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l. 

(;i~NERAL I NTRODUCTION 

In 1956, a collaborative project was undertaken 

by the Plant Chemistry Laboratory and Grasslands Division, 

D.S.I.R., and the Sheep Husbandry Department,Aassey Agrioultural 

College. 

The ma.in objective of this project were as 

followea-

(a) To e:xami.ne the possibility that over a long 

period, ingestion of short-rotation reygrase 

and certified white clover might lead to 

iodine defioieno7 or goitregenio problems in 

sheep. 

(b) To study the chemical composition of rapidly 

growing ryegrass from the foll owing two points 

of viewr-

(i) To attempt to identify the nutritional 

oausee whioh give rise to ill-thrift 

in sheep when grazing on autwm 

ryegrua and to co pare this with their 

beb&Tiour on rapidly growing spring 

(ii) In the event of an outbreak or facial 

eozeaa ooQU"ing,to study broadl7 th 

relationahip which this might bear to 

the oheaical coapoai tion of the pasture 

at the t i ae. 

The Quarterl7 Meeting of this gJ:"Oup,on March 7,1958, 

recorded that tor ,ounc sheep bled September 4,1957,the calcium 

lfftll or the blood na l cwer 1n the perennial ryegraee treatments 

I 
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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 etatua of calcium, 

phosphorus and magnesium in the grazing sheep, and 

under local conditions, is well kn.own. 

The present studies were t herefore undertaken 

to observe whether such findings were indicative of the 

onset of deficiency diseases and aa.l.nutrition as a 

result of mineral insufficiency. 

Franklin (1948) found that dietary leTels 

of calciWI and phosphorus were reflected in the T&lues 

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-workera(1945 a,bJ 1948), 

worked with rate and denoted variat ions in blood 

calcium and phosphorua despite the feeding of adequate 

Ti. tamin D. This gave support to the findings in sheep by 

:Franklin (1948) . 

The experiment. completed in the present 

studies ill'f'OlTed determinations of blood constituents 

of grasing aheep, and nutritional investigation.a with 

rata. From this work it was hoped to obtain a lead u 

to the factora which influence the differenoea in 

calcium,phosphorua and agnesiua in the blood ot 

grazing animals . The additional studies with rate 

sou«ht to oorrela te the findinp or Franklin (194-e) 

an4 Sobel and his oo-warkera (1~5 a,~, 19,46) . 



Sheep,both on the hill-country and lowlan4.s, 

are exposed to the widest range of dietary deficiencies 

during the annual cycle of seasonal changes . 

The intakes of calcium and phosphorue,and the 

ratios of calcium to phosphorus,of fo cde ingested by 

sheep on perennial ryegraa• and white clover pastures must 

differ widely. The teeth ot aheep on the former(improved) 

pastures wear rapidly whereas those of sheep on poor hill 

pastures are often almost unworn(Barniooat,1957) . As 

the difference in mi neral compoeition between the two 

type• of pasture is pronounoed,it seemed justifiable 

to investigate the anilability or the minerals from 

such pastures • 

The system of blood analysis replaced herbage 

analysie as a measure of the degree of mineral de£ioienoies, 

and thus indicate the inability of herb~ to meet 

physiological needs . Blood Y&l.Vee are poseibly not 

dependable as indioatore or adequacy or intake or body 

status of mineral reserve• • T:1ia is so because minerals 

such as oalcium,phosphorue and magneaiUll are •upplied in 

the an1ul boey- f'roa both bonee and the diet,and. mingle 

freely in the bloodatream. 
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A REVIEW OF LITERATURE 

The Calcium and Phosphorus of :Blood and Bone 

Mineral elements rank with vitamins i n t heir importance 

to animal nutrition, and among t hese elements Caloiua and 

Phosphorus are outstanding. 

Numeroua metabolic diaturbancea were earl;r associated with 

deficiency of th~ minerala, and striking proof of these have been 

obtained through studiea of the inorcanio Caloilal and Phosphorus 

in t he blood e.c. in varioua foma of tetany and ricketa . 

The insights thus gained from studies of Calciua ant 

Phosphorus in the blood were all the more important because 

blood levels are related to absorption,retention and excretion. 

Y.rwner and Howland.(1932) showed interest in the factors 

which affeot the Calcitu1 and Phosphorus concentrations in the 

blood serum. They reported their observations, made i n 1922, 

which f orced them to conclude that dietary Calcium and Phosphorus 

levels,the ratio of these coaponents, and t he amount of vitaala D 

preformed or produced b;r irradiation, were t he main factors which 

deter.mined the Calci~ and Phoaphorua level.a in aerua. Vi t&lllin D 

supplied in f ish oils,vegetable oila,and butterfat or through 

ultraviolet radiation ns seen to have a balancing effect on the 

Calcium and Phoaphorua oonoc,ntration of serua. In 1932 theae 

workers proYided further evidence of the atabiliainc role of thia 

-.-1+.am1n. They .nalyaed t he aera or a large nllllber or n.ts and 

fro• this they ahowed that with inadequate uounta or Yitaain D, 

dietary levels of Calciua and Phosphorua atfectecl serua leTela . 

An antaconis• was diaoerned where an inoreue in dietary Caloiua 

increased the aerwa Calcium and depreeeed the aerma Phoaphorua. 

The oppoaite effect wu obtained when dietary Phosphorus 

was increaaed. 
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TABLE l * 

Sampled Sampled Sampled ':a.mpled 
~roups in in in in 

N6V' ,:,IBI:lt J \.I;GARY '{ARCH .r.Jn: 
(Autumn) (\Unter) (Sprim) ' sum:oor ·, 

Serum Indoor ll .45 12.40 9.40 10.7,; 
Ca in t1va) (10. 2-12. 75) (10. e-13. 3c ) (a.70-1v.4u) (9. 3D-ll. 80) 
~.per 
cent 

~tdoor 11. 45 10. 50 9. 65 10. 2G 
lVb) (10. 2-12. 75) (10. 20-10. a) (9. 20-10.45 ; (9. 10-10. 75) 

-
~lood 
in- .'.:iuioor 5.11 4. '.;,8 6.28 7.16 

10rt;ar1ic (lVa) (4. 39-6. 40) (4. 23-5.72) (5. 79-6. 75 ) (5. 63..; . 68) 
tr in 
mg. per 
ICrent Outdoor 5.11 4. 89 6.72 7. 0 

(lVb) (4.39-6.40) - (5.40--0.13 ~ (5. ~v- 9. 60 

*Adapted from Auohinachie &. i<'raeer(1932) 

Sane very interesting findings were :na.de by J\uchinachie 

and F~er(1932 )at the Rowett Research Inati tute. They ted sheep on a 

ba.aa1 diet deficient in calcium but ooniaining axoeea pbosphorus ,and 

supplied supplemental calciwa in the form of liae. The rttamin D source 

was added as cod liver oil. Table 1 i8 an adaptation ot their studiea 

on blood contents of calciWI and pboephorus oJ: ho groups or aheep ,aamplea 

beilg tabm in th ar:,nths ot Januar;r,i.rcb and June. The fi.curea for r~ OYembeZ; 

as included,are pre-experiJlental onea tnkoo at random hoa twenty six of' 

the sheep before they were 81"0Uped. They were included as indication or 

the normal stanclarda. The two groupe adapted here were t d the basal diet, 

plua added U.ZE,plus ex>d llTer oil ,arut tb onl7 difference 1n troatment 

was that Croup(lVa)waa kept indoor and. Croup(lVb) kept outdoor. 
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Compared to the other groups from which dietary lime or cod 

liver oil were excluded,the above gl'Oups emphasised the regulatory 

role of vitamin Don calcium and phosphorus metabo lism. These 

also showed that with adequate vitamin D different conditions of 

environment did not affect blood levels to a detrimental extent . 

The antagonism described b:t Y..ramer and llowland(l932) was 

recognised here,and was referred to as an inverse relationship. 

These findings,among others ,auggested the existence 

of integrated biological and physioo- chemical factore which 

preserve physiological equilibrium of serum calcium and phosphorus . 

Bethke, Kick and Wilder(1932)agreed with Kramer and 

Howland,and in their study on rickete,:ftrown,Shohl,Chapman, Rose and 

Saurwein(1932)also maintained that in the absence of vitamin D, 

dietary contents of phosphorus were reneoted in sera levels . 

A range of 10- 11 mg. per 100 ml. serum was found for all serum 

calcium levels b7 Brown et al.(1932) . 

In thei%' work on calcium and phosphorus retention in 

cattle Palmer,Ecklea and Schutte(1921)re.f'erred to the striking 

ability of the blood system to maintain a nearly constant level 

of inorganic oaloium in the face of severe negative calcium 

balances . 

Anal.yaea o! bone ash show that approximately 50% of 

the uh is calciu:m,and it is atated that in adult OOWII over 9~ 

of body oaloiua and 87% of bo~ phoapborua are in bonea. The 

purported apatite •tructure of bonea is •aid to constitute a 

nucleus of ea.2 (Po
4

\ upon which is adsorbed prinoipally calcium 

carbonate,but in addition Ca.HP0
4 

an4 Ca{OH)
2

• 

The minen.l oompoBi tion or bone 1a nearly but not 

quite constant and. nowadaya the lability of the skeleton is as 

frequently empbaaiaed as was its atabili ty in the past . 
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Bethke,Steenbook and Nel.son(192:}-24)found,with the 

phosphorus content of the diet oonstant,that on increasing the caloiua 

and the fat-soluble rltamin of the diet simultaneouely,the oaloiWll 

content of rat bone ino:reaaed up to a certain point only, beyond which 

addition of either or hoth had no further effect. Lability or 

calcium in bone was investigated by Bauer,Aub and Albright(l929) 

when they showed that the administration of the para-th,yroid hormone 

led to diminution of the bone trabeculae or rabbits. A low calcium 

diet produced a similar effect in adult cats while a high oaloium. 

diet caused a storage of calcium in the form of deposits in 

trabeculae. The studies or Bauer et al.(1929)thus proved tl'at the 

trabeoulae eervea as a source of oaloium,a readily available 

reserve supply,while calcium in the bone cortex aerved an apparently 

structural role. A negative calcium balanoe decreased the 

trabeculae and a positive balance increued them,as aesociated nth 

low and high oaloium diets respectively. 

Stability in the bone abatta ,so important in 

maintaining the boq struoture,is impoeed upon when the trabeculae 

are unable to satisfy the demand for oaloium during extreme need 

so oalciWI is drawn from the ehafta(oortex)and rickets and 

osteomalacia reaulte. 

Theae e~ s were uaetul pointera to the 

importance of bone as the norml resen-e oa.lled upon to proYide 

oalciua and pboepho1"U nMcled for laotation,ancl •a production, 

aaonc other d anda,tbrough the proceea ot reeorption. 

DU'ferent bonu react differently to reeorption and. 

Duokworth(l953 )chamioall.7 aaained inclirldual bonee ot aheep after 

prepancy and lactation on diets low in oalciua,ancl toUD4 

resorption 1111ch more advanoecl in the Tertebrae,ribe,and aku.11 than 

in boDU or the extreaitiea(Htaoarpala and • etata:reale) . 
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Numeroua workers su ,.port this differential reapr,nse ,and 

while Lund and Armstrong(1942) reported that periodontal bone 

is much &ffected in calcium and vitamin D deficiency, Wentwo~th, 

Smith and Gardner(194())showed differing responses among bone• 

or hormone treated animals. 

Relationship between the Calcium and Ph a phorua oompoai tion 

Ot Blood and Bone. 
A theory now held,ie that bonea regulat the supply 

of calcium and phosphorus to the bo~ fluids,since with in-

sufficient mineral matter availule the maintenance or 
physiological balance in the blood gets f irst priorit7 to rigidit7 

of the skeleton - the latter being eac:rifioed. Some experimental 

evidence indicates the unoertai,.t7 or a direct relat ionship 

between change• in blood composition and bone changea.Ducktrorth 

and Hi11(1953)oited the work of Riddle,Rauoh and Smitb(1944) 

who uaed pigeons and found that ae4ullary bon formation waa 

involved with a riae in •erwa calciua. Thia they declared was 

in oontran with the finding or Inooa,:Blooa an4 lean(194l) 

~t aera lnel oould be raiaecl wiihout inarease in •dull&r7 

bone. A. atuq of the effect ot onrian horm>ne• on the retention 

ot aalciua and. phoaphorua in pullets wu done b7 COmaon,Bolton 

and Rutledge(1948)1n a aeriu of uperi.Mnt• ,and it wu e1cnif'icant 

that hypff081 0Mll1a or the oatrogeniaed. bud. is not ot neoeaeitT 

caauall7 related to ~eitiaatioa. Hi8h euwa oaloiua 

lnela were etf'eoted with 4on«• ot oeabogen without oau• ing 

any inoreue ot aaloiua retention b7 the growing pullet. 

0011110n(l948) u4 hi• ... ooiat• obtained contrary 
-f" 

reaul ta where aedullary bone torm&tion ocoured w1 thout high • 

serua oaloiua. 



' . 
It is t,here fore interesting that Sobel,Rockenmacher 

and Kramer(1945a )reported di etary calcium and phosphorus as 

influencing both bone and blood serum, This stemmed from 

experimental evi dence of an apparent relationship between 

the carbonate content of bone and the compoai tion of serum, 

and ~able 2 is an adaptation from this work. 

TA131 ~~ 2 * 

DIBTARY Ca d ,., P% Blood Serum Fat-Free Bone 
GROUP in diet in Ca in Pin CO2 Ca % co,% 

diet 1114r• IIC• in 
per per 'YOl. 

cent cent per 
cent 

A+ 
vitainin D 0. 03 0. 32 a.7 a.9 54.7 11. e 1. 8 
(Basal) 

(Low Ca -
. 

I 

Low P) 

]3 + 
vitamin D 1.1, 0. 3li 13. 3 6. 8 57. 1 17.0 3. 53 
(Basal + 

3% caeo
3
) 

(Hi&h Ca -
Low P) 

C + 
vitamin D 0.029 0. 905 8.8 9. 3 52. 6 12. 5 1.85 
(:Basal + 
2.7'j'fo 
aneyd.re>WJ 
Na2BPo4) 

(Low Ca-
High P) 

* Sobel et &l . (1945a) 

~ 
Ca 

10.2 

13. 9 

9.9 

The olaia wu that a high Carbonate to Caloiua ratio in 

bone was found on high oaloiua-low phoaphorue diet• ,while a low 

I 
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calcium diet with either sub-optimum or l arge amounts of 

phosphorus loweret the carbonate to calciUlll 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 phosphorua ratios and levels 

influenced serum Carbon dioxide to phosphorua ratios . 

Sobel et ai(194~b) ~up ported their previous work in 

other experimenta . Here 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 dietacy calcium: phosphorua ,the more sharply ocourin« 

were changes in serum composition. Vitamin D was noted to prevent 

these changes by preventing a fall in serum calcium or phosphorus . 

The t heory- here is that the final composition of bone depends on 

that of the liquid phase in contact with it,and dietary calci--.im. and 

phosphorus is directly related to this . 

Further verification of the above finding was offered 

by Sobel and Banook(1948)when they related blood serum to the 

composition of the upper incisor of the whi te rat,hence to the diet . 

Studies with sheep by Fra.nklin(1948)tend to give 

support to the findin«S of Sobel et al with rats,that dietary levels 

of calcium and phosphorus are reflected in blood serum levels of 

these elementa,in animals fed vitamin D. ::8riefl7 the results were: -

(a) Calcium deficient rations with a wide calcium to 

phosphorus ratio readil7 induced a eeTere tall in 

serum cal oiua. 

(b) 

(o) 

I 

Addition of suitable calcium suppleme~ta prevented 

depression of seru.a calciua and restored 

eypooaloaeaio sheep to normal . 
: 
I 

Fastinc l:ad. a tem.porar,r depressing effeot on serua 

oaloiua. 
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(d) Ex:aroise 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 ma«nesiUlll 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 blood 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 phosphorua,eapeoiall7 in the spongy pa.rt• of rat bones . 

A riae in radioactive phosphorus was not accompanied by a rise in 

total blood phosphorus,and the epiphysea showed a greater metabolic 

t\ll"nover than the diapbyees in the lone bones . Radioactive phosphorus 

was lees readily removed from the diapbysea . The ever-growiJJc 

inoisore in rats were seen to take up large amounts of phosphorus, 

and indication.a were that th'! bone reaervoir provided muoh of this 

phosphorus . 

Another etudy by Manl;r,Hodge and Manly(l940 )emphasised. 

the accretion of radioactive phosphorus in the atable portion of 

bone as the whole bone increase•• The ratio 0£ radioactive 

phosphorus to normal phosphorus in blood and labile bone showed a 

sillilar £all at the same time. 
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CAL:.'l L,'l',1 A: : J PHOSPHORUS -~urru~ 1:ll'l'S. 

1·he mineral requirements o:r animals t·or growth and. the 

fla1ntenance or heal th is a basis o:f nutritional studies, and 

much work has been done in at"tanpts t o complete the relationship 

of levels of i ntake, absorption and retention, ad excretion . 

1 .arly wor1w:rs analysed the whole bodies or animals, 

a.esumi ne t ha t the calcium ai-.ct :phos:phon1s content or the body at 

d.J.f'feren"t stages 01· developnent would. 1ndicate animal requirements 

e. ::; . Lawes and :a.1.bert (1859; 1B83) cited by funcan ll9::>tjJ, 

!'l1eman and 1iaoLeod ( 1~2; J . i'.'1 th laree sni.mala e . g . the :rnmi nant~, 

this proved a costly and :1'om1.dable endeavour i n the face of 

supplying very cr\lde and inadequa"te quantitative data, so ver., 

:few of such analyses were clone. 

Studies of the llhole skeleton and ind.1 vidual bones 

have helped to eatao.1iah the run<1anmital i'unctions o:f' bones with 

respect to mineral me"tabolian. rlorkers in this l:'ield include 

Young ( 1936), Josland (1937), Underwood (1940), who usod total 

ash to estimate mineralisationJ ·,.'eidman and Hogera (19;0)who 

compared the ash content o:f cortical and cancellous bone in the 

ra,,bi t , rat and the cat; }.l.lenberger et al • ( 1950) and t l:eir 

anal.ysea of the skeleton 01· cattle, aa reported by nmcan ( 1958) 1 

and :finally Ellinger, Iuclarorth, Dalgarno and Quenouille (1952), 
where it waa shown that female rats on a diet deficient in 

calcium lost an average of 3Z~ of the tot al skeletal ash. 

However, a more direct method of assessing animal 

requirements was found i n the balance study, in which t he intake 

of calcium and phosphorus could be oaapared with t he out from 
, 

the animals body and the differ ence assumed aa the 8Ulount 

retained by the animal. 

( a) .1.iALMCr; sru m ~ . 

The balance study method of correlating intake with 

retention was introduced to work with catue by Forb a, ll'rench 

and Letonoff (1929), but the balance s and intakes did not show 

adequate relationships over a period of' six months, so longer 

i nvestigations w: re recommended. 
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Lindaey,Archibald and Nelaon(19,1)undertook such an 

inve• tigation using dairy heifera over a period of three yea.re and 

they showed the following: -

(a) The total caloiWll retention was greater in heifers 

fed the higher cal cium containing diets. 

(b) The percentage retention showed that the heifers 

fed the l ower intake used thie more efficiently. 

(o) An apparent limitation of phosphorus retention by 

the low calcium intake waa explained ae a natural 
,. 

corollary of the roughly 2:1 ratio or oaloilllll 

phosphorus in the skeleton,but Forbea et &1(1929) 

and Otto(1938)do not support this . ; 

A similar experiment by Archibald and 

Bennett(1935) made manifest the trend th&t:-

(a) u with oalciUJ1,the lower intake of phosphorus was 

the more efficiently used. 

(b) After three years there was no group difference in 

g:rowth or reproduction performance. 

( c) The intake of phosphorus was without significant 

effect upon the retention of oaloiua. 

Several workera confirmed the above results, and amO!Mf 

these were Fail'banka and Mitohell(l936)rlth their study ot oaloiwn 

retention in y'OU11g rats. They showed that a low oaloiua content in 

the body, oauaed b• subsistenoe on a poo* oaloium diet,leada to 

high retention of oaloiwa when liberalq fed. Another oonolusion 

was t hat powing animal• bad no maintenance requirements for 

calc1WI, the oaloium being used in growth and calcification 

proceaaea. Ou.thouae,Kinllaan,Sheldon,Twaae7,Saith and Mitahel1(1939) 

round the aue with pre-aohool children. 
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rnterea ting work was done along this line by . 

Rottensten(l938),and he concluded that the degree of calcium 

"saturation" of the tissues affected the efficiency of calciUIII 

utilisation when calcium is fed at leYels below the reqnirement 

for maxi.Brua retention. Duncan(l958)auggested the same theo17 

when she attempted to explain the adaptation to low intake found 

in steers b7 otto(1938) . 

Very few metabolic studies have been done on the s ller 

ruminants, but the statistical studiea or Axelaaon and Erikson, 

reported by Duncan (1958), and those ot Wright (1955) , conour 

with otto(1938) and others, when they showed t hat the &110unt ot 

· die'ta2y calcium and phosphorus ,and not the dietary calcium to 

phoephonis ratio,was positively correlated with absorption and 

retention. 

