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ABSTRACT 

 

 The aim of the present study was to investigate the effect of Lactobacillus plantarum (L. plantarum) on the 

growth performance as well as to assess the impact of probiotics L. plantarum on the expression of immune-

related genes in the liver of tilapia fish (Oreochromis niloticus). Lactobacillus plantarum was administered 

orally at 10⁶ CFU g⁻¹ feed to fish for 30 days. Thirty days after the start of the feeding period, fish were I/P 

challenged with pathogenic Pseudomonas fluorescens (0.1 ml of 10
7
 cells / ml).Only the fish fed the diet 

containing L. plantarum showed significantly (P < 0.05) improved growth rates, protection against 

Pseudomonas fluorescens compared to the control. Subsequently, real-time PCR was employed to determine the 

mRNA levels of IL-6 TNF-α in the liver, of the control and L. plantarum groups. IL-6 and TNF-α gene 

expression were significantly up-regulated by L. plantarum. Moreover, the mRNA levels of IL-6and TNF-α 

were significantly higher in the L. plantarum group after P. fluorescens infection, suggesting that L. plantarum 

can stimulate the immune response of Oreochromis niloticus.  
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Introduction 

 

 Aquaculture has been increasing in recent decades as a consequence of the increase of fish consumption, 

since fisheries have possibly reached their maximum due to overexploitation (FAO, 2003; Ferreira et al., 2008). 

It is now accounting for almost 50% of the world’s food fish (FAO, 2006; Martins et al., 2011). Globally, 

aquaculture is expanding into new directions, intensifying and diversifying (Denev et al., 2009). The rapid 

expansion and intensification of aquaculture production had led to the outbreaks of new pathogens and 

infectious diseases caused by viruses, bacteria and parasites, inflicting major problems in the fish farming 

industry (Gatesoupe, 2008; Geng et al., 2012).  

 The majority of bacterial diseases in aquaculture production systems are caused by some causative agents 

include bacteria from short, Gram-negative rods belonging to the families Enterobacteriaceae, 

Pseudomonadaceae (Pseudomonas) or Vibrionaceae (Vibrios). Typically, they cause septicaemic and ulcerative 

disease conditions. The long, Gram-negative, myxobacteria of the family Cytophagaceae, which are not 

recognized as pathogens of warm-blooded animals, may also cause heavy mortality in fish stocks (Aly, 2009; 

Barbosa et al., 2011). 

 During the last decades, many kinds of antibiotics have been used in aquaculture systems as traditional 

strategy for fish diseases management but also for the improvement of growth and efficiency of feed conversion 

(Denev et al., 2009; Prasad et al., 2012). 

 The widespread use of antibiotics to control fish diseases has led to the development of antibiotic-resistant 

bacterial strains and may cause water pollution in the aquaculture environment (Petersen et al., 2002; Alcaide et 

al., 2005). There is a risk associated with the transmission of resistant bacteria from aquaculture environments to 

humans, and risk associated with the introduction in the human environment of nonpathogenic bacteria, 

containing antimicrobial resistance genes, and the subsequent transfer of such genes to human pathogens (FAO, 

2005). In addition, the accumulation of residual antibiotics in aquaculture products may be detrimental to human 

health by inhibiting or killing beneficial microbiota in the gastrointestinal (GI) ecosystem (Cabello, 2006; 

WHO, 2006),  moreover, aquacultural products are sometimes banned due to rejection of export consignments.  

 The use of antibiotics as disease controllers and growth promoters is currently restricted or forbidden in 

many countries (Verstegen, 2001), and a growing concern about the high consumption of antibiotics in 

aquaculture has initiated a definite need in which both consumer and manufacturer are looking for the 
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alternative health management strategy, which can be accomplished by microbial intervention (Galindo, 2004; 

Panigrahi and Azad, 2007). There has been heightened research in developing new dietary supplementation 

strategies in which various health and growth-promoting compounds as probiotics, prebiotics, synbiotics, 

phytobiotics and other functional dietary supplements have been evaluated (Denev, 2008). 

