JOURNAL OF MEDICINAL FOOD
J Med Food 17 (5) 2014, 543-549

© Mary Ann Liebert, Inc., and Korean Society of Food Science and Nutrition

DOI: 10.1089/jmf.2013.0108

Enhancement of Wheat Grain Antioxidant Activity
by Solid State Fermentation with Grifola spp.

Pablo Postemsky and Néstor Curvetto

Laboratory of Biotechnology of Edible and Medicinal Mushrooms, Center for Renewable Natural Resources
of the Semiarid Region (CERZOS), National Scientific and Technical Research Council (CONICET)
and National University of the South (UNS), Bahia Blanca, Argentina.

ABSTRACT Grifola frondosa, Grifola gargal, and Grifola sordulenta are edible and medicinal mushrooms with antioxidant
properties. To obtain wheat flour (Wf) with a higher antioxidant activity than the one exhibited by regular Wf, solid state
fermentation (SSF) of wheat grains with mycelia of those Grifola spp. was used to obtain biotransformed wheat grain (BWG)
flour. The methanolic extract of control Wf and BWG flour of G. gargal, G. sordulenta, and G. frondosa (GfWG, GgWG, and
GsWG, respectively) were studied for their radical scavenging (RS) activity against 2,2-diphenyl-1-picrylhydracyl (DPPH)
and their Fe(Ill) reducing power (RP). The values for RS-ECsy decreased in BWG flour, therefore presenting a higher
antioxidant activity: GgWG (0.56 mg/mL), GfWG (0.81 mg/mL), and GsWG (5.80 mg/mL) in comparison to Wf (57.60 mg/
mL). The antioxidant content for this RS activity in terms of ascorbic acid content (RS-EQax) was highest in Gf WG, followed
by GgWG and GsWG (71.73, 14.46, and 3.02mg/g, respectively) and lowest in Wf (0.25mg/g). The RP-ECs, values
in GgWG, GfWG, and GsWG were low (0.55, 0.64, and 4.20 mg/mL, respectively) with respect to Wf (55.00 mg/mL).
Compared with Wf (0.56 mg/g), the RP capacity in terms of ascorbic acid content (RP-EQaa) was very high in GfWG
(193.67 mg/g) followed by GgWG and GsWG (31.42 and 8.74 mg/g, respectively). The high content in gallic acid equivalents
was consistent with RS-EQaa and RP-EQaa contents. TLC revealed that antioxidant activity in BWG could be related to the
presence of phenolic compounds. Thus, a valuable food alternative can easily be obtained with wheat grains, that is, by
markedly increasing their antioxidant value through SSF with Grifola spp.
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INTRODUCTION

() XIDATION IS ESSENTIAL in all living organisms and
produces the energy needed to enable their metabolism.
However, if an uncontrolled production of free radicals oc-
curs as a result of oxidative reactions, then diseases, aging,
and acceleration of degenerative process can develop.!

Edible mushrooms possess high nutraceutical value.?
Among these mushrooms, many studies have shown Grifola
frondosa to exhibit good antioxidant, antitumoral, and im-
munomodulatory properties.>™

In the patagonian forests of Argentina and Chile, two
macrofungal endemic species grow which are phylogeneti-
cally close to G. frondosa, Grifola gargal, and Grifola
sordulenta.®” The two latter species have also received at-
tention as a potential source for medicinal metabolites and
hence were subjected to studies to reveal their nutraceutical
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properties.®? Both species are characterized by a special
almond-like aroma and flavor, which are present in fruiting
bodies, mycelia from liquid cultures, fermented grains, and
other fermented substrates.

In a previous work,'® we used the SMART-eyes Droso-
phila melanogaster bioassay to study the antimutagenic
activity of flour made from G. gargal biotransformed wheat
grains (BWG). Flour made of BWG protects the ommatidia
cells from DMBA genotoxic damage.

Fungal solid state fermentation (SSF) of wheat grains ex-
hibiting a higher functional value than normal wheat grains has
already been reported. This was found to be the case with As-
pergillus spp.,"' Cordyceps militaris,'* and Grifola frondosa.

