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Abstract:

One trial involving 24 pigs was conducted to investigate the effect of varying levels of dietary calcium
upon lipid excretion and deposition in swine. Phosphorus and calcium were maintained in a 1:1 ratio in
all diets. Calcium levels, 0.4, 0.8 and 1.2 percent, and calcium sources, limestone and defluorninated
rock phosphate, appeared to be satisfactory for normal growth. Although the effect was nonsignificant,
the 0.8 percent dietary calcium level appeared to induce the highest average daily gain. Treatment had
no effect on feed efficiency. Average daily gain did not demonstrate any significant difference in
the,efficacy of the two calcium sources. The serum calcium level was significantly (P<.05) affected by
the calcium source and 0.8 percent calcium intake level; Increased dietary calcium intake had no effect
on fecal lipid levels. The diets used in the present investigation contained no added fats.

These diets contained only low melting point fats which are not subject to interference by calcium as
are the high melting point fats. The lack of significance could be due to this reason. Data revealed that
increased calcium ingestion caused a significant (P<.01) drop in' serum cholesterol but not in total
serum lipids. Liver and heart total lipid levels showed -no effect due to treatment. The limestone
calcium source when compared to defluorinated rock phosphate appeared to cause a significant (P<
0.5) decrease in heart cholesterol content. The limestone calcium source supplied the calcium in the
form of calcium carbonate compared to tricalcium phosphate from the defluorinated rock phosphate.
This difference in anion ,form may explain the difference in effect due to source here , and elsewhere in
the study. Fecal, tissue and serum lipid phosphorus remained unaffected by treatment.

The investigation indicated that gilts had a lower (P<.05) serum cholesterol level than did the barrows.
The sex hormones may be involved in this difference. At the 0.8 percent dietary calcium level, sex
again appeared to introduce some effect (P<.05) causing an opposite flucuation in the heart cholesterol
content between barrows and gilts.

There was a significant (P<.05) three-way interaction found in analyzing the effect of calcium level,
calcium source and sex on serum lipid phosphorus.. As there were no significant,effects due to main
treatments on this parameter, it is suspected that this interaction may have been due to random
variation.
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ABSTRACT

One trial involving 24 pigs was conducted to investigate the effect
of varying levels of dietary calcium upon lipid excretion and deposition
in swine. Phosphorus and calcium were maintained in a 1:1 ratio in all
diets. Calcium levels, 0:4, 0.8 and 1,2 percent, and calcium sources,
limestone and defluorninated rock phosphate, appeared to be satisfactory
for normal growth. Although the effect was nonsignificant, the 0.8 per-
cent dietary calcium level appeared to induce the highest average daily
gain, Treatment had no effect on feed efficiency. Average daily gain
did not demonstrate anv significant difference in the. efficacy of the
" two calcium sources., The serum calcium level was significantly (P<( .05)
affected by the calcium source and 0.8 percent calcium intake level.

_ Increased 'dietary calcium intake had né effect’ on. fecal lipid levels,
The diéts used in the _present 1nvest1gation contalned fio added fats.
These diets contained only low melting point fats” which are not' subject -

to 1nterference by ca1c1um as_are the high melting point fats,  The lack
of signiflcance could’ be ‘due to this reason. Data revealed that increéased
ca1c1um ingestion caused a significant (P&, o1) drop in serum cholesterol
but not in total serum lipids,' Liver and heart-total 11pid levels showed
‘no effect due to treatment. The limestone calcium source when compared to
defluorinated rock phosphate appeared to cause a significant (P<£0.5)
decrease in heart cholesterol content., The limestone calcium source
- supplied the calcium in the form of calcium carbonate compared to tri-
.ca1c1um phosphate from the defluorinated rock phosphate. This difference
in anion form may explain the difference in effect due to source here
,and elsewhere in the study. Fecal, tissue and serum lipid phosphorus
remained unaffected by treatment.

The investigation indicated that gilts had a lower (P<i 05) serum
cholesterol level than did the barrows. The sex hormones may be involved
in this difference. At the 0.8 percent dietary calcium level, sex again
appeared to introduce.some effect (P£ .05) causing an opposite f1ucuat10n
in the heart cholesterol content between’ barrows and ‘gilts.

There was a signiflcant (P< .05) threenway interaction found in
analyzing the effect of calcium-level, calcium source and sex.on serum
lipid phosphorus.. As there were no significant effects. due to main
. treatments ‘on this parameter it is suspected that this interactlon may
have béen due to random variation.




INIRODUCTION_

Experimental animal nutrition has transformed from an age'oﬁ new
discovery into one of interrelationship exploration. ﬁhile much of our
current knowledge has resulted from concentrafed research on specific
nutritional problems of animals and man, equally important discoveriesrhaye
evolved from basic studies. of the physiological and biochemical changes in
the animal organism as affected by various dietary .variables.

The nutritional and'physiological importance of ce;taih:minerals has
been recognized since the early 1800's. It has only been in thellast
fifty years, however, that a relatiénship has been demonstraﬁedlbetwéen
minerals gnd o;her nutrients;_ It is known that proper calcium utiliéation
depends ﬁpon not oﬁly the preéepce,of phosphorus énd"viﬁamin D'but also upon
thé éQail&bility of adequate amounts of them. With ‘the advent of added
fgts in animal:diéts, an interrelationship invblving calcium and lipi&s has
evolved. Extended research has discloéed evidence-supéorting the theory
that increa%ed dietary.calcium levels havé an inhibitory effect updn lipid
utilization, |

Recent developments have served to stress the interrelationships
between human and animal nutrition. Nutritional daté from swine investiga-
tions may be extrapolated to human nutrition, since the nutritional require-
ments and diéestive systems of man énd swine are quité similar, ﬁigh.qng;gy
diets, as are now being fed to swine; épproach the céyofic value and -
origin of those consumed by man, | \

An effective reduction of fat absorption might bg_desirable in

reference to human nutrition. In a human population accustomed to a
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high caloric and relatively high fat intake, it would seem difficult to
change dietary habits; therefore, if a significant portion of ingested
fat could be rendered nonabsorbable, it would probably constitute an
aid in effecting weight loss or preventing weight gain. This calcium-
lipid relationship takes on additional importance when you consider
that certain lipids are suspected to be the crucial substances respons-
ible for the development of arteriosclerosis in man, An effective control
of serum lipid types and levels would be very advantageous,

‘This investigaiibn was designed to study the effects of varying.

levels of dietary calcium upon lipid excretion and deposition in swine.




REVIEW OF LITERATURE

Calcium-Phosphorus Requirements of Swine

Dunlop (1935) stated that thg true requirement of an animal_fpr
calcium and phosphorus is dependent on growth rate apd‘efficiency of feed
conversion. Hislinvestigations-indicated that a sﬁine diet with';alcium
and phosphorus levels of 0.45 percént of the dry matter was. optimum fqr
average daily gains of 1.0 to‘1,4 pounds per day and efficiency of
}mto 4 pounds of dry matter per pound of gain. Low calcium intakes did
not change blooducalcium 1<_=,vels° |

Aubel et al. (1936) egtablished the minimum phospﬁorus requirements
of swine at 0.27 to 0.30 percent of the diet. Aubel and Hughes (1937)
found'that pigs receiQing rations of:0,51 percent phosphorus and.0.79
percent calcium had the best appetites, gains, bone formation andu
efficiency of'gain; Blood lgvels of serum inorgaﬁic phosphorus droppeﬁ
on low phosphorﬁs diets from an initial 5.5 milligram percent to 2.6
milligram percent,,while serum calcium level was maintaiﬁed or increased.
There' was no éffect on blood phosphorus at 0.23 percent die;arylphosphorus
or above. It was observed that carcasses of pigs fed low 1eve1$ of phos-
phorus carried more fat than pigs receiving higher levels, though éhere‘
was no consistent effect on drgssing'perceﬁt°

fheiiér et gi;‘(1937) q&nducted exﬁeriments with swine on the effect
of rations deficient in calcium or phosphorus or both. The rations were
considered deficient at 0.1 percent célciuﬁ and adequate at 0.2 percent. ..

Theiler stated that sqruﬁ calcium was not lowered by low levels of calcium

in the diet,
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Swine rations containing 0.1 percent calcium were considered deficient
by AuBélIEElglo (1941), Pigs exhibited poor appetites; diarrhea, became
‘coarse haired and nervous. One halﬁ of the pigs recovered after the 10th
week and wére fairly normal at the end of fwenty-fbur weeks excépt in
weight, The remainder showed contﬁnual Qisturbances,;nd developed
péréiysis of the hindquarters., A small percenfaée of pigs receiving 0.25
percent dietary calcium showed deficiency symptomg and thosé appearing‘
normal hﬁd soft bones when sacrificed. Blood calcium dropped intiéli&
and then rose to normal on the low célcium-diets, Pigs were able td
overcome the deficiency as they matured, indicaging requirements to be

greater in young pigs and decreasing with maturity,

Miller et al. (1960) reported that 0.6 percent'célcium in the presence

of 0.5 percent phosphorus éupported maximum growth and feed response in
baby pigs. Analysis of humerus gsh, calcium, thSphorus, specific graVity
and the breaking spfength of femuré, however, shpwed,that the miﬁimum
calgiﬁm lével for maximum skeletal formation ﬁ;s 0.8 percent of the
ration,

Rutledge et al. (1961) féd.early weaned pigs practical corq-spybean
meal diets containing 0.4, 0.6, 0.8 or 1.0 percent calcium and 0.6 percent!
éhosphorus, Highly sigﬁificant’linear trends toward increased ash and
calcium content of femuriéamples and of humeri breaking strength resulted
from increases in dietary calciuﬁ. Rate of gain, feed efficiency and
" serum calcium and phésphorus levels were not affected significantly by

calcium content of the diet. Radiograﬁhs of femurs and humeri indicated

marked increases in degree of calcification and bone density with increases
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in dieta;y calcium., The minimum calcium level suggested was 0.8 percent
of the ration,

Cglcium and phosphorué requirements of érowing-finishing swine fed
rations fbrtified with vitamins, trace minerals, gnd an antibiotig vere
investigated by\Chapman et al. (1962). Dietary levels of calcium and
phosphorus ranged from 0.2 through 0.8 and 0.2 through 0.7 percent,
respectively. - Rate of gain decreased as calcium content increased
when the diet contained 0.2 or 0.3 percent phosphorus, thus démonstrating
the importance of a narrow célcium-phésphorus ratio when:the.dietary level
pf phosphorus is low. As the dietary phosphorus level increased, there
was a significant increase in both femur weight gnd femur fat content.
Increasing phosphorus to 0.6 percent of the diet resul;gd in increased
gains to 100 pouhds for all levels of calcium fed. There was'; highly
§ignificant-incréase in femur weight with increases in dietary calcium
or phosphorgsa though there were no differences in calcium or phosého;ﬁs
content of femuré due to treatment, There was a significant correlation
between increasing calcium and phosphorus levels and femur breaking
strength. Dietary réquirements! to assure maximum rate of gain and
optimum skeletal development, appeared to be 0.8 percent calcium and 0.6
percent phosphorus for the pig from 25 to 100 pounds, and 0.7 percent
calcium and 0.5 percent phosphorus from 100 to 200 pounds.

Calcium-Phosphorus Interrelationship

Forbes (1914) was one of the first to demonstrate that a phosphorus

deficiency was rendered more acute by adding calcium carbonate to diets




low in phosphorus.

A close rglationship between calcium and phgspho;us intake andngglcium
retégtion was observea by Haag and Palmer (1927). These workers reported
70 to 80 percent re;ention by pigs on diets containing 0.34 percent calecium
and 0,65 percent phosphorus, Their data indicated that this levgl of
calcium was below the point whefe maximum retention occurred. _R@sults
were quite variable with phosphorus, and it was postulated that low
retention was due to the low calcium content of the diet.