 Recently, Probiotic has a modified definition which allows a broader application of the term “probiotic”, 

i.e. “A live microbial adjunct which has a beneficial effect on the host by modifying the host-associated or 

ambient microbial community, by ensuring improved use of the feed or enhancing its nutritional value, by 

enhancing the host response towards disease, or by improving the quality of its ambient environment” 

(Verschuere et al., 2000). 

 Probiotic agents exert a beneficial effect via a wide array of actions; these include competition for adhesion 

sites and resistance to colonization; competition for essential nutrients; production of antagonistic compounds 

against pathogens; enhancement of the immune response and diseases resistance. In addition, probiotics 

improving enzyme activity feed digestibility and feed utilization, fish health and performance (Ringø and 

Gatesoupe, 1998; Balcázar et al., 2006; Denev et al., 2009). Many probiotics have been developed for use in 

aquaculture (De Schrijver & Ollevier, 2000; Robertson et al., 2000; Brunt & Austin, 2005). The benefits of the 

supplements include improved feed value, enzymatic contribution to digestion, inhibition of pathogen, 

antimutagenic and anticarcinogenic activity, growth promoting factors, and increase immune response (Sharma 

and Bhukhar, 2000; Verschuere et al., 2000; Spanggaard et al., 2001; Lara-Flores et al., 2003; Ziaei-Nejad et 

al., 2006; Wang et al., 2005; Wang and Xu, 2006; Wang, 2007).                                   

 The common probiotics used in aquaculture industry include a wide range of taxa belong to 

Saccharomyces, Lactobacillus, Bacillus, Clostridium, Enterococcus, Shewanella, Leuconostoc, Lactococcus, 

Carnobacterium, Aeromonas and several other species (De Rodriganez et al., 2009; Kim et al., 2010). 

Micrococcus luteus and Pseudomonas species were isolated from the gonads and intestine of Nile tilapia and 

used as probiotic to exam its influence on fish growth as well as disease resistance, fish fed with M. luteus 

showed enhancement in growth rate, feed utilization and survival rate after challenge intraperitoneally with A. 

hydrophila while opposite effect have been noticed in the group fed with Pseudomonas sp. (Abd El-Rhman et 

al., 2009). Similarly, Abdel-Tawwab et al. (2008) recorded improvement in growth performance, 

Haematological and biochemical parameters of Fry Nile tilapia, Oreochromis niloticus fed with supplement of 

Live Saccharomyces cerevisiae for 12 weeks. Supplement also showed enhancement in immuno response and 

great resistance to Aeromonas hydrophila infection. A culture of Aeromonas sobria was effective when used as 

a probiotic in so far as it led to reduced mortalities among rainbow trout, Oncorhynchus mykiss, after challenge 

intraperitoneally with Lactococcus garvieae and Streptococcus iniae (Brunt & Austin, 2005). Similarly, rainbow 

trout administrate life cell of Aeromonas sobria and Bacillus subtilis showed a production against Yersinia 

ruckeri (mortalities ranged from 10-20%) Moreover, a highly resistant to infection was recorded in the groups 

which administrate cell wall proteins (CWPs), outer membrane proteins (OMPs), lipopolysaccharides (LPS), 

whole cell proteins (WCPs) of the two strain (Abbass et al., 2010). 

 The lactic acid bacteria (LAB) (e.g. Lactobacillus spp.) are probiotics proposed as biological control agents 

in aquaculture (Balcázar et al., 2006; Aly, 2009). Lactobacillus is a genus of Gram-positive, non-sporulating and 

catalase negative rods that ferment various carbohydrates mainly to lactate and acetate, It is also a common 

inhabitant of the gastrointestinal tract of various vertebrates, including freshwater fish (Galindo, 2004). The 

ecological role played by Lactobacillus spp. as beneficial flora in the gastrointestinal tract among others include: 

production of antimicrobial substances; enhancement of the immune response and improve resistance of fish 

against bacterial pathogens; increase of availability of nutrients and use of some non-digestible carbohydrates 

(Fuller, 1989; Nikoskelainen et al., 2001; Dimitroglou et al., 2011).  