Current estimates or the calcium needs ot hwaan adults 

are baaed entirely upon balance eetiaatee . On the basis ot available 

balance data 800 JIC• per dq was oboaen as the amount required to 

provide equilibrium in the average adult. Hegated,Hosooso encl 

Collasoe(1952),however, round that the oaloiua required for main­

tenanoe of balanoe 1a simply- a reflection ot prerlous dietary­

intake. He found that Peruriana on low intakN(l00-200 -./day-) 

aain¥-4 balanoe. Work Yi th rats waa later abown to eupport 

this b7 Hem:, and Kon(l953 ),ae they- cleaor1bed the relat10118h1p 

bet n calciua ret ntion and boq atone or calai.Ullf so Genhott 

et &L(l958) finally supplied turther ftritieation with clop . 

It 1a appropriate now to aention excretion fiJtdinp 

as depicted by- Rottenaun(1938) . Bate on a low calciua intake 

excreted only 'Yff7 lllllall aaounta ot tuoal. calci1111, while thoee 

Oil a h1&h iDtab 1~ a large percentage through tirl.a aediua. 

A similar relatiomhip held tor urillU"7 ezcretion ot oaloiua. 
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cal cium clict the ;:hns • hcrus was e.xercted mo.inly in tlie urine , 

and on the higb calcium dj_et mai nly in the faeces . 

~;enerally, t:1ercf r e; , 1 he t;~t..:r eff i cj ency of 

u tilisati:n by animal s on lo.verE:·d inta'."cs , stresoed t y pr c:>v i~·us 

workers, ia 1ri<..1re clear. Greatur storage of calcium a nd , ·h<..S l:.c rua 

by animals on l~her dietary l evels in :-laced 1x!yund any do·.,Lt . 

The absorpt ion of calcium ocntained iu the variou.S 

feeds cannot be directly determined by llretabolic balanooa as the 

differer.ce bet ween dietary calcium intake and faecal calcium loss. 

'l'he stool contains calcium secreted al<-nc wi t l1 the ciig estive 

juices into the E:RSt~intes tinal tract( .··);•· · ~ r:3 FA1.·ci_ - •2A .. 

in addition to th,. calcium of the food wh:i ch passes unabsor iJt:d 

( 
."!' _..., . - ~ . 

- ., \. \_ . .\ t i ' oJ ) • 

Ilevesy et a.1!193'.1 )were the fir..;t to use the isc. t ope 

dilution t echnique for the est i.ma.tion or endo6 cnoL.S f aecal 

phosphorus in man, f"ollowed by Visek, onroo, Swanson and ,_; omar 

(1953 )who used it to mee.sure endoceuous faecal oalci•;o in 

oattle,and phosphorus studies i n .;ows b;y r1.eiber , ~1PJith,R&lston 

and Jllaok:(1951 ) . Hadioisotope procedures have t hua made it 

poeaible to separate some of t he various aspeote of calcium 

and phoaphorus metaboliBm,and the quantitatiTe estimation~o1' 

endO£eDOUS f'aecal calciwn and pJx>epborus are i.Jlqlortant for 

the determination of true dJ.cestibility i . e . efficiency of 

calcium and pboapborua absorption. In addi tic n , balanoe data 

proved an bmuuable a4junet for the interpretation 0£ th 

bel:aviour oi radioactiTe oalci aad radioaotiYC phosphorus 

Ilic 1 
1nAan1mala ' bo4• 
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Investigations concerned with the p~iological 

bebartour or calcilllll and phosphorus in growing rats maintained 

on Tarious dietary regimes,b;y Hansard and Plwnlee (1954), 

indicated the following: -

(a) Current calciUJI intake was of leas influence upon 

endogenous loeeea than was the calcium status of 

the animal at the time of measurement(Hansard et al. 

1951). The rate on the lower calciua intake 

u:creted a greater percentage of calcium fro• their 

boq stores bpt those on the higher intake excreted 

the greater quantit7 or aetabolicall7 derived 

caloiua. Thie supported the earlier V10rk ot 

lleiber et al. (1951),where radioactive phospho:rw, 

was used. Beside increasing the T&lue of the work or 
Rottensten(19,S) ,the results here also substantiated 

the latter,among other reporta,b7 showing that boq 

stores of the eleaent affected the relatin 

absorption or calciWI f'raa the tract an4 excretion 

into the tract. 

(b) The efticienq ot utiU.sation dec:reaaed w1 th in~ed 1 

clietar,y oalciua intake. M'ai_ntenance requirements .for 

caloi1D1 Yaried with the nutritional atatu. ot the 

anillals I and· this requirement was cloael7 aaaociated 

with the an1wJ•• ability to adapt Ate Mtabolio 

loaaea to 1 ta ainen.1. intake leTel , which 1a in 

agre nt with the work ot Hepted et aL(l952). 

(c) Bate with low caloiua boq eto:rea ina:reaaed their 

absorption and retention ot Jt.rall.7 acblini11tered 

n.clioaotiTe oaloiua, but rriaine4 l•• n.dioactiTe 

phosphorus. 'l'hie ah.owed that inadequate calciua 

atrected the absorption and retention ot pboaphorua,aa 
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aapect previously recognised by Lindaey et ~1931) 

with heifere. Evidence is evinced as to the separate 

metabolic behavioure of absorbed. oaloium and phosphorus, 

and the subsequent re-excretion or radioactive phosphorus 

by wa;y or the lddneys,here,relatea to the excretion 

studies of Rottensten (1938). 

(d) The aort tissue• are maintained by the bone ainerals , 

practically independently of dietary calcium and 

phosphorua 1 u wu preTiously obaerved by 1litohell and 

Curson (1939),llimsard et al.(1950,1951),oited by these 

workere. 

( e) The intake or phosphorus was al• o w1 thoui et feet upon 

calcium utilisation in rata,whioh oonfirmed the earlier 

work or Archibald and Bennett(1935) . 

FACTORS AF F"·:CTING CALCIUM AND PHOSPHORUS REQUIRl'JUms. 

(1) AGE AND GRONTH. 

Knowledge or the tren4 of the calcium an4 phoephorua 

contents of the boq ia fundamental to an uae•ament of requirements, 

as the animal gron and developa,and allied to this ia the 

modification that age impoaea upon requirellenta after growth and 

denlopment have been ooapleted. 

Forbea and Keith (1914),reported by Dunaan(l956), 

aubaoribed to the akeletal chance• inTolved in the atatementa 

"The ohanle• in the appeannoe ot bon• u an etteot of age are •o 

oharaot.erietio that ~e who 1a aoquainte4 w1 th beet reoogniaea at 

onoe the aott n.sow.ar ban• ot young cattle and the white ,flinty 

bon• ot olcl ardwl•"• 

A •~ or the oaloiwa oontent or normal rate at 

d.itfewnt agea wu done b7 Sherman and. oleod (1925),and the7 

showed. the Yeey rapid inoreaae in boq oaloiWI that oocn{re4 

durinc nonal growth and denlopment. 
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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.(1936,1950) , aa 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 oalciwa and phosphorus ,since this is 

commensurate with its function as the principal body stores. 

Skeletal accretion inTolTea a process of progressive 

calaifioation aa the animal gron and develops,and numerous 

experimenten have • hown that the rate or calcium absorption 

decrea.sea with this process e.,. Fl.irbanka and Mitchell (1936), 

Rottensten (1938) , Ilenry and Kon (1947). Growth and development 

is completed when the adult stage is reached,and here this 

prob-reseive calcification is aurtailed and excretion balances the 

intake. 

Requirements over the pre-adult stage• thus supersede the 

maintenance requirement• ot the fully developed animal,and work 

on rate and children by Mitchell and Curzon(1939),as reported by 

Holmes(1945) ,and Outhouse et al~l9:59),whioh emphasise this,also 

tend to give W83 to Fairbanks and Mitchell(1936) who concluded that 

in growing an1vJe there ie no requirement for -.intenance and 

the calcium in the diet ia used • olely for growth purpose•• 

With advancing age,there is increased k&tabolism which 

leads to lose of bone ealts(eee e .g. McCq,Crowell and Maynard 

(19'5),Hen.ry and Kon,1947),and intake sust now be1 geared to meet 

this and other endogenous lo 11e• or calcium and phosphorus to 

keep the an1u] in equilibrium. Endogenous lose thus denote• 

ll&intenanoe requireaent,and the finding that no retention oocu;red 

in adulte,unleaa previously on a poor calcium intake(aee Henry 

and Kon,1947, and 1953s Gershotr et ale1958) en1mciatea thi•• 

The aignifioance of the preTioua dietary intake,already referred to, 
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is now quite obvio-u.a,and its r ole,in desig-nating t he ultimate 

maintenance requirement of an animal,emphasises the very variable 

aspects in formulating adequate intake for animals . 

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( .Fairbanks and ;u tchell,1936; 

Rottenaten,1938; Outhouse et a1. 1939) . 

Finally,simultaneous chemical and radiois°tope balance 

and other studies by Ilansard et al. (1951,1954,1957)and Hansard and 

Crolider(1957) ,showed 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 t he 

maintenance r equirements increased slightly to maturity and became 

markedly so in the aged animal . It was noted that phosphorus bad 

a constant relationship to calcium at all ages,aa had Henry and 

;{011(1953) . 

(2) PREGNANCY A.ND LAC'rATI GN . 

The female of the species has the responsibility of 

supplyi.Dg nutrients to the young I N UT'r;1w , so it was aatural that 

vnerman and Macleod.(1925 )should find that the b~ calcium content 

of reproducui« tamale rate was lower on a percentap basis than in 

temales that bad not raiaed young. 

Insufficient calciUII intake led to withdrawal of calcium 

.from maternal skeleton to meet foetal requirements in pregnant 

son studied b7 .l!.'n.ns (1929) ,and in supporting this, Bodansq and 

Duf!(1941) stated that pregnanCJ1' alone did not impose a severe drain 

on the te:rnal skeleton(see also Boelter and Greenberg, 1943J 

Ellinger et a1. 1952). 
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Speoiea differences were also inferred regard.inc the 

degree of severity possible,aince akeletal drain was greater 

in the sheep where the foetua is a more serious competitor 

for meagre calcium supplies,thal in rats. 

It is therefore generally agreed that lactation ereatee 

the more severe strain as to calcium and phosphorus demands 

on the maternal organism. In her review Dunoan(1958) 

emphasised the definite nature of thia b)" showing that 

negative oaloiUll and phosphorus balances were found in well­

ted dairy oows during early l&otation,by prominent workers 

(and in rata - by Gaea and Schllidt,19:,0;Warnook and Duckworth, 

1944). Lactation caueed very severe bone mineral loss in 

rats reproduced on a Tery low caloiWI diet(»oelter and 

Greenberg,1943) and severe resorption was evident on an 

apparently normal diet,due to laotation(Ellinger et al .1952). 

Aa lactation progressed,however,a positive balance wa.s 

regained and previoua bone mineral loasea were made good in 

the later stage• of laotation,durin« the next gestation,and 

eapeoially in the dry period(Ellinger et al.19521 Benzie, 

Bo;yne,DaI.carno,Duokworth,Hill and Walker,19561 Huffman et al. 

19:,0a,bJ Forbea, 1935, Ellenberger et al,1931,1932,1936, -

reported b7 Dunoan,1958). 

Forbea et ali1935) ooneid red that the caloiWI of bone 

was more aT&il&ble for Jlilk formation than that of the diet 

and hence doubted the use ot •uppleaentar;y calciWI for 

lactation purpoaea. Thia is in disagreement with Huffman et al. 

(1930) who showed a more efficient caloiWI utilisation 

during heaY7 milld.nc,and the tendency for hich-produoing cows 

to utilise dietary calciua aore than low-producin,; coo 

(eee alao Ellenberger et al.193111932,cited by Viaek et al• 

1952). 
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'";'he balar .;e 0f -::v • : . ·e ra•, , rs the w: r k cf ~ ~ .rfman 

et al.(1930 ) ,as ,38.intained by Visek,re.rnes and Looeli(l952:: , 

.,uick,Boda and neiber(l957 ) ,and Juncan(1J58J ,and the dietary 

req .irementa of ell.lei um and J,bos · horus a.re positively r elated 

to tho cycles of pregnancy and lactation a.ninla.ls undur1~ • 

(3) E?r.-:CT CF C, NT- ':,T A~~ A.VAILA.BIT,I?Y l:~ .. J '_ ':.J!: ::: A:w 
JlJPI>!, .. f. : Ta'Jrt f' ~ re. 

The value of a f eed as a s ouroa of calcium and 

phosphorus depends not only upon i te content 0£ these mine :als, 

but also on the amount that the animal oan extract and retain 

for its own use. Armetrong, Tho and trong(l957 )atudied 

the availability of calcium in Perennial ryef:raas,Cocksfoot and 

Timothy fed to rats,and stated that availability was c:-r ea.t e r 

in 1'iIOOthy and i erennial ryegrasa t.ban in :;ockefoot. ::igh f aecal 

calcium Yaluee were asscciatad with the l ower availability fuund 

in Cookstoot , an aspeot which reaffirmed earlier findings of 

A.r!!lstrong, 1'hOll&S and Horner(1953 )and Armstrong and Thomae (1952 ) , 

beside the ta.a that legumes and herbs showed superior calcium 

availability as oorapared to the grassea. There were indications .;i.a1. 

fibre content and oxalic acid ccm.tent deterred e ot availabilit7, 

yet the general cCJDcluion that the total content of an.ilable 

calcium would be adequate enough to prevent deficiency when any 

epeciea of the nine graaeland plants they eftluated is fed to 

an en1Ml . 

Coop, Iarli»e and Andenon(l953)toun4 that although 

llin1mum l n la ot celciwa and phoephorua are aoaetimea reach 

1n soae hill-oountr;r pasturee, tbe MDPaJ oonoenU"ations ot th 

Iii n.ls are probably adequate. 

ArdwJ intalce will Uws YU7 with eeuonal fluctuations 
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in 1.ast· e c untent of ca.l :iJlll a n,t ,l1oa1h• rus( '.:>ears e t al. 1953) , ae 

this governs the ultimate satisfaction of their requirements . Such 

a Tariation is authenticated in the statement of Parniooo.t(1957 ) 

that the intakes of calcium and phosphorus by grazing sheep in 

New Zealand show wide differencee . Kemp and ' T llart(1957)a.nd Dijkhoorn 

and ' T lfart(1957 )have shown that increase i n temperature from 

10° to 20°c increased the cation content of pasture plants,and 

pr oposed a possible c orrelation with t he incidenoe of ~B tetany 

in dairy oows . However , much more reeea.roh is required along similar 

lines t o clarify such relationships . 

The climatic influences are ahle to produce che.Dges in 

the chemical canposi tion of herba.8e through fluctuations in the 

ratio of grass to clover and the seasonal changes in leaf l evels 

(Sears et a1. 1953). 

ilansard, Crowder and Lyke(1957 )noted slightly treater 

efficiency of utilisation of inorganic sources of calcium than from 

alfalf'a, lespedeza or orchard grass hay,amoug cattle. Long, 7illma.n, 

Nelson, (~allup and Iavia (1957 )did not find any differen ces in the 

phosphorus available to beef cattle from steamed bone flour, 

Curacao Island phosphate and dioa.lcium phosphate,used as l!li.neral 

supplements . These efforte are supplemented by Tillman,Brethour 

and Hansard(1959 )when their results euggested that phosphorus 

requirements for body weight gain and feed reaponse(in Here.ford 

steers )waa greater than t~ bone growth or arlntenance of plaa11a 

inorganic phos phorus leTel . Feed consumption was related to the 

phosphorus conteDt of rations and they proffered. t his u a criterion 

of phoephorua functions . 



Notwithstanding the faot that past"".re content of oaloiwa a."7UI. 

phosphorue appean to be adequ&-te tor the nee4e or the 8-D1•1, 

deficienqy has been found to occur(E r and Ba.rtru• ,1948) . 

liactore suggested aa the oauae ot inaTailabilit7 in such 

oircullstances include the lack or vitamin D ( Fi tch,194 3) ,and the 

carotenoid which functioned as an anti-calcifying agent(Gl'al1t,1953 ). 

Apin,a wide Tariet7 of plant f'oodstuff' consu"led b7 farm animals 

baTe much of their phosphorus organiaall7 boun4 in a hexaphosphorio 

acid Nte:r or inositol oalled plqtic acicl. It oocun aa salts ot 

Phosphorua in such tona 1a pooztl7 utilieed b7 non-nainanta 

(Lowe and Steenbock,19361MoCance an4 ftddonon,19351Kr1eger, lkinkf'eldt 

and Steenbock,1940JG111ia,Norri8 and Heuser,1949,19531Harrie,l9551 

Gillis et al..1957),but seems to be utiliaecl b7 ruminants(Reid,Franklin 

and Hallsworth,1947)through a process or hydrolysis in the 1'Ulllen. 

Till-.n an4 Brethour(l958 )verified th latter aspect with their 

iaotopio work on wethff •heep,and alao provided ffidence of the 

retardiiw effect or exceae dieta:ey tat on the utilieation of dietary 

oalciua. 

••-.,,,.Snen+.a afforded aoae earl.7 ezamplee ot the clepreaein&' 

e.tteot ot aluaiDiua on the &Y&ilablli\7 ot phoephonm(Cax,Dodda,Wipan 

waa euggeetecl( cKenae,1931). .mother eleaent, s1:no,wu purport d 

to deareue ,-phoJ!U w1111lation (Saduinn.1952)and a&loiua 

utiliaation(CJucker and Salaon,19551Hoebtra et al.1956). Thaapaon, 

Hanserd ud Bell(l959)thvet0ft •tuclie4 the effects ot diet&rJ­

&1Uldn1w and aino u~~pbyaiologiaal nailahilit7 or cal.oia &1111 



24. 

aR.i:l.uiU,U¥ gf e&l :il:111 am phosphorus in the ratione tor 

lambe, using mdio-calciua and radio-phospborue. The7 found 

that aluminium did not impair the retention ot caloiua or 

phosphorus in t he rum1nant,and thus justified its use as an 

alleviator for fiuorine poiaoniD6 in such an1MJe. Dietary 

sino,on the other bancl,wae seen to dearease the retention of 

phosphorus and the gastrointestinal absorption of calcium. 

(4) VITAMIN D AHD 'Im PARATHYROIDS. 

Re1'erenoe baa &lreaq been made to the 

stabilieug :role that Ti taain D aintaim on eerua calciua and 

phosphorua,and ita use in the :reaeq ot b_ypooaloaellia. Nioo~en 

(1937)preeented indioatiou that the Yitamin permitted a greater 

absorption ot calciia from the int•tine ot rata,which 1n turn 

caused increaeed absorption of pboaphorue. An associated 

dec:re&8e in parath7roid aotirity wu aleo alleged.. 

'!'be oonve:rsion ot organic phoaphorua to 

inorganic phosphona in bonee,citecl b7 Cohn and Greenberg(1939), 

18 aided b7 the view or Greenberg(l945 ) ,that rltamin D exerta a 

direct et"teot on the 111.neralisation or bone in rachitio u1wJa. 

or oouree,the literature ia abundant regarding the uae ot 

rl t8111.n D in the pl!'ft'elltion and c:ul"e ot ricket e (McColl-a et al. 

192l1Steenbook and Black,19241otto,1938,:'.f.l.toh and Ewer,19441 

Andren u.4 ~:fn&hM,19451Sld.th,1957).,am it is now quite 

clear that the "ri.tudn err eta oonuol onr the caloiua Mtabolla 

of bloo4 ancl 'bone,with strong point.re to a 1 ... direo1. oantrol over 

the allied •taboliall o.t phoaphorua(Saith and Speotor,1940t 

Nut. ReTe . ,1958 ). 
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Pasture feeding animals derive their vitamin D f:rom 

the precuraor ergosterol ill8ested in teeda,the latter being 

converted. by the action of ultraviolet radiation of the 

aunlight(Barniooat,1957). 

Fluctuations in herbage content of the preoureor,due 

to seasonal variations of pasture ooaposition,and the 

availabilit7 of sunlight,w:ill thus govern the amount of 

vitamin D the animals obtain(Franklin,1948). The anti­

oaloifying factor referred to b7 Grant(l953)implied an 

anti-vitamin D effeot,and McGilli-n-a.y(1952) pointed to the dependen cE 

ot the efficient utilisation of fat-soluble vitamins on the 

anti-oxidant properties of vitamin E. 

The parathyroids alao effect control on calcium 

metabolism(Greenwald,1926s Selye,1932s Campbell and Turner, 

1942) and hyperparathyroidism promote a high serum calcium 

and dissolution of this element from the bonea(Bodansky and 

Jaffe,19311 Greenberg and MaoKey,1932). Greenwald(l926) 

observed that phosphate retention alwaye followed 

parathyroidectOJll1',1n addition to the reduced levels in serum 

calcium noted by other workers. 

