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ABSTRACT

This experiment was conducted to investigate the effect of partial or total replacement of fish meal by plant protein
(PP) sources (0%, 50% and 100% PP) with not amino acids were added in diets on growth performance, survival
rate, feed utilization and fish body chemical composition of gilthead Sea bream (Sparus aurata L.) fry under the
water environment of Qaroun Lake. Survival rate was within the range 65-83.75%. The results cleared that the
partial or total replacement of fish meal protein by plant protein had significant effects (P<0.05) on the growth
performance parameters such as final weight, total weight gain, daily gain and specific growth rate. The highest
growth performance parameters were obtained with the diet contained 0% of plant protein (100% fish meal protein
(FM)) compared with the other diets (50 and 100% PP). Feed intake values were highest with diet containing (100%
FM). Also, the best feed conversion ratio (FCR) was recorded with diet containing (100% FM). While, the worst
FCR was recorded with diet containing (100% PP). The lowest crude protein and ether extract body content were
with diet contained (100% PP). But, the highest body content of crude protein and ether extract were with diet
(100% FM), however moisture body content value was highest with diet (100% PP). Accordingly, the improvement
of all growth performance parameters in diets containing higher levels of fish meal in Sea bream. And growth
performance parameters were decreased with increasing plant protein in diets without not amino acids were added
under the experimental conditions.
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and absorption, as well as gut integrity, promoting bacteria ingress
and, therefore, change the gut microbiota in terms of microbial

INTRODUCTION

Gilthead Sea bream (Sparus aurata) is one of the most important
marine fish species reared in the Mediterranean region. Gilthead

abundance and species richness [6-9].

Despite these problems associated to vegetable proteins, a

Sea bream is a carnivorous species with high protein requirement ‘ )
successful replacement of total fish meal by a vegetable protein

[1]. As a carnivorous fish, it requires a high level of fish meal in ‘ )
concentrate mixture has been reported [10]. However, alterations

its diets to provide an ideal amino acid profile and reach high
in the gut histology of sea bream have been observed with fish meal

digestibility and growth. Despite this, fish meal substitution by
replacement above a 60% level, as well as immuno suppression

above 75% of fish meal substitution [9,11]. An imbalanced
microbiota may provoke an alteration of the immune regulatory

plant protein sources in sea bream diets is necessary to maintain the
profitability of the farms. Therefore, in recent years a large research
effort has been made in this field to reduce fish meal and/or fish
oil in aqua feeds by plant sources [2,3]. However, plant protein
sources contain certain undigestible components (non-starch

functions of the gut and contribute to the development of
diseases [12].

polysaccharides) and anti-nutritional factors (protease inhibitors,
lectins, phytic acid, saponins, phytoestrogens, antivitamins and
allergens) [4,5]. These compounds can affect nutrient digestibility

Marine fish farming in Egypt began in 1976, with the culture of
gilthead Sea bream (Sparus aurata) as this fish was notably adaptable
to brackish and marine pond conditions [13].

Correspondence to: Hamed H.E. Saleh, Aquaculture Division, Shakshok Fish Research Station, at El-Fayoum, National Institute of Oceanography and
Fisheries (NIOF), Egypt, Tel: +227921342; E-mail: hhsaleh90@gmail.com

Received: March 25, 2020, Accepted: May 08, 2020, Published: May 15, 2020

Citation: Saleh HH (2020) Effect of Partial or Total Replacement of Fish Meal by Plant Protein Sources on Productive Performance of Gilthead Sea Bream
(Sparus aurata L.) Fry under the Water Environment of Qaroun Lake. ] Aquac Res Development 11: 5. doi: 10.35248,/2155-9546.19.10.587

Copyright: © 2020 Saleh HH. This is an open access article distributed under the term of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

J Aquac Res Development, Vol. 11 Iss. 5 No: 587 1


mailto:hhsaleh90@gmail.com

Saleh HHE

Fish meal (FM) is the dominant ingredient in commercially
prepared diets for many fish species. As a consequence of rapid
growth in fish and shell-fish farming, FM prices have increased
significantly in the past few years and are likely to increase further
with continued growth in demand [14]. As with general aquaculture
nutrition, a priority area of major research is the reduction and
possible elimination of FM and fish oil [15]. The uncertain future of
FM availability and its potential high cost has forced to investigate
alternative protein sources of good nutritional quality, which are
ideally readily available and more cost effective than FM. This will
reduce production costs and create a good quality product suitable
for any small or large-scale fish production system [16].

Previous studies in gilthead Sea bream have shown that partial
replacement of FM by plant protein is possible [17-20]. In a short-
term trial (3 months), we also explored the possibility of total
and graded replacement of FM by a mixture of plant protein
supplemented with indispensable amino acids [21]. On the other
hand Santigosa et al., found that final body weight and feed intake
decreased progressively and significantly with the increase of
dietary plant protein content.

