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Abstract

The phenolic compounds and the organic acids composition of the edible beefsteak fungus Fistulina hepatica was determined by
HPLC/DAD and HPLC/UV, respectively. The results showed a profile composed by five phenolic compounds (caffeic, p-coumaric
and ellagic acids, hyperoside and quercetin) and six organic acids (oxalic, aconitic, citric, malic, ascorbic and fumaric acids). The quan-
tification of the identified compounds revealed that ellagic acid (ca. 49.7%) and malic acid (ca. 57.9%) are the main compounds in this
species. In a general way the phenolic profile revealed to be more constant than the organic acids one and could be more useful for the
quality control of the species. Beefsteak fungus was also investigated for its capacity to act as a scavenger of DPPH� radical and reactive
oxygen species (superoxide radical, hydroxyl radical and hypochlorous acid). Good results were obtained against DPPH in a concentra-
tion-dependent manner. Beefsteak fungus also displayed good activity against superoxide radical, achieved by its capacity to act as both
scavenger and xanthine oxidase inhibitor. A prooxidant effect was noticed for hydroxyl radical, which may be due to its capacity for iron
ions reduction. Little ability for iron chelation was also observed. Beefsteak fungus showed a weak protective effect against hypochlorous
acid.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Fistulina hepatica mushroom, commonly known as beef-
steak fungus, usually is a saprobic and sometimes a
parasitic fungus that lives on the wood of hardwoods
(especially oaks and chestnut), growing alone or in small
groups near the bases of trees and on stumps, during Sum-
mer and Autumn. Its fruit body is annual, bracket-like to
tongue-shaped, laterally attached. The cap diameter ranges
7–20 · 10–20 cm and 2–5 cm thick. The upper surface is
rough, salmon or orange-red to vinaceous red or rusty
brown, often slimy–viscid, occasionally with moisture drip-
ping from the margin. The tubes measure 5–10 mm long
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and are whitish cream. The pores are circular, whitish to
yellowish, often with guttation drops. Its flesh is juicy, soft,
white-yellow to orange-red or wine red. It has a pleasant
smell and the taste is somewhat sour or acidic (Keizer,
1998). As the common name suggests, beefsteak fungus is
remarkably similar in appearance to raw meat. In the past,
it was often cooked and eaten as a substitute for meat. It is
sold in several markets and can be eaten raw in salad or
with a sauce of parsley and garlic.

Despite its high consumption, there is little information
about beefsteak fungus nutritional value. Previous works
with this species concerned its antibiotic activity (Bianco
Coletto, 1981), the characterization of acetylenic com-
pounds (Tsuge et al., 1999; Barley et al., 1987; Farrell
et al., 1973), the determination of major volatile com-
pounds (Wu et al., 2005), chlorogenic acid (Paris et al.,
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1960), amino acids (Casalicchio et al., 1975) and arabitol
(Frerejacque, 1939) and of polysaccharides biological
activity (Nano et al., 2002).

Phenolic compounds and organic acids are known to
influence the organoleptic properties of food matrices,
namely fruits and vegetables (Vaughan and Geissler,
1997) and have also been used for their quality control
(Valentão et al., 1999, 2005a,b). Additionally, these com-
pounds may be involved in the protection against various
diseases, due to their antioxidant potential (Silva et al.,
2004). In fact, there is an increasing amount of evidence
showing that the consumption of fruits and vegetables is
beneficial to health, due to the protection provided by the
antioxidant phytonutrients contained in them (Pulido
et al., 2000). Antioxidants are of great interest because they
may help to protect the organism against reactive oxygen
species (ROS). The oxidation induced by ROS can result
in cell membrane disintegration, membrane protein dam-
age and DNA mutation, which can further initiate or
propagate the development of many diseases, such as can-
cer, liver injury and cardiovascular disease (Liao and Yin,
2000). So, nowadays consumers are aware of the need for a
constant supply of phytochemicals to get the most com-
plete antioxidant support for disease prevention, through
overlapping or complementary effects (Chu et al., 2002).
As far as we know, in what concerns the existence of phe-
nolic compounds, only the identification of chlorogenic
acid by paper chromatography has been referred (Paris
et al., 1960) and nothing has been reported about organic
acids composition or about the antioxidant capacity of
the beefsteak fungus.

