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SUMMARY. Nutritive agar formulations
with additions of poplar (Populus
alba) sawdust, wheat (Triticum
durum) bran, or milled sunflower
(Helianthus annuus) seed hulls (SSH)
were evaluated for mycelium cultiva-
tion of shiitake (Lentinula edodes), in
petri dishes. Sawdust, 2, 3 and 4 g·L–1

(0.27, 0.40 and 0.53 oz/gal) added
to MYA (malt, yeast extract and agar)
medium did not improve the myce-
lium growth rate, while media that
included 1, 2, and 3 g·L–1 (0.13, 0.27,
and 0.40 oz/gal) wheat bran or 2, 3,
and 4 g·L–1 (0.27, 0.40, and 0.53 oz/
gal) milled SSH exhibited a signifi-
cant increase in the mycelium growth
rate, at 25 °C (77 °F). The use of SSH
obtained directly from the oil industry
was evaluated as a substrate for the
cultivation of shiitake mushroom via
synthetic logs in plastic bags. A linear
growth test was used to previously
assay the mycelium growth rate in
substrate compositions with different
contents of SSH, wheat bran, and
poplar sawdust, at 25 °C. The largest
mycelial growth rates were 2.75, 2.88,
and 2.93 mm·d–1 (0.108, 0.113, and
0.115 inch/day) for the substrates
formulated with 8 SSH : 2 wheat
bran, 9 SSH : 1 poplar sawdust, and 8
SSH : 1 wheat bran : 1 poplar

sawdust by weight, respectively. The
synthetic logs showed a daily produc-
tion rate of 2 kg shiitake/100 kg dry
substrate for a 55 days cycle produc-
tion with a simple formula containing
37.5% SSH, 0.5% calcium carbonate
(CaCO3) , 2% calcium sulfate (CaSO4),
and 60% water. Addition of wheat
bran to the SSH-based synthetic log
produced no significant differences on
biological efficiency, mushroom
production, or productivity.

Shiitake mushrooms are con
sumed worldwide and are
the most popular mushrooms in

Asian countries and are valued both
for high nutritional and medicinal prop-
erties. Several polysaccharides and other
compounds from shiitake mushrooms
(Chihara, 1978) were identified as
having important antitumor (Chen and
Ho, 1986), antiviral (Suzuki et al.,
1979), and cholesterol reducing ef-
fects (Kim et al., 1992), and can greatly
stimulate the immune system (Chihara,
1990, 1992).

Shiitake is a white rot fungus able
to degrade the main components of
wood, including lignin and cellulose.
It produces enzymes capable of hydro-
lyzing cellulose and hemicellulose, and
oxidizing lignin (Buswell and Oider,
1987; Morais et al., 2000; Zadrazil,
1985). Although a great proportion of
shiitake production still comes from
cultivation on natural logs, techniques
with specially formulated substrates in
plastic bags, known as synthetic logs,
have been developed in countries—
China, Japan, rest of Asia—known as
traditional producers of shiitake
(Chang and Miles, 1989). The syn-
thetic log technique avoids the pro-
longed time, usually more than six
months, needed by the traditional cul-
tivation on hardwood logs (Sabota
1994).

Many agricultural and industrial
residues can be used as alternative sub-
strates to manufacture these artificial
logs: rice (Oryza sativa) straw, saw-
dust, wheat grain, rye (Secale cereale),
oat (Avena sativa), and sorghum (Sor-
ghum spp.) grains, used tea (Thea
sinensis) leaves, cotton (Gossypium
spp.) wastes, cotton pulp and seed
husks (Chang and Quimio, 1986),
and hardwood sawdust (Pacumbaba
and Pacumbaba, 1999a, 1999b). Sun-
flower seed hulls (SSH), however, have
not been tested in a substrate formula-
tion for shiitake mushroom cultiva-

