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1.

GENERAL INTRCDUCTION

In 1956, a collaborative project was undertaken
by the Plant Chemistry lahoratory and Grasslands Division,
DeSeI.Rey and the Sheep Husbandry Department,.assey Agricultural
College.

The main otjective of this project were as

followa:-

(a) To examine the possibility that over a long
period, ingestion of short-rotation reygrass
and certified white clover might lead to
iodine deficiency or goitregenic problems in
sheep.

(b) To etudy the chemical composition of rapidly
growing ryvegrass from the following two points
of view:=-

(1) To attempt to identify the mutritional
causes which give rise to ill-thrift
in sheep when grazing on autumn
ryegrass and to compare thie with their
behaviour on rapidly growing spring
ryegrags.

(11) In the event of an outbreak of facial
ecgema ocouring,to study broadly the
relationship which this might bear to
the chemical composition of the pasture
at the time.

The Quarterly Meeting of this group,on March 7,1958,

recorded that for young sheep bled September 4,1957,the calcium

level of the blood was lcwer in the peremnial ryegrass treatments
f
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than in the short rotation ryegrass treatments.
The paucity of data on seasonal variations and other
differences in the blood level status of caleium,
phosphorus and magnesium in the grazing sheep, and
under local conditions, is well known.

The present studies were therefore undertaken
to observe whether such findings were indicative of the
onset of deficiency diseases and malnutrition as a
result of mineral insufficiency.

Franklin (1948) found that dietary levels
of calcium and phosphorus were reflected in the values
for blood serum with respect to these elements in
sheep fed vitamin D. T :ese animals,however,were not
maintained under normal grazing conditions.

Sobel and his co-workers(1945 a,by 1948),
worked with rats and denoted variations in blood
calcium and phosphorus despite the feeding of adequate
vitamin D. Thi; gave support to the findings in sheep by
Franklin (1948).

The experiments completed in the present
studies involved determina’‘ions of blood constituents
of grasing sheep, and mitritional investigations with
rats. From this work it was hoped to obtain a lead as
to the factors which influence the differences in
cal ciumyphosphorus and magnesium in the blood of
grazing animals, The additional studies with rats
sought to correlate the findings of Franklin (1948)
and Sobel and his co-workers (1945 a,b; 1948).
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Sheepsboth on the hill-country and lowlands,
are exposed to the widest range of dietary deficiencies
during the annual cycle of seasonal changes.

The intakes of calcium and phosphorus,and the
ratios of calcium to phosphorus,of focds ingested by
sheep on perennial ryegrass and white clover pastures must
differ widely. The teeth of sheep on the former(improved)
pastures wear rapidly whereas those of sheep on poor hill
pastures are often almost unworn(Barnicoat,1957). As
the difference in mineral composition between the two
types of pasture is pronounced,it seemed justifiable
to investigate the availability of the minerals from
such pastures.

The system of blood analysis replaced herbage
analysis as a measure of the degree of mineral déficiencies,
and thus indicate the inability of herbage to meet
physiological needs. Elood valV¥es are possibly not
dependable as iﬁdioatora of adequacy of intake or body
status of mineral reserves. Tis is so because minerals
such as calciumyphosphorus and magnesium are supplied in
the animal body from both bones and the diet,and mingle

freely in the bloodstreanm.
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A REVIEW OF LITERATURE

The Calcium and Phosphorus of Blood and Bone

Mineral elements rank with vitamins in their importance
to animal nutrition, and among these elements Calcium and
Phosphorus are outstanding.

Numerous metabolic disturbances were early associated with
deficiency of the’minerals, and striking proof of these have been
obtained through studies of the inorganic Calcimm and Phosphorus
in the blood e.g. in various forms of tetany and rickets.

The insights thus gained from studies of Calcium and
Phosphorus in the blood were all the more important because
blood levels are related to absorption,retention and excretion.

Kramer and Howland(1932) showed interest in the factors
which affect the Calcium and Phosphorus concentrations in the
blood serum. They reported their observations, made in 1922,
which fcrced them to conclude that dietary Calcium and Phosphorus
levels,the ratio of these components, and the amount of vitam§m D
preformed or produced by irradiation, were the main factors which
determined the Calcium and Phosphorus levels in serum. Vitamin D
supplied in fish oils,vegetable oils,and butterfat or through
ultraviclet radiation was seen to have a balancing effect on the
Calcium and Phosphorus concentration of serum. In 1932 these
workers provided further evidence of the stabilising role of this
vitamin. They sanalysed the sera of a large number of rats and
from this they showed that with inadequate amounts of vitamin D,
dietary levels of Calcium and Phosphorus affected serum levels.
An antagonism was discerned where an increase in dietary Calcium
increased the serum Calcium and depressed the serum Phosphorus.

The opposite effect was obtained when dietary Phosphorus

was increased.
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TABLE 1 *
Sampled Sampled Sampled Canpled
roups in in in in
NV MEBEER JANUARY 17ARCH T _
(Autumn) (Winter) (Spring ) ( Summezs
Serum | ndoor 11.45 _ 12440 9.40 10.7¢
Ca in {1Va) {10.2=12.75) (10e8=13.30 )| (8aTU=10e4U ) (9e30=11480)
«per
ent
Dutdoor 11.45 10.50 9.65 10420
(1vd)  {(10.2-12.75) (16020-10.8) | (9020-10.45 )| (9¢10-10.75)
[Blood
in- ‘udcor 5e11 4048 6.28 7.16
Drfi:anic (1va, |(4439-6.40) (4023=5.72) | (5796275, | (5663=.68)
’ in
« DET

cent Outdoor

5.11 489 6.72 7
(Vo)  1(4.39-6.40) -

(5640=8.13, {5.vu:§-6u

#®Adapted from Auchinachie & Fraser(1932)

Some very interesting findings were made by Auchinachie
and ‘raser(1932)at the Rowett Research Imstitute. They fed sheep on a
basal diet deficient in calcium but containing excess phosphorus,and
supplied supplemental calcium in the form of lime. The vitamin D source
was added as cod liver oil. Table 1 is an adaptation of their studies
on blood contents of calcium and phosphorus of two groups of sheep,saujles
being taken in the months of January,!arch and June. The figures for lovember
as included,are pre-experimental ones taken at random from twenty six of
the sheep before they were grouped. They were included as indication of
the normal standards. The two groups adapted her- were fed the basal diet,
plus added lime,plus cod liver oil,and the only difference in treataent

was that Croup(1Va)was kept indoor and Croup(1lVb) kept outdoor.
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Compared to the other groups from which dietary lime or cod
liver oil were excluded,the above groups emphasised the regulatory
role of vitamin D on calcium and phosphorus metabolism. These
also showed that with adequate vitamin D different conditions of
environment did not affect blood levels to a detrimental extent.
The antagonism described by Framer and llowland(1932) was
recognised hereyand was referred to as an inverse relationship.

These findings,among others,suggested the existence
of integrated biological and physico-chemical factors which
preserve physiological egquilibrium of serum calecium and phosphorus.

BetiikeyKick and Wilder(1932)agreed with Kramer and
Howlandyand in their study on rickets, Brown,Shohl,Chapman,Rose and
Saurwein (1932 )also maintained that in the absence of vitamin D,
dietary contents of phosphorus were reflected in sera levels.

A range of 10-11 mg. per 100 ml. serum was found for all serum
calcium levels by Brown et al.(1932).

In their work on calcium and phosphorus retention in
cattle Palmer,Eckles and Schutte(1928)referred to the striking
ability of the blood system to maintain a nearly constant level
of inorganic ecalcium in the face of severe negative calcium
balances.

Analyses of bone ash show that approximately 50% of
the ash is calcium,and it is stated that in adult cows over 98%
of body calcium and 87% of body phosphorus are in bones. The
purported apatite structure of bones is said to constitute a
nucleus of Ca, (11'04)2 upon which is adsorbed prineipally calcium
carbonate,but in addition C&HP04 and Ga.(OH)z.

The mineral composition of bone is nearly but not
quite constant and nowadays the lability of the skeleton is as

frequently emphasised as was its stability in the past.
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Bethke,Steenbock and Nelson(1923-24 )found,with the
phosphorus content of the diet constant,that on increasing the calcium
and the fat-soluble vitamin of the diet simultaneously,the calcium
content of rat bone increased up to a certain point only, beyond which
addition of either or hoth had no further effect. Lability of
calcium in bone was investigated by Bauer,Aub and Albright(1929)
when they showed that the administration of the para-thyroid hormone
led to dimimution of the bone trabeculae of rabhbits. A low calcium
diet produced a similar effect in adult cats while a high calcium
diet caused a storage of calcium in the form of deposits in
trabeculae. The studies of Bauer et al(1929)thus proved that the
trabeculae serves as & source of calciumya readily available
reserve supply,while calcium in the bone cortex served an apparently
structural role. A negative calcium balance decreascd the
trabeculae and a positive balance increased them,as associated with
low and high calcium diets respectively.

Stability in the bone shafts,so important in
maintaining the body structure,is imposed upon when the trabeculae
are unable to satisfy the demand for calcium during extreme need
80 calcium is drawn from the shafts(cortex)and rickets and
osteomalacia results.

These enquirics were useful pointers to the
importance of bone as the normal reserve called upon to provide
calcium and phosphorus needed for lactation,and egg production,
among other demands,through the process of resorption.

Different bones react differently to resorption and

Duckworth (1953 )chemically examined individual bones of sheep af ter
| pregnancy and lactation on diets low in calcium,and found
resorption much more advanced in the vertebrae,ribs,and skull than
in bones of the extremities(metacarpals and metatarsals).



Numerous workers su:port this differential resprnse,and

while Lund and Armstrong(1942) reported that periodontal bone
is much affected in calcium and vitamin D deficiency, Wentworth,
Smith and Gardner(1940)showed differing responses among bones

of hormone treated animals.

Relationships between the Calcium and Ph sphorus composition

Of Blood and Bone,
A theory now held,is that bones regulate the supply
of calcium and phosphorus to the body fluids,since with in-

sufficient mineral matter available the maintenance of
physiological balance in the blood gets first priority to rigidity
of the skeleton - the latter being sacrificed. Some experimental
evidence indicates the uncertairaty of a direct relationship
between changes in blood composition and bone changeseluckworth
and Hi11(1953)cited the work of Riddle,Rauch and Smith(1944)
who used pigeons and found that medullary bone formation was
involved with a rise in serum calcium. This they declared was
in contrast with the finding of BloomjBloom and }McClean(1941)
that sera level could be raised without increase in medullary
bone. A study of the effect of ovarian hormones on the retention
of calcium and phosphorus in pullets was done by Common,Bolton
and Rutledge(1948)in a series of experiments,and it was significant
that hypercalcaemia of the oestrogenised bird is not of necessity
casually related to hyperossification. High serum ocalcium
levels were effected with dosages of oestrogen without causing
any increase of calcium retention by the growing pullet.
Common(1948) and his associates obtained contrary
results where medullary bone formation ocm’i-cd without high

serum calcium.



It is therefore interesting that Sobel,Rockenmacher

and Kramer(1945a,reported dietary calcium and phosphorus as

influencing both bone and blood serum.

This stemmed from

experimental evidence of an apparent relationship between

the carbonate content of bone and the composition of serum,

and Yable 2 is an adaptation from this work.

TABL: 2 %

DIETARY
GROUP

e/,
JU

in diet

Ps.’

in
diet

Blood

Serum

Fat-Free Bone

Ca in
ng.
per
cent

P in
ng.
per
cent

co
in
vol.
per

cent

Ca %

COL
5,

CO:

Ca

A+
vitamin D
(Basal)

(Low Ca =
Low P)

0403

0.32

8.7

8.9

11.8

1.8

10.2

B +

vitamin D
(Basal +
% caco,)

(High Ca -
Low P)

113

0.51#

13.3

6.8

57.1

17.0

3453

13.9

C +
vitamin D
(Rasal +

2.75%
k23P04)

(Low Ca-
High P)

0,029

0.905|

9.3

52.6

12.5

1.85

9.9

* Sobel et al, (1945a)

The claim was that a high Carbonate to Calcium ratio in

bone was found on high caleium-low phosphorus diets,while a low
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calcium diet with either sub-optimum or large amounts of
phosphorus lowered the carhonate to calcium ratio in bone.
Changes in bone carbonate to calcium ratio were said
to be related to serum phosphorus to carbon dioxide ratio and the
final link was that dietary calcium to phosphorus ratios and levels

influenced serum Carborn dioxide to phosphorus ratios.

Sobel ff_fi{194ib} supcorted their previous work in
other experiments. Ilere an almost direct relationship between
bone phosphorus to carbonate ratio and serum phosphorus to carbon
dioxide ratio was stated. Throughout these experiments the more
extreme the dietary calcium: phosphorus,the more sharply occuring
were changes in serum composition. Vitamin D was noted to prevent
these changes by preventing a fall in serum calcium or phosphorus.
The theory here is that the final composition of bone depends on
that of the liquid phase in contact with it,and dietary calcium and
phosphorus is directly related to this.

Purther verification of the above finding was offered
by Sobel and Hanock(1948)when they related blood serum to the
composition of the upper incisor of the white rat,hence to the diet.

Studies with sheep by Franklin(1948)tend to give
support to the findings of Sobel et al with rats,that dietary levels
of calcium and phosphorus are reflected in blood serum levels of
these elements,in animals fed vitamin D. Briefly the results were:-

(a) Calcium deficient rations with a wide calcium to
phosphorus ratio readily induced a severe fall in
serum calcium.

(b) Addition of suitable calcium supplements prevented
depression of serum calcium and restored
hypoealcaemio sheep to normal.

(e) Fasting had a temporary depressing effoot on serum
calcium.
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(d) Sxercise may further harm hypocalcaemic sheep and

cause more reduction in sera levels.

(e) Indoor housing detracted from ultraviolet irradiation
effect,and with inadequate dietary vitamin D,
normal serum calcium levels could not be maintained
even with high dietary intake of calcium and
phosphorus. Vitamin D administration,or exposure
to sunlight,remedied these subnormal values.

(f) Serum magnesium and inorganic phosphorus values
were inconsistent and so were excluded from these
papers.

That bone mineral was more readily mobilised to maintain
the level of serum calcium,but less readily to maintain that of
phosphorus,was very much in evidence. T is further complicated the
question of blocd and bone relationships,so the advent of the radio-
active isotope and the more precise quantitative data made available
greatly enhanced the cause of mineral metabolism studies.

Manly and Baker(1939)noted the rapid deposition of
labelled blood phosphorus,especially in the spongy parts of rat bones.
A rise in radioactive phosphorus was not accompanied by a rise in
total blood phosphorus,and the epiphyses showed a greater metabolic
turnover than the diaphyses in the long bones. Radioactive phosphorus
was less readily removed from the diaphyses. The ever-growing
incisors in rats were seen to take up large amounts of phosphorus,
and indications were that the bone reservoir provided much of this
phosphorus.

Another study by Manly,Hodge and Manly(1940 )emphasised
the acocretion of radiosctive phosphorus in the atable portion of
bone as the whole bone increases. The ratio of radiocactive
phosphorus to normal phosphorus in blood and labile bone showed a

gimilar fall at the same time.
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CALCLIUM AN D PHOSBPHORUS 0SQUIRIS KIS,

the mineral requirements of animals for growth and the
ﬁaintenmce of health is a basis of nutritional studies, and
much work has been done in attempts to complete the relaticnship

of levels of intake, absorption and retention, a d excretion.
larly woriicrs analysed the wiiole bodies of animals,
assuaing that the calcium and phosphorus content oif the body at
different stazes of development would indicate animal requirements
@. 3. Lawes and lilbert (1859; 1883) cited by Dancan (1Y),
“herman and liacLeod (192H)e. vith larze animals e.:;e the ruminants,
this proved a costly and tformidable endeavour in the face of
supplying very crude and inadequate quantitative data, so very
few of such analyses were done.

