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ABSTRACT 

This experiment was conducted to study the effects of 

cinnamaldehyde and yeast with or without combination of optimal dose 

of phytase and citric acid on growth performance, feed utilization, body 

composition, economical evaluation and its antibacterial activity against 

fish pathogens of Nile tilapia fingerlings. Five experimental diets 

(Treatments) were composed of T1 as the control with no additives, T2 

was supplemented with 1g/kg of Biotronic
®
 Top3; T3 also supplemented 

with (1g/kg of Biotronic
®
 Top3 in addition to 1000 FTU/Kg phytase and 

30 g/kg citric acid). While T4 was supplemented with 4g/kg of Levabon
®
 

Aquagrow E; T5 also supplemented with (4g/kg of Levabon
®
 Aquagrow 

E in addition to 1000 FTU/Kg phytase and 30 g/kg citric acid). The 

results indicated that the best growth performance and feed utilization of 

Nile tilapia fingerlings fed on T3 while, the lowest group fed on control. 

Antibacterial activity showed that the combination between Biotronic
®
 

Top3, citric acid and phytase had a potent activity against all tested 

isolates compared with antibiotics. It could be concluded that using 

combination of Biotronic
®
 Top3 as cinnamaldehyde, phytase and citric 

acid was recommended to improve growth performance, feed utilization, 

body composition and the immune response of Nile tilapia fingerlings 

under these experimental conditions and could reduce the feed cost.  

Keyword: Cinnamaldehyde, yeast, phytase, citric acid, Nile tilapia, fingerlings, growth 

performance, feed utilization, Antibacterial Activity. 
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INTRODUCTION 

Cinnamaldehyde is component of Biotronic® Top3 and it is 

phytochemical derived from the essential oils of cinnamon (Michiels et al., 

2007) which can be found in the bark or leaves (Davidson et al., 2013). 

Biotronic
®

 Top3 has triple action for improved performance. A formula of 

synergistically acting organic acids (combination of formic, propionic and lactic 

acids), phytochemical (cinnamaldehyde) and Biomin® Permeabilizing 

Complex, a proprietary complex with a synergetic effect: it disrupts and 

permeabilizes the outer-membrane of Gram negative bacteria, increasing their 

sensitivity to the other compounds within the supplement mixture (Menanteau-

Ledouble et al., 2017). Biotronic® Top3 and these substances have been proven 

to have antimicrobial properties and to inhibit bacterial growth (Knarreborg et 

al., 2002). Two main mechanisms of action have been suggested for this 

antimicrobial activity: it has been suggested that lowering of the pH hindered 

bacterial growth (Riemensperger et al., 2012).  

Cinnamaldehyde (CA) has antimicrobial effects, as it targets the FtsZ 

protein, which plays an important role in the cell division of pathogenic 

bacteria. The CA binds to the FtsZ, inhibits its assembly and perturbs the 

formation of the Z-ring thus inhibiting the process of cell division (Domadia et 

al., 2007). Therefore, it is not surprising that research found a strong 

antibacterial effect of cinnamaldehyde on bacteria at low inclusion levels 

(Michiels et al., 2007). However, even though natural replacements for AGPs 

are known, fighting Gram-negative bacteria is still a challenge. 

Cinnamaldehyde and several of its derivatives have been shown to have 

antibiotic (Li et al., 2015; Nair et al., 2014) as well as quorum quenching 

abilities (Niu et al., 2006) and addition of cinnamaldehyde resulted in a 

significant reduction in the mortality of burbot larvae exposed to either A. 

salmonicida or A. hydrophila (Natrah et al., 2012). Moreover, organic acids 

have been shown to cross the bacterial membrane in an unionized form before 

separating into H
+
 and HCOO

–
 ions inside the cytoplasm where they interfere 



Nehad et al. 

 

 

21 

with protein synthesis (Roth and Kirchgessner, 1998). However, this subject 

has still to be thoroughly investigated (Ng and Koh, 2016). 

The inclusion of yeast of genus Saccharomyces on feed improved the 

growth of several species of fish (Abdel-Tawwab et al., 2008; Chiu et al., 2010; 

Ahmad et al., 2014, 2015; Samir et al., 2017; El-Mousallamy et al., 2015), and 

despite the fact that Saccharomyces yeast are able to produce phytase when the 

phytic acid is present (Nayini and Markakis, 1984) so farther are not reports of 

its use on high contents of soybean diets.  For the example, Levabon
®
 

Aquagrow E is composed of autolyzed Saccharomyces cerevisiae, produced by 

an internal process technology for standardized autolytic degradation of the 

yeast cell. This yeast product is rich in bioactive ingredients and nutrients such 

as nucleotides, essential amino acids, peptides, cell wall carbohydrates and B 

vitamins which is well established as probiotic and prebiotic feed supplement 

(Martínez Cruz et al., 2012) and is known to have an stimulatory effect on the 

immune system of fish and other organisms (Volman et al., 2008).  

Medicated feeds are used in fish diets to therapy of pathogenic bacteria 

and control the bacterial outbreaks which have a vital effect on development 

and sustainability of the aquaculture industry (Ranjan et al., 2017). Biotronic® 

Top3 (Cinnamaldehyde) and Levabon
®
 Aquagrow E (yeast) are commercially 

available and has been applied both in shrimp and fish farming settings. For this 

reason, it was decided to investigate the eff ect of Biotronic® Top3 and 

Levabon
®
 Aquagrow E as a feed supplement in Nile tilapia yeast with or 

without combination of optimal dose of phytase and citric acid on growth 

performance feed utilization, body composition, economical evaluation and its 

antibacterial activity against fish pathogens of Nile tilapia fingerlings. 

MATERIAL AND METHODS 

Experimental tank and fish:  

The present study was conducted at Fish Laboratory, Department of 

Animal Production and Fish Resources in Faculty of Agriculture, Suez Canal 

University, Ismailia- Egypt. Nile tilapia fingerlings (Oreochromis niloticus) 
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with an average initial body weight is (20.48 ±0.27g) were used in this 

experiment. The fish were obtained from Central Laboratory for Aquaculture 

Research, Abbaasa, Abu-Hamaad, Sharkia, Egypt. Fish were acclimated to 

laboratory conditions for 2 weeks prior the experimental study. After that, three 

hundred and seventy five fingerlings Nile tilapia were stocked in 15 V-shaped 

fiber tanks with capacity around 120 liter (25 fish/ tank/3 replicate each). Each 

fiber tanks was aerated by using small air-bumps. Settled fish wastes along 

with a half of fiber tanks water was siphoned daily, and replaced by well-

aerated and dechlorinated tap water from a storage tank. Fish in each fiber 

tanks were weighted every 10 days throughout of experimental period (60 

days). Dead fish were daily recorded and removed. At the end of the study, 

f ish were individually weighed. 