tion. Sunflower seed hulls is an abun-
dant residue of the edible oil produc-
tion in many countries. The sunflower
seed is transformed during the oil ex-
traction procedure into oil and flour,
and seed hulls are a byproduct. The
SSH constitutes about 18% to 20% of
the processed seeds (Helgeson et al.,
1977), and cannot be used in animal
feeding or other applications. The main
organic macronutrients of sunflower
seed hulls are lipids, carbohydrates,
and proteins. The highest content of
organic components is in the lignin
and cellulose–hemicellulose portion,
the lignin being about 20% to 25% of
total weight (Dorrel and Vick, 1997).
Reduced sugars are also an important
part of the seed coating amounting to
about 25%. Lipids and protein content
are around 5% and 4%, respectively,
and almost 3% of the lipids are waxes
(Cancalon, 1971). This chemical com-
position of sunflower seed hulls makes
it an attractive material for growing
microorganisms. The high lignin con-
tent, however, limits the possibility of
rapid biodegradation. The white rot
fungi, basidiomycetes, are considered
the primary agents in nature for lignin
degradation (Buswell and Oider, 1987;
Zadrazil and Reinger, 1988). The abil-
ity of shiitake to colonize substrates is
limited by several factors, including
physicochemical and nutritional fac-
tors (Kahn and Chaudhary, 1989; Song
et al., 1987). The growth rates of
shiitake mycelia in different formula-
tions of nutritive agar was studied and
a linear growth test was used to evalu-
ate the mycelial colonization rate on
different SSH substrate formulations
containing different wheat bran and
poplar sawdust ratios.

The goal of the present study was
to evaluate the feasibility of using SSH
as a substrate for the cultivation of
shiitake mushrooms in synthetic logs
in plastic bags.

Materials and methods
FUNGI, CULTURE MEDIA, AND

MYCELIAL GROWTH TEST. The shiitake
strain used was Somycel 4055 (Somycel
S.A., Langeais, France). Shiitake myce-
lium was maintained in 10-cm (4-inch)
diameter petri dishes containing MYA
(malt–yeast–agar) medium consisting
of 20 g·L–1 malt extract, 2 g·L–1 yeast
extract, 20 g·L–1 agar, and 10 g·L–1

glucose, pH 5.5 (Stamets, 1993). Me-
dium was sterilized at 121 °C (250 °F)
for 20 min, plates were incubated in
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darkness at 25 °C for 10 d. After this
incubation, mycelium was ready for
use. Different additives were evaluated
in order to increase the mycelial growth
rate on MYA medium. Poplar sawdust
and completely milled SSH were added
to MYA at concentrations of 0, 2, 3,
and 4 g·L–1, and wheat bran at 0, 1, 2,
and 3 g·L–1. The mixture of additives
and agar medium was autoclaved, and
then poured into the plates. Colo-
nized agar plugs [4-mm (0.16-inch)
diameter] from the culture stocks were
placed on the center of the petri dishes.
They were incubated at 25 ºC in dark-
ness for 7 d and the growth rates of the
mycelium were evaluated by measur-
ing the mean colony diameter, with
five replications per treatment.

LINEAR GROWTH TEST. A linear
growth test (Duncan, 1997) was used
to evaluate the rate of shiitake mycelial
growth on SSH substrate supple-
mented with various additives, all con-
taining 37.5% lignocellulosic material.
Treatments were SSH, SSH : wheat
bran (9:1 and 8:2 by weight), SSH :
poplar sawdust (9:1 by weight), and
SSH : poplar sawdust : wheat bran
(8:1:1 by weight), and oat straw. All
these substrate mixtures contained the
following salt and water levels: 0.5%
CaCO3, 2% CaSO4, and 60% water, by
weight. The substrate was packed to
an approximate density of 0.5 g·cm–3

(0.3 oz/inch3) in glass tubes 20 cm
long and 1.6 cm in diameter (8 × 0.63
inches). An agar disk with mushroom
mycelium and the same diameter as
the tube, was placed on one end of the
tube and was pushed until it touched
the substrate. Both ends of the tubes
were plugged with cotton, and 10
tubes per treatment were incubated at
25 °C in darkness for 12 d.

