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A Study on the Calcium Bioavailability of Eggshell Powder in the Growing Rats

Chang, Soon Ok

Department of Food and Nutrition, College of Human Ecology, The University of Suwon, Whasung,
Kyunggi 445-743, Korea

ABSTRACT

This study has investigated the bicavailability of calcium in eggshell powder (ESP) for the purpose of reutilizing
eggshells as the calcium source. The experiment was designed 2 X 2 factorial method with two sources, CaCO; and ESP,
and two levels, 0.2% and 0.4% calcium. Weanling SD rats were assigned randomly to one of 4 groups and provided by
one of the isocaloric, 20% casein based 4 different experimental diets for 4weeks. Deionized water was given and
environment was kept from any contamination of minerals. The body weight, diet intake, feed efficiency ratio (FER),
bone growth, Ca contents of bones, and apparent absorption were measured. FER (0.38 — 0.40) and kidney weight
were not different among groups and the weight and length, Ca content, strength of two bones Tibia and Femur were
not affected by Ca sources except Femur Ca content. Ca content of Femur was greater in ESP groups than that of
CaCO; groups. The body weight gain, bone growth, the Ca contents and strength of bones were significantly greater in
0.4% calcium groups suggesting 0.2% calcium is not sufficient for the optimum growth in the growing rats. These
results indicate that ESP be a proper Ca source comparable or superior to CaCO;. However the apparent absorption rate
of final 3 days of feeding did not support the observed results showing lower rate in ESP than CaCOj; groups. Further
study be needed in the absorption aspect. (Korean J Nutrition 36(7): 684 ~690, 2003)
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o] 42 d¥o] g wet F1AA e AR EA

+89] ZEFd AR g A6l
ek 24 A9 FejF = CaCOs, Cay (PO, Ca lactate,
Ca citrate, Ca citrate—malate, Ca sulfate, Ca gluconate
So) 931, natural products® 3 (bonemeal), HZE-
(oyster—shell powder), W22 (eggshell powder), 3=
24 To] A% AFel EEH1 gloH ol FHES 7
&9 ol gaidolA )7t Qi ket daddd
A o183 A ztol7} glvke HuFEo] Be
B ke AgS Koz Fed) ol AT} B A
T, AEFES Add 27 Soll wE Ay 2t

AU F571 AdtH e e AFske Zed T %
3} 37 1 A o) gaso] oY f-84E sk
ZQgk 29lo] Hrh HZ T ATE AW3|Fo] bz
(Ca; (PO,),) 2} vlwsl] ©@ia F9o| caseind ¢
zpo)7b G ot diF digela= W) Yaka P
v 2E o o $r3ithe A9E B 07 19
2 3728 ZEdoge o8- HZY FAEA F¢-
dFor gtk AF 7 340 e H ¢
z2+& o]83F W2 (eggshell powder, ESP)& Zg ¥
FEo= &89 7ol oy I AA olgasdd o
3 AFRIE AY glE AAolth Schaafsma &
(1999) FZEe] ZEol8Ae oA HAE HBFER
A7e A7 4R Aol T Aolex CaCO;
B} dzhto) Hrke 749 die R s Zewol 4
o] ZHEdoR Izt /8438 AXste 53 divgd
m AoloA ZAaFdos gl L Aoz HrEkel
1 o] AFAbEo] EtHEE FAbelA 3 g9 dAHEE Mg
I Vit DS EFele] Foldt A= 4~870€E A ¥
2% Z9U% (bone mineral density)E W¥ZF oZTol
Hlgle] EFEHISS BTk &@nby)o} AlEE diie
kRl 6 g9 Y-S HEslS W StheEs 77
Qe HF FYEr) gEHPT s B3] 50
133 AslEgithe RuET Qlo] dtel 88754
o] AlAt=logict.
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3 FH Bue” Aol dist EqkE sliasisith Z
2 AA) o) goA ThFst 1Ak S Wi FFol
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1. fEss X agey

1) 58N

o]-f8t 3532 Sprague Dawley & (A5 60 g W9,
& A el 35uEE 7Y 39 Tt pellet diet (A1EA}
) o7 el HAZAZ F 3 Fol 7ol 47 0R T
#] (random) HRAIBIGILE A¥ Aol ZaFH = CaCOs,
WZHE (ESP, TRARD & o] F Zarso] 0.2% e
0.4%7F FI%% 2 X 2 factorial design®] 4F 02 3Hth
Z} Fofl A 2o)g} gol 25 19 A4 (ad libitum) 3H5=
£ 319 452 ARSEISIL o] 7IzE B)E BFAIY Aol A
FFE 2~3Y 7422 Jhgd U Akl S350k

