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Abstract: Two feeding trails were conducted with Nile tilapia Oreochromis niloticus
fingerlings to determine the effect of dictary phytase level with partial or complete
replacement of fish meal (FM) by soybean meal (SBM) on growth, feed utilization,
nutrients digestibility as well as dietary phosphorus discharge. A total of 960 Nile tilapia
fingerlings with an average body weight of 18.8£0.3 g were divided in the twenty-
experimental treatments (duplicate for each treatment). The experiment was conducted for
13 week. Five basal diets were formulated to be isonitrogenous 30% crude protein and
isocaloric 19.5 MI kg! diet gross energy. The control diet (diet 1) was prepared with FM
as the main protein source. Diets 2-5 each SBM were substituted, for an isonitrogenous
amount of FM control diet, to provide 25% (diet 2), 50% (diet 3), 75% (diet 4) or 100%
(diet 5) of the FM crude protein. Another three groups of similar previous five basal diets
were formulated and supplemented with 1000, 1500, 2000 FTU kg~ diet, respectively of
phytase enzyme. The present results suggest that a 25% substitution of dietary FM with
SBM in Nile tilapia fingerlings dicts has enhance growth performance and feed efficiency.
With increasing dietary SBM levels; comparably lower growth indices were obtained
compared to 100%-FM control diet. Irrespective of dietary SBM levels, supplementation
of microbial phytase at 1000 FTU kg~ level has demonstrated to be efficient for increasing
dietary phosphorus supply for Nile tilapia fingerlings, thereby reducing the phosphorus
effluent from aquaculture facilities. This may have to be taken into consideration for ongoing
feeding strategies for the control of waste discharge.
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INTRODUCTION

Aquaculture feeds typically represent up to 70% of variable operating production costs,
depending on the intensity of the operation (Muzinic e# af., 2006). Nowadays, a priority area of
research in aquaculture nutrition is the reduction and possible elimination of Fish Meal (FM) and fish
oil will fully expected change in the future with more limitation on the use of these ingredients
(Craig, 2004). The replacement of fish meal with plant or grain by-products will become increasingly
important for the development of low cost fish feeds. One of the major problems associated
with the use of plant by-products in fish feed is the presence of anti-nutritional factors, like phytic
acid or phytates and enzyme inhibitors. Phytic acid (1,2,3,5/4,6-hexakis (dihydrogen phosphate)
myoinositol) is the major phosphorus (P) storage compound in plant seeds and can account for up to
70% of total P (Lall, 1991; Eeckhout and De Paepe, 1994). Soluble inorganic and cellular P (P bound
in nucleic acids, phosphorylated proteins, phospholipids, phosphor-sugars) represents the remaining
P (Baruah et al., 2004).
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Because of the high density of negatively charged phosphate groups, phytate chalets with mineral
cations like potassium (K), magnesium (Mg), calcium (Ca), zinc (Zn), iron (Fe), copper {(Cu) and forms
poorly soluble complexes (Satoh ef @f., 1989, Hossain and Jauncey, 1993; Papatryphon ef af., 1999;
Riche ef af., 2001; Goda ef &f., 2002; Nwanna, 2004; Yoo ef al., 2005). Phytates also forms complexes
with proteins and Amino Acid (AA). The amino groups present on the side chain of the AA are one
of functional groups involved in protein-phytate interaction, thereby decreasing the digestibility of
proteins and availability of AA (Riche er af., 2001). These salts of phytic acid are known as phytins
and their availability and digestibility to monogastric animals including fish is very limited due to the
lack of intestinal phytase (Pointillart ef &, 1987). Both phytate-protein (binary complex) and phytate-
mineral-protein (ternary complex) complexes can occur for tilapia (Reddy ef a/., 1989). Riche and
Garling (2004) cited that in acidic environments, such as the tilapia stomach (pH 1-2), half of the
phosphate moieties are negatively charged. This favours binding of soluble proteins at e-amino groups
on lysine (Lys), imidazole groups on histidine (His) and gaunidyl groups on arginine (Arg). In alkaline
environments, such as tilapia intestine (pH 8.5-8.8), ternary complexes are favoured. Both complexes
are resistant to proteolytic digestion (Vaintraub and Bulmaga, 1991; Caldwell, 1992). Finally, dictary
phytate-phosphorus compound is excreted into the aquatic environment. However, a poor degradation
of phytates leads to detrimental effects on the aquatic environment like eutrophication effects on
freshwater or saltwater bodies, causing algal growth (Persson, 1991).

Soybean is considered the best plant protein for meeting the essential amino acid requirements
of tilapia and other fish species commercially grown. Soybean meal (SEM) contains anti-mitritional
factors (ANFs) notably;, phytic acid, protease inhibitors and haemagglutins, tannins, gossypols, anti-
vitamins and anti-enzymes which reduce their biological value and nutrient utilization and often result
in histopathological abnormalities in fish (Wassef ef al., 1988; Liener, 1994; Tacon, 1997). Therefore,
the reduction or elimination of the levels of ANFs in soybean meal would improve its mutrient
bioavailability, digestibility and absorption by fishes. However, reports of growth performance and
feed efficiency in tilapia species fed soy products are conflicting. Poor performance is generally noticed
in direct relationship to level of dietary SBM incorporation (Shiau er ¢f., 1990; El-Dahhar and El-
Shazly, 1993; Abdelghany, 2003, El-Sayed, 2006).

