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Lee, Yeon Sook - Moon, Ji Young - Jang, Soo Jung
Department of Food & Nutrition, Seoul National University, Seoul, Korea
Research Institute of Human Ecology, Seoul National University, Seoul, Korea

ABSTRACT

This study was conducted to investigate the bioavailability of calcium derived from
starfish as a new calcium source. Four-week old Sprague-Dawley female rats were
divided 6 groups. The rats were received experimental diets containing two kinds of Ca
sources, CaCO; or starfish, and three levels of Ca, low (0.1%), medium (0.5%) and high
(1.0%), respectively, for 6 weeks, The parameters which related to Ca bioavailability were
measured : Serum Ca concentration, Alkaline phosphatase(ALP) and GOT activities ;
tissue Ca contents, bone dimension and Ca, P, Mg contents ; Ca retention and apparent
absorption. Starfish Ca-fed rats did not show any difference from CaCO;-fed rats in terms
of growth, food intake and FER. Serum Ca, ALP and GOT activities as well as tissue
Ca contents were not different between CaCO;- and starfish Ca-fed groups. Although
dimension of femur and lumbar was not different between CaCOs- and starfish Ca-fed
rats, ash content was high in starfish Ca-fed rats. Ca and P contents of femur and lumbar
were not different between both groups. Starfish Ca-fed groups showed higher Mg
contents than CaCO;-fed groups in both femur and lumbar. Ca absorption rate and
retention rate were significantly higher in starfish Ca-fed rats. These results indicate that
Ca derived starfish did not show any negative effect on growth and Ca metabolism of
rats compared to calcium carbonate. Starfish Ca can be recommended as a good Ca
source on the basis of higher Ca absorption and bioavailability.
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FEAL AIHEZAEAE 2002)0) 5E g
o BF ZF AHFE AGFY 0% A=Z 7|
gy, dFFY 75% olstE AHS Ae FF
ddAte] e A =99 %ol € itk
240 FY AFoZe AU olgAle) HIwF
A B E R e AEAHEFC] 600%E A5
I AolA fEvel BRe B 89S &
I A HollA B2 FAHS U3k Uk
g Aol &EL HY 60%E 97 ¥or
BE A9l 482 25-30%°|tHLouie 1996).
ojNY ZF2 U F47t ATV HEA A
Hsle FH3 A BA o] 8AHEC] FULEY
#84<¢ B $8% 8910] FrkAllen 1982).
Zg AHe AFS Fdke Aol 7HE niy
ShkMiller et al. 2001), 4|FS B3 FET 43
7} o2& Aol ZF 2E3A 2 ZF AEA
7} o8 4 ok H2 ulg, FoFS, 2¥s
IAEF T AR g dge] Aol B
ZHEAN F7HAREFA T AF75HES 9
g o ¥ ZEFdY AT RV STt
I ATCEES 2003). A ARHD e EE
FUo 2= calcium carbonate(CaCO;), calcium citrate-
malate(CCM), calcium citrate, calcium phosphate,
calcium sulfate, calcium lactate, calcium gluconate
59 Zad, LMEL(bone meal), FIEH(egg
shell), 238 oyster shell), |Z2ZF T HA
a4 AEAFE E F Ik olHE BEd ®
T AdiA Zg AFY AU o849 Hrie
oAz A= olol & FHAZE Fo} Yok
E7bEE 4wt olgFol Bls] #§F gl
M1 BE gl wov, RrIGRELE TFo
22 sl e, ntavlg, ofd, B/ §
o] &% i Atk 53| A& F 9%6% ol
o] gitztere] FH 2 AU LA Ak
(FPFAsrd £4). B7RAElY F8 Hole
AE, vpAE, H2o) §9 #Foln 3w
grhAtest %o A 15160t E e A
oz UoiA AUtk AYFLRAAE SFYeA
shee 2adle] Hlu e BrHtele) AL
d= tlEo] ErRaeElE el o] &3tr] %
wero g FFAH B AREHEE T 2002),

5 Fo 334 AT T 2000) 2 Aol
YHBAFSUST 200029 ol gt Fol
AESe govl, Hz PR
ez REe T BA)E ALe B 5
8 2 7154 HE A2A 2HAY 2% 7]
£ ALstel ge 72 ¥ ArkIFYR
2003.02.17).

