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Abstract: Two commercial Aqualase probiotic and GroBiotic -A prebiotic were carried out on rainbow trout fry®

during 12 weeks of feeding trial. Probiotic and  prebiotic  were  introduced  in  four  different  levels  of  diets
(G-A1: 1, G-A2: 2, AQ1: 0.1, AQ2: 0.2 percents, respectively) and their effects compared with those of control
diet containing no pre-probiotic. Survival in treatments was significantly (P<0.05) higher than control and a
slight increment of mortality rate was observed during the first week of experiment. The counts of bacteria
associated with trout intestine in all treatments were significantly (P<0.05) higher than controls and Lactic acid
Bacillus (LAB) was not detected in controls. Total bacteria counts were significantly different among treatments
and controls. It could be suggested that the colonization rate of digestive tracts of rainbow trout fry with
bacteria was affected by dietary bacteria level. Specific growth rate, condition factor, protein efficiency ratio
were significantly (P<0.05) higher and feed conversion ratio was no significantly (P>0.05) in groups received
probiotic and prebiotic via diets than controls. It may show that probiotic and prebiotic stimulates digestive
development and enzymatic activity in fish. The best results were shown in treatment of growth performance
with G-A2 percents.

Key words: Probiotic  Prebiotic  GroBiotic -A  Aqualase  Digestive enzyme activity®

INTRODUCTION universal disease control measure in aquaculture. During

Rainbow trout culture is very important  as  economic as a conventional strategy for fish disease management
point of view in Iran. Also, bacterial infectious disease in has also been used for the improvement of growth and
trout farming seems to be the major cause of decline in efficiency of feed conversion. However, over the years,
production level of the most farms. The main success and pathogens which are resistant to antimicrobial agents
failure of fish culture programs are determined by early life developed and well documented [5-9]. Currently
stage conditions [1, 2]. The preparation of diets not only probiotics and prebiotics have  been  used  to  improve
provide the essential nutrients that are required for normal the health of their host and increment of growth rate. A
physiological function but may also serve as the medium probiotic is defined as “a viable microbial dietary
by which fish receive other components that could be supplement that  beneficially  affects  the  host  through
affected their health [3, 4]. Although, vaccines are being its effects in the intestinal tract” [10]. Nowadays,
developed and marketed, they can not be used as a probiotics have also been widely and incorrectly applied

the last decades, an antibiotic which was previously used
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in aquaculture to include the use of live microbes to of GroBiotic -A (1 and 2%), Aqualase (0.1 and 0.2%),
beneficially alter the microbial balance in the culture control and designated as Diets 1, 2, 3, 4 and 5. In these
system itself. On the other hand, Prebiotics have been experiments, two types of basal diets such as FFT
described as “non-digestible substances that provide a (Fingerling Feed Rainbow Trout, commercial Rainbow
beneficial physiological effect on the host by selectively Trout food, Chine) and GFT1 (Grow out Feed Rainbow
stimulating the favorable growth or activity of a limited Trout, commercial Rainbow Trout food, Chine) were used
number of indigenous bacteria” and the usage of which containing 43.53 ± 0.23% and 41.06 ± 0.06% protein,
probiotic and prebiotic in aquaculture were positive [11]. 13.57 ± 0.15% and 15.66 ± 0.10% lipid and an estimated
But lacking evaluation of biological influence of bacteria gross energy level of 20.31 ± 0.03 and 20.61 ± 0.04 kj.g-1,
in natural environment and cost of the material are the respectively. The proximate analyses of experimental diets
restrictions of probiotics and prebiotics at this time. The are shown in Table 1 [17].The proper amounts of probiotic
prebiotics are natural increments and makes their and prebiotic (mixed with sunflower oil, 1:1) were sprayed
preferable combination, so the main advantage of into the feed slowly. Then, the feed was air dried under
prebiotics over probiotics are the natural feed ingredients. sterile conditions for 2 h and stored at 20°C. The
Their incorporation in the diet does not require particular treatments were, T-1 (G-A1), T-2 (G-A2); T-3 (AQ1), T-4
safeguard and their usage as feed additives may be more (AQ2) and T-5 (C) where G-A, AQ and C refers
easily achieved, in spite of some concerns about their respectively to the GroBiotic -A, Aqualase and control
safety and efficiency. A scientific report [12] shown that feeding regime. The numerical values 1, 2, 3, 4 and 5 refers
the prebiotics were chosen to stimulate bifidobacteria and to the number of diet contained 1, 2, 0.1, 0.2 and 0%
lactobacilli in human microbiota. A study [13] shown that supplements, respectively [18,19]. The sampling for
the some of injections of a ß(1,3) and ß(1,6) linked glucan nutritional effects wascarried out once in 2- weeks.
from cell walls of the yeast Saccharomyces cerevisiae into
Atlantic salmon resulted in increased resistance to several Sample Collection and Analysis: Fish in each tank were
bacterial pathogens and decreased fish mortality. A counted and weighed at the beginning and the end of
numbers of reports [14, 15] shown that the haematological feeding trial. For determination of initial and final
parameters and biochemical compounds in fish can be carcasses proximate composition, 3 fish were randomly
used to develop the health situation of organism. Further, selected in each tank before start and at the end of
blood parameters in fish are considered as mirror for any feeding trial. The proximate composition of the
changes occurred on organism due to injuries in organs, experimental diets and fish carcass were analysed for
which related to infectious detect diseases similar to proximate composition of dry matter, crude protein, crude
warm-blooded animals [16]. lipid, fibre and ash using standard [17]. Briefly, dry matter

