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ABSTRACT

An experimenr with 213 0.1 ¢ Nile tilapia Oveochromis niloticus was comducred to evaluate the influence of
purttally or torally substituring of fish meal (FM) protein by sovbean ineal (SM) in practical diets supplemented
with 3 microbial phytase levels (0, 1000, 1300 1U). Three diets were Jormulated 1o be isonitrogenous (ca. 35%
crude protein) and isocaloric (ca. 461 Keal /100g protein). The conmrol diet, dier 1. and diet 2 contained FM and

SM. as merely the sole sources of protein respectivelv. Diet 3 contained 20% protein from fish meal and 13 % of

its total protein from Sova bean meal. Each diet was supplemented with 3 'levels of phyviase (0, 1000, 1300 IU/Kz
dict), Three replicates groups of fish per treatment were hand-fed twice a day for 90 days in glass agquaria. Affer
90 davs, fish fed FM dier and fish fed SM diet supplemented with 1300 1U/Kg phytase had significantly (p<0.035}
higther weight gain, absolute growth rate, specific growth rate. protein ¢fficiency ratio. feed efficiency and feed
conrversion ratio than the rvest of experimencal groups. Supplemental phyviase tend to increase bone ash. bodv and
hone phosphorous in fish fed SM diet and FM plus SM diet, No significanr differences in body composition among
tragtments were observed.

The present stuelv demonstrates that a diet containing 35% crude protein with 20% profein from FM and
{3% erude protein from SM supplemented with 1500 1U phytase is adequate for good growth of fingerlings Nile

tilapia.
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L. INTRODUCTION

Feeding cost in fish production is considerved
the most expensive item particularly dictary crude
protein which is the most expensive component in
fish diets. The use of plant protein sources to
parfially or entirely replacement expensive fishmeal
protein diets has been 4 goal of fsh nutritionists for
many years. Among all the plant protein sources
iested. soybean meal has been the most widely used.
Soybean protein is considercd as one of the best
aming acid profiles of all protein rich plant
feedstuffs  for meeting essential amino acid
requirements of fish (Lovell, 1988). Defatted
soybean meal contains. 45-48% crude protein
whereas alcohol washed concentrate contains 70-
85% crude protein (Storebakken et al, 1998).
Properly and adequately heat treated fuli-fot soybean
meal. reduces level of antinutritional factors and
increases amino acid availability. Soy bean meal has
been included in fish feeds with positive results
(Smith, 1977: Viola and Arieli, 1983). However.
most attempts to replace fishmeal by extracted
soybean, have led to growth reduction and low feed
conversion rate in grass carp and other fish (Cho ct
al., 1974; Dabrowski and Kozak, 1979, Jackson: ¢t
al. 1982, Sadiku and Jauncey, 1993 and Lid et
al..1995) However, in nutritional studics, soybean
meal replaced 25%, 30% and 40%, of the fish meal
protein showed decrease in weight gain of fish
Dabrowski et al., (1989). Oliva-Teles et al., (1994)
and Sanz et al. (1994). Fish feedstuffs. especially
which of plant sources. have a relatively gh confent

of phosphorus. However, up to 80% of this
phosphorus 18 in the form of phytate which is
unavailability for utilization by fish (Sebastian et al.,
1998 and Ravindran, 1999). Thus. it is necessary to
supplement  cither phytase or other additive to
improve the utilization of phosphorus as well as
other nutrients which bound with phytate molecules
(Ravindran et al., 1995). However, Informations on
the cffect of phytase on protein and amino acids
availabilitics, digestbility and mineral utilization in
fish dicts are limited (Vielma and Lall. 1998;
Storebakken et al.. 1998, Vielma of al., 2000, Cheng
and Hardy.2002 and Ellestad et al. 2003). The
purposcs of the present study were to assess the
potential for partially or totally substituting protein
ftom soy bean meal for fishmeal protein and to
determine the effects of adding microbial phytase in
the dict on growth performance of Nile tilapia.