Studies of the whole skeleton and individual bones
have helpcd to estanlish the fundamemtal functions of bones with
respect to mineral metabolisme. Vorkers in this field include
Young ( 1936), Josland (1937), Underwood (1940), who uscd total
ash to estimate mineralisationj eldman and Rozers (1Y50)who
conpared the ash content of cortical and cancellous bone in the
ra.bit, rat and the cat; Fllenberger et al, (1950) and tleir
analyses of the skeleton of cattle, as reported by Duncan (195€)3
and finally Fllinger, uckworth, Dalgarmo and Quencuille (1952),
where it was shown that female rats on a diet deficiemt in
calcium lost an average of 32 of the total skeletal ash.

However, a more direct method of assessing animal
requirements was found in the balance study, in which the intake
of calcium and phosphorus could be compared with the outgo from
the animals body and the difference assumed as the asount
retained Uy the animal.

(a) BALANCH SI'UDIES,.

The balance study method of correlating intake with
retention was introduced to work with cattle by Forbes, French
and Letonoff (1929), but the balances and intakes did not show
adequate relationships over a period of six months, sc longer
investigations were recomnended,
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Lindsey,Archibald and Nelson(1931)undertoek such an

investigation using dairy heifers over a period of three years and

they showed the following:-

(a)

(v)

(e)

The total calcium retention was greater in heifers
fed the higher calcium containing diets.

The percentage retention showed that the heifers
{fed the lower intake used this more efficiently.
An apparent limitation of phosphorus retention by
the low calciun intake was explained as a natural
corollary of the roughly 2:1 ratio of oalo:luit
phosphorus in the skeleton,but Forbes et al(1929)
and Otto(1938)do not support this. °

A similar experiment by Archibald and

Bennett(1935) made manifest the trend that:-

(a)

(v)

(c)

as with calcium,the lower intake of phosphorus was
the more efficiently used.

After three years there was no group difference in
growth or reproduction performance.

The intake of phosphorus was without significant

effect upon the retention of calecium.

Several workers confirmed the above results, and among

these were Fairbanks and ¥Mitchell(1936 )with their study of calcium

retention in young rats. They showed that a low calcium content in

the tody,cansed by subsistence on a poor calcium diet,leads to

high retention of calcium when liberally fed. Another conclusion

was tiat growing animals had no maintenance requirements for

calcium,the caleium being used in growth and calecification

processes.

Outhouse, Kinsman,Sheldon, Twomey, Smith and Mitchell(1939)

found the same with pre-school children.
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Interesting work was done along this line by -

Rottensten(1938),and he concluded that the degree of calcium
"saturation” of the tissues affected the efficiency of ecalcium
utilisation when calcium is fed at levels below the requirement
for maximum retention. Duncan(1958)suggested the same theory
when she attempted to explain the adaptation to low intake found
in steers by Otto(1938).

Very few metabolic studies have been done on the smller
ruminants, but the statistical studies of Axelsson and Erikson,
reported by Duncan (1958), and those of Wright (1955), concur
with Otto(1938) and others, when they showed that the amount of
dietary calcium and phosphorus,and not the dietary calcium to
phosphorus ratio,was positively correlated with absorption and
retention.

Current estimates of the calcium needs of human adults
are based entirely upon balance estimates. On the basis of available
balance data 800 mg. per day was chosen as the amount required to
provide equilibrium in the average adult. Hegsted,loscoso and
Collasos (1952 ),however,found that the calcium required for main-
tenance of balance is simply a reflection of previous dietary
intake. He found that Peruvians on low intakes(100-200 mg/day)
maintgined balance. Work with rats was later shown to support
this by Henry and Kon(1953),as they described the relatiomship
between calcium retention and body stores of calcium; so Cershoff
et al(1958) finally supplied further verificatiom with dogs.

It is appropriate now to mention exeretion findings
as depicted by Rottensten(1938). Rats on a low calcium intake
uc_nt.d only very small amounts of faecal calcium,while those

on a high intake lost a large percentage through this medium.
A similar relatiomship held for urimary excretion of calcium.
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the o nbtrary it was bsccved lab cn the low
calcium dict the phos-herus was excreted mainly in the urine,
and on the high calcium diet mainly in the facces.
Cenerally,therel rey‘he greater efficiency of
utilisati:n by animals on lowered intaics,siressed Ly previcus
workers,is nore clear. oreatcer storege of caleiwa and hes horus

by animals on hisher dietary levels is [laced beyond any deult.

s e — ¥ - EET T .
(b) RAIIG CTIV. T4T STUELLS.

The absorption of calcium ccntained in the varicus
feeds cannot be directly determined by metabolic balanccs as the
difference between dietary calcium intake and faecal calcium loss.
ihe stool contains calcium secreted alcng with the dizestive
juices into the gastruintestinal tract(; "D ~ 05 FANCAL SA.0
in addition to th¢ calcium of the food which passes unabsoricd
(X0 BT

levesy et al(193" )were the First to use the isctope
dilution technique for the estimation of endogenous faecal
phosphorus in man,follcwed by Visek, onroec,Swanson and . omar
(1953 )who used it to measure endogeucus faecal calcium in
cattlesand phosphorus studies in cows by Kleiber,Smith,Salston
and Hlack(1951;. Radioisctope procedures have t!ms made it
possible to separate some of the various aspects of calcium
and phosphorus metabolism and the quantitative estimationsof
endogenous faecal calciua and phosphorus are important for
the determination of true digestibility i.e. efficiency of
calcium and phosphorus absorption. In additicn,balance data
proved an invaluable adjunct for the interpretation of the
behaviour of radicactive calcium and radicactive phosphorus
ix animals’ body.
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Investigations concerned with the physiclogical
behaviour of calcium and phosphorus in growing rats maintained
on various dietary regimes,by Hansard and Plumlee (1954),
indicated the following:=-

(a) Current calcium intake was of less influence upon
endogenocus losses than was the calcium status of
the animal at the time of measurement(Hansard et al.
1951). The rats on the lower calcium intake
excreted a greater percentage of calcium from their
body stores bmt those on the higher intake excoreted
the greater quantity of metabolically derived
calcium. This supported the earlier work of
Kleiber et al.(1951),where radioactive phosphorus
was used. Beside increasing the value of the work of
Rottensten(1938),the results here also substantiated
the latter,among other reports,by showing that body
storeg of the element affected the relative
absorption of calcium from the tract and excretion
into the tract.

(b) The efficiency of utilisation dacru._nd with increased
dietary calcium intake. Maintenance requirements for
calcium varied with the nutritional status of the
animals; and this requirement was closely associated
with the animal's ability to adapt #ts metabolic
losses to its mineral intake level ,which is in
agreement with the work of Hegsted et al(1952).

(¢) Rats with low calcium body stores increased their
absorption and retention of sprally administered
radioactive calcium,but retained less radicactive
phosphorus. This showed that inadequate calcium
affected the absorption and retention of phosphorus, an



17.
ampect previously recognised by Lindsey et al(1931)
with heifers. Evidence is evinced as to the separate
metabolic behaviours of absorbed calcium and phosphorus,
and the subsequent re-excretion of radioactive phosphorus
by way of the kidneys,here,relates tc the excretion
studies of Rottensten (1938).

() The soft tissues are maintained by the bone minerals,
practically independently of dietary calcium and
phosphorus,as was previously observed by iMitchell and
Curzon (1939),Hansard et a}.(1950,1951),cited by these
workers.

(e) The intake of phosphorus was also without effect upon
caloium utilisation in rats,which confirmed the earlier
work of Archibald and Bennett(1935).

FACTORS AFF-CTING CALCIUM AND PHOSPHORUS REQUIRLENTS.

(1) AGE AND GROWTH.

Knowledge of the trerd of the calcium and phosphorus
contents of the body is fundamental to an assessment of requirements,
as the animal grows and develops,and allied to this is the
modification that age imposes upon requirements after growth and
development have been completed.

Forbes and Keith (1914),reported by Duncan(1958),
subscribed to the skeletal changes involved in the statement:

"The changes in the appearance of bones as an effect of age are so
characteristic that anyone who is acquainted with beef recognises at
once the soft vascular bones of young cattle and the white ,flinty
bones of old animals".

A study of the calcium content of normal rats at
diffepent ages was done by Sherman and Macleod (1925),and they
showed the very rapid increase in body calcium that occured
during normal growth and development,
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Analyses of calves by Hogan and Nierman (1927),of growing beef
cattle by Moulton et al(1922), and of foetal to adult stages in

cows dealt with by Ellenberger et al(193631950),as reported by
Duncan(1958), and studies of Manly et al.(1940), provided excellent
support for this fact in relation to calcium and phosphorus.

It is natural that the skeleton should reflect most of this
rapid increase in body calcium and phosphorus,since this is
commensurate with its function as the principal body stores.

Skeletal accretion involves a process of progressive
caleification as the animal grows and develops,and numerous
experimenters have shown that the rate of calcium absorption
decreases with this process e.g. Fairbanks and Mitchell(1936),
Rottensten (1938), llenry and Kon (1947). GCrowth and development
is completed when the adult stage is reached,and here this
progressive caleification is ocurtailed and excretion balances the
intake.

Requirements over the pre-adult stages thus supersede the
maintenance requirements of the fully developed animal,and work
on rats and children by Mitchell and Curzon (1939 ),as reported by
Holmes (1945 ),and Outhouse et al(1939),which emphasise this,also
tend to give way to Fairbanks and Mitchell(1936) who concluded that
in growing animals there is no requirement for maintenance and
the calcium in the diet is used soclely for growth purposes.

With advancing age,there is increased katabolism which
leads to loss of bone salts(see e.g. McCay,Crowell and Maymard

(1935),Henry and Kon,1947),and intake must now be’' geared to meet

this and other endogenous losses of calcium and phosphorus to

keep the animal in equilibrium. Endogenous loss thus denotes
maintenance requirement,and the finding that no retention occured
in adults,unless previously on a poor calcium intake(see Henry

and Kon,1947, and 19533 Gershoff et 81,1958) enunciates this.

The significance of the previous dietary intakej,already referred to,
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is now quite obvious,and its role,in desi mnating the ultimate
maintenance requirement of an animal,emphasises the very variable
aspects in formulating adequate intake for animzals.

This argument is further aided by the fact that in
young animals efficiency of absorption of calcium at any one age
depends on the degree of saturation of the body - retention being
better when the stores are low(lairbunks and ilitchell,1936;
Rottensten,1938; Outhouse et 8141939).

Finally,simultaneous chenical and radioistope balance
and other studies by lansard et ale(1951,1954,1957 Jand Lansard and
Crodder(1957 )yshowed that the calcium absorption,retention and
excretion were greatest in young animals,decreased rapidly to the
age of sexual maturity and more slowly to maturity and old age.

The daily endogenous faecal losses of calcium and the
maintenance requirements increased slightly to maturity and became
markedly so in the aged animal. 1t was noted that phosphorus had
a constant relationship to calecium at all ages,as had lenry and
<on(1953).

(2) PREGNANCY AND LACTATICN.

The female of the species has the responsibility of
supplying nutrients to the young IN UT:ROys0 it was matural that
Sherman and Macleod (1925 )should find that the body calcium content
of reproducing female rats was lower on a percentage basis than in
females that had not raised young.

Insufficient calcium intake led to withdrawal of calcium
from matermal skeleton to meet foetal requirements in pregnant
sows studied by Lvans(1929),and in supporting this,Bodansky and
Duff(1941) stated that pregnancy alome did not impose a severe drain
on the maternal skeleton(see also Boelter and Greemberg,1943;
Ellinger et al,1952).
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Species differences were also inferred regarding the
degree of severity possible,since skeletal drain was greater
in the sheep where the foetus is a more serious competitor
for meagre calcium supplies,than in rats.

It is therefore generally agreed that lactation ereatcs
the more severe strain as to calcium and phosphorus demands
on the maternal organism. In her review Duncan(1958)
emphasised the definite nature of this by showing that
negative calcium and phosphorus balances :rare found in well-
fed dairy cows during early lactation,by prominent workers
(and in rats - by Goss and Schmidt,1930;Warnock and Duckworth,
1944). Lactation caused very severe bone mineral loss in
rats reproduced on a very low calcium diet(Boelter and
Greenberg,1943) and severe resorption was evident on an
apparently normal diet,due to lactation(Ellinger et al 41952).
As lactation progressed,however,a positive balance was
regained and previous bone mineral losses were made good in
the later stages of lactation,during the next gestation,and
especially in the dry period(Ellinger et al.1952; Benzie,
Boyne,Dalgarno,Duckworth,Hill and Walker,1956; Huffman et aly
1930a,bs Forbes, 1935, Ellenberger et al,1931,1932,1936, =
reported by Duncan,1958).

Forbes et al(1935) considered that the calcium of bone
was more available for milk formation than that of the diet
and hence doubted the use of supplementary calcium for
lactation purposes. This is in disagreement with Huffman et al.
(1930) who showed a more efficient calcium utilisation
during heavy milking,and the tendency for high-producing cows
to utilise dietary calcium more than low-producing cows
(see also Ellenberger et al,193131932,cited by Visek et al,
1952).
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The balahce of ov i ue av (r8 the wirk cf I ffman
€t al(l9% ),as maintained by Visek,rernes and Loosli(1952,,
LuicksBoda and Kleiber(1957 Jsand Duncen(1758),and the dietary
req irements of calcium and phos horus are positively related
to the cycles of pregnancy and lactation animals underyce

(3) ESPICT CF CUNTULT AND AVAITABILITY 14 [ ASTUms AND
SUPPY, .T- TARY F oDS.

The value of a feed as a source of calcium and
phosphorus depends not only upon its content of these mine-als,
but also on the amount that the animal can extract and retain
for its own use. Armstrong,’homas and Armstrong(1957 studied
the availability of calecium in Perennial rye;rass,Cocksfcot and
Mimothy fed to rats,and stated that availability was ;reater
in ‘imothy and eremnial ryegrass than in Cocksfcot. Iligh faeczl
calcium values were asscciated with the lower availability found
in Cocksfoot,an aspect which reaffirmed earlier findings of
Armstrong, homas and lorner(1953)and Armstrong and Thomas(1952),
beside the faet that legumes and herbs showed superior calcium
availability as compared to the grasses. There were indications tu.at
fibre content and oxalic acid content deterred ease of availability,
yet the genmeral conclusion was that the total content of available
calcium would be adequate enough to prevent deficiency when any
species of the nine grassland plants they evaluated is fed to
an animal.

Coop, Darling and Anderson(1953)found that although
minimum levels of calecium and phosphorus are sometimes reached

in some hill-country pastures,the anmual concentrations of these
minerals are probably adequate.

Animal intake will thus vary with seasomal fluctuations
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in pasture content of cal:ium and  hos h rus(Cears et alel953),as
this governs the ultimate satisfaction of their requirements. Such
a variation is authenticated in the statement of Barnicoat(1957)
that the intakes of calcium and phosphorus by grazing sheep in
Vew Zealend show wide differences. WKemp and'T lart(1957 Jand Di jkhoorn
and 'T lart(1957 )have shown that increase in temperature from
10° to 20°C increased the cation content of pasture plantssand
proposed s possible correlation with the incidence of ;rass tetany
in dairy cows. Illoweverymuch nore research is required along similar
lines to clarify such relationships.