Tilapias as a group of fish species are highly suitable for low cost aquaculture. Tt is will
documented that, tilapias lack the intestinal enzyme phytase (EC 3.1.3.8) that hydrolyze phytate.
Phytase 1s a specific enzyme for phytate hydrolysis. However, exogenous phytase has been used
successfully to hvdrolyze phytate and increasing mutrient digestibility (Mroz ef al., 1994,
Teskered?i¢ et af., 1995; Riche and Brown, 1996; Riche ef a/., 2001; Liebert and Portz, 2005). Phytase
pre-treated diets fed to rainbow trout Oncorfiynchus mykiss (Cain and Garling, 1995; Vielma ef of,
2002) and Atlantic salmon, Safmo salar (Storebakken ef af., 1998) resulted in an increased growth
which attributed to improved protein utilization as demonstrated in terrestrial animals (Mroz ez af.,
1994; Sebastian ef al., 1997, Martin ef af., 1998). Addition of microbial phytase has been reported to
improve the utilization and bioavailability of plant phosphorus in fish diets and, hence, there is less
discharge into the aquatic environment, thereby causing less water pollution problems (Forster ef /.,
1999; Riche ef af., 2001, Robinson ef &/, 2002; Licbert and Portz, 2005).

Egyptian aquaculture has developed rapidly in recent years. Tilapia is one of most widely
cultured species in Egypt. The total aquaculture production of tilapia increased from 24,916 Metric
Tons (mt) in 1990 to 486,000, mt year—'(GAFRD, 2006} and accounted for 55% of total production
(876,000 mt year ). One of the major problems confronting Egyptian fish production is the increasing
cost and short supply of fish meal. Thus, replacing portions of FM with SBM in fish diets is a
promising economical alternative for the aquaculture business. Otherwise, by applying phytase in
SBM-based diets, it will not only reduce fish diet costs, but also reduce environmental pollution due
to lower discharges of phosphorus and other minerals from fish farms.
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Two growth and feed efficiency measurement trails were conducted with a completely
randomized factorial design (4x5) experiment: The purpose of first trail (laboratory study) was to
determine the influence of dietary phytase levels with partial or complete replacement of FM by SBM
of different experimental diets on apparent nutrients digestibility as well as phosphorus utilization and
discharges. The second trail (field study) was conducted to determine the effect of previous
experimental test diets on growth, feed utilization and carcass composition of Nile tilapia O. n#loticus
fingerlings in conerete net-pen culture.

MATERIALS AND METHODS

Growth Trial

This study was performed at the Experimental Fish Farm, El-Kanater-El-Khayria, National
Institute of Oceanography and Fisheries (NIOF), Kalubiya Governorate, Egypt. A total of 960 Nile
tilapia O. niloticus fingerlings with an average weight of 18.8+0.3 g were obtained from Nawa Farm,
Kalubiya Governorate, Egypt. In March-15-20035, the fingerlings of Nile tilapia were stocked into four
cement ponds (40 m?® each). Each pond was divided into ten equal pens by netting (4 m’ each) and each
pen was stocked with 24 fish (Duplicate pen for each treatment). Concrete ponds were supplied with
freshwater from the Darawa irrigation Baranch, Kalubiya, Governorate, Egypt. The turnover rate of
water was about 0.3 m® day™ pond™! and fish was held under natural light conditions (12:12 h light:
dark schedule). Fish were acclimatized to experimental conditions for 2 weeks prior to the start of the
experiment. During adaptation period, fish was fed a commercial tilapia diet (28% CP, ZooControl
Company, 6 QOctober City, Cairo, Egypt).

Five basal diets were formulated to be isonitrogenous 30% crude protein and isocaloric
19.5 MI kg™ diet gross energy. The control diet (diet 1) was prepared with FM as the main protein
source. Diets 2-5 each SBM was substituted, for an isonitrogenous amount of FM control diet, to
provide 25% (diet 2}, 50% (diet 3), 75% (diet 4) or 100% (diet 5) of the FM crude protein (Table 1).
Crystalline L-lysine and DL-Methionine (Met) were added to the experimental diets containing SBM
to cover Lysine and total sulphur amino acid requirements for O. nifoticus (NRC, 1993).

Another three groups of similar previous five basal diets were formulated and supplemented with
1000, 1500, 2000 FTU kg' diet of phytase enzyme (Phytasonovo®). The enzyme product was
kindly provided from Novo Nordisk, Denmark (1 g of Phytasonovo® content 2500 FTU). One unit
of phytase (FTU) is defined as the quantity of enzyme that liberates one micro mol of inorgamic
orthophosphorus (P,) minuet from 5.1 mmol L™ sodium phytate at pH 3.5 and 37°C (Engelen et al.,
1994). The proper amount of phytase was dissolved in 40 mL of distilled water. The twenty-
experimental test diets were processed in laboratory by blending the dry ingredients with the proper
amount of water phytase solution into a homogenous mixture for 10 min. Pellets of 2 mm were made
in Sprout- Waldron laboratory pellet mill (CPM, California Pellet Mill Co., San Francisco, California,
CA, USA). The pelleting temperature did not exceed 40°C. After pelleting, all diets were dried at 45°C
for 48 h, packed in cellophane bags and cooled at 4°C prior to use. The FM (999 Con-Kix Fish Meal,
Triple Nine Fish Protein am.b.a., Thyboren, Denmark) used in this study was obtained from the
ZooControl Company, 6 October City, Cairo, Egypt. All feed-grade ingredients including SBM and
yellow comn were already purchased from local markets (ISLAMIC company (APICO), Giza, Egypt).
Fish were fad at a level of 3% of body weight twice a day (9.00 and 12.00 h) for 13 week (90 days).
Fish were fed 7 days a week, except for days fish were weighed. From each experimental treatment fish
were weighed collectively every two weeks, average fish weight was calculated and the amount of daily
diet was adjusted accordingly. However, at the beginning of the experiment, three groups of 5 fish each
were sacrificed and used for assessment of their initial proximate body composition. In addition, at the
end of the experimental, random samples of 5 fish from each treatments (n = 3) were used to assess
the final proximate body composition.
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Table 1: Formulation and proximate analysis of experimental basal diets
Experimental basil diets

Ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Fish meal (FM¥ 36.00 27.00 18.00 9.00 -
Soybean meal (SBM) - 15.00 30.00 45.00 60.00
Yellow com meal (YCM) 59.00 52.00 46.00 40.00 32.00
Soybean oilt 3.00 3.00 3.00 3.00 5.00
L-Lysine - 0.50 0.50 0.50 0.50
DL-Methionine - 0.50 0.50 0.50 0.50
Vitamin and Mineral premix! 2.00 2.00 2.00 2.00 2.00
Proximate composition (Dry matter hasis)
Dry matter 89.30 89.01 89.14 89.05 88.99
Crude protein (CP) 30.25 30.06 29.86 29.67 29.48
Digestible protein (DP) 26.50 26.48 25,95 2741 2771
Ether extract 8.63 841 7.64 6.77 2.14
Total carbohydrate 52.66 53.80 55.48 57.25 56.38
Ash 8.46 7.73 7.02 6.31 5.00
Gross energy (MJT kg™!)? 19.59 19.65 19.59 19.50 19.83
Digestible energy (MJ kg™')* 13.71 13.76 13.71 13.65 13.88
P: ME ratio { mg CP kI™! diet) 15.44 15.30 15.24 15.22 14.87
Total Ca content (%) 0.81 0.69 0.58 0.45 0.34
Total P content (%) 0.98 0.97 0.92 0.88 0.81
Total P as phytate (%6) 0.26 0.33 0.39 0.46 0.52
Total available P (%) 0.72 0.64 0.53 0.42 0.29

Diet 1: Fish Meal 100% (FM), Diet 2: FM 75%: SBM: 25%, Diet 3: FM 50%: SBM: 5(0% , Diet 4: FM 25%:
SBM: 75%, Diet 5: Soybean meal 100% (SBM), 999 Con-Kix Fish Meal, Triple Nine Fish Protein a.m.b.a.,
Thyboren, Denmark, 'Supply from local markets (Animal Production Islamic Company (APICO), Dokki-El-Giza, Egypt).
'Vitamin and mineral mix (supplements per kg of the mixed feed): vitamin A, 45000 IU, vitamin D3, 4500 IU; vitamin
E, 400 mg, vitamin Bl, 30 mg, vitamin B2, 40 mg; vitamin B6, 40 mg; vitamin B12, 80 mcg; vitamin K3, 15 mg;
ascorbic acid, 750 mg nicotinic acid, 300 mg, Ca-pantothenate, 100 mg; folic acid, 10 mg; biotin, 3 mg; inositol,
500 mg; p-amino benzoic acid, 200 mg, Ca, 2.1 g; Fe, 250 mg; Mn, 40 mg; Zn, 60 mg; I, 4 mg; Cu, 12 mg; Se,
0.3 mg, Co, 2 mg, *Digestible protein was calculated using values of 90.2%, 96.2 and 75.1% for crude protein content
of FM, SBM and YC, respectively according to Sklan ef ai., 2004, *Calculated using gross calorific values of 23.6, 17.2
and 39.5 kI g~ for protein, carbohydrate and fat, respectively according to Brett (1973), “DE was calculated as 70% of
calculated dietary GE (Hepher et af., 1983)

Digestibility Study

The apparent digestibility coefficient (ADC) was measured in a thermoregulated recirculation-
glass water system. A total of 600 Nile tilapia O. nifoticus fingerlings with an average weight of
18.2+0.5 g were randomly stocked into 60 glass aquaria (70x45%40 ¢cm each) with a capacity of 45 L
of water. The glass aquaria's were filled with dechlorinated tap water. Water was continuously
acrated to supply oxvgen. After two weeks of fish acclimation, the experimental fish were stocked as
10 fish aquaria (three replicate for each treatment). The aquaria were cleaned daily from fecal matters
and replacing 100% of the water. All fish in each aquaria were collectively weighed every week and the
new feeding rate was re-adjusted. The water quality indices of experimental aquaria were measured at
09.00 h according to procedures of AOAC (1995). Temperature was maintained at 28+1.0°C.
Dissolved Oxygen (DO) was measured daily using YSI model 56 oxygen meter (Yellow Springs
Instrument, Yellow Springs, OH, USA)and pH at 8.00 h. Ammonia concentration was maintained at
less than 0.3 mg L. Fish was maintained on an artificial light photoperiod of 12:12 h light: dark
schedule.

