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ABSTRACT 

This study was carried out at fish laboratory of Animal Production Department, National Research Center, Dokki ,Egypt using two commercial probiotics (Premalac and Biogen) to study their effects on growth the performance of Nile Tilapia fed diets with slightly lower levels of crude protein. Premalac is a dried fermented product of Lactobacillus acidophilus , Aspergillus oryzae extract , Bifedobacterium bifedum , Streptococcus faecium , Torula yeast , skim milk , vegetable oil and CaCo3. Biogen is a dried natural product composed of Allicin , high unit hydrolytic enzymes , Bacillus subtilis and Ginseng extract. The basal diets were formulated to contain 30, 27.5 and 25.0% crude protein (CP), each was either supplemented or not with either Premalac or Biogen at 2g /kg diet. The experiment was conducted in 3x3 factorial design and included nine treatments each in three replicates (aquaria) in which 20 fingerlings mono sex Nile tilapia of the same size and weight (1 gram) were stocked in each aquarium. The actual experimental feeding trials durated for four months.  
Results indicated that the lowest CP level  (25%) in tilapia diets without or with the tested probiotics recorded the worst values of growth performance parameters and nutrients digestibility .      
The use of either Premalac or Biogen at 2g/kg diet in diets with 27.5% crude protein was more efficiently than those containing 30% CP, in addition, it gave best values of economic efficiency. However, Biogen was more superior than Premalc. In other words, these probiotics spared nearly 2.5% CP of the recommended level for tilapia. This result would be effective from the economical point of view, since protein is the most expensive feed nutrient in all live stock feeding, particularly fish.

INTRODUCTION 

Nile tilapia is an economically important cultured species in several areas of the world (El-Husseny et al., 2007 and El-Saidy and Gaber, 2005). Egypt made an impressive increase in aquaculture tilapia production, from 24 916 mt in 1990 to 487000 mt in 2005m accounting for 55% of Egyptian total fish production (879000, mt year-1). (FAO 2004 and GAFRD, 2006) .


As the principal and most expensive component in tilapia diets, protein has received the most attention in nutritional requirement studies. Tilapia need continuous supply of protein which is necessary for maintenance, growth and reproduction (NRC, 1993). A study  evaluating the least –cost dietary protein level for four species of tilapia (Oreochromus mossambicus, O. niloticus, O. aureus and Tilapia Zillii) showed that the dietary protein level from 34% to 36% provided maximum growth of young tilapia ( 1.5 g) , but the most cost-effective protein level was 25% to 28% (De Silva et al., 1989).
Practical feeds for grow out of tilapia usually contain 25 to 35% CP. However, it has been reported that the dietary CP requirements of fish vary with species, size or age , protein quality, dietary energy level, water quality, feeding and culture management. Ogunji and Wirth (2000) found that the diet containing 33.32% dietary protein DM with a protein: energy ratio of 16.26mg/kJ appeared optimal for the protein requirement of tilapia. Meyer and Pera (2001) indicated that tilapia efficiently utilize dietary protein at level between 25 and 35%. The same authors added that , the fish were less efficiently at utilizing 45% crude protein in the diet for growth.

Ogunji and Wirth (2002) concluded that a dietary deficiency in protein results not only in a deficiency of  essential amino acids in the body but also  affects transport and storage of lipids within the fish body 
The probiotics of live microbes have shown their effectiveness to mitigate the effects of stress , resulting in a greater production.  Olvera et al., (2001) concluded that yeast have a positive effect on fish performance when cultured under stress condition of lowering dietary protein, leading to improving growth and feed efficiency. In contrast , 
Hidalgo et al., (2006) found that growth and feed conversion of juvenile dentex  were not significantly influenced by probiotics 
which is in agreement with the findings,  Shelby et al. (2006) who found that the probiotic used with juvenile channel catfish diet had lack effect on specific growth promoting or immune stimulating aspects ..
On the other hand, many studies concluded the positive effect of using viable microorganisms in probiotic mixtures into  diets of fish (Li. and Gatlin 2004; Brunt and Austin, 2005; Pangrahi et al., 2005; Barnes et al., 2006; Abo-State et al., 2009).
Regarding the effect of interaction between dietary CP and probiotics, Lara- Flores et al., (2003) evaluated the effects of probiotics on growth performance in Nile tilapia under two stress factors. These stressors were dietary protein level and stocking density. They found that the fry fed diets with a probiotic supplement exhibited greater growth than those fed the control diet without probiotic. 

