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Introduction

Aquaculture is the fastest growing food production sector and has greatly developed
during the last 20 years. In marine fish culture, this development has been only possible
through the intensification of production systems that have increased culture densities
and fish handling, together with increasing stress conditions and pathogen susceptibility
(Winton, 2001). Infectious diseases can markedly reduce economic profit by increasing
sanitation costs and fish mortality and reducing production. Legislation restricting the
use of antibiotics and the increased risk of resistant strains are promoting the use of
dietary immunostimulants and probiotics (Verschuere et al., 2000).

Bio-Mos® (Alltech Inc.), composed of an extract from the cell wall of yeast
(Saccharomyces cerevisiae) that is rich in mannan oligosaccharides, has been reported to
modulate the immune response of fish species such as common carp (Cyprinus carpio)
and rainbow trout (Oncorhynchus mykiss) (Staykov, 2004). Feeding Bio-Mos® has been
found to reduce mortality and improve antibody levels, bactericidal and lysozyme activity
and alternative complement pathway (ACP) activity (Staykov, 2004). In other species
(white sea bream larvae, Diplodus sargus) Bio-Mos® supplementation to Artemia induced
a higher resistance to stress and improved intestinal microvilli structure (Dimitroglou
and Davies, 2004). However, few studies to date have demonstrated effects of feeding
Bio-Mos® on resistance to disease in fish.

Despite being one of the most important species in Mediterranean aquaculture,
European sea bass (Dicentrarchus labrax) is a species particularly sensitive to stressors
and infections, which occasionally cause very significant losses (Izquierdo, 2005).
Inclusion of Bio-Mos® in diets of European sea bass could improve stress resistance by
stimulating the immune system. A series of trials were conducted to evaluate the effects
of dietary Bio-Mos® in growing European sea bass on performance and immune response
to pathogenic infection and whether such effects are dose dependent.

Materials and methods
DIETS

Two series of isonitrogenous and isoenergetic diets, based on a commercial formulation,
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were utilized. Diets met nutritional requirements for this species (Izquierdo, 2005) and
were manufactured by a commercial feed producer (Graneros de Tenerife, Tenerife,
Spain) with the composition indicated in Table 1. In Trials I, II, and III, three diets
were designed to contain 0% (Control), 2% or 4% Bio-Mos® replacing standard
carbohydrates. In Trial IV, the same levels were tested together with 6% Bio-Mos®.

Table 1. Main ingredients of the experimental diets.

Ingredients Diet (% dry weight)
Fish meal' 51.50
Soybean meal 9.78
Wheat 7.50
Wheat gluten 7.50
Corn meal 6.53
Fish oil? 12.69
Fats and oils 2.03
Mineral mix? 1.43
Vitamin mix* 1.03
Antioxidant (BHT) 0.01

"Peruvian fish meal (65% protein).

*Peruvian fish oil.

STROUW Seabream/Seabass (0.8 g), choline
chloride (0.17 g), inositol (0.06 g).
“TROUW Seabream/Seabass (1 g) calcium
carbonate (0.2 g), potassium monophosphate
(0.19 g), NaCl 97% (0.04 g).

EXPERIMENTAL DESIGN
Trial I

Eight hundred commercially reared European sea bass juveniles from a population that
had suffered no apparent diseases and originated from a local farm (ADSA, San Bartolomé
de Tirajana, Canary Islands, Spain), arrived at the main facility of the Canarian Institute
of Marine Science (ICCM) on July 1,2005. Fish were maintained in stocking tanks and
fed a commercial extruded diet for 3 weeks (19-20.5 °C) until well adapted to the
environmental conditions. Afterwards, 792 sea bass juveniles were randomly distributed
in nine indoor, cylindrical 1000-L fibreglass tanks at an initial stocking density of 3 kg/
m? (88 fish/tank). Fish average initial weight (g = SD) and length (cm = SD) were 33.75
+ 7.69 and 13.46 = 0.97, respectively (n=792). Tanks were supplied with filtered sea
water (1.39 L/min) at a temperature of 20.5-23.4 °C, and natural photoperiod (12L:12D).
Dissolved oxygen was kept at 8.0 £ 0.2 ppm. Fish were manually fed until apparent
satiation with one of the three experimental diets for 9 weeks (3 times a day, 6 days a
week). Each diet was assayed in triplicate.