Bt 32% BEe olr] BEREA
o 9E2A H4FFIANEIFENAH 2000
Hgso] o, HPATE B ARl Aol
ZEE Ae gk mAA B ATNNE B4
Pol X $28 BE9 ARl A FEo1N
BAgoA, dze FALEEAZAY ol
A5 AR ARE YPFEE o83l A
Fshus shich

I AgAE 9w

1. A AA

42" oA 8 F(Sprague Dawley rats, female)
E Agdstn Hd¥EFE AFSAAdA TRy,
BaAFo] oF 130g HUE o, 4 TF 1094
6To2 Uil AETe EsEd o A,
F, A FELE UFT, TF FTHE @
g8 dRTFog, B/ TS d¥des
AR gErEe BAdgE FEU 29
Z 05%% 71222, AgFR 01%, 1 ZFL
1.0%2 AR 679 A¥Te O Ads-2
Az (Low Ca-CaCO; ; LCaC) @ AZg-EV}
Ale] Z<45 (Low Ca-Starfish Ca ; LCaS) @ B4 &
&-¥ribd4 (Normal Ca-CaCO; ; NCaC) @ 3442
#-27A e] Zh4r (Normal Ca-Starfish Ca ; NCaS)
® 1Zg-gAkz4 (High Ca-CaCO; ; HCaC) ®
1Zg-E7Hte] 24 (High Ca-Starfish Ca ; HCaS)
olth. Ay 2ol& 657 FFF e, 4H7I3t
F 453 A viatA el R ol Hof 443t A E S
AAIEIHTE dPolgt HFe AFEdHU(ad
libium) 2.2 F3lHth 4P TE A 842
L% 02£27T, AUEE 65:5%E F-A3FHon,
Hehe 124)7F F7(light; 6:00 am.- 6:00 pm) & &
A3t '



Table 1. Composition of experimental diets"”
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(g/kg)
LCa(0.1%) NCa(0.5%) HCa(1.0%)

LCaC? LCa$ NCaC NCaS HCaC HCa$
Cornstarch 598.2 598.2 588.2 588.2 575.2 5752
Casein 140 140 140 140 140 140
Sucrose 100 100 100 100 100 100
Soybean oil 40 40 40 40 40 40
Fiber 50 50 50 50 50 50
Min.Mix.?(Ca free) 35 35 35 35 35 35
Vit.Mix.” 10 10 10 10 10 10
1 -Cystine 1.8 1.8 1.8 18 1.8 1.8
Choline bitartrate 25 2.5 25 25 25 2.5
t-Buthylhydroquinone 0.008 0.008 0.008 0.008 0.008 0.008
Calcium source” 25 2.5 12,5 12,5 25 25
PEG 20 20 20 20 20 20

1) Experimental diets were prepared according to AIN-93M composition

2) Mineral mix(g/kg mix) : AIN-93M-MX
3) Vitamin mix : AIN-93-VX
4) Calcium source : CaCO; or Starfish calcium

5) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCOs ; NCaS: Normal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCO; ; HCaS: High Ca diet(1.0%), Starfish calcium

2. AlE 40|

Aol AHAHolzM AL 7¥Foz
AIN-93M Sj&& wgtth(Table 1). 2ol #F&
M 4% [Low: 0.1%, Normal: 0.5%, High: 1.0%]
o2 ren o] uf Q19 #FFe 2AEHA
BTk BN &% dg £Le F9
ST A(F AT (F) AE, oA AT
Stom, 28 #7114 2A@R71ZHHA QLT
24 B-A: wsing ICP Atomic Fmission Spectrophotometer)
& Zg o Ca 37.266 %, Mg 2.663%, Na 0.534%,
Sr 0.225%, Al 0.032%, P 0.011%, Zn 0.005%7} &
FEAt. dEzTe FEFEoERE edEds
(CaC0s, Shinyo Pure Chemicals Co. Lid., Japan)<
ol g3tk A& Wl 2Je] o]F marker2A PEG
(polyethylene glycol 4,000)2 EFAIZTH

