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Effect of Dietary Protein Level on Ca Efficiency in Bone Mineral
Density in Growing Rats
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Department of Nutrition and Food Sciences, College of Home Economics, Keimyung University,
Daegu, Korea

ABSTRACT

This study was performed to evaluate the effect of dietary protein level on Ca efficiency in
bone mineral density in growing male rats. Twenty male rats were divided into two groups.
The rats in one group were fed on casein 20% diet as control group and the others were fed on
casein 40% diet as high protien group. All rats were fed on experimental diet and deionized wat-
er ad libitum for 9 weeks. The total body, spine and femur bone mineral density and bone min-
eral content were measured using dual energy-x ray absorptiometry. Urinary calcium, phos-
phate, pyridinoline and creatinine, serum calcium, phosphate, total protein, albumin, alkaline
phosphatase (ALP) and osteocalcin were measured. Urinary Ca excretion, pyridinoline and
crosslinks value and serum ALP content scem to be increased in high protein group. It appears
that the growing rats in high protein group had a higher bone resorption and bone formation
than those in control group. Animal fed a high protein diet had a siginficantly higher Ca ef-
ficiency in BMD, BMC of total body, spine and femur. The results of this study show that in-
creasing of dietary protein level (40%) is beneficial of improvement of Ca efficiency during grow-
ing period.

KEY WORDS : protein level - Ca cfficiency - bone density - growing period.
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(spine), WEZ(femur)®l =Yk=(bone mineral
density)¢t &
28t 249 7F 9o TEEAS} =5
T 2 FAETHAE BEAFEOR ol BER
£ (Ca efficiency=BMD, BMC , BCa / Ca intake)
Zzy Fagity, 2% Zw, ¢ ZAL TECH-
NICON CHEN™ SYSTEM< o]&-3l9 a5847]
(automatic chemical analyzer)2 ZAsH L, 8%

2788 (bone mineral content)$:
]Xl a3

to

pyridinoline, creatinine, crosslinks value®] 742

collagen crosslinks™ Kit{cat. No:8001l. Metra
U.S.A)E ol&3te ELISA
(enzyme-linked immuno sorvent assay)®el 28}
A, g4 %

Biosytems Inc.

£, 91, total protein, albumin,

Table 1. Composition of experimental diets(g/100g of

Diet)
Dietary group
Casein 20% Casein 40%

Casein” 20 40

Corn starch? 65.7 45.7
Corn-oil” 5 5
Cellulose® 3.80 3.80
Min-Mix” 3.5 3.5
Vit-Mix® 1.8 1.8
Choline” 0.2 0.2

Gross Energy, kcal/g : 3.878

1) Casein High Protein, supplied by U.S. CORNING La-
boratory Services company. TEKLAD TEST DIETS,
Madison, Wisconsin, Biological test Material No.
160030.

2) Corn Starch, supplied by U.S. CORNING Laboratory
Services company. TEKLAD TEST DIETS, Madison,
Wisconsin, Biological test Material No. 160170

3) Comn-oil, Dong-bang Yuo-Ryang Co. YangPyung-
Dong 4-2, Youngdongpo-Gu Seoul : KSH 2102

4) Cellulose, supplied by SIGMA Chemical Company.
No. C8002.

5) Mineral Mixture, supplied by U.S. CORNING La-
boratory Services company. TEKLAD TEST DIETS,
Madison, Wisconsin, Biological test Material No.
170915.

6) Vitamin Mixture, supplied by U.S. CORNING La-
boratory Services company. TEKLAD TEST DIETS,
Madison, Wisconsin, Biological test Material No.
40077.

7) Choline Bitartate, supplied by U.S. CORNING La-
boratory Services company. TEKLAD TEST DIETS,
Madison, Wisconsin, Biological test Material No.
30190.

- F oA}
alkaline phosphatase®] 42 TECHNICON
CHEN™ SYSTEM$& ol&3ste]l AEE47]

(automatic chemical analyzer)Z 489X, os-
teocalcin® osteocalcin kit(Nichols Institute, IM-
MUTOPICS, INC)< °}&
radio immunoassaysta
AFEA Asle] EA A 2= SAS packageE ©)&3t
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I RFEL ARHAE
coefficient® A& 3t3tt,

3o gamma counter®

pearson’s correlation
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Table 2. Mean food intake, Ca intake of rats fed ether
20% protein diet or 40% high protein diet for 9

weeks
Control High protein  p
Food intake(g/day) 17.374+0.66" 15.20+2.62 NS”
Ca intake(mg/day) 88.6 +3.4 77.5 134 NS

1) Mean=+SD
2) Values are not significantly different at p < 0.05 by
student t-test
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Fig. 1. Changes of body weight of rats fed ether 20% pro-
tein diet or 40% high protein diet for 9 weeks.

