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ABSTRACT

Agaricus sylvaticus mushroom has been widely studied because of its high nutritional value and
medicinal properties. The objective of this study was to evaluate the antioxidant potential of both
alcoholic and aqueous extracts of Agaricus sylvaticus and quantify their total polyphenol content. The
antioxidant activity was performed by the 2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity
and total polyphenol content was assessed by colorimetric method. Observation also noted the great
antioxidant potential of aqueous, alcoholic and ethereal extracts (14.6%, 75.6% and 14.6%, respec-
tively) of the Agaricus sylvaticus mushroom, highlighting the alcoholic extract, which demonstrates the
extraordinary benefits of this mushroom in the diet, since antioxidants prevent premature ageing and
various types of cancer.
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RESUMEN

El champirion brasileiio — la llamada seta del sol Agaricus sylvaticus — ha sido ampliamente estudiada
debido a su alto valor nutritivo y sus propiedades medicinales. EI objetivo de este estudio fue evaluar
el potencial antioxidante de los extractos acuosos, alcohdlicos y etéreos de Agaricus sylvaticus, y
cuantificar su contenido total de polifenoles. La actividad antioxidante fue realizada por la capacidad
atrapadora del radical 2,2-difenil-1-picrilhidracilo, y el contenido total de polifenoles fue evaluado
mediante colorimetria. La observacion también puso de manifiesto el gran potencial antioxidante de
los extractos acuosos, alcohdlicos y etéreos (14.6%, 75.6% y 14.6%, respectivamente) del champiiion
Agaricus sylvaticus, destacando el extracto alcohdlico, lo cual demuestra los extraordinarios bene-
ficios de este hongo comestible en la dieta, ya que los antioxidantes previenen el envejecimiento

prematuro asi como diversos tipos de cancer.
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INTRODUCTION
Appropriate nutrition is essential to maintaining health, con-
tributing to risk reduction of disease and also the restoration
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of homeostasis in cases of illness. Through nutrition, it is
possible to promote recovery, rehabilitation, detoxification
and repair of cells, providing greater vitality to organs and
tissues (1).

For more than two thousand years, natural products
have been used empirically in the treatment of various
diseases such as cancer. Mushrooms are fungi known from
ancient times when man used them as a food of high nutri-
tional and therapeutic value (2). Mushrooms have high gene-
tic diversity that represents a source of protein essential to
human health (1).
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Despite the great biodiversity of fungi existing in
Brazil and the great potential still to be explored, there are
few data related to their antioxidant activity (3). That activity
is very important because antioxidants have the ability to
sequester free radicals harmful to human health (4).

Antioxidants are able to slow down oxidation rate,
inhibiting free radicals and preventing the onset of diseases,
thus contributing to greater longevity; making essential the
balance between free radicals and the antioxidant defence
system (5). Among the various classes of naturally occurring
antioxidants, phenolic compounds have received much atten-
tion in recent years, especially by inhibiting in vitro lipid
peroxidation and lipooxygenase (6).

As the human antioxidant defence system is not
complete without dietary antioxidants (7), the main way of
getting antioxidants in the body is the ingestion of com-
pounds with this activity. The main dietary antioxidants are
some vitamins, carotenoids and phenolic compounds (8).

The A sylvaticus mushroom has nutritional, anti-
mutagenic, antitumour, antiviral, antithrombotic, hypo-
cholesterolaemic, hypolipidaemic properties and antioxidant
activities that are related to the presence of esters, oleic and
linoleic acid, proteins, enzymes, vitamins and polysac-
charides (9, 10).

Study of the characteristics and effects of the medicinal
A sylvaticus mushroom is relevant in the context of public
health, given that the population has used it as a nutritional
supplement, either in dry form, capsules or as tea (11). It is
suggested that dietary supplementation with A sylvaticus
fungus is able to promote beneficial effects on energy
metabolism, blood pressure, biochemical parameters and
enzyme activities (12), and improve the quality of life of
patients with colorectal cancer in the postsurgical phase (13).
Based on the numerous benefits provided by this mushroom,
the objective of this study was to evaluate the antioxidant
potential and the amount of total polyphenols in ethereal,
alcoholic and aqueous extracts obtained from it.

