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ABSTRACT 

 
Four isonitrogenous (30% crude protein) and isocaloric (4.40 kcal/g) diets were formulated to containing 0.0% (control), 0.05, 0.1, 

and 0.2% Bio-Mos®. Fifteen fish of the same initial weight 6.46±0.02 (g/fish) were selected and randomly distributed into four 
experimental treatments in triplicates (75 x 40 x 50 cm as w, 1 and h 15 fish each). The feeding rate was 4% of live body weight for the 
first 3 weeks, and 3% for the rest of the experimental. Each diet was fed to triplicate aquaria of twice daily; five days a week for a period 
of (12 weeks). Fish in each aquarium were weighed biweekly and the amounts of given feed were readjusted according to the increase in 
body weight. The dead fish if occurred was daily recorded and removed. The diet containing 0.2% Bio-Mos® resulted in the highest (P < 
0.05) growth performance compared to other diets. Feed conversion ratio (FCR) improved significantly with the diet contained 0.2 % Bio-
Mos®. Looks like FCR, protein efficiency ratio (PER), apparent protein utilization (APU), and energy utilization (EU) were significantly 
improved by Bio-Mos® supplementation in comparison to the control and their optimum values were obtained at 0.2 % Bio-Mos®. In 
regard to whole body composition, moisture and ash contents were not significantly affected by Bio-Mos® supplementation. Protein 
contents increased, while lipid contents decreased significantly with increasing Bio-Mos® levels in fish diet. An improvement in 
hemoglobin (Hb), red blood cell (RBCS), hematocrite (Ht), total protein, serum albumin concentration and globulin was observed, while 
there were decreases in creatinine, urea, aspartate aminotransferase (AST), alanine aminotrans-ferase (ALT), and glucose levels in fish fed 
0.2% Bio-Mos® diet. Bio-Mos were found to have an antibacterial activity antagonistic to pathogenic Aeromonas hydrophila infection in 
fish. Lysozyme and bactericidal activities of fish increased significantly in fish fed on Bio-Mos® enriched diets. The reduction in feed cost 
to produce one kg fish gain in diet containing 0.2 % Bio-Mos® diet level compared with the control diet was 20.36%.  
 
Key words: Bio-Mos®, mannan oligosaccharide, Nile tilapia, growth performance, feed utilization, whole-body composition, biochemical 

profile, innate immunity, A. hydrophila, lysozyme, bactericidal activity and economic evaluation. 
 

 
INTRODUCTION 
 

Feed additives are widely used in fish rations in 
small quantities to improve the growth performance 
and economical efficiency. Additives such as 
vitamins, trace minerals, growth promoters, 
absorption enhancers technological additives, 
antimicrobial agents, metabolic modifiers, and 
prebiotics have demonstrated a positive effect [28].   

One of the feed additives used in fish diets in 
prebiotics. Prebiotics  are  non digestible  
carbohydrates  (NDCs)  that selectively  stimulate  
the  growth  and  metabolism  of health-promoting  
bacteria already  present in the host gut. This leads to 
increased growth rate (improvement of nutritional 
metabolism) and better health of the host [3]. Among 
the most common prebiotics, Bio-Mos®, which 
derived from a specific strain of Saccharomyces 
cerevisiae and composed of the outer cell wall. Bio-
Mos® is rich in mannan oligosaccharide, which 
promotes fish growth, improves feed efficiency and 

modulates the immune response [47,53]. For 
example, rainbow trout, Oncorhynchus mykiss, fed 
Bio-Mos® supplemented diet showed improved 
growth performance compared to controls [47]. In 
European sea bass, Dicentrarchus labrax, dietary 
Bio-Mos® enhanced growth [53]. Immune responses 
to fish fed Bio-Mos® have also been variable. For 
example, mortality was reduced and lysozyme and 
complement activity were increased in rainbow trout 
fed Bio-Mos® [47]. In European sea bass, there was a 
positive correlation between lysozyme and 
alternative complement pathway activities in blood 
and inclusion levels of dietary Bio-Mos® [53].  

Nile tilapia, Oreochromis niloticus (L.) is an 
ideal candidate for aquaculture especially in 
developing countries because of their fast growth, 
tolerance to a wide range of environmental condition 
such as temperature, salinity, low dissolved oxygen, 
ect, resistance to stress and disease, ability to 
reproduce in captivity and short generation time, and 
feeding on low trophic levels and acceptance of 
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artificial feeds, immediately after yolk sac, 
absorption.  

