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Introduction

Protein is one of dietary components known
to affect calcium metabolism in human. Several
investigators reported an increase in dietary pro-
tein was related to increase urinary losses of cal-
cium, resulting in negative calcium balance!)#,
Linkswiler and associates!’?%) found that the
increase in urinary calcium was not accompanied
by a comparable increase in apparcnt calcium
absorption, resulting impaired calcium balance,
when dietary protein incrcased from 47 to 142g
/day. Many reports indicate that urinary calcium
cxcretion increased markedly when the meat pro-
tein intake increased. However, Spencer and col-
leagues?®’1? observed that a high meat protein diet
has little effect on urinary calcium excretion. They
attributed this to the phosphorus content of the
diet?1® Hegsted et al.!l) found that calcium ba-
lance was improved with higher protein intake,
but the beneficial effects appeared only when ini-
tial protein intake was low level.

It is generally known that the intakes of protein
and of calcium by Koreans arc relatively lower
than Americans and Furopeans. In Korea, 70%
of dietary protein intake are from plant origin.
contrasting to the fact that Westerners largely rely
on animal origin protein. This difference needs
to reexamine the effect of protein intake on cal-
cium metabolism. Our previous study'?’ showed
that urinary calcium excrction was not apparently
related with dietary protein when protein intake
was increascd from 45g to 85g/day.

The main purposc of this study was (o examine
the effects of levels and sources(animal and

plant) on fecal and uninary calcium excretion,
and also on calcium balance. The daily calcium
intake in the subjects was maintained at approxi-
mately 560mg daily.

Materials and Methods

1. Subjects

The subjects were ten healthy female volunteers
between 20 and 24 years of age. Their initial wei-
ghts ranged from 44.9 to 59.7kg and their heights
[rom 1514 to 161.9cm.

2. Experimental design

The 26-day period of metabolic balance study
was divided into three part; a 6-day adaptation
period, 10-day moderate level of protein diet(10g
N) period and another 10-day high level of pro-
tein diet(14g N) period. During the moderate
protein period, subjects D, E, G, H and J recieved
animal protein diet which consisted of 75% of
animal protein and 25% of plant protein, while
subjects A, B, C, F and K recieved diets which
include 75% of plant protein. During the high
protein period, subjects D, E, G, H, and I reccived
high level of animal protein diet and subjects A,
B. C. F and K received high level of plant protein
dict. Main sources of animal protein were meat,

egg and milk.

3. Diet

All subjects received 10g N, 530mg Ca and 1020
mg P per day during the adaptation period. Cal-
cium and phosphorus intakes during the follo-
wing two pﬁeriods were similar ; each subject con-
sumed about 2000kcal, 560mg Ca and 1190mg P
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in the moderate protein period and 2000kcal, 570
mg Ca and 1490mg P for high protein diet. Subje-
¢ts A, B, D and E were supplemented with 300mg
Ca(Calcium gluconate) for last 4 days of each
diet period.

The composition of these four diets has been
previously published'®. Meals were served at 9 ;
30,12 : 30 and 17 : 30 during the experimentation.
The subjects were required to consume only the
meals supplied by the research unit. Deminerali-
zed water was provided ad libitum for drinking
and was used in all food preparation.

All of the urine and stool specimens were colle-
cted on the 5th and the 6th days and the last
two days of each diel period. Each of the periods
was demarcated by giving brilliant blue markers
throughout the experimentation. Fasting blood
smaples were drawn on the first and the 7th days
of each metabolic period.

Analysis : Composite samples of an entire day’s
intake were analyzed to calculate the total daily
intake. Meal samples and 2-day pooled stool were
homogenized. Aliquots of meal, stool and 2-day
pooled urine were kept frozen until analyzed. Nit-

rogen was determined by the micro-Kjeldahl me-
thod', Calcium and phophorus in the diet, pla-
sma, urine and stool were measured by Inducti-
vely Coupled Plasma Quantorecorder (Shimadzu
ICPQ 1000) 916,

The data of the calcium and phosphorus absor-
ption and balance were statistically analyzed by
analysis of variance, t-test and Pearson’s correla-
tion.