METHODS
A sample of the dehydrated 4 sylvaticus mushroom was
obtained from a producer in Minas Gerais state. The sample
remained stored at room temperature until the time of
analysis. First, the mushroom was processed in a Willey mill
type, Model TE-648 (Tecnal, Piracicaba, Brazil) in order to
obtain higher extraction of its components. All the analyses
were performed at the Laboratory of Food Biochemistry,
Pharmacy School, Universidade Federal de Goias (UFG).
The antioxidant potential of 4 sylvaticus mushroom
was determined following the methodology used by Borguini
(14). The entire experiment was conducted using aluminium
foil to reduce any possibility of interference of light in the
sample. The ether, alcoholic and aqueous extracts of the
mushroom were obtained. First, the ether extract was from
the initial dilution of 2.5 g mushroom ground in 50 mL of
ethyl ether. From the non-filtered residue and therefore not

ether-soluble, the alcoholic extract was obtained with the
addition of ethanol at a ratio of 1:20 (residue weight:volume
of alcohol). Finally, the aqueous extract was obtained from
the addition of water to the non-filtered residue from the
previous step, also adding distilled water at a ratio of 1:20
(residue weight:water volume).

In the experiment, butylated hydroxytoluene (BHT)
was used as standard antioxidant and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) as oxidant. The antioxidant activity
of mushroom extracts was determined by DPPH described by
Brand-Williams ef al (15). The DPPH is a stable free radical
that accepts an electron or hydrogen radical to become a
stable diamagnetic molecule and, in this way, is reduced in
the presence of an antioxidant.

To evaluate the antioxidant activity, the extracts were
reacted with the stable DPPH radical in ethanol solution.
According to Neves et al (16), in radical form, DPPH has a
characteristic absorption at 517 nm, which disappears after
reduction by hydrogen pulled from an antioxidant compound.
The reduction of DPPH radical was measured by reading
absorbance at 517 nm in a spectrophotometer, model SP-220,
(Biospectro, Brazil) at intervals of 0, 1, 2, 3, 4, 5, 10, 15 and
20 minutes of reaction. The values observed in the spectro-
photometer were converted to a percentage scale, where 0%
indicates no inhibition by the production of free radicals and
100% indicates complete inhibition of them.

The antioxidant activity was expressed according to
Equation 1, described below (17, 18):

AA% =100 - {[(AbS sample —Abs blank) X 100]/AbS control} (1)

The concentration of total polyphenols was determined
by the colorimetric method (15), using the Folin-Ciocalteu,
which is based on the reduction of phosphomolybdic and
phosphotungstic acids in alkaline solution. The blue colour
produced by reduction of the Folin-Ciocalteu phenol is
measured spectrophotometrically at a wavelength of 765 nm.
For quantification of total polyphenols of the sample, a
standard curve of gallic acid solution at concentrations of
0.01 mg/mL to 0.06 mg/mL was used. A correlation coef-
ficient (R2), resulting R? = 0.99775 to the level significance
of 5% was calculated. The result was expressed as milli-
grams of gallic acid equivalents per gram of extract (mg/g).

The analysis of total polyphenols was performed in
triplicate, from the use of ether extracts, alcoholic and
aqueous sample, the same concentration used for the standard
solution of gallic acid previously reported. The readings were
taken in a spectrophotometer, model SP-220 (Biospectro,
Brazil) to 750 nm.

RESULTS

The aqueous, ethanolic and ethereal extracts of 4 sylvaticus
mushroom showed the DPPH inhibition percentage of
14.6%, 75.6% and 14.6%, respectively. The value obtained
for the synthetic antioxidant (BHT), used in this study for
comparison, was 80.06%.
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The antioxidant effect of aqueous, ethanol and ether of
the mushroom 4 sylvaticus is shown in the Figure by the
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Figure: Antioxidant potential of ethereal, alcoholic and aqueous extracts of

the A sylvaticus mushroom.