The aim of the present study was, to evaluate the overall effects of
partial or total replacement of fish meal protein by plant protein
sources (a mixture of corn gluten, soybean meal and yellow corn)
without amino acids were added in diets on growth performance,
survival rate, feed utilization and fish body composition of gilthead
Sea bream fry.

MATERIALS AND METHODS

Fish- rearing conditions

Gilthead Sea bream (Sparus aurata L.) fry (0.21 + 0.02 g, initial
body weight) were obtained from a private hatchery in Ismaelia
Governorate. Fish were acclimated to laboratory conditions for 14
days before being randomly distributed into concrete ponds of 1
m’® water capacity, in Shakshok Fish Research Station, El-Fayoum
Governorate, National Institute of Oceanography and Fisheries
(NIOF), Egypt. All ponds were provided with continuous aeration.
The water used in the trial was obtained from Lake Qaroun (Table
1) [22]. About 65% of water ponds were changed twice every day.
Water temperature ranged from 28°C to 33°C and water salinity
ranged from 30% to 33%. Oxygen concentration ranged from 5.3
to 6.8 mg/l and pH ranged from 7.07 to 7.55. Fish were held under
natural photo period condition throughout the experimental
period (90 days experimental period).

Running water system

The system contained on water pump, sand filter unit and two large
tanks (1000liter/tank) used to storage the water at a point between
the water source (Lake Qaroun water) and experimental ponds.
The water pump was drowning the water from water source to the
sand filter unit, hence to the large tanks and hence to experimental
ponds.

Aeration system

The system contained on air pump or blower connected to a
network of plastic pipes this pipes transport the air to each pond,
the air was controlled by tap of each pond and the air diffusers was
used to distribute of air in all experimental ponds trends.
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Table 1: Water quality of Lake Qaroun (Saleh, 2016).

Parameters Value Parameters Value
Temperature, °C 18.2 Sulfate (SO,), mg/1 ~ 912.57
pH 8.25 Potassium (K), mg/1 297.4

EC*, mS/cm** 359 Phosphorus (P), mg/1  0.1423
Salinity, mg/1 33300 Boron (B), mg/1 2.655
Toral S“S‘;elg/dled solids, 555 Tron (Fe), mg/l  0.0965
Chloride (CI), mg/1 11879.1 Lead (Pb), mg/1 0.0025
Calcium (Ca), mg/1 440.88 Nickel (Ni), mg/1 0.0063
Sodium (Na), mg/1 7034.55 Cadmium (Cd), mg/l 0.0041
Magnesium (Mg), mg/1 301 Zinc (Zn), mg/1 0.0517
Carbonate (CO,), mg/1 24 Manganese (Mn), mg/l1 0.0078
Bicarbonate (HCO,), mg/1  256.24 Copper (Cu), mg/l  0.0087

Microbial count
Total coliforms, per 100 mlI 190  Fecal coliforms, per 100 ml 140

Fecal streptococci, per 100 260

ml

* EC, Electrical Conductivity

** mS/cm, milli-siemens/centimeter

Experimental design

This experiment was conducted to investigate the effect of partial
or total replacement of fish meal by plant protein sources (PP). Fish
were fed on three diets where the animal protein was substituted
by 0%, 50% and 100% PP with stocking density (60 fry/concrete
pond) by using 6 experimental concrete ponds of 1 m’ water
capacity each. During the growth trial each diet was randomly
allocated to duplicate concrete ponds of fish.

Diets and feeding

Diets were formulated based on Fish meal (FM) as the only animal
protein source and a mixture of corn gluten, yellow corn and
soybean meal as plant protein (PP) sources. Linseed oil was added
as the major dietary lipid source to the all experimental diets. The
diets formulated to be almost containing 45% crude protein (Table
2). No amino acids added to the diets. Diets were hand made. Feed
was offered by hand at three meals/day (8:00, 12:00 and 15:00h) at
10% of body weight daily and the amount of diets were readjusted
after each weighing (every 15 days). Feed consumption was recorded
daily. Initial and final data for growth performance was obtained
by sampling all the experimental fish. Prior to weighing, 70 fish
were sacrificed for determination of body chemical analysis. At the
end of experiment, 20 fish from ponds were randomly taken for
the determination of body chemical analysis.

Parameters measurements

At the end of the experiment, growth performance, survival rate
and feed utilization were calculated as follows:

- Weight gain (g) = final weight, g - initial weight, g.

- Average daily gain (g) = average weight gain, g/ experimental
period, day.

- Specific growth rate (SGR, %) = [(In final weight -In initial
weight)/ period in days] x 100, where In is the natural log.

