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ABSTRACT:

The use of prebiotics as feed supplements that improve efficiency of
intestinal bacteria is becoming de rigueur in animal husbandry in many regions
worldwide. We tested the effects of a commercial prebiotic (GroBiotic®-A) including
yeast and dairy fractions in different levels on survival, growth, carcass composition
and intestinal microflora on rainbow trout (Oncorhynchus mykiss Walbaum). In the
present study, we were able to detect high amounts of lactic acid bacteria (LAB) in the
intestine after 12 weeks of prebiotic supplementation, conducted. Ultimately, when
all supplementation diets are considered, GroBiotic®-A inclusion to diets for appearing
on increase on growth, survival, and carcass composition on O. mykiss.
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INTRODUCTION:
The culture of salmonids particularly
Atlantic salmon, Salmo salar and rainbow trout
(Oncorhynchus mykiss) is one of the most
important examples of commercially successful
intensive aquaculture in the world. Rainbow trout is
a large economic fish in Iran and artificial breeding
farms of this fish species are increasing apparently.
It is also the second cultured fish species in Iran
(FAO, 2006). The increasing economic and social
concerns by decreasing the use of antibiotics and
other chemicals used in fish farming have
encouraged more environment friendly approaches
for increasing growth (Verschuere et al., 2000).
Prebiotic, unlike probiotic, is not an organism and
has less influence in natural environment. These socalled prebiotic carbohydrates are defined as
„„nondigestible food ingredient(s) that beneficially
affect host health by selectively stimulating the
growth and/or activity of one or a limited number of
bacteria in the colon‟‟ (Gibson and Roberfroid
1995). Therefore, the need for alternative
techniques is increasing, and the contribution of
prebiotics such as xylooligosaccharides (XOS) may
be considerable. XOS, fructooligosaccharides
(FOS), inulin, and other related carbohydrates have
received considerable attention because of the
health benefits they are believed to confer on the
host (Mussatto and Mancilha 2007; Cerezuela et al.,
2008). However, it is evident that they play an
important role in generating a colonic microflora
that comprises predominantly bifidobacteria in
young mammals (Houdijk et al., 1998; Erney et al.
2000; Costalos et al., 2008).
A „functional nutrient‟ can be further
defined as a dietary ingredient that employs
possible positive effects on health in addition to its
direct role as a nutrient. Therefore, the present study
was conducted to explore growth performance,
survival and microflora into intestine of juvenile
rainbow trout, that feed the variety levels of dietary
prebiotic, GroBiotic®-A which is a commercial
mixture of partially autolyzed brewer‟s yeast, dairy
ingredient components and dried fermentation
products (with 5, 10, 15, 20, 25 and 30g kg-1
GroBiotic®-A).
MATERIAL AND METHODS:
Source and maintenance of fish
The experimental system was used here for
an experiment to optimize the feeding regime of
rainbow trout, Oncorhynchus mykiss. Apparently
healthy O. mykiss with an average body weight of
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4.5g were obtained from private farm at Haraz,
Niyak Ghezel. The fish were acclimated for one
week in four fiberglass tanks (4×4×1 m, 8 m3) to
fish house conditions before the start of the trial.
Fish were kept in fiberglass tanks in dimension of
1.5×1.5×0.4 m, 1 m3 with an open system of supply
located in the north of Iran. Fishes randomly were
divided into 7 groups which were placed in
