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INTRODUCTION

Osteoporosis is a skeletal disorder in which the absolute amount of
bone is decreased relative to that of younger individuals, although the
remaining bone is normal in chemical composition (1). Clinically, symp-
toms include severe backache, pain, progressive loss of height and sus-
ceptibility to fractures (2). Symptomatic sénile osteoporosis is con-
sidered to result from the universal loss of bone that normally attends
senescence in both sexes and begins in the third or fourth decade of
life (3).

Estimates indicate that a minimum of 10% of the population suffers
from senile osteoporosis severe enough to cau#e vertebral, hip or long-
limb fractures (1). The disorder affects one in four women and about
half that number bf men (4). In general, females have a lower béne mas s
and this may account, partially, for the higher incidence of osteoporosis
among women. The consequences of osteoporosis are magnified in the post-
menopausal female, resulting in major orthopedic problems in approxi-
mately 25 to 30% of the women in that group (3).

Decreased bone mass may lead to significant incapacitation in aged
individuals and result in fractures requiring prolonged hospitalization.
Of approximately one million fractures experienced each year by women
45 years of age or older in the United States, about 700,000 are in-
curred by women with osteoporosis (3). Approximately three-fourths of
all deaths from falls occur in patients aged 65 and over, with a female:
male fractures incidence ratio of 8:1 (3).

Although the ravages of decreased bone mass are well known, the

reasons for age-related skeletal loss is largely conjectural. Heredity,



inactivity, estrogen deficiency and renal dysfunction leading either
to inability to conserve calcium or to secondary increments in circu-
lating hormones which resorb bone, i.e. parathyroid hormoﬁe, have been
implicated as causative factors. Nutritional factors may be involved
also, including deficiencies of calcium (5) and/or vitamin D (6); cal-
cium/phosphorous ratio (5); fluoride (7) and acid-ash diets (8).

There is some evidence (5) that a high protein intake is associ-
ated with low calcium intake and may play a role in the pathogenesis
of osteoporosis. High intakes of dietary protein have been shown to
increase urinary excretion of calcium (9, 10), suggesting by inference,
that high protein diets decrease the absorption and retention of cal-
cium and thus may be detrimental to bone health. Very little infor-
mation is available concerning the effect of excess dietary protein
on the excretion of other macronutrient elements. Even less is known
concerning the effect of protein source on excretion of mineral ele-
ments. This study was designed to investigate the effect of excess
intake of protein from 3 sources on.calcium and magnesium excretion

in adult rats fed high protein diets.’



REVIEW OF LITERATURE

Effects of Dietary Protein Level on
Calcium and Magnesium Excretion

Increased urinary calcium excretion with increased levels of dietary
protein has been observed in human beings and laboratory animals for many
years. The cause of the hypercalciuria and the source of the increased
urinary calcium resulting from high protein diets have yet to be estab-
lished,

In 1942 McCance et al. (11) observed that increased protein intake
.by five healthy adults resulted in increased calcium excretion. Hegsted
et al. (12) reported in 1952 that a high protein diet increased urinary
calcium excretion in adult males and that there was a considerable shift
in the distribution of calcium excretion from the feces to the urine.

In 1967, Lindeman et al. (13) observed the effects of various nutri-
ents, including protein, on urinary excretion of divalent cations by
healthy male volunteers, ranging in age from 19 to 63 years. Ingestion
of glucose, galactose, fructose, protein or ethanol resulted in increased
urinary calcium and magnesium, and a decrease in urinary potassium. They
reported increased glucose uptake and glycolysis in renal tubule cells
following intake of each of those nutrients, and proposed that calcium
and magnesium reabsorption and potassium excretion was in some way in-
hibifed in the distal tubules or collecting ducts by the enhanced glucose
uptake and glycolysis.

Between 1970 and 1974, Linkswiler and coworkers (9, 14, 15) con-
ducted a series of 3 studies to determine urinary excretion, absorption

and retention of calcium in 33 young adult males fed 47.95 or 142g pro-



tein daily at calcium intakes of 500, 800, or 1,400 mg. In each study,
protein intakes were varied while calcium intakeé were held constant.
When the calcium intake was maintaineﬁ at 1,400 mg increasing the pro-
tein intake of 18 to 20 year-old males from 48 to 141 g caused a 163 mg
increment in urinary calcium, but an increment of only 69 mg in appar-
‘ent absorption (9). The level of dietary protein had no significant
effect on fecal calcium. At a calcium intake of 800 mg, 19 to 21 year-
old male subjects were in positive calcium balance on intakes cof 47 and
95 g of protein, but calcium balance was negative on 142 g of protein (14).
The lowest protein diet resulted in a significant increase in fecal cal-
cium. All subjects were in negative calcium balance when they were fed
diets containing 500 mg calcium and either 95 or 142 g protein (15).
Fecal calcium was not affected significantly by protein intake. Based
on those studies, Linkswiler et al. (16) boncluded that the calcium re-
quirement of the adult human male is influenced by the level of dietary
protein,

Margen et al. (10) investigated the calciuretic effect of dietary
protein in healthy male volunteers, 20 to 32 years of age. They found a
markedly positive correlation between protein intake and urinary calcium’
excretion. Regardless of calcium intake, varying protein intake from 0 g
to 90 g N per day resulted in approximately an 800% increase in calcium
excretion, although the response was not linear. A similar calciuretic
effect was observed when pure L-amino acid mixtures were substituted for
whole protein in the diet.

In a long-term calcium balance study (108 days]), Oddoye1 observed a

significant increase in urinary calcium excretion in 6 young male subjects

1Oddoye, E. A. (1976) The effect of higﬁ and low nitrogen intake on
calcium balance. Federation Proc. 35, 499 (Abstzr.)



when nitrogen intake was increased from 12 g to 36 g per day. Fecal
excretion was slightly higher on the 36 g nitrogen intake than on the
12 g intake. Usually, the subjects were in negative calcium balance
during the period of high nitrogen intake. The order of nitrogen feed-
ing affected the degree of negativity, being more negative when the
change was from high to low than when the order of feeding was from low
to high.

The results of two 51-day metabolic studies of the effect of level
of protein and phosphorus on urinary excretion of calcium and calcium

5 A 4%4 Latin

balance were reported by Zemel et al.% and Hegsted et al.
Square_design with 8 subjects in each study was used. In the first study
two levels of protein (8 and 24 g N), each with two levels of phosphorus
(1,010 and 2,525 mg) were fed. Four dietslﬁere fed in the second study:

" low-protein, low-phosphorus; high-protein, low-phosphorus; and two low-
protein diets, one with low-phosphorus and one with high-phosphorus and
both with sulfur amino acids to make the sulfur amino acid content'equiv-
alent to that in the high-protein diet. Calcium and magnesium levels

were maintained at 500 and 350 mg, respectively. There was an approxi-
mate doubling of urinary calcium and a substantial decrease in fractional
renal tubular reabsorption of calcium in both studies when protein intake
was increased. At both levels of phosphorus intake, the high-protein diet
caused a deqreased calcium balance, attributable to the increased urinary
calcium. Urinary calcium was decreased and fractional renal tubular re-
absorption of calcium was increased at both levels of protein intake when

dietary phosphorus was increased. Adding sulfur amino acids to the low-

2Zemel, M., Schuette, S., Hegsted, M. and Linkswiler, H. M. (1979)
Effect of level of protein and phosphorus intake on urinary calcium and
sodiym in men. Federation Proc. 38, 872 (Abstr.)

3Hegsted, M., Schuette, S., Zemel, M. and Linkswiler, H. M. (1979)
The effect of level of protein and phosphorus intake on calcium balance in
young adult men. Federation Proc. 38, 765 (Abstr.)



protein, low-phosphorus diet resulted in increased urinary excretion,
decreased fractional renal tubular reabsorption of calcium and decreased
calcium balance, but all the changes were less than those resulting from
the high-protein diet. Regardless of the level of protein or sulfur
amino acids, high phosphorus intakes resulted in more positive calcium
balance than low-phosphorus intakes. The effect of the high protein diet
on either urinary calcium or calcium balance was not eliminated by a high
level of dietary phosphorus.

Recently, two groups of researchers have investigated the mechanisms
involved in the hypercalciuria caused by high levels of protein intake.
Linkswiler and her coworkers4 (17) examined the mechanism of protein in-
duced hypercalciuria by evaluating both renal and parathyroid fumction
in old and young subjects. They conducted a 30 day metabolic study with
5 men (44-86 years) and 6 women (65-79 years). Daily protein intake was
maintained at 50 g and 43 g during the first 12 days of the study and 113
g and 110 g during the last 18 days for men and women, respectively. In-
creased protein intake was accompanied by significant increases in urinary
calcium, calecium clearance and net renal acid excretion and significant
decrease in tubular resbsorption of calcium. Glomerular filtration rate
increased slightly. Protein intake did not affect urinary phosphorus,
urinary cyclic AMP, plasma total and ultrafilterable calcium:or serum para-
thyraid hormone. High protein intake resulted in decreased calcium bal-
ance. They concluded that the increase in urinary calcium resulted from
decreased renal tubular reabsorption and that elderly people exhibit a
hypercalciuretic response to increased protein similiar to that observed

in young adults,

4Schuette, S A., Zemel, M. B. and Linkswiler, H. M. (1978) Effect
of varying protein and sodium intake on calcium metabolism in the elderly.
Federation Proc. 37, 892 (Abstr.)



Kim and Linkswiler (17) examined the mechanism of protein-induced
hypercalciuria in six young adult males. During a 20-day metabolic
study, subjects were fed a 47 g protein diet during the first 10-day
period and 142 g during the second 10-day period. Calcium, magnesium and
phosphorus intakes were maintained at 515, 320 and 1,110 mg daily, respec-
tively. Increased protein intake resulted in significant increases in
urinary calcium, glomerular filtration rate, and calcium clearanée and a
significant decrease in fractional tubular reabsorption of calcium. Daily
urinary magnesium excretion increased significantly when protein intake
was increased. Magnesium absorption was elevated slightly and retention
was diminished slightly, but neither change was statistically signifiﬁant.
Fasting serum concentration of parathyroid hormone, total calcium, magnes-
ium, inorganic phosphorus and plasma ultrafiltrable calcium were unaffect-
ed by the level of protein intake. Their results indicated that protein;
induced hypercalciuria may -be due to both an increase in,glomerular fil-
tration rate and a decrease in fractional renal tubular reabsorption of
calcium.

Allen et al. (18) have reported similar findings regarding the mec-
hanism of increased urinary excretion of calcium with increased levels of
dietary protein. During a 95-day metabolic study, consisting of two ap-
proximately equal periods, six adult male volunteers, between the ages of
23 and 30 years, were fed formula diets supplying 12 g or 36 g nitrogen
and approximately 1,400 mg calcium per day. Urinary calcium excretion in-
creased rapidly and significantly from an average of 191 mg/day on the 12
g nitrogen diet to 277 mg/day on the 36 g nitrogen diet. The high intake
of dietary protein did not cause significant increases in the apparent ab-
sorption of dietary calcium. Overall calcium balance was -37 mg/day and

-137 mg/day on the 12 g and 36 g nitrogen diets, respectively. Creatinine



clearance, filtered calcium and urine calcium expressed as percentage of
filtered calcium were increased, significantly, by high protein intake,
but urine pH, urinary excretion of sodium, potassium, magnesium, phos-
phorus and hydroxyproline, serum insulin and parathyroid hormone were not
increased significantly. They suggested that a decrease in the fractional
reabsorption of calcium by the kidney is the most likely cause of protein-
induced hypercalciuria, and that consumption of high calcium diets is un-
likely to prevent the negative calcium bélance and probable bone loss in-
duced by the consumption of high protein diets.