 In recent years, lactic acid bacteria (LAB) as a dietary supplement have been widely employed to protect 

fish from various infectious diseases (Geng et al., 2012). The use of Lactobacillus showed good results in fish 

culture (Barbosa et al., 2011). Dietary administration of Lactobacillus spp. enhanced the growth, innate immune 

responses, and disease resistance of the grouper Epinephelus coioides (Son et al., 2009), Epinephelus bruneus 

(Harikrishnan et al., 2010) and Nile tilapia (Oreochromis niloticus) (Ngamkala et al., 2010).  

 Many published reports demonstrated positive effects of LAB Lactobacillus plantarum on various fish 

species. L. plantarum produced bacteriocin which inhibits the growth of Gram-positive and Gram-negative 

bacteria including Staphylococcus aureus, Escherichia coli, Listeria innocua and Pseudomonas aeruginosa 

(Lash et al., 2005). L. plantarum (906) administration significantly decreased sea bream (Sparus aurata) larvae 

and fry mortality (Carnevali et al., 2004). Rainbow trout Onchorhynchus mykis feed L. plantarum CLFP 238, 

showed reduced fish mortality (Vendrell et al., 2008). The survival of Atlantic halibut larvae was improved after 

incubation with L. plantarum, and the proliferation of mucous cells suggested a stimulation of cellular defenses 

(Ottesen and Olafsen, 2000 and Gatesoupe, 2008). L. plantarum significantly reduced the adhesion of 

Aeromonas hydrophila and Aeromonas salmonicida (Balcázar et al., 2008; Denev et al., 2009). Essa et al. 

(2010) reported that, Nile tilapia fed diet supplemented with L. plantarum NIOFSD018 showed significantly 

better growth, feed utilization and improved enzyme activities of amylase, protease and lipase in the 
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gastrointestinal tract. Nile tilapia (Oreochromis niloticus) fed on L. plantarum supplemented diet for 12 weeks, 

showed reduced viable culturable heterotrophic bacteria counts; increased the lactic acid bacteria number in the 

gut of fish; higher number of thrombocytes and leukocytes; increased final weight and feed efficiency (Jatobá et 

al., 2011). Best growth rate, feed utilization and survival rate were noticed in Catla catla feed on commercial 

fish diet supplemented with L. plantarum after challenge with Aeromonas hydrophila (Parthasarathy and Ravi, 

2011). The percent weight gain (PWG) and feed efficiency (FE) of grouper Epinephelus coioides fed a diet 

containing L. plantarum had significantly increased than those fed the control diet after challenge with 

Streptococcus sp. (Son et al., 2009). 

 Pseudomonas fluorescens is a Short motile Gram-negative rods with polar flagella infecting fish leaving 

Lesions similar to that of Aeromonas hydrophila with a hemorrhagic septicemia resulting in hemorrhage of the 

fins and tail and ulceration of the skin, normally a secondary invader, hard to distinguish from Aeromonas 

septicemia, not a huge concern in fish. 

 The immune system provides the body's defense against invading pathogenic microorganisms. Immune 

responses can be divided into nonspecific (or innate) and specific (or acquired) immunity (Maier et al., 1994). 

Non-specific immunity exists from birth and operates in a generalized fashion without regard to the exact 

identity of the pathogen; it serves as the body's first line of defense against invasion. Inflammation, the response 

of tissue to injury, is characterized in the acute phase by increased blood flow and vascular permeability along 

with the accumulation of fluid, leukocytes, and inflammatory mediators such as cytokines. Bacterial-derived 

fragments stimulate the monocytes/ macrophage system to produce cytokines. Activation of cytokines such as 

IL-6 and tumor necrosis factor-a (TNF- α) are triggered by the recognition of many bacterial pathogens. 

 The present study investigates the effect of dietary L. plantarum probiotic on growth performances and 

immunostimulation of Nile tilapia, O. niloticus challenged with pathogenic bacteria; pseudomonas fleurescence 

in a laboratory conditions in association with immune genes expression exemplified by interleukin 6 (IL6) and 

tumer nicrosis factor (TNF- α). 