Therefore, the present study was designed to was determined by drying at 100°C to constant weight;
investigate the effect of dietary GroBiotic -A as prebiotic crude protein was determined by the Kjeldahl procedure®

and Aqualase as probiotic levels on growth performance, (Nitrogen×6.25); crude fat by chloroform methanol
body composition and digestive enzyme activities of extraction (2:1, v/v); crude ash content by determining the
juvenile rainbow trout. residue after heating in a muffle furnace at 550°C for 5 h

MATERIALS AND METHODS successive digestion with 5% H2SO4. Nitrogen free

Experiment Diets and Fish Rearing: Rainbow trout, crude protein, crude fat, ash and crude fibre from the total
Oncorhynchus mykiss (Walbaum) (14 weeks old, 11.30 dry matter content.
±0.21g) were obtained from a well-known fish farm (Haraz
Fish Company) in north of Iran. Totally 300 pieces of fish Preparation of Gastrointestinal Gland for Digestive
were randomly assigned into 5groups and each groups Enzyme Assays: After 15 h of last feeding, 9 fish were
were maintained in 3 rounded concrete tanks (with 3m collected from each group (3 fish in a tank). When all
diameter, 0.8 m depth and 3.5m  capacity) and a flow- bodies were weighted, individual rainbow trout was3

through with continuous freshwater supplied from river anaesthetized  in  ice water  for  approximately  5  minutes.
(mean temperature 15.20 ± 3.6 S.D). During 84 days. Five To minimize the risk of contaminating samples with any
experimental diets were formulated with increment levels microbial   enzymes, which   may  have  been  present  in

®

®

and crude fibre by loss on ignition of dried residue after

extract (NFE) was calculated by subtracting the sum of
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Table 1: Proximate analyses of the diets used in varying levels response experiments in rainbow trout (Oncorhynchus mykiss) during 84 days trial1

Proximate composition
Experimental ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Diets Moisture (%) Protein (%) Lipid (%) Fiber (%) Ash (%) NFE (%) GE  (kj.g )8 8 9 1 9

FFT (Control) 5.83 ± 0.14 43.30 ± 0.07 13.57 ± 0.15 6.57 ± 0.09 9.12 ± 0.03 27.44 ± 0.13 20.31 ± 0.032

GFT1 (Control) 6.85 ± 0.15 40.56 ± 0.06 15.19 ± 0.04 6.59 ± 0.07 9.22 ± 0.02 28.44 ± 0.07 20.61 ± 0.043

FFT+G-A1 5.89 ± 0.05 43.29 ± 0.21 13.60 ± 0.21 6.48 ± 0.15 9.14 ± 0.04 27.43 ± 0.22 20.38 ± 0.074

GFT1+G-A1 6.91 ± 0.03 40.35 ± 0.06 15.15 ± 0.03 7.22 ± 0.09 8.57 ± 0.18 28.70 ± 0.25 20.41 ± 0.02
FFT+G-A2 5.76 ± 0.11 43.19 ± 0.11 13.69 ± 0.12 6.51 ± 0.07 9.13 ± 0.03 27.47 ± 0.19 20.49 ± 0.105

