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Abstract: Two strains of Saccharomyces cerevisiae were tested as probiotics for rainbow trout fry,
during the first month of feeding. Each strain was introduced into separate diets, at the rate of 106
CFU g- 1 and their effects were compared with those of a control diet. Two rearing conditions were
simultaneously compared, to test the adaptability of the probiotic treatment. From start feeding
onwards, the water supply came from either spring or river, resulting in two different temperature
ranges, 11-11.5 and 7-8 °C respectively. Growth and development were optimal in spring water,
while some delay was observed with colder river water. A slight but significant increase in mortality
was also observed in the river group. In all groups, the counts of bacteria associated with trout
intestine were maximum 10 days post start feeding (dpsf; 107 CFU g- 1). The counts of probiotic
yeast were also maximum at 10 dpsf (104-105 CFU g- 1), but the decrease was slower in river than
in spring water. An autochthonous yeast, Debaryomyces hansenii, was also retrieved associated to
the intestine of the control group in high numbers after 240 degree days of experiment (104—105 CFU
g- 1), while the colonization level was significantly less in trout fed the probiotic diets. The effect of the
dietary yeast was observed by assaying the activity of three enzymes in the brush border membrane
of the enterocytes: alkaline phosphatase (AP), y-glutamyl-transpeptidase (GGT), and leucine-amino-
peptidase N (LAP). At 10 and 20 dpsf, the trout reared in spring water had higher activities of the three
enzymes when they were fed the strain S. cerevisiae var. boulardii, suggesting an earlier maturation of
the digestive system in this group, compared with trout fed either the other strain of S. cerevisiae or
the control diet. The effect was not observed in trout reared in river water with slower growth. Both S.
boulardii and D. hansenii seemed to stimulate digestive maturation in fish, but the natural colonization
by D. hansenii was likely too late for trout reared at optimal temperature. The supplementation of trout
starter diet with S. boulardii may be particularly useful in fast growing conditions.
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1. Introduction

Many probiotic bacteria have been proposed to improve health in rainbow trout. The strains
were generally antagonistic to pathogens (J6born et al., 1997; Gram et al., 1999; Robertson et
al., 2000; Spanggaard et al., 2001; Irianto and Austin, 2002; Aubin et al., 2005a), and an
important feature was the ability to colonise fish gut (Joborn et al., 1997; Nikoskelainen et al.,
2001a, b). The immune system was stimulated in rainbow trout by several probiotics (Irianto
and Austin, 2002; Nikoskelainen et al., 2003; Raida et al., 2003; Panigrahi et al., 2004).
Inactivated bacterial cells might be also efficient to control furunculosis, but the viability of
the probiotics influenced the immune response (Irianto and Austin, 2003; Panigrahi et al.,
2005).

Andlid et al. (1995) suggested that yeast isolated from rainbow trout might also improve
health, with a particular attention to their colonisation potential. Like probiotic bacteria,
Saccharomyces cerevisiae var. boulardii acted as pathogen antagonist and immunomodulator
in mammals (McFarland and Bernasconi, 1993), but the yeast increased also the specific and
total activities of digestive enzymes in the brush-border membrane (BBM; Buts et al., 1986,
1999). S. cerevisiae var. boulardii had some effect on rainbow trout metabolism, since the
dietary supply of the yeast increased muscle lipids and red pigmentation, while improving the
resistance of trout to Yersinia ruckeri (Aubin et al., 2005b; Quentel et al., 2005). It seems that
the probiotic efficiency of S. cerevisiae is dependent on the strain (Fietto et al., 2004;Van der
Aa Kiihle et al., 2005).

Considering the presence of autochthonous yeast with probiotic potential in trout intestine, a
dietary supply of allochthonous strains might seem worthless. Aubin et al. (2005a)
hypothesised that autochthonous Debaryomyces hansenii could stimulate the mucosal
metabolism in rainbow trout intestine, while interfering with the dietary yeast. However, the
occurrence of autochthonous yeast was different in several locations (Gatesoupe et al.,
2005a). More generally, the intestinal microbiota of rainbow trout was highly variable in time,
and between farms (Spanggaard et al., 2000; Huber et al., 2004; Gatesoupe et al., 2005a, b).
Some environmental conditions may account for this variability, for instance the rearing
temperature (Lésel, 1990). Consequently, probiotics may serve as a precaution in front of this
variability, but at the same time, the efficiency of the treatments should be validated in several
rearing conditions.

