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Edible mushrooms including Pholiota nameko are excellent sources of extractable bioactive compounds
with much to explore. Enzymatic extractions with Cellulase and Viscozyme were responsible for highest
extraction yields (67-77%). No strong antioxidant activity was observed although extracts were able to
scavenge ABTS™ and OH™. Potential prebiotic activity was observed in all extracts, some increasing
1.4-2 Log cycles of Lactobacillus acidophilus La-5 and Bifidobacterium animalis BB12. 30-50% o~
glucosidase inhibition was observed in ultrasound, Flavourzyme and Cellulase extracts. Flavourzyme
and Cellulase extracts are richer in macro (Mg, K and P) and micro elements (Zn, Mn and Fe) in compar-
ison to mushroom. Monosaccharides content and profile varied slightly among both extracts with pre-
dominance of glucose, galactose and mannose with no uronic acids detection; Flavourzyme extract
reported higher free amino acids content. Presence of o and B-glycosidic structures such as glucans
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and glucan-protein complexes are among the polysaccharides found in both extracts.
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1. Introduction

Edible mushrooms are a valuable source of nutrients and of
bioactive compounds being increasingly appreciated for their sen-
sory characteristics. Their nutritional value is due to high content
of protein, fibre, vitamin and minerals associated to low fat content.
Furthermore different bioactive compounds from edible mush-
rooms have been reported to possess antioxidant, bifidogenic,
antitumor, immunomodulatory and antidiabetic activities (Li &
Shah, 2016; Li et al., 2015; Quian, Zhang, & Liu, 2015; Zhu et al.,
2014a) representing a potential source of functional ingredients.

Extraction and isolation of compounds of interest, able to be
ingested or used for food purposes, need to rely upon compatible
methods with economically viable yields. Extraction modes tested
on mushroomsin the last years include pressurized water extraction
(Palanisamy et al., 2014), supercritical fluid extraction (Mazzutti
et al., 2012), or extraction with different solvents such as methanol
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(Moro et al., 2012), ethanol and ethyl acetate (Seephonkai et al.,
2012). Water-based extraction is food compatible, non-expensive
and environment friendly but, in general, has a low selectivity with
low extraction efficiency (Heo, Jeon, Lee, Kim, & Lee, 2003). Consid-
ering these limitations, the main objective of this study was to
obtain water-based extracts using alternative approaches such as
enzyme-assisted extraction (EAE) and ultrasound-assisted extrac-
tion (UAE) on cultivated Pholiota nameko and subsequently perform
their structural, chemical and biological characterisation. Enzymatic
assisted extraction is a relatively recent and environment friendly
strategy, which is yet scarcely used for the extraction of bioactive
compounds from mushrooms; the enzymes hydrolyse cell wall
components increasing cell wall permeability resulting in higher
extraction yields of solid components (Puri, Sharma, & Barrow,
2012; Zhu et al., 2014b). Ultrasound-assisted extraction is based
on sound waves migration which generates cavitation that promote
the release of soluble compounds by disruption of cells and their
walls enhancing the mass transfer to the extraction solvent
(Cravotto et al., 2008) being relatively low-cost. Ultrasound-
assisted extraction and EAE have been reported as alternative
approaches with great potential to extract bioactive substances
from mushrooms (Cheung, Siu, Liu, & Wu, 2012; Tian et al., 2012;
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Yin, You, & Jiang, 2011; Zhu et al., 2014b) but not from Pholiota
nameko, a wood-rotting fungus widely cultivated in China and Japan
but much less in Europe and in USA. Its biological properties have
been studied especially in terms of anti-inflammatory, antioxidant,
antitumor and immunomodulatory activities (Li, Lu, Zhang, Lu, &
Liu, 2008; Li et al., 2015; Quian et al., 2015; Zhang et al., 2015). To
our knowledge, this is the first study applying water-based
extraction through EAE or UAE on cultivated Ph. nameko evaluating
chemical, structural and biological properties. The chemical charac-
terization of the extracts was based on analysis of proximate and
elemental composition as well as free amino acids and monosaccha-
rides whereas the structural analysis was based on FTIR-ATR and 'H
NMR analysis. Biological properties such as antioxidant, prebiotic
and antidiabetic activities of the extracts were analysed to assess their
potential added value to be used in food and/or nutraceutical
applications.

2. Materials and methods
2.1. Specimens and cultivation conditions

Dried specimens of Pholiota nameko were supplied by Bioin-
vitro, Biotecnologia, Lda. (Gandra, Portugal). Mushrooms were cul-
tivated through a standard procedure in filter bags with sterilized
organic substrate (76% sawdust beech, 5% fibres (wood, straw), 9%
crushed grain corn, 7% wheat bran, 3% crushed oil seed cake with
65% water content) along 30-40 days of incubation at 20-22 °C,
followed by a fructification period of 15-21 days at 16-20°C
(information provided by supplier Bioinvitro Lda). After fructifica-
tion and growth, entire clean mushrooms were dried in a venti-
lated drier over 24 h between 40 and 60 °C and subsequently
milled to less than 1.0 mm using a grinder (Princess Household
Appliances, The Netherlands).

2.2. Ultrasound, hot water and enzymatic-assisted extraction

Different water-based extracts of Ph. nameko were prepared in
triplicate: i) Hot water extraction (HWE) was performed as a con-
trol and comparative water based extraction approach; 1 g of dried
mushroom was dispersed in 50 mL of deionised water and incu-
bated in an agitated water bath at 50 °C for 24 h. The aqueous solu-
tion was then centrifuged at 5000 g for 10 min at 4 °C (centrifuge
Medifriger BL-S, JP Selecta, Spain) and the supernatant was filtered
through a glass filter funnel (porosity 1) and the resulting extract
was frozen at —80 °C until lyophilisation; ii) UAE extracts were
prepared as for HWE and after 24 h at 50 °C submersed in a water
bath ultrasonicator (Ultrasonik 57H Ney, 400 W, 50/60 Hz) for
60 min (sonicate for 10 min and pause for 2 min) at 50 °C. The
resultant aqueous solution was then centrifuged, filtered and fro-
zen according to HWE procedures; iii) For the enzymatic extracts
(EA), the same amount of mushroom (1g) was dispersed in
50 mL of deionised water and incubated in an agitated water bath
for 10 min. After adjusting pH to specific enzyme optimum condi-
tions (Alcalase: pH = 8-50 °C; Flavourzyme: pH = 7.0-50 °C; Cellu-
lase: pH =4.5-50 °C; Viscozyme® L: pH =4.5-50 °C; All enzymes
were obtained from Sigma-Aldrich), 100 mg of enzyme was added
and incubated for enzymatic hydrolysis for 24 h at 50 °C. The enzy-
matic reaction was stopped by heating the sample at 90-100 °C for
10 min followed by immediate cooling in an ice bath. The pH of EA
was adjusted to pH 7.0 with 1 M HCl and/or NaOH and then cen-
trifuged, filtered and frozen according to HWE procedures. The fro-
zen extracts were lyophilized, weighed and stored in desiccators in
the dark, at room temperature until further study. The extraction
yield was based on the ratio between the amounts of lyophilized
extract to the amount of extracted dried mushroom.

