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effects of the dietary intake of live yeast Debaryomyces hansenii (CBS 8339) on the
immune response of juvenile leopard groupers Mycteroperca rosacea and on their resistance to infection by
dinoflagellates Amyloodinium ocellatum.
During 4 weeks, juvenile groupers were fed either a diet supplemented with D. hansenii at 106 cfu g−1 or a
control diet. Both groups were then transferred to a system infected with A. ocellatum and maintained in this
stressful environment, for one week. Rearing conditions were favorable to the proliferation of the
dinoflagellate and, at 7 days post-infection, the cumulative mortality rate of the control group was 89.5%,
suggesting that the yeast-enriched diet conferred protection against the parasite. Only fish with yeast-
supplemented diet recovered from the A. ocellatum challenge.
The immunological response of both groups of fish was evaluated. Samples were collected at weeks 4
(stressed fish) and 7 (recovering fish) to determine the levels of hemoglobin, plasmatic protein, and
immunoglobulin M (IgM) as well as the activity of antioxidant enzymes (SOD and CAT). IgM increased
significantly (P≤0.05) in the recovering fish, which had all been fed the yeast diet. A significantly increase
was also observed in superoxide dismutase activity in juvenile fish fed the yeast diet; however catalase
activity was not affected by the dietary yeast supplement. Overall, fish that received the yeast supplement in
their diet have an enhanced immune response as compared with their control counterparts. The present
results show that a diet supplemented with D. hansenii stimulates the immune system of juvenile M. rosacea
thus enhancing their resistance against A. ocellatum.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

In Mexico, the leopard grouper, Mycteroperca rosacea, is found
along the Atlantic coast from the Gulf of California to the state of
Jalisco. M. rosacea has a potential for aquaculture because it shares
similar characteristics with other commercial grouper species, like
Epinephelus spp, (Tucker, 1999) and it has high market value (Lim,
1993). Since it is considered as a threatened species by the World
Conservation Union (IUCN, 2003), the commercial production of
juveniles could have the additional benefit of enhancing fishery
stocks. Despite the commercial value and endangered status of this
species, its biology is poorly understood. Only a few studies have been
devoted to its taxonomic status (Rosenblatt and Zahuranec, 1987),
feeding habits (Bermudez and Garcia, 1985) and embryonic/larval
development (Gracia et al., 2004).
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Disease management is essential to the successful production of
marine fish species. High fish mortality, resulting in serious
economic loss, (Amar et al., 2000) is associated with the stress
and increased infection rate caused by intensive rearing conditions
(Lovell, 1996). Many studies have looked into the modulation of the
immune system in fish as a means to prevent disease outbreaks
(Salinas et al., 2005) and the possibility of altering nutrition to
favor normal growth and enhance fish health (Li and Gatlin, 2004).
Immunostimulants are biological and synthetic compounds that
enhance non-specific defense mechanism in fish (Anderson, 1992)
and they confer protection under adverse conditions. Probiotics are
live, microbial, dietary supplements which remain alive as they
enter the gastrointestinal tract and improve their host's health
(Gatesoupe, 1999). Their beneficial effects include: adhesion to the
intestinal tract, production of inhibitory compounds, competition
for chemicals and immuno-stimulation (McCraken and Gaskins,
1999).

The probiotic potential of a wide range of microalgae, yeasts,
Gram-positive bacteria, and Gram-negative bacteria has previously
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Table 1
Composition of the experimental diets (g 100 g−1 diet)

Ingredient Diet

Control Yeast

Fish meal a 28.61 28.61
Wheat flour b 23.88 22.78
Squid meal b 15.00 15.00
Corn gluten c 14.00 14.00
CPSP d 4.00 4.00
Cod liver oil e 6.10 6.10
Soy lecithin f 4.00 4.00
Alginic acid g 2.00 2.00
Yeast D. hansenii CBS 8339h – 1.10
Mineral premix i 1.00 1.00
Vitamin premix j 0.70 0.70
Betain monohydrate k 0.50 0.50
Choline chloride l 0.13 0.13
Vitamin C m 0.08 0.08
BHT n 0.004 0.004

a Sardine meal (66.2 crude protein, 9.2 lipids g 100 g−1). Conservera San Carlos,
Puerto San Carlos, B.C.S., Mexico.

b Whole wheat flour (12.7 crude protein, 0.7 lipids g 100 g−1) and squid meal (71.2
crude protein, 3.3 lipids g 100 g−1). Proteínas Marinas y Agropecuarias (Guadalajara,
Jalisco, Mexico).

c Corn gluten (83.2 crude protein, 1.5 lipids g 100 g−1). Probst. (Toluca, Edo de Mexico,
Mexico).

d Concentrated soluble fish protein (79.3 crude protein, 3.2 lipids g 100 g−1). Apligen
(Mexico, D.F., Mexico).

e Farmacia Paris (Mexico, D.F, Mexico).
f Soybean lecithin. Distribuidora de Alimentos Naturales y Nutricionales, S.A. de C.V.

