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ABSTRACT

A 12-week feeding trial was conducted to evalubeedffect
of dietary probiotic Saccharomyces cerevisiae andLactobacillus
acidophilus at a concentration of (Yu/ml).Three
isonitrogenous (300 g CP kgdry matter, DM) and isocaloric
(3500Kcal metabolizable energy k®M) diets were formulated
and probiotics was supplemented in the experimedigts.
Fingerlings averaging 2.80+£0.05g were randomlyrithisted into
18 glass aquaria (160 liter) and each aquariumirpldl5 fish
and randomly assigned to one of six replicateshefdiets and
offered feed at a daily rate of 5% of the totah fisomass. After
12 weeks, fish fed the diets supplemented withitweprobiotics
showed significantly better final weight, body l#mgspecific
growth rate, weight gain, feed intake, feed corieersatio and
protein efficiency ratio than those fed the contdiét. The
highest red blood cells count (RBCs), Hemoglobinb)(H
hematocrite (Hct), and the lowest mortality ratereveecorded
for fish fed the diet supplemented witls cerevisiae
supplemented compared to the other two groups. fédhthe
diet supplemented wit8. Cerevisiae followed byL. acidophilus
recorded the lowest (P<0.001) serum transaminaggnmess
(alanine transaminase, ALT and aspartate transamirfsST).
Fish fed S cerevisae and L. acidophilus supplemented diets
showed the lowest significant (P<0.001) count otrobial
content in surface and muscles of Nile tilapia.

INTRODUCTION

The culture of Nile tilapiaQreochromis niloticus, is one of the most rapidly
expanding industries in Egypt (Abdel-Hakist al., 2001a&b). However, factors
including diseases and pollution cause massiveatityrin the leading fish countries
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(Wanget al., 2005). The diseases that brought the most impatietindustry include
viral infections and bacteriosis. Conventional &aghes to control diseases with
chemicals include use of antimicrobial drugs, pedtis, and disinfectants (Gomez-
Gil et al., 2000). Unfortunately, the abuse of such antimiiaishin disease prevention
and growth promotion can lead to the evolutionesistant strains of bacteria (Esiobu
et al., 2002). Therefore, the research of probiotics fquadic animals is increasing
with the demand for environment-friendly aquacwdt(ivehisaret al., 2015, Hassaan
and Soltan, 2016).

To our knowledge, the first application of probestiin aquaculture was
relatively recent (Kozasa, 1986), but the internessuch safe and high effective
function is increasing rapidly (Gatesoupe, 1999he Tmicroorganisms used as
probiotics, including yeasts, Bacilli, lactic adidcteria, Pseudomonads and so on,
have been evaluated in aquatic anim@sng and Gatesoupe, 1998; Irianto and
Austin, 2002). Among lactic acid bacteria, incluglisomeEnterococcus faecium (E.
faecium) strains are non-pathogenic, with an ability tedarce lactic acid and
bacteriocin (Herranet al., 2001).

The aim of this study was to analyze the effectaoprobiotic bacterium,
Saccharomyces cerevisiae andLactobacillus acidophilus on growth performances and
immune responses of tilapi@.(niloticus).

MATERIAL AND METHODS

The present study was carried out at the laboragbfish Nutrition, Faculty of
Agriculture, Benha University, Egypt with coopeaatiof Regional Center for Food &
Feed (RCFF), Agriculture Research Center, Egype ®Rperimental started af'1
August 2013 and continued until ®®ctober of the same year (12weeks). It was
aimed to assess the role $dccharomyces cerevisiae and Lactobacillus acidophilus
bacteria as probiotic with special emphasize asdale in culturedD. niloticus as a
growth promoter and immune stimulant agent.

All-male Nile tilapia, O. niloticus fry (2.80+0.03g) were obtained from private
farm, Kafr EI-Sheikh Egypt. Fish were acclimated to the experimentalddgons for
two weeks during acclimation period; fish were fed a control diet at a level of 5% of
biomass Settled fish wastes with one half of water wegghsned daily and water
volume was replaced by aerated tap water fromttirage tank. The experiment was
conducted in eighteen glass aquaria
Design of the experiment

The present study was carried out to assess tleeofdbh cerevisiae and L.
acidophilus as a probiotic on growth performance, feed uti@atimmune response
and the effect of these probiotics on microbialteah of muscles and surface ©f
niloticus. Therefore, three treatments were planned in epkcates aquaria for each
treatment. Each aquarium was stocked with 15 fishsapplied by air pump.