Bacterial diseases are one of the limiting factors 
for fish culture including Nile tilapia. In particular, A. 
hydrophila causes mass mortalities in several species 
and is the etiological agent of several diseases 
[34,35,25]. 

Generally antibiotics are used in fish diets but 
there are many attempts to improve the innate 
immunity via using natural substances. Therefore, 
this study was conducted to evaluate the effects of 
the commercial Bio-Mos® supplement on growth 
performance, feed utilization, survival rate, whole 
body composition, biochemical profile, innate 
immunity of Nile tilapia.   

 
Materialsa and Methods 

 
Four experimental diets were formulated 

(30% crude protein and 7% lipid) containing 0.0, 
0.05, 0.1 and 0.2% of Bio-Mos® (valu vit company, 
Cairo, Egypt). The proximate chemical 
composition of the Bio-Mos® and main diets 
ingredients are shown in Table (1). Dietary 
formulation and proximate  composition of the 
experimental diets are shown i n  Table (2). The 
dry ingredients of each diet were thoroughly mixed, 
and 100 ml of water was added per kg diet. 
Afterwards, the mixture (ingredients and water) was 
blended using a kitchen blender to make a paste of 
each diet. Pelleting of each diet was carried out by 
passing the blended mixture through a laboratory 
pellet machine with a 1-mm-diameter die. The pellets 
were  dried  in a drying  oven  for 24 hours  at 85◦C 
and  stored  in plastic  bags in  a  deep freezer at 
−20C until use.  The  caloric  value   as  digestible  
energy  (DG) of each  ingredient was  estimated on  
the  basis  of 5.65 kcal  DE/g  protein, 9.45 kcal  
DE/g lipid, and  4.11 kcal  DE/g of carbohydrate 
(NRC,  1993). 

All-male Nile tilapia, O. niloticus, fingerlings 
(treated with 17 α- methyl testosterone hormone) 
were obtained from the Central   Laboratory for 
Aquaculture Research, Abbassa, Abou-Hammad, 
Sharkia, Egypt.  Fish were held in a fiberglass tank 
for two weeks for acclimation, during which they 
were fed a control diet containing 30% crude protein. 
Fifty fish were frozen at −2 0C for initial proximate 
whole body analysis.  

 
Acclimated Nile tilapia (6.46g±0.02) was 

distributed randomly at a rate of 15 fish/140-L 
aquarium. Each aquarium was aerated by using 
small pumps. Settled fish wastes along wi t h  a 
half of the aquarium water were siphoned daily, 
and water volume was replaced by aerated and 
dechloronated tap water from a storage tank. 
Fish in all treatments were f e d  throughout the 
12 weeks s t ud y  at a rate of 4% of live body 
weight for the first 3 weeks, and 3% for the rest of 

the experimental twice daily a t  9:00 and 13:00.  
Fish in each aquarium were sampled biweekly and 
the amount of feed adjusted accordingly. Dead fish 
were daily recorded  and removed. At the end of 
the study, f i sh  were individually weighed and 
measured. Fish growth parameters and feed 
utilization were calculated as follows: 

Weight gain = W2   – W1; 
Specific growth rate (SGR) = 100 (ln W2   – 

ln W1)/T,  
Where W1 and W2   are the initial and final 

weights, respectively, and T is days of the 
experimental period; 

Feed conversion ratio (FCR) = feed 
intake/weight gain;  

Feed efficiency ratio (FER) = weight 
gain/feed intake;  

Protein efficiency ratio (PER) = weight 
gain/protein intake; 

Apparent   protein   utilization ( APU % ) = 
100[protein gain in fish 

(g)/protein intake in  diet (g)]; 
Energy utilization (EU %) = 100 [Energy gain 

in fish (g)/energy intake in diet (g)]. 
 
Diets and fish were analyzed according to 

standard methods (Association of Official Analytical 
Chemists 1990) for moisture, protein, total lipids, 
and ash. Moisture content was estimated by drying 
samples in an oven at 85◦C until constant weight 
was achieved. Nitrogen content was measured using 
a micro-kjeldahl apparatus, and crude protein was 
estimated by multiplying total nitrogen content by 
6.25. Total lipid content was determined by ether 
extraction, and ash was determined by combusting 
samples in a muffle furnace at 550◦C for 6 h. Crude 
fiber was estimated according to [18].  Gross energy 
was calculated according to [29]. 

