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Replacement of fish meal with rendered animal protein in practical diets
for sex reversal Tilapia (Oreochromis niloticus Linn.) under cage culture
system
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ABSTRACT: Replacement of fish meal with rendered animal by-product in feed for sex reversal tilapia under cage
culture system was evaluated. The experiment was conducted in 3 x 2 factorial in completely randomized design
(CRD) to determine the effect of feed formula and feeding frequency. Six treatments combination of three
different feed formulas (1. diet with 10% fish meal, 2. complete replacement of fish meal by mixing of poultry by-
product meal and porcine meal and 3. commercial feed) and two different feeding frequencies (2 or 4 times daily)
were tested with three replicates. The average initial weight of experimental fish was 33 + 0.02 g/fish and after 153
days of trial, the average final weight of fish was 656.79 + 42.46 g¢/fish. The results elucidated that interaction
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between feed formula and feeding frequency on tested parameters were not found. Growth performance,
survival, FCR, feed efficiency, condition factor, hepatosomatic index and viscerosomatic index of fish were not
significantly (P>0.05) different among fish fed diets with the various feed formula or feeding frequency. However,
fish fed diet 1 had the highest percentage of fillet yield (P<0.05). While no significant difference (P>0.05) in
percentage of fillet yield was found between fish fed rendered based diet and commercial diet. The fish fed 2
times/day exhibited higher percentage of fillet yield (P<0.05) than the fish fed at 4 times/day. These results
suggested that fish meal can be totally replaced with the combination of poultry by-product meal and porcine
meal in diet for sex reversal Nile tilapia without any adverse effects on growth performance, and twice daily
feeding is recommended for Nile tilapia under similar culture condition to this study.

Keywords: Tilapia; fish meal replacement; rendered animal protein; poultry by-product meal; porcine meal
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Table 1 Nutrients composition of fish meal, poultry by-product meal and porcine meal

Ingredients (As fed basis)

Fish meal Poultry by-product meal Porcine meal
Nutrients composition
Moisture (%) 7.71 4.81 4.45
Crude protein (%) 58.51 60.14 55.38
Crude lipid (%) 8.83 11.40 13.10
Fiber (%) 0.86 0.90 113

Ash (%) 24.03 24.18 26.68
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Table 2 Feed formula (%) and chemical composition of the experimental diets

Ingredients (%as fed basic) Experimental diets

1 2 3V
Fish meal 10 0
Poultry by product meal 0 5
Porcine meal 0 5
Soybean meal 45 45
Rice bran 5 5
Corn meal 10 10
Broken rice 22 22
Fish oil 3 3
Vitamin premix” 0.25 0.25
Mineral premix”’ 0.25 0.25
Ascorbic acid (active 97%) 0.5 0.5
Monocalcium phosphate 1 1
Husk mill 3 3
Total 100 100
Nutrients composition (dry matter basis)
Crude protein (%) 34.12 34.54 33.22
Crude lipid (%) 3.92 3.90 9.26
Fiber (%) 2.78 3.00 4.15
Ash (%) 7.69 8.35 7.92
Calculated composition (dry matter basis)
Nitrogen free extract (NFE, %) 43.17 44.06 a4.46
Digestible energy”(DE, kcal/100 g) 441 438 462
Price (Baht/kg feed) 24 22 31.5

YCommercial feed (catfish feed)

YProvides per kg of diet: vitamin A 4,000 U, vitamin D 2,000 U, vitamin E 50 mg, vitamin K 10 mg, thiamine 10 mg, riboflavin 12 mg,
pyridoxine 10 mg, choline chloride 700 mg, pantothenic acid 20 mg, niacin 60 mg, folic acid 2 mg and vitamin C 200 mg

¥Provides per kg of diet: manganese (MnSO4H,0) 25 mg, zinc (ZnSO,7H,0) 100 mg, iron (CsHsFeO7-H,0) 60 mg, copper (CuSO4-5H,0) 3
mg, iodine (KI) 5 mg, selenium (Na,SeOs) 0.3 mg and cobalt (CoCl,-6H,0) 0.05 mg

