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ABSTRACT

Attempts were made to investigate synthetic cultivation of Lyophyllum decastes on two
different kinds of livestock composts [one year (C-I) and five weeks (C-II) fermented] with five
supplements (barley bran; corn husk; a mixture of wheat, rice, barley (WRB) brans; cotton
waste, and nucleic acid). Mycelial growth, ergosterol, yield, and biological efficiency (BE) were
studied. Elemental content in the mushroom fruit bodies, as well as in substrate ingredients,
both before and after growth, were determined. Both composts exhibited mycelial growth.
Barley bran supplemented C-I supported the greatest growth of any substrate tested. The yield
was greatest on C-I with WRB bran and barley bran supplements, with BE of 59.34% and
56.21%, respectively. C-I with corn husk yielded significantly less (49.24%), as did that with
nucleic acid (20.45%). WRB bran supplemented was the only C-II compost to fruit (BE
15.04%). The amounts of ergosterol corresponded to the yields. Neither cotton waste substrate
fruited.

Key words: Lyophyllum decastes, medicinal mushroom, livestock compost.

INTRODUCTION

The consumption of edible and medicinal
mushrooms by humans is an age-old
practice. Higher fungi are abundant sources
of a wide range of useful natural products
and new products with interesting biological
activities9. The discovery of bio-active

compounds, including anti-tumor
substances, has stirred a growing interest in
such mushrooms from industry, the media
and the scientific community11. Lyophyllum
decastes (Fr.) Sing. (Hatakeshimeji)
(Tricholomataceae), a gray basidiomycete
belongs to the same genus of Lyophyllum
shimeji, which is a culinary-medicinal
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mushroom with an excellent flavor.  In
recent years, it has been reported that L.
decastes has anti-tumor activity16, and that
it reduces the increased leukocytes resulting
from X-ray exposure5.

Although there is considerable interest
in L. decastes cultivation, there is no
standard protocol for cultivation. Pots are
generally used as the containers for  L.
decastes6. However, no well accepted
substrate has been established2. Like wild
Agaricus, L. decastes is found on the ground
in old organic matter. Unlike Agaricus it is
generally found in the woods, like Pleurotus
and Lentinula edodes. Unlike most
cultivated forest mushrooms, it is not found
on sound, dead logs, but in the rotting forest
litter.

It seemed desirable to find a material that
was like forest floor litter, the natural
substrate, but easily available. Large
quantities of wood-shaving livestock
bedding composts are produced. Such
composts are not appropriate for use as
fertilizer and are refractory in the
environment7. They are refractory wastes,
because  they contain large amounts of wood
shavings. Such composts would seem
similar to rotting forest litter, but possibly
they would be richer and support stronger
growth than the natural litter.

In this study, livestock bedding composts
with various supplements were evaluated by
elemental analysis. The growth, yield, and
elemental composition of L. decastes on the
composts was determined.

MATERIALS AND METHODS

Microorganism. Strain L. decastes KS-74
was obtained from the Kyushu University
collection and used in all experiments. It was
cultured on Potato Dextrose Agar at 23 C

for two weeks, then maintained at 5 C, and
sub-cultured every three months.

Composting process. Bedding
composted one year (C-I) (Susuki Co., Ltd.,
Fukuoka, Japan) and bedding composted
five weeks (C-II) (JA Hyuga Co-operative,
Miyazaki, Japan) were obtained from the
beef cattle companies. The C-I contained a
mixture of chips from Cryptomeria japonica
(L. f.) D. Don [Sugi], Picea glauca
(Moench) Voss [White spruce, imported],
Pseudotsuga menziesii (Mirb.) Franco
[Douglas fir], Pinus thunbergii Parl.
[Japanese black pine], Pinus densiflora Sieb.
& Zucc. [Japanese red pine], Pinus
ponderosa P. & C. Lawson [Western yellow
pine, imported], Tsuga sieboldii Carr.
[Hemlock] and Abies firma  Sieb. & Zucc.
[Momi fir]. The C-II contained only two
species, Cryptomeria japonica and
Chamaecyparis obtuse Sieb. & Zucc. The
exact composition of species was not
determined. The bedding had been about 10
cm thick in pens of beef cattle. Each week
the bedding was replaced with fresh and the
old bedding was composted. Composting of
C-I was done in piles of about 8-10 m3.
During the year C-I had been tilled and
mixed once each month. The C-II was
composted in piles of about 6 m3, tilled and
mixed each week for five weeks. In addition,
fresh sawdust was mixed with previously
fermented C-II, in the ratio of 1:1, then again
used as a bedding material. Finally, the
material was mixed with wood vinegar and
deodorant (anti-perspirant), and left for 5-6
days.