 

Materials and Methods 

 

A-Preparation of cell-free supernatants: 

 

 Lactobacillus plantarum (L. plantarum) were provided by the Northern Regional Research Laboratory IIlin 

ois, USA (NRRL). The probiotic bacterium L. plantarum strain was cultivated in Ellikar broth and incubated at 

37 
0
 C hrs. The Cell free supernatants (CFS) for each of the tested cultures were obtained after centrifugation at 

4000rpm/m at 4
0
 C for15 minutes. The supernatants were separated from cell pellets and sterilization by 

filtration through a 0.45 µ Millipore membrane filter to remove remaining cells. 

 

B-Microencapsulation using alginate with NaCl:  

 

 Suspension of cells was mixed with an equal volume of sodium alginate (4%, w/v). The mixture was added 

as drop-wise into solution of sodium chloride (0.2 mol/L) and calcium chloride (0.5 mol/L) and magnetically 

stirred at 200 rpm till alginate beads were formed (Klinkenberg et al., 2001). 

 

C- Screening for antimicrobial activity of probiotic metabolites: 

 

 The antibacterial activity of lactic acid bacteria was determined by following the well agar diffusion 

method. (Schillinger and Lncke 1989) agar was transferred to the Petri dish and allowed to solidify. An aliquot 

of 0.1 ml of pathogenic bacteria fresh culture suspension was transferred to plate count agar and spread 

uniformly over the agar surface with a sterile bent glass rod. Plates were dried at 37
0
 C for 1hr.  

 The supernatant of probiotic culture 20µl were added into filter paper  discs after neutralization to pH 

6.0.The inhibition zone formed around each disc , which indicate the antibacterial activity was measured in mm.   

 

D- Microbiological analysis: 

 

 Bacterial population in the alginate beads were determined according to Sheu et al. (1993) , one gram of the 

diet was suspended into 10 ml phosphate buffer ( 1 M; pH 7.5) followed by gentle shaking at room temperature 

for 10 min. Number of living cells in the suspension was then determined. Bacterial population in alginate beads 

was (2.1×10
11 

cfu/g beads). 
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E- In- vitro examination of the probiotic activity: 

  

 Lactobacillus plantarum was examined on a cultured pathogenic bacteria pseudomonas fleurescence 

(sensitivity test) to assess its effect on the pathogen.  

 

F- Examination of the effect of the prbiotic ;  Lactobacillus plantarum on disease resistance of Oreochromis 

niloticus: 

 

 The experiment was carried out in the Hydrobiology Laboratory of Veterinary Division, National Research 

Centre 

 

F-1- Feeding culture system design: 

 

 The feeding experiment was conducted in 8 glasses aquaria (75×40×50 cm), at the Center Laboratory of 

hydrobiology department, Veterinary division, National Research Centre, Egypt. The aquaria were supplied with 

aerated tap water. Each aquarium was supplied by airiator. Fresh tap water was stored in cylindrical fiberglass 

tanks for 24 hours under areation in order to dechlorenated the water. Each aquarium was cleaned daily by 

siphoning fish feces and remaining feed with 75% of total water volume, then refilled to fixed volume again. 

Water temperature range was (29- 32ºC).  

 Nile tilapias, O. niloticus with an average weight (22±2.23) were acclimatized in indoor glass aquaria for 

two weeks. The fish were distributed randomly at a rate of 20 fish / aquarium. Treatments in triplicate were 

arranged at random. The experimental fish were batch weighed at the beginning of the experimental period. 

Probiotic cell suspension was added to the feed as 5gm ∕ kg feed and fish were fed once daily for 6 days a week, 

at a fixed feeding rate of 3% body weight of fish per day. The experiment was run for 30 days, and then the 

bacterial challenge was carried out. 

 
Table A: Fish feed composition. 

Item Persentage 

Fat 4% 

Protein 18% 

Fibers 2.6% 

 

F-2-Challenge test: 

 

 After 30 days of feeding, the fish were divided into three groups, first group; fish were fed on probiotic free 

feed ∕ 30 days then experimentally infected (Intra-peritoneal injected) with Pseudomonas fluorescens (0.1 ml of 

10
7
 cells / ml), the second group; fish were fed on feed supplemented with probiotic L. plantarum ∕ 30 days then 

challenged I/P with pathogenic Pseudomonas fluorescens (0.1 ml of 10
7
 cells / ml). The third control group was 

injected i.p. by 0.1 ml of saline.  

