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A B S T R A C T

We tested the efficacy of a commercial product (Glucan-MOS®) derived from yeast Saccharomyces cerevisiae,
containing two combined products, β-1,3-1,6 glucans and mannans on the growth, feed efficiency, stress and
innate immune responses of juvenile pacu (Piaractus mesopotamicus) after a stressful handling and bacterial
inoculation. For this, we evaluated the serum cortisol and plasma glucose levels, the respiratory activity of
leukocytes, the serum lysozyme levels, as well as the number of circulating erythrocytes and leukocytes of fish
fed during 30 days with diets containing increased levels of Glucan-MOS (0.0, 0.1, 0.2, 0.4 and 0.8%). The
supplementation of 0.1% improved weight gain, feed conversion and the protein efficiency ratio compared to a
control diet. The 0.2 and 0.4% Glucan-MOS® diets were sufficient to increase the respiratory burst of leukocytes
and lysozyme activity, the number of thrombocytes, neutrophils and monocytes in the blood after a stressful
handling and bacterial challenge, and minimized stress response as shown by decreased cortisol and glucose
levels when compared to the control. The results of this work reinforce the benefits of the adoption of feeding
strategies including combination of both β-1,3-1,6 glucans and mannans as a dietary supplement in periods prior
to intensive management. The 30-day period was sufficient to stimulate growth performance, improve nutrient
utilization, minimize stress response and modulate innate immunity responses.

1. Introduction

Intensive aquaculture depends on high stocking densities, large
quantities of feed and routine handling, all of which representing
stressful conditions for fish, and may trigger diseases and negatively
affect their performance and survival [1–3]. Therefore, the rapid and
uncontrolled growth of pathogens in the aquatic environment and the
indiscriminate use of antibiotics to prevent them have resulted in the
emergence of several resistant pathogens, immunosuppression, desta-
bilization of beneficial gastrointestinal bacteria, and accumulation of
antibiotics in the fish musculature [4–6] what are important concerns
for both researchers and farmers [7].

In aquaculture, alternative strategies such as the use of im-
munostimulants and products to improve gastrointestinal health are
modern tools for enhancing resistance against infectious diseases
through naturally occurring compounds that modulate the immune

system and balance the gut microflora [7–11]. Polysaccharides derived
from the yeast cell wall (Saccharomyces cerevisiae), such as glucans [7]
and mannan-oligosaccharides (MOS) [11] have been used for these
purposes. These products are generally included as dietary supplements
during stressful operations or during crucial life stages to help the an-
imal ward off pathogens and maintain good health [10].

In fish, β-glucans are considered an immunostimulant that acts on
non-specific defense mechanisms, inducing phagocytic activity of
macrophages, as well as the release of lysozymes and leukocyte mi-
gration through macrophage activation [12,13]. The dietary MOS has
been used to manipulate the intestinal microbial flora and lessening the
impact of pathogenic colonization. On the other hand, MOS can acti-
vate receptors for pattern recognition and protein, triggering the cas-
cade of the complement system and activating the immune system. In
addition to the gut health and immune system stimulation effects, MOS
dietary supplementation has an additional dimension by promoting
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growth and food conversion improvement [11].
However, few studies have evaluated the combination of yeast

polysaccharides β-glucans and MOS as a supplement in fish diets
[14–16]. Glucan-MOS® is a promising prophylactic product in aqua-
culture, composed primarily of glucans and mannans. However, for its
effective use in aquaculture, the time of administration, dosage, ad-
ministration methods and the physiological condition of each tested
species must be known [17].

The pacu (Piaractus mesopotamicus) is one of the most important
farmed fish in Brazil [18–20]. Studies focusing on the physiology and
immunology of the species are still scarce [21–23]. The test of the ef-
ficacy of new products for improving the immune resistance of pacu
should be important tools for its farming. Thus, the objective of this
study was to evaluate the effect of the dietary supplementation of
Glucan-MOS® on growth performance, physiological, immunological
and hematological responses and resistance of juvenile pacu submitted
to a stressful procedure and challenged with Aeromonas hydrophila.

