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ABSTRACT

In the last fifty years, probiotics have applied to enhance growth , nutrients absorption , increasing
immunity  and survival .the effect  of an allochthonous strain, Saccharomyces cerevisiae PTCC5052 was
investigated purely as a probiotic in the  case of increasing  percentage of survival and enhancing  the growth
factors of Rainbow trout (Oncorhynchus mykiss) larvae during winter 2010 in shahid Motahhary aquaculture
research center that is a new experiment on rainbow trout larvae in Iran. 8400 yolk sac larvae were divided
into four treatments in three replicates. Checking the yeast growth process and Yeast production was performed
before food preparation. The ratio of yeast in treatments were 106, 107, 108 yeast per gram food of fishes for
treatments A, B, C respectively. Feeding trial was conducted for 7 weeks since start feeding of larvae. After
50 days, Mean survival for treatments were 87.8% in control group, 92.8% in treatment A, 93% in treatment
B and 95.4% in treatment C. While significant difference was observed only in treatment C (P<0.05). Results
showed the weight gain, length enhancement, and specific growth rate (SGR) in all of the treatments are
significantly higher than the control group (P<0.05). Results revealed that using this type of probiotic would
be effective in rainbow trout larviculture.
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Introduction

During the past 50 years, numerous trials were
conducted with microorganisms known as probiotics
in efforts to improve culturability of food species,
and to improve human health and welfare.

Appropriate probiotic applications were shown to
improve intestinal microbial balance, thus leading to
improved food absorption [26]. 

Gatesoupe [13] suggest a definition of probiotics
as: microbial cells that are administered in such a
way as to enter the gastrointestinal tract and to be

kept alive, with the aim of improving health.
Probiotics have been shown to be effective in a

wide range of species for the promotion of growth,
enhanced nutrition, immunity and survival [18]. 

Several probiotic species were used, including
debaryomyces sp., Lactobacillus spp. 

Bacillus spp. Saccharomyces sp. and mixed
cultures. 

Those results were most promising and gave
confidence that further improvements in probiotic
applications were possible [26].
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There is mounting evidence that both the health
and survival of organisms in intensive rearing
systems is improved by manipulating the gut
microflora with "probiotic" microorganisms and/or
prebiotics, which can be added to the diet to promote
the growth of beneficial bacteria [22]. However in
aquaculture, probiotics can be administered either as
a food supplement or as an additive to the water
[19].

Yeasts are one of the probiotic groups have been
tested on the fishes. Allochthonous strains of S.
cerevisiae were also retrieved associated with
intestinal mucus in rainbow trout after overnight
starvation, when the dietary yeast was daily supplied
[14]. The probiotic efficiency of S. cerevisiae is
dependent on the strain [12,31].

In this study, we tested an allochthonous strain,
Saccharomyces cerevisiae PTCC 5052 on growth
factors an survival of rainbow trout (Oncorhynchus
mykiss) that is a new experiment on rainbow trout in
Iran.

Materials and methods

Yeast Strain and Culture Medium:

The yeast ((Saccharomyces cerevisiae
PTCC5052)) was obtained from Iran Researches
Organization of Science and Technology (IROST) in
lyophilized form. The culture was revived in Yeast
Mold Agar by culturing for 48h at 25º C. A pure
colony was inoculated in the seed culture at 25º C
for 24h before mass culture in (YMA).the contents of
YMA are showed in table 1.

Checking the Yeast Growth Process:

To finding the yeast growth curve, firstly we
prepared three liquid medium in 250cc.then, we
added the yeast and ancubate them in 25 ºC. after
that, we measured the absorption hourly. synchronicly
number the of yeast in medium was counted. This
did up to 27 h. The data obtained from
spectrophotometey and counting result gave a linear
regression. This regression confirmed the validity of
results. Then we traced the yeast growth curve
[23May 11, 2011].