Results

Table 1 shows the means of daily fecal & uri-
nary calcium, calcium balance and calcium abso-
rplion during the experimental periods. There was
a wide variation in fecal and urinary calcium exc-
retion among subjects. The levels of protein inta-
kes affected fecal calcium contents, calcium abso-
rption and calcium balance. Fecal calcium dec-
reased as the protein intake was increased from
60g to 90g daily. The mean fecal calcium contents
were 378mg and 299mg, respectively(p<C0.05)
when animal protein diet was consumed, Result
showed apparent absorption of calcium 161mg(30

Table 1. Effects of dietary protein levels and sources on fecal & urinary calcium, Ca balance and absorp-

tion ratc
Group |Period | Intake Fecal Ca Urinary Ca Balancc - Ca absorption
mg/d mg/d mg/d mg/d mg/d %
Animal )
i MP 1 538.9 377.924+ 125.1 | 145.2 +46.0 17.92£ 86.2 |161.1'4125.1 29.9:4 9228
rote
S, TIHP 1| 5573 29855+ 54.8 | 134454375 | 124.854 47.6 | 258.8b+548 46454 9.9
iet
Plant
el MP 1 552.5 8950 +118.0 [110.0 + 42.2 | 47.5°+92.1 157.5 +172.0 285 +21.5
rotein
S, . |HPT| 5912 8746+ 77.0|83.5%% 6.0 [138.2°% 726 (2166 + 77.0 367 +£15.0
iet
Mean+ $.D.

Absorption= Ca Intake— Fccal Ca
Balance=Ca Intake— (Fecal Ca+ Urinary Ca)
MP : Moderate Protcin
HP : High Protein

1. The data [rom 5, 6th days pooled samples
Values with different alphabet within the row are significant different at p<0.05 level
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Table 2. Effects of calcium supplement on fecal & urinary calcium, Ca balance and absorption rate

Period Intake Fecal Ca Urinary Ca Balance Ca absorption
mg/d mg/d mg/d mg/d mg/d %
MP II 1 545.8 37224+ 1388.5 | 102.24£34.2 72124 127.8 (174.234 1335 52.6423.5
MP II+Ca 2 845.8 457.6+272.3 | 124.14£25.1 | 264.94281.0 | 388.24272.7 4594 32.1
HP II 1 574.3 416.9+125.0 | 109.44+48.1 483.82470.6 |158.2°4107.5 28.7°418.0
HP 11+Ca 2 874.3 4105+ 134.7 | 122.9434.2 |381.8P4+ 125.8 (422,854 1575  55.1PL 15.0
Mean+ S.D.

Il : The data from 9, 10th days pool;d samples
1 : The daia of subjecs C, F, G, H, ]. K
2 ! The data of subjects A, B, D, E

Values with different alphabet are significant different ar p<70.05 level within row

%) and 259mg(46% ) (p<(0.05). There was appa-
rent improvement in the absorption of calcium
when the subjects were fed the high level of pro-
tein rather than moderate level. But the effect was
statistically significant in animal protein dict.

The levels of protein did not affect urinary cal-
cium excretion. However. there was significantly
higher urinary calcium excretion(134mg) in amni-
mal protein dict than that(83mg) in plant protein
diet(p<C0.01) during the high protein period. Uri-
nary calcium was positively correlated with ani-
mal protein level(r=0.526. p<(0.0001) but negati-
vely correlated with plant level(r==--0.579, p<{0.
0001).

Calcium balancc was improved as the protein
intake was increased from 60g to 90g in both ani-
mal and plant protein diet. The calcium balance
in the animal protein diect was 18mg and 124mg.
respectively, and the calcium balance in the plant
protein diet was 47mg and 133mg. respectively
when the moderate and high protein was consu-
med(p<(0.05).

Calcium supplement(300mg) increased cal-
cium absorptions 214mg and 265mg during the
moderate and high protein period respectively
(p<Z0.05). However, urinary calcium was not affe-
cted by the calcium supplement. Calcinm supple-
ment improved calcium balance of protein intake

Table 3. Serum concentration of calcium
(mg/100ml)

. Dietary group
Period - - ;
Animal protein Plant protein
Adaptadon 9.45+ 0.29° 9.09+ 0.48%
MP I 9.87+ 0.18" 9.60+ 0.50°
HP I 8.51+0.29¢ 8.59+ 0.292
Mean + 5.D.

Values with different alphabet within the row are signi-
ficantly different ar p<70.05 level

(Table 2).

Table 3 shows the means of serum concentra-
tion of calcium for each diet period. Serum conce-
ntration of calcium was significantly decreased
when the subjects consumed high protein than
when they consumed moderate protein for both
animal and plant protein diet(p<(0.05).