Substrate preparation. The composts
were mixed with an equal weight of Quercus
sp. sawdust (50%). That mixture was
determined in preliminary experiments15.
Supplements were added to make up 20%
of the weight of the substrates. The
supplements were barley bran; corn husks,
ground to a powder; a mixture of wheat bran,
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used the Flegg and Wood definition of
primordia4. The number and weight of
harvested mushrooms were recorded.

Elemental analysis was performed to
understand the outcome of major elements.
Hydrogen (H) and carbon (C) were analysed
by automatic CN-corder; nitrogen (N) by
the Dumas method; potassium (K) and
phosphorus (P) by atomic absorption; and
ash by weight after ignition. The substrate
was analyzed before and after mushroom
growth, and harvested mushrooms were
analyzed. The initial analyses were of the
substrates and supplements separately, and
the final substrates were the spent compost
substrates after the first flush of mushrooms.
All samples were analyzed at the Faculty
of Engineering, Kyushu University.

Determination of culture maturity.
Ergosterol content of substrates was
determined just after full colonization,
according to the method of Ohga and
Wood14. One g of dry, ground sample was
used, for the saponification step. The only
change from the original method was that
twice the prescribed quantity of solvent and
KOH were also used14.

Statistical analysis. Data were analyzed
by one-way ANOVA. Tests of significant
differences were determined by Tukey-HDS
at (P< 0.05). In all cases there were six
replicates (n=6).

RESULTS AND DISCUSSION

On agar surfaces, radial growth of mycelium
is a common method of estimating growth.
It is very useful because it can be easily
estimated by simple observation. It can also
be made quantitative with a simple ruler. In
three dimensional substrates, mycelium
ramifies in three  dimensions and may
behave in a very different manner within the
substrate than it does on the surface. The

rice bran, and barley bran; cotton waste,
from a cotton spinning mill; and a very crude
nucleic acid, produced from Torula yeast by
Nippon Paper Co. Ltd., Japan. “Corn husk”
is the common term for the leaf-like bracks,
which wrap the female inflorescenses of Zea
mays L. The completed substrates were
adjusted to 65% moisture with tap water.
The pH of each was measured, but not
adjusted. Two hundred grams of wet
substrate was placed in each pot, sterilized
at 121 C for 90 min, and then allowed to
cool to the desired inoculation temperature.
Each was inoculated with 15 ml of liquid
spawn (7.5% inoculation rate). A 5 mm disc
cut from agar was used in the mycelium
radial growth studies. The liquid spawn
medium was 100 ml, consisting of 2%
glucose, 0.7% yeast extract, 0.3%
polypeptone, 0.05% KH2PO4, 0.1%

K2HPO4, 0.05% MgSO4
.7H2O. It was

inoculated with a 5 mm disk, and incubated
at 25 C for ten days. The inoculated pots
were incubated for four weeks at 25 C in
darkness. Mycelial growth (diameter) was
determined after the four weeks, when the
radial growth  was measured.

Cultivation conditions. After complete
colonization, the pots were cased with 1.5-
2 cm of sterilized soil, and transferred to
the growing house. The temperature in the
house was adjusted to17±1 C, the  humidity
was maintained at 95-100%, and CO2
concentration was maintained at 2000 ppm
by automatic aeration. Light was supplied
by cool white fluorescent lamps 8 h each
day. The light intensity at the casing surface
was 0.748 watts/m2. Mycelial growth
(diameter, mm) was measured after two
weeks of incubation. Colonization,
primordia development, and fruit-body
formation were simple observations. We
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growth within the substrate is very difficult
to measure with a simple ruler, for that
reason ergosterol assay has been used to
measure fungal biomass10,12,13,14. While the
substrate with the most radial growth
produced considerable ergosterol and those
with the slowest radial growth produced
less, some with moderate radial growth
produced more ergosterol than those with
the greatest growth.  In our experiments, the
substrate with the barley bran supplement
supported the fastest surface radial mycelial
growth (Table 1). Although its radial growth
was significantly slower, the mixed, WRB,
bran supported the greatest ergosterol
production (Table 2), yield, and mushroom
size (Table 3).

Since radial growth is seen and
ergosterol is only known by analysis, there
is an inclination to suggest that the ergosterol
analyses are not meaningful. When we
compare the yield data in Table 3 with

growth in Table 1, we see that there is little
correlation. However, when we compare the
supplemented C-I in Tables 2 and 3, the

Table 1. Measurements of mycelial radial growth (mm) of L. decastes grown at 25 C for 28 days on
compost substrates with various supplements.

Substrate Supplements

Barley bran Corn husk WRB bran Cotton waste Nucleic acid

C-I 82.00±0.23 a 77.64±2.66 a 63.92±0.84 bc 65.22±1.96 b 55.57±3.20 c

C-II   70.66±1.78 a 63.94±1.71ab 58.01±1.29 b 42.13±1.42 c 22.91±1.48 d

Values are the mean ± SE of mycelial growth measurements (mm), and small alphabet letters indicate the same
letter in the same row are not statistically significantly different according to the Tukey HSD (P<0.05).