3. Azeg
SJAAI717) W B4 B4 Fovemighi-fasting),

Aol g3 2A-& JAFA st7] AslA 1A 30
B 5 oA olE Fod tS HoldH F8
1A ol A e {dFHE wH3std AES
A A BusHols RS AFHSA 4T
oA BEstETZE 3000pmel A 1087 AAE
2](Inverter union SKR, Hanil Co., Korea)dl &
3& Eesige, £4 A7A 0T 23
g g9 A3 F 7t 4% ARE FHEd)
o A0 Bigo] e Aot 25 AR
o] AAZ F ¥ A2 E09% NaCl &)
2 Asd 9L AAT g5 dH{AR £
E 91 AAAFPo g Yz RAE FA3NY
o 9% YEIY 955 FHEY F FAH
Ae |, AW, A § FHEE BF AAT
& FAS} Zolg FAIHAT BE AR B
A W71x] 70T B3P B =
A7t vid FAJ AT FHR oY, B
FS 2 £, == BHE A3 5% &

Z N a H

}
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4. NZEN

go4o] Z4gF%E, Alkaline phosphatase(ALP),
GOT #4e g9 FEA7|(fully automated dry
chemistry system; SPOTCHEM; Daiichi Kagaku
Co., Japan)E ©]&3t] FAHSA L, A, o
5§ 2 a39 Z¢ 9 vadlg g3 4 23
& YEUE F 60T 3zl Ay 335}HA
2 s, A4 FAEAE Al BE HER
Holz=md ¥ ohA] 3A1T T HEEle de 3
£& 6N HCl &0z &3t oJAE 1%
LaCl; - TH02 343}l AAE33 % A (Atomic
absorption spectrophotometer ; GBC 904AA)E Z
< 4227nmol A, vpav4L 285nmollA &3
Stk A9 Mee ZFY A2k FYAL,
33} FHFE A3 Fisk-Subbarow‘”‘ﬂ(Fisk &
Subbarow 1925)0.8 25Tk & 105°C] drying
ovenoll X AT FA7L & wi7pA] AEAIA A
TEE ST F, NEE 600TH BN
FINA L JEES 2ATY FYT WYoer
£33 = 3000rpmoll A 20E3 AHE

(Inverter union 5KR, Hanil Co., Korea)3lt 3=, A7)
o} FY Yo g ZAFAt UEHIY g
# & Instron(Instron Universal Testing Instrument.
Model 1000& ol §3e) ZHaTh A2$3n
4o o]&8 EE 2AVFE 10% 43 €9
o FZth7l 33 Eol&42 33 ofid Ao A}
23t

5. SAEM

=

AP Z = SAS program$ o] &3t HA I
FE 22 meantSE)E AAEHTE # 7He] 2o
= p< 005 :F0ol]A] ANOVA test F- Duncan’s multiple
range testol] <18 AZHITH

m A= 94 =3

1. &&, 4o] MFE A 4o|l&

2o} Zg FF wWE B ZJ GEL
W& QA3 o] EE-L Table 20] A3t

E7E gEde widETd vasige
o, AF57rEF @ AolE LA AolE HolX
sttt ZEgpdd getMe 2olrt gk B

Table 2. Body weight, weight gain and food intake of the rats fed Starfish calcium diet for 6 weeks

Initial Final Daily Daily FER

body weight body weight weight gain food intake (WG/FD)
® ® (g/d) (g/d)
LCaC” 128.743.7"% 226.5+5.4™ 2.320.1™ 13.1:0.3% 0.18+0.01™

LCa$ 128.243.1 228.0+4.8 2.3+0.1 13.5+0.2™ 0.18+0.00
NCaC 128.2+2.7 224.644.4 2.320.1 13.5£0.2" 0.17+0.01
NCa$S 1282425 221.643.2 2.2+0.1 13.40.2™ 0.17+0.00
HCaC 129.342.0 226.8+6.7 2.340.2 14.0+0.2® 0.16+0.01
HCa$ 128.042.1 219.8+4.9 2.140.1 14.310.3° 0.15+0.01

