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IN1

During the last three decades many prominent investigators have
given much time and attention to problems (ever increasing in com-
plem’rv) of mineral requirements of animal life and plodu(tlon as
well as the occurrence of minerals in nature.

The results of these researches have shown that many countries
sutfer acutely from some mineral deficiency or other, which, if not
artificially corrected, seriously hampers the productivity of range
stock 1n such parts. The 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 du Toit (1928).

Nutrition workers are finding it neces v to give more attention
to the changes that may be brouwht about 11 the blood-stream as a
result of variations in the feed of animals. Changes in body-weight
and size are not accurate indications of the efficiency of rations: Tt
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 whe 1
the mineral content of the blood of cows and their progeny can be
influenced by the feeding to the cows of rations low in certain
minerals.
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Since there exists no great certainty regarding the normal
mineral conient of cow’s blood in this country, 1t became necessary
to make a large number of blood mineral determinations on cows
recelving rations adequate in respect of all mineral constituenis.

The animals and the facilities necessary for deternining caleium,
phosphorus, magnesium, potassium, sodium, and chlorine in the
blood of non-pregnant, pregnant, and lactating cows, as well as those
for determining the elements in the milk, were provided at Onderste-
poort 1 an erperiment on, ** The Minimum Mineral Requivenrents of
Cattle,” by du Toit, Malan, anc  moene=1d (1934). This work aims
primarily at measuring general growth v weight and elinical con-
dition, as well as reproduction of cows fed rations * constituted ** to
be extremely low in one of the above minerals.

In regard o the influence of diet upon its constituents, more
attention has been puid to milk than to the blood as may he gathered
from the very complete veview of the older literature by Iforhes and
Keith (1914). In the present work also there was opportunity of
observing the effect of certain rations either deficient in or containing
minimal amounts of certain mineral elements, upon some Ik con-
stituents,

Schutte (1929) has drawn attention to the generally low solids-
not-fat content of South African milks.  With this in mir-T attention
was given to mlk protein, total ash, and sugar, as we as lo fat
and solids-uet-fat determinations. Tt was Judged that close observa-
tions of the minerals 1n blood and milk might not only throw light
on the total solids of milk, a question of vising 1mportance in the
cheese 1ndustry, but might also augment our knowledge of the
physiology of milk secretion, at present very incomplete.

In order that the data might be as complete as possible, blood
samples taken from twelve calves within the first twenty-four hours
of life were analysed for calcium, inorganic phosphorus, magnesiumn,
potassium  <odium, and chlovine. Although the basis of the minerval
inlake of e cows varied, no changes could be detected v the vel
of the above mineral constituents in the daily blood sam; s of the
calves during the first week of life. 1'or the first week each calf
received the milk from its mother. After a week all the calves were
regarded ax normal and fed on the mixed milk of the herd.

Lately much stress has been laid on the proper proportions.
ratios, and concentrations of minerals in rations as (\ml)()(]le(l 1
Marek’s (1932) idea of ** alkali-alkalizitiit 7 and ' Krdalkali-
alkalizitit 7. This author attributes rickets mainly to an ahbnormal

rdalkali-alkalizitit 77, which means that the (aQ) 4+ Meg(O) - 1,0,
expressed 1n milligram equivalents per 100 gvams dry matter of the
ralion, 1s either above or helow the optimum v en 1t registers between
20 and 25, It must he clearly understood at the outset that. although
the condition in vegard to the * Erdalkali-alkalizitit 7 of s ration
will he given, the primavy object in planning rations low 1m cer
minerals was to note what effects such rations had on the animal,
regardless of the ¢ Krdalkali-aulkalizitit 7 content. It was believed
that an abnormal ** Erdalkali-alkalizitit *° would have assisted 1in
proving the object of this work by aiding the depletion of minerals
1n the systen.

e
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INFLUENCE OIF RATIONS ON COMPOSITION O BLOOD AND MILI.

Mineral ratios as well as metabolism studies ave, tlhervefore, con-
sidered bevond the scope of this thesis.  atios of norma - occurring
constituents in the milk and blood will, howev~~, be presented. 1
comparing these figures an endeavour is ma + to ascertain the
influence one mineral exerts on another in the blood streani.

Tt was desired {o test the suitability of certain formulae for cal-
culating protein and ash from the butter-fat percentages of =ilk, and
sugar from the chlorine content of milk, because simpl > analytic
pruce(lule, accumulated in a readily ave allal)le form so as *0 be easily
applied to the detection of mineral deficiencies may grea - fac ilitate
the studies of these intricate problems. he necessity ot such com-
piled methods ix the nore keenly felt under the conditions experienced
in South Africa, where telluric factors give rise to extreme variations
and shortages of protein and 1)11()51)11()111h as shown recently by du
Toit and co-workers (1932).  Another factor that shoul not be lost
sight of is the increased productive requirements of our aomesticated
animals.  The dairy cow of the present produces at least four times
the quantity of milk secreted by her ancestors and necessary for e
offspring. It is swprsing that our veld animals withstand, as well
as thev do, the adverse forcing of increased pmdu(tl\lf\ m the
absence of a compensating foed supplement.  But a process of
natural adaptation takes place. ellex (1932) describes very clearly
the tendency for European breeds to deteriorate to the level of the
indigenous stock when allowed to herd for themselves on the range.