Human consumption of G. gargal and G. sordulenta
mushrooms is very low as they are rare mushrooms that
naturally occur in protected forest environments, where
mushroom over gathering would negatively impact the forest
ecology. Moreover, despite attempts to cultivate them, hith-
erto the industrial cultivation has not been achieved.

Thus, for the time being, BWG flour by G. gargal and G.
sordulenta is an interesting alternative source for obtaining
bioactive metabolites produced by these mushrooms.
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The main objective of the present study was to evaluate
the antioxidant activity of methanolic extracts of flour ob-
tained from G. gargal, G. sordulenta, and G. frondosa BWG
for both their free radical scavenging (RS) activity against
2,2-diphenyl-1-picrylhydracyl (DPPH) radical and reducing
power (RP) activity in Fe(Ill) to Fe(II). Because phenolics
are considered to be important compounds with respect to
the antioxidant properties found in mushrooms,*>8-13-15
the total phenolic content was also studied. TLC was used as
a useful screening tool for revealing the chemical nature of
secondary metabolites of Grifola spp. exhibiting an anti-
oxidant activity.

MATERIALS AND METHODS
Mushrooms strains

G. gargal Singer (strain: CIEFAP #191) and G. sordu-
lenta Mont. (Singer) (strain: CIEFAP #154) were obtained
from CIEFAP (Centro de Investigacion y Extension Forestal
Andino Patagénico, Argentina). Collection of the G. gargal
strain was performed in Nothofagus obliqua forests (Lanin
National Park, Neuquén, Argentina) and the G. sordulenta
strain in Nothofagus dombeyi natural forests (Los Alerces
National Park, Chubut, Argentina). The G. frondosa strain is
of Asiatic origin and was kindly provided by MushWorld
Organization (Seoul, Korea).

SSF for obtaining Grifola spp. BWG

Grifola spp. BWG were obtained as described elsewhere'®
by using a common method to obtain spawn for mushroom
cultivation, that is, SSF is performed after inoculating
mushroom mycelium on wheat grains. Briefly, a mixture of
250 g whole wheat grains, 0.6 g CaCOs3, and 3.5 g CaSOu,
was soaked overnight with 190 mL of water and then ster-
ilized at 1 atm during 90 min. Inoculation was performed
using 20-day-old mycelium from 1/4 of a fully colonized
Petri dish grown on a MYPA culture medium with addition
of sunflower seed hull powder (4g/L).!” Cultivation was
performed during 20 days at 24°C+1°C in darkness. The
BWG were dried at 60°C in an oven supplied with air cir-
culation. Flour from BWG of G. frondosa, G. gargal, and G.
sordulenta was obtained using a Laboratory Sample Mill
(Udy Cyclone Corporation, Colorodo, USA). Wheat flour
(Wf) to be used in control treatments was obtained by the
same procedure, but skipping the mycelium inoculation step.

Extract preparation

Methanolic extractions of control Wf and BWG flour of
G. frondosa, G. gargal, and G. sordulenta (GFWG, GgWG
and, GsWG, respectively), were done according to Arena
et al.'"® Three samples of each flour (2-5 g) were dispersed
in methanol at a 1/10 mass/volume ratio (g/mL). Each
mixture was sonicated for 10 min (Branson Bransonic 220,
50/60Hz) and then kept 72h in darkness at 24°C under
agitation on an orbital shaker at 0.4 g. Each mixture was
centrifuged at 1400 g for 10 min and the supernatant was

separated by decantation and filtration through Whatman #4
filter paper. The extraction yield was gravimetrically ob-
tained. Finally, extracts were pooled in 50-mL plastic tubes,
put in a thermal bath at 50°C, and flushed with gaseous
nitrogen to obtain an extract concentration of 20-25 mg/mL.
Resulting extracts were then kept at —20°C until use.