Feed intake was calculated daily and growth parameters were determined at days 0,
36 and 67. Food conversion ratio was defined as the amount of food ingested divided by
the generated biomass; specific growth rate was defined as: [(In final weight — In initial
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weight)/number of days] x 100 and relative growth (%) defined as: [(final weight —
initial weight)/initial weight)] x 100. Nine fish at the beginning of the trial and 15 fish
per tank at day 67 were sampled after 24 hrs fasting to determine body proximal
composition and studies of hepatic and enteric tissue morphology. Blood samples (for
plasma and serum) were taken from 15 fish at day 67 to determine nitroblue tetrazolium
(NBT) index, lysozyme and ACP activities. In addition, the head kidney was removed
from 15 fish per treatment to determine phagocytic activity of macrophages.

Trial I1

After 9 weeks of feeding the experimental diets, 60 fish per dietary treatment from
Trial I were randomly selected and distributed among 12 indoor cylindrical 500-L
fibreglass tanks in the pathogen incubation facility (3 kg of fish/m’, 20 fish/tank). Each
group of fish was fed the same diet as in Trial I. Initial fish average weight (g + SD) and
length (cm + SD) were 99.37 +21.84 and 18.71 £ 6.30, respectively. A bacterial analysis
was performed before the beginning of the challenge test to ensure that fish were not
infected by bacteria. Two groups of 20 fish from each dietary treatment (Control, 2 and
4% Bio-Mos®) were exposed to a pathogen by cohabitation (3:1, healthy:infected) with
fish intraperitoneally (IP) infected (2.4x10® CFU/mL/fish) with Vibrio alginolyticus.
Another two groups of 20 fish per treatment were used as non-infected controls
cohabitating (3:1) with fish IP-injected with sterile saline solution. Fish injected with
Vibrio alginolyticus or sterile saline solution were marked by Visible Implant Elastomers
(VIE, Northwest Marine Technologies, Shaw Island Washington, WA, USA) (Astorga
et al.,2005). Water temperature ranged from 22.0 to 23.0 °C during the trial and artificial
light photoperiod was adjusted to 12L:12D. Fish were manually fed their respective
experimental diets until apparent satiation for 21 days (3 times a day, 6 days a week).
At the end of this challenge trial all fish were slaughtered and microbiological analysis
of head kidney, spleen and liver were conducted to determine the infection spread grade.

Trial 111

In Trial III, 80 fish per dietary treatment from Trial I were randomly selected and
distributed among 12 indoor cylindrical 500-L fibreglass tanks in the pathogen incubation
facility (3.5 kg of fish/m?, 20 fish/tank). Each group of fish were fed the same diet as in
Trial I. Initial fish average weight (g + SD) and length (cm + SD) were 98.23 + 5.63
and 18.51 = 0.30, respectively. A bacterial analysis was performed before the beginning
of the challenge test to ensure that fish were not infected by bacteria. Two groups of 20
fish from each dietary treatment (Control, 2 or 4% Bio-Mos®) were inoculated via anal
canalisation with Vibrio alginolyticus (2.4 x 10* CFU/mL/fish). Another two groups of
20 fish per treatment were inoculated via anal canalisation with 1 mL of sterile saline
solution. Water temperature ranged from 22.0 to 23.0 °C during the trial and artificial
light photoperiod was adjusted to 12L:12D. Fish were manually fed their respective
experimental diets until apparent satiation for one week (3 times a day, 6 days a week).
After 24 hrs and 48 hrs post-inoculation, 33% of the fish population was randomly
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selected and bacterial characterization of head kidney, spleen and liver was performed
to determine the pathogen’s capacity to pass through the intestinal epithelium. Seven
days after experimental infection, gut and liver samples were taken for histological
studies.