Table 3. Urinary Ca and P excretion of rats fed ether
20% protein diet or 40% high protein diet for 9

weeks
Control High protein p
Ca(mg/day)  0.1240.04" 0.29+0.29 NS?
P(mg/day) 2.65x1.13 2.25+1.02 NS
1) Mean£SD

2) Values are not significantly different at p < 0.05 by
student t-test

3 B2 AFg Jepd

Collagen®] crosslikerql pyridinoline A3z
ofste] W7t 48 of f2lEo] AWo R ujdEn o)
o oale] Gk WA gom g Hod WG FES
ARZZ AREEO Table 40049 o] 9% py-
ridinoline ##& Fo) o)A & Fport oA
A Jehtor crosslinks value B3 th2at9) 495.
56nM/mMel| H|3] 667.56nM/mME gl =
Al Yepdth o]z FEA A o -F A gl 4=
& 5%. A0%2 BoIA FEF AEEAN 2F hy-
droxyprolineS £439-& o 11.85pg/day, 37.17pg/
day® aghitol M fFojAo R A Uedtin Ba?
g A3 R s THAAFE 8%, 50% dHdo

T —

[e]

Lol WA= 4

Table 4. Pyridinoline, creatinine and crosslinks value
for urine of rats fed ether 20% protein diet or
40% high protein diet for 9 weeks

Control High protein P
Pyridinoline
4204.1 +1918.74" 4843.38+1412.57 NS?
(nM)
Creatinine
10.23+  8.59 747+ 275 NS
(mM)
Crosslink Value
495.56+ 169.78 667.56+ 169.78 NS
(nM/mM)
1) Mean+SD

2) Values are not significantly different at p < 0.05 by
student t-test

Table 5. Biochemical data in serum of rats fed ether
20% protein diet or 40% high protein diet for 9

weeks
Control High protein P
Ca(mg/dl) 10.7 £10.92" 10.38+ 2.10 N§”
P(mg/dl) 6.74+ 0.43 6.86+ 096 NS
Total protein(g/dl) 6.83+ 0.48 6.59+ 051 NS
Albumin(g/dl) 3.64% 0.26 3.05+ 0.68 NS
Osteocalcin(ng/ml) 0.25+ 0.02 0.27+ 0.03 NS
ALP(/) 111.71£1990 131.67+33.63 NS
1) Mean 3-SD

2) Values are not significantly different at p < 0.05 by
student t-test

2 ARSI E wol L 99.24pg/day, 117.08ug/day® I
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Table 6. Total body bone mineral density(BMD), bone
mineral contentBMC),bone calcium content
(BCa) and Ca efficiency in those of rats fed eth-
er 20% protein diet or 40% high protein diet

for 9 weeks
Control High protein

TBMD(g/cm®) 0.263+£0.01™  0.264+0.01°
TBMC(g) 6.037+0.49°  5.338+1.35
TBCalg) 2.290+0.18*  2.030%0.51°
TBMD/Ca intake 2.929+0.14°  3.464+0.53"
TBMC/Ca intake 67.14+7.06°  68.40+9.71°
TMCa/Ca intake 254742.67°  26.01+3.69°

1) Mean+£ 5D

2) Values with different superscripts within the row are
significantly different at p < 0.05 by student t-test

Body bone mineral density,bone mineral contentbone

calcium content were measured using dual energy-x ray

absorptionmetry

Ca efficiency=BMD, BMC, BCa/Ca intake
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o] t] Eriar Eia}?&‘:}.
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1.554+0.12(g) VS 2.29(g/cm?) 22 & Ag2] |1
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Table 7. Spine body bone mineral density(BMD), bone
mineral content(BMC), bone calcium content

(BCa) and Ca efficiency in those of rats fed eth-
er 20% protein diet or 40% high protein diet

for 9 weeks
Control High protein
Spine BMD(g/cm?) 0.2374+0.00" 0.228+0.02°
Spine BMC(g) 0.875+0.08° 0.841+0.21°
Spine BMD/Ca intake ~ 2.634+0.14" 2.99240.41%?
Spine BMC/Ca intake  9.739+1.15° 10.786+1.65"

1) Mean=+SD
2) Values with different superscripts within the row are
significantly different at p < 0.05 by student t-test
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Table 8. Femur bone mineral density(BMD), bone min-
eral content(BMC), bone calcium content(BCa)
-and Ca efficiency in those of rats fed ether 20%
protein diet or 40% high protein diet for 9

weeks
' Control High protein
Femur BMD(g/cm’) 0.263+0.01"  0.247+0.01°
Femur BMC(g) 0.496+0.06° 0.404+0.10°
Femur BMD/Ca intake ~ 2.89540.09° 3.240+0.46"
Femur BMC/Ca intake 5.498+0.49°  5.168+0.49°

1) Mean£SD
2) Values with different superscripts within the o are sig-
nificantly different at p < 0.05 by student t-test
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Sehs AME ¥ 0 A3 302 42 gue
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St

" Table 9. Correlation coefficient of variables. with Ca intake, TBMD, TBMC, spine, femur bone mineral density(BMD),

bone mineral content(BMC)

Spine BMD Spine BMC _ Femur BMD Femur BMC
r(p-value) r(p-value) r(p-value) r(p-value)
Ca intake . - 0.888(0.018) 0.962(0.002)
TBMD - 0.907(0.013) - -
TBMC 0.931(0.007) 0.959(0.002) - -
TBCa 0.932(0.006) 0.961(0.002) - -
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