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CHAPTER 1 

INTRODDCHblJ 

In recent years an increasing amount of attention has been given to 

the mineral fraction of feeds and to its importance in animal nutrition. 

lAs a resuli, it is now ti^ell-'recognised that^ the value of a dietary source 

of an element depends not only upon its total content, but also upon the 

ability of the animal to extract that element and to retain it for use in 

metabolic processes. A considerable body of evidence now Oxiilts to show 

that i>e availability of the inorganic elements, to the animal, ̂ y differ 

widely in various livestock feeds and supplements. 

Insufficient data are available, however, to allow any great im 

provement in the present system of recommending dietary allowances for min 

erals, vrhich is based upon the total content of the element with no allow 

ance being made for the non-available fraction. In addition, it is be 

coming apparent that the percentage availability or digestibilitjr of an 

element is not^ a constant for a particular feed but varies with the species 

of animal, its age and past nutritional history and other factors. 

The introduction of suitable radioisotope procedures hns made pos 

sible a deeper understanding of the various metabolic processes associated 

with the ingestion and su))sequent utilization and distribution of the in 

organic elements. In addition, such methods have greatly helped in obtain 

ing a^ii»re accurate estimate of the true digestibiUty of mineral elements 

in f|eeds, under varying diejtary and environmental conditions. Considerable 

data are now available from this type of study, particularly for the ele 

ments calcium and phosphorus 
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,JSeveral reports exist, whieb strongly suggest that interactions be 

tween both the organic js^nd inorganic constituents in the aliraentary trajpt. 

of i|n animal may increase or decrease calcium ah^ phosphorus absorption* 

.l,t would therefore seem pertinent to study some of these possible e^f.'^.Gts, 

upon availability and to estimate their magnitudej, 

l^ittie information is available regarding the effects of aluminium 
and zinc upon |he avallability of calcium and phosphorus in rum^inants, 

some does- exist for laboratory animals.* Jhe element aluminium is 

of considerable interest in view of its suggested use as ,an alleviator in 

fluorine toj^icity^ while the ineisssing nutritional regies of zinc, and the 

suggeSftion of a relationish.ip to calcium in parakera^tpsie^ ii an ele 

ment worthy of study* 

„l^he present investigation was conducted to determine th^ ef^ec^s of 
dletairy aluminium and zinc upon the absorption and retention of calcium and 

PHsp^nrus in lambs. Conventional chemical and radiockemlcal balance ex 

periments were made whiph allowed the calculation of data,for the net ab-

.sorptipn, endogeno.ns fecal excretion and true digestibility of calcium and 

phosphorus* 

https://endogeno.ns
https://relationish.ip


 

 

„CHAPXER n 

REVIEW OF LITERATURE 

Calcium and Phosphorus Availability Studies 

JTh® present literature review is primarily concerned with procedures 

for, and the results of, exper^iments to determine the absorption and ex-

calcium and phosphorus unjder varying dietary and environ-

mental conditions* No att.empt is n^de to review the vast literature deal 

ing with the broader aspects of calcium and phosphorus metabolism. Such 

aspects are fully discussed in a number of extensive reviews (Duckworth 

and Hill, 1953; Class, 1952; Creenberg, 1939; and others^)* 

For the past fifty years, efforts have been made to measure the di 

gestibility of calcium and phosphorus in human and anima.l feeds* In many 

such investigations,' vegetable materials Intended for human consumption 

were the subject of study,(Shields^^l., 1940; Kelly, 1943; Fairbanks 

aind Mitchell^ 1938), and in.the majority, the rat has been the es^erlmental 
animal, Csrleium and phosphorus digestibility studies with farm animals are 

limited in ni^eri thereby necessitating the extrapolation of the data from 

8t;idies with laboratory animals. 

' procedures have been used for measuring the availability of 
calcium and phosphorus to the various animal species. Balance studies haye 

been made on man by Mitchell and Curzon (1939,^) and on farm animals by Forbes 

M ai* <1922), Littdsey and Archibald (1925), Weber et al. (1940). Mathur' j - ^ , , " -i, " ^ > { % i 

and Desia (1954), and others* 

The use of small laboratory animals h?as made possible studies based 
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upon whole body analysis. Thus Tisdall and Drake Cl930>, Drak^ et 
(1949), Sur and Subrahamyan (1952), Armstrong and Thomas (1952), have all 
employed this procedure, using the rat as the experimental subject. It may 
be noted that such studies provide net retention, rather than digestibility 
data, based as they are upon the determination of stored calcium and phos 
phorus. 

Partial body analysis, partlcnlarly of boaos, is a further nethod of 
assessing the net retention of the tw elements and has been employed by 
Wilcox at al. (1953) using cbleks, and with rats by Barrentlne atfl. (1944) 
and Armstrong and Thomas (1952), 

While most of the above-mentioned workers recognized the Importance 
of the fecal endogenous excretion of the two elements, techniques were not 
available to distinguish between fecal calcium and phcsphcrns of food origin 
and that from body stores. j(s a consequence, most data were reported as the 
apparent digestibility or as net retention, rather than as the true digest 
ibility. a term which requires a knowledge of the fecal endogenms excretion 
as a prerequisite to its calculation. Despite this and other limitations, 
such dtudles served to show, firstly, that animals cannot utilize all cf 
the calcium and phosphcrus In feeds (Forbes si al. i922i Llndsey and Archi 
bald, 1926; and others), and eOconily, that feeds differ In the relative 
availabilities, to the animal, of their calcium and phosphorus contents 
(Turner si ai.. 1927; Williams siSi; mo a and b;,Armstrong and Thomas, 
1952; and others)* 

Prior to the development of radioisotope techniques, some,efforts 
had been made to-determine the endogenous fecal excretion of calcium and 
phosphorus. Thus Kitchen.gi ai. (1937). Longwell (1941)^ and Ayl^rd and 
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Blaekwood (1936), attenqp^ted ;to measure endogenaus fecal calcium^ uii(|er,fa8t-
^ i ^ 

ing couditions or on diets free of, or low in, calcium. These techniques 

impose abnormal conditions and require the aninml to be in a postai>sorptiTe 
state, a condition difficult to achieve in the.ruminant animal. Further, 

the data obtained under such conditions have limited application to normal 

feeding conditiohs even within the,same animal (Benedict and Ritzman, 1935). 

Hitehell ̂ nd Curzon (1939), Bteggepda and Mitchell (1951), and Beg-

st^d (1952), estimated the total endogenous calcium excretion at 

teiro calcium.-intake in humans by.extrapolating a regression line relating 

calcium uptul^e to calcium balan^. $iinilar dbjections. may be made to this 

method as to that of measuting the endogenous fecal element excreted on a 

calcium-free diet (Visek M 1953)% 
'" I 

Thq Use of,Radioactive Isotopes in Calcium 
and Phosphorus Availability Studies 

Recent developments in radioactive isotope procedures have made 

possible the direct estimation of the fecal calcium and phosphorus of en 

dogenous Origin. ^ isotope dilution method has been used to determine 

endogenous fecal phosphorus by Kleiber j|t al. (1951), Lofgreen and Kleiber 

(1953) and Visek (1953), whilst a method involving concurrent 

chdmi.cal and radiochemical balance studies has been proposed and used by 

Hansard (1^51 b) for calcium. 