YCalculated digestible energy

4. MIIANIINTNARDY
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Iﬂiau?j‘w% (apparent net protein utilization, ANPU) condition factor, viserosomatic index (VSI), hepatosomatic index
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HPLC, Accq. Tag amino acid analysis method, #1 nitrogen free extracts (NFE) 1935157112803 Olvera-Novoa et al.
(1994) pwdanudideslsl (digestible energy, DE) 1438n156uanimiu NRC (1993) Imﬁqmé’aﬁ
% NFE = 100 — (%A07 + %WUsiu + %lusu + %idole + %)

DE (kcal/100g) = (%1UsAU x 3.5) + (%lasiu x 8.1) + (%a15lulainsn x 2.5)
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95% Tunsfinwil Jeyanidudevazniedamdnaviiluulasdoyaiielidayaiinisnszareuuuund (normal distribution)
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Uhinalusiuiiiu wagAszansamnsldlusiu (Table 4) vasits 6 yan1Imnaes nansvaaedldwudvinadousening
gnsomsuazanuilunislifenssonnmsiimesdand (P>0.05) saddlsimudvinavestiafondnfofigniemis uay
arudlunslfewng (P>0.05) Insuaniildsuemanmassits 6 gnnisvanes Senviamuadneiuuanssiuegndlsifdeddny
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NaANIMYINNUTN A1 Condition factor, hepatosomatic index Wag viscerosomatic index vaalanilana 6 g
ndaasaiunaansliunnestunaadin (P>0.05) Tnswuiwasvinadmsyriatadeiifng 2 Yads uazdvsnandnves
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wazomnsgnsi 3 fefiudidoudlaiunnsnatu (P>0.05) uasdmuiamnassiildsuomsiianud 2 afyfu fusina
vosvefiuditfoudgeniuamdilésuemns a afyu (P<0.05) (Table 5)

amslasgiviinunsnosiluluiovamdsduganimaaesuandly Table 6 Faraanmsinsziteyaseis
cluster analysis #ui U%mmﬂimsﬁiulutﬁaﬂa’mé’qguqmmi‘mmaaasuamﬂsqmﬂﬁmaathﬁmmLLmﬂGiNﬁ’umqaﬁ&
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aautiimasnszozianmaaesddeglunasifngasomasiydulnvesdn i lnenuheumgihey
Tur29 25.6 - 29.5 pareardiva Usanuoendiaufiazansthilragluda 6.54 - 7.98 un/a. enailusdla 27 - 31 s, e
Hunsabudrseglutag 6.5 - 7.8 armnszdnsvesieglutag 150 - 200 un./a. lugy Caco, armnlusinsegludag 70 - 95

un./a. lugy CaCO, wazuwesluilesiudiAragluyie 0.04 - 0.12 un/a.
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Figure 1 Dorsal muscle of Nile tilapia fed each 3 different feed formulas (a) 10% Fish meal feed, (b) 10%

porcine meal + poultry by-product meal feed and (c) catfish feed (commercial feed).

€) (b) (©
Figure 2 Liver of Nile tilapia fed each 3 different feed formulas (a) 10% Fish meal feed, (b) 10% porcine meal +

poultry by-product meal feed and (c) catfish feed (commercial feed). Vacuolization (marked with

arrows) was found in the liver of fish fed all 3 feed formulas.
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Table 3 Final weight, weight gain, average daily weight gain (ADG), Feed conversion ratio (FCR) and survival of Nile tilapia fed each 3 different feed formulas and 2 different

feeding frequencies for 153 days (mean + SEM)