2. MATERIALS & METHODS

- 2.1 Fish and rearing proceditres

Six hundred fingerlings of O. niloticus (L.)
weighing ca. 2.140.1g were used. The fish were
randomly divided into eight groups of 25 fish each in
triplicate.

The experiment was conducted in glass aquaria
(80 x 50 x 40 cm) each of 160-L capuacity at
Department of Animal and Fish Production. Suez
Canal University, Each aquarium was filled with
dechlorinated tap water and continuous acration was
provided in all aguaria with automatic air pump. The
sroups of fish were randomly distributed. cach of
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which in one aquarium. Water temperature was
maintained at 25+1°C throughout the experiment by
automatic heaters. The water quality was monitored
daily for temperature, pH, oxygen, ammonia,
hardness and combined nitrate/nitrite levels. Aquaria
were cleaned every day, as far as possible, and the
water was changed once a fortnight. Water
conditions remained almost identical in the system
throughout the experiment and all parameters
measured were within the tolerance fimits known for
tilapia. The light was kept on 2 12-h light dark cycle
(07.00 to 19.00h)
2.2, Experimental diets

" Three experimental dicts were formulated as
tollows:

I. Diet 1 {conirol) contained fish meal (FM}
as a main source of protein.

2. Diet 2 contained Soybean meal (SM,
hexan extracted) as a main source of protein.

3. Diet 3 contained (20% crude protein from
FM plus 15% crude protein from SM.

The three diets were supplemented with three
levels of microbial phytase (0, 1000 and 1500 IU/kg
diet). All diets were isonitrogenous {ca. 35% crude
protein) and isocaloric (ca. 463.6 kcal/T100g diet)
(Table I).

Experimental diets were prepared by first
mixing all the dry ingredient tharoughly with o1l and
then cold water was added unti] saff dough resulted.
This was then passed through a food mixer (Hobart
A200 Hobart Ltd.. London). The homegenous paste
was then extruded under pressure through a 2mm die
plate. The resulting strands were air dried for 12 h at
approximately 30 °C. The resultant pellets were then
crumbled by hand to obtain the required pellet size
according to fish size prior to feeding. All dicts were
kept in refrigerator until immediate period to
feeding.

Prior to initiation of the experiment, the fish
underwent "2 2-week conditioning period during
which they readily adjusted to standardized
environmental conditions. Experimential diets were
fed at 3% of fish wet weight per day. The amount of
diet was divided into two equal feedings portions per
day. Fish were fed for six consecutive days. Each
group of fish was weighed individually every 10
days, and the amount of diet was adfusted
accordingly. Fish were fed the test diets for 90 days.
Methylene blue (4 mg/L) was added to the water
after weighing the fish to reduce bactertal infection
caused by handling.

The experimental diets werg analyzed for
moisture, protein, ether extract, crude fiber and ash
by standard AQAC methods (AQAC, 19¢ ’
2.3 Sratistical Analysis :

Analysis of variance was carried out according
to SAS Institute, Tnc., (1985) and the means were
compared by multiple range tests (Duncan, 1955)
and were considercd stalistically different at (P <
0.05).

