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I. INTRODUCTION.

Sivek the classical studies of Lehmann (1858), in which he demon-
strated the absolute necessity of minerals in a ration, the various
aspects of mineral metabolism have developed into a complex nutri-
tional problem. Of all the minerals essential for growth and well-
being of the organism, caleium and phosphorus have veceived the
most attention.  These two minerals, calculated as their oxides,
comprise 95 per cent. of the total mineral content of the skeleton.

Either an imbalance under certain conditions or a deficiency
of these minerals, which mayv be found in many food-stuffs, will
greatly tmpair normal growth and development.

The natural pastures in most subtropical c¢limates where the
rainfall is unevenly distributed tend to contain insuflicient phos-
phorus for the normal growth in animals, especially at certain times
of the year when young actively growing pasture is not available.
Under such conditions phosphorus deficiency is usually an acute
problem in animal industry. Although a straight calcium deficiency
15 less likely to occeur in animals kept on pasture (for the caleium
content of pasture does not vary appreciably with its growth), it
may be introduced in stables, where animals are fed on high concen-
trates, which are low in calcium. Such conditions are known to
oceur where the deficiency is so acute as to produce Il,‘itl'()(l.\'.‘itl’ll]lilil'
diseases as for instance osteodystrophia fibrosa in horses,

Theiler ef ol (1924, 1927), Henriei (1928, 1930) and du Toit et al
[1932, 1935, 1935 (a)| have established the faet that the pastures
of the Union of South Africa are generally low in phosphorus.  Opr
(1929) showed that the position was equally true for some of the
pastures of most countries. 1t is by no means uncommon for the
grazing animal to have in its feed a CaO: L0, ratio of 8 ¢ 1 during
winter. Indeed a considerably wider ratio sometimes exists,  Hart,
Guilbert and Goss (1932) give variations of ratios from unity to
514 g

Under the above grazing conditions of abnormal ratios, animals
may show anorexia (Huffman ef al, 1933), perverted appetite (Green,
1925), soft and porotic bones (Becker et ol 1933). unthriftiness
(Sheehy and Senior. 19301, bent leg (Elliot and Crighton, 1926) and
abnormal growth and development (Eckles and Becker, 1926, and
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Theiler et al, 1927). In order to compensate for the preponderence
of calcium over phosphorus, or the deficiency of phosphorus, supple-
mentary feeding of the latter elemeut, in the form of phosphates,
is usually resorted to, with markedly beneficial results,

Several authors have expressed regret that data pertaining to
the actual mineral requirements for growth are so limited. This
lack of information may partly be ascribed to the fact that the
availability of minerals differ in various feeding stuffs. The form
in which the elements under consideration occurs in the ration or
mineral supplement, the Ca I P ratio and the vitamin D content
may greatly effect their absorption and utilization.

[n order to throw further light on the calcium and phosphorus
requirements of growing bovines, metabolism experiments over a
long period, were undertaken. The animals were divided into
different groups which were fed rations (a) supplemented with phos-
phates, (h) at different levels of mineral intake, and (¢) at different
Ca : I’ ratios.

Il. LITERATURE.

A. Review ARTiCLES.

As ooresull of extensive research throughout the scientific world,
there are now available voluminous data on the problems associated
with mineral metabolism, and a detailed survey of the literature
will not be undertaken here. Several excecdingly well compiled
reviews have been published on caleium and phosphorus metabolism,
a considerable portion of them being devoted to the deficieney diseases
associated with these two elements.

Forbes and Keith (1914) published extensive work on the phos-
phorus compounds in animal nutrition. These authors deseribed
in detail the different forms in which phosphorus exists in organic
and biological materials, the major portion of the work being devoted
to the absorption, excretion, metabolism and requirements of phos-
phorus or its compounds in health and disease. It must however he
pointed out that nearly all the work discussed therein belongs to
the ** pre-vitamin era . Much of the work cited on laboratory
animals is partly invalidated by that faet.

In his monograph = Minerals in Pasture " Orr (1929) guve
valuable data with regard to the mineral content of pastures and
pointed out the deficiencies, to which grazing animals are subject.
In certain parts of South and Fast Africa, Australin, Norway and
the United States of Ameriea the puastures were so deficient in
caleinm or phosphorus or both, that they were incapable of suppor-
ting normal growth of stock.

Crichton (1930) in a discussion of the mineral requirements
of dairy cattle deplores the absence of information regarding the
actual requirements of caleium and phosphorus for growing bovines.
The author considered that the information relating to the subject
was not immediately applicable in practice, because the work had
been accomplished under conditions which had no parallel in practice,

283
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A very extensive review of the factors associated with rickets
in human beings and animals, was given by Goldblatt (1931). The
subject was discussed from elinical, pathological, historical, radio-
logical and chemical viewpoints, by far the greater portion of the
work being devoted to the roles played by calcium, phosphorus and
vitamins in the etiology of rickets. The difference in chemical
composition of the skeleton and body fluids of normal and rachitic
animals and human beings was deseribed, and the factors which
affects the caleinum and phosphorus utilisation in the ration, as well
as the role of artificial and solar irradiation, causing normal or
abnormal calcification, were discussed.

This review is probably the most complete published in recent
vears on rickets; over 2,700 references are quoted.

In their recent publications, Marek and Wellmann (1931, 1932)
gave considerable data of their own experiments on dogs and pigs,
us well as of the literature on caleium and phosphorus metabolism
in o discussion of their conception of the causes of osteodystrophic
diseases in animals, They argued that the mineral value of the
ration 1s signified by the alkali-alkalizitit, i.e, (K,0 + Na,0) -
(C1 + S0;) and  erdalkali-alkalizitit, i.e. (CaO + MgO) — P,0,
when these values are expressed in milligram equivalents per 100 gm.
dry matter.

Sherman (1932, 1935) discussed in detail the mineral require-
ments of human beings, and laid great stress on the necessity of a
caleium sufficient diet for health and growth, He pointed out that
this most important element is usually deficient in the ordinary
human diet.

In his review, Shohl (1933) aimed at bringing up to date troi
1930, the literature associated with the many phases of caleium
metabolism.  Attention was given mainly to the forms of caleium
in the blood, the metabolism of caleium and phosphorus and the
factors influencing bone caleification. The author considered that
magnesium metabolism is intimately related to that of caleium and
phosphorus.

Theiler and Green (1932) discussed in detail the effect of o
phosphorus deficiency in the feed of cattle and sheep grazing on
natural pastures,  The history, cause and effects of Lamsiekte in
Nouth Africa were given and compared with deficiency diseases in
other parts of the world.

B. Cavnciem axp Proosroorvs REQUIREMENTS.

Weiske (1873) concluded from metabolism experiments that
5 to 6 months old calves required 12-0 gm. Ca and 9-5 gm. P daily.
The body of a calf was found to contain 1-2 per cent. Ca and -67
per cent. I’ by Lawes and Gilbert (1883). ]1"mm these analyvses
Armsby (1917) computed that for the first 12 months calves shonld
daily retain 154 gm. (Ca and 8-1 gm. P.
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Kellner (1912) argued that a bovine weighing 350 Kgm. con-
tained 1:57 per cent. Ca and -88 per cent. P, If the constituents
in the body at birth were disregarded, the animal would require 19
gm. (i oand 83 gm, P per day: the food should contain 2 to 3
times as much of each mineral, as ouly 33 to 50 per cent. of the
minerals in the ration was utilised.

As shown by Starling (1920), there was a close relationship
between the amounts of minerals present in the milk of the mother
and the ash of the young for each species.  Ifrom this Crichton (1930)
argued, that for every 1 1b. of protein in cows milk, there was *8 oz,
(a0,  Acecording to Wolff-Lehmann's tables a bovine of 500 1h.
required [ Ib. protein per day. It should, therefore, assimilate -8
oz. ("a0) per day.

Wellmann  (1932)  considered that 100 Kegm. live weight
required daily for maintenance 3-6 gm. Ca, about 2 gm. P, and 2-5
gm. P per 100 gm. gain in body weight. In the case of plant foods,
thu'v fimes as much calcium and twice as much phosphorus as that
required, must he taken for production and growth. Avchibald
and Bennett (1935) expressed their results in a slightly different
way. They found that dairy heifers grew normally dunnp; the first
year on a ration which supplied 1-8 gm. P and 3-8 gm. ('a daily per
li)lll Ib. live weight, the amounts d(-:.to.l-.lug as the anim:nls orew
older.

Theiler et al [1820, 1927 (4)] estimated that owing to the defi-
ciency of phosphorus in the pasture the intake of ranching cattle
in Bechuanaland during the dry season was only 6-11 gm. P,0, per
1,000 1b. live weight. This dificiency of phosphorus caused severe
osteophagia. They estimated that 27 gm. P,0, per 1,000 Ib. live
weight was the minimum phosphorus requirement for the prevention
of osteophagia in mature cattle. Of this 27 gm. P.O,, 20 gm. was
supplied by a supplement of 3 oz. of bone meal.

These authors (1924) found that in other districts a supplement
of }-§ Ib. bonemeal per week was sufficient for the prevention of
osteophagia in grazing animals, but expressed the opinion that this
amount was pmba]:]_\ Tnsufficient for optimum growth and condition.

Theiler, Green and du Toit (1927) under stall-fed conditions
produced * styfsiekte *" in growing heifers by feeding a fanko hay
ration containing 69 gm. CaO and 5-1 gm. P,0,. They expressed
the opinion that this disease °° styfsiekte " occurring naturally in
South Africa, in cattle grazing on phosphorus deficient pastures,
was probably ulmlllull with osteomalacia, Theiler later (1931) hy
making an extensive histological study of the bones of the animals
used in the above experiment, showed that the condition of aphospho-
rosis known as Styfsiekte and produced artificially in growing heifers,
was osteomalacia in the mature and was referred to as rickets in
the growing animal.

These authors found that an intake of 4°8 gm. P was insufficient
for growing heifers, although half of it was supplied in the form of
bonemeal, actual signs of a deficiency not becoming evident until
after calving. A supplement of 3 oz. of honemeal bringing the
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total daily intake of (fa to 37 gm. Ca0) and of I’ to 28 gm. 1,0, was
found to supply the mim-m{- needs of the heifers used in their
experiment.  Du Toit and Green (1930) concluded that a daily
supplement of approximately 18 gm. P,0, given in the form of
bonemeal to growing hovines kept on phosphorus deficient pasture
in the Bechuanaland area was probably in excess of their requirement
for optimal growth, but that a daily supplement of 6 gm. P,0, wiven
as bonemeal was definitely below 1t

Watkins (1933) found that a ration supplyving 18 months old
growing steers with 11-6 gm. Ca and &5 gm. P per day was
suflicient with regard to these minerals. A shightly higher intake
of phosphorus (10-8-12-3 gm.) was favoured by Lamb et al (1934
for growth and pregnancy in bovines from 18-30 months of age.

[t would appear from the data quoted that young bhovines will
arow normally on a ration supplying about 20 gm. P,O, and 20 gm.
CaO) per day. A considerable portion of this amount should how-
ever he in an available form such as in mineral supplements or in
good quality hay.

. Assivipariony or Cancieyn axp PHoSPHORUS,

Muaximum utilization of the food constituents is always aimed
at in order to supply adequately the demands for growth, production
and reproduction.  Several factors impair the utilization of minerals
even thongh the latter exist in an easily assimilable form.

The =mall intestine is the zone of absorption but the minerals
absorbed are not necessarily retained, as a fair amount, especially
caleium, is belived to be exerveted into the large intestine, and 1o
pass out with the faeces.

Meigs, Blatherwick and Cary (1919) expressed the opinion that
the assimilation of caleium and phosphorus was facilitated by feeding
these minerals alternatively, but no definite experiments have since
been carvied out to prove the validity of this theorv.

MeGowan (1933) maintained that for optimal utilization of Ca
and P after absorption, it is essential that these minerals should he
supplied in the food uncombined with one another and that they
should be absorbed, as far as possible in this condition.

Intestinal uhsm'pliml was proved by Miller, Yates and Jones
(1926) to be partly controlled by the needs of the animal.  In
aceordanee with the above, Hodgson and Knott (1932) aseribed the
poor utilization of minerals by daivy heifers, fed on arvtificially
dried herbage, fo the faet that when the animals were full-grown,
their demands were very small.

IForbes et al (1922). Turner et al (1927, 1931), Haaw el al (1929),
Hayden, Monroe and Crawford (1930), Hart, Kline and Humphrey
(1932) found negative mineral balances for high producing cows.
In some of these cases more than 90 per cent. of the total mineral
intake was exereted in the faeces and urine, the 10 per cent. left
to supply the minerals contained in the milk being inadequate; the
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animal was forced to draw on her skeletal reserves. Hart ef ol
(1933) concluded that the animal was unable to increase iis
assimilation of minerals even when the mineral intake was consider-
able.

Mitchell et al (1931) found, with pregnant gilts, an average
daily retention of 4-38 gm. Ca and 1-32 gm. P, being 315 per cent.
and 16 per cent. of the intakes respectively.

Clfows given 58 egm. Ca and 51 gm. P by Turner, Kane and
Hale (1933) utilized about 31 per cent of each element. The ration
consisted of Timothy hay, a grain mixture and a caleium supplement.
Hart et al (1933) found with a high producing Ayrshire cow fed on
a ration of alfalfa, grain and corn silage, a retention of almost 14
per cent. of the (‘a intake.

According to Meigs ef al (1934) cows kept for several months
on an inadequate ealeium rvation, may utilize about 50 per cent, of
the caleium content of the ration.

Forbes et al [1921 (b)] found that pigs fed on a grain vation
cnntrumn{: a ecaleium salt retained H50-70 per cent. of the caleium,
while Spiers uml \hel man (1936) with rats and Morgen ef ol (1933)
with dogs, found a retention of 90 to 93 per cent of the caleium
intake. IHowever as fur as the author is aware, such high \':nhw.-'. have
not been reported for sheep, pigs or cattle.

It must be pointed out, however, that that percentage utilization
or retention means very htt‘!v. as am"n factors as demand ol the
animal, the total intake, the form in which the minerals are given
and the vitamin 1 content of the ration or solar irradiation, effect
the retention. Obviously the percentage retention based on a high
intake of Ca and P may be low and hence gives a poor idea of the
utilization of these minerals. In the same way poorer utilization
or a Jower intake may show an appreciably  higher percentage
retention,

D.—TFacrors Errecerine tae Urinizarios or Cavciem
AaNn Puoasenonuvs.

Considerable work has been done to determine the relative
availability of the calcium and phosphorus of different feeding stuits
and of mineral supplements, but the results obtained are by no means
conclusive.

Kramer, Potter and Gillum (1930), Fincke and Sherman (1956)
and Kohman and Sauborn (19350 with rats and Hart er al (1927
1930, 19310 with hovines defermined the availability of the caleinin
of various toods,

Hesse and Barndt (1933) concluded that the absorption of
caleium  from the ecaleinm salts tested (viz. ecaleium  carbonate,
di-caletum phosphate, tri-caleium phosphate, caleium gluconate) is
entirely independant of the solubility of these salts.

Atteminn has furthermore been given to the availability of the
phosphorus in different phosphatic supplements, especially di-caleium
phosphate and honemeal. A better utilisation of caleium and
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phosphorus was obtained by Bloom (19321 by feeding  di-saleinm
phosphate than by feeding tri-caleium phosphate or honeneal. Sini-
larly, du Toit and Green (1930) coneluded from supplementary teeding
experiments with eattle. that taking weight for weight, di-ealeinm
phosphate was three time more effective than hone meal.  Di-caleium
piosphate contains 42 per eent. P.O, and bhonenieal 24 per cent,
.0, Later work by Malan awd du Toit (1932) enabled them io
place the supplements in the followian order of availability of the
phosphorus,

(I Sodium phosphate.
(3 Precipitated caleimm phosphate.

0 Bonemeal and degelatinised bone flour,

The conclusions of these awthors were based ou the weight
merease of the animals.

The caleium and phosphorus of food sueh as corenls containing
inositol phosphorns are poorly wtilized,  Booth, Heney and  Kon
(LS5 and Brace and Callow (1934 maintained that oatmeal confaing
nostly phytin phosphorus Ginositol hexaphosphater which they con-
sider to be mon-available to animals.  According to Blever and
Iishor (1991 and Forbes and Trevine (19910 the Ca-Mge salt of
inositol hexaphosphorie acid was well utilized by rats. The work
of MeCanee and Widdowson (1935) also showed a partial atilization
of the phytin ingested by human heings.

Steenboek et ol (1930) observed that = equalization of the jhos-
phorus content of cereal rations did not make them equally effective
in boune formation 7. No correlation was, however, found by ITarris
and Bunker (1935 hetween the phytin phosphorus content and the
rachitogenic properties of the diet.

Later Templin and Steenbock (1933) found betier ealeification
by feeding immature vellow dent field maize than when mature maize
of the same variety and grown under identical conditions was fed.
In a subsequent paper by these anthors [ 1933 (o) | autolysed germin-
ated maize was shown to possess definite autivachitic properties, when
compared with mature maize.

I'urther work by Lowe and Steenhock (1936) clarvified the position
considerably,  They showed that (a) the phytin phosphorus presen!
in the rachitogenic diet was poorly available when compared with the
phosphorus of phosphorvie acid and sodinm glyveerophosphate and ()
freatment of manze with HOT tmproved ifs antivachitic properfies in
proportion to the extent that the phytin was hydrolyzed,

The anti-rachitic factor, Vitamin D, apparently regulates ihe
absorption of caleium and phosphorus from the intestine amd the
llv]umil.iun of minerals in the osseons tissue, to form hone.

A deficieney of vitamin D, affeets the utilization of caleinm and
phiogphorus detrimentally.  Morgan Garrison and Iills (1935 main-
timmed that vitamin D apparently prevents re-excretion of absorhed
caletum into the intestine.  The vitamin causes deposition of caleim
to form bone rather than an inerease of original absorption.

288



J. 8. O1ITO,

Rupel, Bohstedt and Hart (1933) and Bechel et al (1933) showed
that calves require vitamin D in some form. Further work with
calves by Wallis, Palmer and Gullickson (1935) and Duncan and
Huffman (1936) indicated that the addition of vitamin 1 to a ration
deficient in this constituent, but adeguate in caleinm and phosphorus,
greatly inereased the mineral retention. Negative mineral balances
thereby beeame positive,

The animals used in the experiments reported in this publication
were exposed fo direct sunlight daily for several hours in their
exercising paddocks, Hence abundant vitamin 1) was supplied in
this way in addition to that contained in the feed.

