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Growth, Survival and Gut Microbial Load of Rainbow Trout 
(Onchorhynchus mykiss) Fry Given Diet Supplemented with Probiotic 
during the Two Months of First Feeding 

Introduction 
 
Rainbow trout culture is economically important 

in Iran and bacterial infectious disease in trout 
farming seems to be the major reason for decreasing 
the production level in some farms. Success and 
failure of fish culture programs are determined by 
early life stage conditions (Ghosh et al., 2002). On the 
other hand, the occurrence of sub-clinical infections 
under farming conditions probably lead into reduced 
growth and increased mortality (Kapetanovic et al., 
2005). In order to make cessation or reduction on 
such as undesired results in fry rearing, many feed 
additives have been used for improving health 
conditions and the feed utilization efficiency (Ahilan 
et al., 2004). Antibiotics, one of the feed additives, 
were commonly used in the early 1950s (Ahilan et al., 
2004). Due to abuse of antibiotics in animal growth 
promoters, antibiotic resistance has become a 
common characteristic in microorganisms (Austin et 
al., 1994; Robred et al., 2000), thus caused serious 
problems in microbial infectious treatments (Saarela 
et al., 2000). The use of probiotics, which are 
beneficial microorganisms or their products with the 
benefit effects to the hosts, have been used in 
aquaculture in order to control disease, as 
supplements for improving growth and in some cases 
as a mean of replacing antimicrobial compounds 
(Irianto and Austin, 2002). 

Many researches on probiotic for aquaculture 

have been done (Moriarty, 1998; 1999; Ghosh et al., 
2002; Paniggraahi et al., 2004; Ahilan et al., 2004; 
Salinas et al., 2005). Some of the probable modes of 
action for probiotics include competitive exclusion, 
i.e. the probiotics inhibit the colonization of potential 
pathogens in the digestive tract by production of 
inhibitory compounds or through competition for 
nutrients and/or space, modification of microbial 
metabolism, and/or by the stimulation of host 
immunity responses. What is more, probiotics may 
produce vitamins and detoxify the compounds in the 
diets or break down the indigestible compounds, 
which may lead into the nutritional improvement and 
stimulate appetite (Irianto and Austin, 2002). 

Some works have been done to evaluate 
competitive exclusion of potential probiotics on 
rainbow trout (Nikoskelinen, 2002; Ji-Woong, 2003; 
Irianto and Austin, 2003; Ibrahim et al., 2004). 
Stimulation of immune system in rainbow trout with 
several candidate probiotics has also been evaluated 
by some researchers (Irianto and Austin, 2002; 
Nikoskelainen, 2002; Paniggraahi et al., 2004; Ji-
Woong, 2003; Kim and Austin, 2006). 

Since the Bacillus genus has not been reported 
as pathogens of the aquatic organisms (Moriary, 
1998), its application has been promoted and more 
widely accepted within the aquaculture industry 
(Gullian et al., 2004). Bacillus species are able to 
produce antibiotics, amino acids and enzymes 
(Sanders et al., 2003). Consequently, Bacillus 
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probiotics may have positive nutritional effects on 
fish. 

In the present study, we investigated the effect 
of Bacillus probiotic by administering via diets on 
digestibility of food, growth and survival of rainbow 
trout fry, with attention to fry intestinal micro-biota 
exposed to probiotic, compared to not receiving 
probiotic. 

 
Material and Methods 
 
Rearing Conditions and Experimental Design 

 
Rainbow trout, Oncorhynchus mykiss 

(Walbaum) (average weight = 120 mg) were obtained 
from a well–known hatchery in Iran, and maintained 
in 18 Californian flow-through with continuous fresh 
water supplied from spring (temperature = 
13.98±0.06, mean±standard error) for a period of 63 
days. Five treatments were conducted to evaluate the 
effect of probiotics administered to the rainbow trout 
fry, each treatments, in triplicate, was stocked with 
500 fish. The fish were fed at five different levels, 
(T1: 4.8×108, T2: 1.2×109, T3: 2.01×109, T4: 3.8×109, 
T5: 6.1×109 CFU g-1) and control diet groups served 
as well. The sampling for nutritional effects was 
carried out once in a week. 

 
Feeding and Probiotic Supplement Preparation 
 

Commercial rainbow trout starter food (SFT0, 
Chine Co., Tehran) was taken as a basal diet for the 
supplementation of probiotic. The commercial 
probiotic used in this experiment (Bio plus 2B, Razak 
Co., Iran) contained spores of two species of Bacillus 
(i.e., B. subtilis and B. licheniformis). Probiotics 
prepared as described in its original manual. The 
proper amounts of probiotic suspension were sprayed 
into the feed slowly, mixing part by part in a mixer. 
Then, the feed was air dried under sterile conditions 
for 12 h and stored at 20°C. The commercial feed 
sprayed with sterilized diluents alone served as the 
control diet. 

