Favour and Taste Components of Agaricus Blazei ss. Heinem. — A New Godwverang

Medicinal Mushroom

Summary

Agaricus biazei Murnill ss. Heinem. i5 a new cultivated medicinal and
gourmet mushroom which is currenily popular in Brazil, Japan and
China. It s also cultivated in the USA, and it has recently drawn the at-
tention of European mushraam growers. Upon investigating the mush-
room’s pleasant almond flavour, it was observed that benzaldehyde and
its precursor benzoic acid were the major components of the valatile
fraction. QOther henzyllc compounds contributing to the flavour were
benzyl alcohol, methyl benzoate and 4-hydroxybenzaldehyde. When re-
constituting the commercially available dried mushrooms, almond
flavour develops, presumahly by enzymic conversion of benzoic acid to
benzaldehyde and benzyl alcohol. Since benzoic acid is preseat at con-
centrations of 1280-3100 mg/kg dry weight, it may contribute to the
excellent shelf life of the mushroom. [nterestingly, benzoic acid also oc-
curs in several close relatives of A. blazei, suggesting that this com-
pound could well be a taxonomic marker. Among the non-valatiie taste
compounds, manpitol predominated to the extent af 22% on dry
welght. Contents of taste-enhancing free glutamic- and aspartic acids
were comparable to those reported in the White button mushroom
(Agaricus bisporus). The mycelium of A. blazei was found to be poor in
nearly all compaounds investigated. No almond- flavour was observed
and its crude protein content was only 13% compared to an average
value of 30% in the dried mushrooms. Moreover, it had less than 1%
of mannital and only very low levels of free amino acids. Typical sec-
ondary metabolites as urea, free tryptophan and agaritine were even to-
tally absent.

Zusammanlassung

Agaricus blazet Murrill ss. Heinem., der Mandelegerling, ist ein neu ge-
ziichteter Gourmet- und Heilpilz, der heutzutage In Brasillen, Jagan und
China populdr ist. Dleser Egarling wird sehon seit einlger Zeit in den
USA gezlichtet und hat kGrzlich auch die Aufmerksamkeit der evropai-
schen Pilzichter auf sich gezogen. Bet der Untersuchung von selnem
anganehmen Mandelarama wurde festgestellt, dass Benzaldehyd und
dessen Vorlaufer Benzoesdure dle wichtigsten Komponente der flichti-
gen Fraktlon sind. Als anders verwandte Aromakomponente wurden
Benzylalkohol, Methylbenzoat und 4-Hydroxybenzaldehyd identifiziert.
Wenn man die handelsiiblichen Trockenpilze in Wasser aufquellen Iisst,
entwickelt sich sin deutlicher Mandslgeruch, wahrscheinlich durch die
enzymatische Umwandlung von Benzoesaure in Benzatdehyd und Ben-
zylalkohol. Da Benzoesdure in Konzentrationen von 1280 bis 3100
mag/kg vorllegt, ist es nicht unwahrscheinlich, dass diese an der guten
Hallbarkeit des Pilzes beitragt. Es ist bemerkenswert, dass Benzoesaure
auch in anderen gilbenden Egertingen der Untergattung Arvenses vor-
liegt. Die Anwesenheit dieser Verbindung hat daher taxonemische Be-
deutung. Unter den nicht-flbchtigen Geschmackstoffen dominiert der
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Zuckeralkoho! Mannitol mit 22 % der Trockenmasse. Der Gehalt an ge-
schmackverstarkenden freien Aminosauren, wie Glutamin- und Aspar-
tinsdure, war mit Jenem des Zuchtchampignons (Agaricus bisporus)
vergleichbar. Das Myzel des A. blazei zeigte sich arm an allen van uns
erforschten Inhaltsstoffen. Es hat kein Mandelaroma und der Rohpro-
telngehalt ist nur 13% gegendber einem Mittelwert van 30 % in den
Trockenpilzen. Das Myzel enthdit weniger als 1% Mannitol und nur
niedrige Mengen an freien Aminasauren. Typische sekundare Metabo-
lieten wie Harnstoff, freies Tryptaphan und Agaritin waren sogar nicht
nachwaisbar.