2.3. Proximate composition of all extracts

All water-based extracts were analysed in triplicate for nitrogen
content, total sugar content as well as for total phenolics, according
to methods described in Rodrigues et al. (2015a).

2.4. Evaluation of biological properties of all extracts

2.4.1. Antioxidant activity

Total antioxidant capacity of extracts, the concentration of inhi-
bitor required to reduce the activity of the enzyme by 50% (ICso)
and the hydroxyl radical (OH") scavenging activity were measured
according to the methods described in Rodrigues et al. (2015b).

2.4.2. Prebiotic activity

Potential prebiotic activity of mushroom extracts was evaluated
by measuring their impact on the growth of two different probiotic
strains namely, Lactobacillus acidophilus La-5® and Bifidobacterium
animalis BB12® (CHR-Hansen, Denmark). Prebiotic activity was
assessed by enumeration of viable cell numbers of probiotic strains
in MRS broth without glucose but supplemented with each of the
extracts (6%) throughout 48 h at 37 °C according to procedures
described in Rodrigues et al. (2015b). Strains growth in MRS broth
with 6% of glucose or 6% of fructooligosaccharides (FOS) (positive
controls) as well as without glucose (negative control) was included.

2.4.3. Antidiabetic activity

The a-glucosidase inhibitory activity was determined in 96-
well plates according to the method described in Rodrigues et al.
(2015b).

2.5. Chemical characterization of selected extracts of Ph. nameko

For the elemental composition, the measurement of the inorganic
elements Mo, B, Zn, P, Cd, Co, Ni, Mn, Fe, Mg, Ca, Cu, Na, Al and K in
lyophilized extracts was performed in two steps: microwave-
assisted digestion followed by quantification of the 15 elements
using an inductively coupled plasma (ICP) optical emission spec-
trometer (OES) with radial plasma configuration according to proce-
dures described in Rodrigues et al. (2015a). Three replicates were
performed for each sample as well as blanks. The organic elements
G H, S and N in lyophilized extracts were quantified using a Truspec
630-200-200 Elemental Analyser (Mdnchengladbach, Germany).
Triplicate samples of up to 3 mg for each extract were placed under
combustion at 1075 °C. Carbon, H and S were detected by infrared
absorption whereas N was detected by thermal conductivity.

Monosaccharides, uronic acids and amino-monosaccharides
composition was analysed by high performance liquid chromatog-
raphy (HPLC) after acid hydrolysis. For each lyophilized extract,
2.5 mg of sample was hydrolysed with 2 mL of 2 M trifluoroacetic
acid at 110 °C for 4 h. The hydrolysate was then dried by vacuum
evaporation at 50 °C and re-dissolved in 2 mL deionised water.
The hydrolysate solution (450 pL) was mixed with 450 pL of 1-
phenyl-3-methyl-5-pyrazolone solution (0.5 M in methanol) and
450 pL of NaOH solution (0.3 M) and then reacted at 70 °C for
30 min. The reaction was stopped by neutralizing with 450 pL of
0.3 M HCl, and the product was then partitioned with chloroform
three times. The aqueous layer was collected and filtered through
a 0.45 uM membrane and was applied to HPLC. The HPLC was per-
formed in an Agilent 1100 (Waldbronn, Germany) and a ZORBAX
ECLIPSE XDB-C18 column (4.6 x 150 mm, 5 micro) at 25 °C with
potassium phosphate buffer saline (0.05 M, pH 6.9) with 15% (sol-
vent A) and 40% acetonitrile (solvent B) as mobile phases and
detected by UV detector at 250 nm. All analysis were made in
quintuplicate and quantified using a calibration curve built with
monosaccharides standards (Sigma Aldrich, St. Louis MO, USA)
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and expressed as ME/g iyophilized extract- D- and L-Glucose, p- and
L-galactose, pir-arabinose, L-fucose, p- and L-mannose, p-Xylose,
L-thamnose, Dbp-glucuronic acid, bp-galacturonic acid and
p-glucosamine-6-phosphate were used as the standards. Recovery
ranged between 93 and 99% with a LOD of 0.095 mg/g.

Free amino acids content of each extract was performed by
pre-column derivatization with orthophthalaldehyde (OPA)
methodology. Isoindole-type fluorescent derivatives were formed
in an alkaline solution (borate buffer pH 10.4) from OPA,
2-sulfanylethanol and the primary amine group of the amino acid.
The derivatives were separated by HPLC (Beckman coulter,
California USA) coupled to a fluorescence detector (Waters,
Milford. MA, USA) according to the procedure of Proestos,
Loukatos, and Komaitis (2008). 100 pL of each sample, at concen-
tration of 10 mg/mL was derivatised according to the OPA method
and injection volume of derivatives was of 20 pL. All analysis were
made in triplicate and quantified using a calibration curve built
with amino acids pure standards (Sigma Aldrich, St. Louis MO,
USA) and expressed as g/100 g of protein content. Recovery ranged
between 92 and 99% with a LOD of 0.02 g/100 g of protein content.

2.6. Structural characterization of selected extracts of Ph. nameko

Structural analysis of freeze-fried extracts were analysed by
Fourier Transform Infrared Spectroscopy with attenuated total
reflectance (FTIR-ATR) according to Rodrigues et al. (2015a). In
addition 'H NMR Analysis was performed in each lyophilized
extract; 20 mg of extract was suspended in 700 pL of D,0 and sub-
sequently agitated in a vortex for 10 min. 650 pL of the dissolved
lyophilized extract was placed in 5 mm NMR tubes (Aldrich528PP,
5 mm). All spectra were acquired on a Bruker Avance 300 spec-
trometer (Karlsruhe, Germany) with an operating frequency of
300.13 MHz. The acquisition of spectra was performed with a spin-
ning rate of 20 Hz, a contact time of 4.75 s and with the pulse pro-
gram ZG30. The recycle delay was 1 s and the length of the proton
90 pulses was of 9.00 ps. About 56 scans were collected for each
spectrum. A 0.3 Hz line broadening weighting function and base-
line correction were applied. The identification of functional
groups in the NMR spectra was based on their chemical shift (5y)
relative to that of the water (4.7 ppm).