Bethke et al. (1932) emphasized the importance of calcium-phosphorus
ratios in rat diets for optimum bone development. Increasing the calcium-
phosphorus ration from 1 to 5 caused progressive decreases in growth, bone
ash and ?erum inorganic phosphorus. Changing the ration from 1 to 0.25
depressed growth aqd ash content of femurs and serum calcium was depressed,
whereas serum inbrganic phosphorus was increased. The most favorable ratio
was two parts calcium to one part phos;»horus°

Haldt et al. (1939) observed that when large amounts of calcium and
phosphorus were added to rat diets, practically all excess calcium was |
recovered from the feces, whereas phosphorus in the feces was consider-
ably less than the intake. Excess phosphorus and little more than normal
amounts of calcium were excreted through the kidneys. The large amount
of calcium and phosphorus interfered to a slight extent with the utiliza-
tion of nutrients.- .

Data presented by Vermeulen (1959) showed that rats fed extra high

calcium levels excreted greater amounts through the urine. Formation of
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calcium phosphate stones was inhibitéd at high)levels of caleium, and a
profound drop in wrine phosphorus was cbsérveds Addition of phosphorus
to high-calcium diets produced an increase in urine phosphate and a drop
in urine calcium,

Clark and Cordero (1964) reported that with rats, in the absence of
dietary phosphorus, urinary calcium was constant regardless of calcium
intake and uﬁless phocsphorus intake was high, increasing calcium intake
did not increase calcium retention. On a constant and adequate calcium
diet, however, increasing dietary phosphorus increased calcium retention.
When rats were fed calcium-free dietsglurinary phosphorus accounted fpr
as much as 75 percent of ingested phosphorus., Data indicated that lewvel
of phosphorus in the diet was‘as important as that of calcium for promotipg
calcium retention.

Zimmerman et al. (1963) conducted a series of experiments to determine
the optimum calcium and phosphorus levels in high-milk-product rations for
maximum body wgight gain, efficiency of feed upilization and metatarsal
calcification of swine 2 to 7 weeks of age. Loﬁ phosphorus levels and
high calcium levels in the rations slowed the réte of body weight gain.
In general, caléiumaphosphorus ratios of 1.6:1.0 or wider adversel&
influenced gains. Calcium and phospﬁorus appeared to independently
influence the efficiency of feed utilization. Calcium levels above 0.8
percent of the diet reduced feed efficiency, whereas phosphorus up to
approximately 006'perceqt of the ration improved efficiency of feed

:

utilization. The highest lévels of calcium (1.0 percent) and phosphorus
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(0.7 percent) in the ration produced maximum responses in metatarsal

" calcification; howevérn the largest increments of response come between

the lower levels, especially with regard to phosphorus, Although high
calcium levels in the ration lowered serum chlortetracycline values, it
was demonstrated that this was not the cause of the adverse'effeét'of

high calcium intékes on body weight gains.,

ﬁfﬁect 6f Source on Utiiizati?n_of CaléiUm and Phésphorus

Tﬁoﬁas gg‘élo'(1933) conducted an ihvestiggtiqn?compafipg the
fela;ive.effiéacy of'ground 1imes£pﬁe;ustéamed bone meal, éﬁd Dicaphe
(a-éommefqial dicalcium phosphate supplements,as'célcium supplements to
rations for groﬁing and fattening pigs, Data were d&llected in three
metabolism experimépés degighed’to.determine the efficaéy of the. three
cglcium sources fed at equivalent loy and'high levélé of calcium intake
as supplements to basal rafions:def}gienﬁ in calcium, Vitamin D was left
out in an aftempt to aqément the pbssibilitytéf detecting significant
differences in the efficiency with which these cdmpounas met the cal@ium
feqﬁirements of the pig. The ﬁetabolism study showed that for equivalent
quantities of calcium from each source, fed'af either iow or higp levels
of intake, calcium and-phoéphorus refehtion was essentially ﬁhe s;m;a
A feedlbt.expefiment cdmﬁaring the éhreelcaléium sources was conducted
concurréntly wi;ﬁfthe metaboiism trials, Thé data collected in this p%rt
of the study-did not demonstrate any significant differences in the
efficacy of the calcium supplements compared.

McCampbell and Aubel (1934) conducted several trials in an attempt
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to make a comparison between calcium ca?banate and calcium sulfate (gypsum)
as a source of calcium in swine ratioms. All pigs were fed the same basal
ration: linseed o0il meal, wheat shorts, and cern, to equal the amount con-
sqmed by the pig eating the least., There were no significant differences
in gains, and the:e appeared to be no effect on the appetite ér physical
condigion of the pigso This'étudy indicated that calcium sulfate could
be used as an:effective subgtitute for calcium carbonate as a source of
calcium for swine rations,

The effect of pulverized limestone and dicalcium phosphate supplements

on the nutritive value of dairy cattle feed were studied by Coloves et al

(1958), Results of thesé experiments indicated that pulverized limestone,
when added to both all roughage and mixed dair& rations, decreased the
digestibility of both protein and energy in dairy heifers., Similar amounts
of dicalcium phosphate did not have this effect. The feeding of dicalcium
phosphate along with the pulverized limestone decreaéed the depressing
effects of the limestone., These results indicated that the feeding of
calcium in excess of requirements, particularly in wide calcium:phosphorus
ratios, may reduce the digestibilities of protein and energy. There was
nothing in this data to suggest any involvement of the carbonate radical
as the causative agent in the decreased digestibilities of protein and
energy. |

Data collected by Combs and Wallace (1962).showed little evidence of

a dietary calcium source effect on average daily gain, feed consumption or

feed efficiency in growing pigs. The source of calcium did not significant-
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ly affect the apparent'dige§tibiiity of gthe? extract. In three experi-
ments where‘calcium levels of 0.40 and 0.88 percent were compared, the
higher level significantly depréssed growth rate, Similar differences
ip growth rate Qere glso obtained with rations containing either 0.52 or
0,72'percent célcium, When ration calcium was increased by increments
of 0.10 from 0.40 to 0.80 percent,‘daily gains tended to decrease linear-
ly with increasing calcium, In all experiments, the most efficient
utilization of feed occurred with low calcium rations. Neither rate nor
efficignty of gain were significantly influenced by the sources of supple-
mentary calcium used in this study or by varying the diet concentration
of chlortetracycline. Contrasting results were obtained with apparent
digestibility determinations. In one experiment, the digestion coeffi-
cients for dry matter, ether extract and crude protein were comparable
with pigs that received either 0.40 or 0¢88lpercent dietary calcium,
The 0,88 percent calcium in another experiment significaﬁtly reduced
digestibility of ether extract and crude protein., Dry matter and crude
protein digestibilities were significantly lowered when gypsum rather
than ground limestone or oyster‘shell flour supplied the supplemental
calcium,

Fléishmann gglélo (1967} compared the effect of several different
sources of calcium on serum and fecal lipid levels, He found that
irregardless of calcium sources; calcium carbonate, dibasic phosphate,
calcium gluconate or Beta-glycerophosphate, an increase in intake

caused a significant lowering of serum cholesterol lévgla Triglycerides
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were lowered only by carbonate and gluconate. The Beta-glycerophosphate
yielded unexpected results in that it caused a significant deirease in
serum cholestgral at the 0.2 percent level but an increase at the 0.7
percent level. Fecal lipid excretion was ;ignificantly elevated at the
0.7 percent calcium level with no difference shown between sources,

All salts except Beta-glycerophosphate significantly increased fecal
bile acid excretion at the 0.2 pefcent level. The authors postulated
that the hypolipemic"aeti@n of dietary calcium may be partially anion
dependent.,

Studies conducted by Chapman et al. (1955) concluded that there was
some effegt due to different sources of phosphorus., Eight phosphorus
treatments were fed‘with and without chlortetracycline. Diets were
formulated se that each had the same calcium and phosphorus level and
r§tio, Percentages of calcium and phosphorus used in the experiment were
0.7 and 0.5, respectively. Steamed bonemeal, dicalcium phosphate, colloidal
clay and plant phdsphorus represented the different phosphorus sources,

The experiment was conducted in two phases, one extending through the first
eight weeks and the second running from the eighth week weight to 200
pounds live animal weight. Data from the first period showéd no
significant difference in rate of gaiﬁa average daily feed intake or

feed efficiency. The source of phosphorus had no significant effect on
either average daily feed intake or feed efficiency; however, average
daily gains were significantly reduced in those pigs receiving collodial

clay compared with those fed steamed bonemeal or dicalcium phosphate,
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Pigs receiving the higher levels of phosphorus from the iporganic
phosphorus supp}ements ate significantly less feed per day and reqdi;ed
signdficently'less feed per pound of gain than those receiving more of
the phosphorus from plant sources, In all caseslthere was no significapce
due to the_presence-pf antibiotics in the. ration., In direct contrast to
the initial eiéht week period, the second phase of'the experiment dedon-
§Frated a small but signifieept increase in average daily gain due to the
presence'of the antibiotic, Once again those pigs receiving c0116ida1 cley
galned significantly slower than those receiving e1ther steamed bonemeal
or dicalcium phoephate but there was little difference in the rates of
gain between pigs receiving the latter two supplements. The daily feed
‘ intake of.pigs fed colloidal clay was significantly less than for pigs'
fed dicalcium bhosphate{ The,ddfference between colloidal clay and steamed
. ponemeal was just short of significance, The feed efficiency of.the piés
receiving cqlloidal elay was significantly greater than that of pigs fed
ddealcium phosphate,. There was no effeet'on rate of gaid-when the
phesphdrus level was increased; however, the amount of feed required per
pound of gein.end the average daily feed‘intake were significantly
deereased by increased phosphorus consumption. Considering bdthAéheses
of the triél the perﬁormance of pigs by the all-plaﬁt phosphorus ratiods
was progre551vely improved as the content of phqsphorus from plant
sources ‘was decreased and replaced by an equlvalent amount of phosphorus

frpm dicalcium phosphate. ‘These studies indicated,a significent decrease

in the‘rage of gain and feed efficiency when phesphorus was suppided
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entire1§ by plant sources.

After comparing dicalcium thSphate, steamed bonemeal_and
defluorinated rock phgspha?e as soﬁrces of dietary phosphorus for
pig§; Van Zante et al. (1967) feﬁorted no difference in»Bone ash
betwgep the_three sources. However, at low levels deficigncy symptoms
developed in the pigs on steamed'bdnemeal and defiuorinaﬁed rock
phoéphate;

Interrelationship Between .Calcium, Proﬁeinrénd Carbohydrates

Woodman.ég‘gl,"(1937) found no evidence to warrant the conclusion

"that mineral metabolism was affected by higherllevels of protein. On

the otherAhgnd, McCaﬁcé 25 31; (1942) showed that ig héalthy, adult human
éubjecfs, increasing brotein intéke‘incréased calcium and maghesium
absorption, Léhﬁan and Pollak (1942) observed that aipha—amino acids
?ﬁ;yeased the séiﬁbility of calciuﬁ salts and proposed that their
pfesencé%aided"in_minéral absérption, fraﬁdéeﬁ ég;gl,'(L9$4) fgported
;a}ciumAutiiization'and'bone mingraiizatibn We¥e g;eatly réduced in'rats
fed 1ow'prdtein or low qua}ity pfotéip rationso’ Lowery et gl, (1962)
demonstrated that the appafeng préﬁein digestibility:of practical-gype
swine_ragions was not'influenped by ;he addition of fat;

Lac;ose‘feeding hdas been séown to bring about changes ;n.the pH of
the coﬁtents of the wholé intestinal tract below the duodenum (Robiﬁson
and Dﬁncan, i931) and'to favor the development of an acidophilic flora
(Rettger an& Cheplin, 1923), The bécteriological stqdiés of Cannon and

McNease (1923) and Cruickéhank (1928) might be cited as favoring the view
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‘that any effect of lactose on'caicium me;abolisq is a speéific_one and
not the resplt ﬁgfely of'éﬁ increased soiqbility of Caicipm salts iq'the
more acid mediﬁmc. | ’. | |