- Feed conversion ratio (FCR) = feed intake, g/ weight gain, g.
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- Protein efficiency ratio (PER) = weight gain, g/ protein intake, g.

- Protein productive value (PPV, %) = (retained protein, g/
protein intake, g) x 100.

- Energy efficiency ratio (EER) = weight gain, g/ energy intake,
Kecal.

- Energy productive value (EPV, %) = (retained energy, Kcal/
energy intake, Kcal) x 100.

- Survival rate, % = (number of fish at end/ number of fish at
start) x 100.

Chemical analysis

Diets used and body composition were analyzed for their proximate
composition in triplicates following the methods described by
AOAC [23]. Gross energy was calculated according to NRC [24]
for formulated diets the factors 5.5, 9.08 and 4.1Kcal/g for protein,
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fat and carbohydrates, respectively, for fish 5.5 and 9.5Kcal/g for
protein and fat, respectively [25].

Statistical analysis

The data were analyzed by oneway ANOVA and significant
differences were determined by Duncan Waller Multiple Range
Test at 5% level using SPSS Statistical Package Program (SPSS,
2008) 17, released version [26].

RESULTS

Growth performance and survival rate of gilthead Sea
bream

Results of growth performance parameters and survival rate of fish
fed with the three different diets are shown in Table 3. Acceptance
of the diet (0% PP (100% fish meal protein (FM)) was very good.
but, acceptance of the diets (50% and 100% PP) was weak.

Table 2: Composition of the diets used in this experiment.

Items Diets
Ingredients % 0% PP 50% PP 100% PP
Fish meal, (CP 71%) 64 32 -
Soybean, (CP 44%) - 20 35
Yellow corn, (CP 10%) - 14 -
Corn glutin, (CP 60%) - 21 50
Starch 24 -~ -~
Calcium phosphat 1 1 1
Vit & Min. * 2 2
Linseed oil 10 12
Chemical composition (as fed, %)
Dry matter, DM 88.08 89.85 89.73
Crude protein, CP 45.44 45.52 45.40
Ether extract, EE 15.40 15.61 15.42
Crude fiber, CF -~ 4.21 4.97
Ash 7.20 7.44 8.40
Nitrogen free extract. NFE** 20.04 17.07 15.54
GE, kcal/g*** 4.719 4.891 4.738

*Vitamins and minerals mixture each 3 kg of mixture contains: 12000 000 [U Vit. A, 2000 000 IU Vit. D,, 10000 mg Vit. E, 2000 mg Vit. K, 1000

mg Vit. B, 5000 mg Vit. B,, 1500 mg Vit. B, 10 mg Vit. B

1»» 50 mg Biotin, 10000 mg Pantothenic acid, 30000 mg Nicotinic acid, 1000 mg Folic acid,

60000 mg Manganese, 50000 mg Zinc, 30000 mg Iron, 10000 mg Copper, 1000 mg Iodine,100 mg Selenium, 100 mg Cobalt, add to 3 kg carrier

(CaCO,).
**Calculated by differences.
*** Calculated according to NRC, 1993.

Table 3: Effect of partial or total replacement of fish meal protein by plant protein sources on growth performance and survival rate of gilthead Sea bream.

Diets
Items 0% PP 50% PP 100% PP SED*
Initial weight, g/fish 0.21 0.21 0.21 -

Final weight, g/fish 12.46 1.79° 1.45° 0.954
Total gain, g/fish 12.25 1.58° 1.24° 0.954
Daily gain, mg/fish/day 136.11° 17.50° 13.78° 10.609
SGR, %/day 4.54 2.31° 2.15b 0.358
Survival rate, % 82.00° 83.75° 65.00 4.514

(a and b) Average in the same row having different superscripts are differ significantly (P < 0.05).
*SED is the standard error of difference
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There was no significant difference in the initial body weight of
the fish among treatments. Survival rate was within the range 65-
83.75%, with significant differences were observed. The results
cleared that the partial or total replacement of fish meal protein
by plant protein had significant effects (P <0.05) on the growth
performance parameters such as final weight, total weight gain,
daily gain and SGR. While the highest values were obtained with
the diet contained 0% of plant protein (100% FM) compared with
the other diets (50% and 100% PP).

Feed utilization of gilthead Sea bream.

As shown in Table 4 The results showed that significant differences
(P <0.05) were obtained in all feed utilization parameters between
treatments except the FCR. Feed intake values were highest with
diet containing (100% FM). The best FCR was recorded with
diet containing (100% FM). The worst FCR was recorded with
diet containing (100% PP). Similar results were obtained for PER
and EER, although values obtained for fish fed 0% PP diet were
relatively highest than those for 50 and 100% PP diets. PPV and
EPV values were highest with diet containing (100% FM).

