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Abstract

The purpose of this research was to study the bioavailability of Calcium (Ca) from texture
vegetable protein (TVP) fortified with 0.4% CaCO, or 0.3% CaCl, in rats. Calcium was determined in
terms of : retention, absorption, intake, serum, bone etc. Three experimental diets and a control diet
(casein) were prepared by the AOAC method from TVP, TVP+CaCO,, TVP + CaCl, and casein. The
animal experimentation were screened every 4, 8 and 12 weeks for the changes observed in their growth
and the circulating levels of calcium (Ca), phosphorus (s) and alkaline phosphates activity. The results
showed that calcium contents in TVP, TVP + CaCO,, TVP + CaCl,, were 334, 409 and 471 mg/100 g
respectively. At 8 weeks Ca retention and Ca absorption in casein and TVP + CaCO, groups were
41.93+5.70, 42.22+6.47 and 43.60+5.40, 44.37+5.97 mg/d which were higher than TVP and TVP+CaCl,
groups which were 23.12+6.15, 28.4348.05 and 25.914£5.94, 30.89+7.95 mg/d respectively and
significance different. But when 12 weeks the Ca bioavailability of the experimental diet and control
group showed no statistical significant difference (p<0.05). The findings indicate that TVP fortified with

CaCO, showed higher Ca bioavailability than TVP and TVP + CacCl, in short term period 8 weeks.

Key words : calcium bioavailability,
calcium absorption,

calcium retention, texture vegetable protein, kaset protein
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Table 1 Composition of experimental diets (%)

Ingredient Casein TVP TVP + TVP +
(2 (Positive control) | (Negative control) CaCo, (g) CaCl, (g)

Sample - 200 200 200
Casein 200 - - -
L-cystine 3.0 3.0 3.0 3.0
Corn starch 529.5 529.5 529.5 529.5
Sucrose 100 100 100 100
Cellulose 50 50 50 50
Soy bean oil 70 70 70 70
Mineral**mixture AIN-93 G 35 35 35 35
Vitamin**mixture AIN-93 VX 10 10 10 10
Choline chloride 2.5 2.5 2.5 2.5
Total 1000 1000 1000 1000

¥
*  TVP — Texture vegetable protein ERRIGINIEY

** Vitamin mixture A3 AIN — 93 VX 1518021909 A9 198 n50/A1an5y Niacin 3, Calcium

Pantothenate 1.6, Pyridoxine HCI 0.7, Thiamine HCI 0.6, Riboflavin 0.6 Folic acid 0.2, Biotin 0.02,
Vitamin E Acetate (500 IU/g) 15, Vitamin B12 (0.1%) 2.5, Vitamin A Palmitate (500000 IU/g) 0.8,
Vitamin D3 (400000 IU/g) 0.25, Vitamin K1 Dextrose Mix (10 mg/g) 7.50, Sucrose 967.23 37U
1000 NFU

Mineral Mix AIN-93 G 1510021909 Ao w116 NS/ Tan5u Calcium Carbonate 357, Potassium
Phosphate. monobasic 196, Potassium citrate. H,O 70.78, Sodium Chloride 74, Potassium Sulfate
46.6, Magnesium oxide 24, Ferric Citrate, U.S.P., 6.06, Zine Carbonate 1.65, Manganous Carbonate
0.63, Cupric Carbonate 0.3, Potassium lodate 0.01, Sodium Selenate 0.01025, Ammonium
Paramolybdate. 4H,0 0.00795, Sodium Metasilicate. 9H,0 1.45, Chromium Potassium Sulfate.
12H,0 0.275, Lithium Chloride 0.0174, Boric acid 0.0815, Sodium Fluoride 0.0635, Nickel
Carbonate 0.0318, Ammonium Vanadate 0.0066, Sucrose finely powdered 221.026 3 mﬁzqgu
1000 NIU
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Table 2 Chemical composition of texture vegetable protein and casein (g/100 g)