Comar si*, (1953) obtained excellent agreement for the endogenous 

fecal calcium excretion in cattle using both the isotope dilqtioa pnd the 

cpmparative balance methods. These workers discussed the assumptions and 

limitations inherent in the two procedures anci concluded that the greatest 
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limiting errors were those associated with any conventional balance trial. 

The use of such procedures has added greatly to,our knowledge, not 

only of the true digestibility to th^ animal of calcium and phosphorus from 

different dietary sources, but also of the fecal excretory mec^nism undekr 
various dietary and physiological conditions. Hansard et ̂ 1. (1954) have 

shown that the endogenous fecal calcium values were relatively constaht for 

animals of the same species at the same age and nutritional status, and that 
from sexual maturity to maturity the effect of age was not great. 

The importance pf the age factor upon mineral element absorption can 
not be over-emphasised. It is known that the rate of calcium absorption 

decreases with the progressive calcification of the skeleton (Fairbanks and 

Mitchell, 1936) such that when the adult Hage is reached the net deposition 
is extremely low. At this point calcium excretion balances the intake. 

With advancing age the process goes further and increased catabolism leads 

to a loss in bone salts (lK|pCay £t ai.» 1935; Henry and Kon, 1947; and others), 
Hansard^ (1954), using caleium-45, clearly showed the rela 

tionship between age and calcium absorption. Only 3 per cent of an orally 
administered dose of calcium-45 was excreted in the feces of a young calf; 
this figure rose to 62 per cent by the age of 6 months, and to 83 per cent 
in an animal of 160 months of age. Similarly, the excretion of an intra 

venously administered dose of calciura-45| as indicative of the level of en 

dogenous fecal excretion, rose from 8 per cent in the 6 month-old animal to 
25 per cent at 160 months. Hansard ii (1954) show the great effect of 
such age absorption and excretion patterns upon the results of availability 
experiments. Thus while at 10 days old, the apparent and true digestibili 
ties of calcium for cattle were 93 and 98 per cent respectively, these values 
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were down to 14 and 34 per cent in one-year old animals and -28 and 22 per 

cent in aged animals. It is evident from these data that availability 

studies on different feeds can only have meaning when considered in rela 

tionship to the age of the animal, and cannot be thought of in terms of a 

consthht attribute of the feed. 

Yet a further difficulty in the interpretation of digestibility data 

for calcium and phosphorus in a particular feed are the variations..caused 

by previous nutritional history. Hansard and Plumlee (1954) have reported 

that the current calcium intake had less influence upon fecal endogenous 

calcium losses in rats„than had the calcium status of the animals at the 

time of measurement. In animals with low calcium body stores, the total 

absorption of calciuffl-45 was increased,,while the endogenous fecal loss of 

the element was reduced, thus giving a greater net retention of calcium. 

However, under the same condition^, phosphorus-32 was absorbed but was sub 

sequently re-excreted by way of the kidneys and so less was retained. 

The Effects of Aluminium upon Calcium 
and Phosphorus Metabolism 

While all plants and animals contain traces of aluminium, no evidence 

has so far been produced to show that it is an essential element in biologi 

cal processes. Hove £t (1938) concluded that if the rat needed any alu 

minium at all, then its requirement was satisfied by one microgram of the 

element per day. 

Considerable attention has been directed to the possible toxic and 

deleterious, effects of aluminium in view of its consumption, by man, in the 

form of baking powders and by solution from cooking utensils, flyers and 
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Mull (1928)^fed r^ts, through four generationis, on a diet which contained 
, 

potasjplum aluminiijm sulphate in |uch a quantity as to give 240 p,p.m. of 
the element. Thqy observe^ that.the growth cur,yes o^ §uch animals.pompped 
wel;?.-wiith t^ose of .control ,yats and tha |reatmqnt was without otbler.,effects, 

McCollum et (1928) similarly found that a diet containing,600 

p.p.01* of aluminium|, fed to rats, exerted- no'deleterious'action upon grot^h,' 

yeproductioi^ or gi^neral well-being as Judged by external appearance and au 

topsy. Thefa worhera epneluded^^that aluminium was not absorbed out of the 

^tomach or inteitliial tract when present^ in the diet. Myers and Morrison 

(1926,)^ confirmed these findings, using dogs as the experimental animals 

and diets con^ain^ng 0.23 grams and 1.55 grams of aluminium per day. No 

marked increase ip aluminium was found,.in the tissues, with the exception 

of the liver. They also concluded that little aluminium was retained by-

the tissue when the element was administered ,Orally, 

Mackenzie (1931) fed rats on a diet containing 0.1 per cent of alu 

minium an(^ opmpared them with control animals fed a diet approximately free 

from the plement. Urinary excretion of aluminium was found to be negligi 

bly small'. Almost all of the ingested element was recovered in the feces. 

Analysis of organs removed from rats from both groups revealed no evidence 

of any reteqtion of aluminium. 

The evidence cited strongly suggests that any deleterious effect 

which aluminium exerts is most probably confined to the alimentary tract, 

and its possible effect upon phosphorus absorption has received some study. 

However, even in this connection the evidence is somewhat conflicting. 

Thus, Mackenzie'(1930) added aluminium to a swine ration in. such quantity 

as to be stoichidmetrically equivalent to 90 per cent of the phqsphorus 

https://found,.in
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content of the ration. This diet was fed for a total of 571 days without 

any effect on growth and metabolism. However, Cox et al, (1931) fed rations 

containing soluble aluminium (1400 p.p.m. of Al) ih excess of the total phos 

phorus cojtitent (1350 p.p.m. of P) to guinea pigs and found that the blood 

phosphorus was lowered by 15 per cent and the ash, calcium and phosphorus 

contents pf the skeleton were reduced to 70 per cent of normal in 12 weeks. 

Similar rations fed to rabbits produced an even more rapid lowering of the 

blood phosphorus level. The authors suggest that these effects were due to the 

precipitation of phosphorus in the alimentary tract, as aluminium phosphate. 

Depbald and Elyehjem (1935) showed very dramatically the effects of 

feeding aluminium to day-old chicks. Sufficient of the element was added 

to a basal ration to upite with the total phosphorus in the ration. By the 

tenth day the chicks receiving the aluminium showed severe rickets» and all 

were dead at the end of the third week. While the authors concluded that 

rickets was caused by the precipitation of the phosphorus by the aluminium, 

the blood serum phosphorus data and the bone ash determinations can hardly 

be considered to give any real clear-cut indication of this. 

Similar produci^ion of marked rickets with low blood inorganic phos 

phorus in rats fed a stock ration with high levels of aluminium sulphate, 

has been described by Jones (1938), while Street (1942) has presented fur 

ther evidence on the inhibiting effect of aluminium sulphate on the avail 

ability of phosphorus to the rat. 

Little data arei available to indicate what effects, if any, aluminium 

may have upon calcium assimilation. Certain of the reports cited include 

reference to the calcium status of both blood and bones, but, in general, 

this appears to be regarded as representing merely a secondary effe<?t from 
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^be disturbed phosphorus pietabolisin. 

The possible ipterference by aluminium in calcium and phosphorus me 

tabolism has particplar interest in view of the use of this element as an 

flleviator in fluorin^ poisoning in ruminants. Hobbs st (1954) have 

psed 0.5 per ceht aluti^inium sulphate in tiie rations of animals subject to 
fluorine levels known t6 be toxic. Other workers have confirmed the ef 

ficacy of such a t^eatipent. It therefore becomes important to investigate 

the possible effects of aliiminium on other body processes, and in parti-

Oular its possible inhibition of the absorption of other minerals from the 

alimentary traqt. 

