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The Studies on Feed Formula for Hybrid Catfish (Clarias macrocephalus X Clarias

gariepinus) for the Production to Raw Material of Salted Fermented Catfish

Abstract

Experiment I was undertaken to determined the effects of dietary protein and lipid levels on growth
performances, survivals and chemical compositions of hybrid catfish. Hybrid catfish with an average body
weigh of 5.83-5.85 g were kept in 100 1 glass aquaria and fed with the test diets contained 32-38% protein with
8-16% lipids for 6 weeks. The test diet v/ith 38% protein resulted in high growth performance accompanying
with the lowest feed conversion rate. Growth performances of the hybrid catfish fed test diets contain 11-14%
lipid were not different, but test diet with 14% lipid resulted in rising of flesh lipid content, which is an
undesirable characteristic of the raw material for product processing. So, the test diet contains 38% protein and
11% lipid was an optimal feed for applied as practical feed for the grow-out of hybrid catfish as raw material
for the production of salted fermented catfish.

Experiment II was evaluated on the effects of soy bean meal and poultry by product as alternative
protein sources, each test material was substitution at 25-75% of dietary fishmeal. Hybrid catfish with average
body weigh of 5.02-5.03 g were reared in 100 | glass aquaria for 6 weeks. Results shown the using of soy bean
meal at 25% substitution of fishmeal protein (19-20% in feed composition) gave the high growth performance
with low feed conversion rate and lower of flesh lipid content.

Experiment IIT was determined the effects of various carbohydrate sources in the suitable catfish diet
(results from experiment I-II). Rearing the hybrid catfish with an average body weigh of 8.51-8.52 g in 100 1
glass aquaria, feeding the fish with each test diet supplemented with various carbohydrate source for 6 weeks.
Using of rice bran, com meal, palm kernel meal and cassava were not affected to the catfish body weigh, weigh
gain, FCR and survival. Condition factor and hepatosomatic index and protein retention efficiency also not
differ from those fed all test diet. But the test diet supplemented with cassava, rice bran and corn meal as
carbohydrate source resulted in increasing of flesh protein content. Moreover, flesh lipid content in the hybrid
catfish received test diets contained cassava and corn meal were lower than rice bran. By the economically
reason, cassava was selected as suitable carbohydrate source in practical feed for the grow-out of hybrid catfish
as raw material for the production of salted fermented catfish.

Experiment IV studied on the production efficiency of practical feed for the grow-out of hybrid catfish

as raw material for the production of salted fermented catfish. The study was conducted by using suitable



catfish diet (results from experiment I-I1I) compared to the commercial feed for juvenile hybrid catfish, hybrid
catfish with 7.39-7.54 g average body weigh were kept in nylon cage in the same earthen pond for 6 weeks
period. Catfish fed suitable catfish experimental diet (contained 38% protein, 11% lipid with soy bean meal at
25% substitution of fishmeal protein and 14.22% cassava as carbohydrate source) showed 27.44% increasing of
flesh protein content and 23.50% lowering of flesh lipid content. Furthermore, 5.61 bath/kg of feed cost
reduction can be archived with suitable catfish experimental diet, or gave 19.08% feed cost reduction compared

to those fed juvenile hybrid catfish commercial feed.

Key words : salted fermented catfish, feed formula, meat quality
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T1

T2

T3 T4 TS T6 T7 T8 T9
ol 3737 3737 3737 4256 4256 4256 4775 4175 4775
mnsuvaeslusufly 1600 1600 1600 1822 1822 1822 2044 2044 2044
udladhaud 2867 2467 2067 21.82 17.82 1382 1497 1097 697
uilasfudlenas 10.00 1000 1000 1000 1000 10.00 10.00 10.00  10.00
INUTIY 050 050 050 050 050 050 050 050 050
351N 050 050 050 050 050 050 050 050 0.0
Dicalcium phosphate 150 150 - 150 150 150 150 150 150 1.0
ihifudamdes 396 796 1196 340 740 1140 284 684 10.34
AN 150 150 150 150 150 150 150 150 1.50
59 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Protein Lipid Ash Moisture NFE
T1 30% prot 8 % lipid 31.35 8.49 10.26 5.45 44 .45
T2 30% prot 12 % lipid 30.65 11.13 10.72 5.32 42.18
T3 30% prot 16 % lipid 30.81 14.26 10.66 5.65 38.62
T4 34% prot 8 % lipid 34.37 8.82 11.46 5.15 40.2
T5 34% prot 12 % lipid 34.40 10.89 11.86 5.23 37.62
T6 34% prot 16 % lipid 33.98 113572 12.03 5.41 34.86
T7 38% prot 8 % lipid 37.55 8.75 12.69 5.26 36.75
T8 38% prot 12 % lipid 38.88 10.68 13.28 5.37 32.79
T9 38% prot 16 % lipid 37.41 13.84 13.67 5.25 29.83

"35n15993 AOAC (1990)
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N13M 5900V hepatosomatic index, condition factor ﬂﬁzaﬂ?iﬂwvmiﬂl‘iﬁﬂiau (PER)

wazamsazanlls@u (protein retention)
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hepatosomatic index (Anwar and Jafri, 1995) 1o condition factor (Toko et al., 2007) HazINanN1g
Sinszveenilszneumaniivosnitan dosunnaseansnmms 1y lUsAu (PER) uazAIns

ﬁzfﬂﬂﬂiau (protein retention) A1UIBN5VDY Halver and Hardy (2002)
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T1 T2 T3 T4 TS T6
datu 52.08 34.72 17.36 39.06 26.04 13.02
mngandoe luufy 19.45 38.90 58.35 19.45 19.45 19.45
iw Inth 0.00 0.00 0.00 13.50 27.01 40.51
ufladhud 11.57 7.62 3.68 11.54 11.51 11.47
udlasiudlends 10.00 10.00 10.00 10.00 10.00 10.00
INUUIIN 0.50 0.50 0.50 0.50 0.50 0.50
USB195IY 0.50 0.50 0.50 0.50 0.50 0.50
Dicalcium phosphate 1.50 1.50 1.50 1.50 1.50 1.50
diiudamies 2.90 4,76 6.61 2.45 2.00 1.55
ngnuy 1.50 1.50 1.50 1.50 1.50 1.50
59 100.00 100.00  100.00  100.00 100.00  100.00