 
Fish Dissection and Microbiology 

 
Six fish were collected from each feed trial, after 

20 h of starvation at the end of the experiment 
(Wache et al., 2006). After killing the fish, intestines 
were dissected out in sterile conditions, and then three 
intestine samples from each treatment were used for 
microbiological examination and kept in ice until 
transferring to microbiology laboratory. In the lab, 
each intestine sample was homogenized and serially 
diluted with sterilized normal saline solution, and then 
samples were placed onto tryptic soy agar plates for 
isolation and total counts of bacteria. The plates were 
incubated for 27 h at 37°C. After that, for obtaining 
pure culture, from each sample 20-25 colonies per 
plate were picked randomly and re–streaked onto 

nutrient agar plates three times according to the 
methods of Spangaard et al. (2000) and Kapetanovic 
et al. (2005). Observation and identification of all the 
purified isolated were done according to the cell 
morphology, motility, gram staining, oxidize and 
catalas activities followed by Barrow and Feltman 
(1993) key identification. 

 
Determination of Nutritional Effects and Survival 

 
Every week, 10 samples from each treatment 

were taken to determine wet weight and total length. 
The numbers of survivors were recorded as well. At 
the end of the experiment, carcass of 3 fish, intestines 
of which were dissected out, was transferred for 
biochemical analysis. Feed conversion ratio (FCR), 
specific growth rate (SGR) and protein efficiency 
ratio (PER) were expressed as following: 
 

 troutproduced of Wet weight
  food ingested of Dry weightFCR =  

 

protein ingested of Dry weight
  100 trout produced of Wet weightPER ×

=  

 

T
     100  )Ln W -Ln W (SGR 0t ×

=  

 
Where t is the period of culture in days, ln W0 is 

the natural logarithm of the weight of the fry at the 
beginning of the experiment, and ln Wt is the natural 
logarithm of the weight of the fry at day t. (W0 and Wt 
are in gram). 

 
Statistical Analysis 
 

One way analysis of variance (ANOVA; SPSS, 
10.0) was used to determine whether significant 
variation between the treatments existed. Difference 
between means were determined and compared by 
LSD test. All tests used a significance level of 
P<0.05. Data are reported as means ± standard errors. 

 
Results 
 
Survival and Growth 
 

Under five levels of probiotic supplement, 
among the experimental fish normal behaviour 
exhibited and no cannibalism were observed. 
Probiotic feed acceptance in all treatments was as 
good as control group. Although mortality was low in 
both controls and treatments, administering probiotic 
showed significantly higher survival in all treatments, 
except T1 (Figure 1). Higher mean weight and total 
length were recorded in fish fed with probiotic 
supplement. Although mean weight just in T4 was 
significantly higher than control, total length was not 
significantly affected by the administered probiotic 
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(Figure 1). In all probiotic treatments, except T1, food 
conversion ratio (FCR) and protein efficiency ratio 
(PER) were significantly higher than in controls 
(Figure 2). Specific growth ratio (SGR) of the treated 
fish was also determined and showed significantly 
higher rate just in T4 and T5 (Figure 2). At the end of 
the study, the best results were retrieved from T4. In 
order to determine the nutritional effects of 
administered probiotic on rainbow trout fry, the 
biochemical composition of carcass was analyzed. 
The results are represented in Table 1. Protein values 
of carcass in all treatments, except T1, were 
significantly higher than controls. The best result was 
obtained from T4. Significantly different fat values of 
carcass in probiotic groups, compared to the controls, 
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Figure 1. Survival percent (A); Mean weight (B) and Total 
length (C) of rainbow trout fry in treatments.  
C-control, T1 to T5-treatments 1 to 5.  
* Significantly (P<0.05) different. 

were indicated. Moisture values of T3, T4 and T5 
indicated a significant difference as well (Table 1). 

 
Intestinal Microbiota 
 

Bacillus was dominant bacteria in probiotic 
treatments. In contrast, no Bacillus strains were 
detected in control groups (Table 2). Total bacterial 
counts in trout intestine, which received probiotic, 
were not significantly different. No clear effects on 
intestine bacteria associated with different levels of 
probiotic in treatments and control groups were 
detected (Figure 3). Vibrionaceae was dominant 
bacterium in all treatment as well as control groups. 
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Figure 2. Food convertion ratio (A); Protein efficiency ratio 
(B) and Specific growth rate (C).  
C-control, T1 to T5-treatment 1 to 5.  
* Significantly (P<0.05) different. 
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Discussion 
 

The relative proportion of Bacillus spp. in the 
intestinal flora of rainbow trout fry fed diets 
containing probiotic, increased with greater density of 
probiotic supplement in treatments. According to 
Ringo et al. (1995), high proportion is probably 
related to an increase in suitable attachment sites as a 
result of histological and functional development of 
fry and improved internal environmental conditions 
for bacterial growth (Vine et al., 2006). In contrast to 
constant habitat of terrestrial animals and resident 
flora in their gastrointestinal tract in aquatic animals, 
most microbes are transient (Panigrahi et al., 2004) 

and affected by conditions of surrounding water 
(Gomez-Gill et al., 2000). Since fish are poikilotherm 
animals, one of the primary factors influencing the 
microbiota of fish perhaps is temperature changes 
(Panigrahi et al., 2004). High proportion of Bacillus 
spp. in the intestinal of experimental fish may shows 
that intestinal environment is suitable for the given 
probiotic to settle and grow and also lead into harbour 
a great number of microbial cells of host intestine. 
Increase in survival associated with Bacillus probiotic 
proportion in the gut flora is probably due to 
competitive exclusion of other bacteria, especially 
with potentially pathogenic bacteria. The identified 
bacteria of fry intestine were recognized as fish 

