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Abstract
Phromkunthong, W., Yangthong, M., Supamattaya, K. and Nakachart, D.
Effects of phytase enzyme and inorganic phosphate on the utilization of

phosphorus in sex reversed tilapia (Oreochromis niloticus Linn.)
Songklanakarin J. Sci. Technol., 2004, 26(2) : 181-195

The effects of feed-supplemented phytase were studied in 3.39-6.49 g sex-reversed tilapia. A total of
eight formulated feeds were given to the fish, among which formulae 1-5 were phytase-supplemented at
0, 500, 1,000, 2,000 and 4,000 FTU / kg diet while in formulae 6-8, 0.46% inorganic phosphate from one of
three sources, namely mono-calcium phosphate, di-calcium phosphate and tri-calcium phosphate, was sup-
plemented. A 60-d period feeding trial was carried out in 200-1 glass tanks. The best growth performance
and feed utilization were recorded in tilapia given the feed with 4,000 FTU supplemented phytase / kg diet.
It was further noted that the supplementation of 1,000 FTU / kg diet was sufficient to achieve satisfactory
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phosphorus digestibility, blood parameters and bone phosphorus contents. The phosphorus content in the
feces could be reduced by replacing the inorganic phosphate from three sources with 2,000 or 4,000 FTU
supplemented phytase / kg diet. The supplementation of phosphate from three sources made no significant
differences in growth, feed efficiency or fecal phosphorus.

Key word : phytase, inorganic phosphate, phosphorus, nile tilapia,
Oreochromis niloticus Linn.
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Table 1. Proximate analysis of feed ingredients (% on dry matter basis)1

Feed ingredients Protein Fat

Ash

Fiber NFE  Phosphorus Calcium

Soybean meal

48.37+0.36  7.30+0.20 7.85+0.03 4.84+0.06 30.21+0.70 0.69+0.02 34.00+1.51

Broken rice 8.15+0.08 1.39+0.13 0.79+0.00 0.40+0.02 86.77+0.12 0.14+0.00 =¥
Rice bran 13.50+0.12 21.95+0.57 8.61+0.01 8.30+0.26 45.14+1.05 1.63+0.05 =¥
Monocalcium phosphate - - - - 20.07£0.52 21.72+1.45
Dicalcium phosphate - - - - 17.67£0.41 62.56+0.45

Tricalcium phosphate - -

16.47+0.25 66.94+0.84

'Mean + standard deviation of three replications ;

NFE : Nitrogen-free extract ;

* not detectable

Table 2. Composition of experimental diets (%)

Diet fomulae

Ingredients

1 2 3 4 5 6 7 8
Soybean meal 54 54 54 54 54 54 54 54
Broken rice 21 21 21 21 21 21 21 21
Rice bran 19 19 19 19 19 19 19 19
Corn oil 1 1 1 1 1 1 1 1
Vitamin and mineral mixtures* 3 3 3 3 3 3 3 3
Enzyme phytase 0 0.01 0.02 0.04 0.08 0 0 0
Monocalcium phosphate 0 0 0 0 0 0.46 0 0
Dicalcium phosphate 0 0 0 0 0 0 0.46 0
Tricalcium phosphate 0 0 0 0 0 0 0 0.46
Chromic oxide 1 1 1 1 1 1 1 1
Rice hull 050 049 0.48 0.46 042 0.04 0.04 0.04

* Vitamin and mineral mixture supplemented (g/kg feed): Thiamine (B,) 10 mg; Riboflavin (B,) 20 mg; Pyridoxine
(By) 10 mg; Cyanocobalamin (B,,) 2 mg; Retinol(A) 4 mg; Cholecalciferol (D,) 0.4 mg; 2-methyl-3-phytyl-1,4
naphthoquinone (K)) 80 mg; Folic acid 5 mg; Calcium pantothenate 40 mg; Inositol 400 mg; Niacin 150 mg; DL-
alpha-tocopherol (E) 60 mg; Choline chloride 6,000 mg; Ascorbic acid (C) 500 mg; Anticaking (SiO,) 200 mg;
Antioxidant(BHT) 2 mg; NaCl 0.25 g; MgCO, 3.75 g; FeSO, 0.72 g; (CH,C0O0), Ca.5H,0 0.88 g; ZnSO,.7H,0
0.088 g; MnSO,.4H,0 0.040 g; CuSO,.5H,0 0.008 g; CoCl,.6H,0 0.00025 g; KIO,.6H,0 0.00075 g
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Table 3. Proximate analysis of 8 experimental diets (on % dry mater basis)l