ARZEEL pottom—wired cageol 3+ vlel¥ Be A}
S5 3 ARA 3L 23 + 2CE 4438151 AHS cage
¢} 27152 57149 290l =& MEFE 0.1% EDTAS}
g o] E Aelste] ARE3IIT

2) AIgA9|
A3o]| AleE Aoj= AIN-93E 7)oz 3 A4

Table 1. Experimental diet composition

CaCos  CaCos ESP ESP
02%Ca 04%Ca 02%Ca 0.4%Ca
Corn starch 503.8" 498.8 503.1 497.4
Casein” 222 222 222 222
Sucrose 100 100 100 100
Comn Qil ¢ 70 70 70 70
Cellulose 50 50 &0 50
DL- Methionin 2 2 2 2
Mineral Mix” 35 35 35 35
Vit Mix” 10 10 10 10
Choline chloride 2 2 2 2
CaCO3 5 10 - -
ESP® - - 574 11.48
FeSO, - 7H:0 0.175 0.175 0.175 0175
Total 1000 1000 1000 1000

1) Values are g/kg diet

2) Casein with 89 % purity

3) AIN- 93 Mineral mixture (Ca and Fe free)

4) AIN-93 Vitamin mixture

5) Calcium content of eggshell powder is 38% on the weight
base
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°)% 20% caseing baseZ ZHY FF& A% o
I 24S Table 17 2t} 982 S4508 (B4
&), sucrose (AYAD), F¥d FPO 2= casein (Mur-
ray Goulburn Co—operative Co., Australia), 5572
(257)), o] A% (sigma), BIEFIERA] (Vitamin mixt-
ure, Sigma), Z4, & A|9]8 mineral mixture (Sigma),
71b v AES AAFE ARSI o] F Za3F
Yo 2E CaCOs% P2kt (FRARD & AduARle] ub
2} ARESIGIT B AEel ARE e 243k 38%
2 A=Ak

2. Nerfl X BMYY

1) Mg 28

A8 FES oA AR 3U7RS diel BHEE 5
st AdH AolZe 48s] FPsKrt s4e He §A
g 34 ¥ 24 g7kr] ¥% (20T °Jsh rasin
g Ta2 o] a%S AAF 347 o] vixg B
2 ethyl ether 2 vlsl] WA & A% S
w2t A7]= EEE SA FAIE 21 e
HEE (Femur) ¥ 3E (Tibia)< 4% 25 28, A9
AA 2 AT F BT 2U3ith B W= His 3
Z} HAE-S 7)Ro] AASIY 1 FAG dolg &4 3 &
Aol ARg-3F3iTh

2) V40| BT L& BN
AV wiREE 303F Alo] RO T  BHMABL A

a7 of ZholA 3 Fek $AE W F WY TS
=slo] RS e FFFOT Mo} Huy| e Al

Ak

3) W 9%, Y= 3
tHEF (Tibia), ZF (Femur) ] FA% Aol Az 2}

A

2

Sy

W] == Textrometer (Texture analyser TA—-XT2,

Stable Micro System, Co. 9 & o]-&3lo] Zo]2] F4
2o gz o g 24331tk Test speeds 0.5 mm/se-
condR 1. F S peak FS F33Uch

ZE B8 35l Gz, 2440, Bl 553 wi=
95T 289 24Xt o) XA F [ T/ B
o} A& 2~3AIZKE 250CeA E3l2 & gof & A 7}
H8til 1 F 600CE LEF =9 24413t 3grA 3w

12) AEE ARtk T/l 3)3te A8 E 6N HCl §9
10 mIZ2 %91 ¥, 100 ml volumetric flask®l filter paper

v Z2u71E 8 o2 =57} 0.1% Lanthanum £
o] H5% LaCl; - THOE 2ol F71310] 4 4
100 mig 015k olF dolo] U¥E Hsjol 1=
50~100812 3l43ta thr] 10~20802 A FAsle] 1~4
pppme| A A HAZE LaCl, - 7THOZ 3Astgdr) Ca
EFFALE 1~4 ppm BWHE A8 AR FFFEA
(Atomic absorption spectrophotomery, Perkin—Elmer
5100 FC AAS, USA) 2 422.7 nmellA 33131tk