ANOVA? NS NS NS Ca” NS

1) Values are mean+SE of 10 rats per group

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

test; NS: not significant

3) ANOVA; Ca: Effect of dietary Ca level (**: significant at p< 0.01)

NS: not significantly different among groups

4) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCO; ; NCaS: Normal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCO; ; HCaS: High Ca diet(1.0%), Starfish calcium



22003} 3437 BH oA dzti(egg shell
powden)#} @S HHANAS o, OI% —‘T—— T
o A% & Aolago] Aolrt AL a3}

for, g FEPeRA HAEA, TR, %}11—5’:
T2 o8 HE AfolE nETU BNBET

4% g 2olEEL Aolrt AATHelBE -
4L 1994). W DHAFH £Fo] AR L 4
oA & JIE WX, ALF o] HAFHA 1
ZgHold vlsl AFF7HEe] o EATHH IS
T 1998). Aol dHHLE Ho] F TETH] &
TE Frlele A%E Rolu, BV ZrEgod
BT ol Aot gl ol dH oA
£(1999)8] ATelM 1 ZF HF o ot 2oly
ko] =713l 20, Kochanowski $(1990)%= 0.3%,
0.6% Zrga5C2Z CaC0;, CCM (calcium citrate-
malate) & 4o]2 FF3IYE W FFFEo] 7t
ol whet 2o] dF o] FUHEHE Hugtrh

ol A ErAE] Zes 4FHT 8
Feol A4, AoldFHF E Holage 4 &
of A#gle]l etdE HJHTEFH Ao Aot
UNe =2 By Zge] 3o wE HdRky
Q1 A AHAdelle A EAVE gle Rz
Alg g

2. ¥xio| Ca =5, ALP2} GOT &4
Aol FEE BE/HE TE A ne

2Aof E7hAtE] ZEC| o84 139

g4 o
A8ttt

APHolE 657 TFT A EVMAE L
29 84 24 $EE zoT §971 Aol
E Ho|A |tk Bdds 2o FEA Bt
Ate] Zgae BF Tt gE2Tol vE) v
S EHou, BT AAEA(7.2-139myd
Mitruka & Rawnsley 1981) e}ith 318 2]o]
ag &0 FVETE 84 ZdF 5=/ 3
gout B E9 <ol E3Ach 8F FE T
%= PTH(parathyroid hormone), 1,25(OH).Ds, calcitonin
59 32 o3 dAA FgAel K AHD
AeH, o AeA B o] gl uhE)
A ZEFErt thdst AlAEe] $toy oA

FXE, ALP, GOT #4]-& Figure 1] A

2 A4EAE KA
bl BeEe ¥4 3 ALP BHe o=
T3 794 HolE o)A Ygith F Zel

2oldg FEodA BrAE ZETe] ¥4 ALP
b gz Zpolrt gerzg, BEriale e
o] FAYWALY PlA= G S FY H|&S
Ao WrHEY. dWtF oz AZg 2ol9 A
FHoll o} ALP 84L& Frksle Aoz dEA
Atk ALPE F¥AE ANBEZ d#A lol(Lester
1996), Zg 9] o] &4E Hrlsle 842 AMgd
t}. ALPE= osteoblast®} @&#Ho] glony, we] A%
o Aoz}t &2l UK Westmoreland & Hoekstra
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Figure 1. Ca concentration, Alkaline phosphatase(ALP) and GOT activities in serum of
the rats fed Starfish calcium diet for 6 weeks
a, b, c; Bars with different letters are significantly different at p< 0.05 by Duncan’s multiple test
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1969). Patwardhan 5-(2001)2 FHE e s o
gl TR ZEES BES ALPY ¥4 L v
3 A3l A calcium carbonate$} calcium lactate
£ B33 Fo| calcium phosphate® B.Z3%F Fo
Hlg] WS Buddch gXEA, niFes,
B, vy, 49 59 e S99 @i
o] AolE &S HIE AHCINE F 1997)A
T "R Zd gARRTo] e el vl
9 54 BAHE B, F9¥E APt Ue
ARE Budtgch 8 Tsugawa 5(1995)2 ¥l
e}l Do} 2AL }24 3} calcium carbonate,
calcium lactate, powdered oyster shell calciume] o]
448 "Iy ed, ALPE 4 39 2 v
9 DY A Al EF F9HQ AelE
Bolx] ¢iskth ¥ d¥AdeAMes ALP A&
Y8 zole oy ZHag AFH sEd we
Zpel7h AUeH, AZEE AHT Tol f¥e

