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Effects of Dietary Casein and Soy Protein Isolate on Calcium,
Phosphorus and Magnesium Balance in Female Rats

Shoji Azami. Shizuko Hiratsuka, Takao Kitano*' and Takatoshi Esashi*?
Seitoku Junior College of Nutrition, *'Kumamoto University,
*2The National Institute of Nutrition

The experiment was carried out to observe the effect of dietary protein quality and quantity on urinary
calcium (Ca). phosphorus (P) and magnesium (Mg) excretions in female rats.

Casein and soy protein isolates were used as a protein source, and a protein content in the diet was 20%
or 40% respectively.

Female Fischer-strain rats of 4 weeks of age were divided into groups of 20% casein diet (C20), 40%
casein diet (C40), 20% soy protein isolate diet ( S 20) and 40%soy protein isolate diet ( S 40), and were fed
one of the experimental diets for 25 weeks. In 1, 13 and 25 weeks, Ca, P and Mg balance studies were done.

After the 25 weeks balance studies, rats were killed and the Ca, P and Mg content of serum, kidney and
right femur were determined.

The results were as follows .

1) Body weight gain was not significantly different among the four groups.

2) Calcium and P absorption decreased with age but were not affected by the diets, whereas C 40 group
exhibited higher urinary Ca, P and Mg excretions. Ca, P and Mg retention also decreased with age.

3) Soy protein isolate diets always indicated high Mg retention than the casein diets. On the other
hand, C40 group showed the highest urinary Mg excretion and gave nagative Mg balance at 25 weeks.

4) The weight of fat-free femur, the ash content of per gram of femur, and the Ca content and Ca/P
ratio of femur did not show a significant difference among the four groups. But the Ca content of femur per
100 g body weight significantly decreased in the C40 group than in the S40 group.

5) The kidney weights of the 40% protein diet groups significantly increased than the 20% protein diet
groups. The calcium and Mg content of per gram of the kidney in the 40% protein diet groups significantly
decreased than the 20% protein diet groups.
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Table 1 Composition of experimental diets (g/100 g)

Diets *'

Ingredients

C20 C40 S20 S 40
Casein 20.0 40.0 0.0 0.0
S.P.1* 0.0 0.0 20.0 40.0
a -corn starch 63.0 43.3 63.2 43.6
Soy bean oil 5.0 5.0 5.0 5.0
Cellulose powder 5.0 5.0 5.0 5.0
Mineral mixture ** 3.5 3.5 3.5 3.5
Vitamin mixture ** 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
DL-methionine 0.3 0.3 0.3 0.3
CaHPO,* 2H:0 1.45 0.68 1.26 0.29
CaCO;s 0.45 0.89 0.53 1.06
MgO 0.08 0.08 0.06 0.034

100.0 100.0 100.0 100.0

*1 (20, 20% Casein diet ; C40, 40% Casein diet ; S20, 20% S.P. 1 diet ; S40, 40% S. P. . diet
*2 Soy protein isolate (Fujipro R)
*3  AIN-76 Mineral mixture (J. Nutr., 107, 1340 (1977))

*¢ AIN-76 Vitamin mixture (J. Nutr., 107, 1340 (1977))

Table 2 Average content of calcium, phosphorus and magnesium (mg/100 g)

C20 C40 S20 S 40

Ca™' 579.6 562.8 589.2 589.5
p*? 399.8 402.2 380.4 373.7
Mg *! 47.1 45.3 49.6 52.7

*!' By air-acetylene flame atomic absorption spectrophotometry

*2

By Gomori method
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Table 3 Body weight and total food intake during the experimental period
(g s MESE ; n=6)

Body weight *

Total food

1 5 13 25 weeks intake
20 84.341.7 156.1+3.0 194.845.3 214.84+4.8 1,969.5+46.8
C40 82.3%1.5 154.843.7 195.2+4.3 213.845.4 1,929.5+35.6
$ 20 85.241.2 155.042.0 193.5+2.5 206.5+3.5 1,999.5+30.9
S 40 83.5+2.0 153.741.2 193.340.8 209.740.7 1,959.1+8.0

*  Body weight was measured at the end of each experimental periods of the balance study.
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Table 4 Calcium balance of rats fed the diets containing casein or soy protein isolate

at the concentration of 20% or 40% (M SE ; n=6)

Period Group Intake Absorption Urinary excretion Retention
(weeks) (mg/day) (%) (%) (%)

