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SUMMARY

A 22-wk feeding experiment was conducted to study the effect of complete
replacement of fish meal by dried hatchery waste {DHW), poultry by-product meal (PBM)
or soybean meal (SBM) on growth, nutrient digestibility and amino acid retention of
Oreochromis niloticus (L.), Mugill cephalus and Liza ramada in a semi-intensive
polyculture system. Four diets isonitrogenous (25 % crude protein) and isocaloric (14 MJ
ME kg diet™") were formulated, The results showed that fish fed the diet containing PBM
and DHW exhibited excellent comparable growth to those fed a fish meal-based diet.
Digestibility of protein was increased when Nile tilapia; M. cephalus and L. ramada fed
the diet containing DHW. The highest significant (P<0.05) levels of apparent digestibility
coefficient for lipid and gross energy were showed for alt fish species when fed with FM
diets. The higher significant (P<0.05) whole body protein of O. niloticus, M. cephalus and
L. ramada were showed when fishes fed DHW diet. Whole body lipid was showed the
highest level for all fish species when fed with FM diet, while feeding on DHW reduced
whole body ash content in al species. The total essential amino acid was showed more
retention when Nile tilapia fed SBM diet, while lower values was recorded with PBM diet.
M. cephalus and L. ramada recorded the highest levels of total essential amino acid
retention when fed DHW diet, while the lower level was recorded with PBM diet.
Estimated total non-essential amino acid retention showed the highest value for Nile tilapia
when fed FM diet, while M. cephalus and L. ramada recorded the highest levels when fed
diet containing DHW. The results suggest that when DHW and PBM are available in
reasonable price; it could be successfully used as excellent alternatives protein. However,
reduction in fish growth was observed when SBM used as a sole source of dietary protein.
These results indicate that soybean meal could be used as partial replacement of dietary
FM rather than used as complete replacement in fish diets.

Keywords: alternative protein sources, Nile tilapia, Mugill cephalus, Liza ramada,
polyculture, semi-intensive.
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INTRODUCTION

Nile tilapia is an economically
important cultured species in several
areas of the world. Egypt made an
impressive increase in aquaculture
tilapia production, from 24 916 mt in
1990 to 487000. mt in 2003, accounting
for 55 % of Egyptian total fish
production (879000, mt years') (FAQ
2004 and GAFRD 2006). Most of fish
farms in Egypt classified as semi-
intensive farms; most of them are
located in the northern or eastern parts
of the Nile Delta. Polyculture is widely
used for fish culture in Egypt; the main
species cultured in commercial ponds
are Nile tilapia; common carp, followed
by mullet and small amounts of silver
carp  Hypophthalmichihys  molitrix,
Semi-intensive  aquaculture provides
about 75 % of Egypt’s total aquaculture
production. Tilapia contributes 44 % of
the annual harvest, followed by mullet
(25 %) and carp (24 %) (El-Gamal
2001). The polvculture of several fish
species that fed on different natural
resources are an important management
technique to use efficiently the
production potential of the pond
(Karplus et al.1996). Synergistic
interactions between fish species are
manifested by higher growth and yield
in polyculture than in monoculture
{Hepher et al.1989).

Feed cost is the highest recurrent
cost in aquaculture, ranging from 40 %
to 70 % of variable operating costs,
depending on the intensity of the
operation (Muzinic et al. 2006).
Growth, feed utilization and body
composition of fish closely depend on
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contents of protein and energy in feed
(Wang et al. 2004). Fish meal is the
main protein source for aqua-feeds due
to its high protein content, balanced
essential amino acids profile, the high
bicavailability of the amino acids and
their highest palatability (Ogunji 2004).
However, one of the major problems
confronting the fish production is the
increasing cost and short supply of fish
meal. Therefore, fish nutritionists and
feed manufacturers attemnpted to use
alternative plants and animal protein
sources for partially or totally replace
fish meal, to reduce the cost of fish
production (Ogunji 2004; Tzachi et al.
2004 and Wang et al. 2004). One of the
best candidates to replace fish meal is
soybean meal (Lovell 1988). Soybean
meal is cost effective, readily available,
high in protein content and has the best
protein quality among plant protein
feedstuffs used as alternative protein
sources to fish meal in fish diet
{Rumsey et al. 1993). However,
considerable variations exist in the
ability of different fish species to utilize
sovbean protein. Hypotheses explaining
this lack of success include less than
opiimal amino acid balance in soybean
meal protein and the presence of
residual [evels of trypsin inhibitors
{Webster et al. 1992, 1995; Refstie et al.
1997, 1998).

Rendered animal protein, such as
meat and meat and bone meals, pouliry
by-product meal and blood meals
derived from animal rendering plants
and waste recycling process, have long
been used in compound feeds for
terrestrial monogastric animals such as
poultry and swine (Parsons ef al. 1997).
Recently, many studies have also shown
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that rendered animal protein ingredients
are useful for fish feed formulation and
comparatively less expensive than fish
meal (Fowler 1991, Bureau et al. 1999,
2000. Fasakin et al. 2003, 2005).
Poultry by-product meal (PBM} and
dried hatcherv waste (DHW) are two
potential alternative animal protein
sources because of their high protein
contents and [ow price compared to the
fish meal (Tacon and Jackson 1985).
Previous studies have shown that PBM
cannot replace more than 50 % of fish
meal in fish diets (Gallagher and Degani
1988; Fowler 1991; Steffens 1994),
Mahmod {2003) observed the same
levels (30%) for Nile tilapia when fed
PBM and DHW diets. Other studies
have shown that with the recent
improvement of the quality of PBM, it
could replace 75% or even 100% of
dietary fish meal without significant
decrease in fish growth (Alexis 1997;
Nengas et al. 1999; Takagi et al. 2000).

This study was designed to
determine the effect of complete
substitution of fish meal (FM) with
dried hatchery waste meal (DHW),
poultry by-product meal (PBM) and
soybean meal (SBM) on growth
performance, feed utilization, nutrient
digestibility and amine acid retention of
Nile tilapia, M cephalus and L. ramada
at semi-intensive polyculture system
using well water,

MATERIALS AND METHODS

Feeds and Feeding practice

The fish meal, feed-grade soybean
meal and poultry by-product meal were
purchased from Animal Production
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Islamic Company APICO {Gaber ben
Haian St.. Dokki. El-Giza, Egypt). The
fresh poultry hatchery waste (infertile
eggs. un-hatchery eges and egg-sheils)
was supplied from hatchery house of
Middle East Company for Land
Reclamation  (El-Mansoria, Ei-Giza
Governorate, Egypt). The fresh hatchery
waste was put into a_farge container
contained boited (100 C) water for 13
minutes. The water discarded and the
residual dried at 80 C in an oven for 48
h, then the product ground by a mixer.
Four isonitrogenous (23% CP) and
isocaloric (14 MJ ME kg diet™) diets were
formulated: a control diet in which fish
meal was used as a main source of
protein and three tested diets were
formulated to  contain 100 %
replacement of FM protein with each of
either dried hatchery waste (DHW),
poultry  by-product meal (PBM) or
soybean meal (SBM) (Table 1). Test
diets were supplemented with DL-
Methionine and L-Lysine at 1% and
0.5%. respectively for the three
alternative protein test diets to cover
fish  requirements. The available
essential amino acid {(EAA) profiles of
the experimental diets are shown in
Table (2). The diets were processed by
blending the dry ingredients into a
homogenous mixture. then passing the
mixed feed through a laboratory pellet
mill {(California Pellet Mill Co., San
Francisco, CA, USA)

At the beginning of the experiment,
one hundred fish from each species
weighed individually and the amount of
daily ration (3 % of body weight) was
adjusted accordingly. The daily ration
was offered three time a day (09.00,
11.30 and 15.00 h) 6 days a week.
Random fish samples ol at least 10%
from each experimenial treatment
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Table (1): Composition and proximate analysis of the experimental diets (Yo dry

matter).
lnsrediems y Yo FM DHW PBM SEM
Fish meal 223 - - -
Dried haichery waste - 30.0 - -
Poultry by-product - - 34.0 -
Soybean meal - - - 470
Yellow Com 30.0 32.0 43.5 14.0
‘Wheat bran 43.53 34.5 15.6 315
DL- Methionine . 1.0 1.0 1.0
L- Lysine 0.5 0.5 0.5
Com oil 20 - 2.0 4.0
Vitamin and minerals premix! 2.0 20 2.0 2.0
Proximate analysis, %
Crude protein 250 257 257 255
Crude lipid 63 5.8 8.1 7.5
Total carbohydrates (including crude fiber) 56.1 51.7 56.6 55.2
Ash 124 12.8 9.6 11.8
Gross energy (MJ kg'y? 18.1 13.8 i8.9 18.5
Metabelizable energy(MJ kg'¥ 13.6 14.1 14.2 138
Digestible energy (MJ kg''¥ 127 132 132 13.0
Protein energy ratio (mg CP: kJ GE g') 13.9 13.7 13.6 13.8

FM: fish meal, TYHW: dried hatchery waste, PBM: pouitry by - product meal and SBM: soybean meal.