Fish body composition of gilthead Sea bream

Body chemical composition and energy content of gilthead Sea
bream at the beginning and at the end of the experiment are shown
in Table 5. The results showed that significant differences (P <0.05)
were obtained in moisture, crude protein (CP), ether extract (EE)
and gross energy (GE) of body composition at the end of the
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experimental period. However, ash had insignificant differences.
The lowest CP and EE content were with diet contained (100%
PP). The highest content of CP and EE were with diet (100% FM).
However, moisture value was highest with diet (100% PP).

DISCUSSION

Fish meal (FM) supplies the largest portion of dietary protein of
carnivorous fish in aquaculture. Alternative protein sources have
been studied intensively during the last few decades because of
the declining availability and high cost of fish meal [27]. Other
protein sources are required to replace FM in finfish carnivorous
diets. In this regard, high percentages of FM can be replaced by
plant protein (PP) meals without compromising fish growth as
long as diets are balanced to match amino acid requirements of
the different fish species [28]. However, plant protein (PP) sources
are also possibly rich in anti-nutritional factors [29]. Soybean meal
(SBM) is one of the most interesting alternatives to fish meal for
diets of carnivorous fish, as it has a high protein content, high
availability and a competitive price [30]. The nutritive value of
SBM to fish is compromised by the presence of anti-nutritional
factors such as saponins, phytoestrogens, trypsin inhibitors, phytic
acid, and allergens, which may have detrimental effects on growth
and nutrient utilization of fish [4]. In addition, SBM is limiting in
sulfur-amino acids [31]. Digestibility of corn gluten meal (CGM)
is generally high, being 95% for carp [32] and also it has a high
protein content.

In the present study, three different diets were animal protein

Table 4: Effect of partial or total replacement of fish meal protein by plant protein sources on feed utilization of gilthead Sea bream.

Items Diets SED*
0% PP 50% PP 100% PP

Feed intake, g/fish 38.01a 5.99b 4.98b 2.864

FCR 3.11 3.96 4.04 0.33
Protein utilization

PER 0.72a 0.57b 0.55b 0.047

PPV, % 11.26a 8.39b 6.69b 0.736
Energy utilization

EER 0.068a 0.052ab 0.043b 0.008

EPV, % 13.63a 7.82b 6.55b 1.138

- (a and b) Average in the same row having different superscripts are differ significantly (P£0.05).

* SED is the standard error of difference

Table 5: Effect of partial or total replacement of fish meal protein by plant protein sources on fish body chemical composition and energy content (% wet

weight) of gilt head Sea bream.

Diets

Start SED*

Items 0% PP 50% PP 100% PP
Moisture, % 71.94 67.17¢ 72.82° 73.76° 0.261
Crude protein (CP), % 12.83 15.66° 14.60° 12.55¢ 0.285
Ether extract (EE), % 7.06 11.92¢ 7.13¢ 8.94> 0.100
Ash, % 6.17 5.19 5.17 4.72 0.261
gross energy (GE), 1.376 1.994 1.481° 1.539 0.032

keal/g

-(a, b and c) Average in the same row having different superscripts are differ significantly (P < 0.05).

* SED is the standard error of difference
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was substituted by 0%, 50% and 100% plant protein sources (No
amino acids added to the diets) were tested for gilthead Sea bream
(Sparus aurata L.) fry. The highest growth performance parameters
such as final weight, total weight gain, daily gain and SGR were
obtained with the diet contained 0% of plant protein (100% FM)
compared with the other diets (50% and 100% PP). These results
led to believe that the fish meal presented in the diet contain a
good smell which attract the fish to consume the diet and resulted
in improving growth rate as it has better essential amino acid
profile and a good source of essential minerals and vitamins [33].

In the present study, growth performance parameters were
decreased with increasing plant protein in diets with no amino
acids were added. Therefore, amino acids must be added to diets
containing plant protein to compensate for essential amino acids
in plant protein. In this regard, high percentages of fish meal can be
replaced by plant protein meals without compromising fish growth
as long as diets are balanced to match amino acid requirements of
the different fish species [28]. On the other hand, although amino
acid are added to diets, growth decreased gradually with increasing
dietary plant protein in diets of Sea bream [9,21].

Estruch et al. mentions that the total fish meal replacement in
diets for gilthead sea bream was nutritionally satisfactory and
introduced no change in the total microbial diversity or richness
in gastrointestinal tract, but altered the gastrointestinal tract
microbiota profile at hindgut level, being a gastrointestinal tract
section rich in immune cells. There was also an increase in the
mortality rate. Further studies will determine if the adverse
effect observed, possibly at immune level, was due to vegetable
components of the diet or if it was the consequence of the
microbial imbalance that they caused or both. Development of
new diets with new sources of ingredients, and possibly probiotics,
will help in these investigations that constitute the keystone to the
development of more efficient, economic and sustainable feeds in
aquaculture.