Résumé

Agaricus blazei Murrill ss. Heinem., connu sous le nom d'agaric royal,
est un nouveau champignon cultivé considéré comme étant a l1a 1ois
gourmet et médicament. [l est avjourd'hui trés populaire au Brésil, au
Japon et en Chine. Depuls quelques années cet agaric est cultivé aux
Etats-Unis, 8t il @ récemment attird aussi I'attenticn des champignan-
nistes européens. En analysant son ardme agréable d'amandes, on a pu
constatar gue parmi ses camposés volatils, le benzaldéhyde et san pre-
curseur I'acide benzolque sont les plus imporants. Dautres compasés
benzailés de |'arbme sont I'zlcogl benzylique, le méthyle benzoate, et le
4-hydroxybenzaldéhyde. En trempant les champignons séchés du com-
merce dans I'eau, it se dévelpppe une odeur ¢'amandes, qui est praba-
blement dle & une conversion enzymatique de I'acide benzoique en
benzaldéhyde et alcaal henzyligue. Puisque les concentrations en acide
benzoique osciflent entre 1280 et 3100 my/kg, il est {ort probable que
la présence de te composd cantribue a la banne conservation de ce
champignon. 11 est intéressant de noter que I"acide benzoigue se trouve
gégalement chez d'autres agarics |aunissants de |a section Arvenses. Sa
présence dans ces champignons a donc une valeur chimiotaxonami-
que. Parmi les composés non-volatils contribuant au godt du champig-
non, on trouve le mannitcl, un polyol acycligue, & des lensurs allant
jusqu'a 22 % de matlere séche. Les leneurs an acldes glutamique et as-
partique, acldes aminés liares gui sent des exhausteurs de goit, sont
comparables & celles gu'on trouve dans le Champignan de Paris (A
bisporus). il est 3 noter que les substances que nous avans étudiées se
ratrouvent peu vaire pas du tout dans le myceélium d'A. bfazes. |l ne pos-
sade pas d'ardme d'amandes, et sa teneur en protéines n'est que 13%
comparé & une valeur moyenne de 30% pour ies champignons séchés.
Le mycélium contient moins de 1% de mannitol et seulemant de faibles
quantités d'acides aminés llbres. Les métabalites secondaires qui sont
typiques pour les agancs, comme |'urée, te tryptophane libre et I'agarit-
ine, lont méme entidgrement oéfaut,

Keywords: edlble mushroom, Agaricus blazei, henzaldehyde, benzoic acid,
mannitol / Speisepilz, Agaricus tlazei, Benzaldehyd, Benzoesaure, Mannitol
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1 Introduction

Agaricus blazei Murrill ss. Heinem.? is a new cultivated ed-
ible mushroom which is already popular in Brazil, Japan
and China. It has recently turned up in the USA, where Paul
Stamets, the well-known American mushroom grower, has
rapidly mastered its culture?. He is even selling ready-to-
grow mushroom kirs for its indoor cultivation®. The mush-
room is an excellent edible, having a pleasant almond taste
and a texture that is much better than that of any other
agaric, including the White button mushroom, Agaricus
bisporus, also known as the ,Champignon de Paris“. A.
blazei Murrill has a variety of common names. In Brazil it is
called Cogumelo do Sol (Mushroom of the sun), whereas
the Japanese refer to it as Himematsutake. Stamets, capital-
ising on the popularity of the robust Portobello button
mushroom in his country, has proposed the name ,,Almond
Portobello®.

At present, the mushroom is most widely used for its medi-
cinal virtues. It is said to contain up to 12 % beta glucans,
immuno-potentiating polysaccharides which also inhibit
the growth of malignant tumors. Indeed, dried A. blazei
and its medicinal preparations are widely advertised on the
Internet. Still, the mushroom has definitely a future as a
gourmet mushroom, because of its excellent nutritional
qualities and large gastronomic potential. Commercial cul-
tivation has been established in several countries, including
China and Korea, which means that the price will probably
soon come down. In a number of European research centres
cultivation of A. blazei has been initiated with encouraging
results. A general article about this mushroom and its do-
mestication was recently published by Stijve and L. de A.
Amazonas®.

