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INTRODUCTIOR

The need for minerals in the diet of animals has long been
established. Two of the macro or major elements required are
calcium and phosphorus., These two elements are essentlal to
the growth, ﬁainteﬁance, reproduction and production requlire-
ments of all animals,

The nutrient requirement tables for cattle 1list the require-
ments for protein as both total protein and digestible protein
wWhile calcium and phosphorus requirements are listed as only
total grams or as a percentage of the total ration, Feed com-
position tables indicate that feeds wvary in the amounts of total
end digestible protein that they contain, The ratio of these’
two comﬁonents is not always the s;me. It.seems logical there=-
fore to expect the amount of digestible calcium and phosphorus
to show seasonal and other varlations, however, the composition
tebles show only the total percentage of calcium and phosphorus
with no regard to differences in availability which may occur,

This report was prepared in an attempt to determine 1if
experiments have been conducted to examine the amounts of cale-
cilum and phosphorus that are avallable from various feedstuffs
gnd to summarize some of the factors which may affect availability.

The avallability of calecium and phosphorus for a particular
species depends on both the source feedstuff and the aninal.
Feedstuffs vary greatly in total calcium and phosphorus depend=



ing on thelr species, maturity, origin and other factors, Cal-
cium and phosphorus are found in many chemical forms and com-
binations; some more readily avallable to the animal than others.
The levels as well as ratios of calclum to phosphorus vary and
may have an effect on the amount of these minerals utilized by
the animal, Both in vivo and in vitro methods have been used

to study the availablility of these minerals in various feedstuffs.
The ability of an animal to absorb and utilize cglcium and phos-
phorus supplied in its diet may depend on specles, age, and var-
ious nutritional and physiological factors.



BODY STORES OF CALCIUM AND PHOSPHORUS

Calcium and phosphorus comprise a major portion of total
body.ash. Crampton and Lloyd (1959) estimated that over 70 per-
cent of total body ash is calcium and phosphorus. These ele-
ments are constantly being incorporated into body tissues and
excreted from the tissues in an endogenous form. There is a
constant exchange of calclum and phosphorus between the bones
and the soft tissues, Approximately one percent of these ele-
ments are exchanged dally. Ellenberger et al. (1950) reported
that 98.5 percent of total‘body celecium and 87 percent of total
‘body phosphorus are found in the skeleton of adult cows, In
younger cattle the amount of phosphorus in the bones was less,
averaging 83 percent. .

Mitchell (1947) stated that one of the functions of minerals
in the dlet of animals was to maintain the status quo of body
tissues against the “constant erosion of the life processes",

He further indicated that phosphorus is considered the most
important mineral to the animal, and even though 75-85 percent

of total body phosphorus 1s located in bone, the phosphorus in

the soft tissues 1s considered to be of primary importance., The
body stores of phosphorus are not readily avallable in times of
dietary phosphorus deficliency. This is the reason blood phosphorus
levels change and deficlency symptoms occur so rapidly,.

Mitchell (1962) noted that "inorganic ions liberated in the

course of metabolism from functional combination in the tissues
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are not changed in character or rendered unavallable to the tis-
sues in any sense of the word, They are Just gs avallable for
- the reconstruction of functional combinations for the varlous
functions that they.serve in the body as are the inorganic lons
Picked up by the blood from the intestinal tract.”

Duckworth and Hill (1953) considered a Ca:P ratio in bone
of 2,15:1 in cattle normal, They found the skelet?n to be a
highly labile storage area for minerals, and the séurce of cal-
cium and phosphorus moblllzed by action of the parathyroid glands.
Cancellous bone such as ribs and vertebrae were more susceptable
to resorption than some of the compact bones of the extremities,

Duncan (1958), in a review of literature, concluded that-
within wide limits the retention o{ calcium and phosphorus is
more dependent on stage of 1life cycle and body reserves than on
intake, The body Ca:P ratio tends to increase with age. The
principle bone salt involved in resorption is Caco3 . CaB(POh)Z.
Phosphorus and calcium were reported to be independently removed
from the bone of rats. Bone mineral is more readily mobililzed
to maintain serum calelum than serum phosphorus therefore serum
inorganic phosphorus level is one of the first symptoms of phos-
phorus deficiency. '

Young et al. (1966a) used a balance study and the radioiso-

topes Ca'ld

and P32 to study the affect of phosphorus depletion
on calcium exchange in the whole skeleton of sheep and also to

determine the size of the readily exchangeable calcium pool.



The control sheep in this experirment had en exchangesble calcium
pool that averaged 6 percent of the total body calcium, Phos-
phorus depletion resulted in a 50 percent decrease in the size
of this pool. The total skeletsl ash welght was reduced by
approximately one-third, A similar stﬁdy of the exchangeable
phosphorus poocl was not deemed practical because of the large
amount of extraskeletal phosphates. Sheep in a state of phos-
pPhorus depletion had slower rates of calcium deposition and re-
moval from bone than did the control sheep.

Westerlund (1956) in reviewing United States and Swedish
literature found that cslcium losses were increased by a reduc=-
tion of phosphorus in feed., He concluded that as cattle drew
upon their skeletal reserves of pho?phorus. calcium was removed
from the skeleton at the same time,

The literature seems to be in agreement that calcium and
phosphorus comprise the major portion of body ash. These miner-
als are absorbed from the gastrointestinai tract and may be
incorporated into skeletal bone or may become part of the soft
tissues, The caleclum and phosphorus in bone apparently forms

an exchangeable pool which is drawn upon as needed,

ENDOCRINE INFLUENCE
Mayer (1968) in his review of recent research found that
the parathyroid glands influence calcium homeostaslis of cows

in much the same way as other animals, This was not indicated



by several earlier experiments. However he felt that the effect
of the parathyroild glands may have been maskedwbyrother factors.
Because a cow'!s dlet is composed of large amounts of celcium
rich materials such as legumes, the parathyroid glands may-not
be relied on much for maintaining day to day caleclum homeostasis
but play an important role duringiperiods of adjustment to acute
calclum drains. |

Rasmussen gt 21. (1963) conducted an in vivo study of nor-
mal end vitamin D deficlent rats to determine the rationship
between vitamin D and parathyroid hormone, They reported that
the parathyrold glands of the vitamin D deficlent rats were
uniformly enlarged. Moderate doses of parathyrold hormone had
en effect on phosphate metabolism but little influence on cal-
cium mobilization in the vitanmin D,deficient rats. Vitamin D
appeared to increase the renal tubular reabsorption of phosphate.
Results of this experiment indicated that parathyroid hormone
affects the translocation of calclum only in the presence of
vitamin D, but will continue to exert an effect on phosphate
metabolism in the vitamin D deficient animal.

Rasmussen (1959) reported the ability of inverted sacs of
rat small intestine to actively transport Cahs from the mucossa
to the serosa wes decreased by parathyroldectomy 3 or more hours
before isolation of the intestinal sac. However the addition
‘of parathyroid hormone in vitro produced inconsistent results.

The thyrold glands may also play a role in calcium homeo-



stasis according to Care (1968). He showed that the hormone,
thyrocalcitonin, is secreted in response to hypercalcemia in
the young of several species including sheep. The hypocalcenmic
response to thyrocaleitonin appears to decrease with age pos-
sibly due to the reduced plasma thyroxine content and decreased

vascularity of bone.

THE ROLE OF VITAMIN D

Vitamin D plays a significant role in the metabolism of
calcium and phosphorus. Wasserman et gl. (1966) in reviewing
the literature stated, "current hypotheslis of vitamin D action
on the intestinal gbsorption of calcium suggest that vitamin D
is either directly essential for the actlive efflux transport of
calclum, or that vitamin D decreases the diffusional barrier of
the cellular surfaces to caleium. Another theory . . . postu-
lates the existence of calcium pumps located on both the serosal
end mucosal surfaces of the intestinal mucosa cell, with each
pump directing the transfer of calcium from cell interior to
cell exterior." |

Gaster et gl. (1967) in a trial donducted with rats fed
normal and calcium deficient diets reported vitamin D supple-
mentation increased the uptake of radiocalcium from the low
calcium diet. Wasserman et al. (1966) found that vitamin D
significantly increased the transfer of calclum from plasma to

the intestinal lumen of chick ileum and rat duodenunm by factors



of 2,7 and 1.9, respectively. The movement of calcium from the
lumen to plasma was also favorably enhanced., Data indicated
that vitamin D increased diffusional permeablility by changing
the membrane structure or had an effect on calcium carrier -
synthesis rather than infiluencing the calelum transport system.

Harrison and Harrison (1960) conducted an in vitro study
of rat intestine., They found that vitamin D increased the rate
of calcium diffusion across the lntestinal well along its entire
length and was not affected by inhibition of oxidative metabolism
while active transport of celcium was found to be localized in
the cranial portion of the intestine and to be dependent on
oxidative metabolism. Vitamin D increased the permeability of
the intestinal wall to calcium poss}bly by incorporation of vit-
amin D into cell surfaces, Schachter et al. (1961) reported
vitamin D affected the transfer of calcium in all segments of
the intestine with maximum influence in the duodenum where active
trensport is greatest. They found vitamin D influenced calcium
transport by affecting the active transport mechanism rather
than simple diffusion as reported by Harrison and Harrison
(1960).