Water quality parameters:  

The tanks were supplied with air blowers continuously aerated. 

Photoperiod was 12h light/ 12h dark regulate. The part of water tank was 

exchanged daily and totally with fresh water (dechlorinated tap water) every 10 

days. Water temperature and dissolved oxygen were measured by mettler 

Toledo, model 128.s/No1242 instrument and recorded 27.2 ± 1°C and 5.3 ± 0.5 

mg/l, respectively. pH was measured by Orion model 720A,s/no 13062 (7.5 ± 

0.3) and ammonia was measured by Hanna ammonia meter (0.002±0.005 mg/l). 

Experimental diet: 

Five treatments diets were designed as: T1 as the control with no additives; T2 

was supplemented with 1g/kg of Biotronic
®

 Top3 (Biomin Australia Pty Ltd., 

Carlingford, Australia) is a combination of (formic, propionic and lactic acids 

alongside cinnamaldehyde) according recommended level (Biomin, 2017); T3 also 

supplemented with (1g/kg of Biotronic
®
 Top3 in addition to 1000 FTU/Kg phytase 

and 30 g/kg citric acid). While T4 was supplemented with 4g/kg of Levabon
®

 

Aquagrow E (Biomin Australia Pty Ltd., Carlingford, Australia) composed of 

autolyzed (Saccharomyces cerevisiae) according to (Batista et al., 2016); T5 also 

supplemented with (4g/kg of Levabon
®
 Aquagrow E in addition to 1000 FTU/Kg 
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phytase and 30 g/kg citric acid). Phytase used was a 6-phytase (EC 3.1.3.26) 

obtained from Buttiauxella sp. expressed in Trichoderma reesei (Axtra PHY, 

Danisco Animal Nutrition, DuPont Industrial Biosciences, Marlborough, UK). Citric 

acid was obtained from (El Nasr Pharmaceutical Chemicals Company) in a powder 

form. Dose of combination of phytase and citric acid was chosen according to 

(Nehad et al., 2019). 

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. Diet ingredients were ground 

and thoroughly mixed and the oil was slowly added at the same time of mixing with 

warm water (45°C) until the diets began to clump. Dose of phytase enzyme was 

mixed first into warm water (Rachmawatia et al., 2017) then added to feeds. Noodle-

like feed pellets, which were then broken to make 2-mm die pellets, were prepared 

using kitchen mincer.  The pellets were dried by the sun for 2 days with keeping 

Ventilation and flipping then stored in plastic bags when completed drying in a deep 

freezer at −2
º
C until use. The experimental diets were contained 30 % protein and 

gross energy 454.07 Kcal/100g. The ingredients and chemical composition of 

experimental diets are shown in Table 1. Fish were hand fed two times at 09:00 am 

and 02.30 pm per day to apparent satiation.  
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Table 1. Ingredients and chemical composition of experimental diets. 

Ingredients (g/Kg) 
Treatment no. 

1 2 3 4 5 

Fishmeal (60% CP) 50.0 50.0 50.0 50.0 50.0 

Soybean meal (CP 47%) 480.0 480.0 480.0 480.0 480.0 

Wheat bran 120.0 120.0 120.0 120.0 120.0 

Rice bran 80.0 80.0 80.0 80.0 80.0 

Yellow corn 220.0 219.0 188.9 216.0 185.9 

Sunflower oil 30.0 30.0 30.0 30.0 30.0 

Vitamin1 10.0 10.0 10.0 10.0 10.0 

Mineral2 10.0 10.0 10.0 10.0 10.0 

Biotronic® Top3 0.0 1.0 1.0 0.0 0.0 

Levabon®Aquagrow E4 0.0 0.0 0.0 4.0 4.0 

Phytase5 0.0 0.0 0.1 0.0 0.1 

Citric Acid 0.0 0.0 30.0 0.0 30.0 

Total 1000 1000 1000 1000 1000 

Proximate chemical analysis (%) 

Dry matter 90.94 90.64 90.40 90.60 90.55 

Crude protein (Cp) 30.05 30.30 30.25 30.30 30.35 

Ether extract (EE %) 8.84 8.05 8.05 8.40 8.40 

Total ash 7.03 7.50 7.63 7.42 7.41 

Crude fiber (CF) 5.08 5.15 5.58 5.39 5.84 

NFE6 48.73 49.00 48.49 48.49 48.00 

P 0.84 0.80 0.83 0.83 0.80 

Ca 0.55 0.52 0.54 0.50 0.53 

Gross energy (GE) 

 Kcal/ Kg7 
454.07 449.14 446.75 450.34 448.61 

P/E ratio (mg kcal-1) 66.18 67.46 67.71 67.28 67.65 

1. Each Kg vitamin premix contained Vitamin A, 4.8 million IU, D3, 0.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; 

Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid, 8 g; Folic acid, 0.4 g Biotin,20 

mg 

2. Each Kg mineral premix contained Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; I, 0.4 g, Selenium, 0.4 g and Co, 

4.8 mg. 

3. Biotronic® Top3, Biomin Australia Pty Ltd., Carlingford, Australia  

4. Levabon®Aquagrow E, Biomin Australia Pty Ltd., Carlingford, Australia  

5. (Axtra® PHY, sourced from a Buttiauxella species bacterium and is expressed in a Trichoderma reesei 

fungus (Danisco Animal Nutrition).  

6. Nitrogen free extract=100-(protein+ lipid+ ash+ fiber) 

7. Gross energy, Based on 5.65 Kcal/g protein, 9.45 Kcal/g fat and 4.12 carbohydrate Kcal/g (NRC, 2011) 



Nehad et al. 

 

 

25 

Experimental Methodology: 

Growth performance parameters. 

      Average Weight Gain (AWG) = Average final weight (g)–Average initial 

weight (g) 

      Weight gain (WG %) = 100 x (Final weight–initial weight)/initial weight 

      Specific Growth Rate (SGR %/day) = 100 [(Ln final weight – Ln initial weight)/ 

time] 

Feed utilization parameters. 