SPAWN PRODUCTION, SUBSTRATE

PREPARATION, AND SPAWN RUNNING.
Spawn was prepared in 1-L (0.26-gal)
bottles filled with a mixture of 59.1%
wheat grain, 40% water, 0.1% CaCO3,
and 0.8% CaSO4, by weight. Bottles of
media were sterilized at 15 lb/inch2

(6.82 kg·cm–2) for 90 min and were
inoculated with L. edodes mycelium
(two wedges per bottle). The spawn
was incubated at 25 ºC in darkness for
15 to 20 d with periodic shakings.

Three substrate formulations were
assayed: SSH, 8 SSH : 2 wheat bran,
and 9 SSH : 1 wheat bran, by weight .
All formulations contained 60% water,
0.5% CaCO3, 2% CaSO4, by weight,
and 2 mg·L–1 (ppm) Bavistin‚ FL (BASF

Aktiengesellchaft, Ludwigshafen, Ger-
many), a fungicide containing 50%
wt/vol carbendazim (2-methoxy-
carbomyl benzimidazole). Final dry
lignocellulosic material content was
37.5% for all formulations. Substrate
formulations were decontaminated
following a technique previously de-
veloped in our laboratory. This method
makes use of a plaster-making machine
with 180-L (50-gal) metallic rotary
drum, with 40-L (11-gal) useful sub-
strate capacity. A gas heater with 2
ring-shaped burners of 0.21 m (8.27
inches) and 0.08 m (3.15 inches) di-
ameter was placed at 0.04 m (1.60
inch) distance from the lower base of
the drum. An electric motor of 560 W
rotated the drum and rotation was
automatically interrupted every 15 min.
The rotation speed was 32 rpm. This
treatment was enough to produce an
effective substrate decontamination
after about 2.5 h. The substrate tem-
perature was allowed to fall to 35 to 40
ºC (95 to 104 °F), with the drum
rotating for 2 h, then the spawn was
added to the substrate and rotation
continued for 15 to 20 min until ho-
mogenous mixing of spawned sub-
strate (Curvetto, 1997; Curvetto et
al., 1997).

The substrate formulations were
inoculated with shiitake spawn (7% by
weight) and 1.5 kg (3.3 lb) substrate
were packed to an approximate density
0.5 g·cm–3 into 13 × 20-cm (5 × 8-
inch) high-density polypropylene bags
(n = 10). Bag ends were tightly closed
and microperforations were made in
all the bags with a special rod resulting
in about 7000 holes per square meter.
Bags were then placed in a growth
chamber at 24 °C (75 °F) and 70% to
80% relative humidity (RH) for 25 to
30 d in darkness, to allow the substrate
colonization.

FRUITING, CROPPING, AND PRO-
DUCTION. Shiitake mycelium grew veg-
etatively until full colonization of the
synthetic log in plastic bags and reached
the blistering stage (with irregular blis-
ter-like surface topography formations,
which are the precursors to primordia)
at 25 to 30 d from spawning. At this
time, the plastic bags were removed
and the logs were immersed in tap
water at 4 to 6 ºC (39 to 43 °F) in
darkness for 48 h, to initiate the fruit-
ing stage. Then the synthetic logs were
kept in a controlled environment with
12 h photoperiod under 1500 to 2000
lux (140 to 186 fc), 80% to 90% RH,

22 ºC (72 °F) and adequate ventila-
tion. Fruiting was thus stimulated, and
after 3 to 5 d mushrooms were ready
for harvest. After this first flush, and
with the purpose of obtaining a second
flush, synthetic logs were allowed to
dry for 7 to 10 d in a room at about
50% RH, and 25 °C and then im-
mersed again in water at 4 to 6 °C for
48 h before put them back in the
growing room.

