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Abstract
Phromkunthong, V., Musakopat, A. and Nakachart, Th.
Effects of phytase on enhancement of phosphorus ulilization from plant materials

in hybrid catfish [Clarias macrocephalus (Giinther) = Clariay gariepinus (Burchell)]
Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 171-185

Hybrid catfish of initial weight 5.57-5.72 g were studied in 235-1 glass tanks [illed with 180 1 water and
closed-recireulation system with 0.8 Vm flow rate was attached. Complete randomized design was employed
in which there were three replications (20 fingerlings each) in each of nine treatments, The experimental
period was 10 weeks. Formula 1 feed was the control in which fishmeal and soybean meal were nsed as protein
source and was nuiritionally suitable for catfish. In formulae 2-6 feeds, only plant materials woere used as feed
samponents and sprayed phyLase was applicd at 0, 250, 500, 750 and 1,000 unit/lcg feed. For formula 7-9 feeds,
phosphorus from dicalcivm phosphate (INCP) at i1, 0.2 and (3% was supplemented. The results showed Uit
the supplementation of S unitfy feed as well as of 0.2% phosphoros were the most effective in improving
the weight gain, specifie prowth rate and feed efficiency (FCKR, PER and ANPU). The supplementativn of
phytase as well as of DCP elevated the phosphores content in the bone as well as in the whole body while the
bleod parameters were not markedly alfected.

Key words ; phylase, inorganic phosphate, dicalcium phosphate, phosphorus, hybrid catfish,
Clarias macrocephalus (Giinther) = Clarias gariepins (Burchell)
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Effects of phytase on enhancement of phosphorus utilization
Phromkunthong, W., et al.
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Table 2. Composition of experimental diets (%)

Diet formulae

Ingredients

1 2 3 4 5 6 7 8 9
Fish meal 23 - - - - - - - -
Soybean meal 25 60 60 60 60 60 60 60 60
Corn 14.5 13 13 13 13 13 13 13 13
Palm kernel cake 0 15 15 15 15 15 15 15 15
Broken rice 7 - - - - - - - -
Rice bran 3.8 - - - - - - - -
Rice flour 12 - - - - - - - -
Soybean oil 1 1 1 1 1 1 1 1 1
Vitamin mixtures' 1 1 1 1 1 1 1 1 1
Mineral mixtures? 1 1 1 1 1 1 1 1 1
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Rice hull 11.4 8.7 8.7 8.7 8.7 8.7 8.14 7.57 7.01
Enzyme phytase - - 0.005 0.010 0.0150 0.020 - - -
Dicalcium phosphate - - - - - - 0.56 .13 1.69

! Vitamin mixtures (g/kg feed): Retinal (A) 1.20 mg; (4,000 IU); Cholecalciferol (D3) 0.51 mg; (2,000 IU);
Tocopherol (E) 50 mg; Menadione sodium bisulfite 10 mg; Thiamine (B,) 10 mg; Riboflavin (B,) 20 mg;
Pyridoxine (B)) 20 mg; Cyanocobalamin 0.2 mg; Calcium pantothenate 200 mg; Niacin 150 mg; Folic acid

5 mg; Biotin 2 mg; Inositol 400 mg

?Mineral mixtures (g/kg feed): MnSO,..H,0 25 mg; ZnSO,..7H,0 20 mg; FeSO_.7H,0 30 mg; KIO, 5 mg;
CuSO,.5H,0 5 mg; CoCl,.6H,0 0.05 mg; Na,SeO, 0.3 mg
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Table 3. Proximate analysis of 9 experimental diets (% as fed basis)"

Moisture Protein Fat Ash Fiber NFE Phosphorus

Phytase
(unit/kg diet)

Treatment

1.11 £0.06

0.59 +0.05
0.58 +£0.02
0.60 + 0.03
0.60 + 0.01
0.60 + 0.02
0.62 £ 0.04
0.69 + 0.04
0.85 +0.02

36.82 £ 0.08

8.11 £0.04

8.63 +0.09
8.80 £ 0.05
8.81 £0.06

10.61 £ 0.02
8.68 £ 0.01

10.51 £ 0.12
7.19 £0.13
7.12 +0.30
7.10 £0.32
7.00 £ 0.33
7.27 +0.39
7.31+0.41
7.45 +0.30
7.39 +0.20