2. Material and methods

2.1. Fish and maintenance

Three hundred and ninety juvenile fish (63.8 ± 3.7 g) were dis-
tributed randomly in 30 polyethylene tanks with 80 L of water in a
flow-through system, with controlled temperature and continuous
aeration. During the experimental period, the temperature
(25.3 ± 0.91 °C), dissolved oxygen (7.1 ± 0.89 mg L−1) and pH
(6.3 ± 0.04) were measured daily. Total ammonia
(0.02 ± 0.01 mg L−1) was measured weekly using a commercial kit
(Hach, Loveland, CO, USA). The water quality parameters values were
adequate for the species according to [24].

2.2. Experimental diets

The experimental diets were isoproteic and isoenergetic [23% of
digestible protein, 3200 kcal of digestible energy kcal g−1] (Table 1)
and were formulated according to [18]. The diet ingredients were
ground in a mill (0.5 mm), mixed, moistened (20% of water) at 50 °C
and processed in a meat grinder (2.5 mm). Diets were dried in a forced
ventilation oven at 55 °C for 24 h and stored at -6 °C.

The Glucan-MOS® (Yessinergy do Brasil Agroindustrial LTDA,
Campinas, São Paulo, Brazil; http://www.yes.ind.br/prod-glucan-mos.
html) was composed of yeast cell walls (Sacharomices cerevisiae), con-
taining mannan (14.3%), whole β-glucan (31.1%) and β-1,3-1,6 glucan
(24.4%) (Lot: 510880820L102) and was added to the formulated diet
according to the treatments.

2.3. Experimental protocol

The experimental design was completely randomized with five
treatments: diets with 0.0 (control diet), 0.1, 0.2, 0.4 and 0.8% of
Glucan-MOS® with six repetitions (13 fish per repetition/experimental
unit). The fish were fed three times per day (0800 h; 1200 h; 1630 h) to
apparent satiety during 30 days. In this period, fish consumed an
average of 4% of their body weight. After the experimental feeding
period, the fish starved for 24 h were anesthetized with eugenol
(100 mg L−1) for weighing and blood collection. Growth and nutrient
retention parameters were calculated as follows: weight gain (WG) =
(final body weight(g) - initial body weight(g)); specific growth rate
(SGR, % day−1) = 100 × (ln final weight(g) - ln initial weight(g)/days
of experiment); feed conversion ratio (FCR) = feed intake(g)/weight
gain(g); protein efficiency ratio (PER) = weight gain(g)/protein intake
(g).

Initially, two fish per repetition were used for blood collection to
designate the before stress sampling. After the blood collection, the
sampled fish were removed from the experiment. Subsequently, to

weaken the fish's immune system, they were stressed by chasing, fol-
lowed by capture and exposure to air for 5 min. Thirty minutes after the
stressful handling, two fish per repetition were bled. Then, the re-
maining fish were challenged by inoculation of the bacterium
Aeromonas hydrophila in the mesenteric cavity. After that, two fish per
repetition were bled at 3, 6 and 24 h after inoculation.

2.4. Preparation of A. hydrophila for inoculation

The A. hydrophila strain was isolated from pintado fish
(Pseudoplatystoma sp.), strain KJ561021 LAPOA, Jaboticabal, São
Paulo, Brazil. The strain was kept in medium BHI (Brain Heart Infusion)
with glycerol 30% (sterile), at -80 °C. An aliquot of 20 μL (strain stock)
was inoculated in 5 mL of autoclaved BHI medium and incubated in a
bacteriological incubator at 28 °C for 24 h. Then, 700 mL of autoclaved
BHI medium was added to the former solution and incubated according
to the same procedure. The bacterial suspension was centrifuged
(12,000 rpm for 20 min) and the supernatant was discarded. A PBS
buffer (0.01 M) was used to wash the pellets twice. At the end, the
suspension with 1 × 106 CFU/mL−1 was adjusted according to the
McFarland Standard and read in a spectrophotometer (OD600 = 0.845)
using the PBS buffer (0.01 M). The bacterial suspension was previously
determined to cause only infection and no severe mortality in order to
stimulate the fish's immune system.

Table 1
Formulation, proximate and estimated composition of experimental diet.