The gland.a do not seem to control the absorption 

of calcium and phosphorua as doe• vitamin D,but the increased 

urinary- excretion or phosphorua in an1Nl~ treated with parathyroid 

mraot is eupported by the ndio-1eotope • tu~ ot Twee~ and 

Caapbel 1 ( 1944) • 

It i • doubtful as to the relationship between vitamin D 

and the paratbyroicla, and there i • no evidence to refute this 

ainoe,tor eample,rltamin Dau.re• rickets while the 

parathyroiu extracts c1o not. Thererere,in spite of their 

common relation to oaloiua and phosphorua metabolism, they 



both show eaeent1e.ll7 disai.Jlilar actions. 
chemical 

The mechanism of th~activitiee of vitamin D and 

the :parathyroid hormones still require elucidation. 

(5) THE ROLE OF MAGNESitJ'uf. 

Macn•iua is oloael7 allied to calcium al though 

it d.oea not replaoe it,and. the magnesium content of bonea 

1a said to range froa 0. 5 - 0.7 per oent(Morgulis,1951 ). 

Studiee on bonea have auggeeted an inverse 

relationship with oalciua(Huaett,1921) and removal of the 

parathyroids have been seen to inoreaae the magnesium 

content of bone ash. fuokworth,Godclen and Warnook(1940) 

diaoovered that severe -.rneaiua defioiency in the 

,oung rat promoted the release or ore bone magnesium 

to the aoft tiseues,eapeciall7 in a calcium defioient 

diet(Duokworth and God.den,1941) . 

Restoration of dietar,y m&&ne• ium levels reflected 

a relativel7 slow akeletal acquisition(Duokworlh and 

Godden,1943) ,• o it is quite questionable as tb the 

lability of akeletal • torea in the adult animal . 

Low • el"WI agneeium bu been reported in 

condi tiona or ricketa and grass tetmQ- in con 

(SJollema,19321 Dunoan,H9t1'11an and. Robinaon,1935), 

and high aapeaiua intake• oauaed alight change• in 

'11• eerua and boq cont t(Cunnincbaa,1933) - oontraey 

te aitta&a -•t ale(l941),&D4 othen. Yet, the raotora whioh 

oontzool Tariatione in the blood level nmain unknown. 
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It 1a to be expected that with the rather 

frapentary knowledge of magnesiUll metabolin available,very 

little is known regarding ruminant requirements of this element. 

Hutfman,Conley,Lightfoot and Duncan(1941) found that growing calves 

utilised magnesiUll in natural feed.a much better than as magnesium 

sal ta ,and concluded that eypoma,;neeaemia in calves cannot be 

directly correlated to low dietary 11agneaiUDl since such a 

relationship does not always hold. It is also of interest that 

Allaroft(1947)reported the tendenoy for hypocalaamia to be 

associated with hypoma«neaaemia in cows,but Smith(1957 )did not 

support this when the administration of Titamin D restored only 

the eypocalcaeaia to normal. 

Balch,Head,Line,Rook and Rowland(1956) carried out 

balance trials with llilking cows,and found that the availability 

of magnesium in young spring grass Taried between 9 - 28'fo,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 4r;y matter than winter rations,was further 

maintained by Rook and 13alob(1958). Spring herbage induced a 

progressive develOJ)llent of hypo_,.neaaeaia in dairy cowa , followi12g 

the change from winter feed.. Urinary magneaillBl excretion fell 

rapidly at the aaae tille,while aerua ucnesiua • hawed aoae 

deorease , not falling bel ow 1•8 JIC• per 100 ml . ot • erwa except 

in cues where urine macnesiua fell to uro or to a very low 

level . The ...,neaiua content of the hez-bace waa unaffected by 
of 

the atac9LC1"0rih. 
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A renal threshold for magneaium,of the order of 
/0() 

2.0 l!IC• per,.ml. of blood serwa,was suggeated(Rook,Baloh and 

Line,1958),and the relationship between blood serum level 

of magnesium and the excretion of ma.gneaium waa 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 or available 

magneaiwa,but was dependent on the rates or bod;, retention 

of oalcium and nitrogen. 

Rook pt l3aloh (1958) emphasised the difficul t7 

of establiehinc- the extent of variations in the availability 

of herbage J!IBg?leeium,although they proffered the indication 

tlwt many swards possesa a l01rer availability than is 

typioal of winter rations. The raotora which cause the 

1 ower availability of herbage magnesium remain unknown. 

F.r011 the balance of evidence it is :clearly 

demonstrated that magnesium and calcium operate very 

differentl7 in the bocly,and there are no interrelationshipa, 

yet shown which depict a poai tive or negative affect or 

magneaium on the caloiWI and phoaphorua requirements or 

farm &11imals. 

The normal her'oqe inta.kea quite ~bab]J' satis.tr 

antMl requi:rements or magneaiua tor their pl:(ysiological 

needs, except in the oaae or insutfioient teed beinc 

available or or detioient pastures en magnesium. deficient 

soils. 

SUMMARY. 

From a SUJIIDl&l7 or this review, there ia no doubt 

that with the absence of vitamin D,the dietar;r levels or 

calcium. and phosphorus are renecte4 in the blood. oontenta 
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of theae elementa. A8&in the st&billa!.ng J'Ole of vitamin D in 

relation to these elements has been shown. 

Evidence of changes in blood levels due to dietar.r tluotuatione, 

in animals fed adequate Ti.tam.in D,aeea in doubt,sinoe 11.ost 

findings do not point to this. Furt:.ermore,rlth adequate 

vitamin D animals on a low dietary intake of caloium and 

phosphorus appeared to mobilise bone reaenea in order to 

maintain blood levels. 

Blood levels of calcium and phosphorus 4o not 

indicate the direction in which these minerals are flowing, 

and high blood levels could indicate the now of calcium and 

phosphorus f'r011 bones to faeces and urine,or from intestine• 

to bones. Low aerum levels could also show rapid deposition in 

bones ,rather than dietary defioieno7. 

Using blood levels as an index of the caloiWR, 

phosphorua and D1BgI1eaiwa status of the anim&l,rlth other things 

equal,is therefore quite questionable. Thia ia made more obvious 

from the numerous factors which affect the an1aal requireaenta 

of calcium and phosphorua,eapeoiall7 in grazing animal.a under 

natural conditions. 
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SECTION 1 

EXPERIMENTAL 

(a) Introduction of Sheep Experillent . 

The i~eatiption was undertaken with the 

purpose of determini?J&' the levels of blood caloiua,phosphor~e 

and magnesiWI of sheep used in the collaborative project 

bein« done by the Plant Chemistry Laboratory and GrasBlanda 

Division,D.S.I.R.,and the Sheep Husbandry Departaent, 

Massey College. 

TABLE 3. 
:J:ean value 

Pasture Treataents Serwa Ca in Rance No. of 
me-per cent Aniilal: . 

Perennial r,-egrass 8-3 5.a - 10. 0 15 
Short-rotation ryegrase 9. 1 6.8 - 11. , 17 

P. ryegrass and White 
Clover 6. 9 5.s - e.o 7 
S.R.r,yegrass and ffllite 
Clover 9.e 9. 0 - 10.9 6 

Table 3 ie a4a~t•d troa a report on the 

:re•ulte of the project, and indicatea that the caloiua level 

ot the blood wae lo.-er on the perennial r;re«raaa treataenta 

than on the ehort-rotation r,-e,ns• • Thebo~ ni«bt p.iJUJ 

of' the ard• al e were in a aiailar order. 

In the present experi.Jlent it wu theref'ore 

intended to denote the po•aible ef'f'ect that different puture 

herbace and aaaoci&ted olillatio factors ooulcl haTe on the 

blood lffela ot oaloiua,phoaphorus ancl ucneaiua throughout 

the 79ar and especialq duri~ the late-ldnter-earl7-epri.JW 

period when the aboTe findinca were ll&de. 
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(b) Plan of ~Pf:!riaent. 

The experillental pl ots used were those 

involYed i n the collaborative project and located on the sheep 

fa.rm at Massey Col19Be. The four pasture treatments were 

ae followa:-

(i) Perennial ryegraaa (P.) 
(ii) Short-rotation r;yegrasa (s.R. ) 

(iii) Perennial eyecrua and White Clover (P.+ c.) 
(iv) Short rotation ryegraaa and Whit• Clover(S.R.+ c. ). 

Romney aheep of eWlar age and sex nre the aniala uaed, and 

they were alloaated to the various treatment• by a proeeu of 

randOllieation. 

Eight animals were aeleoted at random fro• eaoh 

treatment for blood sampling, and the !int sampling was done 

on 4/12/58,fro• nee put on these treatment• on 10/5/57. 

These ao1Mle ooapleted their period of experimentation in 

the collaborative project and were replaced by a nook of ewe 

lallbs , introduce4 on 15/1/59. The la.abs were •upled 16/1/59, 

and the •u'beequent &ill wu to follow the blood levels of these 

aniala throu«h,ut the year. The only treahent• made available 

were (i), (ii) and (iT ) . Howner,an outbreak or taoial ecseu 

occurred on the perennial paaturea and all Nt1Nl~ were 
. 

immediately elau«)ltered. A -·rw N11ples were taken fro• the 

tftataenta (i) and. (iT) on 24/5/59 to 4eteot a possible 

'YU'iation froa the normal. 

Ewe boggeta replaced the •1 uc}itered lube and were 

put on the plots on 16/5/59. Theae nre aaapl ci on 12/6/ 59 and 

'2',/9/59,an4 w1 th a sudden outm-eu of rickets on treahent (11) 

another wu done on 14/10/59, and ual.19ed tor calciua only. 
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I IIC. l llC. 
- -
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7'q..,.e.-.1.ni«l ~'/e7,-4.ss ( -P) · 
Sltort--rota..-f,·on -r7.~ j.,.ar $ (S. R.) 
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Herbace samples were taken during the experiment , 

and these were collected at randoll by cutting at "sheep-grazed" 

height . These were analysed for calcium and phosphorus . 

Observations were made on the oondi tions of the pastures as 

to their adequacy- throughout the ;year,and gaine in 

individual bocy weight were also followed • 

. . . . . . . . . . . . . . . . . . . . 
(c) Notes on Ani11al. Management . 

The animals were set-stooked in groups on the 

different treatment blocks. Whenever the pasture growth 

seemed excessive other sheep were brought in to aaintain 

adequate control. These were taken off as soon as this was 

achieved. 

The experimental paddooka were not suppl ied 

with lime during the experiment . Animale were ear- tagged 

to ensure their identity, and thus make it possible to uae 

the same indiTiduals of a group in successive samplings . 

Fig. 1 gives a layout of the different treatments on the 

three paddocks inTOlved • 

( d) Methoda • 

. . . . . . . . . . . . . .. . . . . . . . . . 

(i) The Collection of Blood. 

Jlood aamples were collected b7 puncturing 

the .1ucular vein with a hypodel'llio needle 

and allorinc the blood to n ow into teat 

tubea . Test tubea to which had been added 

an aliquot ot oxalate were uaed to collect 

blood for the estimation of inorcanio 
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phosphorus. These were prepared by spreading two 

drops of saturated ammonium oxalate around t he 

bottom of t he test tube,drying thi s in an oven, 

and f inally breaking up t he oxalate with a fine 

rod. This quantity of ammoniUII 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 eatimation of serum calcium and 

magnesium 10 ml. of blood •ere taken from eaoh 

animal. 

. . . . . . . . . . . . . . . ........ . 
(11) The Determination of Blood inorganic phosphorus. 

1 ) The Preparation of Samples for analyeia:-

(2) 

2 ml. of the oxalated blood,colleoted as 

above,were pipetted into a test tube containing 

6 ml . of 13. ~ trichloraoetic acid. The pipette 

was once again filled with 2 ml . distilled 

water and the water alowly drained into the 

teat tu~e. Trichloraoetic acid was used to 

precipitate the blood proteins. After 

vigorous ~.haking the llixture was allowed to 

stand for a few llinutea,and thenfiltered. 
t='t,~ r"•"°US 

The Ell!ltimation or Blood inorgani.01-

Dupliaate deteninationBot phoapbol'WI were 

•de on the til'trate by the methoi ot Fiske 

and Subbarow(1925) . 
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(iii) _Tiie Determination of Se2'Ull Caloiua. 

(1) The Preparation of Sa.mples for analysis: ­

The clotted blood was broken up into 

as fine a consistency as possible and then 

centrifuged for four minutes to separate the 

88I'Ulle 

( 2 ) The Estimation of Serum Calcium: ­

These were done after the method ot 

Clark and Collip(1925) . Duplicated 

samples were analysed • 

. . . . . . . . . . . . . . . . . . . . . . . 
(iT) The Determination of Serum ruynesiwu -

(1) The Preparation of Samples for analyaisz­

The supernatant fluid from the estimation 

of serum calciWI was poured off into a 

dry tee t tube and put aside for the 

estimation of sel'UJI ~esium. 

( 2) The Estimation of Serum MynesiUJ1:­

Duplioate estimations were done by the 

aethod used by Godden and Duckworth(19:55 ) • 

••• • ••••••• • •••••••• • ••••• 

(T) The Determination or Calcium and Phosphorus in 

Her'bap Samplea . 

(l) The Preparation ot Sa• plee for analzsiea ­

The sa• plea of grass taken were weighed, 
0 

then dried at 70 Cina Tentilated OTen 

tor 2• houre , oooled, and finally crounded 

to a fineneaa equin.lent to paaaace 
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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 . samplee were held 
0 

at 100 C for 16 hours and after cooling were weighed. The 

difference from the original weight represented the 

hygroscopic moisture content,and was expressed as a 

percent~e . Samples were later ashed, ashing bein« completed 

0 
in a muffie furnace at about 600 C for 3 - 4 houre . 

The silica dishes containing the uh were cooled in a 

dessisoator,later weighed, and the ash wei«ht expressed as 

a percentage . 

10 ml . distilled water and 10 ml . 2N HCl were 

added to the ash in the silica dish and the contents heated 

on a boiling water-bath for twenty llli.nutes . Af'ter 

filtration through a Wbatman No.40 paper into a 100 Ill . 

standard naak,the ash precipitate and paper were thoroughly 

washed with hot water,cooled to rooa temperature and made 

up to the YOlwae with distilled water. 

(2) The Estimation or Cfloiwu -

A 20 ml . aliquot of the ash extract was 

transferred to a 250 Ill . beaker, and approxi11atel7 

150 Ill . distilled water and 2 drops of aetb1'1 re4 were 

added. The content of the beak r was firet •de 

alkaline with 25% NH•OH, then acid with 10% acetic 

aci4, and broll8ht to boiling onr a Bunsen ancl 10 1111 . 

of boiling saturated &11D10niua oxalate added. Durinc 

precipitation or the caloiUII oxalate the beaker wae 

0 
left on a hot plate 118.intained at •o C tor one bour. 
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Final precipitation took place over 1,i ght. The next day 

the precipitate was filtered through a Whatman No. 40 

filter paper, and washed free of soluble oxalate with hot 

distilled water and hot 2% NH
4

0H. 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) 

H2so
4 

added. Titration was finally done using O. l N K'.',1no
4

, 

" the end- point being determined at 55-60 C. 

1 ml . O. l N KMn0
4 

= 0.0028 g. CaQ. 
= 0. 0028 X 3t g . Ca. 

(3) The l!Btimation of }hosphate: -

A Gooch crucible was prep&J}ed by forming a 

thin aa.t of asbestos over a small circle of Whatman No. 1 

filter paper, and sucking this as dry as possible by strong 

suction on a water-pump. Washing with acetone followed and 

then another procesa of sucking dry at the pump for two to 

three mimitea . The crucible was put in a dessicator and 

lef t over-night,then weighed the next day. 

10 al . aliquot of the ash extract was 

transferred to a 100 al . beaker,5 al . concentrated HN0
3 

added, 

and the contents naporated on & steam- bath. To this was 

added 30 al . of an acid reagent ( 50 ml . cono. H2so 4 - Sp. Gr. 

l . 84 , 350 Ill . oono. HN03 - Sp.Gr. 1 . 42, 760 ml. distilled 

water) and the content brought to incipient boiling over 

a water bath. After oooli~ for one minute 30 ml . of 

aolybdate reagent(Lorenz • ethod - see below) was added while 
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stirrinc. A further two to three minutes was allowed 

before more stirring was done, and the beaker was then set 

aside over-night. Next dev" the precipitate was filtered 

through the Gooch crucible, 2% alllllOnium ni trate being used 

to remove adhering precipitate from t he sides of the beaker. 

The precipitate was washed three times with acetone,and the 

crucible transferred to a deesioator over-night ,and weigh•d 

next day. 

The precipitate contains 3. 295~~ P
2
o5• 

P2o5 
content x 62 • P content. 

142 

Molybdate Reagent (Lorenz !.'8thod) 

100 g . pure dry (Im
4

)
2
so

4 
were dissolved in 

1 litre mm
3 

(791 ml . cone . made up to 1 litre) . Next 

300 g . pure dry ammonium molybdate were dissolved in hot 

water, cooled, 11ade up to 1 litre, and thoroughly mixed. 

The latter solution was poured in a thin stream with 

constant &&itation into the solution of ammonium sulphate, 

and then allowed to stand for two days. The reagent was 

then filtered through hardened fi lter paper, and stored for 

uee . 

• ••••••••••••••••• 
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SECTION 2 

RESULTS 

This project was oomplicated by the fact t hat it 

was not possible to confirm any treatment variations 

initially. It was only toward the end that conditions 

necessary for blood differences appeared. Thie later 

effect pointed to irregularities in natural condi tions as 

possible factors which promote fluctuations in the blood 

calcium and phosphorus of the grazing animal. '.!'here was a 

stronc suggestion that adequate synthesis of vitamin D was 

important to the maintenanoe of normal blood levels of 

calcium in the grazing sheep. 

Tables 3,4, and 5 show the results obtained from 

the blood analyses of grazin« sheep, while Table 6 presents 

the measurements of &Terage body weights for these animaJe. 

These reeulte are expressed as the mean or average for each 

treatment, and the range• of values are given in brackets. 

All results were subjected to statistical analysis, and 

swmariee of the analyaee of Tarianoe, and means and standard 

errors (S.Ea) are given in Tables 7 - 11. 

Tables 12(a) and 12(b) ehow values of the oaloiua 

and phosphorus oompoaition of herba«e proou.red from soae of 

the experillental treatments used, and from the Manawatu as 

a whole. 
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TABLE 3 

VALUES F'CR BT,OCD IN0$Al'.IC P , GIVEN IN 
mg. PE...lt C.l:.J\1T 

(Mean values are given, rari.ge in brackets) 

' REATfll :rr.rs F.wa. Lambs .f.!we Hoi ~ets 
Sampled 
4/12/58 

>ampled 
6/1/59 

>ampled 
2473/59 

~~led ~fampled 
2 6/59 :~/9/59 

6. 2 9.1 7. 3 5. 2 4. 6 
• P • (5 . 2-7. 8) ,a. 1-10. 2) 7.0-s. 3) 3. 7-6. 0) 3.4-5. 5) 

5. 8 8. 8 4. 7 4. 6 
• s.:it. (4. 8-6. 5) :1.4-10. 2) . - 3. 0-5. 7) 3. 2-7. 9) 

5.1 5.1 5. 3 
P+ C. (3 . 3-7. 7) ! - - 4.4-5. 9) I 3.7-7. 3) 

5. 6 8. 3 6. 8 4. a 5.3 
~ . R. + C. (3. 5-7 .5) :1 . 4-9. 6) '5 . 3-7 . a) 3. 6- 5. 5) 4. 0-6.4) 



TABLE 4 

VALU1'~ FCR SKRUM CA, GIV1'N I N mg. PJ<.:R CENT 

(aean n.luea are given,with range in braoketa) 

TRF.ATMENTS Ewes Lambe Ewe li04r.2'eta -
Sampled 
4/12/58 

Sa(lled 
16 1/59 

Sampled 
24/J/59 

Samfiled 
12 6/59 

Sampled 
24/9/59 

11.1 12.4 10.0 10.1 a.7 
P. (10.7-12.1) (11. 7-14. 2) (9.6-10. e: (9. 5-10. 9: (7.7-9. 6) 

10.9 12.4 9.s a. 4 
s.a. (9. 7-11.7) (11. 2-13. 2) - (9. 3-10. 9 (7 .4-10. 1, 

10. 8 9. 6 e. 7 
p + c. 10. 0-11.5) - - (9 . 3-10. 1 (7. 1-10. 5 

10. 9 12. 5 - 10. 3 9. 7 9.6 
S. R. + C. (10. c.,-11 . 9) (11 .4-13. 2) (9.7-10. 7 (9. 3-10.1 (s.6-10.4 

Sampled 
14/10/59 

8.7 
(6.6-11. 3 

8.8 
(6 . :,-10. 3) 

9. 3 
(7. 7-10. 3) 

10. 1 
(9. 2-10. s) 

~ 
0 
• 



TREAT-
MENTS . 

p 

S. R. 

p + c. 