(1992 437 &719F ZEAHA ALP7} F7)
Hd1n stged ol Z I A E(osteoblast)e]
A€ F7HAF17] A% 23 isoenzymed] EHIE
ALP9] B4Z7}7} AFA17]7] wjEolgtn 3ok
o]d& F(003) 57 A BF A DH &
& 2e}319(0.15% Ca, 0.5% Ca), 5F7+ A3 A
A W ALE T ALP7} 347 IULEA], B4
ZhE 9] 249 IU/LS] vl3)] 40% A= =USS 2
RETLY

GOT #42 E7IAE Ty @gdsy 2
Fado W& Aol ey, ABHE 43
g TN AdZE 2 18EFS HAFHE SRy
2z} 25%, 30% Z71skH . GOTv 7hAM| 29 A
T Qle AAEA 7F NXE &34 A9
GOTEs%7} Z7}5tcH(Girish et al. 2004). ¥
GOTEx9 AdAE dFol wel Osbomne-
Mendel rat®] 73-%- 50-75(1U/L), Long Evans rat2]

2 54840l A JEhdthp<0001). Hamalainen A9 88-147(IUL)E B sl gjtMiruka &
Table 3. Weight in liver and kidney of the rats fed Starfish calcium diet for 6 weeks
Liver Kidney
Wet weight Wet weight
63 (g/100g BW) €3] (g/100g BW)
LCaC” 6.81+0.18"" 3.01+0.04° 2.80+0.07" 1.2410.03™
LCaS 6.680.21%" 2.930.04° 2.8240.12 1.23+0.03
NCaC 5.93+0,20° 2.63+0.05° 2.66+0.07 1.19+0.03
NCaS 5.91+0.11° 2.69+0.02° 2.72+0.06 1.23£0.03
HCaC 5.99+0.23" 2.6410.04° 2.7620.07 1.22+0.02
HCa$ 5.67+0.14° 2.58+0.03" 2.68+0.06 1.22+0.03
ANOVA?Y Cca™ Cca™” NS NS

1) Values are mean+SE of 10 rats per group

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

test; NS: not significant

3) ANOVA; Ca: Effect of dietary Ca level (***: significant at p< 0.001)

NS: not significantly different among groups

4) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCO; ; NCaS: Normal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCO; ; HCaS: High Ca diet(1.0%), Starfish calcium
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Rawnsley 1981). & A¥ZA3} B/l dFAH
79 GOT 35t & ZH4o] #5848 EF Uz
23 v AY B g B, BV Ze
A7 27150 o 9FE WAA Gt A
Z+gth

3 2o} AlEe| 2A & HE B

7, Aol ZAE Table 39, B¢ FF&
Figure 24 A|A}&} ATt

2 Aol BAE B e B B
247 7ol 49 Je)r) giek 23y Y
AzF Add 2AEe A EHAHE A 9 A
AA4 EE 1LES AIG AR 4F
10%, 12%9] frolHog F& S BATHp<0.001).
BIALE) 24 7he Zadge] gz H
& ggton, 53 ngg o] FFA B/t
2 e BEgol Rl vistd F4
o2 2Ythp<0.05). F BIMAE Zg HHTA
7t F A% Fo] YT wiE A @ok
o 271do] JXHA e Aoz Bk

AAol B BrlAe e St
ozt fFaFA Aolrt AUk BEFE
gatE AZES 41T T DEFFel F9
Hoz E=9thp<0.001). B4 F oA stock diet
FoA BEEHE AR DERFY F0) 05mglg
dry wi(Shah et al. 1990)9)& m&id o, & 49
A A ZHS QUL o AALEHl AH
ABoh BgkATh 2E TN A dE £F0