It is generally wvccepted that the utilization of Ca and P is
affected by the ratio in which these elements are present in the diet
and from extensive investigations of this problem, it is generally
conceded that a ratio of approximately 2 Ca to 1 P in the diet
favours the best utilization of these elements. Theiler, Green and
du Toit (1927) expressed the view that the current emphasis on
Ca : P ratio was probably exaggerated especially when these elements
were present in abundance in the ration of animals, At lower levels
of intake the best utilization of these two minerals is an advantage
to the animal and hence a correct ratio becomes more important: hul
here again it would seem that the level of intake of Ca or P or bhoth
becomes equally if not more important.  For instance Brown, Shohl
et al (1932) and Shohl (1932, 1936) stated that the Ca @ 1’ ratio
inadequately defined the rachitogenic properiies of a diet. Rickets
could be produced in rats fed on diets low in phosphorus no matter
what the ratio of Ca : P was. Theiler, du Toit and Malan (1937)
have expressed the view that in the production of osteodystrophic
diseases by limiting the intake of (a or PP or bhoth, the ratio was
decidedly of secondary importance.  The rapidity with which the
condition developed hore a direct relationship to the ratio, a normal
ratio producing the condition by no means as rapidly as a wide ratio
does, but the difference in the severity of the conditions produced
ultimately not being always apparent.

[t is doubted whether the ratio of dietary C'a to P is important
to the health of animals under conditions of feeding which are
usually considered normal except perliaps in the case of horses and
pigs where the nature of the ration is such that it contains relatively
high P and low (fa. Kintner and Iolt (1932) believe that the ratio
of 1T CaO to 2:5 P,0, is dangerous to the health of horses and it is
feared that this ratio is often present in their rations.. The wide
ratio is effective in producing disease, but it wust he remembered that
the Ca is low in addition and it is freely admitted that the ratio will
effect animals detrimentally under such conditions.

I..—Broon AxavLysis.

Robinson and Huffiman (1926) found that the blood of normal
mature cattle contained from 7-7 to 14:7 mg. of Ca per 100 ml,
Alleroft and Green (1934) and Haag and Jones (1935), however,
found values between the narrower limits of 86 to 11:6 mg Ca per
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LO0 ml. about 90 per cent., of their values falling helween 9 and 11
mg. 1t has been found by Kintner and Holt (19:32) while investigating
equine osteomalacia, Fiteh et of (1933) and Groenewald (1935) with
vattle, in experiments over a long period, Jones and Robson (19:32)
with rats and Fraser (1932) with sheep, that the serum ealeium
remained normal with diets deficient in caleinm but with an adequate
amount of vitamin 1. When. however. a deficiency of hoth caleinm
and vitamin D existed in the ration, Auchinachie and Fmslie (1952)
amwd Fraser of ol (1934) working with sheep, Bethke of ol (1923) and
Jones and Cohen (1936G) with rats, found o lowered blood ealeinm,
An addition of cod-liver oil (vitamin 1) restored the serum ealeinm
to the normal value,

With calves on an adequate mineral ration hut lacking in
vitamin D, Rupel, Bohstedt and avt (1933, Hulfman and Dunean
[ 1935 (a1 | found a lowering of the serum ealeinm, decreasing in some
cases to Gomgm. Ca per 100 ml. blood.  The addition of cod-liver oil,
however, promptly hrought the concentration of this element in the
hlood hack to normal,

Huffman and  Robinson (19265, Palmer and  lekles (1927),
[Menderson and Weakly (19300, Malan, du Tou and Green (1928)
showed (hat the phosphorus content of the ration of hovines had a
marked inHuence on the inorganic phosphorus content of the hlood.
Such Tow values as 1*0 mgm. P per 100 ml. hlood were ohtained by
Malan, du Toit and Green (19280 for mature cattle on phosphorus
deficient  grazing.,  Phosphorus sufficieney in the diet of mature
hovines was reflected as an increase in the inorganie PP content ol
the blood,  Values above 35 mgwm. per 100 ml. Blood were regarded
as normal for mature hovines,

Kramer and olland (1923) with chickens and Rupel, Bohstedi
amd Hart (1933) with ealves, showed that with an adequate mineral
diet deficient in vitamin D the inorganie blood phosphoras dropped
but was restored to normal when cod-liver oil was given.

The determination of inorganic phosphorus in the blood of
animals provides an excellent way of diagnosing phosphorus defici-
ency in stock kept under conditions of vitamin D deficiency.  In
South Afriea this method has heen emploved to collect information
on the extent of phosphorus deficiency in stock kept on natural
pastures,

Accordineg to Kayv (1929-19300 o markedly rvaised concentration
of plasma phosphatase in human bhones was confined almost specifically
to certain generalized diseases of the bone, mmereased values more
than 20 times the normal heing found,

Bodunsky and Jafte (1931, 1942) working with rats and guinea
pigs found the plasma phosphatase 1o e affected by fasting and a
deficient caleium intake,

A vitamin 1) deficteney, with adequate mineral intake, was found
by Auchinachie and Fmslie (1933) to inerease the phosphatase content
of the blood of sheep three to four times. These authors expressed
the opinion that the concentration of plasma phosphatase gave much
earlier indications of disordered caleium and phosphorus metabolism
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than either serum caleium, blood inorganic phosphorus, general
state of health or hody weight. In agreement with the abovemen-
tioned  workers, Bodansky and Jaffe (1934) considered  plasma
phosphatase values 1o be better criteria for the severity and progress
of rickets than those of the seram caleium and phosphorus.

Totally unexpected plasma phosphatase values were found by
Palmer ¢f al (1935). The caleium intake, with or without vitamin D,
had no effect on the plasma phosphatase of cows. The hone analysis
tndicated that there was no disturbed metabolism.

It is llll.‘-‘-:-‘-”]]l' that the determination of plasma phosphatase is
not  equally valuable for diagnosing poor ecaleification or even
abnormal Ca PP metabolism in all species of animals.

I'. Boxe Avanysis,

Apart from the primary functions of the skeleton to serve as a
framework for the body, it plays a very important role, namely, as a
reservoir for the important minerals caleium and phosphorus,  From
this mineral reservoir caleium and phosphorus are withdrawn during
perinds of mineral stress.  The bone is resorbed as o whole decreasing
mm weight and density and increasing in porosity, and the bone
becomes osteoporotie, unless complicated by osteomalacia, when
uncaleified osteoid tissue is deposited. The result is a decreased ash
content. with or without an increase in oganic matter, thereby
rendering the hones less rigid.

Histologieal examinations of bone sections give a clear picture
of the condition of the animal with regard to caleinm and phosphorus
but as such a study falls outside the scope of this paper and is fully
discussed by Theiler et ol (1937), only the physical and chemieal
analysis of bone will be discussed.

Forkes and his co-workers [1921 (a), (1), (). (d)] made an
extensive study of the causes of bone fragility in brood sows. Marked
differences were shown in the different groups for the ash per c.c.
hone (volume of hone taken), the breaking strengths of the bones and
the live weight of the animals.

Rottensten  and  Maynard  (1934) found that the average
dry-fat-free femurs of rats on a low level of minerval intake, contained
596 per cent ash as against 64 per cent for the hones of animals
receiving an adequate mineral supply. The average ash content of
the dry-fut-free cannon bones of calves on a concentrated ration,
wias found to he 56G:8 per cent by Mead and Regan (1931).  The
addition of caleium to this ration brought the ash content for the
same hones of other calves to 64-5 per cent.  Similar figures are
;I.riwn by Kintner and Holt (1932) for the metacarpal ash content of
1OT'Se S,

Bethke, Edgington and Kick (1933), Rupel, Bohstedt and Hart
(19:33) and Shohl (1936) concluded that the ash content of hone
affords an excellent index of the degree of calcification, The figures
for the breaking strength of bones by Becker, Neal and Shealy
(1933-1934) were striking.  Heavy producing cows were kept for
several lactation periods on calcium deficient rations.  Cow No. 59,
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after eleven consecutive lactations. fractured her pelvie arch in three
places. The average breaking strength of her femurs and humer
over a six inch span, was 335 1h. per square inch as agaiust over
3000 1h. per square inch for the same bones of animals receiving
supplements of hone meal.

Hogan (1932) and Aubel, Hughes and Lienhavrdt (1936) found
with pigs that the level of mineral intake had harvdly any effect upon
the diameter of the bone, but remarkably infHuenced the thickness
of its wall.

Blum (1951), Holmes and  Pigott (1931 and  Havtman and
Meigs (1931) showed that the Ca 2 P ratio of the hones of animals
can not be altered by varving the mineral content of the ration. In
contradiction with the above, Yeager and Winters (19350 coneluded
that there was some indication that the Ca o P rvatio in the bones
depended to some extent at least on the amounts of caleium and
phosphorus present in the diet.  This ratio, with animals fed at
varying levels of mineral iutake, was found by Brooke, Smith and
Smith (1934) to vary from 2:3 2 1-0 to 2-1 2 1:0,

I1l. CENERAL DESCRIPTION OF INVESTIGATION.

A Owprkcr.

The following investizgations were undertaken with the ohject of
studying—

(1) the availability of the phosphorns contained in different
commercial phosphates which are used extensively as stock
feed in the Union of South Africa;

2) the effect of different levels of mineral intake upon the
utilization of the caleinm and phosphorus, when growing
bovines are fed the same basal ration with a constant
caleivm to phosphorus ratio of 21 |

(31 the effect of varyving the caleinm to phosphorus ratio of the
ration upon the utilization of these minerals,

In the experiment (o be reported on. the retention of these minerals
wius studied on voung hovines growing novmally and on those reared
under adverse conditions which arve often encountered in practical
stock farming in the Union of South Africa.

B. Procenvn.

The animals used for these experiments were voung  hovines
which  were  periodically  placed in conerete  floored  stalls, <o
constructed that the urine could be run off into receptacles sunk into
the floor immmediately after being voided. The faeces were collected
by an attendant who was on duty day and night.  As a result of this
arrangement no intermixing of faeces and urine took place. The
stalls were large enough to allow the animals to move freely and fo
lie down whenever they wished,
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All the urine and the faeces voided by an animal during each
week were gathered separately. To each collection formalin was
added in order to avoid puirefaction and to render the samples less
objectionable to work with, The moisture content of the faeces was
determined while (Ya and I* were determined on both urine and faeces.

The basal ration contained a sufficient quantity of poor quality
hay to provide roughage. The ingestion of caleiuvm and phosphorus
was thus kept as low as possible,  Fanko (rolled maize endosperm) o
samp (unrolled maize endosperm) both of which are very low in
minerals, comprised the major portion of the ration and provided
most of the energy and some of the protein.  Meat meal or blood meal
was added to increase the quantity and quality of the proteins, green
feed or silage being included to avoid a possible deficiency of vitamins
A and €. Full particulars of the animals and the rations will be
given at the commencement of each experiment.,

Twice daily each animal was fed a weighed quantity of feed.
Tap water, of known caleium content, was provided, the total imhibed
by each animal measured and recorded during the periods when
faeces and urvine were collected,  Prior {to the feeding of the
experimental ration, the animals were kept in the stalls and fed {he
busal ration in order to accustom them to the conditions under which
the experiment was to be condueted. If the animal did not finish
the feed supplied, the remaining portion was weighed and recorded.
An endeavour was subsequently made to regulate the quantity
supplied in such a manner that nothing or very litile remained over,
When food was left over by an animal during a metabolism trial,
its caleium and its phosphorus contents were determined and deducted
from the intake.

The mineral content of each constituent of the basal ration was
determined from time to fime,  This procedure was deemed necessary
since considerable variations were obtained in the mineral confent
of different consignments of food,

The minerals intended for each animal were weighed out and
added to the rations as required.

During the periods of rest when faeces and urine were not
colleeted, the animals were allowed to exercise in a paddock during
the day, where they had free access to water and sunlight. The
paddock had a conerete Hoor to prevent earth eating,

The animals were weighed and bled monthly, these operations
being carried ouf early in the morning before feeding and watering.

(. Mernops or ANALYSIS,

The technique adopted was that outlined by Malan and
van der Lingen (1931) for taking blood samples and for determining
inorganic blood phosphorus and blood caleium.

The calcium and phosphorus contents of the feeds and the excreta
were determined by the method given by the same authors for the
analysis of grasses. Benedict and Theis (1924), FFiske and Subbarrow
(1925) and Roe and Kahn (1926-1929) have contributed io the
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standardization of these methods. .\ modification of the method of
Clark and Collip (1925) for the determination of calcium in the
feeds and excreta was introduced since it was found to be more
applicable. The calcium and the phosphorus contents of the hone
ash were determined by the standard macro-volumetrie methods
deseribed by Treadwell and Hall (1930).

TEby

_r

- 0

Fig. 1.

A and B are two adjustable rollers which can be set at any
required distance apart. AE must always be equal to EB.
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The animals were destroyed at the end of each experiment tor
the purpose of collecting the bones for chemieal and histological
examinations. All the meat was quickly and carefully removed from
the bones without undue exposure of the latter to prevent loss of
molisture,

]Illnll-iii;lll'l_\ after the bone had been !'If':llll'(i, it was \n-i_'_’hw]
and its measurements taken. The volume was obtained by immersion
into water contained in graduated glass evlinders or specially marked
glass jars, the vessels used depending upon the size of the bones.
After removal from the water, the bone was dried by rubbing with
a cloth. The breaking strength was then determined over a six inch
span. The apparatus used for this purpose was a small seale model

of a steel testing machine (Fig. 1).
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In ovder to determine the breaking strength of the hone its centre
i< placed on the point € and by applyving pressure by means of the
lever 1) the bone is foreed against the points A and B. The breaking
pressure of the hone is registered on the pressure gauge R as pounds
per square inch.  The position in which the different bones were
placed is indicated in g, 2,

The bone was then broken up with the aid of o chissel and
lanmmer into small pieces about an ineh long.

These Tragments of bone and marrow were then collected in g
receptacle and placed inoa hot air oven at 1052 O for 48 hours in
order ta determne the water content by loss of weight.  The fat was
poured off and the pieces of bone collected in a linen bag and placed
in a fat extractor, where the remaining fat was extracted with ether.
After removal trom the extractor the bones were dried in a hot air
oven in arder to obtain the dev-fat-free weight.  The pieces of bone
were then reduced to bonemeal in a bone shredder and an electric
mill for the determination of ash, caleinm and phosphorus,

1V. EXPERIMENT 1.

rI‘H]"l Avariamnary o THer l'lll.}-"il'lllllfl‘.‘\ CONTALNED N ]]II“I"I']RI'l_\"I
PHoseiaric SUPPLEMENTS,

lixtensive feeding of phosphorus to stock has resulted in the
marketing of a number of phosphatic products. Bonemeal has heen
greatly favoured by stock farmers as a supplementary feed, it heing
the first to be recommended and easily procurable.  The different
brands of this product vary in colour from a dirty brown to a elear
creamy  white, depending on the treatment during the process of
manufacture,  or this reason 1t was  considered  advisable  to
investigate the assimilability of the phosphorus contained in the
various bone meals as well as that of other phosplatic produocts
commonly used.

The commereial phosphatic supplements generally used may be
classed under three main types.  Di-sodinm phosphate and monoe-
ammoninm  phosphate were used as examples of water soluble
phosphates which can be administered in solution in the drinking
water of stock.  Precipitated caleium phosphate which is mainly
di-caleinm phosphate is also extensively used. It is prepared as a
byv-produet in the mavufacture of selatine from bones or is oblained
from rock phosphate. This product is probably the cheapest for
the supplementary  feeding of  stock,  Bonemeal is used wmore
extensively than any other phosphate and was thevetfore included in
the experiment.

Eaeperiment 1 (a).

Two half grade Friesland bovines were used in this experiment,
At the commencement of the work their ages and weights were as
follows : —
No. Age. Initinl weight.
3151 A8 monthe wossuign 4490 I,
Sl 17 months...ooco i, 630 I
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The basal ration with its

tabulated below.

Feed. Amonr 1,
£5 P L L p— o N 132 Ke.
FRDKG 5 ovsunaisnies werree oy | a1ON I,
MOREMHRAY s wvmmrs s 32 ke

Water...co.u
Sodium chloride. ... ...
Total intake,. ..

15 gm.

10 litres

J. S0 01710,

caleinm and phosphorus contents 1s

0

o5 P P pm. T Ca. e,
=048 1434 01320 |-
[IRIRHRY 1-180 00071 -
0247 (BT (IR IRIEH]
- - =583
= 248 2464
wm. P o, €'

The mineral intake varied shiehtly with the moneral contents of

the ration and the water
form fime to fime,

Tanre

Time-table fmr' the f"r'l’rh‘uy nf
,“Hl’ (A

Week No. Supplement. temarks,

I 4] Rest,

L) ] Colleetion of exereta.

3 J"Iil-mulmm phosphate Caleinvm Carbonnte. ... Hest,

1 S 61 em. P U T I G S e S e Collection.

5 L35 gm. P LR € R e Caollection,

i i Rest,

T 0 Colleetion,

bl V., Bonen |-n| Iealeinm carhonnte, .0 .0, = Rest.

4 13, J' S5 ogm. L0 U P (0.1 ) 07 11T 8
1 L35 gm, |‘ {VUVET R o N L L Collertion,
| 1] test,
i3 " Collection,
I: (] (change of hav).. .. Rest,

(B 1] Colleetion.
15 H. Bonemeal ealcivm carbonate. . oovnonennn Rest,
[{H & {2-"!! e | 142 B asinianis Colleetion.
17 270 o, I T42 g, Caccvviiiin oo Uollection.
15 1 Rest,
K] 0 Colleetion.
20 Mono-ammonium phosphate — Caleiom carbonate Rest.
a4 1, < 2-8% gm, |* T-42 gm. Ca.. S e D Colleetion.
23 {_’% gm. I T A% i Can oy T g Colleetion.
23 0 Re=t,
24 ] Calleetion.
5 [ Di-caleiun, phosphate Caleivm carbonate.. .. Rest,
L E. 29T gm. P 4 707 pm. Covrnvnvnnnnnnnnns Colleetion,
27 {2'97 g, PP — 75T em, Cacevvnvvnnnvonnens | Colleetion.
28 ¢ ] Rest.
24) 0 Collection.

supplied.

