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SUMMARY

The effects of partial and total replacement of
dietary commercial fish meal (CFM) with fer-
mented fish silage (FFS) on growth performance,
digestibility coefficient and proximate composi-
tion were examined in three freshwater fishes
namely, tilapia (Sarotherodon galilaeus), com-
mon carp (Cyprinus carpio) and African catfish
(Clarias gariepinus). The fish had a starting
weights of 50, 55 and 57g respectively and reared
in concrete ponds (20 m2) at a rate of 6 fish/m2
(1:1:1) for 180 days. The diet containing 60 %
CFM and 40 % FFS was suitable to tilapia spe-
cies. where the highest total weight gain (168.5g)
and optimum feed conversion ratio (2.92) were
obtained. Nutrients digestibility had also their
best percentages (78 % for proteins, 76 % for fats
and 57.5 % for carbohydrates) at the sam¢ diet.
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Consequently the production and profitability
reached their maximum values (1835.4 kg/feddan
and 0.94 %) and the proximate composition of
fish was improved. Common carp preferred diet
containing 80 % CFM and 20 % FFS at which the
total weight gain (TWG), specific growth rate
(SGR) and normalized biomass index (NBI) had
their highest values (196.5 g, 0.57 and 1.97).
Feeding on the same diet showed maximum di-
gestibility for proteins, fats and carbohydrates
(81.5%, 71.0% and 61.5%) in fish body. The total
production and profitability were also increased
to 2112.6 kg/ feddan and 0.50 at 20 % FFS level
in diet. The proximate composition (wel weight
basis) and energy content of C.carpio were also
improved where the protein, ash, gross energy
and protein / energy ratio values reached 1o
23.0%. 3.3%, 8.01 kj/g and 120.17% respective-
ly, while fat content decreased 10 6.5%. In cat-

fish, the growth performance had its highest val-
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ues with diet containing 20 % CFM and 80 %
IS, where total weight gain specific growth rate
and normalized biomass index were 238.5g, 0.92
and 2.39%. Also, feed conversion ratio (FCR),
protein efficiency ratio (PER) and protein pro-
ductive value (PPV) had its best values (2.77,
1.20 and 2.39). With the same diet the digestibili-
ly of proteins, fats, carbohydrates and energy
showed its highest values (87.5%, 84.0%, 66.5%
and 80.5%), consequently the production and
profitability of fish recorded its maximum values
(24822 kg/feddan and 0.76%). The proximate
composition of soft tissue (wet weight basis) in
catlish was significantly influenced by fermented
fish silage levels in diets where the protein, ash

and energy contents were increased, while fat de-
creased in fish bodies.

Key words: Growth, fermented fish silage, pro-

duction, digestibility, feed utilization, proximate
composition.

INTRODUCTION

The aquaculture is one of best ways for exploita-
tion of the existing water bodics and constructed
ponds (Hepher & Pruginin 1981). The potential
of local fish farming in freshwater ponds is so
great due to the suitable climate and fertility of
the soils (Hassanen, 1986). Effects of different
feed ingredients on growth and production of
freshwater fish was studied by Degani et al.

(1989). Fish meal constitutes the most feed ingre-
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dients for protein in fish feeds (Kanshik 1989,
The cost of fish meal is continuously incrc:umg
affecting directly on feed costs leading 1o g in-
crease in total fish farm costs with consequent (.
crease in its profitability. For this reason, consig.
crable research efforts have been directed tlowarg,
the use of other ingredients as potential fish mea|
substitutes in fish diets. Fishery by-catch, under-
size fish farm harvest and fish processing wasles,
these materials can be easily used 1o produce fish
silage (Wassef, 1990). Similarly Lo et al. (1993)
mentioned that fish silage could be prepared from
small fish, fishery wastes / by-products or fish
farm mortalities. In addition, fish silage is pre-
pared cither by minerals organic acid preservation
(acid silage) or by anacrobic microbial fermenta-
tion (fermented silage). The later is preferred in
developing countries including Egypt because it is
less expensive alternative protein feedstuffs and
leads to a decrease in fish farm costs (Fagbenro et
al., 1994). Fagbenro & Jauncey (1995) reported
that fermented fish silage could be stored at 30°C
for six months with little or no nitrogen loss and
change in its nutritional quality. Wassef et al.

