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Abstract: Fish silage (FS) is fish processing waste that contains a high amount of nutritional values. The
remaining nutrients are important for growth development in the aquatic animals. This study was undertaken to
investigate the suitability of using fish silage. A dried powder FS was used to prepare 5 experimental diets with
different levels of FS inclusion (0, 25, 50, 75, and 100 percent of protein). All experimental diets were isonitrogenous
and isolipidic diets. After 8 weeks of the feeding trial, the fish fed FS25 and FS50 exhibited high weight gain,
average dairy growth, specific growth rate, feed conversion ratio, digestibility of dry matter and protein, protein
efficiency ratio, phosphorus retention, and nitrogen and phosphorus loading, but not significantly differed from
the fish fed control diet (P>0.05). FS substitution of up to 75 percent (FS75 and 100) of the fish meal protein in
control diet was negatively depressed growth performance. In addition, low protein digestibility leads to reduce
growth performance, nutrients utilization resulting high nitrogen and phosphorus loaded. The feeding cost of fish
fed FS25 and FS50 had the lowest value than the control diet. The results of the present study suggest that 50
percent of fish silage can potentially substitute protein in the fish meal without depressing growth performance

and reduce nutrient loading into the water body.

Keywords: Fish silage, fish meal, protein replacement, red tilapia, nitrogen, phosphorus
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Table 1. Composition of experimental diets formulated to provide approximately 30% crude protein and

7% crude lipid and chemical composition of experimental diets (on dry matter basis)

Varying levels of fish silage in experimental diet (%)

FSO FS25 FS50 FS75 FS100
Ingredients (%)
Fish meal 16 13 9 4 0
Fish silage 0 3 14 19
Soybean meal 34 34 34 34 34
Corn meal 19 19 19 19 19
Rice bran 24.5 24.5 22.5 22.5 215
Fish oil 2 2 2 2 2
Chromic oxide 0.5 0.5 0.5 0.5 0.5
Vitamin mixture' 1 1 1 1 1
Mineral mixture” 3 3 3 3 3
Chemical composition (%)
Crude protein 30.66+0.69 30.40+0.44 30.32+0.04 30.78+0.69 30.35+0.09
Crude fat 7.55 +0.50 745+089 767+034 7.32+098 7.89+0.27
Ash 8.12 £ 0.05 8.99+0.12 9.08+0.21 1044+0.52 11.92+0.27
Crude fiber 2.89+0.32 2.89+0.75 2.86 £ 0.08 2.71+£0.05 2.57+0.23
Moisture 2.60 £ 0.32 240+0.34 230+068 260+098 2.70+0.99
Phosphorus content (%)
Total P 1.19+£0.08 1.22 +0.06 1.49+0.04 1.58 +0.08 1.73 +£0.09
Estimated available P° 0.79 0.76 0.51 0.37 0.29

' Vitamin mixture (mg or IU/kg diet): A, 5,000 IU; D3, 1,000 IU; E, 5,000 mg; K, 2,000; B1, 2,500 mg; B2, 1,000 mg; B6, 1,000 mg; B12,

10 mg; inositol, 1000 mg; pantothenic acid, 3,000 mg; niacin acid, 3,000 mg; C, 10,000 mg; folic acid, 300 mg; biotin, 10 mg

2

Mineral mixture (g/kg feed); calcium phosphate, 80; calcium lactate, 100; ferrous sulphate, 1.24; potassium chloride, 0.23; potassium

iodine, 0.23; copper sulphate, 1.2; manganese oxide, 1.2; cobalt carbonate, 0.2; zinc oxide, 1.6; Magnesium chloride, 2.16; sodium

selenite, 0.10

° Estimated available phosphorus = total phosphorus x ADC phosphorus

nsAnnasAlsznaumaaiivastndaiasa
uaziszansnwnsldldsau
guianaunimaaed (initial fish) AU 15
A3 LATUAINIINARBIAUIU 2 AARBFEMILARIIET
adftlszneLmiaiAll MUABANI99 AOAC (1990) il
Auondlsz@nsnnnisldlushutlscneusongns
FrunnudeliAe UsrAnsnmns il siiy (protein
efficiency ratio) nagtssuiiinl ¥ s lamd (protein
productive value)T,mﬁQmaﬁmamoﬁ“\wi@iﬂi
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NANISANHILAEIANTOL

