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Abstrct

The effect of dehydrated basidiocarps of Agaricus blazei and Pleurotus ostreatus and their extracted
polysaccharides on the growth of probiotic bacteria was evaluated. The substances were administered
by gavage to male Swiss mice at concentrations of 1, 10 and 30 mg kg-1. The influence of this diet on
Lactobacillus spp and Bifidubacterium spp present in the caecum of the mice was evaluated. The
basidiocarps of A. blazei and P. ostreatus showed no effect on growth of bacteria. The
polysaccharides extracted from A. blazei stimulated in 772% the growth of Lactobacillus spp when
used at a concentration of 30 mg kg-1. The polysaccharides from P. ostreatus stimulated in 378% the
growth of Bifidobacterium spp when used in a concentration of 10 mg kg-1. The growth of
Lactobacillus was also stimulated in 628% when this substance was used at 30 mg kg-1. The results
suggest a probiotic potencial of the polysaccharides of both fungi.
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1 INTRODUCTION

Among the Basidiomycetes, fungi of the Agaricus and Pleurotus genera are recognized for their
nutritional value, since they have high content of protein, carbohydrates and fiber and low fat content
(Bonatti et al. 2004, Kalac, 2009, Rampinelli et al. 2010). Allied to the nutritional value, medicinal
properties are also assigned to these fungi, such as the modulation of the immune system (Wong, Lai
& Cheung 2011; Ishii et al. 2011), antitumor effect (Dalonso et al. 2009, Niu et al. 2009), antioxidant
(Wong & Chye 2009) and antimicrobial (Ngai and Ng 2004, Wolff et al. 2008), antiviral, antibacterial
and antiparasitic (Mizuno 1995, Pinheiro et al. 2003). These properties are provided by many
bioactive molecules, especially polysaccharides (Wasser 2011) that can be found as cell wall
constituents of both basidiocarp and mycelium or can be excreted to the culture medium in liquid
cultures (Pramanick 2005, Synytsya et al, 2009, Smiderle et al. 2011).

Due to their nutritional and medicinal properties, in recent years, the use of fresh mushrooms or
supplements based on its extracts has increased (Neyrinck et al. 2009). The beneficial properties of
edible mushrooms led to the marketing of many brands based on dehydrated mushrooms in the forms
of capsules and tablets to which are attributed a number of medicinal properties such as prevent and
combat various diseases, including cancer, hypertension, hypercholesterolemia and diabetes, to
increase or control the mental activity, to reduce the stress and to modulate the immune system. The
electronic market is accomplished mainly in Brazil, Japan and China (Chen 2001). However,
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according to the literature, the polysaccharides present in both fungi can act either stimulating the
growth of microorganisms (Yang et al. 2008, Synytsya et al. 2009, Giannenas et al.,2011) or as
antimicrobials (Bernardshaw, Hetlandy & Johnson 2005, Al Fatimi et al. 2005, Ozturk et al. 2011,
Ozen et al. 2011). Thus, it becomes important assessing the effect of these products based on fungal
biomass on probiotic bacteria that are part of the intestinal microbiota. This study evaluated the effect
of dehydrated fruiting bodies of Agaricus blazei and Pleurotus ostreatus and their polysaccharidic
extracts on probiotic bacteria present in the intestinal microbiota of mice.

2 MATERIALS AND METHODS
2.1 Fungi

Capsules containing fruiting bodies (basidiocarp) of dehydrated and ground Agaricus blazei were
achieved  in  a  store  of  natural  food  at  Joinville,  Santa  Catarina,  Brazil.  The  fruiting  bodies  of
dehydrated Pleurotus ostreatus were obtained from the Laboratory of Cultivation of Basidiomycetes
of the University of the Region of Joinville - Univille and were ground to powder in a blender.

2.2 Extraction of polysaccharides from the basidiocarp

The dried and ground basidiocarps of A. blazei and P. ostreatus were added to deionized water at a
rate of approximately 1:13 (w/w), in order to maintain the biomass covered with water. The
suspension was heated to 100ºC for 4h, by 3 times, filtered in Wathman paper No. 1 and the filtrate is
concentrated in a rotary evaporator. The concentrated solution was mixed with ethanol (96%) in the
rate of 1: 4 (v/v), kept under refrigeration (4° C) for 12h and centrifuged (5,000 min-1, 10 min). The
supernatant was discarded and the precipitate was lyophilized and kept in a sealed bottle until its use
(Pokhrel & Ohga 2007).

