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Abstract

We evaluated the bioavailability of a novel organic Ca supplement chelated with milk protein (CaMP) in grow-—
ing rats and compared it with those of Ca carbonate and Ca citrate. Four—-week-old male rats were divided
into six groups (n=6/group) and fed AIN-93G-based experimental diets containing three Ca sources, Ca carbo-
nate, Ca citrate, and CaMP at two levels, normal (0.5%, w/w) and high (1.5%, w/w), for 6 weeks. Growth, mineral
contents of serum, Ca content and breaking force of femur, and Ca absorption were measured. There were
no significant differences in weight gain or food intake, but food efficiency ratio (FER) of CaMP in the high
Ca group was higher than those of other groups. Ca and P concentrations in serum were within normal range
in all experimental rats. There was no difference in Ca content of the femur among all of the groups. Although
there was no statistical significance in bone breaking force of the femur among the groups, the CaMP groups
had a higher breaking force compared to other groups. Further, Ca absorption rate significantly increased in
the CaMP groups (p<0.05). These results demonstrate that the CaMP supplement did not exhibit any negative
effect on growth or Ca metabolism of the rats. Therefore, CaMP can be recommended as a good Ca supplement

with regard to bone metabolism and Ca bioavailability.
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FEE A 7Y 3 Sl de 534 E (osteoclast) Tog, 1ZFe Ao 3 £l 15%=2 AAsdd 4
o] @3 w o AFTE JAStaL osteoblastic MC3T3-El FHol= 653 THEA L, AP 4ol Hg= AfHo
cells®] 43 B35 ZIAA da A" F oA we W(ad ibitum &2 F 38t APFE A 842 2
s S7HNA AU fFS Eoa stk 28e & 2+2°C, UEE 6515% = FASHA e, HE 124]
2wz deolEd folH Bwe LB g 2 F71(ights 06:00~18:000F 2T APEE T
g7} £ 0] T el Bkt R gAol s 9 w4 U AR 2E AL Aedtta sEddae s
AL U]X= a7 O 28 Ao g dAETT) o] A8 (Institutional Animal Care and Use Committee; TACUC) <]
AT N2 G7H T HEAV Zrhez vy 837 NS W gl wet APt

AlA ZAUALS L o] & ENA FESA o] &HE B AlB|AlO|

SRTHE). £ AFANME £4 WA Belol=AA & AP0l 71 RH L2 AIN-9IG AL e FA4 o]

718} Z4 (Maeil Dairies Co. Ltd., Phyungtaek, Korea) 2 2489 Table 1). A& o] = 4202 earz
B A E o] gate] V)=o) 7bg YurE oz AL 4(CaCOs; Samchun Chemical Co. Ltd., Phyungtaek, Ko-
= Eakde B FAdEEd AU o] E Hlal - HE rea), TA2F 245 (C1oH10Cas014:4H20; Junsei Chemical Co.

Bl ot dn K

FOoEA, N2 da HeARAM ] A o842 A Ltd., Tokyo, Japan)® 718 Z-<&(Maeil Dairies Co. Ltd.)
AFE AEeIS olfsa AT S < o g-3kich HEhl E£3H2 (AIN-93-VX; G-bio Co. Ltd,
Gwacheon, Korea)& T3l Al&3lon, Z45S A<
Mz a 8 272 EFE(AIN-93G-MX-Ca free) e ZAato] Al-&
StAth AIFEZ 7718 2 THES 44 duEs
didet SE AMS T omz Aol dud FAe §4
Zt ol frgk 35% H 7 #F(Sprague-Dawley) 36} (WPIL, Maeil Dairies Co. Ltd.)& o] &3te] 2+ 23209
£ 22 dEnlo] 2 AH(Seongnam, Korea)oll A ++i3te] A % Ao o] 20%7F HEE FdsHA =AstAT
3 218 445 7] A8 157YTE A olZ H-GA At FAoZE JE g FF9 A AFEA g9 A
%5 2 AETS 6rlg Y 67302 Jouix] st Ht A Hl gaks w8 ste] F ¥ B (Maeil Dairies Co. Ltd.)E 3
TS AT BFAh AE] HF S0 uet 44 # 7Vete] & Ao ghEko] 7%Vt HEE AT A E 4 o]
Table 1. Composition of experimental diets” (g/kg diet)
Ingredient” Normal Ca (0.5%)” High Ca (1.5%)”
& N-CaCO; N-CaCit N-CaMP” H-CaCOs H-CaCit H-CaMP
Cornstarch 510.7 499.3 501.3 465.9 4319 4377
WPI 200 200 173.1 200 200 1194
Sucrose 100 100 100 100 100 100
Soybean oil 56.3 56.3 56.3 28.7 28.7 28.7
Unsalted butter 13.8 13.8 — 41.3 41.3 —
Fiber 50.0 50.0 50.0 50.0 50.0 50.0
Min. mix. (Ca free)” 35.0 35.0 35.0 35.0 35.0 35.0
Vit. mix.” 10.0 10.0 10.0 10.0 10.0 10.0
Calcium source” 125 238 625 375 715 1875
KH:PO, 6.3 6.3 6.3 26.1 26.1 26.1
L-cysteine 3.0 3.0 3.0 3.0 3.0 3.0
Choline bitartrate 25 25 25 25 25 25
TBHQ 0.008 0.008 0.008 0.008 0.008 0.008

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

Z)Mineral mix (Ca free): AIN-93G-MX.