(Mexico, D.F., Mexico).
g Sigma A-7128 (St. Louis, MO, U.S.A.).
h Obtained in our laboratory.
i Mineral premix (g kg−1). KCl, 0.5; MgSO4–7H2O, 0.5; ZnSO4–7H2O, 0.09; MnCl2–

4H2O, 0.0234; CuSO4–5H2O, 0.005; KI, 0.005; CoCl2–2H2O, 0.0025; Na2HPO4, 2.37.
j Vitamin premix (All values are in mg kg−1, except where indicated). Vitamin A

Retinol, 5000 IU; Vitamin D3 4000 IU; Vitamin E Tocopherol,100; Vitamin KMenadione,
5; Thiamine, 60; Riboflavin, 25; Pyridoxine, 50; dl-Pantothenic acid, 75; Niacin, 40;
Biotin, 1; Inositol, 400; Cyanocobalamin, 0.2; Folic acid, 10.

k Sigma B-2754 (St. Louis, MO, U.S.A.).
l ICN-101382. Biomedicals Inc. (Aurora, OH, U.S.A.).
m Stay C (35% active agent) Roche, D.F., Mexico.
n Butylated Hydroxytoluene. ICN-101162 Biomedicals Inc. (Aurora, OH, U.S.A.).
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been evaluated (Irianto and Austin, 2002; Gatlin, 2002; Siwicki et al.,
1994). Yeasts are particularly interesting because they provide β-
glucans and nucleotides that stimulate the immune system of fish
(Sahoo and Mukherjee, 2001; Li et al., 2004). The yeast Debaryo-
myces hansenii (CBS 8339) was isolated from the gut of rainbow trout
reared in fresh water. Not only is it a polyamine-producing yeast
capable of adhering to fish intestinal mucus, but it also constitutes
one of the most halotolerant species of yeast (Andlid et al., 1995;
Tovar et al., 2002; Vázquez-Juárez et al., 1997; Bansal and Mondal,
2000). Tovar et al. (2002) and Tovar-Ramírez et al. (2004) also
showed an increased of the survival and digestive enzyme activity in
Dicentrarchus labrax larvae fed diet containing D. hansenii. The aim of
the present study was to determine the effects of dietary
supplementation of live yeast D. hansenii CBS 8339 on the immune
system of juvenile leopard grouper M. rosacea as a consequence of
stress from exposure to infection by dinoflagellate A. ocellatum.

2. Materials and methods

2.1. Microorganism

The yeast D. hansenii strain CBS 8339 was cultured in yeast-
peptone-dextrose broth (YPD medium) at 25 °C with constant
aeration until the early stationary phase. The cell suspension was
centrifuged (5 min at, 1000 g at 4 °C) and the recovered pellet was
incorporated into the diet. At the end of the experiment, the fish
intestine was dissected and yeast viability was determined by
counting the number of yeast plated on antibiotic-supplemented
YPD agar (Chloramphenicol, 1 mg 1−1; polimyxin B sulfate, 1.6 mg 1−1;
amoxicillin, 2.5 mg 1−1).

2.2. Experimental organisms and rearing conditions

Larvae of the leopard grouper were obtained from hatched eggs
and reared to the juvenile stage in the larviculture laboratory at
CIBNOR according to Gracia et al. (2004). Water quality was
monitored weekly to ensure it remained within recommended
levels for leopard groupers (Rodriguez, 2002). Water temperature
was maintained at 24±2 °C, dissolved oxygen at 4.3–6.9 mg L−1 and
pH at 7.7–8.1. Total ammonia and nitrite concentration remained
below 0.02 mg L−1.

Two hundred juvenile leopard groupers were reared in an open
system with constant water recirculation at a rate of 1 l min−1.
They were fed to apparent satiation with a commercial diet
containing 45% crude protein and 10% lipid (salmon starter,
Pedregal-Silver Cup, Toluca, Edo de Mexico) until they reached an
average weight of 30 g average after which the feeding trial was
initiated.