        Feed Intake (FI) = Amount of consumed feed per period (g) 

        Feed Conversion Ratio (FCR) = Total feed consumption (g)/ weight gain (g) 

        Feed Efficiency Ratio (FER) = weight gain (g) / Total feed consumption (g) 

        Protein Efficiency Ratio (PER) = body weight gain (g)/ protein intake (g 

        Protein productive value (PPV%) = 100 (protein gain in fish (g) /protein intake 

in diet (g))  

Survival Rate (SR %). 

        Survival Rate (SR %) = 100 × (final number of fish survived in tank/initial 

number of fish stocked in tank) 

Chemical composition of diet and fish: 

At the beginning and end of the experiment, 5 fish sample was 

taken randomly from each experimental group for chemical analysis of 

body composition. The experimental diets and whole body composition 

of fish samples were analyzed for moisture, crude protein (CP %), total 

lipid % and ash (%) except crude fiber (CF %) in experimental diets. The 

nitrogen free-extract (NFE %) was calculated by differences, by 

deducting the sum of percentages of CP%, EE%, CF % and ash% from 

100. Gross energy (kcal/g DM,GE) contents of the experimental diets was 

calculated by using factors of 5.65, 9.45 and 4.12 kcal/g of protein, lipid 
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and carbohydrates, respectively (NRC, 2011). Mineral was estimated by 

measuring phosphorus (P) and calcium (Ca) in experimental diets and whole 

body. All chemical analyses were carried in three replicate according to 

(AOAC, 2019). 

Antibacterial activity test: 

Bacterial strains: Aeromonas hydrophila, Pseudomonas fluorescens, 

Enterococcus faecalis, Vibrio alginolyticus and Proteus mirabilis were used in 

this study, these bacteria were isolated from Nile tilapia fish and identified 

phenotypically and genotypically according to (Quinn et al. 2011). All tested 

strains were kindly obtained by Prof. Mohamed Enany, professor of fish 

microbiology, bacteriology department, faculty of veterinary medicine, SCU. 

Assessment of antibacterial activity: 

Powder samples of Biotronic
®

 Top3 and Levabon
®
 Aquagrow E with or 

without combination of phytase and citric acid (Dose of combination of phytase 

and citric acid was chosen according to (Nehad et al., 2019),  and 4 antibiotic 

(nalidixic acid (30 μg), erythromycin (15 μg), amoxicillin (25μg) and cefadroxil 

(30μg) were used because of its wide antibacterial spectrum and high potency, 

and most commonly used antibiotic against various diseases caused by Gram-

negative and Gram-positive bacteria in fish farming. A powder samples of 

Biotronic
®
 Top3 and Levabon

®
 Aquagrow E with or without combination of 

phytase and citric acid  were suspended in sterile distilled water with a 

powder/solvent ratio 1:1(w/v) (Bonilla and Sobral, 2017). Each tested materials 

were mixed well by vortex, then putted in water bath at 40 C for 4 hours 

(modified) (Choi et al., 2016), then mixed well again by vortex (modified) 

(Menezes-Blackburn et al. 2015 and Nassan et al., 2015)  and the supernatant 

was collected. A prepared sterilized filter paper discs, 6 mm in diameter were 

thoroughly wet by immersing it in the obtained supernatant of tested samples. 

After incubation of the plates for 18 hours at 37°C the degree of sensitivity was 

calculated by measuring the clear zones of inhibition of growth produced by 
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diffusion of the antibacterial agent from the discs into the surrounding medium. 

The results were interpretated according to (CLSI, 2014). 

Economical Evaluation: 

The  cost  of  feed   required  to  produce  a  unit  of  fish  biomass was 

estimated using   economic evaluation (Samir et al., 2017). 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: 

25 L.E for fish meal; 6.5 L.E for soybean meal; 3.0 L.E for wheat bran; 3.0 L.E 

for Rice bran; 4.0 L.E  for  yellow corn ,  20 L.E for sunflower oil;  15 L.E for 

Vit; 15 L.E for Minerals; 104 L.E. for Biotronic
®

 Top3, 175 L.E. for Levabon
® 

Aquagrow E, 400 L.E. for phytase and 150 L.E. for citric acid.  

Feed cost of kg: Calculated from the price of feed ingredient and the cost per 

kg gain (FCR ×price of kg feed). 

Reduction % of feed cost of Kg gain was calculated as a percentage from the 

highest value. 

Statistical analysis: 

One way ANOVA according to Steel and Torrie (1981) was used to 

compare between groups for each variables. Tukey test was used as a post hoc 

to compare mean differences at significant level 0.05 or 0.01 (P value). A 

Computer program software CoStat version 6.311 was used to analysis the data 

of experiments. 

RESULTS AND DISCUSSION 

Table 2 showed that Growth performance, feed utilization and survival 

rate parameters of Nile tilapia fingerlings fed different experimental diets for 60 

days. Data indicated that there was a significant difference (p<0.05) among the 

experimental groups. The highest significant difference (p<0.05) in final body 

weight, weight gain, weight gain%, specific growth rate, FCR, FER, PER and 

PPV parameters were observed on fish fed T3 in comparison to the control and 

the other treatments. While, there were no significant differences between T2 
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and T3 in FI and between T2 and T4 in PPV. Growth performance and feed 

utilization were improved due to the supplementation of the diets with the 

acidifier Biotronic Top3 which composed of three active additives as phytase 

and citric acid which contribute as bioactive on growth performance and feed 

utilization. Moreover, related to the presence of phytase enzyme 

supplementation which played a significant role in increasing growth 

performance. Phytase supplementation in ingredient-based diet may result in 

release of these chelated nutrients by hydrolysing the phytase and makes them 

available to the fish (Liu et al., 2013). Also, Citric acid is the organic acids 

which have been reported to improve the growth and feed utilization of rainbow 

trout (Hernández et al. 2012). Similarly, several studies in tilapia suggested that 

organic acids might be protective against infections (Ng and Koh, 2016). 