Tﬁe influencefof'lacto§e in the diet oﬁ the utilizaéion of'caicium
and pHQSphorus waé sgudied'by french apd'Cowgiil {1937). .The data obtained
from youﬁg animals'indic;ted that the presence of lactose in the diet
favorably influenced the utilization of calcium and phosphorus; although
this was not observed with mature animals, They were unable to determine
whether this favorable action of lactose was due to increased absorption
from or diminished excretion into the intestine. Even though they were
upgble to prove the exact mode of éction, it did appear that a diminished’
excretion of calcium into the intestine was the most plausable. They very
definitely confirmed with dogs that immaturity played a role in the effect
of lactose on the utilization of calcium,

Kline et al., (1932) reported lactose to have a favorable effect on
calcium absorption and skeleton building in chicks fed a rachitic ration.
These workers postulated'that the acid effect produced in the intestine by
lactose was responsible for improved calcium utilization, Neither maltose
nor citrate were of value in aiding calcium absorptiop or increasing
intestinal acidity,'ARecent.work of Charley and Saltmapl(1963) has
strengthened these findings, In experiments with rats, they proposed
evidence for the chelation of calcium ions by sugars. Lactoée and other
polyols prevented or delayed the precipitation of calcium ions in the

presence of bicarbonate buffer. A charged calcium-lactose complex was
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demonstrated By_eiectrobhorésis and calcium-45. Greehwald‘gg_gl, (1963)
published somewhat conflicting data. They reported lactose had 1itt1g
effect on abgorption and excretion of caléium in humans. Radioisotope
studies carried out in a single patient indiéated that absorption ;f
célcium~45 was only slightly'improved by lactosé,

Lengemann‘gg‘g;,'(1959)”found Ehat lactose enhanced_;he abégrption
of oral doses of calcium whether administeréd as cﬂlori&e9 lactate,
gluconate or acetate. Even though direct derivatives of lactﬁée were
not able to iﬁqrease calcium absorption, man; other sugars wéreb Lacto;e
increased calcium absorption boéh in éhe presehce and absence of vitamin D,
The greatest absorption took place in the duedenum and jejunum. 'Antibiotics
had no effect on the rate of absdrpcion, thus_indiqatihg that bacterial
fermentation is not involved in the ébso;ption mechanism,

Lloyd gg‘gl; {1961) fgdnd that by increasing the calcium 1e§e1 from
: 1.2 percent éo 4,6 percent.in the'diets of y'oung‘pig's9 avérageddai}y géins
and aﬁparent digestibility of totalnpa¥ﬁohydrate were significantly
decreased, but no éther édvérséheffects were obsgrveQ;

Interrelationship Between Calcium and Fat

A relationship ﬁgtween calcium and fat was shown in the work §f Givens
(1917). This author reported that poor ﬁtilization of dietafy fats or
fatty acids increased ﬁhe excretion of‘ca_lci\it'n.e Soéworth gghgl{‘(19£8)
pointed out the importance of calcium iﬁ the diet of human infants'becaﬁse
of the elimination of cdicium soaps when coﬁsf milk was fed in.place of
breast feédipg. Elimination of calcium soéps in the stools incfeased.

directly in propértion to the degree of solubility of diet calcium.
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Because the infant cannot absorh the excess calcium from cow's milk,
insoluble.soaps are formed with the nonvolatile free fatty acids.

Telfer (1930) indicated that the higher calcium content of cows'
milk as compared with human milk is the factor that leads to the greater
loss of calcium soaps in the stools of bottle fed infants.

Holt et al. (1919,, 1919p) concluded from a study using infants, that
a high calcium intake did not necessarily cause a large loss of fat in the
feces. In a later study, Holt et al. (1920) found that the excretion of
calcium in the feces was not related to the excretion of total fat, but
some relationship existed to excretion of fat as a soap.

Telfer (1921) made the following postulation: if fatty acids are
in excess, the calcium is excreted as soap; if alkalinity predominates,
calcium phosphate is formed; if both fats and phosphate are low in the
diet, calcium may be excreted as carbonate. These facts tend to indicate
that the lower fatty acids readily dissolve calcium carbonate and calcium
phosphate. In a later study, Telfer (1923) found that in the presence :
of higher fatty acids and their soluble soaps, a secondary reaction may
then result in the formation of insoluble calcium soaps and the liberation
of carbonic and phosphoric acids.

Boyd et al. (1932) stated that loss of calcium through insoluble
calcium soap éomplexes depended upon other factors other than the
amounts and nature of calciﬁm compoﬁnds and fats in the diet., One such
factor discussed was intestinal acidity. The addition of fat to a diet

containing calcium ion as calcium chloride increased intestinal acidity
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and increased absorption of calcium and phosphorus thus decreasing the
loss of soaps in the feces, These authors reported that young rats
capable of storing 30 to 40 milligrams of calcium daily, utilized 25,

38, and 90 percent of calcium soaps of stearic, palmitic and oleic acids,
respectiveiyo When calcium intake was lowered, greater utilization of
calcium stearate and calcium palmitate occurred.

The previous references all support the theory that there is an
ipsolpble cglcium soap complex formed where dietary calcium and fat levels
are relatively high. In direct contrast to this theory is an early
report by Klinke (1928). He reported that calcium-fatty acid-soap
complexes were found to form soluble complexes with bile salts, He
demonstrated this by excluding bile from'the intestine of 5 dog which
resulted in greater fecal calcium. Beznak (1931) supported Klinke when
he found that by adding sodium taurocholate to diets high in fat, calcium
absorption was increased. A possible explantion was postulated by
Verzar (1936). He suggested that through the hydrotropic action of bile,
bile acids are ablé to complex with calcium and fatty acids, thus making
them water soluble.

Haldt (1939) demonstrated that rats fed high calcium and phosphorus
diets had lower dry body weights than those fed normal calcium and
phosphorus levels, A lowered body fat content was assumed to account
for the weight loss.

Bassett et al. (1939) reported that a reduction in calcium intake

facilitated the absorption of fatty acids. Increasing levels of dietary
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fat, increased calcium loss at the expense of stored calcium. Ingestioﬁ
of alkaline phosphatase, a calcium salt or both caused an increase in
totallfecal fat,

In a study of the effects of calcium, manganese and other mineral
elements ‘upon the metabolism of lipids in dairy cattle, W;rd and Rgid
(1948)_found that all groups excreted similar proportions of the total
iipid intake regardless of the mineral supplement received.

Wells and Cooperl(1958) found that both 2 and 4 percent calcium
chloride levels inhibited cholesterol absorption when the diet was
supplemented with lactose, while a minimum of 4 percent calcium chloride
was required to produce a similar effect on a diet based on sucrose.
Calcium ion in the for@ of 2.2 percent calcium carbonate was less inhibi-
tory than 2 percent calcium pholoride, Calcium chloride had no effect
whep added to fat-free diets containing bile salts,

Carroll and Richards (1958) reported thét the calcium content of
the diet played an important role in determining the digestiblity of
fatty acids in rats., Tﬁe poor digestibility of oleic, linoleic and
erucic acid relative to their correspondingvtriglycerides was shown to
be associated with increased fecal excretion of calcium and phosphorus
in the lipid fractiop extractable with nuetral ether.

Fedde et al. (1960 reported that apparent absorption coeffients of
fats by chicks were similar for either 10 or 20 percent dietary fat levels,
. were high for safflower oil, corn oil and hég gréas'.é9 and were low

for rendered beef fat., The apparent absorbability of tallow increased.
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from 53 percent at one Week.qf age to 80 pércehtvgt 12 weeks, of aée’and
was increased when.dOS percent or mofe gf digtary_ox bile was added;
The digestibility was éppaFentlyihot dependent upon growth rate br feed
intake and was Aecpeased by ﬁigh dietary calcium and increased by reducing
the calcium intake. l ‘

An investigépion cqnducged by Drenick (1961) u§ing human suﬁjegts
indicated ?hat in;reased die;ary_calqi;ﬁ qausediincreased fééal faé;
Howéver, resulgs invol&ing other soaprprmingfagents such aé aluﬁinﬁﬁ‘
hydroxide and magnegium sulfate were inconcl;xsivgo .

Yacoﬁifz (1962)~repprted a 160 percent increase in fecal fat in
human subjects by:faising tﬂe calciumqlévél 2.66 -grams above normal
daily in't':akg° Calciuﬁ.sogps‘made up the major porﬁion of théjexcretéd_

fatty acids, It was also‘repoffed that serum cholesterol was reduced.

This was in agreement with an investigation conducted by Tacona et al.

(1960)5' He reported that dietafy calcium'Was hypqcﬂolesterolemic in
rabbits. In a later stﬁdy, Iacona (1964) demonstrated that om a diet
deficient in calcium, rabbits exhibited elevated plasma cholesterol.
Studies of Combs and Wallace (1962) with practical rations for young
pigs containing 3 percent lard found no effect on the digestibility of
either extract by doubling the éalcium intake in one trial, while in a
second trial, digestibility of ether extract was decreased from 64 to 52
percent. Average daily gain of pigs fed the lower calcium level was
significantly higher than for those fed the high calcium level in the

latter trial.
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Yacowitz (1965) was able to demonstrate that increased calcium
ingestion, in humans of both éexes9 caused a significant decrease in both
serum cholesterol and serum triglycerides, Both fecal dry matter and
feca% lipid were iacreased°~ The exact mechanism of the ﬁypolipemic
action of calcium was undetermined.

In an attempt to elucidate the hypocholesterolémic and ﬁypotri-l
glyceridemiq action of dietary calcium, Fleischman et al, (1966) found
that blood lipids decreased with increasing dietary calcium with the
major decrease occurring at the 0.2 percent calcium _level° Some tissue
lipids decreased aﬁd none increased. Fecal lipids were significantly
incrgased up to the 1.2 percent dietary calcium level. Fecal fatty acids
became progressively more saturated with increased calcium intake, but
the preferential excretion of saturated fatty acids did‘not appear to be
sufficient to alter significantly the blood fatty acids. Fecal bile acids
significantly increased at the 1.2 percent calcium 1eve1,' This data
indicated that the lowering 6f blood cholesterol by increased dietary
calcium is mediated in part by an inéreaséd excretion of bile acids,

At the conclusicn of a long term study, fleischman et al. (1967)
found that serum total iipids, phospholipids, cholesterol and triglycerides
decreased significantly with increased calcium intake, often to levels
equal to or lower than the control diet. This significance was based on
a comparison to a control ration composed of 4 percent fat, 1.15 percent
icalcium and 0,76 percent phosphorus. Fecal lipids increased singifigantly

between the 0.2 percent and 1.2 percent level, primarily because of an

~
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increase in the'free fatty acids. .The excretion of lipid phosphorus was
unaffected by increasing dietaryﬁcalcium, except at the 2 percent calcium
level or by increasing dietary faé levels. Fecal bile acids rose
significantly at the 0.2 percent calcium level, with no further increase

due to increased dietary calcium, Excretion of 3-Beta-hydroxysterol
increased as dietary calcium increased and was, at the higher calcium
levels, found to equal all the exogenous cholesterol, whefeas feca} lipid
excretion was found to account for the weight gain differences between
the various calcium levels. No significant changes were noted in liver
total lipid, ch‘ole'sterol9 triglyceride or free fatty acid due to an increase
in dietary calciumon There was a decrease at the I;ZGPg?cent calcium 1eve1'
in phospholipid, no furéher decrease was noted at:tﬁeiiypercent levei; All
liver lipids were significantly higher (P4£.05) with the high fat diet than
With ‘the control reéardless of calcium level, Similar results were noted
with the heart lipids, except khat dietary fat concqngrgtion did not affect
heart lipid concentration. |

Bhattacharyya gg_gl, (1968) reported that in humans a low calc;um
1evei‘in a saturated fat diet caused serum cholesterol to be signifiq;ntly
higher than a low calcium level in a polyunsaturated diet. The add;iion
of 2 grams of calci?mJQaily caused a decrease in serum gholesterol apd an
increase in fegal fatty acid excretion. Np such changes were produced when
calcium was added to thé pbiyunsaéurated diet but bile excretion increased.