Thd Effects of zinc upon Calcium 
and Phosphorus Metabolism 

The early stiidies of Bertrand and Berzon (1922) indicated that the 

element, zinc, plays an essential role in animal nutrition. This findin([ 

has been confirmeci and greatly extended and, at the present time, zinc has 

been assigned specific roles in several enzyme systems, particularly as an 

iotivatori, Many of the biological properties of zinc have been reviewed by 

Hegsted^ll. (1^45), 

Studies on thn possible effects of excess amounts,of zinc in rations 

are feWer in nu|id>er than those concerned with aluminiuiti, However, there 

appears to be agreement that little zinc is absorbed from the intestii^al 

tract. Feaster^ (1954) studiec^ the absorption and tissue distribu 

tion of zinc in steers,, using zinc-^5. It was found ^hat when given orally, 
'' i i70 per cent of the dose was excreied in the fpces and only 0.3 per cent in 

the urine. An intravenously administered dose resultt^d in a 20 pe|r cent 
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excretion in the feees and 0.25 per cent in the urine. 

Sheline jet (1943), also using zinc-65, found similar results 

for the dog and the mouse, 50 per cent of the intravenously administered 

dose being excreted in the feces in 170 hours,for the mouse.« and 25 per cent 

in. twe.lve to fourteen days in the case of the dog. 
f 

Several investigations haye linked the effects of excessive zinc 

intake with reduced activity in enzyme systems, yan Been (1953) found that 

for fat^ receiving 500 to 700 mg. of zinc per 100 grams of body weight, the 

catalase and cytochrome oxidase activities were considerably reduced. 

There ate few.reports presenting data on the possibly e^fe^ts of zinc 
upon phosphorus and calcium metabolism. Sadasivan (1952) found tl^at when 

rats were given high levels of zinc supplementation there resulted a de 

creased assimilation of phosphorus. The adverse effect of zinc did not ap 

pear to be due entirely to the precipitation of phosphorus in the alimen 

tary tract by,the zinc. Sadasivan noted that the intestinal phosphatase 

decreasiid as a result of the zinc treatment^ while there was a concomitant 

increase ip liver and kidney phosphatase. 

Tupker and Salmon (1955) reported evidence that zinc deficiency is 

concerited in the skin,disorder of swine, parakeratosis. These workers also 

found that the incidence of the disease increased when rations containing 

l.S per cent of calcium carbonate were fed. Similar findings by {loekstra 

(1956) have led to the suggestion that the two elements, calcium and 

zinct exhibit antpgppism. 



 

CHAPtEB ]^II 

EXPESIHENTALPROqmURES 

General Plan of the Investigation 

The investigation took the form of four conventional ealeium and 

phosphorus balance trials i4ing wether lambs as the eseperimental animals. 

In each trial, chemical and radii^chemical data were collected for three 

groups of animals maintained on a, control ration, the control ration^pltis 

added aluminium^' and the'control ration,plus added zinc, respectively. In 

Trial I and II the levels of the added^^^oments were twice those in Trial 

ipLI and IV. 

General.^perimental Procedure 

Twelve selected wether lambs averaging 37 kilograms weight were 

placed In dual-unit type metabolism stalls, described by Hansard^al. 

(1950) as being suitable for metabolism studies Involving radioactive ma-
i ' 

terlals. These stalls had provision foV the quantitative collection of 

urine via a metaljrid .In the floor, under which a funnel conducted the 

arlne to glass storage Jars. Faces was collected in paper-lined, removable 

aluminium boxes, held In position at floor level. This method of collect 

ing feces and urine necessitated having the animals stanchioned at all 

times during the ̂ lal periods. 

To accustom the animals to this close confinement as well as to the 

experimental rations, all twelve animals were fed the basal ration at the 
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rate of 2 pounds per day for a period of fourteen days* The composition 

of the ration, which was designed to supply maintenance levels of calcium 

and phosphorus, is shown in Table 1. However, on analysis, the ration 

proved to contain 0.18 and 0*21 per cent of calcium and phosphorus respect 

ively. The ca^ium content was therefore^ slightly lower and the phosphorus 
s 

content slightly higher tha.n those recommended by the Nationtl Besearch 

Co.mncil.(1949) for the maintenance oi such lambs. 

At the end of the two-week period, the animals had become conditioned 

to both the metabolism stalls and the ration as evidenced by an improvement 

in the physical state of the feoes and.by fairly uniforin feed consumption. 

When first given the ration in the stalls, certain animals had shown a 

marked tendency to scour and to lose their appetite*' At the end of this 

conditioning period the lambs were weighed, randomly divided into three 

groups of four animals each and allocated to the three treatments for 

Trial X, namely, basal ration (Bation A), basal ration plus 1.0 per cent 

aluminium sulphate (Aation B), and basal ration plus 1.0 per cent zinc sul 

phate (Ration C). Ration B supplied 1,575 p.p.m. aluminium (as Al) and 

ration C, 2,280 p.p.m. zinc (as Zn). Detailed compositions of these rations 

are presented in Table 1. 

The animals were maintained on these rations for a seven-day pre 

liminary period. During this time re-occurence of scouring and loss of ap 

petite were noticed, particularly in the group receiving the added zinc. 

By the end of the preliminary period, however, ail animals were again ac 

customed to their respective rations, although the zinc group still showed 

a tendency to refuse a small portion of their feed on a few occasions. 

At the conclusion of this preliminary period the seven-day |)al^nce 
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TABUS 1 

COMPOSITION OF RATIONS 

Basal Higb Altuninium High Zin^ 
Ration(A) Ration(B) Ration(C) 

Trials 1 and II 

Concentrata Mixture^ 200 lb. 1% lb. 196 lb. 
Aluminium Sulphate 

-as Al2(S04)3 4 lb. 
Zinc Sulphate 

-as ZnS0^«.7H20 4 lb. 

200 lb. 200 lb. 200 lb. 

Trials III and IV 

Concentrate Mixture^ 200 lb. 198 lb. 198 lb. 
Aluminium Sulphate 

-as AUCSOj}^ 2 lb. 
Zinc SulpRate 

-as ZhS0^,7H2Q 2 lb. 
200 lb. 200 lb. 200 lb. 

° Thd concentrate mixture was.(x>mposed of: 

Cottonseed Hulls 200 lb. 
Corn Heal 296 lb. 
Soybean Oil ̂ eal 60 lb. 
Alfalfa Meal' 40 lb. 
Iodized Salt 4 lb. 

600 lb. 
Vit A, and D Supplement + 50 grams 
(containing 20*000 I.O, 
Vit A.and ^;5Q0 U.S.F* 
Vit,D2 pe?^ orahj) 
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trial was commenced. Each animal received 1.0 pound of its''respective feed 

at 8:00 a.m. and 3:00 p.m. each day. Any food residues were weighed daily 

prior to the 8:00 a.m. feed. An adequate supply of water was offered twice 

during the course of the day. Detailed records df feed intakes, food resi 

dues and fecal and urinary outputs were maintained. Feces and urine col 

lections were made at approxifflat,ely 10:30 a.m. each day, the exact time made 

to correspond with the initial time Of dpsing with calciitm-45 and phosphpr-

us-32. 