Uaflaunaii I Fanmnmaunueslatvsin
flazsusing 7 uszazionn 8 dllanvinudaniliy
81117 FS25 1Ay 50 ﬁmm‘%mﬁuimﬁﬁ (A3 2)
wa I A AN AN AT UN19aD A (P>O 05) ﬂmm
PILIAN LA SunBieaiusiweindifisaw dwmin
ReT NI usAaTY BAINITATYAUINANUNNE LA
snmnaasuenmaduiie (mm‘ﬁ' 2) Fagenndas
funs@nenluLlanfianes (Oreochromis mossambicus
x O, niloticus x O. aureus) ‘nu’]mﬂmﬁyfa (fingerling)
LLﬂxﬂ@ﬂﬁlﬂLLfaVﬁﬂﬁ (Clarias gariepinus) 7<8< juvenile
nudangannse lAwdavsinnawnuanduld 50
wefidudaeldsAuludantuw (Fagbenro and
Jauncey, 1995; Madage et al., 2015) Tuﬂmx‘ﬁmﬂ%
wirdanvainTudauenuaumnuaanaunudnlifinalu
maausanisiasny A ule (Heras et al., 1994; Parrish
et al., 1991) WA sEA LA g Nz aud sy
Uauganeana 25 wasidus (Hardy et al., 1984)
atiralsfimnunisdnsnlulanfiaszes juvenile 7ina
faaiAelarndniannsia (Chitala omata) firinu
N9LAUNNSENT 100 99ALTAT A W11 30 WTLAY
ueintinsuaanannimlamen wudatanfiagnunse

W Awlanvsinnaunuldsinaindattuldifunnie
75 183G U (Abarra et al., 2017) dautlanfiannh
lAfueuisnnaesqgns FS75 uaz 100 A9
Lfﬁ‘mﬁuimﬁq (P<0.05) FatiiasssuraaAslanmin
WNnnNgn 50 Wlesifudadnadanisfiueiuns
Smsnalasanvnaflusinming nisldes e
annlishiu (PER) uazn1sliTisAugns (net protein
utilization value) NANAARS (Hardy et al., 1984)

MIAAPMLIRNAMNINTUINITBITIN LA
8 FuarmsnauAnd AN sL AU s 1 WL
AN e mMdanImaaes (M3197 3) WA
WANASAREDA (P>0.05) Tlshuluanndaiuaanns
npsesnLA s FureAE AT Rl nain
iasdlsrnauvadllsiulumnlaisianas Tne
Uailifuaslugrenaunuiitilsfiugefiqaustlsl
WANFNALU FS25 (P>0.05) ‘Lumm”ﬁmﬁﬂivnfamm
m’]LL@”W@@W@?@I%MQU@WL‘WEJ?N“]J‘LL (mm\‘m 3) e
i”mummmwﬂmuumwmu Al-Abri et al. (2014)
wudnAsla N uimaaeslilsfuiinaanasa
waad e lulFuinge i liinadanistiousang
sranann 1 tss Temliiansazanlusnane Awinli
funnudnludaviadafiaiy (Toppe ef al, 2006;
Vielma and Lall, 1998)

Table 2. Growth parameters of red tilapia fed diets containing different levels of fish silage

Growth performance of red tilapia fed diets containing various levels of fish silage'

Diets Initial Final Weight ADG® SGR* Feed intake® FCR® Survival
weight weight gain® Rate’

FSO 349+0.04 928+098° 26597+1969" 010+0.02" 1.83+020" 0.15+0.18" 161+037° 90.00+5.00

FS25  348+0.01 859+048° 246.83+13.85 009+0.01" 1.61+0.12" 0.13+£0.03° 162+035° 90.00+8.66

FS50 350+0.03 861055 246.02+14.24° 0.09+0.01° 1.61+0.10° 014+0.01° 1.8020.06° 91.67 +2.89

FS75 351+0.03 7.00+027° 19943+7.31° 006+000° 123+0.07° 012+0.01° 1.88+021° 93.33+7.64

FS100 3.51+0.03 6.88+045 196.01+13.76° 0.06+0.01° 1.20£0.12° 014+0.01° 226+020° 88.33+10.33

N

Weight gain = (Final weight-Initial weight)/Initial weightx100

w

ADG, Average daily gain = Final weight — Initial weight/days

=

o

®

FCR, Feed conversion ratio = Feed intake / Weight gain

~

Survival rate = Number of final fish / Number of initial fish x 100

Values are means + S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3)

SGR, Specific growth rate = (INW,-InW,/T,-T,)x100, W, = Initial weight, W, = Final weight, T,-T, = Cultured period