fiberglass tanks as described in above and in fresh
water-flow at 9-12oC for 84 days prior to use in
experiments.
Experimental Procedure
The present work was performed at the
Department of Aquaculture, Ecological Academy of
Caspian Sea, Sari, Iran. The trial was performed for
12-weeks using fish in 3 replicates per treatment.
Before the start of the feeding trial, three fish were
randomly sacrificed with an overdose of clove oil,
and triplicate pooled samples were taken for the
determination of initial whole body composition. At
the end of the trial, all fish were weighed and
counted and three fishes from each fiberglass tank
were collected for resolution of whole carcass
composition.
Experimental diets
The fish were fed with a standard
commercial food (Chine Co.) at a rate of 2-5 % of
the biomass per day. Commercial dry food served
as a basis in which the various concentrations of
prebiotic, GroBiotic®-A were added, in 20 ml of
sunflower oil, to commercial dry feed followed by
mixing with a blender or by handy. Six
experimental diets were formulated with increasing
levels of GroBiotic®-A (1, 1.5, 2, 2.5 and 3% of
basal diet) and non-supplemented diet (control): as
diet 1, 2, 3, 4, 5, 6 and 7 containing 43.30 ± 0.07%
and 40.56 ± 0.06% protein, 13.57 ± 0.15% and
15.19 ± 0.04% lipid and an estimated gross energy
level of 20.31 ± 0.03 and 20.61 ± 0.04 kj.g-1 (FFT,
Fingerling Feed Rainbow Trout and GFT1, Growth
Feed Rainbow Trout), respectively.
Analytical methods
Chemical analyses
The food, experimental diets and fish
carcass were analysed for proximate composition of
dry matter, crude protein, crude lipid, fibre and ash
using standard AOAC methods (1997). Briefly, dry
matter was determined by drying at 100 0C to
constant weight; crude protein was determined by
the Kjeldahl procedure (Nitrogen×6.25); crude fat
by chloroform methanol extraction (2:1, v/v); crude
ash content by determining the residue after heating
in a muffle furnace at 550 0C for 5 h and crude fibre
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by loss on ignition of dried residue after successive
digestion with 5% H2SO4. Nitrogen free extract
(NFE) was calculated by subtracting the sum of
crude protein, crude fat, ash, and crude fibre from
the total dry matter content. Proximate analyses of
the trial diets are described in Table 1.
Bacterial analysis
The microbial analyses were done twice;
before the trial and at the end of the fourth week.
Ten fish from each group were sacrificed by
immersion in a tank containing MS-222 at a
concentration of 150 mg L-1 of water for 15 min,
and they were eviscerated aseptically and the whole
intestine was removed. The intestine was dissected
and the contents were collected by carefully
scraping with a rubber spatula and weighed. The
microbial analyses were performed by spreading
appropriate dilutions in PBS from 101 to 106 on
tryptic soy agar (TSA, Merck, Darmstadt,
Germany), a general media for facultative aerobic
bacteria. The plates were incubated aerobically at
30°C for 2 days. For determination of anaerobic
bacteria was used from anaerobic jars with
disposable Anaerocult A bags (Merck, Darmstadt,
Germany) for the generation of an anaerobic
medium. For lactic acid bacteria (LAB)
determination, diluted samples were plated on
deMan, Rogosa, and Sharpe (MRS) agar (Merck,
Darmstadt, Germany) and incubated at 30°C for 2–
3 days in an anaerobic jars with disposable
Anaerocult C bags (Merck, Darmstadt, Germany)
(Jones et al., 2008).
Calculation and Statistical Analysis
The following formulae were applied to the data:
Feed intake (FI) = [total feed intake / number of fish (g)]
Specific growth rate (SGR %) = [((ln Wf – ln Wi) / T) × 100]

