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Effects of Dietary Calcium Level and Hijikia fusiforme Supplementation on Bone Indices
and Serum Lipid Levels in Ovariectomized Rats*

Jang, Seung-Fun - Chyun, Jong-Hee§
Department of Food and Nutrition, Inha University, Incheon 402-751, Korea

ABSTRACT

This study explored the effects of dietary calcium level and Hijikia fusiforme supplementation on bone indices and
serum lipid levels using 36 female Sprague-Dawley rats as a model. Rats received low Ca diet for 3 weeks after
ovariectomy. The rats were then divided into six dietary groups and fed low (0.1% Ca), normal {0.5% Ca) and high
{1.5% Ca) Ca diets (Cal., CaN, CaH) and low, normal, high Ca diets with Hijikia fusiforme supplementation (Cal.H,
CaNH, CaHH) for 3 weeks. After each experimental periods, 24 hour urine and/or blood samples, left and right femurs
were collected for analysis. Serum Ca concentration showed no significant difference by dietary Ca levels and Hijikia
Sfusiforme supplementation. Alkaline phosphatase activity was significantly higher in normal and high Ca group
compared to low Ca group. Serum total cholesterol, triglyceride and total lipid were not significantly different among
groups. HDL-cholesterol showed no significant difference by Hijikia fusiforme supplementation. However, the normal
and high Ca groups showed significantly higher HDL-cholesterol compared to the low Ca group. Urinary hydroxyproline
and hydroxyproline/creatinine ratio were not significantly different among groups. The wet weight of the femur was
significantly higher in low Ca group compared to normal or high Ca group. The dry weight, wet weight/body weight,
length and breaking force of the femur were not significantly different among groups. Ash contents/wet weight of the
femur was significantly increased as dietary Ca levels up and significantly higher in Hijikia fusiforme supplementation
groups. The Ca content of the femur were significantly higher in the normal and high Ca groups than the low Ca group.
However, there was no significant difference in Ca content by Hijikia fusiforme supplementation. (Korean J Nun 2007,

40(5): 419~427)
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Table 1. Composition of experimental diet (g/kg diet)
Ingredients Low Ca Normal Ca High Ca
(0.1%) 0.5%) (1.5%)
Corn starch 473.2 468.7 443.9
Sucrose 157.7 156.2 147.9
Casein 200 200 200
Corn ail 50 50 50
a-cellulose 50 50 50
Vitamin mixture” 10 10 10
Mineral mixture” 35 35 35
DL-methionine 3 3 3
Choline-bitartrate 2 2 2
CaHPO, . 2H,0 1.72 12.02 37.74
CaCOs 1 5 15
KHPO. 16.22 8.08 5.32

1) Composition of vitamin mixture

: 1.0% in diet provide the following vitamins (mg/kg diet)
ThiaminHCI 6 mg, Riboflavin 6 mg, Nicotinic acid 30 mg, Calcium
pantothenate 16 mg, Folic acid 2 mg, Cyanocobalamine 10
mg, Biotin 0.2 mg, Vitamin A 4000 I.U., Vitamin D 1000 I.U.,
Vitamin E 50 I.U., Vitamin K 50 zg, Pyridoxine HCI 7mg

2) Composition of mineral mixture (Ca & P Free)

: 3.5% in diet provided the following mineral (mg/kg diet)
Sodium (as sodium chloride) 1020, Potassium (as potassium
citrate, H.O) 3600, Magnesium (as magnesium oxide) 500,
Manganese (as manganese carbonate) 54, Iron (as ferric
chloride) 35, Copper (as cupric carbonate) 6, Zinc (as zinc
carbonate) 30, lodine (as potassium iodine) 0.2, Selenium (as
sodium selenite - 5H,O) 0.1, Chromium (as chrome potassium
sulfate - 12H,O) 2.0, Chloride (as sodium chloride) 1560, Sulfate
(as potassium sulfate) 1000
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Fig. 1. Outline of experimental design.
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Table 2. Atomic absorption working conditions