Administration of Radioactive 

The adn^inistration of the calcium-45 and phosphorus-32 was made on 

the first day of the balance trial period and marked its commencement. Two 

of the four animals in each experimental group were given 500 microcuries 

of calcium-45 and a similar amount of phosphorus-32 administered intra 

venously into the Jugular vein. The remaining six animals received the 

same quantities of the two isotopes administered orally by means of a stomach 

tube. The techniques used in dosing the animals were those described in de 

tail by Hansard^ (1951a), Aliquots of the calcium-45 and phosphorus-

32 dosing solutions were transferred into 50 ml. graduated flasks using the 

same hypodermic syringes employed in measuring the doses. These solutions, 

after suitable dilution, were used as counting standards in all subsequent 

radioactivity measurements. 

The Collection and Treatment of Samples 

Feces samples, after weighing, were well mixed and portions of ap 

proximately 100 grams in weight were stored in screw-topped Jars in a re 

frigerator pending the conclusion of th^ trial period. The urine samples 
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were similarly treated. 

Duplicate samples of the thiTee experimental diets were made at every 

feeding,and these were bulked to give composite samples for the trial per 

iod. There was little evidence of settling out amongst the feed components 

and only s^light preferential selection by those animals leaving food resi 

dues. 

Blood samples were taken from all animals on the first day at ap 

proximately forty minutes after dosing intravenously and about three hours 

after dosing orally. Only three of the intravenously - and three of the 

orally - dosed animals were sampled on each of the three successive days 

of the trial. These latter blood samples wete drawn primarily to provide 

information on the disappearance of the two administered nuclides frotn the 

blood and these data did not justify disturbing the animals unnecessarily 

by too-frequent bleedings. However, blood samples were taken from all ani 

mals on the last three days of the seven day balance period to provide 

blood equilibrium data for use in calculating the endogenous fecal loss of 

calcium and phosphorus by the Isotope dilution procedure* 

At all blood samplings approximately 15 ml. of blood from the jugu 

lar vein were collected in heparinised graduated centrifuge tubes. After 

centrifuging the samples for thirty minutes at a speed of 1500 revolutions 

per minute, the cell-plasma volume (hematocrit) was measured. The sepa 

rated plasma was stored in a refrigerator pending the end of the trial 

period. 

Experimental Procedures for Trial II, III and IV 



 . n 

the conelueioA of the balance period Trial I the twelve sheep 

were removed from the metabolisii| stalls and during a resting period of ten 

days, all animals were maintained op the contrpl ration. 

Trial 11 was then commencpd and followed an identical pattern to 

that of Trial 1 with the single exception that 1000 microcuries of each of 

cOlcium-45 and phosphorus-32 were administered. These higher levels of the 

isotopes increased the apcuracy and ease of counting. The animals were re-

randomised prior to the socond trial. 

Triajls 111 and IV vfere carried out in a like manner to Trial II dif 

fering only in the amounts of zinc apd aluminium being fed. The levels of 

these elements in^ the rations were reduced to 0.5 per cent as compared with 

1.0 per cept in the first two trials. This reduction was made for two rea 

sons; firs^y, it was anti|clpated thpi^ more uniform feed consumption would 

result, particularly in tpose animals receiving zinc and secondly, by feed 

ing these plements at two levels of intake it was hoped that a clearer pic-
ture of the metabolic effects upon calcium and phosphorus behavior would be 

obtained, 

A ppriod of inclemept weather iparked the duration of Trials II and 

III, Low temperatures, sufficient to cause freezing of the urine.and feees, 

gave rise ̂ o some speeulatlon as to |he normalcy of physiologloal processes 

in the anif^alg. Certainly, the animals suffered sopie discomfort and all 

exhibite(i| signs of having colds in varying degrees of severity. 
! 

Chemical and Radiophemical, Analysis 

Me„t.h.ods„ ofAnalysis for Calcium 
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In Vlnw of the low enerajr of the beta emissions from 
oalcIum-4S and the resnltlng high self-absorption, factors were necessary 
to correct for this loss. All measurements of calcliiiir-« were made against 
standards prepared from all,uot» of the original dosing solntlo.s evapor 
ated to dryness In stainless steel cups. Such standards were assumed to 
have no mass, while the mass weights of the ealclnm oxalate from the saot>les 
provided the basis for the self-absorption correctlote calcnlnted by the 
method of Comar £t (1951), 

I ' ■• !• I

Blop^ plgpmo oololmii. »hole blood was centrlfnged for 30 minutes nt 
ISOO revolutions per minute, end after the hematocrlt reading was tahen, 
the plasma was separated, A 3 ml, aliquot of the plasm, was transferred to 
a ,dO iql, centrlfngh tube and the Cldum determined by the method of Clark 
and tolllp (102?).. After tltr.tlon with potassium permanganate, ? mg, of 
carrier calcium and 3 ml, of saturated asBonlum oxalate solution ware added 
to each sample, and the pH adjusted to 6,0 using SO per cent aumonlum Ify-
droxlde and acetic acid. The samples were allowed to stand overnight and 
were then contrlfngedi washed and collected In a plastic tube and metal 
cup assembly as described by Comar ak al. (WSl). The samples, nfter drying, 
wer» thei^ eounte(^ for C8lcium-45 activity. 

fMBt Duplicate samples of approximately 25 g, of fresh 
too,, were dri«l at lOC R.and ashed In a furnace at 600» C, until a white 
ash was obtained. The Utter was dissolved la 6J!| hydrochloric acid and 
made to a volumo of 25 ml. After thorough mixing, the Insoluble residue 
mas allowed to settle and duplicate 3 ml, allquots of the supernate were 
drawn for analysis. The calcium was preclpluted In tared stainless steel 
cups as described for blood plasma calcium. The total calclnm and the self-
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absorption factor were calculated from the weight of the calcium oxalate 

in the dry cups. 

Urinary calcium. Duplicate samples of 20 ml, of urine were evap 

orated to dryness and ashed at 600° C, The ash was dissolved in 6N hydro 

chloric acid and diluted to 25 ml. Duplicate 10 ml, samples were taken and 

the calcium and calcium-45 determined exactly as for blood plasma calcium. 

Feed calcium. Quadruplicate samples of approximately 15 g, in weight 

were ashed, dissolved in 6N hydrochloric acid and diluted to 25 ml. Dupli 

cate 0,5 ml, aliquots were used to determine the calcium as described for 

blood plasma calcium. 

Methods for Analysis of Phosphorus 

Phosphorus-32, In contrast to the low energy of the calcium-45 beta 

(0,26 Mev) that from phosphorus-32 has a high energy emission (1,71 Mev), 

This difference in energy provides a convenient basis for measuring the 

activity of the phosphorus-32 in the presence of calciura-45, Comar et 

(1951) showed that an aluminium absorber having a surface density of 55 mg. 
per square centimetre would absorb all the beta particles from the cal 

cium-45 but would reduce the phosphorus-32 contribution by a factor of only 
1,5, All samples and standards were therefore counted for phosphorus-32 
activity through such an absorber. Samples and standards were counted as 

solutions, the necessity of correcting for self-absorption being eliminated 

by using a volume of standard equal to that of the samples. 

BJ,ood plasma phosphorus. One ml, of plasma was added to 4 ml, of 

5 per cent trichloitacetic add in a small centrifuge tube and thoroughly 

mixed. The solution was pentrifuged and a 2 ml. aliquot of the supernate 
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was analysed for total inorganic phosphorus by the method of Fiske and 

Subbarow (1925).. 