Forbes (1967) in a review of current research on vitamin D
reported evidence that the administration of vitamin D induced
the intestinal mucosa to form a calcium-binding factor identified
as a protein,

Capen (1968) conducted an experiment where cows were fed 30



million units of wvitamin D for 30 days. Serum calclum lnereased
from a base level of approximately 11.3 mg. calcium per 100 ml,
to 14,8 mg, calcium per 100 mi. on the 20th day of feeding vit-
amin D, Serum phosphorus was ralsed from the 2nd through the
20th days of the experiment but had returned-to normal by the
30th day. The calves from the cows fed the high level of vit-
amin D did not have serum phosphorus, lonlized calcium or total'
calcium levels different from those of the calves from the con-
trol cows. In a trial with four groups of weanling rats, Harrand
et 21, (1966) fed diets containing elther 0.12 or 0.24 percent
of both calcium and phosphorus in the.presence or absence of
added ergocalciferol to determine if there was an interaction
between .the effects of dietary levels of caleium and phosphorus
and vitamin D, Dietary levels of both caleium and phosphorus
were below optimel levels making it possible to study indepen-
dently the effects of adding vitamin D and increasing mineral
intake. Both the increased dieta;y minersl level and vitamin

- D inereased serum calcium and phosphorus concentrations without
significant interaction., Dunham (1969) reported that vitamin D
usually increased both calcium and phosphorus retention in dairy

. COWS,

THE EFFECT OF pH ON CALCIUM AND
PHOSPHORUS METABOLISM
A1l and Evans {1967) in a study of growing rats found that

an increase in H+ ion concentration in the intestinal secretions
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caused by an increase in lactose resulted in an increased per-
centage of calcium absorption, Dletary increases of calcium
buffering capacity or EDTA resulted in a decrease in calclum
ebsorption. Oke and Adekoje (1967) reported that lactic acid
may increase availability of calcium in ruminanté. Smith and
McAllen (1966) conducted a trial with rumineting cslves. They
studied the digesta from the ileum of calves fed three types

of diets; milk fed, stall fed and grazing. The amount of uWltra-
filterable calcium and inorganic phosphorus was used as an
estimate of the amount of these elements avallable for absorp-
tion compared to the total concentration. Almost a1l the cal-
cium and inorganic phosphate was ultrafilterable at a pH of 2

to 3. As the pH increased to 5.5 calcium became progressively
less ultrafilterable while the amount of inorganlic phosphate
did not change. Davls (1959a) indicated that feeding a high
level of calcium carbonate may increase the pH of the intestinal
tract, favoring the formation of insoluble tricalcium phosphates.
Therefore feeding a high level of calcium with only marginal
phosphorus levels may result in a phosphorus deficiency condi-
tion,

ANATOMICAL SITES OF ABSORPTION AND
ENDOGENOUS SECRETION OF CALCIUM AND PHOSPHORUS

Al though most absorption investigations have been conducted

with small laboratory animals, similar mechanisms are thought to
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be involved with ruminants since most of the calclum and phos-
phorus is absorbed from the smgll intestine, Schachter and
Rosen (1959) found calecium to be actively transported from the
small intestine of the rat. Schachter et al. (1966) demonstra-
ted that the transfer of calclum across everted sacs of rat
duodenum in vitro occurred in two steps: uptake at the mucosal
surface and transfer toward the serosal surface. The first was
hypothesized to be a facilitated diffusion but the second was
dependent on oxidative metabolism and the generation of phosphate-
bond energy. Both steps were markedly influenced by vitamin D,
Rats deficlent in vitamin D increased both steps involved in cal-
cium transfer when supplemented with vitamin D, Wasserman.gg_gl.
(1961) conducted an experiment with living rats in which ionic
calcium was transferred agalnst a concentration gradient and an
electropotential gradient by duodenal membrane providing evlidence
that active transport of calcium occurs,

Kimberg et sl. (1961) conducted an experiment with rats in
which a diet low in calcium was shown to facllitate the transfer
of calcium against concentration gradients throughout almost the
entire intestine when normally this action takes place primarily
in the duoenun,

Sheep rumen eplithelium was found to be relatively impermeable
to calcium by Phillipson and Storry (1965), even when concentra-
tion was increased to six times the normal level. Calclum was

absorbed in the cranial jejunum and the middle of the small in-
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testine relative to the calcium concentration. No absorption
was observed from the duodenum between the pylorus and the open-
ing of the common billary and pancreatic duct or from the caudal
il eun, |

Hansard et gl. (1952) administered radiocalcium orally or
intravenously to 21 head of Hereford cattle ranging in age fronm
seven to thirty-six months. The animals were all in slight posi-
tive phosphorus balance, After balance studies had been completed
the animals were slaughtered and the various tissues and organs
were counted for caus. Calecium ions in the soft tissues were
generally interchangeable with those in the plasma, This cir-
culating calcium was secreted into all parts of the gastrolntes-
tinal t:gct but primarily into thej;mall intestine, Shirley
et g1, (1951) conducted a similar experiment with phosphorus in
which a 420 pound steer was fed a grass mixture of fescue and
oats harvested off a plot of ground which had been fertilized
with superphosphate 39 hours after a feeding of the grass mix-
ture. The isotope was found widely distributed in most of the
organs and tissues, although 45 percent of the isotope was found
in the alimentary tract, with 36,3 percent in the rumino reti-
cular contents, _

The literature concerning the mode of phdsphate transfer
from the lumen of the gastrointestinal tract is not as complete

as that.of calecium transport, It appearsrthat inorganic phos-

phate is at least partially absorbed by passive diffusion.
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Harrison and Harrison (1961) used everted loops of small intes-
tine from rats to study the transfer of lnorganlic phosphate from
the lumen of the gut to the plasma., Transport of phosphorus
from the solution bathing the serosal surface was against a con-
centration gradient. The presence of calcium, potassium, and
vitamin D enhanced the transfer of phosphate. Data suggested
that diffusion did not entirely account for phosphate transfer.
Young et al. (1966b) conducted an experiment with sheep in which
they presented data which indicated phosphbrus absorption may
have occurred via passive diffusion.

Berndt and Gosselin (1962) used isolated rabbit mesentery
to study transfer of phosphate ions. P32-orthophosphate was
shown to move across the membrane apparently by passive diffusion
with no evidence of an operative c;rrier mechanlsm, Data indl-
cated that transfer of phosphate occurred by facllitated dif-
fusion or facllitated penetration.

Mature dalry cows and two-month o0ld calves were injected
with radiophosphate and slaughtered in intervals from one-=half
to seventy-two hours after injection by Smith et 21. (1956).
Tissues and contents of the gastrointestinal tract were analyzed.
Radiophosphate was found in the gastrointestinal'tract, indi-
cating a large secretion of endogenous phosphorus. The rumen
was the main G. I. tract locatlion of P32 secretion in the mature
cows, Most of this phosphorus was probably accumulated via

saliva. More phosphorus was secreted into the small intestine
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and less into the rumen of calves than mature cows., Based on
other studies they concluded that intestinal phosphorus exchange
is generally less in the cow than in the sheep.

The work of Lofgreen et al. (1952) indicated that in calves
1n3ected_with P2 the phosphorus was eicreted throughout the
gastrointestinel tract but primarily in the jejunum.

In summary, the literature indicates that calcium is actively
transported from the gastrointestinal tract while phosphorus
enters by means of passive diffusion. Although endogenous cal-
cium and phosphorus are secreted along the whole tract most of
the secretion as well as absorption occurs in the small intestine.
Large amounts of phosphorus are secreted into the rumen, however

most of this enters via the saliva.

RELATIONSHIP OF DIETARY INTAKE LEVELS TO AVAILABILITY
AND UTILIZATION OF CALCIUM AND PHOSPHORUS

Hansard and Plumlee (195%4) in an experiment with rats found
an inverse relationship between calcium intake and effieclency
of utilization. The calcium maintenance requirements of the
rats varlied with the nutritional status of the animal. These
requirements were closely correlated with the animals abllity
to adapt its metabolic losses to its calcium intake level.
Davis (1959b) in a review of literature concluded that most
species can adapt to various dletary calcium levels, Percent

absorption generally decreased as calclum intake increased but
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total absorption and retention increased. Calcium requirement
figures may be more a reflection of dletary pattern than an in-
dication of absolute requirements, Swenson et al. (1956) fed

an excess amount of. ealcium in the fdrm of ground 1iﬁestone
added to the ration of growing Hereford heifers. The helfers
without the excess calclum in thelr ration galned 38.9-pounds
more during the 12 month experiment. During the last one-third
of the experiment however, the calves appeared to adjust to the
higher levels of calcium carbonate with as much as 1,1 pounds of
ground limestone consumed per head dally.

Visek et al. (1953) conducted an isotope dilution trial to
determine if wvarlation in calcium intake and calcium to phos-
phérus ratio would affect endogenous fecal calclum, Within the
same animal, endogenous fecal calcium values were not signifi-
cantly changed when dletary celclum was varied from normal to
hléh levels. The dally endogenous fecal calcium losses for
three B-year old cows averaged 7 graﬁs compared with 4 grams
for two yearling Hereford steers. Comar et gl. (1939) found
that most of the calcium secreted into the gastrointestinal
tract had been previously involved in bone and soft tissue ex-
change,

Lindsey et al. (1931) conducted a trial fith two groups
containing four dairy heifers each. One group vwas fed a diet
high in calcium and the other a diet low in caloium for the
first three years of life. Short balance trisls were run per-

jodically. The group glven the higher calecium dlet retalned
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& larger amount of caleium but the lower calcium group retained
a higher percentage of dietary calcium, indicating that at e
lower intake level the calcium was more efficlently utilized
after the first year of 1life, A smaller percent of dietary
phosphorus was retained by the group recelving the low calcium
diet.

