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Abstract
Phromkunthong, W. and Musakopat, A.
Effects of phytase on enhancement of phosphorus utilization for feeds with plant

materials in sex-reversed red tilapia (Oreochromis niloticus Linn.)
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 151-170

Sex-reversed red tilapia of initial weight 4.85-4.90 g were experimented for 10-wk in 235-1 glass tanks
filled with 180 1 water. This experiment was conducted in closed-recirculating water system with 0.8 1/min
flow rate. The 5x2 factorial experiment was employed in the study in which there were a total of ten treat-
ments with three replications each. Twenty fingerlings were stocked in each replication. Two factors were
studied the first of which was the animal:plant protein ratios 1:1, 1:2, 1:3, 1:4 and 1:5 were tested. For the
second factor, the efficiency of phytase was studied for each animal to plant protein ratio by supplementing of
1,000 unit phytase/kg feed. The results showed that 1:3 animal to plant protein ratio was the most effective for
sex-reversed red tilapia. Supplementation of 1,000 unit phytase/kg feed for all animal to plant ratios resulted
in improvement of growth performance (weight gain and specific growth rate) feed efficiency (FCR, PER and
ANPU), rate of feed intake and digestibility coefficient.

Key words : phytase, Oreochromis niloticus Linn., red tilapia, phosphorus
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Effect of phytase on enhancement of phosphorus utilization
Phromkunthong, W. and Musakopat, A.
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Table 2. Composition of experimental diets(%)

AP:PP! 1:1 1:2 1:3 1:4 1:5
Phytase (Unit/kg diet) 0 1,000 0 1,000 0 1,000 0 1,000 0 1,000
Fishmeal 20 20 15 15 12 12 9 9 7.2 7.2
Soybean meal 30 30 35 35 40 40 45 45 50 50
Corn meal 12 12 10 10 12.5 12.5 10 10 13.8 13.8
Rice flour 18 18 15 15 10 10 10 10 7 7
Palm kernel cake 8 8 14 14 14.5 14.5 15 15 11 11
Vitamin mixtures? 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Mineral mixtures? 3 3 3 3 3 3 3 3 3 3
Choline chloride 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Cr,0, 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Rice hull 7.5 7.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Phytase 0 0.020 0 0.020 0 0.020 0 0.020 0 0.020

'AP: Animal protein, PP: Plant protein, NFE: Nitrogen free extract

*Vitamin mixtures (per kg diet): Thiamine (B,) 10 mg; Riboflavin (B,) 20 mg; Pyridoxine (B,) 10 mg; Cabalamin (B,,)
0.05 mg; Retinal (A) 4 mg; Cholecalciferol (D,) 0.4 mg; Phylloquinone (K ) 80 mg; Folic acid 5 mg; Calcium pantoth-
enate 40 mg; Inositol 400 mg; Niacin 150 mg; Tocopherol (E) 60 mg; Choline 6,000 mg; Ascorbic acid (C) 500 mg;

Biotin 3 mg; Para-aminobenzoic acid 25 mg

*Mineral mixtures (per kg diet): NaCl 0.25 g; MgSO, 3.75 g; KH, PO, 8 g; Ca(H,PO,) 5 g; FeSO, 0.72 g; (CH,COO),
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

Uanlu “Uahn 5-10) wisamsudaz asiliu 2 u
| A & o & o | a & &
WANIININT 1WUSEEN uae 2w 29 1ol
f3zdu 1,000 gia/ow1s 1 nn. (Fsrauladlnie
0.20 n3u azanstinndulseantlaaaw Usunm 40 1a.)
(Table 2)
Wusnen Sludlufigmund 4°C sihemisnasasly

Avamaldiuds  wiwsralugewan @n
Annzhgaaimslnruinis 1ud Tusiu o dals
W e et uazueaidan  lasiBn1sves AOAC
(1990) (Table 3)
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and Hughes, 1995)
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Table 3. Proximate analysis of 10 experimental diets (% as fed basis)!