Sample Protein Moisture Fat Ash  Fiber  Carbohy energy Calcium
drate (kilocalorie) ~ (mg/100 g)
Casein 81.35 10.43 1.00  3.95 1.64 1.63 340.92 109
TVP 53.83 2.74 458 696 2.04 29.85 375.94 334
TVP + CaCO, 53.66 3.12 447 7.09 1.88 29.78 373.99 409
TVP + CaCl, 54.00 2.79 453 7.16  2.02 29.50 374.77 471
Table 3  Chemical composition of experimental diet (g/100 g)
Diet Protein Moisture Fat Ash  Fiber  Carbohy energy Calcium
drate (kilocalorie) ~ (mg/100 g)
Casein diet 17.71 7.88 7.81 2.55 2095 61.10 385.53 487
TVP diet 11.74 6.66 8.81 3.72  3.13 65.94 390.01 532
TVP + CaCO, diet  11.55 7.31 893 382 3.8 65.21 387.41 547
TVP +CaCl,diet 11.44 7.81 8.41 380 2.83 65.71 384.29 549
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Table 4 Body weight (g)
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Start 4 week 8 week 12 week
Sample Body N=21 N=12 N=6
weight

Casein diet 80.90" £ 4.32 297.17° £ 15.64 433.48"+25.73 519.79°+ 32.24
TVP diet 80.95" +2.65 234.69" + 19.92 360.02" + 26.65 437.20" + 28.46
TVP + CaCO, diet 80.96" £3.79 242.69" £ 17.13 361.92" £ 19.34 437.59"£49.10
TVP + CaCl, diet 80.80" £ 4.45 255.11°+ 17.70 374.32" £28.44 462.16 +£37.41
a, b, c. ... different superscripts in the same column means significantly different (p<0.05)
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Table 4 uarauiviinryAaANINAad12d1A1 WuNqU TVP + CaClimhmingludanin 4

] [ 1 ] [} < 4 [ P g Y 2’; 1 ]
HAZUANAINIINNGN TVP B0 2 nguuaed1a lsnauidonsudlaii suaz 12 dminuesTVP 19 3nqu il

ANUUANANAUNNEDA




Table 5 Average Body weight gain/week (g)
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* Sample Average

week Body weight
0 1 2 3 4 5 6 7 8 9 10 11 12 .
gain

(g) /week
casein diet 81.04 54.78 58.61 52.09 50.95 41.83 37.62 26.69 2501 18.88 1941 1623 17.79 34.99't16.14
TVP diet 81.12 35.45 38.26 40.2 39.82 2812 31.02 30.13 2882 2098 2257 1852 17.89 29.31°+8.05
TVP + CaCO, diet 81.09 39.24 44.73 41.04 3691 27.11 3092 292 2512 2327 2452 17.23 3.59 28.57'+11.35
TVP + CaCl, diet 80.97 41.82 46.65 45.96 39.75  31.07 3144 2827 2623 215 21.5 1829 1373 30.51°£10.99

a, b, c. ... different superscripts in the same column means significantly different (p <0.05)
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Table 6 Food intake (g)

Sample 4 week 8 week 12 week
casein diet 480.19% +22.22 1021.39" + 47.78 1745.63" + 118.08
TVP diet 435.57" +40.76 1009.53" + 62.59 1578.98" + 70.33
TVP + CaCO, diet 455.24" £45.14 1017.96" + 18.47 1636.35" + 131.30
TVP + CaCl, diet 498.90° + 33.25 1029.47" + 81.25 1679.53" + 168.22
a, b, c. ... different superscripts in the same column means significantly different (p < 0.05)
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Table 7 Food intake (g/d)