S.R. + C. 
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'PA13I.E 5 

VALUES FOR SERID.f Mg, GIVEN IN • • PER Cillfl' 

(Hean Yalues are giTen, with range in brackets) 

Ena L(lllbe Ewe l LOl:rketa 
Saapled 
4/12/58 

~led 
16 1/59 

~led 
3/59 

Sampled 
1276/59 

Saapled 
24/9/59 

2.5 2. 8 2.4 2.4 2. 5 
(2. 2- 2. 9) (2.6-3. 0) (2. 3-2. s) (2. ,-2. e) (2. 1- 2. 6) 

2. 6 2. 7 2. 7 2.4 
(2.4-2. a) (2. 3- 3.1) - (2.5-2. 9) (1. 9-2. 7) 

2.6 2. 7 2. 5 
(2.1- 3.1) - - (2. 3-3. 1) (2. 1-2.7) 

2. 6 2. 9 2. 5 2. 4 2. 5 
(2. 2-3.0) (2.4'- 3. 2) (2. 3-2. 8) (2. 2-2. 7) (2.4-2. 7) 
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TABLE 6 

AVERAGE AlID RAN'GE OF BODY WEIGHTS ON THE 
DIFF'.tIB.Eli"T TRF..ATMENTS 

Ewes auroled .1 12/58 LWe Honrata Nfllt aamnle4 12/6/5 1 

THEM'- First weighed. Last weighed First wet«hec , .teat weigh d 
MEN'l'S . 19/2/58 (lba) 15/12/58(lbs 12/6/59 (lba 24/9/59 (lbs) 

93.2 97.2 13"5 83.4 
P. (83 - 105) (69 - 115) (58 - 78) (59 - 97) 

-
99. 4 115 68.l 79.6 

S . R. (81 - 113) (97 - 118) (62 - 75) (60 - 101) 

a5. 5 119. 7 72.1 80 
p + c. (80 - 94) (106 - 134) (61 - 92) (70 - 102) 

1'5 136 78 95.4 
s.a. + e. (116 - 146) (104 - 159) (69 - 90) (87 - 117) 



TABLE 7 
SlP.!t~ Y OF THE ANALYSES OF VARIANCE OF (a)BLOOD INORGANIC P , 
(b ):::i'F.RU:I C , (c)s~mtw ~ ,AND(d) GAINS IN :BODY W'.C:IGHTS , FOR 

.!!,"WE;S SAH L !:.;D 4/12/58. 

Source of :rean Sau.area and Results of F 'feats . 
Variance 1l.f. (a) (b) (c) (d) 

p Ca Mg. Weight Ge.in 
19/2 to 
151Jg/_5a 

Treatments 3 
Grass 1 0.03a N. S. o.oos N. S. o.oos N.S. 1262. 53 _. 
Clover 1 3. 45 1l . S . 0.16 N. S. 0. 0028 N.S. 830. 28 * 

Interaction 1 1.402 N. S. 0.195 N. S. 0. 025 u.s. 3220. 03-. 
Error 28 1. 93 0. 309 0. 0667 138.83 
Total 31 

~tl--:ANS AND S. F.a 

P. 7 ,.2 11. 1 2. 5 4. 00 
8. R. II ~-8 10. 9 2. 6 11.50 
1·. + c. II 5.1 10. a 2. 6 34. 25 
S . R.-+C . ti 5. 6 10. 9 2. 6 1.63 

S. E • .! .:t0-49 ,!(). 19 _io. 09 :+4.16 

C<llBINED MEA1IS 

P.+(P. -+C.) s., u.o 2.6 19.12 
S. R.+(s.tt.+c) sn 10. 9 2.6 6. 56 

S. E. ,:t ,!_{). 34 ,!0-13 ,!(). 06 z.2. 7 

P. -+S.R. 6. 0 11. 0 2. 6 7.75 
(P. +C )i ·(S.lt. +C) 5. 4 10. 9 2.6 17.94 

S.E. + ;!!). 34 .±,0. 13 :!!,). 06 !2-7 -
N.S. • Not Significant 
.. s S1«:nificant at 1% level. 
• = Sipificant at 5~ level. 

' 
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TABLE 8 

.MF...!NS AND STANDARD ERRORS OF (a) BLOOD INORGANIC P, 
SERUM Ca, AND ( c ) SERID1 ~ , FOR LA:ABS SAMPLED 16/l/5'J 

AND 24/3/59 

Means and s .Ea 

TREAT- (a) (b) (o) -
MFlfTS No . P. Ca. Mc· 

P. 6 

-

9.1 .! o. , 12.4 + 0.3' 2. + o.06) 
S. R. 10 8 . 8 .± 0. 27 12.4 + o.6 2.7 i 0.07) 16/1/59 s.n. -+e . 8 a. 3 .! 0. 3 12. 5 .:t o.6 2.9 .:t o.03~ 
S. E • .:!: 

P. 6 7. 3 + 0. 67 10.0 + o.6 2.4 .± 0~08) 24/ 3/ 59 
S. R. -+C. 8 6. 8 + 0. 34 10. 3 :t 0.13 2. 5 + 0,07 ) -
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TABLE 9 

SUMMARY OF THE ANA1nm3 OF VARIANCE OF(a)BLOOD INORGANIC P, 
(b) ~I ca, AND (o) SERUM Jig, roR 'gWE HOOGETS SAMf'LED 

12/6/59. 

Souree ot (a) (b) (c) 
Variation d. t'. P. ea. Mc· 

'l'reatmente ' Grau 1 1. 051 N.S. 0. 180 N.S. 0. 011 N. S. 
Clover 1 e.005 N.S. 0.605 N.S. 0. 0012 N.S. 

Interaction 1 0. 02 D.S. 0.5 N.S. 0. 55 .. 
Enaz> 21 0. 53 0. 334 o.o;r 
Total 30 

MEANS AND S .F..a • 

P. 7 5. 2 10.1 2. 4 
S. R. .. 4.7 9. 8 2.7 
P. + C. " 5.1 9.6 2. 7 
S.R. -tC. 6 4.a 9.7 2.4 

S. E. + ,!0-25 z0.2 ,!<). 021 -
COMBilf.-ID MEANS 
P. +(P.+c.) 5. 2 9. 9 2. 6 
S. R.+(S. R.+c.) 4.e 9. s 2. 6 

S. E ._t .;t().18 .i<>-14 .,:t0. 015 

P.+s.R. 4. 9 10. 0 2.6 
(P • ..c )+(s.a.+c, 4. 9 9.7 2.6 

S . E • .:!: :!5). 19 ,i<).14 _t().015 

1.s. - ot s1p111.-. 
" • S14rn1ftcant to 1" lewl. 



Source of 
Variance 

Treatments 
Grass 
Clover 

Interacti C11 

Errow 
TCII'AL 

MMJ.,8 i'.HD S. }-;e 

P. 
s. n. 
P. + C. 
S. R.+ C. 

S.E. + -

caIBIIfi D !!.. :ANS 

P.+(P . + C) 
S.R.+(S. R. +c) 

S.E. + 
P. + s7R. 
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TA B LE 10 

SUi:t:A.:rr OF THE ANALYSJ:s OF vA:=r~,J; cE OF (a) .GLLG) IliO:tG·\lHC P , 
(b) S.~RU,'J Ca, (c) s:am1 ~Jg, ANJ (d ) GAlf'IS IN KTIY :,:-1 ~[TS , 
_______ FO_R_:~WE ITOGG, ,'T'.3 GA '~:,; ::D OI~ 2 h/59 

Degrees of Freedom, Mean Squares and Re8Ul te of F Tes ts . 
(a) P (b) Ca. I (c) :~ . 

t1.r. M.S. F. d.f. 111. s. F. : d.f. :.r. s. F. 
I 

3 3 3 
1 0. 0003 N.S. l 0. 69 N.S. l 0.008 N. S. 
l 3.99 H. 8. 1 2. 82 * l 0. 09 N,S . 
l 0. 0028 N.S . 1 2. 94 * l o.ooa N. S. 

24 1. 62 ~ 0. 51 27 0. 039 
27 30 30 

6 4. 6 6 e.7 
I 

6 2. 5 
" 4.6 7 e.4 7 2.4 
" 5. 3 II a.7 Ii 2 r • J 
II 5. 3 ti 9. 6 " 2.5 

.! 0. 45 .!:. 0. 25 .:t 0 . 07 

4.9 a.7 2. 5 
4. 9 9. 0 2. 5 

+ 0. 33 
4.6 

+ 0. 17 
8. 6 -

.:t 0. 05 
2. 5 

(P.+C) + (S.R.+C) 5.3 9. 2 2. 5 
S.E • .:!: .! 0. 33 ± 0.17 .! 0. 05 

N. S. • Not Significant 
* • Sf8nif1cant at the 5~ lenl. 

~'e\tt Gain 12/6 to 
( d ;,.>A./9/59 

d.f. M. S. F. 

3 
l 253.12 N. S. 
1 32.00 N. S. 

l 128.00 N.S. 
28 71. 42 
31 

7 9. 0 
II 11. 5 
II e.o 
" 17.5 

.! 2.9 

a.9 
14. 5 

.! 1. 71 
10.7 
12.7 

.! 1. 71 



TABLE ll 

SUMMARY OF '1HE ANALYSES OF VARIANCE OF SERm! Ca, roR 'mE 
EWE HOOGETS SA"TLED 14/10/59. 

Mean Sqla1'911 and Ii eaul ts of -:i . Testa. 
5ource of ¥ariation d.f. Ca 

l'reataenta 3 2. 34 B.S. 

--- 28 1. 28 

CANS Alli> S.Fls. 

I) . 6 a. 7 .z 0.43 
S. R. 13 8. 8 + 0. 3 
t>. + c. 5 9. 3 + 0. 46 
S.R • .:!: C. .. 10. 1 ~ 0. 5' 

S. E. ,! 

~(lnlINED Jll,.;ANS. 

». + (P.-+C.) 9. 0 + o., 
S.R. +(S.R. + C.) -9.7 .± o.n 

S.E. + 
1>.+ s.a: 8. 8 .! 0.25 
,P.-+C) + (S. R.-+C) 9.7 ± o.,-, 

s.i . + -
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TABLE 12a 

Ca AND P. COOPOSITICJN 01'' HERBAGE AT 
DI FY :R~'J;T S'PAGt;S OF GROllTH. 

(Per Cent of" Dry flatter). 

Season Herbe4Je ·:., ___ cope 

QDled Sneoiee "1oisture Aah 
Short-

fli.d- Rotation 
Bprin« Ryegrass 5.60 9.50 

,,fid-
~U!!Slllff -do- 9. 40 u .25 

-no- -do- 9.70 a.40 

.iid-
~utumn -do- 6.50 10. 10 

ltid- Perennial 
,:pr11ag ~ 5.50 a.10 

414-
lUtmlm -do- 7.05 12. 80 

-do- -do- 00 12.50 

m-q 
-do- 9.10 8.68 

Ca p Cal p 

0.611 0. 442 l . 38 

0. 548 0. 322 1. 70 

0. 450 0. 255 1.76 

0. 55 0. 441 1.25 

0. 495 0. 331 1. 50 

0.470 0. 421 1.12 

0.415 0.360 1.12 

0.611 0-4,60 1.,, 



41b. 

'.filLE 12(b)4 

:Herbage 
Species Ash Ca p CaiP 

Perennial 
----- u .o 0. 40 0. 46 0. 9 ~-., ___ 

-do- 10.1 0. 90 0. 39 2. 3 

White ClOYer a.9 0. 99 0. 40 2. 5 

-do- - 1. 00 0. 39 2.5 

• Adapted from lamiooat (1957) 



SECTION 3 

D I S C U S S I O N 

(a) Blood Inorganic Phoephorua. 

No significant differences were denoted between 

the treat ents for all the animals aampled (Tables 7 - 10 ) . 

The Yariations between the animals in any treatment were greater 

than the variations between treatmenta . Laabs bad higher levels 

of blood inorganic phosphorus than •ee,an aspect coapatible 

with the higher llineral turnoTer of the younc growing a.ni.Jlal. 

Thia reduction in lnels of blood inorganic phoephorus,with 

increasing ace,was indicated b;r the valuea elx>wn in Tables 3 

and 8. Facial eczena did. not af'fect bloocl TB.luea among the 

af'fected lambs on the Perennial plota , and the changes noted 

-I' 
among the latter anillals also oocui;ed on the short rota tion 

ryegraaa and white olOYer plota. It eeems worthwhile to add 

that aillil.ar changea were seen for Berta calciwa and magneaiml, 

and for the aue reasons. 

ilthoup there are definite variations in the 

phosphorus content ot puturea,u denoted in 'lable(12a),ancl 

obeenecl b7 Sean. et &1. (1953),the indications are that 

pasture. le~ la of imo-phorua do not tall below the accepted. 

aimwi• a4etuate requirement. or 0 . 18 - 0 . 2~ or Dr., Matter(D.M.) 

tor non-prepant ewea (Barniaoat,1957) •. 

!he ,rasinc anfMls,under the conditions of 

th1a n,eri•nt.appeared to • aint&in a aui.table balance with 

the ean.roDMntal tacton which oonhol the aY&ilabili t7 of 

phosphoru9 . Fro• this eridence,it 1a concluded that there 



physiological equilibriua or blood inorganic phosphorus 

among the anj •le, throughout the periods or eamplinc. 

(b) Serwa Calciua. 

There were no significant differences between 

treatment. for IIU'UII calcium Yaluea taken at the earl.7 

sampling periods. Howe..-er,as shown 1n Table 10,the ewe hoggets 

sampled on 21tf9/59,ga.,,. •~-idence of highff Talues among the 

an1mals kept on short-rotation r.,-egrass and white clover. 

This difference was significant at the '-" lffel. The pNltence 

or white cloTitr produced no ai«nifi cant etf ecta 011 the Yaluea 

tor serua oalai.1m when the clover ia aaaociated with perennial 

ryegrasa, but the ad.di ti.on of clOYer to short rotation ryegras11 

maintained. a aigni.ticant lenl of serum calciua. 

A pneral fall in the levels of serum calcium 

becaae apparent with the adTent ot the late winter-early 

spring fiuah 1n paature growth,aaong the ewe hoggeta, and this 

trend was parallel to that preTioualy demnstratecl by the 

oollabo:ratiTit project. 

'!'be outbreak of rioketa aaong an1M)a putu.recl on 

the ezperillental plota,entorcecl &110tlwr saapling on v,/10/59. 

Mee.a ftlu• tor ••%'Ult 0&1.aiua were iadioatiTe ot a riaing trend., 

ancl thie tollcnre4 the pneral tall ( '24/9/5'J )mentioned. aboTe. 

The a,at aneN aaa• or rick.eta were tound on the plots 

contaillinc aho~~tation r.,e&:naa,an4 ao intereat was at firat 

centred on thia treataent. Two anl.ale tro• this treatment 

ahowed. adTaMe .rachitio e711Ptoaa,inoludiag NTere auacular 

inooorclinatioa of the li•be. X-rq an4 hiatolocioal etudiN 

ot the bo- ot thee• an~s lt71'allaoerill• WOZ"lmn nriti 
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the rachitic conditions. The erwa calciua -.aluea tor both 

an1wJe were 8.6 an4 8. 7 mg.per 100 al. ot serum, while the 

Yalues tor blood i norganic phosphoru.a and serum maeneaiua 

remained quit e normal. These values f or serum calcium were 

appl"'Oxiaately equal to the mean value for the group. X-ra,;y 

studiea also showed that ricketa of a auch leea severe nature 

o~ on the other treatnlenta , among aoae animals. Non-radlitio 

an1M]s f'roa the •eriousq affected gn,up had ftlues of aerum 

oalciua whidl ranged troa 6.3 - 10. 3 ag. per 100 Ill. The 

hogets kept on perenn1 al :eyegrasa showed a range of 6. 6 -11. 3 

per 100 al. ,but were Te:ey auah leea raahitio. One anillal,tor 

exaaple, bad a sama Ylllue or 7. 8 • • on 24/9/59, an4 the 

Talue inareased to 9.5 ag. on 14/10/59, despite the presence of 

severe rickets . 

An important point thus shown was that the 

eeYerel7 rach1Uc an1NJ• were not the onea with t he lowest 

leYels ot aerua calc:1.ua. T, is depicted a marked Y&riation 

between indirldual an·hna] a as to the ainiaua level of serum 

calci1111 required f or at11oeptibilit7 to the disease. 

The gemml tall denoted aboT ,could be explained 

on the baais that the ahance wu due to a Nduction in llinenl 

tumoTer with increuiug ace (Ban•aM et &1. 1951,1954,1957, 

lal'INN and. Crowcle:r,1957 ). Thia Yin 1a not supported by ~he 

re00TV7 that tollond the general tall,an4 loses more ground 

11here an1Nl• on the ahort-ro"8tion eyegrase and white cloYer 

plota cli4 not ezhibit this eeemingl7 nduoe4 llineral turnoTer, 

altboup their lnel.a ot .. l'WI oaloiua roae with the general 

• 
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:reoovery afterwards. 

A :reduction in mineral turnover with inarea.sing age did not 

appear to account for the tall,and other !acton were therefore 

entitled to consideration. 

Asauming that the calcium oompoei tion · f the 

diet is directly related to that of the blood(Sobel and 

Hanok,1948),the general fal.1,ae above, was indicative of the 

following causess-

(1) a reduced intalae ot dietar,y calcium due to 

inadequate pasture content on all treatments 

other than short-fl>~Uon 17eg:rasa and white 

clover. 

(11) A decrease in total intake due to wipalatability, 

ecarci ty of herbage, or any such factors, on 

the other pasture treatments. 

(iii) Decreased aTililability of dietary calcium 

because ot an iwbaJance of minerals,either 

through calcium and pboephorus,or through 

the action or a "trace" el ent,or magneeiWI. 

Thia aaeuaption apart,Md with adequate quantities 

ot &Tailable oalcium in the pasture, the likel.7 explanation 

~or the aipit1oant diffennce and. the general t'all,ia an upset 

of the rl taa1n. D ehen1 u whiah e tabiU.see the blood leTel ot 

-.1.aiua, and oonu-ole the absorption or oalci froa the 

intestine. Vitamin D e:zerta a direct atreot on the lline:ralisatioa 

ot bo 1a ra.chitic an1wls (ONenberg,19-45),and inadequate 

unta of thia Ti tamin,in additt:a to deorea• i?2g lnel.8 ot 

putun intake on the plota,coulcl illao account for the 

out~ of ricketa aa:,ng the ardm]a., 
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Obeervationa made on pasture production ohowed 

that during winter and spring the short-rotation r;yegrass 

yielded B>re herbage than the perennial r,yegras•. Short­

rotation ryegrae• responded aueh aore readil7 to the late 

winter-earl7 spring period of quick growth. 

Du..~ng the summer and autumn perennial. ryegrasa appeared to 

be the better producer. The short-rotation ryegrass and 

white cl<JY'er plots surpassed the perennial ryegrau ancl 

white clover ones in herbage production OYer the winter to 

spring period, and with t ~1e advent ot au.mer there Cl!Ulle a 

tencleney tor the clover to d<>lllinate the grass speci $. 

Perennial ryeg%'88a and white clover a l--1owed a greater capaci t7 

for t he prod1.otion of herbage oYer eumner ancl autumn, amt 

there was not the same tendency for the plots to 'be claver 

domillant. 

In apri.Dg,animale were inclined to grase the 

short-rotation plots mon close~ than the perennial r;yegrass 

plots, and this suggested a distinct preferenoe tor thie 

the l!lOl"e palatable herbece. Deapite the oloee grasing 

notioed,it could not be said that the pasture herbage aa 

quantitative]¥ illadequate to the point ot inducug incipient 

aal.mivitioa.beoauae nuonable quantities ot herbage oould 

'be obw.ined h'oa one ot the abort-~tion plota. 

Close g:l"'&lliJI« ot ,he abort-rotation and white clcwer t reataenta 

was not 1n eTidenoe because the po,rth or ol-Oftr during this 

period aintained a aore adequate leYel or pasture herbage. 

Clonr wu readilT grased at all ti.au b7 the aniala on 

theee treatmnta. 
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These obser.v-ati ons are inclined to nullify the 

poseibllit7 or a reduction in pasture intake as being the 

direct cause of the domnrd trend in ae:ru • aal cxl. ua. In 

addition, these animals showed a g eneral increase in bod;y 

weights,and thia does not reflect a serious ecaroity ~ 

edible herbage. The question of unpalatable herbage, 

detemined by the choice of herbage grased by the ani.llala 

on the different treatmenta ,was peailiar only to perennial 

1)"egrue whai ooapared to the other apeciu . This trend took 

place oYer the late-epring and 8Wllller period ot growth,and. 

u the herbage beC1De more and 110re mature. Thia could not 

prodlice aignifioant differences in the dietar.r intak• of 

the an1wl.. during late winter and early spring. Sears et al . 

(1953) have pointed out that changes in the chemical. 

00llp08ition of herb,ge th.ro~out the yesr are -the results 

or both the ratio or grass to alcwer,and of the seasonal 

dumgea in leaf leYel.a . ~ ah01Jed tha t with t he tranai. tion 

boa wintff to sullllll.8r,clcwer contributes an increasing 

amount ot 1he oalciua tound in the total herbage. Greater 

lnela or calcillll were diaoemed in clovere(l . O - 1. 6% D.M.) 

than 1n g:ruaea(o. 4 - o.6~ D. ), a mpenorit.T also 

reported b7 Anlll tro d i'hC11118(1952) hoa English work. 

