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Abstract

The effect ofSaccharomyces cerevisia var. elipsoidous as probiotic in the diet of rainbow tro@ncorhynchus mykiss
fry was studied during 25 days after the first fagdin ratios of 1%, 5% and 10%. After 25 days ¢haras no
significant difference in the fry growth performan@ > 0.05). There was also no significant differe(lee- 0.05) in
the effect of the dietary yeast on mortality, cdioti factor (CF) and food conversion ratio (FCR). Atsoexperiment
with only fish oil (without yeast) was done and rsults were compared with the control group. 3jpecific growth
ratio (SGR), body weight increase (%BWG) and protsiitiency ratio (PER) were significantly higher the 5%
yeast diet compared to the control diBt € 0.05). A significant increase in the lipid camteof the carcass was
observed with a probiotic in the diet. With increas the yeast in the diet, the ash content ottlreass increased and
the protein content decreased. The results of theperiments showed that the use of yeast as eglditithe diet
during the early life stage of the rainbow trouyt i& suitable and it is probable that a 5% conediuin of yeast in the
diet will have the best results on the growth penfance and the feed efficiency ratio.
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| ntroduction

Rainbow trout has a promising market potential imdpe, East- and South-Asia and in other regidris.dlso
an important aquacultural species in Iran, so efactor that can improve the production in troultune is of
economical significance. In many fish species,léineal period is considered critical in the lifestary. Success
of larval rearing depends mainly on the availapilitf suitable food that is readily consumed, eéfitly
digested and that provides the required nutrientipport good growth and health (Tovar-Ramireal.€2002;
Waché et al. 2006). Therefore, the use of prolsati@quaculture has been introduced.

Probiotic treatment may be particularly useful éziwge the settlement of fish intestinal microbiatal it
may improve health in fish (Gatesoupe 1999). Actydo Moriarty (1998), beneficial bacterial cukkg; added
to water or fish feed, which can subsequently inprthe health of the host can be defined as priabidhe
range of probiotics examined for use in aquaculhae encompassed both gram-negative and gramwgositi
bacteria, bacteriophages, yeasts and unicelluj@ea(lrianto and Austin 2002).

Several authors have studied the effects of primsiain the survival rate and the growth of fistvéer and
crustacea (Ali 2000), on the digestibility coeffinis of nutrients of white shrimp,itopenaeus vannamei
(Heizhao et al. 2004), on decreasing the foodversion ratio, growth and survival of thmost-larvae of
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Macrobrachium rosenbergii (Himabindu et al. 2004) and on survival and gfowf the black tiger shrimp,
Penaeus monodon (Rengpipat et al. 1998). It has been shown tlatte of probiotics can decrease the amount
of food necessary for fish growth, which could tesa reduction of the production rate (Lara-Flomtsal.
2003).

Many probiotic bacteria have been proposed for awipig the health in rainbow trout (Irianto and Aaost
2002). The strains used were generally antagonsfi@thogens (Jéborn et al. 1997; Robertson €080), and
an important feature was the ability to colonize fish gut (J6born et al. 1997; Nikoskelainen ef8D1). Also
the immune system is stimulated in the rainbowtthyuseveral probiotics (Irianto and Austin 2002).

Andlid et al. (1995) suggested that yeast isoldteth rainbow trout might also improve health. Headpa
special attention to their colonization potenti&br example, the probiotic yea&iccharomyces cerevisae var.
boulardii had some effect on rainbow trout metabolism, stheedietary addition of the yeast increased muscle
lipids and red pigmentation, and improved the tesise of trout toYersinia ruckeri (Quentel et al. 2005).
According to Waché et al. (2006), polyamine seoretivas a possible mediator for the effect of thasyen
rainbow trout fry.

Therefore, in the present study the growth andigalndata were used to evaluate the effect of yeast
(Saccharomyces cerevisiae) on the fry of rainbow trout. Measurements of ttagcass chemical composition
have been used as a reliable index to estimatéionéal conditions and growth of fish larvae (Reipi et al.
1998; Hevroy et al. 2005).