Figure 2. Calcium contents in fiver and
kidney of the rats fed Starfish
calcium diet for 6 weeks
a, b, c; Bars with different letters are significantly
different at p< 0.05 by Duncan’s multiple test

AP Yol &£ E 4 Utk Yuasa F(1996)
& AN Zgdgel A% TF FEE T
M AE Bosgh 3 e Q9 vlg &
& AFe) 272 A Fa% aroH, ZF

T} Q19] Hl&o] EolHE w, A1433]3] rephrocalcincsis)
BIE7} S0}tk 15iTi(Scheafsma et al. 1985; Cockell

& Belonje 2004).

olate] Aztel o] BriAlE HE A o
g 23 A% BAe d2EH o7t e
o, Ztah A9 g FF A dze v
ALY gol BrMAbE Zgpo] s AR 73
HQ 9F& 71XA e Je2 BT

4. tiE|Ze| 2A|, Zo| ¥ d=

o] g & ¥ E7ME Ze AT
UiE e %, o] L FEE Table 40 A8}
Fie=g

N2y $5% R AFT #3F 35 A
4 2o FFAAe BErAE e g
&30 e xol7} gided, AdEE %R
L Ao] FFAME BT FA £}
Alel 7R 22 A%E BYch v, 3
Ze] o] B By e nF 3}olE HolA] Ak
th 2 wo A #F AAE RY, BEUHE
24 AHY AS, SALETH FA4HY Aol
7F gk 9 99 FS UEE FFS 3¢
o @& zole o, Aoldg FEo wat

e A4EE 2 EEe AHAY Tl AdE



142 BFRX|QIAIS| Mg TIEIEIX| M16H 15 2005

Table 4. Weight, length and breaking force in femur of the rats fed Starfish calcium diet for 6 weeks

Wet weight Length Breaking force
(mg) (mg/100g BW) (mm) (mny100g BW) (kg/g)
LCaC” 594.5+15.8" 262.714.9° 32.1:0.1™ 14.20.3™ 8.410.6°
LCaS 589.7+14.8™° 259.045.7° 32.00.1 14.0:0.2 8.410.5°
NCaC 682.5+8.52° 304.3+3.5% 32.240.1 143102 11.640.7°
NCa$ 663.8+12.7° 299.543.9° 32.2+0.1 14.5:0.1 11.3:0.7°
HCaC 718.5+13.9° 316.148.4° 32.6:0.1 14.4103 13.440.8°
HCa$ 676.6+12.7° 307.5+4.5" 32.120.1 14.6+0.3 11.6+0.8°
ANOVA? ca™ Ca™ NS NS Ca™

1) Values are mean+SE of 10 rats per group

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

test; NS: not significant

3) ANOVA; Ca: Effect of dietary Ca level(***: significant at p< 0.001)
4) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCO; ; NCaS: Nomal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCOs; ; HCaS: High Ca diet(1.0%), Starfish calcium

2lo)l& QH3 ol vls) 22t 16%, 19%4 57}
stk 22lm Ty o) 2 AFY Hole
g 39 ¢ &g £34) 9% v gttt
ol AFEAHAFol 2 FolE AAA &
the Rodriguez 5(1998)2] A7z} vis3i)
gggos AT dEF Fxe B/HkE 2
Fo BAdETE el zolrt giey, A7
& o] HFHTANN FodFoz FUTHp<0.001).
2, ALFL AT o vis) AYLE L 2
Zgs AT TAM Hago] Az 14wy, 15
¥ Z7}sttk. Thomas (199)E o] 43 F ol
A A A%7 B¢ AZFE01%9F Add+
05%)& 33 A7, Fd ZEFAA we 7
=7t ¢ #tt Rusgd.

o]} o] diEFe] AF ¥ AEFHINAM &
7] ZEe ol gAL gtz A Wt
Aze TE FYLoz Hrido

5. ChElZ9| 5|28, d&, 2l olauls &

HEZY A8, ZF, A B vtavls &F
& Table 59 A|A]5}Hot.