The present experiment was conducted on rainbow trout fry at start feeding, to compare the
effects of two probiotic strains of S. cerevisiae, in combination with the cross effects of two
rearing conditions, with particular attention to intestinal microbiota, and to the activity of
BBM enzymes in trout enterocytes. The effects of the strain already tested on rainbow trout
(Aubin et al., 20053, b) were compared to those of another strain, which was recommended
by Lara-Flores et al. (2003) as growth promoter for Nile tilapia.

2. Materials and methods
2.1. Rearing conditions and diets

The strain of rainbow trout (Oncorhynchus mykiss), and the general rearing conditions were
as described by Aubin et al. (2005a), but two water qualities were compared in the present
experiment. All the eggs were incubated and hatched in UV-treated spring water (11.54 +
0.02°C, mean + standard error). Ten days post hatching, the fry were dispatched in 18 tanks.
Nine tanks were kept receiving UV-treated spring water, while in the nine other tanks, the
water supply was shifted to filtered river water within 5 h, resulting in a temperature decrease



from 11.4 to 7.2°C. Then the two conditions differed in their temperature ranges, 11-11.5 and
7-8°C for the spring and the river, respectively.

The diets were prepared with Ecostart® 15, crumble size *01°. The control diet was obtained
by coating the pellets with cod liver oil (32 ml kg™*). Two experimental diets SC and SB were
prepared with the probiotic yeast Saccharomyces cerevisiae strain NCYC Sc 47/g (National
Collection of Yeast Culture, Norwich, UK), or Saccharomyces cerevisiae var. boulardii
CNCM 1-1079 (S. boulardii, Institut Pasteur, Paris, France), respectively. Both strains were
obtained as commercial preparations, Biosaf® Sc 47 and Levucell® SB20, respectively. The
active dried yeast preparations were powdered by grinding and sifting through 100 um, then
suspended in cod liver oil. The amounts of powder were adjusted in the oily suspensions to
obtain a final concentration of ca. 10° Colony Forming Units (CFU) of yeast per g of
experimental diet, after the pellets had been coated with the shaken suspensions (32 ml kg™).
After coating, the actual counts of yeast on Sabouraud agar with antibiotics (Aubin et al.
2005a) were (7 + 3) x 10° and (9 + 1) x 10° CFU g™ of S. cerevisiae (diet SC) and S.
boulardii (diet SB), respectively (mean + standard error).

One day before start feeding, the fry weighed 60 mg, and they were dispatched in three tanks
per treatment, i.e. the three diets crossed with the two water qualities. At start feeding, 423 + 2
fish were counted per tank, without any significant difference. The trout were weighed at 23
days post start feeding (dpsf), then at 37 dpsf.

2.2 Fish dissection, microbiology, and enzymatic assays

Six fish were sampled in each tank one day before start feeding, then at 10, 20, and 31 dpsf,
after 20 h of starvation. After euthanasia and dissection of the intestine, three fish were used
for microbiological examination, and the cultivable bacteria and yeast associated with the
intestine were counted and characterised by the methods of Aubin et al. (2005a). Briefly,
hindgut sections were homogenised, diluted and spread on Petrifilm and Sabouraud agar with
antibiotics, to count bacteria and yeast, respectively. After phenotypic characterization with
the API system, the 16S rRNA genes were characterised with restriction enzymes, and those
corresponding to the dominant genotypes were partially sequenced. The three other fish were
used for enzymatic measurements, according to the methods mentioned by Zambonino
Infante and Cahu (1999). Three enzymes were assayed in BBM: alkaline phosphatase (AP), y-
glutamyl-transpeptidase (GGT), and leucine-amino-peptidase N (LAP). The maturation of the
enterocytes is described by expressing the activities of the BBM enzymes as a ratio to a
cytosolic enzyme, leucine-alanine peptidase (Leu-Ala).