M aterials and methods

Larvaerearing

The experiments were performed at the Reproduetieh Culture Complex of Shahid Marjani Sturgeon Fish
Gorgan, Iran. Trout larvae at the first feeding ifeswip) stage were obtained from the Trout Reprddoct
Center,Gorgan, Iran. A batch of 1500 uniformly sized yslke larvae (163 mg+26.27 SD) was randomly
divided into 15 groups (five different experimerttgee groups of 100 individuals in each) and egrclip was
placed into an identical 35 liter tank with micresh screens on two sides. Water velocity was sefsalt/h;
compressed air was used to aerate the tanks usingnber of narrow pipes connected to bubblers. tahks
were cleaned daily to avoid pollution by overfeedar by diet particles.

Water quality

The water quality was regularly monitored. The temapure was maintained at 9.3+1.36 °C (measurdy, dai
n=29) and the oxygen concentration varied betwe@&and 8.6 mg/L (determined mornings once a week
mornings). The total ammonia-nitrogen [(ANH NH;)-N] was always maintained below 0.5 mg/L and the p
values between 8 to 8.2. The residual chlorine massured weekly whereby the levels stayed below 0.0
mg/L. The photoperiod for this indoor experimentsveat at a 12L:12D cycle (light period from 08.620.00

h) and the light intensity was kept at 40 Ix on thek surface. The physical and chemical variailese
maintained as constant as possible by continugwahof the oxygenated water, and by removing deade
and food leftovers (by siphoning) each morning beffeeding; dead larvae were removed twice dailg an
counted.

Experimental diets and feeding

Five different feeding experiments were done witire¢ identical groups of fish larvae. At the endhf first

week, the characteristics of one group in eachifgeexperiment were studied, then at the end ofsdgeond
week those of the second group and at the endeothind week those of the last group. The five fiegd
experiments were: (1) artificial food covered wiitth oil (without yeast) (Ip); (2) artificial food mixed with 1%
Saccharomyces cerevisiae (D,); (3) artificial food mixed with 5%Baccharomyces cerevisiae (Ds); (4) artificial

food mixed with 10%Saccharomyces cerevisiae (Dyg); and (5) only artificial food, the control expexent (C).
The artificial food was Biomar-optimal start, irbOnm size (consisting of fish meal, wheat, fish bihders,
vitamins, minerals and anti oxidants). All groupsrevfed 5 times per day. The daily ration was abétiof dry
body weight per day (Lovell 1993).

The experimental food mixed with yeast was prepavigd probiotic yeast oBaccharomyces cerevisiae
strain (Institute Daxal, Italy) obtained as comnmrpreparations. The active dried yeast prepanativere
powdered by grinding and sifting through 100pum, #meh suspended in fish oil. The amount of powdas w
adjusted in the oily suspensions to obtain a fiaicentration of 10Colony Forming Units (CFU) of yeast per
gram of experimental food, after which the pelletsre coated with the well-shaked suspension (3kgnl/
(Waché et al. 2006).
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Chemical composition and statistical analysis

The fish larvae were left unfed for 6 hours befeagnpling for growth measurements and chemical aisaly
Each group of fish was weighed weekly on a balamitie a precision of 0.1 mg. The total length of edish
was measured with a sliding caliber with a preci$60.01 mm.

The amount of food fed per group was recorded weahktl used to calculate the feed efficiency rafias.
determine the composition for moisture, crude pnoterude lipid and ash (AOAC 1990), during thestfiweek
200 fish and after 4 weeks of feeding 50 fish pplicate tank were taken, including samples offtlogl given.
All determinations were done in duplicate. Normabgedures were followed, e.g. moisture by drying th
samples at 105°C overnight, protein by measuringdghl nitrogen, lipid was analyzed by ether etiosc
using a Soxhlet system and ash by heating the sanfipt 5 hours at 550 °C in a muffle furnace. Tésuits
were expressed as percentage of the total bodyvdight. The formula for calculation of CF, BWG, SGR
FCR, and PER are as follows:

(Condition Factor)CF = \I/__\: x100 (Lagler et al. 1962)

W= fish weight (wet weight in g); L= fish lengthn(tm)

. . BW; -BW
(Body Weight Gain percentag@pBWG = —Bw x100(Ghosh et al. 2003)

BW; = final weight (g); BW = intial weight (g)(Specific Growth Rate)

LnW, - LnW,
%SGR=————— " x100(Helland et al. 1996)

-t
W; = final weight (g); W= initial weight (g); (t —t;) = duration of the experiment in days

f i
F= feed fed (dry weight in g); V& final weight (wet weight in g); V& initial weight (wet weight in g.)