 
Water samples were collected biweekly for 

chemical analysis. Dissolved oxygen and  
temperature were  measured on site  using  a YSI 
oxygen meter (model  58,  Yellow  Spring  
Instrument  Co.,  Yellow  Spring,  OH). Unionized 
ammonia was measured using a HACH kit (HACH 
Co., Loveland, CO). The pH was measured using a 
pH–meter (Fisher Scientific, Denver, CO) [6]. 

 
At the  end  of  the  experimental period, three  

fish  from  each  aquarium  were  taken  for 
physiological investigation. Fish were not fed for 24 
h prior to blood sampling. Fish were   anaesthetized 
using buffered tricaine methanesulfonate (20 
mg/L), and blood was collected from the caudal 
vein with a sterile syringe and divided equally 
among three clean and dry tubes.  The first  part  
was  centrifuged at  3,000  g  for 15 min  and  the  
serum was  stored  at −20◦C for further assays. The 
second   part was mixed   with sodium   fluoride  as 
an anticoagulant and centrifuged at 3000 g for 15 
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min for separation of plasma for glucose analysis. 
The  last part  was mixed  with  EDTA solution  for 
measuring hemoglobin (Hb),  red blood  cell  
(RBCS),  and  hematocrite (Ht). Hemoglobin level 
was determined colorimetrically using a 
spectrophotometer according to [48]. Hematocrite 
was determined using the microhaematocrit method 
[43]. Red blood cells were determined according to 
the method described by [30]. Total lipid content 
was determined colorimetrically according to Joseph 
et al. Total protein content was determined 
colorimetrically according to Henry [20]. Urea was 
determined according to Patton and Crouch [31]. 
Creatinine was determined calorimetrically 
according to Henry [21]. Glucose was determined 
colorimetrically according to Trinder [54]. AST and 
ALT activities were determined calorimetrically 
according to Reitman and Frankel [36].     

After  the  feeding  trial,  fish  of  each   
treatment   were   divided into  two  groups; the  first 
group was  injected intraperitoneally  (IP) with  
pathogenic A.  hydrophila (0.2 × 1010 cell/ml), which 
was  obtained from  Fish  Disease Department, 
Central Laboratory for Aquaculture Research, 

Egypt. The second group was injected IP with 0.2 ml 
of saline solution and used as a control. Both groups 
were kept under observation for 10 days, and 
incidences of daily mortality were recorded. After 
infection of A. hydrophila, Lysozyme activity and 
Serum bactericidal activity were determined 
according to Schaperclaus et al. [44].  

The  cost  of  feed   required  to  produce  a  unit  
of  fish  biomass   was estimated  using   a  simple   
economic evaluation.  The  estimation  was   based 
on  the  local  retail  sale  market  price  of  all  the  
dietary ingredients at  the time  of  the  study.   
These  prices  (in  LE/kg)  were   as  follows: herring   
fish meal,  15; soybean meal,  4.0 LE;  corn meal,  
2.50 LE;  wheat  bran,  2 LE;  starch,  4.0 LE; fish  
oil,  12 LE;  corn  oil,  10 LE;  vitamin  premix, 9.0 
LE;  mineral   mixture, 3.0 LE;  and Bio-Mos, 67.60 
LE. 

The obtained data were subjected to one-way 
ANOVA. Differences between means were tested at 
the 5% probability level using Duncan’s new 
multiple range test. All statistical analyses were done 
using the SPSS program V.10 (SPSS, Richmond, 
USA) as described by Dytham [13]. 

 
Table 1: Proximate chemical analysis of Bio-Mos®, herring fish meal (HFM), soybean meal (SBM), wheat bran (WB), and corn meal 

(CNM) on dry matter (DM basis). 
Items (%) Bio-Mos® HFM SBM WB CNM 
Dry matter 95.2 92.42 93.80 91.01 90.37 
Crude Protein 29.75 72.21 44.03 14.98 9.55 
Total Lipids 5.28 11.42 1.31 4.41 3.98 
Ash 8.03 11.14 5.95 3.34 1.50 
NFE 51.81 4.68 43.09 66.43 79.83 
Crude fiber 5.13 0.55 5.62 10.84 5.14 
Digestible  energy   377.60 480.21 372.76 347.10 362.98 

*Nitrogen-free extract (NFE) = 100 – (protein%+lipid %+ ash% + fiber%). 
**Digestible energy (DE) was calculated after NRC (1993) as 5,9, and 3.5 kcal/g for protein, lipid, and carbohydrates, 
respectively. 
 
