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( Abstract)

This study is to find out how the 4 types of calcium salt such as calcium carbonate,
calcium phosphate, calcium lactate and calcium citrate in soy protein diet, the vegetable
protein source, affect the calcium utilization in the body.To do so, calcium, phosphate
and creatinine concentration and ALP activity in blood as well as the content of
calcium and ash, the length, weight, strength, and the calcium utilization in the bone
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were measured. Four groups of Sprague-Dawley male rats with the weight of around
180g were fed for 3 weeks with the expetimental diet. Each group was fed with the
isolated soy protein containing 14% of the diet and the above mentioned 4 types of
calcium salt as the calcium source. The results are as follows;

1. There were no differences of the feed intake, weight gain, and feed efficiency
among groups.

2. ALP activity in blood was sinificantly high in calcium lactate group(P<0.05),but
there were no differences of concentration of calcium, phosphates, and creatinine in
blood among groups.

3. The weight,calcium content,calcium ratio in ash and the strength of bone were low
when calcium lactate was provided(P<0.05).

4. The content of calcium in the liver was high in calcium lactate group and calcium
citrate group(P<0.05).

5. The exceretion of feces was low in calcium lactate group(P<0.05) and the excretion
of urine was also relatively low. In addition, the ratio of absorption and the
retention of calcium were high(P<0.05).

In summary, out of four types of calcium salt such as calcium carbontate, calcium
phosphate, calcium lactate and calcium citrate when calcium lactate was provided the
ALP activity in blood was high and the weight, calcium content, calcium ratio in ash
and the strength of bone were low. In calcium utilization, the ratio of absorption and
retention of calcium were high, however it has lower effect than 3 other calcium types

in improving weight, the content of calcium and the strength of bone.
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Table 1. Composition of experimental diet (g/kg)

Groups Calcium carbonate Cacium lactate Calcium phosphate Calcium citrate
Ingredients (CCO) (CL) cp) (68
Starch 697.23 682.5 707.8 689.0
Insolated soy protein 140 140 140 140
Soybean oil 40 40 40 40
Fiber 50 50 50 50
Vit. Mix" 10 10 10 10
Min. Mix? (Ca & P free) 35 35 35 35
L-cystine 1.8 1.8 1.8 1.8
Choline bitartrate 25 25 25 25
KH,PO, 10.98 10.98 - 10.98
CaC0; 12.49 - : - -
Cas(PO4) - - 129 -
Calcium citrate - - - 20.72
Calcium lactate - 108.88 - -

1) Vitamin. mixture : (IUfg mix) Vitamin A palmitate, 2500 ; Cholecalciferol, 200 ; (mg/g mix.) Thiamin HNO;, 1 ;
Riboflavin, 1.5 ; Nicin, 10 ; Pyridoxin HCL, 1 ; Folic acid, 0.5 ; Vitamin K3 1 ; Vitamin By, 0.001 ; Ascobic acid,
33.7 ; Calcium pantothenate, 5 ; Di-1-tocopherol, 1 ; Biotin, 0.4

2) Calcium and phosphate-free : (g/kg mix) NaCl, 250.6 ; MgSO; - TH;0, 99.8 ; Fe-citrate, 6.23 ; CuSOs - SH:O, 1.56 ;
MnSO; - TH:0, 121 ; ZnCl, 02 ; KI, 0.005 ; (NHe)eMo - T024H;0, 0.025 ; and Sucrose, 640.37
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Table 2. Weight gain and feed efficiency ratio in rats fed experimental diet

Initi wt. Final body wt.
Groupl) tial gdy nal © ¥ Weight gain (g/d) Feed intake (g/d) Feed efficiency ratio
CCO  181.47+2.64 270.23+5.25 4.67+0.32 16.99+0.51 0.27+0.02
CcL 183.24+1.57 260.74+7.07 4.08+0.44 15324124 0.27£0.01
CP 184.89+1.57 275.37+2.43 4.7620.16 17.29+0.43 0.28+0.01
CCl1 179.46+1.94™ 256.63+8.36™ 4.13+0.37% 16.49+0.57"° 0.25+0.01™

1) CCO : 0.5% calcium carbonate diet, CCI : 0.5% calcium citrate diet, CP : 0.5% calcium phosphate diet, CL : 0.5%
calcium lactate diet group

Values are meantSE

N.S : Not significant

Table 3. Concentration of calcium, phosphorus and creatinine and ALP (alkaline phosphotase) activity in serum

Group Ca(mg/dl) P(mg/dl) Creatinine(mg/dl) ALP(K-A)
Ccco 9.72+0.17 6.32+0.13 47.92+4.68° 0.90+0.09
CcL 9.14+024 6.67+0.16 69.45+6.78" 0.89+0.05
CP 9.2110.19 6.94+0.12 47.7113.66° 0.86+0.08
CCl1 8.91+0.66™ 6.48+0.39™ 33.28+3.82° 0.76+0.04™°

Values are mean+SE
N.S : Not significant
Values within same column with different superscipts are significantly different at P<0.05
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Table 4. Wet weight, length, breaking force, ash and calcium content of femur

Wet wt Breaking Ca%
Gro water(%)  Length(cm) Ash(mg/g) Ca(mg/g)

" @ gth force(kg/g) ele 88 (Cafashx100)
CCO 080:001° 30204236 3513004 10284034  449614734° 129464201  28.84+0.66"
CL  070:003° 34584235 3614010  549:029° 584352394 104.38+2.61°  18.08+0.88°
CP  083:002° 3260+1.80  3.58:003 1053035 5234142402 122.18:232°  2390+1.48"
CCI 080:0.02° 3068:124™ 3511002 1051:088° 447434618  127.54:162°  28.57+0.73"

Values are meantSE
N.S : Not significant

Values within same column with different superscipts are significantly different at P<0.05
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Table 5. Weight, ash and calcium contents in liver and kidney

Group Liver Kidney
wi(g) ash(mg/g) calcium(ug/g) wt.(g) ash (mg/g) calcium(ig/g)
CCO 888020 307.73+5.94 42.24+6.68" 2.0520.07 269.58£13.93  135.91115.50
CL 8484036  316.764844™  43.6413.46" 206:009™  249.09+11.01™  125.5118.55"
Cp 8.46+0.22 287214976 18.50+2.15° 2.0210.05 280.29+8.84 116.3747.13
CCI 8301024 308.32:12.60  34.30:4.04° 2.1020.07 249.23+11.31 133.2749.89

Values are meant+SE
N.S : Not significant

Values within same column with different superscipts are significantly different at P<0.05
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Table 6. Ca intake, Ca excretion, Ca absorption and Ca retention

Cainake oAl G Unnary Ga o Apparent Ca - Apparent Ca (| ion Ca retention
group (g/day) excretion excretion absorption absorption (mg/day) %
(mg/day) (mmg/day) (mg/day) (%)
CCO  4248+1.73  2301+433"  0.19+006°  19.46+296°  4659+8.09° 19274296 46.14+8.00°
CL 4197187  4.60+059"°  005£001° 3737153  89.15t1.16° 37.35¢1.52° 89.03:1.17"
CP 43154116  21.89+379"  0.11:002°  2126+3.11°  4976+795° 21.16:3.12° 49.5117.96°
CCI  4338£153™ 17.1441.53°  0.38:0.11°  2623+1.74°  6057+3.80° 2585:+1.67° 59.69+3.70"

Values are mean+SE
N.S : Not significant

Values within same column with different superscipts are significantly different at P<0.05
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