2.7. Statistical analysis

One-way analysis of variance (ANOVA) was carried out for each
measured parameter, except for prebiotic activity, with SigmaStat™
(Systat Software, Chicago, IL, USA) to assess if extraction method
was a significant source of variation (P=0.05). The Holm-Sidak
method was used for pair-wise comparisons (P=0.05). In terms
of prebiotic activity, for each probiotic strain, a two-way analysis
of variance (ANOVA) was carried out with SigmaStat™, to assess
whether the extract and incubation time were significant sources
of variation (P = 0.05). Since significant differences were observed
for each factor and interactions, one-way ANOVAs were carried

Table 1
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out to observe if the source of carbon (glucose, FOS or extract)
was statistically significant. One-way ANOVAs were also
performed to evaluate statistical significance of the viable cell
numbers after 24 and 48 h, in comparison to values at 0 h.

3. Results and discussion

3.1. Impact of different extraction methods on Ph. nameko and its
biological properties

3.1.1. Extraction yield and proximate composition of the extracts

Extraction yields between 54 and 63% were obtained by EAE
with proteases, HWE and UAE (Table 1). The lowest yield was
obtained with Alcalase whereas the differences between HWE,
UAE and EAE with Flavourzyme were not significantly different
(p>0.05). Cellulase and Viscozyme assisted extractions were
responsible for the statistically significant (p < 0.05) highest yields
(67-77%). Being fungal cell walls constituted mostly by polysac-
charides, comprising about 80% of their dry weight (Ruiz-Herrera,
1991), it is expected that carbohydrases hydrolyse cell wall compo-
nents thereby increasing their permeability and resulting in higher
extraction yields as stated previously by Puri et al. (2012). Accord-
ing to our best of knowledge only a few studies are available with
EAE on mushrooms but none applied to Ph. nameko. Indeed, Yin
et al. (2011) carried out an optimization of polysaccharides
extraction from Tricholoma matsutake using EAE with a mixture
of dual enzyme activities — proteases and carbohydrases (Papain,
Pectinase and Cellulase, ratio 1:1:1) testing several parameters
but no comparisons were made with other extraction modes. Zhu
et al. (2014b) also carried out an optimization of polysaccharides
extraction from Hericium erinaceus using EAE with a mixture of
enzymes (Cellulase, Pectinases and Trypsinase, ratio 2:2:1); the
optimal extraction conditions reported resulted in a higher yield
(increase of 67.7%) in comparison to those obtained by HWE. In
our study, lower extraction yields were achieved using a single
enzyme activity. However, they are interesting from the standpoint
of the possibility of using different enzymes combination to
improve extraction yield.

Ultrasound assisted extraction on Ph. nameko did not increase
the yield extraction in comparison to HWE. Variable tendencies
have been reported for other mushroom polysaccharides yield
extraction by UAE which is dependent on mushroom species but
also on technological parameters such as ultrasonic power, tem-
perature, time and ratio or water volume to dry biomass (Cheung
et al., 2012; Tian et al., 2012). Higher polysaccharides yields were
obtained with Lentinus edodes and Agaricus bisporus but similar or
lower extraction yields were reported for Grifola frondosa and
Coriolus versicolor (Cheung et al., 2012; Tian et al., 2012). Physical
properties of different mushroom species could be in part respon-
sible for different effects of UAE on the efficiency of polysaccha-
rides extraction.

In general, and as expected, EA obtained with proteases action
presented higher nitrogen content (Table 1); Alcalase and

Extraction yields and contents of nitrogen, total sugars, and total polyphenols in the different Ph. nameko extracts.

Extraction method Extraction yields

(glyoph extract/loogdry mushroom)

Nitrogen

(mg/glyoph extract)

Total Sugars Total phenolics

(mgglucose equiv/glyoph extract) (P-gcatheco] equiv/glyoph extract)

HWE 62+1° 43.7+0.3°
UAE 62.86 +0.07° 440+04°
EAE_Cell 76.8 +0.6¢ 39.5+0.4%
EAE_Visc 67.1 £0.4° 40.3+0.5°
EAE_Alc 54.5+0.7% 51.8 +0.59
EAE_Flav 61+2° 46.6 +0.3¢

527 +32° 153 £13°
628 +33¢ 144+ 32
574+ 20 153+ 132
532 +12° 164 + 9
376 + 367 158 + 8%
526 + 25" 182 +9°

For each parameter, different superscript lowercase letters indicate significant differences (p < 0.05) between methods of extraction.
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Flavourzyme were responsible for the highest content
(47-52 Mg/ iyophilized extract). These values correspond to 73-74%
of nitrogen content present in the dry mushroom which was
38.6 mg N/g dry mushroom (Rodrigues et al., 2015a). Indeed, proteases
were the most effective enzymes for protein recovery and
accessibility highlighting the Alcalase endopeptidase activity
which resulted in a slightly higher recovery rate.

In terms of total sugar content, UAE extracts presented the
highESt content with 628 Mg glucose equiv/g lyophilized extract» followed
by EA extracts obtained from carbohydrases action responsible
for values of 574 and 531 mg glucose equiv/g lyophilized extract in Cellu-
lase and Viscozyme extracts, respectively. The highest sugar con-
tent in UAE extract may result from the mechanical action of
ultrasound waves promoting a higher breakdown and release of
mushroom cell wall polysaccharides. It must be emphasized that
Cellulase was able to extract 74% of total sugars present in the
dry mushroom which was 596 mg/g dry mushroom (ROdrigues et al.,
2015a) whereas 55, 66 and 60% of total sugars were extracted by
HWE, UAE and Viscozyme, respectively.

Total phenolics varied slightly with highest values observed in
Viscozyme, Alcalase and Flavourzyme extracts; values ranged
between 158 and 182 W&cathecol equivalent/g lyophilized extract (Table 1).
corresponding to extraction efficiency of only 13-16% of total
phenolics present in dry mushroom (675 Pgcathecol equivalent/
glyophilized extract Rodrigues et al., 20153)

3.1.2. Biological properties of the extracts

All extracts were able to scavenge ABTS " radical (Fig. 1a); at the
concentration of 2 Mg jyophilized extract/ ML 35-44% scavenging activ-
ity was observed for all extracts (Table 1). Enzymatic extracts
obtained with proteases registered the highest total antioxidant
capacity with 41-44% scavenging activity. Higher concentrated
extracts were tested and ICsq values of 2.5-2.6 mg iyophilized extract/
mL were obtained for EAE with the proteases, whereas
3.1-3.4 Mg iyophilized extract/ML were needed for the EAE with carbo-
hydrases, HWE and UAE extracts (data not shown). Potential
antioxidant activity in water and hot water extracts from Ph.
nameko were reported by Ji, Zhang, Zhang, Li, and Yang (2012).

