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Effects of Soy Protein on Bone Mineral Content and
Bone Mineral Density in Growing Male Rats*

Choi, Mi-Ja*
Department of Food and Nutrition, Keimyung University, Daegu 704-701, Korea

ABSTRACT

The purpose of this study was to determine to which differences in the source of protein (soy vs casein) and of isoflavones in soy
protein are responsible for differential effects of bone mineral density and bone mineral content. Thirty 21-d-old Sprague-Dawley
young rats were divided into 3 groups: the control group was fed a casein-based diet, the soy concentrate group was fed soy protein
with totally reduced isoflavones content (isoflavone 0.07 mg/g protein), and soy isolate group was fed with a higher isoflavone
content (isoflavone 3.4 mg/g protein) than normal. The animal was scanned to determine the BMD and BMC using dual energy X-
ray absorptiometry (DEXA, Lunar Corporation, Madison, WI). The soy concentrate group had significantly higher total body
calcium/weight and total mineral content/weight than the cascin group. The soy isolate group had significantly greater total bone
mineral density/weight, spine bone mineral density /weight, and femoral bone mineral density (in g/cm? than the control and soy
concentrate group. The findings of this study suggest that soy protein and isoflavones in soy protein are beneficial for bone-
formation in growing male rats. Therefore exposure to these soy protein and isoflavones early in life may have long-term health
benefits for bone diseases such as osteoporosis. (Korean J Nutrition 35(4): 409~413, 2002)
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Table 1. Comiposition of experimental diet (g/100 g diet)

Ingredients Control diet Soy isolat2  Soy concentratye
Corn starch 66.5 66.5 65.5
Casein 20.0 - -

Soy protein - 20.0 -

Soy concentrate - 21.0
o-Cellulose 38 3.8 3.8
Vitamin mixture 1.0 1.0 1.0
Mineral mixtire 3.5 35 3.5

Com oil 5.0 5.0 5.0
Choline 0.2 0.2 0.2

Soy isolate, supplied by PTI (Protein Technology Intsitute, St. Louis,
USA)

Soy concentrate, supplied by Dan-Pro, USA

Mineral mixture, supplied U.S. Corning Laboratory Services Com-
pany, Teklad Test

DIETS, Madison, Wisconsin, Biological test, Material No 170915,
Vitamin Mixture, supplied by U.S. Corning Laboratory Services Com-
pany, Teklad Test

DIETS, Madison, Wisconsin, Biological test, Material No 40070.
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Table 2. The effect of dietary protein and isoffavones on body weight, weight gain, food intake and food efficiency ratio (FER) during ex-

perimental period

Diet Initial weight (g) Final weight (g) Weight gain (g) Food intake (g/d) FER

Casein 83.70 + 3.1° 449.70 + 16.8° 366.0 + 13.2° 2239 + 1.91° 16.29 + 0.017°
Soy isolate 83.90 + 2.9° 400.75 + 14.2° 316.8 + 12.3° 21.36 + 0.88° 14.80 + 0.016°
Soy concentrate 83.85 + 2.9° 432,60 + 15.9° 348.8 + 12.9° 23.81 + 2.17° 14.62 £ 0.014°

Values with different superscript within a row are significantly different at p < 0.05 by Duncan's multiple range test.

Table 3. The effect of dietary protein and isoflavones on serum Ca
and P

Table 4, The effect of dietary protein and isoflavones on urinary Ca
and P excretion

Serum Ca & P Casein Soy isolate  Soy concentrate Urine Ca & P Casein Soy isolate  Soy concentrate
Ca (mg/dl) 9.73 £ 0.193" 9.41 + 0.187" 9.68 + 0.201° Ca (mg/d) 0.161 + 0.03* 0.125 + 0.01° 0.153 + 0.02°
P (mg/dl) 7.33 + 0.176* 7.45 + 0.615° 7.43 + 0.159° P (mg/d) 8.130 + 0.61° 6.149 + 0.69° 7.195 + 0.75°

Values with different superscript within a row are significantly dif-
ferent at p < 0.05 by Duncan's multiple range test.

Values with different superscript within a column are significantly
different at p < 0.05 by Duncan's multiple range test.

Table 5. Total body bone mineral density and total body bone mineral content in rats

BMD & BMC Casein Soy isolate Soy concentrate
TBMD (g/cm’) 0.2862 + 0.006° 0.2835 + 0.005° 0.2927 + 0.007*
TBMD (g/cm®)fwt (kg) 0.643 £ 0.0473° 0.710 =+ 0.0213° 0.681 + 0.0400°
TBMC (g) 8.3365 + 0.698° 7.7421 + 0.627° 8.6768 + 0.823°
TBMC (g)/wt (g) 0.0186 + 0.0019° 0.0193 + 0.0021° 0.0201 + 0.0016°

Values with different superscript within a column are significantly different at p < 0.05 by Duncan's multiple range test.

Table 6. Total body bone Ca content (TBa) in rats

BMC Casein Soy isolate Soy concentrate
TBCa (g) 3.1690 + 0.248" 2.9410 + 0.232° 3.2990 =+ 0.268°
TBCa (g)/wt (kg) 7.076 =+ 0.9032° 7.344 + 0.8544° 7.646 + 0.5634°

Values with different superscript within a column are significantly different at p < 0.05 by Duncan's multiple range test.
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Table 7. Spine bone mineral density and spine bone mineral content in rats

Spine BMD & BMC Casein Soy isolate Soy concentrate
Spine BMD {g/cm?) 0.1490 + 0.0013° 0.1441 + 0.0012° 0.1495 =+ 0.0015"
Spine BMD/wt (kg) 0.335 +0.02132° 0.361  + 0.01457° 0349  + 0.02203°

Spine BMC (g/cm?)
Spine BMC/wt (kg)

0.54030 * 0.03°
1.20776 + 0.109°

0.5980 + 0.05°
1.27793 + 0.105°

0.55930 + 0.05°
1.30224 + 0.153°

Values with different superscript within a column are significantly different at p < 0.05 by Duncan's multiple range test.

Table 8. Femur bone mineral density and femur bone mineral content in rats

Femur BMD & BMC Casein

Soy isolate Soy concentrate

Femur BMD (g/cm?)
Femur BMD/wt (kg)
Femur BMC (g/lcm?)
Femur BMC/wt (kg)

0.227550 + 0.014°
0.51082 + 0.02°

0.51400 + 0.031°
11520 + 0.126°

0.218930 + 0.0138°
0.54749 =+ 0.02°
0.49620 =+ 0.023°
1.15510 + 0.13205°

0.231840 + 0.015°
0.53883 + 0.02°
0.46040 + 0.032°
1.15296 + 0.08342°

Values with different superscript within a column are significantly different at p < 0.05 by Duncan's multiple range test.
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