Phosphorus Calcium

Phytase Moisture Protein Fat Ash Fiber NFE

(Unit/kg diet)

AP:PP

Treatment

1.55+0.05

10.4140.05 6.65+0.07 36.29+0.44 1.17+0.03

9.19+0.20 31.21+0.40 6.25+0.03

0
1,000

1:1
1:1
1:2
1:2
1:3
1:3
1:4
1:4
1:5
1:5

1.58+0.01

10.4440.03  6.4040.14 37.25+0.14 1.1940.05

8.38+0.08 3127+0.17 6.26+0.05 +

+ 10.0040.01 7.3040.14 37.6040.14 1.14+0.00

7.5140.29 30.35+0.24 7.23+0.05

1.43+0.08

37.2740.47 1.10+0.05

7154021
6.95+0.21

9.89+0.04
9.99+0.21

30.45+0.45 7.35+0.21

7.8840.11

1.38+0.08
1.44+0.01

36.1240.29 1.10+0.03

8.32+0.30

1,000

8.02+0.06  30.60+0.38

0
1,000

1.42+0.09
1.1940.03

10.1340.06  6.8040.14 36.78+0.27 1.10+0.02

8.49+0.11

11.76+0.10 30.20+0.14  6.50+0.41

7.60+0.10  30.20+0.25

6.85£0.35 35.2040.52 1.0040.00

9.49+0.13

0
1,000

1.26+0.09
1.2640.03

11.7040.19  30.07+0.16 6.584034  9.5140.03 6.90+0.14 35.24+0.46 1.03+0.00

9.53+0.03 31.16+0.15 5.93+0.21

10.1540.04  6.65+0.07 36.58+0.24 1.00+0.03

0
1,000

1.3140.05

12.58+0.10 31.1040.04 5924033 9.78+0.07 6.90+0.14 33.71+0.29 1.00+0.02

10

NFE: nitrogen free extract

!Mean + Standard deviation of three replications;
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Table 5. weight gain, specific growth rate, rate of feed intake and survival of tilapia fed 10 experimental
diets for 10 weeks!

. Phytase Weight gain Specific growth rate Rate of feed intake Survival

Treatment AP:PP (ko diet) (%) (% [fish/day) (% [fish/day) (%)
1 1:1 0 1,785.66+133.57% 4.1340.10 3.45+0.15 100.00+0.00*
2 1:1 1,000 1,824.61+136.88% 4.16+0.10% 3.2340.16> 100.00+0.00*
3 1:2 0 1,803.38+ 82.43< 4.1540.06% 3.16+0.07* 100.00+0.00*
4 1:2 1,000 1,928.12+108.69% 4.24+0.08 3.18+0.14% 96.67+2.89°
5 1:3 0 1,786.47+147.00 4.1340.11< 3.29+0.12*  100.00+0.00*
6 1:3 1,000 1,870.51+ 82.05% 4.20+0.06% 3.18+0.06"  100.00+0.00*
7 1:4 0 1,458.23+156.77™ 3.86+0.14 3.45+0.14 98.33+2.89°
8 1:4 1,000 1,629.24+ 98.60% 4.01+0.08% 3.21+0.09 98.33+2.89°
9 1:5 0 1,250.61+ 99.00= 3.66+0.11% 3.37+0.06 96.67+5.77*
10 1:5 1,000 1,362.16+148.89% 3.7740.14% 3.39+0.08" 98.33+2.89°

AP:PP <0.05 <0.05 <0.05 NS

Phytase <0.05 <0.05 <0.05 NS

AP:PPXPhytase NS NS NS NS

Mean + standard deviation of three replications.
Mean within each column not sharing a common superscript are significantly different (p0.05)

a,b,c > AP:PP; x,y— Phytase

Table 6. FCR, PER, ANPU of tilapia fed 10 experimental diets for 10 weeks'

Treatment AP:PP Phytase FCR PER ANPU
(Unit/kg diet) (%)
1 1:1 0 1.34+0.06** 2.39+0.11° 41.23+1.91¢
2 1:1 1,000 1.25+0.06* 2.55+0.13% 36.50+1.89%
3 1:2 0 1.23+0.04* 2.69+0.08% 36.41+1.05%
4 1:2 1,000 1.25+0.04% 2.63+0.09% 37.48+1.32¢
5 1:3 0 1.28+0.05* 2.56+0.10°  35.11+1.44<
6 1:3 1,000 1.23+0.02% 2.69+0.04<% 40.27+0.62¢
7 1:4 0 1.39+0.09°* 2.39+0.16"* 32.85+2.15%
8 1:4 1,000 1.27+0.03% 2.62+0.07%Y  33.85+0.92%4
9 1:5 0 1.40+0.04< 2.30+0.07* 29.49+0.86*
10 1:5 1,000 1.38+0.07< 2.34+0.11% 31.70+1.46®
AP:PP <0.05 <0.05 <0.05
Phytase <0.05 <0.05 NS
AP:PP X Phytase NS NS <0.05

'Meanzstandard deviation of three replications.
Mean within each column not sharing a common superscript are significantly different (p0.05)

a,b,c > AP:PP;

X, y — Phytase
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Table 7. Digestibility coefficient of nutrients from experimental diets for tilapia'

Digestibility coefficient (%)