' Vitamin and mineral mixture each 2-kg of mixture coniains: Per kg mix: 4 000 000 1U vitamin A, 480 000 IU

vitamin D3, 40 000 mg vitamin E, 2400 mg vitamin K3, 4 600 mg vitamin Bl, 6 000 mg vitamin B2, 40 000 mg

niacin, 10 000 mg Ca-D-pantothenate, 4 000 mg vitamin BS, 10 mg vitamin B12, 100 mg D-biotin, 1 200 mg

folic acid, 40 000 mg vitamin C ve 60 000 mg inositol, 23 750 mg Mn, 75 000 mg Zn, 5 000 mg Zn, 2 000 mg

Co, 2750 mg 1, 100 mg Se, 200 000 mg.

! Calculated using values of 23.6, 39.5 and 17.2 kI g' for protein, fat and carbohydrate, respectively
according to Brett (1973).

* ME and DE were calculated as 75% and 70%, respectively of GE values of Hepher er af. (1983).
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species group Wwere weighed every
three weeks and feed allowance was
corrected after weighing fish,

Experiment Fislpand Growth Trials

The experiment was conducted at
Fish Farm of Middle East Company for
Land Reclamation (Tamo, EI-Giza
Governorate, Egypt). Nile tilapia
Oreochromis niloticus were obtained
from Nawa farm, . Kalubiya
Governorate, Egypt. Mugilleda spp. (M.
cephalus and L. ramada) were obtained
from Edko Lake, Alex. Governorate,
Egypt. The experimental fish were
carefully stocked into eight ponds (600
m’ each and 1.5 m depth) with duplicate
pond for each diet. The pond water was
obtained from well source. The turnover
rate of water was 50% pond'day”.
Paddle wheels working for 45 min h™
aerated each pond and rest for 15 min b’
!, The fishes were stocked at a rate of
7000 Nile tilapia, 2000 M. cephalus and
2000 L. ramada fish, respectively for
each pond. The average initial body
weight was 27.2 g = 0.5 for O. niloticus
and 12.0 g £ 0.3 for M. cephalus and L.
ramada. Fish were acclimatized for 2
wk, than the actual experimental period
extended for 22 wk. However, at the
beginning of the experiment, three
samples of 10 fish from each species
“were obtained and used for assessment
of the initial proximate  body
composition. In addition, at the end of
the experimental, 10 fishes from each
species group ware obtained for final
chemical body composition.

Growth Indices

To estimate the growth
performance  indices  during  the
experimental period, initial and final as
will as intermediate samples weight of

individual fishes were measured using
an electronic balance with the accuracy
of 0.01 gram. Weight gain (WG),

specific growth rate (SGR), feed
conversion ratio  (FCR), protein
efficiency  ratio (PER), protein

productive value (PPV), fat retention
(FR} and energy retention (ER} were
calculated  using the following
equations:

WG = Final body weight (g) - Initial
body weight (g)

SGR = [{(In FBW - In [BW) x100}/days,
where: FBW is final body weight (g);
IBW is initial body weight (g); and In =
natural logarithmic; FCR = Feed intake
(g)/weight gain {g).

Apparent Nutrient Digestibility

At the end of experiment, the
apparent digestibility coefficients
(ADCs) were measured for nutrients
content of each test diets. The
digestibility trail was conducted in
Animal Production Department
aquarium, Faculty of Agriculture, Cairo
University. Egypt. The fish were
acclimated for two weceks in laboratory
glass tanks. After acclimation, the
healthy and strong fish were randomly
stocked into glass tanks {70 cm x 45 c¢m
x 40 cm) with 45 L of water at 10 fish
per tank. The fish were fed the diets at
2% body weight twice daily. Each
treatment was replicated thrice. The
tanks were cleaned daily by siphoning
out faecal matters and replacing 30% of
the water in the tanks. All fish in each
tank were weighed weekly and the new
feed rate adjusted. The water quality
parameters of the culture tanks were
measured at 09.00 h using standard
methods. Temperature was maintained
at 28 = 1.0 °C. Fish was maintained or a
natural photoperiod approximating 14 h
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light: 10 h dark. Tanks were filled with
dechiorinated tap water. Dissolved
oxygen was measured daily using YSI
model 56 oxygen meter
Springs Instrument, Yellow Springs,
OH, USA). Water was aerated to supply
oxygen. Ammonia concentration was
maintained at less than 0.3 mgL™" and
pH at 8.00. However, all water quality
guidelines were within acceptable limits
for tilapia (Hepher and Pruginin 1981).
Feaces  samples were collected
according to procedure of Nwanna
(2004) using siphon technique for 21
ddys. The samples were collected every
6 hours after feeding by siphoning with
5 mm tubing. The collected samples
were dried at 105 °C for 5 h, pooled for
each treatment and analyzed for crude
" protein and lipid according to AOAC
(1995). Energy content of feaces was
determined with an automated bomb
calorimeter  (Model 1272, Parr
Instruments Inc., Moline, IL, USA)
using benzoic acid as the standard
substance. The ADCs for protein, lipid
and gross energy were calculated
according to the formula of Austreng
(1978) using acid insoluble ash as an
indicator:

Indicator% Nutrient %
in diet in feaces
ADC=100- Endicator % Nutrient % ) 100
in feaces in diet
Water Quality

Water quality parameters, such as
temperature, dissolved oxygen; pH and
ammonia were monitored to ensure that
water quality remained well within
limits recommended for fish. Water
temperature was recorded daily using a
mercury thermometer suspended at 30-
cm depth. Dissolved oxygen (DO) was
measured using YSI model 56 oxygen

(Yellow
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meter (Yellow Springs Instruinent,
Yellow Springs, OH, USA) and pH by
using a pH meter {Orion pH meter, TX,
USA). Ammonia and alkalinity were
measured at weekly intervals according
to (APHA 1985).

Analytical Methods

The chemical composition of fish,
diets and feaces samples were
determined according to procedures of
AQAC (1995). Analyses of samples
were made on dry matter basis after
drying the samples in an oven (105 °C)
for 24 h. Ash by incineration at 550 °C
for 12 h, crude protein by micro-
Kjeldhal method, Nx6.25 (a Kjeltech
autoanalyzer, Model 1030, Tecator,
Hbganis, Sweden), crude fat by Soxhlet
extraction with diethyl ether (40 - 60
°C). For the amino acid analysis, 5 mg
of the dried samples were hydrolyzed
with 6 N HC! at 110 °C for 24 hours.
Hydrolysate AA was derivatized with
phenylisothiocyanate  (PITC)  before
analysis (Waters Manual  1989).
Derivatives AA was determined on a C-
18 reverse phase HPLC column using a

Waters HPLC  separation system
(Waters  Chromatography  Division,
Millipore Corp., Milford,

Massachusetts). Other procedures for
the analysis have been reported (Ogunji
and Wirth 2001). Gross energy content
of diet and carcass samples was
calculated according to gross caloric
values of Brett (1973) by applying the
factor of 23.6, 39.5 and 17.2 kJ g of
crude protein, crude far and total
carbohydrate, respectively. The
Metabolizable energy was estimated by
applying the coefficient of 75 % to
convert determined gross energy (GE)
to  Metabolizable  energy (ME)
according to Hepher et al. (1983).
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Essential amino acids retention
efficiency (EAAR) was evaluated by the
following equation according to Rollin
et al. (2003):

(W x Ny x (EAA) ) - (Wix Nyx ( EAA))
EAAR=- = 100
D; x Ngx ( EAA),

Where:

-W; and W, are the mean final and
initial body weight, respectively.