30.30 £ 0.01

3.60 +0.16
5.27+0.27
6.26 = 0.07
6.18 +0.22
6.67 +0.12

Control

40.14 £ 0.23
39.19 £ 0.16

8.11 £0.03

8.02 +0.01
8.02 £ 0.04
7.88 +0.21
8.01 £0.06
8.69 +0.13
8.91 £0.03
9.13 +0.07

30.56 +£0.10

30.72 £ 0.04

250
500
750

39.54 +£0.19

30.59 +£0.19

39.26 + 0.69

30.55 £ 0.16

38.87 £0.32

8.73 £ 0.07
8.19 £ 0.01

6.19 +0.24 30.55 +£0.22

1,000
0.1% DCP
0.2% DCP
0.3% DCP

42.20 £ 1.06

31.85+0.16
31.54 £0.22
30.82 +£0.20

1.98 +0.19
341 +0.12
5.10+0.13

7
8
9

40.35+0.34

8.08 £0.14
7.73 £0.07

39.93 +£0.16

Mean + standard deviation of three replications

NFE: nitrogen free extract
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(p<0.05) Lwivl,&ilmn@mmnmmsmaaa‘?ﬂ Suianbad
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41 dmitniedgvasanlugadonaldfianuuandis
fune 8@ (p<0.05) lnguaiilérsune Wa¥y 0.1% &
ihwiniaRsdnhuszuandeuUn lduaman. Su
wladlne Aszdu 500 gita/o1m13 1 nn. (p<0.05)
walsluandreruuaildsuamsie Suawlasflia
Pszd 750 uas 1,000 gila/a1w1s 1 an. (p>0.05)
saiziUanfldSuamia Su DCP 0.2% uaz 0.3% &
dminednliuandreti waglluandreiuanitlésy
8113 Suenladlie nnIzdy (p>0.05)
22w 9NN YLAVIATILINE
9NIININUBINT LAZONTINTIAMY
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g031N13NUBIAIIHALEAIINITIDANBVDIUNIANAUE
W aildduemeis 9 a3 iuszeziae 10 “Uanw
W @gly Table 5 wun ﬁwwﬁfﬂﬁﬁuﬁumamm@ﬂ
Wudn e 9 gananeaaas Wwliluuswamadaad
dwiniadsvania nanade ﬂmﬁiﬁ%’ummimm 1
(Huantlusduunaglysdu) ﬁﬁmﬁfﬂﬁlﬁmﬁuwaﬁ A
Lm:Lmn@mﬁummimamﬁ'uc] (p<0.05) \afiansan
Tunguiie Suauledlvie uwag DCP wudr Uaild
suoma Suenladlia Aisedy 500 gia/ams 1
an. Sminidndu snddandlasuemisla Su
ou ol (Mmﬁ' 2) uasdit Suowlndlvie 250 gika/
813 1 nn. (p<0.05) udlsldnsannyaniilgsuanms
L Suewladlvie 750 waz 1,000 gita/emas 1 nn.
waglsldneudandilésuamia S DCP v 3 seeiu
(p>0.05) (Table 5) “wFudasimsasgduladme
wuth dandildsuerms asit 1 Sefldendwiluunds
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Table 4. Average body weight of hybrid catfish fed 9 experimental diets for a 10-week period !

10

week

Phytase
(unit/kg diet)

Treatment

8.68 +£0.26 13.83 £0.61*  21.76 = 0.60¢ 28.21 = 1.05¢ 32.82 +3.60¢
7.30 +0.07*

5.72 +0.08*

Control

11.45 £0.13*
10.91 = 0.65*
14.02 +0.12¢

9.90 £0.31*

8.58 £ 0.12*

6.48 + 0.05*

5.57 +£0.03*

6.50 +0.17* 7.37 +0.14* 8.26 + 0.44 9.26 + 0.50?
11.26 +0.43¢

5.66 + 0.05*

250

5.70 £ 0.09* 6.70 + 0.18* 7.56 +0.67* 9.44 +0.27°

500
750

9.14 £+ 0.25% 10.83 £ 0.04*  12.42 + (.29

9.14 £ 0.37%
8.55 £0.27*

6.52 +0.12* 7.36 +0.30?