The aim of this study is to find out  the effect of Premalac and Biogen as commercial probiotics on growth and protein utilization of Nile tilapia fingerlings fed on diets with different levels of CP.
MATERIALS AND METHODS

The experiment was conducted for four months, using a total number of 540 Nile tilapia (Oreochromis niloticus) all male fingerlings with one gram average weight obtained from Kafr El-Sheikh fish hatchery Egypt.


The fingerlings were distributed at random into nine experimental dietary treatments , each in three aquaria (60x30x40 cm3) as replicates in which fingerlings were stocked at a rate of 20 fish/ aquarium. Water temperature in the experiment of aquaria ranged between 27.4-27.6ºC with photo period of 12h light and 12h darkness, the dissolved oxygen level was 6.6 mg/L, and the pH value was about 7.5 representing the alkali media needed for tilapia. Water samples were weekly taken for analysis of total ammonia nitrite, nitrate and pH levels using standard methods (APHA , 1992) to adjust the appropriate water quality parameters for tilapia cultivation .
Experimental diets and design

Two tested commercial probiotics being Premalac and Biogen were used to study their effects on growth performance of Nile tilapia fingerlings fed diets with slightly decreasing levels of crude protein (30, 27.5 and 25%). Premalac is a dried fermentation product of Lactobacillus acidophilus , Aspergillus oryzae extract , Bifedobacterium bifedum, Streptococcus faecium , Torula yeast , skim milk , vegetable oil and CaCO3 . Biogen is a dried natural product composed of Allicin , high unit hydrolytic enzymes, Bacillus subtilis and Ginseng extract .  Three basal diets were formulated to contain the recommended 30% and two lower 27.5 and 25% crude protein levels (Table 1). Each of the tested diets was either supplemented or not with either Premalace or Biogen at 2g /kg diet level. Therefore , The experiment was conducted in 3x3 factorial design and included nine treatments . Feeding level of all experimental diets was 4% of the total biomass of the fish per day. The amount of feed was divided into three equal portions and distributed by hand in one side of the aquaria three times daily at 9 a.m, 1p.m. and 5 p.m. Every fourteen days, the fish in each aquarium were weighed and the amount of feed was readjusted according to the new fish biomass (El-Banna, 1991). The performance parameters included weight gain, average daily gain (ADG),  feed conversion ratio (FCR)and protein utilization efficiency (PUE).  After running the feeding experiment,  digestibility trails were conducted using 8 fish /aquarium and fish were offered the same experimental diets at a rate of 2% of the total biomass/day.


During the digestibility trail the daily meal was offered one time at 9.00 a.m. and the siphoning method was undertaken to collect the settled feces from the bottom of the aquarium.  The collection of feces was made for three weeks, one time daily in the morning before the meal was provided. Consequently, the collected feces were directly spread with 10% sulfuric acid and 10% formalin and kept in a deep freezer at -4C till analysis  to avoid the fermentation.

Analysis  of protein, ether extract, crude fiber, and crude ash in the collected feces were carried out in pooled –dried samples. Proximate chemical analysis were made according to A.O.A.C (1990) methods.


Apparent Digestion Coefficients (ADC%) of the nutrients were calculated using crude fiber as an inert marker as described by Tacon and Rodringus (1984) as follows:
% ADC     =        
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The economical efficiency of dietary treatments were calculated to estimate the cost of feed needed to produce one kg of fish weight gain. The cost of experimental diets has been calculated in L.E according to the local market prices at year 2004.

Growth performance and feed utilization efficiency parameters were statistically compared using the SAS programme (1992) SAS/STAT users guide, release 6.03 Edition SAS Inst. INC. Cary, NC. USA.
Considering the interaction effect between dietary CP level and added probiotics , the used model was :

            Xijk = M +Pi + Lj  + Pi Lj + Eijk           where , 
              M         the overall mean 

              Pi          the effect of probiotic supplementation

              Lj          the effect of cp level 

              Pi Lj      the effect of interaction between p and l 

              Eijk       the experimental error .

Duncans New Multiple Range Test was conducted to determine the significant differences between means (Duncan, 1955).

RESULTS AND DISCUSSION 
Growth and feed utilization: 
The effects of both dietary CP, probiotic supplementation and their interaction on growth and feed utilization of Nile tilapia fingerlings are summarized in Tables (2 and 3). The initial live body weight of all fish used was almost similar, which confirmed appropriate randomization process . Meanwhile, it created suitable condition to appraise the effect of dietary treatments on the performance of fish .                                                                                                                          

Results showed that the diet contained 27.5% CP irrespective of probiotic supplementation gave better (P<0.05) values for final body weight, FCR, PUE of fish when compared with those containing 30% and 25% CP. Regarding the tested probiotics,  results showed that adding either Premalac or Biogen at 2g/kg recorded significantly (P<0.05) higher values compared to the control without supplementation .However ,  The best values of live body weight, FCR and PUE were obtained with Biogen followed by Premalac.