The results of the present study agreed with the results of Abou-
Zied et al. who reported that final body weight was progressively
decreased with increasing plant protein. The improvement of all
growth performance parameters in diets containing higher levels
of fish meal in Sea bream. Also, GomezRequeni et al; Vega-Rubin
et al. and Sitja-Bobadilla et al. [34] who obtained lower significant
growth performance parameters in Sea bream fed on plant
protein sources diets compared with those fed fish meal diet. This
condition was not found in fish fed the 100% PP diet and their
reduced growth performance was even exacerbated over the course
of time, such trend was mentioned by Sitja-Bobadilla et al. Fish fed
diets high in dietary level of plant protein (Soybean meal (SBM))
generally exhibit progressive impairment of growth and increased
feed conversion ratios, such trend was mentioned by Krogdahl et
al. and Rumsey et al. [35,36]. Sensitivity of gilthead Sea bream to
dietary level of plant protein (SBM) inclusion was higher at lower
fish weights, such trend was mentioned by MartinezLlorens et al. [37].

Growth decreased gradually with increasing dietary plant protein.
This observation was in line with that of Kissil et al. who reported
that there was an inverse relationship between growth and dietary
level of plant protein, and growth was reduced in the diet for
gilthead sea bream with only 30% soy bean replacement level.
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On the other hand, these results disagree with Robaina et al. [38],
who showed that there was no observed significant differences in
growth where fish fed on plant protein sources diet (Corn gluten
meal) compared with those fed fish meal diet. Also, most studies
have shown considerable success in partial (40-75%) or total
replacement of FM with soybean, such as Atlantic halibut, Atlantic
salmon, common carp, rainbow trout and Senegalese sole [39-45].

In the present study; feed intake, PER, PPV, EER and EPV values
were highest with diet containing (100% FM (0% PP)). The best
FCR was recorded with diet containing (100% FM (0% PP)). The
worst FCR was recorded with diet containing (100% PP). This
may due to that Sea bream could digest and assimilate the FM
protein in their bodies better than plant protein. The higher feed
consumption observed for those fish fed on fish meal diet.

These results agreed with the results of Abou-Zied et al. who
reported that the improvements in FCR for Sea bream fed higher
levels of fish meal. Also, GomezRequeni et al., Vega-Rubin et
al. and Sitja-Bobadilla et al. who obtained lower significant feed
utilization parameters in Sea bream fed on plant protein sources
diet compared with those fed fish meal diet.

A reduction in diet acceptability was observed in this study when
fish were fed diets with high FM replacement level by plant protein.
The reduction in diet palatability usually results in a decrease in
feed intake, which could in turn cause reduced growth [17,40]. Diet
palatability differences could have been resulted from the removal
of more palatable factors (e.g. FM) replaced by plant protein [17].

The higher feed consumption observed for those fish fed higher
levels of FM, Such trend was showed by Gomez-Requeni et al.,
Sitja-Bobadilla et al. and Vega-Rubin et al. On the other hand, the
result disagreed with data obtained by Robaina et al. who reported
that the higher feed consumption observed for those fish fed higher
levels of Corn gluten meal compared with those fed fish meal diet
and Kokou et al. who showed feed consumption increased with
increasing bio processed soy product inclusion [46].

The higher feed intake observed in Sea bream fed diet higher
levels of FM with respect to those fed diet based on levels of plant
protein sources, differs from data obtained by Robaina et al, who
did not find any difference in feed intake of Sea bream fed diets
with different levels of plant protein sources through 2 months.
The lower feed intake with highest diet PP could be due to lower
palatability of this feed as also suggested by the data of Pereira and
Oliva-Teles [18]. The Similar obtained results for PER agreed with
the results of Robaina et al. who showed similar results for PER at
feeding Sea bream fed on plant protein sources diets.

In the present study, the lowest CP and EE body content were with
diet contained (100% PP). The highest body content of CP and EE
were with diet (100% FM (0% PP)), however moisture value was
highest with diet (100% PP). These results agreed with the results
of GomezRequeni et al. who obtained significant differences with
body chemical composition in Sea bream fed on plant protein
sources diets compared with those fed fish meal diet, differs from
data obtained by Kokou et al., De Francesco et al., Venou et al,;
Robaina et al. and Nengas et al. who did not find any difference in
body chemical composition in Sea bream fed diets with different
levels of plant protein sources [47,48].
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CONCLUSION

From the results of the present study, growth performance
parameters were decreased with increasing plant protein in diets
without not amino acids were added. The higher feed consumption
observed for those fish fed higher levels of fish meal. The best feed
conversion ratio was recorded with diet containing (100% fish
meal). The worst feed conversion ratio was recorded with diet
containing (100% plant protein). The improvement of all growth
performance parameters in diets containing higher levels of fish
meal in Sea bream under the experimental conditions. Therefore,
amino acids must be added to diets containing plant protein to
compensate for essential amino acids in plant protein.