Later, Allen et al. (19), designed a study to further examine the
role of the kidney in protein-induced hypercalciuria. Meals containing
18 g and 54 g of proéein were fed to each of six male and three female
adults, aged 26 to 48 years. The two meals were similar in their energy,
sodium, calcium, phosphorus, magnesium and zinc content. Measurements of
serum calcium (total and filterable), serum creatinine, and urinary cal-
cium, creatinine, zinc and nitrogen were taken for 4 hours after the meal.
Filtered calcium was calculated as the product of glomerular filtraticn
rate, obtained from measurement of serum and urinary creatinine in each
clearance period, and serum filterable calcium. Calcium reabsorption was
obtained by subtraction of urine calcium from filtered calcium for each
clearance period. Between 2 and 4 hours after consumption of the high
protein meal, urinary calcium, zinc and nitrogen were significantly higher,
but the protein level did not affect urine pH or volume, serum total or
filterable calcium or glomerular filtration rate. The percentage of re-
absorption of filtered calcium was significantly decreased within 0.5 hour
after consumption of the high- protein meal, and remained so during the
next 3.5 hours. They‘concluded that high protein consumption lowers the

amount of calcium reabsorbed by the kidney.



Bell et al. (20) suggested that the laboratory rat might be a suit-
able experimental model for studying the mechanism of protein-induced cal-
ciuria. They fed adult rats diets containiﬁg 10, 20 or 40% protein and
uniform concentrations of calcium and phosphorus (0.6 and 0.3%, respect-
tively). Bone resorption was measured by following the excretion of 45ca
which had been incorporated into bone one month before the experimental
diet was fed. Rats fed diets containing 40% protein excreted signifi-
cantly more unlabeled and labeled calcium than animals fed 10 or 20% pro-
tein diets. However, fecal 45Ca decreased with increasing dietary protein,
and consequently no increase in total 458& excretion, an indicator of bone
resorption, was observed in the high protein group. High protein intake
resulted in enhanced absorption of dietary calcium. They concluded that
in the rat, the increased urinary excretion of calcium observed under con-
ditions of high proFein intake had no effect on bone resorption when cal-
cium and phosphorus intakes were adequate, and that the increased urinary
excretion of calcium was due to a shift in the route of excretion of endo-
genous calcium from therfeces to the urine and to increased absorption of
dietary calcium.

Allen and Hall (21) further investigated the use of the rat as an
experimental model for protein-induced hypercalciuria. Combined calcium
kinetics and balance'studies, measurement of intestinal calcium-binding
protein activity and bone density fractionation were used to study calcium
metabolism in S56-day old male rats, which had been fed an 18% casein (con-
trol) or 36% casein (high protein) diet for 2, 14, or 28 days. Urinary
calcium excretion was increased 230% by feeding the high protein diet, but
there was a tendency for the calciuretic effect of dietary protein to di-

minish with the length of period fed the high protein diet. No apparent
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difference between the urinary calcium excretion of controls and those
rats fed the high protein diet for 28 days was observed. Intestinal cal-
cium-binding protein activity was not affected by consumption of the High
protein diet for 7 days. Bone density fractionation indicated no change
in the rate or extent of bone mineralization attributable to the high pro-
tein intake. The investigators pointed out that the daily urine calcium
excretion of the rat represents less than 1% of dietary calcium intake,
and the increase in urine calcium excretion induced by the high protein
diet was very small in comparison to the calcium flux through intestine and
bone. They concluded that tﬁe rat is not a useful model for studying cal-
cium metabolism in protein-induced calciuria.

Chan et al.S tested the hypothesis that the hypercalciuria resulting
from high protein intake is associated with the production and urinary ex-
cretion of excess acid. They fed 18 male rats diets containing 10, 20, or
60% eggwhite. The calcium, phosphorus and zinc concentrations of the
diets were comparable. After 6 weeks, urinary calcium, zinc and net acid
excretion were determined and found to be a;sociated with the level of
dietary protein. Calcium and zinc excretion were correlated with net acid
excretion (r=0.87 and 0.89, respectively) after 6 weeks, and persisted at
the 12th week when the analyses were repeated.

In a second experiment, Chan et al.s fed rats a 60% eggwhite diet
plus 10 meq/kg of NaHCD3 (to '"neutralize' the endogenous acid). Urinary
calcium and net acid excretion (NAE) were significantly less then during
the control period when no NaHCO; was given, and excretion of calcium and
NAE did not differ significantly from that of a group of animals fed the
20% eggwhite diet throughout the experiment. They concluded that zinc

excretion, as well as calcium excretion, is affected by the level of pro-

5Chan, W., Calhoun, N. R, and Smith, J. C. (1978) Effect of dietary
protein on urinary excretion of calcium and zinc. Federation Proc. 37,
847 (Abstr.)
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tein intake, and they suggested that the hypercalciuretic effect of a

high protein diet is secondary to the increased acid excretion.

Effects of Dietary Protein Source on
Calcium and Magnesium Excretion

It has been suggested (16) that all proteins may not have the same
effect'on urinary excretion and retention of calcium. Dull6 studied the
effect of dietary gelatin on calcium and magnesium metabolism in human
subjects. Complete balance studies were performed on five subjects fed
normal diets plus supplemental gelatin. Calcium and magnesium excretions
were increésed in three subjects fed 50 g of gelatin daily for six days.
By the sixth day of gelatin supplementation, urinary calcium increased
from average control values of 175, 100 and 82 mg per day to 273, 195 and
141 mg and urinary magnesium increased from 5.5, 4.0 and 7.4 meq per day
to 6.5, 6.7 and 9.3. Fecal calcium increased in all three subjects dur-
ing the six-day period. A negative calcium balance was maintained for
30 days in two subjects consuming gelatin, and in one subject negative
calcium balance ranged from 100-215 mg per day during 30 days of gelatin
administration.r They suggested that the increase in urinary calcium and
magnesium was caused by peptide bonding or chelation or peptide inhibition
of tubular reabsorption, and that increased endogenous secretion of cal-
cium accounted for the increased fecal calcium.

Whiting and Draper7 monitored urinary calcium in adult male rats fed

an 18% casein control diet (24 g N/kg), or diets containing an additional

6Du11, T. (1963) Effect of dietary gelatin on Ca, Mg and P metabo-
lism. Clin. Res. 11, 404 (Abstr.)

7Whiting, S. J. § Draper, H. H. (1978) Studies on the calciuric
effect of excess dietary protein. Federation Proc. 37, 847 (Abstr.)
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24 g N/kg from lactalbumin (Lact), eggwhite (EW), gelatin (Gel) or casein
(Cas). All diets contained 0.6% calcium and 0.3% phosphorus. Urinary
calcium excretion reached a peak at two days when the relative rates of
excretion expressed as percent of control were: Lact-489; Cas-340 and
Gel-263. Calcium excretion decreased to generally stable rates between

4 and 8 weeks with the following average values relative to that of the
controls: Lact-201; EW-170; Cas-148 and Gel-135. The calciuretic effects
of the high protein diets were in the same order as their total sulfur
content, i.e., Lact} EW”)Ca5$ Gel. They suggested that sulfate formed by
the catabolism of excess sulfur amino acids is a factor in the calciuretic
effect of high protein diets.

Calvo and Bell8 conducted a 20-week study to determine the long-term
effects of various protein sources on calcium metabolism and bone status
of 500 g male rats, ''deep-labeled' with 4SCa. Control rats were fed diets
containing 6% protein as casein and compared to rats fed diets containing
6% casein'plus 24% protein as either lactalbumin, beef, casein, soy, egg-
white or gelatin. Magnesium, phosphorus and calcium levels in the diets
were held constant at 0.18, 0.4 and 0.6%, respectively. Calciuria was not
induced by all protein sources. Diets containing lactalbumin, eggwhite
and gelatin resulted in greater urinary excretion of 45Ca then proteins
in other diets. None of the proteins increased bone resorption or altered
femur weight or ash content when calcium intake was adequate.

In a second study, Calvo and Bell8 investigated the effects of high
protein and inadequate calcium intakes on calcium metabolism in adult
rats. Control rats fed 10% protein as casein were compared with rats fed

10% casein with protein increased to moderate (25%) or high (40%) levels

gCalvo, M. S. & Bell, R. R. (1978) Effect of protein-induced cal-
ciuria on calcium metabolism and bone integrity of adult rats. Federation
Proc. 37, 891 (Abstr.)
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by the additibn of both eggwhite and beef. Each level of protein was fed
at adequate (0.6%) and inadequate (0.05%) levels of calcium intake. Re-
gardless of protein intake, dry fat-free and ashed femur weights were
significantly lower when dietary calcium was inadequate. Their studies
indicated that increasing dietary pfotein induced calciuria in adult rats,
but did not increase bone resorption or alter bone composition when cal-
cium intake was either adequate or inadequate.

Benke9 examined the effect of both level and source of protein on
urinary calcium, zinc and titratable acidity. They fed adult male rats
complete diets containing 20% protein from lactalbumin {Lac), casein (Cas)
and soy isolate (SI) for 2 weeks, followed by a two-week period during
which the same rats were fed 40% protein from the same sources. The diets
supplied 0.6% Ca and 33 ppm Zn. Urinary calcium (mg/24 hr) and Zn (ug/24
hr) at the 20% protein level were: Lac 1.82, 14.3; Cas 0;77, 4.93; SI
0.72, 3.7. When protein was increased to 40%, urinary calcium and zinc
increased significantly. Titratable acidity also increased but not sig-
nificantly for soy isolate.

Benkeg also investigated the calciuretic effect of complete diets
containing 20% protein from peanut (PN), eggwhite (EW), beef and a 70/30
mixture of beef/soy isolate (SI). The diets contained 0.6% Ca and ade-
quate essential amino acids. Urinary calcium excretion (mg/24 hr) was:

PN 0.84, EW 1.11, beef 0.394 and beef/SI 0.55. Titratable acidity did
not correlate with urinary calcium in either study. The studies showed
the stimulatory effect of high protein diets on urinary calcium and zinc
and that different proteins cause different degrees of hypercalciuria.
The investigator suggested that high protein-induced hypercalciuria may

be a function of the specific dietary protein fed.

9Benke, §. S. (1979) Effect of different protein socurces on urinary
calcium and zinc in adult male rats. Federation Proc. 38, 872 (Abstr.)
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MATERIALS AND METHODS

Animals
Forty male, 5 monfh-old rats,1 averaging 350g in weight initially,

were used in the study. All animals had been fed Wayne Lab Blox, a com-
mercial stock diet containing 24.5% protein, 4.2% fat, 3.2% fiber, 1.2%
calcium, 1.0% phosphorus and other essential minevrals and vitamins, since
weaning. The rats were housed in individual, wire-bottom, stainless steel
metabolism cages with feed and distilled water provided ad libitum during
the study. Feed intakes and body weights were recorded weekly and at the

beginning and end of each collection period.