Tablel: Experimental design of the present study.

Group Treatment Probiotic (ml/kg diet)
T1 S. cerevisiae 20ml/kg (16cfu/g)
T2 L. acidophilus 20ml/kg (16cfu/g)
T3 Control Negative
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Preparation of Experimental diets:

Experimental diets were described previously bysHaset al., (2014) dry ingredients
were homogenized mixture grinder. All dry ingredéewere thoroughly mixed with soybean oil,
and vitamins and minerals mixture, and then, pgdsia mixed feed through a laboratory pellet
(2-mm die) in National institute of Oceanography &isheries, Cairo Governorate, Egypt (CMP
California pellet Mill, San Francisco, CA, USA),chstored at-ZAC until used. The control diet
was formulated using the ingredients as descrilpeldttze proximate analysis of the basal diet
according to the AOAC (1995) in Table 2.

Table 2: Composition of the basal diet (g/kg) ahdroical analysis.

Ingredients Control
Fish meal 160
Soybean meal 340
Yellow corn 350
Gultain 40
Wheat flour 70
Soybean oil 20
Vita & Min * 20
Chemical analysis (%Dry matter basis)

Dry matter 91
Crude protein 30
Crude lipid 8
Crude fiber 5.4
Ash 6
NFE” 46.8
ME? 3504 (Kcal/Kg)

Vitamin and mineral mix (mg or g/ Kg diet): MnSO4, 40 mg; MgO, 10 mg; K2S04, 40 mg; ZnCO3,

60 mg; KI, 0.4 mg; CuSO4, 12 mg; Ferric citrate, 250 mg; Na2SeO3, 0.24 mg; cholecalciferol, 4000

IU; a-tocopherolacetate, 400 mg; menadione, 12 mg; thiamine, 30 mg; riboflavin, 40 mg and
pyridoxine, 30 mg?NFE (Nitrogen free extract) =100-(crude proteinipid + ash +fiber content).
3Metabolizable energy (kJ g-1), calculated basetherphysiological fuel values according to (Brett,
1973).

Probiotics strains:

Bacterial strains o$. cerevisiae andL. acidophilus were obtained from food safety lab,
Regional Center for Food and Feed (RCFF), Agricaltdesearch Center (ARC), and were
kept at -26C until the start of the experimental.

Media and reagents, for S. cerevisiae and L. acidophilus prepar ation:
The media used and their ingredients and pH areries in Table 3.
Preparation of S. cerevisiae suspension:

S cerevisiae was propagated into Rose Bengal Agar and incutmt@&C for 5 days,
and the growth was harvested, then washed thregstand re-suspended in Brain Heart
Infusion Broth (Table 3). The suspension incubate87?C for 24 hours. Counting the colony
forming unit per ml transfer an aliquot of prepasainple (10" to a tested tube contains 9
ml folds of Buffered peptone water (Table 3) frorhigh 1 part is taken to another test tube
containing 9 ml folds of the Buffered peptone watehave a final dilution of 18 Continue
in this manner till reaching to level 1@nicroorganisms per ml taking into account good
mixing with vortex in each step. One empty and giegtlized petri dish is inoculated with a
known amount of each dilution before adding abd&mllof molten Rose Bengal Agar (Table
3) previously cooled at 46. Mix the inoculums and the medium thoroughly.ulnate the
inverted dishes at 2B for 5 days. Selected average values between AGanies and
report the result multiplied by the dilution factor
Preparation of L. acidophilus suspension:

L. acidophilus was propagated in to MRS Table 3 and incubated@ ®r 48 hours,
and the growth was harvested, then washed threestend re-suspended in Brain Heart
Infusion Broth Table 3. The suspension incubate®AC for 24 hours to have a final
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concentration 10microorganisms per ml. Counting the colony formimit per ml transfer an
aliquot of prepared sample (10to a tested tube contains 9 ml folds of Buffepegptone
water Table 3 from which 1 part is taken to anottest tube containing 9ml folds of the
Buffered peptone water to have a final dilutionl6f. Continue in this manner till reaching
to level 10" microorganisms per ml taking into account good mxivith vortex in each step.
One empty and pre-sterilized petri dish is ino@datvith a known amount of each dilution
before adding about 15 ml of molten MRS (Table B)vusly cooled at 4&. Mix the
inoculums and the medium thoroughly. Incubate isbes$ in inverting position at 2@ for 2
day. Selected average values between 10-100 celanig report the result multiplied by the
dilution factor.