REVIE :

A complete review of the literature, relevant to the subject under
consideration, would occupy a lengthy volume. Sufficient roferernces
have, therefore, been %919(”[9(1 to indicate the general trer of our
present knowledge. The work of previous investigators whicl bears
more particularly on the various phases of this 111\‘9>11gzi‘r1()11 may be
grouped under four general headings:

I. Tne Ixrrvexce or Diet ox vir MiNerarn CONSTITTENTS OF TITE
Broon.

Under the general term “ mineral constituents of the blood ' are
included the metallic elements, caleium, sodium, potassium. and
magnesium, and the non-metallic elements, phosphorus and chlorine.
As a rule these mineral elements tend to remain at a fairly constant
level in the blood. A fact well ilustrated by the finding «  Ickles,
Sjollema and Kaag (1932) that phosphorus, calcium, and magnesium
were lowered in the hlood of dairy cows only four days previous o
parturition and became normal again soon after calving. Gowen and
Tobey (I931) give an Inieresting account of the 1(—‘\11“ of starving
eight good 11111|\1an cows in order to observe changes 11 the composi-
tion of the milk. Numerous curves are given 11111>t1:1t111g the niilk
and blood constituents deterniined. Although no changes ~ould be
detected in the blood and milk caleiwum and the milk phas orus, 1
is regrettable that these investigators did not determine e 1norganic

phosphorus content of the hlood before stating that- “° All the
changes in the milk composition during starvation « e direetly
related to the simultaneous changes in the blood ™. ie authors
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the injection of oatmeal extract, but that it reaches its norn  lev
within 48 hours after the injection. 'The effect is, therefore, of a
transient nature,

Morris and Morris (1930) con 1de that, *“in c¢hi en the
amount of volatile chlorine may be altered by the addition  various
substances to the blood, but that for each blood there is a certain
maximum and minimum beyond which e content does not pass .
It 1s possible that the blood chlorine may be regulated by the
osmotic pressure within the blood stream, interchange taking place
between the lactose of the mammary gland or even the dextrose of
the blood and the blood chlorine.

The actual state or condition of the animal organism shanld he
taken into consideration when detevmining its ability to . rh or
make use of mineral supplements. i 1, Yates, Jones, an ran
(1926) have proved conclusively that alimentary absorption 1s con-
trolled to a certain extent by the needs of the animal. The perc re
of calcium utilized by the system was greater at the heigl of -
tion. It would naturally follow, that the greater utilisation of
certain minerals, such as inorganic phosphorus, fov milk roduction,
would result in these minerals attaining lower vels 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 réle of calcium and phosphorus in the
animal organism. It 1s to be deplored that so little seems to be
known about chlorine, potassium and sodium in relation to nutriti

All investigators seem to agree that a low phosphorus intake is
readily reflected 1n a lowered inorganic phosphorus content of the
blood stream. The majority of experiments have shown that the
blood calcium content has remained unchanged by variations in the
level of calcium intake. This is true even under conditions of jnani-
tion. There are some investigators, however, who report slight
changes in blood calcium level under certain experimental and clinical
conditions. Tt is possible, for instance, that an abnormal ‘¢ Iirdalkali-
alkalizitit 7> would he capable of bringing about a change in the
calcium level of the blood. That caleium is 'owered in the blood
stream at the onset of parturition and during e occurrence of milk
fever is generally conceded.

A perusal of the literature leaves no doubt that a great deal of
uncertainty exists regarding the behaviour of magnesiuin, 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. The behaviour of the other
three elements in the blood stream remains obscure.

T1. Tug Inrrvexcr or DIET oN THE [INERAL AND PROXTIMATE
CONSTITUENTS OF LK.

In regard to selective breeding of dairy stock, it is interesting to
note that Anderson and Langmack (1924), in a statistical compilation
found the average protein content of milk to be increasir~ in Danish
dairies. In this connection van Slyke (1923) states that e influence
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IIT. PHYSI0LOGICAT RELATIONSHIP BETWEEN LK AND  TOOD
MINERALS.