- Diets
The rats were randomized into replications according to initial body
weights. Experimental diets and animals within a replication were assigned
at random to individual cages. The composition of the diets is presented
in table I. A diet providing 15% protein as casein, was fed to one group of
animals for comparison of calcium and magnesium excretion. Three other diets
provided 30% protein as casein, casein and lactalbumin or casein and gelatin.
The dietary proteins were analyzed for nitrogen, using a micro-Kjeldahl
digestion unit2 and the AQAC method (22), in the Analytical Services Labora-
tory, Department of Animal Sciences and Industry. The diets were formulated
to provide 15% or 30% protein, based on the nitrogen determinations. All
diets contained 10% fat. They were made isocaloric by adjusting the dex-

trose level.

1
Rats of the NLR strain, Wistar origin, purchased from National
‘Laboratory Animals, O'Fallon, Missouri.

2Labcono Micro-Kjeldahl Digestion Unit, Kansas City, Missouri.
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TABLE I
Percent composition of semisynthetic diets

Dietary treatment

Component 15% 30% 30% 30%
Casein Casein Casein- Casein-
lactalbumin gelatin
(10)! (10) (10) (10)
Casein, vitamin free> 16. 55 33.10 16.55 14,55
Lactalbumin3 - - 19.35 -
Gelatin3 - - - 15.00
Dextrose® 66. 82 50. 30 48.19 51.91
Fat (lard) 8.00 8.00 8.00 8. 00
Vegetable oil4 2.00 2.00 2.00 2.00
Alphace12 ' 1.50 1.50 1.50 1.50
Vitamin mix® 2.00 2.00 2.00 2.00
Mineral mix® 0.782 0.782 0.782 0.782
MgCo, 0.14 0.13 0.11 0.12
Caco, 0.99 0.96 0.82  0.92
Ca(H,P0,), . H0 1.22 1.22 0.68 1.22

2 2

1The numbers in parentheses refer to the number of animals in each group.

2Vitamin*free casein, dextrose, lard and alphacel (nonnutritive bulk),
ICN Nutritional Biochemicals, Cleveland, Ohio.

3Lactalbumin and gelatin, United States Biochemical Corp., Cleveland, Ohio.
4Soybean and cottonseed oils (Wesson).

‘ sVitamin Diet Fortification Mixture, ICN Nutritional Biochemicals,
Cleveland, Ohio. Supplying (in mg/1008 diet): retinyl acetate, 0.53:
ergocalciferol, 0.004; D,L-tocopherol acetate, 10.0; ascorbic acid, 90.0,
inositol, 10.0; choline chloride, 150.0; menadione, 4.5; p-aminobenzoate,
10.0; niacin, 9.0; riboflavin, 2.0; pyridoxine-HC1, 2.0; calcium panto-
thenate, 6.0; biotin, 0.04; folic acid, 0.18; vitamin 312‘ 0.0026.

‘ 6Containing (% of diet)} ZnCOS, 4

5H,0,0.002; MnSO,°H,0, 0.015; KI,>0.00013; NaCl,%0.23; Na,CO,, 0.16:
é 4 72 2773

K2 03, 0.353.

0.0096; FeSO,-7H,0, 0.0124; CuSO4'
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All diets were calculated to provide 0.04% magnesium as MgCO5 and
0.6% calcium and 0.3% phosphorus as CaCOSIand Ca(HZPO4]2'H20. Diet analy-
ses in the Analytical Services Laboratory confirmed the levels of those
minerals in the diet. Calcium and magnesium concentrations were measured
using an atomic absorption Spectrophotometer3 and modified AOAC methods (22).
Phosphorus content was determined spectrophotometrically using the Fiske
and Subbarow method (23). The mineral and vitamin mixtures provided the
maintenance requirements of those nutrients for adult rats (24).

All diets-were analyzed for sulfur content in the Soil Testing Labora-
tory, Department of Agronomy. The samples were digested with nitric-per-
chloric acid and the sulfur in the digest was detected with a BaCl2 ;urbi-
metric procedure (25, 26) automated for an autoanalyzer4. The percent sul-
fur in the diets was: 15% casein - 0.035; 30% casein - 0.050; 30% casein

and gelatin - 0.23 and 30% casein and lactalbumin - 0.84.

Urine and Fecal Collections

Beginning on day 1 of the study, a 96-hour collection of urine and
feces was obtained from each rat. Three successive urine and fecal col-
lections were obtained beginning on days 14, 28 and 42.

During collection periods, urine samples were collected every 24 hours
in 120 ml, acid-rinsed glass bottles, containing 0.2 ml of a urine preser-
vative, 10%(w/v) solﬁtion of thymol in propanol (27). In order to reduce the
contamination of the urine samples with feed or feces, the bottle openings
were covered with nylon netting. Daily, freshly prepared collection bottles

were provided and the funnels of the metabolism cages were washed thoroughly

3Mod-el 82500 MV flame spectrophotometer, Jarrell Ash, Waltham, Massachusetts

4 . . ,
Technicon Auto-Analyzer, Technicon Instrument Corporation, Tarrytown,
New York. '
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and rinsed with distilled water. At the end of each 24 hour period, the
urine in each collection bottle was transferred to an acid-rinsed poly-
ethylene bottle, covered and refrigerated until the 96-hour collection was
completed. Then; the samples were stored at_Ooruntil analyzed.

During collection periods, fecal samples were collected every 24 hours
and stored at room temperature in 120 ml, acid-rinsed, wide-moufh glass jars
covered with cheesecloth. At the end of each 96-hour collection period, the
pooled fecal samples were air-dried at room temperature for 72 hours and
then oven dried at 105° for 24 hours. Dried samples were transferred to

acid-rinsed, plastic scintillation vials and stored at 0% until analyzed.

Determination of Urinary pH, Volume, Calcium and Magnesium

Prior to storage at OD, the pH of each 96-hour urine sample was mea-
sured using a pH meter equipped with a single probe combination electrode.

Urine samples from each collection period were thawed at room temper-
ature, transferred to acid-rinsed graduated cylinders, and the 96-hour urine
volumes were recorded. Each urine sample was transferred to a 120 ml, acid-
rinsed coors evaporating dish and charred under heat lamps for 24-48 hours,
depending on the volume. Charred urine samples were transferred to a cold
muffle furnace and ashed at 550° for 24 hours. Each ashed sample was dis-
solﬁed in 10 ml of 6N HCl and heated to boiling on a hot-plate. The sides
of the evaporating dish were rinsed with demineralized water and the solution
was reheated to boiling. The ash solution was transferred to a 50 ml volu-
metric flask, diluted to volume with demineralized water and then transferred
to an acid-rinsed polyethylene bottle. Calcium and magnesium concentrations
of the ash solutions were measured using an atomic absorption spectrophoto-
meter3 and modified ACAC methods (22), in the Analytical Services Laboratory,

Department of Animal Science and Industry.
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Determination of Fecal Calcium and Magnesium

Fecal samples from each 96-hour collection period were thawed at
rdom temperature, transferred to a 30 ml acid-rinsed Coors crucible,
placed in a hot muffle furnace and ashed at 550° for 24 hours. Then,
the samples were removed, cooled, moistened with 8-10 drops of concentrat-
ed nitric acid and retﬁrned to the muffle furnace for 5 hours to digest
the organic compounds, completely. Each ashed fecal sample was dissolved
in 5 ml of 6N HCl1 and heated to boiling on a hot plate. The sides of the
crucible were washed down with deminérali;ed water and the solution was
reheated to boiling. The ash solution was transferred to a 100 ml volu-
metric flask, diluted to volume with demineralized water and then trans-
ferred to acid-rinsed polyethylene bottles. Calcium and magnesium concen-
trations of the ash solutions were measured in the Analytical Serﬁices
Laboratory, Department of Animal Science and Industry, using an atomic

absorption spectrophotometer3 and modified AOAC methods (22).

Statistical Analyses

Two way analysis of variance with diet and period as the main effects
was performed on the data for each measurement (28). Least significant
difference (LSD)} at the 5% level of probability was calculated when the

F-value was significant.
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RESULTS AND DISCUSSION

Feed Intakes and Weight Gains

The analyses of variance for feed intakes and weight gains is presented
in table II. There were mo significant differences in feed intakes attribut-
able to dietary treatments {table III). Feed intakes (table IV) during col-
lection periods 3 and 4 were not significantly different; but during collect;
ion period 1 feed intake was lower (P¢ 0.05) than during collection periods
2, 3, or‘4. Feed intake was lower (P{ 0.05) during collection period 2

than during collection periods 3 and 4.

Table II

Analyses of variance of feed intakes and weight gains

Mean squares

Source of variation df Feed intake Weight gain
Diet 3 860.06 243,12*
Rat/diet 36 | 348.09 79.97
Period 3 283939, 52%** 8716.56***
Diet X period 9 ' 104.34 113.41
Residual 108 196.11 66.35

ww P& 0.001 *P ¢ 0.05

There were significant differences in weight gains attributable to
dietary treatments (table III). Rats fed a diet containing 15% casein had
lower (P< 0.05) mean weight gains than those fed a diet containing 30%
casein and lactalbumin or casein and gelatin. Allen and Hall (21) reported
that rats fed a 36% protein diet were heavier than control rats fed an 18%
protein diet. No difference in mean weight gain was obsérved between rats

fed a diet containing 15% casein or 30% casein, nor were there differences
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in mean weight gains among rats fed a diet containing 30% casein, 30%
casein and lactalbumin or 30% casein and gelatin. Temporary feeding prob-
lems with two rats fed the 30% casein diet accounted for lower body weights
of that group than for rats fed the other 30% protein diets. Weight gains
of the animals were lowest (P {0.05) during collection period 1 and high-
est (P<0.05) during:collection period 2. Weight gains during collection
period 3 were lower (P{0.05) then during collection period 2, but they were
higher (P{ 0.05) than weight gains during collection periods 1 aﬁﬁ 4.
TABLE III

Means and standard errors for dietary treatments -
feed intakes and weight gains

Diet Number Feed intake Weight gain
' g 51 g 4
15% Casein 10 187.06+2.94 25.62+1.42
30% Casein 10 179.22+2.94% 27.55+1.42%0
30% Casein- a b
lactalbumin ' 10 182.44+2.54 30.82+1.42
30% Casein- b
gelatin 10 189.59+2.94% 30.42+1.42

lMeans in a column sharing a common superscript are not significantly
different (P¢ 0.05) using LSD test.