Hansard et al. (1954) investigated the effects of age on
calcium absorption and excretion. Thirty-four Hereford cattle
ranging in age from 10 days to 190 months were used., Animals
over 36 months of age were in negativé calcium balance. There
was little difference between apparent and true digestibility
of calcium with the younger animals. As the age of the animal
increased, apparent digestibility Qgcreased much more than true
digestibility. The percent of calcium intake absorbed decreased
with age from 99t 0.5 at ten days of age to 22 4.0 percent in
the aged animals. The fecal calcium from body stores increased
from 33 2.0 percent at ten days of age to 45f 9.0 percent in
aged animals, The dally endogenous fecal calcium expressed as
milligrams per kilogram of body welght was not significantly
different between 30 days of age and maturity.

Hutton et al, (1967) conducted 89 balance trials with 6
lactating dairy cows fed fresh cut pasture herbage for 32 weeks,
Availabiiity of calcium and phosphorus was determined by com-
paring the amount of each element consumed and excreted, Cal-

cium availlability varied widely between weeks but only slightly
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between cows. There seemed to be no relationship between per-
centage of calcium in the feed and the concentration in the feces,
urine and milk, The amounts of calcium in milk and feces re-
mained relatively constant. The mean apparent availabllity of
celcium in these experiments was 22.5 percent ahd varied from
=7 to 40 percent for individual cows. The level of phosphorus
in the forage remained relatively constant as did the percent
in the feces. Seventy-five percent of the available phosphorus
was excreted in the milk. The mean apparent availability of
phosphorus was 34 percent and ranged from 12 to 55. There was
a high correlation between the amount of ingested phosphorus
and the amount of phosphorus excreted in the feces,

Tillman et al. (1959) concluded that low, medium or high |
dietary levels of phosphorus did not significantly affect the
emount of endogenous fecal phosphorus or the true digestibility
of phosphorus. Urine calcium content increased at the lower
phosphorus levels indicating that if sufficient phosphorus is
not avallable for bone calcification the excess calcium is ex-
creted in the urine,

Apfelbaum and Brigant (1964) used a balance study with
rats to investigate the absorption and excretion of phosphorus
as influenced by dietary phosphorus level and the calcium to
phosphorus ratio. They found that when intake of calcium was
high the excretion of phosphorus in urine decreased and fecal

excretion of phosphorus increased over the levels excreted when
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dietary levels of calcium were low, indicating the possible
formation of insoluble calcium phosphates. Unabsorbed phos-
phorus in feces increased as dietary intakes of calcium and
phosphofus increased. |

Archibald and Bennett (1935) conducted a trial with 2
groups of dalry heifers receiving different levels of phos-
phorus., The heifers on the high phosphorus diet retained more
phosphorus but the low dietary phosphorus heifers retained a
higher percent of thelr dietary phosphorus. The low dietary
phosphorus intake had no significant effect on the retention
of calclum,

Preston and Pfander (1964) divided 24 whether lambs into
3 groups and fed complete rations gontainins 0.12, 0.15, and
0.29 percent phosphorus. Both the percent and the total amount
of endogenous phosphorus in the rumen fiuid increased with in-
creasing dietary phosphorus levels, It was concluded that the
decrease in plasma inorganic phosphorus levels which was ap-
parent within one week caused the éndogenous phosphorus secre-
tion into the rumen to be decreased.

Compere et g1, (1967) studied the true digestibility of
phosphorus in lambs during the period of transition to func-
tional ruminants, They reported that the trué digestibility
of phosphorus decreased during weaning., Phosphorus content
of the feces increased sharply as the rumén became functional

while urinary phosphorus elimination decreased. Young et el.
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(1966c) added phosphorus to the ration of phosphorus depleted
sheep and found s marked increase in the excretion rate of
metabolic fecal phosphorus, This indlcated that the intestinally
- secreted phoSphbrus was not being reabsorbed as readily rather
than a change in rate of secretion. When additional phosphorus
was added to the diet of control sheep, the decrease in amount
of metabolic fecal phosphorus appeared to be due to a decrease
in the secretion of phosphorus into the intestine,

Orie of the first experiments using radioisotopes to deter-
mine "true" digestibility of phosphorus in cattle was conducted
by Kiieber et sl, (1951). Two Jersey cows Were fed a diet of
glfelfa hay and concentrates, They found thatlthe maximum speci-
fic activity of the feces occurred 2 to 3 days after injecting
P32 into the bloodstream, It was assumed that the P32 secreted
into the intestinal contents would appear in the feces 2 days
later., Endogenous phosphorus secretion was positively correlated
with the level of feed intake or rate of fecal excretion. The
cow on the high level of feed intake showed an apparent digesti-
bllity of phosphorus'of 12 percent while the true digestibility
was 50 percent, The cow on the lower feed level excreted more
phosphorus in her feces than she consumed but the "true" digesti-
bility of phosphorus was 64 percent, .

Suttle and Field (1966) studied the effect of water intake
on minerzl metabolism in sheep. Infusion of 10 liters of de-
ionized water per day into the rumen of fistulated sheep resultéd
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in an 1ncreaéed urinary phosphorus excretion of 45.1 percent but
only slightly increased urinary calcium excretion. Fecal cal-
clum and phosphorus excretions were not significantly affected.
Serum concentrations of calcium and phosphorus were not affected:
by the increased water intake. The apparent avallabllity of
dietary phosphorus froﬁ a ration composed of concentrate and
chopped hay increased from 66.2 percent to 77.3 after infusion
of water and on a diet of dried grass from lush spring pasture,
increased from 3%.5 to 56.7 percent, These figures indicate
that since normal apparent availability of dietary phosphorus
is quite low, the infusion of water caused a considerable in-
crease in absorption from the diet. Calclum metabolism was not
significantly affected by the increased water intake, apparently
due to re-azbsorptive mechanisms in the kidney which allow only
a small amount of calecium in urine,
Lewis et 2l. (1951) fed 38 steer calves individually for
120 days on rations containing what they consldered adequate,
borderline, or deficient phosphorus with normal or excess cal-
cium, Borderline and deficient phosphorus ratlons decreased
feed consumed per 100 pounds body weight and rate of gain. An
excess of calcium added to the borderline ration further increased
these effects. Excess caleiﬁm added to the deficlent phosphorus
retion decreased feed consumption but dld not affect rate of galn.
In summary, & large number of experiments have been conducted

to investigate the relatlionship of intake to utillization and ex-
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cretion of calcium and phosphorus, Most of these studles have
shown that as dietary levels are increased the total amount of
mineral absorbed by the animal increases but the percentage of
ingested mineral actusally absorbed may decrease. A low dietary
level of one minerél will usually have an adverse effect on the
absorption of the other. Animals have varylng capaclties to
adapt to different dietary mineral levels;- There 1s disagree-'
ment in the literature as to whether or not dietary level of
calcium and phosphorus is correlated with the amount of endo-

genous mineral excreted.

BECOMMENDED DIETARY LEVELS OF CALCIUM AND PHOSPHORUS

The National Research Council (1963) regard their recom-
mendatiéns for beef cattle of 0.20 and 0.15 percent phosphorus
in finishing and other rations respectively as minimum and with
no margin of safety, Calclum requirements range from 0.15 to
0.37 percent of the ration., Calcium deflciency in beef cattle
is seldom seen except in cattle on rations with only limited
amounts of non-legume forage., Calcium is a critical element
in dairy cattle nutrition. Mineral requirements in addition
to maintenance include milk production and pregnancy and are
listed in National Research Council (1966) recommendations.

Tillman et al. (1959) fed Herford steers weighing 350
pounds three levels of phosphorus after an adjustment perilod
of 47 days on a bastc diet containing 0.12 percent phosphorus.
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The steers were fed individuelly for.70 days phosphorus levels
of 1.5, 2.0 and 2,5 grams per 100 pounds of body weight which
were equivalent to 0.14, 0.17 and 0.20 percent phosphorus on a
dry ration basis. Dicalcium phosphate and calcium carbonate
were used to keep the ceslcium to phosphorus ratio at 3.75:1.
When bone growth and plasma inorganic phosphorus were used as
criteria, the 2.0 gram level appeared to meet the phosphorus
requirement. However, if growth rate, feed consumption and
efficiency were considered, the increasing phosphorus levels
caused a linear response indicating that 2,0 gram per 100 pounds
of body welght did not meet the phosphorus requirement. .

A 150 day feeding trial with long-yearling Hereford steers
indicated a ration containing 0.2 percent phosphorus was ade-
quate when daily gain, feed consumption and feed required per
100 pounds gain were used as criteria, according to Pope et gl.
(1958).

Sixty-three pregnant yéarilng beef heifers were divided
into five lots in a study conducted by Thomas et z21. (1965).
One lot was given no ﬁiﬁter supplement, the other four lots
were fed a 20 percent protein supplement containing 0.5, 1.0,
1.5 or 2.0 percent phosphorus during the wintering period for
three years, The cows and thelr calves were turned together
during the summer grazing period and were given no supplement
except salt. A summary of the three years'! data show the adjusted
average weaning weights of the calves to be 183, 200, 208, 200
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end 205 kg, and percent calf erops of 90, 81, 88, 98 and 9%
respectively for the 4 phosphorus levels, The average ¥eening
weights appear to favor the rations contalning some supplemental
phosphorus,

Wise et al. (1958) reported that 0.22 percent phosphorus
was the ninimal level for 200 to 275 pound calves with an ad-
ditional 0.08 percent supplying an adequate safety factor.
Burroughs et al. (1956) fed twenty-four 600 pound steers in a
167 day trial to determine if additional amounts of phosphorus
over the 0.18 percent recommended level would increase welight
gain and efficiency on a fattening ration. The basal ration
composed of ground shelled corn, ground corncobs, molasses and
a protein supplement, contained 0.18 percent phosphorus, The |
steers were divided into four lots as follows: basal rationm,
basal ration supplemented with dicalcium phosphate to 0.25 and
0. 33 percent phosphorus, and basel ratlion supplemented with
~colloidel clay to 0.33 percent phosphorus, The results of this
experiment indicate that for top feedlot performance, the ration
should contain more than 0.18 percent phosphorus. The blood
phosphate levels of &l1 the cattle were statistically similar,
suggesting that this may not be a sensitive criterlia to use in
establishing phosphorus requlrements. The ration contalning
0.25 percent phosphorus appeared adequate to support maximum
feedlot performance. The ration supplemented with colloldal

clay to a phosphorus level of 0,33 percent did not givé any
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better results than the basal ration containing 0.18 percent,
These researchers concluded that the avallabllity of phosphorus
may be as important as the actual percentage of phosphorus in
the ration,

The literature shows conflicting recommendations for min-
eral requirements, Calcium requirements for cattle have been
studied less than phosphorus requirements, Much of the contro-
versy involving recommended levels of mineral supplementation
can be partially explained by a quotation from the National
Research Council (1963), "Data on the avallability of calcium
and phosphorus in various feeds are meager and requirements
are expressed in terms of gross amounts needed with little

consideration being given to avallabllity".