Fish were fed to satiation three times a day (9:00, 11:00 and 14:00 h). Mean maximum intake was
empirically determined as 4.4 g aquania/day. To optimize feed utilization during the experimental
period, fish were offered 80% on (a dry matter basis) of their estimated maximum consumption rate.
This rate corresponded with the suggested feeding rates for tilapia (NRC, 1993; Riche ef af., 2001).
This feeding trial lasted for 21 days. The twenty-experimental diets, as described for growth
experiment, were formulated as shown in Table 1 using chromic oxide (Cr,O) as an external marker
atalevel of 0.05% of diet. Feaces samples were collected according to procedure of Nwanna (2004)
using sedimentation techmque for two weeks. The samples were collected every 6 h after last feeding
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by siphoning with a 5 mm diameter tube. The collected samples were dried at 105°C for 24 h, pooled
for each treatment and analyzed for proximate composition according to methodology of AOAC
(1995). The gross energy was determined with an adiabatic bomb calorimeter (Model 1272, Parr
Instruments Inc., Moline, 1L, USA) using benzoic acid as the slandered substance. The following
equation determined the apparent digestibility coefficients (ADC) of the experimental diets according
to Austreng e al. (1988):

Cr,0,% in diet y Nutrient % in feaces

ADC =[100 ( - - —
Cr,0,% in feaces  Nutrient % indiet

11100

Growth and Feed Utilization Indices

Weight gain (W), specific growth rate (SGR), feed conversion ratio (FCR), 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 IBW)] period days =100,

where:

FBW is final body weight (g); IBW is initial body weight (g); 1n = natural logarithmic.
FCR = feed intake (g)/weight gain (g).

PPV = (Retained protein (g) /proteinintake (g)) x100.

FR = (Retained fat (g) /fat intake (g)) x100.

ER = (Retained energy (kI) /energy intake (kIy) <100.

Water Phosphorus Samples

Water phosphorus (P) samples were collected for the last 15 days of digestibility experiment.
After the last meal provided, water samples from aquaria inlet {(blank sample) and from all experimental
aquaria's outlet were collected, (100 mL cach) and were stabilized with 0.5 mL concentrated sulfuric
acid (Bureau and Cho, 1999). Total phosphorus content was determined in all water samples taken by
using the total phosphorus vanadomolybophosphoric acid colorimetric method (APHA, 1985).

The total waste discharge of phosphorus was calculated according to Cho ef af. (1994) as:
Total P Discharge (g kg/ fish) = Total solid waste (TSW) + Total dissolved waste (TDW)
Where:
Total solid waste (TSW) = (Feed intake (kg)= { {1- ADC) + Feed wastage ( kg . FW) .
Total dissolved waste (TDW) = Feed phosphorus consumed = ADC - body phosphorus retained.
ADC = Apparent digestibility coefficients.

Analytical Procedures

Proximate composition of fish, diets and feaces samples were determined according to standard
methods of AOAC (1995). Analyses of samples were made on dry matter basis after drying in an oven
at 105°C for 24 h. Ash was determined by incineration at 550°C for 12 h, crude protein by micro-
Kjeldhal method, % N x 6.25 (using a Kjeltech autoanalyzer, Model 1030, Tecator, Héganis, Sweden),
crude fat by Soxhlet extraction with diethyl ether (40-60°C). The concentration of chromic oxide was
measured by spectro-photomerically according to Furukawa and Tsukahtara (1966). Gross energy
(GE) content of diet and carcass samples was calculated according to Brett (1973) by applying the
factor of 23.6, 39.5 and 17.2 kI g~! for crude protein, crude fat and total carbohydrate, respectively.
The Digestible Energy (DE) was estimated by applying the coefficient of 70% to convert determined
GE to DE according to Hepher ef ef. (1983). Phytic acid was determined in all ingredients according
to procedure of Wheeler and Ferrel (1971).
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Statistical Analysis

The data of two growth and feed efficiency trails were analyzed with ANOVA by a completely
randomized factorial design (4x5) experiment using MSTAT version 4 software (MSTAT, 1987).
Duncan’s multiple range test was used to compare differences between individual means when
significant ANOVA F values were determined (Duncan, 1955). Treatment effects were considered
significant at (p<0.05). The percentage values were transformed to their arc sign values before analysis.
The original percentages values though, are listed in the Table 1-5.

RESULTS

Over the 13 week feeding periods, net-pen water quality demonstrated that water temperature
ranged from 27.5-28.1°C, Dissolved Oxygen (DO) from 5.3 to 6.4 mg L, pH from 6.5-8.2, alkalinity
from 165-170 mg L' and ammonia (NH,) from 0.22-0.28 mg L~".

Experimental diets (Table 1) were formulated to contain 30% crude protein and gross energy (DE)
was 19.5 MIT kg™ diets. Proximate composition of all test diets was almost similarly closely related.
The proximate analysis of diets showed that, with increasing the dietary SBM level up to 100%, the
total phosphorus decreased linearly ranged from 980 mg P 100 g~'to 810 mg P 100 g~ diets, whereas
dietary phosphorus as phytate was increased ranged from 260 mg P 100g™! to 520 mg P 100g~ diets
and the dietary available P was decreased ranged from 720 mg P 100 g! to 290 mg P100 g diets

Growth indices (Table 2) showed that final body weight (FBW), feed intake (FT), weight gain
(WQG) and specific growth rate (SGR) were all significantly higher (p<0.05) when Nile tilapia fed 25%-
SBM diet. The trend of variation was towards decrease with increasing dietary SBEM levels. However,
fish fed 75%-SBM diet recorded the lowest significant (p<0.05) values of FBW, FI, WG and SGR.
Therefore, a small inclusion of plant protein in tilapia diets results in increased growth
efficiency. Irrespective of dietary SBM levels, fish fed diet supplemented with phytase at 1000 FTU
kg™ showed the highest (p=0.05) values of FBW, FI, WG and SGR, meanwhile the lowest (p<0.035)
value was recorded with the diet supplemented with phytase at 1500 FTU kg~".