Table 3: Description of media which used in isalatof S. cerevisiae, L. acidophilus and enumeration
of microbial content

Media Ingridients per (g /1) pH
Peptomeat 10 g

Buffered peptone | Sodium Chloride 5 g

water (Biolife) Disodium Phosphate 3.5 g
Monopotassium Phosphate 1.5 g
Mycological peptone 5.000
Dextrose 10.000

Monopotassium Phosphate 1.000
Magnesium sulphate 0.5 7.2+0.2
Rose bengal 0.05 at 25C
Chloramphenicol 0.1
Agar 15.5

Tryptone 5.0g

Yeast extract 2.5g 7.0 £0.2
Glucose 1.0g at 25C
Agar 9.0g

Enzymatic digest of casein 10g

Beef extract 10g

Yeast extract 4¢g

Glucose 20g

Di-potassium Hydrogen Phosphate 2¢g

Sodium Acetate 5¢g

Tri-ammonium Citrate 29

Magnesium Sulphate hepta hydrate 0.2g Manganoyh&ul
tetetra hydrate 0.05g

Agar 15¢g

Tween 80 1g

The required quantity was prepared as mentionethbymanufacturer;® ° required quantity was
prepared as mentioned by the manufacturer theredanrsterile Petri dishes.

7.0+£0.1
at 25C

Rose bengal agar
(LAB M)?

Plate count agar

7.2£0.2
MRS Agar at 25C

(BIOLIFE)®

Probiotic supplemented diets:

The probiotic test diets T1 and T2 were preparedgemtly spraying the required
amount of bacteria suspension on the control didtraixing it part by part to obtain a final
probiotic concentration (£6fu/g). The probiotic test diets T1 and T2 werekeakcin sterile
poly propylene containers and stored i fbr viability studies. Storage period over 14 days

period. New diets were prepared bi-weekly to ensoaé high probiotic levels remind in the
diets for the duration of the trial (Sebhal., 2010).
Feeding system:

Fish were fed the experimental diets at a rate%ftwice daily at 8.00 am and 4 pm
hours. Fish in each aquarium were sampled biweekly feed amounts were adjusted
according to the new fish biomass. Dead fish wexity decorded and removed. The feeding
period in the experiment lasted 12 weeks.
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Water quality:

Water temperature was recorded daily at 1.00 pmgusi mercury thermometer.
Dissolved oxygen (DO) was measured at 07.00 anguéBi model 56 oxygen meter (YSI
Company, Yellow Springs Instrument, Yellow Spring3hio, USA). Total ammonia and
nitrite were measured twice weekly using a DRELQ®6pectro-photometer (Hash Company,
Loveland, CO, USA). A pH was estimated at morniggubing a pH meter (Orion pH meter
400, Abilene, Texas, USA). Water temperature ranged from 27.20 to 29.25°C; dissolved
oxygen (DO) ranged between 5.32 and 6.81 mg/l; pH values ranged between 8.04 and 8.30
and total ammonia ranged from 0.18 to 0.2 mg/ltfer different treatments during the entire
experimental period (90 days) of the study. Alkedswater quality criteria (temperature, pH
value, DO and total ammonia) were suitable andiwithe acceptable limits for rearing.
niloticus fingerlings (Boyd, 1990). A photoperiod of 12-lght, 12-h dark (08:00-20:00 h)
was used via fluorescent ceiling lights supplieslittumination.

Growth performance and feed utilization parameters:

Records of live body weight (BW/g) and body len(B/cm) of fish were measured in
all fish for each pond and registered every 14 (ap weeks) during the experimental
period. Growth performance parameters were measiyeding the following equations:
Condition factor (K) = (W/E) x 100
Where: W = weight of fish in grams and L = totaid¢h of fish in “cm”.

Weight gain (WG) = final weight (g) — initial weigkg).

N LnW2-LnW1
Specific growth rate (SGR) % X100

Where: Ln = the natural log; W& first fish weight; W = the following fish weight in
grams and t = period in days.

Feed conversion ratio (FCR) = Feed ingested (g@WWeajain (g)

Protein efficiency ratio (PER) = Weight gain (g@iin ingested (g)

Survival rate: (SR) = (Z/X) x 100, Where, Z is thaviving fish number and X is the initial
fish number.