THE INFLUENCE OF CALCIUM TO PHOSPHORUS RATIO

The ratio of calcium to phosphorus varies widely between
rations depending on the type and quantity of feedstuffs used.
Several workers have approached the problem of avallablllty by
1nvestigating the effects of Ca:P ratio,

Davis_(1959b) reported that Ca:P ratios of 7:1 or even 10:1
may not cause abnormal performance if the phosphorus level in
the diet is at least 0.16 percent. When phosphorus is below
0.13 percent a widening Ca:P ratlo resulted in a depressed
avallability of phosphorus and may result in phosphorus deficlency

symptoms., Similar concluslons were reached by Young et 2l.

(lq66kﬂ in a feeding trial with sheep. Four to six month old
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whethers were fed diets low in phosphorus and adequaté in cal=-
cium or adequate in both caleium and phosphorus. Phosphorus
absorption was not affected by Ca:P ratic when phosphoris was
edquate, However, a wide Ca:P ratio lowered phosphorus absorp-
tion when the dlet was deficlent in phosphorus, A diet low in
phosphorus reduced calcium absorption, and when dietary phos-
phorus level was raised, calclum absorption increased.

Lueker and Lofgreen (1961) fed lambs rations with Ca:P
rations of 0.8:1, 2,8:1 and 6.0:1 with the element present in
the lowest amount sufficient to meet the Natlonal Research
Council recommendstions, The Ca:P ratio had no effect on the
amount of calclium or phosphorus absorbed, The amount of either
calcium or phosphorus absorbed was however directly related to
the amount fed., A ratio of 6.0:1 caused the smallest excretion
of metabolic fecal phosphorus, The ratio of calecium and phos-
phorus absorbed in this case was 1:1. Working with dalry cattle,
Dunham (1969), compared ratios of 1.4:1 to a ratio of 2,9:1 and
1.3:1 to 2.3:1 with and without vitamin D supplementation. He
reported that the Ca:P ratios used did not appear to influence
phosphorus utilization. The wider Ca:P ratios favored the re-
tention of calcium and also resulted in less phoéphorus in blood
cells,

Colovos et al. (1958) concluded that the digestibilitles of
protein and energy are reduced by the addition of calcium above

the requirements when the ration had a wide Ca:P ratio., Weales
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(1936) studied the effect of adding calcium carbonate to a.ration
supplemented primarily with prairie hay. The heifers not re-
celving the calcium supplementation had a higher percent ealcium
retention, Wise et 2l. (1963) summarized the Ca:P ratlo problem
in en experiment in which Hereford calves were fed nine Ca:P
ratios ranging from 0.4:1 to 14.3:1. Similar performance and
feed conversion resulted from rétios-of 1:1 to 7:1. Ratios
above and below these values were detrimental to performance
and feed conversion. Growth was depressed more severely at the
lower ratios than at the higher ones. Optimum growth occurred
at a2 ratio of 4,8:1. This experiment indicated that ruminants
| will tolerate a much wider range of Ca:P ratios than nonruminants
but are less tolerant of a ratio less than 1:1. |

Dowe et gl. (1957) conducted a 140 day feeding trial with
Hereford steer calves fed 4 pounds of ground shelled corn and 1
pound of soybean oll meal Withlﬁrairie hay free cholce. Ground
limestone was added in varying amounts to produce Ca:P ratios of
1.3:1, 4,3:1, and 9.1:1. Serum calcium levels were not elevated
by the increased Ca:P ratio; serum inorganic phosphorus levels
were depressed but not below a level considered adequate for good
nutrition.

Hoét of the literature shows that ruminants are more tolerant
of wide variatlons in Ca:P ratios than are nonruminants with the
possible exception of high producing dairy cows, Ratios above

1:1 are more favorable than those below this value. The ratlo
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does not seem to be as critical when the lowest element present
meets the animal's requlirements., Hesearch workers have reported
different ratios as being optimum, Values somewhere between 1l:l

and possibly as high as 6:1 appear to be acceptable.

THE EXPERIMENTAL USE OF BLOOD CALCIUM AND
PHOSPHORUS LEVELS

Long et 21. (1957) concluded that experimental rations for
beef cattle should not exceed 0.14 percent total phosphorus when
trying to determine the avallability of phosphorus in mineral '
supplements, These Workers consldered plasma phosphorus levels
a good indlcator of phosphorus avallabllity because the plasma
phosphorus levels were sensitive to change in phosphorus intake.
In fifteen days the addition of 0,04 percent phosphorus to a
0.07 percent basal ration increased plasma values from 4.3 to
5.5 mg, per 100 ml, It took 4 to 5 weeks for detectable changes
to appear in feed consumption and weight change. Feed intake
appeared to be affected less by low phosphorus intake than did
feed efficlency. Steers on the basal ration containing 0,07
percent phosphorus ate 39 percent less feed and required 88 per-
cent more feed per unit of gain than did steers receiving 0.11
percent phosphorus. Ewing et sl. (1957) agreed that plasma in-
organic phosphorus is apparently a satisfactory indicator of
the state of phosphorus nutrition of beef cattle. Wise et al.
(1_9-61) in an experiment conducted with fifty calves to deter-
mine the relative availability of phosphorus in various mineral
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supplements considered serum inorganlc phosphorus level as one
of the most sensitive and reliable eriteria which they used.
This -same criterion was used by O'Donovan et gl. (1965). These
workers reported that serum phosphorus levels gave as good an
indication of phosphorus avallabllity as did apparent and true
" digestibility values. ' .

This theory was refuted by Moir (1966) who concluded that
blood inorganic phosphorus levels were more closely related to
phosphorus intake than to the actual phosphorus status of the.
animal and- therefore not satisfactory for distinguishing a de=-
ficiency condition. Arrington et al. (1963) found cattle blood
phosphorus levels of little value in measuring absorption. Elood
levels of P32 varied greatly among’gnimals at the various time
intervals after oral and 1ntravenoﬁs administration of the radio-
phosphorus, Tissue samples indicated thsat P32 deposition was
greatest in the femur epiphysis and ribs., These were f0110wed_
by the femur shaft, liver, kidney and muscle.

Knox et 2l. (1941) found the inorganic phosphorus level of
- blood was a falirly accurate method of diagnosing phosphorus -
deficlency in range cattle. However blood calecium anslyses
were an unreliasble index of calcium content of the retion. In
a four year study of wéanling calves on semi-desert range Bohman |
et a1. (1961) reported plasma phosphorus was consistently in-
creased by dletary phosphorus supplements, but plasma calecium

levels were not affected by calcium supplementation. There
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was less variation in plasma calcium than plasma phosphorus.

Moxon et g2l. (1947) made calcium and phosphorus determina-
tions on blood samples from 88 head of range cattle collected
over a flve year period. The 1norganic_phosphorus ranged from
1.19 to 9.57 mg. per 100 ml, of plasma with a mean of 4.77.
Calcium content ranged from 4.8 to 19.8 mg. per 100 ml. with a
meen value of 9.9 mg. Kendall et g1, (1966) in an experiment
with aged dalry cows reported average values of 8.96 mg, calcium
and 4,17 mg. phosphorus per 100 ml, of serum in the group not
recelving addltional mineral supplement on a ration contalning
a calcium to phosphorus ratio of 2, 3:1.

Unsheim and Flock {1967) studied the plasma values of in-
organic phosphorus and alkaline phosphatase of 1049 head of
cattle ranging in age from 1 to 12 years. In younger animals
males had lower values than females, The older animals, "showed
an almost linear decrease with increasing age".

Burroughs et al. (1956) felt that blood phosphorus level
was not a good indicator of an animal 's true phosphorus needs
because the requirements for optimum bone growth are not as high
as those for optimum feedlot performance. These researchers
suggested that feedlot performance be used as the basis of
determining phosphorus needs rather than blood studies.

A review of the literature reveals conflicting opinions
among researchers on the value of blood calcium and phosphorus

levels in mineral nutrition research. Blood calcium and phos=-
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pPhorus levels appear to be quite sensitive to changes in intazake.
Blood samples are relatively easy to obtain but may reflect in-
take levels or other factors rather than a true reflectlon of

- an animal's true calcium or phosphorus status, Values of approx-
imately.8.5 to 14,0 mg. of caleium and 3.5 to 7.5 mg. of phos-
Phorus would apparently be considered "normal" according to

Dittmer (1961).