- Nrand N; are the mean contents of the
whole body protein of fish at the end
and at the beginning of the experimental
period, respectively (g g protein),

- D; is the dry diet intake during the
experimental period (g DM).

- Ny is the protein content of the
experimental diets (g g”' protein).

- {EAA), (EAA); are the mean EAA
contents of the whole body fish at the
end and at the beginning of the
experimental period respectively (g g
protein).

- (EAA); is the EAA content of the
experimental diets (g g protein).

Statistical Analysis

Data were analyzed by ANOVA
using MSTATE wversion 4 software
program (MSTATE 1987), Duncan’s
multiple range test was used to compare
differences between individual means
when significant F  values were
observed (Duncan 1953), at P < 0.05.
The relationship between body EAA
gain and EAA intake was tested using
simple correfation analysis.

RESULTS AND DISCUSSION

No significant differences were
observed in the water quality parameter
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among the treatment during the entire
experimental  period. The  water
temperature ranged from 26.9 to 28.3
°C. dissolved oxygen (DO) from 5.1 to
63 mg L', pH from 6.3 to 8.2, and
ammeonia (NH;) from 0.26 t0 3.2 mg L
', Water quality parameters were within
the acceptable range for tilapia and
mullet growth (Stickney 1979).

The dietary amino acid profiles of
different experimental treatrnents are
itlustrated in Table (2). The data showed
that the animal protein sources are
higher in EAA content compared to
SBM content. The total essential and
non-essential amino acid profiles of
FM, DHW, PBM and SBM diets were
compared in Table 2. When they were
compared with Clyde er al. (1992) and
NRC (1993) requirements, irrespective
of dietary amino acid supplementation,
methicnine appeared as the first limiting
EAA in DHW, PBM and SBM diets for
the three fish species, followed by
lysine, while trypt?jphane and threonine
were the 1% and 2" limiting amino acid
in FM diet. However, SBM diet
appeared to be limiting in threonine for
all fishes species.

The growth performance of
experimental  fishes fed  different
experimental  protein  sources are

presented in Table (3). The results
showed that fish fed the diet with PBM
and DHW exhibited comparable growth
to those fed a fish meal-based diet. The
gain (g fish biomass 150 days”) and
SGR (%g fish biomass day”) followed
the same trend. The highest significant
(P<0.05) feed intake (g fish biomass
150 days') was showed for fish fed
with PBM diet, while fish fed with FM
diet recorded the lowest significant
value. However, fish fed diets with FiM
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Table (2): Essential amino acid content of the experimental diets (% dietary CP).

Fish requirements

EAA FM PEM  DHW SBM O N M.C.w LR>*
Arginine 54 36 4.6 43 4.2 32 32
Histidine 1.9 16 1.7 21 1.7 1.3 1.3
Isoleucine 3.9 43 35 36 33 2.4 24
Leucine 6.0 17 52 37 34 4.4 4.4
Lysine 6.2 34 5.1 5.7 51 38 38
Methionine 30 26 3.0 27 27 1.3 11
Phenylalanine 4.0 41 36 24 38 26 2.5
Threonine 34 37 29 19 38 31 - 28
Tryptophane 0.7 07 1.0 0.7 1.0 - -
Valine 4.7 i3 33 23 28 32 2.7
Total 39.2 41.7 339 294 31.8 25.3 24.2

O.N. = O nifoticus, M.C. = M cephalus. 1L R. = L ramada
*According to NRC (1993), ** According to Clyde et af. (1992).
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showed the better FCR than that PBM,
DHW or SBM values (Table 3).

Iirespective of polyculture system
used in present study (Table 4), Nile
tilapia fed diets with PBM, DHW and
SBM showed slightly reduced in the
final body gain (by 8.2, 10.9 and 23.7%,
respectively) compared with FM diet,
Comparable final body gain of M
cephalus was obtained with DHW and
FM, while PBM and SBM reduced final
body gain by 6.5% and 13.4%,
respectively, The final body gain of L.
ramada was highest with PBM and
DHW by 27.6% and 12.4%,
respectively, while SBM reduced final
body gain by 10.7%, compared with FM
diet.

The proximate chemical body
compositions of experimental fishes are
shown in Table (5). The higher
significant (P<(0.05) whole body protein
of O niloticus, M. cephalus and L.
ramada were showed when fishes fed
DHW diets. Whole body lipid content
was showed the highest level for all fish
species when fed with FM diet, while
feeding on DHW reduced whole body
ash content in all species.

Positive correlation benween the
total essential amino acid intake and
gain were showed for the three species.
This correlation was higher for O
niloticus (r=0.92, n= 3); M cephalus (r
= 0.84, n =3) and for L ramada (r =
0.84, n = 3) when fed diets contained
DHW, FM and SBM, respectively.
While this correlation was lower for diet
with SBM (r = 0.75, n = 3) for O
niloticus, PBM for either M. cephalus (r
=0.69, n=3) or L. ramada (r=0.70,n=
3.
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The total essential amino acid
(Table 6) was showed more retention
when Nile tilapia fed SBM diet
(81.2%), while lower value was
recorded with PBM diet (29.9%). M.
cephalus and L. ramada recorded the
highest values of total essential amino
acid retention when fed DHW diet (74.8
and B85.1%, respectively). while lower
value was recorded with PBM diet (36.9
and 41.8%, respectively). Estimating
totai non-essential amino acid retention
showed the highest value for Nile tilapia
when fed FM diet ( 33.8%), while M
cephalus and L. ramada recorded the
highest value when fed diet containing
DHW (27.7 and 28.9 %. respectively).
In generally, arginine was showed the
least retention values among essential
amino acid. Histdine, phenylalanine,
methionine, threonine and often lysine
being the highest figures of retention
efficiencies in the descending order.

The apparent digestibility
coefficients (ADCs) of experimental
diets are illustrated in Table (7). The
highest ADC of protein was showed for
Nile tilapia (91.7%), M. cephalus (86.8
%) and L. romada (87.3 %) when fed
with DHW diet. Nile tilapia fed FM diet
showed the highest ADC of dry matter
{81.3%), ether extract (91.5%) and
digestible energy (79.6%). A same trend
was observed for M cephalus (75.1,
88.3 and 77.7%, respectively) and L.
ramada  (76.6, 91.8 and 79.4%,
respectively). However, in all species
the lower significant (P<0.05) ADC of
dry matter, crude protein, crude fat and
digestible energy were observed when
fish fed PBM diet except for lower
value of dietary crude fat of L. ramada
that was showed with SBM diet.
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experimental diets.

fed different

Initial Body Final Bedy Feed intake Weight gain SGR FCR
Biomass (g.) Biomass ig.l  (g/ fish/ 150 davs) * i kel

F“ 17.1+ 1.4 216337 3158+ 6.1° 1992+ 0.1* 1.6+0.1° 1.59£ 0.3
(Mean)

ON. 271205 2170=08 - 189.9 103 14409 -
MC. 121401 34802173 - 3359+01 22+01 -

LR 12.1£01 839x12 - Tig+02 13+01 -
D#{“ 177216 2134129 326.6+ 6.1" 1958+0.2" 1.6=%0.1" 1.67+04"
(¥ean)

ON. 27209 1964 =12 - 169340 1.3+ 0.2 -
M.C. 126+0.1 3503=12 - 3374402 22202 -

LR 129402 9362053 - 80.7x07 1.3201 -
PBM 17,4+ 1.6 2107+ 3.8° 4404+ 701*  193.3+£0.2° 1.7+£03" 22807
(¥ean)

ON. 270+£07 2013=06 - 1743 £ 0.1 1.3+0.1 -
MO 12504 3265=14 - 340263 22+02 -

L.R 123+02 1044=09 - 91.6+41 1401 -
(Sfat;n) 17411 183.9x27° 283.84+ 8.1° 1666+ 0.9° 1.5£0.1" 1.73£0.2"
O.N. 272+01 1720211 - t44.8+0.2 1.2+04 -
MC 122 £04 3030=10 - 2908+03 2103 -

LR 127+0.1 768105 - 641201 1201 -

O.N. = (. niloticus, M.C. = M. cephalus, L. R. = L. ramada

FM : fish meal, DHW ; dried hatchery waste, PBM : poultry by - preduct meal and SBM : soybean meal.

a, be...