Feed efficiency (FE) = [total wet weight gain (g) /
total feed intake (g)]
Protein Efficiency Ratio (PER) = [wet weight gain
(g) / total protein intake]
Average Daily Growth (ADG = [((wf– wi) / wi) × (Tf-Ti)]

Survival rate (%) = [(Number of fish which survived /
initial number of fish) × 100]

Where Wf refers to the mean final weight, Wi is the
mean initial weight of fish, T is the feeding trial
period in days.
Journal of Research in Biology (2011) 5: 325-334

All data are expressed as mean ±SD, where n
represents the number of fish. The differences in
parameters were tested for significance using a oneway analysis of variance (ANOVA) which was
performed using SPSS.V11.5 Subsequent
significance between groups was delineated by
Duncan‟s test. A value of P<0.05 were taken for
significance in all statistical tests.
RESULTS:
Growth, Survival and Feed Performance
No external clinical sign occurred in any
treatment during the period of this experiment. The
statistical analysis of different growth parameters of
Oncorhynchus mykiss at the end of experimental
period (Table 2) indicated a significant increase in
body weight gain percent (WG %) between the six
different groups and control diet (P<0.05). O.
mykiss in group G-A5 kept on diet supplemented
with (GroBiotic®-A2.5%) were the fast grower
followed by the O. mykiss in the groups G-A4 and
G-A6 received diet supplemented with (GroBiotic®A 2 and 3% respectively) in comparison to other
groups. The specific growth rate (SGR) takes
almost the same pattern of WG% in which O.
mykiss in the group G-A5 (2.5%) have the highest
SGR followed by O. mykiss in groups G-A4 (2%)
and G-A6 (3%) in comparison to other groups.
Average daily growth (ADG) of fish under
G-A (2, 2.5 and 3%) feeding were significantly
greater (P<0.05) than the basal diet and other
groups.
Survival also was affected significantly
(P<0.05) by dietary treatments as the fish fed
control diet had lower survival 93.33 ±
2.31compared to an overall survival rate of 98.67 ±
2.31 among G-A5 and G-A6 fed the remaining diets
(Table 2).
Apparent Protein Utilization
Protein utilization efficiency, measured in
term of protein efficiency ratio (PER) and net
protein utilization (NPU) is summarized in Table 3.
These were the same for protein efficiency ratio
(PER) in which the O. mykiss in the groups treated
with prebiotic 2, 2.5 and 3% supplemented diets
exceeded the value of other groups and even
control. The feed efficiency (FE) of O. mykiss takes
almost the same patterns of PER in which in the
group G-A5 (2.5%) have the highest FE followed
by O. mykiss in group G-A2 and G-A3% in
comparison to other groups and basal diet.
Apparent net protein utilization (NPU) the groups
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FFT+G4
GFT1+G4
FFT+G5
GFT1+G5
FFT+G6
GFT1+G6

G-A46

43.19 ± 0.11a
40.38 ± 0.06b
43.21 ± 0.20a
40.37 ± 0.05b
43.30 ± 0.13a
40.36 ± 0.17b

43.30 ± 0.07a
40.56 ± 0.06b
43.19 ± 0.11a
40.42 ± 0.10b
43.29 ± 0.21a
40.35 ± 0.06b
43.18 ± 0.04a
40.58 ± 0.28b

5.83 ± 0.14b
6.85 ± 0.15a
5.79 ± 0.12b
6.91 ± 0.07a
5.89 ± 0.05b
6.91 ± 0.03a
5.85 ± 0.11b
6.92 ± 0.06a
5.76 ± 0.11b
6.83 ± 0.05a
5.92 ± 0.10b
6.80 ± 0.10a
5.73 ± 0.16b
6.74 ± 0.01a

Protein (%)

Moisture (%)

15.19 ± 0.15a
13.68 ± 0.03b
15.16 ± 0.05a

13.69 ± 0.12b
15.18 ± 0.15a
13.68 ± 0.06b

13.57 ± 0.15b
15.19 ± 0.04a
13.70 ± 0.15b
15.15 ± 0.06a
13.60 ± 0.21b
15.15 ± 0.03a
13.65 ± 0.30b
15.17 ± 0.11a

Lipid (%)

2

Fingerling Feed Rainbow Trout (commercial Rainbow Trout food, Chinne)
Growth Feed Rainbow Trout (commercial Rainbow Trout food, Chinne)
3
GroBiotic®-A (A commercial prebiotic) 0.5% of diet
4
GroBiotic®-A (A commercial prebiotic) 1% of diet
5
GroBiotic®-A (A commercial prebiotic) 1.5% of diet
6
GroBiotic®-A (A commercial prebiotic) 2% of diet
7
GroBiotic®-A (A commercial prebiotic) 2.5% of diet
8
GroBiotic®-A (A commercial prebiotic) 3% of diet
9
Nitrogen free extract {100 – (protein + lipid + ash + fiber)}
10
Gross energy content (Brafield 1985).

1

G-A68

G-A57

G-A35

G-A24

G-A13

Control

Experiment
Diets
FFT1
GFT12
FFT+G1
GFT1+G1
FFT+G2
GFT1+G2
FFT+G3
GFT1+G3

Treatments

Proximate composition

6.51 ± 0.07b
7.33 ± 0.10a
6.47 ± 0.17b
7.20 ± 0.11a
6.56 ± 0.06b
7.24 ± 0.08a

6.57 ± 0.09b
6.59 ± 0.07a
6.52 ± 0.11b
7.18 ± 0.06a
6.48 ± 0.15b
7.22 ± 0.09a
6.49 ± 0.20b
7.31 ± 0.05a

Fiber (%)

9.13 ± 0.03b
8.51 ± 0.04a
9.20 ± 0.10b
8.51 ± 0.08a
9.14 ± 0.09b
8.52 ± 0.09a

9.12 ± 0.03a
9.22 ± 0.02b
9.12 ± 0.17a
8.58 ± 0.12b
9.14 ± 0.04b
8.57 ± 0.18a
9.15 ± 0.06b
8.50 ± 0.17a

