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Effects of Soy Protein and Isoflavones on Bone Mineral Density
in Growing Female Rats*
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Department of Food and Nutrition, Keimyung University, Taegu 704-701, Korea

ABSTRACT

The purpose of this study was to examine the impact of soy protein and soy isoflavones on bone and mineral density
in young female Sprague-Dawley rats. Fifty eight rats (body weight 75 = 5 g) were randomly assigned to one of four
groups, consuming casein, soy protein concentrate, soy protein isolate (57 mg isoflavones/100 g diet) or casein added
isoflavones (57 mg isoflavones /100 g diet) . All rats were fed on experimental diet and deionized water ad libitum for
9 weeks. Bone mineral density (BMD) and bone mineral content (BMC) were measured using PIXImus (GE Lunar
Co, Wisconsin, USA) in spine and femur on 3, 6, 9 weeks after feeding. The serum and urine concentrations of Ca and
P were determined. Diet did not affect weight gain and mean food intake. Food efficiency ratio was lower in soy protein
groups. The serum concentration of Ca and P were not changed by soy protein and isoflavones. Urinary Ca and P ex-
cretion were not significantly different. Spine BMD was significantly increased by soy protein isolate on 3 and 6 weeks
after feeding. Femur BMD was significantly increased in the groups of soy protein isolate and isoflavones adding on
after 9 weeks. Therefore, soy protein with rich isoflavones may be beneficial on spine and femur BMD increasement in
growing female rats. (Korean J Nutrition 36(4) : 359 ~367, 2003)
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Table 1. Composition of experimental diets (g/kg of diet)

Ingredients Casein iscS>l(2;e concsgrrfrafe
Casein" 200 -
Soy protein isolate” - 202 -
Concentiete® - - 2
Corn starch 530 528 504
Sucrose 100 100 100
Soybean oil 70 70 70
Cellulose 50 &0 50
Min-rix* 35 35 35
Vit-mix® 10 10 10
L-cystine 3 3 3
Choline 25 25 25
Tert-butyt 0014 0.014 0014

hydroguinone

1) Casein high protein (fotal protein 85%), Teklad Test Dietfs, Me-
dison, Wisconsin, USA St. Louis, MO 63188, USA

2) Soy isolate protein (total protein 84.4%, isoflavones 3.4 mg/g
protein), Protein Technologies International, St. Louis, MO
63188, USA

3) Soy concentrate protein (total protein 75%, isoflavones < 0.1
mg/g protein), Protein Technologies International, St. Louis,
MO 63188, USA

4) AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin, USA

5) AIN-93G-VM, Teklad Test Diets, Medison, Wisconsin, USA

*Calorie % of diet — CHO: protein: fat=64: 19: 17
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Table 2. Effect of soy protein or soy isofiavones on weight gains, mean food intake and food intake efficiency ratio (FER) in growing

female rats
Group Weight gains (g) Mean food intake (g/day) FER”
Casein 160.8 = 12.31" 13.75 = 0.8° 0.17 £ 0.01°
Soy isolate 160.6 £ 9.71° 1420 = 1.72° 0.16 + 0.01°
Soy concentrate 158.9 + 13.92° 14.62 = 1.35° 0.16 + 0.01°
1)Mean + SD

2)Values with different superscripts within the column are significantiy different at p<0.05 by Duncan’s multiple range test
3)Food intake efficiency ratio (FER) =weight gain (@) /total food intcke (g)
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Atk % 252 casein 9.47 mg/dl, soy isolateT 9.42
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oJAel zjo)7) Yt B Q1Y) FEE caseinT 7.75 mg/

dl, soy isolatex 6.60 mg/d], soy concentratex 6.31

mg/dl 2 AYPF Tl FeHA zleo)7t Gdek 387
E gtor B AP TYstuor BAE o = g
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< A itk o AT GAHT F A
HAH D A A2 A7 AP0} oA HE g
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Table 3. Effect of soy protein or soy isoflavones on serum calcium
and phosphorus in growing female rats

) So So
Group Cosein isolo»;e concer:,frcn’re
Ca (mg/dl) 9.47 £ 0.19"? 9.42 + 0.18° 9.41 £ 0.19°
P (mg/dh 7.75 £ 0.69° 6.60 £ 0.53" 6.31 *+ 0.48°
1) Mean + SD

2) Values with different superscripts within the column are signifi-
cantly different at p<0.05 by Duncan’s multiple range test

Table 4. Effect of soy protein or soy isoflavones on urinary calcium
and phosphorus excretion in growing female rats

Group Cosein iscig;e ConcsthTrofe
Ca (mg/day) 026 £0.17"% 022 £0.16° 024 +031°
P (mg/day) 483 +1.78° 401 £ 1.56° 4.23 £ 2.69°
1) Mean = SD

