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ABSTRACT

This study was performed to investigate the effect of various types of calcium sources on
calcium and bone metabolism. Sprague-Dawley male rats weighing approximately 89.3g were
divided into 4 groups and fed experimental diets containing 0.5% calcium for 5 weeks. Four
different calcium salts were used for the study : calcium phosphate, calcium lactate, calcium
gluconate, and calcium carbonate. Food intake showed no significant difference in accordance
with the type of calcium salt, but body weight gain and food efficiency were lower in calcium
gluconate and calcium carbonate groups. There was significant differences in liver, thymus and
epididymal fat pad weight with the type of calcium salt ; the calcium gluconate group showed
lower values compared to the other groups. Femur and scapular length were higher in calcium
lactate and calcium carbonate groups. Wet weight, dry weight, and density of the femur tended
to be lower in the calcium gluconate group than the other groups, but this difference was not
statistically significant. The calcium content of the femur and scapula tended to be significantly
lower in the calcium gluconate group than the other groups. The calcium gluconate group
showed higher urinary calcium and lower calcium absorption and balance. In conclusion, calcium
and bone metabolism were different according to the type of calcium sources consumed. (Korean
J Nutrition 29(5) : 480~488, 1996)
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Table 1. Composition of experimental diets
(g/Kg diet)

Calcium Calcium Calcium  Calcium

Ingredient phosphate lactate gluconate carbonate
Corn starch 700 695 660 700
Casein 150 150 150 150
Corn oail 100 100 100 100
Salt mixture 35" 40? 75¥ 35%
Vitamin mixture®” 10 10 10 10
Choline 2 2 2 2
DL-Methionine 3 3 3 3

1) Salt mixture(gkg mixture) : Calcium phosphate, di-
basic 500.0, Sodium chloride 74.0, Potassium citrate,
monohydrate 220.0, Potassium sulfate 52.0, Mag-
nesium oxide 24.0, Manganous carbonate 3.5, Ferric
citrate 6.0, Zinc carbonate 1.6, Cupric carbonate 0.3,
Potassium iodate 0.01, Sodium selenite 0.01, Chro-
mium potassium sulfate 0.55, Sucrose, finely powd-
ered to make 1000.0

Salt mixture(g/kg mixture) : Calcium lactate 700.0, So-
dium chloride 74.0, Potassium phosphate, dibasic
220.0, Potassium sulfate 52.0, Magnesium oxide 24.0,
Manganous carbonate 3.5, Ferric citrate 6.0, Zinc car-
bonate 1.6, Cupric carbonate 0.3, Potassium iodate 0.
01, Sodium selenite 0.01, Chromium potassium sul-
fate 0.55

Salt mixture(g/kg mixture) : Calcium gluconate 720.0,
Sodium chloride 35.0, Potassium phosphate 102.0,
Potassium sulfate 25.0, Magnesium oxide 11.0, Man-
ganous carbonate 1.63, Ferric citrate 2.8, Zinc car-
bonate 0.75, Cupric carbonate 0.14, Potassium iod-
ate 0.005, Sodium selenite 0.005, Chromium potas-
sium sulfate 0.26, Sucrose, finely powdered to make
1000.0

Salt mixture(g/kg mixture) : Calcium carbonate 367.
882, Sodium chloride 72.0, Potassium phosphate, di-
basic 220.0, Potassium sulfate 52.0, Magnesium ox-
ide 24.0, Manganous carbonate 3.5, Ferric citrate 6.0,
Zinc carbonate 1.6, Cupric carbonate 0.3, Potassium
iodate 0.01, Sodium selenite 0.01, Chromium po-
tassium sulfate 0.55, Sucrose, finely powdered to
make 1000.0