Treatment Feed Formula Frequency Initial weight Final weight Weight gain ADG FCR Survival
(time/day) (9) (9 (%) (g/fish/day) (%)
1 10% FM 2 33.00 + 0.03 653.67 + 22.44 1,881.05 + 67.40 4.08 + 0.15 1.18 + 0.04 100 + 0.00
2 10% FM 4 33.00 + 0.03 660.81 + 27.00 1,902.67 + 80.94 413 +0.18 1.20 £ 0.03 100 + 0.00
3 10% PM + PBM 2 32.99 + 0.01 662.83 + 27.19 1,909.16 + 82.13 4.14 + 0.18 1.19 + 0.00 100 + 0.00
a4 10% PM + PBM 4 32.99 £ 0.02 682.35 + 34.57 1,968.39 + 104.99 4.27 + 0.23 1.22 + 0.03 100 + 0.00
Catfish feed 2 33.01 + 0.03 650.75 + 33.83 1,871.41 + 101.49 4.06 + 0.22 1.24 + 0.01 100 + 0.00
6 Catfish feed 4 32.99 + 0.02 630.34 + 8.46 1,810.64 + 25.71 3.93 + 0.06 1.23 + 0.02 100 + 0.00
Pooled means
10% FM 33.00 + 0.01 657.24 + 15.78 1,891.86 + 47.35 411 +0.10 1.19 £ 0.02 100 + 0.00
10% PM+PBM 32.99 + 0.01 672.59 + 20.15 1,938.77 £ 61.07 421 +0.13 1.28 + 0.02 100 + 0.00
Catfish feed 33.00 + 0.01 640.55 + 16.25 1,841.03 + 48.75 4.00 + 0.11 1.24 + 0.01 100 + 0.00
2 33.00 + 0.01 655.75 + 14.22 1,887.20 + 42.79 4.10 + 0.09 1.20 £ 0.02 100 + 0.00
a4 32.99 + 0.01 657.84 + 14.94 1,893.6 + 45.20 4.11 £ 0.10 1.22 + 0.01 100 + 0.00
Two- way Analysis of Variance
Feed Formula ns ns ns ns ns ns
Frequency ns ns ns ns ns ns

Feed type X Frequency

ns

ns

ns

ns

ns

ns

ns = Non significantly different.

FM: Fish meal, PM: Porcine meal, PBM: Poultry by-product meal
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Table 4 Feed intake, daily feed intake, Feed efficiency ratio (FER), Protein intake, protein efficiency ratio (PER) and apparent net protein utilization (ANPU) of Nile tilapia fed

each 3 different feed formulas and 2 different feeding frequencies for 153 days (mean + SEM)

Treatment Feed Formula Frequency Feed Intake (g/fish) Daily Feed FER Protein Intake PER ANPU
(times/day) Intake (%) (g protein/fish)
1 10% FM 2 731.16 + 17.34 1.40 £ 0.04 0.85 £ 0.03 249.47 + 592 2.49 + 0.08 42.63 + 1.43
2 10% FM 4 753.71 + 31.84 1.43 + 0.03 0.83 £ 0.02 257.17 + 10.86 2.44 + 0.06 39.62 £ 0.91
3 10% PM + PBM 2 746.51 + 30.66 1.41 + 0.00 0.84 + 0.00 25472 + 10.46 2.47 + 0.01 39.32 £ 0.09
4 10% PM + PBM 4 789.35 + 22.31 1.45+ 0.03 0.82 £ 0.02 269.33 + 7.61 2.41 + 0.06 38.14 + 0.97
5 Catfish feed 2 766.60 + 41.96 1.47 £ 0.02 0.81 £ 0.01 261.56 + 14.32 2.36 + 0.02 39.95 + 0.40
6 Catfish feed 4 736.16 + 17.35 1.46 + 0.02 0.81 £ 0.01 25118 + 592 2.38 + 0.03 40.57 + 0.57
Pooled means
10% FM 742.43 + 16.98 1.42 + 0.02 0.84 + 0.02 25332 + 579 2.47 + 0.05 41.13 + 1.01°
10% PM + PBM 767.95 + 19.47 1.43 £ 0.02 0.83 + 0.01 262.02 + 6.64 2.44 + 0.03 38.73 + 0.51°
Catfish feed 751.38 + 21.42 1.47 £ 0.01 0.81 + 0.01 256.37 + 7.31 2.37 + 0.02 40.26 + 0.34°°
2 748.10 + 16.63 1.43 + 0.02 0.83 + 0.01 255.25 + 5.67 2.44 + 0.03 40.63 + 0.66
a4 759.74 + 14.57 1.45 + 0.01 0.82 £ 0.01 259.22 + 4.97 2.41 +0.03 39.44 + 0.55
Two- way Analysis of Variance
Feed Type ns ns ns ns ns *
Frequency ns ns ns ns ns ns
Feed type X Frequency ns ns ns ns ns ns

ns and * = Non significantly different and significantly different at P<0.05, respectively. Values within same column with different superscripts are statistically different.