2) Vdlues with different superscripts within the column are signifi-
cantly different at p<0.05 by Duncan’s multiple range test

HEPAE e wA) 2k

3 & 7 Lant o9 Y

% Zw oidB Q19 s dee) tidt A= Table 4
o ‘4‘5}‘41%1‘4. = F Zw AR ART Tl fo3
apole R ot soy isolateo} 0.22 mg/d, soy concen-
trate°| 0.24 mg/d, caseinT°] 0.26 mg/d9] £o& Y
ERtth. o] A= A7) 3 AA v)kE o) 2433
ZE ABI o2 A A% isoflavones7t $H3 2
AL FHolA] Ao & F vldPo] casein B
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7} A9 Qe FUud Bt 24 updafo] W AFE B
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AdA gormz Ay 4R AL oA = Ro] EHu)
7t A2 Qs AN, 28] AlFA)Z), 28ln Bu)7F $A9e
A|719] FE-2 v$ Fadithy Alggn) 37 (rat) 9 ¢
R A5 g-‘;’— 60~704 AFE 4 —71‘—7]7]‘ =
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AR 3F A (FE 65), A8 65 A % 99), 4¥ 9
F A (FE 125 E o] o4 3289 67t A9
R A7), mjekgt A7), 3 AVIEE Hre] FuwE
7} isoflavones7t YR 1|X= AFE A3

1) 57 2YT 28R

(1) 35 A X3 U} SPF

Aol JH 3F A HF IUss} 27714 S
Table 59 YERAITE 35 A 5 FUEE olhEeE
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Table 5. Effect of soy protein or soy isoflavones on spine bone mineral density (BMD) and bone mineral content (BMD) in 3 weeks af-

ter feeding growing femate rats

Spine BMD & BMC Casein Soy isolate Soy concentrate
Spine BMD (g/cm®) 0.0949 + 0.0027"% 0.1074 +0.0118° 0.1027 % 0.0110°
Spine BMD/wt (kg) 0.58 + 0.04° 0.70 + 0.09° 0.65 + 0.03°

Spine BMD/Ca intake (mg)
Spine BMC (g/cm?)
Spine BMC/wt (k@)
Spine BMC/Ca intake (mg)

0.2362 +0.0381°
1.48 +0.23°

0.00276 % 0.000191°

0.00492 + 0.00278°

0.00318 =+ 0.000410°
0.2396 + 0.0168°
183 +0.a7°
0.00700 + 0.00081°

0.00290 = 0.000231°
0.2350 = 0.0140°
1.51 +0.10°
0.00675 + 0.00094°

1) Mean + SD

2) Values with different superscript within the column are significantly different at p <0.05 by Duncan’s muttiple range test
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Table 6. Effect of soy protein or soy isoflavones on spine bone mineral density (BMD) and bone mineral content (BMD) in 6 weeks of-

ter feeding
Spine BMD & BMC Casein Soy isolate Soy concentrate
Spine BMD (g/cm? 01266 = 0.0020"* 0.1327 + 0.0066° 0.1239 +0.0071°
Spine BMD/wt (kg) 059 *=001° 064 +001° 060 *003°

Spine BMD/Caintake (mg)
Spine BMC (g/cm?)
Spine BMC/wt (k@)
Spine BMC/Ca intake (mg)

0.00170 + 0.000055°
03134 +0.0723°
147  +02%°
0.00422 = 0.000942°

0.00189 + 0.000092°
0.3593 =+ 0.0392°
173 +£0.18°
0.00511 + 0.000463°

0.00172 * 0.000074°
0.3263 =+ 0.0395°
189  *+0a7°
0.00454 * 0.000678°

1) Mean £ SD

2) Values with different superscript within the column are significantly different at p<0.06 by Duncan’s multiple range test

Table 7. Effect of soy protein or soy isoflavones on spine BMD and BMC in 9 weeks after feeding

Spine BMD & BMC Casein Soy isolate Soy concentrate
Spine BMD (g/cm?) 0.1477 + 0.0070"* 0.1496 =+ 0.0056° 0.1457 + 0.0070°
Spine BMD/wt (kg) 0.62 +0.04° 0.63 + 0.03° 0.62 + 0.04°

Spine BMD/Ca intake (mg) 0.00149 + 0.000075°
Spine BMC (g/cm? 0.4318 + 0.0381°
Spine BMC/wt (k@) 1.82 +0.13°
Spine BMC/Ca intake (mg) 0.00444 + 0.000351°

0.00151 + 0.000093° 0.00144 + 0.000076°
0.4396 + 0.0418° 0.4309 =+ 0.0459°
188 +0.18% 182 +014°
0.00454 = 0.000508° 0.00424 *+ 0.000376°