Because of its weather conditions and flora diversity
Trás-os-Montes (northeast of Portugal) is one of the Euro-
pean regions with the biggest mycological patrimony of
wild-mushrooms of considerable gastronomic relevance.
Beyond the gastronomic importance, wild-mushrooms also
have a great economical value in this region and its harvest
constitutes a way of subsistence for the local residents.

Thus, the aim of the present work was to study the
chemical composition of F. hepatica mushrooms collected
in Trás-os-Montes region, relatively to phenolic com-
pounds and organic acids, and to evaluate its antioxidant
potential. In order to define the phenolics and organic acids
profiles, we carried out an HPLC/diode array (HPLC/
DAD) and HPLC/UV analysis, respectively. The antioxi-
dant activity was accessed by DPPH radical and reactive
oxygen species (superoxide radical, hydroxyl radical and
hypochlorous acid) scavenging assays.
2. Materials and methods

2.1. Standards and reagents

Oxalic, citric, malic, shikimic and fumaric acids were purchased from
Sigma (St. Louis, MO, USA). Aconitic, caffeic, p-coumaric and ellagic
acids, hyperoside and quercetin were from Extrasynthése (Genay, France).
Methanol, formic and ascorbic acids were obtained from Merck
(Darmstadt, Germany) and sulphuric acid from Pronalab (Lisboa, Por-
tugal). The water was treated in a Milli-Q water purification system
(Millipore, Bedford, MA, USA). DPPH, xanthine, xanthine oxidase (XO)
grade I from buttermilk (EC 1.1.3.22), b-nicotinamide adenine dinucleo-
tide (NADH), phenazine methosulfate (PMS), nitroblue tetrazolium
chloride (NBT), ferric chloride anhydrous (FeCl3), ethylenediaminetetra-
acetic acid disodium salt (EDTA), trichloroacetic acid, thiobarbituric acid,
deoxyribose, sodium hypochlorite solution with 4% available chlorine
(NaOCl), 5,5 0-dithiobis(2-nitrobenzoic acid) (DTNB) were obtained from
Sigma Chemical Co. (St. Louis, USA).

2.2. Samples

Samples of F. hepatica were collected at different plots from the same
chestnut orchard (Castanea sativa Mill.) in Bragança region (Trás-os-
Montes, Portugal), in 2004 . Samples 1 and 3 were collected in September
at plots 2 and 4, respectively. Sample 2 was collected in October at plot 3
of the same orchard. Each sample represents a mixture of three individual
mushrooms.

After harvesting, the mushrooms were immediately transferred to the
laboratory and dried at 30 �C for seven days, until constant weight.
Taxonomic identification was made according to several authors (Bas
et al., 1990–2001; Bon, 1988; Courtecuisse and Duhem, 1995; Courte-
cuisse, 1999; Marchand, 1971–1986; Moser, 1983) and representative
voucher specimens were deposited at the herbarium of ‘‘Escola Superior
Agrária of Instituto Politécnico de Bragança’’.

2.3. Extraction of phenolics and organic acids

For the chemical characterization and antioxidant activity assays an
aqueous extract was prepared: 10 g of powdered mushroom (910 lm) were
boiled for 30 min in 500 mL of water and then filtered over a Büchner
funnel. The resulting extract was lyophilized in a Labconco 4.5 Freezone
apparatus (Kansas City, MO, USA). The lyophilized extracts were kept in
an exsicator, in the dark. For phenolic compounds and organic acids
analysis the lyophilized extract was redissolved in water and in sulphuric
acid 0.01 N, respectively. Sample 3 was used to check the antioxidant
capacity of beefsteak fungus.

2.4. HPLC analysis of organic acids

The separation of the organic acids was carried out as previously
reported (Ferreres et al., 2005), in a system consisting of an analytical
HPLC unit (Gilson) in conjunction with a column heating device set at
30 �C, with an ion exclusion column, Nucleogel� Ion 300 OA
(300 · 7.7 mm). Briefly, elution was carried out isocratically with sulphuric
acid 0.01 N, at a solvent flow rate of 0.2 mL min�1. The detection was
performed with an UV detector set at 214 nm.