* Weight gain = Final body gain (g) - Initiai bogy weight (g).
** Specific growth rate (SGR) = {(In W1 —In W) /150 days} x 100.
*+* Feed conversion ratio (FCR) = Feed intake {g) /Body weight gain (g).
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Means in the same column with different superscripts are significant (P<0.05).
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Table (4): Comparative growth performance for individual fish species fed different
experimental diets.

Initisl Final Relative fish
Protein Species Body Body Welght gain body gain to SGR FCR
sourcey Weight Weight b control diet s Lo
(g) )] (FM)

FM ON. 271405 217008 1899+ 03" 100,0% 14209 1.5+0.1°
DHW ON 27209 1964+12° 169.2 0.1* 89.1% 1.3=02" 1.6+02"
PBM O.N. 270 £07 2003+06°  1743203" 91.8% 13=01° 2.6+ 0.4°
SBM ON. 272201 1720 1.0° 144.82 00" 76.3% 1.2=04" 1.6+02°
FM M.C. 12101 348015  3359=x0.1° 100.0% 23=01 1402
DHW  M.C 12901 3503£12° 3374202 100.5% 222032 1.7£0.3"
PBM MC. 125204 3265+14® 3140:03" 93.5% 22=02 2.1£05
SBEM MC. 122204 303.0:10° 290.8:02 86.6% 21=03 15202
FM LR 121201 839=12¢ 71802 100.0% 13=01° 1503
DHW LR 12002 93.6:05" 80.70.7° 112.4% 1.3=01" 1.4+03"
PBM LR 128202 1044209 91.6+0.1" 127.6% 14=01° 1607
SBM LR 127201 76809 64.1£0.1° 89.3% 1.2=0.1° 1.6+ 0.2"

ON. = O. niloticus, M.C. = M. cephalus, L.R. = L. ramada

FM : fish meal, DHW : dried hatchery waste, PBM : poultry by - product meal and SBM : soybean meal.
ab,c..... Means in the same column with different superscripts are significant (P<0.03).

* Weight gain = Final body gain (g) - Initial bogy weight (g).

** Specific growth rate (SGR} = {{In W: - In W} /150 days)} x 100.

*+* Feed conversion ratio (FCR) = Feed intake (g) /Body weight gain (g).
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Table (5): The proximate whole body compositions of fish fed experimental diets
(wet weight basis).

Protein Moisture Crude protein Crude lipid Ash
source {%) (%) (%) (%)
O. niloticus
FM 70.0 = 0.6 158+03" 9.1+0.1" 5.1+ 0.2%
DHW 70.3 £ 0.1 16.6 + 0.4* 8.1+ 0.2 50+01°
PBM 70.8+ 0.2 154+0.1° 6.1+0.5° 7.7+03"
SBM 73.6 0.1 153+ 0.5° 5.7+08¢ 5.4+ 0.2°
M. cephalus
FM 69.8 0.1 14.5 £0.4° 10.0 £ 0.6 58+02°
DHW 68.94 0.3 16.5 + 0.4 93+0.3% 53 +04°
PBM 70,7+ 0.7 15.5+£0.1° 82+0.1° 5.5+03%
SBM 703 £ 0.6 143£01° 94401 60+£02"
L. ramada
FM 69.6 0.7 145+02° 10.4 + 0.4° 5.6+0.1°
DHW 703 0.5 15802 9.8+ 0.3 42+ 10"
PBM 70.8 + 0.4 15.0+£ 0.2 9.5+04°* 47+048"
SBM 70.1 = 0.1 153+03° 96+04" 50+1.1°

FM - fish meal, DHW : dried hatchery waste, PBM : pouliry by - product meal and SBM : soybean meal.

a, b, ¢..... Means in the same column with different superscripts (within each species) are significant at a level

(P< 0.05),
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Table (6):The apparent d ietary amino acids retention efficiency (%) for Nile tilapia, Mugill cephalus and Liza remada.

- s gias . " . Methionine Phenylalanine . . Estimated Estimated
Arginine  Histidine  Isoleucine Leucine Lysine + eystine + Tyrosine Threonine Valine EAA' NEAA®
€. niforicus
FM 25501 90704 45904 556+02 521401 6:8+0.1 89.9 £0.2 69004 52506 56810 33.8+£010
DHW 289+02 726412 33902 41.8+04 66404 699201 842+08 355202 455412 50106 28.1£0.5
PEM 14602 903+03 22005 23401 66.4 + 6Ll 53907 199£02 20405 299104 21.2£02
0.2
SBM 487+ 0.1 87.0x09 58.9%0.1 92710, 97.04£0.5 9934 0.5 993+ 0.1 86,5 0.6 929+09 BlL2x05 230405
M. cephatuy
FM 39701 91,7207 55502 68004 79104 985+ 0.6 81601 652105 453+ 1) 66.6 +0.5 236+1.2
DHW 51400 966+10 625+01 755401 974207 997102 975+11 662409 539111 748405 27715
PFBM 198+£1.2 994£07 31201 34908 64001 985+0.1- 657401 278+05  176x12  369+08 14519
SBM 37606 991407 54205 989809 1890 53811 98408 998101 905+£13 737109 24815
L. ramada .
FM 39704 SL7201 555+09 68.0+0.1 79.1£02  98510.1 Bl6:02 652£02 453209 66601 23600
DHW 49601 958+0]) 62901 TT1£01 100,0*). 982+0.1 80805 90101 42901 851%02 289215
4

PBM 280403 100.0% 01 32401 44903 83.9+0.7 1000+ 0.7 100.0*+ 0.1 36.720.5 243405 418408 24713
SBM 40.2+0.1 [00.0*+0.]1 58420.1 100.0*+ 0.7 79306 672101 100.0%+ 0.1 100.0*+01 875201 761406 25310

a, b, ¢ ..... Means in the same column with different superscripts (within cach species) are significant at a level (P<0.05).

<Tryptophane not determined.
1-EAA: Essential amino acid.

2-NEAA: No}l-cssenial amino acid.
* Any value over than 100%, during calcuiation {(n=3) was considered as 100 %.

(L002) Spa2 pub uoypyny °f uondisy
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Table (7): The apparent digestibility coefficients of the different experimental diets.

