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ABSTRACT

To investigate the effects of dietary protein and calcium levels on calcium and bone
metabolism Sprague-Dawley male growing rats weighing approximately 91.4g were divided
into four groups and fed one of the following four experimental diets-15% protein 0.2%
calcium ; 15% protein 0.5% calcium : 30% protein 0.2% calcium ; 30% protein 0.5% calcium-for
five weeks. Calcium intake and excretion, apparent calcium absorption were measured and
bone densitics and mineral contents of femur and scapula were analyzed. Calcium excretion
through feces and urine was significantly greater in animals receiving diets of higher calcium.
Fecal calcium but not urinary calcium excretion was greater when the protein level was
increased from 15% to 30%. Apparent calcium absorption rate was significantly higher with
lower calcium intakes. Serum alkaline phosphatase activity was significantly higher in 0.2%
calcium group than in 0.5% calcium group, while urinary hydroxyproline excretion was
essentially same among all experimental groups. Weights and mineral contents of femur and
scapula were significantly higher when the dict provided more calcium or protein. Bone
weights were greater, but calcium and ash contents of femur and scapula were lower in animals
on the diet containing low calcium and high protein, which suggests that bone metabolism
may be affected by the interaction between calcium and protein intake. These results indicate
that during growth high protein intake might be beneficial to bone health if the diet is
sufficient in calcium, however, if the diet fails to provide an optimum amount of calcium, such
practice might be detrimental. (Korean J Nutrition 30(3) : 266~276, 1997)
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Table 1. Composition of experimental diet

(ghkg diet)

0.2% Ca diet

0.5% Ca diet

Ingredient 30% Casein 15% Casein 30% Casein 15% Casein
(LH) (LM) (NH) (NM)
Corn starch 550 700 550 700
Casein 300 150 300 150
Corn oil 100 100 100 100
Salt mixture 35" 35 35? 35
Vitamin mixture®™ 10 10 10 10
Choline 2 2 2 2
DL-Methionine 3 3 3 3

1) Salt mixture(g/kg mixture) : Calcium carbonate 147.15, Sodium chioride 74.0, Potassium phosphate, dibasic 220.0, Po-
tassium sulfate 52.0, Magnesium oxide 24.0, Manganous carbonate 3.5, Ferric citrate 6.0, Zinc carbonate 1.6, Cupric
carbonate 0.3, Potassium iodate 0.01, Sodium selenite 0.01, Chromium potassium sulfate 0.55, Sucrose, finely powd-

ered to make 1000.0

2) Salt mixture(ghkg mixture) : Calcium carbonate 367.882, Sodium chloride 74.0, Potassium phosphate, dibasic 220.0,
Potassium sulfate 52.0, Magnesium oxide 24.0, Manganous carbonate 3.5, Ferric citrate 6.0, Zinc carbonate 1.6, Cu-
pric carbonate 0.3, Potassium iodate 0.01, Sodium selenite 0.01, Chromium potassium sulfate 0.55, Sucrose, finely

powdered to make 1000.0

3) AIN vitamin mixture(per Kg mixture) : Thiamin.HCl 600mg, Riboflavin 600mg, Pyridoxin.HC| 700mg, Nicotinic acid
3g, D-Calcium pantothenate 1.6g, Folic acid 200mg, D-Biotin 20mg, Cyanocobalamin 1mg, Retinyl palmitate or ace-
tate as stabilized powder to provide 400,0001U vitamin A activity or 120,000 retinol equivalents, dl-o-Tocopheryl ace-
tate as stabilized powder to provide 5,000IU vitamin E activity, Cholecalciferol 2.5mg, Menaquinone 5.0mg, Sucrose,

finely powdered to make 1000.0g
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V : volume of bone(cm®)

D : density of bone(mg/cm®)

M, . wet weight in air(mg)

My : weight in water(mg)
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Table 2. Ca intake, Ca excretion and Ca balance”
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Exp. Ca intake(mg/day) Fecal Ca excretion Urinary Ca excretion Appara‘nt Ca Ca balance(mg/day)
group (mg/day) (mg/day) absorption(%)
3 day
NM 54.31+3.95" 5.40+1.07* 1.61+0.55° 89.64+2.46 47.30+4.09°
NH 44.55+2.48" 3.59+1.02% 0.49+0.16 92.52+1.69 42414196
LM 18.144-1.22° 1.91+£011° 0.21+0.06" 90.24+0.25 17.5941.07°
**Ca(0.0001) **Ca(0.0058)
SFY *Pro(0.0469) *+C2(0.0073) #Pro(0.0443) NS **(a(0.0001)
*CP(0.0844) *CP(0.0997)
29 day
NM 85.95+3.88° 10.9643.22° 0.87+0.23" 87.37+3.50% 74.12+4.48°
NH 84.21+4.61° 13.6541.99" 0.14+0.03° 83.66+1.72° 69.714+6.22°
LM 33.53+0.87° 2.16+0.44° 0.12+0.01° 93.514+1.44° 31.49+1.58
**Ca(0.0030)
SF **Ca(0.0001) **Ca(0.0024) **Pro(0.0044) **Ca(0.0366) **(Ca(0.00071)
**(CP(0.0052)
1) Mean=+S.E.
2) Values within a column with different superscripts are significantly different at p<0.05 by Duncan's multiple range test
3) NS : Not significant at p<0.05 by Duncan’s multiple range test
4) Significant Factor

Ca : Effect of dietary calcium level was significant by F-test
Pro : Effect of dietary protein level was significant by F-test

CP : Interaction between Ca & Pro factor was significant by F-test

* : Effect of factor was significant by F-test at a=0.10
** 1 Effect of factor was significant by F-test at a=0.05

NS : Effects of dietary calcium and protein level were not significant by F-test at o=0.10
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Table 3. Serum calcium concentration and alkaline phosphatase activity, and urinary hydroxyproline excretion”

Exp. gro(;:jgan Serum Ca(mg/dl) Alkaline p?K(;\Sp:sitgse activity Urinary hydroxyproline(ug/day)
NM 7.29+£0.10 28.43+2.93% 34.29+5.36
NH 6.9240.14 24.70+2.78° 34.68+3.73
LM 7.45+0.34 39.42+5.49" 35.08+5.71
LH 7.1640.13™ 50.57£6.71" 36.17+6.09"
SFY NS **(a(0.0004) NS
1) Mean £ S.E.
2) NS : Not significant at p<{0.05 by Duncan’s multiple range test
3) Values within a column with different superscripts are significantly different at p<0.05 by Duncan’s multiple range test
4y Significant Factor

Ca : Effect of dietary calcium level was significant by F-test
Pro : Effect of dietary protein level was significant by F-test

CP : Interaction between Ca & Pro factor was significant by F-test

* : Effect of factor was significant by F-test at =0.10
** : Effect of factor was significant by F-test at «=0.05

NS : Effects of dietary calcium and protein level were not significant by F-test at a=0.10
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