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A comparative study on the amino acid composition of 11 wild edible mushroom species (Suillus
bellini, Suillus luteus, Suillus granulatus, Tricholomopsis rutilans, Hygrophorus agathosmus, Amanita
rubescens, Russula cyanoxantha, Boletus edulis, Tricholoma equestre, Fistulina hepatica, and
Cantharellus cibarius) was developed. To define the qualitative and quantitative profiles, a derivati-
zation procedure with dabsyl chloride was performed, followed by HPLC-UV—vis analysis. Twenty
free amino acids (aspartic acid, glutamic acid, asparagine, glutamine, serine, threonine, glycine,
alanine, valine, proline, arginine, isoleucine, leucine, tryptophan, phenylalanine, cysteine, ornithine,
lysine, histidine, and tyrosine) were determined. B. edulis and T. equestre were revealed to be the
most nutritional species, whereas F. hepatica was the poorest. The different species exhibited distinct
free amino acid profiles. The quantification of the identified compounds indicated that, in a general
way, alanine was the major amino acid. The results show that the analyzed mushroom species possess
moderate amino acid contents, which may be relevant from a nutritional point of view because these
compounds are indispensable for human health. A combination of different mushroom species in the

diet would offer good amounts of amino acids and a great diversity of palatable sensations.
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INTRODUCTION

Mushrooms are of increasing importance in modern nutrition
and medicine (/). They are appreciated not only for their texture
and high content of flavor components but also because they
are rich in proteins and amino acids and poor in calories (2, 3).

Amino acid composition is a reliable indicator of the
nutritional value of food, including mushrooms (/, 2). It is also
known that some amino acids contribute to the delicious taste
of mushrooms, making them attractive for consumption (4).

In addition to their role as protein monomeric units, 0.-amino
acids are energy metabolites and precursors of many biologically
important nitrogen-containing compounds, such as heme, glu-
tathione, various hormones, nucleotides, nucleotide coenzymes,
physiologically active amines (neurotransmitters) (5), and
alkaloids (6, 7). The excess dietary amino acids in mammals is
neither stored for future use nor excreted. Rather, they are
converted to common metabolic intermediates, such as pyruvate,
oxaloacetate, acetyl-CoA, and o-ketoglutarate. Consequently,
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amino acids are also precursors of glucose, fatty acids, and
ketone bodies and are, therefore, metabolic fuels (5).

A failure in nonessential amino acid production or in dietary
amino acid intake can lead, directly or indirectly, to damages
to health, namely, compromising neurotransmitter biosynthesis,
allergic responses, and some blood functions (5).

The Tras-os-Montes region (northeastern Portugal) is known
for the variety of its soils and diversity of climate conditions.
This variability assumes an important role in mushroom
production, explaining why this region is recognized as one of
the richest ones in wild edible species. The mushroom species
growing there are usually consumed fresh, dried, during the off-
season, or canned, offering a diversity of organoleptic charac-
teristics and palatable sensations to the consumer.

In the present work, 11 wild edible mushroom species
spontaneously occurring in this region were studied: Tricholo-
mopsis rutilans, Hygrophorus agathosmus, Amanita rubescens,
Russula cyanoxantha, Boletus edulis, Tricholoma equestre,Su-
illus bellini, Suillus luteus, Suillus granulatus, Fistulina hepatica,
and Cantharellus cibarius. Despite the high consumption of
these species, as far as we know, nothing has been reported
about the free amino acid profiles of S. bellini, H. agathosmus,
R. cyanoxantha, T. equestre, and F. hepatica. For the remaining
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Table 1. Characterization of Mushroom Samples
sample species origin orchard date of collection