Ingredient Levels of Glucan-MOS® (%)

0.0 0.1 0.2 0.4 0.8

Soybean meal 44.70 44.80 44.80 44.90 45.00
Corn meal 31.72 31.45 31.29 30.87 30.08
Wheat meal 17.35 17.35 17.35 17.35 17.35
Soybean oil 1.60 1.67 1.73 1.86 2.15
Dicalcium phosphate 3.37 3.37 3.37 3.37 3.37
Calcitic limestone 0.20 0.20 0.20 0.20 0.20
L-Lysine (78%) 0.37 0.37 0.37 0.36 0.36
DL-Methionine (99%) 0.07 0.07 0.07 0.07 0.07
Sodium chloride 0.10 0.10 0.10 0.10 0.10
Glucan-MOS® 0.00 0.10 0.20 0.40 0.80
Vitamin and mineral

premixa
0.50 0.50 0.50 0.50 0.50

Butyl hydroxy toluene 0.02 0.02 0.02 0.02 0.02

Total 100.00 100.00 100.00 100.00 100.00

Proximate and estimated composition

Digestible protein (%)b 23.00 23.00 23.00 23.00 23.00
Crude proteinc 26.10 26.60 26.90 26.50 26.50
Digestible energy (kcal/kg)b 3200.00 3200.00 3200.00 3200.00 3200.00
Ethereal extract (%)c 2.19 2.75 2.32 2.87 3.15
Crude fiber (%)c 3.92 3.86 4.07 3.64 3.52
Lysine (%)b 1.64 1.64 1.64 1.64 1.64
Methionine (%)b 0.38 0.38 0.38 0.38 0.38
Treonineb 0.83 0.83 0.83 0.83 0.83
Calcium (%)b 1.05 1.05 1.05 1.05 1.05
Available phosphorus (%)b 0.70 0.70 0.70 0.70 0.70
Ash (%)c 7.10 7.11 7.31 7.40 7.16

a Composition of the vitamin-mineral premix (Vaccinar, Belo Horizonte, MG, Brazil) kg
diet−1: vitamin A: 500.000 UI, vitamin D3, 250.000 UI, vitamin E 5.000 mg, vitamin K3,
500 mg, vitamin B1 1.000 mg, vitamin B2: 1.000 mg, vitamin B6: 1.000 mg, vitamin B12:
2.000 mg, niacin: 2.500, folic acid: 500 mg, biotin: 10 mg, vitamin C 10.000 mg, choline:
100.000 mg, Inositol: 1.000 mg, selenium: 30 mg, iron: 5.000 mg, copper: 1.000 mg,
manganese: 5.000 mg, zinc: 9.000 mg, cobalt: 50 mg, iodine: 200 mg.

b Estimated values based on digestible nutrients determined by Ref. [20].
c Analyzed values according to AOAC [25].
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2.5. Physiological, immunological and hematological parameters

Blood was collected by caudal vessels puncture using syringes
bathed in anticoagulant EDTA (3%) for the hematological analysis,
heparin to determine the respiratory burst activity of leukocytes,
GLISTAB (EDTA 6 g/dL and KF 12 g/dL, Labtest, Sao Paulo, Brazil; code
29) to obtain plasma to determine the stress parameters and without
anticoagulant to obtain serum to evaluate the lysozyme concentrations.

2.5.1. Stress parameters
The plasma was used to determine the glucose concentrations by an

enzymatic method using a commercial kit (Labtest, Sao Paulo, Brazil;
code 84), and cortisol concentrations by an immunoenzymatic assay
using a commercial kit (DRG International, Inc., USA; Cortisol ELISA -
EIA - 1887).

2.5.2. Immunological parameters
Heparinized blood was immediately processed after collection to

determine the respiratory burst activity of leukocytes according to [26].
The method consists of a colorimetric determination of the reactive
oxygen species (ROS) produced by the leukocytes respiratory burst,
which promotes the reduction of nitrobluetetrazolium (NBT, Sigma, St.
Louis, MO, USA) into dark blue precipitate inside the phagocyte called
formazan granules. The optical density (OD) of the final solution was
measured at 540 nm.