3. RESULTS AND DISCUSSION

Data for growth performance of Nile tilapia
fed the experimental dicts for 90 days are presented
in Table (2). The group of fish fed diets containing
(20°% crude protein from fishmeal +15% crude
protein from soybean meal) in which of 48% of
fishmeal protein was replaced by protein from
soybean meal had weight pains, specific growth rate
(SGR), feed conversion ratic {FCR), protcin
etficiency ratio (PER) and feed efficiency (FE) closc
to those of fishmeal diets (diets]. 2 and 3). However.
the differences was not significant {p<0.05). On the
other hand the groups of fish fed diets 4.5 and 6
which contains soybean meal as the only source of
protein had significantly lower body weight gain.
absolute growth rate (AGR), PER and FE than the
rest of experimental groups. These data indicate that
growth of Nile tilapia improved when fed a diet
containing 40% protein from fishmeal and 34% from
soybean meal than those fed diets containing
soybean meal only. This is in agreement with studies
reported on carp Cyprinus carpio (Nandeesha et al..
1990)., rainbow trout, O mykiss (Reinitz, 1980):
channel! catfish, J punctatus (Moshen and Lovell.
1990) and tilapia, O. niloticus x O. aureus (Shiau et
al, 1990). Processing of soybeans into various meais.
concentrates and isolates has a major influence on
their nutritional properties (Woll and Cowan, 1971).
Growth and feed utilization responses of tilapia
when replacing FM by soybean meais (SBM) has
been reduced direct proportion to the percentage of
soybean meal in the diet. This may be due to
suboptimal amino acid balance and inadequate
available phosphorus in soybean meal, and presence
of antinutritional factors (including trypsin
inhibitors) in the soybean meal. However growth has
tended to be reduced in group of fish fed diets with
soybean meal replacing all the fish meal. Similar
results were obtained by Jackson et al. (1982). The
soybean meal used in the present study was hexan
extracted commercial produci. It is known that
antinutritional factors in raw or in adequately heated
soybean meal can adversely affect the growth of carp
(Viola and Ariehi, 1983) and channel catfish (Wilson
and Poe, 1985) and tilapia (Eid et al., 1995),

In the present study, weight gain, AGR, FCR,
PER and FE were increased by phytase
supplementation from 0 to 1500 [U/kg. These resulis
were in agreement with the results of (Vielma and
Lall. 1998; Storebakken et al, 1998; and Lanari et al,
[998). Within cach protein source weight gain,
absolute growth rate, SGR, FCR, PER and FE were
improved by increasing phytase levels from 0 to
1500 IU/ kg diet. Similar results were obtained by
El-Deeb et al, (2000) and Attia et af; (2001). Feed
conversion ratio (FCR) and protein efficiency ratio
were significantly (P<0.05) different among
treatments (Table 2). Feed conversions (FCR) were
close to the results of Webster et al. (1992). The
group of fish which fed the dict where 15% of fish
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meal was replaced by soybean meal (diet 7. 8 and
9) gained slightly less in weight than fish fed the
diet in which all of the protein originated from fish
meal (diets 1, 2 and 3). However, the difference in
growth was not significantly (P<0.05) different. In
relation to the former findings soybean meal has one
of the best amino acid profiles of any of the plant
protein feed stuffs and the profile meets the essential
amino acid requirements for fish (Lovell, 1988) .
Dabrowski et al. (1989) stated that amino acid
availability, especially, Methionine, was reduced if
soybean- meat protein was used in excess of 50% of
the diet which is in agreement with the findings of
present study. The effects of dietary treatments on
body composition are shown in Table (3). Results
indicated that no significant differences (1’<0.05) in
percentage -body protein, moisture and fat among
treatments. Supplemental phytase had no effect on
body composition. Similar results were obtained by
Vielma et ol. (2000), Attia et al (2001).
Supplemental phytase tend to increase bone ash of
soybean fed fish (diets 4, 5 and 6) and fish meal plus
soybean meal diets {7, 8 and 9), thus indirectly

phytase in soybean meal diets (Table 4). Enhanced
phytate  phosphorous  (P)  availability by
supplemental phytase has been reported in trout
{Lanari et al. 1998; and Vielma et ai., 2000).

Bone ash is a sensitive criterion for available P
supply (Vielma and Lail, 1998), which was also
shown in the present study. Soybean meal diets and
replacing FM with soybean meals significantly (P<
(1.05) increased bone ash concentration (Table 4). In
group of fish fed soybean meal diets, bone ash were
45.4, 45.75 and 45.85 % in Hish fed with and without
phytase supplementation and the differences were
not significant. These results confirm the findings of
Vielma et al. (2000).