1 Tricholomopsis rutilans Braganca Pinus pinaster Dec 2004

2 Hygrophorus agathosmus Vinhais Pinus pinaster + Castanea sativa Dec 2005

3 Amanita rubescens Braganca Castanea sativa June 2005

4 Russula cyanoxantha Braganca Quercus pyrenaica May 2006

5 Boletus edulis Braganca Castanea sativa June 2005

6 Tricholoma equestre Carrazeda de Ansides Pinus pinaster Nov 2005

7 Suillus bellini Braganca Pinus pinaster Nov 2004

8 Suillus luteus Vinhais Pinus pinaster + Castanea sativa Nov 2005

9 Suillus granulatus Braganca Pinus pinaster Nov 2005

10 Fistulina hepatica Braganga Castanea sativa Sept 2004

11 Cantharellus cibarius Braganca Castanea sativa May 2005

analyzed species, data found in the literature are scarce, and
only a few amino acids were described.

For T. rutilans previous works concerned the isolation of L-3-
(3-carboxy-4-furyl)alanine (8) and L-2-aminohex-4-ynoic acid
(9) and the identification of 2-amino-3-hydroxyhex-4-ynoic acid
as a mixture of threo- and erythro-2-amino-3-hydroxyhex-4-
ynoic acid forms (10). For R. cyanoxantha species, L-2-amino-
7-hydroxyoctanoic acid was isolated from its fruiting bodies
(11). Early studies on A. rubescens (2), S. luteus (12), and S.
granulatus (I, 12) reported the occurrence of some free amino
acids. Regarding B. edulis, its free amino acid profiles were
determined (/3—15), as well as the contents of proline in the
presence of exceeding metals (/6). Studies were also conducted
on some new combined forms of glutamic acid (/7) and on the
identification of selenocystine and selenomethionine in this
species (/8). Some studies about the free and bound amino acid
composition of C. cibarius (I, 19) and concerning the exudation
and storage of those compounds (20) have already been
performed.

In the sequence of the chemical characterization that we have
been developing on these mushroom species, namely, involving
phenolics (2/—24), organic acids (21—24), alkaloids (24), and
aroma compounds (3), the study of their free amino acid
composition was conducted with the purposes of finding the
qualitative and quantitative profiles of 7. rutilans, S. bellini, H.
agathosmus, R. cyanoxantha, T. equestre, and F. hepatica for
the first time, of improving the knowledge about A. rubescens,
S. luteus, S. granulatus, B. edulis, and C. cibarius species, and,
ultimately, to compare the different species.

Thus, we proceeded to a derivatization method with dabsyl
chloride, prior to the HPLC-UV—vis determination of the
resulting dabsyl amino acids. Dabsyl derivatives have a number
of advantages over other derivatives, including simple deriva-
tization procedure, good reproducibility, low detection limit, and
good HPLC separation of all the amino acids (25).

MATERIALS AND METHODS

Standards and Reagents. All L-amino acid standards, sodium
phosphate, triethylamine, N,N-dimethylformamide, and sodium bicar-
bonate were purchased from Sigma (St. Louis, MO). Acetonitrile,
orthophosphoric acid, ethanol, and acetone were obtained from Merck
(Darmstadt, Germany). Hydrochloric acid was purchased from Panreac
Quimica SA (Barcelona, Spain). Dabsyl chloride (4-dimethylaminoa-
zobenzene-4’-sulfonyl chloride) was from Fluka (Buchs, Switzerland).
Sodium hydroxide was obtained from Pronalab (Lisboa, Portugal). The
water was treated in a Milli-Q water purification system (Millipore,
Bedford, MA).

Sampling. Samples of wild edible mushroom species were collected
in the Trds-os-Montes region (northeastern Portugal), and their
characterization is described in Table 1. Each sample corresponds to
the mixture of three to five individuals. After harvesting, the mushrooms
were immediately transferred to the laboratory. Taxonomic identification

followed that of several authors (26—31), and representative voucher
specimens were deposited at the herbarium of Escola Superior Agraria
of Instituto Politécnico de Braganca. Samples were dehydrated in a
ventilated oven at 30 °C for 7 days. All materials were kept in the
dark, in hermetically sealed bags, and powdered (910 um) before
analysis.