After serum extraction, lysozyme activity was measured by a tur-
bidimetric assay, as described by Ref. [27], with partial modifications
[28], by lysing a suspension ofMicrococcus lysodeikticus (Sigma-Aldrich,
M3770). Results were expressed in a concentration of serum lysozyme
(ng/dL). One unit is defined as the amount of sample that triggers a
reduction in the absorbance of 0.001 min−1 at 450 nm compared to the
control (M. lysodeikticus suspension without serum).

2.5.3. Hematological parameters
Blood collected with EDTA (3%) was used to determine the he-

moglobin concentration (Hb) using a commercial kit (Labtest, Sao
Paulo, Brazil; code 43). The mean corpuscular hemoglobin concentra-
tion [MCHC = (Hb x 100)/Ht] was also calculated. The erythrocyte
count was performed in a Neubauer chamber after blood dilution in a
citrate formaldehyde solution (1:200).

Total leukocyte, total thrombocytes and leukocytes counts were
performed on blood smears stained with May-Grunwald-Giemsa-Wright
according to [29]. Differential and total counts were performed under a
microscope using an oil immersion objective (100x).

2.6. Statistical analysis

All data were submitted to normality (Shapiro-Wilk) and the means
were submitted to an analysis of variance (ANOVA). Means were
compared by Tukey's test, with p-value<0.05 to estimate the level of
significance. To assess the stress and innate immune response para-
meters, a completely randomized design with a factorial arrangement of

5 × 5, being 5 treatments (control diet, 0.1, 0.2, 0.4 and 0.8% of
Glucan-MOS®) x 5 sampling times (prior to stress and 30 min post-
stress, 3, 6 and 24 h post-infection) was set up. When there was no
interaction between sampling times and treatments, the results are
presented considering the means of each treatment at all sampling
times and the means of all treatments at each time. When there was
interaction, the results were presented considering the means of each
treatment within each sampling time.

2.7. Ethical statement

All procedures that involved animal use in this study were per-
formed in accordance with ethical principles in animal experimenta-
tion, and approved by the Comissão de Ética no Uso de Animais (CEUA)
protocol n° 014/2013. UEMS – Aquidauana, Brazil.

3. Results

We tested the efficacy of a commercial product derived from yeast S.
cerevisiae containing two combined products, β-1,3-1,6 glucans and
mannans, on the growth, feed efficiency, stress and innate immune
response of juvenile pacu after a stressful handling and bacterial in-
oculation.

3.1. Growth and feed performance

Pacu juveniles fed with a 0.1% Glucan-MOS® diet showed higher
(P < 0.05) weight gain (WG) when compared to fish fed with 0.0%,
0.2% and 0.8% diets. Fish fed with 0.4% Glucan-MOS® did not differ
from the other treatments (Table 2).

DFI was not significantly affected by Glucan-MOS® supplementa-
tion. Fish fed with the 0.1% diet showed the lowest FCR and differed
(P < 0.05) from the control (no supplementation). However, in
comparison with the other treatments (Table 2), FCR did not show
statistical difference. SGR did not differ between treatments. On the
other hand, pacu fed with the 0.1% diet showed the highest PER, which
was higher (P < 0.05) than that of the control, but did not differ from
the other treatments.

3.2. Response to chasing and air exposure followed by bacterial infection

3.2.1. Stress parameters
3.2.1.1. Plasma concentrations of glucose and cortisol. There was no
interaction between Glucan-MOS® levels and sampling times (before
and after stress, and after bacterial inoculation) on the plasma glucose
profile (Fig. 1 A). At 0.4 and 0.8% of supplementation the plasma
glucose concentrations were lower regardless of the sampling time
(P < 0.05). Regardless of the Glucan-MOS® level, glucose increased
after the handling and again at 3 h after the bacterial inoculation
(P < 0.05). At 6 h the levels were similar to those of the pre-stress
condition and at 24 h they increased again to the levels observed after
handling (P < 0.05).

Table 2
Growth and feed performance of pacu fed with diets containing increasing levels of Glucan-MOS® after 30 days of feeding.