In general, a good scavenging capacity for HO" reactive oxygen
species was obtained for all 2 mg iyophilized extract/ML  €Xtracts
(Fig. 1b). More than 55% scavenging activity was observed with
HWE, UAE and Viscozyme extracts. The Cellulase extract had the
lowest statistically significant scavenging activity for both the
ABTS™ and OH- radicals (p < 0.05); an extract characterized by the
highest extraction yield, rich in total sugars but with lower values
of nitrogen and total phenolics (Table 1). Potential antioxidant
effects of polysaccharide extract from Ph. nameko have been how-
ever reported by Zhang et al. (2015). Although significant correla-
tions are not possible, it seems that the statistically significant
difference between the extracts (p < 0.05), could be, at least in part,
due to protein compounds present in the extracts which may even-
tually indicate that some protein degradation products may be
related to the antioxidant properties. Recently, a ~43 kDa antioxi-
dant protein was isolated from Ph. nameko exhibiting potential
antioxidant activity (Quian et al., 2015).

Mushrooms are a potential source of prebiotics because they
are rich in non-digestible dietary fibres such as glucans, chitin
and heteropolysaccharides (Bhakta & Kumar, 2013). Nonetheless,
to our best of knowledge, no information is available regarding
the prebiotic potential of the Ph. nameko or of its extracts. In gen-
eral, a prebiotic potential of the extracts upon growth of both pro-
biotic strains was observed, when used as the single carbon source
(Table 2). Moreover, all extracts were able to increase growth sim-
ilarly to that promoted by traditional carbon source glucose or pre-
biotic FOS promoting longer survival stability, except Alcalase
extract for B. animalis BB12. Significantly higher viable numbers
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Fig. 1. Total antioxidant capacity (a), hydroxyl radical scavenging activity (b) and
o-glucosidase inhibitory activity, expressed as % of inhibition (c) of Pholiota nameko
extracts obtained by hot water extraction (HWE), ultrasound-assisted extraction
(UAE) and enzymatic-assisted extraction (EAE) with Cellulase (Cell), Viscozyme® L
(Visc), Alcalase (Alc) and Flavourzyme (Flav) at 50 °C. Different lowercase letters
indicate significant differences (p < 0.05) between extracts.

(p <0.05) of L. acidophilus La-5 were observed for all the extracts
after 24 and 48 h of incubation in comparison to growth in glucose
or in FOS; associated higher growth rates were also observed
(p <0.05). An increase of 2 Log cycles was observed with HWE,
UAE as well as with Viscozyme and Flavourzyme extracts (Table 2)
resulting in increased ratios of 1.3 after 48 h.
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Table 2

Mean and standard deviation of cell counts' [Log (cfu/mL)] of L. acidophilus La-5 and B. animalis BB12.

EAE_Flav

_ EAE_Alc

EAE_Cell

FOS Time HWE UAE EAE_Visc

Glucose

Time No Sugar

(hrs)

RZ

Log

RZ

Log

RZ

Log
(cfu/mL)

1.00 7.00+0.08

1.08 7.62+0.01
1.25 8.44+0.08
1.29 8.97+0.08

RZ

Log

RZ

Log

R2

(hrs) Log

RZ

Log

RZ

Log

RZ

Log

(cfu/mL)
1.00 7.00+0.08
1.07 7.55+0.02
1.19 8.48 +0.03
1.29 8.95+0.03

(cfu/mL)
1.00 7.00+0.08
1.09 7.48+0.03
1.21 8.36+£0.02
1.28 9.04 +0.05

(cfu/mL)

1.00 7.00 +0.08
1.10 7.6+0.1

1.24 8.74+0.09
1.29 9.04+0.01

(cfu/mL)
1.00 7.00+0.08
1.09 7.72 +0.04
1.25 8.67 +0.04
1.27 9.01+0.06

(cfu/mL)

(cfu/mL)
1.00 7.00+0.08

(cfu/mL)

(cfu/mL)

00
08

1.
1.2

7.00 +0.08
7.6+0.2

1.00 0

7.00£0.08 1.00 7.00+0.08
741+0.04 1.06 7.57+0.06

7.92 £0.01

L. acidophilus 0

1.

1.07 4

1.08 7.50+0.05
1.16 8.0%0.1
0.83 7.56+0.01
056 5.9+0.2°
0.69 6.3+0.8°

4
8

La-5

1
8

8.8+0.1
89+03

115 8

1.13 8.11+0.02

1.2

1.34 9.21+0.04:% 1.32 9.24+0.07+¢ 1.32

1.08 12

5.81+£0.01 0.83 5.8+04

<3.7?

12
24
48
0
4

1.30 9.22+0.01«¢ 1.32 9.35%0.04+

1.32 9.13£0.01:¢
1.29 8.95+0.04+°
1,00 7.59+0.07
1.00 7.50+0.03
1.12 83+0.1

1.20 8.95+0.03

9.26 1 0.01:4
9.0 0.2+
7.59 £0.07
7.6+0.1
85+0.2

084 24

3.94 +0.07°
48+0.2°
1,00 7.59+0.07

096 7.8+0.2

1.29
1,00
1.00
1.03
1.04
111
111

1.29 8.78+0.01:*¢ 125 8.61%0.06:% 1.23 9.06 *0.05:°

1.28 9.05 +0.04x¢
1,00 7.59+0.07
0.99 7.62+0.02
1.09 9.0+0.2

0.90 48

<3.7%

1,00 7.59+0.07
0.97 7.61+0.01
098 7.8+0.2

1,00 7.59+0.07
1.02 7.38+0.04
1.12 7.41+0.03
1.16 7.68 £0.03
119 7.4+0.2+°

1,00 7.59+0.07
1.00 7.71+0.01
1.18 85%0.1

1.00 0

1,00 7.59+0.07
1.03 7.58+0.03
1.05 8.09+0.07

1.03 8.6%0.1

7.59 £0.07
7.3+0.1

B. animalis

1.00 4

BB12

1.07 8

7.20£0.05 095 8.0+0.3

6.83 +0.01
45+0.5°
<3.7%

79+0.1
0.98 8.46 0.01+¢
0.75 8.441%0.03+°

1.01

1.23 8.79+0.01

1.18 93+£0.1

090 7.8%+0.1 1.13 12 9.08 £ 0.06

12
24

9.10 £0.04+°Y 120 9.27+0.02+¢ 1.22 9.36%0.01+ 1.23 9.0+0.2:¢

9.17 £ 0.05x¢

1.03 24

0.65 7.8+0.2°

0.60 49+0.1°

1.19 5.70 +0.01+"

123 9.0+0.1+°

1.23 9.37+0.01x«

121 9.30+0.01x¢

0.66 5.49+0.03" 0.72 48

0.36 5.0+0.8"

48

1 Cell counts throughout 48 h of incubation at 37 °C in the presence or absence of glucose, with FOS or with mushroom extract.