The climatic influences are able to produce changes in
the chemical composition of herbage through fluctuations in the
ratio of grass to clover and the seasonal changes in leaf levels
(Sears et _alel953).

liansard,Crowder and Lyke(1957 )noted slightly greatcr
efficiency of utilisation of inorganic sources of calcium than from
alfalfaslespedeza or orchard gress hay,among cattle. Long; " illman,
Nelson,allup and Davis (1957 )did not find any differencea in the
phosphorus available to beef cattle from steamed bone flour,

Curacao Island phosphate and dicalcium phosphateyused as mineral
supplements. These efforts are supplemented by Tillman, frethour
and Hansard (1959 )when their results suggested that phosphorus
requirements for body weight gain and feed response(in lereford
steers )was greater than for bone growth or maintenance of plasma
inorganic phosphorus level. Feed consumption was related to the
phosphorus content of rations and they proffered this as a criteriom

of phosphorus functions.
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Notwithstanding the fact that past.re content of calecium amd
phosphorus appears to be adequate for the needs of the animal,
deficienqy has been found to occur(Fwer and Bartrum,1948).

Factors suggested as the cause of inavailability in such
circumstances include the lack of vitamin D (Fitchs1943),and the
carotenoid which functioned as an anti-caleifying agent(Grant,1953).
Again,a wide variety of plant foodstuff consuned by farm animals
have much of their phosphorus organically bound in a hexaphosphorie
acid ester of inositol called phytic acid. It occurs as salts of
calcium,magnesiumypotassium,etc., the complex being referred to as
phytin.

Phosphorus in such form is poorly utilised by non-ruminants
(Lowe and Steenbock,19363McCance and Widdowson,1935;krieger,Bunkfeldt
and Steenbocky19403Cillis,Norris and Heuser,1949,1953;Harris,19553
Gillis et al.1957),but seems to be utilised by ruminants(Reid,Franklin
and Hallsworth,1947)through a process of hydrolysis in the rumen.
Tillman and Brethour(1958)verified the latter aspect with their
isotopie work on wether sheep,and also provided evidence of the
retarding effect of excess dietary fat on the utilisation of dietary
calcium.

Non-ruminants afforded some early examples of the depressing
effect of aluminium on the availability of phosphorus(Cox,Dodds,WVigman
and Murphy,19313Street,1942),and a reduction in phosphorus absorption
was suggested(lacKenzie,1931). Another element, sinc,was purported
to decrease phosphorus assimilation (Sadasivan,1952)and calcium
utilisation(Tucker and Salmon,1955sHoekstra et al.1956). Thompson,
Hansard and Bell(1959)therefore studied the effects of dietary
aluminium and sinc upon physiological availability of calcium and
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availability of eal-iumand phosphorus in the ratiocns for
lambs, using radio-calcium and radio-phosphorus. They found
that aluminium did not impair the retention of calcium or
phosphorus in the ruminant,and thus justified its use as an
alleviator for fluorine poisoning in such animals. Dietary
zincyon the other hand,was seen to decrease the retention of
phosphorus and the gastrointestinal absorption of calcium.
(4) VITAMIN D AND THE PARATHYROIDS.

Reference has already been made to the
stabilising role that vitamin D maintains on serum calcium and
phosphorus,and its use in the remedy of hypocalcaemia. Nicolaysen
(1937 )presented indications that the vitamin permitted a greater
absorption of calcium from the intestine of rats,which in turn
caused increased absorption of phosphorus. An associated
decrease in parathyroid activity was also alleged.

The conversion of organic phosphorus to
inorganic phosphorus in bones,cited by Cohn and Greenberg(1939)s
is aided by the view of Greenberg(1945),that vitamin D exerts a
direct effect on the mineralisat on of bone in rachitic animals.
Of course,the literature is abundant regarding the use of
vitamin D in the prevention and cure of ricke's(McCollum et al.
1921 3Steenbock and Black,19243;0tt0,19383Fitch and Fwer,1944;
Andrews and Cunningham,1945;Smith,1957),and it is now quite
clear that the vitamin effects control over the calcium metabolism
of vlooa and bone,with strong pointers to a less directcontrol over
the allied metabolism of phosphorus(Smit: and Spector,1940%
Fut.Revs.,1958).
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Pasture feeding animals derive their vitamin D from
the precursor ergosterol ingested in feeds,the latter being
converted by the action of ultraviolet radiation of the
sunlight(Barnicoat,1957).

Fluctuations in herbage content of the precursor,due
to seasonal variations of pasture compositionyand the
availability of sunlight,will thus govern the amount of
vitamin D the animals obtain(Franklin,1948). The anti-
caleifying factor referred to by Grant(1953)implied an
anti-vitamin D effect,and MoGillivray(1952) pointed to the dependenc:
of the efficient utilisation of fat-soluble vitamins on the
anti-oxidant properties of vitamin E.

The parathyroids also effect control on calcium
metabolism(Creenwald,192635Selye,1932; Campbell and Turner,

1942) and hyperparathyroidism promote a high serum calcium
and dissolution of this element from the bones(Bodansky and
Jaffe,1931; Greenberg and MacKey,1932). Greenwald(1926)
observed that phosphate retention always followed
parathyroidectomy,in addition to the reduced levels in serum
calcium noted by other workers.

The glands do not seem to control the absorption
of calcium and phosphorus as does vitamin D,but the increased
urinary excretion of phosphorus in animals treated with parathyroid
extract is supported by the radio~isotope study of Tweedy and
Campbel1(1944).

It is doubtful as to the relationship between vitamin D
and the parathyroids, and there is no evidence to refute this
since,for emample,vitamin D cures rickets while the
parathyroids extracts do not. Therefore,in spite of their

common relation +to calecium and phosphorus metabolism, they
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both show essentially dissimilar actions.
chemical
The mechanism of the/activities of vitamin D and
the parathyroid hormones still require elucidation.

(5) THE ROLE OF MAGNESIUM.

Magnesium is closely allied to calcium although
it does not replace it,and the magnesium content of bones
is said to range from 0.5 - 8.7 per ceni(lorgulis,195%1).

Studies on bones have suggested an inverse
relationship with calcium(Hammett,1921) and removal of the
parathyroids have been seen to increase the magnesium
content of bone ash. Duckworth,Godden and Warnock(1940)
discovered that severe magnesium deficiency in the
young rat promoted the release of more bone magnesium
to the soft tissues,especially in a calcium deficient
diet(Duckworth and Godden,1941).

Restoration of dietary magnesium levels reflected
a relatively slow skeletal acquisition(Duckworth and
Godden,1943),80 it is quite questionable as tb the
lability of skeletal stores in the adult animal.

Low serum magnesium has been reported in
conditions of rickets and grass tetany in cows
(Sjollemay1932; Duncan,Huffman and Robinson,1935),
and high magnesium intakes caused slight changes in
the serum and body content(Cumningham,1933) - contrary
to Huffan et al,(1941) and others. Yet, the factors which
control variations in the blood level remain unknown.
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It is to be expected that with the rather
fragmentary knowledge of magnesium metabolism available,very
little is known regarding ruminant requirements of this element.
Huf fman,Conley,Lightfoot and Duncan(1941) found that growing calves
utilised magnesium in natural feeds much better than as magnesium
salts,and concluded that hypomagnesaemia in calves cannot be
directly correlated to low dietary magnesium since such a
relationship does not always hold. It is also of interest that
Alloroft(1947)reported the tendency for hypocalaemia to be
associated with hypomagnesaemia in cows,but Smith(1957)did not
support this when the administration of vitamin D restored only
the hypocalcaemia to normal.

Balch,Head,Line,Rook and Rowland(1956) carried out
balance trials with milking cows,and found that the availability
of magnesium in young spring grass varied between 9 - 28%,and
frequently fell below the more adequate levels provided by stall
rations during winter feeding.

The fact that spring herbage contained a lower magnesium
content of the dry matter than winter rations,was further
maintained by Rook and Balch(1958). Spring herbage induced a
progressive development of hypomagnesaemia in dairy cows,following
the change from winter feed. Urinary magnesium excretion fell
rapidly at the same time,while serum magnesium showed some
decreaseynot falling below 1e¢8 mg. per 100 ml. of serum except
in cases where urine magnesium fell to mero or to a very low
level. The magnesium content of the herbage was unaffected by

of
the stage/growth.
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A renal threshold for magnesium,of the order of
2.0 mg. per.ml. of blood serum,was suggested(Rook,Balch and
Line, 1958 ),and the relationship between blood serum level
of magnesium and the excretion of magnesium was thus pointed
out. These workers also observed that with sufficient
magnesium in the diet the body retention of the element
appeared to be independent of dietary supply of available
magnesium,but was dependent on the rates of body retention
of calcium and nitrogen.

Rook gnd Balch(1958) emphasised the difficulty
of establishing the extent of variations in the availability
of herbage magnesium,although they proffered the indication
thet many swards possexs a lower availability than is
typical of winter rations. The factors which cause the

lower availability of herbage magnesium remain unknown.

From the balance of evidence it is clearly
demonstrated that magnesium and calcium operate very
differently in the body,and there are no interrelationships
yet shown which depict a positive or negative affect of
magnesium on the calcium and phosphorus requirements of
farm animals.

The normal herbage intakes quite probably satisfy
animal requirements of magnesium for their physiological
needs,except in the case of insufficient feed being
available or of deficient pastures on magnesium deficient

soils.

SUMMARY.

From a summary of this review,there is no doubt
that with the absence of vitamin D,the dietary levels of
calcium and phosphorus are reflected in the blood contents
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of these elements. Again the stabilising role of vitamin D in

relation to these elements has been shown.
Evidence of changes in blood levels due to dietary fluctuationms,

ir animals fed adequate vitamin D,seems in doubt,since most
findings do not point to this. Furt ermore,with adequate
vitamin D animals on a low dietary intake of calcium and
phosphorus appeared to mobilise bone reserves in order to
maintain blood levels.

Blood levels of calcium and phosphorus do not
indicate the direction in which these minerals are flowing,
and high blood levels could indicate the flow of calcium and
phosphorus from bones to faeces and urine,or from intestines
to bones. Low serum levela could also show rapid deposition in
bonesyrather than dietary deficiency.

Using blood levels as an index of the calecium,
phosphorus and magnesium status of the animal,with other things
equal,is therefore quite questionable. This is made more obvious
from the numerous factors which affect the animal requirements
of calcium and phosphorus,especially in grazsing animals under
natural conditions.
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SECTION 1

EXPERIMENTAL

(a) Introduction of Sheep Experiment.

The investigation was undertaken with the
purpose of determining the levels of blood caleium,phosphorus
and magnesium of sheep used in the collaborative project
being done by the Plant Chemistry Laboratory and Grasslands
Division,D.S.Il.R.jand the Sheep Husbandry lepartment,

Massey College.

TABLE 3.
‘lean value
Pasture Treatments Serum Ca in Range No.of

mg.per cent Aniksl: .
Perennial ryegrass 8.3 5.8 = 10.0 15
Short-rotation ryegrass 9.1 6.8 - 11.6 17
P. ryegrass and Wiite
Clover 6.9 5.8 = 8.0 T
S.R.ryegrass and Vhite
Clﬂer 9.8 9I0 - 10.9 6

Table 3 is adapted from a report on the
results of the project, and indicates that the calcium level
of the blood was lower on the peremnial ryegrass treatments
than on the short-rotation ryegrass. The body weight gains
of the animals were in a similar order.

In the present experiment it was therefore
intended to denote the possible effect that different pasture
herbage and associated climatic factors could have on the
blood levels of calcium,phosphorus and magnesium throughout
the year and especially during the late-winter-early-spring
period when the above findings were made.
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(b) Plan of Experiment.

The experimental plots used were those
involved in the collaborative project and located on the sheep
farm at !lassey College. The four pasture treatments were

as follows:=

gi) Perennial ryegrass(P.) i

(ii) Shert-rotation ryegrass (S.R.)

(1ii) Perennial ryegrass and White Clover (P.+ C.)

(iv) Short rotation ryegrass and ¥hite Clover(S.R.+ C.).
Rommey sheep of similar age and sex were the animals used, and
they were allocated to the varicus treatments by a process of
randomisation.

Eight animals were selected at random from each
treatment for blood sampling, and the first sampling was done
on 4/12/58,1‘1'01 ewes put on these treatments on 10/5/57.

These animals completed their period of experimentation in

the collaborative project and were replaced by a flock of ewe
lambs,introduced on 15/1/59. The lambs were sampled 16/1/59,
and the subsequent aim was to follow the blocd levels of these
animals throughput the year. The only treatments made available
were (1), (ii) and (iv). However,an outbreak of facial eczema
occurred on the perennial pastures and all animals were
immediately slaughtered. A few samples were taken from the
treatments (i) and (iv) om 24/3/59 to detect & possible
variation from the normal.

Ewe hoggets replaced the slaughtered lambs and were
put on the plots on 16/5/59, These were sampled on 12/6/59 and
24/9/59,and with a sudden outbresk of rickets on treatment (ii)

another was done on 14/10/59, and analysed for calcium only.
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Herbage samples were taken during the experiment,
and these were collected at random by cutting at "sheep-grazed"
height. These were analysed for calcium and phosphorus.
Observations were made on the conditions of the pastures as
to their adequacy throughout the year,and gains in

individual body weight were also followed.

(c) Notes on Animal lanagement.

The animals were set-stocked in groups on the
different treatment blocks. Whenever the pasture growth
seemed excessive other sheep were brought! in to maintain
adequate control. These were taken off as soon as this was
achieved.

The experimental paddocks were not supplied
with lime during the experiment. Animals were ear-tagged
to ensure their identity, and thus make it possible to use
the same individuals of a group in successive samplings.
Fig. 1 gives a layout of the different treatments on the

‘three paddocks involved.

(d) Methods.

(1) The Collection of Blood.

Blood samples were collected by puncturing
the jugular vein with a hypodermic needle
and allowing the blood to flow into test
tubes. Test tubes to which had been added
an aliquot of oxalate were used to collect
blood for the estimation of inorganiec
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phosphorus. These were prepared by spreading two
drops of saturated ammonium oxalate around the
bottom of the test tube,drying this in an oven,
and finally breaking up the oxalate with a fine
rod. This quantity of ammonium oxalate served

as anticoagulant for the 5 ml., of blood usually

taken., Immediately after the sample was drawn

it was mixed with the oxalate.

For the estimation of serum calcium and

magnesium 10 ml. of blood were taken from each

animal.

S sesecsoRRROOON L LR B N N

(11) The Determination of Blood inorganic phosphorus.

1) The Preparation of Samples for analysis:-

(2 )

2 ml. of the oxalated blood,collected as
above,were pipetted into a test tube containing
6 ml. of 13.3%% trichloracetic acid. The pipette
was once again filled with 2 ml. distilled
water and the water slowly drained into the

test tube. Trichloracetic acid was used to
precipitate the blood proteins. After

vigorous ‘haking the mixture was allowed to

stand for a few minutes,and thenfiltered.

_ps.“rfu-rus
The Estimation of Blood inorganic;-

Duplicate determinationsof phosphorus were
made on the filtrate by the method of Fiske
and Subbarow(1925).
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(1i1) The Determination of Serum Calcium.