 All groups were kept under observation for 4 days to record the survival rates and clinical signs daily then 

samples for biochemical and molecular analysis were collected. 

 

F-3-Examination of growth performance:  

 

 Total length, total weight, liver weight and Gonad weight were measured before and after feeding 

utilization                                    

 

The growth parameters and feed utilization were calculated according to: 

 

Specific growth rate (SGR) = 100 (ln W2 – ln W1) T 
-1

 

 

 Where W1 and W2 are the initial and final weight, respectively, and T is the number of days in the feeding 

period. 

 

Feed conversion ratio (FCR) = FI (B2 + B dead – B1)
-1

 

 

 Where FI, B1 and B2 are the feed intake, the biomass at the start and end, respectively, and B dead is the 

biomass of the dead fish. 

 

Protein efficiency ratio (PER) = (B2 – B1) PI
-1
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 Where B1 and B2 are the biomass at the start and the end of the experiment, and PI is the protein intake.    

 

G- Biochemical analysis: 

 

1- Alanine aminotransferase activity (ALT) and Aspartate aminotransferase activity (AST): Colorimetric 

determination of ALT and AST activity were determined using a kit purchased from Sigma diagnostics 

based on the method developed by according to Cannon et al. (1974). 

2-  Total protein: Assay of total protein was carried by a test kit according to biuret method described by 

Weichselbaum (1946). 

3- Glucose was determined using glucose kits supplied by Boehring Mannheium kit, according to Trinder 

(1969).  

 

Examination of some immune genes response of probiotic fed fish against bacterial infection: 

  

RNA extraction from tissue: 

 

 Total RNA was extracted from livers of fish and then was purified using a spin column kit purchased from 

Fermentas life science Co. (Invitrogen Corporation) (Van Allen Way, Carlsbad, Canada) according to the 

manufacturer’s instructions. RNA samples were treated with DNase I (Ambion, UK) to remove contaminating 

genomic DNA and repurified by spin column. Then RNA samples were stored in –80
 o

 C until the process of 

reverse-transcriptase. 

 

SMART cDNA synthesis: 

 

 Two µg RNA was reverse transcribed with Revert Aid First Strand cDNA Synthesis Kit™ was purchased 

from Fermentas life science Co. (Invitrogen Corporation) Van Allen Way, Carlsbad, Canada using 

hexanucleotides and used as templates for Real-time PCR. 

 

Quantitation of IL6 and TNF- α by Real-time PCR: 

 

 Real-time PCR were performed by methods described previously (Zhang et al., 2008). Amplification and 

quantification of cDNA were performed in the Applied Biosystems 7300 Real-Time PCR, The 18S rRNA 

served as an internal control for normalization. Each sample was run in triplicate and mean values were 

reported. Normalized gene expression values were obtained using Light Cycler Relative Quantification 

software. Relative gene copy numbers were derived using the formula 2ΔCT where ΔCT is the difference in 

amplification cycles required to detect amplification product from equal starting concentrations of fish liver 

RNA. 

 To compare the accuracy of efficiency-corrected relative quantification, amplification efficiency was 

derived from standard curves. All standard curves for IL6, TNF-α and 18sRNA were linear over five or six 

orders of magnitude with the linear correlation coefficients higher than 0.99. The amplification efficiency for 

IL6, TNF-α and 18sRNA were between 98 and 104% and the difference between target and internal control 

genes was\5%. The 18sRNA gene was used as internal control gene.   

 

Results: 

 

 Lactobacillus plantarum was examined for its probiotic activity against the pathogenic P. fleurescence and 

revealed inhibitory effects and large inhibition zone (more than 9 mm). 

 

 
 

Fig. 1: Results of sensitivity test examining the efficiency of L. plantarum on the  pathogenic P. florescence. 
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 Bacterial count in the Probiotic Product and Feed Probiotic product and feed samples were cultured 

according to Mountzouris et al. (2007). Results were expressed as log10 colony-forming units per gram of 

product or grams in feed. In addition, based on the concentration of probiotic in feed (i.e., total anaerobe count) 

and the FI data, the intake of probiotic per treatment was calculated and expressed as log10 colony-forming units 

per chick perday.  

