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Resumo

Visando abusca e adomesticacdo de basidiomicetos aindainexpl orados, coletou-se cogumelos silvestres
em regibes de pastagens e préximos a esterco de gado no municipio de Tamarana, PR. Um basidiomiceto
comestivel daordem Agaricalesfoi classificado como pertencente a espécie Macrol epiota bonaerensis
(=Lepiota procera, formabonaerensis (Speg.) Rick ou M. procera (Scop.:Fr.) Sing.). O micéliofoi isolado
e caracterizado em relagcdo a taxa de crescimento em diferentes meios de cultura. Observou-se um
crescimento vigoroso em meio BDA (pH 5, £25°C). O meio de aveiafoi 0 mais adequado para cultivo
submerso. O micélio de M. bonaerensis secreta enzimas dos tipos lipase, celulase e protease, e as
analises citol 6gicas confirmaram a condi¢do binucleada do micélio, a presenca de septos e de grampos
de conex&o nas hifas. A frutificagdo dos cogumelos ocorreu no substrato constituido de himus + terra
(1:9) esterilizados, acrescido de terrade cobertura e carvao ativado.
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Abstract

Wild mushroomswere collected closeto cattle manurein pasture areasin Tamarana (Paran&/Brazil), with
the objective of finding and domesticating new non-expl oited basidiomycetes. An edible basidiomycete
of the Agaricales order was classified as bel onging to the Macr ol epiota bonaer ensis species (=L epiota
procera, form bonaerensis (Speg.) Rick or M. procera (Scop.:Fr) Sing.). The myceliawasisolated and
characterized for growth rate in different culture media. A vigorous growth was observed in PDA
Medium (pH 5, +25°C). The oat culture medium was the most appropriate for cultivation submersed. M.
bonaerensis mycelia secretes lipase, cellulase and protease exoenzyme types. Cytological analyses
confirmed the bi-nucleated condition of the mycelia, the presence of septaand clamp connectionsin the
hypha. Thefructification occurred in the substrate composed of sterilized humus + soil (1:9) pluscasing
layer with active carbon.
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I ntroduction

Man has been consuming mushrooms as part of
thenormal diet for many years. Recently, consumption
has increased because of production expansion and
of diversificationin the cultivated species. A gradua
increase in the popularity of mushrooms has been
observed in many countries, where they are
considered arefined culinary option and a healthy
source that enrich the human diet.

Mushroomsmay be produced in organic substrates
from agricultural crop remains, pulp and straw.
Furthermore, because of its ability to degrade plant
polymers, such aslignin, hemicellulose and cdllulose,
mushrooms can be used in anima meal production by
bioconversion processesof lignocd lulalitic resi duesfrom
agroindustry (MILES and CHANG, 1997).

Edible mushrooms, althoughrichin proteinsand
low in calories, are little used in Brazilian cooking,
when compared to European and Asian countries.
Today, about 2,000 species of edible mushroomsare
known, but afew are cultivated and comercializedin
theworld. The search and domestication of Brazilian
edible mushrooms have great potential, especially
when the great diversity of species which have not
even been cataloged isconsidered. The domestication
of these species will allow their production and
commercia exploitation and the country will have
another national product adapted to our climate and
environment competing in the external market.

Thisstudy describestheisolation, identification,
characterization and conditions for fructification of
an edible mushroom (Macrolepiota bonaerensis)
that develops naturally in pastures in the northern
region of the state of Parana, Brazil.

M aterialsand M ethods

Mycelia Isolation

Basidiocarps were collected, disinfected with a
2% sodium hypochloride solution and washed with

distilled sterilized water under aseptic conditions. The
myceliawasisolated and kept at 25°C in PDA culture
medium (Potato Dextrose Agar — Biobras) for
approximately 12 days. After this period, the plates
containing myceliawere stored at 4°C.

Assessment of mycelial development

The mycelial growth was assessed by radial
growth and mycelial mass. Four culture mediawere
used: Saboraud, Potato medium, Oatmeal medium
(w/v: 5% oat flakes + distilled water), Pontecorvo's
Minimum medium and Pontecorvo’s Complete
medium (PONTECORVO et al., 1953). Agar was
added to the solid medium at the 1.5% (w/v).

Theradia myceliagrowth in solid culture medium
was assessed at the 3", 6" and 9" day of incubation.
The mycelial mass was assessed in cultures grown
in 50 mL of liquid medium for 42 days. Three culture
temperatures (25°, 28° and 37°C) and five pHs (5, 6,
7, 8, and 9) were evaluated to optimize the abiotic
conditionsfor the fungus mycelial development. The
myceliawas collected, filtered with avacuum pump,
washed three times in sterilized distilled water,
weighed to obtain the fresh weight and then,
dehydrated in astove at 50°C to obtain the dry weight.

Cytological Analyses

The cytological analyses were carried out in
Potato Dextrose Agar (PDA). Sterilized dialysis
membranes (1 x 2 cm) were placed on the medium
surface and amycelium disc (10 mm diameter) was
placed on the dialysis membranes. The plates were
incubated at 25°C for three days. The myceliumdiscs
were then removed and the membranes stained with
giemsa as described by Tanaka et al. (1979).