Analyses oi these were muaude

I

Supplements awd the Callection of
and T rine.
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The supplements tested ont in this experiment were () Di-sodium
phosphate, (B) V. Bonemeal, () IL. Boneweal, (D) Mono-ammoninm
phosphate and (15 Di-caleinm phosphate.

Caletum carbonate was added to each supplement in order to
keep the calcinm-phosphorus ratio of the mineral intake constani.

Both animals were treated in exactly the same manner,  They
were fed on the same ration and supplements at the same fime
;lm-urcllll,'_r to Table 1.

The rvesults of the balanee trials wre given in Tables 11 to 111,

Tanee I,
Mineral Balance (daily average).

Supplement & = Na,HPO, - CaCOy o 3253 gm. P~ 906 g, Ca,
[} Vo Bonemeal © Cat’'Oy fes 3-5 gm. P 10 g, Ca
Q H. Bonemeal + CaCO, ie. 2-79 gm. P T4 gm, Ca,
b} Mono-ammon. phosphate - CaCO, ie, 2585 gm P 7242 g, Cas

] Di-caleium phosphate — CaCO, ie, 2-97 gm, P~ 7-75 gu.. Ca.

Bul‘.f'm.’ alal.

Intake. Outzo gm. P, Outgo gm. Ca, Balaner.
Week Sapple-
No.  ment.

gm. . ome Ca. Faeces. . Urine.  Faeees.  Urinee. wm. P gm. Ca,

I [l 2.38 263 2:81 1-31 1-71 1-74 ~0-74

2 (4] 2.38 2- 65 3-26 0-24 4-51 1-79 112

3 A 588 12-23 2-08 0-23 i ol 207

4 A RS 12- 26 302 121 783 047 2155 ot
B () 2.38 2.6l 3-39 (15 ERGT 1:51 (R .
(] 1 593 12 il 3-59 (25 e 004 2400 Qi
7 13 503 1265165 3-33 0H-19 50N A6 24 e
] ) 217 270 305 0-25 341 1-36 H3 307
] () 367 4042 523 )-23 420 147 12l 1+25
10 ¢ Ged6 | 01e82 | 848 | 021 651 045 U2 (1T
I { (IR 1195 3408 020 G- A 20038 5ol
12 () 367 444 2.08 122 386 -6t 047 1
13 B {1 5%s %51 11-85 315 024 406 g4 A 16 (128 &
14 (] <55 1183 3-29 131 500N 041 205 EEET!
15 0 367 442 3-43 0-23 140 154 Ul 1+88
14 ] 64 11-09 3-45 027 5-03 0- 46 2.92 B
17 | (IRt} 11-99 3-75 130 a+ 88 041 2.5 S0
] 0 367 1-42 2-91 0-23 A-iid 1:74 0-53 096
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Taree LI,
Mineral Balance (daily average).

Supplement A = Na,HPO, — CaCOy i 3-5gm. P 9-6 gm Ca.

B = V. Bonemeal CalCO), ie. 3+5 gm. PP L g, Ca

= H. Bonemeal CaCOy e 270 gm, P — 74 gm, Ca,

o= Mono-ammon. phosphate < CaC0, fes 2088 g, P00 7042 am. Ca,
15 = Di-caleinm phosphate — CaCO e, 2207 om, P 7+5 g Ca,

Baorine H1G4,

Intake. Outgo gm. P, Ontgo g, a. Balanee.
Week Supple
No.  ment.
gm. I g Ca, Facees. . Urine. | Faeees. Urine, | g P gl Ca,

| | 2.3 310 024 4- 207 | —0-93 4-42
2 0 al 323 1125 f- -5 107 4410
3 A 12+28 3 (el hE (01l 2,34 5 TN
1 g | gm2 8 017 T 030 | 2-21 Aol
o 0 244l 3. 017 2. 122 0-08 1-35
[ B 128656 3 0- 14 T (R3] 2.0l Deid
7 15 121654 3 0- 14 8 (30 1-496) 4425
s 0 270 3 0-22 i (R0 =74 2.51
l 0 $-42 _‘ 0-21 }- 2408 -6t 244

1 {0 I-92 3 0-23 S5 0-41 2.0 - 13
11 [t 1190 3 0-24 (18 044 2-h4 Sl
i2 ] 149 3 0-23 3-8 174 0-31 “1-19
13 D 1183 400 0-24 (TR 043 232 5-32
14 D 11:85 3-36 0-24 5 0-43 3-02 580
15 ] 140 3-29 0-23 4 1-82 )-22 2-74
16 E 11-490 3-26 0-24 -2 IENTH 3419 515
17 E 11498 392 0-26 fhe 0-53 2-63 340
18 (4] 42 300 0-20 3 153 054 —0:84

IHscussion.

Some difliculty was experienced in determining a satisfactory
hasis for comparing the availability of the phosphorus contained in
the different phosphates,

Although the minerals of a compound have to he made available
during digestion, i.e. he present in a form that would pass through
the intestinal wall, in order to he retained, they may nevertheless
not be retained although highly available, as in the case of an animal
in equilibrium on a high level of minersl intake. In such a case
it cannot be assumed that the Ca and P oare not absorbed, as the
minerals absorhbed in any one part, do not show in the halance experi-
ment, although they have heen in circulation,  There is no method
of distinguishing, in the faeces between the amount of minerals noi
absorbed and that re-exereted by the infestines after absorption.

[n this stwdy the proportion of Ca and P retained has been
accepted as the measure of the availability of the produet in which
the caleinm and phosphorus were present. Such a procedure is
justified on the basis that the Ca and PP contained in the supplements
fed were well below the requirement of the animals.  Tn other words,
conditions were created for the retention of as large a proportion
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as possible of the minerals fed. which obvionsly nnuhl SEIVe ds un
indication or even measure of the availability of the Ca and I present
in the products given,

When the animals were fed the basal ration, they showed
negative mineral balances.  (The phosphate balances bhecame slightly
positive when the mineral content of the basal ration inereased.)

The daily basal ration contained 2-38 s, P oand was inereased
to 588 during the third and fourth \\ml\ h} the addition of 3-5 gm.
P,0, as di-sodium phosphate.  The negative PP halanee bheeame defi-
nitely positive. 266 gm. P being retained.  If the assumption is
madde that no more P oof the basal vation was retained during the
period of feeding Na HPO, than when only the basal ration was given
it s at onee evident that an astonishingly large proportion of the P
246+ 93!

= « 100 = 1086 per cent.
%

of the supplement was retained, viz

+ 1
300
cases of No, LG4, Tt would seem, therefore, that during the period ot
feeding Na, PO, either (1) some of the Poof the hasal vation was
retained aud that o balanee on the basal ration. durine the period
immediotely hetfore the supplement was given, is not always a correet
indication of the availability of P in the basal rvation during a
subsequent period of 1P feeding or (2) that all the P of the water
soluble supplement fed under the conditions of the experiment was
retained. 1n which case the PP of the supplement should he regarded as
100 per cent. available.

in the case of animal Noo 5151 and :- 2 100= 946 per cent in

This argument applies in a general wav during the periods when
the first two supplements were being fed.  After that period the P
balances on the hasal ration were decidedly less negative or even
slightly positive suggesting some ufilization of the 1" of the basal
ration or at least that the P present in the hasal ration was sufficient
to keep the animals in equilibrinm with regard to P,

It must he noted that the inerease in the amount of basal ration
fed, resulted in an inerease of 1P ingested trom 2-41 1o 3-74 gm.
This quantity was appmrently sufficient to keep the animals in
equilibrinm with regard to PP as reference to the tables indicates,

Incidentally it may be mentioned that the total retention of D
during the periods of supplying the phosphate supplement, shows
Little difference in spite of a smaller quantity of 1 heing supplied
in the supplement, o fact which again suggests 100 per cent.
utilization of the supplementary I or increased utilization of the P
present in the hasal ration compared with that durving the period
of no supplementary feeding.

In vegard to the retention of Ca as presented in Tables 2 and 3
it is surprising that the negutive caleium balances were so low when
the basal ration was the only source of Ca.  Furthermore, velatively
large quantities of (o were retained during the period of supple-
mentary feeding. So much so that it appears practically certain that

Average daily halance for 2 \\'(-l*ks) Average for weekis) prior to and
of supplementary feeding week after supplementary teeding
Supplement
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some (‘o of the basal ration was utilized while the supplement was
given, unless one assumes 100 per cent. utilization of the supple-
wenfary Ca.  For instance in case of animal No. 5164 during the
10th and I1th trial the percentage retention of supplementory Ca,
oy g o]
if only this fraction could be retained was i 4.:_,::‘]) Lg% 100 =97 -5.
This is an unlikely result and suggests that the Ca Lalance during
ihe teeding of the basal ration only, did not necessarily apply to the
period ol supplementary feeding. Nevertheless, in order to arrive
at o basis of comparing the percentage retentions on the availabilities
of P and Ca in the differeut supplements, it is assumed that the I’
and Ca balunces during the periods when only the basal ration is fed
do apply during the period immediately following that when ihe
supplement is fed.

For six weeks prior to the commencement of the experiment the
animals received a ration very low in caleium and phosphorus. Weeks
I and 2 reported in the balance tables, were carried out during the
Tth and Sth weeks respectively during which the mineral deficiont
ration was fed; a depletion of minerals from the skelefon was showu.

Young growing hovines approximately 16 months old whose
skeletons required econsiderable amounts of minerals to grow to
maturity were used. The total mineral intake did not exceed the
amount considered to be the optimal requirement for this type of
antmal but was well below it.  The supplement was only fed for 3
out of 5 weeks, the animals being on a very low mineral intake for
the remaining two weeks: thus reducing the average intake consider-
ably.,  Furthermore the fact that such high retention figures were
actually recorded, show that the positive balances probably do not
represent the maximum the animal was capable of storing at the
time,

Tasre IV.

Supplementary Phosphorus Retained.

- A, B. 1 3. E. | Mean.

161 | Istwesk..oneeiian 1-089 0-840 0-878 1-014 | 0-802 0-963
ned week........ o | 17083 "-931 - 839 -941 0781 0-915
Mean........ wwwwsw | BORG (- 886 0+ 859 0-978 0-837 0929

5164 | st week......... .o 0971 0-5829 0867 0-712 0946 (1. 1151

2nd week.ooovuuno.  0-920 0 0-797 0-774  0-955 | 0-758 0-841

MeaD oo winiives 0-946  0-813  0-821 0-834  0-852 0-853

Mean.... ! lst week...........  1:030 0+ 835 0-873 i)- 863 0-919 0- 904

Ind week....o.000.  1e0MI2 - 864 - x07 948 0770 - 878
Mean..oioviiveeees | 10016 | 0-849 | (-840 1= 906G 844 0801

* The Ist and 2nd week denotes the 2nd and 3rd week respectively of supplementary
feeding, i.e. the two weeks during which a mineral balance was determined on the supple-
mented ration.

The basal ration of the two animals was supplemented
suecessively with five different compounds of phosphorus.  As pre-
viously stated, each supplement was given continuously for three
weeks, during two of which the determinations were made. Between
the different periods of supplementary feeding periods of no-supple-
ment existed.
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It is possible, from the data collected, to determine the difference
in the retention of the phosphorus hetween—
(a) the different supplements:
(h) the two animals:
() the two weeks (i.e. after the animals had received the
supplement for one week or for two weeks respectively),
It was found from an analysis of the antmal variance that there
was only an indication of a slight varviation in the respective reten-
tions of phosphorus by the two animals, an indication which is not
borne out by a difference in the retention of Ca hetween the two
animals,  The conclusion is not justified thervefore, that any real
difference existed hetween the two animals with veward to their respec-
tive retentions of Ca and 1,
Inoorder fo study the relative retentions of phosphorus supplied
hy the different supplements, the following table must be veferred to:

Tavre IV (a).

1 ean f"rupnrhuu .raf f’hnx;})‘uu‘u.\- relained,

A . C. 1. E.
Di-Sid., V. Bowenesd, H. Bonwewoul, Mano- Am. DiCal.,
phosphate. Phosjhate. prlicas planfe
=016 (IR K] ES# 1] LRI 0844

Mewrn prree i u\," ,uf;uxphurux st ined,

1ol -4 LE ! 840 EUTR LS|

When the differences hetween the two means were compared by the
t-teests (Fisher, 19:95), 1t was found that A appeared to be greater than
B, C and E, while all the other differences were insignificant.  The
relative decreasing order was @ -

A.D.B. Eand (.

The means for the two animals agreed very closely, being 0-878 for
hovine alG4,

From Tahle TV ) it will he seen that the phosphorus vetention
figures are excesdingly high. ranging trom 100 per cent. tor boue-
meal and dicaleinm phosphate. These high retention figures indicate
that the optimal phosphorus requirement of the anunals was not
excecded when these supplements were fed. The rvetention figures
could theretore he used as a weasure of the availability of the
phosphorus o these  supplements,  The  phosphorus of - sodiun
phosphate may he considered as fotally available whereas that of
mono-atmmoninm  phosphate,  the  two  honeweals and  di-caleinm
phosphate i< from 90-81 per cent,

It is remarkable that such high proportions of the phosphorus
in the phosphatic supplements fed, were retained by the animals,
as o matter of fact the differences in P oretention among the supple-
ments are insignificant compared with the high values obtained for
the retentions in the ecase of each supplement.  This observation
is of great practical significance because it sugwests that utilized
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supplements when given helow optimal quantities are significantly
better than is generally accepted. In the experiment under
discussion, it would have bheen interesting to compure the values
obtained with those at higher levels of intake of P.

The retentions of ("a are compared in table V helow.
Tasre V.

Supplementary Caleoom retained.

A. B. . 1. E. Mean.

B. 5151.. Ist week........... | 0-879 | 0-691 | (-822 1-:066 | 0:927 | 0-877
2ntd week o0 719 - fi54d N-898  0-084 | 0941 851

Moan:. v vasidisine 0-814  0-6388 | 0-860 1:025 0-934 () 8B4

B. 5164.. lst week.vuesroren, 0890 0699 L-066 | 0-982 0014 | 0:910
| 2nd week vis.rerss 0747 620 0829 1047 0947 0+ N5X

MBS 14000555 e 0:819 0660 0098 1:015  0-931 (- 884

Mean..... ]I R S (- 885 0- 695 644 1:024 | 0-921 )+ 804
2nd week . oo, 748 0652 0014 1016 944 855

BT L von oo by 0816 0-674 0939 1020 (932 1875

TasrLe V (a).

Mean Proportion of Caleivm retained.

Al B. {bF D. E.
Di-Sod, B. Bonemenl, H. Boneweal, Mano- Ammon, Di-Caleivm
phosphate, Phas phate. phosphate,
0-816 —0-674 0-939 1-020 0-932

Mean percentage of Caleium retained,
816 67-4 93-9 102-0 93-2

When the separate means for the different forms of supplement
are compared (by the t-tests referred to above) the retention of caleium
for the mono-ammonium phosphate, di-calcium  phosphate and
H. Bonewmeal periods was significantly grveater than for that of the
di-sodivm phosphate and V. Bonemeal periods.

The caleium retention when the different phosphate supplements
(plus caleium carbonate, where necessary) were fed, varied from
100 per cent. for mono-ammonium phosphate to 67-4 per cent. for
V. Bonemeal.

There is no correlation hetween the amount of phosphorus and
the amount of calecium vetained trom period to period hut the
propovtion of Ca retained was remarkably high in all the animals.

Faeperiment [ (h),

In view of the results of the preceeding experiment it was decided
to conduct similar investigations with two other animals in a similar
manner.  One from each of the three main types of phosphates,
namely (A) di-sodinm  phosphate, (B) di-caleinm  phosphate and
(C') bonemeal was selected for the purpose of the test.

303



ASSIMILATION OF CALCIUM AND PHOSPIHORUS BY THE GROWING BOVINE.

Animals.

Twoe Youny Half-yrade Herefords.,

Nea. Luitinl Age. Twitial Weight,
429 12 Months...oo.oovcnes S e AN s Alo b,
e Rl 12 Monthssqicicisimosannisisyasgasins T 175 Ih,
Ration.
Feed. Amount. Percentage Pum,  Pereentage’ Ca g,
52 Ca.
R D o ek v i S casmains . BRI B, 037 <ah U 23
FLB o svwywainrvvh s “25 K. 3G 10 240 =4t
Bloodmenl ooo.00 0 10 Kg. ] <11 <136 14
(FEoBnTaRd . oo sna v <ol g 4T 24 128 A
Balt Mixtware: Avocsoiseiaiia 245 gm. -
AN s i s w6 g — i — <%
litres ! -
Toran INrake.. .. 1-01 214

I'he gquantities given above were fed at the commencement of the
experiment but were increased from time to fime until finally the
animals received the following ration.

30 Kg. Samp.
-5 Ke. Tlay.
-3 Ke. Green feed.

-2 Ke. Blood weal,

25 gm. Salt mixture AL
The final ration contained about 2-0 g, Poand about 208 g, Ca,

The animals were kept tor five weeks on the basal ration hefore
faeces and urine were collected to determine the mineral halance on
the hasal ration.

The experimental animals were kept under the sime conditions
as those alveady  discussed while the same general rontine und
techmique applied.  Kach supplement was fed on three occasions in
the course of the experiment.

The result of the mineral halances are given in Tables V1 and
Vil

* Nore.—Salt mixtare A: NaHCO; — 100 gm., NaCl — 60 gm.. K80, — 60 gm,,
FesO, — 2:5 gm., MgiOH)y — 2-75 gm.
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Tasre VI.
Mineral Balanee (daily averagye).