The combined effect of dietary CP with the tested probiotics showed that the diet contained 27.5% CP and supplemented either Premalac or Biogen (T5 , T6 ) had recorded best values for growth performance  and improved the feed  utilization when compared to diets with the same probiotics but  contained  the recommended level of CP as 30% (T2, T3). Moreover, the diets with 27.5% CP (T5, T6) were superior than the corresponding diet with the same CP level but without probiotic supplementation (T4). This may be due to the effect of the tested probiotics which improved absorption of nutrients and depressed harmful bacterial affects that causes growth depression . These results are in agreement with those obtained by  Hoyos and Cruz (1990) who stated that the positive effect of probiotcs may be due to their beneficial effects since its microbial constituents produce natural lactic acid that helps in maintaining an optimum low pH in the digestive tract which inhibit growth of undesirable bacteria leading to optimum enzyme activity. Similar results were observed by Fernandes and Shahani (1990), who indicated that probiotic preparations contain multiple strains of Lactobacillus  which are highly active against a wide range of stress conditions in the fish gastrointestinal tract, resulting in higher immunity and higher rate of utilizing nutrients and accordingly higher growth rate.


In this connection, Noh et al. (1994); Bogut et al. (1998) and Nikoskelainen et al. (2001) obtained  better growth response with diets supplemented with probiotics containing bacteria. 

Although , diets with the high CP ( 30 % ) and supplemented with any of the tested probiotics had recorded significantly better values than the corresponding diet without supplementation, nevertheless, diets with 27.5 % CP supplemented with probiotics were superior. These results may be explained as these probiotics (Premalac or Biogen) spared nearly 2.5% crude protein so, optimizing protein utilization for growth. These findings are in good agreement with those obtained by Ringø and Gatesoupe (1998) , who found that probiotics performed more efficiently in case of stress conditions like that of lowering dietary CP. 
Nutrients digestibility :

Results of the effect of either dietary CP, probiotic supplementation or their interaction on nutrients digestibility are listed in table ( 4 ) .Results indicated that tilapia fingerlings utilized the nutrients content of diets with 30 % or 27.5 % CP at equal rate. While, that contained 25 % CP failed to obtain similar findings. Seamingly, Premalac and Biogen both have the same effect on nutrients digestibility. Regarding the interaction effect of dietary CP and probiotics supplementation on nutrients digestibility (Table 4), results revealed that either Premalace or Biogen when supplemented to diet containing 30% or 27.5% CP recorded significantly (P<0.05) higher values of nutrient digestibility than the non supplemented diets, with no significant differences among those treatments. However, the use of the same probiotics with diets containing  25% CP recorded significantly the lowest values.


Similar results were obtained by De Schrijver and Ollevier (2000) who found positive effect on apparent protein digestion when turbot (Scophthalmus maximus) diets were supplemented with bacteria Vibrio proteolyticus. They attributed this effect to the proteolytic activity of bacteria. 

Economical evaluation :


Data in Table (5) show that the best values of economical efficiency expressed as feed cost /kg gain in weight and relative economic efficiency were for diets containing 27.5% CP and supplemented with either Premalac or Biogen. Meanwhile, the worst values were recorded with diets containing the lowest CP(25% ) level .


By comparison, the results obtained confirmed the higher adequacy of Biogen for tilapia than Premalac, which is commonly used in poultry feeding. It is obvious that the bacterial strain Bacillus subtilis mainly present in Biogen is more convenient to the digestive system of fish than Lactobacillus strain in Premalac. Moreover, Biogen contains ginseng extract that needed by fish to keep their internal biological functions at sufficient levels. In addition, Biogen characterized by the presence of Allicin which helps to increase the activity of endocrine glands, therefore, secretion of various hormones especially growth hormone are increased. It contained also high-unit hydrolytic enzymes such as photolytic, biolytic and amylolytic that have the capacity to increase the digestibility and utilization of nutrients and decrease ammonia production by fish, which results in higher growth with lower feed consumption, otherwise healthy environment.

In conclusion, either Premalac or Biogen spared nearly 2.5 % CP of the recommended level for tilapia. This result would be effective from the economical point of view, since protein is the most expensive feed nutrient in all livestock feeding , particularly in fish feeding .