15
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15197 4 parsznoumanil (%) vesomsnaasanzgasnewiunldluminaani 2

Protein Lipid Ash Moisture NFE
T1 SBM 25% replacement 39.50 10.67 13.81 4.48 31.54
T2 SBM 50% replacement 40.97 10.65 11.57 5.52 31.29
T3 SBM 75% replacement 39.29 10.59 9.16 5.10 35.86
T4 PBM 25% replacement 37.93 10.22 14.57 4.97 3231
TS5 PBM 50% replacement 39.47 10.26 14.61 4.54 31.12
T6 PBM 75% replacement 41.10 10.66 14.44 5.00 30.80

‘U35 MIVDI AOAC (1990)
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U = " _

naemmsazanllsAu (protein retention)
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(MINARDIN 3)

T1 T2 T3 T4
daru 49.50 49.40 48.50 50.60
mndundes gy 20.50 20.40 19.70 20.80
udladhudh 10.00 10.00 10.00 10.00
31921009 16.40 - - -
17 Inatlu - 16.14 - -
mntdy - . 17.10 -
dudilendaun : - . 14.22
Fandiusaw’ 0.50 0.50 0.50 0.50
R ALERI 0.50 0.50 0.50 0.50
DCP 1.50 1.50 1.50 1.50
dsudamdes 1.10 1.56 2.20 1.88
59 100.00 100.00 100.00 100.00

' Vitamin mixture (mg/ kg diet): thiamine hydrochloride 15;

pantothenate 75; pyridoxine hydrochloride 15; vitamin B,

choline chloride 500; ascorbic acid 250; vitamin E 125; vitamin K,

vitamin D, 1200 IU.

riboflavin 30; nicotinic acid 80; calcium

0.005; inositol 25; biotin 2; folic acid 2;
15; vitamin A 12,000 IU;

* Mineral mixture (mg/kg diet) CoCl,.6H,0 0.5; CuSO,.5H,0 10; FeSO,H,0 50; KCl 2; KI 1.6;

MgSO,.7H,0 1,200; ZnSO, 100; MnSO, H,0 60; NaCl 1,000.

H ¢ 1 J o 1w
319 6 oadtsznoumaAl (%) vesemisnanssazgasneuinnlFlumsnaneaii 3

Protein Lipid Ash Moisture NFE Fiber
T1 Rice bran 38.67 11.49 14.57 1.60 33.67 3.68
T2 Corn meal 37.26 9.77 13.50 1.37 38.1 3.42
T3 Palm meal 37.87 11.31 13.98 1.39 3545 5.18
T4 Cassava 37.76 9.62 14.51 1.12 36.99 292

"5 N5VDI AOAC (1990)
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(M3INAaBaN 1)

Variables 0wk 2 wk 4 wk 6 wk

Individual treatment means

Protein level
Lipid level (%)

(%)
30% 8 5.83 17.19 37.18 66.80
30% 11 5.83 18.09 40.92 70.70
30% 14 5.84 18.53 42.12 79.70
34% 8 5.83 17.72 38.01 71.28
34%‘ 11 5.83 18.82 40.87 79.62
34% 14 5.84 19.39 45.07 83.75
38% 8 5.85 18.88 41.89 81.85
38% 11 5.83 19.33 45.88 87.76
38% 14 5.84 19.65 45.71 92.07
Pooled SEM 0.007 0.195 0.678 1.548

Means of main effects

30% protein 5.83 17.94° 40.08" 72.40°
34% protein 5.83 18.65" 41.32% 78.22°
38% protein 5.84 19.29" 44.50° 87.22°
8% lipid 5.83 17.93 39.03 73317
11% lipid 5.84 18.75" 42.56 79.36"
14% lipid 5.84 19.19’ 4430 85.17

ANOVA : Pvalue

Protein 0.833 0.036 0.043 0.004
Lipid 0.785 0.047 0.016 0.020
Protein X Lipid 0.989 0.954 0.857 0.976

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

3 Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p, q and r for protein level and X,y and z for lipid.
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Variables Weight SGR (%/day) FCR Survival

gain (%) (%)

Individual treatment means

Protein level

Lipid level (%)

(%)

30% 8 1046.15 5.79 1.25 100.00
30% 11 1112.71 5.93 1.56 86.67
30% 14 1265.39 6.22 1.11 100.00
34% 8 1121.88 5.95 1.19 97.78
34% 11 1266.43 6.22 1.04 100.00
34% 14 1331.61 6.30 1.12 95.56
38% 8 1298.54 6.28 1.08 95.56
38% 11 1404.61 6.45 0.98 100.00
38% 14 1476.87 6.56 0.95 100.00

Pooled SEM 26316 0.048 0.038 1.210

Means of main effects

30% protein 1141 .4° 5.98" 1.31° 95.56
34% protein 1240.0° 6.16" 1.127 97.78
38% protein 1393.3° 6.43° 1.01° 98.52
8% lipid 1155.5" 6.01" 1.06 95.56
11% lipid 1261.3" 6.20” 1.18 97.78
14% hipid 1358.0° 6.36" 1.20 98.52

ANOVA : P value

Protein 0.004 0.005 0.016 0.591
Lipid 0.020 0.025 0.341 0.591
Protein X Lipid 0.975 0.942 0.177 0.086

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).

?Means followed by the same letter are not significantly different.