(1) The Preparation of Samples for analysis:-

The clotted blood was broken up into
as fine a consistenqgy as possible and then
centrifuged for four minutes to separate the
serum.

(2 ) The Estimation of Serum Calcium:-

These were done after the method of
Clark and Collip(1925). Duplicated

samples were analysed.

(iv) The Determination of Serum ‘agnesium:-

(1) The Preparation of Samples for analysis:-

The supernatant fluid from the estimation

of serum calcium was poured off into a
dry test tube and put aside for the
estimation of serum magnesium.

(2) The Estimation of Serum Magnesium:-

Duplicate estimations were done by the

method used by Godden and Duckworth(1935).

LA AN R R R R ENENE RN RS NEE Y R

(v) The Determination of Calcium and Phosphorus in

Herbage Samples.
(1) The Preparation of Samples for analysis:-

The samples of grass taken were weighed,
then dried at 7000 in a ventilated oven
for 24 hours,cooled,and finally grounded

to a fineness equivalent to passage
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through a sieve of 1 m.m. holes. The grounded material was
stored in air-tight containers before chemical analysis.
Immediately before analysis, 2 g.samples were held
at 10000 for 16 hours and after cooling were weighed. The
difference from the original weight represented the
hygroscopic moisture content,and was expressed as a
percentage. Samples were later ashed, ashing being completed
in a muffle furnace at about 600°C for 3 - 4 hours.
The silica dishes containing the ash were cooled in a
dessiscator,;later weighed, and the ash weight expressed as
a percentage.

10 ml. distilled water and 10 ml. 2N HC1l were
added to the ash in the silica dish and the contents heated
on a boiling water-bath for twenty minutes. After
filtration through a Whatman No.40 paper into a 100 ml,
standard flask,the ash precipitate and paper were thoroughly
washed with hot water,cooled to room temperature and made

up to the volume with distilled water.

(2) The Estimation of Cgloium:-

A 20 ml. aliquot of the ash extract was
transferred to a 250 ml. beaker, and approximately
150 ml, distilled water and 2 drops of methyl red were
added. The content of the beaker was first made
alkaline with 25% NH 40}1, then acid with 10% aocetic
acid, and brought to boiling over a Bunsen and 10 ml.
of boiling saturated ammonium oxalate added. During
precipitation of the calcium oxalate the beaker was

left on a hot plate maintained at 4000 for one hour.
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Final precipitation took place over right. The next day
the precipitate was filtered through a Whatman 10.40
filter paper, and washed free of soluble oxalate with hot
distilled water and hot 2% NH4OH. Washing was continued
until no precipitate occured with a dilute solution of
silver nitrate and nitric acid. Precipitate and filter
paper were transferred back to the original beaker and
approximately 200 ml. distilled water and 10 ml. of (1: 1)
H2SO4 added. Titration was finally done using 0.1N KAnD4,
the end-point being determined at 55-60 C.

1 ml. 0.1N K0, = 0.0028 g. CaO.

0.0028 x ig g. Ca.
5

(3) The ibstimation of Fhosphate:-

A Gooch crucible was prepared by forming a
thin mat of asbestos over a small circle of Whatman No.l
filter paper, and sucking this as dry as possible by strong
suction on a water-pump. Washing with acetone followed and
then another process of sucking dry at the pump for two to
three mimites. The crucible was put in a dessicator and
left over-night,then weighed the next day.

10 m1, aliquot of the ash extract was
transferred to a 100 ml. beaker,5 ml. concentrated HNO3 added,
and the contents evaporated on a steam-bath. To this was
added 30 ml. of an acid reagent(50 ml.conc.H,50, - Sp. Gr.
1.84, 350 ml. cenec. HNO5 - Sp.Gr. 1.42, 760 ml. distilled
water) and the content brought to incipient boiling over
a water bath. After cooling for one minute 30 ml. of

molybdate reagent(Lorenz method - see below) was added while



37.

stirring. A further two to three minutes was allowed
before more stirring was done, and the beaker was then set
aside over-night. Next day the precipitate was filtered
through the Gooch erucible, 275 ammonium nitrate being used
to remove adhering precipitate from the sides of the beaker.
The precipitate was washed three times with acetone,and the
crucible transferred to a dessiocator over-night,and weizhed
next day.

The precipitate contains 3.295% P Oge

P_C. oontent x 62 = P content.

&2 142

liolybdate Reagent(Lorens 'lethod)

100 g. pure dry (NH4)2304 were dissolved in
1 litre Hr:o5 (791 ml.cone. made up to 1 litre). Next
300 g. pure dry ammonium molybdate were dissolved in hot
water, cooled, made up to 1 litre, and thoroughly mixed.
The latter solution was poured in a thin stream with
constant agitation into the solution of ammonium sulphate,
and then allowed to stand for two days. The reagent was
then filtered through hardened filter paper, and stored for

use.

LA R R RN R R RN NN
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SECTICN 2

RESULTS

This project was complicated by the fact that it
was not possible to confirm any treatment variations
initially. It was only toward the end that conditions
necessary for blocd differences appeared. This later
effect pointed to irregularities in natural conditions as
possible factors which promote fluctuations in the blood
calcium and phosphorus of the graging animal. [lere was a

strong suggestion that adequate synthesis of vitamin D was
important to the maintenance of normal blood levels of
calcium in the grazing sheep.

Tables 334, and 5 show the results ohtained from
the blood analyses of grazing sheep, while “able 6 presents
the measurements of average body weights for these animals.
These results are exprecssed as the mean or average for each
treatment, and the ranges of values are given in brackets.
All results were subjected to statistical analysis, and
summaries of the analyses of variance, and means and standard
errors (S.Es) are given in Tables 7 - 1ll.

Tables 12(a) and 12(b) show values of the calcium
and phosphorus composition of herbage procured from some of
the experimental treatments used, and from the lanawatu as
a whole.
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TABLE 3

VALUES FCR BL.OCD INCRGA!IC PLGIVEN IN
ng, PER CENT

(Mean values are given, range in brackets)

! TINTS | Fwes Lambs Fwe !Iomets
Sampled pled pampled led SJampled
4/12/58  16/1/59 24/3/59 12/6/59 34/9/59
6.2 Gel Ts3 52 4.6
s P, (5¢2=748) [8¢1=10.2) (70-8.3) [37=6.0) (3.4=5.5)
5.8 8.8 4.7 4.6
-5 (4.8-6.5) [7.4=10.2) = (3.05.7) (3.2=7.9)
5.1 | 5.1 5¢3
P+ Ce (3:3=7.7) | = - (404=5.9) (3.7-7.3)
5.6 8.3 6.8 , 4.8 Be?
4B + Co [ (3:5-745) [704=9.6) [5.3-7.8) [3.6-5.5) {4.0=6.4)




TABLE 4
VALUES FCR SBARUM CALGIVEN T mg,PKR CLNT

(lean values are given,with range in brackets)

TRIEATMENTS Ewes Lambs Ewe lioggets
Sampled Sampled Sampled Sampled Sampled Sampled
4/12/58 16/1/59 24/8/59 12/2/59 24/9/59 14/10/59
1.3 12.4 10.0 10.1 8.7 8.7
P. (10.7-12.1) | (11e7-14+2)| (9461048 (945-=10.9) (7+7-9.6) | (6+6=1143
10.9 12.4 9.8 8.4 8.8
SeRs (9¢7-11.7) | (11.2-13.2) - (9¢3=10e9)] (7+4-10.1) (6.3-10.3)
10 ™ 8 9 L] 6 B- 7 9 L 5
P +Ce 10,0-11.5) - - (9¢3=10e1)] (7e1~1045] (Te7=10.3)
10.9 12.5 10.3 9T 9.6 10.1
S.R. + C. (10.0=11.9) | (11e4=13.2)| (947-10.7] (943=10.1} (8¢6=10.4] (9.2-10.8)

*of
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TABIE 5

VALUSS FOR SERUN Mg, GIVEN IN mg.PER CENT

(Mean values are given,with range in brackets)

Ewes ba Ewe Hoggets
TREAT- | Sampled Sampled led | Sampled Sampled
MENTS. 4/12/58 16/11’/59 ;7;/59 12/6/59 | 24/9/59
2.5 2.8 2.4 2.4 2.5
P (202=2.9) | (246=3.0) |(2¢3-2.8) | (2e3=2,8) | (2.1=2.6)
2.6 2.7 2.7 2.4
S.R. (2.4-2.8) | (2+3=3.1) - (2.5-2.9) | (1.9-2.7)
2.6 2T 2.5
P +Ce |(2:1=3.1) - - (2¢3=3.1) | (2.1-2.7)
2.6 2.9 2.5 2.4 2.5
SeRe# Co|(24223.0) |(2e4=3.2) |(2.3=2.8) |(2.2=2.7) | (2.4=2.7)
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TABLE

6

AVERAGE AND RANGE OF BODY WEIGHTS ON THE
DIFFERINT TREATMENTS

Ewes sampled 4/12/58 Lwe Hoggets first sampled 12/6 ZEL_
TREAT- First weighed | Last weighed| First weighed lLast weighed
MENTS. 19/2/58 (1bs) | 15/12/58(1bs ) 12/6/59 (1vs )] 24/9/59 (1bs)
93.2 97.2 13¢5 83.4
P, (83 - 105) (69 - 115) | (58 - 78) (59 - 97)
99.4 115 68.1 79.6
SeR. (81 - 113) (97 - 138) (62 = 75) (60 - 101)
85.5 u9'1 72.1 w
P+ C. (80 « 94) (106 - 134) | (61 - 92) (70 - 102)
135 136 78 95.4
S.R. +8.| (116 - 146) (104 - 159) | (69 - 90) (87 - 117)
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TAELE

SUM'ARY OF THE ANALYSES OF VARIANCE OF (a)BLOOD INORGAWIC P,
(b)sERUM Cay(6)SERUY MgeAND(d) GAINS IN BODY WEIGHTS,FOR
SWES SAM LD 4/12/58.

Source of ‘ilean Squares and Results of F Tests.
Variance g.f. (a) (b)) (e) (a)
¥ Ca Ng. Weight Gain
19/2 to
15/12/58
Treatments 3
Grass 1 [0.038 K.S. 0,008 N.S.| 0,008 N.S.| 1262.53 *=
Clwer 1 5.45 HQS. 0.16 EIIS. 0.%28 N.S. 830.28 *
Interaction| 1 [1.402 N.S. 0,195 N.S.| 0,025 H.S.| 3220.,03 *=
Lrror 28 [1.93 0.309 0.0667 138.83
Total 31
MEANS AND S.Es
P, T o2 11.1 2.5 4.00
SR " o8 10.9 2.6 11.50
}‘. +* C- by .1 10.8 206 54’25
SeR.4Ce " B.6 10.9 2.6 1.63
S.E. + :0.49 _*9.19 "'_'0.09 i"rtl‘
CCOIBINED MEANS
P.+(P.+Co ) ) 50‘ 11.0 2.6 19012
SeRe+(SeRe+C) 5.7 10.9 2.6 6.56
Se.Ee + 10.34 .13 +0.06 2.7
P. +S.R. 6.0 11.0 2.6 T-75
(P.4C)4(S.R.4C) | 5.4 10.9 2.6 17.94
S.Ee #* +0.34 +0.13 +0.06 £2.7
N.S. = Not Significant

= Significant at 1% level.

*® = Significant at 5% level.
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TABLE 8

MFANS AND STANDARD FRRORS OF (a) BLOOD INCRGANIC P,

SERUM Ca, AND (e) SERUM

AND 24 3/59

» FOR LAMEBS SAMPLED 16/1/59

Means and S.Es
PREAT= (a) (®) (e) I
MENTS No. P. Ca. MNg.
P. 6 [9.1 +0.3 | 12.4 + 0.36 | 2,8 + 0.06)
S.R. 10 8.8 i 0027 12.4 + 0.6 2.7 + 0. 07) 16 /
S.R.+Ce | 8 [8.3F 0.3 | 12.5 % 0.6 | 2.9 * 0.03 g /1/59
S.E. :
S.R. +C. 8 6.8 * 0.34 10.3 + 0.13 2.5 ,07
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TABLE 9

SUMMARY OF THE ANALYSES OF VARIANCE OF(a)BLOCD INORGANIC P,
(b) SERUM Cay AND (e) SERUM Mg, FOR SWE HOGGETS SAMPLED

12/6/59.

Source of (a) (b) (e)
thion pﬂ.-f - P. Ca. H‘.
Treatments 3

Grass 1 1.051 N.S. | 0,180 N.S. 0,011 N.S.

Clover 1 0.005 N.S. | 0,605 ©N.S. | 0.0012 KN.S.
Inmion 1 0.02 Nos. 0.5 HOS. 0-55 hcd
Error 27 0.53 0.334 0.037
Total 30
¥EANS AND S.Es}
P. 7 5.2 10.1 2¢4
SeRe » 4.7 9.8 2.7
Puat+ Co " 5.1 9.6 2.7
SeR.#Ce 6 4.8 9.7 2.4

S.E. + +0.25 0.2 +0.021

COMBII=D MEANS
P."'(Po"‘Co) 5.2 9.9 2.6
S.R-“'(S-H."‘C.) 4.6 9.8 206

SeE.# 30.18 +0.14 $0.015
P.#S.R. 4.9 10,0 2.6
(P.+C)+(S.R.4C) 4.9 9.7 2.6

S.E.+ 0.18 0.14 #0.015

H.S. = Not Significant.
= Significant to 1% lewel.
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* = Significant at the 5% level.

TABLE 10
SUITIARY OF THE ANALYS!S OF VARLANCE OF (&) BLOCD TNURGANIC Py
(b) 5270 Cay (c) SURUK Mgy AND (d) GANNS IN BDY “iIHTS,
FOR IWE HOGGLTS SAFLLD O 2 /9/59
Degrees of Freedom, llean Squares and Resulis of F Testis. Veight Cain 12/6 to
Source of a) P (b) Ca. | (e) g. (a) 24/9/59
|Variance .1 H.S. Fo def. laSe Fo i defe HeSa . defe oS4 Fs
Treatments ] 3 3 3
Grass 1 0.0003 N.S. 1 0.69 NeSe 1 0,008 W,5. 1 253,12 H.S.
Clover 1 3.99 NeSe 1 2.82 # 1 0,09 K.S. 1 32,00 N.S.
Interaction 1 0.0028 N.S. 1 2.94 * 1l 0.008 N.S. 1 128.00 NK.S.
Lrrom 24 1.62 27 0.51 27 0.C39 28 Tl.42
TOTAL 27 30 30 31
MEANS AND S.Es -
|
Pe 6 4.6 € 8.7 . 6 2.5 7 9.8
SaRe " 4.6 7 8.4 7 2.4 " 11.5
P. + C. n 5¢3 " 847 ” 2.5 " 8eU
S:Ri% Ca " 5¢3 " 9.6 " 2.5 " 17.5
COMBINZD 'L ANS
Po‘l"(Pa + C) 4.9 8.7 2-5 8.9
SeRe+(S.Re +C) 4.9 9.0 2.5 14.5
S.E. + + 0433 X 017 + 0,05 + 1,71
P. + S.R. 4.6 8.6 2.5 10.7
(Po4C) + (S.R.+C) 5.3 92 2.5 12.7
S.E. + + 0.33 + 0.17 + 0,05 +1.71
N.S5. = Not Significant
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TABLE 11

SUMMARY OF THE ANALYSES OF VARIANCE OF SERUN Ca, FOR THE
EWE HOGCRTPS SAPLED 14/10/59.