Organic acids quantification was achieved by the absorbance recorded
in the chromatograms relative to external standards, and the peaks in the
chromatograms were integrated using a default baseline construction
technique.

2.5. HPLC analysis of phenolics

The extracts were analysed using an analytical HPLC unit (Gilson),
with a Spherisorb ODS2 (25.0 · 0.46 cm; 5 lm, particle size) column
(Valentão et al., 2005a). The solvent system used was a mixture of water–
formic acid (19:1) (A) and methanol (B). Elution was performed at a flow
rate of 0.9 mL/min and the gradient was as follows: 5%B at 0 min, 15%B
at 3 min, 25%B at 13 min, 30%B at 25 min, 35%B at 35 min, 45%B at
39 min, 45%B at 42 min, 50%B at 44 min, 55%B at 47 min, 70%B at
50 min, 75%B at 56 min, and 80%B at 60 min. Detection was achieved
with a Gilson diode array detector. The compounds in each sample were
identified by comparing their retention times and UV–vis spectra in the
200–400 nm range with the library of spectra previously compiled by the
authors. Peak purity was checked by means of the Gilson 160 Spectra-
Viewer Software Contrast Facilities.
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Phenolic compounds quantification was achieved by the absorbance
recorded in the chromatograms relative to external standards, at 250 nm
for ellagic acid, at 320 nm for caffeic and p-coumaric acids and at 350 nm
for hyperoside and quercetin. The peaks in the chromatograms were
integrated using a default baseline construction technique.

2.6. DPPH� scavenging activity

The antiradical activity of the extracts was determined spectrophoto-
metrically in an ELX808 IU Ultra Microplate Reader (Bio-Tek Instru-
ments, Inc), by monitoring the disappearance of DPPH� at 515 nm,
according to a described procedure (Silva et al., 2004). The reaction
mixtures in each well consisted of 25 ll aqueous extract and 200 ll of
150 mM DPPH. The plate was incubated for 40 min at room temperature
after addition of DPPH. Three experiments were performed in triplicate.

2.7. Evaluation of superoxide radical scavenging activity

Antiradical activity was determined spectrophotometrically in an
ELX808 IU Ultra Microplate Reader (Bio-Tek Instruments, Inc.) in a
kinetic function, by monitoring the effect of the lyophilized extract on the
superoxide radical-induced reduction of NBT, at 562 nm.

2.7.1. Non-enzymatic assay

Superoxide radicals were generated by the NADH/PMS system
according to a described procedure (Valentão et al., 2001). PMS is reduced
by NADH and superoxide radical is formed after reaction with oxygen:

NADHþHþ þ PMS! NADþ þ PMSH2

PMSH2 þ 2O2 ! PMSþ 2O��2 þ 2Hþ

The reaction mixtures in the sample wells consisted of NADH (166 lM),
NBT (43 lM), lyophilized extract and PMS (2.7 lM), in a final volume of
300 ll. All components were dissolved in phosphate buffer (19 mM, pH
7.4). The assays were performed at room temperature during 2 min and
started with the addition of PMS. Three experiments were performed in
triplicate.
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2.7.2. Enzymatic assay

Superoxide radicals were generated by the xanthine/xanthine oxidase
(X/XO) system following a described procedure (Valentão et al., 2001).
Xanthine oxidase catalyzes the oxidation of xanthine to uric acid, with
superoxide radical formation:
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The reaction mixtures in the sample wells consisted of xanthine
(44 lM), XO (0.29 U/ml), NBT (50 lM), and lyophilized extract, in a final
volume of 300 ll. Xanthine was dissolved in NaOH (1 lM) and subse-
quently in phosphate buffer 50 mM with EDTA (0.1 mM, pH 7.8), xan-
thine oxidase in EDTA 0.1 mM and the other components in phosphate
buffer 50 mM with EDTA (0.1 mM, pH 7.8). The assays were performed
at room temperature during 2 min and started with the addition of XO.
Three experiments were performed in triplicate.