Exoenzyme Production

The production of exoenzymes was assessed in
specific culturemediumto detect degradation of starch,
lipids, cellulose and proteins, following the technique
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described by Hankin and Anagnostakis (1975). A 10
mm mycelium disc wasplaced on each plate containing
specific medium. The enzymatic degradation halo and
themycdlid growth diameter weremesasured to cdculate
theenzymatic activity index:

EAI = EDH/MGD, where,

EAI = enzymatic activity index
EDH = enzymatic degradation halo
MGD = mycelia growth diameter

Amylase. The amylase activity was analyzed by
culturing M. bonaerensis myceliumin Pontecorvo's
Minimum medium substituting the glucosefor soluble
starch, in the same proportion. After a seven-day
incubation at 25°C, a0.25% lugol solution was added
to the plate in order to observe the enzymatic
degradation halo.

Lipase. The fungus was cultured in specific
medium (w/v: 1% peptone + 0.5% NaCl + 0.01%
CaCl,.2H,O + 1.5% agar + 1% Tween 20 + distilled
water) at 25°C, for seven days. After growth, the
plates were submitted to 4°C for two hours and the
lipolitic degradation halo was observed.

Protease. A solution of 8% gelatin wasadded to
Pontecorvo’s Minimum medium to detect the
protealitic activity of thefungus. After growth at 25°C
for seven days, 20 mL of asaturated ammoniasulfate
solution was added to the plates, and the protealitic
degradation halo was observed.

Cellulase. The substrate used to detect cellulase
activity of thefunguswas carboxy-methyl-cellul ose.
Theglucosein the Pontecorvo’sMinimum medium
was substituted for carboxy-methyl-cellulose, in the
same proportion. After growth at 25°C for seven
days, the culture was covered with 0.1% congo-red
stain for 15 minutes. The stain was discarded, and a
NaCl (1 N) solution was added to the plates. A
cellulolitic degradation hal o was observed.

Selection of the Fructification Substrate

Thefollowing substrateswere used for mushroom
fructification: 1) humus, 2) humus + soil (1:9), 3)
humus + cattle manure, 4) cattle manure + soil and
5) cattle manure (COCHRANE, 1958). The
experiment wasinitially carried out on Petri dishes
to assess the mycelium radial growth. The plates
containing 100 g of substrate were sterilized in
autoclave for 90 min at 120°C. A 10 mm diameter
mycelium disc was placed in the center of each plate
and the diameter of the colonieswas measured after
seven days of growth at 25°C.

For the fructification process, 2Kg of substrates,
humusand humus+ soil, were placed in polypropylene
bags and sterilized for 90 min in autoclave at 120°C.
The bags were incubated at 25°C for the mycelium
running. After 60 days, the bags were partially
opened and 50% of the treatments received cover
soil (soil taken from deep layers), with or without
active carbon (1 g/ 5 kg compost), on the surface.

Resultsand Discussion

Fungus ldentification

Thefungusisolated in Tamarana (Paran&/Brazil)
was identified as belonging to the Basidiomycete
Class, Agaricales Order, Macrolepiota bonaerensis
species. It is an edible species, described in 1946,
and is also known as Lepiota procera form
bonaerensis (Speg.) Rick or Macrolepiota procera
(Scop.:Fr) Sing. It isasoil mushroom, with arigid
hollow stalk and a fleshy, ovoid at first, 10-25 cm
diameter basidiocarp that expandsto aparasol shape.
Thebasidiocarpispale buff with brown shades, with
soft brown scales on the upper surface and parallel
gillsin the lower surface. The stemistall, up to 35
cm long, slender with a bulbous base with a brown
snake-like pattern and moveable doublewooly ring.
The gills are free, soft and whitish and the spores
are colorless and white. This mushroom was
described as belonging to one of the best edible
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species that is common throughout Europe and
widely distributed in the Northern Hemisphere and
some authors described it as one of the favorites
among experienced mushroom hunters (LINCOFF,
1995; SPOONER, 1966).

Mycelial Development

Thenutritional requirementsof thismushroom are
relatively simple. PDA wasthe most efficient culture
medium for radial growth, followed by the Complete
culture medium (Table 1). The Minimum and Oat
culturemedium, which werenot statistically different,
were the least efficient solid media for M.
bonaerensis mycelia development. On the other
hand, Oatmeal medium was the best in submersed
culture (Figure 1), followed by Potato broth and
Saboraud, whichwere not statistically different. The
Minimum and Complete culture medium were the
least efficient for submersed culture of M.
bonaerensis. The best temperature for mycelial
growth was 25°C (Figure 2) although the fungus
mycelium can develop at higher temperatures. There
weresignificant differencesin growth amongthethree
analyzed temperatures. Although at reduced rate,
mycelial growth continued at 37°C reinforcing the
potential of M. bonaerensis as a species for
cultivationintropical climateregions, such asBrazil.
M. bonaerensis growth was not affected by
hydrogenion concentration, asthemyceliadevel oped
adequately within the assessed pH values, and no
studied pH value restricted growth (Figure 3). This
suggests that M. bonaerensis was able to change
the pH of the medium (COCHRANE, 1958) as
observed for Lentinula edodes (PRZYBYLOWICZ
and DONOGHUE, 1990). These changes in pH
during the devel opment of somefungi arerelated to
fructification induction (JABLONSKY, 1981;
KALBERER, 1995).

