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Abstract OBJECTIVES: Effect of long-term oral administration of three different concentra-
tions (0.5, 1.0, and 2.0%) of micronized β-1.3/1.6-D-glucan derived from oyster 
mushroom (Pleurotus ostreatus, Hiratake) on biometrical, haematological, bio-
chemical, and immunological indices of half-year-old rainbow trout (Oncorhyn-
chus mykiss) was assessed in the study. 
DESIGN: Rainbow trout were feed commercial feed pellets containing β-1.3/1.6-
D-glucan in the concentrations of 0.5, 1.0, and 2.0% for 85 days. Biometrical 
indices consisted in total and standard length, body and liver weight, from which 
derived somatic parameters such as Fulton´s condition factor and hepatosomatic 
index were calculated. Haematological parameters were evaluated according to 
unified methods for haematological examination in fish. Plasma biochemical pro-
file was analysed using biochemical analyser Konelab 20i and Easy Lyte Analyzer. 
A phagocyte cells metabolic activity (induced chemiluminescence of phagocytes) 
was determined as an immunological parameter by a microplate luminometric 
method on Immunotech LM-01T.
RESULTS: No clinical signs of behavioral, respiratory, or neurologic distress were 
observed in rainbow trout. Fish showed normal feeding behavior. As for biometric 
parameters, no significant changes in total and standard length, body weight, liver 
weight, as well as in condition factor and hepatosomatic index of experimental 
and control fish were found. In the course of the study, weight gains in rainbow 
trout were similar and continuous. Shifts in PCV (p<0.05), haemoglobin (p<0.05), 
and MCHC (p<0.01) were found within haematological indices. Plasma concen-
tration of glucose, lactate, total protein, cholesterol, calcium, natrium, potassium 
(all p<0.05), albumins and chlorides (both p<0.01), as well as catalytic activities of 
ALT and AST (both p<0.05) were changed in the course of the study. A phagocyte
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cells metabolic activity (luminol-induced chemilumi-
nescence) in rainbow trout was not altered by oyster 
mushroom β-1.3/1.6-D-glucan administration.
CONCLUSION: After long-term oral administration of 
three concentrations of micronized β-1.3/1.6-D-glucan 
derived from oyster mushroom (Pleurotus ostreatus, 
Hiratake) shifts in haematological and biochemical 
profiling were found in half-year-old rainbow trout 
(O. mykiss) in environmental conditions of a com-
mercial rainbow trout fishery. Biometrical indices were 
not found significantly altered. No specific effect of 
β-glucan on immune system response of rainbow trout 
was found in the study. The use of β-glucan in pros-
perous, clinically healthy aquaculture is still an issue, 
nevertheless, its use in breedings endangered by stress 
stimuli, infectious diseases or adverse environmental 
factors is indisputable. 

 
Abbreviations:
Alb - albumins
ALT - alanine aminotransferase
ALP - alkalic phosphatase
AST - aspartate aminotransferase
BG - β-glucan
BW - body weight
Ca2+ - calcium
Cl- - chlorides
CL - chemiluminescence
Chol - cholesterol
FCF - Fulton´s condition factor
Glu - glucose
Hb - haemoglobin 
HSI - hepatosomatic index
K+ - potassium
Lact - lactate
LD50 - lethal dose (50% mortality of fish)
LDH - lactate dehydrogenase
LW - liver weight
MCH - mean corpuscular haemoglobin
MCHC - mean corpuscular haemoglobin concentration
MCV - mean corpuscular volume
Na+ - natrium
Phos - phosphorus
PCV - packed cell volume, haematocrit
RBC - red blood cells count
ROS - reactive oxygen species
SL  - standard length
Trig - triglycerides
TL - total length
TP - total protein
WBC - white blood cells count

INTRODUCTION

Immunostimulants have been used as feed additives for 
many years in farm animal husbandry as well as in aqua-
culture. They augment the innate and adaptive immune 
responses and are regarded as a promising supplement 
to vaccination and selective breeding, which remain the 
key strategies for prevention of diseases in fish aquacul-
ture (Djordjevic et al. 2009).

β-glucans are the most commonly used term for a 
heterogenous group of glucose polysaccharides consist-
ing of a backbone of β-(1.3)-linked β-D-glucopyranosyl 
units with β-(1.6)-linked side chains of varying lenght 
and distribution (Rodríguez et al. 2009). They are a 
major structural component of fungi cell walls and are 
also found in some bacteria, plants, algae, yeast, and 
mushrooms. β-glucans can be also extracted from the 
bran of oat and barley grains, rye and wheat or some 
species of seaweed. One of the most common sources 
of β-glucans is derived from the cell wall of baker’s yeast 
Saccharomyces cerevisiae (Das et al. 2009). 

β-glucans bind to specific cell surface receptors of 
macrophages and neutrophilic granulocytes that pro-
motes the enhancement of organism´s protective activ-
ity against infections and sepsis through the activation 
of leukocytes, phagocytic activity, production of inflam-
matory cytokines, chemokines and reactive oxygen free 
radicals. The stimulation of receptors also increases the 
activity of antioxidant enzymes, elimination and kill-
ing of microorganisms, and initiates the development 
of adaptive immunity, all of which contribute to anti-
infective and a nti-tumorigenic properties of β-glucans 
(Brown & Gordon 2003).

