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

Soon Ok Chang
Dept. of Food and Nutrition, The University of Suwon, Gyeonggi 445-743, Korea

Abstract

This study has investigated the bioavailability of calcium in eggshell powder (ESP) fortified ramen. Wean—
ling SD rats were maintained for 2 weeks on 0.05% low calcium diet then assigned randomly to one of 5 groups.
Animals were provided for 4 weeks one of 3 different experimental diets containing 0.15% calcium as CaCOs,
NFDM, or ESP fortified ramen. Two control groups were fed either 0.05% calcium or general ramen containing
0.08% calcium. The body weight, diet intake, food efficiency ratio (FER), bone growth, calcium contents of
bones, and apparent absorption were measured. Experimental results show that regardless of calcium sources
0.15% calcium groups increased body weight, weight and length, calcium content, and the strength of two
bones (tibia and femur) significantly compared to 0.05% calcium group. The apparent absorption rate of calcium
also showed similar results supporting the bioavailability of ESP fortified ramen is not inferior to either NFDM
or CaCOs. The results indicate that ESP fortified ramen is a proper mediate for calcium fortification in Korea.
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Table 1. Experimental diet composition
CaCO0z CaCOsz NFDM ESP ramen? General ramen”
Ca 0.05% Ca 0.15% Ca 0.15% Ca 0.15% Ca 0.08%
Corn starch 596.6" 594 524.6 (520)° (520)
Casein” 133 133 9275 (40.25) 666 (66.4) 66.6 (66.4)
Sucrose 50 50 50 50 50
Comn oil 120 120 1185 (113.6) (113.6)
Cellulose 50 50 50 32,6 (20) 32.6 (20
DL—Methionivn 2 2 2 2 2
Mineral mix® 35 35 35 35 35
Vit mix” 10 10 10 10 10
Choline chloride 2 2 2 2 2
CaCOs 1.25 3.75 - 1.65 (Ca 0.084)¥ 1.65 (Ca 0.012)
FeSos - TH0 0.175 0.175 0.175 0.175 0.175
NFDM” - - 115 - -
Raymen - - - 800 800
Total 1000 1000 1000 1000 1000

YValues are g/kg diet.

?)ESP ramen: eggshell powder fortified ramen (Ottogi Jin Ramen).
PGeneral ramen: Ramen (Samyang) that is not fortified with any calcium source.
“Casein with 89% purity, 115 g NFDM contains 40.25 g protein, and 800 g Ramen contains 66.4 g protein.

5 h
“'Values in (
general ramen.

) are the amount of ingredient provided by calcium sources used in this experiment as NFDM, ESP ramen or

®AIN-93 mineral mixture (Ca and Fe free). "AIN-93 vitamin mixture.
#8200 g ramen (Ottogi Co.)/kg diet contains 0.084% calcium while the same amount of general ramen (Samyang Co.) does 0.012%

calcium.
YNFDM: Non fat dry milk (Seoul Milk).
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Table 2. Body weight, food intake and food efficiency ratio of rats fed different source and level of calcium

Groups" Initial body wgt (g) Final body wgt (g) Total food intake (g) FER
CaCOs 0.05% Ca 165.9+3.6” 259.1+16.6 417.9+326 0.2240.03
CaCOs 0.15% Ca 173.9+4.1 281.186™ 456.8+16.0 0.23%0.02
NFDM 0.15% Ca 175.3%59 3149+ 116° 505.3+105 0.28+0.02
ESP-R 0.15% Ca 177.2+ 43 302.5+6.3% 492.4+23.6 0.260.02
Gen-R 0.08% Ca 172.1+2.1 282,745.3® 465.2+38.1 0.24+0.01
Signif” (P value) NS (0.45) *x (0.01) NS (0.20) NS (0.25)

'”Refer to Table 1.
PValues are mean®SE with n=5~6.

alues within a column with different superscripts are significantly different at @ =0.05 by Duncan’s multiple range test.
“Significance by one-way ANOVA. NS: not significant at p<0.05. **: significant by p<0.05.
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Table 3. Organ weight of rats fed experimental diets
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Groups Liver wgt (g) Kidney wgt (g) Liver wgt/100 g BW  Kidney wgt/100 g BW
CaC0; 0.05% Ca 11.15+0.77" 1.04*0.05 4311025 0.41+0.01
CaCOs 0.15% Ca 11.88+0.65 1.20+0.03" 4.21+0.32 0.43+0.01
NFDM 0.15% Ca 12.63+0.73 1.20+0.04° 4011046 0.33+0.00
ESP-R 0.15% Ca 11.97+0.35 1.2340.03° 396+0.18 0.41+0.01
Gen-R 0.08% Ca 10.94+0.43 1.14+0.04% 3.87+0.34 0.41%0.01
Signif® (P value) NS (0.299) * (0.019) NS (0.178) NS (0.057)

YValues are mean*SE with n=5~6.

?)Values within a column with different superscripts are significantly different at @ =0.05 by Duncan’s multiple range test.
3)Significance by one-way ANOVA. NS: not significant at p<0.05. *! significant at p<0.05.

Table 4. Weight, length and breaking force of tibia

Group Wet weight (mg) Weight/100 BW Length (mm) Length/100 BW  Breaking force (kg)
CaC0s 0.05% Ca 538.4220.47"% 209.88.68 380%055 149+093" 6.65£0.38°
CaC0s 0.15% Ca 601.0+£11.72 214.3+4.95 39.7+0.42° 142+0.38%® 7.98+0.45"
NFDM 0.15% Ca 650.7+7.11° 207.7+651 39.8+0.17° 12.7£0.42° 8.24+0.13°
ESP-R 0.15% Ca 6455192215 2135%6.15 388+031% 12.9+0.30% 8.140.45"
Gen-R 0.08% Ca 606.5*10.26™ 214.9+502 38.8+0.17" 13.8+0.24% 7531022
Signif® (P value) wxx(0.000) NS (0.906) *% (0.007) «x (0.022) = (0.030)

YValues are mean*SE with n=5~6.

