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ABSTRACT

Sunflower seed hull, an abundant and cheap by-product of the edible oil industry, 
was used as a substrate for growing Schizophyllum commune. Mushroom mycelial 
growth rate on substrates prepared with sunflower seed hull, in absence or presence 
of supplements (barley, wheat bran, sunflower or olive oil), was evaluated. The growth 
analysis on sunflower seed hull (37.5%, wet weight) substrate showed a mycelial run 
length of 3.8 cm in seven days. In comparison, supplementation with either wheat 
bran [3.75%, 7.5% (w/w)], barley [3.75%, 7.5% (w/w)], or 1% vegetal oils (sunflower 
or olive oil) improved, but showed no significant differences on mycelial growth.  A 
production assay on sunflower seed hull synthetic logs, in absence or presence of 
wheat bran, was done to evaluate the mushroom production yield for a three harvest 
cycle. Accumulated biological efficiency and productivity on sunflower seed hull 
based substrate containing 7.5% (w/w) wheat bran (biological efficiency= 48.3%, 
productivity= 1.6% day-1) were significantly greater than those obtained on sunflower 
seed hull substrate (biological efficiency= 40.7%, productivity= 1.1% day-1). Thus, 
sunflower seed hull can be used as the main energy and nutritional source in the 
formulation of a substrate for cultivating S. commune, and supplementation with 
wheat bran significantly improves mushroom yield. 

Key words: Cultivation, medicinal mushroom, Schizophyllum commune, sunflower 
seed hulls.

* Corresponding author: N. Curvetto. Tel.: +54 (291) 4861666. E-mail: micouns@criba.edu.ar



20 D. Figlas et al.

Micol. apl. int., 26(2), 2014, pp. 19-25

INTRODUCTION

Schizophyllum commune Fr. is a 
cosmopolitan mushroom1,3. It is considered 
as an edible species by many populations 
in the tropics12. S. commune is a very good 
source of protein, vitamins, lipids and 
minerals1. For centuries, this mushroom has 
been considered in the Orient as a popular 
healthy food and an effective medicine to 
treat several diseases9. It has been reported 

to possess anticancer activity. A glucan, 
named schizophyllan, has been isolated 
from this mushroom. This polysaccharide 
has a high potential in the pharmaceutical 
industry due to its immunomodulating, 
antineoplastic and antiviral activities, 
which were found to be higher than those 
reported for other glucans10.
 S. commune cultivation has not been 
reported on a substrate formulated with 
sunflower seed hull (SSH) as the main 

cáScara de Semilla de giraSol para el cultivo de SchizophylluM coMMune 
en SiStema de troncoS 

RESUMEN

La cáscara de semilla de girasol, un residuo abundante y económico de la industria 
del aceite comestible, se utilizó como sustrato para el cultivo de Schizophyllum 
commune en un sistema de troncos sintéticos. Se estudió la velocidad de crecimiento 
micelial en sustratos elaborados con cáscara de semilla de girasol en ausencia y en 
presencia de suplementos (salvado de trigo, cebada, aceites de girasol u oliva). El 
análisis de crecimiento en sustrato a base de cáscara de semilla de girasol (37.5%, 
peso húmedo) mostró una longitud de crecimiento micelial de 3.8 cm en siete días. 
La suplementación, tanto con salvado de trigo (3.75%, 7.5% p/p) como con cebada 
(3.75%, 7.5% p/p), fue mejor aunque no mostró diferencias significativas en el 
crecimiento micelial, ni tampoco lo hizo el agregado de 1% de aceites vegetales (aceite 
de girasol u oliva).  Por medio de un ensayo de producción en troncos sintéticos de 
cáscara de semilla de girasol, en ausencia o presencia de salvado de trigo, se evaluó 
el rendimiento en la producción de basidiomas para un ciclo de tres cosechas. Los 
valores de eficiencia biológica acumulada y productividad en sustratos de cáscara de 
semilla de girasol que contenían 7.5% (p/p) de salvado de trigo (48.3% y 1.6% día-1, 
respectivamente) fueron significativamente superiores a los obtenidos con sustratos de 
cáscara de semilla de girasol (40.7%, 1.1% día-1, respectivamente). De esta manera, la 
cáscara de semilla de girasol puede ser utilizada como principal  fuente nutricional y 
energética en la formulación de un sustrato para el cultivo de S. commune en troncos 
sintéticos y la suplementación con salvado de trigo mejora significativamente los 
rendimientos de basidiomas.