Extracts Preparation. For the amino acid profile characterization,
an aqueous extract was prepared: ca. 10 g of powdered mushroom was
boiled in 500 mL of water during 30 min, followed by filtration over
a Biichner funnel. The resulting extract was then lyophilized in a
Labconco 4.5 Freezone apparatus (Kansas City, MO) and a yield of
ca. 0.713 g, on average, was obtained. The lyophilized extracts were
kept in a desiccator, in the dark. For amino acid derivatization, the
lyophilized extracts were redissolved in 0.1 M hydrochloric acid.

Derivatization Procedure. Dabsyl Chloride Solution (12.4 mM).
Dabsyl chloride was dissolved in acetone and then filtered and stored
at —20 °C.

Elution Buffer. It consisted of a mixture of 9 mM sodium phosphate,
4% dimethylformamide, and 0.15% triethylamine (pH 6.55 with
phosphoric acid).

Reaction Buffer (0.15 mol/L NaHCOj3, pH 8.6). Sodium bicarbonate
was dissolved in Milli-Q-Water, adjusted to pH 8.6 with diluted NaOH.

Dilution Buffer. A mixture of 50 mL of acetonitrile, 25 mL of
ethanol, and 25 mL of elution buffer was prepared.

Assay. Aliquots of 20 uL of standard solution or mushroom
lyophilized extract in 0.1 M HCI were diluted with 180 uL of reaction
buffer. After mixing, 200 4L of dabsyl chloride solution was added.
The vials were mixed again and incubated at 70 °C for 15 min. The
reaction was stopped by placing the vials in an ice bath for 5 min.
Four hundred microliters of dilution buffer was added, followed by
mixing and centrifugation (5 min at 5000 rpm). The clear supernatants
were stored at —20 °C until analysis (32).

HPLC Analysis of Amino Acids. After a precolumn derivatization
of the free amino acids, the dabsyl derivatives were separated on a
HPLC unit (Gilson), using a reversed-phase Spherisorb ODS2 (25.0
x 0.46 cm; 5 um particle size) column. Twenty microliters of the
derivatized standard or samples was injected. The solvent system was
composed of two eluents: elution buffer (A) and acetonitrile 80% (B).
Elution was performed at a flow rate of 1 mL/min, starting with 20%
B until 7 min and installing a gradient to obtain 35% B at 35 min,
50% B at 45 min, and 100% B at 66 min, maintaining 100% B until
76 min. Detection was achieved with a UV—vis detector at 436 nm.
Free amino acid quantification was accomplished by the absorbance
recorded in the chromatograms relative to external standards. The peaks
in the chromatograms were integrated using a default baseline construc-
tion technique.

RESULTS AND DISCUSSION

Dabsyl chloride is a useful chromophoric labeling reagent
that allows the detection of amino acids in visible light by
reversed-phase HPLC. It reacts readily with all amino acids to
form dabsyl derivatives, most of which exhibit absorption
maxima at approximately 436 nm (25). This method was used
for the determination of the amino acid composition of T.
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Figure 1.

HPLC-UV amino acids profile of R. cyanoxantha mushroom. Detection at 436 nm: (MP) mobile phase; (1) aspartic acid; (2) glutamic acid; (3)
asparagine; (4) glutamine; (5) serine; (6) threonine; (7) glycine; (8) alanine; (9) valine; (10) proline; (11

) arginine; (12) isoleucine; (13) leucine; (14)

tryptophan; (15) phenylalanine; (16) cysteine; (17) ornithine; (18) lysine; (19) histidine; (20) tyrosine.

