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Abstract

This study was carried out to investigate the effect of egg shell calcium salt types and egg shell membrane
on calcium metabolism in rats. Sprague-Dawley male rats, 4 weeks of age, were fed on free—calcium diets
for 2 weeks after adjustment period. Rats weighing approximately 247+2.3 g were divided into 6 groups and
were fed on the experimental diets containing 0.2% calcium for 4 weeks. Experimental groups were as follows;
{ES(M+)} (egg shell powder diet with egg shell membrane), {ES(M-)} (egg shell powder diet without egg
shell membrane), {AC(M+)} (egg shell calcium acetate diet with egg shell membrane), {AC(M-)} (egg shell
calcium acetate diet without egg shell membrane), {GC(M+)} (egg shell calcium glucuronate diet with egg
shell membrane) and {GC(M-)} (egg shell calcium glucuronate diet without egg shell membrane). Bone length
of femur was significantly different by the types (p<0.05) of egg shell calcium salts. Bone mineral density
of femur showed the highest level in AC(M-) group. Calcium content of femur and calcium absorption rate
were higher in egg shell calcium salt groups than in egg shell powder groups. Calcium absorption rate and
retention were significantly different (p<0.05) among the types of egg shell calcium salts and were higher in
the AC(M-) group than in the other groups. Alkaline phosphatase activity, parathyroid hormone and osteocalcin
levels of serum showed no significant difference among the experimental groups. From the above results, it
is concluded that bioavailability of calcium is higher in groups of egg shell calcium salts compared to those in
egg shell powder, even though egg shell membrane has no effect on calcium metabolism. Thus, these findings
suggest the possibility of using egg shell calcium salts as a functional food material related to calcium metabolism.
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Table 1. Composition of the experimental diets (g/kg)
Groupl)
ES AC GC
. M+ M- M+ M- M-+ M-
Casein” 200 200 200 200 200 200
Corn oil 50 50 50 50 50 50

Vitamin mixture’ 10 10 10 10 10 10
Mineral mixture” 40 40 40 40 40 40

a-Cellulose 50 50 50 50 50 50
Comn starch 639.00 639.65 645 645 645 645
DL-Methionine 3 3 3 3 3 3
Choline chloride 2 2 2 2 2 2
ES - M+ 59 - - - - -
M- - 53 - - - -
AC M-+ - - 217 - - -
M- - - - 182.0° - -
GC M+ - - - - 3BT -
M- - - - - - 311.0°

VES(M+): 0.29% egg shell powder diet with egg shell membrane,
ES(M-): 0.2% egg shell powder diet without egg shell mem-
brane, AC(M+): 0.2% egg shell calcium acetate diet with egg
shell membrane, AC(M-): 0.2% egg shell calcium acetate diet
without egg shell membrane, GC(M+): 0.2% egg shell calcium
glucuronate diet with egg shell membrane, GC(M-): 0.2% egg
shell calcium glucuronate diet without egg shell membrane.

PCasein (vitamin free): ICN. Vitamin mixture: AIN-76A.

“Mineral mixture (Ca free): ICN. "mL/kg.
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M: wet weight {(mg)
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D: density of bone (mg/cm®)

Ma: wet weight in air (mg)

Mw: weight in water (mg)

Dw: water density at 25°C

g 2] Zol califers AHg-3te] SA 3T

thE|Ze| Ca &2

& ZL 0+5°Coll A A F AX2FAE FA 5
550~600°Cell 4] 5~6A17t #3HAA 3Eqpas 5483
o} 3]3}9 332 HCF HNO:S ol-4-3le] #33t 3 25
A1 7](Hitachi U-20000% AH§-3te] Zgrdadd SA st

oy gl Qof Ho| MEIEIN FA
ol 29 ¥ 2 El parathyroid hormone(®] 3} PTH)+=

Rat intact PTH ELISA kit(mmunotopics, Inc., San
Clemente, CA 92673, USA)E A}-8-3le] A3kl om,
Osteocalcine Rat osteocalcin EIA kit(Biomedical Tech-
nologies Inc., Stoughton, MA 02072, USA)E AM8-3t] &
A&kl el W 84 biomarkerd] alkaline phosphatase(®] 3}
ALP)®] A€ Kind®} King(19)2] v} 814 Ed £ Daichi
o]- 28 kit(JEA ) E AHEatgl o] et g9
2k 2847 (Hitachi U-2000)%5 ©]-8-3Fef 24
tgteke g 23 22 W o2 Ao