GFT1+G-A2 6.83 ± 0.05 40.38 ± 0.06 15.18 ± 0.15 7.33 ± 0.10 8.51 ± 0.04 28.59 ± 0.09 20.76 ± 0.04
FFT+AQ1 5.79 ± 0.12 43.19 ± 0.11 13.70 ± 0.15 6.52 ± 0.11 9.12 ± 0.17 27.47 ± 0.44 20.34 ± 0.066

GFT1+AQ1 6.91 ± 0.07 40.42 ± 0.10 15.15 ± 0.06 7.18 ± 0.06 8.58 ± 0.12 28.67 ± 0.13 20.44 ± 0.01
FFT+AQ2 5.92 ± 0.10 43.21 ± 0.20 13.68 ± 0.06 6.47 ± 0.17 9.20 ± 0.10 27.43 ± 0.10 20.67 ± 0.037

GFT1+AQ2 6.92 ± 0.06 40.58 ± 0.28 15.17 ± 0.11 7.31 ± 0.05 8.50 ± 0.17 28.44 ± 0.30 20.40 ± 0.01

 Values are mean ± SD (n=3). 1

 Fingerling Feed Rainbow Trout (commercial Rainbow Trout food, Chine)2

Grow out Feed Rainbow Trout (commercial Rainbow Trout food, Chine)3

GroBiotic -A 1% of diet4 ®

 GroBiotic -A 2% of diet5 ®

 Aqualase 0.1% of diet6

Aqualase 0.2% of diet7

Nitrogen free extract (100 - (protein + lipid + ash + fiber))8

Gross energy content [20].9

the gut, the gastrointestinal gland was dissected out, Protease Assay: Protease activity was determined by a
stomach and pyloric caeca and intestinal were separated method [24] briefly add 1 ml of 1.5% casein solution, pH
of each other. The samples separately cut into small 7.0 was placed at 37°C and then 1 ml of properly diluted
pieces and washed thoroughly three times in homogenate enzyme sample (100 µl supernatant, 900 µl Tris buffer with
buffer solution (10 mM sodium citrate/0.1 M NaCl; pH pH 7.8 and 11mM CaCl ). The reaction was incubated for
7.0). After washing, gastrointestinal gland tissue was 10 minutes prior to the addition of 2 ml of 0.4 M
weighed, mixed with equal amounts of homogenate buffer trichloroacetic acid. The solution with precipitates was
solution then homogenized in an Ultraturrax homogenizer filtered and to 0.5 ml of the clear filtrate 2.5 ml of 0.4
for 1 min at the full speed. Finally, the homogenate was MNa CO  and 0.5 ml of Folin reagent were added. After
centrifuged in a Microphage set at 10, 000 × g for 10 further 10 minutes of incubation, the color density
minutes at room temperature, after which the supernatant developed was determined at 660 nm. One unit was
was stored at -20  until required [21]. Total soluble defined as 1 µmol of tyrosine released per minute by 1 mloC

protein was measured by Lowry method [22] using bovine of enzyme.
serum albumin as a standard.

Amylase Assay: Amylase activity was assayed by a bonds on the glycerol backbone of a lipid substrate.
method [23] briefly, 50µl of properly diluted enzyme (10µl Lipolytic activity was determined by the colorimetric
supernatant and 90µl Tris buffer with pH 7.5) were added method based on the activity in cleavage of p-nitrophenyl
into a tube containing 250 µl of 1% (w/v) of potato starch palmitate (p-NPP) at pH 8.0 [25]. The reaction mixture
solution and 1 ml of 0.05 M acetate buffer, pH 5.0. The contained 180 µl of solution A (0.062 g of p-NPP in 10 ml
reaction mixture was incubated at 37  for 15 minutes. of 2-propanol, sonicated for two minutes before use), 1620OC

Then 300 µl of the mixture was transferred into a new tube µl of solution B (0.4% triton X-100 and 0.1% gum Arabic
containing 300 µl of 3, 5-dinitrosalicylic acid (DNS) and in 50 mM Tris-HCl, pH 8.0) and 200 µl of properly diluted
boiled (90°C) for 15 minutes. The color density was enzyme sample (100 µl supernatant and 100 µl buffer Tris
determined spectrophotometrically at 520 nm. One unit buffer-HCL). The product was detected at 405 nm
was defined as 1 µmol of glucose released per minute by wavelength after incubation for 15 minutes at 37°C. Under
1 ml of enzyme. this  condition, the molar extinction coefficient ( 405) of