rutilans, H. agathosmus, A. rubescens, R. cyanoxantha, B. edulis,
T. equestre, S. bellini, S. luteus, S. granulatus, F. hepatica, and
C. cibarius. In almost all of the species it was possible to
determine 20 free amino acids: aspartic acid, glutamic acid,
asparagine, glutamine, serine, threonine, glycine, alanine, valine,
proline, arginine, isoleucine, leucine, tryptophan, phenylalanine,
cysteine, ornithine, lysine, histidine, and tyrosine (Figure 1;
Table 2). As far as we know, this is the first work revealing
the presence of 20 essential and nonessential free amino acids
in the referred wild edible mushroom species, which is very
important considering their nutritional value. However, few
amino acids were not detected in some species, as in 7. rutilans,
which presented the lowest number of these compounds. The
total amino acid contents in the analyzed samples ranged from
ca. 1531 to 22673 mg/kg (Table 2). B. edulis, followed by T.
equestre, proved to be the mushroom species with the highest
amino acid amounts. On the contrary, F. hepatica showed the
minor ones (Table 2). In previous works, considering other
edible mushroom species, the total amino acid amounts found
ranged from ca. 0.1 to 50.1 mg/kg (/9) and from ca. 9540 to
14910 mg/kg (15). This suggests that, as in our work, the amino
acid contents in mushrooms are considerably divergent. With
regard to essential amino acids, their contents in the analyzed
species varied between ca. 551 and 6309 mg/kg. For an intake
of about 100 g of mushroom, this would provide from 1 to 15%
of the FAO daily recommended doses (33), T. equestre being
the most interesting species. The quantification of the identified
compounds indicated that alanine was the main compound in
almost all of the analyzed species (H. agathosmus, A. rubescens,
R. cyanoxantha, T. equestre, S. bellini, S. luteus, and S.
granulatus), representing from ca. 18 to 45% of total compounds
(Figure 2). Alanine is a nonessential amino acid required for
the metabolism of glucose and tryptophan (5). It was demon-
strated to have a cholesterol-reducing effect in rats (34).
Glutamine also seemed to have a great importance, and it was
the most abundant compound in C. cibarius, B. edulis, and T.
rutilans species (ca. 25—31% of total amino acids) (Figure 2).
Glutamine is also a nonessential amino acid, which is biosyn-

thesized from glutamate (5), being converted to glutamic acid
in the brain; it is essential for cerebral functions and increases
the amount of GABA required for brain functioning and mental
activity. Additionally, it is used in the muscles for the synthesis
of muscle proteins and is applied in the treatment of wasting
muscles after illness or postoperative care. It is further used in
the body to balance the acid/alkaline level and in building blocks
of RNA and DNA (34).

Valine was the principal component in F. hepatica, represent-
ing ca. 18% of total compounds. Valine is an essential amino
acid deriving from pyruvate and is degraded to succinyl-coA
(5). It is needed for muscle metabolism and repair and tissue
growth and for the maintenance of the nitrogen balance in the
body. It can be utilized as an energy source in the muscles,
preserving the use of glucose (34). Deficiency in valine caused
by maple syrup urine disease may affect the myelin covering
of the nerves (5). Furthermore, it could be noted that all of the
analyzed species revealed distinct quantitative profiles (Figure
2; Table 2). The minor amino acids differed among the 11
mushroom species, with cysteine, tyrosine, arginine, isoleucine,
histidine, ornithine, tryptophan, and phenylalanine found in the
lowest amounts.

The amino acid profiles found in the literature for edible
mushrooms are very distinct (/, 15). However, it seems that
glutamic acid, glutamine, and aspartic acid are, more often, the
major compounds, whereas phenylalanine and tryptophan are
usually present in reduced amounts. In the present work
glutamine was also one of the major amino acids in the
mushroom species, except for S. luteus, S. bellini, and T.
equestre. Glutamic acid and aspartic acid were revealed to be
the preponderant amino acids in C. cibarius and S. luteus,
respectively.