Sample 4 week 8 week 12 week
casein diet 17.15" £0.79 18.24" + 0.85 21.44" +2.38
TVP diet 15.55" £ 1.45 18.02" £ 1.11 18.80" + 0.83
TVP + CaCo, diet 16.26" + 1.61 18.17" £ 0.33 19.48" + 1.56
TVP + CaCl, diet 17.81°+1.18 18.38"+1.45 19.99" +2.00

a, b, c. ... different superscripts in the same column means significantly different (p <0.05)

Table 7 waaufsuaemsnny Tasmasluudas IuveannnguNIINAaInL YN

ATU S mumsiuigannnguane wazlianuuanaedesiivddy taznungy TVP+CaCl, NU

' J 4 o I
@’lﬂ’lit:'f\ulaleﬁﬂﬁ']\ﬁ]'lﬂﬂquaucluﬁﬂ@'lwﬂ 4102 12

Table 8 Ca intake (mg/d)

Sample 4 week 8 week 12 week
casein diet 83.44" £3.85 88.72" £ 4.16 101.10" + 6.84
TVP diet 82.71°+7.71 95.91" +5.94 100.02° + 4.44
TVP + CaCO, diet 88.89" + 8.81 99.37" + 1.80 106.49" + 8.55
TVP + CaCl, diet 97.77"+ 6.52 100.89" £ 7.95 109.73" +10.99
a, b, c.... different superscripts in the same column means significantly different (p < 0.05)
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Table 9  Ca absorption (mg/d)

Sample 4 week 8 week 12 week
casein diet 53.44" + 3.85 43.60" + 5.04 21.20"+10.49
TVP diet 35.43" + 8.04 2591+ 5.94 20.02" £9.74
TVP + CaCo, diet 38.89" + 8.81 4437"+5.97 31.49"+10.30
TVP + CaCl, diet 41.11"+£4.20 30.89" +7.95 25.58"+10.99

a, b, c. ... different superscripts in the same column means significantly different (p < 0.05)

Ca absorption = Caintake — Fecal Ca
. ] [ ] [ J
Table 9 1aAI1INIDVDY Ca absorption HLKIAZAGUMINAABINUN U 4 dilad USua
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Table 10 Ca Retention (mg/d)

Sample 4 week 8 week 12 week
casein diet 48.88° +4.07 41.93°+5.70 18.28" + 11.09
TVP diet 31.31°+7.39 23.12'+6.15 17.66" £ 9.86
TVP + CaCO, diet 31.41°+8.32 42.22" +6.47 27.72"' £10.48
TVP + CaCl, diet 35.72"' £ 4.14 28.43" +£8.05 26.29" £ 11.06
a,b,c. ... different superscripts in the same column means significantly different (p < 0.05)

Ca Retention = Ca intake — (Fecal Ca + Urinary Ca)

Table 9 uaaall5uia Ca Nideogn1elus1anie (Ca Retention) Wunw TusuiRedny
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Table 11 True absorption coefficient (TAC)

Sample 4 week 8 week 12 week
casein diet 0.64" £ 0.01 0.49" = 0.05 0.20" +0.09
TVP diet 0.43" £ 0.05 0.26" £ 0.04 0.20°+0.10
TVP + CaCo, diet 0.43"+0.06 0.44" = 0.05 0.29"+0.07
TVP + CaCl, diet 0.42" +0.03 0.30" £ 0.05 0.26"+0.07

a, b, c. ... different superscripts in the same column means significantly different (p < 0.05)

True absorption coefficient (TAC) = Ca intake — Fecal Ca

Ca intake
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Table 12 Femur Bone weight (dry weight) (g)

Sample 4 week 8 week 12 week
casein diet 1.74°£0.05 2.59"+0.29 2.97°+0.11
TVP diet 1.47" £ 0.06 2.15°£0.21 2.83'+0.31
TVP + CaCO, diet 1.52"+0.07 2.17°+0.13 2.72"+0.26
TVP + CaCl, diet 1.57"+0.09 2.19"£0.15 2.68"+0.24

a, b, c. ... different superscripts in the same column means significantly different (p <0.05)
Table 13 Ca in Femur (g)