Trial IV

Fifteen hundred commercially reared European sea bass juveniles from a population
that had suffered no apparent diseases and originated from a local farm (ADSA, San
Bartolomé de Tirajana, Canary Islands, Spain) arrived at the main facility of the ICCM
on October 1,2006. Fish were maintained in stocking tanks and fed a commercial
extruded diet for 2 weeks (23-24.1°C) until well adapted to the environmental conditions
(7 kg/m® stocking density). Afterwards, 1,440 sea bass juveniles were randomly
distributed in 24 indoor, cylindrical 500-L fibreglass tanks at an initial stocking density
of 7 kg/m* (60 fish/tank). Fish average initial weight (g + SD) and length (cm + SD)
were 60.78 £ 5.43 and 16.57 = 0.69, respectively (n=1440). Tanks were supplied with
filtered sea water (1.5 L/min), at a temperature of 20-23.7 °C, and natural photoperiod
(12L:12D). Dissolved oxygen was kept at 6.2 = 1.1 ppm. Fish were manually fed until
apparent satiation with one of the three experimental diets for 8 weeks (2 times a day, 6
days a week). Each diet was assayed in triplicate.

Feed intake was calculated daily and growth parameters were determined at days 0,
30 and 60 as well as FCR and SGR. The head kidney of 15 fish per dietary treatment
was removed at days 30, 45 and 60 after 24 hrs fasting to determine phagocytic activity
of macrophages.

BIOCHEMICAL ANALYSIS

Feed and fish biochemical composition were determined following standard procedures
(AOAC, 1995). Dry matter (DM) content was determined after drying the sample in an
oven at 105 °C to constant weight; ash by combustion in a muffle furnace at 600 °C for
12 hrs; protein content (N x 6.25) was determined by Kjeldahl method and crude lipid
was extracted following the method of Folch et al. (1957). Fatty acids from total lipids
were prepared by transmethylation as described by Christie (1982) and separated by gas
chromatography under the conditions described by Izquierdo et al. (1990). All analyses
were conducted in triplicate.

HISTOLOGICAL STUDIES

Samples were fixed in 10% neutral-buffered formalin, embedded in paraffin and stained
with hematoxylin and eosin (H&E) for optical examination (Martoja and Martoja-Pierson,
1970). Micrographs of liver were taken from the paraffin sections at a final magnification
of 400x using a Nikon Microphot-FXA microscope and an Olympus DP50 camera.
Hepatocellular area as well as maximum and minimum longitude of cells using hepatocyte
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nuclei as a reference were measured with an ANALYSIS® (Image Pro Plus®) software
package using arbitrary units. For each diet, 27 micrographs originating from nine fish
(n=27) were analyzed. In Trial IIl, 7 days after experimental infection, gut and liver
samples were taken for histological analysis and routinely processed.

BLOOD COLLECTION AND SAMPLE PREPARATION

Blood was obtained by caudal sinus puncture with a 1-mL plastic syringe. No anesthetic
was used to avoid any possible effect on blood parameters; handling time was less than
1 min to minimize stress effects. The first aliquot of blood was transferred to a coated
Eppendorf tube with lithium heparin as anticoagulant and used for NBT index, measuring
the activity of circulating neutrophils spectrophotometrically as described by Siwicki et
al. (1993) and measuring the reduction of NBT to formazan in the presence of oxygen
radicals. The second aliquot was divided into two portions, transferred to Eppendorf
tubes and allowed to clot for 2 hrs. Serum was separated by centrifugation and stored at
—80 °C for subsequent determination of ACP and lysozyme activities.

SERUM ANALY SIS

Alternative complement pathway determination was performed as described by Sunyer
and Tort (1995) for gilthead sea bream (Sparus aurata) using rabbit red blood cells
(RBC). The reciprocal of the serum dilution causing 50% lysis of RBCs was defined as
ACHS50; the results are reported as alternative complement pathway-hemolytic titers
(ACHS50 units/mL). Lysozyme levels in blood serum were determined by turbidimetric
assay according to the method described by Anderson and Siwicki (1994) using hen egg
white lysozyme (Sigma) in PBS as a standard. Results were presented as lysozyme
units/mL.