Bovine 5429,
Supplement A = Na,HPO, + CaCO,i.e. 4-38 gm. P -+ 11-27 gm. Ca.
B = Di-calcium phos. + CaCO4i.e. 4:37 gm. P -+ 11:27 gm. Ca.
C = V. Bonemeal ~ CaCOgie. 4:59 gm. P — 11-28 gm. Ca.
Trial I

Intake. ‘ Outgo gm. P. Outgo gm. Ca. Balance.
Week Supple-

No.  ment,

gm. P.  gm, Ca. | Facces. | Urine. | Faeces. | Urine. gm. P. | gm. Ca.

|

| 0 1-01 2-17 1:49 0-03 1:27 051 | =145
2 0 101 2:14 1-29 004 . 1:47 0:32 | —2:06
3 A Rt 1340 1-75 006 B2 (IR} 378 08
4 A 559 | 13-38 1-32 007 | 10-22 068 4:20 248
o 0 1-01 2.2] 1-64 0-0a 3-34 118 | —0:68 | —2-3]
] 0 1:29 266 1-49 005 3-59 1:52 —0:25 ' —2:45
7 B 5066 13-86 | 1-69 004 09-53 065 3-93 368
¥ B 566 13-87 2:05 0-04 9-34 054 3:57 3-99
9 0 1-29 266 2-39 0-08 2-68 144 118 | —1-46
10 G 588 | 13-94 2-54 (1018 850 035 326 4-89
11 [ 5-88 | 13-95 3-40 0-05 5-09 066 2:43 4-30
12 (8] 1-29 2. 64 233 0-05 2-73 1-27 108 —1-36
Trial 11—
13 0 1-71 264 33 0-03 2-79 1-80 —0-49  —1-95
14 A 6:27 | 13-96 2-23 0-04 5-11 0-71 3-93 814
13 A 6-27 1390 2-44 0-08 555 0-77 3-74 708
16 0 1- 2- 6 2.01 0-05 2-03 2:24 | —0-35 1-61
17 B 5- 13-45 1-89 0-03 5-38 064 4-02 7-43
18 B 3t 13-43 213 0-05 7- Gt 057 376 5020
19 0 1- 2-67 2-13 004 | 2:48 1:47 046 —1-28
20 C 6:24 | 1344 1-89 | 0-05 | 528 073 4:30 0 7-43
21 iR 6:24 | 13-43 2.23 0-04 769 063 3-97 a-11
22 ] 1:71 2466 2-36 0-05 180 1-38 —0-68 | 052
Trial 11—
23 0 1-71 263 2:55 004 1-91 144 88 —072
24 A G:26 | 13-37 2:15 0-03 4-28 034 408 8:75
25 A 626 | 13-36 2:26 (004 630 064 3-06 642
26 (8] 165 266 2-59 004 4-28 1-22 ~0-08  —2.84
27 B ARG 1347 2-98 004 766 069 2-84 5012
28 B 5e86 | 13-49 3-06 (- 04 655 0-74 2.76 620
20 0 1-65 264 2-37 0-07 314 1-16 —0-T0 —1-66
30 0 613 13-44 3-42 0-08 G615 0-93 3-63 G- 36
31 (& 6-13 | 13-40 2.79 0-05 7-28 -t 3:20 G4
32 0 1-65 2-63 2-56 0-04 309 1-97 —0-95 | —2:43

305



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE,

Tasre VII.
Mineral Balance (daily average).

Bovine 5436,

Supplement A~ Na,HPO, 4 CaCOy e, 458 gm. P o 11+27 gm. Ca.
B = Di-caleium phos. — CaCOyie. 4-37 gm. I 4 11:27 gm. Ca.

{6 V. Bonemeal - CaCOyie. 425 gm, P o 1128 g, Ca.
Trial 1—
Intake. Outgo gm. P, Outgo gm. Ca. Balance.

Week Supple-
No.  ment.

gm. I | gm, Ca. Faeces. Urine. Faeces. . Urine. | gm. P. | gm. Ca.

1 0 101 2. 1-42 0-03 2+11 1+31 44 0028
2 0 101 2: 1-53 0-05 2420 111 —-57 —1-22
3 A HhY 13 I+ 26 007 750 (150 426 46
4 A 559 13- 13 0-07 830 (-89 4-13 4-30
5 0 101 2: 1-6 0-03 | 2-48 1-78 —0-66 = —2-07
[ 0 1-29 2.6 Z- 0-05 | %08 1-52 088  —1-91
7 B he 13- 243 0-15 s 18 0-71 3-24 497
b B 506 13- 2 0-04 9-96 (IR 314 3-20
9 0 1-20 2. f 0-04 3-82 1-73 —1-10  —2-80
10 C 588 13+ z 0-03 7-06 (IR 3-34 629
1% C i-88 13- 3-62 0-04 8-02 -84 322 4-10
12 0 1-29 D 2-32 005 301 1-a6 —1-08 1-91
Trial 1f—
13 g | I 2.64 107 0-04 308 a0 —0-30 144
14 A 626 1388 2412 0-04 4-93 0-57 4-10 848
15 A G+ 26 13-93 244 - 04 474 044 3-78 875
16 0 1-71 2445 2-02 0-03 2.29 1:71 0-34 | —1:35
17 B 503 13-47 1-91 0-03 706 0-50 3-99 281
15 B 5-93 13:44 205 0-04 6= 50 030 3-84 =58
149 (4] 1-7 268 1-97 0-03 2.6l 0-490 -0-29 0-83
20 ¢ 624 13-44 1-87 004 256 0-37 4-33 [igY |
21 3 2 6-24 13-41 1-91 0-035 fi- 08 130 4-28 703
22 (] 1-7 2-64 1-35 0n-03 1-98 154 0-33 —0:88
Triad 111
23 0 171 265 1-73 01003 207 154 —0+05 | =l
24 A G-26 1330 1-90 | 004 7-38 0-47 4-32 Dl
25 A G-26 | 13-38 1- 0-03 7-14 0-45 4-34 5
26 0 164 265 2 0-04 4-54 (] 1-04 3-
27 B 086 1344 s 0-04 760 071 3-25 A
28 B 506 13-45 0-04 - 656 050 3:32 -2
29 0 1-65 263 0-03 318 0-74 —0-70 1-2
30 & 613 1344 0-04 8-78 034 2-84 4.8
31 C ti-13 1342 0-03 6-22 0-42 4-07 (i
32 0 1-65 2 0-03 4-30 0-44 —0:57 | —2+
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Dhiscission.

The conduction of this experiment was identical with the
previous one, except that the treatments and observations were
repeated in three consecutive trials, making the data collected con-
siderably more reliable and conclusive,

A statistieal anualysis of the vesults indicates that the retenion
of the phosphorus of di-sodivn phosphate appears to be greater than
that of V. Bonemeal while the retention of the phosphorus present
in di-caleinm phosphate i< not significantly different from that of
either di-sodium phosphate or that of V. Bowemeal.

Tavre VI ().

Mean Proportion uf Phosphorus vetained,

i B. Cs
Di-sd i phos phate Diccales phosphate. 1. Boweweal,
1012 1)- 965 1642

Perecntage retentiom,
1 -5 14-23

Tavre IX (a).

Mean Proporvtion of Caleivn retained.,

Ay B. 2
Di-sadivem phos phate, Di-vale. phos phate. V. Bonemenl,
- 738 1 B55 1 65

Pereenluge rvelention.

T34 55 i3

When the means for both animals and the three trials are taken
the retention in the three supplements showed small variations as
will be seen from the above table,

Remarkably high phosphorus retention figures were obtained for
all three supplements.

As in the previous experiment the phosphorus of  di-sodium
phosphate was apparently completely retained,

Pertods of maximum vetention of phosphorus were not necessarily
periods of maximum retention of caleium,

Both animals were consistently on a necative phosphorus and
caleium balanee during the periods when only the basal ration wis
given.  Apparently therefore the availuble ' and (o of the hasal
ration was definitely helow the maintenance requirements ot the
animals, while ithere is always the probability that what little P
there was tu the basal ration viz, 1-01 gni, was not necessarily inoan
easily available forniy this view ix stvengthened by the high propor-
tion of P voided in the faeces.

The consistent loss of Ca and I from the hody during the periods
when no Hil|l|]]l‘1]!0]ll- was ted 1.e. when active I't~.~a|:|'|:tim1 ol skeleton
took place. reveals that favourable conditions existed for maximum
absorption of Ca and P during the periods when supplement was
supplied, ax the animal, starved for Ca and P, is obvionsly in oa
better position fo retain these minerals than when the hody is not in
dire need of them.
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The practical significance of this observation is important for
it suggests that the greater the neeld of the animal for minerals the
more ceonomical use is made of the supply. T oother words completely
satisfyving the mineral need of animals need not necessarily be, and
probably is not, the mosi profitable way of feeding minerals under
practical conditions,  Furthermorve, this observation throws light on
the observation frequently nede vize that the stockman who feeds
approximately halt the phosphate requived hy his stoek kept on P
deficient pasture obtains well over that proportion ol profit obtained
by <atisfying the total reqpuarements. 1 a daily sapplement of 3 oz,
bonemeal per head produces o gain of 150 1h, in weight over 12
months then 15 oz, will produce well over 75 The ¢du Toit and Green,
19500

The extraordinary high retention of 1P contaimed in the supple-
ments given, was highly favourad by the low level of PP intake and it
would appear that whatever the digestive system converted into an
absorbable Form was absorbed and utilized: in the case of the water
soluble sodinm phosphate all waos appavently absorhed and retained
and even of the comparatively insoluble di-ealeiuvm phosphate and
bonemeal very Hittle was not digested and utilized by the animal.
There was a tendency for the faceal I oto inerease during the periods
of feeding bhonemeal and di-caleium phosphate, aganin sugeesting that
the sheht difference in retention between these two supplements and
di=sodimm phosphate was merely incomplete conversion of the former
two substances into soluble and absorbable entities. 1t would he
interesting to determine whether the difference 1o retention remains
almost neglible at higher levels of supplementary intake.

Eoeperiment 1 ().

It was clear from Experiment T (5 that there was no difference
in the efficiency of the caleinm and phosuhorus vetention of the two
animals when they were kept on the same level of mineral intake.
Therefore in order to determine the refention of the phosphorus at
different levels, the supplement for one animal was doubled.

A further trinl, using the same animals as in lxperiment 1 (h)
wits conducted in uxm-l|_\' the same wav, as in the former three trials,
to determine whether the levels of intake of the supplements affected
the retention of 1" and Ca sienificantly. 11 is realized that the value
of the results would he rnll.-ei-]t‘l':i‘il_\ redueed |l_\ |i|m'ill,',:' nll‘_\' one
animal on each of the iwo levels of infake hut as other suitable
animals were not available at the time and as these two animals
showed no significant difterence in ntilizing P oin the previous experi-
ment, it was hoped that the vesults might produce indication, possible,
of what could be expected,

A period of eight weeks elapsed from the end of the previous
experiment and the commencement of this one. The animals were,
however, kept under the same routine of feeding. At the end of the
previous experiment the animals received for three weeks the same
supplement of phosphorus in the form of V. Bonemeal as during the
trinls.  For two weeks no supplement was fed, followed by three weeks
of V. Bonemeal supplement. The animals were then fed the basal
ration only for two weeks, duving the laiter of which facees and
urine  were  collected, this lil'ill,‘_" the first week recorded in this
experinent.
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Discussion.

The mean proportion of P and Ca retained by the two animals
are presented in Table NXVIII and a summary of the data in
Table XIV. Animal No. 3129 received 4:5 gm. P and 11-15 gm.
Ca and No. 5436 8-9 gm. P and 22-3 gm. ('a in their supplement,
Di-sodium phosphate, di-calcium phosphate and V. bonemeal were
fed durings periods A, B, and (' respectively.

TasLe x1v.

Supplement. A. B. C.
Bovine =
No.
P, Ca. P, Ca. B, Ca, P. Ca.
L bl 445 11 08-1 712 97-3 703 91-3 628
S436........ s8-8 22.3 841 044 852 47-0 83-0 445
|

A glance at Table X1V reveals a remarkably high retention of
Ca and P by both animals. TFurthermore there was no significant
difference between the retention of P or Ca for either animal when
the supplement was given as di-sodium phosphate or caleium phos-
phate or V. bonemeal. Tt would appear, therefore, that these
animals were able at both the levels of intake to ** digest 7, absorb
and retain these two minerals equally well whether they were sup-
plied as the water soluble di-sodium phosphate or the relatively
mmsoluble di-caleinm  phosphate or V. bonemeal.  This result s
remarkable and tends to strengthen the inference made in the
discussion of the last experiment viz. that the phosphorus contained
in di-sodium phosphate, di-caleium phosphate and in V. bonemeal
could be regarded for practical purposes as being made equally
available to the animal body during digestion.

The retention of hoth Ca and P was reduced at the high levels
of intake; P decreased from approximately 95 per cent. retention to
84 per cent. and Ca from about 70 to 45 per cent. There is the
possibility of course that the higher level of mineral intake exceeded
the mineral requirement of the animals and that the reduction in
retention was due to the elimination of the P and (a present in
excess of the requirement. In that case appreciable differences in
the availability of P or Ca in these supplements fed might be
completely masked by the excess present, unless, of course, the
product was so poorly available that the P or (a provided during
absorption did not satisfy the requirement of the animal. The
supplements fed showed only slight differences at the lower level
of intake and indicated therefore that the P and Ca they contained
were approximately equally available to the animals at that level.
Furthermore, the higher level at which both P and Ca were fed is
certainly not less than that accepted for the P and Ca requirement
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for the type of animal used, and one is forced to the conclusion, that
the reduction in percentage rvetention at the higher level ot intake
1s mainly due to the elimination of the Ca and I’ present in excess
of the guantities required by the animals, and not necessarily to
the inavailability of these minerals in the products fed. As a
matter of fact a true picture of the availability of Ca and P present
in different products cannot be obtained when the latter is given
al lt-\'tl‘l.-i that are in excess of the I‘L'quirclllvtlts of the v.\|lt.‘l’inlelllul
aninals,

Suwmmarizing the results obtained in the experiments on the
availability of P in di-sodium phosphate, di-calcivm phosphate and
bonemeal one is struck by the remarkably high rvetention of P ai
the lower level of intake of I’ viz. 4-5 gm. Over 90 per cent. I’ was
retained in the animal body, while even when the intake of P was
doubled, which probabiy slightly exceeded the P requirements of
the animals more than 80 per cent. of the P ingested was retained.
Sodium phosphate appeared to possess a slight advantage over the
other phosphates in that in two experiments slightly more of ifs
P was retained than of that given as di-caleinm phosphate and as
bhonemeal; in the third experiment where only one animal was
used no difference existed between the quantities of 1" retained when
di-sodium phosphate or di-calcium phosphate was fed.

V. EXPERIMENT II.

THE UTILIZATION OF CALCIUAM AND PHOSPIIORUS BY BOVINES ON RATIONS
CONTAINING DIFFERENT LEVELS OF MINERAL INTAKE WITIL A
CONSTANT CALCITM TO PIHOSTITORTS RATIOL

Animals : —Ten half-grade Friesland steers of the following ages
and weights were used in this experiment.

At commencement of experiment: 24.6.33,

i Bovine Age "
Group. S mnrhhs. | Weight.
Ib.
B e e ety S g DR DL L oo o e e 4712 17 821
| 3478 £ 800
T o 5 S S R SR A A s 3480 18 | 82
3465 18 67
EEE canushs s assmnine et tn F ass s weel Srm e e 3464 18 798
3467 18 81K
B b b e b el e e S R e e 3454 18 Ta6
RE BT I8 836
Introduce d into Kxpt. 9/7/34.
¥ o e R R R R R B 5430 12 450
=1 12 400

The animals were divided into five groups of fwo antmals each.
Group V was introduced into the experiment 124 months after the
I ¥
commencement,

514



J. 8. OTTO.

Ration of Groups 1-1V.

Boarige |
Feed, Amount. Percentage P gm. Fere ?“mg‘. Ca gm,
P = Ca. =

SRR s SR A s e e 35 Kg. 030 ‘ 1-37 071 ‘ 25
1 P N RO =g 12 Kg. | 105 1-26 297 356
i T N R, +24 Kg. 808 | 1-9%4 ‘ 820 197
sy R - 10 litres | — — | ol
Sodiom chloride ............. 15 gm. | — | — - -
Total mineral intake......... | — ‘4-5’:‘ gm, P’ and 6-38 E.l!ln. Ca. ‘

Three months after the commencement of the experiment -5 Kg.
green feed was added to the ration. Towards the end of the experi-
ment, i.e, from the 22nd month onwards the basal ration wus
increased to 4-5 Kg. samp, 2 Kg. hay and meatmeal was substituted
for blood meal. The total mineral intake wus not affected by these
changes.

The four groups of animals were given the basal ration for six
weeks, the mineral balance being determined on the ration during
the last two weeks. The supplements were then given continuously
until the end of the experiment.

The following Table shows the amount of caleium  and
phosphorus which was added as di-caleium phosphate and caleium
carbonate to the hasal ration of each group.

Tasrne XV,

Caleiume and phosphorus added to basal ration.

Basal Ration, Added, I Total Intake. | l:!l;:t:

Group. - e EE———— -

- y oo > "ok > Ca: P

Cagm. Pgm. ! Cagm. Pgm. Cagm. Pgm. catin:
Leean i 632 451 914 349 1546 ERL 193:1
1 B R TN s 632 451 | 521 | 1-28 1153 85 | T-9%:1
| 1 T | 632 406 15810 1:28 24-42 383 4-18: 1
| G, LISy ti-32 4-04 2-38 — 570 454 1:02:1
e S S 2-14 -0 - — 214 1-01 2:1Z: 1

From the above Table it will be seen that the ('a I P ratio of
groups I, IT, IV and V was about 2:0 : 1, whereas for group 11,
the ratio was 4 1, the level of phosphorus intake being the same
as that of group I1.
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ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

At a later date group V was included in the experiment in order
to determine to what extent bovines could utilize the caleium and
phosphorus of a ration containing a lower mineral content than
that supplied to group IV.

Ration of Group V.

Percentage Percentage

Feed. Amount. P. P gm. Ca Ca gm.
L R Y [ 1-50 Kg. 037 | 56 | 015 | -23
1 1 3 R e P E 25 Kg. 039 10 240 60
Blood mesl....sviiinavinsis -10 Kg. -109 =11 136 14
Green feed....ovivoiioiinuia -50 Kg. 047 | 24 <128 64
WBERR . . ciiss o v Buaicnnn b4 ~ 10 litres | = = | = .
Salt mixture A.............. 15 gm. - | — = | .
Total mineral intake......... - - 1:01 gm. P and 2-14 gm. Ca.

The ration of group V was the same as that given to bovines
2429 and 5436 in Experiment T (b). As in the latter case. the
samp, hay and blood meal was finally doubled. Tt thus became:—

30 Kg. Samp.

<
[ |
=

. Hay.
0-2 Kg. Blood meal.
0-5 Ke. Green feed.

15 gm. Salt mixture A.