(2001) mentioned that fermented fish silage is a
promising feed ingredients for substituting fish
meal at 25-50 % replacing level in diets of fresh-

water fish. This work was conducted to show ef-

fects of replacing dietary fish meal (most expen-

sive ingredient) with fermented fish silage

(cheaper alternative feedstuffs) 1o increase fish

farms profitability and its easily digestible in fish

body. Also, to determine the optimum fermented
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fish silage level for achieving best growth, pro-
Juction. digestibility and proximate composition

of freshwater fish (tilapia, carp and catfish),
M,\TERMLS AND METHODS

This study was conducted at the Barrage Fish
farm (Inland Water and Fish Culwre Branch),
National Institute of Oceanography and Fisheries
(30 Km North of Cairo, Egypt), with a 180 days

rearing period.

Fish used and ponds

The fish specics used in this study were Sarother-
odon galilaeus (8. galilaeus), Cyprinus carpio
(C. carpio) and Clarias gariepinus (C. gariepi-
nus) with initial weights of 50, 55 and 57 g/fish
respectively. The fish were stocked into a con-
crete ponds (outdoors) with a surface area of 20
m2 (5 x 4m with 1.2 m depth/pond), at a rate of 6
fish /m?.

Preparation of silage and diets

Fermented fish silage (FFS) was prepared from
minced small size fish (<40g) mixed with 5%
sugar beat molasses and 2% Lactobacillus plan-
tarum as a culture media. This mixture was incu-
bated at 30°C for 30 days (Fagbenro et al., 1994).
The test feed ingredients were mixed mechanical-
ly using a horizontal mixer, then pelleted in @
California Pellet Meal (CPM) machine (Otawa,
Canada). The experimental diets formulated to
K fermented fish silage levels (0, 20, 60, 80 and

VeLMed.J. Giza.Vol.54,No.4(2006)

100%) as fish meal replacement and containing
about 30 % crude protein. The feed formulation
and chemical composition of diels are sumimir-
ized in table (1). The fish were hand-fed at 3% of

their weight, ance daily at 09.00 and 16.00 hours
for 6 days/ week.

Water quality

Water temperature, pH and dissolved oxygen
were measured daily (at 9.00 and 16.00 hours)
using a mercury thermometer, Orion digital pH
meter (model 201, Leshbona, Portugal) and oxy-
gen meter (Cole Parmer Model 5946, Berlin, Ger-
many) respectively. Total alkalinity (CaCOs) ni-
trate (NO3-N), nitrite (NO,-N), ammonia (NHj5-
N) and phosphorus (PO4-P) were determined bi-
weekly according to AOAC (1995) methods.

Growth and feed utilization’

Over the rearing period (180 days), a random

sample of fish (15 fish for each species) from dil-

ferent ponds was taken biweekly by a small net (o

measure the total length (cm) and body weight

(g) from each treatment, food intake and mortali-
ty for rearing fish were recorded daily. Specific
growth rate (SGR), normalized biomass index
(NBI), feed conversion ratio (FCR), protein effi-
ciency ratio (PER) and protein productive value
(PPV) were calculated using the following equa-
tions,

SGR = (Ln final weight - Ln initial weight) x 100
/ Rearing period (days)

NBI = (Final body weight - Initial body weight)/

801


https://v3.camscanner.com/user/download

100
FCR = Dry feed consumed / Weight gain
PER = Weight gain / Protein consumed

PPV = Protein gain / Protein consumed

Digestibility trails

The apparent digestibility coefficient of nutrients
and energy in the experimental diets was deter-
mined using acid-washed sand at a rate of | % of
diet as indicator (marker). A total number of 150
fish from each fish species (tilapia, carp and cat-
fish) with an average weight ranged from 50-60g/
lish were stocked for 28 days in ten glass aquaria
with size of 150 liters (60 x 50 x 50 cm). Each
aquarium contain 15 fish (5 tilapia, 5 carp and 5
catfish) and supplied with 100 liters aerated and
dechlorinated tap water. The fish were fed on the
previous diets under the same feeding conditions.
Facces were collected daily from individual fish
by hand stripping as described by Austerng
(1978). The proximate analysis of diets and faec-
es were conducted to determine the dry matter
(DM). crude protein (CP), ether extract (EE),
crude fiber (CF) and ash content (AC). Nitrogen
free extract (NFE) was calculated by differences
and gross energy (GE) was estimated according
to NRC (1993) equation. Acid-washed sand lev-
els were determined in the diets and faeces ac-
cording to Fenton & Fenton (1979). Apparent di-
gestibility coefficient (ADC) for dry matter,
nutrients and energy were calculated using Sales
& Britz (2002) equations;

ADC (dry matter) = 100 x [1-(% marker in diet /
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% marker in facces)]