*The antioxidant potential of the 4 sylvaticus mushroom was observed from
spectrophotometric analysis of three extracts from the sample, and its action
was compared with the standard synthetic antioxidant, BHT, using DPPH as
the oxidant.

decrease of absorbance observed at 0, 1, 2, 3,4, 5, 10, 15 and
20 minutes. The mean percentage of total polyphenol ex-
tracts, ethereal and ecthanolic mushroom A4 sylvaticus are
shown in the Table. Regarding the antioxidant activity,

Table: Amount of polyphenol extracts of ethereal, alcoholic and aqueous

extracts of 4 Sylvaticus mushroom

Polyphenols (%) Ethereal extract Ethanolic extract Aqueous extract

4.11 £ 1.40 9.42 £2.45 0.98 £0.31

*The Folin-Ciocalteou reagent was used in a spectrophotometer at 750 nm.
** We calculated the mean and standard deviation of the results obtained
for each extract analysed.

results showed that the alcoholic extract of the 4 sylvaticus
mushroom has great antioxidant potential (75.6%), suggest-
ing that most antioxidant compounds present in this mush-
room can be more easily diluted in alcohol. As for the
aqueous and ethereal fractions, they showed reduced
antioxidant potential (14.6% each), when compared to the
alcoholic fraction, since they had less ability in kidnapping
the DPPH radical after 20 minutes of reaction.

DISCUSSION

Lately, the interest in the study of phenolic compounds has
increased greatly, mainly due to the ability of these anti-
oxidant substances in kidnapping free radicals, which are
harmful to human health (4).

Comparing the results of this study to the results re-
ported by Percério et al (19) for the mushroom in liquid
suspension (50%), the aqueous fraction of this study obtained
reduced antioxidant potential (14.6%), which can be ex-
plained by the fact that the antioxidant components had

already been extracted by ether and by alcohol before the
analysis of the antioxidant in aqueous extract.

The biological properties of phenolic compounds are
related to the antioxidant activity each phenol exerts on a
given medium. The activity of antioxidants, in turn, depends
on their chemical structure and it can be determined by the
action of the molecule as a reducing agent, represented by the
rate of inactivation of free radical reactivity with other
antioxidants and metal chelation potential (20).

Epidemiological studies revealed correlation between
the increased consumption of phenolic compounds with anti-
oxidant activity (21) and reduced risk of cardiovascular
disease as well as certain types of cancer (20). Phenolic
compounds appear to be the main components responsible
for antioxidant activity of extracts from mushrooms (22).
According to Tsai et al (23), the genus Agaricus mushrooms
may have antioxidant properties associated with its high
concentration of tocopherols.

Polyphenols make a heterogeneous group, composed
of several classes of substances with antioxidant capacity,
among which phenolic acids and flavonoids stand out. The
antioxidant activity of polyphenols is mainly due to its
reducing properties, whose intensity of antioxidant activity
exhibited by these phytochemicals is notably different since
it fundamentally depends on the number and position of
hydroxyl groups present in the molecule (24).

In this study, it was noticed that the alcoholic extract
concentrates the biggest amount of polyphenols (9.42 mg/
100 g), followed by the ethereal extract (4.11 mg/100 g), and
aqueous extract (0.98 mg/100 g). The use of ethanol made
possible the extraction of a higher content of polyphenols, as
the alcoholic extract of the sample 4 sylvaticus mushroom
exhibited higher total phenolic content when compared to the
aqueous and ethereal, which have lower levels of these
constituents.

The significant antioxidant capacity, but the low total
polyphenol extracts in ether, alcoholic and aqueous extracts
indicate that antioxidants other than polyphenols are the
bioactive compounds of the 4 sylvaticus mushroom.

Aiming at evaluating the antioxidant capacity of the 4
sylvaticus mushroom in different forms of preparation (liquid
suspension, fresh, dry and tablets), Percario et al (19) evalu-
ated the ability of samples to inhibit in vitro the formation of
free radicals by 2,2’-azino-bis (3-ethylbenzothiazoline-6-sul-
fonic acid) [ABTS] over a period of 90 seconds, resulting in
decreased absorbance at 600 nm. The authors observed
excellent antioxidant activity (%) in all forms of preparation
of A sylvaticus at concentrations of 1 mg sample. It must be
emphasized that the temperatures used in the preparation of
the samples were 60 °C for the dried mushroom and liquid
suspension, since high temperatures can inactivate most
molecules with antioxidant properties. According to the
authors, these molecules are easily degraded when exposed
to industrial processes, which makes their antioxidant
capacity reduced. According to Barros et al (25), the cooking
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processes are responsible for the reduction of nutrients with
antioxidant capabilities in several mushrooms analysed in
Portugal.