FM: Fish meal, PM: Porcine meal, PBM: Poultry by-product meal
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Table 5 condition factor, hepatosomatic index (HSI), viscerosomatic index (VSI), intraperitoneal fat (IPF) and fillet yield of Nile tilapia fed each 3 different feed formulas and

2 different feeding frequencies for 153 days (mean + SEM)

Treatment Feed Formula Feeding Frequency Condition Factor HSI (%) VSI (%) IPF (%) Fillet yield (%)
(time/day)
10% FM 2 2.17 +£0.03 1.44 + 0.08 5.18 £ 0.25 211 +0.25 49.04 + 0.59
2 10% FM a 2.17 £ 0.05 1.39 + 0.13 501 +0.15 2.66 +0.21 47.38 £ 0.36
3 10% PM + PBM 2 2.12 £ 0.03 1.57 + 0.11 5.01 + 0.26 291 + 0.30 46.67 + 0.37
4 10% PM + PBM a4 2.06 £ 0.03 1.55 + 0.10 4.46 + 0.27 3.23 £ 0.27 45.66 + 0.28
5 Catfish feed 2 2.13 £ 0.04 1.70 £ 0.14 4.98 + 0.26 4.30 + 0.53 46.79 + 0.54
6 Catfish feed 4 2.15+0.02 1.30 + 0.08 4.96 + 0.28 4.67 +0.43 46.72 + 0.62
Pooled means
10% FM 2.17 +£0.03 1.42 + 0.07 5.09 +0.14 238 £ 0.17° 48.14 + 0.36°
10% PM + PBM 2.09 £ 0.02 1.56 + 0.07 4.74 £ 0.19 3.07 + 0.20° 46.17 £ 0.25°
Catfish feed 2.14 + 0.02 1.50 + 0.09 497 +0.19 4.49 + 0.34° 46.76 + 0.35°
2 2.14 + 0.02 1.57 + 0.06 5.05+0.14 3.11 £ 0.26° 47.47 + 0.34°
a4 2.13 +0.02 1.41 + 0.06 481 +0.14 3.52 + 0.23° 46.57 + 0.26°
Two- way Analysis of Variance
Feed Type ns ns ns *x *x
Frequency ns ns ns * *
Feed type X Frequency ns ns ns ns ns

ns, * and ** = Non significantly different, significantly different at P<0.05 and 0.01, respectively. Values within same column with different superscripts are statistically different.

FM: Fish meal, PM: Porcine meal, PBM: Poultry by-product meal
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Table 6 Amino acid (%/weight) in the experimental fish fed each 3 different feed formulas and 2 different feeding

frequencies for 153 days.

Amino acid (%/weight) in experimental fish

Amino acid

(6/weight) T1 T2 T3 T4 T5 T6
Alanine 1.08 1.10 1.06 1.28 1.24 1.25
Arginine® 1.28 1.28 1.13 1.43 1.48 1.56
Aspartic acid 1.87 1.93 1.85 2.15 221 221
Cystine 0.07 0.08 0.08 0.1 0.13 0.12
Glutamic 2.90 2.99 2.87 3.47 357 3.63
Glycine 1.18 1.20 117 1.41 1.25 1.30
Histicline™ 066 068 066 0.77 0.74 0.77
Isoleucine* 043 0.46 0.42 0.58 0.68 0.70
Leucine* 1.15 1.18 1.09 1.32 1.50 1.51
Lysine* 1.48 1.53 1.42 1.72 1.88 1.84
Methionine* 0.56 0.56 053 0.62 0.66 0.67
Phenylalanine* 058 0.60 057 0.71 0.77 0.78
Proline 0.62 0.63 0.61 0.73 0.71 0.73
Serine 0.76 0.77 0.76 0.8 0.90 0.92
Threonine* 0.69 0.71 0.67 0.85 0.86 0.90
Tyrosine 034 0.35 0.32 044 054 057
Valine* 0.49 052 0.48 0.6 0.72 0.79

* Essential amino acids for Nile tilapia (Santiago and Lovell, 1988).

T1: 10% fish meal (FM) and feeding frequency 2 times/day

T2: 10% fish meal (FM) and feeding frequency 4 times/day

T3: 10% porcine meal (PM) + poultry by-product meal (PBM) and feeding frequency 2 times/day
Td: 10% porcine meal (PM) + poultry by-product meal (PBM) and feeding frequency 4 times/day
T5: catfish feed and feeding frequency 2 times/day

Té6: catfish feed and feeding frequency 4 times/day

790l
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