Yeast Production and Food Preparation:
 

The yeast was cultured at 25 ºC in Yeast Mold
Agar. the yeast was cultured till the early stationary
phase determined by spectrophotometery at 550 nm.
Then the suspension sprayed onto diets in three
different doses (106,107,108 CFU g-1) to obtain the
diets of S.C treatments [33]. the control diet prepared
without yeast .Then these diets were dried in a dry
oven at 37 ºC for 45 min [29]. 

The food kept in 4 ºC and gave to larvae
gradually in 3 weeks. After that the second diet in
size 0.5mm prepared according first diet and used
until the end of experiment. 

Rearing Condition:

The fertilized eggs of rainbow trout were
incubated and hatched in spring water. About 20
days after hatch, the larvae were ready for feeding.2
days before start feeding the fry were dispatched in
12 tanks. One day before start feeding, the fry
weight and length were measured. At start feeding
700 fish were counted per tank. The initial stocking
density was 60 larvae per liter [30]. 

Water flow rate were maintained at
approximately 0.5 - 1 lit/min. A 12-h light:12-h dark
photoperiod was maintained and controlled by timers
to prepare natural condition to larvae. Each diet was
fed to fishes 7 times per day in light hours. Feeding
trial was conducted for 7 weeks. For water quality
control, water temperature, dissolved oxygen and pH
were measured weekly. Dissolved oxygen was
between 6.5 to 7.5 ppm, and pH was between 7.3-7.5
during the experiment. Water temperature was at 10.7
ºC through out the trial.

Measurement of Survival and Growth:

At the end of experiment, the percent survival
was determined for each treatment and 45 larvae
were sampled randomly from each tank to determine
wet weight and total length. Specific growth rate
(SGR) and condition factor (CF) were determined
using the following equations:

SGR = (ln wt - ln w0) × 100 ÷ t

Where t is the culture period in days, lnW0 is
the natural logarithm of the weight of the larvae at
beginning of the experiment, and lnWt is the natural
logarithm of the weight of the larvae at day t. (W0
and Wt are in g.). Length is in mm.

CF= W/L3 × 105 

Statistical Analysis:

A randomized block design was used in each of
the three experiments. One-way analysis of variance
(ANOVA) was used to determine the significant
variation between the treatments. 

Differences between means were determined and
compared by Duncan's multiple range tests (SPSS
software) test. All tests used a significance level of
P=0.05. Data are reported as means ± standard
deviations [33].
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Table 1: the Yeast Mold Agar medium contents.
agar 20 gr
Glucose 10 gr
peptone 5 gr
Malt extract 3 gr
Yeast extract 3 gr
Distilled water 1 lit
pH 6.2 ± 0.2

Results:

Yeast Observation:

The regression between absorption and counting
the yeast was traced. This chart is showed in figure1.
This regression confirmed the validity of results.
After the yeast growth curve was traced, this curve
is showed in figure 2.it was needed the yeast that
reached to beginning of stationary phase. This time
is specified in curve.

Survival Results:

After 50 days, Administration of the probiotic
significantly increased survival in all treatments over
control. But difference only was significant between
control and treatment C, and differences in
Treatments A and B were not significant. (Figure 3)

Biometry Results:

The total length and wet weight were measured
at beginning and end of the experiment. This result
is coming in table 2.

The final weight and final length for treatments
are shown in figure 4 and figure 5. as it seen, the
weight difference between control and other
treatments is significant. The most weight was seen
in treatment C. The same results were found about
length. The best length growth was for treatment C.
All of probiotic treatments length was significantly
different with control in final day.   
  
Spesific Growth Rate (SGR):

The spesific growth rate for each treatment was
calculated.as result, the SGR for control,treatment
A,treatment B, and treatment C, was 3.21, 3.36, 3.34,
3.43 respectively.the statistical analysis show the
significant difference between control and all of
probiotic treatments.and the best result was about
treatment C.the figure 6 shows the SGR for all
treatments.