REFERENCES

1. Oliva-Teles A. Recent advances in European sea bass and gilthead Sea

bream nutrition. Aquaculture Int. 2000; 8: 477-492.

2. Benedito-Palos L, Navarro JC, Sitja-Bobadilla A, Gordon-Bell ],
Kaushik S, PerezSanchez J. High levels of vegetable oils in plant
protein-rich diets fed to gilthead sea bream (Sparus aurata L.): growth
performance, muscle fatty acid profiles and histological alterations of

target tissues. Br ] Nutr. 2008; 100: 992-1003.

3. Terova G, Robaina L, Izquierdo M, Cattaneo A, Molinari S, Bernardini
G. PepT1 mRNA expression levels in sea bream (Sparus aurata) fed
different plant protein sources. Springerplus. 2013; 2-19.

4. Francis G, Makkar HP, Becker K. Antinutritional factors present in
plant derived alternative fish feed ingredients and their effects in fish.

Aquaculture. 2001; 199: 197-227.
5. Morris PC, Gallimore P, Handley ], Hide G, Haughton P, Black A.

Fullfat soya for rainbow trout (Oncorhynchus mykiss) in freshwater:
Effects on performance, composition and flesh fatty acid profile in

absence of hind-gut enteritis. Aquaculture. 2005; 248: 147-161.

6. Dimitroglou A, Merrifield DL, Spring P, Sweetman ], Moate R, Davies,
SL. Effects of mannan oligosaccharide (MOS) supplementation on
growth performance, feed utilisation, intestinal histology and gut
microbiota of gilthead sea bream (Sparus aurata). Aquaculture. 2010;

300: 182-188.
7. Estruch G, Collado MC, Penaranda DS, Tomas-Vidal A, Jover-Cerda

M, PerezMartinez G. Impact of fishmeal replacement in diets for
gilthead Sea bream (Sparus aurata) on the gastrointestinal microbiota
determined by pyrosequencing the 16S rRNA gene. PLOS ONE.
2015; 10: e0136389.

8. Santigosa E, Garcia-Meilan I, Valentin JM, PerezSanchez ], Medale
F, Kaushik S, et al. Modifications of intestinal nutrient absorption
in response to dietary fish meal replacement by plant protein sources
in Sea bream (Sparus aurata) and rainbow trout (Onchorynchus mykiss).

Aquaculture. 2011; 317: 146-154.

9. Sitja-Bobadilla A, Pena-Llopis S, Gomez-Requeni P, Medale F, Kaushik
S, Perez-Sanchez J. Effect of fish meal replacement by plant protein
sources on non-specific defence mechanisms and oxidative stress in

gilthead Sea bream (Sparus aurata). Aquaculture. 2005; 249: 387-400.

10. Kissil GW, Lupatsch 1. Successful replacement of fishmeal by plant
proteins in diets for the gilthead Seabream, Sparus aurata L. Isr. J.

Aquac-Bamidgeh. 2004; 56: 188-199.

11. Baeza-Arino R, MartinezLlorens S, Nogales-Merida S, Miguel Jover-
Cerda M, Tomas-Vidal A. Study of liver and gut alterations in sea
bream, Sparus aurata L., fed a mixture of vegetable protein concentrates.

Aquaculture Research. 2014; 1-12.
12. Perez T, Balcazar JL, RuizZarzuela I, Halaihel N, Vendrell D, De Blas

J Aquac Res Development, Vol. 11 Iss. 5 No: 587

OPEN 8ACCESS Freely available online

I. Host-microbiota interactions within the fish intestinal ecosystem.

Mucosal Immunol. 2010; 3: 355-360.

13. Sadek S. Sea bream culture in Egypt; status, constraints and potential.

Fish Physiology and Biochemistry. 2000; 22: 171-178.

14. Hardy RW, Tacon AG. Fish meal: historical uses, production trends
and future outlook for sustainable supplies. In: Responsible Marine

Aquaculture. 2002; 311-325.

15. Gatlin DM, Hardy RW. Manipulations of diets and feeding to reduce
losses of nutrients in intensive aquaculture. In: Aquaculture and
the Environment in the United States (ed. by J.R. Tomasso). World
Aquaculture Society, Baton Rouge, LA, USA. 2002; 155-165.