Table 4 shows the means of daily fecal, urinary
phosphorus, phosphrus balance and its absorp-
tion. The amount of phosphorus excreted in feces
was not affected by the level of protein intake,
but affected source of protein intake. Fecal phos-
phorus excreted markedly higher amounts when
given the high plant protein diet than when given
high animal protein diet(p<70.05). Phosphorus
absorption was more efficient when given the high
animal dict(77—81%) than when given the high
plant diet(55—65% ). Urinary phosphorus excre-
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Table 4. Effects of dietary protein levels and sources on [ecal & urinary phosphorus, phosphorus balance

and absorption

Group |Period| Intake Fecal P Urinary P Balance ] P absorption
mg/d mg/d mg/d mg/d mg/d %
Animal MP 1| 1181.5 |260.1°+ 24.9 | 803.5X84.3 |117.8°%+ 97.0 | 921.4°+ 24.9 78.02+2.1
protein [MP I | 1181.5 |276.3°+101.7 | 784.2>X90.8 |172.2 4 108.7 | 905.22+ 101.7  76.6°+ 0.6
diet HP I | 1396.4 |261.13+ 82.7 | 970.8°%90.7 |185.0 4 140.0 [1135.8°+ 82.9 81.32+ 5.0
HP II| 1396.4 |267.3%+ 44.3 | 920.7°%48.8 [208.4b+ 027 1129.1°+ 443 80.3%+ 3.6
Plant |MP I | 11955 |4154P1115.5 | 616.894110.6]165.2 & 193.5 F80.05°+ 155.5 65.2b4 13.0
protein [MP II| 1195.5 |510.7°4202.4 | 575.99+ 31.8| 57.8 +235.1 H84.8¢ +202.4 57.3°+18.9
diet HP I | 1577.8 |692.8°+271.4 | 694.7°4-100.7 | 190.3 +263.9 B85.0° +271.4 56.1'+17.2
HP II| 1577.8 |711.1°¢ 261.8 | 705.8P+ 107.9|161.4 + 510.9 [782.4° + 268.3 54.9°4 16.6
Mean+ 5.D.

Absorption=P Intake— Fecal P, Balance="P Intake— (Fecal P+ Urinary P)

MP : Moderate level of protein
HP ! High level of protein

Values with different alphabet within the row are significantly different at p<(0.05 level

tion was higher when given the animal protein
diet than when given plant protein diet. However,
phosphorus balance was not affected by the level
and the source of protein.

Discussion

The results indicate that animal protcin enhan-
ced calcium absorption during the high protein
diet period. Our data are in line with previous
studies that an increased intake of animal protein
improved calcium absorption® 91718 Most stu-
dies observed that fecal calcium was significantly
decreased as the increase of protein intake from
47g to 95g daily. But the decrease of {ecal calcium
did not occur when its increase was in the range
between 95g and 142g daily. However, this finding
is not entirely consistant with many investigators’
observations that cxtremely high protein intake
did not significantly affect the increase of the ab-
sorption of dietary calcium»®10 In the present
study, the calcium absorption rates were 29—30%
during the moderate protein period, and 46% in
high animal protein diet. Our results of the cal-

cium absorption rates were similar 1o that of other
sutides. Choi and Ju?® reported the calcium abso-
rption rates of soy protein(30%) were significan-
tly lower than those of the meat protein diet(50% )
when given §7g protein. Another study also repor-
ted that the calcium absorption rates in meat and
soy protein diet were 34% and 30% respectively
when given 530mg Ca and 90g protein.

In the present study the incrcase of urinary cal-
cium excretion was not found in the high level
of protein diet. Several reports demonstrated an
opposing view in this regard71D18 while pre-
sent result is supported by several studies!'2)1920),
The failure in increase of urinary calcium excre-
tion is most likely due to the amount of protein
intake increased. The studies with the oppsoing
view reporied that the urinary calcium increase
was 100—200mg when (he protein intake was ex-
panded approximately three times. But the diffe-
rence of the protein intake level was only 30g
in the present study. The amount of the urinary
calcium excretion was found to be affected by
the sources of dietary protcin. The urinary cal-
cium excretion was significantly higher in the
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amount(51mg) of animal protein diet than that
of the plant protein during the high protein pe-
riod. The difference of the urinary calcium cxcre-
tion between the aminal and plant protein diet
was not lound during the moderate protein level.
It occured only when the increase of the animal
protein intake was relatively large amount(50g)
during the high protein diet. Animal protein diet
generally tends to include phosphorus as well.
In regard to the fact that phosphorus restrain uri-
nary calcium excretion, our research design pro-
vided a balanced diet in which both animal pro-
tein and plant protein contained almost same
amount of phosphorus. Many other reports sup-
port our finding that an increased animal protein
intake was significantly related with urinary cal-
cium excretion!?182022),

The calcium balance was affected by the level
of protein rather than the source of protein in
the present study. The calcium balance improved
106mg in animal protein diet, and 85mg in plant
protein as thc level of protein intake incrcased
from moderate to high level. The data clearly in-
dicale thal protein intake enhanced calcium bala-
nce. This can be explained by the beneficial effect
of protein on calcium absorption. The amounts
of calcium absorbed were increased 98mg in the
animal protein diet and 5.9mg in the plant protein
as the level of protein intake increased. On the
other hand, the amount of urinary calcium excre-
tion did not differ between the two levels of pro-
tein intake. This finding is not completely consis-
tant with the reports!?1718) that an increased
intake of protein has a detrimental effect on cal-
cium balance. Our finding is attributablc to the
abscnce of increase in urinary calcium excretion
since the protein intake was increased only a little
amount(30g) in the study.