However, this subject has still to be thoroughly investigated (Ng and Koh, 

2016). Furthermore, Nehad et al., (2019) who reported that there was 

significant differences in interaction between phytase and citric acid (1000 

FTU/Kg+ 30 g/Kg) and recorded the highest growth performance and feed 

utilization parameters. This is in agreement with other studies on different 

species including Nile tilapia (Abo-State and El-Deen, 2017 and Amer et al., 

2018) and L. rohita (Bano and Afzal, 2017). In contrast, Menanteau-Ledouble 

et al. (2017) reported that rainbow trout fed on Biotronic
®

 Top3 supplement 

showed an improvement in weight gain, final weight but not significant in WG, 

FW and FCR. This is may be due to difference between fish species or 

experimental conditions. Phytase supplementation significantly improved FI 

and FCR of O. niloticus fingerlings fed on a diet increasing the palatability and 

conversion rate of diet may be due to enhanced release of nutrients of diets by 

breaking down the bonds between phytase-protein and phytase minerals 

(Vielma et al., 2004). Further phytase may chelate with amino acids in the 

stomach of different fish species and reduces the availability of amino acid 

(Usmani and Jafri, 2002). There was no significant difference (p>0.05) in 

survival rate among experimental fish groups. This is in agreement with 
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previous studies on different species including carp (Omar, 2017) and catfish 

(Setiawati et al., 2016).  

Also data in Table (2) showed that fish fed T2 diet had higher significant 

than T4 diet. While, fish fed on T4 had higher significant than the group of fish 

fed on T5. This is may be related to the beneficial effect on food digestion, 

increasing the pancreatic discharges, reducing the passage rate, and promoting 

changes in the intestinal microbiota (Petrolli et al., 2012) and the chemical 

compounds that compose it, such as the active ingredient cinnamaldehyde, 

which is responsible for the smell, as well as the antioxidant, antimicrobial, and 

antifungal activities (Singh et al., 2007). This is in agreement with other studies 

on different species including (Ávila et al., 2015) who reported that addition of 

phytase and yeast in rainbow trout diets with high content of soybean meal for 

first time. This is may be due to yeast and yeast with phytase might be related 

to a better nutrient digestibility, particularly the protein fraction (Lara-Flores et 

al., 2003; Waché et al., 2006 and Ávila et al. 2015). 

Table 2. Growth performance, feed utilization and survival rate 

parameters of Nile tilapia fingerlings fed different 

experimental diets for 60 days. 

T 
IBW 

(g) 

FBW 

 (g) 

W. Gain 

(g) 

W. Gain 

(%) 

SGR (% 

g/day) 

FI (g 

feed/fish) 
FCR FER PER PPV SR % 

1 
20.75 ± 

0.01 

41.13 ± 

0.30d 

20.38 ± 

0.29d 

98.21 ± 

1.37d 

1.14 ± 

0.01d 

41.97 ± 

0.60d 

2.06 ± 

0.00a 

0.49 ± 

0.00e 

1.62 ± 

0.00e 

33.85 ± 

0.02 

bc

 

90 ±   

0.05 

2 
20.64 ± 

0.35 

49.85 ± 

1.30b 

29.21 ± 

1.65b 

141.52 ± 

10.37b 

1.47 ± 

0.07b 

51.46 ± 

2.18ab 

1.76 ± 

0.02d 

0.57 ± 

0.01b 

1.87 ± 

0.03b 

31.06 ± 

0.02

c

 

96 ±  

 0.02 

3 
20.41 ± 

0.17 

54.93 ± 

0.45a 

34.52 ± 

0.28a 

169.13 ± 

0.01a 

1.65 ± 

0.00a 

54.81 ± 

0.74a 

1.59 ± 

0.01e 

0.63 ± 

0.00a 

2.08 ± 

0.01a 

39.78 ± 

0.04

a

 

97 ±  

 0.01 

4 
20.29 ± 

0.15 

46.54 ± 

0.02c 

26.25 ± 

0.12bc 

129.37 ± 

1.55bc 

1.38 ± 

0.01bc 

48.35 ± 

0.18bc 

1.84 ± 

0.02c 

0.54 ± 

0.00c 

1.79 ± 

0.02c 

30.74± 

0.02

c

 

96 ± 

0.04 

5 
20.21 ± 

0.20 

44.21 ± 

0.66c 

24.00 ± 

0.86c 

118.75 ± 

5.39c 

1.30 ± 

0.04c 

46.68 ± 

1.78c 

1.94 ± 

0.00b 

0.51 ± 

0.00d 

1.69 ± 

0.00d 

34.86 ± 

0.05

b

 

93 ±  

 0.01 

P 

value 
0.47 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.0002 ** 0.00 ** 0.00** 0.00** 0.20 

*Significant p-value ≤0.05, **highly significant p-value ≤0.01, using ANOVA test. 

Different letters at the same column mean significant different 
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Data in Table 3 showed Chemical composition of whole body (% dry 

matter basis) of Nile tilapia fingerlings fed different experimental diets for 60 

days. There were a significant difference (p<0.05) among all experimental 

treatments. It was observed that there were no significant differences (P>0.05) 

in body moisture content among the experimental groups. The greatest 

improvements in body CP, ash and Ca contents were significantly (p<0.05) 

enhanced in fish fed the diet containing T3. While, the lowest CP and Ca 

contents were observed in fish fed T1. Also, there was no significant 

differences (p<0.05) in P content among the experimental groups while, it was 

improved and increased in fish group fed on T3. The group of fish fed on T 3 

had highest significant lipid content in comparison to the control and the other 

treatments. Theses improvement may be related to that T3 composed of the 

three active additives as Biotronic
®
 Top3, phytase and citric acid which 

contribute as bioactive compound which phytase supplementation positively 

affected chemical composition of body. On the other hand, citric acids can 

contribute in nutritional ways, because they are components in several 

metabolic pathways for energy generation (da Silva et al., 2012). These results 

suggested that, High level of Ca in fish feed will chelate with phytase forming 

an insoluble complex or complete with phytase for the binding site at the 

myoinositol ring and thus block the site of phytase mediated substrate 

hydrolysis (Qian et al., 1996). These results showed that Biotronic
®

 Top3 

supplementation plays a role in enhancing feed intake with a subsequent 

enhancement of fish body composition. Moreover, due to the high feed intake, 

nutrients utilization, and digestibility, the high changes in protein and lipid 

content in fish body could be linked with changes in their synthesis and 

deposition rate in muscles. This is in agreement with other studies on different 

species (Loh et al., 2008).  Also, Nehad et al., (2019) who reported that there 

was significant differences in interaction between phytase and citric acid (1000 

FTU/Kg+ 30 g/Kg) and recorded the highest in crude protein, ash, P and Ca of 

fish bodies increased and total lipid was decreased significantly (p<0.05). Also, 

they were observed that there were no significant differences (P>0.05) in body 
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moisture content. In contrast, Abo-State and El-Deen (2017) who found that 

there were no significant difference (p>0.05) noticed among all treatments in 

dry matter (DM), crude protein (CP), lipid, and ash content of body 

composition of Nile tilapia. Amer et al. (2018) reported that that the body 

proximate composition of Nile tilapia was not significantly different (P > 0.05) 

in moisture, crude protein, lipid and ash contents of the whole body of fish 

among the control group and other groups. This is may be due to different 

experimental conditions or experimental diets contained to Biotronic
®
 Top3, 

phytase and citric acids. This inconsistency in the outcome of different authors 

may be attributed to differences in feed ingredients, nutritional quality of 

ingredient, water quality, fish spices and size and culture or experimental 

conditions.  