Low cal o:lua leYela ocourrecl in gl'BNN and cloven during 

winter and aprinc. 

It 1a to be eapbuiae4,howwer, that al though seaaonal 

nuotuationa br.l.ng about Yar.l.aUona in herbage contmt ot 

oalo:lua, theae oontenta have not been obaernd. to tall below 

th• accepted ataclrda tor llin1wna :requiraam ta(0. 2 - 0. 3,% D. M. ) 
' 

tor noa-prepant .... (Barnimat,1957 ) . The balaoe of 

md&oe do• mt .mPJ)Ort the theoz:, o~ inadequate content. 
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ot caaleiua in the pasture herbage as the in reason tor the general 

decline in serum aalaiua,anA tor the aipitiaant 41.tferenoe found. 

The poeeibilit7 ot an imbalance in the pasture content ot calcium 

an4 phosphorus produeinc inareaae4 aon-aftilabilit7 ot dieta17 oaloium, 

is not supported by the tind.1111 that amo tazm u1mals t he intake, 

abeorption,retention an4 los ot calcium and phosphorua are neither 

baaed on the approaimatel7 211 ratio toun4 in 'bon•,nor on arq other 
I 

dietar,y ratio or calcium ah4 pboaphorus (otto,19,a,fticht ,19551 
I 

Dunoan,1958) . ~s mcperiaent,and. ~ othen,d.icl aot demonetrate 
! 

auoh an imbalance in graai- anillals , aa4 it ia iaprobaltle that auoh 

a oauaatin taotor 1•4 to the Tal"iatiou 1n eerua aaloium. Work 

with cattle ahowed that -..eeiua clepn aed. the retention~ eal.oiUll 

and oauaed loe•• ot oaloiua fNII body U.anee when the phosphorus 
I 

content or the ntion fed ns low (Palmer, Eoklea and. Schutte,1928), 

but no au.ch aata«0niaa has been eeen in this ancl other experimente. 

Variations in the a't'ailabilit7 ot berbag calcium ba• not 

been experimentall;y related \o &D1' detioienoiea or nuvitional 

ill'balanoee of tnoe element• ( i . e . 1041.ae, oo:pper, ao~4enua, 

oobalt,1.Joon,tlJlaria and. othen). This 4ou not exclude the 

poeaibili tin ot euah etreotia, and. waeu-ell won 1n ihie diftotion 

ld.aht Pl'O"" uaeM. IIOWffe_., 1 t ••- ualikel.7 tba t tlle atp1t1oan, 

clitterenoe toun4 on tile plotal QOntaininc hon-l!Otation ~• 

an4 white olner, &114 the se°"l tall 4enote4 on all tre&taente, 

ooul.4 

AIUUO .. 9t plj• (1957 )taU•W that fibre ontent 

an4 amlio ao14 oontent uteftt• eae• ot aalolua aft1la'bil1t7 

in the pue• ahdie4e No .-i,.1a t• mralio aa14 content 

\ 1' 

! l 
i/ 
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was done in the present experi.Jlent,and so the findinc cam¥>t 'be 

confirmed. Under the conditions of this experiment the tibre 

content of the herbage was not believed to be high enough,during 

the early- st8889 of growth which occur at late winter to early­

spring,in the Manawatu,to induce the differeaces and trends observed 

in serum ca.loiua. The retardiDg effects of a high fibre content 

in pasture herbage are more synOJQW>UI with ad.Ta.need maturity- oTer 

swmaer and early autumn. 

'l'he general tall in ael'Ull calcium values waa 

obae:n- d beton th• out.break of rickets . Thia depict.a a relate4 

trend,heace &n.1' reasons whiah explain Uie fonaer should in tact 

account tor the incidence of the latter. It is ffident that the 

poeaible mn-an.ilability- or heJ"bace calcium \\'8.8 110t a principal 

factor in the incidence or ricket•,becau.se the eerwa calcium -.aluea 

in eerioual7 affected animala were approximately equal to the aean 

'Yalue for all a.n1•le on the same treatment. Adequate lwele · • 

of aYailable calcium were therefore attorded the boggets on the 

short-rotation plot• al though thia -my haft been on the threeholcl 

leTel which bordera inadequ&o:r on eaae plota. FurthftW>re, thie 

eridenoe pointa to adequate intake and absorption elf dietary oalciua 

on all other treataenta. 

With the &N1U1ption that the oalciua cOllpOsition or the 

diet 1e directl.7 rel& ted to that ot the blood. there are now 

sucgeations that a nuaber ot f'aoton ~ ha.,. oontrl.butecl to tile 

bends obaen-ed. The cal.ciua content ot iftas• and cloven are a-\ 

a seaaom.l ainiana during willter and •Prine (sea:ra ,1953) . In addiUon, 

the posai'bility ot existinc t'aaton. yet inderinite,which 4eter the 
,. 

&Yailabili~ ot hoblp calaiua at this tille will not denied. 

A Y&r.l.able hubqe intalm 1e ltnown te ooou.r aaong putuN gruizw 

sheep (Barniooat,1957). 
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All these !actors could collectivel7 contribute to a low dietar7 

intake of calcium, and therefore promote the .fall observed in 

blood calcium lnela. 

It seems that during t he onset of t he genen.l fall in blood 

calcium Taluea , t he hoegets on t he s hort-rotation ryegraas and 

white clover maintained more constant eerwa calciUJB le..els because 

thq f'ed on the more palatable sho:rt-rotation eyegrassiwhich 

,:rn quioker during the flush period ot powth. This was aided 

b;r the inareased f'ertility provided. by the presence of clover, 

and. these animals also fed on the clover which contained a higher 

calcium content than the grassee. The aignitioant difference denoted 

in Table 10, is explained on this basis . In contrast,the animal.a 

on the pure grass plot s would t here.fore loae the benefits which 

accrued fro the presence of olover,eapeoi&lly on the more 

palatable,but more closely gnaed,-ehori-rotation ryegrasa. The 

sheep on the plots which contained perennial ry-egrase and white 

olover,g:nsed on the lees palatable perennial ryegrasa,.whioh 

grew mon elowl.J' in t he a pri.ng tluah, and on olover whioh wu 

ntarded in its productirity b7 t he ore dominant ryeg.rasa. 

The reault 1Jl tbe latter cue the p%'0duction of a loss ot 

Then an1Mls,-arut tho&Je grased on the 

pmie grua••clid not therefore tin4 it poaaible to maintain 

constant 1.-nls of senm eal iua at a time when puture oontents 

were at the lonat. The reeaons atrOZ'decl heft b&Te not 
~ 

elucidated the inoiclental ~ ot rioket•• peoial.17 oecaua _ 
the raohit1 an1aala did. mt ahow the lo,..., leYela of ael'Ull 

caloi.m. A l"ffiew ot the Uta'ature otfen doubta tha.t the 
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calcium compos i tfon of t i e diet ia directl7 related to that or 

the blood when adequate Titamin Dis alao fed • .Again,Ewer and 

Bartrua (1948) showed that hoggeta developed rickete on Italian 

ryegraae which contained levels of oaloiua and phosphorus muab 

above the 11iniaulll requirements. The ad.ministration of Ti tamin D 

eupplementa in the tiet protected unaffected an1RJB1 .from the 

disease. Vitamin D insufficiency due to inadequate irradiation 

duril2g the winter was not eonaiclered the primary cauae ot rickets, 

by these work.era, and the inference was that some a peoific 

principle interfered with pbosphorua aetaboli • In the li«ht or 

the poatulate or Grant (1953),inhibition ot the tlmction or 
ritamin D a,y baTe been the :ret&rding principle. 

The eridence,at thie atage,auggesta that some of the 

reasons given for the general fall and the significant difference, 

1.n the preceding paragraph,were important onee,with the 

sulletantiation that these etfeota on serum calciW!l values were 

aided b~ the dec:reued .f'unctioninc or Ti taain D. This deo:rea.ee in 

1\mction wu thought to be due to lowered S7Dtheaie ot the vitamjn, 

an aspect which ia ooapatibl• with a reduction in solar radiatior. 

durinc wint r,m-5.na.tu, and which tenda to lesaen the 

atabiliaiiw effeot that the Titaaia a.ri8 on oal.ciua 1D the 

blood. 

For the cluntion ot the ezperiaent-,olouq,..t and 

0014 ...,ther prec)ollhatecl OTff the period luting flooa late J'ul.7 

to eu-17 Septeaba, ri-th tn clear and eumv _,.a. Thia eeeaed 

to enbuoe the ef"fecta or the N4uct1on ill 8Ull8hine houra 4uriDg 

There ue no •ti-.tiou of the aaount ot Yitaain D 

thu abNp obtain t.Na the effects of irradiation iJl the Mm1&11a·tu, 
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in 'ritaain D synthesis could help to produce the results 

obeerved. 

The cloee grazing or herbage on the s hort-:rotation 

plots showed a l ower than usual intake ot teed,hence a 

dimunition in the oalciUJI intakee .froa such plots at a time 

when the content. of grass were l ow t. <Ale of t he plots, 

boweYer,contained ample lenla of herbaB9 but an1•l• also 

showed serious raohitic infection. T ia su«geet.ecl the 

influences of tactora which oauae non--a"nlllabillt7 either 

throUBh an anti-Yitamin ettect, or thi'ough reta-dation of the 

extraction ot oaloiua .from the 1.n&ested herbac•• 

Few anti-Titamin D agenta haYe been brought forward,and that 

proff ered b7 Grant (1953) require OODrll'll&tion in more 

inTeatigations. The efficient utilisation of rltaain A. is 

dependent on the anti-oz:idant properties of Ti tanrl.n E 

(MoGillivra7,1952), and a •illlilal" effect 1a poeaible for oth~ 

t'at-soluble Tite• 1M- Et'ficient utiliaation or vitaain D 

would howenr be aaintainecl on the plots which contain the pure 

~ea beoaun the defioienqy of Ti taain E is peculiar to 

clover-rich tuna. Thia cleticienq ooulcl not pl"Oduoe the 

41ttennoee dellonet,:oatecl d.ur1.ag the apring fiuah on plots that 

nre not rep.rded as clonr-rich. 

A bi h dietm7 intake ot oalciua and 08phorua tailed to 

aaintain nomal lffela or aft'WI cal.oi and. "bloo4 inorganic 

phoaphoraa 1n aheep hOU9 illiloon (Franlclin, 1948), an4 the 

low ftl.ua wn uiokl.7 corrected b7 the adm1nistation ot a 

Yitaain D 8Uppleaent. AD1MJ• which wn •11lilarq fe4 but wn 

alao apoaecl to &lnmdallt auntich• aaintained nonal bloot 

lnela ot both llinenla. The wore ot' Pftaki.1B(1948) ••IIPhMill• 

tbe lapona.noe o~ Yitaain D ayntheaia to the puture ~ 
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sheep, and eup:ix>rta the present ola1a that inadequate romation 

of this Yitaain, ancl not the mn-anilabillt7 or clietary' 

oalciua,was the -.in oaue1t of the talli.Dg t.nnd and the subsequent 

outbreak ol rioketa. Latterl.y,rachitic aniaala clid not poaaeaa 

the lowest leTele or s&l."Ull oalaiU11, an4 this imposea doubts on 

the auggested. ntmodation or the extraction of oalciua f':rol!l the 

'!'he 'f'U'i&'ble inereuec in bod.7 wighta -one 

1n41rlclual u1Mle renectecl dilteftlloee in the lwel• or 

herbage intake 011 UV' one treatment. '1'hNe dif .. ·erenoee in 

intaklt could be critical •o• plot. where other 4ef1ciencv­

taoton were a't work. The OOl!lbination of tactora whioh 

produced the trends o'beerred,aml which resulted in the degrees 

of riak:ete that o~.appeared to include the etfeeta of a 

ftriable &lld larencl intake of herbace calciua. A strong riew 

1s tlat aaae ot tbNe taotore could haw reduced the total 

~ d:1•1n:l•ldJls a'T&ilabilit7 or Tita• in n. In41Tid.ual 

1114uce naoepUW1'7 to riaeta hla,e be• a!ID1111,an4 tb1a 

00--- other f&etoN n.ther thlm the aon-&Yailabilil7 ot 

41etu-y cal.a1a u the ul:ti• ne Ollll.Se ot the di--•• It. 

appeara that mt th- '111a 1ebela"8 in Yitaain D taotion, 

tlle total .-»m~ ot aft.il&b1- -.lalua wou.1.4 haw been ~ te 

t.be .,., nnnl.7 affected beataaate dNp1'8 t he arit-ioal 

llhowll,4 tht ntardinc ef"fttota~clue to tb1a 1ebala• ~ tbe 

ritaain wt ... ahla to ottnl the ineidace o~ ftl'7 ....,. 
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and adTanced rioketa because the i r dietary intakes of available 

calcium were enough to counteract this iabaJanoe. Animale on 

other pastures in the area did not show rickets, probably because 

the concentration of sheep was less per acre and the pasture 

herbace contained more plant species. This could afford higher 

dietary intakes of available calciUlll to maintain a more 

heal t}zy mineral B tatua. 

The explana.tione given are strengthened by the 

tact that when the mineral intake 18 eub-optimal,t:,e demand ro:r 

Yitamin D ill inON&Bed (Ewer & Ba:rtrwa,1948) . '!he comel'Se 

relationship baa been shown (Anchinaahie le llraser,19,21 !{nme:r & 

Howland,19:,2), but to a leaser extent owing to the infiuence 

that rltalllin D eze:rts on the absorpti on or oalciua fro• the 

intestine. 

In conolusion,it i8 suggested that given adequate 

levels of rltamin D throughout the year,pasture grazing aniale 

will maintain norau ael'WI oalciua Tal.u• undw Manawatu 

condi tiona. These Yal uea rill tb incline to conatanqy despite 

lonring or the herbage illtak.9 and the oaloiua content of the 

pasture herbage at certain aeuona, and although the euapected 

detriaental e!'teow or fibre content,oxalic acid.-,rltamin E 

4etioienc,,r, encl othen, continue to u:ert theu intluenoee. 

( o) Serua !!e-i,1111. 

Dmloa,Lipttoot ad. Huttmaa (19~) found little 

cbanp ill the aaan aagneaiWI oontet ot blood pl.all• with 

inoreaai.Dg age •ong noJ.'ll&ll.7 reared oal'Yea, but there .. 

cona14en.ble iadirldual ftri&tioa. The work or Saith (1957) 

aupported the rall in pluaa JIIICl189iU11 with the adYanoe or age 

in cal.Yea. The present aperiaent ebowa a aillilar trend with 

the 1.aabe, and a greater ftriation aong indiv.l.4uala thaQ 
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between the treatmenta tor eerua magnesium with all 

an:haaJa. 

In general,there were no aignificant 

differences between the treatments at most of the samplinga ,but 

the ewe hoggeta showed a highly e;ignificant difference on 

12/6/59. With perermial ryegraaa the presence of clover 

raised the aerua magnesium level,but with abort-rotation 

ryegraaa the preaenee of clover reduced the leTel or serwa 

magnesi ua. 'l'hie could aa that the aagneai um leT 1 ot 

White olOYer ia nol'IIB.117 between thOlte of perennial ryegrpe 

and short-rotation ryegraaa. No ~ were done tor the 

magneaiU11 content of herbaB9,but Tholl&8, Thompson,Oyenuga 

and Armstrong (1952) exa• :lned eight grasses and fol.a' leguaee 

growing under Englieh conditions and found the magnesium 

leTels to be greater in legumes than in grasses . 

'!'he u:l••J• were put on the treatments on. 

16/5/59, and cloubte therefore aria• aa to the rapid and 

particular e!'feot denoted for the clowr,eapeciall7 f:roa 

the tact that no aignitioant d.itterencea were seen on 24/9/59. 

It is furthera>re reu:rkable that the differences were 

indicated onl7 ewer the autuan wba perennial r,egrasa 

Ji.elded on herbage than ahorl-rotation,aml when tu 

ill-ettects ot clover d.oainance woulcl haft affected the 

ehort-:rotation ~ and white olonr plots ather than 

i.he perennial and white clonr ones. 

Rook u4 llaloh (1'58) npbuiae4 the 

dittioult7 or •tabliabizw the extent ot Tariationa in the 

aftilabil1t7 or herbap aacnaia, and no direct NlationahiJ 

bu yet been aho1'1l between ~ ---1• and U. leTel 



of blood senm. Spring herbage was f'ound to pro• ote progressive 

hypoaapesaemia in dair.r cows by Rook et al, (1958),but the 

magnesium oontent of herbage did not varr with the stage of' 

growth. With the latte%" find.in« as a buia , and the fact that 

the pa.aturea or New Zealand are OTerall more produotiTe than 

those of European and North American oountriea,thia experiment 

helps to demonstrate that the magneaiua oontent of New Zealand 

pasturee are enough to aatief'y the nutritional requirements of' 

sheep. 

The highly aignil'i cant tif ferencea found could 

simply- ban been Yariations between the groups when they were · 

randomised to the separate treatments , an4 wbioh were still 

present on 12/6/59,but were reduoed -b7 24/9/59. This 1a aupported 

b7 the nall difference between the aigni!ioant results(2. 4: 

2 . 7 .mg. per 100 ml. or serum) , and in particular, by the greater 

difference found among i.ndi n.duala within any one treatment . 

Un4er Manawatu oonditions,the greateat daaama 

tor herbap 118BJ1eeilm by- sh p ocair during lactation. Thia 

oo'inaid with the spring .f'luah ill pasture growth, and because 

no d61'icienoiea ban been reported in these puturea, it oan 

be aaauaed. that the dscs:w, ot the an1uJe are eatietied. It 

1a possible that d.ef1oi n.ciea aoaetillea occur ue to he&'Y7 

lactation d9J!mul8.and with insuttioient rbage intake 

iaaediatel.7 after partur1 Uoa..but t extra· needa are probably 

•t 1>7 bone Naervea (:Blaster & !!eGill,1956) <We the short 

period iJm:>l~ed. 

, 
TtJa oal.7 stpitiaant clitterenoa ehown 1a "'-1' 
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sampled on 4/12/58. Values obtained f".rom a report on the 

oollabo:mtive project showed that the ditferenoea in aean 

body weights between the anillals on the four treatments 

ranged from 62. 3 - 63. 1 lb. at the eta.rt, on 10/5/57. At 

the tut waigh1ng on 15/12/58, the animals on the perennial rye­

grass plots made the largest gains in boq weighta,1. e. for 

the period 19/2/58 to 15/12/58, f'ollo116d b7 those on the 

abort-rotation l".YesraH plats . The gains on the other 

treatments were TffT IIUoh leas in oom.pariaon, depicted l,7 

Y&lu• shown ta Table 7-

Highl 7 aicnitioant etfeets were denoted. tor the • 

intemotion of perennial ryegzass an4 white clever, amt, aa 

a result, fo:r the d.U'ference between grassee. 'l'he ef'feot ot 

clover ns significant at the 5% len,el, hence there was every 

indication that the plots containing perennial ryegraa. and 

clOYe:r contri bn ted most to gains in bodT weigh ta over the 

awme:r. Thia latter .. peet is G0111l8ml\1il!a'te with the higher 

:er ~duotin"t7 ot perennial ~ and white alonr 

alrea4 referred t&. Th e plots an not prone to clOTer 

dominance, and with the transition bioa earq •~ to earl.7 

autwm, t ~e clover contl:i btl s to an inareaai.ng amount ot the 

total pasture her'bltce. 

ight gaim 'between 

an1Mle on th pun 6%"118 not ignittcant althougk 

the a:n.iD&~- on ahorl-Jl'Otation- owe moa gain.- Thia J1117 

iadiaate the greatn- pronen.en to a,turity, of the perennial 

ryegnsa with the puaag ot aummo, and the earlieJt. temleDOT 

to go to seedhead. A clacline in nubi.tiTe 'Y&lue OOMII wiUI 
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inareued maturity or putt.re herbage. 

The lowest gaina in body weights were 

shown by ardmale on the short-rotation and clover plots, 

and the reason of.fared is the tendency for clOYer dominance 

over the SUllllller. ClOTer would therefore haTe contribu ted 

an increaaing amount of the total herbage, to the detriment ot 

the grass and the total quantity or herbage on the plots. 

An interesting new 1e that this ol<>Ter dominance reduoee 

the a'Ya:llabilit7 ot adequate quantities ot Ti~in E to the 

ao1•Js (McGilline.,y, 1952) as 8UIIDlU' achancee . '1'h1a 

reaul ta in poor utilisation of the ta t.-aoluble Yi tami.ne, 

including Yi t8111ins A and D, which are important cont:ri butom 

to increasing growth in anillala . 

For the period 10J5/57 to 15/12/58 the 

an1Nls on the clover treatments have demonstrated the 

greater inc:reasea in bo(\y weighta. 