The results of calcium supplement study confir-
med the importance of calcium contents of the
mcal on calcium absdrplion and balance. Cal-

clum supplement(300mg) with 550mg Ca diet im-
proved calcium balance during the moderate and
high protein period ; 193mg and 333mg respecti-
vely. This was mostly due to the increase of the
calcium absorbed during the two levels of protein
intake peroid ; 214mg and 265mg respectively.
Because the present study was a short term study,
the large amount of calcium absorbed with cal-
cium supplement seems to be a transient effect
on calcium metabolism. The absorption rates of
calcium supplement group during the moderate
and high protein period were 46% and 53% res-
pectively. This result was not totally consistent
with the other studies. This may be attributable
to the well utilization of calcium gluconate supp-
lement. Spencer et al.?) reported that calcium ab-
sorption increased 174mg, resulting in improved
calcium balance(154mg) when the calcium intake
was increased 600mg with constant 85g protein
intake. Our previous study also observed that the
calcium balance improved 20mg as the calcium
intake increased 300mg'?.

The serum concentration of calcium was signi-
ficantly affected by the level of protein intake in
the study. Many other studies observed that the
serum concentration of calcium was relatively co-
nstant no matter what protcin levels and sources
might be! 2122 The disagreement of serum cal-
cium concentration in the present study seems
partly due to the large difference of calcium bala-
nces(85—106mg) between the two levels of pro-
tein intake in the present study. The result was
confirmed by two studies that the serum concent-
ration of calcium decreased as the calcium bala-
nce increased!?!®. While the difference of cal-
cium balance was in between 25mg and 20mg,
the serum concentration of calcium was constant
912) The reason for this is yet to need a clear
explanation.

The phosphorus intake was increascd 200mg
as the protein intake increased 30g daily in the
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animal and plant protcin diet. The phosphorus
was absorbed more effeciently in the animal pro-
tein diet than in plant protein diet. The data are
accorded with the other studics on the phospho-
rus absorption rate?>27. Joo and Paik?” reported
that phosphorus absorption rates were 45.5% in
soy protein diet and 65.6% in meat protein diet.
There are also many other studies which reported
that the absorption rates were 45—54% in soy
protein diet and 80—85% in animal protein diet
based on Korean general meals. The reason for
this result scems to be higher content of fiber
in soy or plant protein diet. The result of present
study on phosphorus balance was similar 1o the
results that of the research carried by Pie and
Paik?. These results indicate that the source of
protein is an important factor for phosphorus ab-
sorption.

There was a wide variation in fecal and urinary
phosphorus excretion between the subjects even
with the same diet. Therefore, the data did not
reveal effects of the prolein levels and the sources
on phosphorus balance.

Summary

This study was to examnine the effects of dietary
protein levels and the sources of protein(animal
and plant) on calcium and phosphorus metabo-
lism in 10 healthy Korcan female adults. The 26-
day study consisted of a 6-day adaplation period
and 10-day moderate protein(10g N, 550mg Ca)
and 10-day high protein(14g N, 570mg Ca) pe-
riod. During the experimental period, the subjects
were divided into two groups, either consuming
animal protein diet(75% animal protein) or plant
protein diet(75% plant proiein). Calcium(300
mg) was supplemented to two subjects of each
dict group for the last 4 days. Feces, urine and
diet were analyzed nitrogen. calcium and phos-
phorus.

The apparent absorption of calcium was signi-
ficantly increased as the protein intake was inc-
reased from 60g to 90g in animal protein dict.
Average calcium absorption rate was 30% and
46% from high and moderate levels of animal
protein diet.

Urinary calcium excretion was not affected by
the amount of the protein intake in both animal
and plant protein dict. There was significantly
higher urinary calcium excretion(134mg) in high
level of animal protein diet than that(83mg) in
high level of plant protein diet. Calcium balance
was improved as the protein intake increased and
calcium was supplemented. Phosphorus absorp-
tion was more efficient in the high animal diet(77
—81%) than in the high plant diet(55—65%).

The overall results indicate that an increase of
protein and calcium supplement in moderate pro-
tein intake can improve calcium balance due 10
the increase of calcium absorption.
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