2.3 Statistical analysis

The mortality was arcsine square root transformed, whereas the bacterial counts were log
transformed. The normality and homogeneity of all the data were checked with the tests of
Kolmogorov-Smirnov and Bartlett, respectively. When the data passed the tests, they were
compared by two-way analysis of variance (ANOVA), followed by the Student-Newman-
Keuls test. Otherwise, they were compared by the Kruskal-Wallis test, followed by the
Dunnett’s method.



3. Results

Though mortality was low, the survival of trout kept in spring water was significantly higher
than that of the other group by the end of the experiment (97.1 + 0.4% vs. 95.5 + 0.4%,
P=0.01). No cannibalism was observed. Growth was strongly different between the fish
reared with the two water qualities, due to temperature gap. At 23 dpsf, the trout reared in
spring water weighed 605 + 6 mg, while those reared in river water weighed 312 + 3 mg
(mean + standard error). At 37 dpsf, the mean weights were 1293 + 20 and 547 + 2 mg for the
groups reared in spring and river water, respectively. Neither survival nor growth was
significantly affected by the probiotic treatment.

3.1 Intestinal microbiota

The bacterial counts in trout intestine were not significantly different among treatments (Fig
1A and 1B). One day before start feeding, ca. 10* CFU g™ were retrieved in the intestine. The
counts were maximum at 10 dpsf (10” CFU g™), then they decreased by the end of the first
month (10%-10* CFU g™).

There was no clear effect of the probiotics on intestinal bacteria, but in trout kept in spring
water, the bacterial diversity seemed more marked than in trout reared in river water (Fig 1C
and 1D). This was observed as early as one day before feeding, 20 h after shifting
temperature. At this date, Rhodococcus sp. (Table 1) was dominant in trout transferred in
river water. The strain was also present in the group kept in spring water, but with other
dominant bacteria, Aeromonas sp. PL2A1 and Flavobacterium sp. Aeromonas sp. PL2D1 was
dominant at 10 dpsf in both groups, then at 20 dpsf in the river group. Pseudomonas sp. was
observed in both groups at all dates, but the strain was strongly dominant in the river group at
31 dpsf.

The probiotic yeasts were retrieved associated with the intestine in high numbers at 10 dpsf
(10%-10° CFU g™; Fig 2A and 2B). The counts were still high in the river group at 20 dpsf,
while the population decreased to ca. 10° CFU g in the spring water group. At 31 dpsf, the
counts were irregular, and no colony was detected in the group SC in spring water.

An autochthonous strain of Debaryomyces hansenii YB3A3 was also observed, as already
noted in previous experiments (Aubin et al., 2005a; Gatesoupe et al., 2005a). The association
with the intestine was maximum with the control diet at 20 and 31 dpsf in the spring water
and river groups, respectively (10*-10° CFU g™; Fig 2C and 2D). The rearing temperature
seemed determinative, and considering that similar numbers of degree days were cumulated at
20 dpsf in the spring water group, and at 31 dpsf in the river group (239 and 243 degree days,
respectively), the counts of the autochthonous yeast were compared among dietary treatments
at ca. 240 degree days. Even after log transformation the normality test failed, and it was not
possible to use the two-way ANOVA. By pooling the replicates fed the same diet till 240
degree days, while disregarding water quality, the Kruskal-Wallis test indicated a significant
difference (P<0.05). The counts in the groups fed the probiotics were found significantly
lower than the counts in the control group with the Dunnett’s method.

3.2 Enzymatic activities
In the spring water group, the specific activity of the three BBM enzymes was significantly

higher with diet SB at 10 and 20 dpsf, except for leucine aminopeptidase at 20 dpsf, but the
trend was similar (Fig 3). This was no longer observed at 31 dpsf, nor was it observed at any



sampling date in the river group. In this latter group, the activity of the three enzymes was
more intense with the control diet at 20 dpsf, and also at the other dates for GGT.