RS activity

The RS activity was measured according to Arena et al.'®

This activity was assayed in the range of 1-20 mg extract
dry matter per mL; each sample was mixed with 0.25 mL
of methanolic solution containing DPPH radicals (Sigma-
Aldrich, St. Louis, MO, USA) to obtain a final concentration
of 0.2 mM DPPH in the reaction mixture. Resulting reaction
mixtures were allowed to stand at room temperature and
darkness for 30min, and then by using an appropriate
mixture as a blank, absorbance readings (4s;7 nm) were
made. The RS activity was obtained using the equation RS
(%) =(1—-[AADbs sample/AAbs blank]) x 100.

For comparison, the RS activities of ascorbic acid (0.5—
20 mg/mL; Cicarelli, San Lorenzo, Argentina), butyl hydro-
xyanisole (BHA 0.25-20 mg/mL; Sigma), and o-tocopherol
(0.25-20 mg/mL; Sigma) were also measured. The 50% ef-
fective concentration value for this activity (RS-ECsp mg/mL)
indicates the concentration of the solution with antioxidant
activity that causes the extinction of 50% of DPPH radicals;
this value was obtained by linear regression analysis. The RS
content was also calculated in terms of equivalent activity in
ascorbic acid by using the equation RS-EQaa (mg/g)=[Yield
sample (mg/g)xRS-ECsy ascorbic acid (mg/mL)]/RS-ECs
sample (mg/mL).

Reducing power

RP was determined according to Arena et al.'® One mL of
each methanolic extract sample (1-20 mg/mL) was mixed
with 2.5 mL of 200 mM sodium phosphate buffer (pH 6.6) and
ImL of 1% potassium ferricyanide (Sigma); the resulting
mixture was incubated at 50°C in darkness for 20 min. After
adding 1 mL of 0.1g/mL trichloroacetic acid (Anedra, Buenos
Aires, Argentina), the mixture was centrifuged at 1400 g for
10 min. A 1-mL aliquot of the upper layer was mixed with
1mL of deionized water and 0.2mL 0.1% FeCly; 6.H,O
(Anedra). The absorbance of the final mixture was measured
at A700 nm; higher absorbance indicates higher RP. All ref-
erence antioxidants (ascorbic acid, BHA, and a-tocopherol)
at 10 mg/mL concentration exhibited 100% of RP activity,
this RP activity being reached at 1.2 absorbance units. RP
was obtained by using the equation RP (%)=(100—[AAbs
maximum — AAbs sample]/AAbs maximum) x 100.

The RP-ECso (mg/mL) reference value corresponded to
the extract concentration by which 50% of maximum ab-
sorbance was reached, and it was determined by linear re-
gression analysis. The content of compounds in methanolic
extracts exhibiting RP was also given in terms of ascorbic
acid RP (mg/g RP-EQaa): RP-EQaa(mg/g)=Yield sample
(mg/g) x RP-ECsq ascorbic acid (mg/mL)/RP-ECs, sample
(mg/mL).
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Phenol content

Total phenolic content was determined according to the
Folin—Ciocalteu method as described by Arena er al.'® A
calibration curve was obtained using 0.01-2 mg/mL gallic
acid (Sigma) as standard and the phenol content in flour was
expressed in terms of gallic acid equivalents (mg/g EQga).

Thin layer chromatography of methanolic extracts

Screening of chemical compounds involved with antiox-
idant activity was performed using thin layer chromatogra-
phy (TLC). TLC plates (10 cm X 20 cm) coated with 0.2 mm
silicagel (Merck 60 F»s4) were used. Ten microliter aliquots
of solutions containing reference substances or 20 ul. me-
thanolic extracts of mushroom BWG flour and Wf were
applied as bands of 4 mm width. The solvent system used to
run the TLC was chloroform:methanol:water (65:35:10).'°
Compounds exhibiting fluorescence were detected under
white light (fluorescent tubes) and ultraviolet (UV) light
()454 nm, }L366 nm).