Table 3. Chemical composition of whole body (% dry matter basis) of Nile 

tilapia fingerlings fed different experimental diets for 60 days. 

T 
Moisture 

(%) 

%
o

n
 t

h
e 

D
M

 b
a

si
s 

Crude 

protein 

(CP %) 

Total lipids 

(%) 
Ash (%) P Ca 

Initial  
73.40 ± 

0.03 
55.09 ± 0.11 23.88 ± 0.65 21.03 ± 0.42 1.40 ± 0.23 0.57 ± 0.10 

1 
71.26 ± 

0.05  
58.55 ± 0.35d 19.26 ± 0.41a 22.19 ± 0.05b 1.57 ± 0.09b 0.47 ±0.01e 

2 
76.14 ± 

0.02 
62.35 ± 0.35b 20.00 ± 0.90a 17.65 ± 0.05c 1.72 ± 0.17ab 0.76 ±0.01c 

3 
75.05 ± 

0.04 
65.35 ± 0.05a 10.55 ± 0.05c 24.10 ± 0.10a 2.13 ± 0.08a 1.00 ±0.02a 

4 
75.58 ± 

0.01 
62.10 ± 0.70b 19.80 ± 0.10a 18.10 ± 0.80c 1.68 ± 0.17ab 0.70 ±0.01d 

5 
72.01 ± 

0.02 
60.10 ± 0.30c 17.60 ± 0.40b 22.30 ± 0.10b 1.85 ±0.04ab 0.82 ±0.02b 

P Value 0.21 0.00 ** 0.00 ** 0.00 ** 0.19 0.00 ** 

*Significant p-value ≤0.05, **highly significant p-value ≤0.01, using ANOVA test. 

Different letters at the same column mean significant different 

Results in Table 4 showed that there were different diameters of 

inhibition zone (mm) as antibacterial activity against different isolated bacteria 

from fish. Biotronic
®

 Top3 had a wide antibacterial activity against all tested 

bacteria except Vibrio alginolyticus. The highest inhibition zone was recorded 
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in Pseudomonas fluorescens then Entercoccus faecalis and Aeromonas 

hydrophila followed by Proteus mirabilis. This is in agreement with previous 

studies on different species including shrimp (Mercy and Gopalakannan, 2018), 

Nile tilapia (Abo-State and El-Deen, 2017) and rainbow trout (Menanteau-

Ledouble et al., 2017).  

Biotronic
®
 Top3, phytase and citric acid had antibacterial activity against 

all tested bacteria. The highest inhibition zone in Pseudomonas fluorescens and 

Entercoccus faecalis then Aeromonas hydrophila and Vibrio alginolyticus 

followed by Proteus mirabilis was recorded. This is may be due to role of these 

additives as Biotronic
®
 Top3, phytase and citric acid which can effect on fish 

pathogen. (He et al., 2017) concluded that the tested organic acids and essential 

oils mixture beneficially affects intestinal microflora and improves immune 

response and disease resistance of L. vannamei. 

Levabon
®
Aquagrow E did not have antibacterial activity against tested 

bacteria except Vibrio alginolyticus that recorded mild inhibition zone. 

Abdelhamid and El-Barbary (2013) reported that Bio-Mos
®
 showed sensitivity 

against Bacillus sp., Enterobacter sp., Klebsiella and Staphylococcus 

epidermidis. In contrast, European seabass (Abdelmalek et al., 2015) and 

rainbow trout (Huyben et al., 2017). Prebiotics selectively stimulate growth of 

beneficial bacteria and these may compete for adhesion sites with pathogenic 

bacteria, hence excluding them (Pérez-Sánchez et al., 2014). 

Levabon
®
Aquagrow E, phytase and citric acid had antibacterial activity against 

tested bacteria except Vibrio alginolyticus and Proteus mirabilis. It was 

recorded the highest inhibition zone in Pseudomonas fluorescens then 

Aeromonas hydrophila followed by Entercoccus faecalis while Vibrio 

alginolyticus and Proteus mirabilis were highly resistance. Goda et al. (2018) 

concluded that addition of Garlen
®
; Diamond V XPC

®
, and Bactozyme

®
 

individually or mixed alternately as immune stimulants in early weaning larval 

diets of European sea bass under hatchery conditions led to decrease intestinal 

bacterial load.  The results revealed that all tested antibiotics (Amoxicillin, 
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Erythromycin and Cefadroxil) were detected resistance against Aeromonas 

hydrophila, Pseudomonas fluorescens, Vibrio alginolyticus, Proteus mirabilis 

and Enterococcus faecalis. While Nalidixic acid had antibacterial sensitivity to 

all tested bacteria but resistance against Proteus mirabilis. 

Table 4. Inhibition zone diameter of (mm) of antibacterial activity against 

different isolated bacteria from fish. 

 
Aeromonas 

hydrophila 

Pseudomonas 

fluorescens 

Vibrio 

alginolyticus 

Proteus 

mirabilis 

Entercoccus 

faecalis 

Biotronic® top3 1.8 2.8 R 1.3 1.8 

Biotronic® top3 + Citric 

acid + Phytase 
1.8 2 1.8 1.4 2 

Levabon®Aquagrow E R R 0.8 R R 

Levabon®Aquagrow E + 

Citric acid + Phytase   
1 1.1 R R 0.8 

Nalidixic acid 1.3 1.4 1.9 R 2.4 

Amoxicillin R R R R R 

Erythromycin R R R R R 

Cefadroxil R R R R R 

R, Resistance 

Economic Evaluation: 

Table 5 showed that the economic evaluation of experimental diets used 

in the study. The hieghest feed cost to produce one kg fish gain was recorded in 

group of fish fed on T5. It was found that the group of fish fed T3 had the 

lowest  reduction in feed cost percent by 78.01% . The Biomin perforizing 

substance in Biotronic Top3 is a substance unique in acidifier products on the 

global acidifier market and a “revolution” as it presents a different strategy to 

act against bacteria. The synergisms caused by the inclusion of the Biomin 

perforizing substance, allows a reduction in inclusion level, resulting in 

economical benefits for the end experiment. 