 
Table 2: Ingredients and chemical analysis of the experimental diets (on dry matter basis) containing different levels of Bio-Mos®. 

Ingredient Bio-Mos® levels (%) 
Control   
0.0 

0.05 0.1 0.2 

Fish meal (HF) 11 11 11 11 
Soybean meal (SBM) 42.5 42.5 42.5 42.5 
Ground corn (CN) 19.3 19.3 19.3 19.3 
Wheat bran (WB) 14.9 14. 9 14.9 14. 9 
Cod fish oil 3 3 3 3 
Corn oil 2.3 2.3 2.3 2.3 
Vitamins premix 1 1 1 1 
Minerals Premix 2 2 2 2 
Starch 4 3.95 3.9 3.8 
Bio-Mos® 0 0.05 0.1 0.2 
Total 100 100 100 100 
Proximate chemical analysis (%) 
Dry matter 92.23 92.29 92.27 92.08 
Crude protein 30.19 29.9 30.12 30.37 
Crude fat 7.18 7.15 7.13 7.10 
Ash 7.18 7.10 7.09 7.03 
Fiber 5.1 5.0 4.9 4.9 
NFE 50.35 50.85 50.76 50.6 
GE(Kcal/100g) 444.97 445.11 445.79 446.26 
P/E ratio 67.84 67.17 67.56 68.05 

 
1-Vitamin premix (per kg of premix): thiamine, 2.5 g; riboflavin, 2.5 g; pyridoxine, 2.0 g; inositol, 
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100.0 g; biotin, 0.3 g; pantothenic acid, 100.0 g; folic 
acid, 0.75 g; para-aminobenzoic acid, 2.5 g;  choline, 
200.0 g; nicotinic acid, 10.0 g; cyanocobalamine, 
0.005 g; a-tocopherol acetate, 20.1 g; menadione, 2.0 
g; retinol palmitate, 100,000 IU; cholecalciferol, 
500,000 IU. 

2- Mineral premix (g/kg of premix): 
CaHPO4.2H2O, 727.2; MgCO4.7H2O, 127.5; KCl 
50.0; NaCl, 60.0; FeC6H5O7.3H2O, 25.0; ZnCO3, 
5.5; MnCl2.4H2O, 2.5; Cu(OAc)2.H2O, 0.785; 
CoCl3.6H2O, 0.477; CaIO3.6H2O, 0.295; 
CrCl3.6H2O, 0.128; AlCl3.6H2O, 0.54; Na2SeO3, 
0.03. 

3 –Nitrogen free Extract (NFE) (calculated by 
difference) = 100 – (protein% + lipid %+ ash% + 
fiber%). 

4- Gross energy (GE) was calculated from NRC, 
(1993) as 5.65, 9.45, and 4.1 kcal/g for protein, lipid, 
and carbohydrates, respectively. 

                                                         
Results and Discussion 

 
During the course of rearing period, the water 

quality parameter was the same in aquaria glasses. 
Temperature ranged  from  27–29◦C, the range of 
dissolved oxygen  ranged from  4.5–5.5 mg/L, pH 
ranged  from 7.6–8.0 and total  ammonia ranged 
from 0.9–1.55 mg/L.   

Bio-Mos® supplementation enhanced the fish 
growth over the control group and fish fed the diet 
containing 0.2% Bio-Mos® exhibits the highest final 
body weight, weight gain, relative body weight gain, 
and specific growth rate (Table 3). Fish survival was 
approximately the same (P > 0.05) in all 
experimental groups (93.3- 95.6%) This 
improvement may be attributed to mannan 
oligosaccharide (MOS); the main ingredient of Bio-
Mos® .Similar positive effects of dietary Bio-Mos® 
supplementation on growth and survival rate for 
rainbow trout Oncorhynchus mykiss trials were 
obtained by Staykov et al. [46] where a 0.2% MOS 
supplementation resulted in a significant increase in 
fish weight. Also, Staykov et al. [47] added 2 g/ kg 

MOS to fish diet and evaluated its effect on growth 
performance of rainbow trout (O. mykiss). They 
found significant improve in growth performance 
and weight gain. Likewise rainbow trout [57] and 
Channel Catfish, l. punctatus [56]. Samrongpa et al. 
[39] found that Nile tilapia fed a diet containing 
MOS showed that growth performance increased 
significantly with increasing levels of MOS than the 
control.  