In attempts to throw 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 milk., It would,
therefore, be profitable to devote some attention to the rather obscure
question of milk secretion in a trial where definite ficures are likely
to be devived for blood and milk minerals respectively. The avail-
able evidence on the passage of blood minerals into the milk, is purely
of a circumstantial nature, as clearly emphasised by R s (1928)
who gives a complete bibliography on the question of mitk secretion.
Van der Laan (1916) found that the osmotic pressure of milk lenmined
the same as that of the blood. The osmotic pressure of mill s almost
entirely due to the lactose and soluble salts sreh as Nal 5o that
thelre is a reciprocal relation between lactose ar the soluble salts in
milk.

Interesting work has recently been done by Blackwood and
Stirling (1932), who show that in lactating and non-lactat»g cows,
the inorganic phosphorus content of mammary blood is hig er the=
that of jugular blood and approximately equal to that ot artert
blood. 1t 1s suggested that this is due to the assimilation of inorganic
phosphorus from the blood by the tissues drained by the jugular vein
and 1o the absence of absorption of inorganic »hosphorus ¢ the
mammary gland. DBrenner (1933) states that e high 1inorganic
phosphorus content of the mammary gland tissue 1s evide of
autolytic  breakdown of organic  phaspherus  compoun . he
protein-free extract decreases as the - o0s) ate increases. There =
thus a suggestion that a certain osmotic pressure must be maintiaine
i the mammary gland for normal composition of the milk.

That lactalbumin and caseinogen are specific produ( is of the
mammary gland was shown by Crowther and Raistrick (1916) who
thereby created the concept of dissociation of blood constituents and
their reorganisation into totally new products in the milk.  1mington
(1927) has very carefully shown how phosphorus 1s carried in milk
by itlustrating the structural make-up of the amir~.acid phosphorus
carriers of milk. Meigs, Blatherwick, and Cary (1! }) however, have
drawn the conclusions that phosphorus is concemed 1n the secretion of
fat and that a large amount of excess phost orus is returned into
the blood stream 1in inorganic form, because the mammary blood
phosphorus content is higher than that of the jugular vein.

Tt is obvious, therefore, that a vast 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 continue
i the future. Recent work suggests, however, that the osmotic
pressure of milk remains the same as that of “aod. ar  that this
condition is almost entively due to lactose and s ible chlovine salts.
The inorganic phosphorus content of mammary blood has been found
to be hlohel than that of jugular hlood and equ(\] to that of arterial
blood, suggesimg of course the ahsence of inorganic phosphorus
absorption by the mammary gland. Tt 18 mc'oesied however, that
phosphorus is carried by the proteins and fats of milk and ihat the
excess phosphorus is carried away by the mammary vein in the form
of inorganic plhospliorus.
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As a lowered phosphorus intake has recently been shown
definitely to be reflected 1n a lowered imorganic phosphorus content
of the blood, it wus thought desirable to acquire accurate information
as to the manner in which elements such as ealeium, magnesium,
potassium, sodium, and chlorine would behave in the blood stream
if reduced to a mintmum in the ration.

liven if any given element could not be influenced by increasing
or lowering it in the blood stream, and is compared favourably with
the same element in the blood of a control animal, the collected data
would still be valuable in enabling standards {0 be set up for the
normal mineral content of the blood of the cows.

Should the milk show no change in the quantity of any of its
mineral constituents under such conditions of experimentally Towered
mineral intakes, vet useful data would have been collected upon
which to formulate the normal mineral content ot Sowth  “rican
milk.

The protein, sugar, total ash, solids-not-fat, and fal percentages
of all the milk are recorded 1n the hope of throwine some light upon
the notably low milk solids-not-fat content of e milk of South
African veld herds.

PL/ OF

Yearling grade I'riestand heifers weighing approximately 500 1b.
each were used. The twenty-one heifers that were available were
specially bought at Bloemfontein on 26.11.29 for the purpose of the
stidy of the minimum mineral requirements of cattle.

These animals were very uniform in weight and contformation.
They were railed to Onderstepoort, immunised against redwater and
gallsickness, and, with the exception of one animal that constituted
an experimental group by itself, grouped into pairs.

They were numbered as tollows: D.O.B. Nos. 3641, 3648, 3659,
3643, 3655, 3640, 3650, 3642, 3649, 3651, 3646, 36H3. 3653, 3656,

3622 3645, 3639, B6TH, 3673, 3672 and 3677,

These hetfers were housed in separate boxes of an open shed
during the night and were allowed out in a concrete floored paddock
during the day. Concrete floors were put down in order to preveut

earth-eating.  Nose Dbags were applied every morning except on

Sundays, during the last three months of pregnaney, and s animals
pe i . , : preg A

exercised by being driven for a distance of about a mile. he health

of the animals was daily inspected by veterinary officers on the
station,

In order to exercise the proper control over the mineral intake.
espectally where it is desired to c¢reate certain mineral deficiencies,
it becomes essential not only to know the detailed analyxes of the feed
given, but to limit the mineral intake by reducing the roughage to a
mininum.
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