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Calcium Ionization Characteristics and In vitro Bioavailability
Derived from Natural Calcium Sources
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Dept. of Food Science and Technology, Keimyung University and KMF Co., Ltd, Daegu 704-701, Korea

Abstract

This study examined the characteristics of ionized calcium and in vitro calcium bioavailability rate of calcium
from four natural sources: shellfish shell, oyster shell, starfish, egg shell. The levels of dissolved calcium and
calcium ions increased at different concentrations of natural calcium (up to 8.0% (w/v)). However, there were
insignificant differences in the levels of dissolved calcium and calcium ions between samples at calcium concen-—
trations above 8.0% (w/v). In addition, no significant differences were observed (depending on the calcium source
and concentration) with an ionization yield of about 90%. The temperature of the solutions also had little influence
on the ionization of calcium. The highest calcium ion content was observed when solutions were left to dissolve
calcium for 18 hours. The highest in vitro calcium bioavailability rate achieved among the different calcium sol-
utions was BS (67.3%), with overall bioavailability rates about two times higher than the rates observed in
commercially sold calcium supplements and natural calcium. In addition, the in vitro calcium bioavailability rate
for ionized calcium in market milk, soy milk, and orange juice was more than twice as high as calcium carbonate.
Overall, we expect a high and diverse bioavailability of ionized calcium from natural resources.
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o, BEypAtE(ZadE 35% olihe ()43 (Seoul,
Korea)oll A, &2 &2 (Z53 30.0% )2 (F)F A
% (Seoul, Korea) ]"1 z2 7y Y438t AHgSt AT A, =
Zt 2 B e B4 71(MC-811C, Samsung Co., Ltd.,
Seoul, Korea)Z # 43 & standard testing sieve(No. 18,
Chung Gye Sang Gong Sa, Seoul, Korea)E o] &3}l 1
mm ©]3}te] o4& Azt AMEStA T AlEE = 518
FAAEA %ﬂ'%‘ﬁ‘(%}“&La 38% ©]4, Sankyo Seifun Co.,
Ltd., Tokyo, Japan), 24t 2% (2585 22% ©]7, Duksan
Pure Chemical Co., Ltd., Seoul, Korea), 7 AAr 25 (25
2 21% ©]%, Junsei Chemical Co., Ltd., Tokyo, Japan) 2
R (AF ?}a 12% ©]4F, Duksan Pure Chemical Co.)
< extra pure 58 AFESIATH S, TR, LA F&
2L ki’—‘lz(%” 6% o)) = A Fe A FY3ted 10°C
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AF8-2 pepsin(P-7000, from porcine stomach Mucosa, EC

g 38% ]

3.4.23.1), pancreatin(P-1750, from porcine pancreas) %
bile extract(B8631 porcine)+= Sigma-Aldrich Co.(St. Louis,
MO, USA)eA Fhdste] AR&stom, F29H(12,000~
14,000 Da pore size, flat width 25 mm, diameter 16 mm,
Spectrum Laboratories Inc., Fort Lauderdale, FL, USA)<
Spectra/Por® 42 A&359 ).

A=A e| o|23 BY

AdZdgaAd A4A), 24B), =7HH(C) 3 d2
(D)9 o3} 545 FAbet7] st F2H = (T2t 6%
ol’d)ell AFEAANE 747} 2.0, 4.0, 6.0, 80 E 10.0%(w/v)
F7rsted 30°Cell A 200 rpm o2 18417k 8-sf 3t iet. 8-

Rl

T2 20,30 2 40°CE &1 ZHAaANS 8%(w/v)A H7st
o 250 W2 JFS FARIF LY, §3A 3,6, 9, 12,
15 B 18AI17Fe 2 3t JFES ZALSIA T HALFLAE
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membrane filter(pore size 0.45 ym, Advantec MFS, Tokyo,
Japan)® o] 7}3}
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pHE pH meter(Metrohm 691, Metrohm Ltd.) & A}&3}

& B2 9 ZEol=2 g

A ZEAT ZF F4Y 10 g& 600°Coll A 6A17F 44
A7) & 6 N HCIS 10 mL 7}3led 3FF F¢F &) A AT
o] 9} X (Whatman No. 3, Whatman International Ltd.) & <]