5.59 +0.04*

13.45 +£0.31%

10.71 £ 0.61%

1,000 5.66 +0.07* 6.65 +0.27* 7.72 +0.32*
0.1% DCP

0.2% DCP
0.3% DCP

11.50 £ 0.53*

9.81 £0.61™
10.19 = 0.39*°

6.55 +0.12* 7.27 +0.16

5.69 + 0.06*

11.98 £ 0.79%¢
12.84 + 0.29*°

6.73 +£0.31* 7.64 +0.07* 8.83 £ 0.04
9.09 £ 0.57%

5.60 + 0.04*

10.30 = 1.00™*

6.55 +0.18 8.10+1.13

5.58 +0.08*

! Mean = standard deviation of three replications

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

0113t Suanladlvie fiszdu 500 gida/armns 1 nn.
fdaniasgdvlasume sndaildiuems
sueuladlviie _esBug (p<0.05) sniiuganis
nonas Suawladluia 1,000 giia/oms 1 nn.
wazUa#ilgSuemnsL Su DCP 0.3% NoAINI9L937Y
wuladmng mﬁﬂ’i’]ﬁitﬁu 0.1% (p<0.05) ua laiuanadg
ﬁ'uﬂmﬂéjuﬁvlﬁ%'mm wWas 0.2% (p>0.05) (Table 5)
Sasmsfuermizastaniiléuemise Suenled
Wi w30 DCP luszdudneg wunlddanuuands
) (p>0.05)

memmLmﬂm\muﬂmsl,wmmi‘maa\m 1 (p<0. 05)

AuganIINAaedN 2 (I Swanladluie )

I@ﬂﬂaﬂummimaam 1 490311501015 aw A
LLa:amwmiiaﬂmwmﬂm‘n‘lmummimaaqm 9
,A3lidauuandeiunts 8@ (p>0.05) (Table 5)

3. Sanmawasuernaimile sz nEammsld
Wsau waznmislddszleminnlsiv ng

é’mwmimgﬂummnﬁun{a (feed conversion
rate, FCR) 152" nSnwnsl4lis@u (protein efficiency
ratio, PER) uaznisldflszlomianlusdn n3 (appar-
ent net protein utilization) 2a9UaANWUIH wiildsu
1M INARBINT O A3 4 aslu Table 6 wudrdas
maasuarmaiuilafianuuandietuszniiege
N1INA[aN (p<0 05) Iﬂﬂﬂm'ﬂvlmummi LAIMNLAN
uamm’mﬂayummﬂﬂmua@‘n A nTumst S
ouladlwin wudifisdu 500 uag 1,000 gita/a1v13
1 nn. (vmﬁ 4 uaz 6 ANAGL) Uandsansasn
o1 ndwilodd o uagliuandrsanngudl. 3u DCP
¥ 3 seei (,um“?'l' 7-9) (Table 6) U3z nEawn3ld
Tusfupanlagniuin o wodandldiuams as
ANl " nEnwmsldlysiu g @ uazwudinis
v Swenladlnie war DCP lfinaimlduse nEnw
nsldlysfnuandrsin andiunise Sueulodlne
flszdu 500 gila/o1ws 1 nn. waz DCP 0.3% 7
lsss nBawmsldlusiudninguiila Suauled
e (Table 6)

“wsunslddssleatainlysin g wudn Uan
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Table 5. Weight gain, specific growth rate, rate of feed intake and survival rate of hybrid catfish fed
9 experimental diets for a 10-week period !