2.7.3. Effect on xanthine oxidase activity

The effect of the lyophilized extract on xanthine oxidase activity was
evaluated by measuring the formation of uric acid from xanthine in a
double beam spectrophotometer (Hekios a, Unicam), at room tempera-
ture, according to a described procedure (Valentão et al., 2001). The
reaction mixtures contained the same proportion of components as in the
enzymatic assay for superoxide radical scavenging activity, except NBT, in
a final volume of 600 ll. The absorbance was measured at 295 nm for
2 min and started with the addition of xanthine oxidase. Three experi-
ments were performed in triplicate.

2.8. Hydroxyl radical assay

The deoxyribose method for determining the scavenging effect of the
aqueous extract on hydroxyl radicals was performed as described before
(Valentão et al., 2002) in a double beam spectrophotometer (Hekios a,
Unicam), programmed in photometric function, with the wavelength fixed
at 532 nm.

Hydroxyl radical is generated in a Fenton system, according to:

Fe2þ–EDTA + H2O2!Fe3þ–EDTA + OH� + HO�

Ascorbic acid accelerates hydroxyl radical formation by reducing Fe3+

ions to Fe2+:

Fe3þ–EDTA + ascorbic acid!Fe2þ–EDTA + dehydro-ascorbic acid

Hydroxyl radical is detected by its ability to degrade deoxyribose into
fragments. The heating of the mixture under acid conditions leads to the
formation malonaldehyde. This is detected by its reaction with thiobar-
bituric acid, with the formation a pink chromogen:
Reaction mixtures contained, in a final volume of 1 ml, 50 lM ascorbic
acid, 40 lM FeCl3, 2 mM EDTA, 2.8 mM H2O2, 2.8 mM deoxyribose,
lyophilized extract and 10 mM KH2PO4–KOH buffer (pH 7.4) as solvent.
This assay was also performed either in the absence of ascorbic acid or
EDTA, in order to evaluate the extract’s prooxidant ability and its metal
chelation potential, respectively. Three experiments were performed in
triplicate.
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2.9. Hypochlorous acid scavenging activity

The inhibition of hypochlorous acid-induced 5-thio-2-nitrobenzoic
acid (TNB) oxidation to 5,5 0-dithiobis(2-nitrobenzoic acid) was performed
according to a described procedure (Valentão et al., 2002), in a double
beam spectrophotometer (Hekios a, Unicam).

For the assay, 75 lM HOCl was prepared immediately before use by
adjusting a solution of NaOCl to pH 6.2 with diluted sulfuric acid. The
concentration of HOCl was further determined spectrophotometrically at
235 nm using the molar absorption coefficient of 100 M�1 cm�1.

TNB was also prepared immediately before use. Briefly, to a 1 mM
solution of DTNB in a 50 mM potassium phosphate buffer (pH 6.6)
containing 5 mM EDTA, 20 mM, sodium borohydride was added. The
solution was incubated at 37 �C for 30 min. The concentration of TNB
was determined by measuring the absorbance at 412 nm and using the
molar absorption coefficient of 13,600 M�1 cm�1.

The assay was performed at room temperature in a cuvette containing
78.6 lM TNB, with or without the lyophilized extract. The absorbance was
measured at 412 nm, before and 5 min after the addition of HOCl (60 lM).
Scavenging of hypochlorous acid was ascertained by using lipoic acid as a
reference scavenger. Three experiments were performed in triplicate.
0.00

0.10

A
U

0 20
M

1

2

0.00

0.50

AU

0 20
M

1
2

a

b

Fig. 1. HPLC phenolic profile of Fistulina hepatica. Detection at (a) 250 and
acid and (5) quercetin.
3. Results and discussion

The high consumption of edible wild-growing mush-
rooms demands a better knowledge of their chemical
composition and biological potential. So, this work was
developed in order to identify and quantify the phenolic
compounds and organic acids of the beefsteak fungus (F.