ADCs (nutrients and energy) = 100 X [1-(% magk.
er in diet / % marker in facces) X (% nutrieng o
energy in facces / % nutrients or encrgy in dict))
Production and economical efficiency

The total fish production (TFP), net returns (NT)
and profitability (P) of different reared fish ip
each treatment were calculated using these formy.
lac:

TFP (kg /feddan) = Final weight per fish x fish
number x 4200 /1000 x 20 (arca of pond)

NT (LE /feddan)
feddan - Total costs per feddan

P (%) = Net returns (LE /feddan) / Total costs
(LE /feddan)

(feddan = 2400 mZ, hectare = 10000 m2, hectare
= 2.38 feddans)

= Price of produced fish per

Proximate composition:

The proximate composition of the soft tissue (wel
weight basis) of different fish species was carried
out at the end of the rearing period using 30 fish
(10 tilapia, 10 carp and 10 catfish) from each

treatment. Water content (moisture) was deter-
mined by drying at 104°C for 24 hours (AOAC.
1995). For estimation the crude protein and lipid,
Ig of tissue was taken from each fish in each
treatment and homogenized in 5 ml cold distilled
water and centrifuged at 3000 r.b.m. for 18 min.
Protein was determined using a Bicon kit based
on Biuret reagent as described by Lowry et al.
(1951), while the total lipid was determined by

means of chloroform / methanol extraction (Folch

Vet.Med.J.,Giza.Vol.54,No.4(2006)
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et al. 1957). Gross energy (GE), metabolizable
(ME) energy and protein-energy ratio (P/E) was
calculated according to equations described by
NRC (1993).

GE (kj/g) = (5.65 x % protein + 9.45 x % fat) x
4,186 x 1000 /100

ME (kj/8) = (3.90 x % protein + 8.00 x % fat) x
4,186 x 1000/ 100

p/E (%) = Crude protein (mg/kg) / Gross energy

(kcul/kg)

Statistical analysis

The present data were analysed using Duncan's
multiple-range testing to compare the mean val-
ues of the factors measured as described by SAS
(1996). The differences among means were tested
by least significance difference (LSD) and the

level of significance was accepted at P < 0.05.

RESULTS

Water quality of ponds

In the present study, the water quality included

water temperature, pH value, dissolved oxygen,

total alkalinity, nitrate, nitrite, ammonia and

phosphorus. The water quality was nearly similar

throughout the rearing period and was not signili-
cantly influenced by fermented fish silage levels
in the diets, Water temperature ranged between
26 and 27°C, pH value between 7.0 and 8.2, dis-
solved oxygen between 6.0 and 6.5 mg/L, alka-
linity between 302 and 385 mg/L., nitrate between
0.60 and 0.81 mg/L, nitrite between 0.75 and
0.93 mg/L, ammonia between 0.80 and 0.92 mg/
L and phosphorus between 2.53 and 2.84 mg/L.

‘Table | Formulation of six diets with different levels of fermented fish silage (FFS) as replacement of
commercial fish meal (CFM) and its chemical composition.
Dict | Diet 2 Dicl 3 Dict 4 Diet & Diet 6 |
Ingredients (control) 80 % CFM 60 % CFM 40 % CFM 40 % CFM
100 % CFM 20 % FFS 40 % FFS 60 % FFS 60 % FFS 100 % FFS
Feed ingredicnts (g) )
Commwrcial fish meal 200 16.0 120 R0 40 .
Fermented fish silage . 40 LY 12.0 16.0 200
Soybean 19.0 190 19.0 190 190 190
Wheat bran 33.0 330 Jlo RR NI 3o Vo
Yellow corn 230 230 230 230 230 230
Sunflower ol 30 3o Jo Jjo 3o Vo
Vitanun and nuneral premix 20 20 4 14 v v
Total weight () 100.0 1000 1000 o 1000 1000
Chemical analysis
Crude protein (%) 3030 30.20 3o lo 30.20 10.20 30.30
Crude fat ) 11.20 11.30 1110 1o 120 1130
Ash content (%) 9.50 840 8.60 900 X 70 RS0
Crude fiber (%) 5.60 480 350 4.00 330 )20
S —

" Each kilogram of vitamin and mineral premix contained: 4.8 m 1U Vit. A, 0.8 m 111 Vit, Dy.
Pantothenic acid. 8.0 g Niotinic acid. 400 mg Folic acid. 20 mg Biotin, 200 g

B.y. 4 0g Vit By, 0.6g Vit. B,. 4.0g

Choline chloride, 4.0 g Copper. 0.4 g lodine, 12 g lron. 22

v
®.Med.J. Giza.Vol.54.No.4(2006)

4.0g Vil E, O8g Vin

g Mungunese, 22 g Zine and 0.4 Sclenium,

803


https://v3.camscanner.com/user/download

Table 2 Growth performance and feed utilization of freshwater fish fed on levels of FFS as replacement for CFM at 180 days.