Parameters Levels of Glucan-MOS® (%)

0.0 0.1 0.2 0.4 0.8

WG (g) 15.2 ± 0.8b 21.1 ± 0.9a 16.0 ± 1.1b 17.3 ± 0.5 ab 16.8 ± 1.0b
SGR 4.0 ± 0.0a 4.0 ± 0.0a 4.0 ± 0.0a 4.0 ± 0.0a 4.0 ± 0.0a
DFI (g) 33.2 ± 1.0a 33.3 ± 1.2a 30.8 ± 0.5a 31.4 ± 0.8a 32.9 ± 0.3a
FCR 2.2 ± 0.2a 1.6 ± 0.0b 2.0 ± 0.2 ab 1.8 ± 0.1 ab 2.0 ± 0.1 ab
PER 1.8 ± 0.15b 2.4 ± 0.0a 2.0 ± 0.2 ab 2.1 ± 0.1 ab 2.0 ± 0.1 ab

WG - weight gain, SGR - specific growth rate, DFI - daily feed intake, FCR - feed conversion ratio, PER - protein efficiency ratio. Values are mean ± standard error. Means in the same line
with different superscripts are significantly different (P < 0.05).
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There was interaction between dietary Glucan-MOS® supplementa-
tion and sampling time (before and after stress, and after bacteria in-
oculation) on the plasma cortisol profile (Table 3). Glucan-MOS®, at
0.8%, reduced the plasma cortisol concentrations after 30 days of
feeding (P < 0.05) and also reduced after chasing and air exposure
(0.2, 0.4 and 0.8%) and at 3 and 6 h after bacterial inoculation in all
concentrations (P < 0.05). Comparing the cortisol levels observed
before and after chasing and air exposure, in the control group, they
reduced after 6 h of the bacterial inoculation, while in the 0.1% group
the highest value was observed after the chasing and air exposure and
decreased after that. A similar profile was observed in the other Glucan-

MOS® groups 6 h after the inoculation (P < 0.05).

3.2.2. Immunological parameters
3.2.2.1. Respiratory activity of leukocytes (RAL) and serum lysozyme
concentrations (SLC). There was no interaction between dietary
Glucan-MOS® supplementation and sampling times (before and after
stress and after bacterial inoculation) on the RAL (Fig. 1 B) and on the
serum lysozyme concentrations (Fig. 1 C).

The respiratory activity of the leukocytes in all Glucan-MOS®

treatments was higher compared to the control group, regardless of the
sampling time (P < 0.05). Regardless of the Glucan-MOS® level, RAL
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Fig. 1. Plasma glucose concentrations(A), leukocytes respiratory activity (B) and serum lysozyme concentrations (C) in pacu fed Glucan-MOS®, stressed and inoculated with Aeromonas
hydrophila. Bars represent means ± standard error. Small letters compare grouped sampling times in each treatment and capital letters compare grouped treatments in each sampling
time (P < 0.05).

Table 3
Plasma cortisol concentrations (ng/mL) in pacu fed Glucan-MOS®, stressed and inoculated with Aeromonas hydrophila. Before handling and after handling; 3 h, 6 h and 24 h after bacterial
inoculation.

Time Levels of Glucan-MOS® (%)

0.0 0.1 0.2 0.4 0.8

Before 42.6 ± 1.6ABa 37.9 ± 2.0ABa 38.9 ± 1.2ABa 38.2 ± 0.8 Aa 32.6 ± 4.3Cb
After 46.5 ± 0.8Aa 42.4 ± 1.3Aab 40.2 ± 1.9 Ab 39.4 ± 1.5Ab 36.8 ± 5.3Aab
3 h 46.4 ± 1.2Aa 37.4 ± 1.7Bb 36.8 ± 1.4ABb 34.9 ± 0.7Ab 38.8 ± 1.5ABb
6 h 39.9 ± 1.9BCa 34.6 ± 0.1Bb 34.7 ± 0.2Bb 34.8 ± 0.2Ab 35.1 ± 0.2BCb
24 h 37.2 ± 1.6C 34.5 ± 1.3B 34.6 ± 0.2B 34.7 ± 0.2A 34.9 ± 0.2BC

Values are mean ± standard error. Lowercase letters differ in line and uppercase letters differ in column (P < 0.05).
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increased at 3 and 6 h after bacterial inoculation, reducing at 24 h but
still in values higher than those observed at 3 h (P < 0.05).