Bone phosphorus generally paralleled bone
ash. The requirement of phosphorus for maximum
growth and normal bone mineralization for O.
nifoticus was reported to be less than 0.9% in the
diet (Watanabe et al.,, 1980).

The present study demonstrates that a diet
containing 33% crude protein with 20% protein
from fish meal and 15% protein from soybean meal
supplemented with 1500 TU phytase is adeguate for

indicating successful gasivointestinal hydrolysis of good growth of Nile tilapia.
Table 1. Composition and proximate chemical analysis of experimental diets.

Ingredients Diet 1. Diet 2. Diet 3.
Fish meal (50% protein)’ 70 - 40
Soybean meal (44% protein) ' - 80 34
Corn grain 20 5 13
Fish oil 4 6 5
Corn oil 3 6 5
Vitamin Mix. 1 1 1
Mineral Mix.’ 2 2 2
Proximate Analysis (%)
Moisture 6.20 5.80 6.10
Crude Protein 35.10 35.50 35.10
Crude Fat 14.20 14.10 14.10
Ash 6.40 5.30 6.20
Crude Fiber 1.80 5.10 3.80
NFE* 42.50 40.00 40.80
GE (K cal/100gy 504.90 496.30 497.20
Total (P) 2.90 0.51 1.33

1. Local ingredient obtained {rom the market.

2. Vitamin premix provide the following per Kg drv diet: tochopherol acetare, 699 1.U: menadione sodium bisultate
complex 83 mg; thiamin mononitrate, 33 mg; riboflavin, 73 mg: pyridoxine HCL 25 mg: d-calcium pantothenate, 147

mg; niacin, 262my: myo-insitol, 184 my; folic acid. 17.6 mg: B12, 0.08 mg: d-biotin, .83 my; ascorbic acid, 124 g,

3. Mineral premix provided the following per Kg dry diet: zine sulfate (ZnSO4). 257 mg; mangancse sutfate (Mn304).
288 mg; ferrous sulfate (FeSO4), 69 mg: copper sulfate (CuSO4). 5.4 mg: potassiam jodide (Kio3). 1.1 mg.
4. Nitrogen Free Extract 100- (% crude protein + crude lipid + crude fiber % + crude ash).

5. Gross energy caleulated using values of 5.7 Keal/y protein; 9.5 Keal/y lipid and 4.0 Keal/g carbohydrate.
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Table 2. Growth performance of Nile tilapia fed different experimental diets for 90 days.'

Diet (Treatment) 1 ) 2 3 4 ) 5 | s 7 | 8 | 9
Protein source Fish meal Soybean mea} Fish mcal + Soybean
Phytase
k 5
concbntration (1U) 0 1000 1500 0 1000 1500 0 1006 1560
2.1 2.1% 2.0 20 2.1+ 2.1z 21+ 214 20+

Initial body wt (g) 0.10 0.10 0.20 0.10 0.10 0.10 0.10 0.10 0.10

48.5% 1 330+ | 556+ | 36.1F ; 402+ | 416+ | 479+ | 506+ | 340=
0.17 0.10¢ 0.01° 0.02¢ 0.10¢ 0.12¢ 0.12¢ 0.10° 0.01"
464+ | 510+ | 335% | 340+ | 381+ | 395+ | 458+t { 4853+ | 3520~
0.16° 0.13" 0.12* 0.1 (.149 0.12¢ 0.13° 0.10 6.11°

Final body wit (g

Weight gai_n ()

Absolute growth 0.43+ | 0.54+ | 0.59+ | 037+0. 1 04240 044+ | 0.50% | 0.54¢ | 0.58=
rate (g/kg) 0.06° | 005> | 0.03" 04" 06" 0.05* 0.06° 0.04" | 0.03"
SGR 3.49+ § 3.55¢ | 364+ | 3.6+ | 328k | 332+ | 347+ | 3353% § 3.61-