2 Ratio
(p <0.05) in comparison to values at 0 h; Different superscript lowercase letters in the same row (24 or 48 h) for each probiotic strain indicate significant differences (p < 0.05) for the viable cells between extracts or controls.

©

mean (cfu/mL) at time i = 4, 8, 12, 24 or 48 h; Ny = mean (cfu/mL) at time 0 h; Bold typing for values higher than those obtained with prebiotic FOS after 24 and 48 h and * for significant differences

(Log N;)/(Log No); N
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Evidence of bifidogenic effect was also observed for B. animalis
BB12. Viable cell numbers at 24 and 48 h of incubation in all
extracts, except in Alcalase, were significantly higher than those
obtained with prebiotic FOS and glucose (p < 0.05). Similarly to
L. acidophilus La-5, significant increased growth rates (p < 0.05)
were also observed. Increases of 1.4 to 1.8 Log cycles were
observed with HWE, UAE as well as with Viscozyme and Cellulase
extracts (Table 2) resulting in increased ratios of 1.2 after 48 h.

Content and type of sugars present in the extracts are determi-
nant factors for the growth and viability of probiotic bacteria.
Since no studies on prebiotic potential of Ph. nameko were found
in the literature some pertinent observations with other mush-
room species are described. For example, Synytsya et al. (2009)
evaluated different extracts of Pleurotus ostreatus and Pleurotus
eryngii for their potential prebiotic activity. According to these
authors, two types of glucans and proteoglucan complexes from
Pleurotus can be used as synbiotics with selected probiotic strains.
Li and Shah (2016) recently reported potential bifidogenic effects
of polysaccharides from Pleurotus eryngii. According to our results,
the majority of the extracts obtained from Ph. nameko possess
compounds that can be metabolized by L. acidophilus La-5 and
B. animalis BB12. Higher prebiotic potential was observed for
HWE, UAE, Viscozyme and Cellulase extracts. According to FTIR-
ATR spectra of Ph. nameko (Rodrigues et al., 2015a), the presence
of B-glucans, a-glucans and glucan-protein complexes is among
the main representative polysaccharides in the Ph. nameko mush-
room; their presence in the EA was also observed, as discussed
later in this article. Given the reported results in terms of growth
promotion of both probiotic bacteria and considering the prebi-
otic potential of polysaccharides and extracts from mushrooms
reported by literature concerning other species, the extracts
obtained from Ph. nameko by sustainable and food compatible
extraction methods can be used as supplements to design novel
foods with potential prebiotic properties.

All the extracts of Ph. nameko showed o-glucosidase inhibitory
activity although to different extensions (Fig. 1c¢). The extracts
with the highest inhibitory activity were the UAE (49%) and EAE
with Cellulase (50%). To our knowledge, there are no reports on
potential antidiabetic of water-based Ph. nameko extracts and
therefore, only comparisons with other mushroom species and
other extraction modes are possible. For example, Liu et al.
(2012) evaluated the anti-hyperglycemic and antioxidant activi-
ties of five wild edible mushrooms from Southwest China. Based
on their results, ethanolic and aqueous extracts showed anti-
hyperglycemic activity where aqueous extract of Catathelasma
ventricosum revealed the highest a-glucosidase inhibitory activity
(ICso of 2.74 pg/mL). Zhu et al. (2014a) reported over 40% of
a-glucosidase inhibitory activity from oyster mushroom polysac-
charides. Hsu, Hsu, Lin, Cheng, and Yang (2013) reported
a-glucosidase inhibitory properties by intracellular polysaccha-
rides from Coriolus versicolor which were related to the presence
of a-(1,4) glycosidic linkages and total relative percentage of
p-glucose and p-galactose in the polysaccharide structure, other
than triterpenoids. In our study UAE and Cellulase extracts had
the highest contents in total sugars (Table 1) which probably
evidences the presence of polysaccharides with a-glucosidase
inhibitory properties. The use of o-glucosidase inhibitors is an
important strategy in the prevention (functional food) or manage-
ment (therapeutic agent) of blood glucose levels in type 2 diabetic
and borderline patients.

3.2. Chemical characterization of selected extracts of Ph. nameko
From the six different extracts, two were selected based on

their major biological potential for further characterization. In
Table 3a, a summary of the proximate composition and of the
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Table 3

a) Basis of selection of two extracts of Ph. nameko considering the proximate composition and biological properties [antioxidant (ABTS, HO ), prebiotic and antidiabetic
activities); b) Elemental inorganic and organic composition, monosaccharides, uronic acids and amino-monosacharide composition as well as free amino acids composition in

enzymatic extracts of Ph. nameko.