Feed intake increased significantly, while FCR 
decreased significantly (P< 0.05) at all fish groups 
received Bio-Mos® Table (4). This may be related to 
the enhancement in live body gain without 
subsequence improvement in feed intake. Also, data 
showed there were no significant differences in PER, 

APU and EU among all Bio-Mos®. The optimum 
values of these parameters were obtained using 0.2 % 
Bio-Mos® level. These results agree with those of 
rainbow trout [47], European sea bass 
(Dicentrarchus labrax ) [53], channel catfish, 
Ictalurus punctatus [56], and also juvenile [61], 
gilthead sea bream (Sparus aurata) [11], giant 
sturgeon [26]. On the other hand, Peterson et al. [33] 
reported that dietary supplementations with 2 and 4 
g/ kg Mos had no significant effects on feed 
conversion ratio, protein efficiency ratio, and 
condition factor compared with control group and 
channel catfish.  

Whole-body composition analysis revealed that 
moisture and ash contents were not significantly 
affected by Bio-Mos® supplementation (Table 5). 
The protein contents increased, while total lipids 
decreased significantly as dietary Bio-Mos level 
increased. The role of Bio-Mos® in amino acid 
utilization has not yet been explored in fish, but 
prebiotic have been reported to enhance amino acid 
utilization by killing intestinal infectious micro-flora, 
thereby increasing amino acid utilization in the host, 
as in other animal species [37]. These results agree 
with those of Lara-Flores et al. [24], who reported 
that supplementing diets with yeast, S. cerevisiae 
significantly improved protein utilization in Nile 
tilapia fry. Genc et al. [16] reported that protein 
contents increased with increasing rates of dietary 
MOS in diets for hybrid tilapia (O.niloticus x O. 
aureus). Similar results were obtained with larger 
salmon [19], rainbow trout [57] and Atlantic salmon 
(Salmon salar) [19]. Also, Dimitroglou et al., [9] 
demonstrated that MOS supplementation increased 
significantly body protein composition of giant 
sturgeon. Mansour et al. [26], reported that there was 
a significant difference in lipid carcass (P<0.05) in 
giant sturgeon juvenile (Huso huso L) fed with 2 g/ 
kg MOS. 

The highest values of HB, RBCs, and Ht were 
obtained in Nile tilapia f e d  0.2% Bio-Mos®. 
These results are in contrast with that of Welker et al. 
[56], who found that HB, RBCs, and Ht were not 
affected in channel catfish (Ictalarus  punctatus)  fed  
0.2% Bio-Mos®.  Sado et al., [38] reported that 0.2–
1% Bio-Mos® had no effect on hematological 
parameters of Nile tilapia. Total protein increased 
significantly in fish fed diets supplemented with 0.2 
% Bio-Mos®. This result may be due to the anabolic 
effect of Bio-Mos® for their function in the 
improving of the nutritional value of the diet. Serum 
albumin and globulin concentration in fish fed 0.2% 
Bio-Mos® diet was higher than the control one. This 
effect may be attributed to that Bio-Mos® can 
activate and coordinate the function of various 
endocrine glands in the body. Also, it may be due to 
the immune-potentiating effect of Bio-Mos®. Serum 
AST and ALT levels were significantly lower in fish 
fed 0.2% Bio-Mos® than in the other treatments. 
Stanley et al. [49] and Sarica et al. [42] reported that 
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the Bio-Mos® supplementation did not significantly 
affect AST level. Additionally Bio-Mos® reduced 
both of those enzymes to the range of normal levels, 
which represent the non pathological metabolism of 
the fish liver and heart. 