2.3. Experimental diets

Two experimental diets were designed and prepared according
to Civera and Guillaume (1989). One diet was supplemented with
1.1% D. hansenii strain CBS 8339 (corresponding to 106 CFU g−1)
whereas the control diet was non-supplemented (Table 1). The dry
ingredients were pulverized, sieved (0.5-mm mesh) and thoroughly
mixed in a food mixer prior to the addition of fish oil and soybean
lecithin. After dispersion of the oil, water was added to approxi-
mately 40% of the total ingredient weight. The final product was
extruded at room temperature with a meat grinder and a 2-mm die,
and the resulting pellets were dried in a forced-air oven at 37 °C for
24 h. The percentage of dry matter, crude protein (N×6.25), ether
extract, crude fiber, ash, and nitrogen-free extract (NFE) was
calculated by standar methods (AOAC, 1995) for the experimental
diet. The diets contained 45% crude protein, 13% lipids, 3% crude
fiber, 9% ash, and 30% nitrogen-free extract.
2.4. Feeding trial

Prior to the feeding trial, 30 fish (26±5 g)were collected tomeasure
basal hematological parameters under normal rearing conditions.
When an average weight of 30±5 g was reached, eight batches of 20
fish were transferred to experimental 300-l tanks.Water quality in the
recirculation system was ensured through biological and mechanical
filtration (1,10 and 100 μmirradiatedwithUV, and providedwith 200%
daily exchange of water) and exchange every two days. Temperature
and salinity were maintained at 26 °C and 35 psu respectively. The
control diet was gradually provided to all the fish during a 1 month
conditioning period. Dietary treatments (yeast or control) were
randomly assigned to four tanks each. Juveniles were manually fed
two rations a day (50% at 9 am and 50% at 5 pm) during 4 weeks. Total
daily feed was 2% of the biomass in each tank.

2.5. Amyloodinium ocellatum challenge

After 4 weeks of dietary treatment, all the fish were transferred to a
second culture system were they were exposed to the dinoflagellate
Amyloodinium ocellatum. In order to stress the juvenile groupers, for
thefirst 3 days of exposure thewater temperaturewas increased to 29 °C
and salinity decreased to 25 psu. The fish continued to receive their
respective experimental diets and mortality was monitored for 7 d. At
the end of the challenge, five fish were sampled from each tank to
evaluate their immune response. Microscopy analysis of the dissected
gills was used to confirm A. ocellatum infection and to determine the



Fig. 1. Percent cumulative mortality of leopard grouper juveniles fed yeast-supple-
mented and control diets during a 7-day exposure to Amyloodinium ocellatum.
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severity of infection by the number of A. ocellatum cysts. All the
remaining moribund fish were transferred to a dinoflagellate-free tank
system for recovery and maintained on the experimental diet for three
additional weeks.

2.6. Adhesion of D. hansenii to intestine

The actual adhesion of live D. hansenii to the digestive tract of
leopard grouperwas investigated through an in vitro experiment using
the intestine of juvenile fish fed a commercial diet. Yeast were labelled
with 5-([4,6-dichlorotriazin-2-yl]amino)-fluorescein hydrochloride
(DTAF, Sigma, D 0531) according to a method modified from Sherr
et al. (1987). Briefly, intestines were dissected and cut into ∼5-mm
segments. These segments were re-suspended in phosphate-buffered
saline (PBS, pH 7.4), incubatedwith DTAF-labelled yeast for 30min and
rinsed three times with sterile PBS to remove excess cells. The amount
of fluorescent yeast cells was evaluated using a fluorescence micro-
scope (Image Pro Plus v. 4.5.0.19 software).

At the end of the experiment, fishwere sampled formicrobiological
counts (Gatesoupe, 1995). Yeast was counted on antibiotic-supple-
mented YPD agar (chloramphenicol, 1 mg 1−1; polymixin B sulphate,
1.6 mg 1−1; amoxicillin, 2.5 mg 1−1).

2.7. Immunological assays

Leopard groupers were euthanized (Argent Chemical Laboratories,
MS-222)14hafter the last feedingandbloodsampleswere collected from
the caudal vasculature via heparinized needles. Plasmawas separated by
centrifugation for 10 min at 2000 g and then stored at −80 °C. Gills and
liver were also dissected and stored at 80 °C.

2.7.1. Plasma protein
Plasma protein content was measured by the method described by

Bradford (1976). Total soluble protein concentration was assessed in a
micro-plate reader at 595 nm using a commercial kit (Bio-Rad
Laboratories). Bovine serum albumin (BSA) was used to build a
standard curve for determining protein concentration in each sample.