SeBs &

Mean Squares and 1ts of “.Tests.
hource of Variation ! d.f. Ca
rectments 3 2¢3%4 N.S.
rrror 28 1.28
MUANS AND S.Es.

Pe 6 8.7 + 043

BeRe 13 8.8 + 0.3

P. + Co 5 93 + 046

PeRe # Co 4 10.1 + 0.56
S.Ee +

COMBINED MHANS.

. + (PaC.) 9:0 + 003
«Re +(S.R.+ C.) 9.7 + 0.37
S.Be &

«+ S.R. 8.8 : 0.25

Pe+C) + (S.Re4C) 9T + 0437

N.S. = Not Significant.
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TABLE 12a

Ca AND P. COMPOSITION OF HERBAGE AT
DIFFURINT STAGHS OF GROWTH.

(Per Cent of Iwy latter).

i eason Herbage i ocp_d.
led | Species ture Ash Ca P Cas P
Short-
id- Rotation
prim Ryegrass 5.60 9.50 0e611 0.442 1.38
-
bummer -d0- 9440 11.25 0.548 |0.322 | 1.70
«D0= -do= .70 8.40 |0.45¢ |0.255 | 1.76
jdd-
tlut\m -dO- 6-50 10.10 0. 55 O.Ml 1025
a- Perennial
Fn—ug Ryegrass | 5.5C 8.70 0495 |0.331 § 1.50
h:‘uﬂ "b- 70(5 12.&3 0-‘?0 0.421 1. 12
=do—- ~do=- 8.00 12.50 0.415 Oe %0 1.12
1y
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TABLE 12‘b!"
Herbage
Species Ash Ca P CasP
Perermial
fyesrass 11.0 0.40 0«46 0e9
~do- 10.1 0.90 0.39 2.3
Fhite Clover 8.9 0.99 0.40 245
e (S - 1.00 0-39 2'5

# Adapted from Barnicoat (1957)
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SECTION 3

DISCUSSION

(a) Blood Imorganic Phosphorus.

No significant differences were denoted between
the treatments for all the animals sampled (Tables 7 - 10).

The variations between the animals in any treatment were greater
than the variations between treatments. Lambs had higher levels
of blood inorganic phosphorus than ewes,an aspect compatible
with the higher mineral turnover of the young growing animal.
This reduction in levels of blood inorganic phosphorus,with
increasing age,was indicated by the values shown in Tables 3
and 8. Facial eczema did not affect blocd values among the
affected lambs on the Perennial plots,and the changes noted
among the latter animals also occured on the short rotation
ryegrass and white clover plots. It seems worthwhile to add
that similar changes were seen for serum calcium and magnesium,
and for the same reasons.

Although there are definite variatioms in the
phosphorus content of pastures,as denoted in Table(12a),and
observed by Sears et ale(1953),the indieations are that
pastures levels of phosphorus do not fall below the accepted
minimum adequate requirements of 0.18 - 0.24% of Dry Matter(D.M.)
for non-pregnant ewes (Barnicoat,1957).

The grazsing animals,under the conditions of
this experiment,appeared to maintain a suitable balance with
the emvirommental factors which control the availability of
phosphorus. From this evidence,it is concluded that there

were no irregularities in the mechanisms which preserve
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physiological equilibrium of blood inorganic phosphorus

among the animals,throughout the periods of sampling.

(v) Serum Calcium.

There were no significant differences between
treatments for serum calcium values taken at the early
sampling periods. However,as shown in Table 10,the ewe hoggets
sampled on 24/9/59,gave evidence of higher values among the
animals kept om short-rotation ryegrass and white clover.

This difference was significant at the 5% level. The presence
of white clover produced no significant effects on the values

for serum calcium when the clover is associated with perennial
ryegrass, but the addition of clover to short rotation ryegrass

maintained a significant level of serum calcium.

A general fall in the levels of serum calcium
became apparent with the advent of the late winter-early
spring flush in pasture growth,among the ewe hoggets, and this
trend was parallel to that previously demonstrated by the

collaborative project.

The outbreak of rickets among animals pastured omn
the experimental plots,enforced another sampling on 14/10/59.
Mean values for serum calcium were indicative of a rising trend,
and this followed the general fall(24/9/59 )mentioned above.
The most severe cases of rickets were found on the plots
containing short-rotation ryegrass,and so interest was at first
centred on this treatment. Two animals from this treatment
showed advanced rachitic symptoms,including severe muscular
incoordination of the limbs. X-ray and histologiocal studies

of the bones of these animals by Wallaceville workers verified
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the rachitic conditions. The serum calcium values for both
animals were 8.6 and 8.7 mg.per 100 ml. of serum, while the
values for blood inorganic phosphorus and serum magnesium
remained quite normal. These values for serum calcium were
approximately equal to the mean value for the group. X-ray
studies also showed that rickets of a much less severe nature
ocoured on the other treatments,among some animals. lNon-rachitic
animals from the seriocusly affected group had values of serum
calcium which ranged from 6.3 = 10.3 mg. per 100 ml. The
hoggets kept on perennial ryegrass showed a range of 6.6 -11.3 mg.
pé:r 100 ml.,but were very much less rachitic. One animal,for
example, had a serum value of 7.8 mg. on 24/9/59, and the
value increased to 9.5 mg. on 14/10/59, despite the presence of

severe rickets.

An important point thus shown was that the
severely rachitic animals were not the ones with the lowest
levels of serum calcium. T is depicted a marked variation
between individual animals as to the minimm level of serum

calcium required for susceptidbility to the disease.

The gemeral fall denoted abovescould be explained
on the basis that the change was due to a reduction in mineral
turnover with increasiug age (Hansard et al41951,1954,19573
Hansard and Crowder,1957). This view is not supported by the
recovery that followed the general fall,and loses more ground
where animals on the short-rotation ryegrass and white clover
plots did not exhibit this seemingly reduced mineral turnover,
although their levels of serum calcium rose with the gemeral
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recovery afterwards.
A reduction in mineral turnover with increasing age did not
appear to accocunt for the fallsand other factors were therefore
entitled to consideration.

Assuming that the calcium composition - f the
diet is directly related tc that of the blood(Sobel and
Hanok,1948 ) ythe general fall,as above, was indicative of the
following causes:-

(1) a reduced intake of dietary calcium due to
inadequate pasture content on all treatments
other than short-rotation ryegrass and white
clover. |

(11) A decrease in total intake due to unpalatability,
scarcity of herbage, or any such factors, on
the other pasture treatments.

(i1i) Decreased availability of dietary calcium
because of an imbalance of minerals,either
through calcium and phosphorus,or through
the action of a "trace" element,or magnesium.

This assumption apart,and with adequate quantities

of availatle calcium in the pasture,the likely explanation

for the significant difference and the general fall,is an upset
of the vitamin D mechanism which stabilises the blood level of
calcium, and controls the absorption of ealcium from the
intestine. Vitamin D exerts a direct affect on the mineralisation
of bome in rachitic animals (Greenberg,1945)s,and inadequate
amounts of this vitamin,in additiom to decreasing levels of
pasture intake on the plots,could also account for the

outbreak of rickets among the animals.
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Observations made on pasture production showed
that during winter and spring the short-rotation ryegrass
yielded more herbage than the perennial ryegrass. c“hort-
rotation ryegrass responded much more readily to the late
winter-early spring period of guick growth.

During the summer and autumn perernial ryegrass appeared to
be the hetter producer. The short-rotation ryegrass and
white clover plots surpassed the perennial ryegrass and

white clover cnes in herbage production over the winter to
spring veriod, and with tie advent of summer there came a
tendency for the clover to dominate the grass species.
Perennial ryegrass and white clover s'owed a greater capacity
for t'e prodiction of herbage over sumer and autumm, and
there was not thc same tendengy for the plots to be elover
dominant.

In spring,animals were inclined to grase the
short-rotation plots more closely than the peremnnial ryegrass
plots, and this suggested a distinct preference for this
the more palatable herbage. Despite the close grazing
noticedyit could not e said that the pasture herbage was
quantitatively inadequate to the point of inducing incipient
malmtrition,because reasonable quantities of herbage could
be obtained from ome of the short-rotatiom plets,

Close grasing of the short-rotation and white clover treatments
was not in evidence because the growth of clover during this
pericd maintained a more adequate level of pasture herbage.
Clover was readily grased at all times by the animals on

these treatments.
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These observations are inclined to nullify the
possibility of a reduction in pasture intake as being the
direct cause of the downward trend in serum calcium. In
addi tion, these animals showed & gencral increase in body
weights,and this does not reflect a serious scarcity of
edible herbage. The question of unpalatable herbage,
determined by the choice of herbage grased by the animals
on the different treatments,was peailiar only to perennial
ryegrass when compared to the other species. This trend took
place over the late-spring and summer period of growth,and
as the herbage became more and more mature. This could not
produce significant differences in the dietary intakes of
the animals during late winter and early spring. Searset al.
(1953) have pointed out that changes in the chemical
composition of herbgge throughout the yesr are the results
of both the ratio of grass to cloversand of the seasonal
changes in leaf levels. They showed that with the transition
from winter to summer,clover contributes an increasing
amount of the calcium found in the total herbage. GCreater
levels of calcium were discerned in clovers(1.0 = 1.6% D.ii.)
than in grasses (0.4 - 0.6% D.M.), a superiority also
reported by Armstrong and Thomas(1952) from English work.

Low calcium levels occurred in grasses and clovers during
wvinter and spring.

It is to be emphasised,however,that although seasonal
fluctuations bring about variations in herbage content of
cal cium, these contents have not been observed to fall below
the accepted standards for minimum requiremen t8(0.2 - 0.3%4 D.M.)
for non-pregnsnt ewes (Barnicoat,1957). The balance of
evidence does not support the theory of inadequate contents
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of caleium in the pasture herbage as t)e main reason for the general
decline in serum calcium,and for the signifiecant difference found.

The possibility of an imbalance in the pasture ocontent of ealcium
and phosphorus producing increased non-availability of dietary calcium,
is not supported by the finding that among farm animals the intake,
absorption,retention and loes of calcium and phosphorus are neither
based on the approximately 2:1 ratio found in bones,nor on any other
dietary ratic of calcium and phosphorus (Otto,1938;Weight,19553
Juncan,1958). This experiment,and many others,did not demonstrate
such an imbalance in gru:l.m animals,and it is improbable that such
a causative faotor led to the variations in serum caloium. Work
with cattle showed that magnesium depressed the retention of ealcium
and caused losses of aa.lei}m from body tissues when the phosphorus
content of the ration fed was low (Palmer, Eckles and Schutte,1928),
but no such antagonism has been seen in this and other experiments.

Variations in the availability of herbage calcium have not
been experimentally related to any deficiencies or mutritional
imbalances of trace elements ( i.e. iodine, copper, molybdenum,
cobalt,iron,flporine and others). This does not exclude the
posgibilities of such effects; and research work imn this direction
might prove useful, lHowever, it seems unlikely that the significant
difference found on the plots containing shorte-rotation ryegrass
and vhite oclover, and the general fall denoted on all treatments,
could be due to trace elements.

Amstrong et al. (1957 )indicated that fibre content

and oxalic acid content deterred ease of calcium availability
in the grasses studied. Vo amgalysis for oxalic acid content

(1
]
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was done in the present experiment,and so the finding cammot be
confirmed. Under the conditions of this experiment the fibre
content of the herbage was not believed to be high enmough,during
the early stages of growth which occur at late winter to early
spring,in the Manawatu,to induce the differences and trends observed
in serum calcium. The retarding effects of a high fibre content

in pasture herbage are more synonymous with advanced maturity over
summer and early autumm.

The general fall in serum calcium values was
observed before the outbreak of rickets. This depicted a related
trend,hence any reasoms which explain the former should in fact
account for the incidence of the latter. It is evident that the
possible mon-availability of herbage calcium was not a principal
factor in the incidence of rickets,because the serum calcium values
in seriously affected animals were approximately equal to the mean
value for all animals on the same treatment. Adequate levels

of available calcium were therefore afforded the hoggets on the
short-rotation plots although this may have been on the threshold
level which borders inadequacy on some plote. Furthermore,this
evidence points to adequate intake and absorption df dietary calcium
on all other treatments.

With the assumption that the calcium composition of the
diet is directly related to that of the blood,there are now
suggestions that a number of factors may have contributed to the
trends observed. The calcium content of grasses and clovers are at
a seasonal minimum during winter and spring (Sears,1953). In additiom,
the possibility of existing factors, yet indefinite,which deter the
availability of herbdige calcium at this time will not be denied.

A variable herbage intake is known to occur among pasture grasing
sheep (Barnicoat,1957).
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All these factors could collectively contribute to a low dietary
intake of ecalcium, and therefore promote the fall observed in
blood calcium levels.
It seems that during the onset of the general fall in blood
calcium valuesythe hoggets on the short-rotation ryegrass and
wvhite clover maintained more conaﬁnt serum calcium levels because
they fed on the more palatable short-rotaticn ryegrass;which
grew quicker during the flush period of growth. This was aided
by the increased fertility provided by the presence of clover,
and these animals also fed on the clover which contained a higher
calcium content than the grasses. The significant difference denoted
in Table 10y is explained on this basis. In contrast,the animals
on the pure grass plo's would therefore lose the benefits which
accrued from the presence of clover,especially on the more
palatable,but more closely grased,short-rotation ryegrass. The
sheep on the plots which contained perennial ryegrass and white
clover,grased on the less palatable perennial ryegrass,which
grew more slowly in the spring flush, and on clover which was
retarded in its productivity by the more dominant ryegrass.
The result in the latter case was the production of a loss of
fertility of the ryegrass,an aspect which does not enhance
quicker spring growth. These animals,and those grased on the
pure grasses,did not therefore find it possible to maintain
constant levels of serum calecium at a time when pasture contents
were at the lowest. The reasons afforded here have not
elucidated the imcidental occurgnce of rickets,especially because
the rachitic animals did not show the lowest levels of serum
calcium. A review of the literature offers doubts that the
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calcium composition of tie diet is directly related to that of
the blood when adequate vitamin D is also fed. Again,Ewer and
Bartrum (1948) showed that hoggets developed rickets on Italian
ryegrase which contained levels of calcium and phosphorus much
above the minimum requirements. The administration of witamin D
supplements in the diet protected unaffected animals from the
disease. Vitamin D insufficiency due to inadequate irradiation
during the winter was not considered the primary cause of rickets,
by these workers, and the inference was that some specific
principle interfered with phosphorus metabolism. In the light of
the postulate of Crant (1953),inhibition of the function of
vitamin D may have been the retarding principle.

The evidence,at this stage,suggests that some of the
reasons given for the general fall and the significant difference,
in the preceding paragraph,were important ones,with the
substantiation that these effects on serum calcium values were
aided by the decreased functioning of vitamin D. This decrease in
function was thought to be due to lowered synthesis of the vitamin,
an aspect which is compatible with a reduction in solar radiation
during winter,in.lanawmatu, and which tends to lessen the
stabilising effect that the vitamin exerts on calcium in the
blood.

For the duration of the experiment,cloudy,wet and
cold weather predominated over the period lasting from late July
to early September, with few clear and sunny days. This seemed
to enhance the effects of the reduction in sunshine hours during
the winter.

There are no estimations of the amount of vitamin D
that sheep obtain from the effects of h'!ill:lltionl in the Manawatu,
and it is possible that with other deficiencies present a reduction
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in vitamin D synthesis could help to produce the results
observed.