Feed utilization

Experimental diets Fish species Growth performance : T
No FFS levels FBW? TWG® SGR* NBI* FCR* PER APRT
1 100 % CFM S. Galiloeus 21500+ 4.12 161.00 + 3.90 031:022 165:046  2.93%0.66 1.14 £0.25 1.2 to.”
(Control) C. carpio 236.00 ¢ 5.03 181.00 + 3.50 0.5310.14 181051 2.93  0.65 11410.25 0.6320. !

C gariepinus 25400 5.15 197.00 £ 3.61 0.830.22 1.97 + 0.48 2.94+0.66 1.15+0.25 0.82+013

2 80 % CFM S Galilaeus 183.00+400°  13300:321*  072:0.20 1332040  3.15+0.68 1.08 £0.20 2.02+0.50
—ry C. carpio 251.50=482%  196.50+£4.00°  0.510.12 197053 2,88+ 0.60 1.16 £ 0.25 1.77£ 038
ke C gariepinus 3¢} 00 + 5.55 20400 £4.11 0.85+0.24 2.04 £ 0.61 2.88+0.60 1.1640.27 0.08 £ 0.30

k1 60 % CFM S Galilaeus 218.50 = 4.00 168.50 + 3.82 0.82£0.23 169045  2.92+0.65 1.14£0.25 3054067
C carpio 185.00 + 3 60° 185.00 £ 3.60 0.54+0.13 185£0.52 2921065 1.14 £0.25 093015

SRS C gariepinus 37400 + 5.61° 217.00+4.22 0.87£0.25 2.17+0.66 2.8410.61 1.17£0.25 1.57+0.35

4 0% CPM S. Galiloeus 164.50 3.15*  114.50+300°  0.6620.15 1.15+0.34 3.23+0.72 1.03 £ 0.20 1.35+0.37
. C. carpio 238.50 £ 6.00 183.50 + 3.42 0.54+0.11 1.84+0.55 2.9210.61 1.14£ 0.2 093 0.15

SUREES C gariepinus 28600+ 5.11*  229.00%4.50° 0.90 £ 0.25 229+ 064 2.810.61 1.19£0.28 2.02 £ 0.51

5 20%CFM S. Galilaeus 14800+ 3.00*  98.00%2.85° 060+0.15 098031 340070  0.980.17 1.00£0.16
. (. carpio 271.00+£4.50°  16600+3.21*  049:008  1.66:050  3.00:0.70 1.11£020  0.670.11

. C gariepinus 59550+ 621*  2385024.65°  092+026  239+067 2771062 1.20 +0.30 2.46+0.55

6 100 FFS S Galiaeus 12500+ 3.41*  75.00241° 0.51%0.11 0.75£0.21 3.75£0.713 0.8910.15 0.49£0.10
C. carpio 22050+ 500*  16550%3.20°  0.4910.07 1.66 + 0.5 3002070  0.11£0.21 0.3410.05

Cgariepinis 333001662 22000%4.21° 0884023  2.20+063 2.8310.1 1184025  2.0910.50

* FBW = Final body weight

* TWG = Total weight gain

“ SGR = Specific growth rate

¢ NBI = Normalized biomass index
* Difference from control is significant (P < 0.01).

¢ FCR = Feed conversion ratio
" PER = Protein efficiency ratio
¢ PPV = Protein productive value

The values expressed as Mean + SE.

Vet.Med.J..Giza.Vol.54,No.4(2006)

804

CamScanner


https://v3.camscanner.com/user/download

Table 3 Nutrients digestibility of freshwater fish fed levels of FFS as replacement for dietary CFM at 180 days.

Experimental diets

No

FFS levels

Fish species

Nutrients digestibility (%)

Dry mater Crude Ether extract Nitrogen free Gross energy
(DM) protein (CP) (EE) extract (NFE) (GE)

1 100 % CFM* S. Galilacus 5250241  7600%3.50 74.5043.25 55.50 £ 2.44 65501281
(Control) C carpio 54204280 7850%£320  70.00% 3.50 57004251 6850275

C gariepinus 5700£300 81.00%+3.75 81.50%3.64 60.00 £ 2.66 72.00 £3 00

2 80 % CFM S Galilaeus 5300£260  75.50%3.12  74.00+3.20 66.00£2.45 6450236
20 % FFS® Cirearpio: 5550£300 81.50%3.70 71.00%3.15 6150£262 73.50£3.00