Although there were no eipit1cant differenoea 

tar the ewe hoggeta saapled on 24/9/59, the 1ndioationa were 

tl:at the an:i•l• on both short-rotation treatment. showed 

superior pin8 in boq weights . Thia agrees with the 

peatv p?'Odu.otiT1t7 of the abort-rotation r.,e«nn 

tnatment• during winter and eari.., ~ . Ftp . 2 and 3 

1111J8trate the tNnda ot the aea boq weichta on the 

tour treatment. tar .... aa4 ... boggeta. 
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SECTION l 

EXPEBIMl<liTAL 

(a) Introduction of Experiaenta with Bata. 

The experiments with y oung Wist ar rats were carried 

out in order to support the 1'i0rk done w1 th sheep. Diff'aencee 

obserYed in sheep , in the mllarorati.Te p1"0ject,may be due 

to seTeral factors . 

The use of blood Yal•ee a.a an index of' the miner,l 

status of the a,n1-1 has alreac\r been questioned. Wol!k 

with rats therefore undertook to establillh the Talidity ot 

the experimental. reaults fJ!o sheep ,based on blood data. 

Eri.dence that ohangea 1n blood. leTela of calcium 

and phosphorua vaiy directly 1Ji. th tluc1uations in dietary 

leTels,in animal" fed adequate vitamin D, is shown b7 

Sobel and his co-110rkers(1945 a,bsl948) . Their findinp 

bare received Tery little su pport by other workers . The 

preaen t experiments with rats aimed to aont:ribl. te to the 

a>nt10TU"S7 surrounding these f1ndin89 . 

Again,there were no •asurellaita of the intakes 

and utilisation or the calalua and phosphorus in herbage 

grazed b7 the sheep . It was therefore aonsidered. neoeasar;y 

1D investigate the afti.labilit7 or these minerals ho• two 

ditfermt types ot pastures graucl b7 eheep . 1-ta on blood. 

"falw• and aineal intake and utiliaation in rate ahould 

indicate allied relationahipa. 

LeYela ot aema 1111g11eai1111 am the cal ciua ancl 

phoephoma contents ot temrs ot p upe of rate were 

incluclecl u being ueoat.ated with the above interwta. 

It is w l l lmom that rate tbri Te 111 th diffiml V 

on a pua diet, and., grass uh wu used b7 'R:¥ of additi.on 
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to a s;yntbetic di.et in two aperi110nta. G:round.ed graea was 

f'ed in one experiment, and the animals were aacri.f'ioed as 

soon as they began to lose thrift . 

Working with cattle, Pal r, Cunningbaa md Eeklee(l930) 

pointed to the marked day to ~ variation in blood inorganic 

phosphorus. They found that feeding caisee blood phosphorus to 

r:lae in the first b::>ur and then to retum to normal three houre 

afterwarda. La.eta ti. ng goats were studied by Visek et al. ( 1952), 
removal 

and the., showed the rapid~ ! radioact1:ve cal aiwa from the 

blood aubaequent tc inU"&Tenous J1dmin1at.ra.ti.on. 

Theae endeawun depicted a Tffr rapid removal or 

eel ai.1111 and phosphorus t:rom the blood tor inlllediate use and 

storage. An experiment was designed 'k> teat this view. 

(b) Plan or Experiaents. 

Experiment 1. 

Yo'lmg weaned rat• were fed (ad lib. )a basal 

diet wbidl oontai ned 3.6% salt 111.xture ( the detai la of di etaiy 

ooaponente are ginn later) orer a pre-feecling period of two 

weeks. The animal• were then rondo11iaed into ! our groupe,ao 

that the aTerage boc\', weish ta of the aeparat e gm ups were 

&pprolC1.•tel7 equal . The groups were fed eeparate experiaental 

diets u tollmnn--

Group (1). (4 nts),rece1T8d the diet oontainiDg 3.~ 

Group (11), (41. n.ta),were aintai 

4• 51' Nl t atxture. 

on a cliet cx,ntainiJW 

Group (iii), (5 nts),recet:nd the a>ntzool diei,but with 

that ot the control b7 the a4d1 ti.on 
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of caco3• 

Group (iv), (5 rats),were fed the oont:rol diet,but 

1'i th the phosphorus content :raised to 

five times that of the oont:rol,by the 

addition of Na~o4• 

The intake of each group was regulated to that or the 

lowest intake group, and the body weights were measured once 

weekly. Thia experiment lasted for seven weeka,the animala 

being allowed tap water , ad lib. ,and a f'ew drops of arachia 

oil oontaining Ti tall ins D.E , and K once per week . 

Ezperiaent 2. 

Af'ter a pre-f'eeding period.,as above,theae 

rats were similarly grouped, and fed as foll ows :-

Group 1 , (5 rate ) , received the oontrol diet oontaining 

3.ff/o Bal t mixture. 

Group 11, (4 rats), received the diet containing 4-5~'i 

aalt mixture. 

Group 111, ( 4 rate) , were fed the oontro 1 diet, but 

with perennial ryegraaa ash added as 12. 5% 

of the complete diet . The ree.aon for using 

this proportion of uh was that the iyegrau 

contained 12. ~ uh on a 4ry aatter basis. 

Group lV,(4 rata),wen !'eel the oonuol 41.et,but with 

th uh f'roa a llhed paatuzw added as e% 

or the 0011plete diet. !he aixed pasture 

herbap oontained 8% uh on a 4:ry •tter buie. 

The other ata,ges ot t.h1a experi1191lt were conducted 

iJl a aWlar 1111DDer to Expenat11t 1. 
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Experiment}. 

This experiment differed in design from the 

preced.iog two in that six groups of t hree animal.a each were 

uaed. TH:REE dietary regimes were maintained,with two groups of 

rats as cr1 bed to each. 

The animals were six weeks old at '.,he start of the 

experiment. The level of salt mixture we.a raised to 5. 4% 

during the two weeks allowed for u the pre-teeding period, 

because the animal.a began to lose thrift on the previous diet 

containinc 4•5% salt mixture. 

At the end of the pre-feeding period the rata were 

randmuaed i11to s ix groupe,so that the aTitrfi8'8 body weights of 

the eeparate groups were appro:z:imatelj- equal. The experiaental 

diets were fed as rollows: -

Groupe c1 and c11 ,were fed the diet containing 5-4% 

allt :rixture,and thi s was used as the 

control. 

Groupe R1 and R11, reo~ ved the control di et , but with 

perennial ryegrass ash added as 12. 5% 

of the complete diet . 

Groupe and 14i.1 , reoeived the control diet,but with the 

a.ah troa a mixed pasture added as ~ 

ot the coaplete diet . 

The intake ot each group 11&8 regulated to that ot the 

lowest intake group, and the bodjy wei3hta wue eaaured once week17. 

Tap 11&te2' &4· lib., an4 a few d?Opa or a.%'&ohia oil containing 

Titaains D, .E• K were added to the diet once per week. 

'l'bia aperilllnt las for 10 weeks , and a 10 da;r llineral 

btJ.anoe trial wu clone on these poupa. 
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Eq>eriaent 4. 
The experimental design used was similar to that 

in llxperiment 3. The same ')ontrol diet was also used. 

At the start of the experiment the animals were eeven weeks old, 

and they were maintained on the diet oontaining 5. 4% salt mixture 

for the pre-feeding period of ten da.Ye . Subsequent to :random­

isation into the reapecti ve groups, animals were fed the 

following dietary regimea:-

Groups {a) , (A.), reoeived the diet containing 5-4% salt 

mixture,the control diet. 

Groups (b),(B), were fed the oontrol diet,but with 

grounded perennial eyet~ a added as 

3'. ~ ot the complete diet(on a D. H. 

basis) . 

Groupe (c),(c) , obtained the control diet,but with 

gl'Ounded mixed pasture added as 33. ,fo 

of the coaplete diet(on a D. M. basis) . 

Animals were reported to tbrl..-e with difficulty on a 

grass diet and so the ezperi• eat was terminated after twenty 

four days as soon as the rate threatened to loee thrift . 

Er:peri• ent 5. 

Thie experiment was deeiped to inti eat the 

hourl.7 ~ •hich occurecl in blood lenl• of caloiu• and 

phospboZoUS when ~ts kept on a diet at the 5.4% salt aixture 

lenl,were • dd~ f'ed 1111cb hish&r dietar., level• of Calctua 

(-Ca z 5) and :phospboftla ( • P x 5) . Table 18 show the 4-ip 

and reaulte. 

• Conbol Diet 
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(o) Animal rt.anagement. 

Aniwa] e were kept in oagea in the house epeoiall7-designed 

for small experimental animala,at Muse., College. 

They were !'ed and watered daily, and the tl'aiYB used tor the 

collection of f&ecea and. urine were anptied u often as posaible 

to preyent atmospheric pollution. Adequate heating was provided 

in oold weather and the ventilation was suitable at all times . 

The nature of the diets fed did not facilitate oonversion 

to pellets ao an:fmaltt obtained their feed froa maall enamel diahea . 

Wast&Be chle to spilling was toasmall to be of eignificanoe in these 

experiments . 

The rats were obtained from pure straina bred at the 

Animal Research centr• at Rnakn:re. and llaceville. Those used 

in Experiments 1, 3, and 5 were all of the male sex. The 

dietriwtion of the sexes in Experiment 2 were found to be aa 

followss -

Group 1 - 5 females . 

Group 11 - l female+ 3 males . 

Group 111 - 1 f'ell&l. e + 3 • . 

Group lV - 1 female+ 3 .-.1. • 

~ri.ment • showed the following cliatr.1.bution ot the sexees­

Group (a) - 3 11&1• . 
Group (A) - 2 11&1 + 1 female. 

GJroup (ll) - 2 malee + 1 tamale. 

Group (1) - 3 m&lee. 

Group (o) - 2 Ml• + l ttlll&l • 

Group (C) - 3 aalee. 

It ia worth pointinc out that an:fwJ• were requeeted u 

11&1.••and that tu cli•trl bntion ot tnllee in Expm.aante 12 an4 

4 were puiel7 th• reaul t ot nadolliaatiaa. 
i ' 
I 
l 
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(d) Dieta. 

The basal diet and. eal~ ab:ture were based on that 

used by il,{nore(l957) and Hansard et al. (1951), and aubject to 

some modi f1 cations ,are as fol lows: -

Casaein ( commercial ) 20 parts. 

Sucrose 60 parts. 

Ara.ohie oil 15 parts. 

Brewera yeast 10 parts. 

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

containing 3.6'jb,4.5%,and 5. 4fo Ml t mixture,respeoti vely. 

Vitamins fed each rat per week . 

E - d.1- a-tocopheryl acetate •••••• ? mg. 

K - 2-methyl-l-4-naphthoquinone ••• 5opg. 

D - Calciferol •• ••.•••.•••••••• •••• 1.5 p&• 

Salt Mixture. 

Ca3(P04)2•• •• ·• •••· •. · •. • •••• . • •• • 20 parts • 

.KCl ••••• . •••••••••••••••••••••• ••• 27. 2 J)ll.r'ta. 

NaH
2

Po4(~drous) •••• ••••••• •• ••• • 5 parts. 

UgSO 
4 

(anhydrous) ••••.••••• • •••••••• 8 . 7 parte. 

NaCl ........ ....... ......... . .... .... 5. 4 J)llrts. 

Feel,• 6E20••••••·•••••••••••••••••2•5 parta. 

euso4• 5H20 ••••••••••• •• ••••.•••••• o.4 parts. 

Zn.SO . 7H 0 ••••••••• ••••••• • ••••••• 0. 5 parts . 
4 2 

o4. 4B20 •••••• .•••..••• •••• •••• • o.2 parts. 

CoSO • 7H20••• •• ••·•••••••• •• •••· ••0•0005 parts. 
. 4 

n ••............ . ..... ... ... ....... 0.1 parte. 

B&P•••·•·•••• ••••·•• ··•··•· · ·· •••••O•Q5 parts 

Total •••••• -70.0505 parta. 

caeo
3 

were added to the oonuol diet and. the aa Cl!Oae C1Dntent 
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ftdwle4 b7 a siailar uount. For Group (iv), 6. 6 parta ot 

Napo
4 

were added to the oonuol diet, and the aueroee content 

reduced by a simila- amount . The aim waa to maintain the salt 

mixture in the aane proportion in the <lieta. Careful mixing and 

grinding in a mortar were entailed in the preparation of these 

diets to ensure uniform dietr1 bl tion of all consti tu.en te, 

eapeeiall7 dietary micro-nutrients . Diets were stored in bottles. 

Pasture Ash . 

Both the perennial ryegrua uh and that f'ro II the 

aixed paature were prepared ho herba,ge out at "sheep-grazed" 

heigb.t,by the ethod deaori'bed a_,.. for the determination of 

calcium and phoaphoma boa herbage pl a . Analysi a of al l 

herbage was done to denote the various plant speoiea present . 

The grounded herbagesfed in Experi ent 4t were prepared for 

analysis by a siailar method. 

(e) Methods. 

(i) The Collection or Blood and Bonea . 

At the end of each experi en t the animal.a were 

anaesthetiaed with diet~l ether• and the blood removed from the 

heart with a hypodermic needle. Death enaued, and the felllll'II 

were remove4 and ••fi uide for analywia, ezoept in Experiaenta 

4 a11d 5. The blood and bonee tro• the rats in eadl group were 

pool for cheaioal anaqaee. 

(11) The Dete2'1ftiJlati 

Kyn..S. ua in the Bloo4. 

'l'hNe detem-illati 

ua«J. on the blood -plea ot aheep. 

,,.. done by the •thoda 

(111) The Detemimtiona ot Cal. ciu• and Pboapho:m• ill 

Cueia,Yeut and Ber9e. 

aetllou .. Pl<>7N were thoH uaed to •tiaate 
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the oal.ciua and phoephorw, ot herbap • aaplea in the work 

rlth sheep. 

(iv ) The Determination of C&lcium and Pboaphorua in 

Bonee. 

(1) The Preparation or the Saplea tor analyaia:-

A.f'ter the femra were removed fro• the rate, 

they were aaraped clean and soaked !Jr a few h:>ura in three 

ohangea of alcohol. They were nezt extracted rl f.h ether 

end drled to a conatant weight at 105°c. Cooling took place in 

a. dessicator and the bones weighed iDn diately atterwu-da . 

The Fat-tree Dly wetstit waa thus obtained. ishinc was done 

by placing the silica diahea whioh oontained the bon• in a 

muf"fle tu.rnaae set at 600°c for 12 boura. The weight of 

ash was eati11&.ted and expressed u a percen tage of the Fat­

tree Dry weight. 

The a.ah extract was prepared by the method adopted 

ro~ the preparation of the pasture ashea earlier,and tbe 

bone aahea were grounded in a gl- I10rtar and remoTed b7 

the 10 al. ot diatilled •ter and 10 al. 2N HCl uaed in the 

extraction procedure. The Nllainder of the preparation was 

aimilar to the above metbocl. 

(2) Th Eatimation ot Calm.ma and Phoaphoma in Bon••­
Theae esti tiom were done b7 the •thou w,ed. 

in the uh extractlt of herbalge •-plea in the wozt an sheep . 
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('Y) 'Pbe Determination of Calcium and Phosphorus in 

Faeces and Urine. 

The faecal and urinaty oolleotions ho• the 

mineral balance trial were stored in weighed bottles, and 

kept in a dry plaoe . 

Preparation for analysis and the estimations or 

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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SECTION 2 

RF.sULTS 

Table• 13, l.4,15,16&,16b,16o,l7a,17b,17o, and 

18 ehow the reaulta obtained from these inYeatigationa rlth 

rats. 

Figures 4 to 7 present mean body weights or various 

groups used in Experiment. 1 to 4. 

During the course of each experillent, it waa 

attempted to equate the total aaount ot ration eaten b7 

each an1•1 irrespeoti"Ye or treataent , b7 regulating each 

group intake to that or the lowe• t intake group. Thia 

was not possible, however, 1n axperiaents 1 and 2, owing 

to the variable feed intak• encountered. The reeul tant 

effect was not considered large enough to alter sip1.ficantly 

the leTel• of dietary calcium and phosphorus intended for 

the aeparate treatments . 
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Table 13 

~lo.of I ni tial Final Total Total ' % Ca %P 
Animals Aver. Aver . Ca p i n in 

Groups at end Body Body Intake Intake Diet Diet 
or Expt. Wei ght We~~ht 

(/l . ) (ll . (&r . ) ( It . ) I 

( i ) 
Cont rol Di et 
(3. 6% Salt 2 65 88 2. 908 3. 65 .., .433 0.543 
Mixt ure) 

(11 ) 

I Control Di et 
(4. 5~ Salt 4 64 136 6.507 7. 39 0. 54 0.614 

1 ;•Ux t u.re I 
I 

(iii ) 
Ca 1n Control 4 65 99 32. 54 7.453 2.421 0.554 
Diet X 5 . 

(iv) 
p in 

Control 5 68 115 
Diet X 5 

6.47 29. 9 0.442 1.a76 

Caz P Blooc Serum in Inort', Ka 
Diet P in 11.n mg. 

mg .p~-r per 
100 v.1. ioo m1 . 

o.a a. 32 * -

0 . 88 e.64 13.6 

4. 37 9.6 12. 8 

I 

0 . 24 9. 92 10.4 

I 

.5erum Ko. of Waicht % A.ah Mean Mean 
Mg. in Bones ot Fat - in Ca p 

mg. per Analysed free Fat-.free Content Content 
100 Dry Bones of Bones o:t Bones 
m1 _ BnnA1l1) (- ) ( ....... ) 

• 2 0. 327 .... 63. 6 35.45 18. 19 
-- . 

2.4 4 0. 5935 64. 4 27. 0 17. 6 

1. 95 4 0. 613 64. 2 35. 6 17.4 

2.44 4 0. 591 67.0 36. 1 17. 98 

* The number of sum.Ting animals did not taoilitate the oolleotion 
of enough blood to permit a serum calcium estimation. 
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Table 14. 

No. of Initial f inal '.l.'otal 'i'otal :'a Ca 
-;;:,-,,- · ]atP !Blood Serum Serum No.of 1Veight '.'-· Ash 1fean Mean 
/0 ! 

Animal.a Aver. Aver. Ca r· in in in IInorganic Ca in ;,:g in Bones of Fat- in Ca p 

IGrour- a.t end Boey i3ody lntake Int&lce Diet :;1et :'.)iet IP in mg. mg. p:.:r mg. per Analyaed tree Pat-free Content Content 

of l::xpt. '.'/ei8ht V1eight (g. ) tper 100 100 ml. Bc,nee Bones of Bones of Bones 

(Gt . ) (u . ) ( Ii?. ) 100 ml. ml. 
(g. ) (m.; . I (mg. ) 

I 
Control Diet 
3.61-', Salt 5 99 100 8.4178 10.4925 0.442 0. 5508 o.a 7.7 10. 4 2. 06 4 o.684 64. 0 39. 0 19.67 

Mixture 

-

II 
4. ~.', Salt 64.9 26. 2 
/,11.xture 4 95 142 a. 0634 9.173a 0. 54 0. 615 o.aa e.3 10.4 2. 05 4 0. 904 51. 7 

III 
.dyegraas Ash 
as 12.51, 4 94 83 6.432 7. 7021 0.44 0. 525 0. 84 7. 3 10. 1 1 . 62 4 0.6575 60. 7 35. 2 18. 09 

of !.>iet 

IV 
Hixed Ash 
as ft)~ of 4 93 88 6.1925 7.4193 0.44 0. 524 0. 84 B. 8 11. 2 1 . 81 4 0. 648 63. 4 36. O 18.11 

Diet 



Table 15 

Average Ca and P Coaposi tic,~) 0£ Her1uge Fed. in 

Experillents 2 and 3 (Per cent Dry Mat ter). 

Hygroscopic 
Helrba&e Moist.. Aah Ca p 

Perennial a.a 12. 50 0. 415 0. 36 

"n--as 

Mixed a.a 8. 00 0. 38 0. 21 

Pasture 

Specie• Comnosition ot Herbiure 

Peremrl.&1 Rve.n'88B Mixed Pasture 
Percentage 

Snecies (%) S1>ecies 

Perennial ryegrasa 99. e Perennial r;yegrase 

PoatriTialie 0. 2 Timotq 

Brown top 

Sweet Vernal 

Yark.shire Fog 

White CloYer 

Hawtbit ) 

Plaatago •Jor~ 

!l'otal 100. 0 'l'otal 

CaaP 

1. 15 

I. Bl 

(%) 

6 

2 

66 

6 

15 

3 

2 

100. 0 
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'l'able 16 (a) 

No.of 1 Initi&l I Final Total 'l'otal ~-~ Ca I"% P CasP .Blood ! Serum SWrum 
Animals Aver. I Aver. Ca p in ; in in Inorganic i Ca in f~ . in 

Groupe at end ~ ! Body Intake Intake Diet l Diet Diet Pin mg. ! mg.per mg. per 
of Wei~ht j Weight per l<.,O I 100 100 
.:~nt . (a. I ( fre ) (ll. ) (u. ) ml. I ml. ml. 