3
[o3

iy ok
oy ¥ oy 2
e oo o

(E

1o

N

off
o
A
o,
_?{_'4
¥
£

om
=
Az

>
)
. HE
X
e

SPSS PC™ packageZ ¢|-&3}o] Z A& 72
A2 EA3}e) 2 one-way ANOVAE Al-8-3}
2.1 Duncan’s multiple range testoll 2]l 7+

9] A8 p<0.055 o;m A st 12
Fol w2t g £ k6 Eo] ojsr w
A& AsA) %"ﬂ —4""'& 23 3k (interaction)+
22| 4] two-way ANOVAZ $-2143S 24 st e)

N & o8
ﬂ‘{AjE‘riJm
s |
N
mﬁg

<O

S ot

=3
©
N

\1119_'.

-

A

o
-
2L

p<



856 %73 - o]A& - Ma Jie - Zhou Yusi+ ZAA - A 8A - $94

Table 2. Body weight, body weight gain, and food efficiency
ratio in the experimental groups

Groupl)
M+ M-
ES 244821047V  2474+55%
Initial BW (g) AC  2479+53 2479148
GC  2475+%69 2475+88
ES 363.9i7.3:4> 356.6 +7.08°
. AC  3544%5.1 3348+11.2°
Final BW (g) ¢ 353437 348854

SF” A

Weight ain ES 28.0+5.75% 27.3+3.37
; ‘jwefk) AC 9295+5.60° 21.7+3.05
g GC 202+3.19° 231+6.21
ES 165.9+12.0° 187.3+135™
Food intake AC  1999+171° 196.7+153
(g/week) GC  1932x162° 183.8+20.6
SF A
ES 0.16+0.04° 0.15+0.03°
— AC 0.15+0.03" 0.11 +0.02>*
GC 0.10£0.01° 0.13£0.06*
SF A, A*B

1>Refer to Table 1.
Mean+ SE. ¥NS: not significant.
YValues within column with same superscript are not sig-
mﬁcantly different by Duncan’s multiple range test at p<0.05.
IStatistical significance of experimental factors was calculated
based on 2-way ANOVA. A: Effect of kind of calcium salts
was significant at p<0.05, B: Effect of egg shell membrane
was significant at p<0.05, A*B: Interaction of kind of calcium
salts and egg shell membrane was significant at p<0.05.
®FER: food efficiency ratio.
*Effect of egg shell membrane of same calcium salt was sig—
nificant at p<0.05 by t-test.
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Table 3. Weight of femur in experimental groups

Groupl)
M+ M-
ES 0.97+0.05°*  0.9820.06™?
. AC 099+003*  0.98+0.07
Wet weight (@) ¢ 082+002°  091+0.06
SF” A
ES 0.28+0.01%  0.28+0.02"
Wet weight AC 0.28+0.01 0.30+0.03
(g/100 g BW) GC 0.26£0.02 0.26+0.03
SF A
ES 060+0.02°  0.56+0.00°
oht @ AC 059+001°  056+003°
Dry weight (g) (¢ 052+002° 051002
SF A
ioht ES 017+0.00%  016+0.01™
I()r/yloge‘gBW) AC © 0174003  017+003
griv e GC 0.16£0.01 0.15+0.01

ISRefer to Table 2.
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Table 4. Bone mineral density and bone length of femur in
experimental groups

