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ABSTRACT

Effects of different sources in dietary protein and calcium on calcium utilization were
investigated in pregnant rats by an apparent balance method. Pregnant rats of the Sprague-
Dawley strain, weighing about 190 g, were fed one of the four combinations of diets containing
SPI or casein and crystalline CaCO; or egg shell. Protein and calcium in diets were maintained
at levels of 20% and 0.6%, respectively. All groups of pregnant rats showed gradual increases
in their food consumption throughout pregnancy, except for terminal 2 or 3 days. Total food
consumption during pregnancy was influenced only by the dietary proteins, not by sources of
dietary calcium. However, food efficiency was affected by both factors. Efficiency of the diet
containing SPI and egg shell was the lowest. There were no differences in calcium content of
fetuses from four groups of dams. Regardless of dietary calcium sources, pregnant rats
receiving casein diets retained about 700 mg of calcium during pregnacy with 36 to 38% of
apparent absorption rates. On the other hand, absorption rate and retention in rats receiving
SPI were influenced appreciably by the calcium source in diets. Rats receiving diets containing
crystalline CaCO; and egg shell retained about 500 mg and 800 mg of calcium, respectively,
during pregnancy and calcium content in femur from the latter animals was high. Reasons
why a combination of SPI and egg shell resulted in an increased calcium utilization are

obscure, and have to be studied further.
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Table 1. Composition of experimental diets

Calcium source Crystal CaCOs Egg shell
Protein Source Casein SPI Casein SPI
Designation C-Ca S-Ca C-Es S-Es
Casein 20.0 — 20.0 —
SPI (Fujiro R) — 20.0 — 20.0
Starch 44.5 44.3 44.4 44.2
Sucrose 22.2 22.1 22.2 22.1
Corn oil 5.0 5.0 5.0 5.0
Salt mixture! 5.0 5.0 3.5% 3.5%
Vitamin mixture 1.3 1.3 1.3 1.3
Cellulose powder 2.0 2.0 2.0 2.0
L-Methionine 0.3 0.6 0.3 0.6
Egg shell powder® — — 1.6 1.6
By analysis

Calcium 0.59 0.58 0.57 0.60

Phosphorus 0.51 0. 48 0.52 0.50

Ca/P 1.16 1.26 1.10 1.21

1 : Harper’s mineral mixture.
2 : Harper’s mineral mixture without CaCOs and CaHPO..
3 : Containing (%) ---Ca 37.7, P 0.106, Mg 0. 376,

Na 0. 096.
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Preparation Composition
Whole egg Moisture 0.5%
| Crude protein 5.1
Washing with water Ash 95.3
!

Cracking Ca 37.7%
1N (95%)
Shell Egg white + yolk P 0.106
l Mg 0.376
Spin to remove the K 0.041
adhering egg white Na  0.096
! Fe  0.002
Crushing

1

Drying at 350°C

1

Grounding (400 mesh)

Fig. 1 Preparation of egg shell powder and its

composition
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Fig. 2 Changes in food intake and body weight of pregnant rats receiving diets
differing in protein and calcium sources.
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Table 2. Food intake and weight gain during pregnancy

Food Weight Food
No. . . ..
intake gain efficiency
g/21 days
Pregnant
C-Ca (7) 369+ 36° 162+183 0.44+0.02°
S-Ca (5)  324+37%  119+27%%  0.36+0.05"°
C-Es (7) 363+18?2 146+13% 0.40+0.03°
S-Es (12) 326153 96+25%% 0.2940. 03
Non-pregnant
C-Ca (7) 309423 52+ 9 0.17%0.03
S-Ca (4) 278415 46+ 8 0.1740.03
C-Es (6) 318£22 5012 0.16%+0.03
S-Es (12) 317124 45112 0.14%+0.03

Each value represents the mean=SD.

1 p < 0.0l to casein group.