Calcium
Wave length 422.7 nm
Spectral band pass 0.1 nm
Fuel Acetylene
Support Air
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Table 3. Feed intakes, body weight gains and feed efficiency ratios
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Group Initial BW (g = Wt gain (g/day) Feed intake (g/day) Feed efficiency ratio
OVX-Cal"” 239.31 + 11.09” 2.09 + 0.89 18.43 + 1.11 0.113 +0.05
Cal 315.50 + 14.36™ 1.13 + 0.46" 18.87 + 3.53"™ 0.059 + 0.02"
CaN 303.50 = 9.14 0.90 + 0.37 19.70 + 1.60 0.045 + 0.02
CaH 299.67 =+ 28.40 0.46 + 0.73 18.23 + 3.46 0.021 + 0.04
CalH 299.17 = 4717 0.52 + 0.47" 18.10 + 3.74™ 0.030 + 0.03™
CaNH 302.33 + 25.77 0.56 + 0.47 18.31 + 3.50 0.030 + 0.02
CaHH 298.67 + 13.26 —-0.06 + 0.64 16.99 + 4.64 —-0.006 + 0.04
2 way-ANOVA? ns Hi*™*, Ca™ ns Hi*, Ca*

1) 0.1% Ca diet for 3weeks after ovariectomy
2) Mean + SD

3) Not significant within the column by Duncan’s multiple range test

4) Significant factor from 2-way ANOVA

Hi: statistically significant in the effect of Hijikia fusiforme supplementation

Ca: statistically significant in the effect of dietary Ca level
ns: not significant
*: p<0.05, #x: p<0.01, #=*x: p<0.001
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Table 4. Serum calcium and alkaline phosphatase activity

Ca Alkaline phosphatase

Group (mg/d) (units/1)
Cal 521 +£0.14"? 1577 = 4.39%
CaN 562+ 1.11 3472 £ 8.81°
CaH 5.54 +0.35 29.18 + 13.16™
CalH 5.51 + 0.54% 2021 £ 7.66™
CaNH 5.88 + 0.36° 29.83 + 8.80
CaHH 498 + 0.44° 2472 + 922
2-way ANOVA? ns Ca™*
1) Mean + SD

2) Not significant within the column by Duncan’s multiple range
test

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

4) Significant factor from 2-way ANOVA
Hi: stafistically significant in the effect of Hijikia fusiforme sup-
plementation
Ca: statistically significant in the effect of dietary Ca level
ns: not significant
x: p<0.05, #x: p<0.01, ##x: p<0.001
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Table 5. Serum total cholesterol, HDL-cholesterol, triglyceride and total lipid concentrations

Group Total cholestrol (mg/dD HDL cholesterol (mg/dl) Triglyceride (mg/dl Total lipid (mg/d))
Cal 104.05 + 20.26"™ 68.34 + 22.84" 50.61 + 33.85™ 451.06 + 231.99"
CaN 110.84 £ 29.38 91.21 £19.15 54.36 = 18.71 325.37 £ 135.34
CaH 129.28 £ 30.43 91.23 £ 18.33 43.29 = 12.51 320.16 £ 121.30
CalH 121.24 + 32.80™ 67.43 + 17.66™ 45.19 £17.39™ 375.33 £ 293.77"
CaNH 116.84 £ 18.99 90.54 = 17.11 52.51 = 25.32 396.98 £ 116.02
CaHH 115.66 = 30.10 85.59 + 20.02 39.81 £ 21.07 346.88 = 191.95
2 way-ANOVA? ns Ca* ns ns
1) Mean * SD

2) Not significant within the column by Duncan'’s multfiple range test

3) Significant factor from 2-way ANOVA

Hi: statistically significant in the effect of Hijikia fusiforme supplementation

Ca: statistically significant in the effect of dietary Calevel
ns: not significant
x: p<0.05, #x: p<0.01, #*x: p<0.001
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Table é. Urinary excretion of hydroxyproline and creatinine

Group Hydroxyproline (g/day) Creatinine (mg/day) OHPr/Cr (zg/mg)