2

2 3

Lipase Assay: Lipase catalyzes the hydrolysis of ester
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p-nitrophenol (p-NP) released from p-NPP was 18 000 RESULTS
M . One unit of lipase activity was defined as 1 µmol of1

p-nitrophenol (p-NP) released per minute by 1 ml of
enzyme.

Body Indices: At the end of the feeding trial, three fish
from each tank (N=9 treatment ) were euthanized by an1

overdose of clove oil (3mg/l Sigma-Aldrich, St. Louis, MO,
USA) and bled via caudal venipuncture for measurement
of hematological parameters . Fish were measured for
length, weight, weight gain and feed efficiency ratio.
Survival, visceral somatic index (VSI), hepatosomatic
index (HSI) and muscle ratio (MR) were calculated.
Muscle and liver samples also were collected for
proximate analysis, including crude protein, total lipid, dry
matter and ash method [17]. 

HSI = [(liver weight / body weight) x 100] 
VSI = [(viscera weight / body weight) x 100] 
IPF = [(intraperitoneal fat weight / body weight) x 100]

Calculation and Statistical Analysis: From the data, the
following parameters were calculated: 

Specific growth rate (SGR) = [100 × ((lnwf - lnwi) / t)]
Condition factor (CF) = [(wf /L ) × 100] 3

Average Daily Growth (ADG) = [((wf- wi) / wi) × (Tf-
Ti)]
Total feed intake per fish (FI) = [total feed intake /
number of fish]
Protein intake (PI) = [feed intake (g) × % protein in
the diet]
Protein efficiency ratio (PER) = [(wt - wi) × (F × P)] 
Food efficiency (FE) = [weight gain / food intake]
Survival rate (SR) = [(final number of fish×100) / initial
number of fish] 
Where; wi = initial weight, wf= final average weight,
t = number of days of feeding trial, 
F= the total amount of feed (g) per fish consumed
during the feeding trial 
P= the protein content of the diets.

Therefore, data of growth, haematological parameters,
immunology concentration, bacterial and special enzymes
activity of rainbow trout (O. mykiss) analyzed by using
analysis of variance (ANOVA) techniques and the mean
differences between treatments were tested for significant
differences (P<0.05) using a Duncan’s multiple range test.
All statistical analyses were performed using the SPSS
software package, version 11.5.

Growth and Nutrient Utilization Parameters: No external
clinical symptoms occurred in any groups during
experimental times. Growth performance and feed
utilization parameters of Oncorhynchus mykiss during the
experimental period are summarized in Table 2. Growth
performance such as final weight, weight gain were
significantly higher in G-A 2 (%) (P<0.05) compared to
Aqualase and the control, while there was not
significantly difference with G-A 1(%). There was also
significant difference between Aqualase and the control
(P<0.05). The highest significant weight gain percent was
observed in fish fed G-A 2% (P<0.05). Fish fed GroBiotic -®

A tended to have higher weight gains (P<0.05) than
Aqualase supplement levels used. 

A similar response was also observed in the case of
specific growth rate (SGR) where GroBiotic -A 2%®

showed significantly were higher than control (Table 2).
Average daily growth (ADG) of fish were significantly
higher in GroBiotic -A 2% (P<0.05) than the Aqualase and®

basal diet, while was similar to G-A 1% (Table 2).
Survival increased significantly (P<0.05) when dietary

supplements increased and the maximum survival was
observed in fish fed with G-A 2% diet, which was
significantly higher (P<0.05) than Aqualase 0.2% and the
control.

Protein utilization efficiency, calculated in terms of
protein efficiency ratio (PER) and net protein utilization
(NPU) is as summarized in Table 3. PER for GroBiotic -A®

2% feedings showed significant differences (P<0.05) with
control, while it was similar to other supplements diet.
Apparent net protein utilization (NPU) for AQ 0.2% and G-
A fed fish were significantly (P<0.05) different with the
control. As also shown in Table 4.4, feed efficiency (FE)
in the AQ and G-A fed fish were not influenced
significantly (P>0.05) by varying supplements percentage
in the diet. FI (feed intake) in G-A 2% feeding tended to be
better than AQ and the control, although AQ showed
significantly higher than the control (P<0.05). 