Fish mortality among the experimentally 
infected fish with pathogenic A. hydrophila is 
showed in Table (8). Fish mortality was 0 % in fish 
fed Bio-Mos® supplemented diets and 90% in fish 
fed the control diet. The clinical signs of dead fish 
were exophthelius, tail and fin rot scaleless with 
external hemorrhage, while the postmortem finding 
was septicemic lesions of the internal organs. A. 
hydrophila was re-isolated from liver, kidneys and 
spleen of the moribund and recently dead fish. The 
obtained results suggest the Bio-Mos® 
supplementation could increase the nonspecific 
immune system of Nile tilapia resulting in a fish 
resistance to A. hydrophila infection. These results 
are in agreement with Irianto and Austin [22], 
Kumari and Sahoo [23] and Villamil et al. [55]. 
Abdel-Tawwab et al. [1] who reported that yeast, S. 
cerevisiae improved disease resistance in Nile tilapia 
against A. hydrophila and Vibrio anguillarum, and 
with [52] probiotic against Edwardsiella tarda 
infection. 

In the present study, lysozyme level increased 
significantly in fish serum after feeding Bio-Mos® 
compared to fish group fed with diet control were 
showed in (Table 8). Lysozyme is important innate 
humoral immune factor that may effectively control 
the invasiveness of microorganisms. Lysozyme can 
kill the gram-negative bacteria after the outer cell 

wall of bacteria was disrupted. Similar results were 
obtained with rainbow trout fed Bio-Mos® [47]. In  
European  sea  bass,  there  was  a  positive  
correlation between  lysozyme  and  alternative  
complement pathway activities in blood and 
inclusion levels of dietary Bio-Mos® [53].  

The bactericidal activities of fish fed Bio-Mos® 
containing diets against A. hydrophila were higher 
than that of fed the control diet (Table 8). The viable 
bacterial counts were significantly lower in all 
treatments groups with values (5, 2.3 and 1.2 × 106 
cfu/ml, respectively) when compared with control 
group (37× 106 cfu/ml). The improvement may 
attribute to the fact that Bio-Mos® may operate by 
produce antibiotic-like substances and subsequently 
inhibiting the harmful bacteria. This result agree with 
that of Afifi [2], who showed that serum bactericidal 
activity in the fish injected with different dosages of 
yeast was always significantly higher than in the 
control, and with Abdel-Tawwab et al. [1] found that 
the bacterial count after incubation with fish serum 
decreased with the increase of yeast level in 
Economic analysis showed that feed cost and feed 
cost/kg gain were high at the control diet than Bio-
Mos® supplemented diets (Table 9). Feed cost 
decreased as inclusion levels of Bio-Mos® increased. 
Feed cost to produce one kilogram fish gain at 0.2% 
Bio-Mos® diet was 8.25 L, while that fed the control 
diet was 10.36 L. The reduction in feed cost 
compared with the control diet to produce one kg fish 
gain of treatment containing 0.2 % Bio-Mos® diet 
levels was 20.36 %. 

  
Table 3: Growth performance of Nile tilapia fingerlings as affected with different levels of Bio-Mos® for 12 weeks. 

Bio-Mos® levels (%) Items 
0.2 0.1 0.05 Control (0.0) 
6.55±0.48a 6.53±0.043a 6.48±0.008a 6.46±0.02a Initial weight (g) 
27.47±0.15a 25.84±0.05b 24.76±0.12c 19.48±0.05d Final weight (g) 
20.92±0.17a 19. 31±0.05b 18.28±0.11c 13.02±0.06d Weight gain (g) 
319.50±4.29a 295.83±2.41b 282.17±1.51c 201.63±1.56d RBWG % 
1.70±0.01a 1.63±0.007b 1.59±0.004c 1.31±0.006c SGR (% / day) 
95.6±2.22a 95.6±2.22a 95.6±2.22a 93.3±3.85a Survival rate (%) 

   Means having the same letter in the same row is not significantly different at (P< 0.05). 
 
Table 4: Feed utilization of Nile tilapia fingerlings as affected with different levels of Bio-Mos® for 12 weeks. 

Bio-Mos® levels (%)  Items 
0.2 0.1 0.05 Control (0.0) 
33.52±0.24a 
 

31.54±0.26b 
 

30.34±0.23c 
 

26.90±0.23d 
 

Feed intake (g feed /fish) 

1.60±0.02b 1.63±0.01b 1.65±0.02b 2.06±0.018a FCR 

62.42±0.91a 61.24±0.45a 60.28±0.76a 48.41±0.44b FER 
2.23±0.03a 2.189±0.02a 2.18±0.02a 1.73±0.01b PER 
31.19±0.47a 29.89±0.16ab 29.05±0.37b 23.04±0. 94c APU (%) 
17.41±0.33a 16.90±0.74a 16.41±0.20a 13.39±0.60b EU (%) 

Means having the same letter in the same row is not significantly different at (P < 0.05). 
*(FCR), feed conversion ratio; (FER) feed efficiency ratio; (PER), protein efficiency ratio; (APU) apparent protein utilization and (EU) 
energy utilization. 
  