Glucan-MOS® at 0.2, 0.4 and 0.8% increased SLC after 30 days of
feeding (P < 0.05). Regardless of the Glucan-MOS® level, SLC in-
creased after chasing and air exposure and at 3, 6 and 24 h after bac-
terial inoculation (P < 0.05).

3.2.2.2. Thrombocytes count and total and differential counts of
leukocytes. There was no interaction between Glucan-MOS®

supplementation and sampling times (before and after stress and after
bacterial inoculation) on the number of thrombocytes (Fig. 2 A).
Regardless of the sampling times, Glucan-MOS® supplementation, at
0.4 and 0.8%, increased the number of thrombocytes (P < 0.05).

3.2.2.3. Total and differential counts of leukocytes. There was interaction
between Glucan-MOS® levels and sampling times on the total count of
leukocytes in the blood (P < 0.05) (Table 4). Before stress, the 0.4%
treatment showed a higher number of leukocytes compared to the
control and 0.1% treatments, but Glucan-MOS® had no effect after
chasing and air exposure. Three hours after the bacterial challenge, the
0.4 and 0.8% treatments presented higher leukocytes counts compared
to the control and 0.1% treatments, at 6 h only the 0.8% treatment
differed and at 24 h there were no differences among treatment (Fig. 2
A).

There was interaction between Glucan-MOS® levels and sampling
times on the percentage of lymphocytes (P < 0.05) (Table 4). Before

handling, the 0.4% treatment presented a lower number of lympho-
cytes, not differing from the 0.2% treatment. After stress and at all
samplings after bacterial challenge, all Glucan-MOS® treatments pre-
sented a reduced number of lymphocytes.

There was no interaction between Glucan-MOS® levels and sampling
times (before and after stress and after bacterial inoculation) on the
percentage of neutrophils in the blood (P < 0.05) (Fig. 2 B) and on the
percentage of monocytes in the blood (P < 0.05) (Fig. 2 C). Regardless
of the sampling time, the 0.2, 0.4 and 0.8% treatments had a higher
percentage of neutrophils in the blood. Regardless of the Glucan-MOS®

levels, a higher number of these cells were observed after stress and at
3, 6 and 24 h after the bacterial challenge. Regardless of the sampling
time, the 0.1, 0.2, 0.4% treatments showed a higher percentage of
monocytes in the blood (P < 0.05). Regardless of the Glucan-MOS®

level, the percentage of monocytes increased after the stress and de-
creased gradually along the samplings after bacterial challenge, re-
turning to the before handling condition at 24 h (P < 0.05).

3.2.3. Hematological parameters
3.2.3.1. Hemoglobin concentrations, MCHC and erythrocytes
number. There was no interaction between dietary Glucan-MOS®

supplementation and sampling times (before and after stress and after
bacterial inoculation) on erythrocytes number (Fig. 3 A), hemoglobin
concentrations (Fig. 3 B) and MCHC (Fig. 3 C). Regardless of the
sampling times, the dietary supplementation of Glucan-MOS® for 30
days did not change these variables (P > 0.05).
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Fig. 2. Thrombocytes (A), neutrophils (B) and monocytes (C) counts in pacu fed Glucan-MOS®, stressed and inoculated with Aeromonas hydrophila. Bars represent means ± standard
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(P < 0.05).
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Regardless of the Glucan-MOS® level, hemoglobin concentrations
increased after stress and at 3 and 6 h after bacterial inoculation, MCHC
increased at 3 and 6 h after bacterial challenge, and the number of
erythrocytes increased 3 h after bacterial challenge (P < 0.05).

4. Discussion

In this study, we tested a commercial preparation containing two
combined components, β 1,3-1,6 glucan and mannan-oligosaccharide,
in stressed juvenile pacu infected with A. hydrophila and previously fed

Table 4
Leukocytes and lymphocytes counts in pacu fed Glucan-MOS®, stressed and inoculated with Aeromonas hydrophila. Before handling and after handling; 3 h, 6 h and 24 h after bacterial
inoculation.