 

 

 

http://www.biomin.net/en/animal-nutrition-products/acidifiers/biotronicr-top3/
http://www.biomin.net/en/animal-nutrition-products/acidifiers/biotronicr-top3/
http://www.biomin.net/en/animal-nutrition-products/acidifiers/biotronicr-top3/
http://www.biomin.net/en/animal-nutrition-products/acidifiers/biotronicr-top3/
http://www.biomin.net/en/animal-nutrition-products/acidifiers/biotronicr-top3/
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Table 5. Economic Evaluation of experimental diets used in the study. 

T Price/kg feed P.T FCR Feed cost/kg gain P.T Reduction% of feed cost of Kg gain 

1 7.05 2.06 14.52 61.59 

2 7.15 1.76 12.58 53.37 

3 11.57 1.59 18.40 78.01 

4 7.73 1.84 14.23 60.35 

     5 12.15 1.94 23.58 100.00 

CONCLUSION 

It concluded that T3 the combination of dietary (1g Biotronic
®
 Top3+ 

1000 FTU/kg phytase+ 30g citric acid) was the best in term of growth 

performance, feed utilization and antibacterial activity against Nile tilapia 

fingerlings pathogens under these experimental conditions and could be 

recommended to reduce the feed cost. 

REFERENCES 

Abdelhamid, A.M. and M.I. El-Barbary, 2013. An In Vitro Study on the effect 

of some Pre and Probiotics on some pathogenic Bacteria. https:// 

en.engormix.com/ aquaculture/ articles/ vitro-study-effect-some-

t35718.htm. 

Abdel-Tawwab, M.; A.M. Abdel-Rahman and N.E.M. Ismael, 2008. Evaluation 

of commercial live bakers’ yeast, Saccharomyces cerevisiae as a growth 

and immunity promoter for Fry Nile tilapia, Oreochromis niloticus (L.) 

challenged in situ with Aeromonas hydrophila. Aquaculture, 280: 185-

189. 

Abdelmalek, B.E.; D. Driss; F. Kallel; M. Guargouri; H. Missaoui; S.E. 

Chaabouni; M.A. Ayadi and A. Bougatef, 2015. Effect of xylan 

oligosaccharides generated from corncobs on food acceptability, growth 

performance, haematology and immunological parameters of 

Dicentrarchus labrax fingerlings. Fish Physiology and Biochemistry, 

41: 1587-1596. 



Nehad et al. 

 

 

35 

Abo-State, H.A. and A.N. El-Deen, 2017. Practical aspects of phytobiotic 

(Veto-Acid
®
) supplemented to Nile tilapia (Oreochromis niloticus) diets 

and its susceptibility to Aeromonas hydrophila challenge. International 

Journal of ChemTech Research, 10: 265-272. 

Ahmad, M.H.; A. El-Mousallamy; N. Zein; A.S. Abd El-Naby and M.Z. Sally, 

2015. Evaluation of prebiotics as natural additives on growth 

performance and blood biochemistry for Nile tilapia (Oreochromis 

niloticus). Middle East Journal of Applied Science, 5(2): 526-533. 

Ahmad, M.H.; A. El-Mousallamy; S.M.M. Awad and A.S. Abd El-Naby, 2014. 

Evaluation of Bio-Mos
®
 as a feed additive on growth performance, 

physiological and immune responses of Nile tilapia, Oreochromis 

niloticus (L). Journal of Applied Science Research, 9(10): 6441-6449. 

Amer, S.A.; A.E. Metwally and S.A. Ahmed, 2018. The influence of dietary 

supplementation of cinnamaldehyde and thymol on the growth 

performance, immunity and antioxidant status of monosex Nile tilapia 

fingerlings (Oreochromis niloticus). The Egyptian Journal of Aquatic 

Research, 44: 251-256. 

Association of Official Analytical Chemists (AOAC), 2019. Official Methods 

of Analysis of AOAC International, Arlington, Virginia, USA  

Ávila, D.S.; E.A. Sánchez; L.H.H. Hernández; M.A.F. Araiza and O.A. López, 

2015. Addition of Yeast and/or Phytase to Diets with Soybean Meal as 

Main Protein Source: Effects on Growth, P Excretion and Lysozyme 

Activity in Juvenile Rainbow Trout (Oncorhynchus mykiss Walbaum). 

Turkish Journal of Fisheries and Aquatic Sciences, 15: 215-222. 

Bano, N. and M. Afzal, 2017. Synchronized effect of citric acid and phytase 

supplementation on growth performance and nutrient digestibility of 

Labeo rohita. Aquaculture Nutrition, 24: 786-792. 

Batista, S.; R.O.  Ozorio; S. Kollias; A.K. Dhanasiri; J. Lokesh; V. Kiron; L.M. 

Valente and J.M. Fernandes, 2016. Changes in intestinal microbiota, 



Effect Of Cinnamaldehyde And Yeast On Growth  

Performance, Feed Utilization And … 

 

36 

immune-and stress-related transcript levels in Senegalese sole (Solea 

senegalensis) fed plant ingredient diets intercropped with probiotics or 

immunostimulants. Aquaculture, 458: 149-157. 

Biomin, 2017. Biotronic
®
 Top3. https://www.biomin.net/en/products/biotronic/ 

Bonilla, J. and P.J.d.A. Sobral, 2017. Antioxidant and antimicrobial properties 

of ethanolic extracts of guarana, boldo, rosemary and cinnamon. 

Brazilian Journal of Food Technology, 20. 

Chiu, C.H.; C.H. Cheng; W.R. Gua; Y.K. Guu and W. Cheng, 2010. Dietary 

administration of the probiotic, Saccharomyces cerevisiae P13, 

enhanced the growth, innate immune responses, and disease resistance 

of the grouper, Epinephelus coioides. Fish Shellfish Immunology, 29: 

1053-1059. 

Choi, Y.J.; H.Y. Jin; H.S. Yang; S.C. Lee and C.K. Huh, 2016. Quality and 

storage characteristics of yogurt containing Lacobacillus sakei ALI033 

and cinnamon ethanol extract. Journal of animal science and technology, 

58: 16. 

Clinical and Laboratory Standards Institute (CLSI), 2014. Performance 

standards for antimicrobial susceptibility testing; twenty-fourth 

informational supplement, Clinical and Laboratory Standards Institute. 