3 Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan

multiple range test; p, q and r for protein level and x,y and z for lipid.
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Variables Condition factor HSI (%)

Individual treatment means

Protein level

Lipid level (%)
(%)
30% 8 0.86 1.61%
30% 11 0.89 1.62"
30% 14 0.90 1.55™
34% 8 0.84 1.78°
34% 1 0.84 1.68"
34% 14 0.90 1.33°
38% 8 0.89 1.50™
38% 11 0.89 1.43%
38% 14 0.94 1.46"
Pooled SEM 0.006 0.023

Means of main effects

30% protein 0.88° 1.59
34% protein 0.86" 1.46°
38% protein 0.91° 1.60°
8% lipid 0.86" 1.63"
11% lipid 0.87" 1.58"
14% lipid 091 1.45

ANOVA : P value

Protein 0.031 0.037
Lipid 0.009 0.012
Protein X Lipid 0.855 0.029

" Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

> Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p, g and r for protein level and x, y and z for lipid.
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(MINARBIN 1)

Variables PER Protein retention (%)

Individual treatment means

Protein level

Lipid level (%)

(%)

30% 8 2.58 39.55
30% 11 223 37.73
30% 14 2.92 42.83
34% 8 2.46 37.88
34% 11 2.80 43.08
34% 14 2.69 42.14
38% 8 2.46 38.79
38% I 2.63 38.20
38% 14 2.81 44.11

Pooled SEM 0.059 1.341

Means of main effects

30% protein 2.57 40.04
34% protein 2.65 41.03
38% protein 2.63 40.37
8% lipid 2.50 38.74
11% lipid 2.55 39.67
14% lipid 2.81 43.03

ANOVA : P value

Protein 0.864 0.953
Lipid 0.105 0.408
Protein X Lipid 0.228 0.874

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

3 Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p, q and r for protein level and x, y and z for lipid.
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Variables Moisture Protein Lipid Ash

(%) (%) (%) (%)

Individual treatment means

Protein level

Lipid level (%)
(%)
30% 8 71.85 54.16 33.09 12.20
30% 11 70.69 56.39 36.02 13.89
30% 14 70.59 49.37 36.80 11.87
34% 8 71.29 52.92 32.51 10.84
34% 11 70.70 52.13 37.51 11.23
34% 14 68.57 48.83 37.30 11.04
38% 8 70.52 52.70 38.11 10.08
38% 11 70.58 49.33 36.89 9.92
38% 14 69.22 50.50 36.64 13.36
Pooled SEM 0.244 0.783 0.589 0.445
Means of main effects

30% protein 70.11 50.84 35.30 11.04
34% protein 70.19 51.29 35.78 11.12
38% protein 71.04 53.31 37.21 12.65
8% lipid 69.46" 49.57 34.57 11.04
11% lipid 70.66" 52.62 36.81 11.68
14% lipid 7122 53.26 36.91 12.09

ANOVA : P value

Protein 0.248 0411 0.406 0.275
Lipid 0.026 0.150 0.215 0.632
Protein X Lipid 0.627 0.541 0.365 0.360

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

* Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p, q and r for protein level and x, y and z for lipid.
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Variables Moisture Protein Lipid Ash

(%) (%) (%) (%)

Individual treatment means

Protein level
Lipid level (%)

(%)
30% 8 76.59 74.18 25.32 435
30% 11 7531 72.24 28.75 437
30% 14 74.97 70.15 31.79 4.17
34% 8 75.75 73.79 28.34 4.50
34% 11 75.33 71.97 27.94 4.28
34% 14 74.78 69.39 29.47 4.24
38% 8 76.24 74.60 24.19 4.03
38% 11 75.60 72.28 27.62 4.07
38% 14 75.31 73.51 28.36 4.15
Pooled SEM 0.191 0.757 0.614 0.076

Means of main effects

30% protein 75.29 71.72 26.73 4.09
34% protein 75.62 72.19 28.58 4.30
38% protein 75.72 73.46 28.62 4.32
8% lipid 75.02" 71.02 25.95 4.19
11% lipid 75.417 72.16 28.10 4.23
14% lipid 76.19" 74.19 29.87 4.27

ANOVA : P value

Protein 0.635 0.629 0.375 0.409
Lipid 0.063 0.250 0.055 0.876
Protein X Lipid 0.942 0.907 0.628 0.925

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

* Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p, g and r for protein level and x, y and z for lipid.
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Variables 0 wk 2 wk 4 wk 6 wk

Individual treatment means
Protein sources Protein

replacement (%)

Soybean meal 25 5.03 21.48 64.16 119.79
Soybean meal 50 5.02 17.68 53.05 102.39
Soybean meal 75 5.03 16.27 43.54 78.81
Poultry by product 25 5.02 19.28 56.19 109.19
Poultry by product 50 5.02 16.89 43.59 80.08
Poultry by product 75 5.02 13.93 29.08 48.36
Pooled SEM 0.006 0.390 1.502 2.619

Means of main effects

Soy bean meal 5.02 18.48" 53.58" 100.33°
Poultry by product 5.02 16.70° 42.96" 79.21°
25% replacement 5.02 20.38 60.18" 114.49"
50% replacement 5.02 17.29 48.32 91.24
75% replacement 5.02 15.10° 36.31° 63.59°

ANOVA . P value

Protein sources 0.513 0.042 0.004 0.002
% replacement 0.991 0.000 0.000 0.000
Protein sources X % replacement 0.938 0.680 0.662 0.332

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

> Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and X, y and z for % protein replacement.
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(MINARDIN 2)

Variables Weight SGR (%/day) FCR Survival

gain (%)

Individual treatment means
Protein sources Protein

replacement (%)

Soybean meal 25 2281.93 7.55 0.91 100
Soybean meal 50 1939.09 717 091° 100
Soybean meal 75 1467.40 6.55° 1.01° 100
Poultry by product 25 2075.76 7.32° Lor® 100
Poultry by product 50 1496.00 6.54° 1.17° 100
Poultry by product 75 863.43 5.38° 1.43° 100
Pooled SEM 52.193 0.078 0.028 0.000
Means of main effects
Soy bean meal 1,896.14° 7.10° 0.94 100.00
Poultry by product 1,478.40° 6.41° 1.20° 100.00
25% replacement 2,178.85" 7.43" 0.96" 100.00
50% replacement 1,717.55 6.86" 1.04° 100.00
75% replacement 1,165.42° 5.96 1.22° 100.00
ANOVA : P value
Protein sources 0.002 0.001 0.001 -
% replacement 0.000 0.000 0.007 -
Protein sources X % replacement 0.328 0.086 0.092 -