TABLE IV

Means and standard errors for collection periods -
feed intake and weight gains

Collection
Period Number Feed intake Weight gain

" g ) g

(days 1-4) 10 60.0+2.21% 8.4+1.29%
2 b b

(days 14-18) 10 | 206.2+2.21 43.5+1.29
3

(days 28-32) 10 233.7+2,21° 33.5+1.29°
4

(days 42-46) 10 238.4+2.21° 29.0+1.29%

1 i ;
Means in a column sharing a common superscript are not significantly
different (P¢ 0.05) using LSD test.
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Urinary Variables

The analyses of variance for four urinary variables is presented in
table V. When the urinary variables were analyzed, there was interaction
between dietary treatments and collection periods for all variables.
Therefore, the effects of diet and collection period on all urinary vari-
ables were compared.

TABLE V
Analyses of variance for four urinary variables

Mean squares

Source of

variation df Volume pH Calcium Magnesium
Diet 3 4949 53%** 0.09* 13.48%** 63, 12%%*
Rats/diet 36 281.04 0.03 1.04 257
Period 3 1500.49*%** 0,39%** 6, 85%** 3.60**
Diet X period 9 152, 92*%* 0 03% 0.88%* T 19F®*
Residual1 107 58.04 0.01 6.34 0.85

1108 df for calcium ***p { 0.001 **p { 0.01 *P {0.05

Volume

Urinary volumes were lower (P { 0.0S) during all cplleﬁtion periods for
rats fed a diet containing 15% casein, than for rats fed 30% casein, 30%
casein and lactalbumin, or 30% casein and gelatin. During collection period
3, rats fed 30% casein had lower (P{ 0.05) urinary volumes than rats fed 30%
casein and lactalbumin. No significant difference in urinary volume was
observed between rats fed 30% casein or 30% casein and gelatin. These find-
ings are similar to those of Bell et al. (20) who reported that rats fed a
40% protein diet excreted at least five times as much urine as those fed a

10% protein diet.
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Means and standard errors for dietary treatments and
collection periods - four urinary variables
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Collection Period2

1 2 3 4

Diet1 (days 1-4) {(days 14-18) (days 28-32) (days 42-46)
Volume _
15% Casein 812,80+2.41%  *13.50+2.41% %14.50+2.41% ®16.40+2.41%
30% Casein ®23.7542.41%  P34.70+2.41° 33.05+2.41% P4s.60+2.41°
30% Casein- _

lactalbumin  °26.20+2.41%  36.45+42.41°  ©42.75+2.41° P45 15+2.41°
30% Casein-

gelatin P30.65+2.41%  P33.45+2.41%° P°38.9542.41% P45, 7442.58°
pH
15% Casein %6.29+0.03%  26.20+0.03° P%.29+0.03% P3.14+0.03°
30% Casein P6.43+0.03%  26.20+0.03°  P6.31+0.03°  %.06+0.03°
30% Casein-

lactalbumin  %6.33+0.03%  %6.22+0.03°  %.21+0.03°  P6.18+0.03
30% Casein- ,

gelatin %.50+0.05*  26.27:0.03°  P6.36+0.03°  Ps.21+0.03¢
Calcium
15% Casein ®1.20+0.18%  21.49+0.18%°  ?1.7740.18°  31.66+0.18"
30% Casein b41.54+0.18%  P2.3440.18°  P2.56+0.18°  P2.54+0.18°
30% Casein- _

lactalbumin  °2.03+0.18%  ©2.81+0.18°  ©3.2240.18°°  ©3.63:0.18°
30% Casein-

gelatin Pa1.7140.18*  ©%2.04:0.18°  21.66+0.18%  P2.60+0.18
Magnesium
15% Casein #2.14+0.29% #2.11+0.31%  23.26+0.29°  22.58+0.29%°
30% Casein #2.10¢0.20%  22.08+0.29%  #2.99+0.29°  %2.66+0.29%"
30% Casein- b b & a .

lactalbumin 5.76+0.29% %4.41+0.29 3.31+0.29° 3.14+0.29
30% Casein-

gelatin Ps.62:0.20%  ©5.74+0.20*  ®4.30+0.29®  P4.3340.29°

1Means in a column sharing a common superscript placed to the left of
each mean are not significantly different (P {0.05) using LSD test.

2Means in a row sharing a common superscript placed to the right of
each mean are not significantly different (P¢ 0.05) using LSD test.
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Urinary volume of rats fed a diet containing 15% casein did not dif-
fer significantly among collection periods (table VI). Rats fed 30% cas-
ein had lower (PV{D.US] urinary volumes during collection period 1 than
during collection periods 2, 3 or 4. Urinary volumes during collection
period 4 were higher (P{ 0.05) than during collection periods 1, 2 or 3.
Rats fed 30% casein and lactalbumin had lower (P 0.05) urinary volumes
during collection period 1 than during colléction periods 2, 3 or 4. Uri-
nary volumes during collection periods 3 and 4 were higher (P{ 0.05) than
during collection periods 1 and 2. Rats_fed 30% casein and gelétin had
lower (P{ 0.05) urinary volumes during collection period 1 than collection
periods 3 and 4, Urinary volumes during collection period 4 were higher

(P{ 0.05) than during collection periods 1, 2 or 3.

pH

Urinary pH during collection period 1 was lower (P{ 0.05) in rats fed
15% casein or 30% casein and lactalbumin than in rats fed 30% casein or
30% casein and gelatin. Rats fed 30% casein had lower (P{ 0.05) urinary
pH than rats fed 30% casein and gelatiﬂ. Urinary pH did not differ signif-
icantly among rats fed 15% casein or 30% casein and lactalbumin. During
colleﬁtion period 2 urinary pH did not differ significantly among the die-
tary treatments. Urinary pH during collection period 3 was higher (P{ 0.05)
in rats fed 30% casein or 30% casein and gelatin than for those fed 30%
casein and lactalbumin. The urinary pH of rats fed 15% casein did not
differ significantly from that of animals fed the other diets. Urinary pH
during collection period 4 was higher (P 0.05) in rats fed 30% casein and
lactalbumin or 30% casein and gelatin than in rats fed 30% casein. The
urinary pH of rats fed 15% casein did not differ significantly from that

of those fed the other diets, Belllet al. (20) reported no difference in
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urinary pH between rats fed 40% and 20% protein diets. Allen et al. (18)
reported no change in urinary pH in male subjects when dietary protein
was increased from 12g to 36g N per day.

Urinary pH of rats fed 15% casein was higher (P 0.05) in collection
periods 1 and 3 than in collection periods 2 and 4; no significant dif-
ference in urinary pH was observed during collection periods 1 and 3. Dur-
ing collection period 4, urinary pH was lower (P { 0.05) than during col-
lection periods 1, 2 or 3. Rats fed 30% casein had lower (P 0.05) urinary
ﬁH during collection period 1 than during collection periods 2, 3 or 4.
During collection period 4 urinary pH was lower (P{ 0.05) than in collect-
ion periods 1, 2 or 3, but did not differ significantly between collection
periods 2 and 3. Urinary pH for rats fed 30% casein and lactalbumin was
higher (P { 0.05) during collection period 1 than during collection periods
2, 3 or 4. Urinary pH did not differ significantly during collection per-
iods 2, 3 or 4. For rats fed 30% casein and gelatin urinary pH decreased
(P{0.05) with each successive collection period. During this study the
urinary pH had a tendency to decrease from collection period 1 to collect-

ion period 4.

Calcium

Urinary calcium excretion was lower (P 0.05) during collection per-
iod 1 for rats fed 15% casein, than for those fed 30% casein and lactalbu-
min. Urinary calcium excretion did not differ significantly for rats fed
any of the 30% protein diets. During collection period 2 rats fed diets
containing 30% casein or 30% casein and lactalbumin had higher (P ¢ 0.05)
urinary calcium excretion than rats fed 15% casein. Rats fed 30% casein
and lactalbumin had higher (P{ 0.05) urinary calcium excretion than rats

fed 15% casein or 30% casein and gelatin. During collection periods 3 and
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4, rats fed 30% casein and lactalbumin had higher (P{ 0.05) urinary cal-
excretion than rats fed any other diets. During collection period 3, rats
fed 15% casein or 30% casein and gelatin had lower (P{ 0.05) urinary cal-
cium excretion than rats fed 30% casein or 30% casein and lactalbumin.
Rats fed 30% casein had higher (P{ 0.05) urinary calcium excretion than
rats fed 15% casein or 30% casein and gelatin. During collection period
4, rats fed 15% casein had lower (P{ 0.05) urinary calcium excretion than
rats fed any other diet. Allen and Hall (21) reported significantly great-
er urinary calcium excretion in rats fed a 36% protein diet than for ani-
mals fed an 18% diet. Allen et al. (18) and Linkswiler et al. (17) report-
ed that increased protein intake resulted in significant elevation of uri-
nary calcium excretion in male subjects.

Analyses of the diets in this study showed that the 30% casein and
lactalbumin had the highest sulfur content followed by the 30% casein and
gelatin, 30% casein and 15% casein in that 6rder. Urinary calcium excre-
tion of rats fed 30% casein and lactalbumin tended to be higher than that
of other rats fed 30% protein diets during collection periods 1 and 2, and
the increased excretion was significantly higher (P{ 0.05) during the last
two collection periods. Whiting and Draper (7) observed increased urinary
calcium excretion in rats fed 36% protein as casein and casein supplement-
ed with lactalbumin, gelatin or eggwhite. The calciuric effects of the
high protein diets were in the same order as their total sulfur content:
i.e., lactalbumin ) eggwhite ) casein )gelatin. Although the sulfur content
of the 30% casein and gelatin diet in this study was higher than that of
the 30% casein diet it did not result in higher urinary calcium excretion

in the rats. Calvo and Bell1 investigated the effect of protein source on

1Calvo, M. S. & Bell, R. R. (1978) Effect of protein-induced calci-
uria on calcium metabolism and bone integrity of adult rats. Federation
Proc. 37, 891 (Abstr.)
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calcium metabolism and observed that urinary calcium excretion was great-
er for rats fed 32% casein supplémented with lactalbumin, eggwhite, or gel-
atin than for those fed 32% casein supplemented with beef, soy and casein.
Increased urinary calcium excretion in human subjects fed normal diets sup-
plemented with gelatin was reported by Dullz.

Urinary calcium excretion of rats fed 15% casein was lower (P {0.05)
during collection period 1 than during collection periods 3 and 4, but did
not differ significantly during collection period 2. Rats fed 30% casein
had lower (P {0.05) urinary calcium excretion during collection period 1
than during collection periods 2, 3 or 4. Excretion during collection per-
iods 2, 3 and 4 did not. differ significantly. Urinary calcium excretion of
rats fed 30% casein and lactalbumin was lower (P { 0.05) during collection
period 1, not significantly different during collection periods 2 and 3 or
during collection periods 3 and 4. Rats fed 30% casein and gelatin had
higher (P{ 0.05) urinary calcium excretion during collection period 4 than

during collection periods 1, 2 or 3. Excretion during collection periods

1, 2 and 3 did not differ significantly.