MICROBIAL IN VIVO AND IN VITRO RESEARCH

_Ruﬁen microorganisms have a unique set of minéralrrequire-
ments separate from the requirements of the host. In vivo and
in yitro techniques involving rumen organisms have been used to
investigate the avallability of calcium and phosphorus, and to
try to establish recommendations for dietary mineral levels.
In an experiment with sheep glven four dietary levels of phos=
phorus ranging from 0,42 to 4.02 gm, per day, Tomas et al.
(1967) reported dietary phosphorus lntake was directly related
to phosphorus content of rumen fluid, serum, and parotid saliva.
-Salivary phosphorus appeared to be the main source of rumen
phosphorus. The ratio of dietary to salivary phosphorus increased
with decreasing dietary phosphorus 1ntakes; It appeared that
the effect of dletary phosphorus decrease is multiplied in the
rumen by a correspondingly steeper reduction in parotid salivary
phosphorus concentrations and total salivary phosphorus secretion.

Barth and Hansard (1961) used an in vitro experiment to con-



-

firm the need of rumen microorganisms for calcium, Their experi-
ment indicated that calcium to phosphorus ratios may be more
critical when utilizing phytin phosphate than when inorganic
phosphorus 1s used to supply dletary mineral supplementation. .

Fonnesbeck end Harris (1961) added monosodium phosphate via
rumen fistulas in sheep fed a continuous diet of coarsely chop-
ped meadow hay, to bring the level df dietary phosphorus to
0.11, 0.22 and 0.33 percent. In this study volatile fatty sacid
production was not significantly affected by phosphorus level.
| Evans and Davis (19663) used four rumen fistulated Jersey
steers to determine mineral composition of rumen fluld. A baseal
diet contalning 0.04 percent phosphorus was fed and the phosphorus
content was raised to 0.16 and 0.5% percent by the sddition of
NEHZPoh . H20. They found that rumen fluld phosphorus seemed
to plateau just above the 0.16 percent dietary level which was
eqﬁivalent to 31 mg. per kilogram of bedy welght. Dlietary phos-
phorus levels of 0.04, 0.16 and 0.54 percent resulted in rumen
fiuid phosphorus levels of 0.87, 2;30 and 2,87 percent in rumen
fiuid dry matter or 198, 417 and 543 meg. per ml, of rumen fluid.
Evans and Davis (1966b) recommend that phosphorus content of rumen
fIuid should be 430 mcg. per ml. for optimum in vitro cellulose
digestion.

In vitro studies were conducted by Hall et a1. (196la) to
compare dicalcium phosphate, Curacao phosphate and deflourinated

phosphate as sources of phosphorus for rumen microorganisms.
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The dicalcium phosphate increased microbisl cellulose digestion
whereas the other two phosphorus sources did not. Using cellu-
lose digestion in vitro as the criterion or availability, the
basal ration of cottonseed hulls containing only 0.05 percent
phosphorus was considered to contailn ample quantities of phos-
phorus for the cellulose digesting rumen mlcrobes, Hall et al.
(1961b) compared monosodium orthophosphate, vitreous sodium meta-
phosphate, acid sodium pyrophosphate and calcium phytate to
determine their utilization by washed suspensions of rumen micro-
orgaﬁisms. Cellulose digestion was increased when levels of 20
to 100 mcg, of phosphorus per ml, of medium were added, regard-
less of the source. These results indicate that in vitro cellu-
lose breakdown may not necessarily be indicative of avallability
of various phosphorus sources for the host anilmgl, because Ammer-
man et a1, (1957) found vitreous cslcium metaphosphate a poor
source of phosphorus for young lambs, It 1s possitle that these
lambs may not have had functional rumens at that age.

The literature demonstrates the need of caleium and phos-
phorus for rumen microorganisms, Much of the phosphorus in the
rumen is obtained via saliva, Not all researchers are ln agree-
ment that in vitro results are valid tests of avallabllity of

calcium and phosphorus for the host animal,

AVAILABILITY OF CALCIUM AND PHOSPHORUS
FROM INORGANIC SUPPLEMENTS

More research has been conducted on the avallabllity of
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calcium and phosphorus in lnorganic supplements than in any of
the other categories of feedstuffs, 1In most cases mineral sup-
plements are fed to add elther one or both of these elements to
the diet of ruminants. Supplements which have been most Pre-
quently used in avallability studies aré dicalcium phosphate,
defluorinated rock phosphate, Curacao Island phosphate, colloidal
clay phosphate (soft phosphate with ¢olloidal clay), bone meal
end ground limestone (calcium carbonate).

Ammerman et al. (1957) fed yearling steers on a low phos-
phorus diet of 1ong_prairié hay and one pougd corn gluten meal
for a 126 day period of phosphorus depletion. Two commercial
dicalcium phosphates, two galcined defluorinﬁted phosphates,
bone meal, soft phosphate with colloidal clay and Curacao Island
phosphate were fed at levels of approximately 1.7 or 1.0 grams
of Pﬁosphorus per 100 pounds body weight., The supplements were
of equal value in maintalning blood phosphorus concentration
and promoting phosphorus retention in yearling steers. 1In
young lambs the phosphorus in dicaleclum phosphate and Curacac
Island phosphate were well utilized but the phosphorus in the
soft phosphate and the calecined defluorinated phosphate were
poorly utilized.

Long et 21. (1956a) conducted a feeding trlal with beef
heifers to compare dicalcium phosphate and soft phosphate with
colloldal clay. A control group was fed a basél ration contain-

ing 0.09 percent phosphorus. Growth rate and feed consumption
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date strongly favored the group receiving dicalcium phosphates.
The group fed soft phosphate exhibited pica,.coprophagy, walked
wlth difficulty, and falled to recover when placed on pasture
at the end of the experiment. Differeﬁces in plasma inorganie
phosphorus concentrations of the control group and the soft
phosphate group were not statistically Significant at the 5
percent level. The dicalcium phosphate group increased in
plasma inorganic phosphorus content while the other two groups
did not change during the feeding trial following the depletion
perliod. |

Burroughs et al. (1956) divided 24 yearling Hereford steers
into four lots for a 167 day feeding trial to investigate the
effects of supplementing an 0.18 percent phosphorus basal ration
to 0,25 and 0.33 percent with dicalecium phosphate and to 0.33
percent with soft phosphate containing collolidsl clay. The soft
phosphate supplemented group did not produce increased gains
or efficiency over the group recelving only the basal ration.
The dicalclium phosphate supplement increased galn and efficlency
indicating it was a more usefully avallable form of phosphorus.
Similar results were found in an in vitro study with rumen mloro-
organisms, Anderson et al. (1956) used an in vitro technique
to obtain the followlng values for phosphorus availability from
various supplements using sodium and potassium phosphate as the

standard phosphate solution shown 1ln Table 1.
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Table 1 - Comparative Rating of Phosphorus Availability

From Supplements Tested by Artificiel Rumen Technique

Meg., of phosphorus added per ml.

Supplement of medium

10 20 4o Ave.
“Batings —

Sodium and potassium
phosphate, std. 100 100 100 100
Composite dicalcium phosphate 98 82 100 93
An ascidulated product 61 56 74 64
Steamed bone meal _ 28 29 29 28
Curacao Island phosphate 17 5 13 12

Soft phosphate with
colloidal clay 0 2 3 2

/

Diealcium phosphate, bone meal, defluorinated rock phos-
phate, imported rock phosphate and colloldal phosphate were com=-
paréd as phosphorus sources for yearling steers by Ammerman et
al. (1954). Calelum carbonate was added to keep the calcium to
phosphorus ratio of all rations at 2.5:1. Approximately one
half of the total phosphorus in the ration was supplied by the
basal ingredients. No significant differences were found in
percent phosphorus retained.

O'Donovan et al. (1965) used a balance trial to compare the
avallability of phosphorus in defluorinatgd phosphate, dlcalcium.
phosphaée (U.8.P.) and feed grade dicaleium phosphate. The min-
eral supplement was added to bring the total phosphorus in the
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diet to 1.5 gr. of elemental phosphorus per 45 kg. of body weight
daily. The formula used was:

| Total _ P in - {Total P _ Basal P
True P Intake basal ration \ Excreted Excreted
Digestibility = 100

(Total P Inteke - P in Basal Ration)

Table 2 - Results of Balance Trial Conducted by
O'Donovan et al. (1965)

Apparent Digestibility True Digestibllity
Dicalecium Defluorinated Dicalcium Defluorinated
Phosphate Phosphate Phosphate Phosphate

Means of .

trials I - IV 47.8 .1 90.6 84,6
Dicalcium Dicalcium Dicalcium Dicalcium
Phosphate Phosphate Phosphate Phosphate
gU.S,P.Z gFeed grade! SU.S.P.[ SFeed 5rade2

Mezans of

trials V - VI 46.8 7.6 82.0 84,7

The availability of phosphorus in U,S.P, and feed grade dicaleclunm
phosphate and defluorinated phosphate was not significéntly dif-
ferent when compared using true digestibility and serum phosphorus
changes as criteria. Much lower true digestibllity values were
reported by Lofgreen (1960) in an isotope experiment involving
mature whethers, The true digestibility of phosphorus in dical-
ciun phosphate was 50 percent; bone meal.rbé percent:.soft phos-
phate, 14 percent; and calcium phytate, 33 percent. He further
stated, "It is interesting to note than even though only 14 per-
cent of the phosphorus of the soft phosphate was absorbed, thils
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amount was apparently sufficient to meet the needs of the animals
because the larger amounts absorbed from the other supplements
 were merely excreted back into the gut as part of the metabolic
fecal phosphorus", |

Ammerman et al. (1955) used weanling lambs to evaluate di-
calcium phosphate, soft phosphate with colloidal clay and de-
fluorinated rock phosphate. Serum phosphorus levels fell from
about 10 to about 6 mg., per 100 ml, during the depletion period
but rose during repletion an aversge of 2.4, 2.6, 1.3 and 1.3
mg, per 100 ml, reSpective1§ (P<,01).

