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Abstract

This study was conducted to investigate the bioavailability of starfish calcium with substances enhancing
calcium absorption. Three week-old young female rats (Sprague-Dawley) were divided into 5 groups according
to calcium sources and testing agents; calcium carbonate (C), starfish calcium (S), starfish calcium+ casein
phosphopeptide (S—CPP), starfish calcium +citrate-malate (S-CM), starfish calcium+isoflavone (S-I1SO), and
were fed experimental diets containing AIN-93G based Ca (0.35% w/w) diet with CPP, CM and ISO for 6
weeks. Blood, femur, urine and feces samples were collected. There was no significant difference among groups
in terms of growth and food intake. Serum Ca concentrations were normal in all 5 groups. Serum P
concentrations and ALP activities were not significantly different among groups. Ca absorption and retention
were significantly increased both in S—-CPP and S-CM groups compared to C group (p<0.05). P absorption
was significantly higher in S-CPP group than in other groups. While the amount of soluble Ca of intestinal
contents did not differ among groups, the amount of insoluble Ca was significantly lower in S-CPP, S-CM
and S-ISO groups than in C and S groups. However, the weight, Ca and P concentrations of femur were
not significantly different among groups. These results suggest that the addition of CPP and citrate-malate
were more effective for enhancing the bioavailability, intestinal absorption and solubility of starfish calcium.
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Table 1. Composition of experimental diets" (g/kg)
C S S-CPP S-CM S-ISO

Cornstarch 483.17 483.17 470.04 469.17 483.07

ISP 200 200 160.63 200 200

Sucrose 100 100 100 100 100

Soybean oil 70 70 70 70 70

Fiber 50 50 50 50 50

Min. Mix.” (Ca, P free) 35 35 35 35 35

vit. Mix.? 10 10 10 10 10

L—Cysteine 3 3 3 3 3

Choline bitartrate 25 25 25 2.5 25

t-Buthylhydroquinone 0.014 0.014 0.014 0.014 0.014

Calcium source® 8.75 8.75 8.75 8.75 8.75

KH2PO4 17.57 17.57 17.57 17.57 1757

PEG 20 20 20 20 20

Product” 0 0 52.5 14 0.1

1)Expenmental diets were prepared according to AIN-93G composition.

Mmeral mix (Ca, P free); AIN-93G-MX.
Vitamin mix; AIN-93-VX.

“Calcium source; CaCOs (C); starfish calcium (S, S-CPP, S-CM, S-IS0).
¥Product (substances enhancing Ca absorption); S-CPP, starfish calcium+5.25% CPP; S-CM, starfish calcium+0.7% citrate+0.7%

malate; S-ISO, starfish calcium+0.01% isoflavone.
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Table 2. Body weight, weight gain and food intake of the rats fed experimental diets for 6 weeks

Group” Initial body weight (g) Final body weight (g) Daily weight gain (g/d) Daily food intake (g/d)
C 81,1 349N 214357 32+0.1% 155+0.4™
S 81.0x3.2 2055£3.5 3.0x£0.1 15104
S-CPP 81.8+3.0 209.4+4.4 3.0%£0.1 154+0.8
S-CM 81.6£3.0 204.6t6.8 2901 15704
S-1SO 821+28 206.3*5.1 3.0x0.1 16.1+0.4

B¢, calcium carbonate; S, starfish calcium; S—CPP, starfish calcium +5.25% CPP; S-CM, starfxsh calcium+0.7% citrate+0.7% ma-

late; S-ISO, starfish calcium+0.01% isoflavone.
2Values are mean*SE of 8 rats per group.

INS: not significantly different at p<0.05 ANOVA test followed by Duncan's multlple test.
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Fig. 1. Ca, P concentrations and alkaline phosphatase (ALP)
activities in serum of rats fed experimental diets for 6
weeks.

Groups are the same as in Table 2. NS: not significant.
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Fig. 2. Ca retention and apparent absorption rates of the rats
fed experimental diets for 6 weeks.

Groups are the same as in Table 2.

Bars with different letters are significantly different at p<0.05
ANOVA test followed by Duncan’s multiple test.