2.3 Animals and diet

Female "Swiss" mice weighing 30-35g were purchased from the Technological Institute of Paraná
(TECPAR). The animals were housed in groups of six animals, under standard laboratory conditions
(22±1°C, 12 h light/dark cycle). After a week of acclimatization, the mice were weighed and divided
into groups according to the experiment. All groups were fed a commercial diet Nuvilab CR1 and
water was available ad libitum. The different evaluated substances were suspended in
carboxymethylcellulose (CMC) and administered by gavage at dosages defined according to the
experiment (Table 1). The control group received only CMC 0.5%. Mice received the diet once a day,
for 14 days. One day after the last administration, the animals were euthanized with a pentobarbital
lethal dose (60mg/kg, intraperitoneally) and a fragment of approximately 3 cm from the caecum of
each animal was extracted and stored at -70°C in sterile tubes for subsequent bacteriological analysis
of cecal contents. All the procedure was in accordance with the Ethics Committee on Research with
Animals of the University of the Region of Joinville - Univille.

2.4 Bacteriological analysis of cecal content

The bacteriological analysis of cecal content was performed according to the methodology adapted
from Li, Kim, Jin & Zhou (2008). The effect of the evaluated substances on intestinal microbiota of
mice was assessed by the growth of Lactobacillus spp and Bifidobacterium spp using the plate count
agar method. Bifidobacteria was detected using the Bifidobacterium Agar, modified (BD) containing
(per liter of deionized water): Columbia Agar Base 42.5g,  glucose 2.5g, lactulose 2.5g, cysteine-HCl
0.5g, riboflavin 0.01g, propionic acid 5.0 ml , agar 15g. Lactobacilli was detected using Lactobacillus
Selective Agar (LBS) composed by (per liter of deionized water): pancreatic casein 10g, sodium
acetate hydrate 25g, yeast extract 5g, monopotassium phosphate 6g, magnesium sulfate 0.575g,
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ammonium citrate 2g, manganese sulfate 0.12g, glucose 20g, ferrous sulfate 0.034g, polysorbate 80
1g, agar 15g and glacial acetic acid 1.32ml). The cecal contents (0.1 g) was thawed and immediately
dispersed in 2 mL of a saline solution with 85% sodium chloride, 5% cysteine and deionized water,
from which further dilutions were made. 25 µl of each dilution were spread on the Petri dishes
containing the culture media for each micro-organism. Lactobacilli were incubated at 37°C, for 48 h,
under microaerophilic and bifidobacteria were incubated at 37°C, for 72 h, under anaerobiosis. After
the incubation period, plates were counted and the results were reported as colony forming units per
gram of sample (CFU/g). The experiments were performed in triplicate.

Table 1 Distribution of animals according to the type and concentrations of the evaluated substances.

2.5 Statistical analysis

The results were analyzed by the Dixon’s Q test for rejection of deviant values (Rorabacher 1991) at a
95% confidence level. The single factor ANOVA (F test) (Microsoft Office Excel 2007) was used to
determine significant differences between the groups.

3 RESULTS
A negative or positive effect on growth of the tested micro-organisms were observed when the values
of colony forming units (CFU) obtained from mice treated with the tested substances were statistically
different from values obtained from mice treated with CMC (control).

The results of the effect of the different concentrations of Ab, Pab, Po and PPo on growth of
Lactobacillus spp are shown in Table 2.

GROUP SUBSTANCE DOSE NUMBER OF
ANIMALS

Control CMC 0.5% 0.01 mL g-1 4

Ab Dehydrated basidiocarps of Agaricus blazei

1 mg kg-1 6

10 mg kg-1 6

30 mg kg-1 6

PAb Polysaccharides extracted from the dehydrated
basidiocarps of Agaricus blazei

1 mg kg-1 6

10 mg kg-1 6

30 mg kg-1 6

Po Dehydrated basidiocarps of Pleurotus ostreatus

1 mg kg-1 6

10 mg kg-1 6

30 mg kg-1 6

PPo Polysaccharides extracted from the dehydrated
basidiocarps of Pleurotus ostreatus

1 mg kg-1 6

10 mg kg-1 6

30 mg kg-1 6

TOTAL: 76 animals
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Table 2 Cell growth of Lactobacillus spp present in the intestinal microbiota of mice treated with
dehydrated basidiocarps of A. blazei (Ab) and P. ostreatus (Po) and polysaccharides extracted from

the basidiocarps of A. blazei (PAb) and P. ostreatus (PPo) at concentrations of 1.0, 10 and 30mg kg-1.
The values represent the average of triplicates ± standard error