The beneficial effects of dietary fat upon calcium assimilation as

found by Holt and Fales (1922) and the curative effect of vitamin-free
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fat upon riqkets gg;fqggd by Zugke; and Barnett (1922-23) ppgsibly"
depended upon a more favorable pH“of“the intestinal contents, produced
by the fatty food. Boyd and Lyman (1929) have shown that the uti}ization
of calcium soaps may be high. Seventy to 80 éercept of cglcium oleate was
absorbedﬁ In’direc; céﬁtrgst to these results, Cronheim and Muller (}998);
Bahrdt (1910); Rothberg (1907) s and Birk.(lé‘(')?)9 found that as the aﬁéunt
gf fat in the diet increased above a moderaéexlével, calcium éoap;;iﬁ fhe
séobléﬂalso incréased°‘

Jones (1940) found that by adding lard at'leyels of 5 to 25 pe;cent
in the diet of chickgﬁhe éoqld induce definite én;iragbitic properties
wh;ch.were not associated with the non-saponifiable fraction., Lard

-

increased calcification on diets containing 1.1 or 0.38 percent calcium,

-Lf_ﬁup the effect was less pronounced when the diet was.low in phosphorﬁé,

“Oleic acid increasedfcéicification also, but sodium oleate and calciﬁm

soaps . showed no ?nt}i_raphitic‘a.c'tion°

~French (1942) demonstrated excellent growth in rat; fed diets con-
taining 5, 15 and 28 percent fat, but 45 percéent of fat in the diet
resulted in less growth. The high fat level exerted a gefinite deéréséive
effect oﬁ the growtb rgte as well as feed cqﬁsump;igna:fThé utilizaé%on of
cglgium was depressed:queratély and consistgntly,infthg order of the
increasing fat content of the diets from 5 to 28 percent, and thgn
decreased considerably for the 45 percent fat diet, A more acid condition

in the intestine. resulted from the 5 percent fat diet than from diets

richer in fat. The utilization of calciym paralleled the acidity of fhe
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intestional tract, the most efficient utilization accompanying the most
acid'regction, The.most'efficient calcium utiliza;iqpswgg o?tained from
the diet containing 1 éram af fat to 0.06 gram of calcigm; and the
efficiencyyof.calciup utilization decréased_in the orde? of the increase
in the ratio of diet;ry fatlto calcium, It was suggested that there are
two basic physiological.relationships involving fat and calcium: ¢ éhe
acidity of the intestinal tract, and (2) the formati&n of readily
absorbable bile-f;tty'acia-calcium compl‘exes‘° |

Célverly and Kénnedy (1949) studied various spurcés of fat in
relation to calcium utilization., These authors concluded that poorly
absorbed fats, long chain fats ;nd satqrate& fatty acids increased fecal
calcium9 probably through formation of insoluble calcium'soéps,' Tﬂe more
soluble triglycerides resulted iﬁ less calcium excretion, Excretion of
calcium and phosphorus in prine was affected indirectly by the presence
of fat.' When fecal calcium increased, there was a decréase-in u?inary,
paicium accompaned by a marked increase in urinary phosphorus. Inclusion
of 5 perceﬂt fat in a normal diet well supplied with ca}cium and phosphorus
in an optimuﬁ'ratio, diﬂ nat affect Eoné formation in healthy growing
rats., |

Newman et al. (1967) reported that added §a110w>in swiﬁe rations had
no consistent effect on calcium digestibility or dietary phoéphoruéé
Endogenous fecal calcium loss was not affecte& by the level of digtary
tallow. Increased dietary‘calcium'resdyted in a';eductipﬁ of the

digestion coefficient of ether extract.
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The‘melting point of fat has_lqng been considered one of theifac;ors
affecting'thé digestibility of fats. Cheﬁé gg‘gla (1949)”found an inverse
?elatioﬁship'béfweeq melting point_and digeséibility_of t;iglycerides.
with rats, Deuel (194 ,in a-stqdy of 34 vegetable féts melfing'below
50 degrees centrigra&e, found that only two had coefficients of digest-
ibiiity below 95. It was ai;o found that in the ease:of animal fats, 18.
different varieties melting'undéf 50 deéreés‘céqtigrade were found to
be dig%sfible to the ex?ent of>93 perceht or more in man, This work
is supported by the results of'Lgngﬁorthy and Holmes, (I915)§ Hoimes,'
(1919); and Deuel and Holmes, (1922);. H;weverv Lyﬁan (1917) suggested
thag ghe melting poiqt i§ not the only factor in de;ermining digéstibility.f
but ghat tﬂe fatty acid makeup of the ester is also an important consideraf
tioﬁo Cheng et al, (1949) demonstrated that qélcium'gnd magnesium.did
not signifiéantly influénee the digestibility‘of.low mgltj.ng'fat9 althoﬁgh
,they.decreésed markedly that a higher melting.tfiglycérides and hydro-
genated fats, fhese res@lts were supported by data céllected by Crockett
and Deuel (1947),'
lInvestig#tioné conducted by.Werner anﬁ Lutwak (1963) demonSFrated
that primary lipid absérption'is influenéed both by the nature of dietary
liﬁid'and by dietary éalcium coﬁcéntration° The abéorpt%on increases
as the melting point décredsesgnand is greater when triglycerides rather
than free fétty acids of the same chaih'}ength are fed, | -
" The incorporatioﬁ of cqléium—45 and phosphorus=32 in broiler fgmurs

was studied by Bruggemann 25.510'(1961) . Their data indicated that
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incorporation qf calcium andlphosphorus diminished in groups fed high
calcium agd 8 percent tallow. It was suggested that the mgtabolism of
calcium and'phpsphorus_on high calcium rations was not only dependent
on ;he formation and excretion of calcium soaps but that there was a more
specific interrelationship between fat and these minerals, The higher
calcium diet decreased calcium=45 content in the bone by 20 percent,
Tallow increased the calcium=45 content by 18 percent on the‘low calcium
diet and decreasgd it by 50 percent on the high-calcium diet.

Swell et al, (1956;) demonstrated the pfesence‘of‘a calcium=-oleat-
phosphate complex. In the case of dietary corn oil and olive 011? the
phosphorus-containing lipid accounted for approximétely 10 percent of
th'total lipid excretion., Oleic acid gfeatly increa$ed the lipid-
phosphorus excretibn:and there was a corresponding drop in the absofpéion
of oleic acid. The study indicated that unsaturated fafty acids were ﬁore
effective than saturated fatty acids in the formation of the calcium-fatty
acid-phosphate complex. The data were in direct contrast to the belief
that unsaturation causes better absorption. An ol@ic'agid diet impaired
calcium and phosphoru;s‘absorption° It was determined that 50 percent of
the calcium and 50 percent of the phosphorus were 1ost";n the feces as
part of the calciumffgtty acid-phosphate complex.

Swell et al, (1956p) found that rats fed a 25 percent oleic acid
diet excreted large amounts of a phosphorus-containing lipid in their
feces, The lipid resembled phospholipid in that it contained phosphorus

and could be'precipitated‘from chloroform solutions by acetone,
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Characterization of the lipid revealed that it was a salt with the follow-
ing composition: 2 atoms of calciumt+, 1 mole of phosphate-; and 2 moles

of oleic acid. The following is the proposed structure of the lipid:

Phosphorps-32 studies indicated Fhat the lipid was formgd in the gut from
dietary phosphorus, calcium and oleic acid. The incorporation of phpsphorus-
32 into the lipid was abou; 15 times greater When the isotope was given
in -the diet than when given introperitoneally. Thus, there would appear
to be no turnover of phosphorus in the lipid and its formation appeared
to be strictly exogenoﬁs in nature. The formation”of this lipid gréatly
impaired the absorption of oleic acid.

Kim and Ivy (1952) and Pihl (1955) reported that rats fed an oleic
acid diet excreted large amounts of phospholipid in their feces. Kim and
Ivy (1952) also pointed out that palmitic acid and corn oil were found to

have a mild stimulatory action on phospholipid excretion.




EXPERIMENTAL

Twenty-foug 8-week-0ld crossbred HampshiréePoland China pigs weighing
approximately 26,4 kilograms were allotted equally to 6 pens on the basis
of weight, litter and sex, Diets were formulated td.contain calcium levels
of 0.4, 0.8 and 1.2 percent. Two sources of calcium, ground limestone, and
defluorinated rock phosphate were used. The célcium to phosphorus ratio
was maintained at 1:1, and all diets wére fed ad ligitum;' Tﬁe pigéuwere
fed'a'la percent protein grower diet during the initial 30 daﬁs of the
trial, by which time the pigs'had }gached an a§erage'§eight of_45,4 kilo-
grams; During the remainder'df'the iﬁvestigatiqn, the pigs were fed a
10 percent protein.finisher.diet¢_ Diets and proximate analysis are des-
cribed in Tables I and.II9'fe$pective1y} Pigs were Wéighed at 3-wéek
ingé;Qals for the dugation of_the trial ;nd‘total feed éqnsumpfion~by
pen was recorded.

The pigs were sacrificed as they reached a weight of approximately
91 kilograms. Prior to sacrifice, blood samples were t;ken by vena céva
puncture. Serum was obtained by centrifugation an& froign for later lipid
and mineral analysis.

Intestinal acidity was determined after sacrifice t6 determine the
approximate acidity of the intestinal contents existing during the exﬁeri-
mental period° After sacrifice, the entire digestive tract was removed
intact., The duodenum was removed and its contents expelled into a beaker
for pH reading. The contents were‘thoroughlyAmixed before inserting the
elect;o&es and de;grmining the pH. This value was then checked by repeat-

ing thg procedurém Thé_middle 90 percent of the jejunum‘was removed next




Ration No, 39l/ 40 41 42 43 44 452/ 46 47 48 49 50
Ingredients, % . : . . . .
Barley . . 87.4 83.8 80.0 87.4 85.4 83.1 96.2 .92.7 89.1 96,4 94,3 91.8
Soybean meal, . . ) ' ‘ . '

447, 10.0 11,0 12,0 10.0 10.5 11.0 1.0 1.8 2.6 1.0 1.5 2.0
Monosodium

phosphate am= 1.6 3.3 e-- -=- 0.4 0.2 1.9 3.6 === === 0.6
Defluorinated

rock phosphate -==  ~=e o< - 2,2 3.8 = eee eee 0.2 2,5 3.9
Limestone 0.9 1.9 3.0 0.9 0.2 --- 0.9 1.9 3.0 0.7 === ===
Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Trace Mineralsé/ 0.1 0.1 0.1 0,1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0,1
Vitamin Premix4/ 1.0 1.0 1.0 1.0 1.0 1.0 i,.0 1.0 1.0 1,0 1.0 1.0
Antibiotic3/ 0.1 0.1 0,1 0.1 0,1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Total 100.0 100.0 100.0 100.0 100.0 1QO°0 100,0 100.0 100,0 100,0 100.9 100.0
Caleium, 28/ __ 0,41 0.79 0.1

7"—’.' . ..'*:‘,:,:‘*:'A e

e m——e = = =

1/ Rations 39-44, grower ratioms

2/ Rations 45-50, finisher ratioms

3/ Trace minerals furnished the following per kg, of complete diet: Mn., 100 wg.; F2, 100 mg;
Cd., 10 mg.; Iodine, 3 mg.; €o., 1 mg, and Zn., 100 mg.

4/ Vitamin premix furnished the following per Kg. of diet: vitamin A, 2500 I.U,/kg. vitamin
D, 1300 I.U./kg. vitamin E, .5 I.U,; vitamin K, 13 mg. vitamin Bj2, 11 mg.
Riboflavin, 3 mg., Niacin, 15 mg., Pantothenic Acid, 1.9 mg., Choline, 6 mg.