In fish, β-glucans enhance fish resistence against 
bacterial and viral infections by means of effective stim-
ulation of non-specific cellular and humoral immune 
functions such as lysozyme and complement activities. 
β-glucans have a proven protective effect against fish 
bacterial pathogens including Aeromonas salmonicida 
and Edwardsiella tarda (Nikl et al. 1993), and Vibrio 
salmonicida or Vibrio ruckeri (Robertsen et al. 1990). 
The administration of β-glucans in fish diet has been 
shown to enhance the respiratory burst activity (Siwicki 
et al. 1994; Li & Gatlin 2003), phagocytosis (Li & Gatlin 
2003), and lysozyme levels (Ogier De Baulny et al. 1996). 
Growth promotion by administration of β-glucan is 
also reported in fish (Cook et al. 2003). 

In addition to individual administration, β-glucans 
have also been used with bacterial vaccine as adjuvant 
(Figueras et al. 1998) or with a lipopolysacharide as syn-
ergients (Cook et al. 2001) so as to increase the immune 
response and to protect fish against pathogens.

The aim of the study was to assess a long-term oral 
administration of three concentrations of micronized 
β-1.3/1.6-D-glucan derived from oyster mushroom 
(Pleurotus ostreatus, Hiratake) on biometrical, haema-
tological, biochemical, and immunological indices of 
half-year-old rainbow trout (Oncorhynchus mykiss) in 
natural environmental conditions of a commercial trout 
fishery.

MATERIAL AND METHODS

Test animals

In the study, six-month-old (Pd1/2) rainbow trout (O. 
mykiss) of 10.7 cm and 8.5 g of the average total body 
length and body weight, respectively, in natural envi-
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ronmental conditions of a commercial fishery in Ujčov 
(the Czech Republic, rainbow trout commercial pro-
duction up to 130 tons a year) were used in the test. 
Fish in the amount of aproximatelly 1100 individu-
als were held in 9.000 l concrete tanks in water flow-
through system. Examined rainbow trout individuals 
(eight individuals for each haematological, biochemi-
cal, and immunological examination, i.e. 24 individuals 
in each test group, i.e. 96 individuals in each sampling 
day) were randomly chose from one control and three 
experimental tanks.

Test design

The study was designed to evaluate the effect of three 
concentrations (0.5, 1.0, and 2.0%) of micronized 
β-1.3/1.6-D-glucan (Natures, Slovakia) derived from 
oyster mushroom Pleurotus ostreatus Hiratake on half-
year-old rainbow trout under natural conditions of a 
commercial trout fishery. β-glucan was administered 
orally in feed pellets. 

Prior to the experiment, fish were adapted to con-
ditions in the test tanks (t approx. 13.9 °C, pH 7.28, 
oxygen content 9.8 mg L–1) with natural light-dark 
cycle for 2 weeks. Before the experiment start, fish were 
fed 1.5 mm (and 2.0 mm since 43rd day) commercial 
rainbow trout feed pellets (Biomar, Danmark) consist-
ing of fish meal, wheat flour, soyprotein concentrate, 
cod-liver oil, pea protein, vitamins, and minerals with 
the content of protein 47%, fat 20%, saccharides 16.4%, 
fiber 1.1%, ash 9.5%, and total phosphorus 1.3%. 
Digestible energy of pellets was 4 675 Kcal.

The study was performed as follows: in one tank 
(Control) fish were fed commercial feed pellets (Biomar, 
Danmark) and in three experimental tanks they were 
fed the commercial pellets supplemented with either 
0.5, 1.0, or 2.0% of micronized oyster mushroom 
β-1.3/1.6-D-glucan. Feed medicated with β-glucan 
was prepared by adhesion of micronized (i.e. ground 
to 5 μm particles) β-glucan derived from P. ostreatus 
on commercial trout feed pellets. The medicated pel-
lets were then covered with a thin layer of Aerosil 
200 (colloid SiO2 that covers pellet surface and fixes 
β-glucan uniformly on it, and also prevents the pellets 
from clustering) and Eudragit E (12.5%, a copolymer of 
dimethyl-amino-ethyl methacrylate, buthyl methacry-
late, and methacrylate in technical ethanol and acetone 
preventing pellets from abrasion and thus β-glucan 
from segregation from the pellet surface). 

Fish were fed the feed in the range of 1.35 to 4.73% 
body weight (according to dosage recommended by 
feed producer) for 85 days. Feed doses were calcu-
lated according to actual fish body mass and water 
temperature. 

The study was carried out in autumn season (Sep-
tember – November). Average physico-chemical 
parameters of the water during the study were as fol-
lows: oxygen content of 10.6±0.9 mg L–1 and pH of 
7.51±0.30. In the course of the test, water temperature 

was measured in each sampling period: 13.0±0.8 °C 
(day 1–14), 13.2±1.1 °C (day 15–28), 11.5±1.2 °C (day 
29–42), 9.0±0.9 °C (day 43–63), and 10.8±3.2 °C (day 
64–84). In the course of the study, five samplings were 
performed at day 15, 29, 43, 64, and 85.