The apparent absorption, excretion, énd tissue depositionr
of P32 by cattle from dicalcium phosphate, defluorinated rock
phosphate and soft phosphate was investigated by Arrington et
al. (1963). Net retention was calculated as follows:

Net Retention = (P72 administered) - (Fecal + Urinary P32) x 100
(P Administered)

They reported average net retention of phosphorus values of 67.6
percent for dicslcium phosphorus, 47.71 percent for defluorinated
rock phosphate and 45,81 percent for soft phosphate.

Using feed intake, galn and plasma phosphorus levels as
ecriteria, Long et 2l. (1956b) found no significant differences
between phosphorus avallability in steamed bone meal, Curacao
Island phosphate and dicalcium phosphate when fed to beef heifers
at a dletary phosphorus level of 0,15 percent. Heifers on the

basal ration containing 0.07 percent phosphorus declined in feed ~
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intake, made smaller gains and exhlbited decreased plasma phos-
phorus levels,

Wise et g1. (1961) used fifty Holsteln cslves in an experi-
ment to compare semi;purifiéd diets éupplemeﬁted with-dicﬁlcium
phosphate, defluorinated rock phosphate, Curscao Island phosphate
and colloidal clay phosphate. Fifty-six percent of the dietary
phosphorus was retained by calves on the basal diet supplemented
with dicalcium phosphate. Phosphorus from the defluorinated rock
phosphate ration was only slightly less available, Curacao Is-
1aﬁd phosﬁhate cloself appfoacﬁed the defluorinated rock phos-
phate in availability., Soft phosphate with colloidal clay was
the least satisfactory supplement with less than half the phos-
phorus in this source available to the young calf, These workers
reported that serum inorganic phosphorus level was a good indi-
cator of phosphorus availability. Wentworth et al. (1960) con-
ducted a similar experiment using a basal diet containing 0.10
percent phosphorus, Calves receiving soft phosphate supplement
ate less and had lower gains; thelr ribs grew less and had a
significantly lover ash and phosphorus content than the calves
receiving dicalcium phosphate, defluorinated rock phosphate and
Curacao Island phosphate.

Hodgson et al. (1948) compared steamed bone meal and de-
fluorinated superphosphate as phosphorus supplements during two
winter feeding periods with yearling steers. Both mineral sup-
plements were acceptable when force fed by mixing them with the
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feed. However, neither provided an adequate smount of phosphorus
when fed free choice either alone or mixed with salt,

Both feeding trisls and an lisotope experiment were conducted
by Matsushima et g;.'(1955) to investigate the effect of particle
size on availabllity of calcium and phosphorus for growing beef
cattle, The results of blood studles, isotope research and break-
ing strength of bones indicate that course and fine textured lime-
stone and bone meal were of egqual value, The apparent digest-
ibility of calclum ranged from 10 to 36 percent and the true
digestibility of calcium ffom 33 to 56 percent.

Seqﬁestering phosphatiec solution is an ammonium polyphos=-
phate solution that has been used in the fertilizer industry but
had not been tested as a phosphorus source for ruminants., Johnson
and ﬂcClure (1967) compared a sequestering phosphatic solution
with dicaleium phosphate in a steer feeding_trial. They reported
that the two supplements appeared to support normal performance
and inorganic phosphorus serum levels. The nonorthophosphates,
wWhich were primarily pyrophosphate, are apparently available for
ruminants as a phosphorus source based on their work.

Chicco et al. (1965) compared the utilization of inorganic
ortho -, meta -, and pyrophosphates by lambs and cellulolytice
rumen microorganisms, The eriteria used were apparent absorption,
net retention, absorbed dose retained and tissue deposition of
P32. Solubilities of the phosphates were determined using 0.4
percent hydrochloric acid, 2 percent citric acid and neutral

- ammonium citrate, Results are shown in Table 3.
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Sodium ortho - and metaphosphate and calcium orthophosphate
appeared to be equally available as phosphorus sources. Cal=-
cium pyrophosphate was least évailable based on absorption and
tissue deposition and was apparently unavailable to rumen micro-
organisms,

Rats were divided into lots and glven calcium in the form
of carbonate, sulphate or lactate in a ten day balance study
conductéd by Hugot and Causeret (1957). The physiological
utilization of calcium from all three sources was almost iden-
tical. Florentini et gl. (1964) used twin lambs in an experi-
ment to show an estimated 83 percent retention of calcium from
milk,

Hansard et gl. (1957) pair fed mature Hereford steers and
5- to 7- month 0ld calves a basal concentrate mixture plus hay
to deternine the relative calcium avalilablility from several
organic and inorganic sources, True digestibility values wWere
determined from 109 concurrent individual chemical and radio-
caleium balance studies, Results are shown in Table 4, The
mature steers had higher endogenous calecium losses which made
the apparent digestibilities appear much lower than true diges-
tibility. In the younger calves the two measures were more
similar, Results of this study indicate age of the animel has
more effect on the calcium absorptivity than the source of cal-

cium,
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Table 4 - Apparent and True Digestibility of Calcium From

Several Sources for Mature and Young Steers

Mafure Steefs _ Young Steers

Apparent True Apparent True
Source Digestibility Dilgestibility Digestibllity Digestibility
Bone meal 16 55 47 68
Calciun
Carbonate 1 40 26 51
Calcium
Chloride 26 . 53 38 60
Calclunm
Phosphate
(di-basic C., P,) 14 50 39 64
Calciunm
Phosphate /
(monobasic C. P.) 19 56 35 61
Dicalcliunm
Phosphate
(5 sources) =19 to 4 38 to 56 20 to 44 56 to 60
Ground ,
Limestone 15 37 28 45

Because many of the diets normally consumed by ruminants are
composed of feedstuffs high in calcium and only marginal or low
in phosphorus content, research has been done to find supplenents
which would furnish phosphorus without addition of calcium to the
ration., One of these supplements is phosphoriec acid.

Richardson et al. (1961) compared phosphoric acid with steamed

bone meal as a source of supplemental phosphorus in wintering and
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fattening rations, Seventy-four Hereford heifers 1n1t1a11y
welghing an average of 441 pounds were used., These researchers
reported that phosphoric acid appeared to be an acceptable source
of phosphorus. However the rations used were not considered low
phosphorus type rations.

Tillman and Brethour (1958a) used twelve yearling steers
divided into two lots to compare the true digestibility of phos-
phorus in phosphoric acid and in dicalcium phosphate with iso-
tope techniques, The phosphorus supplements supplied 60,2 per-
cent of the total ration phosphorus. Caleium carbonate was
added to the phosphorlic acid supplemented ration so that the
celcium to phosphorus ratios of both would be 2.27:1. Compari-
son of apparent digestlbility, net retention, fecal endogenous
excretion and true digestibility showed no significant differ-
ences in avallability of phosphorus in elther supplement. The
true digestibility of the phosphorus in phosphoric acld was 76.3
percent while that in dicaleium phosphate was 75.2 percent,

Forty Hereford heifer calves were wintered on bluestem
grass plus 1.5 pounds of soybean oil mezl and 0.2 pounds black=-
strap molasses daily in a trial conducted by Menzies et al.
(1955) to compare phosphoric acid tc bone meal as a phosphorus
source for ruminants, Lot 1 recelved the basal diet, lot 2
recelved 8 grams of phosphorus from steamed bone meal, and lot
3 and 4 received 8 and 4 grams of phosphorus respectively from

phosphoric acid. During the 162 day wintering phase average
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dally gains of 0.41, 0.42, 0.48 and 0.53 pounds respectively
were reported. Blood serum phosphorus levels wWere maintained
at the initial level of approximately 9 mg. percent in all sup-
plemented lots but the control group dropped to 6,12 mg.'per—
cent in PFebruary, A second phase of this experiment involved
a balance trial with lambs, On the control containing 0,96
grams of phosphorus dalily, 0.32 grams were retailned., The addi-
tion of one gram of phosphorus from phosphoric acid increased
the retention to 0,46 grams daily. The workers further reported
that the phosphoric acld was highly palatable and produced no
111 effects.

The 1iterature contains a large volume of data on the
avallability of calcium and phosphorus in inorganic mineral
supplements. Some of the research indicates that the age or
physiologlcal condltion of the animal may have as great an in-
fluence on avallability of these elements as does the source.

' This may explain why wide variations are reported in availability
values, Dicalcium phosphate was the standard most frequently
used in comparison experiments, The "true" digestibility of

the phosphorus in the above supplements ranged from approximately
50 to 75 percent, Experiments with phosphoric acid show it to
be of comparable availability., The "true" digestibility of cal-
cium in the commonly fed supplements ranged from approximately

4o to 70 percent. Soft phosphate with colloldal clay was the

least satisfactory supplement in most of the trials.