Radioassay of phosphorus-32 in the plasma was conducted by counting 

a 3 to 5 ml. aliquot of the plasma contained in a small petri dish. 

Fecal phosphorus. Duplicate 0.01 ml. aliquOts of the same hydro 

chloric acid extract prepared for calcium analysis, were analysed for phoi^-

phorus by the method of Fiske and Subbarow (1925). 

Radioassay of phosphorus-32 in the feces was performed on 10 ml. of 

the ash solution as described for plasma. 

Urinary phosphorus. Phosphorus was determined on duplicate 0.2 ml. 

aliquots from the urine ash solution as prepared for calcium analysis by 

the procedure used for fecal phosphorus. 

Radioassay of phosphorus-32 in the urine was made directly on du 

plicate 10 ml. aliquots of the fresh urjine. 

\ 

Methods for Calculation of Data 

Isotope Dilution Procedure 

Endogenous fecal j^hosphorus or calcium (E) in grams was determined 

from the m^an specific activities f9r the feces (SAf) and plasma (SAp) on 

the last two days of the seven day balance trial: 

,E I* X daij|,y fecal qs^cretion 

Comparative Balance Procedure 

The seven day isqtope excfetipn data from animals receiving a single 

oral dose and that from ^imilar ani{Bfals receiving a single intravenous dose 
of the calcium-45 and tfie phosphor9i^-32 permitted calculation of the per-



 

centag.„f dietary eleneat »Mch »aa absorbed (A) as follows: 

"" f'jbtboe frow Orel
""'local Isotope from latravenous dose

lb. feoal endogenous loss was tben expressed as a percentage (P^) of 
tlie food Intake according to Hansard (1956): 

~ ̂  (100 - % total fecal element)
The dally endogenous calcium or photphorus was then calculated as 

follow^: 

E « X daily intake of element 
100 

,1^he C^lciilat.inn of Truft iTig»stibiMf y 
The two independent estimates of the enaogenous fecal calcium or 

Phosphorus Obtained by the Isotope dilution and the comparative balance pro-
codures were used to correct the apparent digestibility data obtained from 
the conventional seven day balance trial as follows: 

Percentage true digestibility = 

' -.(iQUy output of elem..,, Saramsl - nl v .00daily intake of element (gram!;) 
It may be noted, however, that the percentage true digestibility of 

the dietary 

the comparative p«ced.r.. It bela, IdeaHcal with the .b»,rptl,.,(A.,, and 
therefore ladepeadent of the Isotope dilation prlpdple. 



CMPTEB IV 

RESDUS AND DISCUSSION 

The Effects of Alnminlum and Zinc upon 

Calcium Absorption and Retention 

A summarized statement of results for calcium absorption and excre 

tion is presented in Tables II and III. The chemical balance data showed 

a marked decrease in the net retention of calcium bjr animals receiving 

zinc as compared with the control animals. This lowered net retention of 

calcium was highly significant (PsO.Ol) at both levels of zinc intake* 

The effects of aluminium were less clearly defined. At the higher level 

of Intake (Trials I and H)aluminium caused no slgnigicant difference in 

the net retention of calcium. At the lower level (Tl^ials III end IV) how 

ever, there was a significant (P>O.OS) decrease in calcium retention. In-

oonsliteneies in the net retention data for the control animals, however, 

precluded any definite conclusion being reached as to the effects of level 

of administration of zinc and aluminium upon the net retention of ealelum. 

The apparent digestibilities of the calcium in the ration under the 

three treatments were consistent with the net retention data. The nparkedl 

decrease in the apparent digestibility of the calcium in the high zinc 

ration was highly significant (P« 0.01) at both levels of zinc administra 

tion, The decrease occasioned by the aluminium treatment however failed 

to be significant. To some extent the depression in the apparent digesti 

bility of the calcium, caused by the zinc, was a reflection of lowered cal 

cium intakes on this treatment during the last few days of the balance trial 
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TABLE IJ ^ 

THE EFFECTS OF ALDHINIDM AND ZINC UPON CALCIUM AB$OHPTION 
AND SECRETION(H^ DATA FOR TRIAI5 I AND II] 

Number of animals 
Number of trials 
Mean weight of an{.mals (kg^). 

Qhemicial balance dat^ (g, daily): 
Intake of calcium 
Output - leoal calcium 

- urinary calciufn 
Net retention of chleium 

Radioohemical data: , 
Percent Ca-dE in faces; 
Intravenously administered 
Orally acttiinistered 

Fecal endogenous loss^: 
Isotope dilution toehnique 
Comparative balance technique 

Blood plasma calcium (mg./g.) 

Apparent digestibility (?&) 

True digestibility (E): 
Isotope dilution technique 
Comparatiire balanbe technique 

Basal Aluminium Zinc. 
Ration Ration^ Ration 

1/ 

8 8 8 
2 2 2 
35.6 33.4 33.7 

1,56 i;so 1.14 
2.09 h87 2.72 
0^09 0.27 
-0,63 -0^65 -1.66^ 

'1 ~ " 

28,3 30.2 : 
77.0 83.8 82.9 

se.d , 31,2 34.1 
27.4 24:2 57.7 

! 

0.110 0.111 0.107 

-33.8 -24.5 -140.9*' 

52^7 54.1 17.6 
31;2 32.7 24.8 

* The elunlnium ration eontal^ed 1,575 p«p.mf, of alumlniuin (Al) 

^ The zinc ration contained 2,280 p.p.ih. oj^ zinb (Zn) 
^ Expressed as milligrans per Kilogram of hody weight per day 
^ ?< 0.01 
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TABLE 111 

THE EFFECTS OF ALUMINIUM AND ZITO UPON CALCIUM ABSORPTION 
AND EXCRETION (MEAN DATA FOR TRIALS III AND IV) 

Number of animals 
Number of trials 
Mean weight of animals (kg.) 

Chemical balance data (g. daily); 
Intake of calcium 
Output - fecal calcium 

-urinary calcium 
Nat retention of calcium 

Radlochemlcal data: 
Percent Ca-4S in faces; 
Intravenously administered 
Orally administered 

Febil endqgenous loss®: 
Xpotope dliutlon technique
Comparative balance technique 

Blood plasma calcium (mg./g.) 

Apparent digestibility {%) 

True digestibility (^): 
Isotope dilution technique
Comparative balance technique 

Basal 
Ration 

8 
2 
39.4 

1.57 
1.67 
0.03 
-0.13 

27.8 
65.4 

27.3 
19.2 

0.100 

-6.4 

51.2 
48.5 

Aluminium 
Ration® 

8 
2 

39.5 

1.53 
1.89 
0.10 

■0.45® 

34.7 
70.3 

28.6 
29.6 

0.098 

-23.4 

50.3 
46.2 

Zinc 
Ration" 

8 
2 

40.7 

1.50 
2.29 
0.12, 

-6.90® 

29.4 
77.6 

3p.6 
36^9 

0.09S-

-51.0«^ 

35.7 
34.6 

® The aluminium ration contained 785 p.p.m. of aluminium (Al) 
b The zinc ration contained 1,140 p.p.m. of zinc (^n) 
® Expressed as milligrams per kilogram of body weight per day 
'^P<0.01 
® Pa 0.05 
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period* However, this by no means accounted for the total effect, tor 

it may be noted that the total excretions offecal calcium. Irrespective 

of the intakes, were markedly higher when zinc was present in the ration* 

No significant differences were found in the total plasma calcium 

levels of animals receiving any of the three rations, although a significant 

(P = 0.05) difference was obtained for blood calcium values in Trials 1 and 

11 as compared with Trials 111 and IV. 