Maggesium

Urinary magnesium excretion was higher (P {0.05) in rats fed 30% cas-
ein and lactalbumin and 30% casein and gelatin than in rats fed 15% or 30%
casein during collection period 1. There were no significant differences
in magnesium excretion of rats fed 15% or 30% casein or of rats fed 30% cas-
ein or 30% casein and gelatin. During collection period 2 rats fed 30% cas-

and gelatin had higher (P{ 0.05) urinary magnesium excretion than rats fed

2Du11, T. (1963) Effect of dietary gelatin on Ca, Mg and P metabolism.
Clin. Res. 11, 404 (Abstr.)
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any other diet. Rats fed 30% casein aﬁd lactalbumin had higher (P {0.05)
urinary magnesium excretion than rats fed 15% or 30% casein, but less

(P {0.05) than animals fed 30% casein and gelatin. Urinary magnesium ex-
cretion did not differ significantly in rats fed 15% or 30% casein. During
collection periods 3 and 4 rats fed 30% casein and gelatin had higher

(P {0.05) urinary magnesium excretion than rats fed any other diet. Urinary
magnesium excretion did not differ significantly in rats fed 15% or 30%
casein or 30% cﬁsein and lactalbumin. There was a tendency for rats fed

30% casein and lactalbumin or 30% casein and gelatin diets to excrete more
ﬁagnesium than rats fed 15% or 30% casein diets. Excretion was significantly
higher (P {0.05) for rats fed 30% casein and gelatin during collection per-
iods 2, 3 and 4. Kim and Linkswiler (17) reported a significant increase

in mean urinary magnesium excretion.in adult males with increased protein
intake. Allen et al. (18) observed that urinary magnesium excretion in male
subjects was not significantly affected when dietary protein level was in-
creased from 12g to 36g N per day.

Urinary magnesium excretion was lower (P{ 0.05) during collection per-
iods 1 and 2 than during collection period 3 for rats fed 15% or 30% casein.
It did not differ significantly during collection periods 1, 2 or 4. Rats
fed 30% casein and lactalbumin had higher (P¢ 0.05) urinary magnesium ex-
cretion during collection period 1 than during collection periods 2, 3 and
4. They excreted more magnesium (P { 0.05) during collection period 2 than
during collection periods 3 and 4. The excretion during the last th col-
lection periods did not differ significantly. Magnesium excretion of rats
fed 30% casein and gelatin'was higher (P {0.05) during collection periods
1 and 2 than during collection periods 3 and 4. Excretion did not differ

significantly during collection periods 1 and 2 or during collection periods
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3 and 4. The tendency for magnesium excretion to diminish with time sug-

gests adaption to the high protein diets.

Fecal Excretion

The analyses of variance for fecal excretion of calcium and magnes-

is presented in table VII.

TABLE VII

Analyses of variance for fecal calcium and magnesium

Mean squares

Source of variation df Calcium Magnesium
Diet 3 2677.04 50.60
Rat/diet 36 2424 .97 17.69
Period 3 11622 .54 ** 459, 80***
Diet X period 9 1759.62 ' 29.53**
Residual 107 2844 .43 9.97

wwwp £ 0.001 vep {000

Calcium

There were no significant differences in fecal calcium excretion
attributable to dietary treatments (table VII). During collection period
4, there was a higher (P (0.05) level of calcium in the feces than dur-
ing collection periods 1, 2 or 3 (table VIII). No significant differ-
ences in fecal calcium excretion during collection periods 1, 2 or 3
were observed. Kim and Linkswiler (17) observed no change in fecal cal-

cium in male subjects when protein intake was increased.
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TABLE VIII

Means and standard errors for collection periods - fecal calcium

Fecal calcium

Collection period Number mg/96 hr.
Period 1 . 1
(days 1-4) 10 298.55+0.43%
Period 2 -

(days 14-18) 10 297.23+8.59
Period 3 5

{days 28-32) 10 . 297.51+8.43
Period 4 b

- (days 42-46) 10 331.90+8.43

lMeans in a column sharing a common superscript are not significantly
different (P 0.05) using LSD test.

Magnesium

When the variables were analyzed there was interaction between dietary
treatments and collection periods for fecal magnesium (table IX). During
collection periods 1 and 2, no significant_differences in fecal magnesium
excretion attributable to dietary treatment were observed. During collect-
ion period 3, rats fed 15% or 30% casein had higher (P {0.05) fecal magnes-
ium excretion than those fed 30% casein and lactalbumin or 30% casein and
gelatin. Rats fed 15% casein had higher (P{ 0.05) fecal magnesium excret-
ion than rats fed 30% casein and gelatin during collection period 4. Ex-
crefion did not differ significantly for rats fed 15% or 30% casein or 30%
casein and lactalbumin, nor was it significantly different for animals fed
any of the 30% protein diets.

Rats fed diets containing 15% casein, 30% casein, 30% casein and lac-
talbumin, or 30% casein and gelatin had higher (P {0.05) levels of fecal
magnesium excretion during collection period 1 than during collection per-
iods 2, 3 or 4. Rats fed 15% or 30% casein had lower (P(CLOS] fecal mag-

nesium excretion during collection period 2 than during collection periods
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3 or 4, but no significant difference in fecal magnesium excretion was
observed during collection periods 3 and 4. No significant differences in
fecal magnesium excretion were observed during collection perieds 2, 3 or

4 for rats fed 30% casein and lactalbumin or 30% casein and gelatin.

TABLE IX

Means and standard errors for dietary treatments
and collection periods - fecal magnesium

Collection Period2

1 2 3 4
(days 1-4) (days 14-18) {(days 28-32) {days 42-46)
Dietl'
. a a a b b c b c
15% Casein 20.01+1.00 11.31+1.00 17.14+1.00 17.09+1.00
30% Casein ®19.24+1.00%  ®10.94+1.00° P15.84+1.00% P314.79+1.00°
30% Casein-
lactalbumin  219.42+1.00%  212.22:1.07°  211.85+1.00° P214.40+1.00°
30% Casein-
gelatin #20.05+1.00%  #11.92+1.00° ?10.54+1.00°  %12.48+1.00°

1Means in a column sharing a common superscript placed to the left of
each mean are not significantly different (P{ 0.05) using LSD test.

2Mﬁeans in a row sharing a common superscript placed to the right of
each mean are not significantly different (P ¢ 0.05) using LSD test.

Calcium

The analysis of variance for calcium balance is presented in table X.
Rats fed 30% casein had lower calcium intakes (P {0.05) than rats fed 15%
casein or 30% casein and gelatin (table XI). Temporary feeding problems
with two rats fed the 30% casein diet accounted for the lower calcium in-

take of that group. Calcium intakes did not differ significantly for rats
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fed 15% casein, 30% casein and lactalbumin or 30% casein and gelatin, nor

were they significantly different for rats fed 30% casein or 30% casein and

lactalbumin.
TABLE X
Analyses of variance for calcium intake,
urinary and fecal calcium and calcium balance

Mean squares
Source of Calcium Urinary Fecal Calcium
variation df intake calcium calcium balance
Diet 3 6769.98* 13,48 %%* 2677.04 6002.49
Rat/diet 36 1855.91 1.04 2424 .97 2995.91
Period 3 16932, 78**=* b dex 11622 ,54%* 7657.50*
Diet X period 9 1390.73 0.88** 2759.62 1391.37
Residuaf' 108 1309.47 0.34 2844 .43 2037.87

1107 df for fecal calcium

#%%p ( 0.001 **p 0,01 *p £ 0.05

Calcium intake was higher (P 0.05) during collection period 4 than dur-
ing collection periods 1, 2 or 3. No significant difference in calcium in-
take was observed during collection periods 2 and 3.

Calcium balance was positive during all collection periods. It was less
positive (P<0.05) during collection period 1 than during collection'periods
2 and 3. No significant difference in calcium balance was observed during col-
lection periods 1 and 4 or during collection periods 2, 3 and 4. This is in. con-

trast to the effect of high protein intake on calcium balance in human subjects.
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(16) reported that subjects were in neg-

ative calcium balance on diets containing 141g of protein and 1400mg of

calcium, 142g of protein and 800mg of calcium and 95 or 142g of protein

and SOOmg of calcium.

TABLE XI

Effects of dietary treatments and collection periods on calcium

intakes, urinary and fecal calcium and calcium balance.

Dietary treatment

15% casein 30% casein 30% casein- 30% casein-
lactalbumin gelatin
Calcium intake, 4l 2 b 3k a
mg/96 hr 396.52+6. 82 370.65+6.82 383.02+6.82 398.67+6.82
Urinary calcium, a a a a
mg/96 hr 1.53+0.092 2.25+0.092 2.92+0.092 2.00+0.092

Fecal calcium,
mg/96 hr

Calcium balance,
mg/96 hr

318.48+8.43°

76.52+7.14%

301.82+8.43%

66.58+7.14%

303.68+8.59%

74.30+7.29°

301.22+8.43%

95.45+7.14%

Collection period

1
(days 1-4)

2
(days 14-18)

3
(days 28-32)

4
(days 42-46)

Calcium intake,
mg/96 hr

Urinary calcium,
mg/96 hr

Fecal calcium,
mg/96 hr

Calcium balance,
mg/96 hr

360.08+5.72°

1.62+0.092°

298.55+8.43%

59.90+7.14

b2
387.58+5.72

2.17+0.092°%
297.23+8.59°

86.06+7.27%

391.261§.72b

2.31+0.002°%
297.51+8.43%

91.44+7,14%

409.95+5.72%

2.61+0.092

331.90+8.43°

75.44+7.14%

1Values are means :_SE

2 . ; :
Means in a row sharing a common superscript are not significantly
different (P({ 0.05) using LSD test.

a

b
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Magnesium intake and balance

The analyses of variance for magnesium balance is presented in table
XII. Rats fed 30% casein had a lower (P{ 0.05) magnesium intake than rats
fed 15% casein or 30% casein and gelatin, because of the temporary feeding
pr;blems of two animals in the 30% casein group (table XIII). No signif-
icant difference in magnesium intake was observed for rats fed 30% casein
or 30% casein and lactalbumin nor for rats fed 15%7casein, 30% casein and

lactalbumin or 30% casein and gelatin.

TABLE XII

Analyses of variance for magnesium intake,
urinary and fecal magnesium and magnesium balance

Mean squares

Source of Magnesium Urinary Fecal Magnesium

variation df intake magnesium magnesium balance
Diet 3 30.21% 63, 12%** 50.60* 8.00
Rat/diet 36 8.25 2.57 17.69 18.42
Period 3 TS 2THn* 3.60 459, 80%** 851,48%%*
Diet X period 9 6.18 7. 1Q%%% 29.53%* 71.63%**
Residual1 107 5.82 0.85 9.97 8.19

1

108 df for magnesium intake; 106 df for magnesium balance

*w¥p { 0.001 **p { 0.01 *p{ 0.05

Magnesium intake was lower (P { 0.05) during collection period 1 than
during collection periods 2, 3 ;nd 4, but was higher (P{ 0.05) during col-
lection period 4 than during collection periods 1, 2 and 3. No significant

difference in intake was observed during collection periods 2 and 3.