 

Before treatment with pathogens: 

 

 Total count of Lactobacillus plantarum free cells in the fish feed counted 4 × 10 
4 

 cfu/gm and the count of 

Lactobacillus plantarum cells in microencapsulated was 3×10
6    

cfu/gm. The count in control (fish fed on feed 

without addition of probiotic) was zero. 

 

After the experimental infection with pathogens: 

 

Intestine sample (The count of Lactobacillus plantarum cells): 

 

 Investigation of group 1(fish fed on feed without probiotic) the count was zero, group 2 (fish were fed on 

feed +probiotic ∕ 30 days then experimentally infected with Pseudomonas fluorescens) the count was 3 × 10 
4  

cfu/gm and  group 3 (fish were fed on feed without probiotic ∕ 30 days then experimentally infected with 

Enterobacteriacae the count was zero. The data indicated that the count of Lactobacillus plantarum in intestine 

was stable. 

 

Effect of addition of L. plantarum cells into fish feed on the growth and disease resistance: 

 

Growth performance: 

 

 A pronounced increase in the growth rates of probiotic-fed fish compared to the control concerning  the 

body weight gain as well as Dry feed intake (DFI), food conversion ratio (FCR) and protein efficiency ratio 

(PER)  of Nile tilapia (O. niloticus) was clear (Table 1). 

 
Table 1: Growth performance of Nile tilapia (O. niloticus) fed diet containing probiotic bacteria.                                                                                                                   

Items Control  Fish Fed on L. plantarum 

Initial weight (g/fish) 15.2 ± 0.04 a 16.4 ± 0.009 a 

Final weight (g/fish) 21.27 ± 0.465 b 27.816 ± 0.040 b 

Weight gain (g/fish) 6.03 ± 0.474 b 11.416 ± 0.049 a 

Weight gain (%) 39.59 ± 3.25 b 69.61 ± 1.12 a 

Survival (%) 80 91 

The same letter in the same row is not significantly different at P<0.05. 

 

Table 2: Dry feed intake (DFI), food conversion ratio (FCR) and protein efficiency ratio (PER)  of Nile tilapia (O. niloticus) fed diet 
containing probiotic bacteria. 

Items Control  L.plantarum 

DFI 9.59 ± 0.343 ab 13.61 ± 0.013 a 

FCR 1.526 ± 0.014 a 1.642 ± 0.021 b 

PER 3.026 ± 0.052 ab 3.323 ± 0.011 a 

The same letter in the same row is not significantly different at P< 0.05. 

 

Challenge test fish mortality: 

   

 L. plantarum had a probiotic effect with fish. The mortality rate was 25% of O. nilotecus fed on a diet 

containing L.plantarum for 30 days and challenged i.p. by pathogenic P. fleurecence (0.1ml 0f 10
7
 cells/ml) 

compared to 40% mortality in fish fed on diet not supplemented with L.plantarum. 

 

Biochemical analysis: 

   
 The plasma glucose concentration of the fish control group was 89.27± 2.14 (mg %). Data presented in 

Table (3) indicated that fed of O niloticus with probiotic induced an increase in the plasma glucose compared to 

the control group. Plasma total proteins, AST and ALT were increased significantly in fish fed with diet 

containing probiotic (4.02
 
± 0.201 , 81.56

 
± 3.23and 24.64

 a
 ± 1.03 g/L, respectively) where the control group 

was 3.65
 
± 0.053

 , 
81.02

 
± 2.54

   and    
24.19 ± 2.09

 
(g/L), the average level of plasma LDH activity in fish control 

group was (169.76
 
± 8.16

 
IU/L). As shown in Table (3), the lactate dehydrogease was significantly decreased in 

fish fed with diet containing probiotic (155.1
 a
 ± 4.32). 

http://ps.fass.org/content/89/1/58.full#ref-24
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Table 3: Changes in glucose levels, total proteins, aspartate aminotransferase (AST), alanine amino transferase (ALT) and lactated 

dehydrogease  (LDH) activities in plasma of Nile tilapia (O. niloticus) fed diet containing  probiotic bacteria. 