F
(Food Conversion Ratiof-CR = W, W (Helland et al. 1996)

(Protein Efficiency Ratio) PER = ! (Helland et al. 1996)

BW: = final weight (g); BWk intial weight (g); AP=Applied Protein

At the end of experiment the number of survivirghfivas recorded and used for calculating the nigyrtall
fish in each tank were pooled for weighing and doowth evaluation. The effects of diet on survieald
growth parameters were analyzed using one-way ANOWBAncan’s procedure was applied for multiple
comparisons. Statistical v.9 for Windows was ustgsults were considered significant at the 5% level

Results

The chemical composition analysis of the carcasgesinbow trout larvae of each experiment (Tabje 1
showed that the highest percentage of crude pretamobserved for experiment Qartificial food coated by
1% yeast) and C (only artificial food: control exipgent), the other experiments showed significailyer
figures P < 0.05). The lipid content was the lowest in Cugraand the highest ash content in carcasses of
larvae was found for the experimentg,@nd 0, which showed significantly higher figures thare thther
experiments B < 0.05). The highest moisture content was foundthe experiments Dand C; other
experiments had significantly lower figures.

The survival rate also showed no significant dédfere between the experimenis X 0.05). The lowest
cumulative mortality of larvae was observed wittpesimental diet B and the highest cumulative mortality
was found with diet B (Fig.1). After 25 days of larvae rearing, the laghaverage length was observed in fish
fed by diet C, with no significant other differenbetween different treatments, except with fBd larvae
(P > 0.05) (Table 2).
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Tablel. Proximate composition of trout larvae cascgampled duration rearing pefidd
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Starting Final rearing
rearing period
Food period
experiment Do D, De Dy c
Moisture(%) 86.96 85.71+0.57 86.52+0.93 84.61+0.66 84.73+0.68 86.52+0.93
Proteins (%) 70.57 73.86+0386 76.77+0.8% 74.75+0.26 74.62+0.46 75.87+0.48
Lipids (%) 11.88  12.06+0.f2  12.0+0.18  12.27+0.14  12.11+0.1%  11.4620.09
Nf\fsh (%) 9.38 10.33+0.f2  9.44+0.13 10.08+0.1% 10.430.1 9.86+0.15
otes:
Lalues within rows with different superscripts argnificantly different P < 0.05).
2
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Fig.1. Cumulate mortality of trout (mean, per dieihhin 25 days

Strange enough, the previously observed differem@e between the fishes with different diets. e t
end of the first and second weeks the highest geet@tal length was observed in larvae fed hydiet which
showed significant difference compared to the athied by other dietsP( < 0.05). At the end of the
experiment, the highest weight was observed witiment [ while there were no significant differences with
the other dietsR > 0.05). At the end of the first and second wedleshighest weight was observed with diet
D,q, but there was no significant difference with gigg and C P < 0.05) (Table 2).

Weight increase within the 3 weeks of the experitmshowed a significant difference between dieabd
the other diets R < 0.05). The specific growth rates with diet &hd B, showed a significant difference, and
with all treatments there were significant differea P < 0.05). At the end of the rearing period, thé fis all
experiments had a high condition factor, withou aignificant difference between any of the di¢is> 0.05)
(Table 3).

After 3 weeks of rearing, the lowest FCR was obsein treatment Pand By a significant difference was
shown with diet By (P < 0.05). At the end of the®3week the highest PER was found with the experiaient
diet Ds showing significant differencd®(< 0.05) from all other diets with the exceptiondidt D,

Discussion

During the first weekDncorhynchus mykiss having been fed with different levels $dccharomyces cerevisiae,
had a higher growth rate than those fed with aafietormal artificial food and artificial diet caat by fish oil
(C and B). Research on the effects of the dietgagcharomyces cerevisiae strain and on the rearing conditions
in rainbow trout showed that supplementing the ttrstarter diet withSaccharomyces cerevisae may be
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particularly useful for increasing fish growth. fgifences in temperature strongly affect fish growtid
metabolism (Waché et al. 2006). Noh et(4B94) and Lara-Flores et al. (2003) showed thafdd by diets
with a probiotic supplement exhibited greater gtotttan those fed by the control diet without suppat.