Extraction Proximate characterization Antioxidant Activity Prebiotic activity Antidiabetic activity
a) . . Total Total .
Method Yield Nitrogen Sugars Phenolics ABTS HO La-5 BB12 o-GIA
HWE (+) +) ) *+) (+) (++) (++) (+)
o UAE (+) +) (++) ) ) (++) (++) (++) (++)
<
g EAE Cell  (+) (O] (&) (O] (O] ¢ (st (=) (a5
§ EAEVisc (+4) ) +) (*+) (+) (++) (++) (++) (+)
<  EAE_Alc (+) (++) () (+) (++) (+) (++) (+) ()
& EAEFlav () (*) (*) (+4) () () (++) (++) (++)
Ph. nameko Ph. nameko Ph. nameko
b) EAE_Flav EAE_Cell EAE_ Flav EAE_Cell EAE_Flav EAE_ Cell
(MG/Gyepizeserac)  Ratio'  (M/Gyepnizesonac)  Ratio” (Mg/Gyoptiized exrac)  (MG/Gyopriized exvact) (9/100Gproten)  (9/100Gprotin)
K 12641 3.4 98.0+1 26 Asparticacid ~ 1.26+0.09 2.4£0.1
° £ Na 20+0.4 - 29.7+0.9 - DL-Glucose 28.3+0.4 31.1x0.3
5 g » Glutamic acid <LOD 1.02+0.09
T £ Ca 0.6£0.1 26 0.24+0.02 11 % DL-Galactose 40.3x0.4 30.9+0.4
2 % Mg 6.3+0.2 4.0 5.5+0.2 35 © DL-Mannose 16.2+0.2 17.9+0.3
S . Methionine 1.5£0.1 1.5£0.2
P 25.1+£0.6 23 224104 21 ] DL-Arabinose 0.49+0.01 0.46+0.01
2 zn 0.36£0.02 2.9 0.311:0.004 26 S D-Xylose 0.29:0.01 0.210.1 Serine 0.2120.01 0.9+0.1
@7 B 0.043+0.001 1.7 0.041x0.002 1.7 § L-Rhamnose <LOD <LOD »
o 2 ©  Glutamine <LOD 0.250.06
£ S Mn 0.120+0.004 6.8 0.108+0.002 6.1 L-Fucose <LOD <LOD S
E Fe 0.34£0.03 12 0.28+0.01 1 2 )
< € Alanine 4.5x0.2 1.0£0.1
o Al <LOD - <LOD - <
2 Cu 0.086+0.002 3.1 0.073x0.002 27 E 4 D-Glucuronic acid <LOD <LOD
= s o Leucine 0.25:0.02 <LOD
Ni <LOD - <LOD - 5 & D-Galacturonic acid <LOD <LOD
Pb 0.008+0.001 - 0.006+0.001 -
Threonine 1.2+0.1 <LOD
%N 53 - 4.4 -
o .
S %C 37.6 - 36.0 - g ) _
o = 0 D-glucosamine 3.74£0.1 4.5+0.1 Valine 2.98+0.01 <LOD
= %H 9.0 - 8.5 - E ¢
o <
%S 0.6 - 0.8 -

Extraction yield (%): 54-61 (—); 62-69 (+); 70-77 (++).
Nitrogen (mg/glyoph extract): 40-43 (=); 44-47 (+); 48-52 (++).
Total sugars (mgglucose equiv/glyoph extract): 376-459 (*); 460-543 (+); 544-628 (++)~

Total phenolics (Hgcathecol equiv/Slyoph extract): 144-156 (=); 157-169 (+); 170-182 (++).

ABTS (% scavenging activity): 37-40 (—); 41-43 (+); 44-47 (++).
OH ™ (% scavenging activity): 51-53 (—); 54-56 (+); 57-60 (++).

La5 [Log (cfu/mL)]: No increment of viable cells after 48 h in comparison to 0 h (—); No increment of viable cells after 48 h in comparison to 0 h but higher than values
obtained with FOS (+); Similar or higher values of viable cells after 48 h in comparison to 0 h and higher than values obtained with FOS (++).
BB12 [Log (cfu/mL)]: No increment of viable cells after 48 h in comparison to 0 h (-); No increment of viable cells after 48 h in comparison to 0 h but higher than values
obtained with FOS (+); Similar or higher values of viable cells after 48 h in comparison to 0 h and higher than values obtained with FOS (++).

o-Glucosidase inhibitory activity (% Inhibition): 14-25 (-); 26-37 (+); 38-50 (++).

1 Ratio = Content in lyophilized extract/Content in dry mushroom; Values of organic elements are presented as average of triplicate samples.

biological properties observed in the extracts are given. Taking into
account these results, selection fell on the EA obtained with Cellu-
lase and with Flavourzyme both highlighted in Table 3a. The best
potential in terms of antidiabetic and prebiotic activities of both
EA was the main reason for their selection. The selection of the
EA obtained with Flavourzyme over extract obtained with UAE
was mainly due to its potential total antioxidant capacity despite
its lower extraction yields.

An increment of the majority of macro and micro inorganic
elements was observed in both EA (Table 3b) in comparison to
the corresponding dry mushroom (Rodrigues et al., 2015a). Not
much difference however was observed among the inorganic ele-
mental composition of the two EA. It is evident from Table 3b
that K and P are the main macro elements present in both EA.
The content of K is especially high in comparison to Na, an advan-
tage from the nutritional point of view. Magnesium is the third
major macro element found with similar levels in both extracts.
Calcium in turn, was not significantly present in the two extracts;
nevertheless the Flavourzyme extract contained three-fold higher
amounts than the Cellulase extract. In comparison to the macro
element composition of the dried mushrooms (Rodrigues et al.,
2015a) significant increments between 2.1 and 4.0 were observed
for the macro elements Mg, K and P (in descending order of mag-
nitude) in both extracts. An important increment of 2.6 was also

observed for Ca in the EA obtained with Flavourzyme. Overall,
both EA seem to be good sources of these macro elements. In
terms of micro elements, Mn, Zn and Cu are among those with
increments between 2.6 and 6.8. Iron and Zn were the most
abundant elements among the trace minerals in the dry mush-
rooms and in the corresponding EA. Zinc is involved in the struc-
ture and function of over 300 enzymes, especially in superoxide
dismutase (Zheng et al., 2014).

The organic elemental contents were similar in both EA
(Table 3b), although a slightly higher content in N, C and H was
observed for the Flavourzyme extract which could be related to
the higher nitrogen content found in this extract (Table 1); on
the other hand, in the Cellulase extract it was registered a higher
content in total sugars.

The monosaccharides were the major constituents found with
hexoses predominating over pentoses with undetectable levels of
uronic acids (Table 3b). The Flavourzyme extract was characterized
by slightly higher contents of monosaccharides with predomi-
nance of galactose (40%), glucose (28%) and mannose (16%). In
comparison, the extract obtained with Cellulase possesses lower
content of galactose (31%), higher content of glucosamine (4.5%)
but similar content in terms of glucose (31%) and mannose (18%).
According to Zheng et al. (2014) a zinc polysaccharide of Ph.
nameko was composed of glucose, mannose, galactose and
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arabinose in a molar ratio of 33.0:4.5:4.3:1.0. A different molar
ratio was in turn reported by Li, Zhang, and Ma (2010) for a
polysaccharide from Ph. nameko with hypolipidemic effect com-
posed mainly of mannose, glucose, galactose, arabinose and xylose
(1:8.4:13.6:29.6:6.2).

According to Wasser (2002) mushroom polysaccharides are
present mostly as glucans with different types of glycosidic link-
ages, such as (1-3), (1-6)-B-glucans and (1-3)-a-glucans but
also as heteroglucans; In this case, side chains of the polysaccha-
rides contain glucuronic acid, xylose, galactose, mannose, arabi-
nose, or ribose as a main component or in different
combinations. Since no glucuronic acid was detected in the two
EA of Ph. nameko, it could indicate absence of heteroglucans.