   Table (1): Composition and calculated analysis of the experimental diets.

	Ingredient , %    
	Recommended CP
	               Lower CP

	
	30%
	27.5%
	25.0% 

	Yellow corn 
	
	48.0
	52.0
	56.0

	Soy bean meal (44%) 
	
	18.5
	18.5
	18.5

	Fish meal (72%)
	
	26.0
	22.0
	18.0

	Corn oil 
	
	 5.0
	  5.0
	5.0

	Vit. Min. Mix*  
	
	 2.5
	  2.5
	2.5

	Total 
	
	100
	 100
	100

	Calculated analysis , %

	Moisture 
	
	 6.30
	  7.00
	7.60

	DM Composition:
	
	

	CP
	
	32.13
	29.62
	27.11

	EE
	
	11.01
	10.34
	10.34

	CF
	
	  1.83
	  1.89
	  1.94

	Ash
	
	  5.59
	  5.07
	  4.55

	NFE 
	
	49.44
	52.75
	56.06

	GE kcal / kg ** 
	
	      4906.6
	     4867.4
	     4828.8

	E : P ratio 
	
	152.7
	 164.3
	       178.1

	Price / ton ( L . E )
	
	2932.2
	2708.6
	2485.0


* Each 1 kg. Contains vitamin A, 4.8 I.U.; vit D2 , 0.8 m I.U; vit E, 4.0 g; vit. K, 0.8 g; vit B1, 0.49, vit. B2, 1.6 g; vit. B6, 0.6 g; vit. B12, 4 mg; Pantothenic acid 49; Nicotinc acid 8 g; Folic acid, 400 mg; Biotin, 20 mg; Choline chloride, 200 mg; Copper, 4.0 g ; Iodine,0.4g  ; Iron, 12 mg ; Manganese, 22 g; Zinc 22 g and Selenium  0.04 g.

** Gross energy value was calculated from their chemical composition, using the factors 5.65, 9.45, 4.00 and 4.00 (k cal/g) for protein, fat, fiber and NFE respectively (Jobling, 1983). 

Table (2): Effect of dietary protein level, probiotics supplementation and their interaction on growth parameters of Nile tilapia.

	Treatment
	Initial wt.

g/fish   
	Final wt.

g/fish
	Total gain

g/fish
	ADG

g/fish

	Tr No.
	CP %
	Probiotic
	
	
	
	

	
	30
	
	1.12
	17.73b
	16.61b
	0.138b

	( 1 )
	27.5
	
	1.15
	19.87a
	18.72a
	0.156a

	
	25
	
	1.13
	14.98c
	13.85c
	0.115c

	
	
	  _____
	1.14
	16.38b
	15.24b
	0.127b

	( 2 )
	
	Premalac
	1.13
	18.03a
	16.90a
	0.141a

	
	
	Biogen
	1.14
	18.55a
	17.41a
	0.145a

	T1
	30
	Control
	1.14
	17.95bc
	16.81bc
	0.140bc

	T2
	30
	Premalac
	1.13
	17.64c
	16.51c
	0.138bc

	T3
	30
	Biogen
	1.14
	18.65bc
	17.51bc
	0.146bc

	T4
	27.5
	  _____
	1.16
	17.05bc
	15.89bc
	0.132bc

	T5
	27.5
	Premalac
	1.12
	21.10a
	19.98a
	   0.167a

	T6
	27.5
	Biogen
	1.18
	21.60a
	20.42a
	   0.170a

	T7
	    25
	  ______
	1.12
	    14.15d
	13.03d
	   0.109d

	T8
	25
	Premalac
	1.14
	    15.36d
	14.22d
	   0.118d

	T9
	25
	Biogen
	1.12
	    15.40d
	14.28d
	   0.119d

	SEM
	0.028
	1.98
	1.82
	0.020

	Prob.
	0.3014
	0.0008
	0.0007
	0.0029


  a, b .... Means in the same column within each factor with different superscripts are significantly different (P<0.05). 

(1) Effect of CP level regardless to probiotics 

(2) Effect of probiotic regardless to CP level

Table (3): Effect of dietary protein level, probiotics supplementation and their interaction on feed conversion ratio (FCR) and protein utilization efficiency (PUE) by Nile tilapia during whole period.