Ash (%)

27.47 ± 0.19b
28.59 ± 0.09a
27.43 ± 0.10b
28.72 ± 0.26a
27.31 ± 0.27b
28.73 ± 0.22a

27.44 ± 0.13b
28.44 ± 0.07a
27.47 ± 0.44b
28.67 ± 0.13a
27.43 ± 0.22b
28.70 ± 0.25a
27.53 ± 0.42b
28.44 ± 0.30a

NFE9 (%)

20.49 ± 0.10cd
20.76 ± 0.04a
20.67 ± 0.03b
20.49 ± 0.05cd
20.53 ± 0.03c
20.48 ± 0.03cd

20.31 ± 0.03g
20.61 ± 0.04b
20.34 ± 0.06fg
20.44 ± 0.01de
20.38 ± 0.07efg
20.41 ± 0.02def
20.43 ± 0.06de
20.40 ± 0.01def

GE10 (kj.g-1)

Table 1 Proximate analyses of the diets used in varying levels -response experiments in rainbow trout (Oncorhynchus mykiss) during 84 days
trial1.
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1

Values are mean ± SD (n=3). Mean values within columns not sharing the same superscript are significantly different (P<0.05)
3
GroBiotic®-A (A commercial prebiotic) 0.5% of diet
GroBiotic®-A (A commercial prebiotic) 1% of diet
4
®
5
GroBiotic -A (A commercial prebiotic) 1.5% of diet
GroBiotic®-A (A commercial prebiotic) 2% of diet
6
®
7
GroBiotic -A (A commercial prebiotic) 2.5% of diet
GroBiotic®-A (A commercial prebiotic) 3% of diet
8
9
Wi = Initial weight,
Wf = Final weight
10
11
Wg = {(Wf – Wi)/Wi} × 100
SGR% = {(LnWf – LnWi) / Total days} × 100
12
13
ADG (%) = {(Wf – Wi) / Total days} × 100
Survival rate (%) = (Final fish number / Initial fish number) × 100

Control
4.46 ± 0.05
36.76 ± 2.14c
724.04 ± 41.60c
2.51 ± 0.06c
38.45 ± 2.50c
93.33 ± 2.31b
G-A 67
4.45 ± 0.05
43.24 ± 1.13ab
871.51 ± 29.04b
2.71 ± 0.04b
46.18 ± 1.36ab
97.33 ± 2.31ab
G-A 56
4.40 ± 0.11
45.21 ± 1.46a
933.09 ± 14.86a
2.78 ± 0.02a
48.60 ± 1.62a
98.67 ± 2.31a
G-A 45
4.43 ± 0.03
41.93 ± 1.12b
847.08 ± 18.41b
2.68 ± 0.02b
44.64 ± 1.29b
98.67 ± 2.31a
G-A 34
4.40 ± 0.06
38.24 ± 1.17c
770.08 ± 33.11c
2.57 ± 0.05c
40.29 ± 1.42c
97.33 ± 2.31ab
G-A 23
4.48 ± 0.04
38.92 ± 1.84c
768.86 ± 39.36c
2.57 ± 0.05c
41.00 ± 2.17c
94.67 ± 2.31ab
Treatments
G-A 12
4.46 ± 0.07
38.98 ± 0.74c
774.09 ± 18.14c
2.58 ± 0.02c
41.10 ± 0.86c
97.33 ± 2.31ab
Parameters
Wi (g)8
Wf (g)9
Wg (%)10
SGR (%)11
ADG (%)12
Survival(%)13