Treatment Phytase Weight gain  Specific growth rate Rate of feed intake Survival rate
(unit/kg diet) (%) (% /fish/day) (% /fish/day) (%)

1 Control 474.90 = 71.66¢ 2.46 £0.17¢ 2.83 +0.27° 88.33 + 16.07°
2 0 105.51 £3.23* 1.01 £0.022 238 £0.11* 96.67 £ 2.89°
3 250 92.77 + 11.24* 0.92 +0.08* 220+0.172 91.67 £2.89°
4 500 146.12 + 4.54° 1.27 £0.03¢ 2.38 £0.24%® 96.67 £5.77*
5 750 112.38 = 15.95® 1.06 £ 0.11* 2.53 £0.03 95.00 £ 5.00°
6 1,000 137.48 +2.80® 1.22 +0.02% 2.43 £ 0.06® 93.33 £ 7.64*
7 0.1% DCP 101.96 + 8.08® 0.99 + 0.06° 2.25 £0.02® 96.97 £5.77*
8 0.2% DCP 113.91 £ 17.22% 1.07 £ 0.11% 2.30 £ 0.02® 98.33 £2.89°
9 0.3% DCP 130.16 = 4.21 1.17 £ 0.03% 2.23 £0.28® 98.33 £2.89°

'"Mean + standard deviation of three replications

Table 6. FCR, PER, ANPU of hybrid catfish fed 9 experimental diets for a 10-week period!

Phytase ANPU
Treatment (unit/kg diet) FCR PER (%)
1 Control 1.36 £ 0.08* 2.50 £ 0.14¢ 36.56 = 2.08°
2 0 2.22 +0.04 1.53 £0.08% 24.84 + 1.22°
3 250 247 +0.164 1.47 +0.03* 29.76 + 0.83°
4 500 1.79 = 0.04° 1.88 £0.13¢ 28.13 + 1.91
5 750 2.22+0.17¢ 1.48 +£0.12* 27.61 + 1.72%®
6 1,000 2.01 £0.25% 1.74 £ 0.10% 30.68 = 1.76°
7 0.1% DCP 1.96 +£0.02¢ 1.52£0.13%® 28.43 +2.23%
8 0.2% DCP 2.00 £ (.23 1.62 £0.17® 28.66 + 2.50
9 0.3% DCP 1.97 £ 0.20° 1.88 +£0.23¢ 34.31 £4.33¢

! Meantstandard deviation of three replications

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

Taluandeaindan fldsuamna Su DCP 0.3% uag
mat Suauledlvie doud 250 gila/oms 1 nn. I
1y wazn1se Su DCP wnszdy walwuaidnisld
dstloafannlusiu nsindnguilai Sueulsdle
(@37 2) (Table 6)
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4. yulszaeymalarinmsvesdaninn
29AUIENOUN AN VDIUA LN BLSNFUNAREY LAz
a & & ~ & o a X
NANTIILATIERDIALTENaUN ARVl TI9R LN e "1
AN1INAaDY U a9lIAy Table 7 laswudiniae 3
{ > 1 =) g
ouladlue Aszduninndt 500 gua/a1vns 1 nn.

0 wazhinnszduaas DCP aoud 0.1-0.3% sualden
Tsdiu lodu 1 wazvie va¥ ludadaduualiin o
nIngulale Suaulod (Table 7)
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MINATETRavRUENaUAee Ldun Aduilaase
glulnatin wazlusfulunar NvaslanldSuainisne
9 a3 u avlu Table 8 wudardnilansavasia
NAaDINg 9 a3 WAaNLAna1siune 8@ (p>0.05)
anFlalnaduvasuainteésuainise Suonlaxlnia
uazn13t 38 DCP ldmalauandresnunguilads Su



Songklanakarin J. Sci. Technol.
Vol. 27 (Suppl. 1), 2005 : Aquatic Science

180

Effects of phytase on enhancement of phosphorus utilization

Phromkunthong, W., et al.

Table 7. Whole body composition of hybrid catfish fed 9 experimental diets for a 10-week period!