AIN vitamin mixture®(per Kg mixture) : Thiamin.HCI
600mg, Riboflabin 600mg, Pyridoxin.HCI 700mg, Ni-
cotinic acid 3g, D-Calcium pantothenate 1.6g, Folic
acid 200mg, D-Biotin 20mg, Cyanocobalamin Tmg,
Retinyl palmitate or acetate as stabilized powder to
provide 400000 IU vitamin A activity or 120,000 re-
tinol equivalents, dl-a-Tocopheryl acetate as sta-
bilized powder to provide 50001U vitamin E activity,
Cholecalciferol 2.5mg, Menaquinone 5.0mg, Sucrose,
finely powdered to make 1000.0g
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@, M : wet weight(mg)
V : volume of bone(cm?®)
D : density of bone(mg/cm?)
M., : wet weight in air(mg)
My : weight in water(mg)
Dw : water density at 25T
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Table 2. Food intake, weight change and food efficie-
i

ncy

Exp: Food intake Weight gain Food

group (8/5weeks) (g/5weeks) efficiency
Ca-P?  429.0+163™Y 198.1£10.31* 0.46+0.01°
Ca-L 4419+17.5 207.8+11.12° 0.47+0.01°
Ca-G  421.7+156 168.8+ 6.20° 0.40+0.01°
Ca-C  443.0+15.1 1919+ 8.15* 0.43%0.01"
= NS(0.73) **0.02) **0.00)
1) Mean+S.E

2) Ca-P : 0.5% calcium phosphate diet, Ca-L : 0.5% cal-
cium lactate diet, Ca-G :0.5% calcium gluconate
" diet, Ca-C : 0.5% calcium carbonate diet group
3) NS : Not significant at p < 0.05 by Duncan's mul-
tiple range test
4) Values within a column with different superscripts are
significantly different at p <C0.05 by Duncan's mui-
tiple range test.
5) Significant Factor
* @ Effect of calcium source was significant by F-test at
a=0.10
** . Effect of calcium source was significant by F-test at
a=0.05
NS : Effect of calcium source was not significant by F-
test at =0.10
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Table 3. Organ weights"(g)
Exp.group Organ Liver Kidney Spleen Thymus Epididymal fat pad
g
Ca-P 12.13+0.71** 1.97+0.11™ 0.75+0.08" 0.62+0.06* 3.60+0.25°
Ca-L 13.65+1.19° 1.9840.12 0.98+0.17 0.52+0.03" 3.47+0.36
Ca-G 11.96+0.69 ® 1.7440.05 0.79+0.09 0.46+0.01" 2.63+0.24°
Ca-C 10.3440.65 " 1.97+0.07 0.88+0.10 0.53+0.04* 4.15+0.27°
SF¥ (0.06) NS(0.16) NS(0.53) *(0.03) *£(0.00)
g/100 BW
Ca-P 4.30+0.19" 0.69+0.01" 0.2840.04"° 0.22+0.02° 1.28+0.08™
Ca-L 4.61+0.33° 0.67+0.02 0.32+0.05 0.18+0.01° 1.16+0.08™
Ca-G 4.59+0.20° 0.67+0.02 0.31+0.04 0.18+0.01° 1.01+0.08°
Ca-C 3.6240.19° 0.69+0.01 0.314+0.04 0.19+0.01* 1.46+0.10°
SE® *0.01) NS(0.65) NS(0.90) *0.10) **(0.00)
1) Mean=+S.E

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range test.
3) NS : Not significant at p < 0.05 by Duncan's multiple range test

4) Significant Factor

* : Effect of calcium source was significant by F-test at ¢=0.10
** : Effect of calcium source was significant by F-test at ¢=0.05
NS : Effect of calcium source was not significant by F-test at ¢=0.10
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Table 4. Weight and density of femur
Length Wet wt Dry wi(mg) Volume Density

Exp.group (mm) (mg) (mg/100g BW) (mg) (mg/100g BW) (cm?) (mg/cm’)

"~ Ca-P 32.98+0.44 686.5+23.4% 244.0+5.87" 400.1+14.8° 14204257 1105+13.6" 6.46+0.64™
Ca-L 33.56+0.27° 710.1+24.7  242.0+594 4253+149° 14494403 11534155 6.10£0.36
Ca-G  3262+0.19° 654.0+19.1 251.7+2.78 3819+14.0° 146.8+332 10771120 6.07:£0.43
Ca-C  33.64-+0.24° 696.2+141 24424337 4077+ 9.87° 14294212 1327+ 9.3 5.28+0.32

SFY **0.04) NS(0.24) NS(0.43) NS(0.15) NS(0.69) NS(0.40) NS(0.27)

1) Mean=S.E.