Three chromatographic replicates were run and separated
metabolite bands were scored according to their polar char-
acter. The first chromatogram plate was sprayed with 2.54 mM
DPPH methanol solution.>® Yellow bands of antioxidant
compounds appeared on a violet background at the first
30min, bands stained after 16h were also registered. The
second chromatogram plate was observed under white light
and UV irradiation (Jps4 nm, Azs¢ nm) before and after the
exposure to ammonia vapors. Phenolic compounds were de-
tected under UV (/254 nm, A3 nm) as fluorescent bands and
under white light as colored bands, which became more in-
tense in color after exposing them to ammonia vapors.*!**
Additionally, a freshly prepared developing solution of 1%
ferric chloride (Sigma Aldrich, St. Louis, MO, USA) and 1%
potassium ferricyanide (Sigma Aldrich) [ClsFe-KsFe(CN)g]
was sprayed to develop the group of phenolic compounds
exhibiting RP.?! Phenolic compound bands were differentiated
by their colors and bands appeared as reported by other au-
thors.'3?* The third chromatographic plate was sprayed with a
solution of 5% anthrone (Sigma Aldrich) made in 15% sulfuric
acid in ethanol 96%, followed by 1 min of heating at 120°C>*,;
saccharides appeared stained in both red and orange color.

Statistical analysis

Data were subjected to one way-ANOVA, and mean
values were then separated using the Tukey multiple range
test at P<.05, using the Infostat software.> To obtain RS-
ECs0 and RP-ECsg values at 99% confidence interval, linear
regression analysis was done using GraphPad Prism 5
(GraphPad Software, La Jolla, CA, USA).

RESULTS AND DISCUSSION

Methanolic extract yield

Methanolic extraction yields of BWG flour were between
2.70% and 19.37% (Table 1). The GfWG extract yield
(19.37%) largely exceeded the one obtained with Wf

TABLE 1. EXTRACTION YIELD AND PHENOLIC CONTENT
IN METHANOLIC EXTRACTS OBTAINED FROM FLOUR MADE
OF WHEAT GRAINS AND FROM WHEAT GRAINS
BIOTRANSFORMED BY GRIFOLA GARGAL,
GRIFOLA SORDULENTA, AND GRIFOLA FRONDOSA

Methanolic extract yield (%) EQcGa (mg/g)

GgWG 2.70£0.20¢ 3.28+0.23°
GsWG 5.73+0.25° 1.00£0.04¢
GfWG 19.37+0.25% 19.60+0.25%
Wf 4.80+0.60° 0.11£0.01¢

Values are expressed as mean * standard deviation (n=3). Phenolic content
values are expressed in terms of equivalents of gallic acid per gram of dry
sample (EQga).

abedMeans with different letters within columns are significantly different
(Tukey, «=0.05).

GgWG, GsWG, and GfWG: wheat grains biotransformed by G. gargal,
G. sordulenta, and G. frondosa, respectively; Wf, wheat flour.

(4.80%). Yields were consistent with the yields reported by
Huang et al.’ in a previous work in which a SSF of wheat
grains with G. frondosa was used and the extraction of the
BWG flour was made in ethanol and water. These authors
found that a higher extraction yield resulted from the flour
coming from highly biodegraded wheat grains.

RS activity

Ascorbic acid and o-tocopherol are vitamins required
daily; they play an important role as antioxidants.”®*” BHA is
an artificial phenolic compound used in the food industry to
prevent fat oxidation.”® These compounds show a high anti-
oxidant activity (85-95% RS activity at | mg/mL, Fig. 1A),
hence, they were included for comparison purposes. The RS
activity in control Wf indicates the basal antioxidant activ-
ity of wheat grains, and reached 13% of the maximum RS at
the highest methanolic extract concentration of 20 mg/mL
(Fig. 1A). Interestingly, an increase in the RS antioxidant
activity occurred in all the BWG flour, reaching the follow-
ing maximum values of 85% at 1 mg/mL GgWG, 62% at
1 mg/mL GfWG, and 90% at 10 mg/mL GsWG.

The ECso value of antioxidant activity shows the con-
centration at which 50% of maximum antioxidant activity is
reached; a higher antioxidant activity occurs at lower ECsg
values.'® Thus, this ECsg value is used as a reference to score
the antioxidant activity of different compounds. Considering
the high RS-ECs, value of 57.60 mg/mL found in Wf, a low
value of 5.80 mg/mL was obtained in GsWG (Table 2) and
very low values of 0.56 and 0.81 mg/mL were found in
GgWG and GfWG, respectively.