Dry matter Crude protein Crude lipid Digestible
(%) (%) (%) energy (%)

Q. niloticus

FM 81319 903+1.3° 91.5+1.0" 79.6 £ 1.5°

DHW 80.8 £ 1.3% 91.7 + 1.4" 81.7x1.1° 748+ 1.3°

PBM 79.1+2.3° B54+1.2° 771+ 1L1° 713+ 1.3°

SBM 79.8 + 1.0% 88.2+ 1.4° 80.2+1.1* 73.7+12°
M. cephalus

FM 751+ 1.8 843+12" 88.3+ 1.0° 77.7 £ 1.20%

DHW 739+ 1.1 868+ 1.3 34.5 + 1.0 754+ 1.0%

PBM 73.0+ 1.4 829+ 12 83.4+11° 74.0 £ 1.3

SBM 74.1+13° 84.1+1.3% 855+ 1.0 773+ 1.2%
L. ramada

FM 766+ 1.1° 845+ 1.1° 90.5+1.1° 794+ 1.3

DHW 75.1 £ 1.4% 87312 89.1+ 0.9® 78.8+1.3%®

PBM 73.5+0.9° 83.6+ 1.4¢ 38.7+09° 762+ 1.1°

SBM 73.9+2.0° 84.5+1.2° 86.5 + 0.6° 77.4 £ 1.4%

FM : fish meal, DHW : dried hatchery waste, PBM : poultry by - product meal and SBM : soybean meal.
a, b, ¢ ..... Means in the same column with different superscripts (within each species) are significant at a level

(P<0.05).
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Fish production yield of different
experimental fishes are showed in Table
(8). The total net productions of the fish
were 2179, 2047, 2118 and 1723 kg
pond” when fed on FM, DHW, PBM
and SBM  diets, respectively.
Irrespective  of fish  species, the
maximum total income was recorded
with FM dict (20505 LE), while the
total costs were highest when fed with
FM diet (14426 LE). Consequently, the
net return was greatest when fish was
fed with DHW diet (11568 LE),

The results showed that the higher
growth obtained with PBM and DHW
diets compared to SBM diet could be
indicated one explanation include that
the higher levels of available amino acid
in PBM and DHW diets. The most
important EAA for Nile tilapia were
methionine, lysine and threonine (NRC
1993), while Clyde et al. (1992)
reported that leucine, lysine #nd
arginine were the most important EAA
for Mullet. These results agreed with the
findings of Nengas et al. (1999) who
noticed that PBM could be successfully
replace FM for Gilthead sea bream
(Sparus aurata L.). Steffens (1994)
showed that PBM is suitable as a partial
or complete replacement in diet for
rainbow trout; however, complete
substitution required amino acid
supplementation, principally lysine and
methionine. The contradiction between
results regarding the use of SBM as a
sole protein source in fish diets may be
related to many reasons including the
quality and processing method of SBM,
inadequate amino acid profile, fish
species and culture system (Liener
1980; Shiau et al. 1989, 1990; El-Sayed
1999; Ogunji and Wirth 2000, 2001 and
Wu et al. 2003). Decreased growth as
fish meal was replaced by soybean meal
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has been reported in a number of
species  including rainbow  trout
(Yamomoto and Akiyoma 1991), silver
seabream Rhabdosargus sarba (El-
Sayed 1994) and some salmonids fish
(Hardy 1998). In the present study, the
reduced performance of fish fed the
SBM diet does not appear to be due to
palatability problems. The amount of
SBM  diet consumed was  not
significantly different from the FM diet
(Table 3}. Comparison of the amino
acid profile of SBM diet with the FM
diet especially after cover the
requirement of methionine and lysine
(Table 2) does not indicate differences
of sufficient magnitude to indicate
problems. The methionine level of the
SBM diet is slightly lower than the FM
diet. However, these differences are not
large, and levels in the SBM are
approximately similar to those in the
PBM or DWH diets, which exhibited
excellent comparable growth to those,
fed a fish meal-based diet. Since these
results indicate that adverse effects of
SBM-based diets do not seem 10 be
caused by palatability or amino acid
imbalances, it is likely that anti-
nutritional  factors are  involved
(Hertrampf and Piedad-Pascual 2000;
Tidwell et al. 2005). Shiau et al. (1990}
showed that poor performance for Nile
tilapia with SBM diets was generally in
direct relationship to level of soybean
incorporation. Soybeans have anti-
nutritional factors that reduce their
biological value (Rackis 1974; Liener
1994). These results indicate that
soybean meal could be used as partial
replacement of dietary FM rather than
used as complete replacement in fish
diets.

Feed intake in the present study
was found to be the higher for fish fed
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Table (8): The economic efficiency of the experimental fishes fed different
experimental diets

FM DHW PBM SBM
Total production pond ( kg pond™) 2179 2047 2118 1723
- Oreochromis niloticus 1323 1168 1264 972
- Mugill cephalus 692 696 649 602
-Liza ramada 164 183 205 149
Total income pond (LB') 20505 19750 19984 16722
- Oreochromis niloticus 9261 8176 8848 6804
- Mugill cephalus 9688 9744 9086 8428
-Liza ramada 1556 1830 2050 1490
Total costs pond *' (LE") 14426 8182 11546 9699
- Fingerlings 1940 1940 1940 1940
- Labor 2500 2500 2500 2500
- Feeding 8936 2692 6056 4209
- Land rent 750 750 750 750
- Fuel 300 300 300 300
Net returns pond™ (LE") 6079 11568 8438 723
Net return relative to FM pond % 100 190 i40 120
Profit, % 40 140 70 70

-American dollar ($) = 5.75 Egyptian pond (LE).,

-Net returns, LE = Total income (LE) — Total variable cost (LE).

" The price of 1 kg of FM, DHW, PBM and SBM were 2.6, .73, 1.25 and 1.33 L.E., respectively

" The marketing price of | kg for Oreochromis niloticus, Mugill cephalus, and Liza ramada were 7, 14 and 10
L.E., respectively.

- Profit, % = (Net returns, / pond (LE")}/ (Total costs / pond (LE™))
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PBM (P<0.05) then those of all
experimental diets. This result supports
Davis and Arnold (2000) who reported
that PBM didn’t indicate any apparent
palatability problem. Similarly,
Shepherd (1998) was not able to
observe any serious problem related to
pelatability of rendered products in fish
diets. However, contradicted with the
findings of Fowler (1991) and
Quartarora et al. (1998) who reported
that high PBM levels could cause
reduced palatability for Chinook salmon
and Australian snapper; may be due to
deficiency of any EAA usually reduces
palatability of the diet (Moon and
Gatlin, 1994; Abdel-Warith et al. 2001).
Reasons for the differences between the
results of some previous reports and this
experiment could be attributed to
variations in row materials, and
different rendering processes. PBM is
suitable as a partial or complete
replacement in Nile tilapia and muilet
diets in polyculture; but, a complete
substitution required amino acid
supplementation, principally lysine and
methionine,

Feed conversion ratio (FCR) data
suggested that fish fed PBM diet
showed significantly higher (2.28)
compared to the FM, DHW and SBM
diets (1.59, 1.67 and 1.73, respectively).
These results confirm the findings of
Webster et al. (2000) and Lee et al.
(2001} who reported that replacement of
FM with PBM resulted in significantly
higher FCR (P<0.05). However, Davis
and Arold (2000) found that
replacement of FM with co-extruded
soybean-PBM  mixture resulted in
equivalent FCR value.

The results of present study showed

that arginine recorded the lower
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retention efficiency for all fish species.
This may be due to the urea formation
in fish. Urine is the final route of
arginine metabolism and secretion
pathway. Guoyao and Morris (1998)
reviewed that arginine (2-amino-5-
guanidinovaleric acid) is one of the
most versatile amino acids in animal
cells, serving as a precursor for the
synthesis not only of protein but also of
nitric oxide, urea, polyaminess, proline,
glutamate, creatine and agmatine. The
results go parallel with the previous
work of El-Husseiny et al. (2002) who
reported that growth of tilapia fry was
less affected with arginine deficiency
compared to the other amino acids
deficiencies.

The higher apparent digestibility of
CP for Nile tilapia, L. ramada and M.
cephalus was observed when fed on
diets containing DHW (Table 7), while
the lower values was recorded with
PBM diet. Robinson and Li (1996)
reported that PBM is high in ether
extract (EE), ash and indigestible
components (feathers, etc.), resulting in
reduced digestibility. The highest
apparent digestibility coefficient of EE
was recorded when Nile tilapia (76.8%)
fed on diet with FM. The same trend
was observed for L. ramada (63.3%)
and M. cephalus (60.3%). This may be
due to the nature of lipids in FM being
rich in w-3 fatty acids compared with
other sources. Torstensen et al. (2000)
showed that digestibility and absorption
of fatty acid in fish decreased with
increasing saturated and chain length
fatty acid. Recently, Bahurmiz and Ng
(2007) showed that the inclusion of
dietary palm-origin oils - (rich in
saturated fatty acid} significantly
reduced the total lipid digestibility of
the red hybrid tilapia, Oreochromis sp.,
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diets due mainly to the decreased
digestibility of the saturated fatty acids.
Caballero et al. (2002) reported that the
higher apparent digestibility of lipid for
rainbow trout Oncorhynchus mvkiss was
related to their higher content of
unsaturated fatty acids. The particularly
high ADC of polyunsaturated fatty acid
has been documented in rainbow rout
(Austreng et al. 1979) and other species
{Lied and Lambertsen 1982; Ringo and
Olsen 1991; Sigurgisladottir et al.
1992). Similarly, Sevdili and Erturk
(2004) reported that the rich fat content
of PBM in the diet of rainbow trout
Oncorhynchus mykiss causing decrease
in omega-3 fatty acids such as
eicosapentaenoic (EPA} and
docosahexanoic (DHA) compared with
FM diet.