The close grazing of herbage on the short-rotation
plots showed a lower than usual intake of feed,hence a
dimunition in the calcium intakes from such plots at a time
when the contents of grass were lowest. Ome of the plots,
howeverycontained ample levels of herbage but animals also
showed serious rachitic infection. T is suggested the
influences of factors which cause non-avallability either
through an anti-vitamin effect, or through retardation of the
extraction of calcium from the ingested herbage.
Few anti-vitamin D agents have been brought forward,and that
proffered by Grant (1953) require confirmation in more
investigations. The efficient utilisation of vitamin A is
dependent on the anti-oxidant propertie2 of vitamin E
(MoGillivray,1952), and a similar effect is possible for other
fat-soluble vitamins., Efficient utilisation of vitamin D
would however be maintained on the plots which contain the pure
grasses because the deficiengy of vitamin E is peculiar to
clover-rich pastures. This deficiengy ocould not produce the
differences demonstrated during the spring flush om plots that
were not regarded as clover-rich.
A high dietary intake of calcium and phosphorus failed to
maintain normal levels of serum calcium and blood inorganie
phosphorus in sheep housed indoors (Franklin,1948), and the
low values were quickly corrected by the administration of a
viteamin D supplement. Animals which were similarly fed but were
also exposed to abundant sunlight maintained normal blood
levels of both minerals. The work of Franklin(1948),emphasises
the importance of vitamin D synthesis to the pastwre grasing
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sheepy and supports the present claim that inadequate formation
of this vitamin, and not the non-availability of dietary
calcium,was the main cause of the falling trend and the subsequent
outbreak of rickets. Latterly,rachitic animals did mot possess
the 1west levels of serum calcium, and this imposes doubts on
the suggested retardation of the extraction of calcium from the
ingested herbage.

The variable increases in body weights among
individual animsls reflected differences in the levels of
herbage intake on any ome treatment. These dif erences in
intake could be eritical among plots where other deficiency
factors were at work. The combination of factors which
produced the trends observed,and which resulted in the degrecs
of rickets that occurpdsappeared to include the effects of a
variable and lowered intake of herbage calcium. A strong view
is that some of these factors could have reduced the total
amount of calcium available,to a level below the optimum required
by individual animals to counteract the imbalance created by an
already diminishing availability of vitamin D, Individual
variations in the minimum levels of serum calcium required to
induce susceptibility to rickets hawe been shownj,and this
commotes other factors rather than the mon-availability of
dietary calcium as the ultimate cause of the disease. It
appears that but for this imbalance in vitamin D fumctionm,
the total amount of available calcium would have been adeguate
on the most severely affected treatments despite the aritical
state of other factors. The animals on the other treatments
showed the retarding effects due to this imbalance in the
vitamin but were able to offset the inecidence of very severe
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and advanced rickets because their dietary intakes of available
calcium were encugh to counteract this imbalance. Animals on
other pastures in the area did not show rickets, probably because
the concentration of sheep was less per acre and the pasture
herbage contained more plant species. This could afford higher
dietary intakes of available calcium to maintain a more
healthy mineral status.

The explanations given are strengthened by tie
fact that when the mineral intake is sub-optimal,t e demand for
vitamin D is increased (Ewer & Bartrum,1948). The converse
relationship has been shown (Auchinachie & TFraser,1932; Xramer &
Howland,1932), but to a lesser extent owing to the influence
that vitamin D exerts on the absorption of calecium from the
intestine.

In conclusion,it is suggested that given adequate
levels of vitamin D throughout the year,pasture graszing animals
will maintain normal serum calcium values under Manawatu
conditions. These values will then incline to constancy despite the
lowering of the herbage intake and the calcium content of the
rasture herbage at certain seasons, and although the suspected
detrimental effects of fibre content,oxalic acidyvitamin E

deficiency, and others, continue to exert their influences.

(e) Serum Magnesium.

Duncan, Lightfoot and Huffman (1938) found little
change ih the mean magnesium content of blood plasma with
increasing age among normally reared calves,but there was
considerable individual variation. The work of Smith (1957)
supported the fall in plasma magnesium with the advance of age
in calves. The rresent experiment shows a similar trend with
the lambs, and a greater variation among individuals than
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between the treatments for serum magnesium with all
animals.

In general,there were no significant
differences betwean the treatments at most of the sam;lings,but
the ewe hoggets showed a highly cignificant difference on
12/6/59. With perennial ryegrass the presence of clover
raised the serum magnesium level,but with short-rotation
ryegrass the presence of clover reduced the level of serum
magnesium. This could mean that the magnesium level of
White clover is normally between those of perennial ryegrgss
and short-rotation ryegrass. lNo analysés were done for the
magnesium content of herbage,but Thomas,Thompson,Oyenuga
and Armstrong (1952) examined eight grasses and four legumes
growing under English conditions and found the magnesium
levels to be greater in legumes than in grasses.

The animals were put on the treatments on
16/5/59, and doubts therefore arise as to the rapid and
particular effect denoted for the clover,especially from
the fact that no significant differences were seen on 24/9/59.
It is furthermore remarkable that the differences were
indicated only over the autumn when perennial ryegrass
Yyielded more herbage than short-rotation,and when the
ill-effects of clover dominance would have affected the
short-rotation ryegrass and white clover plots rather than
the peremnial and white clover ones.

Rook and Balch (1958) emphasised the
difficulty of establishing the extent of variations in the
availability of herbage magnesium, and no direct relationshijy
has yet been shown between herbage magnesium and the level
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of blood serum. OSpring herbage was found to promote progressive
hypomagnesaemia in dairy cows by Rook et al,(1958),but the
magnesium content of herbage did not vary with the stage of
growth. With the latter finding as a basis,and the fact that
the pastures of New Zealand are overall more productive than
tlhose of Zuropean and lorth American countries,this experiment
helps to demonstrate that the magnesium ocontent of New Zealand
pastures are enocugh to satisfy the mutritional requirements of
sheep.

The highly significant differences found could
simply have heen variations between the groups when they were -
randomised to the separate ireatments, and which were still
present on 12/6/59,but were reduced by 24/9/59. This is supported
by the small difference between the significant results(2.4:
2.7 mg. per 100 ml.of serum), and in particular,by the greater
difference found among individuals within any one treatment.

Under Hanawatu comnditions,the greatest demands
for herbage magnesium by sheep occcur during lactation. This
ooincides with the spring flush in pasture growth, and because
no déficiencies have been reported in these pastures, it can
be assumed that the demands of the animals are satisfied. It
is possible that deficiencies sometimes occur due to heavy
lactation demands,and with imsufficient herbage intake
immediately after parturition,but the extra needs are probably
met by bone reserves (Blaxter & MoGill,1956) over the short
period involved.

(d) The Gains in Body Weight.
The omly significant differences shown in body

weight gains during this experiment were those among the ewes




63.
sampled on 4/12/58. Values obtained from a report on the
collaborative project showed that the differences in mean
body weights between the animals on the four treatments
ranged from 62.3 = 63.1 1lb. at the start, on 10/5/57. At
the last weighing on 15/12/58,the animals on the perennial rye-
grass plots made the largest gains in body weights,i.e. for
the period 19/2/58 te 15/12/58, followdd by those on the
short-rotation ryegrass plots. The gains on the other
treatments were very much less in comparison,as depicted by
values shown in Table 7.

Highly significant effects were denoted for the
interaction of perennial ryegrass and white clover, and, as
a result, for the difference between grasses. The effect of
clover was significant at the 57 level, hence there was every
indication that the plots containing perennial ryegrass and
clover contributed most to gains in body weights over the
summer. This latter aspect is commensurate with the higher
suzmer productivity of perennial ryegrass and white clover
already referred to. These plots are not prone to clover
dominance, and with the transition from early spring to early
sutumn, t e clover contributes to an increasing amount of the
total pasture herbage.

The difference in mean weight gains betweem
animals on the pure grasses were not significant although
the animals on short-rotation showed more gain. This may
indicate the greater proneness to maturity of the peremnnial
ryegrass with the passage of sumer, and the earliey tendency
to go to seedhead. A decline in mutritive value comes with
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increased maturity of past.re herbage.

The lowest gains in body weights were
shown by animals on the short-rotation and clover plots,
and the reason offered is the tendency for clover dominance
over the summer. Clover would therefore have contributed
an increasing amount of the total herbage, to the detriment of
the grass and the total quantity of herbage on the plots.
An interesting view is that this clover dominance reduces
the availability of adequate quantities of vitamin E to the
animals (McCillivray, 1952) as summer advances. This
results in poor utilisation of the fat-soluble vitamins,
including vitamins A and Dy which are important contributors
to increasing growth in animals.

For the period 10/5/57 to 15/12/58 the
animals on the ¢lover treatments have demonstrated the
greater increases in body weights.

Although there were no significant differences
for the ewe hoggets sampled on 24/9/59,the indications were
that the animals on both short-rotation treatments showed
superior gains in body weights. This agrees with the
greater productivity of the short-rotation ryegrass
treatments during winter and early spring. Figs. 2 and 3
illustrate the trends of the mean body weights on the

four treatments for ewes and ewe hoggets.



PART 11

BLOOD STUIIES BASED OFN F:ZLIDING TRIALS WITH RATS.
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SECTION 1
EXPERTMENTAL

(a) Introduction of Experiments with Rats.

The experiments with young Wistar rats were carried
out in order to support the work done with sheep. Diffemences
observed in sheep,in the ollaborative pro ject,may be due
to several factors.

The use of blood valyes as an index of the ninertl
status of the animal has already been questi oned. Work
with rats therefore undertook to establish the validity of
the experimental results from sheep,based on blood data.

Evidence that changes in blood levels of calcium
and phosphorus vary directly with fluctuations in dietary
levels,in animals fed adequate vitamin D, is shown by
Sobel and his co-wrkers(1945 a,b31948). Their findings
have received very little support by other workers. The
present experiments with rats aimed to contrihute to the
controversy surrounding these findings.

Again, there were no measurements of the intakes
and utilisation of the calcium and phosphorus in herbage
grazed by the sheep. It was therefore considered necessary
to investigate the availability of these minerals from two
different types of pastures grazed by sheep. Data on blood
valves and mineral intake and utilisatiom in rats should
indicate allied relationships.

Levels of serum magnesium and the cal cium anl
phosphorus contents of femurs of grmups of rats were
included as being associated with the above interests.

It is well knom that rats thrive with difficulty

on a grass diet,and so grass ash was used by way of addition
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to a synthetic diet in two experiments. Grounded grass was
fed in one experiment, and the animals were sacrificed as
soon as they began to lose thrift.

Working with cattle, Pal mer,Cunningham and Ecokles(1930)
pointed to the marked day to day variation in blcod inorganic
phosphorus. They found that feeding camises blood phosphorus to
rise in the first bour and them to retum tc normal three houre
afterwards. lactating mﬁ;;ﬁe studied by Visek 35__11_.(1952).
and they showed the rapid/of radioactive cal cium from the
blood subsequent te intravenous administration.

These endeavours depicted a very rapid removal of
cal cium and phosphorus from the blood for immediate use and

storagge. An experiment was designed to test this view.

(b) Plan of Experiments.

Experiment 1.
Young weaned rats were fed (ad lib.)a basal

diet which contained 3.6% salt mixture(the details of dietary
components are given later) over a rre-feeding period of two
weeks. The animals were then randomised into four groups,so
that the average body weights of the separate groups were
approximately equal. The groups were fed separate experimental
diets as follows:-
Croup (1). (4 rats),received the diet containing 3.6%
salt mixture,the control diet.
Croup (i1)s (4 rats),were maintained on a diet containing
: 4.5% salt mixture.
Croup (1ii), (5 rats)sreceived the control diet,but with
the calcium content raised to five times
that of the contrel by the addition
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of C&COB.

Group (iv), (5 rats),were fed the control diet,but
with the phosphorus content raised to
five times that of the control,by the
addition of lem Oge

The intake of each group was regulated to that of the

lowest intake groupsand the body weights were measured once
weekly. This experiment lasted for seven weeks,the animsls
being allowed tap water, ad lib.jand a few drops of arachis
0il containing vitamins D,E, and K once per week.

Experiment 2.

After a pre-feeding period,as above,these
rate were similarly grouped, and fed as follows:=-
Group 1, (5 rats), received the control diet containing
3.6% salt mixture.
Group 11, (4 rats), received the diet containing 4.5
salt mixture.
Group 111,(4 rats), were fed the control diet, but
with perennial ryegrass ash added as 12.5%
of the complete diet. The reason for using
this proportion of ash was that the ryegrass
contained 12.57 ash on a dry matter basis.
Group 1V, (4 rats),were fed the control diet,but with
the ash from a mixed pasture added as 8%
of the oomplete diet. The mixed pasture
herbage contained 8% ash on a dry matter basis.
The other stages of this experiment were conducted
in a similar manner to Experiment 1.
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Sxperiment 3.

This experiment differed in design from the
preceding two in that six groups of three animals each were
used. THREE dietary regimes were maintained,with two groups of
rats ascribed to each.

The animals were six weeks old at ‘he start of the
experiment. The level of salt mixture was raised to 5.4%
during the two weeks allowed for as the pre-feeding period,
because the animals began to lose thrift on the previous diet
containing 4.5% salt mixture.

At the end of the pre-feeding period the rats were
randomised into six groups,so that the average body weights of
the separate groups were approximately equal. 7The experimental
diets were fed as follows:=-

Groups C; and Cq, were fed tne diet containing 5.4%
salt nixture,and this was used as the
control.

Groups Ry and Ryysreceived the control diet,but with
perennial ryegrass ash added as 12.57
of the complete diet.

Groups l!l and llll.reoeived the control diet,but with the

ash from a mixed pasture added as 8%
of the complete diet.

The intake of each group was regulated to that of the
lowest intake group,and the body weights were measured once weekly.
Tap water ad lib., and a few drops of arachis oil containing
vitamins D, E, and K were added to the diet once per week.

This experiment lasted for 10 weeks, and a 10 day mineral
h,lnﬁtridmluomthoumupﬁ.
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5xp eriment 4.

The experimental design used was similar to that
in Bxperiment 3. The same ~ontrcl diet was also used.
At the start of the experiment the animals were seven weeks old,
and they were maintained on the diet containing 5.4% salt mixture
for the pre-~feeding period of ten days. GSubsequent to random=~
isation inte the respective groups, animals were fed the
following dictary regimea:-

Groups (a)s(A), received the diet containing 5.4% salt
nixture,the control diet.

Groups (b),(3), were fed the control diet,but with
grounded perennial rye;rass added as
33.%% of the complete diet(on a D.li.
basis).

Groups (c)s(C)y obtained the control diet,but with
grounded mixed pasture added as 33.3%
of the complete diet(on a D.!. basis).

Animals were reported to thrive with difficulty on a

grass diet and so the experiment was terminated after twenty

four days as soon as the rats threatened to lose thrift.

Experiment 5.

This experiment was designed to indicate the
hourly changes which occured in blood levels of calcium and
phosphorus when rats kept on a diet at the 5.4% salt mixture
level,were suddenly fed much higher dietary levels of Calcium
(*Ca x 5) and phosphorus (* P x 5). Table 18 shows the design
and results.

¥ Control Diet
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(¢) Animal Management.

Animals were kept in cages in the house specially-designed
for small experimental animals,at !‘assey College.

They were fed and watered daily, and the trays used for the
collection of faeces and urine were emptied as often as possible
to prevent atmospheric pollution. Adequate heating was provided
in cold weather and the ventilation was suitable at all times.