SUBSTANCE CFU/g of faeces

1.0 mg kg-1 10.0 mg kg-1 30.0 mg kg-1

Control 41.2 ± 18.4a 41.2 ± 18.4a 41.2 ± 18.4a

Ab 105.3 ±59.6a 109.1 ±47.4a 4.3 ±0.8a

PAb 13.6 ± 4.2a 207.00 ± 100.00a 359.3 ± 80.0b

Po 18.7 ±12.0a 214.6 ±91.3a 184.00 ±119.9a

PPo 68.2 ±31.2a 326.1 ±148.7a 300.00 ±27.0c

Equal letters represent no significant differences between the values obtained for each substance and the
control. There is no significant difference between the different concentrations.

Results presented in Table 2 show that when mice were treated with 30 mg kg-1 of PAb or PPo, the
growth of Lactobacillus spp present in cecal contents were stimulated in 772% (PAb) and 628%
(PPo). The other tested substances (Ab and Po) and concentrations did not affect the growth of
Lactobacillus spp.

Lower doses of PAb or PPo (1 and 10 mg kg-1) were not enough to cause a significant effect on the
lactobacilli growth. Observing that there was no effect when the whole basidiocarps of both fungi are
used, and considering a yield of 0.06 g of reducing sugar per gram of basidiocarps (data not shown), it
is possible to conclude that lower concentrations did not contain polysaccharides in a sufficient
amount for activating the growth of the micro-organism.

The effect of Ab, Pab, Po and PPo at concentrations of 1.0, 10 and 30mg kg-1 on cell growth of
Bifidobacterium spp are shown in Table 3.

Table 3 Cell growth of Bifidobacterium spp present in the intestinal microbiota of mice treated with
dehydrated basidiocarps of A. blazei (Ab) and P. ostreatus (Po) and polysaccharides extracted from

the basidiocarps of A. blazei (PAb) and P. ostreatus (PPo) at concentrations of 1.0, 10 and 30mg kg-1.
The values represent the average of triplicates ± standard error.

SUBSTANCE CFU/g of faeces

1.0 mg kg-1 10.0 mg kg-1 30.0 mg kg-1

Control 5.16 ±3.2a 5.16 ±3.2a 5.16 ±3.2a

Ab 14.4 ±8.4a 42.4 ±13.0a 13.6 ±6.8a

PAb 62.8 ±52.6a 173.6 ±126.4a 24.2 ±13.8a

Po 9.5 ±4.8a 302.00 ±216.5a 276.2 ±232.9a

PPo 24.9 ±18.8a 24.7 ±1.22b 35.4 ±12.2a

Equal letters represent no significant differences between the values obtained for each substance and the
control. There is no significant difference between the different concentrations.
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According to the results the growth of Bifidobacterium spp was activated in 378% when PPo was used
at 10 mg kg-1. The other substances (Ab, Pab and Po) and concentrations showed no effect on
bifidobacteria growth.

Data obtained in this study showed the stimulus of Lactobacillus spp growth only when PAb was used
at its highest dose. However, some authors report the prebiotic activity of the genus Agaricus in vivo
for both lactobacilli and bifidobacteria. Giannenas et al. (2010) evaluated the morphology and
population of intestinal bacteria in broilers fed for six weeks with different amounts of the mushroom
Agaricus bisporus. The results showed that a diet of mushrooms did not significantly affect intestinal
morphology and generally increased the population of Bifidobacterium spp,  and Lactobacillus spp
compared to the control diet (without mushrooms), suggesting a beneficial effect of Agaricus
bisporus. In another study, Giannenas et al. (2011) concluded that a diet supplemented with Agaricus
bisporus caused increase in beneficial bacteria of the intestinal microbiota - Lactobacillus spp and
Bifidobacterium spp of turkeys. The diet was composed by 0, 10 or 20 g kg-1 of dried mushroom and
was consumed as part of the normal animal feed. The dietary supplementation with 20g kg-1 of A.
bisporus increased the number of Lactobacillus spp in ileum. In the caecum, the growth of both,
Bifidobacterium spp and Lactobacillus spp, was stimulated. It can be highlighted that the dose used by
this author was extremely higher than the dose used in this study.