Retention rate (%)=[Retention (mg)/Intake (mg)]x 100.
Apparent absorption rate (%)=[Apparent absorption (mg)/
Intake (mg)]x100.
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Table 3. Daily Ca intake, fecal and urinary excretion, daily Ca retention and apparent Ca absorption of the rats fed

experimental diet for 6 weeks

Group” Ca intake Fecal Ca excretion Urinary Ca excretion Ca retention” Apparent absorption”
{mg/d) (mg/d) (mg/d) (mg/d) (mg/d)
c 54.1 317N 258+3.1N 08+0.18 280+£16™ 287116
S 552118 225%1.1 0.8x0.1 319*+19 32720
S-CPP 575%31 20.0£18 09=x0.1 366%2.3 376x2.3
S-CM 53.1%29 192+1.8 0.8+0.2 332%3.0 34.0%3.1
S-ISO 56.9+1.7 245+16 0.8%+0.1 31.7£14 325=x15

1)Groups are the same as in Table 2.
?Values are mean+SE of 8 rats per group.
INS: not significantly different.

“Retention (mg)=Intake (mg)—[Fecal excretion (mg)+ urinary excretion (mg)l.

% Apparent absorption (mg)=Intake (mg)—Fecal excretion (mg).
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Table 4. Daily P intake, fecal and urinary excretion, daily P retention and apparent P absorption of the rats fed experimental

diets for 6 weeks

» P intake Fecal P Urinary P P retention” Retention Apparent, Apparent
Group (mg/d) excretion excretion (mg/d) rate® (%) absorption abscgptlon
mg (mg/d) (mg/d) g (mg/d) rate” (%)

C 1102+647%  905+1.8 58.3+3.3™ 31.6+36™ 282+21™ 89.9+45" 81.6+09%

S 108.4£3.7 21.2+15%® 61.4%+3.0 25.9+30 251+2.3 873+34 80.5+1.4%
S-CPP  1135%57 176*15° 63.9%50 36.9+3.8 32.0+37 959454 843+1.3°
S-CM 1055+59 181+1.4° 58.4+39 290+4.2 26.7£29 87.4+58 825+16%
S-1S0 1142+34 243+1.2% 53.8+45 36.0+5.1 31.3+4.1 89.9+3.0 78.6+0.9°

l)Groups are the same as in Table 2.
PValues are mean=*SE of 8 rats per group.
INS: not significant.

Malues with different superscripts within the same column are significantly different at p<0.05 ANOVA test followed by Duncan’s

multiple test.

®Retention (mg)=Intake (mg)—[Fecal excretion (mg)+urinary excretion (mg)l.

®Retention rate (%)=[Retention (mg)/ Intake (mg)]x 100.

? Apparent absorption (mg)=Intake (mg)—Fecal excretion (mg).

® Apparent absorption rate (%)= [Apparent absorption (mg)/Intake (mg)]x 100.
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Fig. 3. Soluble and insoluble Ca contents (A) and % soluble
Ca derived from diet in small intestine (B) of the rats fed
experimental diets for 6 weeks.

Groups are the same as in Table 2. NS: not significant.

Bars with different letters are significantly different at p<0.05
ANOVA test followed by Duncan’s multiple test.
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Table 5. Weight, Ash, Ca and P contents in femur of the rats fed experimental diets for 6 weeks

Group” Dry weight (mg) Ash/dry wt (mg/g) Ca/dry weight (mg/g) P/dry weight (mg/g)
C 44571279 686.3+12.0* 209.2+2.2N8 1035+2.28
S 4243+39 6758+ 7.7 2137424 106.3+25
S-CPP 4358+12.7 663.0+7.2° 2069+1.6 107.3+18
S-CM 4217+11.3 655.8+10.5% 207.0+2.0 108.7+0.8
S-1SO 424.0+11.9 639.5+10.1° 2108429 108.8+1.4

UGroups are the same as in Table 2.
PValues are mean+SE of 8 rats per group.
INS: not significant.

“Values with different superscripts within the same column are significantly different at p<0.05 ANOVA test followed by Duncan’s

multiple test.
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