2.7.2. Hemoglobin
Total hemoglobin levels in fresh blood were determined by

spectrophotometry analysis at 540 nm, following the reaction with
Drabkin´s reagent (Drabkin and Austin, 1935).

2.7.3. Preparation of crude extract for superoxide dismutase and catalase
assays

SOD and CAT activities were assayed from liver supernatants.
Briefly, 0.1 g of tissuewas homogenized in cold 0.5Mphosphate-buffer
for 10 s and centrifuged at 12,000 g for 10 min at 4 °C. Supernatants
were recovered and stored at −80 °C.

2.7.4. Superoxide dismutase assay
SOD activity was measured at 550 nm following the method

described by McCord and Fridovich (1969). SOD competes with
cytochrome c for the superoxide generated in hypoxanthine and
Table 2
Haematology values for leopard grouper juveniles (n=30) raised in the laboratory,
before the feeding trial

Basal hematological index Mean±SD

Hb (g dl−1) 7.2±0.20
Plasmatic Protein (mg ml−1) 27±1.44
IgM (OD 490 nm) 1.69±0.10
SOD (U mg protein−1) 8.2±0.40
CAT (U mg protein−1) 319.0±10.3

Values are given as means±SE for thirty individuals. Hb, Hemoglobin; IgM,
Immunoglobulin M; SOD, superoxide dismutase; CAT, catalase.
xanthine oxidase reactions, so SOD activity is determined by the level
of inhibition of cytochrome c reduction.

2.7.5. Catalase assay
Catalase activity was assessed by measuring the decrease in the

absorbance at 240 nm caused by the disappearance of H2O2 during
1 min (Beauchamp and Fridovich, 1971). Before analysis each sample
was added to 0.05 M phosphate-buffered saline (pH 7) and 0.019 M
hydrogen peroxide.

2.7.6. Immunoglobulin M (IgM) assay
IgM group level in serawas determined by an ELISA assay (Lund et al.,

1995). Briefly, 96-well plates (Nunc-immuno,MaxiSorp)were coatedwith
100 μl serially diluted (1:200) serum samples, incubated overnight at 4 °C
and washed three times with buffered Tween-20 PBS (50 mM sodium
phosphate, pH7.4, containing150mMNaCl and0.1%Tween20). Thewells
were blocked for 2 h at room temperature with 5% skim milk and
underwent three washes with Tween-20 PBS. Anti-leopard grouper
serum (100 μl at a 1:2000 dilution) was added to eachwell and incubated
for 1.5 h at 37 °C prior to rinsing with Tween-20 PBS. Identical conditions
were used for incubation with the secondary anti-mouse antibody. The
plates were revealed by incubation (30 min, room temperature) in the
dark with 100 μl of a 0.42 mM solution of O-phenylenediamine di-
hydrocloride (OPD) in 100 mM citrate/sodium acetate buffer, pH 5.4,
containing 0.03% hydrogen peroxide as a substrate. The reaction was
stopped by adding 25 μl of 2 M H2SO4 per well. Absorbance of the wells
was read at 490 nm. Negative controls consisted of samples without
primary antibody. The mean absorbance of the negative controls for each
plate was subtracted from the optical density at 490 nm.

2.8. Statistical analysis

One-wayANOVAwas performed to determine the effects of dietary
live yeast on different immunological parameters using the SPSS v.12.0
software and the level of statistical significance was set at P≤0.05.
Meanswere separated byDuncan'smultiple range tests. Themean and
standard error was calculated on the data from feeding trial number 1.

3. Results

3.1. Adhesion of live yeast to leopard grouper intestine

The fluorescently labelled cells of D. hansenii (CBS 8339) showed
high adhesion to the intestinal mucus of leopard grouper juveniles.



Table 3
Immunological parameters in stressed and recovering leopard groupers Mycteroperca rosacea fed the yeast-supplemented diet

Diet Hemoglobin
(g/dl−1)

Plasmatic protein
(mg/ml−1)

Superoxide dismutase
(U/mg protein−1)

Catalase
(U/mg protein−1)

IgM
(OD 490 nm)

Stressed fish
Yeast (n=20) 8.04a±0.24 34.9a±3.7 8.6b±0.87 449.0a±38.7 1.82b±0.04
Control (n=20) 7.27a±0.19 24.0a±4.1 6.9b±0.52 467.3a±21.3 1.63c±0.06
Recovered fish
Yeast (n=20) 7.63a±0.28 35.27a±4.1 12.6a±1.22 408.2a±44.2 1.94a±0.06
PrNF 0.126 0.168 0.000 0.498 0.004

Values represent means±SE.
Means followed by different superscript letters are significantly different.
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This was confirmed by the recovery of 2.5×102 CFU of yeast per fish
fed the diet containing D. hansenii. Yeast was not detected in fish fed
with the control diet.