Vitamin mix: AIN-93-VX.

4)Calcmm source: CaCQs, calcium citrate and calcium chelated with milk protein.

IN-CaCOs: normal Ca diet (0. 5%), CaCOs; N-CaCit: normal Ca diet (0.5%), calcium citrate; N-CaMP: normal Ca diet (0.5%), calcium
chelated with milk protein; H-CaCQOs: high Ca diet (1.5%), CaCQOs; H-CaCit: high Ca diet (1.5%), calcium citrate; H-CaMP: high
Ca diet (1.5%), calcium chelated with milk protein.

9CaMP: calcium chelated with milk protein. It contains protein 43%, fat 22%, calcium 8%, and etc.

"The contents of calcium, protein, fat and other ingredients in all experimental diets are equal.
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gl o] Z+4 F =, alkaline phosphatase(ALP), glutamate
oxaloacetate transaminase(GOT), glutamic pyruvic trans-
aminase(GPT), T-bilirubin, creatinine ¥ uric acide &
A5 52 7](Fully automated dry chemistry system; SPO-
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Table 2. Body weight, food intake and food efficiency ratio (FER) of the rats fed experimental diet for 6 weeks

Groups” Initial weight (g) Final weight (g) Food intake (g/d) Weight gain (g/d) FER”
Normal Ca
N-CaCOs3 109.3+2.27 373.3+65 187+05 6.3£0.2 2.97+0.04
N-CaCit 108.8+2.8 361.6+11.9 18.8+06 6.04+0.3 3.14+0.07
N-CaMP 1089+1.8 373.6+85 19.0+04 6.34+0.2 3.02+0.05
High Ca
H-CaCOs 109.7+15 355.4+13.3 19.9+0.8 59403 3.42+0.06"
H-CaCit 109.7+1.3 352.6+8.7 20.3+0.7 58402 3.50+0.07"
H-CaMP 108.1+2.1 364.8+£13.6 19.4+04 6.140.3 3.18+0.06
Ca level” NS NS % NS Hox
Ca source NS NS NS NS w3

ll)See Table 1.
YValues are mean+SE of 6 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
YStatistical significance of Ca level and source were evaluated by Two-way ANOVA test ("p<0.05, “p<0.01, NS: not significant).

YFER=Food intake/ weight gain
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Table 3. The concentration of Ca and P and the activity of
alkaline phosphatase (ALP) in serum of the rats fed ex-—
perimental diets for 6 weeks

Groups” Ca (mg/dL) P (mg/dL) ALP (IU/L)

Normal Ca ’
N-CaCOs 1244027 75+0.1 4555+11.1%
N-CaCit 124402 76+0.2 363.4+15.8°
N-CaMP 121402 7.4+0.1 399.4+16.3"

High Ca
H-CaCO; 12.2+0.1° 82402 440.0+20.4%
H-CaCit 10.7+0.3" 7.9+0.1 337.6+8.4"
H-CaMP 11.8+0.1° 8.4+0.1 3734+19.1°

Ca level” £ £ NS

Ca source Hx NS £

DSee Table 1.

Values are mean+SE of 6 rats per group.

YValues within the same column with different letters are sig—
nificantly different at p<0.05 by Duncan’s multiple range test.

YStatistical significance of Ca level and source were evaluated
by Two-way ANOVA test ("p<0.01, NS: not significant).
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Table 4. The effect of organic Ca on parameters of liver and kidney function in serum of the rats fed experimental diets
for 6 weeks

Groups” GOT? GPT T-bilirubin Creatinine Uric acid
(IU/L) (IU/L) (mg/dL) (mg/dL) (mg/dL)
Normal Ca
N-CaCOs 198.2+7.8Y 34.1+2.8% 0.70+0.10 0.9+0.1 2.840.1
N-CaCit 172.3+9.8 30.8+1.6" 0.45+0.03 0.840.0 23403
N-CaMP 186.8+7.8 2714+1.0° 0.57+0.09 0.840.0 24402
High Ca
H-CaCO, 163.3+6.0° 31.9+1.1° 0.57+0.08" 0.940.0 2.4-+0.2°
H-CaCit 126.2+9.0 26.9+05" 0.42+0.03° 0.8+0.0 2.2+0.2°
H-CaMP 133.9+5.7° 23.8+0.3° 0.400.00" 0.8+0.0 1.8+0.2°
Ca level” ok * * NS *
Ca source w3 #% * NS NS

YSee Table 1.