5/ Bacitracin, 25 gm./1b, ' '

6/ Calculated
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TABLE I1. PROKIMATE ANALYSTS AND CALCIUM PHOSPHORUS GONTENT

Rations 39-44, grower rations
Rations 45-50, finisher rations

By,
2/

1.16

0.40

Ration No. 39/ 40 a1 42 43 44 452/ 46 47 48 49 50
Ipem . .
Protein; % 14;10.14,10 14,20 14.40 13.90 14,30  10.80 11,30 11.3¢ 10549 11,00 10.80
Ether Extract,% 2,27 2,21 2.26 2,40 1.89 1,93 2,38 2,28 2,41 2.34 2.31 2,14
Fiber, % 4,80 3.60 4.40 4.20 4.10 4,20  4.75 4.65 4.78 5.64 4.50 4.18
Nitrogen Free . | ‘ :
Extract, % 74,41 73.77 71.00 74,73 73,77 72.02  79.95 77.44 75,39 78.36 77.91 78.60
Ash, % 4,42 6,32 8,14 4,27 6,34 7.55 3.12 4.33 6.12 3,26 4.28 4,28
Calcium, % 0.48 0,90 1,16 0.48 0.91 1,22 0.48 0,90 1.16 0,48 0,91 1,22
Phosphorus, %  0.41 0,92 1.29 0.40 6.90 0.41 0,92 1,29 0.90 1,16

_6z-
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and the conpenté treated similarly, The third determination was made on a

similar'portion of the ilieum, fhe'acidity of the largé intestine and

. stomach was determined last.

As the pigs were sacrificed, fecal samples were taken from ﬁhe colon
qf each animal,

Bééause of the iargé size of thealivérs9 it was iméqssible_to process
the entire érgan; thei‘eforea 6n1y a pérﬁipn was used, The caudate lobe
was removéd from éaéh liver, waé ground and well mixed, ‘A.saﬁplé waé'
taken fo?‘hombgeﬁizagjon in a Vertis blemder. The heart was éxeated in

thevsaﬁe'fashioq as the liver except that the entire heapt'was proceéséd;

'Theﬂfecal matter was‘ﬁgeﬁared.by grinding the;undried'material in a mortar

and peétlg,

‘The liver, heart, serum and feces wérg_analyzeglfprJtétaf lipid,
choles;érol'and'lipid phospﬁafus content ué@ng mogifigd_prbcedufes of
Williams (1962), Abdell et al. (1952) and Pous et al. (1953), respectively.
The serum calcium concentration was Qetermined.using a p;oqedure ffom
Oser (1965)?‘ These frqceﬁufes ;re described in detail in the appendix.

Data wére analyzed by analysis of variance according to Snedecor

(1956) .




RESULTS

Weight gains and feed data are outlined in Table III. An average
daily gain of 0.79 kilograms by the barrows was significantly (PA:.OI)
greater than that of the gilts regardless of source or level of dietary
calcium, An average total weight gain of approximately 74.0 kilograms
was essentially the same for all treafments, Feed utilization indicated
an improved feed efficiency with increased dietary calcium levels,
although the differences only approached significance (P> .05).

" Results of the serum calcium énalysis are shown in Table IV. Treat-
ment had no individual effect on the serum calcium concentration; however,
a significant (P4 .05) interaction between calcium source and level
did develop.

The results of the intestinal pH trial revealed no difference in the
pH of the various intestinal areas due to different dietary calcium levsls
or sources. The data are shown in Table V.

Lipid excretion and deposition data are shown in Table VI. Neither
the dietary calcium level nor calcium scurce had any consistent effect on
the amount of lipid excretéd im the feces. Although the difference in’
total lipid content of both the liver and heart betweeﬁ gilts and barréws
was not great, it approached the (P>.05) level of significance. (Livex:
gilfs = 108.74, barrows = 120.29 milligrams per gram of dry matter.

Heart: gilts =z 98.93, barrows = 109.1i4 milligrams per gram of dry matter.)
These results are shown in Table VII. The caicium level-sex interaction -
for the total lipid content of the liver also approached significance

(P >.05). The serum lipid concentration exhibited no effect due to treatment.
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EFFECT OF SOURCE AND LEVEL OF CALCIUM ON BODY WEIGHT GAIN;éganEED_EFE;CIENCY
Source Average Both

) o : Source Defluorinated Rock
Calcium source Limestone Total Phosphate Total Sources
Cglcium leyel}% 0.4 0.8 1.2 . 0.4 0.8 1.2 . 0.4 0.8 1.2
No. animals 4 4 412 4 4 4 12 8 8 12
Av, Initial : : '
weight, kg. 20.4 20.4 20.9 61.8 20.4 20,9 21.3 62.7 20.4 20.4 20,9
Av, Final .
weight, kg. 94oQ - 95.4 94,0 283.3 94.9 95.4 95.4 285.6 94.4 95.4 9.4
Av. total -
gain, kg. 73.5 4.9 73.1 226.6 74.5 74.9 74.5 223.8 74.0 74.9 73.5
Days fed 98 98 102 298 101 99 98 298 100 98 100 &
. 3]
Av, daily _ . h
gain, kg. . 0,75 0.77 0.71 ..2.24. 0,71 0.75 0.76 2.23 .0.74 0.76 0.74
Feed )
consumed, kg. 293.3 314.2 .286.9 89.4 340.0 296.5 294.2 930.7 316.9 305.5 290.6
Feed/kg.
1.81 1.91 1.78 5.50 2.07 1.80 1.79 5.66 1,94 1.86 1.78

gain, kg.




Eé}EEWIYéﬁnEFFECTﬁOF“SOURCE;ANDmLEVEL:OF,CALQ;UM ONWSERUMWCALCIUM;LEVELQ1;7

Calcium source Limestone . Total Phosphate Total | Sources

Calcium lévelil% 0.4 0.8 1.2 0.4 0.8 1.2 0.4 0.8 1.2
No. la.nit.ﬁa'ls , 4 4 & 12 b b 4 12 8 8 8
S_efum Calcium _ . )

mg. /100 ml, 10.51 11.79  9.56 31,86 12,22 10,37 10,61 33,20 11.36 11,08 10,09

-E‘E-




TABLE V. _

_pH _OF THE ROINTESTINAL TRACT,

Roc ource  Average Botl

Calcium_source Limestone Total Phosphate Total Sources
éalciﬁm level, % 0.4 0.8 1,2 0.4 -'i0,8 1.2 0.4 0.8 1.2
No. .animals 4 4 4 12 4 b4 12 8 8 8
'Stoﬁach pH 2.83 3;49 2,70  9.02 2.35 2,99 2.95 8.29 2,59 3.24 2,83
Duodenum pH. 5680 6.06 6.10 17,96 6.03 6.24 5.89 18.16 5.92 6.15 6,00
Jejunum g 5.84 6.25 6.31 18.40  6.14 . 6.18 6.30 18.62 5.99 6.22  6.31
Illeum pH 6.10 6.35 6.49 18.9% 6.29 6.20 6.54 19,03 6.20 6.28 6,52
Large | | o

intestine pH ' 5255 ‘5.55 5.53 5.74 16.82 5.57 5.56 5.64

5.58

5.58 .

16.71

-f;s-




TABLE VIﬁm;

TR

EFFECT»OF_GRADED:LEVELS:OF_DIETARY CALCIUM ON TISSUE, FECAL AND SERUM LIPIDS,

' : Source Defluorinated Rock.  Source Average Both T
Calcium source Limestone Total Phosphate Total Sources
Calcium level 0.4 0,8 1.2 0.4 0.8 1.2 0.4 0.8 1.2

. No, animals 4 4 4 12 4 4 4 12 8 8 8
Fecal .

Total 11pidl/ 70.43 91.41 90.75 252.59 70.67 93.65 86.25 250.57 73.59 92.53 88.50
Cholesterol2/ 51.65 43.94 48,04 143.63 57.78 45.63 44,53 147.94 54,72 44,78 46,28
Lipid . . - A

_phOSphorusz/ 2,06 2,08 1.77 . 5.91 1.44 1.92 1.72 5.08 1,75 2,00 1,75

Serum
Total 3
lipiamf 434 94 552, 84 477.81 1465.59 447.92 486,60 515.20 1449.72 441.43 519,72 496,51
Cholesterol—/ 101. 67 110.12 71.37 283.16 93,12 88.26 82.90 264.28 97.39 99,19 77.14
Lipld : . . .
phosphorusgl 11.24 8,78 9.74 29.76 9,6Q 9,98 10.72 30.30 10.42 9.38 10.23
Liver
Total ‘ _
11p1dl/ 118,14 120,07 106.98 345.19 119,58 111.25 111.03 341.86 118.86 115.66 109.02
Cholesterol_/ 59.70 61,77 55.56 177.03 62.78 69.70 55.17 187.65 61.24 65.73 55.36
Lipid ' , . |
phosphorus_/ 3.49 3.49 _ 4,45 11.43 4.13 3.52 3.69  11.34 3.81 3.51 4,07
Heart
Total
lipld-/ 108.91 111,27 98.71 318.89 98.58 109,90 96.85 305.33 103.75 110.58 97.78
Cholosterol./ 41,52 36.63 45,09 123,24 54,17 43.75 47.43 145.35 47.85 40.19 46.26
Lipid '

phosphorusZ/ 2.77 2.67- 3.13  8.57 3.78 2,96 4.19 10.93 3.28 2,82 3,66

I/WExpreSSédlashmg”/gm,'&ry“matter;T
2/ Expressed as mg./gm, lipid
3/ Expressed as mg./100 ml, serum

—gs-




TABLE VII. EFFECT OF SEX ON CALCIUM-LIPID RELATIONSHIPS,
" Source 'Defluorinated Rock Source Average Both.
Calcium source Limestone Total Phosphate Total Sources
Calcium level, % 0.4 0.8 1.2 0.4 0.8 1.2 0.4 0.8 1,2
No. animals 4 4 4 12 4 4 4 12 8 8 8
Fecal
Total lipidl/
Gilt 69.10 102,95 78.67 250.72 82.94 108.57 93.14 284.65 76.02 105.76 85.91
Barrow 71.76 79.86 102.86 254,48 58.40 78.72 79.34 216.46 65.08 79.29 91,10
CholesteroLZ/ )
Gilt 50.37  47.37 41.77. 139.51 54.67 49.44 38.44 142.55 52.52 48.41 40,11
Barrow 52.94 40.52 54.30 147.76 60.90 41.81 50.62 153,33 56.92 41.17 52,46
Lipid phoSphorusZ/ g
Gilt 1.39 1.77 1.43 4,59 1.64 2.51 1.44 5.59 1,52 2.14 1.43 .
Barrow 2.75 2.40 2,11 7.26 1,25 1.34& 2,00 4,59 2,00 1.87 2.05
Serum
Total lipidd/
Gilt 386.0 556.75 471.1 1413.9 456.7 451.32 577,9 1485.1 421.3 504.0 524.1
Barrow 483.9 548.9 484.5 1517.3 439.2 521.9 453.3 1414.4° 461.5 535.4 468.9
Cholesterolél L ) o - ) )
Gilt '97.66 108.23 67.29 273.18 83.73 82.55 84.06 250.34 90.17 95.39 75.68
Barrow 105.66 112.02 75.45 293,13 102.51 93,97 ,81.75 278.23 104.09 103.00 78.60
Lipid phosphorusg/ '
Gilt 14,61 8.23 8.44 23,28 7.67 9.59 13.49 30.75 11.14 8.91 10,97
Barrow 7.88 9.34 11.04 28,26 11.53 10.37 7.95 29.85 9.71 9.86 -9,50




TABLE VII.  (CONTINUED)

. Source Defluorinated Rock Source Average Both
Calcium source Limestone Total Phosphatz Total ‘Sources
Calcium level, % 0.4 0.4 0.8 1.2 0.4 0.8 1.2
No..animals = 4 12 4 4 4 12 . 8 8 8
Liver

Total 1lipidl/ ‘

Gilt 113,05 101.09 110.62 324.76 119,97 102.44 109.77 332.18 116.51 101.77 110.20
Barrow . 123,22 139.05 103.35 365.62 119.20 124.58 112.33 356.11 121.21 131.82 107.84

Cholesteroﬁgl ' 7 . . ' .
Gilt 66.39 196.71 60.84 77.35 53.17 191.36 63.62 74.27 56.15
Barrow 53. 02 157.35 64.73 62,06 57.17 183.96 58.88 57.21 54,58

Lipid phosphorus_/

Gilt 3.59 oo 11,52 2,69 3.36 3.86 9.91 '3.14 3.72 3.90

—... . Barrow 3.29 .11,15 5.57 3.78. 3.58 12.93 4.43 3.34 4,27

Heart :

Total lipidl/. . :
Gilt - 95.92 100.03 96.74 292,69 105.86 114.15 80.89 300.90 100.89 107.09 88.82
‘Barrow 121.90 122,51 100.69 "345.10 91.33 105.64 112,82 309.79 106.62 114.08 106,76

CholesfepoLZ/ . : . . . -

Gilt 52,59 . 36.36 50,06 139.01 60.48' 34.04 58.74 153,26 55.54 35.20 54.40
Barrow 30,46 §6f9} 40.12 10?149 47.87 53.46 36.12 137.45 39.17 45.19 38.12

L1p1d phosphoruss [ .