Davidson, P.M.; F.J. Critzer and T.M. Taylor, 2013. Naturally Occurring 

Antimicrobials for Minimally Processed Foods. Annual Review of Food 

Science and Technology, 4: 163-190. 

Da Silva, B.C.; F.D.N. Vieira; J.L.P. Mourio, G.S. Ferreira and W.Q. Seiffert, 

2012. Salts of organic acids selection by multiple characteristics for 

marine shrimp nutrition. Aquaculture, http://dx.doi.org/10.1016/j. 

Aquaculture, 12-017. 

http://dx.doi.org/10.1016/j


Nehad et al. 

 

 

37 

Domadia, P.; S. Swarup; A. Bhunia; J. Sivaraman and D. Dasgupta, 2007. 

Inhibition of bacterial cell division protein FtsZ by cinnamaldehyde. 

Biochemical Pharmacology, 74: 831–840. 

El-Mousallamy, A.; M.H. Ahmad; S.M.M. Awad and A.S. Abd El-Naby, 2015. 

Effect of dietary β–glucan on growth, physiological, immune responses 

of Nile tilapia, Oreochromis niloticus. 5
th

 conference of Central 

Laboratory for Aquaculture Research, Hurghada (El-Gardaqa), 1- 25. 

Goda, A.; E. Omar; T. Srour; A. Kotiet; E. El-Haroun and S.J. Davies,  2018. 

Effect of diets supplemented with feed additives on growth, feed 

utilization, survival, body composition and intestinal bacterial load of 

early weaning European seabass, Dicentrarchus labrax post-larvae. 

Aquaculture International, 26: 169-183. 

He, W.; S. Rahimnejad; L. Wang; K. Song; K. Lu and C. Zhang, 2017. Effects 

of organic acids and essential oils blend on growth, gut microbiota, 

immune response and disease resistance of Pacific white shrimp 

(Litopenaeus vannamei) against Vibrio parahaemolyticus. Fish Shellfish 

Immunology, 70: 164-173. 

Hernandez, A.J.; S. Satoh and V. Kiron, 2012. Supplementation of citric acid 

and amino acid chelated trace elements in low-fish meal diet for 

rainbow trout affect growth and phosphrous utilization. World 

Aquaculture Society, 43: 688-696. 

Huyben, D.; A. Nyman; A. Vidaković; V. Passoth; R. Moccia; A. Kiessling; J. 

Dicksved and T. Lundh, 2017. Effects of dietary inclusion of the yeasts 

Saccharomyces cerevisiae and Wickerhamomyces anomalus on gut 

microbiota of rainbow trout. Aquaculture, 473: 528-537. 

Knarreborg, A.; N. Miquel; T. Granli and B. Jensen, 2002. Establishment and 

application of an in vitro methodology to study the effects of organic 

acids on coliform and lactic acid bacteria in the proximal part of the 

gastrointestinal tract of piglets. Anim. Feed Sci. Technol, 99: 131-140. 



Effect Of Cinnamaldehyde And Yeast On Growth  

Performance, Feed Utilization And … 

 

38 

Lara-Flores, M.; M.A. Olvera-Novoa; B.E. Guzman-Mendez and W. Lopez-

Madrid, 2003. Use of the bacteria Streptococcus faecium and 

Lactobacillus acidophilus, and the yeast Saccharomyces cerevisiae as 

growth promoters in Nile tilapia (Oreochromis niloticus). Aquaculture, 

216, 193-201. 

Li, X.; J. Sheng; G. Huang; R. Ma; F. Yin; D. Song; C. Zhao and S. Ma, 2015. 

Design, synthesis and antibacterialactivity of cinnanaldehyde 

derivatives as inhibitors of the bacterial cell division protein FtsZ. Eur. 

J. Med. Chem., 97: 32-41. 

Liu, L.; Y. Luo, X. Liang; W. Wang and W. Wu, 2013. Effects of neutral 

phytase supplemrntation on biochemical parameters in grass carp, 

Ctenoparyngodon idellus, and Gibel Carp, Carassius auratus gibelio, fed 

different levels of monocalicum phosphate. J. World Aquaculture 

Society, 44: 56-65.   

Loh, T.C.; H.G. Ling; N.T. Thanh; H.L. Foo; M.A. Rajion and S.I. David, 

2008. Effects of Feeding Phytogenic Substances and Phytase on Growth 

Performance and Nutrient Digestibility of Young Broilers. Journal of 

Applied Animal Research, 33: 187-192. 

Martínez Cruz, P.; A.L. Ibáñez; O.A. Monroy Hermosillo and H.C. Ramírez 

Saad, 2012. Use of Probiotics in Aquaculture. ISRN Microbiology, 13. 

Menanteau-Ledouble, S.; I. Krauss; R.A. Goncalves; B. Weber; G.A. Santos 

and M. El-Matbouli, 2017. Antimicrobial effect of the Biotronic
®

 Top3 

supplement and efficacy in protecting rainbow trout (Oncorhynchus 

mykiss) from infection by Aeromonas salmonicida subsp. salmonicida. 

Research in Veterinary Science, 114: 95-100. 

Menezes-Blackburn, D.; S. Gablerand and R. Greiner, 2015. Performance of 

seven commercial phytases in an in vitro simulation of poultry digestive 

tract. Journal of Agricultural and Food Chemistry, 63: 6142-6149. 



Nehad et al. 

 

 

39 

Mercy, A.A. and A. Gopalakannan, 2018. Antibacterial Activity of Fresh Garlic 

Juice against Vibrio sp. Isolated from Shrimp Farm Water: An in vitro 

Study. Int. J. Curr. Microbiol. App. Sci, 7: 485-489. 

Michiels, J.; J. Missotten; D. Fremaut; S. De Smet and N. Dierick, 2007. In 

vitro dose-repsonse of carvacrol, thymol, eugenol and trans-

cinnamaldehyde and interaction of combinations for the antimicrobial 

activity against the pig gut flora. Livestock Science, 109: 157–160.   

Nair, D.V.T.; R. Nannapaneni; A. Kiess; W. Schilling and C.S. Sharma, 2014. 

Reduction of Salmonella on turkey breast cutles by plant-derived 

compounds. Foodborne Pathog. Dis, 11: 981-987. 