Biometrical parameters

Biometrical data consisted of total length (TL), stan-
dard length (SL), body weight (BW), liver weight (LW), 
Fulton´s condition factor (FCF), and hepatosomatic 
index (HSI). Condition factor (FCF) and hepatoso-
matic index (HSI) of each fish were calculated accord-
ing to formulas as follows: FCF = BW (g) × TL–3(cm) × 
100 and HSI = liver weight (g) / body weight (g) × 100, 
respectively. 

Haematological parameters

Blood samples were taken by venepuncture of caudal 
vein (vena caudalis) of control and experimental rain-
bow trout. Haematological indices including PCV, 
RBC, Hb, MCV, MCH, MCHC, and WBC (see the list 
of abbreviations) were determined according to Svobo-
dova et al. (1991). 

Biochemical profiling

A part of heparinized blood was centrifuged at 855 g for 
10 minutes and then plasma was used for biochemical 
analysis. As for biochemical indices, plasma concentra-
tion of glucose, lactate, total proteins, albumins, triglyc-
erides, cholesterol, ammonium, phosphorus, calcium, 
natrium, potassium, and chlorides as well as catalytic 
activity of lactate dehydrogenase, aspartate transfer-
ase, alanin transferase, and alkalic phosphatase were 
examined. The levels of Na+ and Cl– were analysed 
using Easy Lyte Analyzer (Medica Corp., Bedford, MA, 
USA). The other indices were measured using Konelab 
20i (ThermoFisher Scientific).

Immunological parameters

A phagocyte cells metabolic activity (induced chemilu-
minescence of phagocyte cells) was determined. Sam-
ples contained a luminophor luminol (Sigma-Aldrich, 
USA), an activator (opsonized zymosan particles in 
HBSS, Leino & Lilius 1992) and blood. Also spontane-
ous chemiluminescence without adding an activator 
was measured. A microplate luminometric method 
based on luminol-enhanced phagocyte cells chemilu-
minescence measured using a luminometer Immuno-
tech LM-01T was applied. 

Statistical analysis

Statistical analysis of the data was conducted using 
Unistat (version 5.6, StatSoft, Inc., USA). Values were 
tested for normal distribution using Kolmogorov–
Smirnov test. A one-way analysis of variance (ANOVA) 
and Tukey´s HSD test were used.
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RESULTS 

The study on rainbow trout was carried out in envi-
ronmental conditions of a commercial trout fishery in 
Ujčov (the Czech Republic). The fishery and fish health 
status were under continual veterinary surveillance. 
Fishery water influx from the Svratka river was moni-
tored for physico-chemical parameters (e.g. tempera-
ture, pH, oxygen content, heavy metals content etc.) 
regularly in the course of the study. 

During the course of 85day oral administration of 
0.5, 1.0, and 2.0% β-glucan no obvious clinical signs of 
behavioral, respiratory, and neurologic distress were 
observed in rainbow trout. In all test tanks and the con-
trol fish showed normal feeding behavior. 

Biometrical examination

Total length (TL), standard length (SL), body weight 
(BW), liver weight (LW), Fulton´s condition factor 
(FCF), and hepatosomatic index (HSI) of rainbow trout 
exposed to β-glucan showed no significant differences 
from untreated fish in all five samplings (Tukey-HSD 
test, p>0.05). During the study, weight gains as well as 
total and standard lengths of experimental and con-
trol rainbow trout were similar at each sampling and 
increased depending on time. BW values of experi-
mental and control fish in each sampling are given 
in Figure 1. From sampling 1 to sampling 5, the aver-
age total length, standard length, and liver weight of 
experimental and control fish increased from 104.55 to 
141.07 mm, from 90.77 to 126.38 mm, and from 0.23 to 
0.44 g, respectively. HSI ranged from 1.24 to 1.86 in the 
course of the study, the values were comparable within 
each sampling. Fulton´s condition factor was found 
1.09±0.10 in all fish tested.

Haematological examination

Haematological indices significantly altered are given 
in Table 1. Changes in Hb (p<0.05), PCV (p<0.05), 
and MCHC (p<0.01) were found in experimental fish 

compared to control. Rest of the indices (RBC, MCV, 
MCH, and WBC) showed no significant differences 
among experimental and control groups in any sam-
pling (Tukey-HSD test, p>0.05). The average values (± 
SD) of RBC, MCV, MCH, and WBC in the test were as 
follows: RBC of 0.94±0.19 T L–1, MCV of 321.8±54.6 fl, 
MCH of 66.5±11.8 pg, and WBC of 13.67±5.65 G L–1.