The levels of ealcium-45 in the blood of intravenously and orally 

dosed animals during the trial period are shown in Figure 1. These data 

were calculated from the blood calcium-45 concentrations and the total blood 

volume, as described by Hansard i|t U953). 

The disappearance of Intravenously administered calcium-45 from the 

blood follows a characteristic curve, and was similar to those for cattle 

presented by Hansard^jil. (1954),. The. rapid initial fall corresppnded 

to the period of transfer of the blood calcium-45 to the bones,and soft, 

tissues. Within about 24 hours this transfer was complete and equilibriifm 

established between the J)lQ.od, bone and gastro^lntestinal calcium. Ap 
proximately 100 hours after administration of the dose, the ra^e of dis 

appearance was sufficiently constant to allow the blood specific activity 

data and the corresponding data for the feces for this period, to be used 

in calculating the endogenous fecal calcium excretion. A high degree of 

reproducibility marked the blobd calcium-45 disappearance data for all in 

travenously dosed animals, irrespective of treatment. No disturbance of 

the blood: bone: tissue, equilibrium could therefore be attributed to the 

zinc and aluminium treatments. 

The appearance and subsequent disappearance curves for calcium-45 
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in the blood of orally dosed animals is also shown in Figure 1« Similar 

data has been presented for cattle by Hansard^al,(19543. In general, 

these curves show greater variability than those for the intravenously 

dosed animals. This is understandable in view of the complicating factor 

of gastro-intestinal transfer of calcium-45 to the blood with the concomi 

tant transfer of the element to the bones and tissue. After approximately 

100 hours, however, an equilibrium level was established almost identical 

with that for the intravenously dosed animals. By inspection,> the present 

data suggested a lowered initial absorption of calcium-45 in those animals 

receiving zinc in their feed as compared with those on the basal diet. 

Less difference was observed in the ciSrves for the aluminium-fed animals, 

however initial absorption was less than that of the basal group and dis 

appearance from the blood was more rapid. After approximately 100 hours, 

no treatment differences cbuld be detected in the final equilibrium level. 

Figure 2 shows, graphically, the cumulative levels of fecal calcium-

45 throughout the trial period for both orally and intravenously dosed ani 

mals. That for the orally treated animals primarily relates the cumula 

tive excretion of non-absorbed calcium with time. The steep'^ initial slope 

represents mainly unabsofbed calcium and after 70 hours the loss is largely 

endogenous calcium. From this graph it may be seen that some 65 per cent 

of the orally administered calcium-45 appeared in the feces during the first 

72 hours with a total of 75 per cent being excreted after 7 days. This to 

tal cumulative percentage is compounded of the non-absorbed calcium-45 a-

long with a smaller amount which may have been absorbed and re-excreted via 

the intestinal tract. Insignificant amounts were found to be excreted in 

the urine. The result^ suggest a reduced absorption'of calcium-45 in those 
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animals which received dietary zinc as compared to those on the cnntrol 

ration. The alyminium-fed animals also showed similar reduced absorption 

of calcium-45 but the change in slope towards the end of the absorption 

phase suggests also a slight reduction in re-excreted isotope. 

Values for fecal levels of calcium-45 as a function of time after 

intravenous administjration, are also presented in Figure 2, While the re 

sults suggested slight increases in the excretion of injected calciuro-45 

in the animals receiving zinc and aluminium as compared with the controls, 

it is doubtful whether much significance should be attached to this result, 

due to variation between individual animals. 

The calculated radiochemical data, summarized in Tables II and III, 

show that the cumulative percentage of intravenously administered calciiun-45 

excreted in the feces averaged about 28 per <^ent for all animals, and aboilt 

32 per cent when calculated only for those receiving aluminium. This latter 

difference was not significant. At the higher level of zinc administration 

a significantly (P=0.Q5) greater amqunt of the ealcium-45 appeared in the 

feces, namely 38.3 per cent. Of the orally dosed cal'ciium-45, most of the 

animals receiving zinc or aluminium excreted morf! of the isotope in the 

feces than did the contlolS|. 

By combining the chemical and radiochemical data, fecal endogenous 

calcium excretion was calculated using the compai;iative balance procedure 

of Hansard^al. (195^, and by the isotope dilution method described by 

Hansard^ (1957). Fecal endogenous calcium data, expressed as milli 

grams per kilogram,of ̂ ody weight per day, are shown in Table II and III. 

No significant differences were foun(| in the endogenous fecal calcium ex 

cretions attributable to the zinc or aluminium, although there were 
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indications that alnmin^um had caused sonjie reductiopi in the calcium loss 

from body stores* Neither was any sisfkificaut difference noted between the 

results cal«ulated by the two procedures* These fihdings Justified the 

calculation of a to^l mean iralue for exogenous e^scretion. This was 

foupd to be 36 miUigrams pe;r kilogram of ̂ dy weight per day. a level in 

general agreement with tfiat found for similar lambs hy Schroder (1957), 

nwely^ 42*5 milligrams per kilogram of bod)^ weight per day. While vari-

ations between individual animals precluded any significant differences 

being obtained between treatments, it would appear.that the zinc-fed ani 

mals lost slightly more calcium from body sources than did the control ani 

mals. 

The fecal endogenous
[

calcium data for individual animals by the ap 
propriate method of calculation, were used to calculate the true digesti 
bilities of the dietary calcium, and the results are shown in Tables II.and 

III. Despite the consistently lower.true digestibilities obtained, using 
the comparative,balance procedure,, differences between the two methods did 

not attain significance. While the corrections for endogenous fecal calcium 

losses materially altered thp absolute values of the apparent and true di 

gestibilities, it did^little to change the.reiative effects of the treat 

ments. The feeding of aluminium did not appear to affect the true digest 

ibility of the dietary calcium, however, zinc caused a highly significant 
(P s 0,01) depression. This decrease in the true digestibility of the diet 
ary calcium was significantly (P = 0,05) greater at the higher levels of 

the zinc administration, intlicating a possible accusijulative effect. 
Although the influence orzinc upon,the true digestibility of the 

dietary calcium was most marked, thp mechanism of this effect was less ohvipus. 
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The minor differences in endogenous fecal losses did not suggest that zinc 

caused any great,change in the rate of loss of calcium from body stores. 

It miist therefore be assumed that the effects of zinc were' largely confined 
to the digestive tract. Feaster jt £1. (1954)^ presented data Which indi-

•) - "■ 

cated that most of an orally administered dosfe of zinc-65 was excreted in 

the feces* with relatively little being absorbed. It is therefore suggested 
that the feeding of zinc in the present study prevented or interfered with 

normal absorption,of calcium. e!,ither by blocking the absorptive mechanism, 

or by direct antagonism between,the two elements. Hoekstra et al. (1956,). 
and others, have shown that diets high in calcium prevented the absorpition 
of z^e by swine which resulted in a higher injsidence of parakeratosis. 

This finding, together with the present data, suggest that the two elements 

may, in fact, exhibit some degree of antagonism. 

The depression in the absorption of calcium caused by zinc was re 

flected in the blood ealcium-45 appearance curve (Figure I) for orally ad 
ministered isotope, however Insufficient blood data during the critical 

first and secpnd day period preclude any direct confirmation. 

