu:m ingested is rerluced to an absolute minimum as may be seen 
in the case of the low calcium and low phosphorus group (D.O.B. 
3641 and 3648), the lo-w calcium group (D .O.B. 3643 and 3655), aud 
the low caleium lmv magnesium group (D.O.B. 3640 and 3650) . 

(b) lnorga.n·ic blood phosphorus .-'l'he rnonthly inorganic bloocl 
phosphorus figures are given in table 7. 

In comparing the individual as well as the group averages in 
table 7, it immediately becomes apparent that all the groups may 
not be collectively considered in general averages as "·as possible 
for the calcium figures in table 6. The inorganic blood phosphorus 
determinations show that there has been a decided lmYering of the 
inorganic phosphorus content of the blood in the gr:oup receiving 
low calcium ancl low phosphorus (D.O.B. 3641 and 3648) and alRo 
in the case of the animal (3659) receiving a ration low in phosphorus. 
'l'he average inorganic blood phosphorus contents of these groups are: 
non-lactating period 4. 2; lactating period 2·· 3, and for the whole 
experimental period 3·4 mgm. per 100 c.c. ·of blood. It is no wonder, 
therefore, that these animals were unable to survive the strain of 
milk production during the second lactation period. 
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'l'he figures for inorganic blood phosphorus in all the other 
groups compare very favoumbly with those obtained in the control 
group and are consequently given in general averages as follows: 
lactating period 6 · 2, non-lactating period 7 · 4, and for the whole 
experimental period 7 · 2 mgm. per 100 c. c. Here again there was 
u decided lowering of the inorganic phosphorus content of the blood 
due to the chain of milk pl'Oducti.on, although the ration was adequu.te 
111 phosphorus content. 

In Htudying the figures for the lo'" phosphorus groups men­
hvued above, it will be noticed that there is a decided drop in the 
ino1ganic blood phosphorus from the third month of 1932. 'l'hiH 
phenomenon agrees with the substitution of 10 pounds of fanko in 
t lt e::>e g-roups for the 5 pounds of mealies and 5 pounds of fanlw 
previou:;ly fed. 

(c) Magnes·i·um ·in blood.-'t'he results ·obtained for the mag­
nesiunJ determinations of the blood are given in table 8. 

It is evident that the figures indicating the monthly blood 
1uagllesium values, table 8, show but slight variations from month 
Co month; all the average levels may be said to be on a par with 
those of the control group receiving sufficient or an optimum of all 
mineral substances• in the ration and supplement. The average blood 
magneHium values may, therefore, be given as follows, for all the 
gToups: lactating period 3 ·1, non-lactating period 2 · 6, and the 
\Yhole experimental period 2 · 7 mgm. per 100 c.c. of bloo<l. A i.cn­
Jency for the blood magnesium to he slig-htly raised <huing the 
lactation period, although present, was not significant enough to be 
of importance. 

(d) PotassiuTn in blood.-TI1e blood potassium content was deter­
tninP(l monthly and is given for the g-roups likely to be infiueneNl 
by the potassium intake of the ration in table 9. 

'fhe blood potassium figuTes given for the monthly blood deter­
minations in table 9 show a very noticeable range of potassium 
Huctuation from month to month in the blood of the same animal. 
As this condition obtains for all the animals, reg-ardless of the 
potassium intake in the ration, it may be considered normal. As tbe 
ave1·age value for any·one group d·oes not fall markedly below the 
average for any other group, or for the control . gToup, the figures 
have all been aYeraged in order to establish collective averages for 
the cows, which are as follows: lactating period 50 · 2. non-lactating 
period 59· 6, and for the " ·hole experimental periorl 5B · 7 mglll. pPr 
100 c.c. of bood. 

Attention is further dra ''n to the remarkable high hloo<l 
potassium figures exhibited throughout the whole ex1>erimental 
pe.riod by D.O.B. 3649, a cow reeeiving a ration low in all mineralR 
excent ing calcium and phosphorus. Her group mate D.O.B. 3G42 
had blood potassium values that were comparable with those of ·any 
other animal in the experiment. 

(e) Sochum 1:n blood.-Sodium determinations likewise varied 
slightly in the monthly blood samples from groups in which sodium 
or related elements played a role in the daily intake. These analyges 
-are given in table 10. · 
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The figures indieating the montl>ly blood sodium values of the 
animals in table 10 show that there are no noticeable differences in 
the average values of any group as eompa1·ed with the valuet> 
obtained for the control group. For this reason general avera12·eo 
are given aR follows: lactating period 273, non-lactating period 303, 
and the value f.or the whole expetimental period '"a" 302 mgm. per 
100 c.e. of blood. It is notieed from these averages that a marked 
blood sodium dep1·ession occurred during the laetating periods. 'l'l>is 
\Yas not, however, any g reater in the ease of the group on a low 
sodium intake (D.O.B. 3672 aml :3653), although the general soLlium 
level of the blood does seem to he slightly lower in the gTOUlJS ·fill 

a low sodium diet than those animals receiving optimum amounts of 
sodium in the ration. 

(/) Chlut··ine in bluud.-'l'he monthly blood ehlorine deterlllina­
tions were made for the groups considered in tables 9 and 10 aml 
are given in table 11. 

'l'he figures indieating the monthly blood ehlorine values were 
likewise aYeraged in order to obtain figures such us given f-or the 
elements previously discussed. These average values we1·e found to 
be: lactating period 310, non-laetating period 324, and for the whole 
expe1·imental period 314 mgm. per 100 c.c. ·of blood. The blood 
t·hlorine leYel was lowest during the lactation period. This drop 
may not be regarded as signifieant, as it was well within normal 
chlorine variation in blood from month to month. 'l'here is, how­
ever, a tendeney for the groups reeeiving a low chlorine ration to 
exhibit a blood chlorine level slightly lower than that of the con trol 
gToup. Whethe1· t his is of any significance will be more fully dis­
cussed later. 

II. T 'HE MINERAL C'ONTBN'l' 01' TilE MILl\. 

In presenting the results of monthly m_ilk analyses 1·eeouJ·se has 
been h ad to simple tables in order that the position may be seen 
at a glance. In order to obviate repetition the tables giving the 
mineral elements calcium, inorganie phosphorus, total phosphorus, 
mag ll esium, potassium, sodium , and chlorine in t he milk will be 
eonsidered collectively in presenting the results. A careful study of 
theRe tables will show that the lowering of certain mineral elements 
in the rations had no apparent effect upon the quantity of these 
element s in the mille 

The monthly mineral fluctuahom; 1n the milk whi eh are mOJ'e 
pronoun('erl in the case of certain elements than in others, may he 
r:onsidered to fall within the limits of experimental error and are, 
therefore, considered to he normal. Attention shoulcl be drawn to 
the fact t hat the low protein intake during the first l actation periucl 
had no effect upon the mineral composition of tlJ e milk as may he 
seen in all t h ese elements by comparisons of the levels of the various 
elements in the first ancl second lactation period respectively. 

· The tables giving t he monthly milk analyses for t he different 
mineral constituents are collectively p1esentecl in t l1 e following pages. 
All milk mineral el ements remaineo unaffected by lowering snch 
elements in the ration . 
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