Palabras clave: Cáscara de semilla de girasol, cultivo, hongo medicinal, Schizophyllum 
commune. 
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energy and nutrient source. This material 
is an abundant residue of the edible 
oil production in many countries. The 
main organic macronutrients of SSH are 
lipids, carbohydrates and proteins; lignin 
content is about 20-25% of total weight6. 
Polysaccharides are also an important part 
of the seed coating amounting to about 
25%. Lipid content is around 5% and the 
protein is 4%; almost 3% of the lipids are 
waxes2. The chemical composition of SSH 
makes it a suitable material for growing 
edible and medicinal mushrooms.
 The aim of the present study was to 
evaluate the feasibility of using SSH, as 
it comes out from the edible oil industry, 
in absence or presence of different 
supplements, for cultivating S. commune. 
Hence the mycelial growth performance 
in different substrate formulations based 
on SSH was studied, and subsequently 
chosen formulations were evaluated in a 
production assay. 

MATERIALS AND METHODS

Microorganism and culture medium. 
Schizophyllum commune was kindly 
provided by Dr. A. Massie, Universidad 
Nacional de Salta, Argentina. Cultures 
were kept in malt-yeast extract-peptone-
agar medium (MYPA: 20 g L-1 malt extract, 
2 g L-1 yeast extract, 5 g L-1 peptone, 20 g 
L-1 agar), at pH 6.0. Petri dishes inoculated 
with S. commune were incubated at 24 C 
in the dark for 10 days, and maintained at 
4 C until use.
 Mycelial growth analysis. A lineal growth 
assay was used to evaluate the mushroom 
mycelial growth rate on different nutrient 
media7. The control substrate contained 
37.5% SSH, 0.5% CaCO3, 2% CaSO4, 

and 60% water. A portion of the SSH 
from the control substrate was replaced 
with different supplements: wheat bran 
(treatment 1: 3.75%; treatment 2: 7.5%), 
barley (treatment 3: 3.75%; treatment 4: 
7.5%), and sunflower (treatment 5: 1%) 
or olive oil (treatment 6: 1%). In order to 
stabilize the oil-water suspension, gelatin 
was blended with water at a ratio of 0.1% 
(w/v) before adding to the substrate.
 Substrates were placed in glass tubes 
(200 mm long, 16 mm inner diameter) and 
packed to a density of ca. 0.5 g cm-3. Open 
ends of tubes were plugged with cotton. 
After sterilization, substrates were asepti-
cally inoculated on one end with a disk of 
actively growing mycelium, which cov-
ered the whole section of the tube. Tubes 
(10 per treatment) were incubated at 23±1 
C and 85% relative humidity (RH) for 7 
days in the dark. The mycelial growth 
length was measured after 7 days of incu-
bation and expressed in cm. 
 Spawn preparation. S. commune 
spawn was prepared in 1 L glass bottles, 
containing 250 g wheat (Triticum durum 
Desf.) grain, 0.1% (w/w) CaCO3, 0.8% 
(w/w) CaSO4, and 40% water5. This 
mixture was sterilized at 121 C during 1.5 
h, cooled and inoculated with mycelium 
of S. commune grown on MYPA medium 
(two agar wedges per bottle). Spawn was 
incubated at 24 C in darkness for 10-12 
days, periodically shaken and checked for 
possible contamination.
 Substrate preparation and spawn 
running. Based on the mycelial growth 
analysis, two substrate formulations were 
chosen for subsequent basidioma formation 
assay (control and treatment 2). Substrate 
formulations were prepared and allowed 
to hydrate overnight. Autoclavable high-
density polyethylene bags (n= 10) were 
used (1 kg) with substrates packed at a 
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density near to 0.5 g cm-3. The bags were 
closed tightly at their top with masking 
tape and then sterilized by autoclaving at 
121 C for 120 min; 24 h later they were 
aseptically and homogeneously inoculated 
under sterile laminar flow at a 10% spawn 
ratio. In order to provide adequate gaseous 
exchange, plastic bags were micro-
perforated at their bottom and top by using 
an ad hoc device, and then incubated in 
an environmentally controlled chamber 
at 21±1 C, 60% RH, in the dark for 10-12 
days.
 Basidioma production, cropping and 
yield. Once the substrate was completely 
colonized by mycelium, bags were kept 
under the same environmental conditions 
for two more days to allow for its maturation. 
To induce basidioma formation, bags were 
punctured and transferred to a suitable 
room where the environmental conditions 
were 22±2 C, 12 h photoperiod (cool-
white fluorescent light), and 80-90% RH. 
Adequate ventilation was also provided to 
avoid CO2 buildup in the air. The complete 
production cycle took about 31-36 days 
and included three mushroom harvests. 
Grown fresh mushrooms were gathered 
per treatment and weighed at each harvest 
time. 
 Yield parameters calculated were: 
biological efficiency (BE, %)= [(kg 
fresh mushrooms/kg dry substrate) x100] 
corresponding to each of the three harvests, 
accumulated biological efficiency of 
mushrooms at the end of the third harvest, 
and also productivity (P, %)= BE (%)/ total 
time of complete production cycle (days).