. C gariepinus

56.00£3.00 83.50:+3.75  82.50%4.00 62.50£2.70 7550311

3 60 % CFM S. Galilaeus 50502230  78.00%322 7600%3.6l 5750£2.40 67.501 2.75
40 % FFS C carpio. 52.00 £ 2.64 80.00+3.64  73.50%3.22 59.00 £ 2.55 70.00 + 2.81

| C. gariepinus 57.00£3.11 8400376 81.50£372  63.50£2.70 76.00+3 15
1 40 % CFM S. Galilaeus $150$285  72.50£32! 7150318 54.50£233 62.50 £2.30
60 % FFS C. carpio 56.00£3.02 80.00%+3.65 70.00%3.10 58.00 £ 2.43 70.00 £ 2.72

i C. gariepinus 58.00£3.21 8500:+3.82 82.50:4.00 64.50 £ 2.81 78.50 £ 3.25

5 20 % CFM S. Galilacus 54.00£270 7100311  70.50%3.20 52.00 £2.20 60.50 +2.20
80 % FFS C. carpio 57.00+£3.12  7850%3.15  68.50+280 55.50£2.36 68.00 + 2.62

° C. gariepinus 5850%325 87.50:£402 84.00%4.11 66.50+3 11 80.50 + 4.02
6 100 % FFS S. Galilaeus $500+2.90 6850+288 63.50%2.72 50.50 + 2.00 57.50£2.10
C. carpio 58501330 7500%321 850026l 53.50£2.15 63.00£2.25
C. gariepinus $8.00+3.30 84.50+382 81.50+328 6400275 77.50 £ 3.20

' CFM = Commercial fish meal
® FFS = Fish fermented silage
The values expressed as Mean & SE.
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Tabl i i :
¢4 Total production and economically efficiency of freshwater fish fed on levels of FFS as replacement for dietary CFM at 180 days.

Experimental diets

Total fi i -
Fish species § sh  Priceoffish  Total food Feeding Other Total Net -
= FISie —Brocuction  produced  consumeq costs costs costs returns Frofitability
cve
T 100 % CPM S G - Kededdan  LE/feddan _ Kgffeddan  Lifeddon— T LE/feddan___ LE/feddan %
(Control) - (aliiceus 1806.0 14448.0 4063.5 48762 2620.0 7496.2 6951.8 093
C carpio 1982.4 9912.0 4460.4 53525 1360.0 67125 31995 048
C. gariepinus 2133.6 13869.4 4800.6 57600 2460.0 8220.0 56494 069
2 S. Galilaeus
80 % CFM C. carpio 1573.2 12297.6 3458.7 41504 26200 67704 55272 082
0%FFS  C gariepinus 21126 10563.0 4753.4 5704.1 1360.0 7064 1 34989 050
s. ol 21924 14250.6 49329 5919.5 2460.0 8379.5 5871.1 070
3 . . Gali
60 % CFM . c;’r;;’;’"‘ 1835.4 14683 .2 41297 49557 2620.0 7575.7 7107.5 094
WUFFS ¢ oo 20160 10080.0 4536.0 54432 1360.0 8003.2 3276.8 048
- gariepinus 23016 14960.4 5178.8 6214.6 2460.0 8674.6 6285.8 072
4 40%CFM ﬁ- G:: ilaeus 1381.8 11054.4 3109.1 37309 2620.0 63509 47035 074
60%FFS carpio 2003.4 10017.0 4507.7 5409.2 1360.0 7897 4 2119.6 027
- gariepinus 2402.4 15615.6 5405.4 6486.5 2460.0 8946.5 6669.1 075
S 20%crm S Galilaeus 1243.2 9945.6 27972 3365.6 2620.0 5976.6 3969.0 066
80 % FFS C carpio 1856.4 9282.0 4176.9 50123 1360.0 63723 2909.7 046
. C. gariepinus 248222 16134.3 5525.0 6702.0 2460.0 91620 69723 0.76
6 100%FFs S Galilaeus 1050.0 8400.0 2362.5 2835.0 2620.0 5455.0 2945.0 053
C. carpio 1852.2 9261.0 4167.5 5001.0 1360.0 631.0 2900.0 046
C. gariepinus 2328.8 15124.0 52353 6282.4 2460.0 8742.4 6381.8 073

Price of one kg fish solid = 8.0 LE for lilapia. 5.0 LE for ca

Average price of one kg of different diets =12 LE

rpand 6.5 LE for catfish

Vct.Med.J..Glza.Vol.54.No.4(2006}
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Table 5 Proximate composition and energy content of freshwater fish fed levels of FFS as replacement for dietary CFM at 180 days.