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

> Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and X, y and z for % protein replacement.
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Variables Condition facter HSI (%)

Individual treatment means
Protein sources Protein

replacement (%)

ab b

Soybean meal 25 0.94 1.24
Soybean meal 50 0.89™ 1.34"
Soybean meal 75 088" 1.24°
Poultry by product 25 0.95° 1.51°
Poultry by product 50 0.85° 1.23°
Poultry by product 75 0.78" 147"
Pooled SEM 0.009 0.037
Means of main effects

Soy bean meal 0.90° 1.27°
Poultry by product 0.86° 1.40°
25% replacement 0.94" 1.37

50% replacement 0.87 1.28

75% replacement 0.83" 1.36

ANOVA : P value

Protein sources 0.021 0.054
% replacement 0.000 0.470
Protein sources X % replacement 0.036 0.040

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
? Means followed by the same letter are not significantly different.

*Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and X, y and z for % protein replacement.
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Variables PER Protein retention (%)

Individual treatment means
Protein sources Protein

replacement (%)

Soybean meal 25 2.90° 45.69"
Soybean meai - 50 2.85° 42.74°
Soybean meal 75 2.66° 45.16'
Poultry by product 25 297 43.45°
Poultry by product 50 2.29° 32.90°
Poultry by product 75 1.82° 27.80"

Pooled SEM 0.047 1.289

Means of main effects

Soy bean meal 2.81° 44.53°
Poultry by product 2.29° 34.72°
25% replacement 2.84" 44.57"
50% replacement 2.57 37.837

75% replacement 2.24° 36.4'

ANOVA : P value

Protein sources 0.000 0.002

% replacement 0.001 0.053

Protein sources X % replacement 0.031 0.096

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test
was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).
?Means followed by the same letter are not significantly different.

>Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and x, y and z for % protein replacement.
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Variables Moisture Protein Lipid Ash
(%) (%) (%) (%)
Individual treatment means
Protein sources Protein
replacement (%)
Soybean meal 25 71.37 54.75 39.00 17
Soybean meal 50 72.94 35.30 38.08 13.41
Soybean meal 75 71.21 5791 36.83 12.13
Poultry by product 25 70.94 53.70 42.55 11.86
Poultry by product 50 73.48 54.50 39.08 15.48
Poultry by product 75 74.66 59.84 37.35 15.92
Pooled SEM 0.532 0.829 0.764 0.514
Means of main effects
Soy bean meal 71.84 55.98 37.97 12.24°
Poultry by product 71.03 56.02 39.66 14.42°
25% replacement 71.16 54.22 40.78 11.515
50% replacement 73.21 54.90 38.58 14.445
75% replacement 72.93 58.88 37.09 14.027
ANOVA : P value
Protein sources 0.287 0.985 0.290 0.055
% replacement 0.271 0.084 0.182 0.079
Protein sources X % replacement 0.334 0.725 0.694 0.487

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test

was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).

*Means followed by the same letter are not significantly different.

* Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and x, y and z for % protein replacement.
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Variables Moisture Protein Lipid Ash
(%) (%) (%) (Y0)
Individual treatment means
Protein sources Protein
replacement (%)
Soybean meal 25 74.14 67.54 27.74 4.08
Soybean meal 50 74.38 71.00 27.63 4.27
Soybean meal 75 75.27 71.69 27.89 433
Poultry by product 25 71.78 67.78 32.66 3.84
Poultry by product 50 74.42 69.13 30.54 3.98
Poultry by product 75 75.33 68.91 30.43 421
Pooled SEM 0.323 0.757 0.649 0.096
Means of main effects
Soy bean meal 74.59 70.08 27.75° 4.23
Poultry by product 73.85 68.61 31.21° 4.01
25% replacement 72.96" 67.66 30.20 3.96
50% replacement 74.407 70.07 29.08 4.13
75% replacement 75.30" 70.30 29.16 427
ANOVA : P value
Protein sources 0.268 0.352 0.021 0.268
% replacement 0.036 0.324 0.740 0.452
Protein sources X % replacement 0.250 0.713 0.730 0.934

' Treatments means represent the average values of three aquaria per treatment. Duncan multiple range test

was conducted for individual means only if there was a significant interaction (ANOVA: P<0.05).

*Means followed by the same letter are not significantly different.

* Main effect means followed by the same letter are not significantly different at P<0.05 by Duncan multiple

range test; p and q for protein source and x, y and z for % protein replacement.



40

4 5 a a a A
HaN1INARRIN 3 : waveamslulamsaoinunasniag aemawsapivla Uszd@nsam

d
91113 Hazesnlsznoumaniivesagngnwa

~ [~ = A2 o a 1 Y 1 e = 9 '

mMsnaneIn 3 iWumsinyidwavesns lulawsaatianieg laun $Srazidoa $12lwatlu

Jd v o (% ' a a @ '
mnthay  wasiiudilendsaluemisdomaniyaula  dasimssenms  uazAMAIMI
dy s o s 9 a I'4 4 =)
Tnsuimsveatietagngnwanlumamlsjdnaaducilaigni msunszosndssnoumanil

1 d' 9/t dyd a =} 1 '

Y09 IMIINAADY WU IMIINARDIN 19 lumsnaassiilsmnlUshueglurie 37.26-38.67%

sy luaiuiing 9.62-11.49%

mstsyAulnvesi/a

A o o 1 dy o d ' AN Yo
maummﬁmammﬂanmmﬂmﬂﬂqﬂwr{mflmzamm 6 ’cT‘]JﬂTH wmmam"lmu

A o =Y ] 9 [ = 9 1 o Y o o
p1M1Ineaesnias lulamsarinniee laua siaziven 917 Tnadu nnthay uazdudienas