Items      Control        L. plantarum 

Glucose (mg/L) 89.27 ± 2.14 a 101.03 ± 2.351 ab 

Total protein (g/L) 3.65 ± 0.053 a 4.02 ± 0.201 b 

AST(IU/L) 81.02 ± 2.54 a 81.56 ± 3.23 a 

ALT (IU/L) 24.19 ± 2.09 a 24.64 ± 1.03 a 

LDH (IU/L) 169.76 ± 8.16 a 155.1 ± 4.32 b 

The same letter in the same row is not significantly different at P<0.05 

 

Immune genes response and probiotic: 

 

 RNA was extracted in this study for identification of some immune genes expression against bacterial 

challenge in case of using L. plantarum as an immune stimulant in tilapia fish. Results indicated that IL6 and 

TNF genes levels of expression elevated in group 1(P. flurescence infected fish fed on probiotic free feed) 

compared to group 3 (Non infected fish fed on probiotic supplemented feed) which means that these genes have 

their role in case of infection with P. flurescence bacteria as an immune genes, moreover it was noticed from 

group 3 data that utilization of the probiotic L. plantarumin tilapia feeding increased the expression of IL6 and 

TNF in case of the infection with P. flurescence bacteria. 

 

 
 

Fig. 2: Graphical analysis of Interleukin 6(IL6) and tumor necrosis factor (TNF) gene expression levels in 

Oreochromis niloticus from group 1 (P. flurescence infected fish fed on probiotic free feed ), group2 

(P. flurescence infected fish fed on probiotic supplemented feed and group 3( non infected fish fed on 

probiotic supplemented feed ).Data expressed as mean±SD. 

 

Discussion: 

 

 Probiotics, which are micro-organisms or their products with health benefit to the host, have been used in 

aquaculture as a means of growth enhancement and diseases control, supplementing or even in some cases 

replacing the use of antimicrobial compounds. The mode of action of the probiotics is rarely investigated, but 

possibilities include competitive exclusion, i.e. the probiotics actively inhibit the colonization of potential 

pathogens in the digestive tract by antibiosis or by competition for nutrients and / or space, alteration of 

microbial metabolism, and/or by the stimulation of host immunity (Irianto and Austin, 2002a). Probiotics may 

stimulate appetite and improve nutrition by the production of vitamins, detoxification of compounds in the diet, 

and by the breakdown of indigestible components (Irianto and Austin, 2002a). Thus the use of probiotics can 

improve the nutrition level of aquacultural animals and improve immunity of cultured animals to pathogenic 

microorganisms. In addition, the use of antibiotics can be reduced and frequent outbreaks of diseases can be 

prevented. 

 In the present study, L .plantarum showed inhibitory effects in vitro and against P. fleurescence. L. plantarum 

fed fish revealed mortality rate 25% at 10
7
 cells / g of feed among O. niloticus challenged by P. fleurescence 

compared to 40% mortality in fish fed on diet not supplemented with L. plantarum. This finding is supported by 

Tovar-Ramírez et al. (2004) results which indicated that the growth and survival of larvae of sea bass fed 1.1% live 

yeast was significantly higher than the control.  

 In this report tilapia final weight, weight gain, specific growth rate, survival rate feed intake and protein 

efficiency ratio were increased among O. niloticus fed a diet containing L. plantarum. These results are in agreement 

with Rengpipat et al. (1998) and Prabhu et al. (1999) who reported that the probiotic enhanced the growth rate of 

shrimps and maintaining water quality parameters. Survival of shrimps was significantly greater in treated group 

compared with the control group.  
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 Lactic acid bacteria had an effect as growth promoter on the growth rate in juvenile carp but not in sea bass 

(Noh et al., 1994). Emterococcus faecium had also been used to improve growth when fed to sheat fish, Silurtes 

glanis L (Bogut et al., 2000). In his report, Riquelme et al. (1997) studied the naturally occurring bacteria which are 

able to promote the growth and survival of Argopecten purpuratus larvae by inhibiting the activity of other bacteria 

that flourish in hatchery cultures. Kennedy et al. (1998) showed that the addition of a gram-positive probiotic 

bacterium increased survival, size uniformity, and growth rate of marine fish larvae (snook, red drum, spotted 

seatrout and stripped mullet). Thus, L. plantarum could be considered as a growth promoter in fish aquaculture 