Table 2 Initial weight, final weight, percentage weight gain, specific growth rate, average daily growth and survival of rainbow trout(Oncorhynchus
mykiss) fed diets containing varying Concentrations of GroBiotic ®-A and control for 84 days1.
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which receiving G-A feeding were vary
significantly (P < 0.05) with these supplements
level in the diets, similarly to PER. FI (feed intake)
for G-A feeding tended to have better values than
control diet with increasing supplements level and
also feeding to G-A produced a better productive.
The protein productive values (PPV) of the
fingerlings fed with different experimental diets are
presented in Table 3. Fish fed 25 g G-A kg- 1 diet (G
-A5) had maximum PPV and there was no
improvement (P>0.05) in PPV beyond this level in
comparison to basal diet.
Body Composition
In order to determine the nutritional effects
of administered prebiotic on rainbow trout fry, the
biochemical composition of carcass was analyzed.
The results are presented in Table 4. At the end of
the experiment, in comparison to initial values, all
the experimental groups within control showed
higher percentage of protein and ash but a lower
percentage lipid and moisture. Protein values of
carcass in all treatments were significantly higher
(P<0.05) than controls. The best result was obtained
from G-A5 (17.06 ± 0.06%). Significantly (P<0.05)
different lipid values of carcass in prebiotic groups,
compared to the controls, were indicated.
GroBiotic®-A feeding resulted in a decrease in body
lipid (fat) with increase in dietary supplements.
Moisture values of G-A2, G-A3, G-A4, G-A5 and
G-A6 indicated a significant (P<0.05) difference as
well (Table 4). Fish fed the diet (commercial
rainbow trout food, CHINE) under feeding received
G-A 2, 2.5 and 3% showed significant (P<0.05)
difference that had higher body ash than fish from
the control and other treatments (Table 4).
Bacterial Analysis
In all treatments, lactic acid bacteria (LAB)
successfully colonized the O. mykiss digestive tract
on the end of trials (12-weeks). At the beginning of
the study, we observed that all the fish were not
significantly different on the aerobic, anaerobic and
LAB media count (P>0.05; Table 5). Total bacterial
counts among prebiotic supplemented groups were
significantly different from total bacterial counts in
controls in digestive tract of fish (Table 5; P<0.05).
The mean of total bacterial counts of intestine with
control diet in aerobic and anaerobic condition in
TSA media were 4.46 ± 0.01 CFU/g and 4.80 ±
0.01 CFU/g, respectively increased exponentially
from the experimental groups in intestine (P<0.05).
On the other hand, LAB colonization was detected
artificially dominant in experimental groups,
329
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Table 3 Feed intake, feed efficiency, protein efficiency ratio, Nett protein utilization and productive protein
value of rainbow trout (Oncorhynchus mykiss) fed diets containing varying Concentrations of GroBiotic ®-A and
control diet for 84 days1.
Treatments
G-A 12

Parameters
Feed intake
40.24 ± 1.78bc

FE8
0.86 ± 0.03cd

PER9
1.99 ± 0.06cd

NPU (%)10
4.77 ± 2.61cd

PPV11
89.50 ± 6.14a

G-A 23

41.20 ± 0.23ab

0.84 ± 0.04de

1.97 ± 0.09d

2.40 ± 0.01d

86.21 ± 0.48a

G-A 34

41.77 ± 1.07ab

0.81 ± 0.01e

1.89 ± 0.03d

7.46 ± 0.92bc

88.46 ± 1.61a

5

ab

b

bc

b

G-A 4
G-A 56

41.55 ± 0.85
42.99 ± 0.65a

0.90 ± 0.01
0.95 ± 0.02a

2.08 ± 0.02
2.19 ± 0.04a

8.27 ± 1.28
13.84 ± 1.29a

89.88 ± 2.73a
91.44 ± 1.17a

G-A 67

41.36 ± 1.16ab

0.94 ± 0.00ab

2.16 ± 0.01ab

9.97 ± 2.79b

90.33 ± 2.73a

Control

39.00 ± 0.86c

0.83 ± 0.04de

1.89 ± 0.08d

2.24 ± 0.61d

88.23 ± 1.69a

1

Values are mean ± SD (n=3). Mean values within columns not sharing the same superscript are significantly
different (P<0.05)
2
3
GroBiotic®-A (A commercial prebiotic) 0.5% of diet
GroBiotic®-A (A commercial prebiotic) 1% of diet
4
®
5
GroBiotic -A (A commercial prebiotic) 1.5% of diet
GroBiotic®-A (A commercial prebiotic) 2% of diet
6
®
7
GroBiotic -A (A commercial prebiotic) 2.5% of diet
GroBiotic®-A (A commercial prebiotic) 3% of diet
8
Feed efficiency = weight gain (g) / food intake (g)
9
Protein efficiency ratio = weight gain (g) / protein intake (g)
10
Nett Protein Utilization (NPU=Wf × Protein Muscle Final – Wi × Protein Muscle Initial/Protein Consumed)
11
Productive protein value = protein gain (g) × 100 / protein intake (g).