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range
test.

3) NS : Not significant at p < 0.05 by Duncan's multiple range test
4) Significant Factor

* . Effect of calcium source was significant by F-test at a=0.10

** : Effect of calcium source was significant by F-test at ¢=0.05

NS : Effect of calcium source was not significant by F-test at a=0.10

Table 5. Ash and Ca content of femur

Ash Ca Ca/Ash Ash/wt Ca/wt

Exp.group (mg) (mg) ratio(%) ratio(%) ratio(%)
Ca-P 224294721 61.78+5.28" 27.62+2.25° 32.74+0.61" 8.97+0.62*
Ca-L 234.60+8.08 58.18+3.90" 24.76+1.39™ 33.09+0.63 8.21+£0.51%°
Ca-G 217.45+9.75 46.67£3.71° 21.45+1.25° 33.15+1.00 7.1440.52°
Ca-C 229.324+6.43 49.71+3.20° 21.79+1.41° 32.92+0.56 7.14+0.44°

SF¥ NS(0.47) *(0.03) **(0.03) *(0.98) **(0,05)

1) Mean=S.E.

2) NS : Not significant at p < 0.05 by Duncan's multiple range test

3) Values within a column with different superscripts are significantly different at p </ 0.05 by Duncan's multiple range
test

4) Significant Factor

* : Effect of calcium source was significant by F-test at a=0.10

** : Effect of calcium source was significant by F-test at =0.05

NS : Effect of calcium source was not significant by F-test at =0.10
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Table 6. Weight and density of scapula
Length Wet wt Dry wt Volume Density
Exp.group (mm) (mg) (mg/100g BW) (mg) (mg/100g BW) (cm®) (mg/cm’)
Ca-P 23.95+0.26™ 150.045.52* 53.23+£1.07° 97.88+4.05" 34.68+0.64" 50.87+6.32"% 3.17+£0.34"
Ca-L 24304+0.27* 159.2+6.24" 54.07+1.00° 105.29+3.90° 35.79+0.60° 59.67+7.81 2.88+0.28
Ca-G 22.87+0.32° 13514414 5198+0.72" 89.86+3.33° 3452+0.62® 49.50-+5.84 2.89+0.27
Ca-C 23.89+0.28° 144.2+3.81™ 50.58-+1.08" 95.65+2.89™ 33.48+0.61" 43.97+4.89 3.42+0.26

SF? **0.00) *#0.01) *0.07) **0.02) *0.08) NS(0.36) NS(0.47)
1) Mean+S.E.
2) Values within a column with different superscripts are significantly different at p < O 05 by Duncan's multiple range
test

3) NS : Not significant at p < 0.05 by Duncan's multiple range test
4) Significant Factor
* . Effect of calcium source was significant by F-test at ¢=0.10
** : Effect of calcium source was significant by F-test at ¢=0.05
NS : Effect of calcium source was not significant by F-test at a=0.10

Table 7. Ash and Ca content of scapula

Ash Ca Ca/Ash Ash/wt Cajwt

Exp.group (mg) (mg) ratio(%) ratio(%) ratio(%)
Ca-P 56.23+2.39° 16.034+0.90" 29.04+2.47™ 37.47+0.65" 10.87£0.91"
Ca-L 61.15+£2.52° 16.81+0.70° 27.71+£1.24 38.40+0.23 10.64+£0.49
Ca-G 52.54+2.12° 14.624+0.70 27.83+0.72 38.80+0.63 10.80+0.33
Ca-C 55.10+1.70® 14.38+0.62° 26.081+0.73 38.21+0.65 9.98+0.37
SFY **0.05) *0.06) NS(0.50) NS(0.45) NS(0.61)

1) Mean=+S.E.
2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range
test

3) NS : Not significant at p < 0.05 by Duncan's multiple range test
4) Significant Factor