3 & 100 mLE A-83}31, membrane filter(pore size 0.45
um, Advantec MFS)E o3}3le] EA5ch 244 T35S
inductively coupled plasma-atomic emission spectrometer
(ICP-AES, JY38S, HORIBA Jobin-Yvon, Longjumeau,
France)E ©]&3}4 plasma gas flow rate 12.0 L/min,
sheath gas flow rate 0.2 L/min, sample flow rate 1.0 mL/
min® 2 3t EA4HH22). ZFol+FHS jon chro-
matography(Metrohm IC, Metrohm Ltd.)E ©]€3}% mo-
bile phase= 4.0 mM tartaric acid, 1.0 mM dipicolinic acid
= AFE3FY flow rate 1.0 mL/min, injection volume 20.0
uL, conductivity detector(Metrohm 731 IC, Metrohm Ltd.)
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Table 1. Changes in dissolved calcium content, calcium ion content and ionization yield of calcium solutions by calcium concen-

tration
Calcium conc. . . D Dissolved calcium content Calcium ion content . . o2
(%, w/v) Kind of calcium (mg%) (mg%) Tonization yield (%)

A 85454207 726.0+6.8 85.0+0.6

20 B 840.5+23.3 7259+3.3 86.4+2.8

' C 761.0+0.6 672.4+25 88.4+04

D 1,003.4+8.6 885.2+39.6 88.2+4.3

A 1,651.5+£22.3 1,430.4+79 86.6 1.7

40 B 1,630.5+58.6 1,464.6+13.9 89.9+24

' C 1,535.3+14.3 1,326.2+29.1 86.4+1.1

D 1,804.2+41.6 1,615.6+21.7 89.5+3.0

A 2,338.0+31.7 2,030.2+51.8 86.8+1.0

6.0 B 2,350.3+63.1 2,092.4+68.4 89.0£0.5

’ C 1,954.7+32.8 1,6926+9.3 86.6+1.0

D 2,209.9+8.7 1,945.7+46.5 88.0+25

A 2,470.5+12.9 2,159.6+17.0 87.4+0.2

30 B 2,460.7+54.2 2,143.0+274 87.1+0.8

' C 2,020.5+3.8 1,792.4+9.6 88.7+0.6

D 2,324.5+49.0 2,067.2+59.6 88.9+0.5

A 2,433.3+36.1 2,085.2+4.5 85.7t15

100 B 2,535.6+58.1 2,182.4+379 86.1+0.5

' C 2,064.7+13.6 1,769.2+2.3 857105

D 2,301.8+7.4 2,05645+11.0 89.2+0.2

})A, shellfish shell; B, oyster shell; C, starfish; D, egg shell.

Ponization yield (%)=calcium ion content/ dissolved calcium contentx 100.

YValues are mean =+ standard deviation (n=3).
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Table 2. Changes in dissolved calcium content, calcium ion content, and ionization yield of calcium solutions by solution temper-

ature

Solution temp. Kind of calcium’

) Dissolved calcium content

Calcium ion content 2

Tonization yield (%

°C) (mg%) (mg%)
A 2,5495+2.1% 2,283.7+27.6 90.0+14
20 B 246734345 2,345.5+60.1 94.6+0.9
C 2017.3+37.8 1,810.3+22.8 89.7+0.7
D 2,292.3420.4 2,129.2+67.8 92.9+2.1
A 2551.5+37.5 2,268.3+34.6 89.5+0.1
20 B 2.460.7+27.8 2,276.3+32.5 925+15
C 1,976.3+40.6 1,777.7+21.1 90.0+0.8
D 2,336.5+5.2 2101.1+47.2 89.9+1.8
A 2484.7+12.5 2,226.4+9.4 89.6+0.1
10 B 2492.7+30.5 2,260.2+23.0 91.2+0.8
C 1,9275+41.7 1,745.8+11.2 91.0+14
D 2,440.1+32.8 2,139.5+18.0 87.7+19

{“A, shellfish shell; B, oyster shell; C, starfish; D, egg shell. Natural calcium sources of concentration was 8% (w/v).
Plonization yield (%)=calcium ion content/ dissolved calcium content x 100.