Body Composition: Body composition data for final
samples of fish from different treatments and the initial
fish were compared and are as presented in Table 4. At
the end of experiment, in comparison to initial fish, all fish
from the experimental groups and the control exhibited
higher percentage of body protein, lipid and moisture but
lower percentage of ash. Fish fed the dietary supplements
GroBiotic -A   2%  showed   with   significantly   (P<0.05)®
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Table 2: Initial weight, final weight, percentage weight gain, specific growth rate and survival of rainbow trout (Oncorhynchus mykiss) fed diets containing
varying level of AQ and G-A and control for 84 days1

Treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters G-A 1(%) G-A 2(%) AQ 0.1(%) AQ 0.2(%) Control diet 2 3 4 5

Wi (g) 11.50 ± 0.25 11.20 ± 0.16 11.20 ± 0.32 11.32 ± 0.29 11.06 ± 0.196

Wf (g) 77.71 ± 3.96 82.49 ± 2.33 73.96 ± 4.05 73.62 ± 2.8 66.77 ± 1.166 ab a b b c

WG (%) 576.16 ± 41.05 636.78 ± 29.40 552.31 ± 33.05 555.58 ± 24.23 493.32 ± 13.297 b a b b c

SGR (%) 2.27 ± 0.07 2.38 ± 0.05 2.23 ± 0.06 2.24 ± 0.04 2.12 ± 0.038 ab a ab ab b

ADG (%) 78.82 ± 4.82 84.87 ± 2.93 74.55 ± 4.76 74.27 ± 3.18 66.09 ± 1.459 ab a b b c

Survival (%) 94.89 ± 1.02 96.44 ± 1.26 94.22 ± 2.22 92.78 ± 1.50 89.44 ± 1.3510 ab a ab b c

Values are mean ± SD (n=3). Mean values within rows not sharing the same superscript are significantly different (P<0.05) 1

GroBiotic -A 1% of diet2 ®

 GroBiotic -A 2% of diet3 ®

 Aqualase 0.1% of diet4

 Aqualase 0.2% of diet5

Wi = Initial weight, Wf = Final weight6

WG = [((Wf - Wi) / Wi) × 100]7

SGR% = [(LnWf - LnWi) / Total days) × 100]8

ADG (%) = [((Wf -Wi) / Total days) × 100]9

Survival rate (%) = [(Final fish number / Initial fish number) ×100]10

Table 3: Feed intake, feed efficiency, protein efficiency ratio, Net protein utilization and productive protein value of rainbow trout (Oncorhynchus mykiss) fed
diets containing varying levels of AQ and G-A and control diet for 84 days .1

Treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters G-A 1(%) G-A 2(%) AQ 0.1(%) AQ 0.2(%) Control diet 2 3 4 5

Feed intake 100.22 ± 5.27 105.04 ± 2.00 96.19 ± 1.97 95.13 ± 2.65 87.16 ± 1.80ab a b b c

FE 0.66 ± 0.03 0.68 ± 0.01 0.65 ± 0.03 0.66 ± 0.03 0.64 ± 0.026

PER 1.53 ± 0.06 1.60 ± 0.03 1.51 ± 0.08 1.55 ± 0.08 1.48 ± 0.047 ab a ab ab b

NPU (%) 6.55 ± 0.22 7.54 ± 0.36 4.69 ± 1.18 6.51 ± 1.13 6.16 ± 1.178 a a b a ab

PPV 40.11 ± 1.93 40.11 ± 0.73 40.36 ± 1.05 43.13 ± 2.53 43.63 ± 1.889 b b ab ab a

Values are mean ± SD (n=3). Mean values within rows not sharing the same superscript are significantly different (P<0.05) 1

GroBiotic -A 1% of diet2 ®

 GroBiotic -A 2% of diet3 ®

 Aqualase 0.1% of diet4

 Aqualase 0.2% of diet5

Feed efficiency = [weight gain (g) / food intake (g)]6

Protein efficiency ratio = [weight gain (g) / protein intake (g)] 7

Net Protein Utilization = [(Wf × Protein Muscle Final) - (Wi × (Protein Muscle Initial / Protein Consumed))]8