Table 2. Results of the biometry of trout fry dgriexperiment

Diets Do D, Ds D1o c
First Length(mm) 29.97+0.16° 28.46+0.78 28.94+0.49 30.1420.48 29.25+0.62°
week  Weight(mg) 256.83:0.29  242.20+11.03  238.24+18.3%  258.72t#5.9%1  239.35+13.73
Second Length(mm) 34.71+0.10° 33.27+0.64 33.7620.5% 35.11+0.63 34.6520.6%°

week  Weight(mg) 378.88+14.088  339.13+19.77  345.89+18.8%  399.78+14.88  374.31+22.3%

Third  Length(mm) 38.52+1.24 37.04+0.63 38.18+0.38° 38.00+0.5%° 37.74+0.5%
week  Weight(mg) 515.45+558  487.03+21.4  523.02+17.97  517.40+12.80  514.22+8.9%

Notes:
* Within rows, values with different superscripts aignificantly different P > 0.05).

Table 3. Average final weight (g), percent body gitigain (BWG) per day, specific growth ratio (SGE9ndition factor
(CF), food conversion ratio (FCR) and protein effigg ratio (PER). Values are meanz standard deviditioB)

Treatment
Index

Do D1 Ds D1o C

Average final  gip jo ok 487.03421.48  523.02417.97  517.40+12.80  514.2248.91

weight (g)

BWG% 36.15+4.3% 43.72+4.2% 51.33+3.48 29.57+6.63 37.62+6.02°

SGR% 4.38+0.48 5.00+0.38° 5.90+0.30 3.67+0.72 4.66+0.76°

CF% 0.90+0.08 0.95+0.04 0.92+0.03 0.94+0.02 0.96+0.02

FCR 1.18+0.1% 0.97+0.16 0.82+0.06 1.47+0.33 1.1440.18°

PER 1.44+0.1% 1.79+0.17¢ 2.04+0.14 1.21+0.27 1.60+0.25°
Notes:

* Values within rows with different superscripts argnificantly different P < 0.05).

In the present study, the best FCR, SGR and BW@egalvere observed in dietg @rtificial food mixed with
1% Saccharomyces cerevisiae) and B3 (artificial food mixed with 5%Saccharomyces cerevisiae), suggesting
that these yeasts improved the utilization of feBdnilar results have been reported fsaccharomyces
cerevisiae used in diets for carp (Noh et al. 1994), and Nispia (Lara-Flores et al. 2003). In practicaits,
this means that the use of probiotics can decrimsamount of food necessary for animal growth,ltiegy in
production cost reductions.

The PER results indicate that supplementing diets 8% Saccharomyces cerevisiae (Ds) significantly
improves protein utilization in rainbow trout. Thi®ntributes to better protein use for growth, gngicant
quality given that protein is the most expensiviziant component of feed. Similar results were by Lara-
Flores et al. (2003) who reported that supplemgntiets with probiotics significantly improves peot
utilization in tilapia.

At the end of the experiment, mortality was low dahd survival within groups fed witBaccharomyces
cerevisiae enriched food did not show any significant diffece. Similar effects have been reported for
Saccharomyces cerevisiae in diets for troutOncorhynchus mykiss (Waché et al. 2006). The better results found
in using supplemented diets suggests that theiaddf probiotics improved thdigestibility of the diet and
protein, which may in turn explain the better grioveind feed efficiency seen in using supplementeds di
(Lara-Flores et al. 2003). Aubine et al. (2005) dthyesized that the dietary supplement of the yieastased
muscle lipids and red pigmentation.

Growth of the trout fed with yeast-supplementeddfees good in the three dietary groups. Pulveonati
of the yeast suspension in the diet resulted owet growth rate. This result is similar to Tovéak (2002). It
can be assumed that the process of incorporatioineopulverized yeast is changing some physicgbgntaes
of the micro particles, in particular, a decreaSbumyancy was observed and the sprayed partialels faster.
In this case, feed ingestion by larvae could beuced. Incorporation of the yeast during mixing tlhev
materials should be considered in further experimen
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