Stock” 67.92 + 22.337™ 5.89 = 1.29" 12.10 + 3.53™
OVX-Cal” 65.06 £ 25.99 592 + 213 11.07 £ 2.69
Cal 66.86 + 15.52™ 8.26 + 1.95™ 8.26 + 1.95™
CaN 73.16 = 32.52 7.27 £1.17 9.77 = 2.74
CaH 66.02 £ 12.99 8.45 + 0.65 7.80 = 0.73
CalH 55.65 + 28.06™ 8.72 + 1.39™ 6.26 +1.66™
CaNH 73.99 £ 25.75 8.44 + 1.41 8.64 +1.99
CaHH 71.95 £ 20.69 8.97 = 1.14 7.92 £ 1.41

2 way-ANOVA? ns ns ns

1) Stock diet before ovariectomy
2) Mean + SD

3) Not significant by t-test between before and after ovariectomy

4) 0.1% Ca diet for 3weeks after ovariectomy

5) Not significant within the column by Duncan’s multiple range test

6) Significant factor from 2-way ANOVA

Hi: statistically significant in the effect of Hijikia fusiforme supplementation

Ca: statistically significant in the effect of dietary Ca level
ns: not significant
*: p<0.05, #x: p<0.01, #=*x: p<0.001
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Table 7. Weight, length and breaking force of the femur

W % 35 B A3k 2007 40(5): 419~427 /425

Group Wet weight” (g) Dry weight” (g) Wet wt/BW (g/100g)  Length” (cm)  Breaking force® (kgf)

Cal 0.99 + 0.08"™ 0.58 + 0.04™ 0.29 + 0.02" 3.56 = 0.08" 10.34 + 2.95™
CaN 0.93 + 0.06° 0.59 + 0.03 0.29 £ 0.12 3.63 + 0.07 9.61 +0.95
CaH 0.92 + 0.05° 0.61 £ 0.04 0.30 +£ 0.03 3.60 + 0.08 8.47 +1.94
CalH 0.97 + 0.07% 0.58 + 0.04™ 0.29 + 0.03™ 3.59 + 0.09"™ 10.92 + 1.86™
CaNH 0.88 = 0.03° 0.58 + 0.04 0.28 +£ 0.02 3.60 + 0.04 927 +1.98
CaHH 0.87 = 0.03° 0.58 + 0.02 0.29 + 0.01 3.60 + 0.06 10.15 £ 0.83

2 way-ANOVA” Hi*, Ca™ ns ns ns ns

1) Mean weight of left and right femur
2) Mean length of left and right femur
3) breaking force of left femur

4) Mean + SD

5) Not significant within the column by Duncan’s multiple range test

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

7) Significant factor from 2-way ANOVA

Hi: statsitically significant in the effect of Hijikia fusiforme supplementation

Ca: statsitically significant in the effect of dietary calevel
ns: not significant
x: p<0.05, #x: p<0.01, #xx: p<0.001

Table 8. Ash and calcium contents of the femur

Group Ash (mg) Ash (mg/g wet wt) Ash/Length (mg/mm) Ca (ppm)

Cal 320.40 + 21.07"™ 325.00 + 24.26% 9.01 £ 0.67™ 36.24 + 4.14°
CaN 338.54 + 21.17 363.71 + 30.64° 9.32 + 0.44 4494 +0.77°
CaH 344.45 + 30.81 374.75 + 24.88° 9.57 + 0.92 4502 + 0.75°
CalH 331.82 + 19.92 + 343.80 + 9.84° 10.51 +3.17™ 34.55 + 5.32°
CaNH 337.98 + 30.55 385.59 + 35.50° 9.39 + 0.89 4501 + 0.87°
CaHH 334.93 + 7.67 386.23 + 12.83° 9.29 + 0.29 4473 + 0.41°
2 way-ANOVA? ns Hi*, Ca™* ns Ca™

1) Mean + SD

2) Noft significant by t-test between before and after ovariectomy

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

4) Significant factor from 2-way ANOVA

Hi: statistically significant in the effect of Hijikia fusiforme supplementation

Ca: statistically significant in the effect of dietary Ca level
ns: not significant
*: p<0.05, #x: p<0.01, #=*x: p<0.001
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