Time Levels of Glucan-MOS® (%)

0.0 0.1 0.2 0.4 0.8

Leukocytes (μL−1)
Before 8.1 ± 1.1b 7.9 ± 1.6b 11.6 ± 1.7 ab 19.0 ± 1.13a 13.6 ± 0.6 ab
After 12.7 ± 1.0 8.7 ± 1.2 17.3 ± 0.7 13.2 ± 0.7 11.5 ± 1.0
3 h 6.8 ± 1.9b 5.4 ± 1.7b 10.8 ± 0.4 ab 16.7 ± 1.7a 16.1 ± 1.7a
6 h 6.5 ± 2.4b 8.9 ± 1.5 ab 9.8 ± 1.5 ab 12.7 ± 0.4 ab 15.3 ± 1.5a
24 h 7.1 ± 1.3 10.5 ± 1.1 10.3 ± 2.4 12.8 ± 0.7 10.1 ± 1.3
Lymphocytes (%)
Before 69.2 ± 1.4Aa 70.5 ± 2.0Aa 66.0 ± 2.0Aab 54.1 ± 0.7Ab 78.4 ± 2.6Aa
After 41.1 ± 7.5Ba 9.4 ± 1.5BCb 8.1 ± 1.5Bb 7.5± .8Bb 7.6 ± 0.9Bb
3 h 30.4 ± 6.1BCa 4.0 ± 1.0Cb 3.1 ± 1.0Bb 0.9 ± 1.4Bb 1.9 ± 0.6Bb
6 h 20.4 ± 3.5BCa 7.7 ± 1.9BCab 5.4 ± 0.6Bb 3.7 ± 0.7Bb 6.5 ± 0.8Bab
24 h 30.2 ± 3.9Ca 19.5 ± 1.5Bab 6.1 ± 1.3Bb 5.6 ± 1.3Bb 6.4 ± 1.3Bb

Values are mean ± standard error. Leukocyte mean values x103. Lowercase letters differ in line and uppercase letters differ in column (P < 0.05).
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with Glucan-MOS® during 30 days. Feeding the fish with the lowest
level of the product (0.1%) increased the body weight and protein ef-
ficiency ratio, and decreased the feed conversion ratio. Therefore,
Glucan-MOS® decreased the response of the stress indicators (plasma
glucose and cortisol levels), and increased the innate immune indicators
(respiratory activity of leukocytes, serum concentrations of lysozyme,
and the thrombocytes, neutrophils and monocytes number).

Regardless of the Glucan-MOS®, the exposure of fish to a stressor
and immediate bacterial infection increased the plasma glucose, re-
spiratory activity of leukocytes, serum lysozyme concentrations and
neutrophils number and decreased the monocytes number. On the other
hand, after stress and after bacterial inoculation, the Glucan-MOS®

prevented the elevation of plasma cortisol, increased the total count of
leukocytes in addition to decreasing the number of lymphocytes.

In our study, the 30-day supplementation of Glucan-MOS® (0.1%)
improved the growth of fish and their feed efficiency (FCR and PER).
Most previous studies that evaluated growth performance in fish used
one yeast subcomponent to supplement the diets [30–34] or both al-
ternately [35,36]. Few studies have tested the combined effect of both β
glucan and mannan-oligosaccharide. Consistent with the results we
found in pacu, dietary supplementation with β-Glucan and MOS in
combination during 60 days improved the growth and nutrient utili-
zation in Nile tilapia (Oreochromis niloticus) [14]. In another study, a
prebiotic composed of mannan-oligosaccharide and β-glucans im-
proved the growth and the feed conversion rate in juvenile kutum
(Rutilus kutum) after 8 weeks of supplementation [16].

The β-Glucan and MOS have two different modes of action. The
mannan acts indirectly and can improve growth through the modula-
tion of intestinal microbiota, increasing villi integrity and resistance to
pathogenic bacteria, with the consequent increase of digestion and
absorption efficiency [37]. Glucan supplementation, on the other hand,
may benefit fish performance by improving the digestibility coefficient
of the feed, which provides improvements in weight gain and feed
conversion [38].