Blood sampling:

At the end of the experiment, blood samples cat:dtom the caudal vein in clean tube
with 10 % EDTA solution to determine red blood s€IRBCs), hematocrit (Hct), hemoglobin
(Hb) and differential leukocytes (WBCs). Blood sd@gpof the other fish were collected also
from the caudal vein in clean dry centrifuge tuldespt for 15 minutes and centrifuged at
3000 rpm for 10 minutes, then kept frozen at -2@6Cdetermination of blood chemistry,
asparatate amino transferase (AST) and alaninecatmginsferase (ALT).

Hematological Parameters:

Hematocrite (Hct), was determined as described kjtnfan and Frankel (1957),
haemoglobin (Hb) was determined by the haemoglkibiwhich is a standardized procedure of
the cyanomet haemoglobin method and the total aafunwhite blood cells (WBCs) was carried
out by the indirect method (Marting al. 2004). Asparatate aminotransferase (AST) and
Alanine aminotransferase (ALT) activities were deti@ed according to the method
described by Reitman and Frankel (1957). Seruntiniea and uric acid were measured by
calorimetric method and enzymatic detremenationhods respectively as described by
(Henry, 1974).Total count of differential leukocgt@VBCs) was carried out by the indirect
method Martinset al. (2004) differential counting of leucocytes in thmears stained was
carried by Giemsa / May-Grunwald. Total leukocytamber was calculated by the formula:

Leukocytes/ul = (Leucocytes number in the smearythsocytes number/ pl) /2,000
erythrocytes counted in the blood smear.

Examination of microbial content of muscles of O. niloticus:

Microbiological analysis was performed accordingthie standard procedure for the
enumeration of respective group of microorganisiis. equipment and chemicals were
sterilized at 121°C (15lb pressure) for 15minufestal Plate Count (TPC): Tenfold dilution
of the homogenate sample were spread plated oe ptaint agar (oxoid) in duplicate and
incubated at 30°C for 48 hrs and counted usingngotmunter. Plates between 30 and 300
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were taken and recorded. Count for Total Colifoourtt and Faecal Coliform Count: Tenfold
dilution of the homogenate sample were spread glateViolet Red Bile agar (VRB-agar)
(Tabled) in duplicate and incubated anaerobicall$7aC and 44C for 24 hr. Staphylococci
count: Tenfold dilution of the homogenate sampleensgpread plated on Baird Parker agar
(oxoid) in duplicate and incubated at 37°C for §sd&almonella Count: Tenfold dilution of
the homogenate sample were spread plated on Btiltaeen agar (oxoid) in duplicate and
incubated at 37°c for 24hrs and counted using gotmunter. Total Fungal Count of the
homogenate sample were spread plated on Rose Beaggal (oxoid) in duplicate and
incubated at 25°c for 7 days and counted usingwgatounter.

Statistical analysis:

All data are presented as meanszt (SE). Growth, fedogy and blood chemistry data
were analyzed using one way ANOVA, followed by Dans multiple range tests which was
used to compare differences among individual meavith statistical software ANOVA
procedure (SAS, 2004). A probability of 0.05 wadiagd to account for the statistical
difference between the means. Before the analpsissentage data were normalized by
arcsine-transformation.

RESULTS AND DISCUSSION

Growth performance and feed utilization:

Results in Table 4 showed th@ niloticus fed the basal diet supplemented w&h
cerevisiae (T1) and fish group fed the basal diet supplementi¢l L. acidophilus (T2) showed
the highest significant (P<0.05) final body weigBW), body length (BL), weight gain (WG)
and specific growth rate (SGR) compared with figd fthe control diet (T3). The diet
supplemented witls. cerevisiae (T1) showed the highest significant (P<0.05) BW, Ve
SGR when compared with the diet supplemented Wwithcidophilus. Such increase in the
growth in aquatic animals that were fed probioiopplemented diets may be attributed to the
improved digestive activity due to enhancing thetkgsis of vitamins and enzymatic activities
(Soltanet al., 2016) consequently, improving digestibility anawgth performance. Since the
first use of probiotics in aquaculture, a growingmbper of studies have demonstrated their
ability to increase the growth rate and welfardavfned aquatic animals (Warmt al., 2005;
Wang and Xu, 2006; Wang, 2007). Here, for the first time, an enhancement of the growth rate
of the tilapia,O. niloticus, one of the most important farmed species forvibed, was as a
result of supplemented the aquaria water with jmtds (Table 4).