3. WNE

£ A7 BE FNRE BE (mean) 3 EF B} (st
andard deviation, SD) 2 EA|3I%th ZEFd 554
2 Fe2 YNy 29 (General Liner Models) 2 ©]
4319 two—way ANOVAE #9 & p<0.052 2t &
Q1 (factor) o] W FJ& o] Qiokn Husich 2w
#12]2] A 4L SPSS Program Win 8.0 (version 8.0)
< o] &3tk

Mixd

39 0%

1. 29 730 Aoz

AR 470 FE A o] agdl UF A=
Table 201 VFefL} itk Wd2HE (ESP) 32 A5571e) 4
ol&gelA CaCO; T3 Aol7} AL 2 +50] 0.2%°)
A 0.4%Z F7Fg et 253 Fdel #Agle] AFo)
+4 (p <0.05) 22 F7lsllth ol ZgaFe] 7t
ol mpz} Ao} MFH=ko] F7lgdel gt 2oz A& Koc-
hanowski 2.31914* 0.3%, 0.6% %< CaC0;%} CCM
(Calcium Citrate—Malate) 02 A#3 Axg} FAlHo]
CCM ZollA 53] dAgt AFF71e B L B Ao
A BzhE 23 22 Aol o] 0.025~0.3% FE2
g Tashe 2ol 23X 0.2% o139 Z4 (CaSOy)
FEolA AFol o TR got 0.2% Zao) 7 F
o A& AXsh= dl 388 Zo)2h= Ranhotra et al K.
T9H=" ARk

Poneros$} Erdman™ & A37) 72 24 9232 0.16%
7F @7 (marginal) 7F°l2} sioith. Fal3 52" 247
Y (CaCO,, Ca; (PO,),, Ca—citrate. Ca~lactate, Ca—glu-
conate) o @t Ao] HHFS Aol glov AFF7R=
o3 o)zt vk sy FAKE AgxAqA & o}
& A7AEY R E on ZoMT §93 A0S Ho|
A gt 2 479 Kochanowski®] B & 24334
o) @t 0.6% ©l3t) T FEAME Al Ao)7) Q)
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Aoz} glo] fA1E %91 0.38-0.408 BTk A
529 AR (Table 2= 270l 217 2017} o}
Wzhio] T Fo1dolt Zle ol F29) tiaje]
27474 o] Qelrk 2ok

2. 1o 4, 2R, 2 =

AT ST Mol A2 (Tibia) 3 2 Fernur)
o) %7, Zol, 248} =l e Ao Table 3344
o ehlglch 26FFA CaCOS WL 5w 2
Fol ToAsh Aol & AR Aolg wolx gtn
BHYFINE BEFANT Do Folol o He
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T5e ATINE Dolt T BEH, dEzeli T

BEAEBEE 3607  684~690, 2003 /687
AlelA Zga-dA CaCOu dhtel #AIglo] 04% Z
FrERLD FA o= (p<0.05) Ak (Table 37 4).
ol whe} thE whe-& Holr|: 3Rt ofd FEY B$
Aol 2o] FF0] 0~0.6% FE=ANN AFZ7) wel A
ol fejRoz ddEy mo] Zge] oM v
AolE Hols Rog Ay EHELXHHD wka)y g}
2 AFAME F FF79 # EFolM 100 g Z #FEA
(Table 33} )& & o 35 ZE2 A3 AF537) ©)
BoE W Al FTE vX Zuadel BAQe F
F2EY o) 0.2%04 0.4%% F713He) wat A0
Z (p<0.05) W FA7t Z7reich A3 JEF 2%
a2 Fo BAYC) 04% Ca T F9A02 (p<
0.01) F71sISich. dElZelMes dzhE FoditollA CaCO;,
ol Hlat 16~26% | F7HERNeH 1 AJole #9934

Table 2. Body and organ weight, food intake, and food efficiency ratio of rats fed different source and level of calcium