Table 5. Ash and calcium content of femur in experimental
groups

Groupl) GroupW
M+ M- M+ M-
ES 1788+1337% 18774164 ES  3283+0.017%% 2052+0,01™"
Bone volume AC  2052+155° 1965+142 Ash (me) AC  3156%001 300.40.01
(em® GC  255.8%11.0° 234.7+39.4 shimg GC  3292+00 294.0+0.01
S A SF” B
ES 3.73+0.04% 3.76+0.03™ ES 90.8+0.001*  82.6+0.003"
Bone length AC 3.73+0.02° 3.78+0.05 Ash AC  833+0.002° 87.4+0.003
(cm) GC 362+0.03 3.6840.03 (mg/100 g BW) GC  1027+0.01° 84.0+0.002
SF A SF B, A*B
BMD? ES 433022 457017 ES 96.1+527° 96.3+4.85"°
(mg/cm®) AC 4.28+0.20 474+0.38 Ca (mg) AC  1105+2.82 99.0+351
GC 391+0.14 3.94+0.23 GC  101.2+3.87 99.1+2.67
U5Refer to Table 2. c ES 265+170° 279+168%
9BMD: bone mineral density. (a 100 g BW) AC 30.0£0.86%° 29.7+1.23
me/v g GC  320+125° 283+0.91°
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Table 6. Calcium intake, apparent Ca absorption rate and
Ca retention in experimental groups

Groupl)
M+ M-
ES  474x0847%¥ 5354376
Ca intake (mg/day) AC 57.1+3.57 56.2+3.52
GC 55.2+6.46 525+1.17
. ES 129+160™ 11.4+071
Fe(crfll /%3; e)xcret“’“ AC  109+130 83+1.14
g/cay GC  90+073 9.8+1.60
Ui c ES 410+091™ 3.82+0.74"
;“a?’ a AC  202%163 409+1.04
fmi:;’d;‘;r; GC  3.03%0.49 0.9410.04"
SF” A, A*B
A . ES  729+325" 78.0+ 247
abpS‘(’)ari?on raate@ AC 805%274 85.3+1.81
%) ™D GC 83.3%2.16 80.7+4.15
SF A
ES  304%226% 38.3+£461™
Ca retention” AC  427+351 451+2.82
(mg/day) GC  432+623 41.8+468
SF A

U-9Refer to Table 2.

9Ca absorption rate (%)={(Ca intake—fecal Ca excretion) /Ca
intake)} X 100

“Ca retention (mg/day)=Ca intake—fecal Ca excretion—urinary
Ca excretion.

*Effect of egg shell membrane of same calcium salt was sig-
nificant at p<0.05 by t-test.
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Table 7. ALP activity, PTH, osteocalcin and Ca levels of
serum in experimental groups

Groupl)
M+ M-
ES 154549537 1513+878"
ALP? (Units/L) AC  1482+811 150.6+6.37

GC  1719+%8.42 175.2+8.86
ES 20855+2232% 2059.1+186.3"

PTH® (pg/ml) AC 22151+2316  22238+211.3
GC  1951.0£2394  1988.2+2206

Osteocalci ES 78.3+0.36™ 77.8+1.09™
S(e"f mil)n AC  79.4+063 784050
ng GC  756+098 779+0.79

c centration  ES 10.1+0.89™ 9.91 066~
a(r;"r} ) AC  971%087 9.28+0.48
= GC  109+028 1044055

U IRefer to Table 2.
YALP: alkaline phosphatase. SpTH: parathyroid hormone.
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o] WA Ee A A 2 YA % 1 OMDHZ?)
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£ noiukd 249 s} A %—:’: —’FZE:—% 2y},
Osteocalcin® ZEFA| 4 AR 21 F o 30%71 52
ENEHER F 34 AEE €432 $ 9lE AFE A
EEZ AHE@8)H 3 glor B AFodMes 7 7o AolE
HolA| ket
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