Table 2.  Ergosterol content (µg/g dry substrate) on colonized substrates of L. decastes with different
supplements.

Substrate Supplements

Barley bran Corn husk WRB bran Cotton waste Nucleic acid

C-I 510.80±22.01ab 457.51 ±2.59bc 627 ±44.78a 183.86±12.18d 369.69±3.02c
C-II 441.63±43.47ab 392.97±97ab 533.47±43.47a 222.02 ±6.13b -

Values are the mean ± SE of ergosterol content, and small alphabet letters indicate the same letter in the same row are
not statistically significantly different according to the Tukey HSD (P<0.05).

Fig. 1. Fruit-body formation of L. decastes on
one year fermented compost (C-I).
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ergosterol data and the yields correspond
closely. Also, C-II supplemented with WRB
bran showed greater ergosterol than other
substrates based on C-II and it is the only
one that yielded any mushrooms. So rather
than conclude that the ergosterol analyses
were meaningless, it might be more
reasonable to suggest that radial growth
measurements had little meaning.

Less surprising, the time until complete
colonization and primordia form shown in
Table 3, correlated quite well with the radial
growth. Complete colonization might be
said to equal terminal radial growth. That
the radial growth and primordial formation
correspond to each other suggests that
primordial formation is a function of terminal
radial growth. Since primordia appear some
time after complete colonization, further

ramification, after apparent colonization
may be necessary. However, primordial
formation depends on more than just
colonization, C-I supplemented with cotton
waste colonized more rapidly than C-I
supplemented with WRB bran, but produced
no primordia. Even C-I supplemented with
nucleic acid, which required 11 more days
to colonize, than the cotton waste
supplemented, produced primordia.

Our desire was to find a good substrate
for commercial mushroom production.
Many have used brans, and cotton wastes
in the cultivation of other mushrooms. A
corn husk extract was found to promote
vegetative growth of mushrooms3.  Two
things are required of the substrate for
economic mushroom production, low cost
and good yields. The substrates used in these

Table 3. Mycelial colonization, pinning, primordial development, yield and biological efficiency (BE)
of L. decastes on composts with different supplements.

Substrate Supplements

Barley bran Corn husk WRB bran Cotton waste Nucleic acid

C-I
Substrate pH 6.28±0.01 6.62±0.00 6.35±0.05 6.80±0.00 6.99±0.01
Colonization (days) 50 52 58 54 65
Pinning (days) 9 9 11 Not appeared 11
Primordia (days) 16 17 17 - 20
Fruit body (days) 30 33 34 - 36
Yield (g, fresh  weight) 39.74 ±0.74a 29.12 ±1.54b 41.54 ±0.66a - 14.32 ±1.14c
Size (g/mushroom) 2.43 ±0.10a 2.36 ±0.07a 2.44 ±0.05a - 1.37±0.07b
BE (%) 56.21 49.24 59.34 - 20.45

C-II
Substrate pH 5.89 ±0.01 6.46 ±0.02 6.11 ±0.00 7.04 ±0.03 7.06 ±0.00
Colonization (days) 58 60 60 61 Not appeared
Pinning (days) 9 9 10 11 -
Primordia (days) 18 18 19 21 -
Fruit body (days) No fruiting No fruiting 35 No fruiting -
Yield (g, fresh  weight) - - 10.53 ±0.09c - -
Size (g/mushroom) - - 1.31 ±0.09b - -
BE (%) - - 15.04 - -

Values are the mean ± SE and small alphabet letters indicate the same letter in the same row is not statistically
significantly different according to the Tukey HSD (P<0.05).  (Yield and size of mushrooms were compared on both
C-I and C-II).
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experiments, were made of relatively
inexpensive materials and yields with the
bran supplements (BE 56.21 to 59.34%)
were quite acceptable. The adequacy of the
bran substrates is also seen in Fig. 1.

It is interesting that L. decastes is often
found in pine forests and C-I substrates were
better than C-II. Both of the composts were
made of gymnosperm wood chips, but only
C-I contained Pinus spp. Methods and time
of composting, percentage of animal wastes,

or other composition may be the important
factors. Our substrate will allow better
production than current practice, but it also
opens a starting place for further studies to
attain even greater yields.

Carbohydrates, proteins and fats all have
a C/H ratio of somewhat more than 6.2.
However, lignin and nucleic acids have C/H
ratios greater than 7.0. The C/H ratio of
sawdust in Table 4 was 7.7, C-I 7.5 and C-II
7.2. The C/H ratios of  supplements was from

Table 4.  Elements contained in substrates and supplements (dry weight).