however, the opposite pattern was observed for the
digestive tracts of O. mykiss, in which the mean of
total LAB counts among prebiotics administered
groups were more than control (P<0.05). The
results of identification according to media on to
aerobic, anaerobic and lactic acid bacteria
condition, the highest count revealed the
experiment that was under G-A5 (4.92 ± 0.01, 7.21
± 0.02 and 6.60 ± 0.01 CFU/g, respectively; Table
5).
DISCUSSION:
Growth Performance and Protein utilization
Fish growth performance is affected by
different factors including water quality, stresses
and diseases, diet quality and quantity etc. Fish
under intensive culture conditions will be badly
affected and often fall target to different microbial
pathogens that have been conducted with
chemotherapeutic substances of which antibiotics
were used. The use of biological products namely
the probiotic either alone or in combination with
prebiotics is recently the aim of the disease
biocontrol program in aquaculture as they improve
the fish health and alter the fish associated
microbial population (Gibson and Roberfroid,
1995). While Gibson and Roberfroid (1995)
defined, prebiotic term as “A nondigestible foods
ingredient (s) that beneficially affects the host by
330

selectively stimulating the growth and/or activity of
one or a limited number of bacteria in the colon,
and thus improves host health. Besides FAO
experts “A prebiotic is a non-viable food
component that presents a health benefit on the host
a s s oc ia t ed w it h mo du la t i o n o f t h e
microbiota” (FAO 2007). The data of prebiotic
research is still young, yet the progress made in
elucidating the useful health effects of specific
prebiotics is significant not only for humans and
animals, but for fish species also as well. In the
present study, growth performance was increased
about 23 % in fish fed prebiotic (GroBiotic®-A) diet
compared to fish fed control diet; growth
performance was significantly higher (P<0.05)
exhibited in O. mykiss juvenile maintained on the G
-A diet supplemented with (prebiotic diet). The
specific growth rate (SGR) illustrated almost the
same pattern of W.G% in which O. mykiss in the
group that received G-A5 have the highest SGR
followed by O. mykiss in group G-A4 and G-A6
content in comparison to control group, G-A1, GA2 and G-A3. These were also true for protein
efficiency ratio (PER), NPU (protein utilization)
and survival in which the O. mykiss in groups
treated with prebiotic supplemented diets was more
than the amount of control group. In our study,
survival of fish in the treatment which produced the
highest growth performance was 5.7 % than the
Journal of Research in Biology (2011) 5: 325-334
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lowest survival value. Since the feed efficiency
(FE) of O. mykiss kept on a basal diet (control) was
lower than the diets supplemented with prebiotics,
while the highest FE was belonged to group which
had G-A 2.5 % and a 14.5 % increased on feed
efficiency, corroborating results of other previous
studies. The PER results indicated that
supplementing diets with prebiotics significantly
improved protein utilization in rainbow trout.
Similar results have been reported by Li et al.,
(2005) who observed increased weight gain and
feed efficiency which were generally observed in
hybrid striped bass fed diets supplemented with
partially autolyzed brewer‟s yeast and GroBiotic®A at each sampling time (4, 8, 12 and 16 weeks).
Staykov et al., (2007) have conducted rainbow trout
(O. mykiss) with supplementation of prebiotic Bio
Mos® (0.2%) in standard commercial extruded
feeds which were raised in net cages and raceways,
at the end of the six weeks trial period, the mean
body weight of fish receiving prebiotic was 13.7%
and 9.97%, respectively higher, compared to the
control groups (P<0.01). The supplementation of
prebiotic in the diet significantly decreased FCR
(P<0.05) and mortality (P<0.01). This result was in
agreement with the results expressed by Bogut et
al., (2006) which demonstrated improvements in
growth with the use of prebiotic MOS (Bio-Mos®)
to the diet of other freshwater species, European
catfish (Silurus glanis) juveniles from 22 to 76 g in
the control groups and 83 g in the Bio-Mos®
groups, a 9.7% higher average body weight
(P<0.01). Here the FCR was also lower to 11.6%