Biochemical examination

Plasma biochemical indices significantly changed 
during the test are listed in Table 2. Some parameters are 
not given because of plasma shortage (sampling 1 and 
2, insufficient plasma volume, small fish) or technical 
problem in a biochemical analyser (sampling 3). In the 
course of the test, plasma concentrations of glucose, lac-
tate, total protein, cholesterol, calcium, natrium, potas-
sium (all p<0.05), albumins and chlorides (p<0.01), 
as well as catalytic activities of ALT and AST (p<0.05) 
were changed (see Table 2). Direct dose-dependent 
effect of β-glucan was detected in lactate and TP con-
centrations in sampling 2 as well as in K+ and Na+ levels 
in sampling 4 and 5, respectively, among all β-glucan 
concentrations tested. Increase in TP and albumins 
levels were detected also in the highest β-glucan con-
centration (2.0%) in sampling 3, unfortunately no com-
parison to control and 0.5% β-glucan values is available. 
The other parameters (LDH, ALP, Trig, Phos, and NH3) 
were found comparable among all groups in each sam-
pling (Tukey-HSD test, p>0.05), plasma levels of these 
parameters in the course of the study were as follows: 
catalytic activities of LDH and ALP were 13.89±6.39 
and 2.33±1.09 μkat L–1, respectively, and concentra-
tions of triglycerides, phosphorus, and ammonium 
were 4.34±1.60 mmol L–1, 4.39±0.71 mmol L–1, and 
308.9±117.2 μmol L–1, respectively. 

Immunological examination

Luminol-induced chemiluminescence of phagocyte cell 
was determined by a microplate luminometric method 
using a luminometer Immunotech LM-01T. Results of 
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Fig. 1. Body weight (g) of experimental and control trout after long-
term administration of β-glucan. (S – sampling)

Fig. 2. Luminol-induced chemiluminescence of phagocytes (mV s-1) 
in experimental and control trout after long-term administration 
of β-glucan. (S – sampling)
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fish blood phagocytes chemiluminescence in sampling 
2 to 5 (sampling 1 excluded) are given in Figure 2. No 
significant shifts in luminol-induced chemilumines-
cence of phagocytes were detected in any sampling day 
(Tukey-HSD test, p>0.05). An integral of the chemilu-
minescence slightly increased in each experimental and 
control fish in the course of the study, but it returned to 
initial levels at the end of the study. 

DISCUSSION

Using immunostimulants in farm animals as well as in 
aquaculture has been an upcoming area in recent years. 
They have been reported to be valuable for the control 
of fish diseases, as they facilitate e.g. the function of 
phagocytic cells and increase their bactericidal activi-
ties. Several substances stimulate the natural killer cells, 
complement, lysozyme and antibody responses in fish 
(Couso et al. 2003; Sakai 1999). 

The study provides data on the effect of long-time 
exposure of half-year-old rainbow trout to β-glucan 
from oyster mushroom Pleurotus ostreatus Hiratake. 
The substance was micronized to 5 μm particles for 
better absorption from gastrointestinal tract (as stated 
by producer). In the course of the study, no changes in 
feeding habits and physiological behavior were found 
in experimental rainbow trout. 

Biometrical examination

Biometrical parameters are regarded as general indica-
tors of fish health and the quality of the aquatic envi-
ronment. The hepato-somatic index is considered a 
non-specific biomarker influenced by factors such 
as sex, season, disease, and nutritional level (Van der 
Oost et al. 2003). It provides an indication on the status 
of energy reserve in an animal. In a poor environ-
ment, fish usually have a smaller liver with less energy 
reserved in it.

In our study, no significant changes in biometrical 
parameters (i.e. total length, standard length, body 
weight, liver weight, condition factor, and hepato-
somatic index) in experimental and control rainbow 
trout were found. It can be found positive as the fish 
tested were reared in satisfactory, environmentally and 
nutritionally similar conditions. On the other hand, no 
positive effect of dietary β-glucan on growth perfor-
mance or other biometric indicators of experimental 
rainbow trout was found despite the fact that the pro-
ducer of β-glucan claims that micronization process, 
in which β-glucan is ground up to 5 μm particles, can 
increase the absorption of the substance by gastrointes-
tinal tract. 

Some authors give data on the effect of β-glucan 
administration on fish biometrical indices. Misra et 
al. (2006) provide results confirming a significant 

Tab. 1. Haematological indices of rainbow trout after long-term administration of β-glucan. 