16. Goda AM, El-Haroun ER, Kabir-Chowdhury MA. Effect of totally or
partially replacing fish meal by alternative protein sources on growth
of African catfish Clarias gariepinus (Burchell, 1822) reared in concrete

tanks. Aquaculture Research. 2007; 38: 279-287.
17. Kissil GW, Lupatsch 1, Higgs DA, Hardy RW. Dietary substitution of

soy and rapeseed protein concentrates for fish meal, and their effects
on growth and nutrient utilization in gilthead Sea bream (Sparus aurata

L.) Aquaculture Research. 2000; 31: 595-601.

18. Pereira TG, Oliva-Teles A. Preliminary evaluation of pea seed meal
in diets for gilthead Sea bream (Sparus aurata) juveniles. Aquaculture

Research. 2002; 33: 1183-11809.

19. Pereira TG, Oliva-Teles A. Evaluation of corn gluten meal as a protein
source in diets for gilthead Sea bream (Sparus aurata L.) juveniles.

Aquaculture Research. 2003; 34: 1111-1117.

20. Robaina L, Izquierdo MS, Moyano FJ, Socorro J, Vergara JM, Montero
D, et al. Soybean and lupin meals as protein sources in diets for gilthead
Sea bream (Sparus aurata): nutritional and histological implications.

Aquaculture. 1995; 130: 219-233.

21. GomezRequeni P, Mingarro M, Calduch-Giner JA, Medale F,
Martin SA, Houlihan DF, et al. Protein growth performance, amino
acid utilisation and somatotropic axis responsiveness to fish meal
replacement by plant protein sources in gilthead Sea bream (sparus

awrata). Aquaculture. 2004; 232: 493-510.

22.Saleh HH. Effect of some feeding and rearing systems on productive
performance of the Egyptian sole (Solea aegyptiaca). Ph.D. Thesis,
Faculty of Agriculture, El-Fayoum University, Egypt. 2016.

23. AOAC. Official Methods of Analysis, 17" edition. Association of
Official Analytical Chemists, Arlington, Virginia, USA. 2000.

24.NRC. Nutrient requirements of fish. National Research Council
National Academy Press, Washington D.C., USA. 1993.

25.Viola S, Mokady S, Rappaport V, Ariel Y. Partial and complete
replacement of fish meal by soybean meal in feeds for intensive culture

of carp. Aquaculture. 1981; 26: 223- 236.

26. SPSS. Statistical Package For Social Science (for Windows). Release 17
Copyright (C), SPSS Inc., Chicago, USA. 2008.

27. FAO. Regional Review on Status and Trends in Aquaculture
Development in Asia pacific - 2010. FAO, Rome, Italy. 2010.

28. De Francesco M, Parisi G, Perez-Sanchez ], Gomez-Requeni P, Medale
F, Kaushik SJ, et al. Effect of high- level fish meal replacement by plant
proteins in gilthead Sea bream (Sparus aurata) on growth and body/

fillet quality traits. Aquaculture Nutrition. 2007; 13: 361-372.

29. Gatlin DM, Barrows FT, Brown P, Dabrowski K, Gaylord TG, Hardy
RW, et al. Expanding the utilization of sustainable plant products in
aquafeeds: a review. Aquaculture Research. 2007; 38: 551-579.

30. Hardy RW. Utilization of plant proteins in fish diets: effects of global
demand and supplies of fish meal. Aquaculture Research. 2010; 41:
770-776.


http://www.springerlink.com/content/q40225306016n305/
http://www.springerlink.com/content/0920-1742/

Saleh HHE

31.

32.

33.

34.

35.

36.

317.

38.

39.

40.

Amerio M, Vignali C, Castelli L, Fiorentini L, Tibaldi E. Chemical
and nutritional evaluation of vegetable protein sources as possible
dietary ingredients for Sea bream (Sparus aurata). 8th International
Symposium on Nutrition and Feeding in Fish. Las Palmas de Gran

Canaria (Spain). 1998.

Pongmaneerat J, Watanabe T. Nutritive value of protein of feed
ingredients for carp (Cyprinus carpio). Nippon Suisan Gakkaishi. 1991;
57:503-510.

Abou-Zied RM, Hassouna ME, Mohamed RA, Saleh HE. Effect of
replacing fish meal protein by plant protein sources, stocking density
and concrete ponds area on gilthead Sea bream (Sparus aurata L.) fry
production. Egyptian J Nutrition and Feeds. 2013; 16: 167-179.