MACROPHAGE PHAGOCYTIC ACTIVITY

Head kidneys of five fish per treatment were removed and macrophages were isolated
by density gradient centrifugation as follows. After collection, head kidneys were
homogenized in supplemented Minimal Essential Medium (MEM) (10 pl/mL heparin;
100 uL/mL penicillin/streptomycin; 2% fetal bovine serum) and filtered through a nylon
membrane (100 um mesh size, Sigma). Resulting cell solution was layered onto a
preformed gradient of 51%-34% Percoll in 10% Hank’s balanced salt solution (HBSS)
and centrifuged at 800 x g for 30 min at 4 °C. The interface layer was harvested with a
Pasteur pipette, diluted in 1 mL of supplemented MEM and re-centrifuged at 800 x g
for 5 min at 4 °C to remove residual Percoll. The resulting pellet was diluted in 1 mL
of supplemented MEM and viability and concentration of macrophage cell suspensions
were determined in trypan blue. The final pellet with more than 93% viability was re-
suspended in supplemented MEM adjusting the final concentration to 10° macrophages/
mL. In Trial 1, macrophage solution was incubated with Vibrio alginolyticus as described

369 3/28/2007, 11:03 PM



‘ I1zquierdo.p65

370 Does feeding Bio-Mos® enhance immune function?

by Esteban and Meseguer (1997) for Vibrio anguillarum. In Trial I, macrophage solution
was incubated with latex beads (1:100) following the same protocol. Phagocytic activity
was measured as described by Blazer (1991). One hundred macrophages per fish were
counted and the phagocytic activity was determined as the percentage of macrophages
with phagocytic ability.

BACTERIAL ISOLATION AND BIOCHEMICAL CHARACTERIZATION

Samples of head kidney, liver and kidney were cultured on TSA (Tryptone Soybean
Agar, Cultimed) and incubated at 25 °C for 24-48 hrs. All strains isolated were subjected
to taxonomic analysis by standard morphological, physiological and biochemical plate
and tube tests (Smibert and Krieg, 1981) to identify Vibrio alginolyticus present in the
fish.

STATISTICAL ANALYSIS

Means and standard deviations were calculated for each parameter measured. Statistical
analyses followed methods outlined by Sokal and Rolf (1995). Data were subjected to a
one-way analysis of variance (ANOVA) to analyze the effects of Bio-Mos® inclusion
level. When F values showed significance, individual means were compared using Tukey’s
test for multiple means comparison. Significant differences were considered at P<0.05.

Results
TRIALI

No mortalities were recorded during the feeding trial. Results for growth, biometry and
feed utilization are shown in Table 2 and Figure 1. After 36 and 67 days of feeding, fish
fed diets containing 2 or 4% Bio-Mos® had significantly higher body weight and relative
growth. Specific growth rate followed a similar trend (Figure 1). Total length was also
significantly higher in fish fed Bio-Mos®after 36 days of feeding. Feed conversion ratio
was not significantly affected by Bio-Mos®, but a positive correlation was found between
the total amount of ingested food and the Bio-Mos® inclusion level (y(t,,days) = 88.493x
+ 2366.6, R* = 0.9197; y(t,, days) = 321.2x + 5255.2, R* = 0.869). No significant
differences were found in the condition factor (K) (Table 2). Bio-Mos®did not affect
whole fish proximate composition (Table 3) or the relative percentages of fatty acids
(Table 4).

Morphologic analyses for fish fed diets containing Bio-Mos® revealed qualitatively a
regular-shaped morphology of the hepatocytes around sinusoidal spaces and a reduction
of the lipid vacuolization of the cytoplasm that decreased the number of hepatocytes
with the nuclei displaced to the cellular periphery. This effect was more pronounced in
fish fed the higher concentration of Bio-Mos® (Figure 2). Quantitative morphometric
analysis of the liver revealed differences (P<0.05) in the cellular parameters studied.
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Thus, hepatocytes of fish fed 4% Bio-Mos® presented significantly lower hepatocellular
area as well as maximum and minimum cell length (Table 5). No differences in gut
histology were found due to diets.