The RS-ECs in fruiting bodies of G. frondosa and others
mushrooms with good antioxidant activity ranged from 2 to
10mg/mL of methanolic extract concentration.'*!'* How-
ever, in the case of GgWG and GfWG, the RS-ECs, values
are closer to those found in the range of 0.5-2.0 mg/mL,
considered to possess a high antioxidant activity, for exam-
ple, as was the case for Auricularia spp. and Tremella spp.*

Because of the low content of mycelium occurring in
BWG (4mg/g, dry basis),'” the above-mentioned results
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FIG. 1. Antioxidant activity of methanolic extracts. Different
extract concentrations in methanol (mg/mL) were evaluated in (A)
radical scavenging activity against DPPH (RS), and (B) Fe(Ill)
reducing power (RP) activity. Ascorbic acid (AA), butylhydrox-
ianisole (BHA), and a-tocopherol (oT) were used as controls.
Values are the average of three determinations. Wheat flour (Wf):
extracts from flour of wheat grains; GgWG, GsWG, and GfWG:
extracts from flour of wheat grains biotransformed by either Grifola
gargal, G. sordulenta, or G. frondosa, respectively; DPPH, 2,2-
diphenyl-1-picrylhydracyl.
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indicate that the antioxidant activity should come from an
accumulation of highly active antioxidant metabolites,
which in these BWG allow the building of a high antioxidant
activity, even to the level found in mushrooms exhibiting the
best antioxidant activity.

High RS-ECs, values were also obtained in the ethanolic
and aqueous extracts from G. frondosa fermented wheat
grains (2.76 and 7.34 mg/mL, respectively),’ showing that the
antioxidant capacity depends on the solvent polarity, thus, the
methanolic and ethanolic extracts being more active.

As an alternative way to show the antioxidant content
present in BWG flour, the ascorbic acid effective concen-
tration value RS-ECso was also obtained (see RS activity in
Materials and Methods section). In our study, for ascorbic
acid, an RS-ECs, value of 0.30 mg/mL was obtained (Table
2, Fig. 1A), which was found to be either lower (0.07 mg/
mL)" or higher (3.0 mg/mL)** than other reported values.

SSF of wheat grains increased the content in RS-EQaa
from 0.25mg/g in Wf to 71.73, 14.46, and 3.02mg/g in
GfWG, GgWG, and GsWG, respectively. Furthermore, the
RS-EQaa content in GfWG was fivefold higher than in G.
frondosa fruiting bodies, which was ca. 13 mg/g. The latter
value was obtained using the equation for RS-EQaa (mg/g)
(see RS activity in Materials and Methods section) with the
reported values of extraction yield and RS-ECsg reported by
Mau et al.*

In addition, a high accumulation of pigmented metabo-
lites in GgWG and GfWG was also evident over 5 mg/mL
concentrations. This fact produced a masking effect in the
analysis of RS antioxidant response, which was not previ-
ously reported in similar studies.*>:1415-2?

Reducing power

The RP activity on Fe(Ill) ions indicates the electron
donor capacity exhibited by antioxidant compounds.'® In
Figure 1B, a high RP activity of GgWG and GfWG is
shown, while the RP activity of GsWG was slightly lower,
and reached 100% of RP activity at 20 mg/mL. In fact, the
RP-ECs values obtained in GgWG and GfWG were as low

TABLE 2. DPPH RADICAL SCAVENGING AND FE(III) REDUCING POWER ACTIVITIES IN METHANOLIC EXTRACTS
OBTAINED FROM FLOUR OF WHEAT GRAINS AND FROM WHEAT GRAINS
BIOTRANSFORMED BY GRIFOLA GARGAL, GRIFOLA SORDULENTA, AND GRIFOLA FRONDOSA

DPPH radical scavenging

Fe(Ill) RP

RS-ECso (mg/mL)

RS-EQua (mg/g)

RP-ECsy (mg/mL) RP-EQaa (mg/g)