'Q’Values within a column with different superscripts are significantly different at @ =0.05 by Duncan’s multiple range test.
31Significance by one-way ANOVA. NS: not significant, *, **, #xx significant at p<0.05, p<0.01, p<0.001, respectively.

Table 5. Weight, length and breaking force of femur of rats

Group Wet weight (mg) Weight/100 BW Length (mm) Length/100 BW  Breaking force (kg)
CaCO; 0.05% Ca 686.8+10.98"? 269.4%17.50 33.2+0.37° 13.0£0.87° 11.99£0.42
CaCO; 0.15% Ca 772.8+2566" 27491483 345+043" 12.3£0.34™ 12.19£0.35
NFDM 0.15% Ca 860.8+8.87° 274.8+8.12 34.7+0.21° 11.1+0.34% 13.14£0.44
ESP-R 0.15% Ca 8035+19.18" 265.7+3.90 34.5+0.22° 11.4£0.28° 12.39+0.60
Gen-R 0.08% Ca 816.3+9.09" 289.1+4.27 34.4%0.40° 12.4£0.19™ 11.70£0.68
Signif® (P value) =xx (0.000) NS (0.363) * (0.041) ++ (0,033) NS

"Walues are mean+SE with n=5~6.

2V alues within a column with different superscripts are significantly different at « =0.05 by Duncan’s multiple range test.
#Significance by one-way ANOVA. NS: not significant. *, #**, ik significant at p<0.05, p<0.01, p<0.001, respectively.
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Table 6. Dry weight, ash, and calcium content of tibia
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G Dry weight Ash weight Calcium content Calcium/Ash
Toup (mg) (mg/100 BW) (mg) (% of dry wgt)  (mg) (% of dry wgt) (%)
CaCO0s 0.05% Ca  3656+1262"% 1425+595  200.4+£7.33° 548+058 552+1.85° 151+5021"  276+056™
CaCO0s 0.15% Ca  406.7+9.09" 1451+421 24371168 558+057 64.7+161° 159+020™  285+0.34™
NFDM 0.15% Ca 417.8+7.77 13331411 231.8£503"  555+0.18 630+1.12° 151+025®  27.2+051°
ESP-R 0.15% Ca 411.2+931° 136.1+2.71  227.8%=471" 554035  60. 3+2*b 147+0239° 265+0.77°
GenR 0.08% Ca 382.3+£4.94° 1354283  2145£339" 5611043 63.7+182° 16.6£0.30° 29.7+0.64°
Signif® (P value)  #** (0.002) NS (0.204)  * {0.003) NS (0.363)  * (0.015) #xx (0.000) * (0.006)

YValues are mean*SE with n=5~6,

Pyalues within a column with different superscripts are significantly different at « =0.05 by Duncan’s multiple range test.
3)Signiﬁcance by one-way ANOVA. NS: not significant. *, *%, #=*x! significant at p<0.05, p<0.01, p<0.001, respectively.

Table 7. Dry weight, ash, and calcium content of femur

G Dry weight Ash weight Calcium content Calcium/Ash
roup (mg) (mg/100 BW) (mg) % of dry wgt (mg) % of dry wgt (%)
CaCOs 0.05% Ca  457.0£9.39"™2 1791+1092 2642+649° 548+058  936+129° 205+062° 356+1.37
CaCOs 0.15% Ca  501.3+1640° 17851471  2925+1051° 558+057  1045+558° 2081062 357%11.06°
NFDM 0.15% Ca  527.3+8.78 16821482  3075+624° 555+0.18 111873.02° 2124034  36.41+0.37°
ESP-R 0.15% Ca  503.7+10.22> 1666+154 301.7+641°> 554%035 1263+328°  251%0.70° 419+1.0%
Gen-R 0.08% Ca  4943%481°  1752+365 28781435 56.1£043 1108+224°  224+039°  385+060°
Signif® (P value) * (0.004) NS (0.375) * (0.004) 5 (0.363)  x*x (0.000)  #=x (0.000)  ** (0.000)

YValues are mean=SE with n=5~6,

Dy alues within a column with different superscripts are significantly different at @ =0.05 by Duncan’s multiple range test.
3)Significance by one-way ANOVA. NS: not significant. **, xxx. significant at p<0.01, p<0.001, respectively.
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Table 8. Intake, excretion and apparent absorption of calcium of rats

Group Ca intake/3 days (mg) Ca excretion/3 days (mg) Apparent absorption (%)
CaCOs 0.05% Ca 71.8+g96"% 29.6+3.1% 63.2+0.03°
CaCOs 0.15% Ca 200.1 +45.8" 322475 80.4+0. 0’h
NFDM 0.15% Ca 296.1+19.1° 580£76" 80.0+0.02°
ESP-R 0.15% Ca 286.1£9.2° 586+8.1" 79.2£0.03
Gen-R 0.08% Ca 141.4+13.0™ 38.7+4.0° 72.3+0.01%°
Signif® (P value) w5 (0.000) #x (0.002) * (0.017)

Values are mean = SE with n=5~6.

Values within a column with different superscripts are significantly different at @ =0.05 by Duncan’s multiple range test.
Slgmﬁcance by one-way ANOVA. NS: not significant. *, #x, **x! significant at p<0.05, p<0.01, p<0.001, respectively.
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