Table 2. Growth performance, nutrient utilization and somatic parameters of European sea bass fed commer-
cial extruded diets containing 0, 2 or 4% Bio-Mos® in Trial L

Days of feeding Control 2% Bio-Mos® 4% Bio-Mos®
Average weight, g 0 34.01 34.04 33.56
36 59.17¢ 63.30° 62.17°
67 93.17¢ 102.41° 102.38°
Length, cm 0 13.48 13.55 13.41
36 15.76° 16.26° 16.50°
67 18.16 18.73 18.63
Condition factor, K 0 1.38 1.35 1.39
36 1.51 1.47 1.48
67 1.58 1.56 1.58
Relative growth, % 36 73.18* 84.62° 83.81°
67 56.90° 58.57° 59.75°

®Means differ, P<0.05.

Table 3. Whole body final proximal composition (g/100 g dry weight) of
European sea bass fed commercial extruded diets containing 0, 2 or 4%
Bio-Mos® at the end of Trial I (67 days).

Control 2% Bio-Mos® 4% Bio-Mos®
Crude protein 46.96 44.74 44.19
Crude lipids 44.81 43.56 42.99
Ash 3.60 3.06 2.48
Moisture 63.12 63.16 62.77

®Means differ, P<0.05

Table 4. Fatty acid composition (g fatty acids/100 g total fatty acids)
of European sea bass (whole body) fed commercial extruded diets
containing 0, 2 or 4% Bio-Mos® at the end of Trial I (67 days).

Control 2% Bio-Mos® 4% Bio-Mos®
Saturated 27.080 26.224 27.981
Monosaturated 31.059 29.640 31.217
Zn-3 24.585 23.582 24.586
Zn-6 8.496 8.486 7.820
Zn-9 19.886 18.823 19.884
2n-3 HUFA 19.796 18.995 19.767

®Means differ, P<0.05
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Figure 1. (A) Growth performance (SGR), (B) feed efficiency (FCR) and (C) feed intake for
European sea bass fed diets containing 0, 2 or 4% Bio-Mos® (Trial I). (Data are means + SD;
=264;n, days = 210; *Means differ, P<0.05).
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Figure 2. Hepatocytes (H&E x 400) from fish in Trial I fed: (A) Control diet showing foci of
swelling hepatocytes characterized by cytoplasm vacuolization and nuclei displaced to cellular
periphery, (B) 2% Bio-Mos® diet with lower number of swelling hepatocytes and (C) 4% Bio-Mos®
diet with a regular morphology of the hepatocytes located around sinusoidal spaces.
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Figure 3. Influence of Bio-Mos® (Trial I) on total (A) phagocytic activity of head kidney macrophages
(n=24), (B) reduction potential of circulating neutrophils (n=24), (C) lysozyme activity (n=24), (D)
alternative complement pathway activity (n=24) in European sea bass.

(mean + SD; n=24; *Means differ, P<0.05).
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Table 5. Results of quantitative image analysis of hepatocytes from
European sea bass fed commercial extruded diets containing 0, 2 or
4% Bio-Mos® in Trial I (67 days).

Control 2% Bio-Mos® 4% Bio-Mos®

Maximum longitude  2.030% 2.165% 1.610°
Minimum longitude 1.416* 1.352¢ 1.087°
Area 2.577* 2.758* 1.711°

®Means differ, P<0.05

Phagocytic activity of head kidney macrophages against Vibrio alginolyticus significantly
increased (P<0.05) in fish given the highest Bio-Mos® inclusion level (4%) (Figure 3),
resulting in a positive correlation between phagocytic activity and the dietary Bio-Mos®
inclusion level (y = 4.33x + 19.043, R*=0.9742). No conclusive results were obtained
regarding neutrophil potential to reduce NBT, since significant differences were found
between all treatments (Figure 3). No significant differences were found in lysozyme
and ACHS50 values (Figure 3), although a positive correlation was observed between the
level of Bio-Mos® inclusion and the level of these parameters in fish serum, (., m. =
22.285x + 389.89, R* = 0.869), (Y cuso = 7-925x + 89.903, R* = 0.9074).