Glucosamine present in relatively low amounts (3.7-4.5 mg/
£ Iyophilized extract) iN both EA was also observed in crude polysaccha-
rides and in their fractions of L. edodes, G. frondosa and T. versicolor
(Siu, Chen, & Wu, 2014). Chitin, a polymer of N-acetyl-glucosamine
alongside with B-glucans, is the primary structural material in
mushrooms and has been shown to be of value as dietary fibre
which can be hydrolysed to glucosamine (Sonawane, Sathe,
More, Jadhav, & Kadam, 2013).

Higher content and diversity of free amino acids were observed
in EA obtained by Flavourzyme (Table 3b), a multi-enzyme com-
plex with endo-protease and exo-peptidase, resulted in a higher
nitrogen content (Table 1) and higher content of free amino acids
(11.9 g/1008pr0tein) than the Cellulase action (7.1 g/100gprotein)-
Out of the different amino acids which constitute the nitrogen moi-
ety of the extract obtained with Flavourzyme, the major amino
acids appeared to be alanine (38%), followed by valine (25%),
methionine (13%), aspartic acid (11%) and threonine (10%). On
the other hand, aspartic acid (34%), methionine (21%), glutamic
acid (15%), threonine (14%) and serine (13%) were the major amino
acids in the extract obtained with Cellulase. Noticeably, the essen-
tial amino acids methione, valine, threonine and leucine make up
50% of the amino acid composition of the Flavourzyme extract.
Of particular interest is the fact that no aromatic amino acids,
phenylalanine and tyrosine, were detected in either of the Ph.
nameko extracts.

3.3. Structural characterization of selected extracts of Ph. nameko

FTIR-ATR spectra of the two EA as well as of Ph. nameko mush-
room are depicted in Fig. 2. Some differences, in terms of qualita-
tive and absorbance intensity, are observed between spectra of
the mushroom and respective EA; four specific regions (4000-
1800 cm™!, 1800-1500 cm™!, 1500-950 cm~! and 950-750 cm™!)
are observable in the three spectra:

(i) In the region between 4000 and 1800 cm™!, the prominent
band centred around 3300 cm~! may be assigned to O—H
stretching vibrations of glyosidic structures. According to
Klaus et al. (2015) characteristic N—H vibration at
3400 cm™! could be overlapped by O—H stretch vibration
at 3000-3500 cm™! of inter- and intra-hydrogen bonds that
are present in polysaccharides. The bands around 2900-
2880 cm~}, in turn assigned to CH, and CHj; stretching of
fatty acids from the cell wall (Zheng et al., 2014; Zhao
et al., 2006a,b), are more defined in the mushroom spectrum
than in the respective extracts spectra, in particular for the
2900-2880 cm ™. This fact could result from loss of fatty
acids as consequence of the extraction process;

(ii) In the region between 1800 and 1500 cm™!, two major
bands around 1600 and 1500 cm~! assigned to amide I and
amide II of proteins (Klaus et al., 2015; Zhao et al., 2006a,
b) are visible in mushroom spectra but not in the respective
EA. In the EA only the band around 1580 cm™! is observable
being much more pronounced for the Flavourzyme extract
spectrum than for its Cellulase counterpart; such observa-
tion may be related to the role of the Flavourzyme, with
its endo-proteases and exo-peptidases, on Ph. nameko pro-
teins which effectively resulted in a higher nitrogen content
(Table 1), higher free amino acids content and antioxidant
potential comparatively to the Cellulase extract (Table 3b).
In addition an absorbance band at 1740 cm ™' corresponding
to carbonyl stretching vibration of alkyl-esters (Zhao et al.,
2006a,b) is present in the Ph. nameko and its Flavourzyme
extract spectra but not in its Cellulase extract spectrum;

b‘QQQ ,5160 :5‘3(30 ’57’60 3000 '7:\60 1600 ‘7,7'60 'LQQQ ,\160 »\600 \'L‘E’Q \000 1‘:)0 6()0

Wave number (cm"I )

Fig. 2. FTIR-ATR spectra of the cultivated mushroom Pholiota nameko (—) and of its enzymatic extracts obtained by Flavourzyme (—) and Cellulase (—).
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(iii) In the region 1500-950 cm~! which is associated with vibra-
tions of proteins, lipids and polysaccharides, absorption
bands at 1400 and 1240 cm™! are visible both in the mush-
room and in its extracts spectra. These bands have been
associated to protein structures (Gonzaga, Ricardo, Heatley,
& Soares, 2005) which could be due to the presence of
glucan-protein complex and role of the Flavourzyme. How-
ever according to Zheng et al. (2014), the absorption band
around 1400 cm™! could also suggest the occurrence of uro-
nic acids (O—C=0 bending) which were, however, not
detected in both EA (Table 3b). Other authors in turn indi-
cate that absorption bands between 1410 and 1310 cm™!
could be assigned to OH groups of phenolic compounds
(Klaus et al., 2015). Indeed, the Flavourzyme extract was
characterized by higher contents of nitrogen and total phe-
nolics but lower content of total sugars in comparison to
the Cellulase extract counterpart (Table 1). The presence of
polysaccharides in both EA could be confirmed by the pres-
ence of bands around 1150, 1070 and 1040 cm~! in Fig. 2,
which could be responsible for both prebiotic and antidia-
betic activities observed (Fig. 1c and Table 2). The band
1040cm™! has been assigned to C—O stretching,

a)

EAE_Ph. nameko Flavourzyme

M—A———N\_};};_.‘-—I;.__'JI \/

b)

EAE_Ph. nameko Cellulase

1070cm™! to the anomeric C;H group vibration and
1150 cm™! to C—0—C stretching of glycosidic structures
(Gonzaga et al., 2005; Klaus et al., 2015). According to
Zheng et al. (2014), the strong characteristic absorption at
1200-1000 cm™! is ascribed to sugar ring vibrations over-
lapping with stretching vibrations of C—OH side groups
and the C—0—C glycosidic bonds vibration. An higher band
intensity at 1200-1000 cm™! is observable in the Flavour-
zyme extract than in the Cellulase extract. This could be
related to the role of Cellulase on degradation of polysaccha-
rides which could be related to the observed a-glucosidase
inhibition (Fig. 1) and prebiotic effect on both probiotic bac-
teria (Table 2). In fact, the Cellulase extract contained higher
sugar content than the Flavourzyme extract (Table 1) but a
slightly lower content of monosaccharides and amino-
monosaccharides (Table 3b);