From the standpoint of nutrition
views, the variation in nutritional value
and composition for PBM and DHW
depending on the processing and the
materials included in the meal
However, if suitable raw ingredient are
chosen and then properly processed, a
high-quality protein feed can be
achieved. The data showed that Nile
tilapia, M. cephalus and L. ramada
seems to be able to use efficiently either
PBM or DHM as the sole source of
dietary protein. Meanwhile, the least net
yield production has been recorded
when fish fed SBM which could be
attributed to amino acids content, fatty
acid content, processing condition and
the anti-nutritional factors content
{Nengas et al 1999 and Ognnji 2004).
Referring to economic analysis (Table
8) and taking into consideration that
DHW was free of charge at the moment
of experiment has been done, being a
waste. According to the market prices in
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2006, the input-output analysis showed
that the total income of fish production
using DHW was higher than FM, PBM
and SBM. Meanwhile, the total costs of
production when fish fed diets
containing PBM or FM were higher
than DHW. This was reflected on the
net return of DHW, being the highest.

CONCLUSION

The results showed that when dried
hatchery wastes and poultry by-product
meal are available in reasonable price; it
could be successfully used as excellent
alternatives for fish meal in diets.
However, the use of soybean meal in
the fish diet as a sole source of dietary
protein or as a replacement of fish meal,
reduction in the final body fish weight
could occur. The lowest growth rate of
fish due to feeding FM alternative
protein sources resulted in less entire
cost of rearing period and compensating
for the delayed growth or the losing

time, and nmay be increasing
profitability.
REFERENCES

Abdel-Warith A.A., P.M. Russel and
8.J. Davies (2001). Inclusion of a
Commercial Poultry By-Product
Meal as a Protein Replacement of
Fish Meal in Practical Diets for
Affican Catfish Clarias
Gariepinus. Aguaculture Research,
32:296-305

Alexis M.N. (1997). Fish meal and .fish
oil replacers in Mediterranean
marine fish diets. In: Feeding



Egyptian J. Nutrition and Feeds (2007)

Tomorrow’s Fish. Proceedings of
the workshop of the CIHEAM
network  on  technology  of
aguaculture in the Mediterranean
(ed. By A. Tacon & B. Barsureo),
CIHEAM, Zaragoza, Spain, 1989,

pp- 183-204.
AQAC  (Association of  Official
Analytical  Chemists)  (1995).

Official Methods of Analysis. 16"
Ed. A.0O.A.C., Washington, D.C.

APHA, AWWA, WPCF (Standard
Methods for the Examination of
Water and Wastewater)  (1985).
19"  Edition. American Public
Health  Association  American
Water. Works Association and
Water Pollution Control Federation
.Washington, DC. 1268pp.

Austreng  E. (1978). Digestibility
determination in fish using chromic
oxide marking and analysis of
contents from different segments of
the gastrointestinal tract.
Aquaculture, 13: 265 -271.

Austreng E., A. Skrede and A. Eldegard
(1979). Effect of dietary fat source
on the digestibility of fat and famy
acids in rainbow trout and mink.
Acta Agric. Scand., 29 1 119-126. -

Bahurmiz O.M. and W. K. Ng (2007).
Effects of dietary palm oil source
on growth, tissue fatty acid
composition and nutrient
digestibility of red hybrid tilapia,
Oreochromis sp., raised from
stocking to marketable size.
Aquaculture, 262:382-392.

Brett J.R. (1973). Energy expenditure of
Sockeye salmon  Omncorhynchus
nerka, during sustained performance.

197

J Fish Res. Board Can.
(12/1):1799 — 1809,

Bureau D.P., A.M Harris and C.Y. Cho
(1999). apparent digestibility of
rendered animal protein ingredients
for rainbow trout (Oncorhynchus
mykiss). Aquaculture, 180. 345-
358. :

Bureau D.P., AM. Harris, D.J. Bevan,
L.A. Simmons, P.A. Azevedo and
C.Y. Cho (2000). Feather meals

- and meat and bone meals from
different origins as protein sources
in rainbow trout (Oncorhynchus
mykiss) diets. Aquaculture, 181:
281-291.

Caballero M™M.J.,, A. Obach, G.
Rosenlurd, D. Montero, M.
Gisvold and M.S. Izquiedo { 2002).
Impact of different dietary lipid
sources on Zrowth, lipid
digestibility, tissue fatty acid
composition and  histology of
rainbow  trout  (Oncorhynchus
mykiss). Aquaculture, 214: 253-
271. :

Clyde S., A. Harry and S.L. Cheng
(1992). Amino acid profiles of
striped mullet, Mugill cephalus and
Liza ramada. Bamidgeh, 42: 5 -11.

Davis D.A. and C.R. Arnold (2000).
Replacement of Fish Meal in
Practical Diets for the Pacific
White Shrimp, Litopenaeus
Vannamei. Aquaculture, 185: 291-
298.

Duncan D.B. (1955). Multiple range and
multiple T- test. Biometries 11: 1 -
42

El Gamal A.R. (2001). Status and
development trends of aquaculture
in the Near East. In R. P.

30



El-Husseiny et al.

Subasinghe, P. Bueno, M.J. Phillips,
C. Hough, S. E. McGladdery & J.
R. Arthur, eds. Aquaculture in the
Third Millennium. Technical
Proceedings of the Conference on
Aquaculture in the  Third
Millennium, Bangkok, Thailand,
20-25 February 2000. Pp. 357-376.
NACA, Bangkok and FAO, Rome,

El-Husseiny O.M., AM.A-8. Goda and
AM. Suloma (2002). Utilization of
amino acids in WNile Tilapia
Oreochromis  niloticus - Fry. 1-
Utilization efficiency of synthetic
amino acid by Nile tilapia fry. Ver.
Med. J, Giza. 50(1): 47-59.

El-Sayed A.F. (1994). Eviluation of
soybean meal, spirulina meal and
chicken offal meal as protein
sources for silver seabream
(Rhabdosargus sarba) fingerlings.
Agquaculture, 127 169-176.

El-Sayed A.M. (1999). Alternative
dietary protein sources for farmed
tilapia,  Oreochromis.  spp.
Aquaculture, 179:149 -168.

FAO {Food and Agricultural
Organization)  (2004).  Fishery
Statistics. Aquaculture production
at; http: www.faostat.fao.org
/faostat. /notes/units-e.html.

Fasakin E.A., A.M. Balogun and O.O.
Ajayi (2003). Evaluation of full-fat
and defatted magpot meals in the
feeding of clariid catfish, Clarias
gariepinus fingerlings. Aquaculture
Research, 34:733- 738.

Fasakin E.A., R.D. Serwata and S.J.
Davies (2005). Comparative
utilization of rendered animal
derived products with or without
composite mixture of soybean meal

198

in hybrid tilapia (Oreochromis
niloticus X Oreochromis
mossambicus) diets. Aquaculture,
249:329- 338,

Fowler L.G. (1991). Poultry by-product
meal as a dietary protein sources in
fall chinook salmon. Aquacuiture,
99:309-321.

GAFRD {(General Authority for Fish
Resources Development) (2006).
Statistical  analysis of  total
aquaculture production in Egypt,
Ministry of - agricuiture, Cairo,
Egypt (Arabic edition).