In this paper the results of an investigation of both the
volatile flavour compounds and the non-volatile taste com-
ponents of A. blazei is reported. Although Chinese scien-
tists®) analysed its mycelia for monosodium glutamate and
5’-nucleotides, we have not found any reports on the com-
position of its volatile flavour in the available literature.
The mushroom, whether wild-growing or cultivated has a
most agreeable almond odour, especially when freshly
picked, but it is also noticeable in the dried mushrooms of
commerce, when these are soaked in water prior to culinary
preparation. Several members of the genus Agaricus, e.g. A.
augustus, A. subrufescens, and the related secotioid species
Gyrophragmium dunalii also possess a more or less pro-
nounced almond aroma. This feature is associated with the
presence of benzaldehyde, which has indeed been identified
as a major volatile compound in the said mushroomsé-3.
Even the ordinary cultivated white mushroom, A. bisporus
contains benzaldehyde”, but in this species the strong
»,mushroomy* odour of 1-octen-3-ol predominates?-12),
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2 Materials and Methods

Mycelia and mushrooms

Dried mycelium and its corresponding mushrooms were
obrained from Paul Stamets, Olympia, USA. Several dried
cultivars were supplied by commercial growers in the Braz-
ilean States of Parand and Minas Gerais. A collection of
wild-growing A. blazei came also from Parand, made in a
heap of mowed and decomposed grass at the National
Forest Research Centre, Embrapa Florestas. Other agarics
analysed were obrained in Switzerland and in France.

Isolation and gas chromatography analysis of the volatile
fraction

Isolation of the flavour compounds was performed by sim-
ultaneous extraction and distillation, using pentane-diethyl
ether 1:1 v/v as a solvent”!3). 10 g test portions were rehy-
drated with 100 ml water prior to extraction. Gas chroma-
tography and mass spectrometric identification (GC-MS)
were carried out under conditions similar to those as de-
scribed by Rapior et al.®.

HPLC determination of benzoic acid

An aqueous extract of the test portions was clarified, dil-
uted with methanol, and directly subjected to HPLC using a
C-18 bonded silica gel column, and a phosphate buffer-
methanol mixture as a mobile phase. Detection was by
spectrophotometry at 227 nm!4.

Free amino acids

Free amino acids were extracted from the dried mycelium
and mushrooms by refluxing several hours with 80 %
ethanol. After evaporation of the solvent at 40 °C under re-
duced pressure, the remainder was analysed by classic ion
exchange chromatography as described in the AOAC man-
ual®,

Soluble sugars and sugar alcobols

Simple sugars and sugar alcohols were determined accord-
ing to the manufacturer’s manual of the DX 500 DIONEX
system equipped with an ED 40 electrochemical detector
Sugars and sugar alcohols were extracted with water, and
separated by ion chromarography on an anion exchange
column (CarboPac MA 1). Electrochemical detection of the
eluted compounds was by means of a pulsed amperometric
detector and quantification by comparison with the peak
areas of a series of standards. In addition, a rapid semi-
quantitative analysis of the polyols was performed by thin-
layer chromatography'¢..

3 Results and discussion

3.1 Volatile flavour compounds

The volatile compounds identified in A. blazei can be di-
vided in several groups (Table 1) Benzylic derivatives (ben-
zoic acid, benzaldehyde, benzyl alcohol, methyl benzoate
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Tab. 1 Volatile compounds (mg/kg dry weight) in Agaricus blazei

Cultivar from Parana, Diito from Minas Gerais, Wild-growing, collected
Brazil,Sample 01 Brazil, Sampie 07 in Embrapa Florestas,
Colombo, Parana, Brazil
Intensity of Almond flavour 4 + ++
Major volatiles *
Benzaldehyde 2430 428 885
Benzoic acid 2890 2250 1560
Benzyl alcohol 375 254 180
Methyl benzoate 220 107 58
4-hydroxybenzaldehyde 116 86 99
Other constituents*
2-phenyl ethanal 110 65 48
2-phenyl ethanol 75 72 65
2-phenyl acetic acid 90 110 42
C-8 compounds™**
1-octen-3-al 42 38 45
1-octen-3-one 45 32 15
3-octanol 20 20 n.d.
3-octanone 18 15 12
Aliphatic C5 + C6 alcohols™™~~ nd. n.d. n.d.