Productive protein value = [(protein gain (g) × 100) / protein intake (g)]9

Table 4: Carcass proximate compositions of rainbow trout (Oncorhynchus mykiss) fed control and varying level AQ and G-A and control diet for 84 days .1

At the end
------------------------------------------------------------------------------------------------------------------------------------------

At the start G-A(1%) G-A (2%) AQ (0.1%) AQ (0.2%) Control2 3 4 5

Protein (%) 14.52 ± 0.13 17.38 ± 0.07 17.91 ± 0.17 16.76 ± 0.15 17.31 ± 0.06 16.34 ± 0.27b a b b c

Lipid (%) 6.23 ± 0.10 6.66 ± 0.29 6.26 ± 0.04 6.87 ± 0.12 6.75 ± 0.19 7.31 ± 0.16b c b b a

Ash (%) 1.95 ± 0.02 1.19 ± 0.05 1.07 ± 0.04 1.33 ± 0.16 1.10 ± 0.08 1.60 ± 0.26b b b b a

Moisture (%) 74.00 ± 0.50 74.20 ± 0.61 74.05 ± 0.47 74.57 ± 0.22 74.25 ± 0.26 74.01 ± 0.16

Values are mean ± SD (n=3). Mean values within rows not sharing the same superscript are significantly different (P<0.05) 1

GroBiotic -A 1% of diet2 ®

 GroBiotic -A 2% of diet3 ®

 Aqualase 0.1% of diet4

 Aqualase 0.2% of diet5
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Table 5: Digestive specific enzyme activity in Intestine (I), Stomach and Pyloric ceaca (S&Pc) of rainbow trout (Oncorhynchus mykiss) fed diets containing
varying levels of AQ and G-A and control diet .1

Treatments
------------------------------------------------------------------------------------------------------------------------------------------------------

Enzyme Organ G-A 1(%) G-A 2(%) AQ 0.1(%) AQ 0.2(%) Control diet2 3 4 5

Amylase I 1.51 ± 0.38 2.21 ± 0.23 1.11 ± 0.07 1.07 ± 0.06 0.87 ± 0.046 b a c c c

S&Pc 0.86 ± 0.09 1.42 ± 0.23 0.78 ± 0.12 1.03 ± 0.06 0.65 ± 0.06bc a c b c

Protease I 2.30 ± 0.40 4.26 ± 0.35 1.15 ± 0.08 2.71 ± 0.20 0.84 ± 0.067 b a c b c

S&Pc 1.71 ± 0.20 4.66 ± 1.08 1.23 ± 0.15 2.28 ± 0.07 0.92 ± 0.18bc a c b c

Lipase I 2.76 ± 0.25 3.83 ± 0.86 2.19 ± 0.46 2.24 ± 0.11 1.22 ± 0.056 b a b b c

S&Pc 1.70 ± 0.21 3.74 ± 0.25 0.90 ± 0.12 2.06 ± 0.53 0.80 ± 0.24b a c b c

Values are mean ± SD (n=3). Mean values within rows not sharing the same superscript are significantly different (P<0.05) 1

GroBiotic -A 1% of diet2 ®

GroBiotic -A 2% of diet3 ®

Aqualase 0.1% of diet4

Aqualase 0.2% of diet5

mg specific enzyme/mg protein/min6

µg specific enzyme /mg protein/min7

higher  body protein than fish from other treatments fed both supplement rations were significantly (P<0.05)
(Table 4) as well as G-A 1% and AQ 1-2 were significantly promoted, with increasing supplements in the diet
higher with the control. GroBiotic -A and Aqualase compared to the control while the fish fed G-A2 was®

supplemented feeds resulted in a decrease in body lipid found significantly (P<0.05) heighest value compared to
with increase in these two supplements in the diet with the other treatments.
the lowest value in G-A 2% (P<0.05). However, both Statistically, it was noted that the enzyme
feeding regimes tended (although statistically significant, concentrations in fish fed G-A and AQ treatments were
P<0.05) to have lower body ash and lipid contents as different. Amylase and lipase activities in fish fed G-A and
supplements level increased in the diet. Inverse AQ diets were higher in the intestine than in the stomach
relationship was noted in the body moisture content and pyloric ceaca, respectively. However specific
among all the treatments. Moisture contents of fish fed protease activity was higher in the intestine of fish fed
with both supplement dietary regimes were not influence with 1% than 2% G-A, while in AQ 0.1 and 0.2% vice
by the supplements levels and also did not show any versa.
notable trends (and were also statistically insignificant,
P>0.05). DISCUSSION