(P<0.01) and mortality decreased from 28.33 to
16.67% (P<0.01). These data supported the findings
of Hanley et al., (1995) who also have shown that
hybrid red tilapia juveniles, fed 0.6% prebiotic
(Aqua-Mos™, Alltech Inc., KY, USA) in their
hatchery diets, that have had a 22.5% improved
survival with 27.2% increase in weight gain. The
results revealed that both groups received prebioticsupplemented diets showed higher growth rate than
those kept on a basal diet, suggesting that the
addition of prebiotics enhanced the growth have
performance and feed utilization.
In our study observed proximate analysis at
the end of the experiment indicated significant
(P<0.05) differences in muscle protein, lipid, ash
and moisture contents of all the treatments.
Although the diets included containing different
levels of G-A, had increased effect on total muscle
protein and ash (13.3% and 20.6%), respectively
however decreased influence on muscle lipid and
moisture (20.6% and 1.3%), respectively content of
the fish. This study has found that supplementation
with G-A may help to positively change body
composition by increasing lean body mass (which
includes muscle mass) and decreasing fat mass.
The fillets (MR%) of the groups of rainbow
trout differed with regard to the received of G-A
and non- G-A; the groups that fed G-A
supplemented diets exhibited higher values than of
basal diet (P< 0.05). Results demonstrated that
prebiotic G-A can be an influence device for the
enhancement of growth of performance, health
status and feed efficiency of rainbow trout grown in

Table 4 Carcass proximate compositions of rainbow trout (Oncorhynchus mykiss) fed control and varying
Concentrations of GroBiotic®-A and control diet for 84 days1.
Protein (%)
At the start
At the end

Lipid (%)

14.68 ± 0.13
G-A 1

2

15.50 ± 0.43

d

Ash (%)

9.40 ± 0.05
8.23 ± 0.06

Moisture (%)

1.87 ± 0.03
a

1.22 ± 0.02

75.10 ± 0.36
b

75.01 ± 0.02a

G-A 23

15.10 ± 0.00e

7.59 ± 0.45b

1.21 ± 0.06b

74.93 ± 0.05ab

G-A 34

15.85 ± 0.16c

7.44 ± 0.12b

1.23 ± 0.23b

74.89 ± 0.63ab

G-A 45

16.17 ± 0.21bc

7.44 ± 0.03b

1.38 ± 0.11ab

74.49 ± 0.10bc

G-A 56

17.06 ± 0.06a

7.05 ± 0.04c

1.46 ± 0.05a

74.24 ± 0.09c

G-A 67

16.23 ± 0.06b

7.09 ± 0.05c

1.44 ± 0.05a

74.51 ± 0.18bc

15.06 ± 0.11e

8.02 ± 0.07a

1.21 ± 0.02b

75.16 ± 0.13a

Control
1

Values are mean ± SD (n=3). Mean values within columns not sharing the same superscript are significantly
different (P<0.05)
2
3
GroBiotic®-A (A commercial prebiotic) 0.5% of diet
GroBiotic®-A (A commercial prebiotic) 1% of diet
4
®
5
GroBiotic -A (A commercial prebiotic) 1.5% of diet
GroBiotic®-A (A commercial prebiotic) 2% of diet
6
®
7
GroBiotic -A (A commercial prebiotic) 2.5% of diet
GroBiotic®-A (A commercial prebiotic) 3% of diet
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Table 5 Total bacterial levels (log CFU/mg intestinal contents) in TSA medium (Aerobic, Anaerobic) and LAB
(Lactic Acid Bacteria) condition in the juvenile O.mykiss fed with test diets for 12 weeks1.
Initial

Final
LAB

Aerobic (TSA)

4.49 ± 0.02

Anaerobic
(TSA)
4.80 ± 0.01

4.49 ± 0.02e

Anaerobic
(TSA)
4.81 ± 0.01e

0.00 ± 0.00

3.63 ± 0.01f

G-A23

4.49 ± 0.02

4.80 ± 0.01

0.00 ± 0.00

4.65 ± 0.02d

5.22 ± 0.01d

3.90 ± 0.03e

G-A34

4.48 ± 0.02

4.80 ± 0.01

0.00 ± 0.00

4.49 ± 0.02c

6.82 ± 0.01c

6.06 ± 0.05d

G-A45

4.48 ± 0.03

4.81 ± 0.01

0.00 ± 0.00

4.86 ± 0.02b

7.20 ± 0.02a

6.46 ± 0.01c

G-A56

4.46 ± 0.02

4.80 ± 0.01

0.00 ± 0.00

4.92 ± 0.01a

7.21 ± 0.02a

6.60 ± 0.01a

G-A67

4.47 ± 0.01

4.81 ± 0.02

0.00 ± 0.00

4.87 ± 0.01b

7.15 ± 0.01b

6.55 ± 0.03b

Control

4.46 ± 0.02

4.80 ± 0.00

0.00 ± 0.00

4.46 ± 0.01e

4.80 ± 0.01e

0.00 ± 0.00j

Source

Aerobic (TSA)