" Gilt 2,89 8.32 3.57 2.78 5.61 11.96 3.23 2.64 4,27
Barrow 2;66I 8.84 3.99 3.14 2.77 9,90 3.33 3.00 3.05

l/ Expreséed asmmg:'of
2/ Expressed as mg. of
3/ Expressed as mg. of

711p1d7peragram of'dry;méfterwzr
cholesterol per gram of lipid.
phosphorus per gram of lipid.

-LE-
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The high calcium level caused a significant (PZ£.01) decrease in
serum cholesterol content. The éecnnd calcium source, defiuorinatéd rock
phosphate, when compared to limestomne (calcium carbonate), caused a
significant (P4.05) reduction in the serum cholesterol 1é§%ﬁ. It was
established that gilts had a significantly (P .05) lower serum choles-
terol level than did the barrows. The data resulting from the sex
comparison are.shown in Table VII. ’A significant interaction (¥ .0l)
oceurred involving the level and source of dietary caleium and their
combined effect on serum cholestercl. A comparison of the two calcium
‘sources and their effect om heéft cholesterol levels showeé that, contrary
to_i;s magnified effect_Qg‘serum-cholésterql 1_eve1ss the limestone cal-
éiuﬁ source now caused-a drop in the cholesterol level (P £.05). It:was
revealed that gilts'had a éiénificantly higher (P/Z.05) chélesterol
conéenﬁration in heart t@ssue'than did the barrows; this is in direct
contrast to serum cholesterol results, where the gilts had the lower level
(P L.05), The dietary calcium level and the sex of the animal combined
to induce an effect on the cholesterol content of the heaxttti5sue{(P,4105),

Treatment failed to influence liver or fecal chelesterol levels,




DISCUSSION

Calcium and Phosphorus Requirements

On the basis of growth rate and pH&sigal appearance, there appeared
to be no eyidencg of a calcium dgfigiengy of the lower 1evé} of intake
(0.47), The intake of calcium‘and phosphorus was in a”}:l rétion_which
appeared‘to_bg gdequate for skeletal maintenance and growth at all 1evgls.
These obsefvatioqs are in accord with the‘earlie? work of Bethke et al.
(l932)? Theiler et al. (1937), and Chapman et al, (1962),* Although
there was no signifigance shown in average daily gain of_pigs due to
1gve1.qfica1gium, the average daily gain of those fed 0.8 percent
calcium was slightly higher than those fed the 0.4 and 1.2 percent cal-

cium levels. This is supported by earlier data (Aubel et al. 1936, Miller

et al, 1960, Rutledge et al. 1961 and Chapman et al. 1962).

Overall feed efficiency was not grossly affected by calcium content
of the diet, This conclusion is supportéd by Rutledge et al. (1961) and
Newman et al., (1967). Combs et al. (1962) reported similar results in-
volving dietary phosphorus.

The data suggested an increase in feed efficiency with increment
increases in dietary calcium levels, Average data on feed efficiency
resulted in an apparent -trend for increased’efficiency with increased
increments of calcium; however, this is not consistent within calcium source,
These results contrast with. data reported by Chapman et al. (1962). How-
ever, Chapman's results came from a study utilizing only a 0.2 percent die=

tary phosphorus level., This could confound the data as an increase in die-

tary calcium levels would cause a servere corresponding increase in the
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calcium:phosphorgs.ratiﬁ,
| Haldt._Eigl, (1939) observed that amounts of dietary calcium and
phosphorus in excess of 1,2 percent, interfered to a slight extent
with the utilization of other nutrie;ts. This is contrary to the éata

presented; but it must be pointed out that Haldt found these results only
with excessive dietary calcium and phosphorus levelst It has been
pointed out by Davis (1959) that an excessive calcium intake will induce
an adverse efféct on the utilization of magnesium, iron, iodine,
Amanganese, zinc and coppef, which in Eurn may céuse pobr growth and
efficiency,' These researchers indicate that moderate calcium levels
(0.5 - 0.8 percent) do-not cause adverse effects on nutrient digesti-
bilities; however, when excessive amounts (over 1,2Aperceqt) of calcium
a;e introduced, there is, indeed, detrimental effects. |

The serum éalcium data from the present investigation demonstrated no
ipdividﬁal effect due to treatment. These results are in agfegment with
Dunlop (1935), Aubel et al, (1936), Theiler et al. (1937) and Rutledge et al,
(1961). ﬁowever9 aﬁ interaction developed between the level and source
of dietary calcium (P£..05)., This 1ﬁteragtion resulted from opposite
flucugtions in serum caléium concentration at the 0.8 pefcent level. ' The
limestone source caused an increase whiie the‘defiuorinated rock phosphate
ipduced a décrease in the serum calcium level. Further investigation is

(

necessary to elucidate a possible mechanism for this interaction.,

Calcium-Phésﬁhorus Source. Effect

The average daily gain data collected in this study did not demenstrate
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any significant differences in the efficacy of the two calcium sources,

These results are substantiated by Thomas et al. (1933), McCampbell and

Aubel (1934), Colovos et al, (1958), Combs and Wallace, (1962) and Van

Zante et al. (1967).

Calcium-Fat Relationship

Calcium and Fecal Total Lipid

Evidence has been reported as far back as 1917 (Givens, 1917)
. suggesting that high dietary calcium levels cause a decrease in the lipid
absorption which was demonstrated by increased fecal lipid levels. This
theory is supported by the later work of Telfer (1921, 1930), Bassett
53‘21° (1939), Carroll and Richards (1958), Fedde et al. (1960). Drenick
(1961) and Bhattacharyya et al. (1968), However, occasionally data from
the literature does not conform entirely to this idea. Holt et al. (1919,
1919b) for example, concluded from a study using infants that a high
calcium intake did not necessarily cause a large loss of fat in the feces.
Ward and Reid (1948) found no effect on fecal lipid levels due to in-
creased calcium‘ingestion in cattle, Wells and Cooper ¢(1958) found that
calcium chloride inhibited cholesterol absorption but had no consistent

effect on fecal_total lipids. Combs and Wallace (1962) using pigs,
demonstrated no difference in the digestion coefficient for ether extract
regardless of dieta?y calcium level.

Data collected from the present investigation ére in agreement with

the later group, which showed that increased calcium ingestion caused no

effect on fecal lipid levels., It should be noted that the diets fed in




this study contained no exogenous fat other than that common to barley.
The soybean meal included'as a source of protein was solvent extracted
and contained less than one percent lipid by analysis. The diets con-
tained approximately 2,5 percent lipid,.

Research supportipg’this data was conducted by Cheng et al. (1949).
They found that with rats there was an inverse relationship between
melting point and digestibility bf triglycerides., Calcium did not
influence the digestibility of low melting point fats, although it
markedly reduced the digestibility of higher melting triglycerides. Most
natural fats and oils melting below 50° centigrade have long been recog-
nized as being almost completely digestible. Deuel (1948), in a s;udy of
34 vegetable fats and oils melting below 500 centigrade, found that only
tw& had coefficients of digestibility below 95 percent. These results
are supported by Langworthy and Holmes (1915), Holmes (1919) and Deuel
and Holmes (1922). This leads to the assumption that unless the diet
contains a source of fat other than lipids common to all grain diets,
little effect on fat digestibility can be expected as a result of dietary
calcium levels. An investigation of the methods used by the researchers
advocating an inhibitory effect upon fat digestibility by dietary calcium
reveals thgt in every case there was a high melting fat added to the diets.

Calcium and Serum Total Lipids:

Fleischman et al. (1966, 1967) found that increased dietary calcium

caused a corresponding decrease in serum total lipids. The results of

the present investigation support these findings only in part. Data
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revealed that increased calcium ingestion caused a significant drop in
serum cholestercl but not im total lipid. Bowyd (1935) substantiated
these results with human squects on somewhat reduced fat intakes. He
found also thet increased diecary calcium levels had no 1asting»effect
on serum total lipid levels. A comparison of the melting points of the
dietary fats used in the preeent study and that of Fleischman's may help
to explain the differences in findings. Fleischman et al, (1966, 1967)
ebtained his results using diete sup?lemented with high melting point
fats; ccnsequently9 they were poorly digestible. The majority of the
fats pcesent in these experimental diets were of the low melting variety,
characteristic of gfains, and readily digestible fegardless of calcium
level., Since calcium has a negligiblereffect‘on low melting point fats,
it would be logical to expect little or no effect on the serum total
lipid concentration due to increased dietary calcium levels. However,
cholesterol seems to -be inhibited by calcium; therefore, the cholesterol

level could be 51gnificant1y changed by increased dletary calcium without

1nducing a corresponding change in serum total lipids.

Calcium and Tissue Total Lipids:
Data indicated no effect on liver and heart total 1ipid levels by
increasing increments of dietary calcium. This is in agreement with

results repcrted by Fleischman et al. (1966, 1967).

Calcium and Serum Chciesterolé

Increased calcium ingestion caused a significant decrease in serum

cholesterol (P£..01). This Iowefing of serum cholesterol by calcium is
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interesting from two points of view, First, Wells and Cooper (1958)
reported that calcium.inhibited cholesterol absorptioii in rats in the
presence of dietary fat, They also pointed‘qut that calcium chloride
had a more pronouﬁced inhibitory effect on cholesterol absorption >
than didlcalcium carbonate. Calcium was also reported to be hypo-
cholesterolemic in rabbits (Iacona et al., 1960), humans (Yacowitz,
1962, 1965; Bhattacharyya et al.,1968), and rats (Fleiéchman et al.,
1966, 1967). The hypocholesterolemic activity of calcium may be due
in part; to a feduced absorption of exogenous cholesterol. The second
reason for interest in the hypolipemic action of calcium is repéated’
reports of a negative relation between wortality from cardiovascular
disease and the hardness of drinking water (Schroeder, 1960a, 1960y,
Morris et al., 1961).  As calcium is the major cation associated with
water hardness, it is not unexpected that a similar negative correla-
tion would be found between calcium-ion concentration and cholesterol,

Calcium and Fecal Cholesterol:

Treatment had no effect on the level of ch@lestero} excrefed in the
feces. TFleischman et al. (1967) reported an increase in fecal cholesterol
cotresponding te an increase in dietary calcium. One possible explanation
for this lies in the types of cholesterol analysis employed. Fleischman
et al. (1967) employed an anthrone procedure to determine 3-Beta-hydro-
xysterols. Anthrone reagent reacts with any number of structures. In

this case it was the ring hydroxyl group, characteristic of cholesterol.

The fallacy with this procedure is that many. sterols other than choles-~
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erol, such as coprostanol and siﬁosterol9 plﬁs such things as glycolipids
will also react with anthrone, Therefore, it is possible that the signif-
icance resulting from Fleischman'’s investigation may have been due to
material somewhat foreign to cholesterol, The procedure used in the
present investigation was the Leiberman-Burchard reaction which does
not differentiate between cholesterol, sitosterol or coprostanol., As
sitosterol is a ﬁajor sterol for plants, the barley-base diets probably
contributed sitosterol to the feces, Also coprostanol has been shown
to occur as the chief fecal sterol comﬁonent of practically all animals;
therefore, it; too, might be present in large quantities in the feces,
These two sterols, sitosterol and coprostanol, could have been present
in such quantities as to have masked the actual cholesterol flucuations
resulting f;om increased dietary calcium levels, thus accounting for
these nonsignificant results, Also Fleischman emplofed diets containing
high melting point lipids, in contrast to the diets used. in this study.