¥ ' *
LY - T . = |

14

° a 1 ' @ Vo 4 ' [ o
ua Thminmivaon uloduganIsnanes agsenng 87.92-106.40 nSuaedd ¥ luuanaaniy
[} S w0 W o t:’ dyo/ ' d' 9o =
ptnalitfudnyn1edia (P>0.05) (151991 19) wenaniidanuinlanlasuemisnansanngasil
oasimssaAula oglugie 932.66-1150.14% 9A51MSIRTYAD InsumIzlA1TEHIe 5.56—

'V 1 Y g ' o w £ g
6.01%A0TU daudaswaniilo nagMssoameiinl 1.24-1.61 1093.33-100.00% MudIAy Fuiy
A lidianuuanased 1 o d iy nIeada (P>0.05) (113199 20) (FUIABIAUA Condition factor,
hepatosomatic index Uszaniammslyldsau (PER) uazmsthlylsfuazanlusiame (protein

o o

{ d é ! ] 1 L} @
retention efficiency) 091/a 85 IMIINATBINgRIFINU N luTinnuuena e TiTudy

Q

NNTADA (P>0.05) (A15199 21-22)

J = o
BQﬂﬂiZﬂEUﬂN!ﬂNﬂJﬂdﬂ)ﬂm

a o o Y s 1 9 o t o
nnMsinszesndszneumaniivesitar wuhmsl#mnthduiuumasms Tu'lewmsa
¥
SwaliUSna usAuludlawiesdndooniins15azdea $1nlwalu naziudnlzndsumily
1 o" o dytv 1 Y o o o t
unaans Tulaase  (P<0.05) (m3ed 23) wennidawyhns liudulznduaiiuumas
1 4
a3 Ty lamsalinalddSinallsanluiledage  liuanarsoinnisidsiazidva nazdilnatly
] ] 14 v

yazAvamidsuiudendaaiiuumans TulamsativSua luiuluilodeaiived iy

aa 1 ] 1 { ' " ~
NNADA (P<0.05) LlﬂvlﬁJLmﬂﬁN‘lnﬂﬂ‘li1%%1'31Wﬂﬂut‘ﬂuuﬁﬁﬁﬂﬁIleﬁLﬂﬁﬂ (15190 24)



41
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MINN 19 UIURDY (g/fish) ‘U'ENﬂﬁ’lﬂﬂQﬂNﬁlmvlﬂﬁ’U?ﬁﬂﬁﬂﬂﬁﬂﬂlmﬁgﬁq&ﬂﬂﬂunﬁW 6

o o -
Aanst (Msnaasan 3)

2 wk 4 wk 6 wk
T1 Rice bran 23.00+1.07" 57.05+1.00" 87.92+1.50™
T2 Corn meal 24.71+3.28" 61.80+11.69™ 92.95+15.30"
T3 Palm meal 8.51+0.01™ 26.99+2.62" 67.40+9.13™ 106.40+9.89 "
T4 Cassava 8.51+0.02" 25.32+0.85" 63.57+5.03" 101.48+11.88"
P-value (F-test) 0.124 0.241 0.118

ns = non-significant.

M1519N 20 SAsIMsIRS YAV Ia (%), DsIM IS AL Tz (%/day), FCR Hagm3senny

] o t o o L4 {
(%)maaﬂamﬂgﬂwﬁmﬁ"lﬁmmwﬁmamsmazquﬂunm 6 den (M3naaoan 3)

Weigh gain FCR SGR Survival
T1 Rice bran 932.66+15.55" 1.56+0.03" 5.56+0.04" 100.00+0.00 ™
T2 Corn meal 991.24+176.66 " 1.61+0.37" 5.67+0.40" 93.33+6.67"
T3 Palm meal 1150.14+115.53" 1.24+0.13" 6.01+0.23" 100.00+0.00 ™
T4 Cassava 1093.20+142.89" 1.34+0.14" 5.89+0.29" 97.78+3.85"
P-value (F-test) 0.089 0.125 0.096

ns = non-significant.

i .y . Y Yo T
@319 21 Condition factor 1Az hepatosomatic index ﬂJENﬂmﬂﬂQﬂNﬁuﬁvlﬂi‘Ut‘nﬂTi‘nﬂﬁmuﬂf‘.:

< o 4 =
gaatunal 6 1AM (Msnaaean 3)

CF HSI
T1 Rice bran 0.93+0.04" 1.28+0.11"
T2 Corn meal 0.88+0.06 " 1.3740.19™
T3 Palm meal 0.92+0.03 " 1.46+0.26™
T4 Cassava 0.88+0.06™ 1.51+0.38"
P-value (F-test) 0.284 0.121

ns = non-significant.
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A1519N 22 Uszaniamms 19 11sAu (PER) uaznisiih TusAuazaulus19mio (protein retention

. Ay Yo ' I o ¢
efﬂCIency) maaﬂamﬂgﬂwﬁuﬂﬂmmmﬁwﬂamtmazqmsﬂunm 6 ﬁl‘ﬂ'l“ﬂ (mMs

naavIN 3)
PER Prot. retention
T1 Rice bran 1.66+0.04° 26.74+0.60™
T2 Corn meal 1.7240.36™ 27.51+5.61"
T3 Palm meal 2.15+0.22° 31.51+3.21°
T4 Cassava 1.99+0.20 ® 30.16+3.11°™
P-value (F-test) 0.048 0.157

ns = non-significant.

Means within columns not sharing the same superscript are significantly different (P<0.05).

a J =) Y Y Yo ' o
M 23 eenlsznoumanil (%) veaiidmgngnuaui 1as e misnaasweaz gasihuna

LY o d'
6 diavi (NMsnAanan 3)

Protein Lipid Ash
Initial fish 60.32+4.24 17.72+1.31 15.20+1.30
T1 Rice bran 71.82+0.93" 55.79+4.76" 38.47+4.04" 10.45+2.75"
T2 Corn meal 71.76+1.10% 5531+1.42° 36.33+2.07" 14.96+2.52"
T3 Palm meal 71.26+0.60" 50.38+1.26" 37.54+1.62" 10.30+3.99"
T4 Cassava 72.58+0.85" 56.02+0.10°" 37.22+1.10% 11.27+0.94"
P-value (F-test) 0.040 0.384 0.106

ns = non-significant.

