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Abstract

The purpose of this study was to investigate the effect on bone formation of fermented soybeans by combination
treatment with a high aglycone ratio of isoflavones, since this compounds are known to prevent osteoporosis caused
by aging or menopause. The experimental group (osteoporosis-induced rats, n=20) was divided into four groups,
namely the normal group (NC), the OVX group (OVXC), the steamed soybean powder group (SSP), and the
fermented soybean powder group (FSP). After 8 weeks of administration, the body weights of the OVX, SSP and
FSP groups had increased compared to those of the NC group, while the weight of the uterus had not increased
compared to that of NC group, and the weight of the kidney leaf fat had not decreased compared to that of the
OVXC group. In addition, serum levels of alkaline phospatase (ALP) and osteocalcin were not significantly different
between the different experimental groups. However numerically, the FSP group appeared to exhibit some effect
on bone formation. More specifically, the trabecular bone volume of the femur was significantly increased in the
FSP group compared to the OVXC (p<0.01), and the trabecular bone mineral density was also significantly increased
in the SSP and FSP groups compared to the OVXC group (p<0.05). These results indicate that fermented soybeans
were effective in promoting bone formation in terms of increasing the bone volume and bone density of the femur.
The consumption of fermented soybeans could therefore be suggested for the prevention rather than the improvement

of osteoporosis.
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Fig. 1. Comparison of isoflavone contents of soybean fermented
with complex processing and soybean without fermentation.

RM: raw materials; SSP: steamed soybean powder, FSP: fermented soybean powder
after combination treatment (heat treatment, grinding, and steam). Scale bars represent
the mean valuetSD (n=5). Means with different letters above a bar are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 2. Changes of body weight in rats for 8 weeks.

NC: nomal control; OVXC: ovarietomized control, SSP: oral administration group of
steamed soybean powder; FSP: oral administration group of fermented soybean powder
after combination treatment (heat treatment, grinding, and steam). Scale bars represent
the mean value=SD (n=5). Means with different letters above a bar are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Picture of uterine and kidney leaf fat in rats to represent the size and shape.
NC: nomal control; OVXC: ovarietomized control; SSP: oral administration group of steamed soybean powder; FSP: oral administration group of fermented soybean powder

after combination treatment (heat treatment, grinding, and steam).
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Fig. 4. Uterine weight (A) and kidney leaf fat weight (B) in rats
after 8 weeks of treatment with SSP and FSP.

Scale bars represent the mean valuetSD (n=5). Means with different letters above a
bar are significantly different at p<0.05 by Duncan’s multiple range test. NC: nomal
control; OVXC: ovarietomized control; SSP: oral administration group of steamed soybean
powder; FSP: oral administration group of fermented soybean powder after combination
treatment (heat treatment, grinding, and steam).
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Fig. 5. Serum alkaline phospatase (ALP) levels after 8 weeks of
treatment with SSP and FSP.

Scale bars represent the mean valuetSD (n=5). Means with different letters above a
bar are significantly different at p<0.05 by Duncan’s multiple range test. NC: nomal
control; OVXC: ovarietomized control, SSP: oral administration group of steamed soybean
powder; FSP: oral administration group of fermented soybean powder after combination
treatment (heat treatment, grinding, and steam).
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Fig. 6. Serum osteocalcin (OC) levels after 8 weeks of treatment
with SSP and FSP.

Scale bars represent the mean valuetSD (n=5). Means with different letters above a
bar are significantly different at p<0.05 by Duncan’s multiple range test. NC: nomal
control; OVXC: ovarietomized control; SSP: oral administration group of steamed soybean
powder; ESP: oral administration group of fermented soybean powder after combination
treatment (heat treatment, grinding, and steam).
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Fig. 8. Value of trabecular bone volume in ovariectomized rats
femur.

Scale bars represent the mean valuetSD (n=5). Means with different letters above a
bar are significantly different at p<0.05 by Duncan’s multiple range test of ovarietomized

3 groups.
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Fig. 9. Value of trabecular bone mineral density in ovariectomized
rats femur.

Scale bars represent the mean valuetSD (n=5). Means with different letters above
a bar are significantly different at p<0.05 by Duncan’s multiple range test of ovarietomized
3 groups. NC: nomal control; OVXC: ovarietomized control; SSP: oral administration
group of steamed soybean powder; FSP: oral administration group of fermented soybean
powder after combination treatment (heat treatment, grinding, and steam).
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Fig. 7. Micro-CT analysis of the tibia of ovariectomized rats femur.

NC: nomal control; OVXC: ovarietomized control; SSP: oral administration group of steamed soybean powder; FSP: oral administration group of fermented soybean powder

after combination treatment (heat treatment, grinding, and steam).
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