Percario et al (19) researched different molecules with
antioxidant capacity in 4 sylvaticus, and found results of 72
mg/g for B-glucan in the liquid suspension and 14.1 mg/g in
tablet form. For flavonoids, values of 0.88 mg/g were found
in liquid suspension and 0.63 mg/g in tablet form. For total
phenols, values of 0.1 mg/g were found in the liquid sus-
pension and 3.4 mg/g for tablets. The authors suggested that
the antioxidant activity of mushroom A4 sylvaticus is by virtue
of the number of molecules present, not for a specific
component.

In a study performed by Silva et a/ (3), the antioxidant
potential of different extracts of the mushroom Agaricus
blazei was evaluated by the DPPH method. The authors also
observed a higher antioxidant activity (28.9%) in methanol:
aqueous extract (1:1), with extraction time of six hours. In
results presented in the present work for 4 sylvaticus, the best
antioxidant activity was observed in the alcoholic fraction
(75.6%), which shows that components with antioxidant
properties of this mushroom are more easily soluble in
alcohol.

It was observed that some authors used the mushroom
extracts under analysis as ingredients of some foods in order
to find out the antioxidant effect in the processed product.
Silva et al (3) added the methanol:aqueous extract (1:1) to
soybean oil and obtained good results, since it showed a
protective effect (20.4 hours of oxidative stability) and the
activity of the extract of A4 blazei was more efficient than the
synthetic antioxidant BHT (100 mg/kg) and less efficient
than tert-Butylhydroquinone [TBHQ] (50 mg/kg).

Silva et al (3), evaluating the mushroom A4 blazei, had
a concentration of 15 mg/g of total phenolic compounds in
methanol:aqueous extract (1:1). The content of total pheno-
lic compounds exhibited by the 4 blazei was also assessed by
Tsai et al (23), who obtained 5.67 mg/g of phenolic com-
pounds in the aqueous extract of this mushroom. In this
study, the values of total polyphenols were lower. The
alcoholic extract of the mushroom A sylvaticus had 9.42
mg/100g of phenolic compounds. The ethereal and aqueous
extracts showed 4.11 mg/100g and 0.98 mg/100g,
respectively.

In a study conducted by Cruz et al (2), the authors
found positive results in tests for pharmacognostic tannins,
flavonoid glycosides and essential oils, indicating the
antioxidant capacity of 4 sylvaticus.

Chemical studies have revealed that the high con-
centration of nutrients and active ingredients in mushrooms
is directly related to the type of lineage used, which requires
specific conditions or several factors, such as: i) nutritional
factors (substances essential for development: carbon,
nitrogen, vitamins and minerals); ii) abiotic factors (moisture
content of compost and cover, temperature, light, oxygen,
chemicals in the air, CO,); iii) biotic (virus, bacteria,

actinomycetes, fungi, nematodes, insects, mites and genetic);
iv) genetic factors (natural or artificial); and v) factors of
processing [harvest, drying/dehydration and storage] (26).

According to Neves et al (16), the market demand for
functional foods has grown considerably; the consumer
expects to reduce spending on various diseases that affect the
population. During the last decade of the twentieth century,
consumers in western countries have shown great interest in
functional foods, including in this category all food products
or ingredients, whether conventional or not, capable of
providing health benefits. Among the benefits of eating A
sylvaticus mushroom are the nutritional and antioxidant
properties (10), which is why this is considered an excellent
functional food.

The relevance of 4 sylvaticus research in Brazil, as a
developing country, is to increase this medicinal mushroom
production and processing. The results show that 4 sylva-
ticus fungus has a great antioxidant potential that can prove
that this mushroom can be used as a functional food, being a
supporting actor for combating cancer. This way, Brazil pro-
ducers can expand the therapeutics mushrooms’ market,
leading to benefits to many parts of the world.

CONCLUSIONS

Through the results obtained in this work, we can conclude
that the 4 sylvaticus mushroom is an excellent source of
antioxidants. Its great antioxidant potential was observed,
particularly in alcoholic extract when compared to concen-
trations obtained in aqueous and ethereal extracts. This de-
monstrates the extraordinary benefits of this mushroom as
preventive medicine, inasmuch as antioxidants fight free
radicals produced in various metabolic situations mainly as a
consequence of countless diseases.
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