Experimental diets . "
Fish species Moisture Protein Lipid Ash GE' ME* P:::::;I
No  FFS levels % % % % Ki/g Kij/g K]

1 100 % CFM -2 Galilaeus  7750£261 23804151 450:0.8]1 2202041 7412086 534+075 1334626.15

(Control) c "::’,’e"", 82004270 2100+144 720:+088 200£040 7823087 584+075 11248%522

- BATIEPINUS 45004260 22504140 5203036 3104045 738085 541£075 12762+6.00

2 80%CFM S Galilaeus  7450$2.52 2450151 3202075 240£040 7063080 507£070 14531652

20 % FFS g carplo 80.00+276 2300+144 650+082 330+043 B801£085 593+075 12017£525

- gariepinus 3004271 2300+1.42 460+080 350046 7263080 5301075 13256%6.11

3 60%CFM S Galilaeus  7300+2.63 2650155 300£0.77 240£040 746+085 5332074 148792650

40 % FFS g carpio 81.50+2.75 215+135 680+086 250+044 7774085 579£075 11578%5.2l

. gariepinus ¢ 504975 24004145 440+0.80 370+046 742+080 539%070 135442617

4 40%CFM S Gah‘lgelu 7200+2.44 2350+141 350:£077 250+04]1 694:080 501070 14165% 6.50

60 % FFS C. carpio 80.00+277 2150136 700:0.85 300+042 785085 586+075 1146152l

C gariepinus 15004277 25004142 450£072 400:041 796+085 559+075 136024620

§  20%CFM S Galilaeus  7000+232 2300%142 360£071 220£040 678080 4942070 140242653
jo%ps & CaPlo 7750£240 2100131 700:0.86 300045 774080 577£075 1136426.12

C. gariepinus 26504275 2600+ 1.51 450:080 420£046 8133086 $92%076 13388+6.20

6 100%FFS S Galilaeus 7000251 2250£1.34 350+071 200+041 671£080 485£070 14045+6.55
C. carpio 2700+242 20504122 700082 300£043 7622083 569:£0.74 11264£540
C. gariepinus 50004275 2500+ 1.50 480:0.80 4204047 797+083 582074 _131.30+6.00

* GE = Gross (total) energy.

® ME = Metabolizable energy.
The experimental results expressed as Mean + SE. =
The body protein of fish at the start of the experiment was 22.0 % for tilapia, 20.0 for carp and 21.1 for catfish.
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Growth and feed utilization

The final body weight (FBW), total weight gain
(TWG), specific growth rate (SGR) and normal-
ized biomass index (NBI) reached their highest
values (218.5g, 168.5 g, 0.82 and 1.69) for S. ga-
lilueus when fed diet containing 60 % commcr-
cial fish meal (CFM) and 40 % fermented fish si-
lage (FFS). These growth parameters had their
maximum values (183.0 g, 133.0g, 0.72 and 1.33
respectively) for C. carpio at 80% CFM and 20
% FFS in diet. Feeding C. gariepinus on diet con-
taining 20 % commercial fish meal and 80 % fer-
mented fish silage showed highest growth perfor-
mance (295.5g for FBW, 238.5 g for TWG, 0.92
for SGR and 2.39 for NBI). On the other hand,
the feed conversion ratio (FCR) had its optimum
2.88 and 2.77) for S. galilaeus, C.
carpio and C. gariepinus at dietary fermented
fish silage (FFS) levels of 40 %, 20 % and 80 %
respectively. At same FFS levels the highest val-

vilues (2.92,

ues of protein efficiency ratio and protein produc-
uve value (1.14, 3.05 for tilapia; 1.16, 1.77 for
carp and 1.20, 2.46 for catfish) were obtained
(Table 2). The results of these parameters were
statistically analyzed and showed a significant
differences (P < 0.01).

Nutrients and energy digestibility

The nutrients and energy digestibility in the three
fish species were highly affected with different
fermented fish silage (FFS) levels in the diets.
The highest percents of protein, fat, carbohydrate
and energy digestibility (78.0 %, 76.0 %, 57.5 %
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and 67.5 %) were observed for §. Huhlacu, "
diet containing 60 % fish meal and 4 ¢, ferm

cd fish silage, correspondence a “gmﬁcanuy (Pe

0.05) decreasing in dry matter digestibiliyy (503

%). The maximum apparent dngesubllny coeff;,
cients of protein, fat, carbohydrate gpg energ,
(81.5 %, 71.0 %, 61.5 % and 735 %) fo
C.carpio were recorded at 80 % CFM jpq 0
FFS in the diet. The best digestibility of Protein
fat, carbohydrate and energy in C.gariepiy,,
body were 87.5%, 84.0%, 66.5 % and 805 %
when in fish fed diet containing 20% commercj
fish meal and 80% fermented fish silage 4

shown in Table 3.