Nassan, M.; E. Mohamed; S. Abdelhafez and T. Ismail, 2015. Effect of clove 

and cinnamon extracts on experimental model of acute hematogenous 

pyelonephritis in albino rats: Immunopathological and antimicrobial 

study. International journal of immunopathology and pharmacology, 28: 

60-68. 

National Research Council (NRC), 1993. Nutrient Requirement of Fish, 

National Academic Press,  Washington, DC.  

Natrah, F.M.I.; M.I. Alam, S. Pawar; A.S. Harzevili; N. Nevejan; N. Boon; P. 

Sorgeloos; P. Bossier and T. Defoirdt, 2012. The impact of quorum 

sensing on the virulence of Aermonas hydrophila and Aermonas 

salmonicida towards burbot (Lota lota L.) larvae. Vet. Microbiol, 159: 

77-82. 

Nayini, N. and P. Markakis, 1984. The phytase of yeast. Lebensmittel 

Wissenschaft & Technologie, 17: 24–26. 

Nehad M.; A. E. Eid; B. A. Ali1; A. Wahdan;  M.E. Enany and A.S. Abd El-

Naby, 2019. Effect of Phytase and Citric Acid on Growth Performance, 

Feed Utilization and its Antibacterial Activity against Fish Pathogens of 

Nile tilapia Fingerlings. Egyptian  Journal  for  Aquaculture, 9 (4): 1-20. 

Ng, W.K. and C.B. Koh, 2016. The utilization and mode of action of organic 

acids in the feeds of cultured aquatic animals. Rev. Aquac. 9: 342-368. 



Effect Of Cinnamaldehyde And Yeast On Growth  

Performance, Feed Utilization And … 

 

40 

Niu, C.; S. Afre and E.S. Gilbert, 2006. Subinhibitory concentrations of 

cinnamaldhyde interfere with quorum sensing.Lett. Appl. Microbiol, 43: 

489-494. 

Omar, S.S. 2017. Evaluation of brewers yeast as a feed supplement for common 

carp fingerlings (Cyprinus carpio). POLYTECHNIC, 7: 1-14. 

Petrolli, T.G.; L.F.T. Albino; H.S. Rostagno; P.C. Gomes; F.C. Tavernari and 

E.M. Balbino, 2012. Herbal extracts in diets for broilers. Revista 

Brasileira de Zootecnia, Viçosa, MG, 41 (7): 1683-1690. 

Pérez-Sánchez, T.I.; I. Ruiz-Zarzuela; de Blas and J.L. Balcázar, 2014. 

Probiotics in aquaculture: a current assessment. Reviews in 

Aquaculture, 6: 133-146. 

Qian, H.; E.T. Kornegay and D.E. Conner, 1996. Adverse effects of wide 

calcium: phosphorus ratios on supplemental phytase efficacy for 

weanling pigs fed two dietary phosphorus levels. J. Anim. Sci, 74: 

1288-1297. 

Rachmawatia, D.; I. Samidjana and M. Melb, 2017. Effect of Phytase on 

Growth Performance, Diet Utilization Efficiency and Nutrient 

Digestibility in Fingerlings of Chanos chanos (Forsskal 1775). 

Philippine Journal of Science, 46: 237-245. 

Ranjan, A.; N. Prasad Sahu; S. Gupta and M. Aklakur, 2017. Prospects of 

Medicated Feed in Aquaculture. Nutrition & Food Science International 

Journal, 3: 1-9. 

Riemensperger, A.V.; D. Bachinger; S. Schaumberger; R. Urbaityte and S. 

Pasteiner, 2012. The effect of an organic acid blend, cinnamaldhde and 

a permesbilising substance on the inhibition of bacterial growth in vitro 

and growth performance of weaning pigs. Vet. Ir Zootech, 60: 59-66. 

Roth, F.X. and M. Kirchgessner, 1998. Organic acids as feed additive for young 

pigs: nutritional and gastrointestinal effects. J. Anim. Feed Sci., 7: 25-

33. 



Nehad et al. 

 

 

41 

Samir, F.; A.S. Abd El-Naby; A.E.R.  Khattaby and S.M.M. Awad, 2017. 

Improvement of Growth Rate, Feed Utilization, Body Composition and 

Immune Response of Nile Tilapia (Oreochromis niloticus) By 

Supplementation of Nucleotide in Diets. Pages 62-88. 1st International 

Conference (Central Laboratory For Aquaculture Research In 

Cooperation With Worldfish). 

Setiawati, M.; D. Jusadi; S. Laheng; M.A. Suprayudi and A. Vinasyiam, 2016. 

The enhancement of growth performance and feed efficiency of Asian 

catfish, Pangasianodon hypophthalmus fed on Cinnamomum burmannii 

leaf powder and extract as nutritional supplementation. Aquaculture, 

Aquarium, Conservation & Legislation-International Journal of the 

Bioflux Society (AACL Bioflux), 9: 1301-1309. 

Singh, H.B.; M. Srivastava; A.B. Singh, A.K. Srivastava, 2007. Cinnamon bark 

oil, a potent fungitoxicant against fungi causin respiratory tract 

mycoses. Allergy, Copenhagen, 50 (12): 995-999. 

Steel, R.G.D. and J.H. Torrie, 1981. Principles and procedures of Statistics. A 

Biometrical approach. Second ed. McGraw-Hillpp.167-173. 

Usmani, N. and A.K. Jafri, 2002. Influence of dietary phytic acid on the growth, 

conversion efficiency and carcass cornposition of Cirrhinus mrigala (H) 

fry. J. World Aquaculture Society, 33: 199-204. 

Vielma, J.; K. Ruohonen; J. Gabaudan and K. Vogel, 2004. Top-spraying 

soybean meal-based diets with phytase improves protein and mineral 

digestibilities but not lysine utilization in rainbow trout, Oncorhynchus 

mykiss (Walbaum). Aqua Res., 35: 955–964. 

Volman, J.J.; J.D. Ramakersand and J. Plat, 2008. Dietary modulation of 

immune function by β-glucans. Physiology & Behavior, 94: 276-284. 

Waché, Y.; F. Auffray; F.J. Gatesoupe; J. Zambonino; V. Gayet; L. Labbé; and 

C. Quentel, 2006. Cross effects of the strain of dietary Saccharomyces 

cerevisiae and rearing conditions on the onset of intestinal microbiota 

and digestive enzymes in rainbow trout Oncorhynchus mykiss fry. 

Aquaculture, 58: 470-478. 



Effect Of Cinnamaldehyde And Yeast On Growth  

Performance, Feed Utilization And … 

 

42 