Vega-Rubin SC, Rojas P, Gomez-Requeni P, Albalat A, Gutierrez J,
Medale F, et al. Nutritional assessment of somatolactin function in
gilthead Sea bream (Sparus aurata): concurrent changes in somatotropic
axis and pancreatic hormones. Comparative Biochemistry and

Physiology. 2004; 138: 533-542.
Krogdahl A, Bakke-McKellep AM, Baeverfjord G. Effects of graded

levels of standard soybean meal on intestinal structure, mucosal
enzyme activities, and pancreatic response in Atlantic salmon (Salmo

salar L.). Aquaculture Nutrition. 2003; 9: 361-371.
Rumsey GL, Siwicki AK, Anderson DP, Bowser PR. Effect of soybean

protein on serological response, non-specific defense mechanisms,
growth, and protein utilization in rainbow trout. Veterinary
Immunology and Immunopathology. 1994; 41: 323-339.

MartinezLlorens S, Monino AV, Tomas Vidal A, Salvador V], Pla
Torres, M, Jover Cerda M. Soybean meal as a protein source in
gilthead Sea bream (Sparus aurata L.) diets: effects on growth and
nutrient utilization. Aquaculture Research. 2007; 38: 82-90.

Robaina L, Moyano FJ, Izquierdo MS, Socorro ], Vergara JM, Montero
D. Corn gluten and meat and bone meals as protein sources in diets
for gilthead Sea bream (Sparus aurata): Nutritional and histological

implications. Aquaculture. 1997; 157: 347-359.

Berge GM, Grisdale-Helland B, Helland SJ. Soy protein concentrate
in diets for Atlantic halibut (Hippoglossus hippoglossus). Aquaculture.
1999; 178: 139-148.

Aragao C, Conceiccao LE, Dias ], Marques AC, Gomes E, Dinis

J Aquac Res Development, Vol. 11 Iss. 5 No: 587

41.

42.

43.

4.

45.

46.

47.

48.

OPEN 8ACCESS Freely available online

MT. Soy protein concentrate as a protein source for Senegalese sole
(Sole senegalensis Kaup 1858) diets: effects on growth and amino acid
metabolism of post larvae. Aquaculture Research. 2003; 34: 1443-
1452.

Escaffre AM, Infante JL, Cahu CL, Mambrini M, Begot P, Kaushik
SJ. Nutritional value of soy protein concentrate for larvae of common
carp (Cyprinus carpio) based on growth performance and digestive
enzyme activities. Aquaculture. 1997; 153: 63- 80.

Kaushik SJ, Cravedi JP, Lalles JP, Sumpter J, Fauconneau B, Laroche
M. Partial or total replacement of fish meal by soybean protein on
growth, protein utilization, potential estrogenic or antigenic effects,
cholesterolemia and flesh quality in rainbow trout, (Oncorhynchus

mykiss). Aquaculture. 1995; 133: 257-274.
Mambrini M, Roem AJ, Cravedi JP, Lalles JP, Kaushik SJ. Effects of

replacing fish meal with soy protein concentrate and of DL methionine
supplementation in high-energy, extruded diets on the growth and
nutrient utilization of rainbow trout, (Oncorhynchus mykiss). ] Anim Sci

1999; 77: 2990- 2999.
Medale F, Boujard T, Vallee F, Blanc D, Mambrini M, Roem A, et

al. Voluntary feed intake, nitrogen and phosphorus losses in rainbow
trout, (Oncorhynchus mykiss) fed increasing dietary levels of soy protein
concentrate. Aquacult Living Resour. 1998; 11: 239- 246.

Refstie S, Storebakken T, Baeverfjord G, Roem AJ. Longterm protein
and lipid growth of Atlantic salmon (Salmo salar) fed diets with Partial
replacement of fish meal by soy protein products at medium or high

lipid level. Aquaculture. 2001; 193: 91- 106.
Kokou F, Rigos G, Henry M, Kentouri M, Alexis M. Growth

performance, feed utilization and non-specific immune response of
gilthead Sea bream (Sparus aurata L.) fed graded levels of a bioprocessed
soybean meal. Aquaculture. 2012; 364: 74-81.

Nengas I, Alexis M, Davies SJ. Partial substitution of fish meal with
soybean meal products and derivatives in diets for the gilthead Sea

bream (Sparus aurata L.). Aquaculture Research. 1996; 27: 147-156.
Venou B, Alexis MN, Fountoulaki E, Haralabous ]. Effects of

extrusion and inclusion level of soybean meal on diet digestibility,
performance and nutrient utilization of gilthead Sea bream (Sparus

awrata). Aquaculture. 2006; 261: 343-356.



	Titel
	ABSTRACT
	Corresponding Author
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Fish- rearing conditions 
	Running water system 
	Aeration system  
	Experimental design 
	Diets and feeding 
	Parameters measurements  
	Chemical analysis  
	Statistical analysis 

	RESULTS
	Growth performance and survival rate of gilthead Sea bream
	Feed utilization of gilthead Sea bream. 

	DISCUSSION
	CONCLUSION
	Table 1
	Table 2
	Table 3
	Table 4
	REFERENCES