The Ca : P ratio under the above conditions showed a slight
alteration, but it was decided not to add minerals to the ration in
order to bring the ratio nearver to 2:0 : 1.

I'n both animals of each group the mineral balances were deter-
mined (commencing with group V at the 15th month of the
experiment) for one week monthly, the caleium and inorganic
phosphorus content of the blood being determined at monthly inter-
vals.  In the case of group V the plasma phosphatase was also
determined at the above intervals. The body weights and detailed
results of the balance trials ave given in the appendix in Tables
XXIV to XXXIV which have been summarized in Table XI1X.
The P and Ca of the blood and bone analyses are given in Tables

XVI, XVII and XX respectively,
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ASSIMILATION OF CALCIUM AND PIOSPIHORUS BY

Taprr XVIII.

Plasma Phosphatase in Bodansky Units.

Month of Experiment.

TIHE GROWING BOVINE.

Bovine.
22 23 24 25 26.
BB R R 5:2 48 G4 G5 N0
i SRR e S get 6-8 8:2 8.0 10-9 11-3
Taprr XIX.
Mean Daily Mineral Intake and Retention in gm.
(Swunmmary of Tables XXIT to XXNX/1.)
Phosphorus. Caleium.
Group: | Animal. |- Time on E!EPH'ITH(-'Iital =
ration.
Intake. Retention. Intake.  Retention.
| 4712 5-34 442 3rd-25th month expt. 16-36 636
3478 8-59 4-57 3rd-13th month expt. 16-35 7-19
& 3480 383 247 Ard-25th month expt. 12-04 3-67
3465 6-42 2-14 Ard-12th month expt. 12-62 4-13
i R 3464 5-48 203 3rd-25th month expt. 2409 5-09
3467 379 218 drd-18th month expt. | 24-42 4:23
LN 3454 480 1-20 3rd-10th month expt. 8- 06 2.49
3456 3-64 1-07 3rd-25th month expt. 794 1-78
V. 2430 168 —0-11 15th-26th month expt.  2-70 1h-54
5431 168 ~0-05 15th-26th month expt. 270 —0-35
Discussion.

From weeks Nos. 1 and 2, in the mineral balance tables it will

be seen, that the animals of groups I to IV while receiving the basal
ration (without supplements) reacted uniformly with regard to the
retention of caleium and phosphorus.
caleium balance, while the phosphorus balance varied from slightly
negative to slightly positive,
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ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

Group 1, Bovines 4712 and 3478.

The average daily mineral intake of this group was 8-47 gm. P
and 16-36 gm. Ca.

The monthly weights of the animals of group I (Table XXIV),
indicate that the basal ration permitted neither maximum growth
nor the putting on of extra fat. The animals ate greedily, readily
finishing their ration and licking their troughs. If they had been
given food ad lih. they would certainly have eaten much more and
gained considerably in weight. The food infake was limited by the
group showing the lowest consumption.

During the first twelve months of the experiment the average
gain in weight was just over 200 1b. At this stage bovine 3478 died
of acute haemorrhagic gastro-enteritis. Bovine 4712 gained 250 1h.
from the 14th 1o the 26th month of the experiment,

The Ca : P ratio of the ration may be considered as optimal for
growing cattle.  The phosphorus contained in the ration was well
utilized, the average daily retention being 4-5 gm. 17 or 53 per cent.
of the total intake, while G:7 gm. Ca, that is, 41-H per cent. of the
caleium was retained.

The inorganic phosphorus and the caleium content of the blood
remained within normal limits while the blood caleinm values are
of no significance in this experiment. The inorganic phosphorus
values suggest sufficiency of P in the ration. It must, however, be
pointed out that over 40 per cent. of the total phosphorus of the
ration was given in inorganic form which was highly available.

From Table XX it is seen that for each of the four bones
examined, the green weight and the percentage of dry-fat-free hone
were greater, while the percentages of water and fat were less in the
bones of group | than in those of any other group. As the specific
gravity values of the bone fluctuate no definite conelusions can he
drawn from then.

With the type of machine used, it was exceedingly difficult to
keep the femurs and humeri in the required position while
determining their breaking strength and the values uﬂltaillell cannot
be regarded as presenting a true indication of the breaking strength
of these bones. The metacarpus whose shape prevents undue slipping
was found to be most suitable for this work.

The metacarpus of the animal of group 1 registered 3,740 1b. per
square inch over a six inch span, this figure being considerably
higher than that for the same bone in any of the other groups.

The proportion of ash in the drv-fat-free bone shows its highest
values for the bones of group I, the percentage of ash of the
metacarpus, rib, humerus and femur being 67-1, 62-0, 64-9 and 65-5
respectively,

The calcium and phosphorus content of the ash, of the different
bones of the animals representing the different groups remained
practically constant, the Ca : 1” ratio of the ash oscillating very
closely round 2-2 : 1, '
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The most striking variation was obtamed when the percentage
was caleulated on the green weight of the bones. This valne was
considerably higher for the bones of group I. Of the metacarpus
almost half and of the femur, humerus and rib one-third of the green
bone is ash.

Group 1l, Bovines 3480 and 3465.

The average daily mineral intake was 6G-13 gm. I and 12-35 gm.
Ca.

The animals of this group reacted disappointingly. At fimes
they lost appetite, leaving some of the basal ration. During the 13th
month of the experiment Bovine 3465 became suddenly sick and died
of renal ecalculi. During the Gth month of the experiment Bovine
3480 became sick and did not recover completely before the 11th
month. At that time there was no steer of the same age available on
the station fo replace it, and there was no alternative but fo continue
the experiment with only this animal in group V.

It decreased to its initial weight during the time it was sick.
After recovery from the 11th month onwards it consumed its full
ration satisfactorily and for the last twelve months of the experiment
it gnined as much in weight as the animal in group 1 for the same
period.

The average daily retention of calcium and phosphorus for the
total experimental period was 3-9 egm. and 2-3 gm. respectively,
being 31:8 per cent. of the caleium and 375 per cent. of the
phosphorus intake.,

The inorganic blood phosphorus values leave no doubt that the
phosphorus intake and, consequently, the retention under these
conditions were below the optimal requirement of the animals. The
blood caleium values remained normal, being in the vicinity of
11 mgm. per 100 c¢.c. blood,

The weights of the green bhones of the animals in this group
compared favourably with those in group I. The percentages of
water and of fat in the hones were definitely higher, while the
percentages of dry-fat-free bone and of ash were lower than those of
group I. The breaking strength of the metacarpus registered more
than a thousand pounds less, and the percentfages of ash were about
G per cent. less, than in the previous group.

Growup 111, Bovines 3464 and 34067,

The average daily mineral intake of this group was 24-26 gm. Ca
=] - bl 1 o

and 5-64 gm. P, with a Ca : P ratio of 4-18 : 1 which was double

that of any other group.

During the fourth month after commencement of the experiment
these animals suffered from loss of appetite to such an extent that
Bovine 3464 affer eight months weighed almost the same as at the
beginning.  During the second half of the experimental period the
appetite improved and the animal gained in weight. Bovine 3467
behaved slightly better, but it unfortunately died of anaplasmosis
after 18 months in the experiment.

321



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

The average daily retention was 2-1 gm. P> and 4-6 gm. Ca, being
37-2 per cent. of the phosphorus and 19-2 per cent. of the calcinm of
the ration.  Both these animals showed about the same retention of
phosphorus as the previous group, but a slightly higher retention ot
caleium,

The inorganic blood phosphorus values of about 3-5 mgm. per
100 c.e. were below normal, indieating that a daily retention of
2-1 gm. I’ was insufficient for growing bovines.

The fact that the inorganic blood phosphorus values of this group
were slightly lower than those of group 111 may indicate that the
mereased addition of caleium carbonate to the rations of group [TI
had o detrimental effect upon phosphorus metaholism.

There 1z hardly any difference in the chemical analysis of the
bones of the animals of group 1T and group 111 in spite of the more
favourable ratio of Ca : P in the former group. The breaking
strength of the metacarpus of group 11 was slightly higher than that
of group 11,

Group 11, Borines 3454 and 3456,

lht’ llclll\' ration ﬂf thl.‘\' n‘_’l'l)“l) "”ntdln(‘tl 5 B ;-"1“- (.“ illlll 4 T
&m |).
Lol .

Bovine 3454 ate very well without showing any signs of loss of
appetite. It gained 127 1b. during the first eight months, this being
equal to the weight inerease of the animals in group I.

The average daily retention of Bovine 3454 was 2:49 gm. Ca
and 1:20 gm. P, this being 278 per cent. and 25-0 per cent. of the
total intake respectively. The Ca : P ratio of the minerals retained
was 2:08:1. Unfortunately this animal had to be destroyed in the
10th month of the experiment, ou account of a fracture of the femur.
Lts inorganic blood phosphorus at this fime showed signs of a
phosphorus deficiency in the ration.

Bovine 3456, the surviving animal, went off feed almost at the
heginning of the experiment and could not be induced to consume
the full ration. Therefore the samp of the ration was reduced to
2-5 Kg. and the hay to 0-7 Kg., giving an average daily intake of
364 gm. P and 7-94 gm. Ca. The average daily retention was 1-14
am. P and 2-14 gm. Ca, or 27 per cent. and 25 per cent. of the total
intake respectively. The Ca : P ratio of the minerals retained was
[-88 1 1. Owing to the reduced vation, this animal gained only
50 Ih. in weight for the entire experimental period.

The inorganic phosphorus of the blood soon dropped helow 3
mgm. per 100 c.c. and remained at this level. The calcium content
of the blood was not influenced by the low level of mineral intake
but remained normal.

The green weights of the hones were on the average slightly less
than those of the other groups. Caleification, however, was very in-
complete, more so than in the three previous groups. IFor each of
the four hones examined in this group, the percentage of water and
fat was high, while that of the dev-fat-free hone was low, the specific
gravity also being low. The metacarpal break registered 1,680 1h.
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per square inch, being about 1,000 1b. lower than that of group 11,
and about 2,000 Ib, lower than that of group I. The percentage of
ash in the green femur, humerus and rib was just over 20, as against
30 per cent, for that of group I. The percentage ash of the green
bones of the last-mentioned group ,was 1} times that of group 1V.

Group V. Borines 5430 and 5431,
Average daily mineral intake: 1-G8 cm. 1" and 2-7 gm. Ca.

These two animals were given a basal ration as low as possible
i Ca and . The total daily P and Ca present was ouly about 1-6
gm. of each. Hence it 1s not surprising that those quantities were
inslu’rﬁvimlt for maintenance as reference to Table XXXII will
indicate,

These animals were in negative caleium and phosphorus halunces,
and only after about seven months did their balances gradually
become slightly positive. The average mineral balance for the entire
period, however, was negative for both animals. The inorganic
blood phosphorus showed that these animals were suffering from
severe aphosphorosis, the blood phosphatase values in Table XVIII
further indicate a disturbed calcification of the bones.

Althongh the animals consumed the whole ration and appeared
to be in good health, they gained only about 200 lb. each, during
the 13 months in which they were in the experiment. It is, however,
doubtful whether they would have consumed more of this mineral
ration, if the quantity had heen inereased,

At the end of the experiment one animal, viz, bovine 5431, was
destroyed, and hones collected for analysis. The green hones weighed
considerably less than those of the previous groups, which could not
be regarded as suitable controls on account of the remarkable
differences in age between group 5 and the others.

Except for the femur the specific gravity of the hones was very
]U\“.

The breaking strength of the metacarpus registered only 1,250
Ih. per square inch. The percentage of dry fat-free hone, its per-
centage ash and the percentage ash of the green hone were low,

General.

Before the animals were placed in the experiment, and fed the
hasal ration, which was defictent in hoth ecalcium and phosphorns,
they had adequate minerals to supply the tissues with their normal
requirements,  With the change to the mineral deficient rations, a
state of negative caleium and phosphorus halance ensned, the mineral
intake sinking below the level of excretion, resulting in a direct loss
to the tissues,

The addition of supplements to the hasal ration resulted in a
moderate retention of the minerals in group I.  As the levels of
mineral intake were decreased below ihe optimal requirements
(groups I1 to V) the total retention decreased, those animals at the
lowest level of mineral intake (group V) heing in neeative halances.
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Less efficient retention of the minerals was observed in Experi-
ment I (C) at the higher than at the optimal level of mineral intake.
In this experiment the efficiency of retention of the mineral decreased
as the mineral intake was diminished below the optimum. In both
experiments the maximum percentage retention was found at the
optimal level of mineral intake.

During the periods when only the basal ration was fed and in
the group at the lowest level of phosphorus intake, over 50 per cent.
of the total calecium consumed might be excreted in the urine. It
was noted in group V (deficient Ca and P) that as the calcium balance
eventually became positive the caleinm content of the urine decreased.
The urine always contained minimal amounts of phosphorus, irre-
spective of the level of intake.

As the level of mineral intake was lowered from group 1 to
group V the inorganic phosphorus of the blood decreased. The values
of the animals of group I alone may be considered as normal, whereas
those of bovine 5431 (group V), finally decreasing to the low level
of 1:6 mgm. per 100 ¢.c. blood indicate that this animal was suffering
from severe aphosphorosis.

The blood caleium values remained normal irrespective of the
level of mineral intake.

The animals of group I, fed adequate minerals, consumed their
full rations, eating greedily, but as the level of mineral intake was
lowered loss of appetite became significant in groups 1T to IV.

In group V, fed a reduced ration and in experiment for only
13 months, symptoms of anoxeria were less pronounced.

The results obtained from the bone studies show that the level
of mineral intake had a marked effect upon the breaking strength
of the metacarpus, the percentage of dry-fat-free bone, its ash content
and the percentuge of ash in the green bone. It is apparvent that the
caleium and phosphorus content of the ration may serve as limiting
factors in bone caleification, gravities, and the breaking strengths
of the femurs and humeri,

Bovine 5431 of group V being younger and weighing less, the
green weights and measurements of its hones were, as expected,
smaller than those of the other groups.

~ The findings of the histological examinations of the hones are
discussed in a paper by Theiler ef al (1937).

From a critical study of the results obtuined in this experiment
it would appear that the animals in group I, receiving daily 8-5 gm.
P and 16-4 gm. Ca received an adequate supply of these two minerals,
A reduction in P intake to approximately 6 gm. whether the Ca be
reduced proportionately or not, caused relatively poorer utilization
of P: whereas 4:5 gm. P was retained when 84 gm. was given,
approximately 2-3 gm. was retained when about 5-8 gm. was
supplied. The ratio of ("a to P was apparently withont significant
effect on the retention of P. Group IV received no supplementary 1.
Approximately 4 om. was present in the basal ration, of which about

324



Jo 8. 0TTO.

half was retained. A reduction of P in group V to 1-68 gm. hrought
about a continual loss of P from the hody. It is remarkable that
growth could have taken place at all under these condifions.

The percentage ash of the hones affords an excellent index of the
degree of calcification. This figure vavied from 44-1 per cent. for
the metacarpus of the animal receiving adequate Ca and P to 31-4
per cent. for that in the mineral deficient group. The breaking
strength of the metacarpus affords confirmatory evidence for the
conclusions based on ash determinations.

Tncreasing demands for minerals by the animals fed mineral
deficient rations may diminish losses by more economical re-utiliza-
tion of endogenous minerals and hence reduce excretion in the later
as compared with the earlier stages of the experiment and so abolish
a negative mineral balance.

VI. EXPERIMENT IIL

Animals.—For this experiment fwelve young Friesland heifers
were specially selected for uniformity of age and conformation.
They were divided into six groups of two each, as follows:—

Commencement of Erperiment: October, 1933,

Group, Bovine. Age, months,  Weight.
1h.

D o it Bt S b e e s e e F sk 5154 16 640
al6d 15 600

. O e 5155 16 580
ala7 16 270

B o paie wiospa i atine AR e 5158 16 a70
H154 16 620

IV compsrna s e s b s e S s al60 16 650
5161 154 600

e B R o e S P e T | 5153 16 670
5167 11} 510

Vil ccpwensnsunsmpsrenstsat s 5147 161 580
5149 161 570

Basal Ration.

At the commencement of the experiment these animals were
given a basal ration cousisting of :—

3-0 Kg. Fanko (maize endosperm).
-5 Kg. Hay.
- Ke. Green feed.
-25 Kg. Meat meal.

25 gm. Salt mixture A.

Rain water ad lib.
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This ration supplied 4 gm. P and 4-5 gm. Ca. Six weeks atter
the commencement of the experiment two consecutive mineral
balances were determined, being weeks Nos. 1 and 2 in the mineral
balance tables.

After these mineral balances had been determined the rations
of the animals were supplemented with di-sodium phosphate and
caleium carbonate aceording to the following table: —

Tanre XXI.

Basal Ration. Supplement. Total Intake. Ca: P
. Bovine ratio of
Groug. No. total
Cagm. Pgm. Cagm.,| Pgm. Cagm. | Pagm. | intake.
: T 4-52 4-02 | 184 7-0 23 .93 11-02 208 + 1
4-52 402 15-4 70 2 - 1102 2:08 : 1
; O 4-52 4-02 18-4 —_ 229 4-02 572 ¢ 1
4-52 402 15-4 —_ 291 4-02 5:72 s 1
1 1 SRR 4-a2 4-02 40-0 — 44-52 4-02 -1 : 1
452 4-02 400 — 4452 4-02 1l-1 =1
4:32 | 402 — | = 4:52 | 4-02 1-12 ¢ 1
4-52 402 - —_ 4-52 4-02 L]z i)
G, GRDEEE 4-52 4-02 401 70 44-52 11-02 4:04 ¢ |
4-52 4-02 400 70| 44:52 11-02 404 ¢ 1
VE:wwie 4-52 4-02 — 7.0 4-52 1-02 0-41 : 1
S1449 4-52 4:02 — 7-0 4:52 11-02 D:41 : 1

From the beginning of the Sth month the basal ration was in-
creased and modified as follows: —

Tints -XXII:

Basal Ration.