Production and economical efficiency
Maximum fish production, net returns and profi(.
ability (1835.4 kg/feddan, 7107.6 LE/feddan and
0.94 %) for tilapia species were obtained with
feeding diet containing 60 % commercial fish
meal (CFM) and 40 % fermented fish silage
(FFS). While, in carp species, the best produc-
tion, net returns and profitability (2112.6 kg/ fed-
dan, 3498.9 LE/feddan and 0.50 %) were ob-
served at 80 % CFM and 20 % FFS levels in diet
The total fish production, net returns and profit
bility of catfish reached their highest values
(2482.2 kg/feddan, 6972.3 LE/feddan and 0.76
%) when fed diet composed of 20 % CFM and .
% FFS (Table 4).

Proximate composition (wet weight basis)

The effects of fermented fish silage levels (&
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jeplacement of dietary fish meal) on the Proxi-
male composition of soft tissue (wet weight ba-
us) of experimental fish muscles are presented in
(able 5. The moisture content of fish bodies (three
fish species) were significantly (P < 0.05) de-
creased with increasing the fermented fish silage
levels in the dicts of fish. The maximum body
protein wis 26.5 £ 1.55 % for S. galilaeus when
fed diet containing 40 % fermented fish meal
(FFS), 23.0 £ 1.44 % for C. carpio at diet with 20
4% FFS and 26.00 £ 1.51% for C. garipinus at 80
% FFS level in the diet. In correspondence the
lipid was significantly (P < 0.05) decreased to 3.0
t 0.77%. 6.5 * 0.82 % and 4.50 + 0.80 % for
three fish respectively at previous FFS levels.
While the ash and energy contents (GE, ME and
P/E ratio) were not affected by different ferment-
ed silage levels (as fish meal replacement) in the

diets.
DISCUSSION

Development of fish farming in different coun-
tries depends greatly on availability of reliable
fish feeds. Formulating high quality fish feeds is
required, but reducing the cost of feeds is also the
uliimate goal of fish nutrition rescarches particu-
larly in the developing countries including Egypt.
Replacement of dietary fish meal protein with al-
ernate sources of protein could be of considera-
ble economic advantage, even if this approach
Was associated with a moderate reduction in feed

utilization (Hajen et al., 1993). One of such alter-

Vel Med.J..Giza.Vol.54,No.4(2006)

native 15 fish silage which 1s prepared either by
organic acid (acid silage) or by microbial fermen-
tation (fermented silage). The later is preferred
because it is cheaper to produce and possesses
good storage properties (Dong et al., 1993).

Effects of acid and fermented fish silage in dicts
on different fish species were studied by vanous
investigators among them, Hardy et al. (1984) on
Salmo gairdneri; Wee et al. (1986) on Clarias
battrachus;, Lapie & Bigueras-Benitez (1992) on
Oreochromis aureus and Fagbenro and Jauncey
(1993a and 1993b) on Clarias gariepinus and

Oreochromis niloticus.

The present study revealed that S. galilacus prefer
diet containing 60 % commercial fish meal and
40 % fermented fish silage, where the growth pa-
ramelters (FBW, TWG, SGR and NBI) and feed
utilization (FCR, PER and PPV) reached their
highest values. Similarly, the nutrient digestibili-
ty (CP, EE and NFE) and production (TFP, NR
and P) had its best values at same diet. Further-
more, the carcass protein had its highest value at
40 % dietary fermented fish silage level at which
the moisture and lipid decreased, while ash and
cnergy contents not influenced. Fagbenro et al.
(1994) replaced of dietary fish meal by fermented
fish silage at a levels of 25 %, 50 % and 75% for
feeding tilapia and catfish, they noticed that the
growth rate (FBW, DWG and SGR) and feed
utilization (FCR, PER and PPV) of tilapia were
slightly improved at 25 - 50% fermented fish
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silage (FFS), while their differences between
treatments were not significant (P > 0.05). They
added that the apparent digestibility coefficient
(ADC) of protein in tilapia fed 25-50 % FFS had
a value near to the control group. Further, they re-
portai that the highest carcass protein was also
obtained from fish fed 25-50 % fermented fish si-
lage and the lipid decreased, while ash content
not alfected. Fagbenro & Jauncey (1995) men-
'tii'.mcd that an excellent apparent digestibility for
dry matter, crude protein and lipid were obtained
. at tl:eding trials for FFS-based diets when fed to
O.niloticus. Wassef et al. (2001) replaced the die-
tary fish meal of tilapia species with 25 %, 50 %,
-15% and 100% fermented fish silage (FFS) and
mentioned that the growth parameter (FBW, SG
and TWG) and feed utilization (FCR, PER and
PPV) reached their optimum values at 25-50%
FFS as a fish meal replacer. They added that the
proximate composition and total production had

its highest values at the same FFS level.