	Treatment
	FCR
	PUE

	Tr. No.
	CP %
	Probiotic
	feed / gain
	gain / protein intake

	
	30
	
	1.746a
	1.782b

	( 1 )
	27.5
	
	1.695a
	1.991a

	
	25
	
	2.695b
	1.368c

	
	
	  ______
	2.185b
	1.556b

	( 2 )
	
	Premalac
	1.926a
	1.765a

	
	
	Biogen
	1.934a
	1.756a

	T1
	30
	Control
	1.812a
	1.717c

	T2
	30
	Premalac
	1.723a
	1.806bc

	T3
	30
	Biogen
	1.717a
	1.812bc

	T4
	27.5
	  ______
	1.919a
	1.759c

	T5
	27.5
	Premalac
	1.634a
	2.066a

	T6
	27.5
	Biogen
	1.623a
	2.079a

	T7
	25
	  ______
	2.986c
	1.235d

	T8
	25
	Premalac
	2.570b
	1.434d

	T9
	25
	Biogen
	2.648b
	1.393d

	SEM
	0.324
	0.203

	Prob. 
	0.2487
	0.0001


a, b .... : Means in the same column within each factor with different superscripts are significantly different (P<0.05). 

(1)    Effect of CP level regardless to probiotic 

(2)    Effect of probiotic regardless to CP level

Table (4): Effect of dietary protein level, probiotics supplementation and their interaction on apparent digestion coefficient (ADC) of dietary nutrients of Nile tilapia.  

	Treatment
	ADC , %

	Tr. No.
	CP %
	Probiotic
	DM
	CP
	EE
	NFE

	
	30
	
	86.07a
	85.23a
	91.45a
	82.21a

	( 1 )
	27.5
	
	86.13a
	85.69a
	92.00a
	83.02a

	
	25
	
	    76.99b
	    76.28b
	     85.33b
	    77.87b

	
	
	  _____
	78.20b
	77.79b
	86.71b
	78.09b

	( 2 )
	
	Premalac
	84.30a
	83.06a
	90.85a
	82.54a

	
	
	Biogen
	86.55a
	85.92a
	90.92a
	82.71a

	T1
	30
	Control
	80.85b
	79.60c
	89.45b
	79.70c

	T2
	30
	Premalac
	86.95a
	86.05b
	92.11a
	83.50ab

	T3
	30
	Biogen
	89.66a
	89.61a
	92.62a
	84.21a

	T4
	27.5
	  _____
	80.15b
	79.82c
	88.73b
	78.45c

	T5
	27.5
	Premalac
	87.53a
	87.15ab
	92.50a
	85.64a

	T6
	27.5
	Biogen
	89.74a
	89.70a
	93.04a
	84.87a

	T7
	25
	  _____
	73.60c
	73.95d
	81.95c
	76.12c

	T8
	25
	Premalac
	78.42bc
	75.98d
	87.94b
	78.48c

	T9
	25
	Biogen
	80.25b
	78.45c
	87.10b
	79.05c

	SEM
	3.44
	3.17
	2.97
	2.65

	Prob . 
	0.0011
	0.0024
	0.0130
	0.0260


a, b .... : Means in the same column within each factor with different superscripts are significantly different (P<0.05). 

(1) Effect of CP level regardless to probiotic 

(2) Effect of probiotic regardless to CP level

Table (5): Effect of dietary protein level and probiotics supplementation on the economic efficiency of the experimental treatments. 

	Treatment
	Cost /ton 

L.E *
	Feed intake 

g/ fish
	Total gain g/fish
	Feed cost / kg gain 

L.E
	Relative feed

cost / kg 

gain % **

	Tr No.
	CP %
	Probiotic
	
	
	
	
	

	T1
	30
	Control
	2932.2
	30.47
	16.81
	5.31
	    100.00

	T2
	30
	Premalac
	3086.2
	28.45
	16.51
	5.31
	    100.00

	T3
	30
	Biogen
	3042.2
	30.07
	17.51
	5.22
	98.30

	T4
	27.5
	  ______
	2708.6
	30.50
	15.89
	5.20
	97.92

	T5
	27.5
	Premalac
	2862.6
	32.66
	19.98
	4.68
	88.13

	T6
	27.5
	Biogen
	2818.6
	33.16
	20.42
	4.58
	86.25

	T7
	25
	  ______
	2485.0
	38.92
	13.03
	7.42
	139.73

	T8
	25
	Premalac
	2639.0
	36.55
	14.22
	6.78
	127.68

	T9
	25
	Biogen
	2595.0
	37.82
	14.28
	6.87
	129.37


*        The price of  Premalac  =  77 L.E / Kg  ,  of  Biogen  =  55 L.E / Kg 

**     Relative to T1  which represents the recommended CP level 
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