Calcium and Tissue Cholesterol:

The limestone calcium source when compared to defluorinated rock
phosphate appeared to cause a significant (P4 .05) decrease in heart
cholesterol content, The limestone calcium source supplied the calcium
.in the form of calcium carbonate compared to tricalcium phosphate from the
defluorinated rock ghosphate, The difference in anion form may explain
the difference in effect. Howeyer, results such as these have never been
reported before with any type of tissue and it is felt that more data

are necessary to verify this point.
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Treatment had no effect on liver cholesterol concentrations,

Calcium-Fecal Lipid[Phosphorus:

Treatment caused no effect on the excretion of lipid phosphorus.
Fleischman et al. (1967) reported a corresponding nonéignifibaﬂé effect
on fecal lipid phosphorus due to increased dietary calcium. However, in
an earlier report, Fleischman et al. (1966) did find a significant increase
in fecal lipid phosphofus concentrations due to increased dietary calcium

levels,

Calcium-Tissue Lipid Phosphorus:

Data indicated that tissue lipid phosphorus levels were unaffected
by increased dietary calcium levels. In a 1966 investigation, Fleischman
t al, found these same results in relation to iﬁcreasing dietary calcium

level. However, in a later experiment, Fleischman et al. (1967) found a
significant decrease in liver lipid phosphorus levels due to increased
dietary calcium ingestion. This decrease was noted only at the 1,2
percent calcium_level not at higher or lower levels. These same results

were noted with heart lipid phosphorus concentrations,

Calcium=-Serum Lipid Phosphorus:

Treatment apparently had no noticeable effect on serum lipid phos'-=
phorus concentrations, This is in contrast with results found by Fleischman
et al, (1966, 1967) who found that increased dietary calcium caused a
decrease in serum 1iéid phosphorus levels. Yacowitz et al. (1965) found

that he was unable to induce a reduction in serum lipid phosphorus levels

because of increased dietary calcium ingestion.
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Sex Effec;

This in?estigation indicated that gilts had a lower serum cholesterol
level than did barrows. Alth;ugh it only approached significance, the
total lipid content of the liver and heart also supported this finding.
The cholesterol concentration of the heart, however9 indicated a lower
cqncentration for the Sarrows, The sex hormpnes of each respective animal
may be involved in causing this difference. Okey gﬁlgi, (1934) found
that féméles may have a higher liver totalAlipid level but lower choles-
terol content when compared to males. This same result was found for
phospholipids° Although the present investigation did not yield signif-
icant results in the liver and heart lipid phosphdrus concentration, it
did appear thatnthe barrows had higher lipid phosphorus concentration than
- the gilts, This sex effect is supported by Deuel et al. (1934) and
Barnes et al. (1941);_ It should be emphasized that the present study was

conducted using females and castrated males rather than males.

Interactions .

R Cholesﬁerél
Data from the calcium=-serum choleéterol relationship resulted in a
two-way interaction between calcium level .and calcium source. This
significant (P/Z_ .05) interaction was the resulp of a corresponding drop in
cholesterol level a£ the 1.2 percent diétary calcium level for both soﬁrces.
The difference ofiéinaged from the magnitude of the decrease. The lime-
stone source induced a drop in cholesterol level almost twice that of the

defluorinated rock pﬁosphate calcium source. This variation may be the

1
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result of the different form in which the calcium is suppliéd by each
source: limestone, calciuﬁ carbonate and defluorinafed rock phosphate,
tricalcium phosphate.

The cholesterol data revealed a second interéction involving the
effect of dietary calcium level and sex on the heaft cholesterol‘concen-
tration. This significant (Pgﬁ.OS)‘inte?ac£ion was the result of
opposite flpcuationsAin cholqstefol levels at the 0.8 pércent diefary
calcium level, At tﬁe 0.8 percent dietary calcium level, the heart
cholesterol level decreased for gilts'and increased for Barrowé, The
cholésterol level remained unaffected by either the lower or higher

dietary calcium levels,

Lipid'Phosﬁhorbs

There was a significant (P4 ,05) three-way inferaction found in
analyzing the effect of calciﬁm level, calcium source and sex on Serum
lipid éhosphorus, As there were no significant effects due to main
treatments (calcium level, calcium source an& sex) on this parameter,.it
may be aséumed that the interaction was én artifact and resulted from

random variation.




SUMMARY

One trial involving 24.pigs was conducted to study the effects of
varying levels of dieta?y calcium from two conventional scources, limestone
and'dgfluorinated rock ﬁhosphate,'upon lipid excretion and déposition in
swine. Comparisons were made on the effect of'dietéfy calcium levels,
sources and animal sex.

'Feedlof-performance was éssentially the same for all treatmentst
The‘Barrows_ekhibitéd the traditional incrqaséd average daily gain over
the giltg_(P¢L;01). 'Ihé?e was'a trend toward increésed feed efficiency
with increased ihcréménts of dietar& dalciuﬁ. Integtional pH reﬁaidedA
unaffected by'caléipﬁ level, éalciﬁm source and sex. The 0.8 pef;eﬁt
dgeﬁary balciﬁmllevgl and the tﬁo calciuﬁ sources combined to causé an
oﬁposite flucuation in the serﬁm calc?um goqcenfration §P<;,05).

There was no significant éffeét.oﬁ the Fota} lipid'condeﬁtra;ion of
the liver, heart, feces and serum due to treatméné.‘“

Serum cholesterol content was ;ignificaﬁtly (ELZ?OI) dééreaéed'by the
1,2 percent leve1~of die;ary cglciuﬁ. .Thé defluérinated-rock phosphate
calcium source caused a lower (P;i.bS) serum cholesperdl level than did
the 1iﬁéstone calcigm‘éource. Gilts exhibited a lower,serum cholesterol
level than did the Parrowé-(P<L.b5). The hiéh d{etéry calcium level from
the limestSne source caused a larger drop (P <£.05) in sefumléholesterol
level than did the corresponding dietary calcium level froﬁ the deflu&r-
inated rock phosphate calcium source; A significant (P<L.65) drop in
heart cholesterol levels was»noted as a result of the limestone dietary

calcium source.
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‘Gilts had a higher cholesterol concentration in the heart tissue
(P¢L.95) and a lower serum cholesterol level (P .05) than did the barrows.
The 0,8 percent dietary calcium combined with the‘sex of the animal to
induce an opposite flucuation in the heart qholes;e;ox.level (P <£.05).
Treatment failed to effect liver or fecal cholesterol levels,

The serum lipid phosphorus level was subject to effect by the com- -
bined interaction of calcium source, calcium level and sex. The lipid

phosphorus levels of the liver, heart and feces were uninfluenced by'

treatment.
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APPENDIX TABLE I, ANALYSIS OF VARIANCE OF THE EFFECT OF VARYING LEVELS OF DIETARY CALCIUM
ON LIPID EXCRETION AND DEPOSITION; SERUM CALCIUM LEVEL, INTESNTINAL pH
VVAND AVERAGE DAILY GAINS IN SWINE,;ﬁnwr o ] .

Mean .Squdres . .
Total Lipid

Source of Degree of Average Blood

Variation Freedon Daily Gain Calcium Fecal Serum Liver Heart

Total 23

Level (A) 2 .0081 3.5426 1,095.3843 12,936.0300 201.8146 328.0514

Source (8) 1~ .0001 1.1396 2.8085 167.9070° ~ 7.2161 122.3113 ~

. Sex (C) 1 .0726 " .5490 69i,9782 178.3260 799.9531  626.4860 :g
AXB 2 .0142 5.3840 .24..1468 5,870..0320 92,6245  50.4874

AXc 2 .0277 ‘.5965' 501.3174 5,559.5820 670.7649 90.2905

BXC - y T oo 4.5851 8612:“9—‘1'98 5,048.3170 25.7501  315.6635

ZCBXC 2 .0088 1.3163 125.7273  7,035.9160 73.2393  688.1019

Error 12 - .0106 11,1467 458.7694 8,436.0001 215.9773 205.1748




APPENDIX TABLE I, (CONTINUED)

Mean Squares
, Cholesterol
- Source of Degree of Average Blood ) o
Variation Freedom Daily Gain Calcium Fecal Serum Liver 7 Heart
Total 23 B
Level (A) 2 0081 3.5426 229,3719  1,200.0271  216.4609 130,5783
" Source (B) 1 .0001 1.1396 12,3554 237.3846 75,2250  325,6804
Sex (C) 1 .0726 .5490 60.2934  381,9228  364.3383  373.5915
AXB 2 0142 5.3840 46,4844  565,2406 34.9332 53,2419
AXC 2 .0277 »5965 194.2912 55.0196  133.9238 479,778l
BXC S .0060 4,5851 1,0752 10,4538  170.2936  41.1601:
AXBXC 2 .0088 1,3163 3.0013 65.6769  277.6274  131.3949

Error 12 0106 1,1467  182.7733 58,9669  129.5742  79.8482
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APPENDIX TABLE I. (CONTINUED)

Mean Squares
Lipid Phosphorus
Source of Degree of Average Blood o
Variation Freedom Daily Gain Calcium Fecal Serum Liver Heart
Total 23
Level (A) 2 .0081 3.5426 .6601 2.4597 .6422 1,4313
Source (ﬁ) 1 .0001 1.1396 .0630 .1873 .0046 3.6817
Sex (C) 1 .0726 .5490 2.,6070 2.5611 1.0542 .3953
AXB 2 .0142 5.3840 .2616 4.9866 .9784 .3740
AXC 2 .0277 .5965 1.7787 3.8207 1.5781 - .5568 .
W
S
BXC 1 .0060 4,5851 .3385 .7561 1,7442 1.1008 !

ACBXGC 2 .0088 1.3163 - L7041 44,1832 2.5214 3.0537

Error 12 .0106 1.1467 2,0293 - 7.2885 1.3661 1.2769




) . Meap ‘Squares’
' . Qastronintestinal Tract Intestinal pH
Source of Degree of . . ' : Large
Variation AFreedom ‘ Stomach " Duodenum Je junum plleum — Intestine
ip?al .23 |
Level (A) 2 ;8652 .1166 ,2147- =2}.95 .6267
‘Source (B) 1 .3505 . .0235 0301 ,0051 . 0084
| Sex (C) 1 ~3,7605" .2710 .1001" .2301° »1001
AXB 2 .3631 1264 .0808 0576 L0341
AXC 2 .7781 0678 .0313 0719 ©.0802
BXC 1 .9599 .0084 .1752 .0551 .0010 “:m"
ACBXC 2 .3236 .0167 .0582 .0456 ' .0322
Error iZ

-959& .1276 .0782 L0747 ‘ 0574

e )




' APPENDIX TABLE II.

EFFECT OF SOURCE AND LEVEL OF CALCIUM ON BODY WEIGHT GAIN AND FEED

Source Source

" Calcium source .Limestone i Totgl .Phosphate Total " Sources '
Calcium level, % 0.4 0,8 1.2 0.4 0.8 1,2 0.4 0.8 1.2
No. animals 4 4 412 4 4 4 12 8 8 12
Av, Initial’ ' )
weight, 1bs. 45 45 46 136 45 46 47 138 45 45 46
Av, Final }
weight, lbs, 207 210 207 624 209 210 210 629 208 210 208
Av. Total
gain, 1lbs. 162 165 161 488 164 165 164 '493 163 165 162
~Days fed 98 . 98 102 298 101 99 98 298 100 98 100
Av. daily ‘
gain, lbs, "1.66 . 1.69 1.58 4,93. 1.58 1.66 1.67 4,91 1.62 1,68 . 1.63
Feed consumed,
1bs. 646 692 632 1970 749 653 648 2050 698 673 640
Feed/1b.
gain 3.99 4.20

3.92

12,11 4.56 3,97 3.96 12.46 4,28 4.09 3,9

-gg-
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ANALYTICAL PROCEDURES

Total Lipid Determination: (Williams, 1962)

Reagents:

1. Chloroform, reagent grade, redistilled.

2. Methanol, reagent grade, redistilled

.3. Chloroform-methanol mixed in ratio of 2:1.
4, Glacial Acetic Acid, reagent grade.