TRIALII

Although all the IP infected fish died within 72 hrs, there were no cohabitation mortalities
during the trial. The grade of horizontal transmission was determined by the presence or
absence of the pathogen in different internal organs, but the pathogen was only recovered on
head kidney. After 21 days of challenge, the number of fish infected by Vibrio alginolyticus
was significantly (P<0.05) reduced by dietary Bio-Mos® supplementation (Figure 4). VIE
marking allowed the correct identification of all injected fish.

35 1
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Infected fish (%)

Figure 4. Presence of Vibrio alginolyticus on head kidney of European sea bass fed diets
containing different levels of Bio-Mos® and subjected to infection by cohabitation in Trial IT
(mean = S.D; n=60; *Means differ, P<0.05).
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TRIAL III

No mortalities were recorded during this trial. The grade of pathogen infection was
determined by the presence or absence of the pathogen in internal organs and the pathogen
was only recovered in head kidney. Ten percent of all pathogen-challenged fish were
found to be infected at 24 hrs post-inoculation regardless of the dietary treatment.
However, after 48 hrs the number of infected fish in the control treatment was twice
that of the Bio-Mos®-treated groups (Figure 5).

25 7 024 hrs

20 B 48 hrs

*k

Infected fish (%)
o
1

0 T T
Control 2% Bio-Mos® 4% Bio-Mos®

Figure 5. Presence of Vibrio alginolyticus presence in head kidney of European sea bass fed diets
containing 0, 2 or 4% Bio-Mos® and subjected to infection by anal canalisation in Trial ITI
(mean = S.D; n=60; *Means differ, P<0.05).

TRIALIV

No mortalities were recorded during the trial. Results for growth, biometry and feed utilization
are shown in Table 6. After 30 and 60 days of feeding, mean body weight, relative growth
and SGR were not significantly affected by Bio-Mos® inclusion (Table 6 and Figure 6).
Statistical differences in total length were found between controls and fish given 2% Bio-
Mos® at the end of the trial, but no effect was detected on condition factor (K) (Table 6).
After 60 days of the trial, statistical differences were found in FCR between controls and
fish given Bio-Mos®, with the exception of the group given 6% Bio-Mos® (Figure 6). Total
amount of feed intake followed a similar trend: after 60 days of dietary Bio-Mos®
supplementation statistical differences were found between the control and fish fed 4 and
6% Bio-Mos®. A negative trend was observed between the level of Bio-Mos® inclusion and
the total amount of feed ingested (y(t,, days) = -45.497x +2040.2 , R* = 0.941; y(t,, days) =
-77.212x + 1571.7, R* = 0.7883) (Figure 6).

Phagocytic activity of head kidney macrophages was evaluated at days 30, 45 and 60
results (Figure 7). The phagocytic activity of fish fed 6% Bio-Mos® was significantly
higher than that of the other fish at days 30, 45 and 60, except for the 4% Bio-Mos®
group for which there were no differences found at day 60. The phagocytic activity of
fish fed 4% Bio-Mos® was significantly higher than the control group at days 30, 45 and
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Table 6. Growth performance, nutrient utilization and somatic parameters of European sea bass fed
commercial extruded diets containing 0, 2, 4 or 6% Bio-Mos®.

Days of feeding Control 2% Bio-Mos® 4% Bio-Mos® 6% Bio-Mos®
Average weight, g 0 61.22 60.41 60.49 60.43
30 80.96 79.06 78.76 79.73
60 92.35 88.96 92.91 91.18
Length, cm 0 16.57 16.51 16.56 16.63
30 18.04 17.98 18.03 17.96
60 19.17° 18.89° 18.93 18.94%®
Condition factor, K 0 1.38 1.35 1.35 1.39
30 1.38 1.36 1.34 1.38
60 1.31 1.32 1.36 1.35
Relative growth, % 30 31.60 29.95 29.43 34.54
60 50.85 47.35 53.63 50.88

®Means differ, P<0.05

60, in agreement with the results obtained in Trial I. Analyzing the whole set of data we
can observe a positive correlation between the phagocytic activity and the dietary Bio-
Mos® inclusion levels at days 30, 45 and 60 (Y5 4,,, = 2.6 + 18.833, R? = 0.8593; y,5 4.,
= 3,9667x + 15.778, R* = 0.9934; y,, days = 2.633x + 18.556, R* = 0.9473) as seen in
Trial I (Figure 8).