Initial body wgt (@) Final body wgt (g) Total food intake (g) FER" Kidney weight (g)
2)
CaCOs 73.0" = 2.65 250.4 + 22.08 455.5 £ 41.01 0.39 = 0.006 122 £ 011
0.2% Ca
CaCOs
729 = 2.54 258.5 + 20.77 458.8 + 28.64 040 = 0.012 1.19 = 0.06
0.4% Ca
ESP
0.2% Ca 72.8 £ 2.60 229.4 + 13.43 417.1 £ 21.05 0.38 + 0.045 1.08 = 0.10
Esp 724 £ 2.97 267.0 = 13.04 470.2 + 32.98 0.39 + 0.007 1.23 +0.09
0.4% Ca
Ca Source (A)® NS NS (0.129) NS (0.295) NS (0.323) NS (0.280)
Calevel (B) NS * (0.021) + (0.036) NS (0.169) NS (0.100)
AXB NS NS (0.189) NS (0.061) NS (0.999) * (0.017)

1) Values are mean £ 8D with n = 6—7 per group
2) CaCQs 0.2% Ca: diet contains 0.2% calcium with CaCOs
CaCQs 0.4% Ca: diet contains 0.4% calcium with CaCOs

ESP 0.2% Ca: diet contains 0.2% calcium with eggshell powder
ESP 0.4% Ca: diet contains 0.4% calcium with eggshell powder

3) Significance for factors, calcium source(A) and calcium level (B), or inferaction (A x 8) are analysed by two-way ANOVA
significant as follows, NS: not significant at p < 0.05, *: significant at p < 0.05
4) FER (Food efficiency ratio) : weight gain (@) /food intake (g) for 4 weeks

Table 3. Weight, length, calcium content and breaking force of tibic

Weight (mg) Weight (g)/100 g BW” Length (mm)  Calcium content (mg) Breaking force (kg)
CaCOs 526.7 + 28.59 0.211 + 0.0088 36.7 £0.48 39.4 = 6,97 5.31 £0.339
0.2% Ca
CaCos 611.6 = 42.78 0.237 £ 00119 37.1 £ 0.69 44.2 + 3.68 6.57 £ 0.682
0.4% Ca
ESP 524.2 + 24.89 0.229 + 0.0083 367 £ 082 370 + 585 5.65 + 0.701
0.2% Ca
ESP 593.3 + 48.29 0.231 = 0.0118 37.5£1.05 442 £ 412 6.62 = 0512
0.4% Ca
Ca Source (A)? NS (0.486) NS (0.170) NS (0.616) NS (0.552) NS (0.384)
Ca Level (B) xxx (0.000) +x (0.002) * (0.060) ++ (0,009) +xx (0.000)
AxB NS (0.598) ** (0.007) NS (0.512) NS (0.577) NS (0.517)

1) Values are mean + SD withn=6-7

2) Significance for factors, calcium source (A) and calcium level (B), or interaction (A x B) are analysed by two-way ANOVA
significant as follows, NS: not significant at p <0.05, *: significant at p <0.05, **: significant at p <0.01,

=xx! significant at p < 0,001
3) BW: body weight
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Table 4. Weight, length, calcium content and breaking force of Femur

Weight (mg) Weight (g)/100 g BW” Length (mg@) Calcium content (mg) Breaking force (mg)
CaCos 668.1 + 25.56 0.268 + 0.0238 324 2053 450 = 6.09 8.65 + 1.39
0.2% Ca
Cacos 787.0 + 58.35 0.305 + 0.0110 32.1 = 0.69 608 = 4.84 12.35 £ 0.92
0.4% Ca
EsP 678.8 £ 1690 0.207 + 0.0193 320 000 520+ 527 9.08 + 1.37
0.2% Ca
ESP 769.0 + 46.41 0.299 + 0.0101 32,5 = 0.55 77.1 £ 156.40 11.4 £0.78
0.4% Ca
Ca Source (A) NS (0.822) NS (0.104) NS (0.864) *x (0.004) NS (0.588)
Calevel (B) +x+ (0.000) +x (0,009} NS (0.609) +xx (0.000) =% (0.000)
A XB NS (0.381) * (0.020) NS (0.070) NS (0.205) NS (0.156)

1) Values are mean = SD withn=6-7

2) Significance for factors, calcium source (A) and calcium level (B), or interaction (A x B) are analysed by two-way ANOVA
significant as foflows, NS: not significant at p <0.05, *: significant at p <0.05, **: significant at p <0.01, =++: significant at p <0.001