TABLE XIII

Means and standard errors for dietary treatments and
collection periods - magnesium intake
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Dietary treatment

15% casein 30% casein 30% casein- 30% casein-
lactalbumin gelatin
Magnesium intake, al b ab a
mg/96 hr 26.44+0.43 24.71+0.43 25.54+0.43 26.58+0.43
Urinary magnesium, 5 5 - 5
mg/96 hr 2.52+0.15 2.46+0.14 4.16+0.14 5.02+0.14
Fecal magnesium, 5 " - § 5
mg/96 hr 16.39+0.50 15.20+0.50 14.47+0.51 13.75+0.50
Collection period
1 2 3 4
(days 1-4) (days 14-18) (days 28-32) (days 42-46)
Magnesium intake, @ b i 5
mg/96 hr 24.00+0.38 25.84+0.38 26.08+0.38 27.33+0.38
Urinary magnesium, g g 4 3
mg/96 hr 3.91+0.14 3.59+0.15 3.49+0.14 3.19+0.14
Fecal magnesium, - a a a
mg/96 hr 19.68+0.50 11.60+0.51 14.69+0.50

13.84+0.50%

1 . . . R
Means in a row sharing a common superscript are not significantly

different (P ¢ 0.05) using LSD test.

When the variables were analyzed there was interaction between dietary

treatments and collection periods for magnesium balance.

During collection

period 1, rats fed 15% and 30% casein diets were in positive magnesium bal-

ance with the balance more positive (P{ 0.05) for animals fed 15% casein

than for rats fed any other diet.

30% casein and gelatin were in negative magnesium balance.

Rafs fed 30% casein and lactalbumin and

The balance was

not significantly different for rats fed 30% casein and 30% casein and gelatin
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or for animals fed 30% casein and lactalbumin or 30% casein and gelatin,
During collection period 2, the magnesium balance was more positive (P £0.05)
for rats fed 15% casein than 30% casein and lactalbumin and 30% casein and
gelatin, but did not differ significantly from the balance for rats fed 30%
casein. Magnesium balance did not differ significantly for rats fed any of
the 30% protein diets. During collection period 3, the balance for rats fed
30% casein and lactalbumin and 30% casein and gelatin was more positive

(P {0.05) than those for rats fed 15% or 30% casein. No significant differ-
ences in balance were observed for rats fed 15% and 30% casein or 30% casein
and lactalbumin and 30% casein and gelatin. Dufing collection period 4, rats
fed 30% casein and gelatin had more positive (P{ 0.05) magnesium balance than
animals fed 15% casein. No significant difference in balance was observed
for rats fed 15% and 30% casein and 30% casein and lactalbumin, or for ani-
mals fed any of the 30% protein diets.

Rats fed 15% casein had more positive (P ¢ 0.05) magnesium balance dur-
ing collection period 2, than during collection periods 1, 3 or 4, (table
XIV). Balance did not differ significantly during collection periods 1, 3
and 4. Magnesium balance for rats fed 30% casein was more positive (P {0.05)
during collection periods 2 and 4, than during collection periods 1 and 3.

It was less positive (P {0.05) dﬁring collection period 1 than during any
other collection period. Balance did not differ significantly during col-
lection periods 2 and 4. Rats fed 30% casein and lactalbumin were in more
positive magnesium balance (P{ 0.05) during collection period 3 than during
any other collection period. Balance was less positive (P<{0.05) during col-
lection period 1 than during collection periods 2, 3 and 4. There was no

significant difference in balance during collection periods 2 and 4.
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During collection period 1, rats fed 30% casein and gelatin were in less
positive (P {0.05) magnesium balance than during any other collection per-

iod. Balance during collection periods 2, 3 and 4 did not differ signifi-

cantly.
TABLE XIV
Means and standard errors for dietary treatments and
collection periods - magnesium balance
: 7
Collection period
1 2 3 4
. (days 1-4) (days 14-18) (days 28-32)  (days 42-46)
Dietl
15% Casein %3.78+0.90°  ®12.51+0.97%  P6.10+0.90° b7 62+0.90°
30% Casein ®0.82+0.90°  ®211.7140.90*  P5.9140.90° 29.74:0.50°
30% Casein-
lactalbumin  ©-2.1240.90°  P8.84+0.97° 211.46+0.90%° ®2g.05:0.90"
30% Casein-
gelatin °®_0.80+0.90" ®9.08+0.90%  11.54+0.90% 11.43+0.90°

lMeans in a columm sharing a common superscript placed to the left of
each mean are not significantly different (P 0.05) using LSD test.

2Means in a row sharing a common superscript placed to the right of each
mean are not significantly different (P { 0.05) using LSD test.

The results of this study confirmed the findings of other researchers
(20, 21) that high intakes of dietary protein increased urinary excretion
of calcium in rats. Similar to the observations of Linkswiler et al. (17)
with human subjects, urinary excretion of magnesium was increased in the rats

by the high protein diets. Different degrees of hypercalciuria were observed
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in the rats when different proteins were fed as has been reported by other

investigators}’3’4 Unlike the results with human subjects (9, 14,15), cal-

cium balance in the rats was unaffected by the level of protein in the diet.

SWhiting, S. J. & Draper, H. H. (1978) Studies on the calciuric
effect of excess dietary protein. Federation Proc. 37, 847 (Abstr.)

4Benke, S§. §. (1979) Effect of different protein sources on urinary
calcium and zinc in adult male rats. Federation Proc. 38, 872 (Abstr.)
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SUMMARY

Increased urinary calcium excretion with increased levels of dietary
protein has been observed in human beings and laboratory animals, and it
has been suggested that it may be an etiologic factor in human 0steoporosis.
Recently, investigators have attempted to determine the cause of the hyper-
calciuria and the source of the increased urinary calcium. Few studies
have been conducted to determine the effect of protein source on excretion
of other macronutrient elements. This study was designed to investigate
the effect of protein source on calcium and magnesium excretion in adult
rats fed high protein diets.

Groups'of adult male rats were fed diets containing 15% protein as
casein or 30% protein as casein, casein and lactalbumin or casein and gel-
atin, All diets contained 10% fat and the calcium, phosphorus and magnes-
ium intakes were maintained at 0.6, 0.3 and 0.04%, respectively. Four 96-
hour collections of urine and feces were obtained from each rat, beginning
on days 1, 14, 28, and 42 of the study. Feed intakes were recorded weekly
and at the beginning and end of each collection period. Urine volume and
pH were measured and the calcium and magnesium contents of the urine and
fecal samples were determined by atomic absorption spectrophotometry.

There were no significant differences in feed intake attributable to
dietary treatments. Weight gains for rats fed 30% protein diets as casein
and lactalbumin or casein and gelatin were higher than those for rats fed
15 or 30% casein diets. Throughout the experiment, urinary volume was high-
er (P£0.05) for rats fed diets containing 30% protein than for those fed
diets with 15% protein. There were some differences (P {0.05) in urinary

pH attributable to dietary treatments and periods, but the pattern was not
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consistent. During the study, urinary calcium tended to be higher for
rats fed 30% protein diets than those fed 15% protein, but the increases
were significant (P<€0.05) only during the fourth collection periqd. Rats
fed the 30% casein and lactalbumin diet tended to excrete more calcium in
the urine than rats fed any other diet. There were no significant differ-
ences in fecal calcium excretion attributable to scurce of dietary protein,
and all groups of rats maintained positive calcium balance throughout the
study, regardless of profein level in the diét.

Urinary excretion of-magnesium tended to be higher for rats fed diets
containing 30% protein as casein and lactalbumin or casein and gelatin than
those fed 15 or 30% casein diets. Rats fed 30% casein and gelatin excreted
more (P 0.05) magnesium in the urine than rats fed any other diet during
the last three collection periods. Urinary magnesium of rats fed 30% pro-
tein as casein and lactalbumin or casein and gelatin tended to decrease with
time. Fecal magnesium excretion was unaffected by the protein level of the
diet during the first two collection periods, but excretion tended to de-
crease in rats fed high protein diets during the last two collection periods.
With the exception of rats fed 30% protein as casein and lactalbumin or cas-
ein and gelatin, all groups of rats were in positive magnesium balance through-

out the experiment, irrespective of dietary protein level.
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TABLE XV

Average daily feed intakes during collection periods
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Dietary.. .

Collection period

Rat 1 2 3 4
treatment no. (days (days (days (days
1-4) 14-18) 28-32) 42-46)
g/day

1 19.5 11.6 17.4 19.1

'15% casein’ 2 17.4 17.4 17.4 18.5
3 18.0 17.5 18.4 18.3

4 17.9 17.1 18.0 17.7

5 14.5 16.6 16.9 17.3

6 15.8 16.9 16.3 16.4

7 16.1 15.9 16.3 17.2

8 16.3 17.0 14.2 15.3

9 12.8 16.1 14.7 15.9

10 14.0 16.5 15.6 15.9

11 16.6 16.6 15.6 15.7

“30% casein’ 12 13.8 14.4 174 17.7
13 12.1 14.4 14.4 15.6

14 17.0 15.8 19.1 17.1

15 16.0 15.9 15.0 14.3

16 12.9 14,1 14.6 19.9

17 15.1 15.1 17.6 18.1

18 14.8 15.6 17.1 17.7

19 13.1 17.6 16.4 18.0

20 7.1 14.9 16.4 17.1

21 14.8 18.1 16.1 13.1

"30% casein- 22 14,3 12.2 16.0 17.4
lactalbumin_ 23 13.5 15.7 20.4 18.7
24 14.0 15.1 16.0 17.3

25 14.6 16.5 17.0 18.6

26 16.5 17.1 16.0 15.1

27 14.5 16.4 16.9 16.4

28 13.6 15.7 15.4 17.1

29 12.8 16.8 15.3 16.3

30 15.6 17.9 17.4 17.3

31 16.3 14.2 17.1 19.4

30% casein- 32 16.9 20.5 15.0 18.9
gelatin, 33 15.5 17.9 17.4 19.5
34 13.1 16.1 17T 18.8

35 16.3 16.6 7.4 18.3

36 15,1 152 15.4 15.9

37 16.5 17.5 16.9 16.9

38 16.9 15.9 16.4 15.3

39 14.8 16.2 16.3 18.1

40 14.0 17.1 16.1 16.4
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TABLE XVI

Weight gains or losses during collection periods

Days of collection

Dietary . " Rat 1 2 3 4

treatment no. (days (days (days (days
1-4) 14-18) 28-32) 42-46)
g/96 hrs

15% casein 1 18 25 21 23

2 11 39 39 25

3 17 30 42 33

4 11 47 36 31

5 0 33 27 27

6 5, 44 30 27

7 3 37 25 32

8 17 42 21 15

9 13 31 27 21

10 4 36 32 28

30% .casein : 11 11 40 29 24

12 3 33 39 37

13 -1 ‘ 36 28 27

14 18 52 49 22

15 5 47 23 17

16 6 20 34 55

17 S 34 41 33

18 11 53 37 30

19 2 59 35 15

20 -11 26 38 40

30% casein- 21 11 41 32 12

lactalbumin 22 6 37 .30 34

23 4 40 40 31

24 11 42 38 40

25 11 58 49 36

26 16 47 30 17

27 10 51 37 26

28 18 42 30 34

29 12 53 31 29

30 i3 63 37 34

30% casein- 31 18 49 44 41

gelatin 32 6 59 12 33

33 4 49 42 43

34 -2 59 47 41

35 18 43 31 26

36 1 34 23 17

37 9 54 29 25

38 6 47 42 16

39 7 55 35 40

40 9 52 29 24
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Days of collection
(days
28-32)

(days
14-18)

TABLE XVII
Urinary pH during collection periods
(days
1-4)

Rat
no.