C20 54.7%+1.9 63.9+6.4 3.2+0.2 60.716.5
(34.4+2.6)* (1.7£0.1) (32.7+2.7)
C40 50.4%1.4 70.9+3.7 5.9%0.3 65.1+3.8
i (35.8%£2.2) (3.0£0.1) (32.8+2.3)
S20 55.7x1.5 64.7£1.9 2.6+0.2° 62.1+2.0
(36.0+1.8) (1.4%0.1) (34.6+1.8)
S40 47.0x1.9 70.7+2.4 3.9+0.4 66.8+2.7
(33.3%£2.1) (1.9+0.2) (31.4%+2.1)
C20 58.2%+2.1 34.1x£3.5 3.3+0.3 30.9+3.4
(19.7+1.7) (1.9£0.3) (17.7%+1.7)
C40 53.2+1.2 38.2%£2.7 5.610.4° 32.6+3.0
(20.4+1.7) (3.0£0.2) (17.4+1.8)
13 S20 56.5+2.7 42.7+2.9 2.0x£0.2° 40.7x2.9
(24.242.1) (1.1£0.1) (23.1£2.0)
S40 51.3+1.8 40.2+1.6 3.2%0.3 37.0x£1.8
(20.740.8) (1.7£0.2) (19.1£0.8)
C20 63.7x1.4 31.1+2.9 4.9+0.4¢ 26.3%2.9
(19.9£1.9) (3.1£0.3) (16.8%1.9)
C40 61.2+2.6 31.6x3.6 8.3+0.6* ¢ 23.31£3.8
o (19.2%+2.2) (5.1+0.6) (14.1+2.1)
S20 64.1+4.2 33.5%2.8 3.410.8 30.112.8
(21.9+3.2) (2.2%£0.5) (19.7£3.1)
S 40 58.2%3.5 31.3x1.2 4.0%£0.3 27.3x1.2
(18.2%1.3) (2.44£0.3) (15.9+1.2)

* () ! Average value of the absolute quantity {mg/day).

+ Significantly different from the corresponding C20, S20 and S40 (p <0.05).
b Significantly different from the corresponding C20, C40 and S40 (p <0.05).
¢ Significantly different from the corresponding 1st and 13th weeks (p <0.05).
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Table 5 Phosphorus balance of rats fed the diets containing casein or soy protein isolate

at the concentration of 20% or 40% (M £SE ; n=6)

Period Group Intake Absorption Urinary excretion Retention
(weeks) (mg/day) (%) (%) (%)

C20 37.7x1.3 75.714.2 20.5+0.6° 55.2%4.6
(28.4+1.4)* (7.740.4) (20.7£1.5)
C40 36.0+1.0 79.8%+2.9 25.2%0.7° 54.6+3.4
1 (28.7%+1.5) (9.1+0.2) (19.7+1.5)
S20 35.9+1.0 67.3+1.8 12.5+0.9 54.8+1.7
(24.2%1.2) (4.5+0.3) (19.7+1.1)
S 40 29.8%1.2 73.1+2.5 10.8%+1.0 62.313.1
(21.8+1.5) (3.240.2) (18.7+1.6)
C20 40.1x1.5 49.11£2.6 27.8+0.9° 21.3+2.9
(19.7+1.2) (11.240.7) (8.5+1.1)
C40 38.0+0.9 58.5+2.6 35.6+0.9° 22.9%+2.2
13 (22.3+1.3) (13.5%0.4) (8.7%£1.0)
S20 36.5+1.7 52.8+2.9 22.8%1.2 30.0+2.7
(19.4%+1.6) (8.4%£0.8) (11.0£1.1)
S 40 32.9+1.1 50.2%+2.1 21.8%0.7 28.4+2.2
(16.4+0.8) (7.1£0.1) (9.3£0.8)
C20 43.9+1.0 44.91£2.3 36.710.9" ¢ 8.2+1.9°
(19.8+1.1) (16.2+0.7) (3.6£0.8)
C40 43.7+1.8 53.3+2.7° 44.0£0.4> © 9.3+£2.5
- (23.2£1.3) (19.240.8) (4.0%£1.1)
S20 41.3+2.7 43.1+2.7 26.2%0.7¢ 16.81£2.6
(18.1£2.3) (10.8+0.8) (7.2+1.5)
S40 36.9+2.2 41.6+1.6 24.2%1.3 17.4£1.3
(15.34+0.9) (8.9%0.4) (6.4%+0.7)

* () Average value of the absolute quantity (mg/day).

*  Significantly different from the corresponding the other groups (p <0.05).

®* Significantly different from the corresponding S 20 and S40 (p <0.05).

¢ Significantly different from the corresponding the other experimental periods (p <0.05).
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Table 6 Magnesium balance of rats fed the diets containing casein or soy protein isolate

at the concentration of 20% or 40% (M*SE ; n=6)

Period Group Intake Absorption Urinary excretion Retention
(weeks) (mg/day) (‘f) (%) (%)