GgWG 0.56 (0.50-0.62) 1446+ 1.07° 0.55 (0.50-0.60) 31.42+2.33°
GsWG 5.80 (5.45-6.15) 3.02+£0.13¢ 4.20 (3.52-4.88) 8.74+0.38°
GfWG 0.81 (0.72-0.90) 71.73+0.93* 0.64 (0.42-086) 193.67+£2.52%
Wf 57.60 (38.6-76.6) 0.25+0.03¢ 55.00 (42.40-67.60) 0.56+0.07¢

0.30 (0.29-0.31) —
0.18 (0.17-0.19) —
0.15 (0.14-0.16) —

Ascorbic acid
a-tocopherol
BHA

0.64 (0.63-0.65) —
0.66 (0.59-0.73) —
0.56 (0.52-0.60) —

Values are expressed as mean (99% confidence interval) or as mean=standard deviation (n=3). Ascorbic acid (AA), a-tocopherol, and butylhydroxianisole

(BHA) were used as controls.

abedMeans with different letters within columns are significantly different (Tukey, «=0.05).
DPPH, 2,2-diphenyl-1-picrylhydracyl; RP, reducing power; RS, radical scavenging.
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FIG. 2. Linear regression between phenolic content (EQga) and
antioxidant content considered either as RS-EQaa or RP-EQaa. Open
symbols and dashed line are for RS-EQaa determined for DPPH
extinction, filled symbols and solid line are for RP-EQaa obtained in
the analysis of Fe(IIl) reducing power.

as the reference antioxidant compounds: 0.55-0.64 mg/mL
(Table 2). However, RP activity of wheat grains without
SSF barely reached 15% at the higher methanolic extract
concentration, that is, 20 mg/mL. Otherwise, the RP-ECsg
obtained in GsWG (4.20 mg/mL) was comparable to the one
obtained in other mushrooms, considered to have good an-
tioxidant RP activity, like G. frondosa, Agaricus blazei, and
Hericium erinaceus.*'>*! With regard to GfWG, no dif-
ferences were found between methanolic extracts and the
reported antioxidant values of ethanolic or aqueous extracts
(RP-ECsp: 2.0 and 1.1 mg/mL, respectively),5 and the ob-
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served difference between RS and RP in the analyzed ex-
tracts was attributed to the presence of different antioxidant
compounds because of the differences in the polarity prop-
erties of the extractants used.

The RP-ECsy obtained with ascorbic acid was quite
similar to the values reported elsewhere.* SSF of wheat
grains produced a noticeable increase in the antioxidant
activity. RP expressed as RP-EQaa in GfWG, GgWG, and
GsWG was 344, 56, and 16 times higher, respectively, than
the basal activity obtained in Wf (Table 2).

Thus, RS and RP analysis revealed that common wheat
grains can be transformed to a functional food by mushroom
SSF. This alternative source of metabolites can be useful in
the case of mushrooms growing in protected areas and with
rare species difficult to cultivate, as is the case of G. gargal
and G. sordulenta. In addition, flour obtained using these
species has an almond-like flavor and aroma.

Antioxidants present in BWG by Grifola spp.

In fungi, antioxidant activity is generally attributed to the
presence of phenolic compounds rather than to polysac-
charides.>**¢ The phenolic content, expressed in terms of
gallic acid equivalents (EQga), was found to be in the order
GfWG>GgWG>GsWG > WT (Table 1).

The high phenolic content in GfWG (19.60 mg/g) was
comparable to the content reported for aqueous and ethanolic
extracts of BWG (13.35 and 23.01 mg/g, respectively)® and
to phenolic contents found in G. frondosa fruiting bodies
(12.3mg/g).* The phenolic content in GgWG (3.28 mg/g)
was also similar to the content found in fruiting bodies of
G. gargal (3-5mg/g)®° (considering 85% relative humidity).