Digestive Enzymes: Data for protease, lipase and amylase This study was planned to bring to mind the
activities are presented in Table 5. The mentioned differential details of using probiotics and prebiotic in
intestinal specific amylase enzymes activity under added rainbow trout, Oncorhynchus mykiss from the growth
up GroBiotic -A feeding changed significantly different performance point of view as well as their effect on the®

(P<0.05) compared to fish that fed Aqualase and control increasing digestive enzyme activities. Concerning the
diets and also stomach and pyloric ceaca specific amylase growth performance of O. mykiss treated with two
activity the fish fed G-A2 and AQ2 showed significantly commercial products including GroBiotic -A and
different (P<0.05) compared to fish that fed AQ1 and Aqualase (THEPAX). The results disclosed that both
control  diets.  However,  comparatively  highest  specific groups received prebiotic and probiotic-supplemented
protease  activity  was  observed  in  stomach  and pyloric diets were shown higher growth rate than those kept on
ceaca (S  &  Pc) in fish fed supplement GroBiotic -A 2% a basal diet. The addition of probiotics and prebiotics that®

(Table  5).  Furthermore,  the  specific  enzyme activity was suggested to improved the growth performance and
enhanced  with  increasing supplements (1 to 2%) in reduced the effects of mortality in the tanks which is the
dietary treatment, G-A diets. Fish fed with  G-A2  showed important in aquaculture systems. In some technical
the  tendency  for higher protease activity than others fed report shown that the improvement in growth may
dietary G-A1, AQ levels and the control. Intestinal, however, be related to the improvement in the intestinal
stomach and pyloric ceaca specific lipase activities in fish microbial flora balance [26]. This report mentioned that the

®
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probiotics can adhere to an intestine surface or colonize affect feed efficiency. Our results shown from a start
secretions as mucin overlying the epithelial layer. A study weight of approximately 11.5 g, fish given GroBiotic -A
[27] shown that the probiotics are able to adhere to and Aqualase grew to an average weight of 82.5 and 74 g
epithelial layer. vs. 66.5 g in controls and 23.5 and 10.3% higher final

The statistical analysis of different growth parameters weight. Fish survival ranged from 89.4 to 96.4 and 94.4%
of O. mykiss at the end of experimental period (Table 2, 3) in control, prebiotic and probiotic, respectively which
indicated an increase in the body weight gain (W.G. %) showed 7.8 and 5.3% higher than control (P<0.01). Similar
between the five applied treatments. O. mykiss in group G- studies were administered at Trakia University, Stara
A kept on diet supplemented with (GroBiotic -A) showed Zagora, Bulgaria with rainbow trout (Oncorhynchus®

the fast grower than the group AQ (Aqualase) in mykiss) with supplementation of prebiotic Bio-Mos
comparison to control group. The specific growth rate (0.2%) in standard commercial extruded feeds in which the
(SGR) took almost the same pattern of W.G. in which O. rainbowtrout raised in net cages and raceways [34]. 
mykiss in the group G-A have the highest SGR followed The PER and NPU (protein utilization) results
by O. mykiss in group AQ in comparison to control group. indicated that supplementing diets with either the
These  were valso  true  for  protein  efficiency  ratio prebiotics or probiotics significantly improved protein
(PER) and survival in which the O. mykiss in both groups utilization in O. mykiss. A research [35] shown that the
treated with probiotic and prebiotic supplemented diets same results in which the addition of probiotics and
exceeded the amount of control group. In our study, prebiotics improved feed utilization in practical terms. This
survival of fish in the treatment which produced the means that probiotic and prebiotic used can decrease the
highest growth performance  was  96.44  ±  1.26% and amount of feed necessary for animal growth which could
declined to 89.44 ± 1.35% which was the lowest survival result in production cost reduction. 
value. Since the feed efficiency (FE) of O. mykiss kept on Body composition of fish was significantly (P<0.05)
a basal diet (control) was similar to the diets influenced by feeding regime or dietary pro and prebiotic
supplemented with probiotics and prebiotics, but level. Gram-positive bacteria, including members of the
represented somehow a positive aspect of supplemented genus Bacillus, secret a wide range of exoenzymes [36],
diets. A study [28] with Biogen  as food additive which might have supplied digestive enzymes and certain®