* . Effect of calcium source was significant by F-test at ¢=0.10

** . Effect of calcium source was significant by F-test at =0.05

NS : Effect of calcium source was not significant by F-test at ¢=0.10
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Table 8. Ca intake, Ca excretion and Ca balance”

Ca intake Fecal Ca excretion Urinary Ca excretion  Apparent Ca Ca balance
Exp.group (mg/day) (mg/day) (mg/day) absorption(%) (mg/day)
3 day
Ca-P 47.06+2.50™" 3.054+0.56® 0.50+0.22™ 93.40+1.35™ 43.51+2.68"™
Ca-l 49.92+2.96® 2.2240.31° 0.59+0.18 95.56+0.42 47.07+3.85
Ca-G 4153+1.14° 3.31+£1.04* 1.01+0.35 92.0242.40 37.16+1.26
Ca-C 54.324+3.95 5.40+1.07° 1.61+0.55 89.65+2.45 47.31+4.09
SFY *+(0.03) *(0.09) NS(0.14) NS(0.25) NS(0.14)
29 day
Ca-P 82.82+4.86"™ 8.63+2.04™ 0.26+0.07° 89.84+2.03" 73.93+3.93%
Ca-L 83.95+5.40 10.53+2.84 0.214+0.04° 87.67+3.00 73.53+6.22
Ca-G 73.181+4.69 9.53+4.13 1.2940.54° 87.29+5.54 63.76+6.45
Ca-C 85.94+3.88 10.96+3.22 0.87+0.23" 87.36+3.50 74.11+4.48
SEY NS(0.26) NS(0.94) *(0.06) NS(0.94) NS(0.46)
1) Mean+S.E.

2) Values within a column with different superscripts are significantly different at p < 0.05 by Duncan's multiple range

test

3) NS : Not significant at p < 0.05 by Duncan's multiple range test

4) Significant Factor

* : Effect of calcium source was significant by F-test at =0.10
** : Effect of calcium source was significant by F-test at =0.05
NS : Effect of calcium source was not significant by F-test at a=0.10
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Table 9. Serum calcium concentration and alkaline ph-
osphatase activity, and urinary hydroxyproline

cxcretion”
Organ Alkaline Urinary
Serum Ca  phosphatase .
(mg/d) activity hydroxyproline
Exp.group (KA unit) (ug/day)
CaP 7.89+0.21*? 41.70+5.62™" 30.07+6.78"
Ca-L 7.55+0.08° 43.12+6.62 26.90+5.03
Ca-G 7.84+0.15% 41.59+4.19 40.82+8.41
Ca-C 7.2940.10° 28.43+2.93 34.68+3.73
SFY *#0.01) NS(0.12) NS(0.4409)
1) Mean+S.E.

2) Values within a column with different superscripts are
significantly different at p < 0.05 by Duncan's mul-
tiple range test

3) NS : Not significant at p < 0.05 by Duncan's mul-
tiple range test

4) Significant Factor

* : Fffect of calcium source was significant by F-test at
a=0.10

** : Effect of calcium source was significant by F-test at

a=0.05

NS : Effect of calcium source was not significant by F-

test at ¢=0.10
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Table 10. Serum concentrations of protein, albumin, GOT,GPT activity” (@
Organ Protein Albumin GOT . GPT

Exp.group

Ca-P 5.64+0.28™ 2.91+0.15" 92,60+ 6.81™ 17.51+1.64"

Ca-L 5.85+0.13 2.86+0.11 77.92+14.42 13.25+3.17

Ca-G 5.73+0.15 2.93+0.09 80.80+13.70 17.30+7.38

Ca-C 6.02+0.23 3.21+0.18 56.17+ 6.41 6.38+1.64

SF? NS(0.58) NS(0.27) NS(0.22) NS(0.25)
1) Mean=+S.E.

2) NS : Not significant at p < 0.05 by Duncan's multiple range test

3) Significant Factor

* 1 Effect of calcium source was significant by F-test at =0.10
** : Effect of calcium source was significant by F-test at @=0.05
NS : Effect of calcium source was not significant by F-test at ¢=0.10
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