3.5. Condition Factor (CF):

The Condition Factor for each treatment was
calculated.as result, the "CF" for control,treatment A,
treatment B and treatment C, was 0.924, 0.902,

0.905, 0.896, respectively.The statistical analysis
show the significant difference between control and
all of probiotic treatments.and the best result was
about Control.the figure 7 shows the CF for all
treatments.

Discussion:

There is mounting evidence that suggests that
both the health and survival of organisms in intensive
rearing systems is improved by manipulating the gut
microflora with probiotic microorganisms and/or
prebiotics, which can be added to the diet to promote
the growth of beneficial bacteria [22]. 

Andlid et al. [2] suggested that yeast isolated
from rainbow trout might also improve health, with
a particular attention to their colonisation potential.
Li & Gatlin [16] also attained similar results. 

They prepared three treatment 1%, 2%, and 3%
of Saccharomyces cerevisiae in hybrid striped bass.
Their study result showed the survival was very good
in fishes that fed by probiotic for 60 days. 

These results specially were excellent for
treatment 1%. This dose was equivalent with
treatment C in present study. Rumsey et al. [25]
introduced brewers yeast as a suitable superseded
instead of fish meal. As a protein feedstuff, brewers
yeast has been included in commercial diet
formulations for several fish species, including
salmonids [20]. 

Moreover, the yeast cell walls can provide very
important non-nutritive compounds that may benefit
fish health, including mannoprotein, glocans, chitin,
polyamins, and nucleic acids Rumsey et al, [25].
They said the yeast cells produce 7.7% crude glocan
and 1% chitin.

The beneficial influence of glucans has been
demonstrated with various fish species. Enhanced
immunological responses including respiratory burst
also have been reported for dietary chitin [11]. 

Effect of I-1,3-glucan on emmune system
operation has been demonstrated with various fish
species. It is known that glucan is capable of
enhancing innate immune responses, including
respiratory burst of head kidney macrophages, serum
complement activity and serum lysozyme [15]
observed rainbow trout injected with 1% h-1,3-glucan
showed significantly enhanced extracellular
superoxide anion production of head kidney cells. 
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Li & Gatlin [17] showed that extracellular
superoxide anion production of head kidney
macrophages of hybrid striped bass also could be
activated by oral administration of glucan and/or
chitin from brewers yeast. In recent years, a growing
number of reports have indicated that oral
administration of nucleotides is capable of enhancing
immune responses and/or diseases resistance in
several fish species [11,27]. Nucleic acids, accounting
for 12-20% of the total nitrogen of brewers yeast, are
found primarily in the purine and pyrimidine bases of
nucleoproteins [25]. They observed that
supplementation of RNA extract from brewers yeast
elevated the level of hepatic nucleic acids in rainbow
trout and assumed that dietary nucleic acids could be
incorporated into the tissue pool. However, the extent
to which RNA in brewers yeast contributes to the
beneficial influences of dietary brewers yeast on
immune responses is not clear [16]. The specific
mechanism(s) by which these compounds exert their
beneficial influence remains unknown, although
intestinal microflora is recognized as a major
determinant for the development of the immune
system [5]. The gut microflora is important for
intestinal and pancreas maturation specially when
dominated by probiotics.

Moreover,  maturation of pancreas and intestine
cause to reinforcement of food digestion and
absorption and growth improvement. In young fishes,
cell differentiation matures digestive functions of the
intestine and pancreas [24]. Present research can be
a instance for this theory. Both of the length and
weight growth results,  showed  that  the  probiotic