Feed. Amount. P(‘[‘l'll?‘l“lgt‘ P gm X Nt(‘f:!lage] Ca gm.
I
’ |
TN a5 6 i i 40 Kg. 039 2-36 L-007 +29
BEA v s s S R -5 Kg. <105 -323 | ~-286 1-43
Orbam Fetidd s g paavan e -5 Ke. 0385 <192 | 070 | -85
Meat-Mealic;uvvinvamaissis 15 Ke. -5l 1-21 071 1-44
Tap watets; i eaiissiiia 4= 1) — — <005 <5l
litres
Salt Mixturs oo ciieiias 25 pm. —_ — ‘ — —_
Total Tntake..oovvviivonias. — — 4-20 — 403
gm. P gm Ca.
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The animals were given this basal ration for the rvest of the
experimental period.  Variations in water consmmaption and in the
analyses of the feeds coused slight variations in the mineral infake
of the animals,

From the 9th month onwards, i.e, seven months after minerals
had been added to the mtions, mineral balunee trianls were carried
out regularvly tor a period of one week every month, nntil the animals
were killed for the purpose of collecting the hones for chemieal and
histological studies.  The mineral halance of only one animal in
cach group is recorded, althongh frequently the mineral balanee of
both animals in any particular group was determined.  These analyses
are not reported as they were mainly nsed as o check.

The animals of groups 1L and T could not be indueed to con-
sume the full ration, those of group 11 being worse in this respect
During the first 14 months of the experiment 1t was often necessary
to reduce the ration of group Il to 2 Ke. samp instead of 4 Koo for a
week or two,  As soon as the antmals consumed the 2 Keo samp
ration satisfactorily, they were again eiven 4 Ko, From the 15th
mu:lnh onwards, however, it became necessary to feed 3 Koo sump
daily.

Eight months after the commencemeni of the experiment the
samp in the ration of group 11 was reduced to 2 Ke. A month
Later the total hasal wmtion was given for three weeks., when the
samp had again to be reduced to 2 Kg. at which level it remained
uniil the end of the experiment.

Bovine 5159 of group 1 died in the 1Hth month and hovine
A1GT of group IV in the 19th month of the experiment,

Bovine 5158, the surviving animal of group 1, was in a very
poor condition and consumed the decreased basal ration with dith-
culty.  In the ISth month of the experiment 107 g, PP as di-sodium
phosphate, was added to the basal ration, partly to save the animal
and partly in order to supplement the phosphorus lost in the 2 Ke.
samp by which the ration was reduced,

In group 1T <53 gm. P in the form of di-sodinm phosphate was
added 1o the ration of hovines 5155 and 5157, this representing {he
amount present in 1 Kg. of samp. by which the hasal rvation was
reduced,

The animals received these additions of phosphorus just after
they had been bled in the 183th month, that being approsimately
tourtecn days hefore the mineral balanee trial had to he condueted,
The supplementary phosphate feeding was discontinued after the
Bleeding at the beginning of the 21st month.

) Detailed results of the hulance trials are given in the appendix
in Tables XL-LI, a summury of which appears in Table XXITI1.

Tables XX XV-XXXIX representing the hody weights and values

tor blood caleivm appear in the appendix,
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Tase XXIII.
Daily Mean Mineral Intake and Retention.
Nwmmary of Tables NL to L1,

THE

GROWING BOVINE,

Percentage

Intake: 'M“"mp Balance. retention,
Group. Bovine, —— i:'ﬂ:u = ——?
Cagm. Pgm. ration. Cagm. Pgm, Ca. P
P LY 5154 22.91 | 10-49 | 2-18:1 | 6-69 | 6-38 | 42:3 624
| ) O — 3157 22.61 3-44 6-57 1 1 4-38 B 194 1.2
¢ 4 4 (. i i3 43-30 3-03 14-26: 1 | 10-58 <18 2444 224
I e b 5160 423 | 344 1-23:1 | 0-14 70 22.0)
S S153  45-00 1065 421 21 | 1478 S-31 328 4408
3 SR S48 4-14 ‘ 10:68 | 391 | 112 | 420 | 270 | 40-2
| | 1
Discussion.
The mineral balances as tabulated for the 1st and 2nd weeks,

when the unsupplemented basal ration was fed indicate that all the
animals behaved similarly.  They were in slightly negative C'a and
slightly positive P balances.  Negligible quantities of phosphorus,
but fair proportions of caleinm were eliminated in the urine.

As already stated the mineral halance of only one ammal in each
group has been reported. the same animal being killed at the end of
the experiment for the chemical and histological study of the hones,

Group 1. Bovives 5154 and 5163,

The average daily mineral intake was 22-91 g, Caoand 10-49
gm. P, of which bovine 5154 retained 9-69 gm. Ca and 638 gm. P,
being 423 and 62T per cent. respectively.

Both animals grew normally and maintained an excellent von-
dition throughout the experiment. the inorganic phosphorus, caleinm
and phosphatase contents of the blood remaining normal,

On the unsupplemented  basal vation these animals already
showed o slightly positive balance.  Furthermore the phosphorus of
di-sodinm phosphate has heen shown to he in the vicinity of 100 per
cont. available, awd as T g P oin the form of di-sodiun phosphate
was added to the vation, 62 per cent, retention of phosphorus seems
a likely value on the combined P intake,

Slightly less Ca than anticipated was retained, the rvatio of
Ca 2 P retained being 1:6 ;1 instead of the usually accepted 271
ratio.  Although it is impossible fo state from the halance trials that
these animals received enough I’ for their requirements, their weight
inerease, inorganic I content of the hlond as well as earlier work on
P requirement do suggest that such was the case.  The ratio n
which the P when compared with (ta was present also favoured maxi-
mum absorption.
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Each of the four bones analysed of bovine 5154 contained the
lowest proportion of water and fat and the highest proportion ol
dry-fat-tree bone. The ash content of the dryv-fat-free bones sugges
good caleification.  The ash content of the green hones varied from
344 per cent. for the humerus io 44-4 per cent. for the metacarpus,

The metacarpus of Bovine 5154 registered o hreaking pressure
of 2280 1h. per square inch over a six inch span, which is higher
than that obtained in all the other groups except group V.

tiroup 1. Borines 5155 and 5157,

Average daily mineral intake: 22-61 om. Ca and 3-44 om. P.
While the caleinm intake was kept af the same level as that of the
previous group, viz, 22-9 gm. Ca per day, the phosphorus level was
reidluced to 344 pm. P per day. This P was contained entively in
the basal ration. Shortly after the commencement of the experiment,
the animals of group 11 began losing their appetite and its was
necessary to reduce the samp of the ration from 4 Ke. fo 2 Kg.
per day and eventually increase it again to 3 K.

During the first couple of months while these animals consumed
theiv full rations, they gained normally in weight, hut on the
reduced rations they hecame thin and lost weight, fnally weighing
about 300 1b. less than those of group I.

Tu the Sth month of the experiment the exceedingly low inor-
ganic phosphorus value of 17 mem. per 100 c.c. blood was obtained,
showing that the animals of group Il were suffering from severe
aphosphorosis.  Af the beginning of the 13th month the phosphatase
content of the blond was 9-0 units (Bodansky) which is indieative
of disturbed caleinm-phosphorus metabolism,  Commencing on the
day after they had heen hled for the determination of the above
constituents, the animals of this group were given =53 gm. ' as
di-sodinm phosphate daily for a period of three months. The mineral
halance was determined a fortnight after the addition of the phos-
phorus supplement,

The addition of =53 gm. P 1o the ration of 1his group favourably
influenced the inorganic phosphorus and phosphatase contenis of the
blood. When the supplementation was discontinued at the heginning
of the 2lst month, this beneficial effect was lost. The amount of
phosphorus supplemented was, however, insufficient to relieve the
phosphorus deficieney and restore the blood constituents to normal.

Bovine 5157 vetained 4248 gm. Ca and <35 gm, P per day, heing
L0 per cent, and 10-2 per cent of the intakes respectively. The
exceedingly low phosphorus content of the vation adversely alfected
the vetention of the caleinm, which dropped to less than half that
of the previous group on the same level of caleinm intake.

It seems remarkable that so little P was retained in the hody over
the comparatively long period of the experiment as reference 1o
Table XLII in the appendix will indicate.  What new hone was
formed must have devived its Ca and P almost entively hy resorption
from the skeleton and substituting inferior hone,  The bone analysis
bears out this contention,
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The green bones of group IT were considerably lighter in weigh:,
the metacarpus and the rib being about ¥ of that of the correspouding
bones of group I. The percentage of dry-fut-free bone was from about
10-13 per cent less and the specific gravities slightly less than those
of group 1. The metacarpus registered a hreaking strength cof
1,800 1h. per square inch as against 2280 1h. per sguare inch for
the same hone of group I. The percentage ash in both the dry-fat-free
hones and the green bones was low,

The ration did not supply sufficient phosphorus aud only «
negligible quantity of that present could he utilized, wherens a con-
siderable amount of caleinm was vetained. The results of the bone
analyses illustrated clearly the abnormal ealeification,  Although
fhe ash content was very low its Ca ; P ratio remained normal.

The Ca : P ratio of the ration was too high and the level of
phosphorus intake too low to permit of sufficient minerals heing
vetained in the correct proportion for normal hone caleification and
general health of the animals.

Group 11T, Borines H158 and H154,
Average dailyv mineral intake: 43-3 gm. Ca and 3:03 gm. 1",

With the phosphorus content of the ration at fhe same deficies:
level and the ealeium content double that of group I, the debility
and loss of appetite of the animals were greatly aggravated.  Shortly
after the experimental ration had been given, these animals showed
siens of severe anorexia: l-m]:«'e:[lumll_\' the ration was reduced to
2 Kg. samp. Both animals showed stiffness and were in a very poor
general condition.  For the first couple of months, while on the basal
ration, they gained in weight. In the thivd month prior to the
feeding of the experimental vation, bovine 5158 weighed 630 1h.
which was also, in the 22nd wmonth its final weight. heing 160 1h.
less than the weight of bovines 5157 of the previous group.

The inorganic phosphorns and phosphatase contents of the
blood of group @11 attained the same abnormally low value as that
of the previous group. The addition of 1-07 gm. P in the form of
di-sodinm phosphate from the 18th to the 2Ist month, resulted n
a higher inorganie phosphorus and a lower phosphatase content thau
were obfained by the addition -53 gm. I’ to the ration of gronp I1.
These vesults suggest better caleification during that period in group
IIT than in group 11, which is confivmed hy more favourable reten-
tion of P during that period by the former group than hy the latter.

The 1-07 gmi. P supplemented had no lasting effeet, for when the
supplement was discontinued, these blood constituents returned fo
their former values.

The average daily mineral retention of hovine 5158 was 1058
gm. Ca and -68 gm. P, being 244 per cent and 22-4 per cent. of
the intake respectively.  As in group IT a high proportion of caleinm
was eliminated in the uwrine. In view of the fact that the Ca : P
ratio of bone ash remained |n':u"tit‘n]l_\' constant, the data obtained
do not permit of explaining what happened to the relatively large

330



J. S. OTTO.

amount of calcium which was retained by the animal. The animals
of group III drank almost double the amount of water inbibed by
the other groups.

The form in which the phosphorus appears in the ration 1s
undoubtedly of great importance for, during the three months from
the beginning of the 18th to the beginning of the 21st month, when
1:07 gm. P in the form of di-sodium phosphate was added to the
ration, the average daily retention was 1:27 gm. P, whilst during
the 21st month the retention was 22 gm. P, indicating that the
entire amount of phosphorus added must have been retained by
the animal. The phosphorus intake was admittedly lower during the
21st month than during the three previous months, but higher than
during the 17th month although the retention was the same.

The average daily retention of phosphorus for the entire period
was slightly better in this group than in group II. The retention
during the three months of supplementary phosphate feeding greatly
contributed to the average retentions of groups Il and III.

The green bounes of Bovine 5158 weighed less than those of any
of the other groups but the percentages of dry-fat-free bone and the
specific gravities were slightly higher than those of Bovine 5157 of
group II. The breaking strength of the metacarpus was 1,200 1b.
per square inch, being the lowest figure obtained in the experiment.
For each of the bones the percentage ash in the green bone was
higher in this group than in group II, but considerably lower than
in group I. This may be ascribed to the fact that group IIT
retained slightly more phosphorus.

Bovine 5158 of group II would with little doubt have died
before the end of the experiment if the supplements of phosphorus
had not been given. This addition, though small, undoubtedly
influenced the figures obtained in the analyses.

Group IV. Bovines 5160 and 5161.

Average daily mineral intake. 4-23 gm. Ca and 3-44 gm. P.

The rations of these animals were mnot supplemented with
minerals; therefore both the calcium and the phosphorus were at
the lowest levels. The Ca : P ratio of the ration was 1-2 ; 1, which
could probably still be regarded as normal.

Although these animals did at times leave some of their food
over, they never showed loss of appetite to such an extent that it was
necessary to reduce their rations for more than a week at a time.
They gained in weight almost to the same extent as those of the
normal group, viz. I. If, however, all the groups had been fed
ad lib, it is doubtful whether this group would have consumed more
whereas group I would certainly have eaten more and consequently
have gained more in weight.

Bovine 5160 showed an average daily retention of -76 gm. P
being 22 per cent. of the intake. The calcium balance oscillated
between slightly negative and slightly positive values.
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It is surprising that although the animals retained small
amounts of phosphorus, the caleinm which was well absorbed was
eliminated 1n the urine,

The inorganic hlood phosphorus values were at the same low
level as in the previous groups, decreasing finally to 1-4 mgm. per
100 ¢ blood.  The phosphatase content reached a high figure ol
16-2 units (Bodunsky) per 100 c.e. blood.  The final values for
these blood constituents showed a more severe degree of mineral
deficiency than those for eroups 1L and 111,

The blood caletum values were uneffected, remaining normal
al almost 10 mgm. per 100 c.e. hlood.

The green rib of group IV contained 25-3 per cent. ash as
against 385 per cent. for that of group 1. Therefore 100 gm.
oreen vib of the latter group could lose 132 o, d.e. 9403 per cent.
of its ash hefore attaining the same mineral content as that ot
eroup 1V,

The dev-fat-free bone  awd  percentage  ash  sugwest  poor
caleification which is confirmed by the low breaking strength of
the metacarpus,

Gronp N Bovives 5153 and 5167,

Daily average mineral intake: 45 gm. Ca and 10°68 om. P,

-~

The caleivm content of this ration was equal 1o that of group
LT but fwice that of group 1, while the phosphorns content was
equal to that of group . The Ca I P watio was 4-21 1, heing
almost double that of the normal group.

The average daily retention of caleium was 1476 gm. and of
phosphorus 5-31 gm. being 328 per cent. and 498 per cent. of the
intake respectively.  When a comparison is made with group I, it
appears that inereased caleinm had a disadvantageous effect upon the
phosphorus retention while inereased phospliorus had o heneficial
effect upon the retention of caleinm,

Although the Ca @ P ratio of the rvation of this group was
slightly lower than that of group 1. it was at a higher level of
mineral intake, which allowed sutlicient minerals to be vetainedd
for the purpose of proper bone formation, the excess heing disearded
in the exereta,

Itis noteworthy that fowards the end of fhe experiment, the
phosphorus content of the urine of group V. owus about 200 fimes
higher than normal, whereas negligible awounts of  phosphorus
were contained in the nrine of group I which was on the some level
of phosphorus intake.  The caleinm content of the urine of group V
remained normal, 1 appears that this abnormal elimination of
]Jlll.lﬁ]lillll'llr-i in the urine is associated with the excess of caleium in the
ration,

The inorganic phosphorus and the phosphatase content of the
blood remained normal.
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The hreaking strength of the metacarpus indicates well caleified
bone.  As a matter of fact the value obtained over a six inch span
was wbout 400 1h. higher than that of the metacarpus of the animal
killed in group I, rveceiving enough Ca and P.

The values for the percentage dev-fat-free bones. their ash
contents, and the ash contents of the green hones were slightly
lower than those of group I.

These  animals  conswmed  their full rations throughout the
expertment and gained normally in weight.

Growup VI Boviges D147 and 5149,
Average daily mineral intake 4-14 cm. Ca and 10-6G8 gm. P,

The phosphorus content of the ration of group V1 was equivalent
to that of the normal group. being 1068 gm. I while the caleium
content was reduced to 4-14 gm. (i, which was the same as that
of group IV.

The average daily retention of 4:20 gm. P. i.e. 402 per cent.
of the intake was lower than that retained by either group [ or
group V., which were on the same level of phosphorus intake but
higher (. Bovine 5147 rvetained 112 gm. Ca per day, i.e. 27 per
cent of the intake. A high proportion of phosphorus was eliminated
in the urine.  Af times this figure was abont equal 1o that exereted
in the facces and more than double that retained by the animal,

These animals ate well and gained normally in weight, the
inorgunic phosphorus, phosphatase and caleium contents of the blood
remaining  normal.  There was  no indication  during  life of a
deficiency of ecither mineral.

The rvesults of the bone analvses. however, showed signs of
abnormal bone formation.  The percentage dry-fat-free bone and
ash content of the femur, humerns and metacarpus were only slightly
lower than in those of groups I to V. The rib, however., showed
more marked differences.

[f the data obtained in this group be compared with those of the
phosphorus  deficient groups the conclusions appear justified that
low phosphorus in the ration of stock when sufficient caleinm s
present 15 more detrimental than when low caleivm with suflicient
phosphorus is given.

A probable explanation for this finding is that their caleium
requirennent s lower than their phosplhorus requirement.

(?“'H('rl‘!;-

Three groups. namely, groups 1, V and VI were given a ration
containing the same amount of phosphorus but with the (o P
ratios of about 2 1. 4.1 and 026 01 vrespectively. These
represented  the optimal, the high and the low ratios of this
experiment,

Group 1 showed the highest percentage rvetention of both eal-
cium and phosphorns. ITnogroup Vothere was o depression of the
phosphorus retention and an inereased culeinm retention.
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It would appear that the deficiency of calcium in group VI,
receiving a phosphorus adequate ration, had a more detrimental
eftect upon the total retention of phosphorus, than excess of caleium
as in group V.

Compared with group IV, where both minerals were deficient,
the balance figures of group VI suggest that in digestion excess
of phosphorus over caleium inereases the solubility of the caleium
compounds and renders absorption of caleihum easier.

The feeding of  phosphorus  adequate  rations  containing
sufficient and excess caleium (groups I and V orespectively) resulted
in a better caleium retention than when the rations were phosphorus
deficient (groups 11 and 111).