23 . 5 < (.05, p<0.01 to non-pregnant group.
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Table 3. Reproductive performance

Wt of products Litter Fetus Calcium in
of conception size weight fetus fetuses
g g mg mg
C-Ca 83.7+11.8 13.042.2  4.91+0.28 10.46+1.11 135492]
S-Ca 72.6+ 8.0 11.4+2.0  4.59+0.46  10.93%£1.89 127437
C-Es 78.2+14.8 12.1£20  4.87+0.50 10.80*1.24 132431
S-Es 64.4+ 6.6! 11.042.0  4.3240.40  10.55*0.95  115+17

Each value represents the mean+SD.
1. p<0.05 to casein group.

Table 4. Nitrogen balance and nutritive values

Intake Balance BV | True
digestibility
g/21 days %

Pregnant

CCa (7) 10. 19+0. 98¢ 3.09+0. 30* 44.6+3. 04 95.7£0.6

S-Ca (5) 8.840.92! 2.87+0. 41¢ 49.2+3. 614 94.74+1.0

CEs (7) 10. 47 £0. 55¢ 3.1610. 34* 43.8+2.6* 96.0+0.7

S-Es (7) 9.03+1. 64! 2.80%0.64° 47.6+3. 714 94.4+0. 82
Non-pregnant

CCa (7) 8.5210. 64 1.60£0. 20 32.8+2.1 96.4+0.7

S-Ca (4) 7.68%0. 42 1.88+0.25 40.4+3.3% 94.3+0. 8

CEs (6) 9.02%0.58 1.83%0.29 33.5+2.1 95.340.4

S-Es (6) 8.50+0.35 2.00+0.24 38.5+3.2° 93.5%0. 92

Each value represents the mean+ SD.

L2 p <0.05 p< 0.0l to casein group.

81+ p<0.05 p<0.01 to non-pregnant group.
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Table 5. Calcium balance during pregnancy

Intake Feces Urine Balance Appar(?nt Retention
absorption
mg/21 days % %
Pregnant
C-Ca 2187+211* 1337+174 141 +543 7091163 38.7+7.1 32.4+7.4
S-Ca 1880+216! 13224259 551623 503+ 93! 30.2+5.6 27.2+6.6
C-Es 2084+104* 1328+118 61£20 695+141° 36.2£5.6 33.2+5.8
S-Es 1957+315 1107 +£2171 48+30 801185 43.3+5, 913 40.9+6. 7!
Non-pregnant
C-Ca 1828+137 1174£120 87436 568+ 77 35.9+3.3 31.1+3.7
S-Ca 1612+ 88! 1186+128 29+ 52 396+ 58? 26.6+4.22 24.7+4. 3
C-Es 1823124 12594130 48+18 516 +105 31.0%5.2 28.4+5.6
S-Es 1903+146 1126145 27424 750 1642 37.6%6.2! 39.3+7.32
Each value represents the mean + SD.
12 . p < 0.05 p <0.01 to casein group.
34 . p < 0.05 p< 0.0l to non-pregnant group.
Table 6. Calcium and phosphorus contents in femur
Weight Calcium Phosphorus Ca/P
Dry Defat. Ash Conc.! Total Conc.! Total
g mg/g mg mg/g mg
Pregnant
C-Ca 325%19 319£19 21011 214431 6810 8511 28+3 2.45+0.14
S-Ca 357+15% 343+122 211+10 195+21 67+ 9 86+ 7 30+3 2.25+0. 072
C-Es 334%29 32727 218+16 253t 5 83+ 7 97+ 3 32+2 2.60£0.08
S-Es 337+24 329£23 217+14 243+17 80+ 9 104+ 82 34+4 2.35+0. 08°
Non-pregnant
C-Ca 336+11 329+11 221+ 9 224+35 74+13 90+10 30+4 2.47£0.15
S-Ca 340%+13 33317 207+112 194£20 65+10 87+ 5 29+3 2.23%0.11°
C-Es 329+26 323+25 216+16 256+ 7 83+ 8 100+ 2 3242 2.58+0. 08
S-Es  352+25 345+24 227+15 233+£32 8011 97+14 345 2.40+0. 172

Each value represents the mean®SD.
1 Amount per fat free dry weight.
23 . p<0.05 p<0.01 to casein group.
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