Table 1. Chemical composition of carcass after feeding with probiotic 
 

Treatment Moisture Fat Protein 
C 74.7±1.4 10.1±0.2* 10.3±0.1 
T1 71.9±0.5 9.0±0.1* 10.8±0.2 
T2 73.4±0.4 8.9±0.1* 11.9±0.1* 
T3 69.9±0.1* 7.8±0.1* 13.7±0.3* 
T4 67.8±0.7* 6.5±0.1* 15.0±0.3* 
T5 69.98±0.5* 5.9±0.0* 12.1±0.3* 

Mean±S.E. (N=3). C-control, T1 to T5-treatment 1 to 5. * Significantly (P<0.05) different. 
 
 
 
Table 2. Total bacterial counts and Bacillus in the intestine of rainbow trout fry after feeding for 63 days 
 

Treatment Mean number of cells g-1 (CFU) in intestine 63 days after feeding 
  Probiotic cells Total microflora Ratio (%)(probiotic/total 
C — 12.5±1.08×104 — 
T1 29.4±2.17×106 45.2±4.07×106 65.0±2.3 
T2 11.9±1.28×106 1.40±0.79×106 85.1±2.0 
T3 2.52±2.1×106 2.71±2.90×106 92.9±4.6 
T4 1.79±1.51×107 1.82±1.32×107 98.3±4.0 
T5 3.37±2.05×107 3.39±2.06×107 99.4±3.8 

Mean±S.E. (N=3). C-control, T1 to T5-treatment 1 to 5.  
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Figure 3. Proportion of dominant group of bacteria characterized in rainbow trout fry. 
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pathogenic species (Kapetanovic et al., 2005). What's 
more, Enterobacteriaceae population, one of the 
identified bacteria, in T5 disappeared and the 
population of the other bacteria in probiotic 
treatments declined. It can strongly confirm the idea 
of out-competing the other bacteria by colonization of 
probiotic in intestine. On the other hand, survival in 
T4 was higher, so we can not definitely conclude that 
the exclusion of other bacteria by the probiont results 
in improved survival. However, this effect should not 
be ignored. 

Because growth rate throughout the experiment 
was improved in T4, not in T5, it can be certainly 
suggested that the more probiotic cells in diets and 
host intestine necessarily does not result in the more 
improved growth and survival. Better growth, as 
observed in T4, may establish better health conditions 
in rainbow trout fry and therefore, decrease mortality. 
Bacillus spp. produces several peptide antibiotics, 
including subtilin and bacitracin produced by B. 
subtilis and B. leicheniformis, respectively, which was 
present in the probiotic we used. Moreover, there are 
a number of other substances with biocontrol 
activities isolated from species of Bacillus (Rosvitz et 
al., 1998). Iturins, cyclic lipoproteins isolated from B. 
subtilis are toxic to a wide range of fungi and yeast 
(Maget-Dana and Peypoux, 1994). Therefore, 
administered Bacillus gave rise to the fry resistance to 
pathogens and enhanced survival by producing 
inhibitory substances to other microorganisms. The 
Bacillus species produce proteases (for example, 
subtilin), which helps in digestion (Sanders et al., 
2003). They are also said to produce vitamin K and 
B12 (Rosvitz et al., 1998). Gram-positive bacteria, 
including members of the genus Bacillus, secret a 
wide range of exoenzymes (Moriarty, 1998), which 
might have supplied digestive enzymes and certain 
essential nutrients to promote better growth. Bacillus 
subtilis and B. leicheniformis can break down proteins 
and carbohydrates (Rosvitz et al., 1998; Farzanfar, 
2006). So it can be suggested that administration of 
Bacillus bacteria to trout fry results in enhanced 
digestion of food and improved growth, including low 
food conversion ratio (FCR), and high specific growth 
rate (SGR). High protein efficiency ratio (PER) as 
well as greater protein values of carcass in probiotic 
treatments may be due to proteins secreted by 
members of genus Bacillus (Rosvitz et al., 1998). 

We found that supplementation of trout starter 
diet with the proper density of commercial Bacillus 
probiotic could be beneficial for growth and survival 
of rainbow trout fry, especially in fast growing 
conditions, where it would be essential to stimulate 
the precocious maturation of digestive system (Wache 
et al., 2006). No clear effect of probiotic on diversity 
of rainbow trout fry intestine flora detected, but high 
rate of probiotic bacteria colonization was observed. 
Since the results might be affected by the rearing 
conditions (Spanggaard et al., 2000), so we suggest 
the effects of Bacillus probiotic to be tested in other 
locations. 
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