The Effects of AlUminiun and Zinc upon 

Phosphorus Absorption and Retention 

Data for phosphorus absorption and excretion in sheep, as influenced 

by the feeding of aluminium and zinc, are summarised in Tables IV and V. 

The results of the chemical balance showed a marked lowering of the net 

retention of phosphorus by animals receiving zinc. This result was highly 

significant (P = 0.01) at both the low and high levels of dietary ^fnc 
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TABLE IV 

THE EF^CTS OF ALUMINIUM AND ZINC UPON PHOSPHORUS ABSCffiPTION 
AND raCRETION (MEAN DATA FOR TRIALS I AND II) 

/ 

Number of animals 
Number bftrials 
Mean weight of animals (kg.) 

Chemical balance data (g. daily); 
Intake of phosphorus 
Output - febal phosphorus 

- urinary phosphorus 
Net retention of phosphorus 

Radiochemical data; 
Percent Pr32 in feces; 
Intravenously administered 
Orally administered 

Fecal endogenous lossf; 
Isotope dilution technique 
Comparative balance technique 

Blood plasma phosphorus (mg./g.) 

Apparent digestibility (J«) 

True digestibility i%)t 
Isotope dilution technique 
Comparative balance technique 

Basal 
Ration 

2 
35.6 

2.01 
2.06 
0.05 
-0.10 

28.5 
39.5 

39.3 
50.3 

0.088 

-3.03 

72.3 
86.3 

1 ' 1 
/ 

Aluminium 
Ration^ 

I . » 
i' ' 

8 
2 

33.4 

1.95 
2.07 
0.04 
-0.17 

27.0 
44.7 

31.3 
53.3 

0.081 

-7.21 

52.2 
76.5 

8 The aluminium ration contained 1,575_p.p.m. of aluminium (Al) 

^ The zinc ration contained 2,200 p.p.m. of zinc (Zn) 
Expressed as milligrains per kilogram of body weight per day 

^.P,< 0.01 

Zinc 
Ration" 

8 
2 

33.7 

1.49 
1.92 
0,07 
-0.50 

24.2 
39.5 

27.5 
50.7 

0.09g 

-35.5^ 

44,9^ 
80.1 
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TABLg V 

THE EFFEOS 0^ ALDHINIDM AND ZINC UPON PHOSPHOBtJS ABSORPTION 
AND EXCRCTION (MEAN DATA FOR TRIALS III AND IV), 

Basal Aluminium z/nc 
Ration Ration' Ration" 

Number of animals 8 8 8 
Number of trials 2 2 Z 
Mean weight of animals (kg.) 39.4 39.5 4d.7 

Chemicjal balance data (g. daily): 
Intake of phosphorus 1.76 1,72 1.69 
Output - fecal phosphorus 1.64 1,80 2,09 

- urinary phosphorus 0.04 0,03 0,05 
Net retention of phosphorus +0,08 -0.11 M).4.4*^ 

Radiochemical data: 
Percent P-32 in feces; 
Intravenously administered 26.1 28.7 31.3 
Orally administered 31.8 37.2 39,0 

Fecal endogenous loss*^: 
Isotope dilution technique 23.2 28.3 26.3 
Comparative balance technique 35.3 38.2 45.7 

Blood plasma phosphorus (mg./g,) 0.076 0.076 0.071 

Apparent digestibility i%) +6.47 -6.78 -24.8^ 

True digestibility (%): 
Isotope dilution technique 53.6 53.9 37.0 
Comparative balance technique 91.7 87.5 89.7 

® The aluminium ration contained 785 p.p.m, of aluminium (Al) 

^ The zinc ration contained 1,140 p.p.m. of zinc (Za)^ 

^ greased ae milligrams per kilogram of body weight per day 

^P< 0.01 



34 

intake when tl^ese were compared with their respective controis. The net 

retentions as between the two levels, however, showed no significant dif 

ference. No significant differences were obtained in the urinary excretion 

of phosphorus by any of the animals. 

The apparent digestibilities of phosphorus in the diff^irent rations 

were consistent with the net absorption data. The marked decrease in the 

apparent digestibility caused by feeding zinc is highly significant (P = 0.01) 

at both levels of administration. 

Figure 3 shows the blood phosphorus-32 levels in both intravenously 

and orally dosed'animals during the trial period. The .disappearance of in 

travenously administered phosphorus-32 from the blood followed the same 

characteristic curve as that of calcium-45. The phosphorus nuclide appeared 

to be removed from the' blood at a slightly less rapid rate than was t)je cal-
ciam-45, an observation supported by the findings of Schroder (1957) for 

similar lambs. 

The appearance and simultaneous disappearance rates of phosph9rus-32 

in the blood of orally dosed animals are also shown in .Figure 3. The curve 

has a similar form to that for calcium. Relatively little significance may 

be attached to differences in phosphorus-32 uptake between the animals on 

the three treatments. The data for blood, sampled appi^oximately 3 honors 

after dosing, would suggest, however, that slightly increased absorption of 

pho$phovus-32 occured in those animals receiving zinc, and decreased absorp 

tion in those fed aluminium, as compared with controls. Within 24 hours 

after dosing the average disappearance rates of the phosphorus-32 were the 

same for all animals. 

Figure 4 shows, graphicaliy, thrphosphoras-32 contents of the feces 
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or orally dosed and intravenously dosed animals, Bjr inspectioh, it may be 

seen that only some 40 per cent of the orally administered iihosphorus-32 

appeared in the feces. The first 60 hours on this curve primarily repre 

sents the non-absorbed phosphorus-32; after this time it mainly rejects ; 
that absorbed and then re-excreted into the gastrointestinal tract as en 

dogenous excretion. These data ijfould suggest a slightly grpater excretion 

by those animals receiving zinc and aluminum than the controls, The in 

travenously injected phosphorus-32 appeared in the feces of the zinc -

and aluminium-fed animals in slightly less quantities than it did in the 

control animals. These differences were, however, small and of little sig 

nificance, except in that they reflect and substantiate the balance data. 

The calculated radiochemical data summarized in Tables IV and V show 

that the mean cumulative percentage of the intravenously dosed phosphorus-32, 

recovered,in the feces, was 27,6 per cent with no significant differences 

as between treatments or levels of feeding. Of the orally administered 

dose, the animals receiving the lower levels of zinc and aluminium appeared 

to excrete slightly more phosphorus-32 in the feces than did the control 

animals. However, at the higher zinc and aluminium intakes,- only the alu 

minium-fed animals showed any increased excretion. None of these differences 

were significant however, 

A discrepancy was noted between the results'ifor the fecal endogenous 

phosphorus excretions, calculated by the comparative balance technique and 

by the isotope dilution procedure. In all cases the fecal endogenous phos 

phorus values (expressed as milligrams per kilogram of body weight per day) 

were greater when calculated using the former procedure. These differences 

between the two procedures were highly significant (P = 0.01) while dif-
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ferences occasioned by the varying treatments were not. 

The difference in method of estimation of the fecal endogenous 

phosphorus becomes even more marked when these data were used to correct 

the apparent digestibilities of the dietary phosphorus. The comparative 

balance procedure,;!for exaiiq)le, gave a mean true digestibility of the phos 

phorus in the ratipn of approximately 86 per cent, with no significant dif 

ferences as between treatments, t^ereas, the same data calenlatM by the 

isotope dilution method were lower^^ and with the exception of the true di 

gestibility of the phosphorus for the basal ration in Trials I and II, aver-

aged about 80 per cent. Further, the isotope dilution procedure showed a 

significant difference (P = 0.01) between the phosphorus digestibilities of 

the control ration and that of the zinc - containing diets; those for zinc 

being lower. 