B/ Zede] SEge edgesTd 2

ol RolA gsten, BFgFFEo] FNETE
FelHos F7HTHp<0.001). EF B3TF A
o] #EMe ddETol w2 BAYE Bl
o, 2g@g o] £EAAMe BrME ZETol
B2 %S RATh

HEZ9 ZeHFFS ABEF 4ol F£FIA
E7Pe]l ZgTe]l gigeTiRg fo¥es
wkou, BARAE FEH 2@F FEAIME
ol g Holx gttt dgsEdd waiMe 3
3B HHATC AgE HHATEGD 25% 713
o, 28F HHATS AL E HATRY 15%
7kt dEE A9 FFe g F4T A
ol UehiA gtk 28ju I $Eo ot
Me zZolg uehlledH, Adgs HFTAAM
W mRen AgFHol AT & T
Bl frojAos ¥ g HAo. WEI4
sladlg e BV ZETdAN @dds
TRY Fo9302 ¥tk 53] ZALEFE
2ZF FEAA 2 Zol7} Flew, ojs B}
2 ZgY THEE R 24 Tl 9L vHe
g2 Adda. vfavlest We Frmste] #A
€ Bol A7 fen vtavle 2 Holg
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Table 5. Ash, Ca, P and Mg contents in femur of the rats fed Starfish calcium diet for 6 weeks

Ash Ca P Mg
(mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt)
LCaC” 364.9+3.5% 122241 8° 74.9+0.8° 2.1910.03°
LCaS 364.015.8% 114.3+3.3° 76.6+1.6° 2.2410,05°
NCaC 442.1£5.1° 146.3+1.9° 94.141.3 2.82+0.15°
NCa$S 435415.1° 150.242.0° 918429 3.06+0.10°
HCaC 444.045.1" 170.6+1.8° 90.7:1.0° 2.81+0.06°
HCaS 455.5+10.2° 170.9+2.5° 89.841.6" 3.18+0.04"
. ca™ . o
3)
ANOVA Ca e Ca ca™ s

1) Values are mean+SE of 10 rats per group

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

test

3) ANOVA; Ca: Effect of dietary Ca level, S: Effect of Ca source, Ca*S: interaction between Ca level and
Source(*, **, ***: significant at p< 0.05, 0.01, 0.001, respectively)

4) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCO; ; NCaS: Normal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCO; ; HCaS: High Ca diet(1.0%), Starfish calcium
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Table 6. Weight, ash, Ca, P and Mg contents in lumbar of the rats fed Starfish calcium diet for 6 weeks

Wet weight Ash Ca P Mg
(mg) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt) (mgfg wet wt)

LCaC? 1106.0+23.0™° 210245.1° 65.6=1.6° 40.5+1.1¢ 1.31+0.04°
LCaS 1054.3£26.9°" 213.747.2° 65.7+1.4° 39.3+0.8° 1.3240.03°
NCaC 1226.8+39.4° 281.0+8.0° 82.8+1.6™ 56.1+1.2° 1.76+0.04°
NCa$ 1199.9+26.9° 286.0+5.4° 79.3+1.5° 58.7+1.3" 1.85:0.08"
HCaC 1312.4118.8 294.6+3.4% 81.7+1.8% 61.50.6™ 1.73+0.03°
HCa$S 1263.6426.0 314.7+12.4° 85.042.0° 63.4+1.3" 2.04+0.04°

3 Ca”, 87

ANOVA Ca Ca Ca Ca g

1) Values are mean+SE of 10 rats per group

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

multiple test

3) ANOVA, Ca: Effect of dietary Ca level, S; Effect of Ca source, Ca*S: interaction between Ca level and

Source (**, ***: significant at p< 0.01, 0.001, respectively)

4) LCaC: Low Ca diet(0.1%), CaCO; ; LCaS: Low Ca diet(0.1%), Starfish calcium ; NCaC: Normal Ca
diet(0.5%), CaCOs; ; NCaS: Normal Ca diet(0.5%), Starfish calcium ; HCaC: High Ca diet(1.0%),

CaCO; ; HCaS: High Ca diet(1.0%), Starfish calcium
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