Fish group Control 0.5 % BG 1.0 % BG 2.0 % BG

Sampling 1

Hb (g L-1) 47.13±3.97 ab 38.12±7.29 a 51.01±3.29 b 51.18±5.61 ab

PCV (l L-1) 0.265±0.016 a 0.284±0.018 a 0.292±0.019 a 0.285±0.030 a

MCHC (g L-1) 0.181±0.004 b 0.139±0.024 a 0.172±0.006 b 0.183±0.011 b

Sampling 2

Hb (g L-1) 77.20±15.32 a 67.48±12.55 a 66.60±6.60 a 63.97±7.57 a

PCV (l L-1) 0.301±0.015 a 0.299±0.020 a 0.294±0.026 a 0.301±0.024 a

MCHC (g L-1) 0.259±0.046 b 0.230±0.051 ab 0.226±0.013 ab 0.207±0.021 a

Sampling 3

Hb (g L-1) 63.83±6.71 a 60.28±7.40 a 62.48±4.50 a 58.87±5.09 a

PCV (l L-1) 0.284±0.038 a 0.283±0.044 a 0.286±0.024 a 0.273±0.030 a

MCHC (g L-1) 0.228±0.038 a 0.217±0.040 a 0.219±0.020 a 0.217±0.023 a

Sampling 4

Hb (g L-1) 56.61±6.35 a 56.97±8.84 a 53.27±6.23 a 55.03±8.77 a

PCV (l L-1) 0.283±0.028 b 0.266±0.034 ab 0.233±0.021 a 0.266±0.044 ab

MCHC (g L-1) 0.201±0.016 a 0.215±0.021 a 0.230±0.031 a 0.207±0.019 a 

Sampling 5

Hb (g L-1) 74.99±14.55 ab 73.53±12.45 ab 76.55±11.22 b 58.81±14.27 a

PCV (l L-1) 0.381±0.089 a 0.410±0.055 a 0.349±0.037 a 0.333±0.094 a

MCHC (g L-1) 0.201±0.029 a 0.181±0.031 a 0.220±0.026 a 0.181±0.029 a
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Tab. 2. Biochemical indices of rainbow trout after long-term administration of β-glucan.

Fish group Control 0.5 % BG 1.0 % BG 2.0 % BG

Sampling 1

Glu (mmol L-1) - 4.67±0.00 4.75±0.00 -

Lact (mmol L-1) - 5.06±2.39 4.04±0.00 -

AST (μkat L-1) - 8.10±0.00 7.05±0.00 -

ALT (μkat L-1) - 0.522±0.000 0.579±0.000 0.708±0.000

TP (g L-1) 25.40±4.80 a 22.90±2.94 a 25.38±4.18 a 21.49±7.58 a

Alb (g L-1) - 2.63±1.58 a 2.34±1.34 a 5.46±4.47 a

Chol (mmol L-1) - 6.75±0.08 a 6.73±0.97 a -

Ca2+ (mmol L-1) - 2.79±0.00 a 2.80±0.12 a -

Na+ (mmol L-1) 145.3±0.0 153.8±3.7 a 151.1±3.2 a 153.2±2.7 a

K+ (mmol L-1) 2.92±0.00 3.61±0.84 a 2.72±1.01 a 3.56±0.70 a

Cl- (mmol L-1) 112.8±0.0 116.2±0.7 a 113.0±2.4 a 114.2±1.6 a

Sampling 2

Glu (mmol L-1) 3.65±0.39 a 5.52±0.99 ab 7.44±1.91 b 5.76±1.48 ab

Lact (mmol L-1) 3.10±0.18 a 4.98±1.72 ab 7.73±1.75 b 7.30±1.34 b

AST (μkat L-1) - - - -

ALT (μkat L-1) - 0.440±0.000 0.440±0.141 -

TP (g L-1) 25.35±2.75 a 28.47±3.05 ab 29.91±2.87 ab 32.76±2.42 b

Alb (g L-1) 4.65±1.90 a 6.06±3.21 b 5.38±1.69 a 7.16±3.46 a

Chol (mmol L-1) 7.09±1.88 ab 6.72±0.96 a 6.59±0.72 a 8.17±0.43 b

Ca2+ (mmol L-1) 2.54±0.20 a 2.81±0.18 a 2.67±0.07 a 2.90±0.16 a

Na+ (mmol L-1) 148.6±4.9 a 153.6±4.1 a 147.6±3.5 a 142.30±9.87 a

K+ (mmol L-1) 3.09±0.62 a 2.84±1.17 a 3.32±0.69 a 3.16±1.02 a

Cl- (mmol L-1) 114.3±3.1 a 112.8±2.5 a 109.8±1.1 a 107.2±0.7 a

Sampling 3

Glu (mmol L-1) - - 6.31±1.56 a 5.36±1.55 a

Lact (mmol L-1) - - 3.28±0.90 a 3.65±0.72 a

AST (μkat L-1) - - 7.40±2.73 a 5.71±1.96 a

ALT (μkat L-1) - - 0.303±0.134 a 0.345±0.124 a 

TP (g L-1) - - 24.21±2.47 a 29.22±4.21 b

Alb (g L-1) - - 4.40±2.16 a 6.85±2.80 b

Chol (mmol L-1) - - 6.25±0.84 a 5.49±3.65 a

Ca2+ (mmol L-1) - - 2.59±0.08 a 2.36±0.49 a

Na+ (mmol L-1) - - 154.2±3.2 a 155.9±6.2 a

K+ (mmol L-1) - - 2.70±0.47 a 2.12±1.09 a

Cl- (mmol L-1) - - 116.20±4.5 a 118.6±5.4 a

Sampling 4

Glu (mmol L-1) 5.88±1.38 b 4.11±0.59 a 5.44±1.23 b 4.84±0.56 ab

Lact (mmol L-1) 4.00±1.68 a 3.98±1.47 a 4.39±1.11 a 6.34±2.50 a

AST (μkat L-1) 6.04±2.12 a 7.25±1.53 a 7.19±1.26 a 6.67±0.48 a

ALT (μkat L-1) 0.342±0.097 a 0.376±0.076 a 0.393±0.086 a 0.381±0.079 a

TP (g L-1) 31.26±2.64 a 29.96±3.69 a 30.94±2.23 a 33.16±2.19 a

Alb (g L-1) 10.25±2.14 a 8.94±2.59 a 9.63±2.33 a 11.14±1.55 a
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(p<0.05) growth stimulation of Labeo rohita fingerlings 
resulting from the administration of β-glucan (Sigma) 
at 250 or 500 mg kg–1 dry diet (in comparison, fish fed 
0 and 100 mg kg–1 showed no differences in growth). 
Simultaneously, they report no effect of β-glucan on 
feed conversion ratio in fish tested. 