G-A12

LAB

1

Values are mean ± SD (n=3). Mean values within columns not sharing the same superscript are significantly
different (P<0.05)
2
GroBiotic®-A (A commercial prebiotic) 0.5% of diet 3 GroBiotic®-A (A commercial prebiotic) 1% of diet
4
GroBiotic®-A (A commercial prebiotic) 1.5% of diet 5 GroBiotic®-A (A commercial prebiotic) 2% of diet
6
GroBiotic®-A (A commercial prebiotic) 2.5% of diet 7 GroBiotic®-A (A commercial prebiotic) 3% of diet.

a variety of production systems. On other hand, the
beneficial influence of G-A supplemented on
growth may be due to a change of the intestinal
microflora by mannanoligofructose, lactose or other
carbohydrates from the dairy ingredient, partially
autolyzed yeast and/or dried fermentation products.
In the present study, it is given the evidence of
improvement in the health and growth performance
of fish in spite of the differences in methods and
species used.
Intestinal microflora
At the end of trial, it was noticed that the
prebiotic supplementation into diet (extruded pellet
food) in these studies resulted significant (P<0.05)
increases in total bacterial counts among prebiotic
supplemented groups, which were significantly
different in compared to total bacterial counts in
controls at the digestive tract of O. mykiss (P<0.05).
In the present study, we were able to detect high
amounts of lactic acid bacteria (LAB) in the
intestine after 12 weeks of prebiotic
supplementation. However the values noted on
different media such as: (Aerobic; 4.92 vs. 4.46
CFU/g), (Anaerobic; 7.21 vs. 4.80 CFU/g) and
(LAB; 6.60 vs. 0 CFU/g) G-A group treatments and
basal which these present data the beneficial
influence of prebiotic on growth was perhaps due to
an alteration of the intestinal microflora. After 12
weeks of G-A-feeding in the present study, we were
able to detect high amounts of LAB and total
bacterial counts on aerobic and anaerobic media in
the intestine, which demonstrates that G-A
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supplemented diets and basal group, isolated from
the inner digestive tract bacteria of rainbow trout,
have a big capacity to adhere to and survive in the
intestinal tract. LAB supplementation, however,
demonstrated an ability to challenge the resident
microbiota, since the increase in LAB observed was
possibly the result of a fall in intestinal pH motive
by lactic acid or other fermented products produced
by LAB strains. The previous studies (Ringø et al.,
1998; Ringø and Olsen 1999) indicated that dietary
fatty acids and carbohydrates changed the bacterial
flora of the gastrointestinal tract of fish. Similar
findings were pointed out by Li and Gatlin (2004,
2005), who investigated the effect of commercial
prebiotics GrobioticTM AE and GrobioticTM
supplemented in diets of hybrid striped bass
(Morone chrysops × M. saxatilis) growth and
exhibited that the prebiotic promoted the growth
performance. The results of this present study
clearly indicated that diet supplemented with G-A
at a suitable concentration (20, 25 and 30 g kg-1)
could improve the total bacterial counts and LAB of
all intestine O. mykiss (Table 5). Lactic acid
bacteria had been considered beneficial residents of
the fish intestinal function because of producing
bacteriocins and hence positively affecting the
host‟s microflora (Ringø et al., 1998; Irianto and
Austin 2002; Ringø et al., 2006). Prebiotic
oligosaccharides such as inulin and oligofructose
are fermented in the colon where they promote the
growth of bacterial populations associated with a
healthy, well functioning colon. This selective
Journal of Research in Biology (2011) 5: 325-334
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stimulation occurs because oligosaccharides are
readily fermented by beneficial types of colonic
bacteria and are not used effectively by potentially
pathogenic bacteria species (Flickinger et al.,
2003). Our results have demonstrated that G-A, as
well as other prebiotic ingredients, may promote the
maintenance of lactic acid-production as some
reports have also supported the point (Mussatto and
Mancilha 2007; Moura et al., 2007). Based on our
data, the beneficial influence of prebiotic on growth
was possible due to an alteration of the intestinal
microflora.
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