1) Mean + SD

2) Values with different superscript within the column are significantly different at p<0.05 by Duncan'’s multiple range test

0.0949 g/cm’s} wlwste] 13% o #4ch 35 Ao &%
ST AT ol FAFQ Aol YRo o)aEe}
o] FH3 FNAS MFF soy isolateTo] 7FF EU®
o AFE YRS I8 ol § Z JFE v)xEE?
AF F AF FULE v|wd 23 soy isolate TS 0.70
g/cm’Z caseinT9] 0.58 g/em®dl] vldle] 20% o H9F

wg HF UEe I O§ 2§ &8 isoflavo
nes’} ¥4 soy isolate 0] F2HoE 71 HUg
71 t}2 soy concentrate® casein T £AE VERGTH

(2) 67 A HF FU=s} SFF

63 A }F YL E soy isolateo] 0.1327 g/em’E
3F A FF FUzXg o] soy isolate o] TR Trojl
Blglod fFo)F o8 =9k, I t}eo] caseind 0.1266 g/
cm’, Soy concentrate® 0.1239 g/cm’Z F F7toll= #
9AQ) 217} YA} (Table 6). AF G FTUEE oA
Eelo] ER3 soy isolateT (0.6408 g/cm%kg) ©) soy
concentrate” (0.6023 g/cm?kg) 3} caseind (0.5865 g/
cm’/kg) Bt fo)F oz Fokth T3 o|aFeho] TR
3l soy isolate™S o]AZeEo] A9 ¢E soy concen-
trateT™ Bt 6.6% £3UTh 65 A A3 FEFE soy iso-
late?, soy concentrate T, casein ¢ A2 Vet oL)
ART 2l F2HQ 2ole ATk 28 soy isolate
& soy concentrate 7% casein B¢t 2+z} 14%%9}
10% Ax EFo] Ut AT 2 3 IFHY 35

FUso] st ZEEES soy isolateTo] 7FY HU%, soy
concentrate, caseinT2] 22 ¥3k1, 73l Ao
= %24} soy isolateT2 caseinT WU} 18%A %X ¢
=94kt

) 97 A ¥F IYES} I3F

9F A 3 FUEE soy isolateT 0.1496 g/em’, soy
concentrate 0.1457 g/cm?, casein® 0.1477 g/em’E
soy isolatewo] 7P Fko; AT Thell {2141 z}o)
= Yt (Table 7). 23y} A& % o3 244
&2 soy isolateTo] FAA R JH} i) F g
o AT el FoFHA Ael7t AR ot AF
FUE} HF FUFE AR Fho FAFA Aol
gl o} o] Z o] FH3L soy isolate T o] cacein
7 soy concentrate B} ¥& FA3YL FA=HUTH
T3 8L A el

AT ARFE AL 29U £37) FIXImus) & ©]4-3}F
o Hx B & FH +39 FUEF 0.1490 g/em’
9P 2L FiXImus $3% 2 479 4319 35 31
+ 0.1495 g/em’Z fAFSISIT

ETe] 39 54 2= 3F A (8~9F%) 0.0949
g/emt, 6F A 0.1266 g/em?® 95 A 0.1477 g/em’E Y}
ERgdth £ A79) vled £ £33 AFE Yo st
Chae®7} Rudt =72 3F Y%+ 0.15 g/em’®
B A7 0.1477 g/em® WS- FAMSE g2 R usgic

A
2
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Table 8. Effect of soy protein or soy isoflavones on femur bone mineral density (BMD) and bone mineral content (BMD) in 3 weeks af-

ter feeding

Fermur BMD & BMC Casein Soy isolate Soy concentrate
Femur BMD (g/cm®) 0.1357 + 0.0058" 0.1372 +0.0108° 0.1359 =+ 0.0119°
Femur BMD/wt (kg) 085  +007° 089  *006° 086  *0.09°

Fermnur BMD/Ca intake (mg)

Femur BMC (g/cm® -
Femur BMC/wt (kg)

0.00395 + 0.000352°
02020 =+ 0.0088°
1.27 +0.03°
0.00578 £ 0.000343°

0.0040 =+ 0.00404°
0.1950 =+ 0.0137°
127 +0.09°
0.00582 + 0.000548°

0.00384 = 0.000387°
0.2004 = 0.0174°
127 =o0n°
0.00558 + 0.000471°

Femur BMC/Ca intake (mg)

1) Mean + SD
2) Values with different superscript within the column are significantly different at p<0.05 by Duncan’s multiple range test

Table 9. Effect of soy protein or soy isoflavones on femur bone mineral density (BMD) and bone mineral content (BMD) in 6 weeks af-
ter feeding