The segmental activity of the three BBM enzymes was expressed as a ratio to Leu-Ala
peptidase activity (Fig 4). The spring water group exhibited higher ratios than the river group
for the three enzymes at 10 dpsf (P<0.001), then at 20 dpsf (P<0.05). At 31 dpfs the AP/Leu-
Ala and LAP/leu-Ala ratios were still higher in the spring water group (P<0.05), but the
difference was not significant for GGT. An effect of the diet on enterocyte maturation was
noted in spring water. At 10 dpsf, the LAP/Leu-Ala ratio obtained with diet SB was
significantly greater than with the other treatments. The same trend was observed with the
two other enzymes, though the differences were not significant. At 20 dpsf, the trend was still
observed with alkaline phosphatase, but it disappeared at 31 dpsf. Some significant
differences were also observed in the river group, but without suggesting any general trend.

4. Discussion

The difference in temperature strongly affected fish growth and metabolism. The effect on
intestinal bacteria was less marked, since the counts were similar at each sampling date. In
spite of UV treatment, the bacteria associated with the group maintained in spring water were
more diverse than those of the group reared in river water. This might be due to the presence
of a limited number of psychrophilic strains, while some other ones, still active at 11°C,
would become nonculturable after the decrease in temperature. For instance, Aeromonas sp.
PL2A1 was not retrieved 20 h after shifting temperature, possibly entering into the viable but
nonculturable state below 10°C, like Vibrio vulnificus (Oliver et al., 1991).

The effect of temperature was more visible with yeast than with bacteria. The massive
association of yeast with the intestine seemed limited to the first month of feeding in previous
experiments (Aubin et al., 2005a; Gatesoupe et al., 20053, b). The decrease in counts of the
probiotic strains was delayed in the river group, concomitantly with the delayed trout
development. This decrease was observed in both groups when 240 degree dpsf were
cumulated, which corresponded to the maximum of intestinal colonisation by autochthonous
D. hansenii in trout fed the control diet. This maximum was not reached in trout fed the
probiotic diets, suggesting a competition for space between D. hansenii and S. cerevisiae.
Dietary S. cerevisiae var. boulardii increased the activities of BBM enzymes at 10 and 20
dpsf in trout kept in spring water, while the other dietary yeast did not. S. boulardii stimulated
BBM enzyme activities in mammals (Buts et al., 1986, 1999), but there was no such report
with other biovars of S. cerevisiae. A strain isolated from rainbow trout intestine,
Debaryomyces hansenii HF1, stimulated amylase secretion and the activity of BBM enzymes
in larval sea bass, whereas S. cerevisiae X2180 did not (Tovar et al., 2002). However, some
probiotic traits are not specific to S. boulardii (Brandao et al., 1998). Growth yield, and
resistance to thermal and acidic stresses might be important characteristics of the probiotic
strains (Fietto et al., 2004). Adhesiveness did not appear as an essential condition, even
though the prerequisites for probiotic yeast have not been clearly identified (Van der Aa
Kihle et al., 2005). In sea bass larvae, the colonisation potential could not explain the
differences observed between the effects of D. hansenii HF1 and S. cerevisiae X2180, while
the amounts of polyamines produced by the yeast were suspected to play a role (Tovar et al.,
2002). The probiotic effects of D. hansenii HF1 on sea bass larvae were further confirmed by
Tovar-Ramirez et al. (2004). When the diet was supplemented with a suitable amount of the
yeast, the sea bass larvae grew faster, with an accelerated pancreatic and intestinal maturation,
while survival and conformation were improved. The case of rainbow trout is different
because the fry are much more developed than sea bass at first feeding. In the present
experiment, the early intestinal maturation of rainbow trout was observed at 10 dpfs, but only



when trout fed S. boulardii were kept in spring water. The river temperature was likely below
the optimum for trout development, and the probiotic yeast did not appear efficient in that
condition. D. hansenii YB3A3 colonised naturally the intestine, but not so early as the
probiotic yeast, which was brought in high numbers since start feeding. This delay may
explain why S. boulardii had an effect on BBM activity till 20 dpsf in the spring water group,
while the colonisation level of D. hansenii was not sufficient yet.