No . of Weight % !ah Mean Mean 
Bones of Fat- free in Ca p 
Analysed Dry Bones Fat- free Content Content 

~ig]one of Bone 
(g. ) Bones (mg.) 

l I C I 

I 
I 

Control Diet I 

113-5 5. 4% Salt 3 I 172 175 10. 24 11.017 0.619 o.666 0.93 7. 4 3.4 l 
Mixture ' I 

3 o. e705 69.2 74. 5 '56. 7 

C II I 
Control Diet I 
5. ~ Salt 3 172 187 10. 24 11.017 0. 619 o. 666 0. 93 6. 5 12.0 3.4 3 0. 9535 68. 6 ao.5 39. e i 

Mixture 

I I 

R I I l I 
I 

Ryegraaa Ash I 

I 
I 

88 3 172 . 157 I 9. e2 10. 385 0. 593 l 0. 627 0. 95 6. 7 12. 0 2. 7 
12.5~ or Diet 

I I I I 
1 I 

I 

I 
) 0. 0075 69. 6 70 .0 34. 14 I 

I l I 
R II I I 

R;yegrasa Ash I ! 

88 3 172 141 9. e2 10. 385 0. 593 0. 627 0.95 7.0 12.0 2. 7 
12. 5% ot Diet 

3 0.1n 64.6 62. 3 ,1.07 

U I 
Mixec\ Aah I aa 8% ot 3 I 172 I 146 10.09 10. 574 0. 61 0. 639 0. 95 6.5 10. 5 3. 0 
Diet I 

3 o.eo1 68.2 66. 0 32. 99 

M II 
Milled Aah 
as tJ!, of 3 172 158 10.09 10.574 0. 61 0. 639 0. 95 6. 0 10.5 2.9 3 o.a,-2 68. 1 70.7 35.15 
Diet 
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Table 16 (b) 

A Mineral Balance Trial Fro• 1.'xperiment 3. 

-

Total Total ~~ Ca Total !Total P %P 
Groups Diet&r7 Ca in Re tained Dietaey in ~ C1"6-t .. Retai ned 

Ca Excreta p (g) 
{,r. ) (tr . ) (" . ) 

C I 
Control Diet 
(5.4% Salt 
111Xture) 1.572 1. 027 34. 67 1.67 0. 9269 44. 5 

~ . 
CII 

Cont%'01 Diet 
(5.4~ S&lt 1.572 0.673 56.47 1. 67 0. 8672 4e.07 
Mixtuft) 

RI 
Rye.Ash u 
12.~ ot 
Diet l . lJ01j 1.1e 21.5 l . '572 1.l'i~ ~ . 38 

RII 
itye.Aah u 
12.5% ot 
Diet l. '5Q1j 1.297 l 1j . 72 l . 'i72 1.,160 16.27 

M I 
Mixed .uh 
,.. 'f,,t. ef 

Diet 1.528 1.218 20.28 1. 607 1. 1010 31. 49 

· M,II . 
Mixed Ash 
a.a 8% 0£ 
Di et l . 'i28 1. 216 20.40 16J7 1.111 30. 86 , 
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Table 16 (o) 

Swmna.ry Of The .auc>u. ..... ea of Variance ot (a) Blood. Inorganic 
P b) Serum Ca, c Serum r,• , From ErJerim.ent • 

·-
I 

Source 1d.f. '\l:ean n - - - and Results of' ? 'I'ests. . 
ot (&) (b) -(c) 

Variation P. Ca. ~.!,?. 

Treatments 2 0. 285 U. :3 . 2. 6225 N.S. 0.25.,. 

Error 3 o. 1q~ 0. 38 o.oo~ 

Total 5 

MEANS AND S.F.s. 

C I 6.95 12. 75 3.4 
C II 

R I 6. 85 12.0 2.7 
R II 

MI 6. 25 10. 5 2. 95 M II I 

S.E .!, .! 0. 31 .! 0. 43 .!. 0. 04 

· N. S. • Not Signif'icant 
ff = Sicn1ficant at 1~ leTitl . 
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Table 17 (a) 

No.or Initial Final 'l'otal Total ~ Ga If, p CaaP :Blood Serum Serum '9 
Animals Aver. Aver. Ca p in in in Inorganic Ca in Mg. in 

Groups at end Body ood¥ Intake I ntake Diet Diet Diet P in mg. mg.per mg. per 
of _.xpt . Weight Weight per 100 100 100 ml. 

( J? . ) ( Q') (r; . ) (Q'.. ) ml. ml. 

(a) 
Control Diet 
(5 .4% of Salt 3 170 158 4.90s 5.2147 0.639 0. 679 0. 94 6. 6 10.4 2.75 
Uixture) 

(A) 
Control Diet 
(5 .47~ Salt 3 169 183 4. 90a 5.2147 0. 639 0. 679 0. 94 7.8 11. 0 3.16 
'.1:ixture) I 

(b) 
Perennial 
Ryegraaa as 
33.3% or 3 175 160 4.864 4.6301 0.633 0.603 1.05 6. 4 11.9 3. 63 
Diet(D.M.) 

(B) 
Perennial 
P~yegrus aa 
:,3.3°" or 
Diet(D. : • ) 

3 171 170 4.864 4. 6301 0.633 0. 603 1.05 6.9 ll.8 2.66 

(o) 
Mixed Pasture 
aa 33. 3% or 3 172 170 4.941 4. 5251 0. 643 0. 589 1. 09 5. 9 12.4 3. 33 
Diet(D.M.) 

(c) 
Mixed Pasture 
as 33.y/o ot ' 169 
Diet(D.M.) 

148 4.941 4.5251 0. 643 0. 589 1.09 6.9 11.6 3. 06 

-
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Tabl e 17 (b) 

Summary Of The .Anal,-ea 6r Variance Of (a ) Blood Inorganic 
P, (b) Serum Ca, ( c) Serum ~f.g F.r-o Experiment 4. 

Jo\U'ce Mean SQuares and Results of F Tests. 
or d. t . (a) (b) (o) 

Variation :P . Ca. J\fz . 

I Treatmenta 2 0. 36 Ii .S. 1. 01 N. S. O. O}l N. S. 

Error 3 1. 33 0. 17 0. 196 

Total 5 

MEANS AND S. F.a . 

a ) 7. 2 10. 7 2. 95 
A ) 

b ~ 6. 6 u .a · 3. ;w 
ll 

C ) 6.4 12. 0 3. 19 
C ) 

S.E .! .:!: 0. 81 .! 0. 29 .:!: 0. 33 

N. S. = lift Signif'ioant,. 



Table 17 (o) 

AVERAGE Ca AND P COMPOSITION OF HERBAGE FED 
IN &TI'EHIMENT 4 (7~ D. M. ) 

~scopic 
IHerbaRe !loisture Aah Ca p 

Perennial 
-- 9. 10 8. 68 0 . 622 0. 451 ... ~ -

Mixed 
Pasture 9 . 10 12.30 0. 652 p. 410 

SP~IIB COMPOSITION OF H£1IBAGE 

Perennial lli~---• Mixed Future 

Seeciea % Snecies 

Perennial ryegrass 95 Perennial ryegraaa 
Poa tri.Tialis 4 Cocketoot 

Hawkbi t and. Rum• 1 Ti.lllotcy 
Poa trivialie 
Chewinga teacue 
Bron top 
To:rbhire Foe 
Praire Grasa 
White CloTer 
Suoklinc Clover 
Hawkbit ) 
Plantago jor ~ 
and other wee 

Total 100. 0 'l'otal 

Ca:P 

1. 38 

1. 59 

rrJ, 

7 
6 
2 

27 
5 

11 
6 
4 

19 
2 

11 

100. 0 



Table 18 

Experiment 5 

THI TRENDS OF BLOOD Ca AND P AFTZR 0'1!.L 
AD .. :IlHSTRAT _ CM (mg per 100 ml. ) 

No. 'Dietary 
~ime After of C and P 
.,eeding Animals LeYels 

P x5 Ca X 5 

1 hour 1 a.9 -

2 bou.re 3 8. 8 12. 0 

6 hours 3 8. 6 12. 0 

16 hours 2 - 10. 5 

20 houre 3 7. 7 10. 5 

I 

' 
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S&;TI ON 3 

DISCUSSION 

(a) Phosphorus Metabolis • 

The results .from Elcperiment 1 (Table 13) ehow that 

Group (iT) possessed a Talue for blood inorganic phoaphorua 

that is not significantly different .from that obtained tor 

Group (iii),although the latter were feel dietar., phosphorus 

equiTalent to one fifth ot the quantity- fed to Group (iT) . 

Groups (i) and (111) haTe rece1Ted equin.l.ent intakes or 
phoephorws but show a COIIPU'&tiTely- sr-,ter difference in 

blood Ta1uee. 

Attempts were •de to equate the total dietar;y 

intakes of the indiTidual groups in all experimente,but the 

Tari.able feed intak• between grouJ]II diet not make this 

poaaible in this experiaent. Th• result ia that Group (ii) 

obtained a higher percentage or diet&rr phoaphorue than 

Groups (1) and (111),aa ori,l'inall7 planned., but the mean 

intakes or phoaphorua tor the thne groupe were equinJ.ent .. 

Gnupa (14 ant (iii) wue unthrift7 (F!c-4), and 

clurinc the ezperiaent hoot the an:fMla fro• Group (1) 

anc1 one t.ro• Group (iii), clied.. Gzoup (111) tecJ. YOn.oiouaq 

and retlected a much larger dietU7 requiNllent than waa 

allowed. ~• high uoitabilltJ' or thia group--.. probabl.7 

due to the ••rr hip leTel ot calciua te4. 

Rab 1n Group (11) proyed t DlQlt thritt7, ancl 

cleap1te the equiftlent intake ot phoapborua,tbia group 

aintainecl a lllloh lour ltmtl or bloo4 inorpnio phoaphoru.e 

than Group (Ui) . 
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It can be assumed that the most thrif'ty group bas 

obtained the most adequate peroentacea or dietary calcium and 

phosphorus . On this basis the percentage of dietar,y phosphorus 

ted to Group (1) inadequate. This is eo although equ iYalent 

quantities or phosphorus were red to both Groupe ( i) and ( ii ) • 

Percentages of' dietary phosphorus are indicated to be more 

important to the thrif't or the ard u.J than the total amount red 

oTer a giTen period. ExoeaaiTe level• or dietary phoaphorua would 

theref'ol!'e tail to contribute proporUo tel7 to the thrift or the 

animal s,.oTM' this period. 

The marked dU'.ference in blood phosphorus -.al.nee 

between Group (iT) &11d Group (ii) is not refleotecl in the 

phosphorus content ot bonee froa both groups . A direct relation­

ship bas not been established between the phosphorus contents of the 

diets and the bones, and this queries the possible significance 

0£ the di!'ference in blood Yalu s . Furthermore, a similar difference 

exia~ between Group (iii) and Groop (i) , although the percentages 

of dietary- pboepboz,ue are th eaae tor both groups . The mean 

phoapborua oontenta or bonea do not relate to the trends in blood 

inorganio phosphorus leTela,for the latter groups . 

Hansa:rd and PlUlllee (1954) demonetnted that 

inadequate in-takes ot oalciua affected the abaorption an4 retention 

or phoaphorua. AAS.dine thi view to the &UltllPti oa -.de, basecl on 

the tllr1tt of Group that th oalciua intak• ot 

Groups (i) aDll (1T) re 

uUlisatioa ot dietuy phoaphoZ'U. This oould acoount tor the· 

abs nee ot a -hisher flllue £or bloo4 1norgani.o phoapborua in 

Group (iT), tm- the lcnr•t Ta1 or e. 32 • · per 100 al. 

found in ~llP (1) . It also appNftd tbat the exoeaei..-e oalcium 

£ t, ~up (iii) enbeno'94 the Yalue ot 9. 6 ag. shown for blood. 

inorganic phoaphorua. 
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These asauar,tions,howeYer, 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 oo-work.ers 

(1945 a, bJ 1948),which relatee the phosphorua content or the 

diet,the blood aud bone in anima.18 ted adequate Titamin D. 

Table 14 contains the reaul ts f'roat ::-;,cperillent -2. 

As in the prerious experiaent the groap fed .the diet 

containing 4.~ aalt mixture as th aoat thr1£ty,follon4 

by the 81"0UP fed 3.6% llalt llixtme(i"i«. 5 ). The two grcup!1 

which received paature ash• 1n the diets obtained the 

lower d1etaey- calci\111 and phoephorua.ebol,ed. the leaser 

thrirt,bllt did. not have a lower mean Talue tor blood 

inorpnic phosphorue than the other ho g?'Oups. 

The aea.n bone phOBphorua content o.r Groupe I and II were 

howeYer greater than that or Groups III and IV. This show 

that a greater quaati ty ot a'ftilable phoephorua 1'.'U f'ecl to 

the firat two groape. 

A eomparieon ot Group1 I and II ahowed that the 

hicher percentape of pboaphome ill the diet were 

asaociate<l w1 th th 80J.'le thril't7 an1 M1• 1n Gzoup II. The 

latter group diapl.lQ-ed the hicher oontenta or 111.oocl 

iaorgan1o phoapborua and the maaa phoaphorws CODteni ot bonee. 

Group IV ,on the other band., had. the hi.ghat bloo4 ftlue 

although tbe7 ROAT tbe lonet 111tafla of phoephorwt. 

The JleaD phosphorua oonteat of bonea ia •Sw11ar tor Groups · 

Ill ad. IV. 

'l'he thrift ot the aepaate groups a-re not 

dbeatq Nlate4 to tile lffela of 'bloo4 illorganio pboapho1'U8~ 

but to the pboephona ooatmta o~ the boMII allll the tiete. 
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Dietary- phosphorus did not directly affect the levels of 

blood inorganic phosphorus ong the groups. Ash proYided a 

greater proportion or dietary phosphorus in Group III than 

in Group IV, but a difference in availabil1 ty- is not refieoted 

in the bone phosphorus oontents. The mean. phosphorua contents 

of' bona. were similar f'or both groups an4 indicate equal 

storage or dietary pho phorua , 1n spite of the differences 

in blood inorganic phosphorus . 

In Experiment ~, the thritt or indiYid.ual groups 

as represented by the ga1n.e in body wei&hts (Fig. 6) is again 

related to the phosphorua contents of the bona and the diet• , 

but not to the blood Yalnee. The oontrol ,roupe were fed 
ft,.,. 

similar diet but showed different '¥8.luaa"'blood iaorganic 

phosphorua. 

A noticeable feature is that the wit hin -treatment 

'Y&riations exceed that tound between treatments , ror blood 

T&luee . An anal79is o! ftriance, su.-nmarieed in Table 16c 

evinced. no significant differenoa between treat ents . 

Table 16b indicates tha.t the conbol groups :retained 

a larger proportion ot dietary pbosphorna than the other 

groups. This points to greater 110n-an.ilabili't7 ot 4ietar,­

phoapho~ one the ash- t groupa, auc1 explaim the hi&her 

pboephowa ccatenta in b h-cm the oontrola . There ia, 

pite •1aUar 

intakea, and the absence 0£ a sip.1.tioant d1fterenoe ltetween 

the ftluea for blood phospbora.a . 

Th high Tari&tion w1 thin a 
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or physiological variation between ir.idividual groupe, 

irre• pective of the levels ot phosphorua intake. 

Ash supplied a higher proportion or the total 

dietary phosphorus i n Groupe RI and R11 than in Groupe 

Mr and .. ,tr r • This could account f'or the lower mean retention 

assooiated with the fol"'l!'ler groups, but .fails to explain the 

greater difference in ret ention within Treatments. It is 

diff'iault,there.fore,to eetabliah a diff'erenoe in phosphorus 

aYailability between the two pasture tmenta . 

There are indications that the difference• in 

blood phosphorus ..-aluea a.re a :reneotion ot normal 

functional vari&tione between the groupe. Dietary phosphorus 

intakes are allied to bone pboephorus contents beoaua or the 

storage f\motion ot bones. The blood aerY• to convey 

minerals from the ei te of absorption to other or: m for 

use and storage, henoe it Jaintains oonstant concentrations 

of the circulating minerals under normal oonditions 

(Shohl, 1939). Thie Tiew negat• th eu7 upset or the 

state ot phospboru• equilibriua eugeated by the f'indinge 

ot Sobel et al. (1945 a, b). 

ExperiJaent 4 (T&blea 17a, b) aupportsthe view 

that bloo4-Tllluea are indepenunt ot leYela ot phoeph0%'U8 

intake. 

The an1Ml• uaed in Rgerilltmt 5 1'81'8 te4 a 

diet which oantained 5.4" aalt ldxtuft tor a period ot 

ten weeka, taz,yed tor a ~ • an4 tha ted oaloiUII and 

phosphorus ae 4eaignated in T&ble 18, tor one hour. The 

basio a&SUII.Ption was that a bcaopneoua popalatiOD ot 

aperillent&l ate ,kept oa ~h• Nll6 diet would ahow •hd Jar 

T&l.ues tor luoo4 oalciwa a.ml pboaphoZ'UIJ. CG thia buia the 



:reaulte intimated that the sudden feeding ot high leTela 

ot dietaey phosphorus oauaes an inuediate rise in blood 

values , tollowed by a decline back to normal within twenty 

tour hours . 'l'his strengthens the Tiew that a.bsorbe4 

!)hosphorua is rapi~ remTed hom the blood for use ancl 

store&e elsewhere (Palmer et al.,1930, Cohn and Greenberg, 

1938). 

The marked within treatment Tariation denoted 

in p:rerious experillente lim.u the value or the auggeetiona 

in this experiment. Studi• with radio-aotin 1 otopee baTe 

hoWGYer verified the rapid reaoTlll of absorbed. oalciua and 
-

phosphorus frcn the blood(Cobn and Greenbezs,1938s Hausa~, 

Comar,Plualee, Hood and Hobba,1950J Visek et al. ,1952). 
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( L) Cale : an Ut.; taboli.!!!:. 

I t will be seen ir-m Experiment 1 (Table 13) 

that the gr ou;::• fed t. e diet with a oald• c r,t eut of 

2.42;~, L.ad a lower va l ue for S t-1"1.i.L'l 0:::1.lci,.u tLa.n t he t;roup 

t;iven the diet which contained ~J . 545~ calcium. The mean 

cal cl um content of bonoo from Gr ut;s (iii) and ( iv) did 

not r ef l ect the 6r eat difference in the dietary calcium 

tad. One aucgestion is that the very h.igh leve 1 of 

dietar;y phosphorus fed to Ar<Jup (iY) promoted i ncreased 

storage of the comparatively lower dietary calcium. ·~ 

and Plwalee (1954) did not find that t l:.e intake of 

phosphorus a.ffect ed the utilisation of calciutt in rats. 

In order to a.ccount f c,r tile absence Pf greater 

sto~e of bone calci1,m in :.:rnup (iii) , it a : ~-eara that 

the high level of ca.lciU111 fed wae in excess of the 

threshold h."Yel boyo .• d which tone accret ion ceased and 

incr· es ing • t'~'x-8(,'"'8 was at a minimum. 

It is well-known that t.he efficiency of 

utilisation decreaoed with inareaaing dietary intake of 

ollciua. !i.ansard and Plumlee (1954) obse!'V'ed that animals 

on the hit';'her intake excreted the greater q.iantity ot 

ta'bolical.17 derived calcium, and t h\la showed that body 

etorea or the el nt affected the relative absorption of 

oaleium tro the intesti n , &r!d excretion into the 

int tinea. Furtbezw>re t in ~ au ls the efficiency 

ot aboorption 0£ oa.l cium at an,- one age '8pende4 on the 

degree of satiuation of the body(Eairba.nks and .:itohell , 

1936s :k>ttensten,1938 1 Cu thoiu,e et al.,(19~9) . 



In t r.a first f rn r experiments, t he 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 exceaa of either 

oaloium or phosphorus is fed. This could indicate the value 

of the oalcium:phosphorus ratio in inducing adequate utilisation 

of both minerals,when the appropriate ratio, and dietary 

percentages of calcium and phoaphorua have been attained. 

Levels of dietary oaloium are not direotly related 

to the values for serum calcium !'l"om results shown in Tables 

13,14,16(a) and 17(a) . There is,however, a direct relationship 

between the gains in body weighte,the fat-!'l"ee bone weights, and 

the oaloium content of bones in Experiment• 2 and 3. The mean 

intakes of oaloium are also directly related to the mean calcium 

content of bones in the latter two experiments . 

Bone calcium oontenta , unlike blood values,are more 

reliable as indioa tore of the aY&ilabili ty- ot dietary oalcium 

to the grorl118 animal . From Tables 14 and 16(a),the groups 

which received additional calciU!I in the form or ash had the 

lower contents ot oalciWI in their bones . The group fed ryegraaa 

ash obtained a greater proportion ot dietary calcium in the fora 

of ash, than the groups on mixed pasture ash. Mean Taluea for 

the caloium oontent of bonea,tor both ash tr•tmenta , refleoted 

the aU.ghtl7 lower caloiua oont nt ot the bonee or the ryegrasa 

ash groups . The latter differenoe,hmrever,oould not be definitely 

ascribed to a differenoe in the aT&ilability of calcium from the 

ash ot both tn,ea of puturea . A higher retention tor the 111.xed 

ash groupe,aa denoted in Table 16(b) , ma;,- indicate the higher 

proportion of oaloium fed in synthetic tol"II to this treatment . 