The increase in growth rate of various fish species 
under certain environmental conditions after adminis-
tration of β-glucan was also found in studies of Ai et al. 
(2007) and Sealey et al. (2008) on large yellow croaker 
(Pseudosciaena crocea) and rainbow trout (O. mykiss), 
respectively. However, in other scientific studies (Bagni 
et al. 2005; Welker et al. 2007) no significant increase 
in growth in fish fed by β-glucans of different origin 
was found. Dalmo and Bøgwald (2008) state that feed-
ing strategies should be developed for each fish species 
with respect to β-glucan dose and duration to obtain 
increased growth performance. They also claim that 
soluble or particulate β-glucans may confer differ-
ent responses since only soluble ones can be absorbed 
in the intestine and that there are no indications that 
particulate β-glucans are taken up by fish intestines or 
digested by β-glucan degrading enzymes thereby being 
nutritious. 

Kunttu et al. (2009) published data on the effect of 
β-glucan (Macrogard®) at 0.2, 0.6, and 1.8% of feed 
on mortality of juvenile rainbow trout (O. mykiss), in 
which mortality of fish fed diet supplemented with 
β-glucan at 1.8% was significantly (p<0.05) higher 
compared to control. In our study, mortality rates in all 

groups were not found significantly different among all 
β-glucan concentrations tested (0.5, 1.0, and 2.0%) and 
ranged between 0.08 and 0.25 individual per day.

Haematological examination

Alterations in haematological profiling are usually 
the first detectable and quantifiable responses to any 
environmental change (Hawkings & Mawdsley 2006). 
Review on the effect of acute or chronic stress factors 
on blood parameters of teleost fish is published by 
Wendelaar Bonga (1997). Changes in haematological 
(and biochemical) profile have been reported by many 
authors testing toxicity of chemical substances and pes-
ticide preparations in fish (Haluzova et al. 2011; Modra 
et al. 2008). As β-glucans, being immunostimulants 
usually of natural origin, are assumed non-toxic, a scar-
city of information on the effect of the substance on fish 
haematological profiling is available. 

In our study, oral administration of micronized 
β-glucan caused shifts in Hb (p<0.05), PCV (p<0.05), 
and MCHC (p<0.01) (see Table 1). Rest of the indices 
(RBC, MCV, MCH, and WBC) showed no significant 
differences among experimental and control groups 
in any sampling. All haematological parameters were 
found at relatively low physiological values (according 
to Svobodova et al. 1991) that can be explained by using 
young individuals (six-month-old trout, Pd1/2) in the 
study. As for PCV, Hb, and RBC, a mild decrease in the 
parameters in sampling 4 and mild increase in sampling 
5 in all fish groups can be assumed as a response of 

Fish group Control 0.5 % BG 1.0 % BG 2.0 % BG

Chol (mmol L-1) 7.94±0.88 a 8.81±0.90 a 9.42±1.21 a 9.35±1.33 a

Ca2+ (mmol L-1) 2.68±0.17 a 2.69±0.15 a 2.88±0.21 a 2.88±0.21 a

Na+ (mmol L-1) 157.6±3.0 a 157.1±1.7 a 159.8±2.0 a 158.9±1.6 a

K+ (mmol L-1) 2.29±1.02 a 2.52±1.06 a 2.27±1.04 a 4.40±0.38 b

Cl- (mmol L-1) 113.2±1.8 b 110.3±0.5 ab 111.1±1.6 ab 109.5±0.3 a

Sampling 5

Glu (mmol L-1) 4.98±0.43 a 6.25±1.93 ab 6.29±1.21 b 6.13±1.05 ab

Lact (mmol L-1) 3.19±1.32 a 3.58±1.45 a 3.24±0.75 a 3.71±1.18 a

AST (μkat L-1) 8.82±1.81 b 5.86±0.72 a 7.99±1.18 b 7.30±2.66 ab

ALT (μkat L-1) 0.452±0.064 b 0.302±0.035 a 0.387±0.100 ab 0.550±0.323 ab

TP (g L-1) 32.00±3.53 b 28.46±1.39 a 30.07±3.87 ab 35.53±3.19 b

Alb (g L-1) 7.63±3.45 a 8.25±3.43 a 8.98±2.51 a 11.49±5.78 a 

Chol (mmol L-1) 8.58±1.37 b 7.18±0.72 a 8.25±1.60 ab 9.45±1.46 b

Ca2+ (mmol L-1) 2.48±0.18 ab 2.46±0.16 a 2.54±0.10 ab 2.73±0.14 b

Na+ (mmol L-1) 150.8±3.2 a 157.2±5.6 ab 155.4±4.8 ab 157.5±5.4 b

K+ (mmol L-1) 1.66±1.17 a 2.27±0.95 a 2.11±1.08 a 2.30±1.45 a

Cl- (mmol L-1) 118.9±3.6 a 123.5±4.6 a 120.4±3.4 a 121.3±3.5 a 

Tab. 2. (Continued) Biochemical indices of rainbow trout after long-term administration of β-glucan.