The fairly serious lack_ of agreement between the two techniques, as 

applied to the phosphorus-32 uptake and excretion data in the present study, 
warrants further discussion, particularly in view of the findings of pre 

vious workers showing satisfactory agreement between the two procedures, 

(Cpmar £t £l, 1953, and Schroder, 1957)., This is made even more necessary 

by the fact that in the present study fairly close agreement was obtained 

for the calcium data calculated by the two procedures. 

The chemical phosphorus balances show very clearly that dietary zinc 

had decreased ihe net-retention of phosphorus and, as no significant dif 

ferences were found between the endogenous fecal phosphorus excretions, it 

is reasonable to ejqpect that the lowered net retentions caused by zinc would 

be reflected in the true digestibilities. This, the comparative balance 

data did not show and added support to the contention that the isotgpe 
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dilution procedure was giving the bettet estimate of tie triife Hl^ffestibility. 

In a comparative study of the two procedures for estimating the endo 

genous fecal calcium, the> authors (Comar^al. 1953), state that th^ primary 

assumption in the comparative balance method is that the labelled calcium, 

given as soluble calcium chloride, and all the dietary calcium,are absorbed 

to an equal degree* An alternative assumption, ndcessary before this method 

can give an estimate 6f the true digestibility of a dietary element, might 

be that the orally administered radioactive element and the stable form in 

the feed must reach complete equilibrium before independent absorptiojA of 

the active element takes place. If this assumption is not valid, then ̂ hch 
of the data will apply to the absorption of the particular form of the active 

element administered only, and not to the dietary form. The ease with which 

such an equ^ibrium may be attained will mainly depend upon physical con 

ditions in the digestive tract and also upon the ease of exchange with, the 

stable dietary element. In the latter connection it may be expeqted that 

any element may be present ̂ n any or all of three forms, namely, ionic, esp-
changeable and non-exchangeable. There is little reason to suppose that 

cations such as calcium are present in feeds as non-exchangeable forms, in 

deed it is highly probable that they exist lar(rely in the ionic and exchange 
able forms, thereby facilitating the establishment of equilibrium conditions 

with the iadministered calcium-45. However, in view of the many phosphorus-

containing organic compounds present in biological materials it seems likely 

that some, at lea^t, of the dietary phosphorus exists in forms not. readily 

exchangeable with the administered phosphorus-32. If this were the case in 

the present study, then the values obtained for the true digestibility of 

phosphorus calculated by the comparative balance procedure appertaiped pnly 
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to the true digestibility of the e3C0hang[eabIe fraction of the dietary phos 

phorus and not to the dietary phosphorus as a whole. ^While this is a poss 

ible explanation of the consistently higher true digestibility data obtained 

using the comparative balance method, it offers little solution as to why 

this method fails to show a^y lowered digestibility of the phosphorus caused 

by feeding high levels of zinc. No obvious exp^lanation is available from 

results of the present study and it can only be suggested that the mechanism 

by which the phosphorus was made less available to the animal extended also 

to rendering it less exchangeable with the administered phosphorus-32«'This 

would result in true digestibility data which mainly referred to the avail 

ability of the administered phosphprus-33( which was in an ionic form, and 

not of the dietary phosphorusi. 

In the present investigatipn it was found that the feeding of 0.5 or 

1.0 per cent of aluminium sulphate in the rationi did not have any significant 

effect upon the true digestibility of the dietary calcium and caused only 

a slight decrease in that of the dietary phosphorus. These findings, par 

ticularly that relating to phosphorus, were surprising and at variance with 
M 

a considerable body of evidence citpd earlier. Cox et al. (1931),obtained 
I , 

a 15.0 per cent reduction in blopd phosphorus in guinea pigs fed a ration 

containing 1,350 p.p.m. of solublp aluminium. The calcium and phosphorus 

in the bones of these animals wera reduced tp 70 per cent of normal in 

twelve weeks. In the present study no significant lowering of the blood 

phosphorus levels was noted which could be attributed to the fepding of al 

uminium. No satisfactory explanation of thP discrepancy can l)e offered on 
the basis of the present data. However, it is of interest to note that all 

reported work showipg a lowering pf phosphorus availability by aluminum has 
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been conducted on non-ruminant animals, little is available reporting sim 

ilar results for the ruminant. Struthers and Sieli^ (:i950) have discuss^ 

the effects of organic anions.uppn phdsphate.precipitation. In the absence 

of such anions, aluminium phosphate is precipitated over the range pH 

4.0-9.0. However, when such anions, particularly acids such as citric, are 

present the aluminium was completed and was not precipitated as the phos 

phate at the above pH range. Small additions of citrate to already precip 

itated aluminiiun phosphate released 90 per cent of the 'unavailable* phos 

phorus. In view of the considerable quantities of such organic acids pre 

sent in the rumen it may not be unreasonable to suggest that the same con 

ditions for precipitation of phosphorus may not exist in the ruminant as 

they appear to do in t^e non-ruminant. 



CHAPTER V 

sqpARY 

The investigation was undertaken to study the effeets of two levels 

of orally administered aluminium anid zinc upon calcium and phosphorus re 

tention in lambs. TWelve wether lambs were u^ed in a series of four trials, 

in each of which, a basal ration, tjbe basal r^il^ion plus added alumipium and 

the basal ration plus added zinc were fed. In Trials I and 11 the animals 

were given a ration containing 1.0 per cent of aluminium and zinc sulphates 

and in 111 and IV, p.5 per cent. 

Chemical and radio-chemical balance data for calcium and phosphorus, 

and calcium-45 and phosphorus-32 were collected, along with blood data for 

both the stable and radioactive nuclides. Calculations were made of the 

net retentions, the apparent digestibilities, the endogenous fecal eiccre-

tions, and the true digestibilities of the dietary calcium and phosphorus. 

In general, few significai^t differences were obtained between the 

two levels of administration of the ^iinc and aluininium with respect to their 

effects upon net retention, or upon the apparent and true digestibilities 

of calcium and phosphorus. 

Very marked decreases in the net retention, the apparent and the 

true digestibilities of the calcium were found when zinc was fed but not 

when aluminium was administered. The endogenous fecal excretions on the 

three treatments showed no significant differences. This fact led to the 

conclusion that the effect of the zinc was largely confined to the ali 

mentary tract an^ was a direct effect upon the absorption of calcium. No 

significant effects of aluminium upon the net retention, the apparent or 



43 

the true digestibilities of the ealeltiin wexe found* 

Zine also seriously affected the retention of phosphorus; while the 

aluminium showed only a slight effect* Although the latter result was pro 

bably due to the'precipitation of phosphorus as aluminium phosphate, the 

magnitude of the effect was very much smaller than that found in similar 

investigations by previous workers using non-ruminant animals* The lack 

of significance between the fecal endogenous phosphorus excretions by all 

animals on the three treatments again suggested that the slight depression 

in phosphorus retention attributable to aluminium and the much larger one 

due to the zinc were mainly the result of interference in the absorption 

processes in the alimentary tract* 

Discrepancies were noted in the endogenous fecal j^hos^horus excre 

tions as calculated by the isotope dllutidn technique as compared with those 

from the comparative balance method, and possible dxpldnations of these dis 

crepancies have been discussed. 
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