Feed intake = (feed consumed x 100) / [(Initial weight + Final weight)/2] x [(Number of initial fish + Number of final fish)] x Cultured period
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ANA Lwiﬁ‘ﬁmmvlu‘imwuﬁqﬂﬁuﬁyq (N loaded) i
Qﬁyu fegennesiurInIsazaueanesa uas
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Table 3. The whole-body composition of red tilapia fed the experimental diets for 8 weeks (dry-weight basis)

Proximate analysis (%)’

Moisture Crude protein Crude fat Ash Phosphorus
Initial fish ~ 76.98 + 0.23 50.14 + 0.46 23.43 +0.24 13.19 + 0.49 2.16 + 0.01
FSO 73.09 + 0.34 64.26 + 0.98 23.48 +0.63° 13.20 + 0.44° 2.12+0.11°
FS25 73.87 + 0.54 62.80 + 1.19 23.04 + 0.43° 14.43 + 0.35° 2.18 +0.03°
FS50 73.67 +0.78 53.31 + 0.18" 24.72 +0.57° 14.56 + 0.34° 2.45 +0.10°
FS75 73.60 + 0.87 50.39 + 1.53" 24.93 +0.03" 15.18 + 0.03" 2.55+0.12%
FS100 73.83+0.18 49.68 +3.17° 24.86 + 0.34 16.78 + 0.48° 2.69 +0.02°

' Values are means + S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3)

Table 4. Feed utilization efficiency of red tilapia fed diets containing different levels of fish silage for 8 weeks

1

Diets PER? PPV’ ADC dry matter’  ADC protein’ ADC P°
FSO 2.03+0.12° 42.75 £ 1.74° 73.01 +2.14° 81.19 + 4.88° 66.75 + 2.18°
FS25 2.02 +0.30° 40.19 + 7.21° 71.69 +2.50° 76.60 + 3.56° 62.70 + 0.07°
FS50 1.83 +0.07% 28.97 +0.89" 72.21+0.91° 74.25 +0.10° 34.26 +5.93°
FS75 1.75+0.19%° 26.26 + 2.83" 66.00 + 1.27° 65.35 + 4.04° 23.40 +2.72°
FS100 1.47 +0.13° 21.26 +1.71° 65.37 + 1.82° 63.41 + 1.53° 16.87 + 6.67°

' Values are means * S.D. of three replicates and values within the same column with different letters are significant difference
(P<0.05, n=3)

: PER, Protein efficiency ratio = Weight gain /Protein intake

¢ PPV, Productive protein value = (Protein gain /Protein intake x 100)

“ ADC dry matter, Apparent digestibility coefficient of dry matter = 100-100 x (%Cr,O, in diet/%Cr,0, in feces)

** ADC nutrient, Apparent digestibility coefficient of nutrient = 100-100x((%Cr,O, in diet/%Cr,0, in feces) x (%nutrient in feces/

Y%nutrient in diet))
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Table 5. Nitrogen and phosphorus utilization of red tilapia fed different levels of fish silage for 8 weeks'

Treatments Retention (%)2 Loading (g/kg diet)3
Nitrogen Phosphorus Nitrogen Phosphorus
FSO 4273+1.72° 32.82+1.71° 18.55 + 2.01° 0.83 +0.09°
FS25 40.21 £7.19° 32.31 +6.03% 20.98 + 7.53° 0.92 +0.30°
FS50 28.98 + 0.87° 28.00 + 0.80% 26.15 +1.77% 1.22 +0.09
FS75 26.05 + 2.69 28.88 +3.01° 29.74 + 4.67% 1.47 +0.24°
FS100 2126+ 1.71° 23.87 +1.68" 37.31 +4.33° 2.06 +0.24

' Values are means = S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3).

2 Retention (%) = 100x (Final nutrient content in carcass - Initial nutrient content in carcass)/Nutrient intake

® Loading = Total nutrient intake — Nutrient in carcass /Weight gain

Table 6. Economic analysis of red tilapia diets containing different levels of fish silages

Diets Feeding cost (Baht/kg diet) Feeding cost (Baht/kg fish gain)?
FSO 27.05 44.85
FS25 25.64 40.72
FS50 23.64 41.56
FS75 21.29 42.12
FS100 19.35 43.37

' Cost of feed ingredients (Bath/kg): fish meal 38; soybean meal 24.5; broken rice 15.5; rice bran 9

% Feeding cost (Baht/kg gain) = (feeding cost/kg x total eaten feed)/weight gain
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