C20 4,5+0.2 62.81+8.4 31.3x2.7° 31.5%+6.1
(2.8%£0.3)* (1.4%0.1) (1.4%0.2)
C40 4.0+0.1 62.2+5.0 33.4+1.9°° 28.81+6.1
! (2.5%0.2) (1.3i0.1) (1.2£0.3)
S20 4.710.1 49.0x1.6 18.4%+1.0 30.5%1.1
(2.3+£0.1) (0.9+0.0) (1.4%0.1)
S 40 4.2+0.2 48.212.5 20.5%+2.1 27.7+1.4
(2.0£0.1) (0.9£0.1) (1.240.1)
C20 4.7+0.2 48.6+4.7 39.5+1.8 9.1+3.7
(2.3%£0.2) (1.9%0.1) (0.440.2)
C40 4.3x0.1 56.8%+2.9 48.8+1.4*° 8.0+3.1
13 (2.4£0.2) (2.1£0.1) (0.4%0.1)
S20 4.810.2 53.7+£1.5 28.3+1.7 25.4x2.7
. (2.6£0.1) (1.4%0.1) (1.2£0.1)
S40 4.7£0.2 54.5+2.1 26.8%2.5 27.7+2.8
(2.5%0.1) (1.2£0.1) (1.3%£0.1)
C20 " 5.2%0.1 48.0+2.3 47.9+£1.8 0.11x1.6
(2.5+0.1) (2.5£0.1) (0.0£0.1)
C40 4.91£0.2 49.2+2.5 53.3+1.1*® —4.06+2.2°
(2.440.1) (2.6%£0.1) (—0.2£0.1)
25 S20 5.4+0.4 50.7+1.8 28.0x2.5 22.7+3.5
(2.810.3) (1.5%0.1) (1.310.3)
S 40 5.2+0.3 42.3+4.5 13.5x2.7 28.8+5.4
(2.2£0.3) (0.740.1) (1.5£0.3)

* (). Average value of the absolute quantity (mg/day).

= Significantly different from the corresponding the other groups (p <0.05).

b Significantly different from the corresponding S 20 and S 40(p <0.05).

¢ Significantly different from the corresponding the other experimental periods (p <0.05).
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Table 7 Effect of dietary casein and soy protein isolate on serum calcium, phosphorus

and magnesium concentration

(mg/dl ; M £SE ; n =6)

C20 C40 S 20 S 40
Ca 9.87+0.14 9.20£0.18 9.37+£0.11¢ 9.35+0.12*
P 4.25+0.14 4.731£0.38 5.461+0.24° 5.94+0.38°
Mg 1.80+£0.07 1.78+0.06 1.66%0.06 1.82+0.05
* Significantly different from the corresponding C20 (p <0.05).
® Significantly different from the corresponding C20 (p <0.01).
Table 8 Femur weight and calcium, phosphorus and magnesium content
(M £ SE ; n=6)
C20 C40 S 20 S 40
Fresh wt. (mg) 566 + 14 542+£15 539+8 55149
Dry fat-free wt. (mg) 368+9 356+11 3618 369+3
Wt.mg/100 g body wt. 180+2 . 1744 183+4 185+ 1®
Femur ash wt. (mg) 28719 27419 2786 278 %5
Femur ash%* 77.81£0.2° 77.0+0.3 76.9+0.5 75.3%£0.9
c {total (mg) 90.8+3.8 79.7+£2.6 82.4%1.8 83.3+1.0
2 mg/fat-free 1 g 247.6%13.0 224.0%+3.9 228.0x0.7 225.6+2.1
P {total (mg) 41.3£1.0 40.5x1.1 40.7£1.0 40.9+0.5
mg/fat-free 1 g 112.240.4 113.8+0.5 112.6£0.4 110.9+0.7¢
M {total (mg) 1.441+0.04 1.40£0.04 1.41%£0.04 1.40+0.01
£ mg/fat-free 1 g 3.921+0.03° 3.93+0.03° 3.8910.02° 3.81£0.03
Ca/P 2.20%£0.11 1.97£0.04 2.03+0.01 2.04x0.02

*

Femur ash weight (mg) per dry fat-free femur weight (mg) X100

* Significantly different from the corresponding C40 (p <0.05).

b

Table 9 Kidney weight and calcium, phosphorus and magnesium content
(M £ SE ; n=6)

Significantly different from the corresponding S40 (p <0.05).

C20 C40 S20 S 40
Kidney wt. (mg) 708+33 752 £ 26° 677116 750 %272
Wt.mg/100 g body wt. 34610 36818 3427 377 £14¢
Ca {whole (mg) 1.00£0.15 0.12+0.10° 0.85%0.10 0.15%+0.01°
mg/kidney 1g 1.38%0.18 0.16+0.01° 1.26£0.16 0.20%0.02°
whole (mg) 2.22£0.10 2.02£0.04 2.11+0.04 1.91£0.02
{ mg/kidney 1 g 3.14+0.07¢ 2.69+0.04 3.12+0.06° 2.72+0.02
whole (mg) 0.13£0.01 0.13£0.00 0.12+0.00 0.12+0.00
g {mg/kidney lg 0.19+£0.01 0.17+0.00¢ 0.18+0.00 0.16+0.01°

* Significantly different from the corresponding S 20 (p <0.05).

* Significantly different from the corresponding S 20 and C20 (p <0.05).
¢ Significantly different from the corresponding C40, C20 and C20 (p <0.05).

¢ Significantly different from the corresponding C40 (p <0.05).

¢ Significantly different from the corresponding S 20 and C20 (p <0.01).
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