103Neuroendocrinology Letters Vol. 33 Suppl. 3 2012 • Article available online: http://node.nel.edu

Effect of β-1.3/1.6-D-glucan on rainbow trout 

fish organism to changes in water temperature. Similar 
results are given in the study of Dobsinska et al. (1980) 
in which low water temperature was found the actual 
cause of low Hb, PCV, and RBC values. In opposite, 
study of Miller et al. (1983) presents that low Hb level 
in rainbow trout was ascribed to the wide temperature 
variations (3–25 °C). Denton and Yousef (1975) state 
that water temperature is not responsible for variations 
in haematology of rainbow trout, they also present that 
the diet composition, metabolic adaptations, and varia-
tions in fish activity are the main factors responsible 
for the seasonal changes in Hb, PCV, MCV, MCH, and 
MCHC values in trout. 

As for WBC, no significant changes among all the 
groups tested were found in the course of the test. 
Leukocyte counts were also found at low physiologi-
cal values for the species (10–60 g L–1, Svobodová et 
al. 1991). Leukocytes are involved in the regulation of 
immunological function and protective response to 
stress in fish. The reduction in leukocyte count occurs 
e.g. through the change in lymphopoesis or altered 
release of lymphocytes from lymphoid tissues (Das 
et al. 2009), increased leukocyte counts can result e.g. 
from immune (inflammatory) response against bacte-
ria (Roberts 1978). Significant increase in WBC was 
described by Selvaraj et al. (2006) in glucan-injected 
common carp, the increase was directly proportion-
ate to the concentration of yeast glucan administered. 
They also found that, among the leukocytes, neutro-
phils increased significantly while basophils declined 
in number and that lymphocyte counts did not vary 
much among the control and experimental groups of 
carp. Significant increase in WBC and proportion of 
neutrophils and monocytes as an effect of glucan was 
found in common carp (C. carpio) challenged by intra-
peritoneal injection of LD50 concentration of Aeromo-
nas hydrophila in the study of Selvaraj et al. (2005). The 
results are in an agreement with studies of Jeney and 
Anderson (1993) and Siwicki et al. (1994). In opposite, 
in the study of Gopalakannan and Arul (2010), there 
was no significant variation in WBC count in carp (C. 
carpio) challenged with Aeromonas hydrophila and sub-
jected to oral administration of glucan in the concentra-
tion of 10g kg–1 of the basal diet for 60 days, except the 
day 60 in which WBC was slightly increased compared 
to control group. 

Biochemical profiling

Biochemical profile of blood plasma can provide an 
important information about the internal environ-
ment of the organism. In our study, shifts in glucose 
concentrations were found in sampling 2, 4, and 5, but 
no dose-dependent effect of β-glucan administered was 
proved. In general, shifts in plasma glucose are usually 
interpreted as a consequence of glycogenolytic activity 
of catecholamines and gluconeogenetic effect of gluco-
corticoids as an organism reaction to the stress stimuli 
(Doubek et al. 2010). In our study, stress as the cause of 

glucose level shifts can be excluded as handling and sam-
pling procedures were done similarly in all test groups in 
all samplings. It is probable that administered β-glucan 
became involved in endogenous glucose metabolism.

In our study, shifts in catalytic activities of ALT and 
AST were found in sampling 5, but no β-glucan dose-
dependent manner was found. Nevertheless, it is very 
likely that β-glucan doesn´t give rise to the enzymes 
changes. Doubek et al. (2010) present that the activity 
of the transaminases is a relevant indicator of stress-
based tissue impairment and amplified transamination 
pathway induced by stress stimuli. In our study, it is 
unlikely that ALT and AST activities are changed due 
to oral administration of β-glucan (as a stress stimulus).

In our study, an increase in TP levels in sampling 2 
and 3, and significant shifts in TP in sampling 5 were 
found. Shifts in TP were presented also in the study 
of Mehrabi et al. (2012) in which a synbiotic (Biomin, 
Austria) was applied to rainbow trout (O. mykiss) fin-
gerlings. Ebrahimi et al. (2012) found similar changes in 
TP content in common carp (C. carpio) fed a diet sup-
plemented with a commercial prebiotic (Immunogen, 
Iran) and exposed to Aeromonas hydrophila. Increased 
TP level appears to be a sign of enhanced health status 
of the prebiotic-fed fish. High concentrations of serum 
proteins including humoral elements of the non-specific 
immune system are likely to be results of an enhance-
ment in the non-specific immune response of the fish 
(Ebrahimi et al. 2012). 

Immunological parameters

The immune stimulatory effects of β-glucans have 
been well studied. Many studies proved that β-glucans 
increase the resistence of fish to pathogens as Vibrio 
anguillarum, V. salmonicida and Yersinia ruckeri (Rob-
ertsen et al. 1990), but some studies presented opposite 
results (e.g. rainbow trout infected with yeast glucan 
did not show enhanced protection against V. anguil-
larum infection in the study of Thompson et al. 1995).