The highest (p<0.05) feed conversion ratio (FCR) was shown when Nile tilapia fad 75%-SBM
diet; whereas fish fed either 25%-SBM or 100%-FM diets recorded the better significant (p<0.05)
FCR values. No significant effect was observed for FCR with different dictary phytase levels.
However, the higher feed intake (p<0.05) value was observed for Nile tilapia fed diet supplemented
with phytase at a level of 1000 FTU kg™

The influence of different experimental diets, on protein productive value (PPV), fat retention
(FR) and energy retention (ER) of tilapia are shown in Table 2. The highest (p<0.05) values of PPV,
FR and ER were observed for fish fed diets with 100%-FM, 50%-SBM and 100%-FM, respectively.
Irrespective of dietary FM replacement, fish fed dietary phytase treated had not showed any
differences in PPV and ER, while FR was observed the highest values (p> 0.05) with fish faed dietary
phytase treated at level of 2000 FTU kg .

The proximate compositions of final whole fish are shown in Table 3. No significant difference
(p<0.05) in whole body contents of moisture%, crude protein (CP), ether extract (EE), ash and gross
energy (GE) were observed as affected by different dietary FM replacement levels with SBM or with
different dietary phytase levels.

The apparent digestibility coefficients (ADCs) of nutrients for different experimental diets are
illustrated in Table 4. The ADC of CP, GE and P were noticed to be the highest with Nile tilapia when
fed 50%-SBM diet, whereas fish fad with 100%-FM diet showedthe highest significant (p<0.05) value
for apparent digestibility of EE. Irrespective of dietary FM replacement levels by SBM, the higher
ADC (p<0.05) values for CP, EE and GE were observed for diet supplemented with 1000 FTU kg™
phytase. Meanwhile, ADC of phosphorus has improved to a highest significant level for both dietary
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Table 2: Effect of dietary fish meal (FM) replacement level by SBM and phytase supplementation level on growth performance and
feed utilization indices (mean+SD) for Nile tilapia fingerlings

Test diets IBW FBW FI WG SGR FCR PPV FR ER
FM-replacements level
100%9¢-FM 18502  1329+0.9° 191.0+1.1° 114.4:0.8° 2.190.1* 1.67+0.1*° 32.9+0.6° 53.5:13° 214402

25%-SBM 18.5£1.0  136.1£1.0°  194.8£0.9° 117.6:0.9* 2.22£0.1° 1.66:0.2" 30.5£0.8" 58.1:1.0"° 21.0+0.5
50%-SBM 18.6+0.4 1149402 164440.7° 963+0.6°  2.02+0.2° 1.71+0.2° 30.9+0.68° 60.5+1.0° 20.6+0.4°
75%-SBM 183£0.8 91.7+0.7°  1385£0.5" 73407  1.79£0.1° 1.89:0.2' 29.6%1.1° 58.8+0.8" 18.70.7
100%-SBM  18.7+0.7 109.8+0.6" 161.9+1.0° 91.0+0.6° 1.97+0.1™ 1.78+0.2° 31.8+0.1° 59.5+0.7" 20.2+0.7°
Dietary phytase level

Control 18.8+0.5 118.0+0.9° 1722+1.1° 992+0.8  2.04+0.1° 1.74+0.2 313409 58.0+1.2° 204+0.5
1000 FTU 18.5£0.8 127240.7° 190.6£0.7* 108.8:0.7* 2.14£0.0° 1.75:0.2 31.4£0.8 55.8£0.9° 209+0.6
1500 FTU 184207 109.8+0.6° 161.6+0.4° 91407  1.980.1° 1.77+0.2 30.8£0.7 56.6+0.8" 200+0.7
2000 FTU 18.4£0.7  1132+0.8°  165.8£0.9" 94.8+0.7°  2.0220.1" 1.75:0.2 30.7£0.5  59.0+0.9° 203+0.4
IBW: Initial Body Weight (g), FBW: Final Body Weight (g); FL Feed Intake; WG Weight Gain, SGR: Specific Growth Rate
(%0 days), FCR: Feed Conversion Ratio, PPV: Protein Productive Value; FR: Fat Retention, ER: Energy Retention. Mean in the
same column sharing the same superscript are not significantly different (p20.05)

Table 3: Effect of dietary fish meal (FM) replacement level by SBM and phytase supplementation level on proximate body
composition (mean+8D) of Nile tilapia fingerlings
Proximate composition (%6, wet-weight basis)

Test diets Moisture Crude protein Crude lipid Ash Gross energy (MJ ke™!)
FM-replacements level

100%-FM 73.5+0.5 14.9+0.1 6.9+0.1 4.7+0.1 2.4+1.2
25% SBM 75.1£0.4 13.5+0.1 7.2+0.1 4.2+0.1 2.4£1.0
50%-SBM T73.9+0.7 14.3+0.1 T.0£0.1 4.8+0.1 2.4+1.0
75% SBM 74.0£0.6 14.8£0.2 6.7£0.2 4.5+0.1 2.4+0.9
1000o-SBM 73.4+0.5 15.7+¢0.1 6.7+0.1 4.2+0.1 2.4+1.1
Dietary phytase level

Control 73.8+0.3 14.6+0.2 6.9+0.1 4.7+0.4 2.4+0.9
1000 FTU 74.1£0.3 14.8£0.7 6.7£0.9 4.4+0.6 2.4£1.0
1500 FTU 73.9+0.2 14.6+0.1 6.9+0.1 4.6+0.3 2.4+1.0
2000 FTU 74.0£0.5 14.4£0.2 71401 4.5+0.7 2.4+0.9

Mean in the same column sharing the same superscript are not significantly different (p=0.05)