Treatment lfhytasez Protein Fat Ash Fiber NFE  Phosphorus
(unit/kg diet)
1 0 30.28+0.23 11.18+0.22 6.66+0.01 5.54+0.12 42.59+0.17 0.77+0.03
2 500 30.22+0.27 11.39+0.08 6.68+0.01 5.78+0.15 41.97+0.26 0.75+0.01
3 1,000 30.35+0.30 11.12+0.08 6.71+0.02 6.29+0.07 42.02+0.39 0.79+0.02
4 2,000 30.80+0.13 10.46+0.32 6.85+0.00 5.66+0.18 42.56+0.30 0.79+0.02
5 4,000 30.64+0.17 11.38+0.33 6.83+0.01 5.28+0.52 42.63+0.72 0.80+0.01
6 Monocalcium phosphate 30.46+0.35 10.84+0.20 6.95+0.13 5.55+0.22 42.84+0.26 0.92+0.03
7 Dicalcium phosphate  30.61+0.12 11.30+0.06 6.92+0.08 5.70+0.26 42.50+0.37 0.89+0.01
8 Tricalcium phosphate  30.67+0.25 11.26+0.75 7.02+0.04 5.36+0.19 42.73+0.62 0.87+0.04

'Mean + standard deviation of three replications ;

NFE : Nitrogen-free extract
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Table 4. Average body weight of sex-reversed tilapia fed 8 experimental diets for 8-week period

week
Treatment Phytase (unit/kg diet)
0 2 4 6 8
1 0 3.49+0.06*° 4.16£0.26* 5.65+0.37* 6.73x0.11*  7.76x0.06*
2 500 3.39+0.100  4.01+0.1*  5.34+0.35* 6.71x0.32*  8.11x0.35*
3 1,000 3.47+0.01* 4.02+0.09* 5.32+0.15* 6.60£0.12*  8.09+0.23*
4 2,000 3.47+0.03* 4.12+0.06* 5.48+0.06*° 6.90+0.12®®  8.51+0.28"
5 4,000 3.42+0.12¢ 4.34+0.18  5.95+0.49° 7.63x0.60* 9.76+0.82
6 Monocalcium phosphate 3.45+0.07* 4.24+0.18* 5.97+0.48* 7.76x0.73* 10.20+1.09°
7 Dicalcium phosphate 3.48+0.060 4.20+0.21* 5.79+0.47* 7.22+0.64c 8.80%1.21*
8 Tricalcium phosphate 3.47+0.05* 4.32+0.11*  6.07£0.22*  7.98+0.52° 10.35+0.67¢

"Mean + standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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Table 5. Weight gain, specific growth rate, rate of feed intake and survival rate of sex-reversed tilapia
fed 8 experimental diets for a 8-week period!

Specific growth rate Rate of feed intake Survival rate

Treatment  Phytase (unit/kg diet) = Weight gain (%) (% ftish/day) (% Ifish/day) (%)
1 0 122.18+4.07* 1.43+0.03* 3.38+0.10° 100®
2 500 139.28+9.86* 1.56+0.07* 3.56+0.10° 98.33+2.89¢
3 1,000 133.07+7.82% 1.51+0.06* 3.31+0.07¢ 98.33+2.89¢
4 2,000 145.08+8.52¢ 1.60+0.06* 3.38+0.11¢ 100¢
5 4,000 185.77+29.50 1.87+0.19" 3.50+0.28¢ 100¢
6 Monocalcium phosphate 195.55+28.17¢ 1.93+0.18¢ 3.53+0.11* 96.67+2.89*
7 Dicalcium phosphate 153.18+33.24® 1.65+0.23% 3.24+0.44¢ 100¢
8 Tricalcium phosphate 198.61+15.30¢ 1.95+0.09° 3.64+0.45¢ 98.33+2.89¢

!Mean + standard deviation of three replications

Means within each column not sharing a common superscript are significantly different (p<0.05)

Table 6. FCR, PER, ANPU of sex-reversed tilapia fed 8 experimental diets for 8-week period!

Phytase

Treatment FCR PER ANPU(%)
(unit/kg diet)
1 0 2.50+0.12¢ 1.32+0.06* 23.36x1.36°
2 500 2.48+0.13¢ 1.33+0.07¢ 23.31+0.45°
3 1,000 2.37+0.08"™ 1.39+0.05¢ 23.32+0.38°
4 2,000 2.26+0.17® 1.44+0.11® 25.21+1.04%®
5 4,000 2.04+0.08° 1.60+0.07¢ 27.63x1.40°
6 Monocalcium phosphate 2.08+0.122 1.58+0.09 26.21+2.66™
7 Dicalcium phosphate 2.24+0.11™ 1.46+0.07%¢ 24.69+3.24%*
8 Tricalcium phosphate 2.07+0.11° 1.58+0.08" 29.92+0.60°

Mean + standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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Table 7. Digestibility coefficient of phosphorus in tilapia fed the 8 experimental diets for 8-week period!