Gallagher M.L. and G. Degani (1988).
Poultry meal and poultry oil as
sources of protein and lipid in the
diet of European eels, Anguilla
anguilla. Aquaculture, 13: 177-
187.

Guoyao, W.U. and Jr.M.S. Morris
{1998). Review article. Arginine
metabolism:  nitric oxide and
beyond. Biochem. /., 336: 1-17.

Hardy R.W. (1998). Practical feeding -
Salmon and trout. Pages 185-203
in T. Lovell, editor. Nutrition and
feeding of fish. Van WNostrand
Reinhold, New York, New York,
USA. »

Hepher B. and Y. Pruginin (1981).
Commercial fish farm. John Wiely

and Sons Inc. Press New York
Toronto .

Hepher B., 1.C. Liao, S.H. Cheng and
C.8. Haseih (1983). Food

utilization by red tilapia. Effect of
diet composition, feeding level and
temperature on utilization
efficiency for maintenance and
growth. Agquaculture, 32: 255 - 272,



Egyptian J. Nutrition and Feeds (2007)

Hepher B., A. Milstein, H. Leventer and
B. Teltsch (1989). The effect of fish
density and species combination on
growth and utilization of natural
food in ponds. Aquaculture and
Fisheries Management, 20: 59 -71.

Hertrampf, J.W. and F. Piedad-Pascual
(2000). Handbook on ingredients
for aquaculture feeds. Kluwer
Academic Publishers, The
Netherlands.

Karplus I, A. Milstein, 5. Cohen and 8.
Harpaz (1996). The effect of
stocking different ratios of Common
carp, Cyprinus carpio L., and
Tilapias in polyculture ponds on
production  characteristics  and
profitability. Aguaculture Research,
27:447- 453,

Lee K.J., K. Dabrowski and J.H. Blom
(2001). Replacement of Fish Meal
by a Mixture of Animal By-
Preducts in Juvenile Rainbow
Trout Diets. N. Am. J. Aquacuit.,
63:109-117.

Lied E. and G. Lambertsen (1982)
Apparent availability of fat and
individual fatty acids in Atlantic
{Gadus morhua) . Fiseridir, Skr.,
Ser. Emaer., I1 : 63-75.

Liener L.E. (1980). Toxic constituents of
plant foedstuffs, Academic Press,
New York, 502 PP.

Liener LE. (1994). Implications of
antinutritional  components  in
soybean foods. CRC Crit. Rev.
Food Sci. Nutr,, 34: 33-67.

Lovell R.T. (1988). Use of soybean
meal in diets for aquaculture
species. Journal of Aquatic
Production, 2:27-52,

199

Mahmoud (2003). Partial replacement
of fish meal with different animal
by-product meals in diets of Nile
tilapia Oreochromis niloticus. PhD
Thesis, pp 142, Animal Production

Department, Faculty of
Agriculture, Cairc  University,
Egypt.

Moon H.Y.L. and D.M. Gatlin (1994).
Effects of dietary animal proteins
on growth and body composition of
the red drum (Sciaenops
Ocellatus). Aquaculture, 120: 327-
340.

MSTAT Version 4 (1987). Software
program for the design and analysis
of agronomic research experiments.
Michigan St. Univ.,, M. S, U.S.A.

Muzinic L.A., K.R. Thompsen, L.S.

Metts, S. Dasgupta and C.D.
Webster (2006). Use of turkey
meal as partial and total

replacement of fish meal in
practical diets for sunshine bass

{Morone chrysops * Morone
saxafilis)  grown  in  tanks.
Agquaculture  Nutrition, 12 (1): 71-
81.

Nengas 1., M.N. Alexis and S.J. Daviess
(1999). High inclusion levels of
poultry meals related by-product in
diets for Gilthead sea bream
(Sparus auwrata L.). Aquaculture,
179:13 - 23,

NRC (National Research council)
(1993). Nutrition Requirement of
fish Washington, I>.C.

Nwanna L.C. (2004). Growth and
mineral deposition in Nile tilapia

(Oreochromis  niloticus) fed
untreated soybean meal
supplemented with phytase.



El-Husseiny ef al.

Journal of Food, Agriculture &
Environment, 2 (3-4): 51 - 56.

Ogunji J.O. (2004). Alternative protein
sources it diets for farmed tilapia.
(In: animalscience. com Reviews
No. 13). Nutrition Absmracts and
Reviews: Series B74 (9): 23-32.

Ogunji J.O. and M, Wirth (2000). Effect
of dietary protein content and
sources on growth, food conversion
and body composition of tilapia
Oreochromis niloticus fingerling
fed fish meal diet. Journal of
Aquaculture in the Tropics 15(4)
381 -389.

Ogunji J.O, and M, Wirth (2001).
Alternative protein sources as
substitutes for fish meal in the diet
of vyoung Tilapia Oreochromis
niloticus (Linn.) Israeli Journal of
Aguaculture — Bamidgeh. 53 (1) 34
-43,

Parsons C.M., F. Castanon and Y. Han
{1997). Protein and amino acid
quality of meat and bone meal.
Poultry Science, 76- 361-368.

Quartarora N., G.L. Allan and J.D. Bell
(1998). Replacement of Fish Meal
in Diets for Australian Snapper,
Pagrus Auratus. Aquaculture, 166:
279-295.

Rackis 1.J. (1974). Biological and
physiclogical factors in soybeans,
J. Amer. Oil Chem. Soc., 51 (A):
161-174.

Refstie S., 8. Helland and T.
Storebakken (1997). Adaptation to
soybean meal in diets for rainbow
trout  (Oncorhynchus  mykiss).
Aquaculture, 153: 263-272.

200

Refstie S., AJ. Roem and T.
Storebakken (1998). Feed
consumption and conversion in
Atlantic salmon (Salmo salar) fed
diets with fish meal, extracted
soybean meal or soybean meal with

reduced content of
oligosaccharides, trypsin inhibitor,
lectine and soya  antigens,

Agquaculture, 162: 301-312,

Ringo E. and R.E. Olsen (1991). Do
Arctic charr Salvations alpinus
L.}, have selective absorption of
dietary fatty acids?. Fiseridir. Skr.,
Ser. Emaer., 4: 65-72.

Robinson E.H. and M.H. Li (1996). A
Practical Guide To Nutrition,
Feeds, and Feeding of Catfish.
Mississippi  Agricultural  and
Foresty = Experiment  Station,
Mississippi  State, MS, Bulletin:
1041.

Rollin X., M. Mambrini, T. Abboudi, Y.
Larondelle and J. S. Kaushik
{2003). The optimum dietary
indispensable amino acid pattern for
growing Atlantic “salmon (Salmo
salar L) fry. British Journal of
Nutrition, 90:865 —- 876.

Rumsey G.L., S.G. Haghes and R.A.
Winfree (1993). Chemical and
mutritional  evaluation of Soya
protein preparation as primary
nitrogen source for rainbow trout
(Oncorhynchus  mykiss). Animal
Feed Science Technology 40, 135-
151.

Sevgili H. and MM, Erturk (2004).
Effects of replacement of fish meal
with poultry by-product meal on
growth performance in practical in
diets for rainbow trout,
Onchorynchus  mykiss. Akdeniz



Egyptian J. Nutrition and Feeds (2007}

Universitesi Ziraat  Fakultesi

Dergisi, 17(2): 161-167

Shepherd T. (1998). Rendered products
in aquaculture feeds. Jnternational
Aqua Feed 4: 13-17.

Shiau S., C. Kwok, I. Hwang, C. Chen
and S. Lee (1989). Replacement of
fish meal with soybean meal in
male tilapia (Oreochromis niloticus
x (. aurous) fingerling diets at a
sub-optimal protein level. J. World
Aguaculture. Soc., 20: 230 - 235,

Shiau S., 8. Lin, S. Yu, A. Lin and C.
Kwok (1990}. Defatted and full-fat
soybean meal as partial
replacements for fish meal in
tilapia {Oreochromis niloticus x O,
aureus) diets at low protein level.
Aquaculiure, 86: 401-407.