The nature of the diets fed did not facilitate conversion
to pellets 20 animals obtained their feed from small enamel dishes.
Wastage due to spilling was toosmall to be of significance in these
experiments.

The rats were obtained from pure strains bred at the
Animal Research centres at Ruakura and Wallaceville. Those used
in Lxperiments 1, 3, and 5 were all of the male sex. The
distribution of the sexes in Ixperiment 2 were found te he as
follows:=

Group 1 - 5 females.
Group 11 = 1 female + 3 males.
Group 111 - 1 female + 3 males.
Croup 1V - 1 female + 3 males.
Experiment § showed the following distribution of the sexes:-
Group (a) - 3 males.
Group (A) - 2 males + 1 female.
Group (B) - 2 males + 1 female.
Group (B) - 3 males.
Group (¢) - 2 males + 1 female.
Group (C) - 3 males.

It is worth pointing out that animals were requested as
males,and that the distribution of femdles in Experiments 2 and
4 were purely the result of randomisatiom. -
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() Diets.
The basal diet and salt mixture were based on that
used by Moore(1957) and Hansard et al. (1951), and subject to
some modi fications,are as follows:=

Cassein (commercial) 20 parts.

Sucrose 60 parts.
Arachis oil 15 parts.
Brewers yeast 10 parts.

Salt mixture 4, 5,and 6 parts for control diets

containing 3.6%,4.5%sand 5.4 salt mixture,respectively.

Vitamins fed each rat per week.

E = dl- a-tocopheryl acetate ssseees 2 mg.
K = 2-methyl-l-4-naphthoquinone...50 ug.
D -Calcifﬂml.... ------- c-oo-o.o.nlis}gt

I‘:C]....- ------ -..0...-0.-.0..0..4..27.2 m-
HaHzpc)‘(&nlUdmm).-......-..-...-.5 m.
1&504(de“8).--.-.loool..nc.l..ﬁ.? Wt'-

Iiacl.......Il..-t.I'l...I.‘-Cl.t....s.4 wts.

RCIE. 6E20-.toco-.o-c-o.n....oco..Zns wt’..

Cu304. %2 ..........‘Q....--I.....0.4 m.
wo - Tﬂzo..........-....-‘.......0.5 mt.-

4

- 0.0....-..-..o--ococ-...o . .
Mns04 432 0.2 parts

c.s()‘. 7}120........................0.0005 parts.
Klasecsacecsccos-ccnes-nosssscnsneelel parts.
HaFeeececcecsscosccnnscorcnsnccnneeesle05 parts
Totalees..o TO.0505 parts.
For the diet fed to Group (iii) in Experiment 1, 5.4 parts of

(115(103 were added to the control diet and the sucrose contemt
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reduced by a similar amount. For Group (iv), 6.6 parts of
NaZHP04 were added to the contrxol diet, and the sucrose content
reduced by a similar amount. The aim was to maintain the salt
mixture in the same proportion in the diets. Careful mixing and
grinding in a mortar were entailed in the preparation of these
diets to emsure uniform distribution of all constituents,
esrecially dietary micro-nutrients. Diets were stored in bottles.
Pasture Ash.

Both the peremnial ryegrass ash and that from the
mixed pasture were prepared from herbage cut at "sheep-grazed"”
height,by the method desoribed above for the determination of
calcium and phosphorus from herbage samples. Analysis of all
herbage was done to denote the various plant species present.
The grounded herbages fed in “xperiment 4, were prepared for

analysis by a similar method.

(e) HMethods.

(i) The Collection of Blood and Eones.

At the end of each experiment the animals were
anaesthetised with diethyl ether; and the blood removed from the
heart with a hypodermic needle. Death ensued, and the femurs
were removed and set aside for analysis, except in Experiments
4 and 5. The blood and bones from the rats in each group were
pooled for chemical analyses.

(11) T™he Determinatioms of Calsium,Phosphorus and

Magmesium in the Blood.
These determinations were dome by the methods

used on the blood samples of sheep.

(141) The Determinmations of Calcium and Phosphorus im
Casein,Yeast and Herbage.

The methods employed were those used to estimate
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the calcium and phosphorus of herbage samples in the work
with sheep.

(iv) The Determination of Calcium and Phosphorus in

Bonesa.

(1) The Preparation of the Samples for analysis:-

After the femurs were removed from the rats,
they were scraped clean and soaked for a few hours in three
changes of aleohol. They were next extracted with ether
and dried to a constant weight at 105°C. Cooling took place in

a dessicator and the bones weighed immediately afterwards.
The Fat-free Dry weight was thus obtained. HAshing was done
by placing the silioca dishes which contained the bones in a
muffle furnsce set at 600°C for 12 hours. The weight of
ash was estimated and expressed as a percentage of the Fat-
free ry weight.

The ash extract was prepared by the method adopted
for the preparation of the pasture ashes earlier,and the
bone ashes were grounded in a glass mortar and removed by
the 10 ml. of distilled water and 10 ml. 2N HC1 used in the
extraction procedure. The remainder of the preparation was
sinilar to the above method.

(2) The Estimation of Calcium and Phosphorus in Bones:-

These estimations were done by the methods used

in the ash extracts of herbage samples in the work on sheep.
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(v) The Determination of Calcium and ‘hosphorus in

Faeces and Urine.
The faecal and urinary collections from the
mineral balance trial were stored in weighed bottles, and
kept in a dry place.
Preparation for analysis and the estimationsof
calcium and phosphorus from this mixed excreta were made by the

procedure employed for pasture herbage, in the work on sheep.
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SECTIOR 2

RESULTS

Tables 13, 14,15,16a,16b,16c917a517by170, and
18 show the results obtained from these investigations with
rats.

Figzures 4 to 7 present mean body weights of various
groups used in Experiments 1 to 4.

During the course of each experiment, it was
attempted to equate the total amount of ration eatem by
each animal irrespective of treatment, by regulating each
group intake to that of the lowest .'t_nta.ke group. This
was not possible, however, in experiments 1 and 2, owing
to the variable feed intakes encountered. The resultant
effect was not considered large enough to alter significantly
the levels of dietary calcium and phosphorus intended for

the separate treatments.
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Table 13
RESULTS FROM XESRUCNT 1
. fl0.0f Initial | Final | Total Total | 5 Ca |%P CatP | Bloo Cerum | Lo.of Vaight jo Ash iiean liean
i Animals Aver, Aver. Ca P in in in Inorg, Slﬁm Mgein Dones of Fat= ' in Ca |
| Groups jat end Body Body Intake Intake Diet Diet Diet [P in  Hn mg. .per | Analysed |free Fat-free Content | Content '
of Expt. Weight ‘-Vei%ht mg.pevr ber 100 Dry | Dones of Bones| of Bones I
(gs) (& .) (g.) 100 #1.000 ml.  |m3, Bonea? (mg) (ag)
(1)
Control Diet
(3.67 salt 2 65 88 2,908 3,65 Ced33 | 0,543 |0.8 8.32 |_* | # 2 0.327 | 63.6 35.45 18.19
Mixture)
(11)
Control Dliet
1 (4.57 salt 4 64 136 6.507 7439 0.54 |0.614 |0.88 |8.64 13.6 2.4 4 0.5935 | 64.4 27.0 17.6
Hixture
(1i4)
?m C;ntrol 4 65 99 32.54 74453 | 2.421 [0.554 |4.37 |9.6 12.8 1.95 4 0,613 | 64.2 3546 17.4
Diet x
| (iv)
P in
Control 5 68 115 6.47 29.9 0.442 |1.876 |0.24 9.92 10.4 2.44 4 04591 67.0 36.1 17.98
Diet x 5

* The number of surviving animals did not facilitate the collection
of enough blood to permit a serum calcium estimation.




Table 14.

RESULTS  FRCH

To.of Tnitial | #inal | Total | Zotal 7 Ca T T ‘atP [Blood ' Serum Serum gg;gﬁ ;;f-ifi:_ -i:ﬂh L i:&ﬂ -;;em*
/nimals | Aver. Aver, Ca in 1n in Inorgenic |Ca in g in Analysed | free Tat-free | Content a—
Crours at end Body Zody Intake Intake Diet Tiet Diet [P in mg. BS. PUT mge per Bones Bones of Bones| of Dones
of zxpt. | Weight "i’gigl}t (&) J per 1C0 100 ml. L) (s (2. )
(g ) (ge) (g ) 100 ml. ml.
T
Control Diet " 9.6
3,67 Salt 5 99 100 8.4178 10,4925 | 0l442 05508 | 0.8 (i 10,4 2406 4 0.684 64.0 3240 19.67
Mixture
3 1 2
.5 Salt 0,904 6449 517 6o 2
IIT
Ryegrass Ash 1 s 28 18, ¢
as 12,57 4 94 83 64432 7.7021 | 0.44 0525 | 0.84 [103 16,1 1.62 4 V6575 | 60eT 35 J
of liet
ix 6 36.0 18.11
Hixed 4% C+648 3.4 : :
as 8% of 4 93 68 6.1925 7.4193 | 0.44 Ge524 | 0.84 B.8 11.2 1.81 4
Diet
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Table 15

Average Ca and P Composition of Herluge Fed in

ixperiments 2 and 3 (Per cent Dry laiter).

Hygroscopic

He¥bage loisture Ash Ca P Ca:P

Perennial 8.0 12,50 0.415 0.36 |1.15

Byegrass

Mixed 8.0 8.00 0.38 0.21 (1.8}

Pasture

Species Composition of Herbage
Perennial Ryegrass 9 Mixed Pasture
Percentage
Species (%) Species (%)

Perennial ryegrass 99.8 Perennial ryegrass 6

Poatrivialis 0.2 Timothy 2
Brown top 66
Sweet Vernal 6
Yorkshire Fog 15
White Clover 3
Hawkbit ) 2
Plantago major

Total 100,0 Total 100.0
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Table 16 (a)

RESULTS FROI T RLALNT: B,
No,of | Initial | Final Total | ‘otal wca %P SastP | Blocod | Serum | Serum 1;{3;;;: ‘:gig:*: . ”/31:'?1 C*:“ ;{59‘“
Animals | Aver. | Aver. Ca I in iin in Inorganic: Ca in Mg.in i " Content
Groupe at end | Body | Body Intake | Intake |Diet | Diet Diet |P in mg. | mg.per |mg.per Analysed | Dry Bones | Fat-free ?fngone g
| of , Weight | Veight _ ' per 100 | 100 100 (g.) Hones g (mg. )
xpte | (g.) f (gs) (g ) i (ge) | ml. | ml. ml,
[ !
icgnirol Diet | | ' l i ! 6 6.7
5.4% Salt | 3 172 ' 175 10.24 | 11.017 |0.619 |0.666 | 0.95 | 7.4 13.5 3.4 3 048705 9.2 4.5 0%
Mixture | I : | E
C II ] | i
Control Diet !
5.4% Salt | 3 172 187 10.24 | 11.017 |0Ce619 |0.666 | 093 | 6.5 12.0 3.4 3 0.9535 68.6 80,3 39-8
Yixture l \
'[ | | '
I, T f
L | ] !
as |3 172 1157 19.82 | 10,385 l0.593 (0,627 | 0,95 | 6.7 12,0 |27 3 I R MM
12,55 of Diet [ ! . l
| | ; ;
| l | .
R II ! i i
Ryegrass Ash | '
as } 3 172 u1 | 9482 10,385 [ 0593 [0.627 | 0,95 | 7.0 12.0 2.7 3 0777 64.6 62.3 33607
12.57% of Diet |
: j
uI '
Mixed Ash t | ,
as 8% of 3 ; 172 | 146 10,09 10.574 | 0.61 0.639 | 0.95 | 6.5 10.5 ; 3,0 3 0.801 68.2 66.0 32.99
Diet | H
1 | )
i ! |
M II
Mimed Ash
as &% of 3 172 158 10.09 10.574 |0.61 0,639 | 0.95 |6.0 0.5 2.9 3 04832 68.1 70.7 35,15
Diet




Table 16 (b)
A Mineral Balance Trial From L‘_;gerinent 3

Total Total % Ca Total [Total P 4 P
Groups Dietary Ca in Re‘ained | Dietary [in ixcreis Retained
Ca Exoreta P (&)
(g.) (g-) (g )
c1I
Control Diet
(Se4% Salt
Mixture) 1.572 1.027 34.67 1.67 0.9269 445
CcII
(Em;ol Diet
5.4% Salt 1.572 0.673 6. 1.6 -
) 56.47 T 0.8672 48,07
RI
Rye.Ash as
12,.5% of
Diet 1.503 1.18 21.5 1.572 | 1.1528 36.38
RII
Rye.Ash as
12.5% of
Diet 1,503 1.297 13.72 1.572 | 1.3160 16.27
MI
Mixed Ash
o Pt of
Diet 1.528 1.218 20,28 1,607 1.1010 31.49
<M XL
Mixed Ash
as 8% of
Diet .
e 1.528 1.216 20,40 1507 1.213 30,86
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Table 16 (c)

Summary Of The Analyses of Variance of (a) Blood Inorganic
Py (b) Serum Ca, (c) Serum g, From Experiment 3.

Source lean _ Squares and Hesults of ™ Tests.
of d.f. (a) (b) (e)
Variation P. Ca. -

Treatments | 2  |0e285 N.0. | 2.6225 N.S. | 0,25 #»
Error 3 10,193 0,38 0,0033

MEANS AED S.Es.

oL | 6.95 12.75 304

g %I ; 6485 12.0 27
L 6425 10.5 2.95
S.E X 0.31 + 043 + 0.04

K.S. = Not Significant
" = Significant at 1% level.
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Table 17 (a)
RESULTS FROM EXPTRIVENT 4.
No.of Initial | Final | Total Total % Ca o P CatP Blood Serum cerum em
Animals Aver. Aver. |Ca P in in in Inorganic |Ca in Mg. in
Groups at end Body Dody Intake Intake | Diet Diet Diet P in mg. Bg.per ng. per
of xpt. | Weight |["eight per 1C0O 100 100 ml.
(E- ) (E_:’__ (ﬂ'- ) (Kt_} ml. ml,
(a)
Control Diet
(545 of Salt| 3 170 158 4.9508 5.2147 | 04639 0,679 094 6.6 10.4 2.75
Mixture ) |
(a)
Control Diet
(547 Salt 3 169 183 4.908 5.2147 | 0.639 | 0.679 0.94 T.8 11.0 %.16
‘Hxture ) |
(b)
Perennial
Ryegrass as
33,35 of 3 175 160 4.864 4.6301 | 0.633 06603 1.05 6.4 11.9 3.63
Diet(D.).)
(3)
Perennial
Ryegrass as
33.5%% of 3 171 170 4.564 4.6301 | 0.633 06603 1.05 6.9 11.8 2.66
Diet(D.!f. )
(e)
iixed Pasture
as 33.3% of 3 172 170 4.941 4.5251 | 0.643 0.589 1.09 5.9 12.4 3e33
Diet (D.M.)
(c)
Mixed Pasture
as 33.3% of 3 169 148 4.941 4.5251 | 0.643 0.589 1.09 6.9 11.6 3.06
Diet(D.M.)




Table 17 !b}

Summary 6f The Am.lglel 6f Variance Of (a) Blood Inorganie

P, (b) Serum Ca, (c

Serum Mg From Experiment 4.