Sample 4 week 8 week 12 week
casein diet 0.25"+£0.01 0.43" £ 0.05 0.48" +0.02
TVP diet 0.24"+0.01 0.38" +0.03 0.49° +0.05
TVP + CaCo, diet 0.24" £ 0.01 0.38"+0.02 0.47" +0.04
TVP + CaCl, diet 0.24"+0.01 0.37" +0.02 0.43" £ 0.04

a, b, c. ... different superscripts in the same column means significantly different (p <0.05)
Table 14 Ca in bone (mg/g bone weight)

Sample 4 week 8 week 12 week
casein diet 143.37" £3.04 165.63" £3.48 162.90" +2.38
TVP diet 163.52°£3.07 180.61° = 4.27 175.92° +2.28
TVP + CaCO, diet 162.02° £ 4.09 175.83" £3.05 173.41° £4.09
TVP + CaCl, diet 155.36" +3.08 172.60° £3.15 166.03a % 10.60

a, b, c.... different superscripts in the same column means significantly different (p < 0.05)
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Table 15 Ca in Feces (mg/d)

Sample 4 week 8 week 12 week
casein diet 30.00" + 0.05 45.00" £ 5.47 80.00" +10.95
TVP diet 46.66" £ 5.00 70.00° + 5.42 80.00" £ 10.05
TVP + CaCO, diet 50.00° +0.57 55.00° + 5.40 75.00° + 5.47
TVP + CaCl, diet 56.66 £ 5.26 70.00° +3.72 80.00" + 4.29

a, b, c. ... different superscripts in the same column means significantly different (p < 0.05)
Table 16 Ca in Urine (mg/d)

Sample 4 week 8 week 12 week
casein diet 410"+ 1.14 1.80" £ 0.43 2.82"+0.75
TVP diet 476"+ 1.98 2.79° £0.56 2.36"+0.20
TVP + CaCO, diet 747"+ 1.12 2.15° 051 3.77°+0.84
TVP + CaCl, diet 538°+1.28 2.45° £1.00 3.43% £ 0.20

a, b, c. ... different superscripts in the same column means significantly different (p <0.05)
Table 17 Ca in Serum (mg/dl)

Sample 4 week 8 week 12 week
casein diet 9.33"+0.84 10.11° £ 0.41 9.55"+£0.15
TVP diet 9.58"+£0.38 10.33"+£0.16 9.55"+0.30
TVP + CaCo, diet 9.61"£0.39 10.20" £ 0.22 9.16"+0.50
TVP + CaCl, diet 10.85"+3.32 10.18"£0.17 9.28"+0.37

a, b, c.... different superscripts in the same column means significantly different (p < 0.05)
Table 18 Phosphorus in Serum (mg/dl)

Sample 4 week 8 week 12 week
casein diet 8.07"+1.37 7.08"£0.63 5.46"+0.75
TVP diet 7.41° +0.57 6.71" +0.48 551"+ 0.46
TVP + CaCO, diet 7.15°+£0.72 6.66" +0.59 5.15"+0.70
TVP + CaCl, diet 8.01"+1.94 6.31"£0.66 5.23"+0.32

a, b, c.... different superscripts in the same column means significantly different (p < 0.05)



Table 19 Alkaline phosphatase in Blood (U/1)
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Sample

4 week

8 week

12 week

casein diet

TVP diet

TVP + CaCO, diet

TVP + CaCl, diet

241.00" + 23.65
374.77° + 57.99
378.66° + 54.03
332.66" + 57.13

183.16" +29.86
300.50° + 26.26
253.83" +50.96
277.83" +£44.26

116.66" + 40.72
179.50™ £ 31.41
215.00° £ 64.64
147.33" £25.00

a, b, c. ... different superscripts in the same column means significantly different (p < 0.05)
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