We calculated the biological effi-
ciency (BE) (% BE = kg fresh mush-
rooms/kg dry substrate × 100), mush-
room production (MP) (% MP = kg
fresh mushrooms/kg wet substrate ×
100) for both flushes, and the accu-
mulated productivity (kg fresh mush-
room/100 kg dry substrate per day) of
shiitake mushrooms at the end of the
second crop.

STATISTICAL ANALYSIS. The re-
sults from the mycelial growth test in
petri dishes were evaluated by analysis
of variance (ANOVA) test, and mean
values separation was done by Tukey’s
test (Ott, 1984), P < 0.001. For linear
growth test, 10 replications per treat-
ment, the measurements were evalu-
ated by ANOVA test. Separation of
mycelial growth rate mean values was
performed by the test of Tukey, P <
0.05. For fruiting parameters, a com-
pletely randomized design with 10
replications per treatment was used
and results were analyzed as mentioned
for the other tests (P < 0.05).

Results and discussion
FORMULATION OF THE SOLID CUL-

TURE MEDIA. Table 1 shows the coloni-
zation rates of different culture media
by shiitake mycelium. The addition of
poplar sawdust did not improve the
mycelium growth rate, while the me-
dia prepared with either wheat bran or
milled sunflower seed hulls, in all the
concentrations evaluated, exhibited the
highest mycelium growth rate, and
both additives were appropriate for
growing this shiitake strain. For our
experiments we chose 4 g·L–1 milled
sunflower seed hulls in the MYA me-
dium.

LINEAR GROWTH TEST. The effect
of different substrate formulations on
shiitake mycelium growth is shown in
Table 2. The mycelial growth was 2.41
mm·d–1 (0.10 inch/d) on SSH alone
(treatment 1). The highest growth
rates were obtained on substrates for-
mulated with SSH and wheat bran
(8:2 by weight, treatment 3), SSH and
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poplar sawdust (9:1 by weight, treat-
ment 4) and SSH, wheat bran and
poplar sawdust (8:1:1 by weight, treat-
ment 5).

FRUITING, CROPPING, AND PRO-
DUCTION. We used the simplest sub-
strate to evaluate the effectiveness of
the additives on the fruiting yields; i.e.,
37.5% sunflower seed hulls, 0.5%
CaCO3, 2% CaSO4 and 60% water.
Since wheat bran is cheap and easily
available, we used two formulations of
sunflower seed hulls and wheat bran
(8:2 and 9:1 by weight). Carpophores
appeared with typical morphology and
normal development, resulting in har-
vested mushrooms mainly with 6 to 8
cm (2.4 to 3.1 inches) diameter.

 BE for the first two flushes (at
day 35 and day 55 from spawn inocu-
lation), and the accumulated BE, MP
and productivity, at the second crop
for the substrate formulations are given
in Table 3. The addition of wheat bran
to the sunflower seed hull substrate
did not produce significant differences
in parameter yields or productivity (P
< 0.05). In fact, the formulation con-
taining only SSH as lignocellulose
material had a relatively high yield of
108% in 55 d. This represents a daily
production rate of 2 kg mushrooms/
100 kg dry substrate comparable to
and even greater than that reported
with other substrates that have longer
cultivation periods (Kalberer, 1989;
Pacumbaba and Pacumbaba, 1999a,
1999b; Przybylowicz and Donoghue,
1990; Rinker, 1991). Recently, Morais
et al. (2000) working with four strains
of shiitake and using both the best
productive substrate formulation and
the best strain, obtained a BE of 60%
after running for about a 100-d pro-
duction cycle. This formulation re-
sulted in a daily production rate of 0.6
kg shiitake/100 kg dry substrate.
Hence, it appears that if some nutrient
deficiency was present in our substrate
and culture conditions, it was not
strongly limiting the shiitake growth
performance.