Means within columns not sharing the same superscript are significantly different (P<0.05).
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6 UM (MINARDBIN 3)

Moisture Protein Lipid Ash
T1 Rice bran 74.55+0.75™ 72.21+1.21° 31.21+1.12° 4.68+0.33"
T2 Corn meal 75.56+1.47" 71.95+4.07" 27.16+4.27" 5.1140.65"
T3 Palm meal 74.03+0.60™ 68.88+1.76° 31.11+2.29° 4.16+0.02°
T4 Cassava 75.76+0.48" 74.57+1.87 25.52+1.05° 4.98+0.09"
P-value (F-test) 0.069 0.049 0.031 0.026

ns = non-significant.

Means within columns not sharing the same superscript are significantly different (P<0.05).
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0 wk 6 wk
Tt Commercial diet 7.54+0.24 150.21+2.66
T2 Experimental diet 7.39+0.20 155.42+3.99
P-value (1-test) 0.736 0.133

M31eh 26 sasmsSuAula (%), SasINsRIYAY InT Wz (%/day), FCR 1a$M338AAY

{ as 1 3 [ 4
(%) voulagnanrani 1asus IS NARB ARz gRsITuM 6 d1la (MInAaosii 4

Weigh gain FCR SGR Survival
T1 Commercial diet 1917.35492.87 1.0140.04 7.15+0.11 82.00+5.29
T2 Experimental diet 2004.36:+44.66 0.90£0.01 7.25+0.05 88.33+4.93
P-value (t-test) 0.214 0.007 0.228 0.204

significantly different among treatment (P<0.05)

i 27 Uszansnmms 19 Ts@u (PER) taznssiilsAuazanlusieaniv (protein retention

a o ' o Y 4
efficiency) votaangnuaui 1dvermisnansaaz gasiunan 6 duai (M3

Vlﬂﬁi)\‘l‘ﬁ 4)
PER Prot. Retention (%)
T1 Commercial diet 2.90+0.11 43.90+1.65
T2 Experimental diet 2.93+0.03 49.94+0.50"
P-value (t-test) 0.675 0.004

'," significantly different among treatment (P<0.05)
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4 (4 a o = o t [~
M3 28 sansznoumunil %) vesiadmangnnaui Idsuemsnaneausazgasunm 6

o (MInaaosd 4)

Moisture Protein Lipid Ash
Initial fish 76.90 68.73 16.58 15.21
T1 Commercial diet 71.71+0.83 53.6142.34° 39.73+1.16 9.21+2.41
T2 Experimental diet |  72.68+1.08 62.08+2.28 34.5042.32° 8.75+4.54
P-value (t-test) 0.284 0.011 0.025 0.885

significantly different among treatment (P<0.05)

a ¢ a & Ay Yo ' ‘ﬂ
A9 1N 29 ﬂﬂﬂﬂigﬂﬂﬂﬂ1\3lﬂu (%) ﬂlf)\‘]lﬂﬂﬂﬁ’]ﬂﬂ@ﬂwﬁuﬂ‘lﬂiU@']H’liﬂﬂﬂﬂﬁllﬂﬁgi,j,ﬂﬁl IR

6 FUa M (MINaaan 4)

Moisture Protein Lipid Ash
T1 Commercial diet 74.03+0.15" 58.2348.13 36.2142.23" 4.10+0.28
T2 Experimental diet |  76.07+0.75 74214281 27.70+1.92° 4.84+0.62
P-value (t-test) 0.010 0.032 0.007 0.137

'," significantly different among treatment (P<0.05)

m31adi 30 Aunusiemisvesdmgngnwaui IdsuemiImaasnaz gns

o [ Jd 1
et 6 dav (msnanodh 4)

Feed cost /kg fish

T1 Commercial diet

29.40+1.08

T2 Experimental diet

23.79+0.24"

P-value (t-test)

0.001

significantly different among treatment (P<0.05)
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MANHIN S ¢ “lgl/'e)Hﬂ‘i]'lﬂﬂ“lﬁTlﬂﬁﬂQ

' ¥ v 1
y [ o a
ﬂﬁNN‘u'Jﬂﬁ 1 "‘Ufliql'ﬁ‘lﬂﬁuﬂﬂﬂ'l liué’{uﬂﬁ'ﬂﬂﬁi’)ﬂ (ﬂ'lﬁ‘ﬂﬂﬁi’)dﬁ 1)

sl () | W/ | wWmMI | avg SD
TIR1 15 87.4 5.83
TIR2 15 87.4 5.83 583 | 0.004
TIR3 15 87.5 5.83
T2R1 15 88.1 5.87
T2R2 15 87.2 5.81 5.83 | 0.039
T2R3 15 87 5.8
T3R1 15 87.8 5.85
T3R2 15 87.9 5.86 5.84 0.033
T3R3 15 87.0 5.80
T4RI 15 88.0 5.87
T4R2 15 87.5 5.83 5.83 0.033
T4R3 15 87.0 5.80
TS5R1 15 87.4 5.83
T5R2 15 87.0 5.80 5.83 0.027
T5R3 15 87.8 5.85
T6R1 15 88.4 5.89
T6R2 15 87.5 5.83 5.84 0.044
T6R3 15 87.1 5.81
T7R1 15 87.5 5.83
T7R2 15 §7.2 5.81 5.85 0.053
T7R3 15 88.7 591
T8R1 15 87.8 5.85
T8R2 15 87.6 5.84 5.83 0.024
T8R3 15 87.1 5.81
TIRI 15 88.3 5.89
TIR2 15 87.0 5.80 5.84 0.044
TI9R3 15 87.5 5.83