hepatica) and to evaluate its antioxidant capacity.
3.1. Phenolic compounds

Data from phenolic compounds in edible mushrooms is
scarce. The analysis by HPLC/DAD of the aqueous extract
of beefsteak fungus revealed the existence of several pheno-
lic acids and flavonoids: caffeic acid, p-coumaric acid,
hyperoside, ellagic acid and quercetin (Fig. 1). All these
compounds are reported for the first time in F. hepatica.
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(b) 320 nm: (1) caffeic acid; (2) p-coumaric acid; (3) hyperoside; (4) ellagic



B. Ribeiro et al. / Food and Chemical Toxicology 45 (2007) 1805–1813 1809
Caffeic and p-coumaric acids were described before in other
mushroom species (Valentão et al., 2005a; Matilla et al.,
2001). Chlorogenic acid, which was previously reported
to occur in this species (Paris et al., 1960), was not found
in the analysed samples.

Data from the quantification of the identified com-
pounds showed that the phenolics amounts in beefsteak
fungus ranged from ca. 367 to 549 mg/kg (Table 1). The
phenolic profile obtained revealed that ellagic acid was
the main compound, representing ca. 49.7% of total identi-
fied compounds. Caffeic and p-coumaric acids were present
in similar relative contents, corresponding to ca. 24.0% and
26.7% of total phenolics. Hyperoside and quercetin were
detected only in trace amounts in the lyophilized extracts
(Table 1).

When comparing these results with those obtained for
Cantharellus cibarius (Valentão et al., 2005a), another edi-
Table 1
Phenolic compounds content in Fistulina hepatica samples (mg/kg, dry
basis)a

Compound Samples

1 2 3

Mean SD Mean SD Mean SD

Caffeic acid (RT 17.3 min) 101.0 0.9 99.0 1.8 139.7 2.1
p-Coumaric acid (RT 24.6 min) 94.8 2.0 162.3 3.6 124.5 4.3
Hyperoside (RT 41.0 min) nq nq nq
Ellagic acid (RT 44.5 min) 171.1 4.1 257.8 3.3 284.6 0.0
Quercetin (RT 51.1 min) nq nq nqP

366.9 519.0 548.8

nq: not quantified.
a Results are expressed as mean of three determinations. SD: standard

deviation;
P

: sum of the determined phenolic compounds.
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Fig. 2. HPLC organic acid profile of Fistulina hepatica. Detection at 214 nm:
malic acid; (5) ascorbic acid and (6) fumaric acid.
ble species highly appreciated in Europe, it can be seen that
beefsteak fungus exhibit a higher phenolics content. From
the comparison with Agaricus bisporus and Lentinus edodes

(Matilla et al., 2001), it can be noticed that caffeic acid con-
tent is higher in beefsteak fungus.
3.2. Organic acids

The HPLC/UV analysis allowed the identification of six
organic acids in beefsteak fungus: oxalic, aconitic, citric,
malic, ascorbic and fumaric acids (Fig. 2). These com-
pounds are reported for the first time in F. hepatica. All
of them have already been described in other edible wild-
mushrooms species (Valentão et al., 2005a,b), with the
exception of aconitic acid.

The quantification of the identified compounds revealed
that beefsteak fungus exhibits high organic acids content,
in which malic acid is the main compound, representing
ca. 57.9% of total acids (Table 2). Malic acid was already
the main organic acid in other studied wild-mushrooms
species (Valentão et al., 2005a,b). Some differences were
noticed in the relative contents of citric and ascorbic acid:
in samples 2 and 3 citric acid corresponded to 7.9% of total
acids, while in sample 1 it represented ca. 20.0% of total
compounds. On the other hand, sample 2 showed the high-
est ascorbic acid relative amount (ca. 34.5% of total acids),
which corresponded to ca. 12.1 and 19.8% in samples 1 and
3, respectively (Table 2). Thus, it seems that the organic
acids profile is less constant than the phenolic compounds
one. Oxalic and aconitic acids were the compounds present
in lowest amounts (Table 2). In a general way, and despite
the different plots of origin, the results obtained suggest
that samples collected in September (samples 1 and 3)
 40.00  50.00  60.00 70.0

6

(MP) mobile phase; (1) oxalic acid; (2) cis-aconitic acid; (3) citric acid; (4)