Dietary -
treatment
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Dash indicates that value was not obtained.
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TABLE XVIII

Urinary volumes during collection periods
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Days of collection

1 2 3 4
Dietary Rat (days (days (days (days
treatment no. 1-4) 14-18) 28-32) 42-48)
ml/96 hrs
15% casein 1 17.0 9.0 12.0 19.0
2 13.0 13:5 16.0 13.5
3 15.0 8.5 13.5 15.0
4 19.0 24.0 28.0 25.0
5 20.5 12.0 14.0 10.5
6 7.0 9.8 9.0 10.0
7 12.5 11.0 13.0 16.0:
8 8.5 13.0 10.5 11.0
9 5.5 10.5 19.0 20.0
10 10.0 24.0 10.0 24.0
30% casein 11 24.0 30.5 11.0 22.0
' 12 25.5 40.0 120 53.0
13 22.0 26.0 13.0 33.0
14 23.0 46.5 14.0 62.0
15 23.0 29.0 33.0 23.0
16 22.5 24.0 46.0 45.0
17 32.0 34.0 47.0 48.0
18 23.5 29.0 44.0 62.0
19 33.0 56.0 67.0 62.0
20 10.0 32.0 43.5 46.0
30% casein - 21 24.0 31.0 32.0 39.0
lactalbumin 22 22.0 31.0 37.0 42.5
23 19.5 26.5 32.5 34.0
24 24.5 31.5 36.0 39.0
25 28.0 60.0 57.5 74.0
26 31.5 32.0 36.0 31.0
27 24 .5 33.0 42.5 43,0
28 21.0 30.5 36.0 32.0
29 28.0 35.0 43.0 42.0
30 39.0 54.0 75.0 75.0
30% casein - 31 32.0 29.5 34.0 55.0
gelatin 32 34.0 29.0 26.0 35.0
33 28.5 38.0 54.0 47.0
34 25.0 30.5 38.5 52.0
35 28.0 26.0 30.5 36.0
36 30.0 26.5 29.5 34.0
37 38.0 41.0 41.0 43.0
38 28.0 18.0 31.0 34.01
39 32.0 51.0 49.0 (-=)
40 31.0 45.0 56.0 66.0

1Dash indicates that value was not obtained.



Calcium intakes during collection periods

TABLE XIX
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Days of collection

Diétary Rat (diys (diys (dZys [diys
treatment no. 1-4) 14-18) 28-32) 42-48)
mg/96 hr

15% casein 1 468.0 278.4 418.2 456.0
2 417.0 418.2 418.2 444.0
3 432.0 420.0 442.2 438.0

4 429.0 411.0 432.0 420.0

5 348.0 397.2 404.4 414.0

6 378.0 404 .4 390.6 390.0

7 387.0 382.2 390.6 408.0

8 390.0 408.0 342.6 366.0

9 306.0 387.6 353.4 378.0

10 336.0 396.0 382.8 378.0

30% casein 11 399.0 397.8 397.8 372.0
12 330.0 346.2 346.2 420.0

13 291.0 344 .4 344 .4 378.0

14 408.0 378.6 378.6 408.0

15. 384.0 382.2 382.2 342.0

16 eeeee emmee mmmen ammem

17 363.0 363.0 363.0 432.0

18 354.0 381.0 381.0 420.0

19 315.0 423.6 423.6 432.0

20 e R e

30% casein-

la¢talbumin 21 354.0 433.8 385.8 312.0

22 342.0 293.4 384.0 414.0

23 324.0 377 .4 490.2 444.,0

24 336.0 363.6 384.0 414.0

25 351.0 396.0 408.0 444.0

26 396.0 409.8 384.0 360.0

27 348.0 394.2 404.4 390.0

28 327.0 377.4 370.2 408.0

29 306.0 402.6 366.6 390.0

30 375.0 430.2 416.4 414.0

30% casein- 31 393.0 339.6 411.0 462.0
gelatin 32 405.0 492.0 360.0 450.0

33 372.0 428.4 416.4 468.0

34 315.0 387.6 425.4 450.0

35 390.0 397.8 411.0 438.0

36 363.0 364.8 370.2 378.0

37 396.0 420.0 404 .4 402.0

38 405.0 380.4 394 .2 366.0

39 354.0 389.4 390.6 432.0

40 336.0 411.0 387.6 390.0

1 o .
Dash indicates values were not obtained.



TABLE XX

Urinary calcium during collection periods
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Days of collection

. : 1 2 3 4
Dietary - Rat {days (days {days {days
treatment no. 1-4) 14-18) 28-32) 42-48)

mg/96 hrs

15% casein i 1.43 1.16 0.72 1.84
2 1.74 1.85 2.33 1.65

3 1.14 2.041 1.42 1.54

4 1.72 m——— 3.23 2.50

5 1.56 1.13 1.76 0.86

6 0.82 1.76 1.08 1.18

7 1.31 2.23 70 2.57

8 0.95 2,18 1.52 1.40

9 0.63 1.06 1.52 1.18

10 0.67 1.48 2.03 1.91

30% casein ; 11 1.72 2.53 2.82 1.82
12 1.37 1.41 3.92 1.57

13 1.32 ‘2.68 1.54 2.69

14 1.80 3.08 2.87 4.26

15 1.41 2.35 2.61 2.29

16 2.22 2:33 2.38 2.54

17 1.91 2.79 2.60 2.65

18 0.43 2.02 2.46 2.02

19 1.18 2.27 2.61 2.77
20 2.09 1.92 1.84 1.82 .

30% caseinw 21 2.35 3.07 2.75 3.95
lactalbumin 22 1.41 2.16 2.14 2.89
23 2.04 4.19 5.76 5.46

24 2.05 2.81 3.00 4.59

25 1.87 2.48 3.01 2.69

26 2.5 2.55 2.55 2.69

27 12.04 1.61 2.40 2.34

28 2.24 3.58 4.44 4.50

29 1.63 2,26 1.69 2.58

30 2.00 3.39 4.50 4.63

30% casein- 31 1.74 1.49 1.06 1.81
gelatin 32 2.09 2,27 1.33 3.80
- 33 2.54 3.83 3.03 2.88

34 1.32 1.77 1.40 3.68

35 2.20 1.52 1.29 2.49

36 1.49 1.34 L..16 2.40

37 1.26 1.70 1.69 1.85

38 1.56 1.10 1.62 2.29

39 1.42 2.59 1.80 2.32

1.49 2.74 2.24 2.48

1 T 4
Dash indicates values were not obtained.



Fecal calcium during collection periods

TABLE XXI
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Days of collection

Dietary . Rat 1 2 3 4
treatment no. {days (days (days (days
1-4) 14-18) 28-32) 42-48)

mg/96 hrs

15% casein 1 394.8 225.3 311.2 315.5
2 364.8 241.5 327.2 336.8
3 298.1 240.0 337.9 342.8
4 375.1 299.1 452.6 344.6
5 243.9 360.0 235.8 331.6
6 298.1 291.1 372.8 352.7
7 305.4 283.1 303.6 366.7
8 334.9 354.7 320.8 245 .4
9 292.0 349.8 306.9 311.4
10 317.8 391.6 248.2 313.4
30% casein 11 348.5 342.9 263.0 309.3
12 342.1 288.6 291.8 338.0
13 253.0 268.6 217.0 287.9
14 327.6 283.6 328.9 312.8
15 341.9 275.6 265.8 263.4
16 324.2 210.5 288.4 362.2
17 303.8 272.6 314.8 345.5
18 329.9 . 336.6 309.4 323.5
19 265.0 311.4 324.7 382.0
20 142.4 278.6 311.5 385.6
30% casein- 21 278.7 eeee- 275.9 301.5
lactalbumin 22 381.8 255.5 312.3 335.4
23 283.1 270.5 240.0 303.5
24 152.4 265.2 318.4 340.3
25 276.6 224.5 216.5 343.6
26 303.5 298.4 343.4 314.3
27 318.4 354.,0 327.0 298.2
28 324.3 289.0 305.1 388.7
29 228.3 344.0 341.0 323.6
30 303.5 369.3 357.1 367.3
30% casein- 31 248.5 300.0 259.5 349.0
gelatin 32 256.6 395.3 254.3 382.0
33 251.6 323.5 201.8 335.2
34 109.5 280.3 291.1 351.7
35 205.9 279.7 316.6 346.3
36 360.5 276.1 266.2 311.2
37 501.4 345.5 280.1 320.2
38 437.2 231.8 260.3 303.1
39 283.6 298.5 261.0 354.4
40 233.4 309.9 250.6 335.2

1 e . ;
Dash indicates values were not obtained.



TABLE XXII

Calcium balance during collection periods
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Days of collection

3 : " 2 3 4
Dietary Rat (days (days (days (days
treatment no. 1-4) 14-18) 28-32) 42-48)
mg/96 hr

15% casein 1 7177 51.94 106.28 138.66
2 50.46 174 .85 88.67 105.55

3 132.76 177.96 102.88 93.66

4 52.18 111.90 -23.83 72.90

5 102.54 36.07 166. 84 81.54

6 79.08 111.54 16.72 36.12

7 80.29 96.87 84,87 38.73

8 54.15 51.12 20.28 119.20

9 13.37 36.74 44 .98 65.42

10 17.53 2.92 132.57 62.69

30% casein 11 48.78 52.37 131.98 60.88
12 -13.47 56.19 50.48 80.43

13 36.68 73.12 125. 86 87.41

14 78.60 91.92 46,83 90.94

15 40.69 104.25 113.79 76. 31

B e P

17 57.29 87.61 45.60 83.85

18 23.67 42,38 69.14 93.48

19 48.82 109.93 96.29 47.23

200 eemee mmdae eeeee mmeea

30% casein 21 72.95 e=--- 107.15 6.55
lactalbumin 22 -41.21 35.74 69.55 75.71

23 38.86 102.71 244 .44 135.04

24 181.55 95.59 62.60 69.11

25 72.53 169.02 188.49 97.71

26 89. 85 108.85 38.05 43.01

27 27.56 38.59 75.00 89.46

28 0.46 84.82 60.66 14.80

29 76.07 56.34 23.91 63. 82

30 69.50 57.51 54.80 42.07

30% casein 31 142.76 38.11 150.44 111.19
gelatin 32 146.31 94.43 104.37 64.20

33 117.86 101.07 121..57 129.92

34 204.18 105.53 132.90 94.62

35 181.90 116.58 93.11 89.21

36 1.01 87.36 102. 84 64 .40

37 -106.66 72.80 122.61 79.95

38 -33.76 147.50 132.28 60.61

39 68.98 88.31 127.80 75,28

40 101.11 98.36 134.76 52.32

1 T ) j
Dash indicates values were not obtained.



TABLE XXIII

Magnesium intakes during collection periods
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Days of collection

e o 1 2 3 4
Dietary Rat - (days (days (days (days
treatment no. 1-4) 14-18) 28-32) 42-48)