With respect to C. carpio, the final body weight
(FBW), total weight gain (TWG) specific growth
rate (SGR) and normalized biomass index (NBI)
reached their highest values when fed diet con-
taining 80 % CFM and 20 % FFS at which the
feed utilization (FCR, PER and PPV) had the op-
timum values. The nutrients digestibility (CP.
EE. NFE) and total production of carp were also
improved at 20% fermented fish silage in diet.
Similarly, the carcass protein reached to maxi-

mum value at 20% fermented fish silage level in

810

the diet, while the lipid was slightly decreg,
and the ash and energy contents not affected with
different FFS levels. The common carp preferrey
the lowest fermented fish silage level (20 %) this
may be attributed from one side to its feeding
habit as described by Crivelli (1981) who mep,.
tioned that the adult common carp were generally
omnivorous bottom feeders as is exemplified by
the high proportion of benthic insects, crustace,
and detritus. From other side, C. carpio prefer the
lowest dietary protein level in the diets (Viola ¢
al.,, 1981) and depending on algal meal in mos
feeding (Hepher & Sandbank, 1984).

As shown in the present results, it was noticed
that C.gariepinus fed diet containing low com-
mercial fish meal (20 %) and high fermented fish
silage (80 %) clear highest growth parameters
(FBW, TWG, SGR and NBI) and best feed utili-
zation (FCR, PER and PPV). Similarly, the ap-
parent digestibility coefficient of nutrients and
energy of catfish were gradually increased with
increasing the fermented fish silage (FFS) levels
in the diets. The maximum production and eco-
nomical efficiency of catfish were also obtained
from fish fed 80 % FFS levels. The highest car-
cass protein in fish muscles was also observed al
same FFS level and carcass lipids decreased.
while ash and energy contents not affected with
different FFS levels in diets. C.gariepinus fa-
vored the highest level of fermented fish silage in
diets due to catfish is carnivorous bottom feeders

fish, prefer highest levels of animal protein in
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diets and tends to the wastes and detritus materi-
als in its feeding. Hogendoorn (1983) mentioned
that the growth rate, feed utilization and proxi-
mate composition of C. gariepinus reached their
maximum values when fish fed dietary protein
level above 40 %. Same observations were also
found by Machiels & Henken (1985) and Degani
et al. (1989), they reported that the best growth
rate. feed efficiency and proximate composition
of Clarias gariepinus were obtained from fish fed
a high-protein diet (40 %) rather than a low-
protein diet (25 %, 30 %, 35 %). Fagbenro et al.
(1994) noticed the optimum growth performance
(final weight, weight gain and SGR) and feed
utilization (FCR. PER and PPV) of C. gariepinus
were observed when replaced the dietary fish
meal with highest level of fermented fish silage
(50-75 %). They added that the apparent coeffi-
cient digestibility of protein in catfish body was
higher in fish fed diet containing highest level of
fermented fish silage (50-75 %). Further, the car-
cass protein were increased with increasing the
fermented fish silage level in the diets, while lip-
id and moisture decreased and ash content not af-

fected.
CONCLUSION

In conclusion, the fermented fish silage appeared
1o be a best alternative protein feedstuffs as re-
placer for fish meal which is more expensive in-
gredient in aquaculture feeds. The fermented fish

silage is also considered a promising feed materi-

Vel.Med.J.,Giza.Vol.54,No.4(2006)

als for substituting dictary fish meal at 20 % for
C. carpio, 40 % for S. galilaeus and 80% for C.
gariepinus. Replacing of commercial fish meal
with fermented fish silage in fresh water fish
showed an increase in growth rate, production
and profitability of reared fish in fish farms. The
feed utilization and nutrients digestibility of
reared fish were also improved with different fer-
mented fish silage levels in the diets. The preoxi-
mate composition of three fish specics was signif-
icantly influenced by fermented fish silage levels

as replacement for fish meal in the diets.
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