Considering the results obtained for P. ostreatus, only the polysaccharides extracted from the biomass
of this fungus (PPo) at a dose of 10 mg kg-1 were able to promote the growth of probiotic bacteria in
the intestinal microbiota of mice. It is noted therefore that the prebiotic potential of P. ostreatus is
associated to the presence of polysaccharides. Yang et al. (2008) demonstrated the effects of
mannanoligosaccharides (MOS) on growth, nutrient digestibility and intestinal microflora of broiler
chickens fed a diet of sorghum wheat. Two MOS levels (1 and 2 g kg-1) were included in the diet and a
reduction in the population of Lactobacillus spp  and  coliforms  in  the  ileum  and  caecum  were
observed. Addition of MOS tends to reduce the load of lactobacilli and coliforms in the mucosa of the
intestine. The results obtained by these authors contradict the results obtained in this work where both
Lactobacillus spp and Bifidobacterium spp were stimulated in the presence of polysaccharides of P.
ostreatus.

As in this study, other researchers have reported the growth of Bifidobacterium spp and Lactobacillus
spp in animals supplemented with different polysaccharides. According to Gibson (2005) due to its
chemical structure, oligosaccharides are substrates that can be consumed only by a limited number of
bacteria, thus stimulating its growth. Among the group of bacteria present in the gastrointestinal tract,
bifidobacteria and lactobacilli are the ones using the most oligosaccharides able to beneficially affect
the host health.

Studies in vitro also report the effect of polysaccharides on probitic bacteria. In a work of Kontula et
al. (1998), the effects of oat bran fermented by Lactobacillus GG-over activity of the intestinal
microbiota, and stimulating action / inhibitory supernatant of oat bran on the growth of Escherichia
coli, Enterococcus faecalis, Lactobacillus rhamnosus (Lactobacillus GG) and Bifidobacterium lactis
subsp. lactis were assessed using an in vitro method. The authors used a medium containing 2.7 g
(30%) and 5.6 g (60%) of oat bran added with 10 ml of fermented Lactobacillus rhamnosus (10x108

CFU). Results showed that the growth of Lactobacillus GG  was  stimulated  by  the  dosage  of  2.7  g
(30%) of oat bran but slightly inhibited by 5.6 g (60%). Possibly, the concentration of 60% of oat bran
can  increase  the  amount  of  bacterial  metabolites  that  inhibit  the  growth  of  the  strain.  Oat  bran  also
favored the growth of bifidobacteria, probably due to the presence of some bifidogenic factors.
Although the authors do not report which substances could be stimulating or inhibiting the growth of
Lactobacillus GG, it is known that oat bran contains beta-glucans (Anderson & Börjesdotter 2011)
similar to those found in cell walls of basidiomycetes. Su, Henriksson & Mitchell (2007) evaluated the
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effect of adding eleven different carbohydrates at 1.5% concentration - fructo-oligosaccharides (FOS),
inulin, arabinogalactan, soybean oligosaccharides (SOS), beta-glucan (hydrolyzate and concentrated of
barley), raffinose, and glucose (positive control) to the culture medium of the probiotic bacteria
Lactobacillus acidophilus (L10), Bifidobacterium animalis lactis (B94) and Lactobacillus casei (L26).
The authors report a moderate growth of B94 when compared to the control (OD = 1.5) when beta-
glucan was used. L26 had a low growth (OD = 1.0) when beta-glucan concentrate was used, that can
be justified by the low solubility of this substance in the culture medium. Synytsya et al. (2009)
evaluated the prebiotic effect of polysaccharides soluble in water (L1) and in alkali (L2), containing
particularly -glucans and -glucans extracted from Pleurotus ostreatus and Pleurotus eryngii, on nine
different strains of Lactobacillus, Bifidobacterium and Enterococcus. The results showed that in most
cases, the extracts of P. ostreatus and P. eryngii promoted the growth of Lactobacillus being the
maximal activation of approximately 70% using L1 of P. ostreatus. Two strains of Bifidobacterium
had their growth stimulated for both extracts, and one strain had its growth inhibited by L1 of P.
ostreatus. The authors conclude that these probiotic have different characteristics of growth depending
on the used extract and of the specificity of each strain due to the presence of structurally diverse
compounds.

The results of our work suggest a possible prebiotic potential of the polysaccharides extracted from the
basidiocarp of A blazei and P. ostreatus.
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