mg/96 hr
15% casein 1 31.20 18.56 27.88 30.40
2 27.80 27.88 27.88 29.60
3 28.80 28.00 29.48 29.20
4 28.60 27.40 28.80 28.00
5 23.20 26.48 26.96 27.60
6 25.20 26.96 26.04 26.00
7 25.80 25.48 26.04 27.20
8 26.00 27.20 22.84 24,40
9 20.40 25.84 23.56 25.20
10 22.40 26.40 25.52 25.20
30% casein 11 26.60 26.52 26.52 24.80
12 22.00 23.08 23,08 28.00
13 19.40 22.96 22.96 25.20
14 27.20 25.24 25.24 27.20
15 25.60 25.38 25.48 22.80
I @ osmeaaw i . . e - L
17 24.20 24.20 24.20 28.80
18 23.60 25.40 25.40 28.00
19 21.00 28.24 28.24 28.80
20 emmee edmes eesme ecaea
30% casein 21 23.60 28.92 25.72 20.80
lactalbumin 22 22,80 19.56 25.60 27.60
23 21.60 25.16 32.68 29.60
24 22.40 24.24 25.60 27.60
25 23.40 26.40 27.20 29.60
26 26.40 27.32 25.60 24.00
27 23.20 26.28 26.96 26.00
28 21.80 25.16 24.68 27.20
29 20.40 26.84 24 .44 26.00
30 25.00 28.68 27.76 27.60
30% casein 31 26.20 22.64 27.40 30.80
gelatin 32 27.00 32.80 24,00 30.00
33 24 .80 28.56 27.76 31.20
34 21.00 25.84 28.36 30.00
3 26.00 26.52 27.40 29.20
36 24,20 24, 32 24 .68 25.20
37 26.40 28.00 26.96 26.80
38 27.00 25.36 26.28 24.40
39 23.60 25.96 26.04 28.80
40 22.40 27.40 25.84 26.00

1 . s .
Dash indicates values were not obtained.
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TABLE XXIV

Urinary magnesium during collection periods

Days of collection

Dietary - Rat 1 2 3 4

treatment . no. (days (days ~ {days (days

1-4) 14-18) 28-32) 42-46)
mg/96 hrs

15% casein 1 2.74 1.23 0.84 1.82

' 2 2.38 2.07 4.74 3.32

3 2.64 1.71 2.70 1.76

4 3.09 . 4.47 2.93

5 2.33 3.09 4.50 2.20

6 1.27 1.74 2,94 2.81

7 2. 4 2.76 3,71 3.16

8 2.08 2.83 2.17 2.12

9 1.18 0.95 2.21 1.69

10 1.63 1.78 4.29 3.98

30% casein ' 11 2.70 22l 3.04 1.41

12 1.89 0.89 2.23 3.25

13 1.88 2.71 3.30 3.06

14 1.60 1.57 2.40 3.40

15 2,22 2.90 4.33 3.60

16 1.86 1.42 1.91 0.97

17 2.55 3.61 3.43 1.59

18 1.17 1.63 2.83 3.72

19 2.12 2.48 3.93 3.14

20 3.05 1.35 2.50 2.49

30% casein- 21 6.87 6.18 1.95 374

lactalbumin 22 1.99 2.47 2.28 2.36

23 5.28 5.16 3.44 3.15

24 6.67 3.40 3.20 3.96

25 7.00 3.99 4.51 1.48

26 7.35 3.96 2.67 3.71

27 6.19 247 1.85 1.20

28 6.63 6.05 4.00 3.08

29 3.81 2.71 2.04 2.95

30 5.82 7.73 7.14 5.80

30% casein- 31 5.70 6.35 4,73 4,86

gelatin 32 6.57 6.43 3.25 3. 44

33 6.32 4.60 2.31 4,83

34 4.91 6.09 4.51 3.98

35 5.55 5,88 387 2,72

36 5.07 5.09 3.27 4.12

37 6.71 5,44 5.06 5.82

38 4.76 4,70 4.53 2.82

39 5.53 6.50 7.43 4.90

5.03 6.37 5.97 4.80

40

1 v ,
Dash indicates values were not obtained.



TABLE XXV
Fecal magnesium during collection periods
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Days of bollection

Dietary: Rat 1 2 4
treatment no. (days (days (days (days
1-4) 14-18) 28-32) 42-46)

mg/96 hrs

15% casein 1 23.70 8.44 18.29 19.60
2 23.80 9. 86 13.30 13.14
3 17.70 10.67 19.74 22.20
4 17.70 10.54 21.19 16.71
5 10.40 12.62 11.16 15.60
6 18,30 11.37 16.63 11.40
7 23.80 10.25 1917 17. 84
8 21.70 13.41 20.05 14,92
9 20.90 11,85 18. 85 20.90
10 22.10 14.08 15.04 18.55
30% casein 11 23.70 . 9.96 12.69 10.71
12 23.10 14.40 19.63 18.70
13 16. 80 8.75 9.61 10.86
14 21.20 9.56 18.55 14.02
15 22.10 9.63 12.19 9.75
16 21.90 9.56 15.87 18.78
17 18.30 9.97 13.80 14,67
18 20.70 13.73 20.02 17.21
19 13.60 13.77 16. 83 18.79
20 11,80 10,1 19.23 14.43
30% casein- 21 16.79 st 10.29 14,67
lactalbumin 22 24.87 13. 85 14.15 16.93
23 19.95 11.03 9.87 14.19
24 16.68 11.69 11.25 13.48
25 16.79 10.01 8.71 16.70
26 20.37 13,80 15.06 14.76
27 23.48 14.19 14.24 13.56
28 22.19 9.09 8.89 14.67
29 12.36 1724 15.78 14.25
30 20, 71 10.42 10.29 10. 82
30% casein- 31 16.55 10.15 8.38 12.76
gelatin 32 23.93 17.29 9.19 15.23
33 21,11 16.37 13.97 15.67
34 8.42 8.92 9.16 11.10
35 11.67 10.00 10.76 13.07
36 23.58 12.94 13.06 11.64
37 30.54 14.18 12.18 10. 34
38 30.17 7.37 11.35 11,23
39 16.91 12.14 8.29 12.75
40 17.59 9. 80 9.09 11,02

1 T
Dash indicates values were not obtained.



TABLE XVI

Magnesium balance during collection periods

55

Days of collection

Dietary - - Rat 1 2 3 4
treatment no. {days {days (days (days
1-4) 14-18) 28-32) 42-46)
mg/96 hr
15% casein 1 4.76 8. 89 8.75 8.98
2 1.62 15.95 9.84 13.14
3 8.46 15.62; 7.04 5.24
4 7.81 ==-=-- 3.14 8.36
S 10.47 10.77 11.30 9.80
6 5.63 13.85 6.47 11.79
7 -0.11 12.47 5.16 6.20
8 2.22 10.96 0.62 7.36
9 -1.68 13.06 2.50 2.61
10 -1.33 10.54 6.19 2.67
30% casein 11 0.20 14.27 ~10.79 12.68
12 -2.99 7.79 122 6.05
13 0.72 11.50 10.05 11.28
14 4.40 14,11 4.29 9.78
15 1.28 12.95 8.96 9.45
16 -——= -——— -———— —-———
17 3.35 10.62 6.97 12.54
18 1.73 10.04 2.55 71.07
19 5.28 11.99 7.48 6.87
20 -——— -—— ———— -—--
30% casein- 21 -0.06 -—— 13.48 2.39
tactalbumin 22 -4.06 3.24 9.17 8.31
23 -3.63 8.97 19.37 12.26
24 -0.95 9.15 11.15 10,16
25 -0.39 12.40 13.98 11.42
26 -1.32 9.56 7.87 5.53
27 -6.47 9.62 10.87 11.24
28 -7.02 10.02 11.79 9.45
29 4.23 6.90 6.62 8.80
30 -1.53 10.53 10.33 10.98
30% casein- 31 3.95 6.14 14,29 13.18
gelatin g2 -3.50 9.08 ~11.56 11.33
33 -2.63 7.59 11.48 10.70
34 7.67 10.83 14.69 14.92
35 8.78 10.64 13.77 12.41
36 -4.45 6.29 8. 35 S.44
37 -10.85 8.38 9.72 10.64
38 -7.93 13.29 10.40 10. 37
39 1.16 7.32 10. 32 11.15
40 -0.22 11.23 10.78 10.18

3 c . ;
Dash indicates values were not obtained.
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Increased urinary calcium excretion with increased-levels of dietary.
protein has been observed in human beings and laboratory animals, and it
has beén suggested that it may be an etiologic factor in human osteoporosis.
Recently, investigators have attempted to determine the cause of the hyper-
calciuria and the source of the increased urinary calcium. Few studies
have been conducted to determine the effect of protein source on excretion
of other macronutrient elements. This study was designed to investigate
the effect of protein source on calcium and magnesium excretion in adult
rats fed high protein diets.

Groups of adult male rats were fed diets containing 15% protein as
casein or 30% protein as casein, casein and lactalbumin or casein and gel-
atin. All diets contained 10% fat and the calcium, phosphorus and magnes-
ium intakes were maintained at 0.6, 0.3 and 0.04%, respectively. Four 96-
hour collections of urine and feces were obtained from each rat, beginning
on days 1, 14, 28, and 42 of the study. Feed intakes were recorded weekly
and at the beginning and end of each collection period. Urine volume and
pH were measured and the calcium and magnesium contents of the urine and
fecal samples were determined by atomic absorption spectrophotometry.

There were no significant differences in feed intake attributable to
dietary treatments. Weight gains for rats fed 30% protein diets as casein
and lactalbumin or casein and gelatin were higher than those for rats fed
15% or 30% casein diets. Throughout the experiment, urinary volume was high-
er (P{ 0.05) for rats fed diets containing 30% protein than for those fed
diets with 15% protein. There were some differences (P { 0.05) in urinary

pH attributable to dietary treatments and periods, but the pattern was not



consistent. During the study, urinary calcium tended to be higher for
rats fed 30% protein diets than those fed 15% protein, but the increases
were significant (P {0.05) only during the fourth collection period. Rats
fed the 30% casein and lactalbumin diet tended to excrete more calcium in
the urine than rats fed any other diet. There were no significant differ-
ences in fecal calcium excretion attributable to source of dietary protein,
and all groups of rats maintained positive calcium balance throughout the
study, regardless of protein level in the diet.

Urinary excretion of magnesium tenﬁed to be higher for rats fed diets
containing 30% protein as casein and lactalbumin or casein and gelatin than
those fed 15% or 30% casein diets. Rats fed 30% casein and gelatin excreted
more (P {0.05) magnesium in the urine than rats fed any other diet during
the last three collection periods. Urinary magnesium of rats fed 30% pro-
tein as casein and lactalbumin or casein and gelatin tended to decrease with
time. Fecal magnesium excretion was unaffected by the protein level of the
diet during the first two collection periods, but excretion tended to de-
crease in rats fgd high protein diets during the last two collection periods.
With the exception of rats fed 30% protein as casein and lactalbumin or
casein and gelatin, all groups of rats were in positive magnesium balance

throughout the experiment, irrespective of dietary protein level.