TABLE 3. THIN LAYER CHROMATOGRAPHY ANALYSIS OF METHANOLIC EXTRACTS

Sample Rf RS activity® 254 2366 Ammonia® Phenol Saccharides
Wf
Polar 0.00-0.20 Low - - - + +
Nonpolar 0.95-1.00 Moderate + + - - +
GgWG
Polar I 0.00-0.20 High + + + + -
Polar II 0.20-0.40 High + + + + -
Polar III 0.40-0.60 Moderate + - + + -
Intermediate polar 0.60-0.80 Low + — + + -
Nonpolar 0.95-1.00 High + + + - -
GsWG
Polar 0.00-0.50 Moderate + - - + -
Intermediate polar 0.60-0.80 Low + + - - +
Nonpolar 0.95-1.00 High + +¢ - + +
GFWG
Polar I 0.00-0.20 High + +° + - -
Polar 11 0.20-0.40 High + + + + -
Intermediate polar 0.60-0.90 Low + + + - -
Nonpolar 0.95-1.00 High + + - + +

Bands with radical scavenging (RS) activity reaction (high, moderate, low) are shown with their characteristics (+, presence;

—, absence) under ultraviolet light

(2254 and Ase6) and under white light irradiation following exposure to ammonia vapors, 1% ferric chloride and 1% potassium ferricyanide (phenols) and to anthrone

sulfuric acid reagent (saccharides).

“DPPH radical extinction observed under white light. Antioxidant activity: high (intense in 30 min); moderate (intense in 16h); and low (faint in 16 h).
®Color darkening observed under white light following ammonia vapor exposure was related to phenolics.
“Bright blue at A3¢6, which increases after ammonia exposure was related to flavonoids.
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In addition, it was reported that 5-10% of the phenolics
present in G. gargal fruiting bodies are flavonoids.’

Despite the low content in mycelia present in BWG
(~0.4%, determined by glucosamine content),'? it is inter-
esting that the phenolic contents of both GfWG and GgWG
were found to be similar to that found in fruiting bodies.

The correlations between phenolic content (EQga) versus
antioxidant content (RS-EQaa and RP-EQax; Fig. 2) show
that phenolics play a marked role in the antioxidant activity
exhibited by these mushrooms.

Table 3 shows the TLC of methanolic extracts from flour
made from wheat grains biotransformed by Grifola spp. The
Wt showed a weak and moderate antioxidant activity, which
appeared in one polar and one nonpolar band, respectively
(Table 3), possibly related to phenolics, tocopherols, and
carotenoids known to be the major DPPH radical scavenger
compounds present in wheat grains.?’-%

The GgWG extract showed one nonpolar and two polar
bands, with high antioxidant activity, with migrating and
staining features of phenolic compounds. The polar and
intermediately polar compounds appeared as a continuum
from the origin to an Rf of 0.80, being the highest antioxi-
dant bands located in the chromatogram position corre-
sponding to the most polar compounds (Rf: 0.00 to 0.40,
Table 3).

In GsWG, a moderately antioxidant polar band and a
highly antioxidant nonpolar band were found. Both of them
show features consistent with phenolics and saccharides.

In the case of GfWG, two polar bands with high antiox-
idant activity exhibited characteristics of phenolic com-
pounds. A similar continuum as was described above for
GgWG extracts was also observed. The third band with a
high antioxidant activity was nonpolar and presented both
phenolic and saccharide characteristics.

This particular analysis also showed the presence and low
activity of antioxidants in Wf in comparison with the high
antioxidant activity and the presence of numerous com-
pound bands found in methanolic extracts of BWG flour
obtained with SSF process and Grifola spp. mycelia.

In conclusion, the three Grifola spp. were able to bio-
transform wheat grains and during this process, a high ac-
cumulation of antioxidant metabolites resulted. This good
antioxidant activity shows the nutraceutical value of BWG
flour and the nutraceutical possibilities of Grifola spp. hy-
droalcoholic extracts, that is, by either adding value to a
food that could be prepared by using the flour obtained with
mushroom BWG, or even to obtain an extract of bioactive
compounds by preparing a hydro-alcoholic liqueur. The
almond flavor and aroma are also interesting features to be
profited from these special wheat/mushrooms flour. This
innovative approach could even be done with other cereal/
medicinal mushroom combinations, thus contributing to the
food industry to provide better and healthier foods.
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