treatments had more growth than the control, and this
differences was significant (P<0.05). Many studies
showed that the probiotics can increase growth in
fishes [1]. Fietto et al, [12] said the growth yield is
one of the important characteristics of probiotic
strains. S. cerevisiae var. boulardii had some effect
on rainbow trout metabolism, since the dietary supply
of the yeast increased muscle lipids and red
pigmentation [3]. Li & Gatlin [16] investigated effect
of the brewers yeast on growth of hybrid striped
bass. Results showed that the yeast enhanced the
larvae growth. Treatment of 1% and 2% yeast
enhanced the larvae growth up to 20%. A
commercial preparation of live S. cerevisiae and
Lactobacilllus coagulans was used as a growth
promoter for Indian carp fry [14]. Noh et al. [21]
showed that dietary incorporation of live yeast
(Saccharomyces cerevisiae) led to 10% increase in
weight gain in 4 kg carp. But no clear effect was
observed in growth improvement by Wache [32].
They suppose the used yeast can not colonize in
intestinal tract.Because there is an important point:
the probiotic efficiency of S. cerevisiae is dependent
on the strain [12,31]. They said another reason for
this result. They said that the rearing conditions such
as temperature and pH can affect on probiotic
efficiency. This theory is previously explained by
many of researchers. Macey & Coyne  [18]
recognize that the probiotics in the diet of
commercially produced H. midae enhanced the
growth rate of abalone by improving protein
digestion and absorption in the intestinal region of
the digestive tract.

Fig. 1: Regression between absorption in spectrophotometer and logarithm of the yeast counted.
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Fig. 2: Growth curve of S. cerevisiae PTCC5052 after 27 hours.

Fig. 3: The survival percentage for treatments after 50 days.

Fig. 4: the final weight of treatments (g).
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Fig. 5: the final length of treatments (mm).

Fig. 6: Specific growth rate (SGR) of treatments.

Fig. 7: Condition factor (CF) of treatments.

The increased protein digestibility was shown to
be due to an increase in protease activity in the distal
regions of the digestive tract as a result of the
probiotic microorganisms. 

In this study the percentage protein remaining in
the faces following digestion was higher (28.7%) in
animals fed the basal diet compared to animals fed
the probiotic diet (20.5%). This theory confirmed by
De Schreyer & Oliver [9]. 

So one of the growth improvement reasons by
probiotics is enhancement of protease in the intestine
and thereupon better digestion and absorption by

animal.
Also Tovar-Ramirez et al., [29] believed that the

polyamines secreted by yeast influenced pancreatic
maturation by enhanced transcription of trypsin and
lipase expression, and lowered amylase messenger
transcription. Tabor [28] and Bardocz [7] said that
most of polyamines have a biological role in cell
metabolism and proliferation by stimulating DNA,
RNA and protein synthesis. And Rumsey et al., [25]
observed that supplementation of RNA extract from 

brewers yeast elevated the level of hepatic nucleic
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acids in rainbow trout and assumed that dietary
nucleic acids could be incorporated into the tissue
pool. However, detailed information on digestion and
absorption of nucleic acids by fish is still limited
[16]. There is another reason for this results.
Putrescine, spermine, and spermidine are considered
essential growth factors [4]. He said that spermidine
and spermine are considered the ''right polyamines''
because putrescine is converted mainly to
non-polyamine metabolites. And the dietary
incorporation of purified polyamines or live yeast
that secretes polyamines influenced intestinal cell
differentiation in developing and adult animals [7].
And in young fishes, cell differentiation matures
digestive functions of the intestine and pancreas [24].

Conclusion:

Results showed the weight gain, length, and
specific growth rate (SGR) in all of the treatments
are significantly higher than the control group
(P<0.05). Results revealed that using this type of
probiotic would be effective in rainbow trout
larviculture. It seems the length enhancement of
probiotic treatments was better than weight
enhancement, because the condition factor in
probiotic treatments is lower than control. Its reason
can be found in feeding, because the diet quantity
was equivalent for all of treatments. So the probiotic
treatment that enhanced better length, could not
enhance their weight ideally (nevertheless their
significant weight growth).and normally if the feeding
was unlimited, the CF for probiotic treatment was
better because of their ability for better food
digestion and absorption that explained.
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