Discussion

In these trials, inclusion of dietary Bio-Mos® at 2%, 4% and 6% did not significantly affect
diet proximate composition. However, in Trial I when Bio-Mos® was supplemented in
diets of fish at low stocking densities, fish showed significant growth improvement.
Similar responses to Bio-Mos® have been described for broiler chickens (Kumprecht et
al., 1997), pigs (Pettigrew, 2000; Miguel et al., 2002), and common carp and rainbow
trout (Staykov, 2004). Improved growth may be related to enhanced amino acid
absorption as has been shown in chickens (Iji et al., 2001) and as is suggested by
improvement in the functional integrity of the enterocyte membrane in Bio-Mos®-fed
animals (Spring et al., 2000; Shane, 2001). In sea bass, dietary Bio-Mos® did not affect
fish gut at an optical microscopy level. However, some studies have reported a better
microvilli alignment when Bio-Mos® was fed to fish (Dimitroglou and Davies, 2004) or
broiler chickens (Iji et al., 2001) where a significant increased jejunal villus height was
described. In contrast, when feeding Bio-Mos® at high densities (Trial II) growth
improvement was not observed, however this lack of improvement could be related to
the higher fish density or increased water temperature compared with Trial I. In Trial I
a positive correlation was also observed for sea bass between dietary Bio-Mos® inclusion
level and feed intake, in agreement with the results found in neonatal dairy calves
(Heinrichs et al., 2001) and older dogs (Grieshop et al., 2004). Nevertheless, when fish
were given dietary Bio-Mos® and stocked at higher densities the opposite effect was
observed. A significant reduction in feed intake was detected in Trial II in groups fed 4
or 6% Bio-Mos®, together with a better feed efficiency. Evidence for hormonal
involvement in association with fish food intake has been reported. It is believed that
the peptide cholecystokinin (CCK) plays an important role in controlling digestive

377 3/28/2007, 11:04 PM



‘ Izquierdo.p65

378 Does feeding Bio-Mos® enhance immune function?

(A) 12 7 O 30 days
=]
10 - 60 days

SGR
o
>

0 T T T
Control 2% Bio-Mos® 4% Bio-Mos® 6% Bio-Mos®

(B) 4.0 030 days
3.5 - ac B 60 days
3.0 1
25 -
2.0 A
15 1
1.0 1

FCR

Control 2% Bio-Mos® 4% Bio-Mos® 6% Bio-Mos®

(C) 2500 A 0O 30 days

| 60 days
2000 A

ab
1500 b b

1000 1

Feed intake (g)

500 A

Control 2% Bio-Mos® 4% Bio-Mos® 6% Bio-Mos®

Figure 6. (A) Growth performance (SGR), (B) feed efficiency (FCR) and (C) feed intake (g)
for European sea bass fed diets containing different levels of Bio-Mos® in Trial IV.
(Data are means + SD; ®Means differ, P<0.05).
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Figure 8. Evolution of Bio-Mos® effect on total phagocytic activity of head kidney
macrophages in European sea bass in Trial IV.

function via pancreatic enzyme secretion together with neural stimulation (Singer, 1993).
CCK is produced in specific cells scattered in the mucosa of the proximal intestine and
is secreted into plasma in response to the presence of nutrients in the lumen (Singer,
1993; Cahu et al., 2004). Specific studies in fish have demonstrated that CCK stimulates
gall bladder motility (Aldman et al., 1987) and trypsin and chymotrypsin secretion into
the gut (Einarsson et al., 1997) and delays gastric emptying in rainbow trout (Olsson et
al., 1999). CCK release is regulated by trypsin negative feedback. These observations
suggest stimulation of trypsin release may regulate CCK secretion thereby affecting
feed intake, but further studies must been done to determine the role that Bio-Mos®
plays in feed intake regulation.