Table 4: Effect of probiotics supplemented dietsgnowth performance and feed utilization of Nile

tilapia
ltems Experimental Diets +SE
Tl T2 T3

Body weight (g) 16.57 | 15.84 | 10.55 +0.190
Body length (Cm) 9.81 |9.42 |[848 +0.050
Condition factor 1.47 | 1.45 1.47 +0.001
Weight gain () 11.93 | 10.18 | 5.74 +0.200
Specific growth rate (% day 360 |[32F |230 +0.270
Feed intake (g/fish) 21.17] 20.20 | 17.50 +0.100
Feed conversion ratio 182 | 270 | 3.3F +0.010
Protein efficiency ratio 1.52 [ 147 0.88 +0.040

Means within the same row sharing theesauperscript are not significantly different (F3%).

Probiotics have been shown to produce digestivgreeg such as amylase, protease,
lipase which may enrich the concentration of integt digestive enzymes. In addition,
probiotics inhibit the colonization of potentialtpagens in the digestive tract by antibiosis or
by the competition for nutrients and the alteratafrthe microbial metabolism (Gatesoupe,
1999). It also improves the nutrition by detoxifyithe potentially harmful compounds in
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feeds by producing vitamins such as biotin andmiitaB;,(Soltan and El-Laithy 2008 and
Hassaanet al.,2014) who found that supplementation of basal digh B. subtilis,
significantly (P<0.001) improved BW, BL, WG and SGR O. niloticus. Similarly, the
application ofE. faecium as a probiotic was found to enhance the growtfopeance of Nile
tilapia, O. niloticus (Wanget al., 2008).Al-Dohailet al., (2009) also illustrated that African
catfish Clariasgariepinus that were fed thel. acidophilus showed a better growth
performance than the control fish group.

Condition factor of fish is essentially a measufreetative muscle to bone growth and
the differing growth responses of these tissuafidbtreatment may be reflected by changes
in condition factor (lbrahinet al., 2000, Abou Zeaét al., 2008; Soltaret al., 2015).

Results of Table 4 showed that, supplementatiothef basal diets with each &
cerevisiae (T1) or L. acidophilus (T2) significantly increased feed intake, specgrowth rate
(SGR), protein efficiency ratio (PER) and improvyedd conversion ratio (FCR) compared with
O. niloticus fed the basal die. In practical terms, this metad the use of probiotics can
decrease the amount of feed necessary for aniroaltigrwhich could result in a reduction in
the production cost. Several studies on probidi@ge been published in recent years which
suggested that, probiotics provide nutritional igsén diets for tilapia fingerling (Fergusas
al., 2010).

Hematological indices:

Haemoglobin (Hb), hematocrit (Hct) and red bloodiscéRBCs) of O. niloticus
significantly increased when the basal diet supplaed withS. cerevisiae (T1) and fish
group fed the basal diet supplemented withcidophilus compared with fish fed the control
diet (T3). The diet supplemented with cerevisiae (T1) showed the highest significant
(P<0.05) hematological indices compared with theioexperimental diets (T2,T3,T5) (Table
5).

Table 5: Effect of probiotics supplemented dietsiematological indices of Nile tilapia

Treatments Haemoglobin (g/dl) Hematocrit (%)  Raabbl cells (1&/mnT)
S cerevisae 8.95 30.32 2.98
L.acidophilus 8.5F 28.17 2.46

Control 7.90 22.23 2.30

SE 0.14 0.89 0.09

Means within the same column sharing the same scipgr are not significantly different (P<0.05).

Hematology is an important factor that could besiered for the fish diet quality
assessment. Ologhobo (1992) reported that one ef nbst common blood variables
consistently influenced by diet is the hematodii)) @nd hemoglobin (Hb) levels. On the other
hand, O. nilaticus fed diet supplemented witB. subtilis(Soltan and El-Laithy, 2008) or
supplemented witRediococcus acidilactici (Fergusoret al., 2010) showed some variation (but
not significant) in Hb and Ht content among thetodrand fish groups fed diet enriched with
probiotics. Also, Marzoukt al. (2008) reported that both fish groups fed the sligtplemented
with deadS cerevisiae andBacillus subtilis showed significant (P<0.05) increase in the Helev
when compared with fish fed the control diet.