Jource Mean Squares and Results of F Tests.
of d.f. (a) (b) (c)
Variation P. Ca. 1.
Tmtment. 2 O. 36 J‘.i.s- 1-01 ‘N. S. 0003]. N- Sd
Crror 3 1.33 0.17 0.196
Total 5
MEANS AND S.ESe

a )

e ) Te2 1C.7 2.95

b )

B ) 6.6 11.8 3.14

¢ )

c ) 6.4 12.0 3.19

S.E # + 0.81  0.29 + 0.33

N.S. = Not Signifiocant.
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Table 17 (e

AVERAGE Ca AND P COMPOSITION OF HERBACE FiD
IN EXPERTMENT 4 (% D.M.)

Hygroscopic

Herbage lipisture Ash Ca P Ca:P

Perennial

ryegrass 9,10 8.68 |0.622 0.451 | 1.38

ed
asture 9,10 12.30 |[0.652 [0.410 1.59
SPECIES CCMPOSITION OF HERBAGE
Perennial Ryegrass Mixed Pasture

| _Species % Species %

Perennial ryegrass 95 Perennial ryegrass| 7

Poa trivialis 4 Coeksfoot [

Hawkbit and Rumex 1l Timothy 2
Poa trivialis 27
Chewings fescue 5
Brown top 11
Yorkshire Fog 6
Praire Grass 4
White Clover 19
Suckling Clover 2
Hawkbit
Plantago Major ;
and other weeds n

Total 100.0 Total 100.0




Table 18

Experiment 9

THE TRENDS OF BLOOD Ca AND P AFTFR ORAL
ADIINISTRAT CN (mg per 100 ml.)

Ko. Dietary
ime After of Ca and P
feeding Animals Levels

PXS Cax$

1 hour 1l 8.9 -
2 hours z 8.8 12.0
6 hours 3 8.6 12,0
16 hours 2 - 10.5
20 hours 5 707 10-5
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SICTION

DISCUSSION

(a) Phosphorus lMetabolism.

The results from Ixperiment 1 (Table 13) show that

Group (iv) possessed a value for blood inorganic phosphorus
that is not significantly different from that obtained for
Group (iii),although the latter were fed dietary phosphorus
equivalent to one fifth of the quantity fed to Group (iv).
Groups (i) and (iii) have received equivalent intakes of
phosphorus but show a comparatively greater difference in
blood values.

Attempts were made to equate the total dietary
intakes of the individual groupe in all experiments,but the
varisble feed intakes between groups did not make this
possible in this experiment. The result is that Croup (ii)
obtained a higher percentage of dietary phosphorus than
Groups (i) and (iii),as originally plamned, but the mean
intakes of phosphorus for the three groups were equivalent.

Groups (1) and (i1i) were unthrifty (Fig.4), and
during the experiment two of the animals from Group (i)
and one from Group (i1ii), died. Group (iii) fed voraciously
and reflected a much larger dietary requirement than was
allowed. The high excitability of this group was probably
due to the very high level of calcium fed.

Rats in Group (i1) proved the most thrifty, and
despite the equivalent intake of phosphorus,this group
maintained a much lower level of blood imorganiec phosphorus
than Group (4ii).
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It can be assumed that the most thrifty group has
obtained the most adequate percentages of dietary calcium and
phosphorus. On this basis the percentage of dietary phosphorus
fed to Group (i) was inadequate. This is so although equivalent
quantities of phosphorus were fed to both Groups (i) and (ii).
Percentages of dietary phosphorus are indicated to be more
important to the thrift of the animal than the total amount fed
over a given period. Excessive levels of dietary phosphorus would
therefore fail to contribute proporticmately to the thrift of the
animalsyover this period.

The marked difference in blood phosphorus values
between Group (iv) and Group (ii) is not reflected in the
phosphorus content of bonea from both groups. A direct relation-
ship has not been established between the phosphorus contents of the
diets and the bones, and this queries the possible significance
of the difference in blood values. Furthermore, a similar difference
exists between Croup (iii) and Gromwp (i), although the percentages
of dietary phosphorus are the same for both groups. The mean
phosphorus contents of bones do not relate to the tremds in blood
incrganic phosphorus levels,for the latter groups.

Hansard and Plumlee (1954) demonstrated that
inadequate intakes of calcium affected the absorption and retention
of phosphorus. Adding this view to the assumption made,based on
the thrift of Group (ii),it seems that the calcium intakes of
Groups (1) and (iv) were inadequate and should retard the
wiilisation of dietary phosphorss. Tais eomld secount for the
absence of a higher value for blood inorganic phosphorus in
Group (iv), and for the lowest value of 8.32 mg. per 100 ml.
found in Crowp (i). It also appeared that the excessive calcium
fed to group (iii) enhanced the value of 9.6 mg. shown for blood
inorganic phosphorus.
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These assum;tionsjshowever, do not relate the trends in
bone phosphorus contents with the differences in blood
inorganic phosphorus values. The evidence in this Experiment
does not support the findings of Sobel and his co-workers
(1945 as b3 1948),which relates the phosphorus content of the
diet,the blocod aund bone in animals fed adequate vitamin D.

Table 14 contains the results from xperiment 2.

As in the previcus experiment the group fed the diet
containing 4.5% salt mixture was the most thrifty,followed
by the group fed 3.6% salt mixture(Fig.5). The two greups
which received pasture ashes in the diets obtained the
lower dietary calcium and phosphorussshowed the lesser
thrift,but did not have a lower mean value for blood
inorganic phosphorus than the other two groups.

The mean bone phosphorus content of Groups I and IT were
however greater than that of Croups III and IV. This shows
that a greater quantity of available phosphorus was fed to
the first two groups.

A comparison of Groups I and II showed that the
higher percentages of phcsphorus in the diet were
associated with the more thrifty animals in Group II. The
latter group displayed the higher contents of Blood
inorganiec phosphorus and the mean phosphorus comtent of bomes.
Group IV,on the other hand, had the highest blood value
although they received the lowest intaje of phosphorus.

The mean phosphorus content of bones is similar for Groups
III and IV.

The thrift of the sepaxate groups are not
directly related to the levels of blood inorganie phosphorus,
but to the phesphorus contents of the bones and the diets.
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Dietary phosphorus did not directly affect the levels of
blood inorganic phoephorus among the groups. Ash provided a
greater proportion of dietary phosphorus in Group III than
in Group IVybut g difference in availability is not reflected
in the bone phosphorus contents. The mean phcsphorus contents
of bones were similar for beth groups and indicate equal
storage of dietary phosphorus, in spite of the differences

in blood inorganic phosphorus.

In Experiment 3, the thrift of individual groups

as represented by the gains in body weights (Fig.6) is again
related to the phosphorus contents of the bones and the diets,
but not to the blood valuss. The comtrel groups were fed
similay diet but showed different va.lms{:;lood inorganic
phosphorus.

A noticeable feature is that the within freatment
variations exceed that found between treatments,for blood
values. An analysis of variance, sumarised in Table léc
evinced no significant differences between Creatments.

Table 16b indicates that the control groups retained
a larger proportion of dietary phosphorus than the other
groups. This points to greater non-availability of dietary
phoaphorus among the ash-fed groups, and explains the higher
phosphorus contents in bomes from the controls. There is,
however, a marked difference in the percentage of phosphorus
retained between Croup R, and Group R

II
intakes, and the absence of a significant difference between

y despite similar

the values for blood phosphorus.
The high variation within a treatment suggests the importance
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of physiological variation between individual groups,
irrespective of the levels of phosphorus intake,
Ash supplied a higher proportion of the total

dietary phosphorus in Groups R, and RiI than in Croups

I

T This could account for the lower mean retention

associated with the former groups, but fails to explain the

MI and M

greater difference in retention within freatments. It is
diffieult,therefore,to establish a difference in phosphorus
evailability between the two pasture Treatments.

There are indications that the differences in
blood phosphorus values are a reflection of normal
functional variations between the groups. Dietary phosphorus
intakes are allied to bone phosphorus contents because of the
storage function of bones. The blood serves tc convey
ninerals from the site of absorption to other organs for
use and storage, hence it maintains constant concentrations
of the cireculating minerals under normal conditions
(Shohl, 1939). This view negates the easy upset of the
state of phosphorus equilibrium suggested by the findings
of Sobel et al.(1945 a, b).

Experiment 4 (Tables 17a, b) supports the view
that blocd values are independent of levels of phosphorus
intake.

The animals used in Experiment 5 were fed a
diet which contained 5.4% salt mixture for a period of
ten weeks, starved for a day, and then fed calcium and
phosphorus as designated in Table 18, for one hour. The
basic assupption was that a homogeneous population of
experimental rats,kept on %the same diet would show similar
values for blcood calcium and phosphorus. On this basis the
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results intimated that the suddem feeding of high levels
of dietary phosphorus causes an immediate rise in blood
values,followed by a decline back to normal within twenty
four hours. This strengthems the view that absorbed
vhosphorus is rapidly removed from the blood for use and
storage elsewhere (Palmer et al.,1930; Cohn and Creenberg,
1938).

The marked within treatment variation denoted
in previous experiments limits the value of the suggestions
in this experiment. Studies with radio-active isotopes have
however verified the rapid removal of absorbed calcium and
phosphorus from the blood(Cohn and Greenberg,1938; Hansard,
Comar,PlumleesHood and Hobbs,19503 Visek et al.,1952).
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calol m lktabolism.

—~—
~

Tt will be scen {r m Experiment 1 (Table 13)

that the grour fed L e diet with a calciwm ¢ utent of
2.42"51.ad a lower value for scrum calcium tlan the grouy
given the diet which contained UeH4ss calciume The mean
calciua content of bonos from Grouve (iii) aud (iv) did
pot refleet the great difference in the dietary calcium
fed. ime suggestion is that the very high leve’ of
dietary phosphorus fed to @roup (iv) promoted increased
storage of the comparatively lower dietary calcium. 'ansard
and Plumlee (1954) did not find that the intake of
phosphorus affected the utilisaticn of calcium in rats.
in order to aceount fir the absence of greater

storaze of bone calcium in Uroup (iii),it a/rears that
the high level of calcium fed was in excess of the
threshold level beyo..d which Lone aceretion ceased and

incr asing storage was at & minimum.

It ie well-known that the efficiency of
utilisation decreased with increasing dietary intake of
cdloium. ilansard and rlumlee (1954 ) observed that animals
on the higher intake excreted the greater quantity of
metabolically derived calcium, and thus showed that body
stores of the element affected the relative abscrption of
oalcium from the intestines, ard excretion into the
intestines. Furthermore,in young animals the efficiency
of absorption of calcium at any cne age depended on the
degree of saturation of the body(fairbanks and ‘itchell,

19363 lottensten,19393 Guthouse et al.,(1939).
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In tre first for experiments, the percentages
of calcium in the diets are seen to be related to the thrift
of the animals, especially where the percentages of dietary
calcium are parallel to the percentages of dietary phosphorus.
The relationship does not appear where an excess of either
calcium or phosphorus is fed. This could indicate the value
of the calcium:phosphorus ratio in inducing adequate utilisation
of both minerals,when the appropriate ratio, and dietary
percentages of calcium and phosphorus have been attained.

Levels of dietary calcium are not direotly related
to the values for serum calcium from results shown in Tables
13,14,16(a) and 17(a). There is,however,a direct relationship
between the gains in body weights,the fat-free bone weights, and
the calecium content of bones in lxperiments 2 and 3. The mean
intakes of calcium are also directly related to the mean calcium
content of bones in the latter two experiments.

Lone calcium contents,unlike blood values,are more
reliable as indicators of the availability of dietary calcium
to the growing animal. From Tables 14 and 16(a),the groups
which received additional calcium in the form of ash had the
lower contents of calcium in their bones. The group fed ryegrass
ash obtained a greater proportion of dietary calcium in the form
of ash, than the groups on mixed pasture ash. /Mean values for
the calcium content of bones,for both ash treatments,reflected
the slightly lower calcium content of the bones of the ryegrass
ash groups. The latter difference,however,could not be definitely
ascribed to a difference in the availability of calcium from the
ash of both types of pastures. A higher retention for the mixed
ash groups,as denoted in Table 16(b), may indicate the higher

proportion of calcium fed in synthetic form to this treatment.
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Once again,the large within treatment variation found between
groups on the same diet places doubt omn the significance of the
difference in mean retention between the pasture treatments.

The control animals,on the completely synthetic diets,
received more available calcium than those fed pasture ash.
This is due to the lower availability of calcium from the pasture
ash, and the lower calcium content of the ash diets,
Serum calcium values do not relate to the differences shown in
availability of dietary calcium. Dlifferences in mineral
availability do oeccur in the types of pastures to which sheep
are exposed,but from the evidence,in these experiments,blood
values do not normally show the fluctuations due to such
differences.

Despite the suggestion that the intake of phosphorus

enhanced the uiilisation of dietary calcium in Group (iv), lable 13,
the general evidence does not show that the dietary calcium :
phosphorus ratio is distinetly correlated to the absorption and

retention of calciumyor to serum calcium values.
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(c) lagnesium ‘=tabclism.

Throughout these experiments no estimations were
made as to the magnesium intake of the animals. Data was
collected for values of serum magnesium content in order to
observe the nature of possible differences, and to note the
relationship between calcium and magnesium in the blood.

The results shown in Table 13 point to the high
level of dietary calcium fed to Group (iii)as a possible cause
of the lowest value for serum magnesium. Any suggestion of an
antagonism between both elements is however weakened,since
subsequent results,as seen in Talles 14, 1l6a, and 17a do not
support this. Analyses of variance showed highly signifiecant
differences between the treatments (Table 1l6¢) in Fxperiment 3.
The value of these significant results is lessened by the
unusually small degree of experimental error found, and which
contributes to the high significance denoted at the 17 level.
This view is strengthened by the fact that the within treatment
variations were greater than those found between treatments,
(Table 17a) in !xperiment 4.

Dietary intakes of calcium and serum calcium values
have not been related to the valuca for serun magnesiua in
these experiments, and the general indications are that the
variations discerned are largely due to normal physiological
variations between groups of similar animals.

Rook and Balch (1958) pointed out the difficulty of establishing
the extent of variations in the availability of herbage magnesium.
The use of blood values as an indicator of variations in the
availability of magnesium from pasture herbage are denoted to

add to this difficulty in the present experiments.
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The use of blood values as an index of the
availability of calecium,phosphorus and magnesium from pasture
herbige affords inherent limitations. This appeared in
Part 1 where much data was the sole source of information on
the trends in mineral metabolism. Thé discussion on serum
calcium has necessarily followed the pattern of an elimination
process owing to the diffioculties of pinpointing the main
reasons for the significant trends discerned.

Numerous factors could have contributed to the trends
dencted in the grazing animal. In addition,the absence of
supporting data ém the intake,retention and bone levels of these
minerals enhanced these difficulties.

Estimations of the mineral content of pasture herbage
were done to show that natural variations do occur. They
were not done to denote a direct relationship with blood values.

In Part II,a more precise relationship was depicted
in the discussion because of the several source$ of data
relating to the mineral turnover of the animals.

Briefly,the preceding studies showed the folliowing:-

(1) That the blood is not a reliable index of the

oalcium,phosphorus and magnesium status of the
bodysnot of the availability of these minerals
from pasture herbage.

(2) That under normal conditions the calcium and

phosphorus levels of the blood do not vary with

fluctuationd in dietary intakes of thesesmgntmals.



(3)

That a continuous expos re to adejuate solar
radiation was compatible with the constant
synthesis of vitamin D, and that this was
essential to the maintenance of the normal

serum calcium levels in the grazing sheep.
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