In the three phosphorus deficient groups, namely 11, LI1 and
IV, the average daily phosphorus retentions of groups 111 and 1)
were about the same, that of group 1I being slightly less. But as
the animals of groups 11 and TII were given a phosphate supplement
for a period of three months, they are not guite comparable with
group IV. TIf the balance figures for the three months of added
phosphate feeding be omitted from the caleunlations i is found that
group IV retained slightly more phosphorus than either groups I1
or [11, between which there was no difference.

From these experiments it can however not be claimed that a
wide ('a 2 P ratio in a phosphorus deficient ration caused a depression
of the phosphorus retention as the retention of group Il was lower
than that of group III.

The blood analyses indicate that in the groups receiving adequate
phosphorus, the inorgunic phosphorus awd the phosphatase content
remained normal.  Tf the phosphatase content of the hlood is affected
by a deficiency of caleium, then the degree of caleium deficiency,
as experienced by group VI, was not acute enough to affect o rise
in the phosphatase content of the blood.

The blood caleium values remained normal in all the groups,
irrespective of the ('n ! PP ratio or the mineral content of the ration.
As the rations of these animals contained sufficient vitamin 1) such
vilues were anticipated,

A deficiency of phosphorus in the ration resulted in a loss of
appetite.  This condition was slighty noticeable in group IV fed
on a ration with a normal Ca @ P ratio, hut became more pronounced
as the Ca @ P yatio was inereased, those animals (group T fed on
the ration with o Ca @ P ratio of 143 T 1 eating the least. When
adequate phosphorus was fed, with either a deficiency of caleinm
(group VI) or excess calcium (group V) the abnormal Ca @ P ratio
of the ration caused no noticeable siens of anorexia,

It would seem therefore that the loss of appetite is associated
with abnormal Ca @ P metabolism rvather than with a specific factor
such as a low P or low ("a or abnormal ratio, which obviously might
he responsible for the abnormal metabolismm as stated by Theiler,
du Toit and Malan (1937).
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The green weights and measurements ot the bones examined in
groups II, 111, IV and VI fed on rations deficient in either or both
caleium and phosphorus, were smaller than those of groups I and V
whose rations were adequately supplied with both fhempm.-‘., but as
the green weight is also dependent upon the size of the bone—an
inherited factor—it is obviously not as true a criterion as percentage
ash for instance.

The determination of the percentage ash in the green bones
affords an execellent index of the degree of calcification. Either
calecinm or phosphorus whichever was retained in lesser quantity,
limits the degree of calcification. Thus, for example, a diet adequate
in caleium but poor in phosphorus leads to a state of minimal
phosphorus retention, and in such a case, a superfluity of caleium
will not help to raise the fotal percentage of ash in the bones above
that determined by the lesser quantity of phosphorus retained.

From the data obtained the Ca : P’ ratio of the ration appears to
be important for normal growth and development when the ration was
deficient in either or both minerals, but was without appreciable
influence in the case of one abnormal ratio where phosphorus was
present in an adequate quantity (group V).

In a paper by Theiler, du Toit and Malan (1937) full details of
weights, blood analyses, c¢linical symptoms, histological examination
of the bones and the development of osteodysirophiec diseases are
given and discussed.

Summarizing the results of the experiment described one is led
to conclude that 22-9 gni. Ca and 10-5 gm. P, of which respectively
9-69 and 6:58 gm. were retained provided sufficient Ca and P for
normal growth.

The retention of P on the same level of intake was affected by
the amount of Cfa present as indicated in the following table.

Ca intake. P intale. Ca retained, P retained.
232.9 10-49 9.7 fi-6
45-0 10-49 14-7 5-3

4-14 10-49 1-1 4-3

The Ca refention is decreased or increased by vespectively decreasing
or increasing the amount of the Ca ingested. When the P intake
was reduced to approximately 3 gm. the best retention of P was shown
when the Ca intake was proportionately decreased,

It appears that the main factor which defermines retention of
Ca or P is the level of intake of the mineral in question apart from
the ratio in which it is associated with the remaining mineral in the
food.

SUMMARY.

1. The availability of the P in several commercial phosphates
was determined in  balance experiments with bovines.  The
availability was measured in ferms of the retention of P. High
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retention was favoured by giving the phosphates at a level, viz. 6 gm.
P, well below that of the P requirement of the class of animal used.
The ratio of Ca @ P was kept constant for all phosphates at approxi-
mately 2:1.

Di-sodium phosphate appeared to be slightly more available
at 1he given level of P intake than either di- calcium phosphate or
bonemeal, between whose retentions there was no significant
difference. Taking all the results obtained into consideration it 1s
doubtful whether animals when fed phosphates well below their
requirements will retain more P when it is given as di-sodium
Ehusphate than as the relatively insoluble di-calcium phosphate or

onemeal. In the experiments reported the best retention of P in
di-sodium  phosphate was 100 per cent. and that of di-caleinm
phosphate and bonemeal 97 and 94 per cent. respectively.

3. The retention of Ca which was supplied as CaCO, when
insufficient was present in the plmnpll.lin supplement and the basal
ration varied from 65-100 per cent. irrespective of the supplement fed.

4. The remarkably high percentages of P retained when the
supplement was fed well below the requirements of the animals were

reduced by about 10 per cent. at approximately the optimal level of
P intake,

5. Long term metabolism experiments were conducted with
growing bovines fed on rations at different levels of mineral intake
but with a constant optimal Ca ! P ratio. At the end of the
experiment these animals were killed and the bones used for chemical
and histologieal studies.

6. Rations containing 8-5 gm. P and 16-4 gm. Ca i.e. 19°5 gm.
P.0: and 23 gm. (a0 were found to be adequate for growing steers,
whereas 58 gm. P and 12 gm. Ca and less were insufficient.
[norganic blood phosphorus, mineral balances and bone analyses
were taken as criteria.

7. A determination of the percentage ash in the green bones
afforded an excellent index of the degree of calcification. A close
correlation was noted hetween the above index and the breaking
strength of the metacarpus for the animals of the same age.

8. Data are further recorded of long term metabolism experiments
conducted with growing heifers fed a ration containing different
levels of P and ('a and hence varying Ca @ P ratios,

9. 23 gm. Ca and 10-5 gm. P permitting an average daily
retention of about 97 gm. Ca and 6:6 gm. P were found to be
adequate for growing heifers, the conclusions being based on the
mineral balances, and blood and bone analyses. The histological
findings of the hones of the animals used in these experiments
are discussed in detail by Theiler ef al (1937).

10. The quantity nf Ca or P present in the ration limited the
retention of the remaining element. Varying the intakes of the
calcium and the phosphorus from the optimum resulted in less efficient
retention of both elements.
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11. The quantities of Ca and P present in the ration apparently
determined more than any other definable factor the quantities of these
minerals retained in the body. A high intake of Ca or P or both
is associated with high retention of that constituent,
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J. S. OTTD.

APPENDIX.

Tanre XXIV.
EXPERIMENT I1.

Group 1 : Phosphorus Balance (daily arverage).

Bovine 4712, Bovine 3478,
¥ Month o
“\f""k Outgo gm. P. of Outgo gm. P.
S0 Intake e Balance | Expt.  Intake Balanec
gm, P. gm. P. um. P. am. P.
Facces.  Urine. Faeces. Urine.

1 45 4-24 028 024 2 4+51 444 (131 (-4
2 451 488 27 Al 3 45 448 | 024 el
3 800 3-80 023 4:12 4 | 800 | 451 027 | 346
4 500 5-07 <036 2.89 3 L] 4-42 031 335
5 883 +4-25 <043 454 6 8-83 500 043 379
6 5-83 4-33 050 4-45 s 883 4-10 053 4-68
! 867 446 061 4-15 9 R-67 376 052 4-R6
g 867 3-47 075 512 10 867 3-96 038 4-67
9 887 4-08 <060 473 11 88T 3:48 048 534
10 587 3-88 071 492 | 12 587 3-15 sl 567
11 ®-04 3-06 047 543 13 804 3-36 S50 513
12 807 437 RIE] ‘ BRI ‘ 15 - — - =
13 773 4-37 <081 3-28 16 - — —
14 773 340 080 425 | 17 - - = =
15 817 4-50 | 007 366 15 - - =
16 817 3-37 013 4-79 20 - — -
7 814 3-82 (08 4-31 21 — =
I8 8-30 3-16 008 5-13 24 — =
19 814 4-50 08 3-63 25 - — =
| Mean for weeks | 3-19 Mean for weeks | 3-11
834 442 | 858 457

345




ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING POVINE,

Tarre XXV,
EXPERIMENT 11.

Group I Caleium Balance (daily arverage).

Bovine 4712. Bovine 3478.
| | | | Month
“\f-"'k' Outgo gm. Ca. of I Ouigo gm. Ca.
N | Intake | Balance = EXpt. ntake | Balance
gm, Ca, | gm. Ca. | gm. Ca. i gm. Ca.
| | Faeces, | Urine. | | ! Facces, | Uringe.
1| 631 4-93 2.7 | —0-89 2 6-30 3-62 3:12 |—=0-44
2 632 4-41 2.59 —0-68 : 636 3-23 2.71 0-42
3| 15:47 | 748 124 | 675 | 4 1540 | 612 1-04 §-24
4 1549 | 8B-00 191 ! 578 | 5 15-52 fi-40 0-98 | 814
5 17-44 721 | 1-43 880 6 17-48 8-42 1-22 7-84
6| 17-40 9-07 1:74 668 8 17-51 8- 10 1-66 7-75
7| 17-48 9-07 1-48 | 693 ] 17-51 7-43 1-44 864
8 16:07 | 8-21 1-34 652 10| 1817 814 1423 | 6:80
] | 15-87 7-93 | 1-46 48 1| 1586 | 764 164 (58
10 15-88 814 1:35 | 6-39 12 | 15-80 | 9-00 1-28 5+62
11 15-84 807 1-59 | 6-18 13 1588 803 1-76 5-190
12 | 15-84 813 1:03 | 668 15 — == — | =
13| 16-11 | 646 | 175 | T80 | 16 | — - = -
14 | 15-78 | 850 | 166 | 562 | 17 — | = = ) =
15 | 16-46 | 9.07 1:71 568 18 = = — —
16 | 16-31 8-74 1-74 | 58 | 20 - — — —
17 | 16-88 | 11-88 | 100 | 4-00 | 21 — = — —
18 | 16-88 9-00 114 | 674 | 24 = | = } = —
1-36 | 5-10 |25 — — —

19 | 1688 10-42 | | | —
Mean for weeks 3-19 Mean for weeks ' 3-11
16-36 6-36 16-35 719

e —— == — ——

346



J. 8. 0110,

Tanre XXVI.
EXPERIMENT II.

Group 11 : Phosphorus Balanee (daily average).

-
‘.'

Bovine 3480, Bovine 34065,
, ) | Month ‘ [
Week Outgo gm, P. | of Outgo gm. P,
Wo. Intake i ! Balance | Expt. | Intake | : Balance
i gm. P, | T gm, P, | gm. I, =% | g .
Faeces.  Urine. Faeces,  Urine,

1 457 425 1033 029 2 4-50 401 <033 | (1R 11
2 457 | 446 | <081 008 3 | 450 | 438 | 038 | 0-08
3 3. 11 4-48 034 | 1:34 4 5-78 4:20 <040 1-54
4 5+ 8 409 035 1-72 | > 5478 1-65 <033 1-10
5 — ~ — - (5 il 437 (46 2:19
G — - - 8 | 6061 308 043 | 2:59
7 i 9 6:63 | 4.08 | 042 | 253
s — — - 1y 663 4-39 =045 2-19
9 9-T7 2:90 039 2-83 11 665 455 051 205
10| 577 357 | -053 215 12 6 -65 | B R R 2.91
11 hT7 3419 A4 254 13 - — — | —
12 RN 111 322 040 260 15 - — — —_
13 2+dl 3-54 042 1-93 16 — — - —
14 551 337 041 2410 17 — — — ——
15 597 2:00 | 044 2-94 18 — — — =
16 597 26 026 0 383 | 20 - - — —
17 594 341 048 2:48 21 ~— — = =
15 610 361 048 2-44 24 — — | — e
19 d5-94 4:13 | -087 | 1-75 25 — — | = —
Mean for weeks 3-10 | Mean for weeks | 3-19

583 247 G-42 . 2:14

347



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

TapLe XXVII.
EXPERIMENT I1I.

Group 11 : Calerwm Balance (daily average).

Bovine 3480, | Bovine 3465,
; Month
W L-e-kl | Outgo gm, Ca. of Outgo gm, Ca.
No. Intake | Balance Expt. | Intake Balanee
ot Ca, gm. Ca. i, U, gm, Ca.
| | Faecees. | Urine. Facces,  Urine.
I 6-29 | 4:48 2:04 —0:83 2 4. 1-98 0-158
2] 632 507 244 | 3 3 2-45 007
3| 11-45 754 0-94 302 4 - 1-18 337
4/ 11-58 | 7-08 | 093 | 3-52 5 8- 1-22 164
5 = r — — [} 75 a1 D0
[ — — 8 7-3 -3 531
7 — — 9 6 <8 570
8 — — — — 10 T -84 4-72
9| 1187 -t | O-T4 4-49 11 1190 74 - 307
101 11-90 5-28 1-33 2-29 12 11-87 T+ 85 397
11 | 11-88 719 0-76 3-93 13 — - -
12 | 11-33 7-28 148 2+57 15 -
13 | 11-76 h 85 1-28 3-63 16 — —
14 11-77 528 2.12 4-37 17 - -
15 | 12-51 T7-59 1-81 | 3-11 18 = ~
16 1 12-43 790 1-28 3-25 20 -
17 | 1200 133 1-71 4-86 2 -
18 | 1287 | 664 | 150 | 473 | 24 -

19 | 12-88 714 186 3-88 25 — — — —
Mean for weeks 3-19 Mean for weeks | 3-10

| 12-09 367 1262 4-13

————— — == —

—_—
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Week
No.

00 =1 3% Tt da 30 15 =

—_——
-

].)

—_——
-

15
16
17
18
]

Tapre XXVIII.

SXPERIMENT II.

Group I11: Phosphorus Balance (daily average).

Bovine 3464,

Outgo gm. P,

Intake
gm. P.

Faeces.  Urine.
456 372 033
4-56 433 35
584 4:18 | 087
S-84 3 031
426 | 2 R {i
4-26 2.: 037
4-92 2. A4S
4-92 3- 053
4-89 48
a-68 050
a-68 050
H-8T 034
H-58 045
TN » AN
a-97 048
a-97 a2
5494 |
610 | (92
o094 048

Mean for weeks

Balance
gm. P.

0-8l1
19
G2
03
41
L -
17
52
64
71
<93
34
27
76
81
10
6l
©O8
37
3-19

o b e = = b B S LS e b = 1l =

2-03

Month
of
Expt. ' [Intake
gm. P,

& 456
3 456
4 H-8B4
5 084
i 579
s a-79
] 579

10 379

11 o688

12 568

Y3 SR

15 587

16 H-53

17 !

18

20

21

24

25

349

Bovine 3467,

Outgo gm. P.

Balance
gm. P
Faeces.  Urine.

435 | (029 -1y
450 034 006
4-11 042 1649
4-33 034 1-47
320 43 2-556
337 050 287
375 051 1-99
3-21 050 253
267 052 296
341 53 2-22
262 045 3-01
3-94 054 1-88
4-62 045 86
3-96 31 1-98
304 (48 ! 2-88
Mean for weeks | 3-15

2-18



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

Wl'vkg
No Intake
gm. Ca
| Faeces.
1 630 4-19
2 6-30 4-18
3 24-41 1835
4| 24-38 15-85
5 23-04 13-78
6 | 22-33 1642
72335 | 18:78
8 | 23-24 14-42
9 | 22-83 1657
10 I 22-83 | 16-14
11 | 22+81 1728
12 2472 19-21
13 | 24-54 | 17-46
14 24.53 1671
15 25-80 18-72
16 | 25-23 1604
17 | 25-73 15-21
18 | 25:71 17-21
19| 25-71 | 16-92
Mean for
2409

Tapre XXIX,

EXPERIMENT TII.

Group 111 : Caleium Balance (daily average).

Bovine 3464,

48
43
35
38
-88
ofi
‘73
74
28
06
33
a9
<00
‘14
<44
<04
-28
.||

4

S O RS R R 1 B SR £

- |
weeks | 3-19

Bovine 3467,

Month
of | Outgo gm. Ca.
Balance  EXpt. | lntake __ Balance
gm. Ca. gm. Ca. g, Ca.
Faeces.  Urine.
—0-37 2 G-28 462 1-98 A)-32
-0-31 3 fi-34 4-47 2-20 ~0-33
3-71 4 24-38 1808 3-24 3-05
6-15 5 2438 17-17 2-53 468
6-38 (3 24-94 18-14 3-50 2.80
435 b 2401 1614 3-70 407
4:84 | i 2406 1457 3-04 1 T35
708 10 24-95 1849 3:62 | 2-84
4-98 11 23.31 1307 357 G567
2 S (A 1 | 23-28 | 17-93 4-74 16
220 13 23-28 1414 2-59 G-55
274 15 2473 19-14 3-60 1 -84
3-08 | 16 | 2458 | 17-85 | 34 | 327
4-68 17 2455 1964 3-51 1-40
504 18 2528 15-10 2-41 777
7-25 20 — —
8-24 21 — - — —
54 24 — —
fi-36 25 - — —
Mean for weeks | 3-15
a-04 | 24-42 | 4:23

350



Weelk
No.

13
14
17

14

Tanrks NXX.

EXPERIMENT 11,

Group IV : Phosphorus Balanee (dailly average ).

Bovine 3451,

Outgo gm. P

Intake
am. I,

FFaeces.

454 4403
4-54 3-83
4-54 4-24
4-54 4:15
537 358

438 2-39

5-15 345

-
=

Mean for weeks | 3-

Balance

g

Urine.

(131

(30
037
031

032
034
03s

m. P,

(48
(=655
(h-26
0-36
1-76
1 -0t
1 -tk

Month

Expt.

351

of

=R AR T TR I

18 =

s

s o o o

Intake
gm. P.

R S|

e el B

~0d
54
47
=TH
<16
20
44
~73
B3]

Bovine 3446,

Outgo gm. P.

IFaeces.

<20
tl
+37

—— e e e

[ (N A
8
e

[ S0 PR L L A T LA L

Urine.

U031
027
028
032
033
033
136
037
Qist
0400
2
014
BT
(34
131
31

052

061
U048

w

Mean for weeks

OTTO.