No clear effect was observed in the present experiment with the strain of S. cerevisiae that
improved growth of Nile tilapia juveniles (Lara-flores et al., 2003). However, the long term
effects of the yeast should be further investigated. The supplementation of trout starter diet
with S. boulardii may be particularly useful in fast growing conditions, where it would be
necessary to stimulate the precocious maturation of the digestive function (Tovar et al., 2004).
However, this effect was dependent on the rearing conditions, and it should be tested in other
locations, especially in those where D. hansenii has not been detected. The practical interest
of such confirmation lies in regulatory aspects. The authorization of D. hansenii as probiotic
for fish may be less easy to obtain than that of S. cerevisiae strains, which are currently used
for mammals.
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Table 1 — Identification of the dominant strains isolated in rainbow trout intestine, with partial sequences of 16S ribosomal RNA gene referenced in

nucleotide databases; the identical fragments can be retrieved by reading the published sequences from the first nucleotide to the last one

indicated in the last two columns.

Dominant Reference strain in GenBank Identical 16S gene fragment

Strain Genus Species Accession n° Fragment length (bp) From To
5R020 Rhodococcus erythropolis AF532870 667 1371 705
5S035 Flavobacterium sp. IsoAl AJ319015 533 148 680
AFT112 Pseudomonas sp. TB2-1-I1 AY599711 771 16 786
PL2A1 Aeromonas salmonicida AF200329 821 119 939
PL2D1 Aeromonas sobria X74683 670 151 920
PM3B2 Arthrobacter bergerei AJ609630 808 104 911




j A % C
j 5 Q I

Pseudomonas M Aeromonas [ Rhodococcus
O Flavobacterium B Arthrobacter O Others

Fig. 1. Left: counts of bacteria associated with the intestine of rainbow trout at -1, 10, 20, and 31 dpsf in log (CFU g™), either kept in spring water
(A) or reared in river water (B); white bars: control group, black bars: group SB, grey bars: group SC. Right: proportions of the dominant genera of
bacteria characterised in trout, either kept in spring water (C) or reared in river water (D).
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Fig. 2. Left: counts of probiotic yeast associated with the intestine of rainbow trout at 10, 20, and 31 dpsf in log (CFU g™), either kept in
spring water (A) or reared in river water (B); black bars: S. boulardii, grey bars: S. cerevisiae. Right: counts of autochthonous yeast, Debaryomyces
hansenii, associated with the intestine of rainbow trout, either kept in spring water (C) or reared in river water (D). white bars: control group, black
bars: group SB, grey bars: group SC.
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Fig. 3. Specific activity of the three BBM enzymes (in mg protein™) in trout reared in spring
water (left), or in river water (right) at 10, 20, and 31 dpsf; (A), (D): alkaline phosphatase; (B),
(E): y-glutamyl-transpeptidase; (C), (F): leucine-aminopeptidase N; the letters a and b above the

error bars indicate the significant differences. white bars: control group, black bars: group SB,
grey bars: group SC.



AP/ Leu-Ala Spring water AP/ Leu-Ala River
1.8 1.8
a
14 b A 14 D
1.0 ¢ 1.0
0.6 0.6 a
b
02 02 b
"~ 10 20 31 10 20 = 31
GGT /Leu-Ala Spring water GGT /Leu-Ala River
0.08 ?a B 0.08 | E
0.06 | | 0.06 | a
b ab
0.04 0.04
a
0.02 (L'T 0.02 | m b f’_l%
10 20 31 10 20 31
LAP /Leu-Ala Spring water LAP /Leu-Ala River
a .
1.0 1.0 |
: C F
0.8 b 0.8 |
06 . 06
0.4 I 04 . a
I b I
0.2 0.2 | aa
i i 1 ﬂﬂ N
10 20 31 10 20 31

Fig. 4. Activity ratio to leucine-alanine peptidase of the three BBM enzymes in trout reared in
spring water (left), or in river water (right) at 10, 20, and 31 dpsf; (A), (D): alkaline phosphatase;
(B), (E): y-glutamyl-transpeptidase; (C), (F): leucine-aminopeptidase N; the letters a, b and ¢
above the error bars indicate the significant differences. white bars: control group, black bars:
group SB, grey bars: group SC.
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