3) BW: body weight

(p<0.05%) 2130t} Zg ABA| o] 8/l Ast T A7E
A o] FA9 ZolE oF ATSlA Wl FAG &
dE ol NYEe AW 52 A B UHEE X
o7 AAslar Utk Kochanowskix= ©] F oA 0.3%
9} 0.6% Zedael mE FA Aol AfAlo] 47dM =
2o 7F QojMut 1250l & 2pol7) glol R ARt sl
W 0.6% Fudolx oxs] FAeR FrkED Z
Faadel & Aot itk B uFch Ax) o] o
ToME Foshs g 3 Fo7IkE ol o] 439
A7 YL "X AoE YeRt B Al =8 0.29
04% Ca 52 A4 FFo= Hridck 1o Ay 77k
o] Aol WE APFEL A LSl e e A
74 Ajo]ctk

Wl FeEA Ave 2w %Y vRRE ZErE
of W& Aol KA o YEt oo wE Aole
AN, 7% 52 Wl Ao T dEd 9
BHAIAE 7T Bt & A7 3l 2 AAlo]
|4 AT e BESEE B&sht 5 oA o]
el A8 A9 gtk ZEEd, CaCO;,, Ca; (PO,
Ca—citrate. Ca—lactate, Ca—gluconate t3l o] &4 A7
A¥R= Ca—lactate7} 71 F2 AAlo) €4S, Ca—gluco
nate7} 22 o84S BJo ¥ OE BuE® Ca-
gluconate7} AMEE7Hg0] Ad 5941 Ca—lactates 3
5o gk 2o Ay ZEIHRE Ald wol oA
A2 uxtelE AdtE A3E Buska Qlok oleg xo]
v AdEEY 438, 39 Zed 55 Ag 7L Y
g 5 oe] eQlo] IAY Heg R wEd AE A
A ol 8g ATE % APS BFE A¥Ro| JoFgs
AAREE, B AT gzl AR CaCOo= o8 F
4 F 1% 759 o]3A4E et

Table 5. Calcium intake, excretion, and apparent absorption

Caintake/day Caexcretion/  Apparent
(mg) day (mg) absorption (%)
COCO: 35740  168+0383 953+ 275
0.2% Ca T e o
CaCOs
0.4% Ca 789 £ 6.6 15.07 +0.835 80.8 = 3.20
ESP
0.2% Ca 32.8 £ 4. 3.51 0675 884x834
ESP
0.4% Ca 790 £ 6.3 29073 £2.139 632+ 798
CaSource (A) NS (0.51622)  **= (0.000) #+x (0.000)
Calevel (B) +++ (0.000) *xx (0.000) +++ (0.000)
AXxB NS (0.478) **x (0.000) *+ (0.050)

1) Values are mean + SD with n = 6—7

2) Significance for factors, calcium source (A) and calcium
level (B), or interaction (A x B) are analysed by two-way
ANOVA significant as follows, NS: noft significant at p <0.05,
=+ significant at p <0.01, #*+: significant af p <0.001

3. g9 HE) 208

AY FEA 3Y7Y Ho] ZEAFATH W F 2w ol
AgfelA AFedt 217) §5 (apparent absorption) el t
§ A5 Table 50l AABIY 24548 59 F
2Rlof| wzh ¥ F ujAdFe] Aol7t 9lo] HEI] FES
G2, 1ETo] Ao Wokor ol £ 291719
4% Agog JddE 04% CaFol ARs] 2 o]gA
(63.2%) & B3It} o] Ak A F woA HeiE Fd
7He Zpol7h §lehe AT I o]y siXjellA] Wzhio]
CaCO,Et} o] gA4do] Fohth= Aol 2jo]7} Qltt. 2
H7] F5&& TES 3K X3 in vive AolME
Zg o848 Fgsh= F93% uhoth 28y B 43
3} o] A71H A2l Fololx 33Uz ZE A
o] 7HA& o= wl A2 FA|, ZE SRR u|okst
o Bk = wE g7l gEgEolv S
2} 3ol XA FESME w7l A (catch—up
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1% ek ) AFERENA 2 BV FTES
g 202 05% FFOE FoBilE o AP FE2
F3 Fdzgo] ut 47~95.6% FFo2 QA BEH
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