Treatment AP:PP P.hytase-

(Unit/kg diet) Dry matter Protein Fat Phosphorus
1 1:1 0 57.26£0.54>  87.22+0.75*  77.37+1.88>™  36.99+5.32%
2 1:1 1,000 53.96+£2.95>  87.34+0.22%  72.25x1.94*  35.97+4.56%
3 1:2 0 53.43£1.29°  86.29+0.40%  79.26x1.10¢¢  40.53+2.19%
4 1:2 1,000 54.78+4.23*  87.40x0.35%  77.11x£0.53*  41.09+5.23%
5 1:3 0 48.93+1.89*  87.07+0.59*  81.10+0.47¢  38.00+5.93*
6 1:3 1,000 51.34x1.11° 87.54+0.41~  80.73x0.91¢  42.31+2.71¥
7 1:4 0 57.13£0.53¢  89.31x0.25*  77.35+0.89*  49.53+2.58>
8 1:4 1,000 56.70£1.20°  89.10+0.47%  76.02+1.69°  56.47+1.78%
9 1:5 0 47.19£2.07*  88.04+0.13>  76.36+£0.46°  46.27+3.55>
10 1:5 1,000 50.90+1.70° 88.22+0.2%  77.10£2.16*  52.26+1.00%

AP:PP <0.05 <0.05 <0.05 <0.05

Phytase NS <0.05 <0.05 <0.05

AP:PPXPhytase NS NS <0.05 NS

'Meanztstandard deviation of three replications.
Mean within each column not sharing a common superscript are significantly different (p<0.05)

a,b,c > AP:PP; x,y — Phytase

Table 8. Whole body composition of tilapia fed 10 experimental diets for 10 weeks'

Treatment AP:PP P!ly tase‘ Moisture Protein Fat Ash Phosphorus Calcium
(Unit/kg diet)

I 76.44+0.43 58.13+0.30  20.87+0.36  18.89+0.03 2.99+0.09 5.11+0.15
1 1:1 0 71.7242.29* 60.40+0.32¢ 23.29+0.22¢ 11.71+0.12¢ 2.03+0.06* 2.79+0.25%
2 1:1 1,000 75.09+0.66* 57.27+0.31° 27.48+0.38 13.26+0.44> 2.17+0.10* 3.64+0.19°
3 1:2 0 76.78+1.13* 58.37+0.37¢ 20.70+0.37* 16.35+0.24" 2.50+0.09* 4.10+0.13¢
4 1:2 1,000 76.07+1.18" 59.44+0.249 21.98+0.41"> 15.3340.13% 2.55+0.05" 4.18+0.15¢
5 1:3 0 76.35+0.82> 58.06+0.03¢ 24.55+0.09¢ 15.67+0.45% 2.46+0.07" 4.38+0.05<
6 1:3 1,000 75.75+0.48" 61.52+0.06" 22.03+0.14"> 15.46+0.31% 2.63+0.00° 4.50+0.17¢
7 1:4 0 76.90+1.01° 59.37+0.92¢ 24.09+0.31¢ 14.40+0.09¢ 2.32+0.30" 3.49+0.30°
8 1:4 1,000 77.85+1.40° 58.60+0.41¢ 23.20+0.10° 15.21+0.46¢ 2.60+0.21* 4 .66+0.13¢
9 1:5 0 75.90+1.03°> 53.494+0.14* 27.03+0.42¢ 13.66+0.12° 2.22+0.02" 3.46+0.11°
10 1:5 1,000 76.32+1.19° 57.25+0.22° 24.04+0.29¢ 15.76+0.06° 2.51+0.06" 4.18+0.20¢

AP:PP <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Phytase NS <0.05 NS <0.05 NS <0.05

AP:PP Phytase NS <0.05 <0.05 <0.05 NS <0.05

'Meanzstandard deviation of three replications. Mean within each column not sharing a common superscript are
significantly different (p<0.05)
I° = initial fish
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Table 9. Blood components and hepatosomatic index (HSI) of tilapia fed 10 experimental diets for 10 weeks.