Précédure:

. ‘ The so}vent mixture and the hbmogenized undfied saméle,
containing ﬁﬁ Eo 3 grams of dry material, ﬁere.mixed together in a
glass-stoppered flask. to give a final liquid volume of 45 millilitgré,

An estimaée'of Ehe water content'of the sémple was made first and the
soivent mixtgre prepared to give a rafio of chloroform methénolg water:
acetic acidgof 1.0:0.35:0.90, wiﬁh.the watér already p;eéent in the samples
being considered. .(Ihe water:chIorofofm‘ﬁethanbl ratio may vary from
0.3 to 0.4 Qith maximal extractioﬁ stiIl'obtained.) Tﬁis mixture was then
shaken vigorously for 5 minutes and left étanding for an additiona; 25
minuées. With fe;al, liver, and heart material, the mixture was next
filtered to remove all particulate matter. This was not necessary for
serum, however. After fiitering, duplicate'ZO_miliilitéf éliquots were
transferred to graduate 50 millilipér glass-stoppered centrifﬁge tubes.
Chloroform-methanol was then addéd'to‘gi;e a final volume of 35 milliliters.
After mixing by inversionigeveral times, the tﬁbes wére’ceﬁtfifuged at
1500 rpm's ﬁbr 15 minutes. Twént§jfive milliliters of the supefnatants
_were tfansfqrred.tp SO.miliiiifer gradﬁated glass-étoppéred centrifuge
tubes, Diétii}éd water was then added to make.a final volume of 50

milliliters. The tubes were stoppered, shaken vigorously for 10 seconds,
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gnd centrifuged for 10 minutes at 1600 rpm's. The water layer, on top,
was withdrawn with suction and discarded (with care so as not to remove
any of the interface solids that may have formed). The washing was
?erformed two more times using 14 milliliteré of water each time, The
Qashe& extracts were then brought to 45 milliliters with chloroform-
methanol, and the contents of the tubes were mixed by inversion. The
extracts were then filtered through a medium porosity ground glass funnel.
(It is important'thgt filter paper not be used for the filtratiom as it
was féund that up to 30 percent of the phospholipids could be lost by
absorption in Whatman ﬁumber 1 filter paper, Williaﬁs,'19625, The filter
was washed 3 times with 5 milliliter aliquots of chloroform-methanol and
the extract was madg to 50 milliliters. A 5 milliliter'aliquot was placed
in a breweighed vial qnd taken to complete drynessliﬁ an oven and weighed
again,

Calculations:

A= Amount of lipid component per gram of wet sample.

B= Amount of lipid component in aliquot of fimal extract
taken for analysis as determined by weight.

C= Volume of final extract taken for amalysis (milliliter).
D= Weight of sample taken for homogenization (grams).

A =35x45x8B x 50
25 20 (c) (D)




-60-

Cholesterol Determination: (Abdell et al., 1952)

Reagents: -

Absolute alcohol, redistilled.
Petroleum ether, redistilled.
Acetic acid, reagent grade,
Sulfuric acid, reagent grade,
Acetic-anhydride, reagent grade, free from
hydrochloric acid. :
Potassium hydroxide, reagent grade, 33 percent,
(10 grams of reagent grade potassium hydroxide
dissolved in 20 ml. of water.)
7. Alcoholic potassium hydroxide solution, prepared just
before using. (6 ml, of 33% potassium hydroxide to
94 ml, of absolute alcohol.)
8. Standard cholesterol solution. (1 mg./l ml.)
9. Modified Liebermann-Burchard reagent., (20 volumes of
acetic anhydride. chilled to a temperature lower than
10 degrees centigrade in a glass-stoppered container,
1 volume of concentrated sulfuric acid was added, the
mixture well shaken and kept cold for 9 minutes; 10
volumes of glacial acetic acid were added and the
mixture was warmed to room temperature,) The reagent
. had to be used within one hour after preparation,
10. Blank: Liebermann-Burchard, reagent.

[V I~ B I S
L) * O L) L

[+)]

Procedure:
A 0,5 milliliter aliquot of the lipid extract was measured

into a 50 milliliter glass stoppered centrifuge tube, and 5 milliliters

of alcoholic potassium hydroxide were added to each tube., The tubes were -

stoppered, well shaken;, and incubated in a water bath at 37-40 degrees
centigrade for 55 minutes, After cooling the tubes to room temperature,
a 10 milliliter volume of petroleum ether was added and mixed well with
the contents of each tube. Five milliliters of Water were then added
and thg tubes were shaken vigorously for 1 minute. If an emulsion did
not break, the tubes were centrifuged at 1,000 rpm's for 5 minutes, at

which time two clear layers should have formed. A 4 milliliter aliquot
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of the petroleum ether layer was transferred to a dry 40 milliliter
erlenmeyer flask. (The analysis could be interrupted at this point,
and the flasks stoppered and kept until it was convenient to complete
the procedure.) The petroleum ether was evaporated by placing .the |
flasks in a pan of water at room temperature and gradually heating to
80 degrees centigrade. ‘A stream of air was blown over the flasks while -
they were drying. After the water had reached 80 degreees centigrade, the
samples were removed and placed in a drying oven at 100 degrees centigrade
for 10 minutes to.insure complete dryness. After cooling to room tempefa-
ture, the flasks were stoppered with clean, dry corks,

The flasks containing the dry residues from'phe'samples and the
standards were arranged so' that a standard came at the éeginning, one in
the middle, and one at the end of the run. A cleén; dry flask was placed
at the beginning to receive the blank. Six milliiiters of the Liebermann-
Burchard reagent were added to the flasks at one minute intervals, Once

the Liebermann-Burchard reagent had been added to a tube, care was taken

_to wash down the entire inner surface of the flask with the reagent., The

‘flasks were tightly stoppered and placed in a dark drawer for color develop-

ment, Contact between4tﬁe flasks and light was kept at a. minimum. The
optical density of each flask was read against a blank in a Beckman DB-G
spectrophotometer at 620 millimicrons, .30 minutes after the reagent was

added.
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Calculations:
1. Volume of sample x Concentration of Standard = A
2, 4/10 x A =
3, B =K
Optical Density of Standard
4,

Lipid Phosphorus

K x Optical Density of Unknown x 100 = mg/100 m111111ters
B .

-Determination:-(Pons et al., 1953)

Reagents:

1a

Molybdate reagent: Dissolve 50 grams of ammonium
molybdate in 400 milliliters of 10 normal sulfuric
acid and dilute to 1 liter with distilled water.
Store in a paraffin-lined bottle,.

Sulfuric Acid, approximately 1 N : Dilute 280 milliliters
of concentrated sulfuric acid to one liter. to get 10 N,

" then take one part of ‘this 'to nine of water to get 1 N

Stannous Chloride, stock solution: 'Diésolve‘IO grams
of stannous chloride dihydrate in 25 milliliters of
concentrated hydrochloric acid. Stored in a glass-
stoppered brown bottle. '

Stannous Chloride, dilute solution: 1 milliliter of
stock solution plus 200 milliliter of 1 N sulfuric
acid, prepare just prior to use,

Isobutyl alcohol, reagent grade.

Etnyl elcohol 95 percent which can be used to make
70 percent by dilutlng 73.5 milliliters of 95 percent
to, 100 milliliters with distilled water,

Magnesium nitrate, Saturated solution: Magnesium
nitrate hexahydrate in 95 percent alcohol,

Standard Phosphate solution: Recrystallize A.C.S,
grade monobasic potassium phosphate (KH2P04) three
times from water, dry at 110° C C., and store in a
desiccator over concentrated sulfuric acid, Dissolve
4,3929 grams of dry salt in 300 milliliters of water
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and 200 milliliter of 1 N sulfuric acid contained
in a 1 liter volumetric flask, add several drops of
0.1 normal potassium permanganate, and dilute to
volume with distilled water. This stock solution,
1.0 milligram phosphorus per milliliter, is stable.
Procedure:
The material was first extracted using the before-méﬁtioﬁed
total 1lipid extraction procedure, A 10 milliliter volume of the lipid
extract was taken to dryness in a rotary evaporator and then redissolved

in’a~volume of 95 percenf eth&l.alcoholo- Following the addition of the

95 percent ethyl alcohol, the solution was heated to insure complete

%blvgtion of all phospholipids, A second and third washing was completed

using 95 and 70 percent ethyl alcohol; respectively, heating each timég
After each washing, the alcohol was poured iﬁto an ashing crucible. The
crucibles were placed on a'hot plate and subjected to a flqw of'air,to
enhance evaporation of the alcohol. Once the volume of alcohol reached a
volﬁme of 1 to 3'milliliter§,'3 milliliters of magnesium ﬁi;réfe were added
to each crucibie, The cruéipies were allowed to conpipue'hegging qhtil

the samples were dry, at which time the heat was increased to effect a

partiai ashing of the sample. The crucibles were then placed in a muffle

furnace and heated at 600 degrees centigrade for 4 to 5 hours or until a

whifé ash was obtained, The prﬁcibles'were'allowed to cool to rbom>temp¢r-
atﬁre, 'The ash was dissolQéd in 5 milliliters of'lozsulfuric acid,. “It was
neceésary to heat fﬁe gcid and ash together in order to get all the ash in
solution. The acid solution was then transferred quantitatively to a 100

milliliter volumetric flask using distilled water to effect the transfer,
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The solution was then brought to volume using distilled water.

A 5 milliliter aliquot of the extract was .quantitatively measured
into a 60 milliliter separatory fumnel. Five milliliters of the mqubdate
?eagent were added to the extract and the solution was diluted to 20
milliliters with distilled water. Ten milliliters of isobutyl alcohol
were added and the contents were shaken for two minutes, The 1owe;,
aqueous, layer was discarded and-the extract was washed by shaking'for
one-half minute with 10 milliliters of 1 Normal sulfuric acid; again
the water layer was discarded. The solution was then shaken for one
minute with 15 milliliters of dilute stannous chloride, the water being
discarded. The blue isobutyl alcohol layer was quantitatively transferred
to a 50 milliliter volumetric flask using 95 percent ethyl alcohol. The
optical density was determined by comparing the blue solution against a
blank containing all reagents. A Beckman DB-G spectrophotometer set at
730 millimicrons was used at any time from 40 minutes to 19 hours after

the color had developed, to determine the optical density.

Calculations:
Volume of the phosphorus
1. . 1 solution taken for amalysis = A
Volume of unknown x 1 )

phosphorus solution

2. Concentration of Standard = Concentration of Unknown =
Optical Density of Standard Optical Density of Unknown

3. B x A = Milligrams of phosphorus per gram of material,

Serum Calcium Determinations: (Oser 1965)

Reagents:

1. Standard calcium solution (2.0000 milligrams calcium

B
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per milliliter)
. Saturated ammonium oxalate
Ammonium hydroxide (2 N) saturated with calcium bxalate
(wash solution)
10 percent sulfuric acid (v/v)
Potassium permanganate concentrated (6.9009 grams per
liter = 2 N)
Potassium permanganate dilute solution (1 part of concen-
trate to 98 of distilled Hy0)
7. Acetic acid diluted 1-4 with H20
8. Ammonium hydroxide diluted 1 to 4 w1th HyO
9. Methyl red indicator
0. 2 N hydrochloric acid.

W N
o

w

()
°

1

Procedure:

A 4 milliliter aliquot of serum was dilutea with an equal
volume of distilled water. Three milliliters of saturated ammonium
oxalate was added to the sample and allowed to stand for a minimum of four
hours, preferrably overnight. The solution was then centrifuged at 2000
rpm's for 20 minutes. The supernate was decanted and the remaining precip-
itate was washed 2 times using the wash solution: Five milliliters of
10 percent sulfuric acid was added to dissolve the precipitate. The samples
were then heated to 90° centigrade and titrated with the dilute potassium
permanganate solution. The standard was prepared in the range of .4
milligrams per mill&iitg;_and treated exactly like the sefum.

Calculations:

1. Concentration of Standard=Concentration of Unknown=mg Ca/ml.
ml KMnO; for Standard ml KMnOs4 for Unknown

2, mg Ca/ml x 100 = mg %

ml of serum
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