"68-75%, " 4-5%, """ <3%, """ <2% of total volatiles, n.d. = not detected

and 4-hydroxybenzaldehyde) predominated, whereas
phenylethyl compounds were less important. The C-8
aliphatic voladles, e.g. 1-octen-3-ol and derivatives, which
are well-known as flavour constituents of many other
mushrooms!”), amounted only to 3 % of the toral surface of
the GC signals. Several unidentified compounds were ob-
served, but they seemed quantitatively less important.

As presumed, benzaldehyde is undoubtedly responsible for
the almond flavour of the mushroom. Cultivar 01 having
the most pronounced odour contained almost 6 times more
of this compound than cultivar 07 in which the flavour was
weak indeed. Interestingly, wild-growing A. blazei had an
intermediate almond odour and benzaldehyde concentra-
tion. It must be taken into account, however, that produc-
tion of flavour compounds by mushrooms depends on the
composition of the growth medium/substrate, growth
conditions, different stages of growth, and genetic varia-
tions of the strains'®. We paid special attention to the pos-
sible presence of two other compounds possessing a similar
odour. However, GC-MS indicated absence of p-tolualde-
hyde, which gives the fungus Mycoacia uda its strong smell
of bitter almonds!®. In a separate test?%), the collections also
proved negative for hydrocyanic acid, which is not only
contained in several food plants, but also in a number of
cyanogenic mushrooms. Benzyl alcohol and methyl ben-
zoate probably contribute a sweet flowering note. Since the
3 samples also contained several unidentified volatiles at
varying concentrations, their contribution to the overall
flavour - although unlikely -~ cannor be ruled out at this
moment. In all three samples benzoic acid was the major
volatile compound, bur since it is odourless, it does not
contribute directly to the mushroom’s flavour. Chen and
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Wzt have rightly pointed out that this compound may
well be the precursor of benzaldehyde. They postulated the
existence of a reductase system converting benzoic acid into
benzyl alcohol and benzaldehyde in both Agaricus sub-
rufescens and A. bisporus. Evidence for such a system was
obtained by blending fresh ordinary white mushrooms with
benzoic acid, whereupon the formation of the almond
smelling volatiles significantly increased. Oddly, Chen and
W did not report any benzoic acid among the volatile frac-
tion of A. subrufescens’”), but this compound was probably
not eluted from the Carbowax 20M column the authors
used in the GC-MS determinative step.

The enzymes involved in the biosynthesis of benzaldehyde
apparently survive for a long time in mushrooms which
have been dried at a temperature below 40°C. A one year
old herbarium collection of wild-growing A. blazer, rapidly
developed a pleasant almond odour when moistened with
water. So did most 12~18 month old samples of A. blazei
that had been powdered for analysis, and kept in the
freezer. This reconstitution failed on a
mycelium sample, bur this material did not even smell of al-

experiment

monds upon receipt. Since Rapior et al.¥ reported both
benzaldehyde and benzoic acid in Gyrophragmium dunalii,
we examined some adult specimens of this secotioid mush-
room that had been kept at ~10°C for two years. Upon
thawing and concurrent disruption of the tissue cells, the
enzymes were apparently reactivated, and a faint but dis-
tinct almond odour developed.

It should be pointed out thar benzoic acid is also formed by
oxidation of benzaldehyde. Since A. blazei is dried after
harvest on gauze wire in a stream of warm air, it is highly
probable that much benzaldehyde is lost in this process,
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either by volarilisation or by conversion to benzoic acid.
This loss of flavour is compensated by the enzymic reaction
proceeding upon reconstitution of the mushrooms, provid-
ed that the enzymes were not destroyed upon drying.