RESEARCH ON THE AVAILABILITY OF CALCIUM AND
PHOSPHORUS IN ORGANIC FEEDSTUFFS

Urb;nyi (1959) stated, "a plant diet must contain 5 to 7
times as much calcium and 2 to 3 times as much phosphorus as
the absolute requirement of the animal", |

Much of the phosphorus of various plant feedstuffs is
organically bound in a hexaphosphoric acld ester of inositol
called phytic acld. This may occur as salts of calcium, mag-
nesium, potassium, etc. Phytic phosphorus 1s not readily utilized
by monogastrics. According to Taylor (1965) phytates influence
calcification in monogastrics in two important ways. First
insoluble calecium phytate formed in the gut interferes with
calecium absorption., Secondly phyt;tes fall to provide inorganic
phqsphate equivalent to what would be expected from total phos-
phorus analysis., Tillman and Brethour (1958b) used twelve
whethers, 18 months old, to compare calclum phytate and mono-
caleclum phosphate as phosphorus supplements. These supplements
provided 70 percent of the total phosphorus in the rations. No
statistically significant differences could be found between
treatments when based on the criteria of apparent digestibility,
net retention, fecal endogenous excretions and true digestibllitj
of the dietary calcium and phosphorus indicating that phytin

phosphate is apparently hydrolyzed by ruminants. In witro rumen

studies were conducted by Raun et gl. (1956) to determine if
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rumen microorganisms have the ability to hydrolyze cslcium phy-
tate to free inorganie phosphorus which can be absorbed by the
host animsl. Results indicate that rumen microbes produce the
enéyme phytase. Percent cellulose digestion was compﬁrable for
microorganisms sﬁpplied.standard inorganic phdsphate and phos-
phorus in the form of calecium phytate. |

Much of the phosphorus in seeds and their by-produects is
in the form of phytin. Ellis and Tillman (1961) fed 5 to 6
month old iambs & ration in which 9i percent of the total phos-
phorus was supplied by wheat bran, The apparent digestibility
of phosphorus was 14,75 percent and the true digestibility as
determined by isotope procedures with P32 was 25.49 percent,

Forage materials fed to ruminants usually comprise much
of the ration for growiﬁg or mature ruminants, Breeding herds
are normally maintalned on pasture and hay with mineral supple-
mentation, Forages vary in thelr mineral composition between
species and varieties, Even the same crop may vary wWidely de-
pending on its stage of growth and maturity. Hutton et al.
(1967) reported that the calcium to phosphorus ratio of fresh
cut New Zealand pasture herbage fluctuated from 1.7:1 in QOctober
to 4,8:1 in February. Heinemann et gl. (1957) found that an
annual application of 66 pounds of avallable phosphorus per acre
produced alfalfa hay containing 1.48 percent ealecium and 0.26
percent phosphorus while the unfertilized soll produced alfalfa
hay with only 1.20 percent calcium and 0,14 percent phosphorus.
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Phosphorus applied to the soil as fertilizer is utilized by the
enimel eating the forage., Radioactive P> was reported widely
distributed in most of the tissues and crgané of a steer fed é
grass mixture of fescue and oats harvesfed,from é plot fértilized
h with suﬁerphosphate fertiliéef labeled with P32 by Shirley et
al. (1951). _ ;

Black et 21. (1949) found that pastures fertilized with
triple superphosphate produced forage higher in phosphorus. The
phosphorus and proteiﬁ levgls of the forage Weré'closelj related
to rainfall, being lowest during winter and drought periods.
They reported that supplying phosphorus to cattle via fertiliz-
ing of pastures resulted in highest returns per acre but that
supplying phosphorus supplement thru drinking water produced the
highest return per cow. Seasonal variations in mineral content
of 1ittle bluestem grass (Andropogon Scoparius) were noted by
Drake (1964)., Results are shown in Table 5.

Table 5 - Seasonal Variation in Calcium and Phosphorus
Content of Little Bluestem Grass

Season
Mineral Spring Summer . Fall Winter
Calcium _ 0.44 0.44 0.45 0.40
Phosphorus 0.115 0.12 0.09 0.07

He reported serum phosphorus levels of cattle grazing this range
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showed corresponding seasonal variations,

Lofgreen andhxleiber (1954) conducted an experiment with
four lambs glven a single injection of radioactive phosphorus,

- to determine the avallability of phosphorus in alfalfa hay. An
average of 92 percent of the phosphorus in the feces was of
metabolic origin. The average true digestibility of phosphorus
in the a21falfa hay was 94 percent. In an earlier experiment
Lofgreen and K1E1ber (1953) fed five whether lambs & ration of
chopped number 2 alfalfa hay. The lambs were put-in metabolism
crates and injected with 150 microcuries of p>? every six hours
for 14 injections. Approximately 88 percent of the phosphorus
in the feces was of metabolic origin leaving 12 percent that was
unavallable or unabsorbed from the diet. The apparent digesti-
bility of the phosphorus in alfal fa hay averaged only 22 percent
but the true digestibility was 91 percent indicating that the
phosphorus was highly avallable,

Welr et g1. (1958) conducted feeding trials with both sheep
and steers using alfalfa hay of varying phosphorus levels. Hay
containing 0.10 percent phosphorus produced poor animal gain,
feed utilization, and depressed serum phosphorus levels, These
conditions were improved when disodium phosphate was added to
the ration, Hay with 0.15 percent phosphorus appeared equal
in feeding value to hay containing greater amounts of phosphorus.
Digestion trials with lambs showed no difference in digestibility

of the various nutrients. Variable results were obtalned from
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calcium balance trials.

Hansard et al. (195?)_reported the values shown in Table 6
for digestibilities of caleium in an eiperiment involving ?air
feeding of mature snd 5- to 7- month old Herford steers.

Table 6 = Apparent and True Digestibility of Calecium From

3 Hay Sources for Mature and Young Steers

Mature Steers Young Steers

Apparent True Apparent True
Source Digestibility Digestibility Digestibility Digestibility

Alfalfa

Hay #3 -1 51! 18 : I
Lespedeza )
Hay #2 8 36 17 50
Orchard

grass #2 -7 39 7 26 51

These values were lower than values obtained for inorganic cal-
elum sources in the same experiment. (See Table 4)., This may
have been due to the presence of calcium=binding substances 1n
the hays that decreased avallablility for absorption or lowered
solubility of the calcium in the hay according to the authors.
Age of the animal agppeared to affect avallability more than the
source,

Watkins (1933) conducted a feeding and digestion trial with

yearling Herford steers on a ration of native New Mexico pralrie

hay supplemented free cholce with salt and elther bone meal or
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disodium phosphate. One group of steers received 0.75 pounds
of cottonseed meal daily. He reported that the cottonseed meal
was an efficlent supplemental source of proteln and phosphorus
as indicated by daily gain. The data 1ndicétedra correlation
betweenlnitrogen balance and calcium and phosphorus balances,
When the nitrogen was more nearly balanced, the phosphorus re-
quirement appeared lower, Calcium balance was affected in the
same way but to a lesser degree.

Heinemann (1965) fed thirty-six yearling beel steers in 3
groups on a ration of ground ear corn supplemented with 41 per-
cent proteln cottonseed meal, cottonseed meal enriched with a
nitrogenous additive to contain the equivalent of 41 percent
protein, or urea at the average rate of 21.3 grams per head
daily., Each group was given 15 pounds of clean soll per week
in a feeder, iodized salt and salt-bone meal (1:2) free choice.
About 2 pounds of bone meal per animal were consumed monthly,
Relatively low quality hay was used as the roughage, Digesti=-
bllity values in Table 7 were obtained using the nylon bag in
¥ivo method. Digestibility was defined as the percent of
original calcium or phosphorus that disappeared from the bag,
No explanation was given for the unavallability of calcium from
the corn and protein supplements or for the indication that
calcium from the alfelfa hay, bone meal and soil was apparently
being tied up by the ear corn and supplement, The results of

other research indicate that phytin may have been involved.
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Table 7 = Percent Digestibility of Calcium and Phosphorus
In Various Ratlions For Yearling Steers As Determined

Using the Nylon Bag In Vivo Method

Percent Digéstibiiitx

Feedstuff : Celcium Phosphorus
Alfalfa Hay 7h4.6 61.1
Ear Corn Meal * 78.5
Regular Cottonseed Meal ' » 85.3
Nitrogen Enriched Cottonseed Meal * 87.9
Concentrate + Supplément (csM) * ol
Concentrate + Supplement (CSM) * 4h, 3
Concentrate + Supplement (N-enriched CSM) ¥ 71.7
Concentrate + Supplement (N-enriched CSM) *# 50.7
Concentrate + Supplement (urea) 11,1 72.8
Concentrate + Supplement {(urea) * 2.9

#Calcium content inereased from pre-to-post-digestion,

The literature contains relatively little information on
the availability of caleium and phosphorus in feedstuffs of
plant origin. Much of the phosphorus in these feedstuffs seems
to be bound in the form of phytin. The formation of calecium
phytate interferes with calcium absorption. BRumen microbes
produce the enzyme, phytase, which has been shown to free in-

organic phosphorus from phytin phosphate. In an experiment
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with 5- to 6~ month o0ld lambs fed a ration in which 91 percent
of the total phosphorus Was supplied by wheat bran, the "true"
'digestibility of the phosphorus was reported to be 25,49 per-
cent., Phosphorus content of forages vary depending on the
stage of growth, fertility of the soll and other factors. True
digestibility values for phosphorus in alfalfa hay have ranged
from approximately 40 to 94 percent. Calcium values of approx-
imately 31 to 74 percent have been reported. One researcher
found that ear corn and cottonseed meal contained phosphorus

that was approximately 78 and 85 percent digestible respectively.
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SUMMARY

Minerals are essentlial fof the normal maintenance, growth,
reproduction and production of farm animals, Two of the macro
el ements needed,are calcium and phosphorus. Nutrient requirement
tables 1list the recommendatlons for cattle in terms of grams per
day or as a percentage of the total ration. Feed composition
tables show only the total calclum and phosphorus content. This
report was prepared in an attempt to summarize research conducted
by others to determine the amount of calcium and phosphorus in
feedstuffs actually avallable to cattle and some of the factors
that affect availabllity and utilization of these elements,