¥Values are mean =+ standard deviation (n=3).
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Table 3. Changes in dissolved calcium content, calcium ion content and ionization yield of calcium solutions by solution time

Solution time . . D Dissolved calcium content Calcium ion content .. . oD

(hr) Kind of calcium (mg%) (mg%) Tonization yield (%)
A 2,321.4436.0” 2,056.5+31.8 83.60.0
3 B 2,4245+53.0 2,2155+64.3 91.4+0.7
- C 1,904.0+24.0 17535+47.4 92.1+£3.7
D 2,0105+54 1,829.5+55.9 91.0£3.0
A 2,396.5+30.3 2,1255+474 88.7+0.9
6 B 2,487.0+21.2 2,2595+17.7 909+15
C 1,951.6+9.3 1,792.0+5.7 91.8+0.1
D 2,063.1+6.0 1,867.0+45.3 905+1.9
A 2,3716.6+12.4 2,166.0+2.8 91.1+0.6
9 B 25175+629 2,2975+60.1 91.3+0.1
C 1,959.0+14.1 1,805.5+4.9 92.2+0.9
D 2,111.2+214 1,870.5+44.5 886+1.2
A 2,452.8+5.7 2,221.5+31.8 906+15
2 B 2,516.0+£66.5 2,292.0+56.6 91.1+£0.2
C 1,958.0+85 1,798.0+82.0 91.8+4.6
D 2,090.6 £63.8 1,904.0£52.3 91.1+0.3
A 2,511.0+£59.2 2,264.0+354 90.2+0.7
15 B 2,611.0+£62.2 2,352.5+75.7 90.1+0.8
C 2,003.9+67.9 1,8188+62.2 90.8+0.1
D 2,1575+6.3 1,9445+19.1 90.1+0.6
A 2,580.5+25.7 2,301.0+26.9 89.2+0.2
18 B 2,621.0+21.2 2,359.5+62.9 90.0+3.1
C 1,9925+17.7 1,780.6+32.5 89.4+2.4
D 2,192.2+31.6 1,977.0+4.2 90.2+1.1

VA, shellfish shell; B, oyster shell; C, starfish; D, egg shell.
“onization yield (%)=calcium ion content/ dissolved calcium contentx 100.
¥Values are mean = standard deviation (n=3).

Table 4. In vitro calcium bioavailability rate of commercial calcium, natural calcium sources and natural calcium solution

Kind of calcium” Total calcium content  Calcium ion content of In vitro calcium ,

a (mg%) dialysate (mg%) bioavailability rate (96)?
Calcium carbonate 495.9+0.2" 139.8+0.7 34.9+0.2
Commercial calcium Calcium acetate 226.3+0.9 779+1.7 34.4+0.9
Calcium citrate 210.0£2.3 64.3+3.2 306+1.7
Calcium lactate 130.0+1.2 389+3.7 29.9+3.6
A 420.0+5.7 1025+2.8 24.4+05
Natural calcium B 412.7%£3.0 67.8+£5.7 16.4+1.8
sources C 3789+3.7 81.4+3.2 21.4+0.9
D 380.0+6.7 132.6+7.1 34.8+1.8
AS 915+1.4 57.1+0.4 62.4+0.7
Natural calcium BS 90.6+1.6 61.0+0.9 67.3+0.3
solution CS 90.9+1.1 52.3+15 575+1.3
DS 98.9+0.9 57.2+1.0 579+0.7

”A, shellfish shell; B, oyster shell; C, starfish; D, egg shell; AS, shellfish shell calcium solution; BS, oyster shell calcium solution;
CS, starfish calcium solution; DS, egg shell calcium solution.

%)]n vitro calcium bioavailability rate (%)=calcium ion content of dialysate/ total calcium content of sample x 100.

YValues are mean = standard deviation (n=3).
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Fig. 1. In vitro calcium bioavailability rate of calciums sup-
plemented milk. CM, commercial high—calcium milk; CC, cal-
cium carbonate; AS, shellfish shell calcium solution; BS, oyster
shell calcium solution; CS, starfish calcium solution; DS, egg shell
calcium solution. /n vitro calcium bioavailability rate (%)=cal-
cium ion content of dialysate/ total calcium content of sample x
100. Values are mean =+ standard deviation (n=3).
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Fig. 2. In vitro calcium bioavailability rate of calciums sup-—
plemented soymilk. CS, commercial high-calcium soymilk; CC,
calcium carbonate; AS, shellfish shell calcium solution; BS, oyster
shell calcium solution; CS, starfish calcium solution, DS: egg shell
calcium solution. /n vitro calcium bioavailability rate (%)=cal-
cium ion content of dialysate/ total calcium content of sample X
100. Values are mean= standard deviation (n=3).
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Fig. 3. In vitro calcium bioavailability rate of calciums sup-
plemented orange juice. CO, commercial high-calcium orange
juice; CC, calcium carbonate; AS, shellfish shell calcium solution;
BS, oyster shell calcium solution; CS, starfish calcium solution;
DS, egg shell calcium solution. /n vitro calcium bioavailability
rate (%)=calcium ion content of dialysate/ total calcium content
of sample x 100. Values are mean = standard deviation (n=3).
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