3.2. Amyloodinium ocellatum challenge

Preliminary, basal hematological indices and antioxidant enzymes
activities from fish reared in normal conditions are shown in Table 2.

After 4 weeks of feeding and stress testing, the juvenile fish were
challenged with A. ocellatum. At the end of the first week, acute
amyloodiniosis had developed and significant differences (P=0.013)
were observed in the cumulative mortality rates of fish fed the yeast-
supplemented diet (40%) versus those fed the control diet (89.5%) (Fig.
1). In the control group, mortality peaked at 48 h post-exposure to the
dinoflagellate.

Gills are the main target organ for A. ocellatum. Gill infection
results in impaired respiration and the decrease in oxygen supply
combined with diminished appetite may lead to suffocation and
death. In the control group, microscopic observation of gill tissue
confirmed infection by the parasite at amean rate of 179 trophonts per
10 filaments.

Only fish with yeast-supplemented diets survived to the end of the
A. ocellatum challenge experiment. Fish fed with yeast-supplemented
diets also exhibited higher levels of hemoglobin and plasmatic protein
as compared with those fed the control diets but these differences
were not statistically different (Table 3). At the end of the challenge,
we observed a significantly increase (P=0.004) on immunoglobulin M
level in recovered leopard groupers. During the experiment, the
dietary yeast supplementation did not cause any significant variation
in the catalase activity but was associated with significantly higher
levels of superoxide dismutase activity. Immunological parameters
were higher in fish fed with D. hansenii supplemented diet compared
with the control group.

4. Discussion

The effects of probiotics have been widely studied in cultured
aquatic species, particularly the enhancement of the non-specific
immune system (Irianto and Austin, 2002) which is favorable to
pathogen control (Gatesoupe, 1999). Their capacity to adhere to the
intestinal mucus membrane is crucial for persistent colonization
(Douglas, 1989). Yeasts are capable of specifically adhering to the
intestinal mucus membrane of fish (Vázquez-Juárez et al., 1997) and
D. hansenii which is commonly present in fish intestines is no excep-
tion. Our study confirmed the adhesion of D. hansenii to the intestinal
mucus membranes of leopard grouper, and showed that the adher-
ence strategy was similar to those observed in larvae of D. labrax and
juveniles of Paralabrax maculatofasciatus (Tovar et al., 2002; Tovar-
Ramírez et al. 2004). The growth and colonization of D. hansenii (CBS
8339) was indeed associated with the stimulation of the intestinal
metabolism of the leopard grouper. A similar effect was observed in
larvae of D. labrax fed a diet supplemented with D. hansenii at 1.1%
yeast cell biomass to 106 CFU g−1 (Tovar et al., 2002; Tovar-Ramírez
et al. 2004). The efficacy of diets containing probiotics depends both
on the amount of viable cells introduced during the manufacturing
process and on its stability once the diet is in the intestine (Panigrahi
et al., 2005). In this study, the viability and stability of the probiotics
was high and steady throughout the manufacturing process and the
experimental procedures.

The probiotic effects of yeast supplementation are increasingly
understood. Probiotics are expected to decrease mortality or improve
survival (Chang and Liu, 2002; Irianto and Austin, 2002) but their
range of impact is much broader. In a study concerning rainbow trout,
for example, lactic acid bacteria and yeast were successfully employed
to prevent 1) the compression of the vertebral spine and 2) the use of
antibiotics (Aubin et al., 2005). Li et al. (2005) investigated the
influence of brewers yeast and nucleotides on body growth, stress
response, and resistance to uncontrolled A. ocellatum infection in red
drum. Unfortunately, the results were inconclusive in proving that the
yeast supplement induced an increased immune response.

Most studies dealing with the capacity of yeast or structural
polysaccharides to improve disease resistance in fish showed their
capacity to reduce mortalities associated with infection by pathogens
such as Aeromonas (Kumari and Sahoo, 2006; Irianto and Austin,
2002) and Vibrio anguillarum (Taoka et al., 2006; Villamil et al., 2002).
De Simone et al. (1986) observed that live bacteria are more powerful
inducers of the immune response than fixed or dead bacteria.