4 :’ o o o ~
m31eu1nd 2 Joyarhminyan 2 dlamivesnisnanes (Minanon 1)

am | UH/AD avg SD
TIRI1 15 264.2 17.61
TIR2 15 272.8 18.19 17.19 1.27
TIR3 15 236.4 15.76
T2R1 15 271.0 18.07
T2R2 15 275.7 18.38 18.09 0.27
T2R3 15 267.5 17.83
T3R1 15 270.6 18.04
T3R2 15 268.3 17.89 18.53 0.99
T3R3 15 295.1 19.67
T4R1 15 271.2 18.08
T4R2 15 279.3 18.62 17.72 1.12
T4R3 15 247.1 16.47
T5R1 15 290.5 19.37
T5R2 15 276.0 18.40 18.82 0.50
T5R3 15 280.3 18.69
T6R1 15 309.1 20.6!
T6R2 15 285.0 19.00 19.39 1.07
T6R3 15 278.5 18.57
T7R1 15 292.8 19.52
T7R2 15 267.8 17.85 18.45 0.93
T7R3 15 269.7 17.98
T8R1 15 307.3 20.49
T8R2 15 260.4 17.36 19.33 1.72
T8R3 15 3023 20.15
TIR1 15 290.2 19.35
TIR2 15 295.2 19.68 19.64 0.28
T9R3 15 298.6 19.91
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! : o o 3 =
MW 3 Jeyathminia 4 FUaivesmsnanes (Minanen 1)

wdn @) | uw UH/A avg SD
TIRI1 15 582.5 38.83
TI1R2 15 594.7 39.65 37.18 3.59
TIR3 15 496.0 33.07
T2RI 15 617.4 41.16
T2R2 14 577.2 4123 40.92 0.48
T2R3 15 605.6 40.37
T3RI1 15 629.2 41.95
T3R2 15 598.0 39.87 42.12 2.35
T3R3 15 668.3 44.55
T4R1 15 553.7 3691
T4R2 15 618.6 41.24 38.02 2.84
T4R3 15 538.4 35.89
T5R1 15 636.5 42.43
T5R2 15 588.7 39.25 40.87 1.59
T5R3 15 613.8 40.92
T6R1 14 747.4 53.39
T6R2 15 646.8 43.12 45.07 7.53
T6R3 15 580.5 38.70
T7R1 15 652.8 43.52
TTR2 15 620.7 41.38 41.89 1.44
T7R3 15 611.7 40.78
T8R1 15 694.0 46.27
T8R2 15 636.2 4241 45.88 3.29
TSR3 15 7345 48.97
TIRI1 15 623.8 41.59
T9R2 15 716.7 47.78 45.71 3.57
TIR3 15 7164 47.76
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M3wWInN 4 Joyarhmindm 6 ddarivsansnaans (Mnaaeadi 1)

ada @) WU/ HU/M avg SD
TiR1 15 1002.9 66.86
T1R2 15 1140.5 76.03 66.80 9.26
TIR3 15 862.8 57.52
T2R1 15 1090.7 72.71
T2R2 14 1092.5 78.04 70.70 8.52
T2R3 10 613.5 61.35
T3R1 15 1196.8 79.79
T3R2 15 1164.5 77.63 79.70 2.02
T3R3 15 1225.2 81.68
T4R1 15 1042.4 69.49
T4R2 15 1195.1 79.67 71.28 7.65
T4R3 14 905.6 64.69
T5R1 15 1250.2 83.35
T5R2 15 1157.8 77.19 79.62 3.28
T5R3 15 1174.8 78.32
T6R1 14 1379.0 98.50
T6R2 15 1317.0 87.80 83.75 17.15
T6R3 14 909.1 64.94
T7R1 15 1242.2 82.81
T7R2 14 1152.3 82.31 81.85 1.26
T7R3 14 1126.0 80.43
T8R1 15 1294.8 86.32
T8R2 15 1248.0 83.20 87.76 5.42
T8R3 15 1406.2 93.75
T9RI 15 1294.6 86.31
TIR2 15 1413.9 94.26 92.06 5.03
TIR3 15 1434.4 95.63
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4 By :’ @ a 1
ﬂ151~1N1«!'3ﬂﬁ 5 magaumuﬂﬂm LﬁlJSFSIJUﬂﬁ“ﬂﬂﬂfN (ﬂﬁ'ﬂﬂﬁﬂﬂ'ﬁ 2)

w1 | s WU | avg SD
TIRI1 15 74.8 4.99
T1R2 15 75.9 5.06 5.03 0.04
TI1R3 15 75.6 5.04
T2RI 15 75.1 5.01
T2R2 15 75.5 5.03 5.02 0.01
T2R3 15 75.4 5.03
T3RI 15 75.0 5.00
T3R2 15 75.8 5.05 5.03 0.03
T3R3 15 75.4 5.03
T4R1 15 75.2 5.01
T4R2 15 75.5 5.03 502 | 0.1
T4R3 15 75.1 5.01
T5R1 15 74.9 4.99
TSR2 15 75.4 5.03 5.02 0.02
T5R3 15 75.6 5.04
T6RI 15 75.6 5.04
T6R2 15 75.5 5.03 5.02 0.03
T6R3 15 74.8 4.99
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MM 6 Toyarhminyan 2 damivensnane (NINARDIN 2)

wadm @) | uusg U/ X SD
TIR1 15 296.7 19.78
TI1R2 15 3263 21.75 21.48 1.59
TIR3 15 3438 22.92
T2R1 15 296.7 19.78
T2R2 15 2399 15.99 17.68 1.93
T2R3 15 259.2 17.28
T3R1 15 222.8 14.85
T3R2 15 248.8 16.59 16.27 1.29
T3R3 15 260.5 17.37
T4R1 15 270.9 18.06
T4R2 15 309.8 20.65 19.28 1.30
T4R3 15 287 19.13
T5R1 15 265.4 17.69
T5R2 15 221.1 14.74 16.89 1.88
TSR3 15 273.4 18.23
T6R1 15 1773 11.82
T6R2 15 225.7 15.05 13.93 1.83
T6R3 15 223.8 14.92
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M15190UIN 7 Jeyarimtinyan 4 dlavivesmsnaned (MnaavIn 2)