As far as we know, this is the first work describing the
presence of 18 amino acids in C. cibarius (Table 2): in addition
to those already mentioned in the literature (/, /9), we are now
reporting the occurrence of asparagine, glutamine, serine,
proline, cysteine, ornithine, and tyrosine. Glutamic acid and
alanine were among the main compounds, which is in conso-
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Table 2. Free Amino Acid Composition of Mushroom Species (Milligrams per Kilograms of Dry Matter)?

samples

C. cibarius

F. hepatica

nd
nd

S. granulatus

S. luteus
1584.0 (0.2)

S. bellini
280.8 (0.3)

T. equestre

550.6 (1.0)

B. edulis
535.8 (13.0)

R. cyanoxantha

306.7 (3.2)

A. rubescens

285.6 (0.2)

H. agathosmus

371.3(0.1)

T. rutilans

nd

glutamic acid  274.4

asparagine
glutamine

amino acid
serine

aspartic acid

nd 168.0 (1.0)

237.6 (0.1)

3229 (0.2)

274.8 (2.4)

292.7(0.2)

606.9 (0.5)

2.1)

0
0

0
0.1
0
04
12)

1356.0 (8.7
d
253.8 (0.

95,

95.2
142.7
150.7

95.2
190.3

12
0.0)
0.1)
0.1)
12)

16.2
210.6
40.5
324
64.8
210.6

102.0 (0.5)
546.0 (1.3)
288.0 (0.1)
300.0 (0.2)
102.0 (0.0)
1092.0 (10.1)

648.0 (2.0)
132.0 (0.1)
216.0 (0.1)
192.0 (0.0)

nd

54.0 (0.1)
120.0 (0.2)
156.0 (0.1)
168.0 (0.5)

66.0 (0.0)

369.6 (1.0)
184.8 (0.2)
138.6 (0.0)

39.6 (0.1)

3986.4 (21.0)
541.2 (2.2)
132.0 (1.1)
184.8 (1.1)

52.8 (0.0)
138.6 (2.0)
145.2 (0.1)
132.0 (0.0)
191.4 (0.1)

nd
294.8 (0.9)

329.9 (0.4)
351.0(0.2)
329.9 (0.0)
337.0 (0.1)
547.6 (1.2)

1516.3 (13.1)

1039.0 (4.3)
252.7 (1.0)
204.6 (0.3)
308.9 (0.1)
266.8 (1.7)
1825 (0.1)
245.7 (0.1)

837.1(0.1)
1386.6 (15.0)
511.2(3.1)
485.6 (0.3)
485.6 (0.5)
2607.1 (19.9)
1194.9 (12.7)
875.4(1.3)

635.5 (4.0)

2)

0.0)
0.0)

1956.4 (13.4)
371.3
4855 (0
157.1 (0.1)
871.1 (10.2)
699.7 (0.9)
556.9 (1.2)
806.8 (9.2)

2.3)
3.4)

1461.2
939.8
nd
322.4(0.3)
89.2 (0.0)
102.9 (0.0)
164.6 (0.1)
89.2 (0.1)
260.7 (0.0)
96.0 (0.0)
185.2 (0.9)
89.2 (0.0)

threonine
alanine
valine
proline
arginine
isoleucine
leucine
tryptophan
phenylalanine
cysteine
ornithine
lysine
histidine
tyrosine

7367.0

1530.9

8943.0 5208.0

7806.2

20303.9

22673.2

12236.7

10310.2

13409.2

4685.4

total

@ Results are expressed as mean (standard deviation) of three determinations. nd, not detected.

Ribeiro et al.

nance with a previous work (/). However, in the present study
glutamine was the major amino acid (Figure 2), whereas data
from the literature (/9) gave valine and histidine as the principal
components. Furthermore, as far as we know, the total amino
acid amounts obtained in our study were approximately 4000
times higher than that reported before (ca. 7367 > 1.8 mg/kg)
19).

The amino acid analysis of B. edulis revealed four compounds
not previously found in the literature (asparagine, glutamine,
cysteine, and ornithine) (/5) (Table 2). The present study
showed glutamine and alanine as the principal amino acids (ca.
26 and 25% of total compounds, respectively) (Figure 2),
although lysine has also been classified as a preponderant
compound in this species (/5). Furthermore, the total amino
acid content (Table 2) is much higher than that obtained from
the literature (ca. 22673 > 8970 mg/kg).