In this work, the dietary supplementationwith live yeast,D. hansenii
CBS 8339, provided juvenile leopard groupers with increased resistance
against the ectoparasite A. ocellatum through the stimulation of their
immune response. Amyloodiniosis is one of the most virulent epidemic
diseases reported in aquaculture (Tu et al., 2002) and antibody
production is one of the most important defense mechanisms against
this parasite (Woo, 1996; Cobb et al., 1998). The cumulative mortality
caused by A. ocellatum after 7 days was 90% in fish fed the control diet,
with highest virulence at 48 h, similar to results with juvenile red drum
Sciaenops ocellatum (Li et al., 2005).

The intensity of infestation by A. ocellatum, corresponding to the
number of trophonts per fish (Kuperman and Matey, 1999) was high
and gill filaments were the most affected organs. Gills, skin, and the
gastrointestinal tract have been identified as the entry portals for
many microbial pathogens.

Hematological parameters are typically used to asses the health
status and detect physiological changes in a number of fish species
(Atamanalp and Yanik, 2003). Under normal rearing conditions, the
basal hematological parameters of juvenile leopard groupers are
within the average range of other marine and freshwater fish, such as
Labeo rohita (Sahoo et al., 2005) and tilapia Oreochromis hybrid (Terry
et al., 2000).

Serum immunoglobulins are major components of the humoral
immune system and IgM is the main immunoglobulin present in
fish (Watts et al., 2001). Increased levels of IgM levels were detected
in the sera of fish fed the yeast-enriched diet prior to exposure to
A. ocellatum and in the sera of recovering fish. These results confirm
that antibody production is an important immune defense mechan-
ism against A. ocellatum (Cobb et al., 1998). Previous works revealed
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that humoral immunity against Ichthyophthirius multifiliis confers
resistance against this parasite by immobilizing the theronts (Wang
and Dickerson, 2002) and that probiotic bacteria can stimulate anti-
body production in fish (Nikoskelainen et al., 2003; Panigrahi et al.,
2004). Yambot and Song (2006) observed that vaccine-immunization
with C. irritans limited adhesion, penetration, and development of
the C. irritans theronts in E. coioides. A possible explanation is that
antibody-binding at the surface of the parasite pressures the parasite
to leave the host (Clark and Dickerson, 1997).

Respiratory burst is one of the most important bactericidal
mechanisms in fish (Ellis, 1999, 2001) and a very good indicator of
their health status (Anderson, 1992). This process generates reactive
oxygen species (ROS) that are toxic to many microorganisms (Hardie
et al., 1996). Organisms have both chemical and enzymatic defense
systems against reactive oxygen species (Asada,1978). The antioxidant
defenses involve several enzymes, including superoxide dismutase
and catalase. Catalase and superoxide dismutase protect against
certain pathogenic bacteria (Barnes et al., 1999).

Superoxide dismutase catalyzes the dismutation of the super-
oxide anion to molecular oxygen and hydrogen peroxide. Subse-
quently, catalase activity decomposes this hydrogen peroxide into
oxygen and water which constitutes a crucial part of the cellular
antioxidant defense mechanism. In this study, the activities of
superoxide dismutase and catalase were assessed in the liver of leo-
pard grouper. The liver is the organ with the highest level of
superoxide dismutase (Lin and Lin, 1997) and the major site of
oxidative stress in challenged fish. Superoxide dismutase activity
was higher in stressed, recovering fish from the yeast-enriched diet
group as compared with the group fed with the control diet. The
activity of antioxidant enzymes as well as the levels of free radical
scavengers has been found to correlate with various physiological or
pathological conditions, including stress (Czene et al., 1997;
Wojtaszek, 1997). This is most likely a consequence of the high
virulence of the parasite, which depletes some elements of the
immune system. For example, Choi et al. (2006) found that Lacto-
bacillus acidophilus strain 606 exerts significant anti-oxidative
activity, as well as antigrowth activity against a variety of cancer
cell lines.

5. Conclusion

The live yeast D. hansenii strain CBS 8339 appears to have a strong
positive impact on the immune system in juvenile leopard groupers
challenged by the protozoan A. ocellatum. Diet supplementation with
this yeast resulted in lower mortality rates by enhancing humoral and
antioxidant immune responses represented by the activity of the SOD
enzyme. Current research concerning gene expression of antioxidant
enzymes and IgM under bacterial challenge could elucidate the
probiotic potential of live yeast and its effects on the immune response
of this host.
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