HSI
(%)

White blood cell

Red blood cell
(x10° + x10° cel/mm) (x10* + x10* cell/mm)

(mg%)

(g/dl)

Hemogolbin Plasma protein
5.73+0.29

Hematocrit
(%)

Phytase

PP

AP

Treatment

1.80 + 0.54°

6.54 +1.98

2.49 +3.58

23.59+0.97°

0 29.50 + 1.07

1,000

1:1
1:1

2.16 + 0.39%

6.92 +2.63
8.13 + 1.23

270 + 1.45
2.90+6.12

25724132

583 +0.20
57140231

30.17 +2.25

30.17 + 1.94

1.90 + 0.15%

24.48 + 1.20°

1:2
1:2
1:3
1:3

1.97 +0.27%

6.63+ 157
8.88 + 1.55

278 +2.68
2.83 + 1.63

2243 +3.32

5594026
537+0.10

27.00 + 3.04

176 + 0.21%

25754 4.72°

27.63 + 0.88

1,000

0
1,000

2.06 +0.31%

8.27+0.15
6.23 +0.75
6.48 +0.99
8.15+0.25

294 + 451
2.89 + 0.61
2.68 +3.38
2.54 +1.66

2253 +1.12°

5.57+0.48
5.76 + 0.27
5.76 + 0.63
5.38 +0.47

31.08 +0.52

29.54 +0.85

2217 + 218!

1.87 + 0.39%v

1.68 + 0.37%

26.26 +5.16"

29.83 +3.33

0
1,000

1:4
1:4
1:5
1:5

1.42 + 0,08

2077 + 1.69°

28.83 + 1.79

0
1,000

152 +0.17%

72541230

2.91+550

19.36 + 0.99*

5.74 + 0.47

3133 +2.02

10

<0.05
<0.05

NS

NS <0.05 NS

NS

AP:PP

NS

NS

NS NS

NS

Phytase

NS

NS

NS

NS NS

NS

AP:PP Phytase

"Meanztstandard deviation of three replications.; Mean within each column not sharing a common superscript are significantly different (p<0.05)

a,b,c > AP:PP;

X, y — Phytase
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Table 10. Phosphorus and calcium in serum of tilapia fed experimental diets for 10 weeks!

Treatment AP:PP P.hytase. Phosphorus in serum  Calcium in serum
(Unit/kg diet) (mg %) (mg %)
1 1:1 0 30.15 14.30
2 1:1 1,000 27.80 13.55
3 1:2 0 29.25 14.75
4 1:2 1,000 32.15 14.25
5 1:3 0 28.70 16.55
6 1:3 1,000 31.00 14.25
7 1:4 0 30.20 15.55
8 1:4 1,000 27.95 16.50
9 1:5 0 28.95 16.80
10 1:5 1,000 25.95 14.90

!data of 1 replication.

Table 11. Phosphorus and calcium in bone of tilapia fed 10 experimental diets for 10 weeks'

Phytase Phosphorus in bone Calcium in bone

Treatment AP:PP (Unit/kg diet) (%) (%)
1 1:1 0 4.10 +0.04 16.04 + 0.25%
2 1:1 1,000 4.09 +0.03 17.58 + 0.19¥
3 1:2 0 4.10+0.03 16.15 + 0.13*
4 1:2 1,000 4.14 + 0.09 18.72 + 0.15Y
5 1:3 0 4.01 +0.04 14.93 + 0.05*
6 1:3 1,000 4.13 + 0.05 18.53 +0.17Y
7 1:4 0 4.08 +0.02 16.87 + 0.30¢
8 1:4 1,000 4.09 +0.03 17.51 +0.13¥
9 1:5 0 4.06 + 0.01 16.52 +0.11*
10 1:5 1,000 4.09 +0.02 18.32 + 0.20¥

AP:PP NS NS

Phytase NS <0.05
AP:PP Phytase NS NS

"Meanztstandard deviation of three replications.
Mean within each column not sharing a common superscript are significantly different (p<0.05)
X, y — Phytase
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Webster ef al., 1992) LaziIni1 L nasINatNaadiug
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Table 12. Phosphorus and calcium in feces of tilapia fed 10 experimental diets for 10 weeks!'

. Phytase Phosphorus in feces Calcium in feces

Treatment AP:PP (Unitikg diet) (%) (%)
1 1:1 0 1.72 + 0.08% 4.68 +0.30°
2 1:1 1,000 1.66 + 0.09% 4.95 +0.53¢
3 1:2 0 1.46 + 0.04+ 3.61 £0.25"
4 1:2 1,000 1.43 + 0.05% 3.66 +0.24°
5 1:3 0 1.34 £ 0.07= 3.43+0.31°
6 1:3 1,000 1.30 + 0.05¢ 4.01 +0.40°
7 1:4 0 1.17 + 0.06™ 3.10 £ 0.23¢
8 1:4 1,000 1.03 + 0.06» 2.66 + 0.26
9 1:5 0 1.02 + 0.03* 3.16 + 0.04
10 1:5 1,000 0.97 +0.06% 3.29 +0.09°

AP:PP <0.05 <0.05
Phytase <0.05 NS
AP:PP Phytase NS NS

"Meantstandard deviation of three replications.

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

a,b,c > AP:PP; x,y— Phytase
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