Table 2
Organic acids content in Fistulina hepatica samples (mg/kg, dry basis)a

Compound Samples

1 2 3

Mean SD Mean SD Mean SD

Oxalic acid (RT 19.3 min) nq 4.52 0.24 77.2 0.02
cis-Aconitic acid (RT 23.8 min) nq 6.71 0.31 80.2 9.14
Citric acid (RT 28.0 min) 2.68 · 103 369 32.8 8.22 1.04 · 103 79.3
Malic acid (RT 33.9 min) 8.37 · 103 1.12 · 103 177 5.40 9.35 · 103 1.25 · 103

Ascorbic acid (RT 35.5 min) 1.63 · 103 462 135 6.71 2.80 · 103 75.9
Fumaric acid (RT 57.2 min) 740 39.5 34.7 0.73 881 25.5P

13.4 · 103 391 14.2 · 103

nq: not quantified.
a Results are expressed as mean of three determinations. SD: standard deviation;

P
: sum of the determined organic acids.

100
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exhibit higher organic acids contents than that one col-
lected in October (sample 2) (ca. 13,790 and 391 mg/kg,
respectively).
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Fig. 4. Effect of the mushroom Fistulina hepatica on NBT reduction
induced by superoxide radical generated in an X/XO system, on XO
activity and on NBT reduction induced by superoxide radical generated in
a NADH/PMS system. Values show mean ± SE from 3 experiments
performed in triplicate.
3.3. Antioxidant activity

ROS produced in vivo include superoxide radical, hydro-
gen peroxide and hypochlorous acid. Hydrogen peroxide
and superoxide can interact in the presence of certain tran-
sition metal ions to yield a highly-reactive oxidizing species,
the hydroxyl radical (Aruoma et al., 1989). The DPPH�

assay provides basic information on the antiradical activity
of extracts. In the present work the lyophilised aqueous
extract of beefsteak fungus displayed an effective antioxi-
dant capacity, in a concentration-dependent manner, with
an IC25 at 136 lg mL�1 (Fig. 3).

Superoxide radical scavenging activity was determined
spectrophotometrically by monitoring the effect of beef-
steak fungus lyophilized extract on the reduction of NBT
to the blue chromogen formazan. Beefsteak fungus lyoph-
ilized extract revealed to be a potent scavenger of superox-
ide radical generated in the X/XO system, and the effect
was concentration-dependent (IC50 at 114 lg mL�1)
(Fig. 4). Taking into account that an inhibitory effect on
the enzyme itself would also lead to a decrease in NBT
reduction (Valentão et al., 2001), the effect of the lyophi-
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Fig. 3. Effect of the mushroom Fistulina hepatica on DPPH reduction.
Values show mean ± SE from 3 experiments performed in triplicate.
lised extract on the metabolic conversion of xanthine to
uric acid was studied. The results demonstrate that the beef-
steak fungus exerted some inhibitory effect on XO, which
was concentration dependent (IC50 at 1444 lg mL�1)
(Fig. 4). Therefore, it was not possible to show a clear-
cut scavenging effect on superoxide radical. The capacity
of the lyophilized extract to strongly scavenge superoxide
radicals in a concentration-dependent way was confirmed
when this radical was generated by a chemical system, com-
posed by PMS and NADH, and an IC50 at 105 lg mL�1

was found (Fig. 4). So, beefsteak fungus lyophilized
extract exhibits antioxidant activity, achieved by its capac-
ity to act as both superoxide radical scavenger and XO
inhibitor.

Hydroxyl radicals are produced by Fenton-type reac-
tions, in which transition metals (e.g., iron) reduce hydro-
gen peroxide. Reducing agents such as ascorbic acid can
accelerate hydroxyl radical formation by reducing Fe3+

ions to Fe2+ (Puppo, 1992). Hydroxyl radical can be
detected by its ability to degrade the sugar deoxyribose
into fragments (Li and Xie, 2000). The heating of the
resultant mixture under acid conditions leads to the
formation malonaldehyde, which is detected by its ability
to react with thiobarbituric acid forming a pink chromogen
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(Halliwell et al., 1987). In the present work the lyophilised
extract of beefsteak fungus increased the oxidation of
deoxyribose, in a concentration-dependent way, suggesting
a prooxidant effect (Fig. 5).