Table4: Effect of dietary fish meal (FM) replacement level by SBM and phytase supplementation level on apparent
digestibility coefficient (ADC) of different dietary nutrients content {mean+SD) for Nile tilapia fingerlings
ADC (%, MeantSD)

Test diets Crude protein Ether extract Gross energy Phosphorus
FM-replacements level

100%%-FM 89.04£0,2®° 93.9+0.4° 71.8+1.0° 65.8+0.1°
25%-SBM 86.0+0.1° 70.3+0.5¢ 70.9£1.2° 63.7£0.4°
50%-SBM 91.5+0.1* 82.4+0.6° 74.2+1.1* 68.9+0.1*
75%-SBM 84.8+0.3° 81.1+0.4° 72.9+1.1% 67.6:0.4°
100%6-SBM §8.940.1%® 84.8+0.7 68.7+0.9 64.4+0.2°
Dietary phytase level

Control §7.240.2° 70.5+0.1° 70.7£0.5° 55.3+£0.3°
1000 FTU 90.0+£0.1° 88.3+£0.2° 73.0+£0.6° 65.1+0.2"
1500 FTU 88.7+0.1° 87.3+0.3° 71.8+0.5° 72.2+0.2%
2000 FTU 84.6+0.1° 83.0:£0.5° 71.0+£0.1° 71.5+£0.1*

Mean in the same row sharing the same superscript are not significantly different (p=0.035)

phytase level of either 1500 or 2000 FTU kg™'. In contrast, the lowest ADC of protein was showed
for diet supplemented with 2000 FTU kg™ phytase, while, control diet was recorded the lowest ADC
value of gross energy, lipid and phosphorus.

The P intake, P body gain, P total waste discharge, P total solid waste, P total dissolved waste, P
vertebral column and Ca vertebral column are presented in Table 5. Nile tilapia fed 100%-FM control
diet showed the highest (pz 0.05) values for P intake, P body gain, P vertebral column and Ca vertebral
column associated with lowest values of P total waste discharge and P total solid waste, while the
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Table 5: Effect of dietary fish meal (FM) replacement level by 8BM and phytase supplementation level on dietary
phosphors budget (P g kgfish) for Nile tilapia fingerlings

Test Pbody  Ptotal waste P total P total P vertebral Ca vertebral
diets Pintake  gain discharge solid waste  dissolved waste  column column
FM-replacements level

100%%-FM 10.4+£0.2¢  6.8+0.4° 3.6+0.5¢ 1.3+0.23¢ 1.7+0.8° 1.8+0.1° 2.4+0.1°
25%-SBM 10.1+£0.1® 3.6:0.4° 6.6+0.4* 2.4+0.2° 42402 1.4+0.1% 1.8+0.1¢
50%-SBM 93403 3.3+0.3¢ 6.0+0.1° 2.6+0.3* 34405 1.3£0.1° 1.8+0.2¢
75%-SBM 9.0+0.2° 4.8:01° 3.320.7 1.6+0.2% 1.4+0.57 14401 2.140.1°
100%6-SBM 8.2+0.19  3.7+0.2 3.6+0.3% 1.9+0.2° 1.70.6° 1.5+0.1% 1.9+0.1%
Dietary phytase level

Control 914024 2.5+0.3° 57804 4.6+0.2% 1.1£0.5° 1.3+£0.1° 1.7£0.1°
1000 FTU 9340.1°  5.1+02%  3.2+0.6% 1.0£0.2 2.54£0.4° Le&t0.1* 2.240.1°
1500 FTU 9.8+0.1*  5.7£0.4° 3.2+0.44 0.9+0.3" 2.3+0.7 1.6+0.1% 2.1+0.1%
2000 FTU 9.5+0.1°  4.6£02° 4.0£0.5° 0.3+0.2° 3.6+0.5 1.5+0.1° 2.0+0.1°

Mean in the same column sharing the same superscript are not significantly different (p=0.03)

lower significant (pz 0.05) values of P body gain, P vertebral column and Ca vertebral column were
observed for fish fed 50%-SBM diet. Trrespective of dietary FM replacement levels by SBM, Nile
tilapia fed diets supplemented with different phytase levels showed the highest values of P intake,
P body gain, P total dissolved waste, P vertebral column and Ca vertebral column associated with
lowest (p=0.05) values of P total waste discharge and P total solid waste compared with fish fed
control diet (Table 5).

Regarding to dietary phytase supplemented, tilapia fed the diet with 1500 FTU kg phytase
showed the highest values of P intake, P body gain and P vertebral column. The highest value of P total
dissolved waste was shown for fish fed phytase level of 2000 FTU kg™ diet associated with the
lowest value of P total solid waste

DISCUSSION

In the present study, over the 13 week feeding period all water quality guidelines values were
found within the acceptable ranges recommended by Papoutsoglou and Tziah (1996) for tilapia culture
and indicated no pose of any stress factors to the fish during the experiment.

The total phosphorus in all experimental test diets (Table 1) was adequate to cover Nile tilapia
phosphors P requirement (0.81 g 100 g! diet) according to Miranda ef /. {2000), but dietary non-
phytate P was kept in all diets below the P recommendations to detect the possible phytase
supplementation action in increase dictary available P generated compared with control diet. Therefore,
differences in growth and other performance indices can be referred to either variation of their dietary
protein sources or their phytase supplementation levels. However, the results showed that a 25%
substitution of dietary FM with SBM in Nile tilapia fingerlings diets has enhance growth performance
and feed efficiency. With increasing dietary SBM levels; comparably lower growth indices were
obtained compared to 100%-FM control diet. These results agreed with the findings of Riche and
Garling (2004) who showed a linear decrease in Nile tilapia weight gain, relative to the control diet
(FM-based diet), with dietary SBM beyond 250 g kg™ CP. Dabrowski ef al. (1989) attributed the
increase of growth performance at lower substitution (250 g kg™ CP) levels of plant protein in tilapia
diets due to improved essential amino acid patterns with plant proteins incorporated. Riche et al.
(2001) stated that inclusion of high levels of SBEM can exacerbate problems not only related to the
essential amino acid balance but also with regarded to the possible effects of anti-nutritional factors.