aual (1) | WU avg SD
T1R1 15 927.1 61.81
TIR2 15 974.4 64.96 64.16 2.07
TIR3 15 985.7 65.71
T2R1 15 872.6 58.17
T2R2 15 715.5 47.70 53.05 5.24
T2R3 15 799.2 53.28
T3R1 15 589 S8
T3R2 15 729.7 48.65 43.54 4.75
T3R3 15 640.5 42.70
T4R1 15 729.9 48.66
T4R2 15 969.7 64.65 56.19 8.03
T4R3 15 829.1 55.27
T5R1 15 777.9 51.86
T5R2 15 485.5 3237 43.59 10.08
TSR3 15 698.2 46.55
T6R1 15 360.1 24.01
T6R2 15 504.2 33.61 29.08 4.83
T6R3 15 4444 29.63
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4 : LY o g d'
M3t 8 Joymihmindar 6 Faiveanisnanes (Msnaaodh 2)

(@) | wws UM avg SD
TIRI 15 1752.4 116.83
TIR2 15 1830.3 122.02 119.79 2.67
TIR3 15 1808 120.53
T2R1 15 1655.4 110.36
T2R2 15 1432.9 95, .58 102.39 7.48
T2R3 15 1519.4 101.29
T3R1 15 1092 72.80
T3R2 15 1319.1 87.94 78.81 8.04
T3R3 15 1135.5 75.70
T4R1 15 14253 95.02
T4R2 15 1832.7 122.18 109.19 13.62
T4R3 15 1655.6 11037
T5R1 15 1483.4 98.89
TSR2 15 892.5 59.50 80.08 19.76
TSR3 5 1227.6 81.84
T6R1 15 624 41.60
T6R?2 5 803.7 53.58 4836 | 6.14
T6R3 15 748.3 49.89
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H 9 ' 1
mswInh 9 Joyarhminla Guduminanes (Minaaeai 3)

$1HIU (A7) WU/ WU/ avg SD
TIRI 15 128 8.53
TIR2 15 1273 8.49 851 | 0.02
TIR3 15 127.8 8.52
T2R1 15 127.9 8.53
T2R2 is 127.3 8.49 852 | 0.03
T2R3 15 128 8.53
T3R1 15 127.6 8.51
T3R2 15 127.6 8.51 8.51 0.01
T3R3 15 127.8 852
T4R1 15 128 8.53
T4R2 15 127.5 8.50 8.51 0.02
T4R3 15 127.3 8.49

Y : o o d ~
131937 10 Toymrimiiniar 2 Fiaivesnsnaand (MINARDIN 3)

$1HMU (1) | WA avg SD
TIRI1 15 335.6 22.37
TI1R2 15 363.5 24.23 23.00 1.07
T1R3 15 335.8 22.39
T2R1 15 374.6 24.97
T2R2 15 319.5 21.30 24.71 3.28
T2R3 15 417.8 27.85
T3RI i5 361.5 24.10
T3R2 15 4153 27.69 26.99 2.62
T3R3 15 4379 29.19
T4R1 15 3754 25.03
T4R2 15 370 24.67 25.32 0.85
T4R3 15 394.2 26.28




: o’ o o d =
M3ewuInd 11 Yoymihminial 4 flaviveansnaass (M13NARDIN 3)

11U (A1) | WU/ avg SD
TIRI 15 868.4 57.89
TIR2 15 859.6 57.31 57.05 1.00
TIR3 15 839.1 55.94
T2R1 15 993 66.20
T2R2 15 7283 48.55 61.80 11.69
T2R3 15 1059.7 70.65
T3RI 15 862.7 57.51
T3R2 15 1037.9 69.19 67.40 9.13
T3R3 15 1132.6 75.51
T4R1 15 876.7 58.45
T4R2 14 892.8 63.77 63.57 5.03
T4R3 15 1027.5 68.50

4 :’ LY o g o
MmN 12 doymimiinian 6 dilamivesnmsnanes (MNaavIN 3)

S GE) | W WU/ avg SD
TIRI 15 1344.7 89.65
TIR2 15 1305 87.00 87.92 1.50
TIR3 15 1306.5 87.10
T2RI 14 1384.7 98.91
T2R2 13 982.5 75.58 92.95 15.30
T2R3 15 1565.7 10438
T3RI 15 1427.2 95.15
T3R2 15 1655.3 11035 | 106.40 9.89
T3R3 15 1705.7 11371
T4RI 15 1333.9 88.93
T4R2 14 1441.5 10296 | 101.48 11.88
T4R3 15 1688.2 112.55




! Y oy @ a 4
ﬂ]i]ﬂNﬂ?ﬂﬁ 13 "U’m_J‘aumuﬂﬂm L'illﬂglluﬂ15‘ﬂﬂﬁf‘)\3 (fﬂi‘ﬂﬂﬁ@ﬂﬁ 4)

N UH/NIZH U/ avg SD
TIRI 100 7172 7.172
TIR2 100 756.8 7.568 7.45 0.24
TIR3 100 761.9 7.619
T2RI 100 760.6 7.606
T2R2 100 734.4 7344 7.39 0.20
T2R3 100 721.1 7211

4 : ar o o =
ﬂ1§1\3ﬂ14'3ﬂ7d| 14 %ﬂy‘ﬂU'IWuﬂﬂﬁ'] 6 dla1vivoIN1INAABI (MITNANDIN 4)

1 UU/NIEHI HU/M avg SD
TIR1 78 11835.6 151.74
TIR2 80 12140 151.75 150.21 2.66
TIR3 88 12948 147.14
T2R1 86 13522.3 157.24
T2R2 85 13445.7 158.18 155.42 3.99
T2R3 94 14179.6 150.85
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