In aquaculture, fish are routinely affected by stressful agents. To
establish adequate management practices, the quantification of the
stress imposed on fish is fundamental [39]. The most commonly used
indicators in stress assessment are plasma cortisol and glucose levels
[40–42]. Erythrogram indicators, especially the number of erythrocytes
and the hemoglobin concentration, can be also considered stress in-
dicators because they reflect the capacity of blood to transport oxygen
to tissues, demonstrating the energy requirement of fish during the
stress [43].

As observed in this study, plasma glucose and cortisol concentra-
tions, and erythrocytes and hemoglobin concentrations indicate the
stress condition triggered by the chasing and air exposure followed by
bacterial challenge. Interestingly, the Glucan-MOS® reduced the glucose
and cortisol levels before the stressful handling and prevented the
elevation of plasma cortisol after stress and bacterial inoculation.
Likewise, Welker et al. (2007) [35] observed lower levels of cortisol in
channel catfish (Ictalurus punctatus) supplemented with glucans and
mannans and exposed to low-water stress (6 wk). The reduction of
cortisol levels in fish supplemented with β-glucan or mannans in-
dividually was not significant, although the reduction of lactate con-
centration was. However, no other studies using a combination of
glucans and mannans in fish are known. The stress-reducing effect of β-
glucan was related by Cain [44] who observed a reduction in circu-
lating cortisol but not in glucose concentration after handling in Nile
tilapia at week 3 of feeding. Jeney et al. (1997) [45] showed that
feeding rainbow trout with glucan in low doses (0.1%) several weeks
before transportation can help to prevent negative effects of stress, as
they found reduced levels of glucose and cortisol. Another study
showed that dietary supplementation of β-glucan improved stress re-
sistance of red sea bream (Pagrus major), assessed by fish survival in a
low salinity stress test, but it did not measure cortisol or glucose levels
[13].

In addition to the promising effect of Glucan-MOS® on growth per-
formance and feed utilization and the stress-reducing response of pacu,
our results confirm the efficiency of the product as an im-
munostimulant. Before stress and bacterial challenge, the dietary
Glucan-MOS® activated the immune system of fish and after fish were
exposed to the stressor and bacterial challenge, the dietary supplement
reinforced the immune response.

Because β-Glucan and MOS have different modes of action, it is not
possible to ensure which is contributing to stimulate the immune
system of fish or whether they are acting synergistically. Although the
immunostimulant effect of β-glucans in fish is well known [12], there is
increasing evidence that prebiotics can also induce immune responses
[11,46]. A previous study found an increase in nonspecific immunity
after β-Glucan and MOS supplementation in Nile tilapia, as evidenced
by increased serum globulin, serum killing activity, phagocytic activity,
and lysozyme activity after 15 d of feeding and by improved nitric oxide
activity after 30 d [15]. Additionally, a mixture of β-1,3/1,6-glucans
and mannan-oligosaccharide as a dietary supplement for channel cat-
fish (Ictalurus punctatus) resulted in higher monocyte number, higher
phagocytic rate and enhanced phagocytic index [14]. These findings
are consistent with our study, which showed that dietary Glucan-MOS®

increased the respiratory activity of leukocytes, the serum concentra-
tions of lysozyme, as well as the count of thrombocytes, neutrophils and
monocytes.

In addition to the immunostimulant effect of the dietary supple-
ment, we observed activation of the immune responses by the stressor
imposed to fish and additionally by the bacterial inoculation. According
to Tort (2011) [47], in acute stress episodes immune activation occurs
through enhanced innate response and leukocyte mobilization. On the
other hand, fish in aquatic environments protect themselves from pa-
thogens mostly with the help of innate or non-specific immunity [48].
Through pattern recognition receptors (PRRs), fish recognize the pa-
thogen-associated molecular patterns of pathogens (PAMPs), and
trigger the signaling pathways that activate immune cells in response to
pathogen infection [49].

In conclusion, our results reinforce the benefits of the adoption of
feeding strategies including combination of both β-1,3-1,6 glucans and
mannans as a dietary supplement in periods prior to intensive man-
agement. The 30-day period was sufficient to stimulate growth per-
formance, improve nutrient utilization, minimize stress response and
modulate innate immunity responses.
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