With regard to A. rubescens, our work revealed asparagine,
glutamine, arginine, tryptophan, cysteine, and histidine for the
first time, besides another 14 amino acids (Table 2). On the
basis of the results obtained, it could be noted that alanine and
glutamine were the major compounds in this species, corre-
sponding to ca. 30 and 13% of the total amino acid contents,
respectively (Figure 2). However, glutamic acid and lysine were
the major compounds in a previous study (2).

The analysis of the amino acid composition of S. luteus
showed a total of 19 compounds (Table 2). Alanine and then
aspartic acid were the principal components, corresponding to
ca. 45 and 18% of total compounds, respectively (Figure 2).
Nevertheless, glutamic acid, leucine, lysine, ornithine, and
arginine were considered to be the major amino acids in S. luteus
species, so far (12).

The determination of the amino acid profile of S. granulatus
showed 18 free compounds (Table 2). The principal ones were
alanine, valine, glutamine, and isoleucine, corresponding to ca.
21, 12, 10, and 10% of total contents, respectively (Figure 2).
The main amino acids found in the literature for this species
were glutamic acid, leucine, lysine, ornithine, arginine (/2), and
serine (/); only glutamine was present as a major compound in
common with our work (/). As we can see, the quantitative
profiles found for S. granulatus are very different, so we suggest
that the amino acid profile could not be adequate for use as a
biomarker of this species.

Concerning the species described above, their qualitative and
quantitative amino acid profiles were revealed to be different
from those described before. This could be explained by the
diversity of extraction, derivatization, or quantification methods
used in the different studies. In addition, the different geographi-
cal origin and/or stage of development of the analyzed species
cannot be excluded.

Comparison of the results obtained with the three analyzed
Suillus species (S. luteus, S. granulatus, and S. bellini) showed
some differences (Table 2). Glutamic acid was not detected in
S. luteus nor was aspartic acid in S. granulatus. Cysteine was
not detected in either S. bellini or S. granulatus. In addition,
and from a quantitative point of view, although alanine was
the main compound in the three species, it was more important
in S. luteus (Figure 2). S. luteus also presented a higher aspartic
acid relative amount, whereas S. granulatus showed valine,
glutamine, and isoleucine as other principal compounds. Fur-
thermore, concerning the remaining compounds, their relative
abundance is different among the three species (Figure 2).
According to these observations, the amino acid distribution
pattern found does not seem to reflect any phylogenetic
relationship among the three Suillus species.
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AspGlu Asn GIn Ser Thr Gly Ala Pro Val Arg lle Leu Trp PheCys OrnLys His Tys

S. luteus b S. granulatus

o
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Figure 2. Amino acids profiles of T. rutilans, H. agathosmus, A. rubescens, R. cyanoxantha, B. edulis, T. equestre, S. bellini, S. luteus, S. granulatus,
F. hepatica, and C. cibarius edible mushroom species. Abbreviations: (Asp) aspartic acid; (Glu) glutamic acid; (Asn) asparagine; (Gin) glutamine; (Ser)
serine; (Thr) threonine; (Gly) glycine; (Ala) alanine; (Val) valine; (Pro) proline; (Arg) arginine; (lle) isoleucine; (Leu) leucine; (Trp) tryptophan; (Phe)
phenylalanine; (Cys) cysteine; (Om) ornithine; (Lys) lysine; (His) histidine; (Tyr) tyrosine.

Free amino acids are known to be precursors of secondary
metabolites such as alkaloids (6, 7) and phenolic compounds
(35). It is known that flavonoids are synthesized by the
phenylpropanoid metabolic pathway in which phenylalanine is
used to produce 4-coumaroyl-CoA, then following many
pathways that lead to the different flavonoids (35). However,
the literature concerning the relationship between phenolics and
amino acids is almost nonexistent. With regard to alkaloids, it
is interesting to note that B. edulis, which was the species with
the highest amino acid contents in the present work, was also
the one that presented the highest total alkaloid amounts in a
previous work involving some of the analyzed species (24). A
deeper discussion is not possible once no alkaloid is identified,

and alkaloid families arise from different metabolic pathways,
in which individual amino acids are intervenient (6, 7).