Table 1 — Radia growth (cm) of M. bonaerensis
mycelium inoculated in different culture media and
cultivated at 25°C for 3, 6 and 9 days. Thetreatments
were significantly different by the Tukey test at 5%
probability. Meansfollowed by the samel etter inthe
linedid not differ statistically.

PDA SABORAUD MINIMUM COMPLETE OAT
3DAYS 18° 17° 13° 352 1.2°
6DAYS 59?2 39° 259 44° 259
9DAYS 6.9° 49° 33¢ 55° 34¢

Mycelium weight (g}

Fresh weight
Dry weight

Culture media

Figure 1 — Dry and fresh weight of M. bonaerensis
mycelium cultivated on different culture mediaat 25°C
for 42 days (submmersed culture). PB=Potato Broth;
SAB=Saboraud; MM=Minimum medium; MC= Complete
medium; OAT= Oat meal.

Means followed by the same letter did not differ
statistically by the Tukey test (p£ 0,05).

Radial mycelial
growth (mm)

Temperature °c

Figure 2 — Radial growth of M. bonaerensis mycelium
inoculated at different temperatures (25, 28 and 37°C) and
cultivated in PDA medium for 3, 6 and 9 days. 5%
probability. Meansfollowed by the sameletter, intheline,
did not differ statistically by Tukey test (p £ 0,05)
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Radial mycelial growth
(mm)

Figure 3 —Radia growth of theM. bonaerensisinoculated
in PDA medium with different pH (5, 6, 7, 8, and 9) and
cultivated for 3, 6, and 9 days. Meansfollowed by the same
letter did not differ statistically by the Tukey test (p £ 0,05)

M. bonaerensis Exoenzymatic Activity

Figure 4 shows the exoenzymatic activities of
amylase, lipase, cellulase and protease, by M.
bonaerensis mycelia. These activities were
measured by presence of the degradation halos. The
absence of the degradation halo for amylase activity
suggests that M. bonaerensis degrades simple
carbon sources more readily (e.g. glucose), and
secretes enough amylases only to break the starch
for mycelial growth and this quantity was not
detectable by the test which was made. On the other
hand, lipid, protein and cellul ose degradation hal os
were very evident, suggesting that degradation of
organic compounds by M. bonaerensis mycelia
occur during its vegetative devel opment.
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Lipase Cellulase Protease Amylase

Figure 4 — M. bonaerensis exoenzymatic activity

Cytological Analysis

M. bonaerensis hyphae show one or two nuclei
per cell, are septate with communicating cell
compartments. A considerable number of clamp
connections, structures that are associated with the
maintenance of the dikaryotic nature of the mycelia,
was also observed.

Spawn Running and Mushroom Devel opment

Substrates contai ning humus were adequate for M.
bonaerensis mycelial growth on Petri dishes (Figure
5). Substrates containing humus + soil mixture
(COCHRANE, 1958) were best for growth, followed
by those with only humus and humus + manure.
However, substrates containing manure did not allow
satisfactory mycelial development, except when
complemented by humus. Fructification only occurred
inthe humus+ soil trestment complemented with casing
layer plusactive carbon (Table2). Nofructification was
observed in the other treatments.

Anaverage of 58 g/2 K of substrate of mushroom
morphologically similar to those isolated in the
pastures, was harvested. The mushroom was
approximately 25 cm high, with alarge and cream-
colored with brown scales basidiocarp and arigid
stalk. Although big, the mushroom is quite delicate
and fragile. The substrate colonization occurred in
al the treatments, but colonization followed by
fructification only occurred in the bags with gas
exchange. No mycelial growth was observed in any
completely sealed bag.

Thismushroom speciesisaerobic and oxygen and
carbon dioxide are atmosphere gas components of
great importance in its biology (MILES and
CHANG,1997). Although fructification was
considered low, this study reportsthefirst production
process under controlled conditions of M.
bonaerensis isolated in Brazil. The fructification
process can beimproved, and this basidiomycete will
thenintegratethelist of cultivated edible mushrooms.
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Figure5 —Radial growth of mycelium of M. bonaerensis
inoculated in different types of compost and incubated at
25°C for aproximately 8 days. Legend: HS (Humus + soil
1:9), H (humus), HM (humus + cattle manure 1:9), MS
(cattlemanure + soil 1:1), and M (cattle manure).

Table 2 — Growth and fructification of M.
bonaerensis on different substrates.”

Mycelial Grown Frutification™*

Treatments HS HHM MS M |[HS H HM MS M

Completely sealed bags

Bagswithgasexchange | + +  + + o+
without soil casing layer

Bagswith gasexchange | + + + + o+
with soil casing layer

Bagswith gasexchange | + + + + o+ |+
with soil casing layer
plus active carbon

" To see legend of the Figure 5
™ + = frutification
- = fifrutification
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