0.03° 0.03° 0.04* 0.02" 0.02¢ 0.03¢ 0.02¢ 0.02" 0.04°
2.1+ 1.8+ [.5% 2.4% 224 2.0+ 2.2+ 1.4+ 1.6+

FCR 0.0 | 004 | 003 | 002 | 0o0a | o004 | 003 | 002 | 003
PER’ 1354 | 1.58% 1.89+ 117+ 1.28+ 1.304 1.28+ 1.50+ .78+
g 0.06° 0.05° 0.04* 0.02° 0.02¢ 6.03" 0.02¢ 0.03" 0.04"
FE’ 0.48+ 0.55% 066+ 1 042+ 0.45% 050+ 0,45+ .53% 0.63+
0.03° 0.04" 0.02" 6.03' 0.01° 0.02" 0.01° 0.02° 02"

Feed 9f.14+ { 8856+ | 80.23+ ) 81.6+0. ) 83.82+ | 790+ [ 1007+ | 92.15+ | 83.3¢0:
0.20° 017 0.05* a7 0.03" 0.05°¢ 002" 0.02° 6.03"

Protein 3199 | 31.08% | 2816+ | 2896x | 2075 | 2804+ | 3536+ | 3234 | 20.25:
025 031" 027 019" 0.26* 0.20* 525" 0,25 0.20°

. 5+ 34 3+ 9= 9+ 9+ 7+ 7+ 7+

Mortality 000" 1 0200 | 023 1 oa2' 1 023 | o2 | 033 | o021 | o002

I, Values are means = S.E of three replications. Values in the same row folfowed by the same Ietier are not significantly
different (P> 0.03).

SGR=[ {LmW;- Ln W, }/iime {days}] x 100 where W; final body weight, W initial body weight.

Feed Conversion Ratio= g dry food fed/g live weight gain

Protein Efficiency Ratio= Gain in weight {g)/ protein intake (g} x 100.

Feed Efficiency (g} live weight gain/ g dry food fed.

T e e D

Table 3. Initial and tinal carcass composition of Oreochromis niloticus fed experimental diets for 90
days (% on wet weight basis).

Diet No. . _Moisture Crude protein Crude fat | Ash
Initial 75.08 15.93 4.57 442
I 75.10 15.70 4.61 4.59

2 74.90 15.80 4.71 4.49

3 74,80 15.90 4.81 4.49

4 75.10 153.70 4.60 4.60

3 74.80 15.80 4.70 4.70

6 74.70 15.90 4.77 4.63

7 74.90 15.70 4.70 4.70

8 75.10 15.80 4.80 4.30

9 75.02 15.90 4.88 4.20
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"Table 4. Bone ash and whole body phosphorus % of Nile tilapia Oreochromis niloticus fed

‘experimental diets for 90 days ‘"'

N by (D pog, po, )

B Diet _ Bone Ash% Whole fish Bone
t 3.20 £ 0.20° 24.40 = 0.12° 535+ 0.04°
2 34.60 + 0.20% 25,90 + 0.20% 6.55 + 0,04
3 44,80+ 021 25.80 £ 0.04% 6.88 % 0.05¢
4 45.40 = 0.22° 26.10  0.04° 7.40 = 0.02°
5 45.75 = 0.02° 26.30 = 0.05° 7.60 = 0.05°
6 45.85 021" 26.80 = 0.04° 7.80 £ 0.02°
7 45.40 + 0.04¢ 26.10 < 0,02 7.20 + 0.05°
8 46.80 £ 0.04" 26.80 % 0.04" £.30+ 0.04"
9 47.90 + 0.05 27.80 + 0.05° 8.81 £ 0.04°

1. Values are means = S.E of three replications. Values in the same row followed by the same letter are not significantly

different (P> 0.05).
s

2. Means with common superseript in each column were not significantly difterent at 3% level.
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