The reason mushrooms are so appreciated and have been used
as food and food-flavoring materials resides, in part, in their
highly intense and good taste (4). The taste of edible mushrooms
is primarily due to the presence of amino acids and other small
molecules. Among amino acids, aspartic and glutamic acids are
those contributing the most to the typical mushroom taste, the
“umami’ taste or “perception of satisfaction”, which is an overall
food flavor sensation induced or enhanced by monosodium
glutamate (4). In humans, the taste receptor is far more sensitive
to glutamate than to other amino acids (36). Among the studied
species, S. luteus and C. cibarius were those containing the
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highest contents of aspartic and glutamic acids, respectively.
Other tasty compounds appear to give sweet, bitter, or less
intense sensations. For example, alanine, serine, glycine, and
threonine are known to have sweet tastes, whereas leucine,
phenylalanine, isoleucine, valine, histidine, arginine, and tryp-
tophan present bitter flavors. Lysine, cysteine, and tyrosine are
considered to be tasteless amino acids (4). The taste of
mushrooms depends, in part, on the combination of the amino
acids described in each species. However, because alanine was
the principal component in almost all of the species (H.
agathosmus, A. rubescens, R. cyanoxantha, T. equestre, S.
bellini, S. luteus, and S. granulatus), it seems that sweet taste
contributes to their flavor, on a large scale. On the contrary, S.
bellini, S. granulatus, and F. hepatica were richer in valine,
which can turn these species more bitter and less accepted by
the consumers. The umami and sweet tastes will be important
to stimulate the consumption of these nutritious mushroom
species by individuals with low appetite, such as the elderly
and those with diabetes.

In addition, it is known that amino acids display antioxidant
activity, namely, in mushrooms (37, 38). The antioxidant
capacities of the different amino acids may be rather different.
Under suitable conditions, extremely low amino acid concentra-
tions may have a rather strong effect (37). Thus, it may be
suggested that the amino acids could contribute to the antioxi-
dant capacity of the analyzed species, especially to B. edulis
and T. equestre, which contained the highest contents of these
compounds. In fact, in previous works the aqueous lyophilized
extracts of B. edulis (23, 24) and T. equestre (23) were revealed
to have antioxidative properties.

It is also known that some amino acids (tryptophan, cysteine,
alanine, and glycine) exert a synergistic effect with vitamin C
on the antioxidant activity of vitamin E and that their effective-
ness is partially related to their lipophilicity (39). All of the
discussed amino acids were found in the analyzed species,
alanine being one of the major compounds. This could mean
that those mushroom species might be important sources of
coadjuvants on the antioxidant activity of vitamin E.

Proline has been shown to accumulate in plants under heavy
metal exposure: it is suggested that proline could effectively
protect plants from heavy metal attack (40). This protective
effect seems to be explained by heavy metal detoxification
through the formation of a nontoxic heavy metal—proline
complex. The F. hepatica species seems to be the best protected
against heavy metal attack, because it showed the highest
relative amount of proline (11% of the total compounds) (Table
2).

The aim of this work was to provide the amino acid
compositions of 7. rutilans, H. agathosmus, R. cyanoxantha,
T. equestre, S. bellini, and F. hepatica for the first time and to
achieve a deeper knowledge on the amino acid profiles of A.
rubescens, B. edulis, S. luteus, S. granulatus, and C. cibarius.
All 11 analyzed species presented essential and nonessential
free amino acids, which is really important for their nutritional
value. With regard to the quantitative profile, the different
mushroom species were very distinct. In this way, it would be
important to combine different species in the diet to obtain good
amounts of amino acids and a great diversity of palatable
sensations. Further studies regarding the influence of different
stages of ripening and/or conservation procedures on the amino
acid composition of the several species would allow an
evaluation of whether these factors might have an impact on
their nutritional value. In addition, they may have a great
importance as a source of biologically active compounds.
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