 The plasma glucose concentration in this study was significantly increased in fish fed with diet containing 

L. plantarum. These results are in agreement with those of Peters et al (1988) who found elevated glucose levels 

in plasma of Salmo gairdneri when injected with Aermonas hydrophila or added to water of aquarium. On the 

other hand, the plasma total proteins increased significantly in fish fed with diet containing L. plantarum which 

is due to back as the result of the growth rates. These results disagree with those of Cruz et al. (1989) who found 

lower total protein in plasma of Salmo gairdneri when injected with Vibrio anguillarum extracellular products 

intramuscularly. The present study indicated also that, the LDH activities in plasma of O niloticus were 

significantly decreased where AST and ALT were in comparable rates as the control in the fish fed with diets 

containing L. plantarum. This present result is in accordance with Palikova et al (2004) who indicated decrease 

of enzyme activities (LDH) in Cyprinus carpio after exposure to extract of Cyanobacteria. 

 Much less work has been directed at the immunological enhancement of defense mechanisms of fish by 

probiotic bacteria or the protective mechanisms of probiotic bacteria in fish (Nikoskelainen et al., 2003). 

Numerous trials were conducted with microorganisms known as probiotics to improve culturability of food 

species and to improve human health and welfare. Appropriate probiotic applications were shown to improve 

intestinal microbial balance, thus leading to improve food absorption (Parker, 1974; Fuller, 1989), and reduced 

pathogenic problems in the gastrointestinal tract (Lloyd et al., 1977; Goren et al., 1984). 

 Modulation of the immune system is one of the most plausible mechanisms underlying the beneficial 

effects of probiotic bacteria on fish health. Presently, the specific probiotic cell products responsible for 

immunomodulation are largely unknown.  

 In this study, Lactobacillus plantarum was investigated to influence the expression of cytokines interleukin 

6 (IL-6) and TNF-α , a clear elevation in the level of expression of cytokines under study was noticed in 

probiotic fed fish in association with P. florescence infection compared to infected fish fed on probiotic free 

feed and control non-infected fish as well. 

 In a study utilized administration of L. plantarum in the diet at 10(10) cfu (kg diet) (-1) , it induced immune 

modulation and enhanced the immune ability of L. vannamei, and increased its resistance to V. alginolyticus 

infection (Chiu et al., 2007).  

 Our study also is supported by the finding of Pérez-Sánchez et al., 2011 who reported that mRNA levels of 

IL-10 and TNF-α gene expression were significantly up-regulated by L. plantarum after L. garvieae infection, 

suggesting that L. plantarum can stimulate the immune response of rainbow trout. Cammarota et al., 2009 

analyzed the probiotic potential of L. plantarum DSMZ 12028 in vitro using the pathogen E. coli K4 and a 

certified probiotic, L. paracasei F19, as controls. Adhesion to intestinal epithelial cells was evaluated using two 

cell lines, CaCo-2 and HT-29, it was demonstrated that L. plantarum DSMZ 12028 probiotic induced a 

proinflammatory response just above the "threshold level", which could prevent an inflammatory outcome, 

while inducing a higher state of alertness in the defense system of the host intestinal epithelial cells. All the 

previous results could prove that L. plantarum has a good effect as immunostimulant revealing high immune 

genes expression patterns against bacterial pathogens but much future studies are needed to get insight into the 

probiotics roles as growth promoters and immunostimmulants in aquaculture as a great prospective tool to 

improve its productivity. 

 

Conclusion: 

 

 L.plantarum was clearly beneficial for cultured O. niloticus when administered as a food additive. It is 

argued that such probiotic has a role in disease control strategies, growth promotion and immunostimulation. 

Further studies are needed in this field as this strategy strengthens and help understanding the role of probiotics 

looking for the alternative health management strategy for developing aquaculture productivity. 
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