3.2 Determination of benzoic acid

Since literature reports on the occurrence of benzoic acid in
mushrooms are scarce indeed, we decided to analyse all
available A. blazei and some samples of related mushrooms
for this particular compound. Since the GC-MS method is
too laborious for this purpose, we used the more straight-
forward HPLC procedure proposed by Stijve-and Hischen-
huber. For this purpose, a 2,5 g test portion of the pow-
dered dried mushroom was reconstituted in 20 ml water
prior to extraction. After clarification, HPLC determination
did not pose any problems. All samples conrained co-ex-
tractives, contributing peaks to the chromatogram, but no
interference was observed when subjecting the benzoic acid
signal to diode array analysis. The results of this invest-
igation involving 24 samples are listed in table 2.
Apparently, formation of benzoic acid mainly takes place in
the mushrooms, since the mycelium hardly contains any.
All A. blazei samples, whether cultivated on cow dung, saw
dust or bagasse, contain comparable quantities of this
metabolite. Cultivated ,,Champignon de Paris® (A. bis-
porus) has low levels of benzoic acid, and the brown variety
contains about twice as much as the white. Wild-growing
edible A. bitorquis has also very little, and the compound
was absent from A. silvaticus and A. xanthodermus. Inter-
estingly, high amounts of benzoic acid were only present in

Tab. 2 Benzoic acid content (mgrkg dry weight) of A, blazeiand some
related mushrooms

Sample Origin Benzoic Acid

Content
A. blazei, mycelium Olympia, 42

WA, USA
A, blazei, mushrooms, ditto 1760
cultivated on cow dung
Ditto, ditto 1540
cuitivated on saw dust
A. blazei mushrooms, Produced in the 1280-3100
N=7 Brazilean states
Parand and
Minas Gerais

A. bisporus, white, N = 4 Switzerland 58-150
Ditto, brown, N = 4 ditto 90-370
A. bitorquis, wild-growing ditto 87
A. xanthodermus (ditto) ditto <10
A. silvaticus (ditto) ditto <20
A. silvicola, wild-growing ditto 1850
A. augustus (ditto) ditto 2540
Gyrophragmium dunalii, lle d'Oléron, France 1230
Wild-growing

A. blazei, A. silvicola and A. augustus, species belonging to
the subsection Arvenses, which suggests that the compound
could well be a taxonomic marker. That the rare Gyro-
phragmium dunalii contains a comparable quantity of
benzoic acid is not surprising. Indeed, this secotioid mush-
room and the representartives of the said section Arvenses
have many morphological and chemical characteristics in
common?®*33),

Since the benzoic acid concentration of the said mushrooms
is on the average 2000 mgrkg or 0,2 %, it may well act as a
preservative, especially in A. blazei, which has an excellent
shelf life?. Furthermore, G. dunalii can be kept in the
refrigerator (at 5-7°C) for as long as two months without
apparent degradation?. In addition, during HPLC analy-
sis, these mushrooms produced several more UV-absorbing
peaks suggesting the presence of phenolic compounds - one
was tentatively identified as p-hydroxy benzoic acid -
which probably also have a marked bactericidal action.

It is somewhat puzzling that benzoic acid has not yet been
recognised as a significant constituent of these edible mush-
rooms. Abdullah et al.?%, in a thorough study of carboxylic
and farty acids in Agaricus mushrooms, found only a minor
concentration of benzoic acid in cultivated A. bisporus, but
about 100 times more in an A. silvicola extract. Unfortu-

nately, these authors made no attempt to quantify the com-
pound.

3.3 Soluble sugars and sugar alcohols

The principal sugars and polyols occurring in edible mush-
rooms are trehalose, glucose, mannitol and arabitol?9,
which may well contribute to the taste. The results of a
comparative HPLC analysis of mycelium and mushrooms
grown on two substrates are reported in table 3. Both
mycelium and mushrooms have about the same low con-
centrations of glucose and fructose, but biosynthesis of tre-
halose and the polyols apparently mainly takes place in the
fruitbodies.