Phagocytes form the major part of the innate immune 
system (Secombes & Fletcher 1992). They are crucial 
in the host defense response against infection diseases 
agents through reactive oxygen species (ROS) produc-
tion. Measurement of phagocytes ROS production is 
very important for the determinination of physiologi-
cal consequences resulting from cellular mechanisms 
leading to oxidative burst. As they are able to produce 
oxidative anions, chemiluminescence techniques have 
been used for the measurement of their capability to 
kill pathogens (Salo et al. 1998). Chemiluminescence 
is based on the amplification of natural luminescence 
emitted when ROS are released during phagocytosis. 
Light production is one of the characteristics of the oxi-
dative burst (Alves et al. 2003).

In the present study, no dose of orally administered 
β-glucan (0.5, 1.0, and 2.0%) enhanced significantly 
the chemiluminescence (CL) response of rainbow 
trout blood phagocytes in any sampling. The CL of 
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phagocytes was measured in the form of natural (not 
published) and luminol-enhanced chemiluminescence 
(see Figure 2). Integrals of CL slightly increased in 
all groups during the test, but they returned to initial 
levels at the end of the test. In our study, the lumi-
nol-enhanced CL of phagocytes raised in all groups 
tested till the sampling 3 (day 43), thereafter it slowly 
declined. A slight increase and subsequent decrease in 
CL could be explained as a reaction of immune system 
to changes in aquatic environment during the test 
(water temperature particularly) as fish are known to 
enhance their protective mechanisms at winter season. 
Final decrease in the parameter could be likely due to 
an inhibition of metabolic processes in rainbow trout at 
winter season. No significant differences in the CL of 
plasma phagocytes in rainbow trout were likely due to 
the fact, that the fish were clinically healthy and free of 
pathogenic microorganisms. Therefore, no important 
effect of β-glucan on innate immune system response 
was proved. Changes in CL were similar in all groups 
tested and reflected the environmental conditions (i.e. 
water temperature, season). 

Vainikka et al. (2005) tested the effect of β-glucan 
injected intraperitoneally (150 mg kg–1) on the chemi-
luminescence response of blood phagocytes of a tench 
(Tinca tinca) and proved no significant shifts in it. There 
was only an overal (non-significant) enhancement in 
blood phagocyte chemiluminescence explained as a 
possible consequence of handling stress. The dietary 
effect of β-1.3-glucan in the concentrations of 0.09 
and 0.18% on innate immune responses of large yellow 
croaker (Pseudosciaena crocea) was studied by Ai et 
al. (2007). In the study, 8week administration of low 
dose (0.09%) of glucan significantly enhanced phago-
cytic activity (in head kidney macrophages) while the 
high concentration (0.18%) did not. Cook et al. (2003) 
tested a commercial β-glucan (EcoActiva™) as a feed 
supplement for a snapper, Pagrus auratus, and found 
that the immunostimulant increased macrophage 
oxygen radical production only during the winter time 
(but not during the summer time). The results suggest 
that it might be favourable for the snapper to include 
β-glucans in the feed only during the winter time to 
increase the fish resistence against diseases. 

CONCLUSION

After oral administration of three different concen-
trations (0.5, 1.0, and 2.0%) of micronized β-1.3/1.6-
D-glucan derived from oyster mushroom P. ostreatus 
Hiratake, changes in haematological and biochemical 
parameters were found in six-month-old rainbow trout 
(Oncorhynchus mykiss) under natural environment 
conditions of a commercial trout fishery. No shifts in 
biometrical and immunological parameters were found 
in experimental fish compared to control. 

Inconsistent data on the effect of the administration 
of β-glucans of various origin to fish are available. Many 

studies proved the effect of β-glucans (administered 
either orally, intraperitoneally or in the form of bath) 
on especially biometrical (i.e. induction of growth) and 
immunological (enhancement of immune response, 
e.g. lysozyme activity, phagocyte metabolic activity) 
indices, but in opposite, some studies found no changes 
in the parameters. 

Significant changes in haematological and biochem-
ical (except glucose and TP concentration) indices in 
experimental fish could be likely attributed more to the 
effect of environmental conditions or other eliciting 
stimuli than to the direct effect of orally administered 
micronized oyster mushroom β-glucan. Moreover, as 
plenty of studies proved, utilization and efficiency of 
β-glucan in the organism is influenced by many fac-
tors such as water temperature, stress, form, dosage, 
physico-chemical properties (i.e. backbone/branch 
configuration, solubility, molecular weight), and the 
route of administration. That is the reason why the use 
of β-glucan-supplemented feed in clinically healthy fish 
still remains an issue.

Immunostimulants, chemotherapeutics, and vac-
cines are used in the control of fish diseases. Immu-
nostimulants are found safer than chemotherapeutics 
and their range of efficacy is wider than in vaccines, 
so they have been used for a long time as an important 
tool to improve immune response in fish. Immunos-
timulant use in breedings endangered by stress stimuli, 
infectious diseases or adverse environmental factors is 
indisputable. Nevertheless, the use of some immuno-
modulators in prosperous, clinically healthy aquacul-
ture is still questionable. 
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