White blood cells and differential count:

White blood cells (WBC) count was significantly @€1) increased with each
probiotic treatments, and the highest value for W@nt 9.71x18mm® was recorded by
fish fed the diet supplemented with the probiosicderevisiae) followed by 9.53x18mmn’
fish fed the diet supplemented with the probiotic dcidophilus) while the lowest WBC
count 8.41x1®mn?® was recorded for the control group (fed the besstlwithout probiotics
(Table 6).
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Table 6: Effect of probiotics supplemented dietsiematological indices of Nile tilapia

Treatment
White blood | Monocytes | Lymphocytes Nutrophils Eosinophils
cell 10/mm?® (%) (%) (%) (%)
S. cerevisiae 9.7F 27.63 66.53 25F 3.33
L. acidophilus 9.53 27.66 66.80 2.23 3.37
Control 8.42 29.8F 64.1C 237 3.78
SE 0.23 0.26 0.54 0.99 0.14

Means within the same column sharing the same scipgr are not significantly different (P<0.05).

Obtained results are in agreement with those oddaloyZhouet al. (2010)who
found thatthe use oB. coagulans improved immunity. Also Panigrakt al. (2004) recorded
that, in aquaculture the dose of probiotics usuedlyies from1€cfu/g feed. The optimum
dose of a probiotics can vary with respect to laost also type of immune parameters. Song
et al., (2006) recorded high serum lysozyme, phagocytiviactof head kidney leucocytes
and complement activities i@. mykiss fed for 30 days with.actic rhamnosus strain at 18
cfu /g feed but not at a dose of t€u /g feed. Furthermore, there is stimulation giaticular
immune response with respect to different tissgaiodrianto and Austin (2002) revealed
that the feeding of Gram-positive and Gram-negapiabiotic bacteria at T(ells/g
of feed led to a notably increase in WBC count &afpthe nonspecific immunity via
neutrophils and macrophages.

M etabolism enzymes

Alanine aminotransferase (ALT) and aspertat amamdarase (AST) enzymes are
important liver enzymes. They indicators for livexalth and function through controlling the
transferring amino group function of alpha-amin@ado alpha-keto acids. Large amount of
ALT and AST are released into animal blood, modtlying liver cell damage.

Results of ALT and AST values as affected by fisth probiotic § cerevisae andL.
acidophilus) are presented in Table 7 and there were very $igificant differences in ALT
values betweers cerevisae group and the control group (P<0.001). From theaiokt
results we noticed that treated diets with probiol cerevisiae, or L. acidophilus
significantly decreased ALT and AST values compaoecbntrol group. Soltan and El-Laithy
(2008) found that, ALT and AST levels significantiecreased when Nile tilapia fed diets
supplemented with probiotics compared to contralugr Similarly, Wache@t al. (2006)
observed a decrease in the activity of AST, ALT #axdate dehydrogenase @ niloticus
after being fed with diet containifgseudomonas spp. and a mixture oMicrococcus |luteus
andPseudomonas spp.

Table 7: Effect of probiotics supplemented dietdioer enzymes of Nile tilapia

Treatments ALT(m/L) AST(m/L)
S cerevisae 82.08 15.95
L. acidophilus 81.4% 16.8P
Control 83.78 19.78
SE 0.34 0.13

Means within the same column sharing the same scipgtr are not significantly different (P<0.05).

Effect of praobiotics (S. cerevisiae and L. acidophilus) on microbial content in muscles of
Niletilapia
The effect ofS. cerevisiae and L. acidophilus is significant decrease the count of
microbial content in muscles of Nile tilapia (Tab®. The obtained results are in agreement
with Kesarcodi-Watsod al. (2008). Various ways exist in which probiotics lcbibe beneficial.
They can act either singly or in combinatidalhesion and colonization of the mucosal surfaces
are possible protective mechanisms against pathdgesugh competition for binding sites and
nutrients (Westerdahit al., 1991). Different lactobacilli have reduced the exibn of A.
salmonicida, C. piscicola and Yersinia ruckeri to intestinal mucus from rainbow trout (Balcégar
al., 2006).
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Table 8: Effect of probiotics supplemented dietsyarobial content in muscles of Nile tilapia

Treatments Microbial count

TPC TCC FCC Sal TFC
S. cerevisiae 2.26 0.39 0.16 0.17 1.26
L.acidophilus 2.37 0.3 0.1%8 0.12 1.97
Control 4.21 3.139 1.49 1.2P 2.79
SE 0.09 0.12 0.74 0.21 0.18

TPC=Total plate count, TCC=Total coliform count, &€Faecal coliform count, Sal=Salmonella count,
TFC=Total fungal count. Means within the same calusharing the same superscript are not
significantly different (P<0.05).
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