94.• 

Once aga.in,the large within treatment variation found between 

groups on the same diet places doubt on the signifi ca.nee of the 

difference in mean retention between the pasture treatments . 

The control animale , 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 

availabilit7 of dietary calcium. Differences in mineral 

availability do occur 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 

dif!erenoea . 

Despite the euggeation that the intake of phosphorus 

enhanced the u~ilisation of dietary calcium in Group (iv ) , 'l'able 13, 

the general evidence does not show that the dietary calcium: 

phosphorus ratio is distinctly correlated to the absorption and 

retention of oalciWll, or to serum oalciUII values . 
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( c) I::agne:3ium f1c taboliam. 

Throughout these experiments no estimations were 

made as to the ~esium intake of the animals . Data was 

collected for values of serum magnesium content in order to 

observe t he 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 Talue for serum magnesium. Any suggestion of a.n 

antagonism between both elements is however weakened,since 

subsequent results , as seen in 'l'ali les 14, 16a, and 17a do not 

support this . Analyses of variance shol9-ed highl7 significant 

differences between the treatments ('l'able 16c) in Experiment 3. 

1'he value of these signif'ica.nt results is lessened by the 

unusually small degree of experimental error folmd, and which 

contributes to the high significance denoted at the r ~ level . 

This view is strengthened by the fact that the \vi thin treatment 

variations were greater than thor.ie found between treai;menta, 

(Table 17a) in Bxperiment 4. 

Dietary intakes of calcium and serum calcium values 

have not ~een related to the valu~s for aerun magnesiUJ.t in 

these experirlenta, and the genenl indicationa are that the 

'Yal."iationa discerned are largely due to normal p~iological 

Yarlations between groups of imilar animals . 

Rook and .Balch (1958) pointed out the difficult,- of eatablishing 

the extent of Yariations in the aTailabili ty of herbage magnesium.. 

The use of blood Talues as an indicator ot ftria tions in the 

aT ilabilit7 or magnesium fr pasture herbage are denoted to 

add to this difficult,- in the preeent experiments . 
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c rNCLUSIO?l 

The use of blood Yalluea as an index of the 

aYailability of caloium,phosphorua and magnesium from pasture 

herbage affords inherent limitations. Thie appeared in 

Part 1 where auoh data was the sole source of information on 

the trends in mineral metabolism. Th6 disouasion on serum 

calcium has necessarily followed the pattern of an elimination 

process owing to the diffioultiea of pinpointing the ma.in 

reasons for the signifioant trends discerned. 

Numerous factors could have oontributed to the trends 

denoted in the grasing animal. In addition , the absence ot 

supporting data a the intake,retention and bone lenls ot theae 

minerals enhanced these dittioultiea . 

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 Yaluea . 

In Part II ,a more precise relationship was depicted 

in the diaouseion beoause of the several aouroe8 of data 

relating to the mineral turnover of the animals . 

Briefl.7, the preceding 1tudiea showed the following: -

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

c.lcium,phosphorua and magneaium status or the 

boq, not ot the aTa1.labilit7 ot these minerals 

t.rm paature herbage . 

(2) That under nol'll&l oonditiona the caloiua and 

phoaphorua leTela ot the blood do not varr with 

nuctuationl. in dietary intake• of theselllintaus . 



(;) 'l1hat a continuous ezpoa ,ire to adequate eolar 

radiation was oompe.tible with the constant 

synthesis of vitamin D, and that this was 

eaaential to the maintenance of the normal 

serum calcium levels in the grazing sheep. 
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2.16 
2. 4 
2. 52 ------------------ - ....... , ... _._,.,,, _____ , ____ , __ 



1.ar:ib ::o, p ---·---- ·--··---------------... ---·~· ___ ,..,.. __ _. , 

51"39 
765 
571 
'546 
640 
t;;a 
,$16 
½4; 
7rr, 
606 

521 
55~ 
729 
7i4 
579 
(1'57 

"'.,61 
778 
5a; 
5t;~ 
761 
613 
GG4 
';91 

Short 
:\Ota t i ;)fl 

R'/1a_r.:,ru.ss 
(s. R.) 

P~ren7i.al 
~e [';?'1ASS 

(?.,} 

--~--- -·•- .. 

,hort 
Rotaticn 
um 
im.1ite 
Clover 
( ' " , . ,"t . ' C) 

1. 75 
1. 1 
) . O 
7. '3 
7. 4 9., 

10. 2 
9.; 
9.5 
,q. 5 

10. 1 
) .2 
0. 4 

11. f.3 
12 . 5 
13. 2 
11. 2 
12.a 
11. a 
l2 . 7 
12 . 1 
12. 6 
1;. 2 

11.9 
12. 2 
12 . 7 
11. 7 
14. 2 
12 . 0 

-----~ .. -----~- .. ··- - ·- ... -

!3. ; 1; . 1 
'3 . 4 11. 4 
7.5 'l2: . 7 
?•(... L.: . 7 
7. 4 l}. ? 
f3 . l 1?. . ") 
1.5 12. 0 
·1. 75 l2. . 7 

;? • ~ 
2 . 0 
2 . 76 
2. a5 
2 . 3 
':! . '12 
2 . 0 
2.55 
; .o6 
). 9 

........... ._ ..... _....,.....,._ 

2. 72 
} eOO 
2. 65 
2. s.5 
? 72-·-. 
2 . t;j 

...... ' --- .. - ..... --- -
2. 35 
2 . 95 
2 . 4::: 
2 . 6G 
3. 21 
; . 21 
;.o 
~-2 _______ _ _,...___,_.,. ____ ~ .. ------



---·- ----- -- ·--- -- -~-·- -·-·- --- ----
lamb ·~o 7rea~ment p c.,. 

714 
1ir;7 
?'r.~9 

7.0 l ,,. h ::i . ;; 
7. ; 10. 3 ·) 7 (,, - · ' 7. ; ?. ~ "1 . ,i; 

c;~l p 7. 0 11. 0 2 . 52 
~n 13 . ~ 7.7 2. ~o 
c:;r;~ 7. "i ';. 7 .? e ) ? 

------ --·-·--- - ........ _ .. ·----. -- ..... ... ,.~ .. . -•-··-".....-

5~ 
c;.:n 

7•? t8:t 
2 . 40 

7.6 ., I(, ... . ) 

t:113 ,. . .,. ... c • r.; . 6 10. 7 2 . ·10 ... ,. 
ljf} 7.0 'l -, 

., • I 2 . 40 
~,',1 7. () 1r,. 1 2 eG? 

-rn t; . 3 .11"). 1 _., _~4 
'-")l 7." l ·J . 2 2 . -;;~ 
77(. I'. . r, 1 .... . 2 '") <') ,_ . i(. 

---------- - ---·-·----- -.. _ __ ...__. ¥ ... --·· __ p ..... ··-.. .. • ____ ,. ____ - •·- - -~ ---



Blo-;xl .(.; 41?~ ~ P~. :a .!'rm 

~~yen •. ~~....h.JU:'1.'ll{~~~.:· .. J.'"'.:.'J ;:, 1,e ) 

----- ·-·--- ---- .-.. .. - ............. ___ .......... --- _____ , . ·~·•---- · --•· 

:We No. Tr..,atment p Ca ,, '1 
- .... ------. - --- -· -~---- --·--·- -··- --- ·•·--- -·- . , ....... -~-

·9 5.6 10. 9 2.6 
~o 3.7 10. 7 2.; 

10; r.; . ; 10. ,~ ~ ; ..:. e 

152 p 5.6 10. 1 2 . IJ 
41 lj . 2 7. '3 2. ~ 

147 5.5 10. 1 2.5 
86 4. ; ) . 11 2.-3 
92 6.o 9. 4 2 • .5 

----- 4 -~·- - - ........ - .... .. 
- - ........ -..... 

-2 r::. . 7 l 6 2.s 
;9 ; . 7 9.6 2.; 
<4 ; .; 9., 2.7 
,7 i::: . o 10. 9 2.5 
;2 -~.~. r. ; 9.6 2. 6 
; 4.7 9. 5 2 . ') 

~,5 7 . • ') ·, . j 2. 7 
r:::9 5.2 J• '.' 2.7 

-· ------. -.----~---·-
'38 e; . 2 ~-3 2. 0 
25 4.7 l e l 2. 7 
}8 4. 8 9.9 ; .1 
65 4. 4 9.8 2.a 

100 P. + c. i; 9. ~ 2., 
l29 5.1 10. 1 2 . 4 
17 i:; . 9 9.; 2.7 
s 5.7 9.; 2.7 

---1,; 4.5 9.9 2 . 4 

2, 5.5 9.9 2.5 
57 5.; 10. 1 2 . 4 

l25 3 . R. + C 4.5 9. 7 2 . 2 
1,0 5. 1 9., 2.7 
47 5.2 10. 1 2., 
a~ ;.6 9.6 2., 



Bloqd Ye,,luca Fm: .C:--...r.~L~ 

S>me snm;21cd 2 4./9151..ui..~--~"'-n.W 

------- -----.------ ~------~ .. --··- _____ .,, __ ,_ .. .,_,,.,....,_ 

1'reatoi,nt p Ca 
-------~·---- ; .2 ----- -- 9·.t--. ·-?. .-5·f•"--•-

4.6 1. 7 2. 64 
4. 4 ~.6 2. 6 

P. ~. 4 ·1 . 1 2. 6 
5.5 9. 6 2. ~4 
4. 1 7.7 2.5 
5 . 0 1 . 0 2 . 1 ___________________ _.. __ ,.. --•-·--··~ --- - ---

.. 4. 2 
~-2 , .. , 
3. ~ 
ri . 

------------·. . . - . - ... ----- -.- .. 
00 
25 
;3 
6; 

100 
12 ., 

17 
8 

1,, 2, 
57 

125 
l~O 
1~9 
47 e, 

Pe + C. 

.. ·- . • o • 

7.~ 
3.9 
~-7 

. 1 
7., 
5.0 
4. 0 

-5.0 
5.6 
4.o 
~. 4 
4. 7 , .. 

7.3 
8. 8 
7.a 

10. 1 
1. 4 
7. 7 
) e l 
7. 4 

7. 7 
10. 5 
J•~ 
'J . 6 
?•7 
. 6 

7.a 
7.1 

'3.6 
?•9 

10. 4 
10. 1 

.6 
9. 4 
9. ~ 

10. 4 

2.5~ 
1.9 
2. 6 
2.57 
::? . ;4 
2 . 42 
2 . 71 
2 . 28 

') ,, 
. • u --~ 

2 I\ ·-2. 57 
2.5 
2 . 1.a 
2. 6 
2 . G3 

2. ,9 
2. 68 2., 
2.5, 
2. 57 
2.6 
2 . ~ 
2 - ~~ 



BlQ:-~ W\len F'.Qr c -· f;.."'T,1 ';).7e,a 

~~--ll¼.l.l.91..5.,.,tUm !'I er l?Q m 1 l 

------·-••·- --- .. _ _.._,... ____________ __..._. --~ -- -- .... 

Tr~t~ent Ca 
______ _...., _ _ •-·•-- ------· ----• - ·""- ...... ••--4 .. ~ .......... " •··-- ------

147 ,~ 
4f.i 

50 
7; 

10, 
6; 

14; 
·30 

97 
71 
;i; 
35 
;9 
40 

1(:E 

111 
0. 
; 

87 
~ 

,.4 
~.6 

Pe - . 4 
7•J 

u .~ ,.') 
6.6 

~.; 
'1• ) 
a.J 
9. 1 
7.5 
9. 1 
(•? 

1 l 
., ,.. 
; • 0 

l ). ; 
-. 5 
1.2 
7.6 
1. 2 -----------------

ll~ 
129 
142 
25 
49 

J22 

Pe + C. 

s . •· c. 

7.7 
, 9. ~ 

. 9.9 
lO 
e.4 

10.; 

7.2 
10. 3 
l0. 4 
9. ~ 

10. ~ 



Af'f>~ID.U Vil 

~ Jl'.11dlt.a (J.12. l Am Ii.mtt Qt: w~~,J,ne 

~- I ,a~·~ete :,A!'JPle.d J,2./_{?l.!l:)_. 

-----..,- ••--·r .. __ ... -~-.. - ------~-----
::.we No. TrentMent J2/6/59 J.b/7/59 24/9/59 

- - ·- ----~ ____ , _______ . -- -
99 77 78 09 
;0 75 70 84 

10, 
t? . 75 7} 97 

1.52 50 59 59 
41 7B ('6 74 

147 73 73 90 
86 70 75 79 
82 n 30 95 

-----------------
-~ 72 74 77 ,9 69 70 70 

64 S . R. 
1../, 72 lOl 

97 p. 74 : ~ 62 62 
~ 6; ~9 7J. 

;; ~4 6; ~ 
58 75 77 9~ ---·-- ___________ ... ----~ --
89 r, 76 17 
2.5 61 64 75 
}8 ( 1 ~ 72 
65 P . + C. 

':)2 ~ 102 
100 18 00 82 
129 7Z G7 -,0 
17 70 ~ ~ 
8 65 66 74 

.... ___ "' _____ --1~, 00 a; a9 2, 97 90 107 
57 (.,9 ..,, 90 

125 s . + c. 72 75 8? 
1;0 ~ 0 87 
1~9 90 97 l.17 

1.7 72 ~ 1l s, -r; 74 1l 



3we No . 

105 
90 
5' 
57 
28 
72 
71 

uo 

45 
;5 
16 
14 
19 

112 
104 
118 

20 
67 
47 
87 
77 
97 

8 
;4 

10 
~ 

120 
96 

4 

" 70 
78 

Bew WeiQbts Clb} AM. Time of ifeid?,;Lng ot 

acs Sg,mpled, 4/12/58. 

Treatment 19/2/51 193/58 7/5/58 15112i;s 
•- · -•----- A - ---------·•--- -•- --·-• -

88 a; 81 104 
95 95 99 110 ,. 10, 101 la2 ll.5 
90 92 95 101 
a; 71 te 69 
97 96 9; 96 
86 74 74 91 

1(2 ~ 95 92 

81 81 87 97 
11; 119 12; 99 
~ 106 ll2 1,a 

s . lo6 ll.O 116 1,; 
97 101 109 114 
98 98 lo6 109 

1~ lo6 100 122 
94 9; 98 105 

-----------· - --.-------- ··---
85 90 100 112 
90 ~6 105 119 
94 86 102 1;1 

P. + c. 82 90 96 109 
80 88 10; 115 
82 88 99 J.06 
a; 90 98 1}2 ' 

88 9; 101 1;4 

1;a 1;a 1;7 151 
145 150 1.52 12; 
120 121 115 l°' 

S . R. + C. 
1,1 l~ l26 1;; 
1;a 1;; 1;9 150 
14.5 149 142 157 
U6 ll8 llO u, 
146 149 1,0 159 



APPENDIX IX 

AJca,n Boey Weir111t s Of ,W:ieep C lb, ) 

_ _ Eu Hoe:~ts Samples J-2/J:J.2 

- -~- --·- ··-
Treatment '12/ 6/ 59 16/7/ 59 24/9/59 

. ·-·-- ---- ---~ ~ _._ ______ 
P. '77 . 5 72 . 4 a; . 4 
s . R. 67. 0 70. 4 79. 6 

P. + C 72 . 2 72 . 5 80. 0 

s . R. + C. 7a. o 30. 8 95. 4 

-·----.. -·- --------- --~--~---

baa ~wapW, 41.zlsa 
Treatment 19/2/58 19;/58 7/5/ 58 15/'12/58 

P. 9; .2 a9.4 a7. 6 97.2 
;. R. 99.4 101. 7 107.6 114.2 

_t, . +. c. s5.5 90. 1 100. 5 n9. 7 
s . R~ + c. 1;5.0 1;6.2 1;4. 0 1;6.5 

- --- ---- --·•-- --- -·--



D~--~ :,.\) D:Ji-i_. V.dJj~ .... iD .. L"'"i. ·_;1.a..i.'J, 

.ll'i J.'liil';., Uv...D .Li .:'.i..·!: u 



} 

;xr;:,er.w.e.at. . .L 
----·-~· ...... __ .. , ... .. -- -·--- -· ,... ----------··-- -·-----------..•--· ------
G-rou:,s 

I wo -,f q'otf l . ooe Fottl ~ e es ta. "f • G•i ...... - -J ... ,._ ____ .. ___ ·---- .. -.... ... .......... - - ~ .. -.. ... ...... ... _ .. .. -----·-· ·- -~--.,-•- __ .. ___ 
(1) 2 0. 0703 :>. 03(;~9 

(ii) 4 0. 1·1.3 0. 07049 

(111) 4 o. 142r o.~?7 

(iv) 5 0. 14U 0. 07197 

--------- -·------- --
_ome_,..r .... ;tme ..... _n..,~ ..... 2______ _ ---------·- -- .. ·· • ·-• ---------

I 

rr 

.er! 

r: 

4 

4 

o. 1s~ 

0. 2.07 

_______ ..,,._ __ --· .. --------· -- - -

C r ~ "'">2;~ .... ,/ 

C II ; 0. 241'; 

:\ I ~ 0. 21 

1n } 0. 117 

M I ; 0. 1,e 

MII ' 0. 2121 

----·-

0. 10.&7') 

O. llOlJ 

o.0;'22 

0. 10545 



'lean --,--0-•r . ,.,. i ,,- ... n ~ ··,,, t ... i"" ' .,.. __ ..,._...._ •'"-·~ ....c,;:.......,._,....._, •. ~ ...... .¥•.tdJi2... • . ---', 

(25/~/5?) 
Gr-,i..r:,s tnittal 

(ii) 

(iii) 

(iv) 

~rirrv,nt 2 . 

bt 

. k . 

f5'J 

71 

72 

7J 

,-i..-: . 

r.7· m 
,✓ ,.x.. 

72 73 

6~ 70 

75 ~5 
__ .. ___ 

4th 

·t-i ,.., 

)7 

··-- ... ·-·---·-- .. 
;jth i~t h (l}/7 
-r-1,. :nc • -'~i~ '" -· ............ ·---·· - . ·•--.. 
11 00 O} 

·:5 ill l.2~ 

16 ?; 9'-) 

100 lll u; 

------------------ ---·-•·•--·---· ·-. ·-· 
1~th ( l:V3/59 
i\'k. l<'i.nal 

(::;!6/59) 1st 
Initial 

4tr. 
. "<. 

5th 
J.k • ---·--__,_,.. ________ ........... ·----~ .. -,. ----· ..... .. ,.. --·· .. ..- -- ---....... 

,: ')9 )7 5 ?5 l'j7 lL 104 100 

H ?r; ._,, 
ll~ 1?4 l;l~ 1;r;r, 14~ 142 V /> 

III 9'.; "3} FJ7 9'2 ')'1 (f' '36 -3; 

r.v 9? 91 ~4 33 1c; , ,. ·,, ')l .3 

---·--•-·¥-·-·•·-- ----•-- ·- -· . ..,. .. _,,..,, ·~ -·•· - . ---· ... . "'". 1 
I 



------ ··- ~- .-, --·- .. ···- .. ·• ·----· ·--- .. 
( i "1/,,{5'; ) bt 2rrl ?~ 4tt 

.ill Lt - ' ' . .... ., ,,. .....,_ 
' <• :.:: . ': .• '"-• 

. -5tt~ . ·c1:i. -.it"t:. . .'( icit~iv-ci9 > 
'.1-::. -~. ,,•-: . ri•t:i.u. l ·-- _.._ __ ____.._ -- .. ··-- ,._,_ --- •,; ___ .. ..... ~ ----- --· ------~~----

.... ! ... -n 175 ... ,,.7 1--:J 1",... 171. 133 1'3/i 175 v .......... ..L , ..... / 

,., :r l~ 175 117 
~ , _ 1"1 17: 131 1;3 1·7 ..., ~ ., 

R I 172 163 1% 151 1r-')() 150 l6o .1t;7 157 

R n 172 16} 15~ 146 u.1i. 1}!3 lAl 1~3, 141 

M :t 172 161. 1(,1 14~1 150 15~ 16o i.55 l/~f 
M n 172 164 lhl 15'1 157 lfe 170 lG9 153 

---•-- ... ---·-- ~ -------•----- .... .... ...... -·- ·- ·•- - -- ...... -- --·-' 
:x;,,:n· :i-, .;; !lt 4. 

---- ----- -·· .. -· ... ,-.... -.,.... ·--· .. __ ... . -- -----
'.;-r,u-xi c2rv12.1~9, bt 2rr] (lt;/1/~0) 

Ini":..L l ., "< . ..,_ 
' in::il ·· • ----~ - ---·- ... --- ---- ··- · - ....... , -- . .... - -~- ---

(:l.) 170 17r. rn l",1 

(A ) 169 i1; l"'l:t, n ~ 

(h) 1~ 17'- 172 lbO 

(B ) 171 l~ L'1:J, 170 

(c) 172 173 1n 170 

(C) 1.<') 168 l'-4 148 ______________ , __________ ;._ .. -· ----·--·•--··--