Treatment Phytase (unit/kg diet)

Digestibility coefficient(%)

Dry matter Protein Fat Phosphorus
1 0 32.43+3.03 54.49+1.30*° 48.43+0.77 * 11.10£7.39*
2 500 43.27+3.30 ¢ 75.19+£3.44 ¢ 59.08+1.66° 20.91£7.61 ®
3 1,000 47.26x1.10 79.31£0.56 < 63.23+1.28° 31.46+4.90 >
4 2,000 53.34+1.89 ¢ 81.60+0.64 ¢ 64.32+1.20° 34.09+1.76 <
5 4,000 46.29+6.54 < 78.68+2.63 < 63.30+£3.65° 37.00+6.62 ¢
6 Monocalcium phosphate  38.97+3.70 76.31+1.19°¢ 49.22+4.47* 22.9849.16 ¢
7 Dicalcium phosphate 29.42+791* 67.18+£3.79° 46.69+3.85 ® 24.26+2.31 ™
8 Tricalcium phosphate 42.06+4.11 ¢ 77.33£1.06 ¢ 60.09+2.68 ° 25.24+8.55 b

!Mean  standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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Table 8. Whole body composition of sex-reversed tilapia fed 8 experimental diets for 8 weeks!

Treatment (mﬁll:l/itgafﬁe t Moisture Protein Fat Ash Phosphorus
I 74.65+£0.47  54.99+0.30 30.72+0.62 14.61+0.06  2.48+0.09
1 0 74.80+0.51*  63.36+0.23° 30.47+0.89« 13.24+0.22° 2.01+0.05°
2 500 74.34+0.52*  62.23+0.09° 28.62+0.88* 12.19+0.39* 1.98+0.04°
3 1,000 74.44+0.24*  60.81+£0.96* 30.41+0.64« 11.96+0.18* 1.76x0.20*
4 2,000 73.77+£0.77*  61.14+0.16* 30.91+0.97¢ 12.21+0.37* 2.05+0.05°
5 4,000 74.29+0.39*  62.59+0.35* 31.43+1.04¢ 12.43+0.33°* 1.81+0.09*
6 Monocalcium phosphate ~ 75.07+£0.87*  62.76+0.46> 29.05+0.66* 13.31+0.13° 2.12+0.02°
7 Dicalcium phosphate 74.82+1.60°  62.44+0.41° 29.98+0.44>¢ 13.10+0.13° 2.09+0.06°
8 Tricalcium phosphate ~ 75.10+0.76* 64.37+0.24¢ 27.92+0.64* 13.46+0.04° 2.11+0.04°

Mean  standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)

Initial fish
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Table 9. Blood components of sex-reversed tilapia fed 8 experimental diets for 8-weeks!'

Treatment Phytase Hematocrit Hemoglobin  Plasma protein  Hepatosomatic

(unit/kg diet) (%) (g/dl) (mg %) index (%)
1 0 22.78+1.73¢ 2.93+0.71? 12.74+2.47% 1.62+0.69¢
2 500 24.36+2.23% 4.08+0.92® 12.02+1.04 2.39+0.46°
3 1,000 25.97+1.96° 4.91+0.94 11.70+1.23¢ 2.07+0.77¢
4 2,000 23.77£2.11® 3.36+1.24 12.74+0.46® 2.13+0.24¢
5 4,000 23.76x1.77° 3.47+0.85¢ 11.65+1.322 1.92+0.28¢
6 Monocalcium phosphate 30.99+1.29¢ 5.66+0.86¢ 14.17+1.42° 1.80+0.36*
7 Dicalcium phosphate 30.73+2.07° 5.29+0.84¢ 11.70+1.82¢ 2.04+0.39¢
8 Tricalcium phosphate 32.46+2.05° 5.06+1.54% 11.24+1.20° 2.01+0.37¢

"Mean + standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)

Table 10. Phosphorus in ash, bone and feces of sex-reversed tilapia fed 8 experimental

diets for 8-weeks period!

Phytase Bone ash Bone phosphorus Feces phosphorus
Treatment (unit/kg diet) (%) (%) (%)
1 0 21.13+0.11° 3.34+0.37° 1.12+0.05¢
2 500 24.62+0.35¢ 3.95+0.19> 1.05+0.08"
3 1,000 24.34+1.02¢ 4.21+0.21¢ 1.03+0.08"
4 2,000 22.37+0.20° 3.83+0.20 0.86+0.03"
5 4,000 23.67+0.65 3.79+0.31" 0.94+0.03®
6 Monocalcium phosphate ~ 23.01+0.24 3.74+0.21% 1.15+0.08¢
7 Dicalcium phosphate 22.65+0.35° 3.78+0.18" 1.12+0.07<
8 Tricalcium phosphate 22.58+0.71° 3.85+0.98" 1.12+0.02¢

"Mean + standard deviation of three replications.

Means within each column not sharing a common superscript are significantly different (p<0.05)
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