Fernur BMD & BMC Casein Soy isolate Soy concentrate
Fermur BMD (g/cm?) 0.1805 =+ 0.0061" 0.1888 =+ 0.0041° 0.1796 =+ 0.0102°
Femur BMD/wt (k@) 0.86 + 0.04° 0.91 +0.01° 0.87 + 0.05°
Femur BMD/Ca intake (mg) 0.00244 + 0.000048° 0.00269 + 0.000096° 0.00250 * 0.000093°
Fernur BMC (g/cm?) 0.3030 + 0.0148° 0.2791 + 0.05617° 0.3035 =+ 0.0173°
Femur BMC/wt (kg) 1434 =+ 0.05° 1.3499 +0.25° 1473 +003°
Femur BMC/Ca intake {mg) 0.00409 =+ 0.000133° 0.00401 = 0.000872° 0.00422 + 0.000731°

1) Mean + SD
2) Values with different superscript within the column are significantty different at p<0.05 by Duncan’s multiple range test

Table 10. Effect of soy protein or soy isofiavones on femur bone mineral density (BMD) and bone mineral content (BMD) in 9 weeks af-
ter feeding

Femur BMD & BMC Casein Soy isolate Soy concentrate
Femnur BMD (g/cm®) 0.1989 =+ 0.0070"%? 0.2016 =+ 0.0082° 0.1972 =+ 0.0082°
Femur BMD/wt (k@) 084 +0.03° 086 +0.05° 083 +004°

Femur BMD/Ca intake (mg)

Femur BMC (g/cm?)
Fernur BMC/wt (k@)

0.00202 + 0.000092°
0.3565 =+ 0.0265°
158 =008
0.00369 + 0.000242°

0.00203 * 0.000092°
0.3574 = 0.0279°
1.60 = 0.09°
0.00361 * 0.000237°

0.00195 + 0.000093°
0.3478 =+ 0.0294°
1.47 + 0.06°
0.00344 * 0.000251°

Femur BMC/Ca intake (mg)

1) Mean + SD

2) Values with different superscripts within the column are significantly different at p <0.05 by Duncan’s multiple range test

2 Aol 43719 71 B¢ 2EEY ¥5S
3FdM 6 Afo)9] FEZo] 6504 9F Ateolg
2 2o} Btk & 3304 65 Alold] U St
6F71A 9F Alold FUHe B} wEA el
3F A 39 IFYUEE caseinT B} o]hZ}o]
FduAFo] foFoT w3}, 657 A HFE FYU
} casein® BU} soy isolateTo] Ao g &gl

95 Ao 5. o]AEeHo] F45-¢ soy isolatei©] casein
o Hl3ld ¥ AFE BoU EAFA FA82 AU
t} ol YhtH o2 SDF A7) A 85 o|FHH
Q) wjgo] o)Fo)AA 135 o|FRE= ¢HYFHo R
A 2R Fu|7} olfojch= AE nEs) & o, 43
3F A 63 6F A 9FH) e Xz == Euj7}
AR oz AojA olaZEREe] AUt A JEh

FRoou e

H
jﬂ ORI Y < T

kit
Fg{ <

p

N

ART, 9F A (125%) ol gz 229] 27} Ut
A7jolB g olaFetEe] A7t tha mleksiAl Yeh) =
dxof njX| Giko] moket & gy F2E F Ao
U A71zES) A7) 87 EY o] AR E o) u|eksieEt
T 717 A EE 5 o Alsdh 3 o
APATolr A2l B¢ xAo] MESFE FUTI/T 2%
o gt AAE v g dFelx] IH o] isoflavones
o =&FE Zo] ¥ Fdwo) fejsle] Anprl dx)st

2) HiE| 2UT 45 2

(D 35 U8 =95, =¥¢F
Ado) HH F 3F A diE U= SR 2L
Table 8ol AASGITE 35 A s IVEY FFF2 3

% ZUnsle A FRdoly olaZelio] FR



SEBEBEE 364 359~367, 2003 /365

Table 11. Correlation coefficient among variables with BMD and BMC at 9 wks

Variables Spine BMD Spine BMC Femur BMD Femur BMC
Spine BMC 0.7176***
Femur BMD 0.64887*** 0.6545**
Femur BMC 0.4302** 0.6252** 0.7412***
Body weight 0.4449** 0.5442*** 0.5053*** 0.5213***
DPD crosslinks value ~0.2936Ns —0.4067* —-0.3281Ns —0.2455N
Mean food intake 0.1493Ns 0.3043* 0.2514ns 0.2719Ns
*p <0.05, #+p <0.01, *++p <0.001, NS: not significant
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