Balance
em, B,

1h-31
004
1-17
il
(66
-t
I-63
1494
258
249
220
202
-37
0-06
1-37
1-04
(- 88
1-55
-89

3-10

1-07



Weel
No.

16

K]

Tasre XXXI.

EXPERIMENT II.

Group IV : Caleium Balance (daily average).

Bovine 3454,

Outgo gm. Ca.

Intake
gm, Ca,
Faeces.

530 4-53

Mean for weeks

fi-30 400
8- 64 A-01
5-T0 5-93

| 1067 4-53
538 361
837 364
5 -0

Urine.

4
08
00
-4
-04
=24
41

S R el -

Month
of

Balance Expt.  Intake
om, Ca. gm. Ca.
Faeces,  Urine.

0-87 2 G-32
0:22 3 6+33
178 4 630
I <23 51 698
460 i 854
2.53 5 7-67
2 3: b Bt
1 8-31
11 7-409
12 8-73
13 Bl
15 T7+95
16 623
17 372
18 9-00
20 795
21 9-37
24 934
25 | 907

3-7
2-49 T4

Bovine 3456,

Outgo gm. Ca.

Balance
gn. Ca,

3-8 43 ==
386 i —U-14
-4 33 1—1-39
4 5

-
L
2‘.
453 2k
2:2] 2
3-15 2+
3:75 B4
3-57 2]
338 2.
3-53 2
3-25 2.
393 Zv
1-34 P8 )
351 4. #
302 2.5 343
486 | & 3
REE 1+ -
5-31 1-43 323

Mean for weeks 3-19



J. 8. OTTO.

Tasce XXXII.
EXPERIMENT II.

Group V : Phosphorus Balance (daily average).

Bovine 5430, Bovine 5431.
, a Month s
“\?*‘-k Outgo gm, P, of Outgo gm. P.
N0 Intake _ Balance EXpt.  Intake | Balanee
gm. P. gm. P. gm, P, am. P,
Faeces.  Urine. Faeces. . Urine.
1 1-01 1-37 018 —0-38 15 1-01 150 022 |—0:51
2 1-01 1-52 026 —0-54 16 1-01 1-44 031 | —0-46
3 1-2 201 031 —0:73 17 1-29 240 031 —0-74
4 1-29 199 035 0-74 18 1:29 203 026 —0-77
5 1-71 2:36 035 —0-69 19 171 2.27 039 —0-60
(1] L+ 1-82 026 0-14 20 1-71 172 035 —0-05
7 1-71 2:14 018 —0-45 21 1471 161 035 006
8 1-71 182 | 18 013 22 1:71 139 031 020
9 1-71 162 44 005 23 1471 144 <031 0-24
10 1:71 138 44 029 24 | 171 195 026 007
11 1-98 | 148 031 0-47 25 1-08 1-47 048 0-46
12 1-98 168 038 0-26 26 1-98 1-35 -038 059
Mean. Mean.
1-68 —-11 1-68 — 05
Tapce XXXIII.
EXPERIMENT 1I.
Group ' : Caleium Balance (daily average).
Bovine 5430, Bovine 5431.
2 Month o
“\;‘"k Outgo gm. Ca. of Outgo gm. Ca.
0 | Intake Balance EXpt.  Intake Balance
gm. Ca. gm. Ca. gm, Ca. gm. Ca.
Facces.  Urine. Facces. Urine.
1 2-14 | 3-05 0-80 —1-71 15 216 2:98 0-84 —1-66
2 215 247 1-03 —1-35 | 16 217 251 0-80 |—1-14
3 2-17 2-44 187 —2-14 17 2-16 136 ‘ 2-21 |—I>4l
4 2-18 1-47 268 —1-97 18 219 1-22 3-15 —2-18
a3 2-87 1-85 230 —1-48 19 268 ‘85 300 |—1-17
3] 271 2.83 1-88 —2-00 20 270 89 2:81 |=1+10
7 2-81 222 1-43 —0-8¢ | 2] 278 L-16 1-29 0-33
5 2-78 1-37 0-70 0-71 22 280 1-23 1-41 0-16
] 2-80 1-45 (L. 11} 0-449 23 281 1-32 1-07 042
10 2-83 1-04 103 0-76 24 2-82 1-89 0-75 0-18
11 3-00 1-25 1-21 0-54 25 3-03 1-43 -87 0-73
i2 3-02 1-36 109 0-537 26 3-01 1-52 -01 -58
Mean for weeks 3-12 Mean for weeks  3-12
2-70 —0-54 2-70 |—10-353
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ROWING BOVINE,

ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE (
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&4 8L OLTO.
Tapre XXXVII.
EXPERIMENT III.

Phosphatase Content of Blood in Bodansky Units.

Month of Experiment.

Group. Bovine
No.
18. 19. 20, 21, Lo
L L BN 3-8 3-3 46 44 34
5.2 -6 500 0 | 53
1 TR Tk b S-6 fi-4 7-1 85 9.0
0-4 5 9.6 3:2 -8
EEL s vatvwai i 0-4 38 35 ToF S-9
IS oo Al 139 9.9 16-2 L7 121
Sl61 85 - — —
LR S 51k - -A) 41 a4 44
nl67 36 38 +-4 39 35
NE:soossyiasi 5147 2:8 £ ] 52 40 g
51449 4-0 25 4.2 41 2:H
Tavre XXXIX.
EXPERIMENT III.
Weights in 1.
1. 111 IV, V. VL
Month
ll’
Expt.| 5154 | 5108 [5155/5137 5158 159 | 5160 | 5161 5108 5167 3147 | B149
| GH) « GOD | 580 570 | AT0 620 630 00 670 a73
2 (i85 GO0 | 600 625 600 655 630 | 540 715 605
3 (i1 630 630 630 €30 633 TU0 BO5 720 G55
+ 75 B70 640 | B35 625 700 T00 6525 775 B
B [IX 51 710 66O | BBY 625 740 715 Ha0 T80 6235
1] T35 730 | 690 ' 710 66O 740 755 (i35 s00 ]
7 65 740 0 705 FI0 650 0 T45 0 765 T00 8O0 185
E TRO . 790 T35 T20 | 665 | TI0O| 823 | 745 | 835 725
0 S0 800 | T40  T50 | 6550 760 825 TH0 M85 750
10 840 805 | TIS 750 600 745 B340 770 s Ta5
11 s00 | 835 | 7100765 600 | 725 863 S0 D25 | T80
12 915 | 840 710 T35 675 | T25 | R0 | 825 | 950 805
13 030 H80 TT0 0 A600 0 Died 883 B45 085 SO0 Hi35 510
14 035 D0 65 580 895 835 1.020 535 yon 835
15 935 920 176 A8 | — a0 8a0 | L025 855 | BR3 | H70
16 1Looo 035 7500 Goo - 925 G000 1,085 ] D25 S5
17 1,045 9535 T8 | HY5 - Wi 025 1080 015 945 Q00
I8 10820 i) 45 610 | — a70 920 | LU6H 45 045 930
19 Los0 | 990 | 65 615 — 000 | Died 1,100 | 960 | 9865 940
200 1075 1070 T80 625 — L1 ~ L1000 D80 0 960 920
a1 L1100 1,050 70 620 - 1.040 — 160 1,010 1,000 1.000
22 1,100 1,035 790 630 — 1020 — 1135 1030 1,020 085

o0
o
=i
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Growp 1.

Week

No.

v S R N e e

-
-

f—
Lo

13

Growp

Weelk
Na.

AR B ol A W= O SR SR

e

Tasre XL

L OTT0.

w

EXPERIMENT III.

Phosphorus Balance (daily average ).

Bovine 5154,

Outgo gm.

Month of

Intake Balance Extieid
: X peri-
am, g“]. it
Faeces, Urine. ‘ Hants
343 334 a2 | 3 | Basal Ration.
402 3-02 02 3 b o
10-11 188 03 [ 10 Expt. Ration,
10349 321 05 11 35 57
1039 4-54 06 12
10-41 4-14 05 1 5 i
1042 402 04 14 is
1030 4-52 07 14 [ g
10-30 4+2] 04
10 - 86 387 -8 15 |
10-92 26 18 . 14 "
1-16 3 Sk 736 20
11-08 D2D L) | 563 21
Mean for weeks 3-13
10149 — — 638 = —
TasLe XLI.
Calcium Balance (daily average).
Borvine 5154,
Outgo gm. | )
Intake | | Balance .\};:}rll }.l' .‘ni
gm. | gm. APET
Faeces., Urine., | JE;
4-05 62 | —0-24 3 Basal Ration.
508 53 —1-049 3 4n
‘_;“ : 50 -20 16-76 It Expt. Ration.
22-54 13 21 643 11 "~ i
2251 1365 37 | B-40 12 e
22 14+ 38 | 7-95 13 Vs s
2 1450 <22 T-97 14 £ i3
2 G-00 <ol | 13-03 16 -
24 1600 41 | 606 17
2 1243 11 | 1L-1% 18 33 3
23 i3 -60 14 | 994 14 3 3
23- 14-20 | 06 9-01 20 i :
231 1360 | Q] H-80 2
Mean for weeks 3-13
2201 S 969 = o=

359



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE,

(roup 11.

Week
No. |

S0l S

— —
E bl -

Group 11.

Week
No.

|

E=i=r A -l I T

Tasre XLII.
EXPERIMENT III.

Phosphorus Balance (daily average).

Bovine H1H7.

Outgo gm.

Intake | | Balance “E’;‘}:‘rfﬁ
) n. z
= Faeces Urine . ment.
3-93 3-26 02 065 3 Basal Ration.
4-02 330 -03 064 3 - "
420 | 2-74 04 1-51 10 | Expt. Ration.
257 23] -0 -30 11 ot N
3-30 345 <06 —0-12 12
3-41 4-15 06 — 080 13 >
342 303 -11 28 14
2.52 2.42 11 — 0l 16
2-08 336 {1l —0-44 17 - ..
3-71 2.2 -11 -88 18 5% gm. P osupple-
| mented,
376 2.32 <12 132 19 A i
3 -6 319 16 6l 20 7R 0 PE
3-04 343 <24 -27 21 Expt. Ration.
Mean for weeks 3- 13
344 — — -35 = =

Tapre XLILIL.

Caleium Balance (daily averaye ).

Borvine 5157.

Outgo gm,

M onth of

Intake | — Balance 4 s
gm. | o, Experi- |
| Facees. Urine. ) ment.
4-42 4:53 052 —0 63 3 Basal Ration.
4-50 486 0:72 ~1-08 3 P '
2254 -0 520 11-44 10 Expt. Ration.
1485 528 470 4-87 11 " &
22.90 | 1340 | 240 710 12 il
2291 16-25 a-16 1-50 13 | " ..
23-74 17-20 4-86 1-68 14 44 =
23-03 17-20 3-50 2-33 16 \x »
22.50 | 1740 | 185 375 TN (e
24-18 1165 9-00 3-53 8 53 gm. P osupple
mented,
2410 1350 08 4-52 Il_i - o
2381 | 14:15 441 5258 2() o o 3
24-08 1510 676 2:-22 | 21 | Expt. Ration.
Mean for weeks 3-13
92:61 | — — 438 — -



Phosphorus Balance (daily averaye).

Tanre XLIV,
EXPERIMENT IIT.

Group 111, Bocine 5158,

Week
No.

26 w1 B Ut e 8 1y -

Week
Nuo.

N

Group [11.

It

ake

am.

Int,

W
-]

Outgo gm.

Iatces, 6]

Balance
gm.

10249
-85

(Y]
(148
(=46
(150
)it
035
(4%

1-43
139
0-22

rine.
3-42 {02
314 03
1 -dith =02
245 -0
200 =04
207 QiG]
200 8
315 03
2-12 13
2:33 04
2.28 -4
244 A0l
272 R
Mean for weeks 3-13

0-0is

Tance XLV,

Month of
Exyperi-
ment.

3
|;I
11
12
13
14
1
17
Is

(4]
20
21

Calciwm. Balance (duily average).

nke

wm,

4

4
RE}
44
44
44
44

6
a4
12
-20
<03
00
<52
80
24
‘82

-14
-09
-36

|
30

Borvine 5158,

Outgo gm.

3

Faeces, | U
4-87
4-30

27-45

20640

2790

2670

2720

20-50

3355

30-30

3325 4

3190

2442 :

= X )

rine.

36
24
18
83
32
12
65
-8
41

b
i3

21

Mean fo'r weeks 313

361

Balance
am,

—0-87
—0-30
14-11
1456
1215
12.47
11-00
1318
S04
4-93

848
1047

1055

| Month of
Experi-
ment.

3
It
11
12
13

16

J. §. OTTO.

Basal Ration.

Expt. Ration.

"

1-07 gm, I, supple-
mented.

Expt. Ration.

Basal Ration.

Expt. Ration.

1 -ll‘J‘ gm. P, supple-
mented,

Expt. Ration.



ASSIMILATION OF CALCITM AND PHOSPHORUS BY THE GROWING BOVINK.

Tasie XLVI.

EXPERIMENT IIT.
Phosphorus Balance (daily average).
Group IV, Bovine 5160.

Oukgo gm |
Week l Intake | _ k- | Balance Mé’:::_r:’ f
No. m. | m. .
¢ Faeces. Urine. & ment-
1 3-93 3:21 -02 0-70 o Bas=al Ration.
2 402 | 358 02 042 3 e b
3 3-11 1 -6t -03 142 | 10 Expt. Ration.
4 | 339 2.80 | -04 4t 11 i g
5 | 3-89 | 1-v4 06 | 1487 12 s
6 | 238 | 191 06 | -6l 13 v
7 342 0 301 04 37 14 1 W
g8 | 83 208 06 -26 15 B B
9 3-30 2.7 10 45 16 .
10 3-72 249 07 [ 1-16 17 "
11 3% 2.5t <08 1-14 18 it
12 3-92 2809 19 “84 19 i 55
13 394 | 352 17 25 20 i WA
Mean for weeks 3- 13
— 344 — = 0-76 — L

TasLe XLVII,

Culeiwm Balance (daily averaye).
Group 1V, Bovine 5160.

Outgo gm.
Week Intake | | Balance "::.‘:' I:ri‘ff
No. gm. gm. l"llt?l‘; i
Faeces. Urine. 5
1 4-47 518 -63 —1:34 | i Basal Ration,
2 454 434 G2 | =032 3 W
3 418 2-87 | 41 | 0-h0 1 Expt. Ration.
1 418 ‘ 38 | | 039 " & s
o 4-14 256 1-30 ;028 12 P "
6 402 | 356 1-20 | —0-83 13 e i
7 431 335 | 126 —0-30 14 i3 »
8 397 325 1-49 —-0-77 15 E -
9 4-40 | 3:25 2:10 —0-95 16 - "
10 4-64 2:93 1-92 =0-2] i ¥ »
11 4-57 3-05 1-35 017 I8 T i
12 391 3-24 43 24 19 . i
13 4-20 3-61 27 32 20 » -
Mean for weeks 3-'13
= 4-23 =t [y F S —~0-14 — —

362



3. S, OTTO.
Tagre XLVIII.

XPERIMENT I11.

Phosphorus Balanee (daily average ).

Crroup V. Bovine 51535,

Outgo gm.
Week Intake Balance “:?"tlj ™ it
No. | gm. | L gm. ‘!q.'t;"
Faeves, Urine. i
1 | 393 2.98 02 -3 3 Basal Ration.
2 4-02 q-60 03 0-349 B - %
3 | 1128 305 04 820 10 Expt. Ration.
4 1039 <IN 52 560 11 o -
5] 10-39 262 24 7-al 12 = "
0] 10-41 3 82 <16 43 13 e o
b} 1-42 14 76 14 i i
8 10:30 | 575 205 250 16 ¥
0 1030 3-46 278 4-06 17 -
10 10 8 4-52 2:54 380 s
11 10-92 3-83 2418 491 14
12 [ -1 | 404 141 H-Tl 20 - "
13 1108 583 244 279 bl o .
Mean for weeks 3- 13

— 1068 — —_ 5-31 —

TasrLe XLIX.

Calciwm Balawee (daily averaye ).

Group V. Borvine 5153,

Outgo gm. ‘ Month of

"d:\.l ;'L h:,-:il.d - | Ih;l::llf‘ ¢ ix !ven-
i Facces. Urine. ‘ I KBER: ‘

1 440 53 068 3 Basal Ration,
9 450 61 041 3 - "

3 4417 {iT 21-02 10 Expt. Ration,
4 44-09 =2() 1754 11 S iv

0 EE SRR 14 | 2644 12 = P

i3 H4-17 14 17-03 13 ea "

7 433 63 1338 14 " "

b 44-37 -85 8-14 1 v "

] 25 40 1-65 17 e " 5
I | 4653 BT B I8 oF "
11 4640 41 14 -95 19 -

12 4615 L -89 9-36 20
13 4630 32650 1-87 1183 21
| Mean for weeks 3-13

— 4500 ~ -- 1476 - —



ASSIMILATION OF CALCIUM AND PHOSPHORUS BY THE GROWING BOVINE.

Phosphorus Balance (daily average).

EXPERIMENT III.

Group V1. Borine 5149.

Week
No.

20~ G S S b=

10
11
12
13

Graup V1. Bovine 5149.

Week
No.

s =R

]
10
11
12

13

TasLe

Intake
gm.

I
10
10
10
1
10
10

n
11
11

10

43
2
290
]
39
41
42
30
<30
10
02
16
08

86

iR

Intake
.

N N T g

43

ol

11
14
14
-39
07
93
35
34
87
06

|3

Outgo gm. |

74
. _-'-'4
48
14
-32
94
37
‘83
39
<35
37
33
-3

Faeees,

Urine.

3%
{2
0%
Bl
70
<
0l
47
08
il
06
30
-0d

— e

B - e e 3

L,

Balanece
am.

= o ia =
& =

Mean for weeks 3- 13

b
<
=]

Tavre LI.

Month of
Experi-
ment .,

10
12
13
14
14
17
18
14
20
21

Calcium. Balance (daily average).

Outgo gm. |

Faeces,

e O R e g - o

o
84
.51
06

Urine.

=1
(B4

i

5 Gy et 1
LR =R O R |

Balance
gm.

Month of

Experi-
ment,

3
10
11
12
13
14
16
17
18
19
20
21

|

Basal Ration,

Fxpt. Hation.

Basal Ration,
I'lx;':.t. Ration.

i
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