Conclusions
Our results showed that a plastic

bag production system using sunflower
seed hull as substrate allows a high
yield of shiitake mushroom in a shorter
cycle of production than that reported
with other substrates. A simple sub-
strate formula like the one presented in
this study, composed of an abundant
and cheap residue from the edible oil

Table 1. Shiitake (Lentinula edodes) mycelial growth in malt, yeast extract and
agar (MYA) medium supplemented with different contents of poplar sawdust
(PS), wheat bran (WB) or milled sunflower seed hull (SSH): 1) 2 g·L–1 PS, 2)
3 g·L–1 PS, 3) 4 g·L–1 PS, 4) 1 g·L–1 WB, 5) 2 g·L–1 WB, 6) 3 g·L–1 WB, 7) 2
g·L–1 SSH, 8) 3 g·L–1 SSH, 9) 4 g·L–1 SSH. Growth was measured as the mean
of two diameters of the colony taken at right angles, after 7 d incubation in
darkness at 25 °C (77 °F).

Mean
colony

PS WB SSH diam
Treatment (g·L–1)z (g·L–1) (g·L–1) (cm)y

Control (MYA) 0 0 0 5.42 ax

1 2 0 0 5.36 a
2 3 0 0 5.34 a
3 4 0 0 5.32 a
4 0 1 0 6.50 b
5 0 2 0 6.24 b
6 0 3 0 6.36 b
7 0 0 2 6.38 b
8 0 0 3 6.30 b
9 0 0 4 6.52 b
z1 g·L–1 = 0.13 oz/gal.
y1.00 cm = 0.394 inch.
xMeans followed by the same letter are not significantly different (P < 0.001).

Table 3. Yield parameters of shiitake (Lentinula edodes) mushroom grown on
three sunflower seed hulls (SSH) substrate formulations in synthetic logs.

Substrate BE BE Accumulated
formulation 1st flushz 2nd flushy BEx MPw Productivityv

(by wt) (%) (%) (%) (%) (%)

SSH 46u 62u 108 43 2.0
8 SSH : 2 wheat bran 49 64 112 47 2.0
9 SSH : 1 wheat bran 45 57 102 41 1.9
zBiological efficiency (BE) for the first flush at day 35 from spawn inoculation.
yBiological efficiency for the second flush at day 55 from spawn inoculation.
xAccumulated biological efficiency.
wMushroom production (MP) at the second crop.
vProductivity (mushroom production per day).
uBiological efficiency within each flush are not significantly different (P < 0.05).

Table 2. Linear growth rate of shiitake (Lentinula edodes) mycelium on six
substrate formulations with different contents of sunflower seed hull (SSH),
wheat bran (WB), poplar sawdust (PS), and/or oat straw (OS). All formula-
tions contained 0.5% calcium carbonate, 2% calcium sulfate, and 60% water.
Treatments were: 1. 37.50% SSH, 2. 33.75% SSH + 3.75% WB, 3. 30.00% SSH
+ 7.50% WB, 4. 33.75% SSH + 3.75% PS, 5. 30.00% SSH + 3.75% WB +
3.75% PS, 6. 37.50% OS. Final content of lignocellulosic material was 37.5%.

Substrate composition Mycelial
SSH WB PS OS growth rate

Treatment (%) (%) (%) (%) (mm·d–1z)

1 37.50 0 0 0 2.41 ay

2 33.75 3.75 0 0 2.63 b
3 30.00 7.50 0 0 2.75 bc
4 33.75 0 3.75 0 2.88 c
5 30.00 3.75 3.75 0 2.93 c
6 0 0 0 37.50 2.59 b
z1.00 mm·d–1 = 0.039 inch/d.
yMeans followed by the same letter are not significantly different (P < 0.05).
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industry would have a positive impact
on production costs. The short pro-
duction cycle and high yield obtained
with this substrate and the Somycel
4055 strain of shiitake clearly shows
the advantage of using the synthetic
log system instead of the traditional
method using hardwood logs.
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