containing Bacillus subtilis came to the conclusion that, essential nutrients to promote better growth. Bacillus
this organism germinates in the intestine of fish, using a subtilisand and Bacillus leicheniformis can break down
large numbers of sugar (carbohydrates) and produces a proteins and carbohydrates [37, 38]. So it can be
wide range of digestive enzymes (amylase, lipase and suggested that administration of Bacillus bacteria to trout
protease) which have a beneficial effects including higher fry results in enhanced digestion of food and improved
growth rate and higher feed efficiency. Also the growth, including high food efficiency (FE) and high
incorporation of S. cerevisiae as a probiotic in fish diet specific growth rate (SGR). High protein efficiency ratio
was investigated by a lot of researchers in which similar (PER) as well as greater protein values of carcass in
results were obtained. [18, 29, 30] supported the present probiotic treatments may be due to proteins secreted by
result, reported fish fed the diets supplemented with members of genus Bacillus [37]. We detected that
brewer’s yeast,commercial prebiotics GroBiotic -A and supplementation of trout starter diet with the proper®

GroBiotic AEshowed that the prebiotic promoted the density of commercial probiotic and prebiotic could be®

growth performance fish fed the basal diet during feeding beneficial for growth and survival of rainbow trout fry,
trial and feed efficiency showed a similar trend. The oral especially in fast growing conditions, where it would be
administration of levamizole hydrochloride causes 20% essential to stimulate the precocious maturation of
increase biomass in Russian sturgeon (Acipencerbaeri) digestive system [39]. Based on our present data, the
and Bester by [31, 32] suggested incorporation 100 mg beneficial influence of probiotic and prebiotic on growth
levamizole for each kg of food to stripped bass diet was possibly due to an alteration of the intestinal
showed a meaningful increase in growth compared with microflora.
control group. The other experiment has shown, shrimp Administration of the G-A and AQ to O. mykiss
fed all experimental diets (fructooligosaccharides) resulted in an increase in the specific activity of Amylase,
demonstrated a high growth rate and survival. Other Protease and Lipases in the O. mykiss’s digestive tract,
study [33]  also  reported  that  by   adding   scFOS because gram- positive bacteria, particularly members of
(Short-Chain Fructo oligosaccharides) to diets did not the   genus   Saccharomyces   cerevisiae   and   yeast   do

®

®
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secrete a wide range of exoenzymes [40, 36, 41]. In the 3. Gatlin, III, D.M., 2002. Nutrition and fish health, In:
current study, specific enzyme activity Amylase, Protease
and Lipases of pro and prebiotic diets were significantly
higher than control group when crude intestinal enzyme
extract of O. mykiss were used. 

The observed increases in specific activities of
digestive enzymes in probiotic and prebiotic treatments
may have led to increase digestion and enhanced
absorption of food, which in turn contributed to the
improved survival and growth in O. mykiss [41]. The
Bacillus  species  produce  proteases  (for  example,
subtilin), which helps in digestion [42]. Our finding is
similar to that obtained by [43], who revealed protein
digestion in juvenile Scophthalmus maximus and
exhibited that supplementation of the diet with a potential
probiont, Vibrio proteolyticus, resulted in increased
digestion and absorption of protein, particularly in the
distal portion of the gastrointestinal tract. The enhanced
amylase and protease secretion in the intestine of the
probiotic feed fed fishes could also be attributed to the
superior maturation of their intestinal secretory cells [44].

These results were in agreement with the study of
[45] who demonstrated the effects of Bacillus sp.
probiotics on growth parameters and protease, amylase
and lipase specific activities in C. carpio juveniles and
recorded that mean digestive enzyme activities of all
probiotics treatment groups were significantly different
(p<0.05) with that of the basal.

Positive influences of Aqualase and GroBiotic -A on®

growth performance and digestive enzyme activities of
rainbow trout in the present study showed acceptable
efficacy of probiotic and prebiotics for aquaculture. 
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