These results are different from those reported by Chang et
al.®) who found in the mycelium 3,14 % arabitol, 4,53 %
glucose and 2,39 % trehalose. The values for the sugars are
higher than those we measured both in the mycelium and in
the mushrooms. The high level of arabitol and the absence
of mannitol reported by the Chinese scientists can only be

Tab. 3 Soluble sugars and polyols in mycelium and mushrooms of A. blazei
(percentage on dry weight)

Mycelium | Mushrooms Grown | Mushrooms Grown
on Saw Dust on Bagasse
1. 2. 1. 2. 1. 2.
Arabitol 0.01 0.01 013 0.3 0.18 0.18
Trenalose | 0.01  0.01 0.83 0.85 172 178
Mannitol | 0.75 0.74 17.83 17.78 22.63 22.61
Glucose | 0.62 0.61 0.66 0.70 023 023
Fructose | 0.07 0.06 0.06 0.06 0.08 0.10
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explained by assuming an analytical error. Indeed, arabitol
is a polyol that is typical for some subsections among the
Boletales'®), but it is only a minor constituent of dark-
spored gilled fungi like Agaricus species, which invariably
contain much mannitol. This also applies to cultivated A.
bisporus which has an average content of 20 % mannitol
on dry martter®),

TLC screening of other A. blazei samples revealed thar ara-
bitol content was often below detection, whereas mannitol
concentrations were in the range of 15-22 %. The sum of
the sugar concentradons fluctuated between 0,5-3% on
dry weight.

3.4 Free amino acids

The total free amino acid content of the mushrooms was
about 10 times higher as that of the mycelium (Table 4).
The presence of 7 essential amino acids was noted. The sum
of glutamic acid, glutamine, aspartic acid and alanine
amounted to more than 70 % of the total. Low levels of or-
nithine and a-amino burtyric acid were also observed in the
mushroom extracts, but no quantitation was attempted. In-
terestingly, the free amino acid pattern of A. blazei mush-
rooms resembles that of the cultivated A. bisporus as re-
ported earlier?6:27),

As Yamaguchi?® has rightly pointed out, the free amino
acids aspartic and glutamic acids are mainly responsible for
bringing out the umami taste in mushrooms. These
monosodium gluramate-like (MSG-like) amino acids are
present at appreciable concentrations and contribute there-
fore to the palatable taste of A. blazei.

The results for most of the free amino acids in the mycelium
agree rather well with those reported by Chang et al.?, al-
though these authors could not detect any glutamic acid.

Tab. 4 Free amino acid content (percentage on dry weight) of Agaricus
blazei cultivars

Mycelium (N = 2) Mushrooms (N = 4)
Aspartic acid 0.05-0.12 0.62-0.97
Threonine* 0.04-0.05 0.08-0.12
Serine ~0.01 0.10-0.18
Glutamic acid 0.02-0.10 1.28-1.75
Glutamine n.d. 0.65-0.90
Proline n.d. 0.05-0.12
Glycine n.d. 0.03-0.08
Alanine 0.10-0.12 0.48-0.75
Valine” 0.08-0.15 0.10-0.16
Isoleucine” - 0.02 0.05-0.08
Leucine” 0.04-0.05 0.08-0.11
Tyrosine n.d. 0.12-0.21
Histidine 0.02-0.03 0.05-0.07
Lysine* 0.04-0.06 0.11-0.13
Phenyialanine* ~0.01 0.10-0.14
Arginine 0.03-0.05 0.15-0.32
Tryptophan® n.d. 0.05-0.12
Total 0.45-0.77 4.10-6.21

n.d. = not detected, ' essential amino acids
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Summarising it can be said that the mycelium was found
poor in taste-active compounds (flavour components, man-
nitol, and MSG-like amino acids). In addition, the
mycelium’s crude protein content was only 13 % compared
to an average value of 30 percent measured in the dried
mushrooms. Moreover, noting absence of free tryptophan
in the mycelium and its relative high content in the mush-
rooms, we subjected a methanolic extract to TLC analysis
for other typical secondary metabolites?. Not surprisingly,
urea and agaritine, which amounted both to 0.5~1 % in the
mushrooms, were found to be conspicuously absent from
the mycelium.
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