Generally, tilapia has been shown to respond favorably to the dietary replacement of FM with
SBM. Many studies have shown considerable success in partially replacing FM with SEM and other
soybean products in the diets of various tilapia species (El-Saved and Tacon, 1997). Other studies
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showed that higher inclusion levels of SBM reduce growth performance and feed utilization
(Riche et af., 2001; Riche and Garling, 2004). Meanwhile, some authors reported that total replacement
is possible (Viola et af., 1988: Shiau et «f., 1990; El-Saidy and Gaber, 1997, 2002; Goda et al., 2007).
These conflicting results may be due to the variation of environmental conditions (e.g., controlled
laboratory conditions, vs. pond culture conditions), water quality (e.g., green water ponds vs. clear
water in glass aquaria or fiberglass tanks); feed processing (pelleted vs. extruded) and to differences in
the nutritional quality of the SBM used within the experimental test diets (El-Sayed, 2006;
Amaya ef af., 2007). The dietary SBM inclusion level depending upon a varnety of different factors,
including fish species and size, SBM source and processing method, aqua-feed processing,
manufacturing method and culture system employed. One of the major factors that influenced the
dietary inclusion of SBM in tilapia feeds is the dietary protein level. Shiau et al. (1987) reported that
for O. niloticus X O. aurens hybrids FM could be partially replaced by SBM within diets containing
sub-optimal protein levels (24%), whereas at optimum protein levels (32%) the dietary replacement
of FM with 30% SBM significantly depressed fish performance. In another series of feeding trials with
hybrid tilapia Viola ef al. {1988) evaluated 30% CP diets containing 55-60% SBM without animal
feedstuffs along with various supplements such as oil, methiomne, lvsine and phosphorus. Phosphorus
supplementation of SBM based-diet was required to achieve weight gain and feed efficiency responses
similar to that of fish feed a control diet containing 35% FM. The growth results in the present study
for Nile tilapia after being fed different SBM-based diets, clearly indicate that with increasing dietary
levels of SBM up to 100% CP, a number of nutrition P-deficiency symptoms were observed, such as
relatively inferior WG and SGR that were consequently associated with the decrease of available of
P which was considered insufficient for optimal growth of tilapia. Therefore, the total P as phytate
in different experimental diets (Table 1) that ranged from 0.26-0.52% appeared to cause the lower
growth indices recorded in Nile tilapia. Goda ez &l (2002) reported that Nile tilapia fed either SBM or
firll-fat soybean meal basal-diets supplemented with dicalcium phosphate to level of P requirement,
showed the highest significant (p<0.05) values in FBW and FCR comparad with the control diet
(100%-FM based-diet with no P supplementation). The same tendency was observed with common
carp Cyprinus carpio (Schifer et al., 1995) and Nile tilapia (Dato-Cajegas and Yakupitivage, 1996).

The present results showed that the dietary phytase supplementation with 1000 FTU kg™ level
for Nile tilapia fingerlings was adequate to improve growth performance and nutrient utilization. The
trend of these results suggested that more nutrients in the soybean meal were liberated with these levels
of phytase addition, which may lead to significant improvement in growth rate. Yan er al. (2002)
reported that dephosphorylation of phytate in the stomach of channel catfish (Jetalurus prnctatus)
increased with the level of phytase supplementation. This further explains that nutrient bioavailability
and liberation in plant feed ingredients depend largely on the levels of phytase inclusion.

The highest significant (p<0.05) value of feed conversion ratio (FCR) was showed when Nile
tilapia fed 75%-SBM diet (1.89); while fish fed either 25%-SBM or 100%-FM diets recorded the
better significant (p<0.05) FCR values (1.66 and 1.67, respectively). The increase FCR values with
increasing dietary SBM levels in the present study indicate that the plant protein-based diets were not
suggested to be high performance diets for Nile tilapia. The highest levels of plant ingredients in the
experimental diets result in higher content of insoluble carbohvdrates (such as cellulose) as well as
clevated levels of indigestible phytates, both of which are known to depress performance in fish (NRC,
1993; Cain and Garling, 1995; Riche and Brown, 1996; Francis et af., 2001, Portz and Licbert, 2004).
However, the highest significant (p<0.05) feed intake {190.60 g kg 90 days™) was observed for Nile
tilapia fed diet supplemented with phytase at a level of 1000 FTU kg~! diet. There is some evidence
to indicate that dietary phytase supplementation has increase feed intake of fish fed diets with P at
sub-optimal or requirement levels. In this context, the present data agreed with the findings of
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Rodehutscord and Pfeffer (1995) that showed increased feed intake in rainbow trout (Oncorfiynchies
mykiss) fad a diet containing phytase at a sub-optimal P level. They concluded that increased
availability of P due to phytase was the reason for increased feed intake and resulted in higher
growth performance. Higher feed intake was observed in catfish Ietalurus puncratus fed diets
containing phytase at least 250 FTU kg™ (Li and Robinson, 1997) and at least 500 FTU kg~ phytase
(Jackson ef af., 1996). Similarly, Hauler and Carter (1997) showed that phytase in a plant protein
based-diet with a slightly deficient level of available phosphorus (5 g ke ™) increased feed intake in
Atlantic salmon, Salmo salar.