Treatment Phytase Moisture Protein Fat Ash Phosphorus
I° 76.02+1.52  57.66+0.19 23.38 £0.23 11.65+0.02  1.90+0.23
1 Control 74.12+1.21*  55.88+0.24* 24.16+0.18  12.61 £0.02° 2.01 £0.30°
2 0 7540 £ 0.65* 61.22+0.38  22.65+0.14* 898 +0.18  1.56+0.07°
3 250 75.63 £ 1.14*  59.59 +0.27*  24.27 £ 0.36™ 9.99+0.03*  1.55x0.22°
4 500 75.63 +1.48 6941 +0.11" 2436 +0.24" 9.44 +0.34*  1.69 +0.02%
5 750 74.60 £0.91*  64.50+0.07*  24.92 +0.08° 10.36 £0.12°  1.80 + 0.06°
6 1,000 7471 £ 1.42*  6343+039° 2342+0.37* 1042+048 1.97 £0.09
7 0.1% DCP  74.61 £0.18* 64.16 £0.25¢  26.58 +0.26* 1042 +0.06° 1.82+0.03°
8 0.2% DCP  7545+0.53* 64.65+0.22° 2397 +0.25" 11.07 £0.02¢  1.80+0.17¢
9 0.3% DCP 7446 +0.51* 63.82x0.12* 24.16+0.18" 11.29 +£0.19¢  1.90 = 0.04¢

"Mean + standard deviation of three replications
Means within each column not sharing a common superscript are significantly different (p<0.05)
I° = fish at initial

Table 8. Blood components and Hepatosomatic index of hybrid catfish fed 9 experimental diets for
a 10-week period!

Treatment Phytase Hematocrit Hemoglobin Plasma protein Hepatosomatic index
(unit/kg diet) (%) (g/dl) (mg %) (%)
1 Control 32.64 +2.30 4.96 + 0.53¢ 28.33 + 1.50%¢ 1.00 + 0.02
2 0 29.11 = 1.39 3.76 £ 0.08* 29.22 + 4.04% 0.92 +0.07
3 250 27.08 £3.13 3.89 + 0.44® 31.73 £ 5.78° 0.85+0.12
4 500 28.83 + 1.89 4.32 +0.76* 26.82 = 1.71%¢ 0.97 +0.13
5 750 28.97 £2.76 4.75 £ 0.36% 26.39 +2.00® 0.81 +0.15
6 1,000 29.31 £2.71 3.80 £ 0.54® 28.57 + 1.52:¢ 0.86 = 0.02
7 0.1% DCP 29.56 + 0.29 3.31 +0.83 23.37 £ 1.60° 0.81 +0.14
8 0.2% DCP 28.15 +2.66 3.84 £ 0.63® 27.34 + 0.85%¢ 0.77 £0.14
9 0.3% DCP 29.02 + 1.34 3.87 £0.11* 23.95 + 1.58® 0.73£0.14

"Mean + standard deviation of three replications
Means within each column not sharing a common superscript are significantly different (p<0.05)

bl nanwuInge Suewladlne A3y 500-750
gita/a1mns 1 nn. Juwalin sndnguilale Suau el
(Table 8) “wsulusaulunar u1 wuiilainatsmn
1 = > = 1 ldl a U =
lunguideaniu Aanguin Sudoauladlie  wie
1 Iﬂl a U Adl >3 1 = 1 >

nauNk INAE DCP neauaig g Tuianuuwaneenin
s:wjﬂmﬂmimaaa (p>0.05) (Table 8)

dfidudafzesdaigniuin wlddaanuan
AN 0@ 0.73-1% (p>0.05)
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10 “Uasi wudn mse Suanlodlne Tuerwnsinls
Uagniuin wilin1s = wwe wa¥ lunszgn sliuan
@mﬁuﬂéjuﬁvlm Suauladlviie  (Table 9) aendls
fAoamuinnia Sueuladlie Aiszdudoud 500 gite/
813 1 nn. Juwalidunis ¢ aa Wed lunszgn
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Table 9. Phosphorus in bone of hybrid catfish fed 9 experimental
diets for a 10-week period’

Treatment Phytase Bone phosphorus Bone calcium
(unit/kg diet) (%) (%)

1 Control 3.70 £ 0.32¢ 6.28 +0.20°
2 0 2.77 +0.63* 7.90 +£0.97°
3 250 2.85+0.28* 8.16 £ 1.09°
4 500 3.01 £0.14® 8.94 +0.65°
5 750 3.10 £ 0.06® 10.71 £ 0.19¢
6 1,000 3.55 £ 0.04% 8.56 +0.59°
7 0.1% DCP 2.87 +0.39* 7.88 £0.57°
8 0.2% DCP 292 +£0.33* 9.09 +0.70°
9 0.3% DCP 3.02 £ 0.09® 13.12 +0.22¢

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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