?)GOTZ glutamic oxaloacetic transaminase, GPT: glutamic pyruvic transaminase

YValues are mean+SE of 6 rats per group.

Values within the same column with different letters are significantly different at p<0.05 by Duncans multiple range test.
YStatistical significance of Ca level and source were evaluated by Two-way ANOVA test ('p<0.05, "p<0.01, NS: not significant).
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Table 5. Ca and P contents in liver and kidneys of rats fed experimental diet for 6 weeks

Grouns” Liver Kidneys
P Ca (pg/g dry wt) P (mg/g dry wt) Ca (ng/g wet wt) P (mg/g wet wt)
Normal Ca ) )
N-CaCOs3 287.3+11.37 80+0.3 131.6+11.6% 21=+0.1
N-CaCit 281.9+10.5 7.7+04 86.6+£3.2" 2.1+0.0
N-CaMP 248.0+16.2 7.0+0.3 96.7+5.8" 2.3+0.1
High Ca
H-CaCOs3 388.7+13.4° 8.7+0.3° 92.6 4.0 21+0.1
H-CaCit 317.2+126° 8.4+0.3" 655+81" 1.9+0.1
H-CaMP 308.7 7.4 78402 90.8+5.6" 2.1+0.0
Ca level” ok Hok Hk NS
Ca source ok * ok *

USee Table 1.

:Z)Values are mean+SE of 6 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
YStatistical significance of Ca level and source were evaluated by Two-way ANOVA test ('p<0.05, “p<0.01, NS: not significant).
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Table 6. Weight, length and breaking force in femurs of rats fed experimental diet for 6 weeks

Groups" Wet weight? Wet wt/100 g B.W. Length Breaking force
(mg) (mg/100 g B.W.) (mm) (kg)
Normal Ca
N-CaCOs 979.2+17.27 262.14+5.7 36.8+0.3 15.6+05
N-CaCit 972.9+15.3 268.3+95 36.2+0.6 153405
N-CaMP 980.3+16.1 265.4+7.7 36.7£0.3 16.0+0.3
High Ca
H-CaCOs 978.1+12.0™ 2776+6.4 36.840.2 15.8+0.4
H-CaCit 956.1+17.1° 2738437 36.3+0.4 15.4+0.4
H-CaMP 10105+16.8° 2795+6.8 37.0+0.2 16.5+0.6
Ca level” NS NS NS
Ca source NS NS NS
DSee Table 1.

2)Average values of both femurs.
YValues are mean+SE of 6 rats per group.

f)Values within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
YStatistical significance of Ca level and source were evaluated by Two-way ANOVA test (NS: not significant).
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Table 7. Ash, Ca and P contents in both femurs of rats fed
experimental diet for 6 weeks (mg/g wet wt)

Groupsl) Ash Ca P
Normal Ca
N-CaCO3 374.4+55” 91.7+1.3 50.7+0.8
N-CaCit 385.9+7.7 92.7+4.7 480+25
N-CaMP 385.7+6.4 926+1.0 481+1.3
High Ca
H-CaCO3 387.1+54 982+1.6 51.2+1.2
H-CaCit 395.1+11.0 99.9+3.2 49.3+24
H-CaMP 387.6+4.2 100.2+2.8 50.1+1.0
Ca level” NS NS
Ca Source NS NS NS
YSee Table 1.

?)Values are mean*SE of 6 rats per group.
YStatistical significance of Ca level and source were evaluated
by Two-way ANOVA test ("p<0.01, NS: not significant)
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Table 8. Ca intake, fecal Ca excretion and apparent Ca absorption rate of rats fed experimental diet for 6 weeks

D Ca intake Fecal Ca excretion Apparent absorption Apparent absorption
Groups
(mg/day) (mg/day) (mg/day) rate (%)

Normal Ca ‘

N-CaCOs 94.9+2.7% 63.7+£3.1% 31.7+35 33.4+22°

N-CaCit 94.2+3.1 525+1.3" 40.3+25%" 41.2+3.0"

N-CaMP 94.3+25 50.8+4.2" 425+2.4° 445+29°
High Ca

H-CaCOs 292.2412.9 185.0+8.4° 108935 36.3£2.4"

H-CaCit 303.9+10.9 200.6+9.8" 107.1+4.4° 36.0+2.1"

H-CaMP 301.7+13.6 156.3+2.5" 134.0+£3.7* 446+19°
Ca level” ok ok w0k NS
Ca Source NS ok o Kok

YSee Table 1.

YValues are mean+SE of 6 rats per group.

YValues within the same column with different letters are significantly different at p<0.05 by Duncan’s multiple range test.
YStatistical significance of Ca level and source were evaluated by Two-way ANOVA test (“p<0.01, NS: not significant).
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