As regards to proximate composition of final whole fish (Table 3), these results agreed with the
findings of Abdelghany (2003) who reported that substituting of dietary herring FM with soybean
flour (0, 25, 50, 75 and 100%) had no affect on final body fish protein, ash and moisture contents of
red tilapia Oreochromis niloticus * O. mossambicus.

The present results indicated that Nile tilapia had a similar or slightly higher apparent digestibility
coefficient (ADC) of crude protein with increase dietary substitution of FM with SBM. These data
agreed with the findings of Shiau ef af. (1987, 1989). However, irrespective of dietary FM replacement
levels, these data indicated that phytase supplementation to the experimental diets had improved the
ADC of protein, gross energy and lipid. The same trend was observed for ADC of phosphorus. The
improvement in the ADC of protein and gross energy agreed with the findings of Portz and Liebert
(2004) who reported similar improvement mainly for diets with 1000 and 2000 FTU kg~ phytase
supplementation. They added that the apparent P digestibility and utilization was increased
significantly (p=0.05) for diet supplemented with 4000 FTU kg!. However, the inclusion rate of
phytase in present study may plays an important role in releasing phytate-phosphorus in SBM-based
diets. Phytase supplementation in diets for many fish species have previously been shown to be
effective in releasing P (Cain and Garling, 1995; Rodehutscord and Pfeffer, 1995; Storebakken ef af.,
1998, Van Weerd ef al., 1999; Vielma ef of., 1998, 2000; Papatryphon ef af., 1999; Cheng and Hardy,
2004; Baruah ef al., 2007). Generally, the effect of phytase on digestibility may depend on a variety
of dietary factors such as source and concentration of phytate in the diet, source and concentration of
protein in the diet (Selle ef al., 2000); digestibility of protein source, calcium and phosphorus levels
(Sugiura ef &f., 2001). Furthermore, methods used for adding phytase during diet manufacture, such as
ingredient pretreatment or direct supplementation of the diet with phytase may also have effects on
fish growth performance and feed utilization efficiency.

A possible explanation for reduced availability of mutrients from diets containing phytase treated
in the present study (at the level of 2000 FTU kg') is Nile tilapia feeding behavior. Riche and Garling
(2004) reported that tilapias are preferential grazers with palatine teeth and pharyngeal gill rankers to
grind and filter material. This process creates small particles with high surface to volume ratio
increasing the potential for leaching of soluble components (Hanley, 1987). Phytic acid decreases
solubility of nutrients (Reddy ef «f., 1989) and its removal may enhance leaching. Another possibility
is reduced energy availability. Tilapia amylase activity is high for fish allowing them to utilize
carbohydrates better than other fish species (Anderson et al., 1991). A reduction of amylase activity
may have decreased available energy. Alternatively, phytic acid may serve in a protective capacity.
Phytic acid binds to the globular proteins glycinin and P-conglycinin (Reddy er of., 1989), both
idenfified as ANFs in fish (Kaushik ez @f., 1995; Rumsey ef af., 1995). Additionally, phytic acid may
protect sensitive AA, such as Lys, from degradation during processing or pelleting.

The data in Table 5 observed that, with increasing dietary phytase levels, comparably lower
phosphorus effluent was showed compared to control diet. These results suggested that
phytase addition in diets could reduce mineral excretion into the culture environment which invariably
means more mineral deposition in the tissues of the fish. The minimization of the minerals effluent
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into the environment would reduce environmental pollution associated with fish culture effluents.
Sugiura ef al. (2001) reported that excretion of P in the faeces of fish fed a low-ash diet containing
phytase-treated SBM was reduced by 95-98% compared with P excretion by fish that consumed
commercial diet without phytase. These ascertain supports the observation from the present study
that the total waste of P effluent and P total solid waste were sigmficantly reduced by phytase
treatment of the different experimental diets. de 1a Higuera (2001) reported that when fish are fed diets
deficient in a nutrient, two opposite responses are possible: when the deficiency is mild, increasing
feed intake will compensate by increasing intake of the nutrient but when the deficiency is severe, an
inhibitory response is observed. Decreased feed intake in fish fed severely deficient diets may prevent
or delay the onset of metabolic disorder. The present results indicated that the inclusion of SBM in
the diets led to a decreased feed intake in Nile tilapia (sub-optimal phosphorus case) (Table 2) and P
intake (Table 5), thus the increased available phosphorous due to phytase was stimulated the maximum
feed intake, resulted in a large increase in feed intake and therefore growth. The same trend was
reported by Rodehutscord and Pfeffer (1995) for rainbow trout, (Oncorfynchus mykiss).

In conclusion, the results of the present study suggested that a small substitution of dietary FM
with SBM in Nile tilapia diets has resulted in higher growth rate and feed utilization efficiency.
However inclusion of high levels of SBM in the diets can exacerbate problems not only related to the
essential amino acid balance but also with regard to the possible effects of ant-nutritional factor,
especially phytates. Therefore, addition of phytase to different diets can improve fish growth rate,
feed conversion and feed digestibility that tend to confer superiority for the diet supplemented with
1000 FTU kg™ of phytase. Nevertheless, the supplementation of microbial phytase has demonstrated
to be efficient for increasing dietary phosphorus supply for Nile tilapia fingerlings, thereby reducing
the phosphorus effluent from aquaculture facilities. This may have to be taken into consideration for
ongoing feeding strategies for the control of waste discharge.
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