Table 5: Proximate chemical analysis (%; on dry matter basis) of whole body of Nile tilapia fingerlings as affected with different levels of  
               Bio-Mos® for 12 weeks. 

Bio-Mos® levels (%)  Items 
0.2 0.1 0.05 Control (0.0) 
74.14±0.02a 74.27±0.14a 74.40±0.08a 74.80±0.02a Moisture 
63.75±0.14a 62.62±0.03b 62.35±0.16b 61.75±0.24c Crude protein 
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18.10±0.06c 18.43±0.16bc 18.84±0.15b 19.49±0.24a Total Lipids 
17.37±0.13a 17.32±0.17a 17.29±0.02a 17.155±0.09a Ash 

Means having the same letter in the same row is not significantly different at (P < 0.05). 
*Proximate chemical analysis of whole body of initial Nile tilapia fingerlings (moisture, crude protein, total lipids and ash, respectively) 
were (77.97, 56, 18.5 and 24, respectively). 
Table 7: Hematolgical and biochemical change in blood of Nile tilapia fingerlings as affected with different levels of Bio-Mos® for 12  
               weeks. 

Bio-Mos® levels (%) Items 
0.2 0.1 0.05 Control (0.0) 
8.10±0.04a 7.14±0.04b 6.24±0.08c 5.86±0.06d Hemoglobin (g/dl) 
2.45±0.04a 2.22±0.03b 2.02±0.04c 1.80±0.07d Erythrocytes count (X 10/cmm) 
17.6±0.06a 14.9±0.05b 12.4±0.06c 11.56±0.03d Haematocrite (%) 
8.20±0.04a 7.30±0.06b 6.85±0.04c 5.63±0.06d Total Lipids (g/dl) 
2.78±0.02a 2.48±0.05b 1.93±0.05c 1.36±0.02d Total protein (g/dl) 
8.23±0.04d 10.13±0.06c 11.69±0.05b 12.5±0.08a Urea (mg/dl) 
1.1±0.02d 1.2±0.12c 1.4±0.04b 1.5±0.04a Creatinine (mg/dl) 
48±1.08d 53.5±0.67c 59.5±0.34b 67.5±0.87a Glucose (mg/dl) 
0.74±0.03a 0.67±0.02a 0.53±0.04b 0.32±0.04b Albumin (g/dl 
2.04±0.05a 1.81±0.02a 1.33±0.18b 1.04±0.01b Globulin (g/dl) 
23±0.23d 45±0.40b 59±0.51a 30.0± 0.23c AST (GOT) U/L 
25±0.46c 34±0.23b 43±0.23a 23.0± 0.51d ALT (GPT) U/L 

Means having the same letter in the same row is not significantly different at (P < 0.05). 
 
Table 8: Fish mortality (%), lysozyme activity and serum bactericidal activity of Nile tilapia fingerlings as affected with different levels of 

Bio-Mos® for 12 weeks and post-challenged Interperitoneally by A. hydrophila (0.2x1010 Cell/ml) for 10 days.  
Bio-Mos® levels (%) Challenge test Lysozyme (µg)/ml serum Bactericidal effect(cfu/ml) of 

serum 
Mortality rates (%)   

Control 90 1.740 37 × 106 
0.05 0 2.349 5 × 106 
0.1 0 2.831 2.3 × 106 
0.2 0 3.241 1.2 × 106 

 
Table 9: Economic evaluation of Nile tilapia fingerlings as affected with different levels of Bio-Mos® for 12 weeks. 

Bio-Mos® levels (%)  Items 
0.2 0.1 0.05 Control 0.0 
5.159 5.095 5.064 5.0322 Cost/ kg feed (L) 
1.60 1.63 1.65 2.06 FCR (kg feed/ kg gain) 
8.25 8.30 8.35 10.36 Feed cost/ kg gain(L) 
20.36 19.88 19.40 100 Reduction cost in kg gain (%) 

 
Conclusion: 

In general results of the present study may lead 
us to conclude that incorporation of Bio-Mos® at 
0.2% level in Nile tilapia diets is worthy for 
obtaining better growth performance results and 
higher immune response. 
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