If we omit ascorbate in the reaction mixture, and if
prooxidant compounds with ability to reduce the metal
ion required for hydroxyl generation are present, they will
promote generation of hydroxyl radicals and an increase of
deoxyribose degradation will be observed (Puppo, 1992).
In order to evaluate the prooxidant potential of the lyoph-
ilized extract we omitted ascorbic acid in the assay and a
prooxidant effect was confirmed at the tested concentra-
tions (Fig. 5). Thus, the prooxidant behaviour exhibited
by beefsteak fungus in the deoxyribose assay might be
due to its capacity to reduce iron ions, as it was observed
when hydroxyl radicals were generated in the absence of
ascorbic acid.

The assay performed in the absence of EDTA provides
information not only on the ability of a scavenger to react
with hydroxyl radical, but also on its ability to form com-
plexes with iron ions (Halliwell et al., 1987). Beefsteak fun-
gus lyophilised extract showed little capacity to chelate iron
ions for concentrations above 400 lg mL�1 (Fig. 5).

The oxidizing capacity of HOCl induces the oxidation of
TNB (kmax = 412 nm) into DTNB (kmax = 325 nm). The
presence of a HOCl scavenger inhibits the HOCl-induced
TNB oxidation. Under the assayed conditions, lipoic acid
was used as a reference compound and inhibited TNB oxi-
dation in a concentration-dependent manner (IC25 at
21 lM) (Fig. 6a). Beefsteak fungus lyophilized extract
exhibited a weak antioxidant protective activity against
damage by HOCl, with an IC15 at 1458 lg mL�1 (Fig. 6b).

When comparing the antioxidant activity of beefsteak
fungus with that of other edible mushrooms species it could
be noticed that in what concerns the DPPH assay, beef-
steak fungus presents a better result (Cheung et al., 2003;
Yang et al., 2002; Lo and Cheung, 2005; Turkoglu et al.,
2007; Ferreira et al., 2007). Despite the good activity exhib-
ited against superoxide radical, this is a little inferior to
that observed forMorchella vulgaris and M. esculenta
(Aboul-Enein et al., in press). However, this species showed
no protective effect against hydroxyl radical, being distinct
from other mushrooms (Yang et al., 2002). In addition, its
chelating effect on iron ions is lower than that registered for
winter, shiitake and oyster mushrooms (Yang et al., 2002).

The activity exhibited by beefsteak fungus lyophilized
extract is the resulting sum effect of the several compounds
present, belonging to different chemical classes. Certainly,
the phenolic compounds and the organic acids of the
extract should contribute to the antioxidant capacity to
an important extent. In fact, the antioxidant capacity of
caffeic, p-coumaric and ellagic acids in several models is
well known (Meyer et al., 1998; Yu et al., 2005; Fukumoto
and Mazza, 2000; Moran et al., 1997), such as that of the
organic acids (Silva et al., 2004; Kayashima and Katay-
ama, 2002). However, also the prooxidant activity of these
compounds has been reported (Fukumoto and Mazza,
2000; Yamanaka et al., 1997; Galati et al., 2002; Paolini
et al., 1999), which can partially explain the prooxidant
effect observed in the deoxyribose assay. In addition, the
ascorbic acid content presented by the tested sample (ca.
20%), could be a factor contributing to the prooxidant
activity exhibited by beefsteak fungus.

In conclusion, the results obtained in this study indicate
that beefsteak fungus may constitute an easily accessi-
ble source of natural antioxidants, namely phenolic
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compounds and organic acids. This species can be used as a
possible food supplement or as antioxidative agent in the
food industry, but some care should be taken because of
the pro-oxidative effect observed.

Additionally, in a general way the phenolic profile
revealed to be more constant than the organic acids one.
These results are very promising but the phenolics compo-
sition of more beefsteak fungus samples from other geo-
graphical origins should be analysed in order to prove
whether these metabolites may be useful markers of these
mushrooms.
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