Besides the effect on feed intake, glucomannan has also been found to reduce cholesterol
absorption in rats by 20% (Gallaher et al., 2000) and increase bile salt excretion (Jie
and Shu-Sheng, 1997; Gallaher et al., 1999). In turn, both reduced cholesterol absorption
and increased bile salt excretion could reduce liver cholesterol in relation to the reduced
liver fat deposition found in sea bass hepatocytes in the present trial. This is in agreement
with the results obtained by Young er al. (2000), who reported a significant reduction of
fat deposition in liver and a significant hypocholesterolemic effect in liver and eggs
after laying hens were fed diets containing 0.1% Bio-Mos®.

Dietary Bio-Mos® incorporation at 4% and 6% significantly improved head kidney
macrophage phagocytic activity. There was a positive correlation between the level of
dietary Bio-Mos® inclusion and the phagocytic index, evidence of the dose-dependent
effect of Bio-Mos® on the phagocytic ability of fish head kidney macrophages.
Comparable results have been obtained for sea bass by Montero et al. (2005), who
observed an improvement in immune status and stress resistance in fish fed a mixture of
mannan oligosaccharides and B-glucans for 60 days. A dose-dependent enhancement of
phagocytic activity by Bio-Mos® has been also found in chicken macrophages (Lyons,
1994), which could be related to the presence of a mannose receptor involved in microbe
recognition and phagocytosis in the absence of specific opsonization (Ofek et al., 1995).
The mannose receptor is the main molecule involved in antigen recognition and the
binding process in antigen-producing cells (Engering et al., 1997). Nevertheless, the
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effect on immune response could be related to other factors. For instance, a selective
absorption of tryptophan by gut brush border membrane has been reported in chicks fed
Bio-Mos® (Iji et al., 2001) and certain studies show that high doses of tryptophan cause
abnormal white blood cell accumulation in tissues (Gross et al., 1996; 1999), evidence
of the active role that tryptophan or its metabolites play in modulating immune system
activity. Further studies must be conducted to understand the role of Bio-Mos® in fish
immunomodulation.

Despite the fact that all of the IP infected fish rapidly died due to the endotoxic shock
produced by Vibrio alginolyticus extracellular products (Balebona et al., 1998), no
mortality was detected in cohabitants. In other species, such as Chinook salmon, exposure
to an Aeromonas salmonicida challenge showed a direct relationship between rapid
death of the experimentally infected fish and disease occurrence (Ogut and Reno, 2004).
Hence, the lack of mortality in cohabitant fish seems to be related to a low density of
bacteria released to the water from infected fish. However, direct gut inoculation of
Vibrio alginolyticus showed a reduction in the number of infected fish by feeding Bio-
Mos®. Among other carbohydrates, mannose constitutes an important surface component
of cells. Mannose-specific lectins are utilized by many gastrointestinal pathogens as a
means of attachment to the gut epithelium (Mirelman and Ofek, 1986). These molecules
function as adhesins mediating the binding of some bacteria such as Campylobacter
Jjejuni (McSweegan and Walker, 1986) and Aeromonas hydrophila (Merino et al., 1996)
to epithelial cells, and mediating the interaction of bacteria with phagocytic cells (Perry
and Ofek, 1984; Wright et al., 1989). Some studies have reported that mannose inhibits
the in vitro colonization of the chicken small intestine by Salmonella typhimurium (Oyofo
et al., 1989) and reduces caecum colonization by S. fyphimurium after oral inoculation
(Spring et al., 2000).

In summary, these results showed that dietary incorporation of Bio-Mos®, at a rate of
least at 4%, enhances sea bass growth at low densities, enhances immune function and
increases resistance to bacterial infection directly inoculated in the gut, one of the main
sites of infection in fish (Zapata and Cooper, 1990). When fish are stocked at higher
densities and fed Bio-Mos® at 4%, FCR is enhanced. More experiments must be conducted
to understand the mechanisms of Bio-Mos® response.
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