Ingredients g/100g

Ash H C C/H N K P

Substrates
C-I  14.86±2.39 5.26±0.17  39.68±0.95 7.5 1.92 ±0.10 1.96 0.77
C-II 17.31±0.84 5.08±0.06 36.65±0.34 7.2 2.65 ±0.80 2.02 1.50
Sawdust 1.03±0.12 6.01±0.15 46.55±0.07 7.7 0.20± 0.00 0.15 0.008

Supplements
Barley bran 3.01±0.28 6.74±0.16 47.29±0.85 7.0 3.01 ±1.07 0.03 0.33
Corn husk 0.46±0.03 6.69±0.41 46.27±1.49 6.9 1.60 ±0.61 0.15 0.04
Rice bran 6.49 7.05 44.68 6.3 2.05 1.57 1.61
Wheat bran 2.54±0.11 6.65±0.01 43.11 ±0.32 6.5 2.32 ±0.42 0.65 0.26
Cotton waste 1.70±0.08 6.48±0.24 46.22±0.13 7.1 1.59 ±0.26 0.83 0.11
Nucleic acid 2.82 6.76 47.52 7.0 7.12 0.06 0.32

Values are the mean ± SE.

Table 5.  Elements in mushroom fruit bodies (dry weight).

Substrates g/100g

Ash H C C/H N K P

C-I
Barley bran 11.54 6.42 41.22 6.4 6.54 4.89 0.92
Corn husk 9.26±0.49 6.29±0.09 40.19±0.26 6.4 3.13±0.26 4.22 0.74
WRB bran 13.14 6.33 40.18 6.3 6.51 4.62 1.29
Nucleic acid 5.68 6.29 39.25 6.2 7.02 3.34 0.61

C-II
WRB bran 7.72±0.90 6.04±0.03 36.76±0.35 6.0 6.25 4.63 0.82

Values are the mean ± SE.
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6.3 for rice bran to 7.1 for cotton wastes. So
the C/H ratios of all substrate ingredients were
about as expected. As expected nitrogen was
the lowest in the sawdust, and highest in the
nucleic acid.

The C/H data in Table 5 gives as expected
ratios of 6.0 to 6.4 for the fruit bodies. Nitrogen
was similar to that reported for other
mushrooms8, with the exception of those from
the corn husk supplemented C-I, which was
only 3.13%. Less nitrogen has been reported
in other species, but it is surprising that there
should be such a difference between those
grown under such similar conditions. They
differed only by the supplement, comprising
of 20% of the substrate.

The spent composts had C/H ratios greater
than the starting substrates as shown by data
in Table 6. That suggests that L. decastes used
little of the lignin in the original composts.
Because of the animal wastes in the compost,
the nitrogen in our substrates was very high.
It seems likely that like many other
mushrooms, the ability of  L. decastes to
degrade lignin is inhibited by nitrogen1.

Many organisms take up selected
minerals, specific to their taxonomic group,
but  some minerals are taken up according to
availability. Most analyses of mushrooms
have shown relatively great amounts of
potassium and only somewhat less
phosphorus8. The data in Table 5 is about as
expected for those minerals. However, it is
interesting that the phosphorus was greater in
mushrooms from the most productive
substrates.

In conclusion, L. decastes was successfully
cultivated on mixed wood-livestock compost.
We have shown the possibility of cultivation
on a refractory waste. Further, manipulation
of sawdust species contained in the compost,
composting process and suitable combination
of substrate and supplements might increase
the growth and productivity of the mushroom
fruit bodies.
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Table 6.  Elements in mushroom spent composts (dry weight).

Substrates g/100g

Ash H C C/H N K P

C-I
Barley bran 10.92 5.46 41.32 7.6 1.93 0.50 0.35
Corn husk 7.06±0.13 5.64±0.2 42.95±0.42 7.5 1.10±0.35 0.47 0.29
WRB bran 11.51±2.02 5.37±0.26 41.43±0.05 7.7 1.35±0.85 0.45 0.48
Cotton waste 8.55±2.65 5.45±0.19 43.31±2.27 7.9 0.94±0.06 0.96 0.38
Nucleic acid 11.33±3.50 5.38±0.27 40.71±2.28 7.6 2.30±0.15 0.52 0.32

C-II
Barley bran 19.58±2.48 4.92±0.15 36.71±0.98 7.5 2.01±0.24 0.74 0.33
Corn husk 7.46±0.19 5.66±0.01 42.81±0.22 7.6 1.55±0.16 0.90 0.34
WRB bran 8.69±0.48 5.56±0.03 42.00±0.37 7.6 1.83±0.30 0.80 0.43
Cotton waste 9.96 5.36 41.02 7.7 1.31 0.95 0.24

Values are the mean ± SE.
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