Sigurgisladottir S., S.P. Lall, C.C.
Parrish and R.G. Ackman (1992).
Cholestane as a didestibility marker
in the absorption of
polyunsaturated fatty acid ethyl
esters in Atlantic salmon. Lipids,
27: 418-424,

Steffens W. (1994). Replacing fish meal
with poultry by-product meal in
diets for rainbow trout,
Oncorhynchus mykiss.
Aquacuiture, 124: 27-34.

Stickney R. R. (1979). Principles of
warmwater aquaculture, Wiley Inter
Science, New York, USA.

Tacon A.G.J. and A.). Jackson (]985),
Utilization of conventional and
unconventional protein sources in
practical fish feeds. In: MNurrition
and Feeding of Fish (ed. by C.B.
Cowey, A.M. Mackie & I.G. Bell),
pp. 119-145, Academic Press,
London, UK.

Takagi S.T., H. Hosokawa, S. Shimeno
and M. Ukawa (2000). Utilization
of poultry by-product meal in a diet
for red sea bream Pagrus major.
Nippon Suisan Gakkaishi, 66: 428~
438.

Tidwell 1.H., §.D. Coyle, L.A. Bright
and D. Yasharian (2005).
Evaluation of plant and animal
source proteins for replacement of
fish meal in practical diets for the
largemouth  bass  Micropterus
salmoides . Journal of the world
aquaculture sociefy, 36 (4): 454-
463.

Torstensen B.E., Q. Lie and L. Frgyland
(2002}. Lipid metabolism and tissue
composition in Atlantic salmon
(Salmo salar L.) ~ effects of capelin
oil, palm oil and oleic acid-enriched
sunflower oil as dietary lipid
sources. Lipids, 35: 653 — 664.

Tzachi M.S8., D.A. Davis, I.P. Saoud and
K. De Pault (2004). Substitution of
fish meal by Co-extruded soybean
poultry by- product meal in
practical diets for the pacific white
shrimp,  Litopenaeus  vannamei.

Aquaculture, 231:197-203.

Wang Y., S. Xie, Y. Cui, W. Lie, X.
Zhu, Y. Yang and Y. Yu (2004).
Effect of replacement of dietary fish
meal by meat and bone meal and
poultry by-product meal on growth
and feed utilization of Gibel carp
Carassius auratus gibelis.
Agquaculture Nutrition 10(5). 289-
294,

Waters Manual (1989). Pico-Tag
Method. Edited by S.A. Cohen, M.
Meys & T.L. Tarvin. Waters
Chromatography Division,



El-Husseiny et al,

Millipore Milford,

Massachusetts.

Corp.,

Webster C.D.,, D.H. Yancev and J.H.

Tidwell (1992). Effect of totally or
partially replacing of fish meal with
soybean meal in growth of blue
catfish Ictalurus Sfurcatus.
Aquaculture Research 103, 141-
152.

Webster C.D., L.S. Goodgame-Tie and

JH. Tidwell (1995). Total
replacement of soybean meal with
various percentagas of

supplemental l-methionine in diet
for blue catfish lctalurus furcatus.
Aquaculture Research, 26: 299-
306.

Webster C.D., K.R. Thompson, A.M.

Morgan, E.J. Grisby and AL
Gannam (2000). Use of hempseed
meal, poultry by-product meal and

202

canola meal in practical diets
without fish meal for sunshine bass
(Morone Chrysops X M. Saxatilis).
Aquaculture, 188: 299-309

G.S.,, Y.M. Chung, W.Y. Lin, S.Y.
Chen and CH. Huang (2003).
Effect of substituting de-hulled or
fermented soybean meal for fish
meal in diets on growth of hybrid
tilapia, Oreochromis niloticus x O.
aureus. Journal of the Fisheries
Society of Taiwan, 30:291-297.

Yamomoto T. and T. Akiyoma (1991).

Substitution of soybean meal with
fish meal in a diet for fingerling
rainbow  trout  Oncorhynchus
mykiss. Bulletin of the Natural
Resources Institute and
Aquaculture, 20:25-32,



Egyptian J. Nutrition and Feeds (2007}

ol sall Bl ghall 5 (o uaally ALl el lacy ol (§ gaua o LAY 3kl pladdiad
R dud halidall gl R A

Léay bl ¢ " all ae cpall Pla ¢ 5s arandl 36 daaa ipll ) daa Ll
'agtall

. i.gl‘i:ﬁl&j-.u.'vl:”;.!!g&?lpui_iﬁmliule-hlﬂlw‘
3_ALAN — et L35 Jara Alall shat) 4 5 4t - laally Aol 2 glad e sh) Sgaali

bilia cpe Lilia jobia o dlawdh (3 panad JLalSh Joah abaad ol A0 lad T lall o3 Cay gl
Z.fu.uL...lJJL.‘..‘SQ_,..‘_Hd_,j«.__us_,o,al_,.\.llu::LiEA..‘j_,m_,Q:,UJJlQL:.JLHjL_;JlQUl&JlU.A_,Qﬁ_,_)._\il
wabaa ¥l (BT LYT) A3 eoliall auas CiV¥ara y alBYH ela¥l Jane Ol o3 A8l L 0y 5l
A Bae aay L 5 il gl ol sall (35 sl 5 5 ) gl ALelly Ll el Laayl
f 3B A8Ua Jga Loza 14) A8, (950 ) Gyt e Ll e 6 Ayl (3De ajf e} 5
el Lady ¢ ()58) Al 480 dlaiall o (o (55503 (A AR Led Cunaiid (4Gl 2o
s be A paih il D peal Sy o i (B iyl e AR il e (s gias A @ide SN
el 5 s o (5555 (U ARk e il N it 2 5 28 Sl (i 055 Jana el oF
aliad) & pelal adgali els jiad Aadh edlalaaly el ol il (3 smane e S LT @llan Lay
e oo iat Al Ol as ok dlandl 3 e 3y A5 e et Lalgdl o550 L8 3 yaa
st ) () S (e pall OIS gl S i
oo il B e wt) Laiyg o Gadpall cdilas 3 e o o3 Al @l Jyslalt oliall daaa el *
Bala 31y Asa gl Bab 3 Jama ) bl im i gl a8y S0l 21380 Jana 8] idain | peal) S (3 gana
Oaladl i 5y O il Coaia ] RS J LY cliAl il it Ciagiaf yailld e il
ol At e e S13E s gad Jrae ke b U peall Jpd caeSy gadyall Cila jiad Adlal cdila
_MFLSJMUJQQM
i all e s T8y phall y gty el dlauY oo 28 g ll (AU auza gl Jana e *
G35 M Ll Ll e gaall g satks aona Jaee el Laiy ¢ Jgl Lo et pal) e jial dila)
el e 3l gl y 5l s e )y el Ggaana o g g3 e o
9% EY YV (05 A0 00 04 TV _ oV (e iagh 5 AnullY i At pialaa ¥ e Bl ¥
e Gl gl citilag 3 pmana 5 ol pall s ie Lolal Clala i el (3 pane Lo das A dauil
Uatan 1 & gana (1a WY T o ol 5l e b peall J g ik e il T @lant Lay o Ji gl
s a8 Ll Lpiaa¥) iaban W1 e 30l (Jraa e (ol il 2 jU8T sy + L i) Ly
Lo YNLYT LV E, £ e gl 5 Ll eyl Gla il Al sl e a5 Al el
Glilia §sna 5 oal sl Sla Hiad Ailadl clalial aaiad ol A il duals o g*
sl Aoty lpaladtl (e Slandl (3 yaal (pdlie g g 5 a5 il 5 13} (ol
i O o e ) ol Aal g Bl el 3e 8 endl 3 sandd A
Ll e dlanll) 333e 3 Lgeall o8 s plaaid Laiy @l 4l
Upeanl 18] gl 4 T gale a1 2 ol (5 ganna cre Y sl e
raban Yl Aial aa 9 5adl Joalt aladiil Jasiy SHlanl pa Cua e bua 205 Lo
NS SLVIURG U L R 113 S S R AT\ PN B TR ' ST