Crampton and Lloyd (1959), Ellenberger (1950), and Mitchell
(1947) have demonstrated the importance of calclum and phosphorus
to normal body functions. These two elements comprise over 70
pefcent of total body ash. There is a continning exchange of
these elements between the skeleton and soft tissues, Crampton
and Lloyd (1959) estimate that appfoximately 1 percent of the
celecium and phosphorus in the body is exchanged daily. Mayer
(1968) reported that parathyroid glands of cattle function in
calecium homeostasis much the same way as in other snimals but
are probably not relied on as frequently because cattle usually
consume large amounts of calcium rich feeds. Care (1968) indi-
cated that the thyroid glands secrete a hormone in response to
hypercalcemia in the young of several species including sheep.
Capen (1968) and Dunham (1969) both reported that vitamin D

increased the absorﬁtbn and retention of calcium and phosphorus
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in cattle. The pH of the intestinal tract plays a role ir the
amount of calcium.and phosphorus absorbed. An increase in pH
as may océur when high levels of calclum carbonate are fed_may
.favor the formation of 1nso1ub1e tricalcium phosphates accord-
ing to Davis {1959a). Phosphorus deficlency could result when
high levels of calcium are fed with only marginal phosphorus
levels,

Calcium was absorbed by active transport while phosphorus
waé absorbed by passive diffusion in work reﬁorted on bj Schachter
end Rosen (1959) and Young et gl. (1966a). Large amounts of
endogenous phosphorus enter the rumen via saliva, Most of the
absorption and excretion of ecalcium and phosphorus occurs in
the small intestine primarily in the jejunum,

_Dietary intake level of calcium and phosphorus has an
effect on utilization of these elements., Hansard and Plumlee
- (1954), Davis (1959b), and Lindsey et al. (1931) found an
inverse relationship between intake level and the percent ab-
sorbed. At higher dietarx levels more pf the elements are ab-
gorbed but the percent actually absorbed decreases. Hahsard
et a1, (1954) and Hansard et al. (1957) have shown that as an
animal becomes older apparent digestiblility of calclumjand phos=
phorus decreases more rapldly than "true" digestibility. There
are conflicting opinions in the llterature as to whether or not
dietary levels of caleium and phosphorus are correlated to the

smount of endogenocus mineral excreted.
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NRC (1963) 1ist phosphorus requirements for beef cattle of
0.20 and 0.15 percent in finishing and other rations respectively
end calcium requirements ranging from 0.15 to 0.37 percent.

-They further state, hoﬁever, that these récommendations are
minimum and may offer no margin of safety. Wise et gl. (1958),
Burroughs et al. (1956) and others have‘indigated that require-
ments for maximum performance may be above these recommendations,

The ratio of calcium to phosphorus in feedstuffs is not as
critical to rumiﬁants as it is to monogastrics. Ratios above
1:1 are more favorable than those below this value., Calcium
to phosphorus ratio is more important to high producing dairy
cows than to beef cattle. Beef cattle have been shown by Davis
(1956b), Wise et al. (1963), and Dowe et gl. (1957) to tolerate
ratios of 1:1 to 6:1 and above without any decrease in perfor-
mance, The ratio of calcium to phosphorus does not appear to
be as critical when the lowest element present meets the animal's
requlirements,

Although blood celcium and phosphorus levels appear to be
quite sensitive to changes in intake, researchers appear to have
conflicting opinions of the usefulness of these paraemeters in
mineral nutrition research, Values of approximately 8.5 to 14
mg, of calcium and 3.5 to 7.5 mg, of phosphorus per 100 ml, would
apparently be considered "normal",

Rumen microorganisms reﬁuire phosphorus to function properly.

Evans and Davis (1966a) and Tomas et al. (1967) have demonstrated
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that rumen in vivo and in vitro experiments are valid in deter-
mining mineral requirements and avallability values of various
inorganic supplements for the host animsl, but Hall et gl.
(1961a) end Burroughs et =l. (1956) have shown rumen microbes
to require differing quantities of minerals than the host.

Most of the research on avallability of calcium and phos=-
phorus in feedstuffs has been conducted with inorganic mineral
supplements, The most commonly studied supplements are dical=-
cium phosphate, defluorinated rock phosphate, Curacao Island
phosphate, colloidal clay phosphate, bone meal and ground line-
stone (calcium carbonate). Wide variations have been reported
for the avallability of calcium and phosphorus in these supple-
ments, Hansard et al. (1957) demonstrated that age of the
animal may be as important as source in determining availability.
Experiments conducted by O'Donovan et gl. (1965), Arrington et
a1, (1963), Wise et al. (1961), Lofgreen (1960), Ammerman et al.
(1955), and others have found that the "true" digestibility of
phosphorus in ﬁhese supplements to range from approximately 50
to 75 percent. Menzies et al. (1955) and Tillman and Brethour
(1958a) have shown that phosphoric acid is of comparable avalle
ability. The "true" digestiblility of calclum in the above min-
eral supplements have ranged from approximately 40 to 70 percent
in work done by Hansard et 21. (1957), Matsushima et al. (1955)
and others, Soft phosphate with colloidal clay appeared to be

the least satisfactory supplement in most of the trials,
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The literature contained only limited information on the
evallesbility of caicium and phosphorus in feedstuffs of plant
origin for cattle, Much of the caleium and phosphorus in these
feedstuffs is apparently bound in the form of phytin. The re-
sults of research by Raun et gl. (1956) and Tillman and Brethour
(1958Db) indicate that ruminants have the ability to utilize the
phosphorus in phytin to some extent but to a lesser degree than
the phosphorus supplied by some of the inorganic mineral sources,
Ellis and Tillman (1961) reported a "true" digestibility value
of 25.49 percent in a ratidn in which wheat bran supplied 91
percent of the phosphorus, The formation of calcium phytate
may interfere with the absorption of caleium, Work by Hutton
et 21, (1967), Hinemann et al. (1957), and Black et gl. (1949)
shows the phosphorus content of forages to vary depending on the
matufity. season, fertility of the soil and other factors{
Lofgreen and Kleiber (1954), Heinemann (1965) and Hansard et al.
(1957) report digestibility values for phosphorus in alfalfa
hay ranging from approximately 40 to 94 percent and calcium
digestibility of 31 to 74 percent, Heinemann (1965) found
that ear corn and cottonseed meal contalned phosphorus that
was approximately 78 and 85 percent digestible respectively.
Most of the literature indicates that the feedstuffs of plant
origin contain more available phosphorus and less available
caleium than the inorganic mineral supplements., It appears
that more research is needed on the complexity of avallability
of calcium and phosphorus in commonly used feedstuffs,
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Calcium anﬁ rhosphorus comprise over 70 pgrcent of tptal
body ash with approximately 1 percent of the body étores of
these elements exchanged'daily between the skeleton and soft
tissues. Calcium and phosphorus recommendations for cattle
are expressed in terms of grams per day or as a percentage of
the total ration, Feed composition tables show only total
calclum and phosphorus content of feedstuffs with no regard
for the amount of these elements actually available to cattle,
Several animgl and feedstuff factors affect the availability
»f calcium and phosphorus.

Caleium appears to be absorbed by active transport while
shosphorus is absorbed by passlive diffusion, Vitamin D increases
the absorption of both., Most of the absorption and endogenous
excretion oceurs in the small intestine: primarily in the jejunum,
liesearch has shown that an increase in the pH of the intestinal
sontents which may occur when high levels of calcium carbonate
are fed may result in the formation of insoluble tricalcium
shosphates, As dletary mineral level 1is lncreased an animal
vil1]l ususally absorb more cglceium and phosphorus but the percent
absorbed may decrease, ' The spparent digestibility decreases
nore than “true® digestibility as an animal grows older.

Recommended phosphorus levels of 0,20 percent in cattle
Mnishing rations have been shown to promote less than optimum
feedlot performance while calcium recommendations of 0.15 to

). 37 percent have generally been reported adequate., Some



researchers have found that rumen microorgenisms require a level
of minersl supplementation higher than the host animal.

Caleciuvm to phosphorus ratio is not as criticsl for runinants
as it is for monogastrios. Ratlos above 1:1 are more favorable
than those below this value, Beef cattle have been shown to tol-
erate ratios of 1:1 to 6:1 and above without any decrease in per-
formance. When both csalcium and phosphorus in the diet meet the
enimal's requirements, the cslcium to phosphorus ratio is not es
eritical as when one of these elemenis is below the recommended
level,

Blood caleium content is quite stable while phosphorus
levels appear to be quite sensitive to change in intake. Re-
searchers have conflicting opinions as to the usefullness of
these parameters in mineral studieé. Blood levels of approxi-
mately 8.5 to 14,0 ng, celciun and 3.5 to 7.5 mg. phosphorus
per 100 ml, would be consldered "normal®,

Host of the research on avallability of calecium and phos-
phorus has been conducted using inorganic mineral supplements.
Availability data varies greatly due at least partially to
enimal factors., "True" digestiblility ranged from approximately
50 to 75 percent for phosphorus end from 40 to 70 percent for
calecium in the commonly used inorganic mineral supplemenﬁs.

Soft phosphate with colloidal clay was the least satisfactory
in most trials,

Czalcium and phosphorus content of.feedstuffs of plant



origin vary depending on maturity, season, fertility level of
the soil and other factors. Much of the calcium and phosphorus
of these feedstuffs may be bound in the form of phyﬁin. Rumen
microorganisms can utilize these phytips to some extent. Phos-
phorus in feedstuffé of plant origin 1s'more avallable than
from inorgenic sources while caleium is slightly less available.
"True" digestibility values of approximately 40 to 94 percent
for phosphorus and 31 to 74 percent for calcium have been re-
ported, More research is needed on the availability of calcium

and phosphorus in the commonly used feedstuffs.