(iv) In the 950-750 cm™! region which has been associated with
identification of anomeric configuration of polysaccharides,
in particular around 890 cm~! assigned to p-glycosides and
860-810cm™! to a-glycosides (Klaus et al., 2015; Zhao
et al.,, 2006a,b; Zheng et al., 2014), those bands are clearly
present in the spectrum of the Flavourzyme extract but

1, C)

60 1 W EA Ph nameko Flavouzyme
== EA_Ph nameo Celluise

80

40

Percentage (%)

T T T T T T T T T T T T T T T

T T
8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 ppm
Fig. 3. 'H NMR spectra of enzymatic extracts from Pholiota nameko obtained by Flavourzyme (a) and Cellulase (b) where peak at 4.7 ppm indicates the water signal and,
relative abundance of each type of protons (c) estimated as the partial integrals of the spectra: H—C: purely alkylic hydrogen atoms; H—C—C=: hydrogen atoms in alpha
position to C=C or C=0 groups; H—C—O0: aliphatic C—H directly bound to an oxygen atom; H—Ar: aromatic hydrogen atoms.
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not so intense in the spectrum of the Cellulase extract in
accordance with the bands pattern in the region 1200-
1000 cm™! described above.

The presence of B-glucans, o-glucans and glucan-protein com-
plexes is evident in the Ph. nameko mushroom, which is in accor-
dance to Rodrigues et al. (2015a), as well as in the EA which
could be, at least in part, responsible for the prebiotic activity
observed (Tables 2 and 3a).

The 'H NMR spectra of both EA are quite similar (Fig. 3a-b). The
spectra exhibit some distinct peaks overlaying much broader
bands, as would be expected from the NMR spectra of complex
mixtures of organic compounds (Santos, Santos, & Duarte, 2012).
Despite the large variety of overlapping resonances, each 'H NMR
spectrum was investigated on the basis of the chemical shift
assignments described in the literature for organic compounds
(Clarke & Haselden, 2008; Lopes, Matos, Silva, Duarte, & Duarte,
2015). In accordance, four main regions of chemical shifts were
considered in each spectrum:

1) 6y =0.6-1.8 ppm: aliphatic protons, H—C; —CH > —CH, >
—CH3,

2) 6y =1.8-3.2 ppm: protons bound to carbon atoms in alpha
position to unsaturated groups in allylic (H—Co—C=), car-
bonyl or imino (H—Co—C=0 or H—Co—C=N) groups, and
protons in secondary and tertiary amines (H—C=NR, and
NR3);

3) 6y =3.2-4.1 ppm: aliphatic protons on carbon atoms singly
bound to oxygen atoms (H—C—0: H—C—0—CO—R>
H—C—O0OH or H—C—0—C) in alcohols, polyols, ethers and
esters;

4) 6y = 6.5-8.5 ppm (aromatic protons).

For a further understanding of the '"H NMR data, a quantitative
integration of each spectral region was performed in order to
assess the abundance of each of the different types of protons in
the different extracts and depicted in Fig. 3c. A fifth region
(64 =4.1-6.0 ppm) corresponding to anomeric protons of glyco-
sidic structures (Gonzaga et al., 2005) was also considered but
not integrated due to the wide and intense peak at 4.7 ppm associ-
ated with the water signal.

In accordance to the spectra, the relative abundance of each
type of protons is, in general, relatively similar among the two
EA but some points are worthy of being highlighted. The extract
obtained with Cellulase revealed slightly higher values for the
H—C—O0 group which is probably related to the slightly higher con-
tent of total sugars and of some monosaccharides in comparison to
that obtained with Flavourzyme (Tables 1 and 3b). In addition,
slightly higher content of purely alkylic hydrogen atoms (H—C) is
observed for the extract obtained with Flavourzyme. Signals
assigned to terminal methyl hydrogens H3C—C (4~ 0.9 ppm)
and to polymethylene chains (CH,), (éy~ 1.3 ppm) are seen in
both spectra. No differences are observed for the other two groups
of protons namely for the group of aromatic protons (H—Ar) and
for the group of hydrogen atoms in alpha position to unsaturated
groups in allylic (H—Co—C=), carbonyl or imino (H—Co—C=0 or
H—Co—C=N) groups.

In the anomeric spectral region, a doublet at 6y ~ 4.5 ppm and
at ~dy ~ 5.0 ppm is observed in both extracts (Fig. 3a-b) with
particular intensity in the spectrum of the extract obtained with
Cellulase, which could be assigned to B and o configurations,
respectively. These data are in agreement with FTIR-ATR analysis
which assigned the presence of o- and B-glycosides and to data
reported by Gonzaga et al. (2005) for isolated polysaccharides from
Agaricus blazei mushroom. No data for Ph. nameko was found in the
literature.

4. Conclusions

Enzymatic and ultrasound assisted extractions are the impor-
tant tools to obtain extracts from standard cultivated Ph. nameko
with potential biological properties. Hydrolytic enzymes were
able to improve the extraction yield with carbohydrases extract-
ing more compounds from the cell structure of the mushrooms.
However taking into consideration the general results achieved it
becomes difficult to pinpoint the most efficient extraction
method with the highest biological potential since it depends
on the extraction mode considering the duality: extraction yield
vs chemical/biological properties and on the type of analysis
made. In this perspective, all Ph. nameko extracts presented
added value in particular due to the interesting prebiotic poten-
tial. In addition, higher o-glucosidase inhibitory activity was
observed in UAE, Cellulase and Flavourzyme extracts (in
descending order of magnitude) and consequently an interesting
antidiabetic potential is proposed. In terms of antioxidant capac-
ity, no strong activity was observed. Therefore, conjugating
extraction yield with prebiotic effect and a-glucosidase inhibi-
tory activity, EA are of interest where probably the polysaccha-
rides play the major role. In general, enzymatic extraction
enabled the recovery of important compounds with nutritional
or biological significance. Important concentration of almost all
macro and micro elements in comparison to the dry mushroom,
in particular for Mg, K and P was observed in both selected EA.
Content and profile of monosaccharides varied slightly among
the Flavourzyme and Cellulase extracts with predominance of
glucose, galactose and mannose with no detection of uronic
acids. Higher content and diversity of free amino acids were
observed in Flavourzyme extract probably due to endo-protease
and exo-peptidase action. According to chemical and structural
analysis by FTIR-ATR and 'H NMR, both EA, with prebiotic and
antidiabetic potential, are composed by important polysaccharide
structures, confirming the presence of o and B-glyosidic struc-
tures as well as the presence of a-glucans, B-glucans and
glucan-protein complexes among the main representative
polysaccharides. Therefore EA, from Ph. nameko have potential
prebiotic and antidiabetic activities, which can be used as
supplements for the design of novel functional foods.
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