Statistical analysis
 Mycelial growth analysis. Results were 
evaluated by one way ANOVA, and the 
separation of mycelial rate mean values 
was done by the Tukey test11. 

Mushroom cultivation, basidioma yield 
parameters. Accumulated BE (%) and 
P (%) were analyzed using the one way 
ANOVA, and mean values were separated 
by the Tukey test. 

RESULTS AND DISCUSSION

Mycelial growth analysis. When the 
substrate was formulated with SSH alone 
the mycelial growth of S. commune reached 
3.8 cm after 7 days.
 A slight tendency to increase the mycelial 
growth rate was observed in formulations 
containing wheat bran or barley, although 
no significant differences in growth length 
values were obtained. When SSH substrate 
was supplemented with wheat bran (WB) 
(treatment 1: 3.75%; treatment 2: 7.5%) or 
barley (treatment 3: 3.75%; treatment 4: 
7.5%), mycelial growth length were 4.2, 
4.0, 4.3 and 4.2 cm, respectively.
 Addition of 1% edible vegetal oil 
(treatment 5: sunflower oil; treatment 
6: olive oil) to the SSH substrate did not 
produce significant lineal mycelial growth 
differences with respect to the control (3.9 
cm).
 Basidioma formation, cropping and 
yield. In order to design the mushroom 
production assay, substrate formulations 
chosen were SSH with addition of 7.5% 
WB and SSH alone as control. This 
decision was taken even when there were 
not significant differences between the 
substrate formulations tested for mycelial 
growth using the Duncan test7. This is 
a rapid test which allowed to study the 
mycelial growth response to different 
substrates. It is a useful tool to discard 
inadequate substrates, but it does not allow 
for selection of the best substrates, which at 
last, will be the best mushroom producers. 
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There is not a demonstrated strict 
correlation between mushroom production 
and mycelial growth performance.
 Wheat bran is a protein-rich material 
commonly used in the supplementation 
of substrates for improving the growth 
of several fungal species4,8. It was found 
that addition of WB to the liquid culture 
medium of Ganoderma lucidum increased 
the production of laccases, Mn peroxidases 
and lignin peroxidases13. In the case of G. 
lucidum cultivation, the addition of 5% WB 
to SSH substrate formulation produced a 
significant increase in BE8.
 Table 1 shows productivity yields, 
i.e., the BE (%) corresponding to three 
harvests, and the accumulated BE (%) 
and productivity obtained at the end of the 
third harvest for SSH substrate (control) 
or SSH supplemented with 7.5% WB. A 
marked increase in the accumulated BE 
from 40.7% (SSH) to 48.3% was obtained 
after addition of 7.5% WB to SSH, thus 

increasing ca. 8 kg fresh mushrooms each 
100 kg dry substrate.
 In the case of control substrate, the time 
elapsed for the first, second and third harvest 
was 14, 28 and 36 days, respectively. When 
the substrate was supplemented with 7.5% 
WB, those periods were reduced to 11, 22 
and 31 days, respectively, hence resulting 
in a productivity increase of 0.5 kg fresh 
mushrooms each 100 kg dry substrate per 
day.
 Figure 1 shows S. commune basidiomata 
grown on 1 kg SSH synthetic logs. It is 
concluded that sunflower seed hulls, an 
abundant residue of the edible oil industry 
in many countries, can be used just as it 
emerges from the industry to formulate a 
good an cheap substrate to successfully 
cultivate S. commune in synthetic logs. In 
addition, substrate supplementation with 
7.5% wheat bran significantly improves 
mushroom biological efficieny and 
productivity. 

Table 1. Mushroom yield and productivity of Schizophyllum commune. Biological efficiency (BE) 
corresponding to each of the three mushroom harvests, the accumulated BE (BEt) of mushrooms at 
the end of the third harvest, and productivity [P= BE (%)/total time of complete production cycle 
(days)] are shown. Time required for total cycle production was 36 and 31 days for control and SSH/
WB formulations, respectively. Substrate dry weight (%; w/w) and average mushroom fresh weight 
(g/1 kg bag) after three harvests are also shown.
  

Substrate Substrate Mushroom BE  BE BE BEt P
 dry weight  fresh weight 1st harvest  2nd harvest 3rd harvest (%) (%)
 (%; w/w) (g) (%) (%) (%)
 

Control 39.8 162.1 31.1a* 6.5 a 3.0 a 40.7 a 1.1 a
SSH/WB  40.0 193.1 37.1b  6.9 a 4.3 a 48.3 b 1.6 b

Mushrooms were grown on either sunflower seed hull (SSH) alone, 37.5% (control) or on SSH with the addition of 
7.5% wheat bran (SSH/WB). Both formulations contained 0.5% CaCO3, 2% CaSO4 and 60% water.
* Mean values followed by different letters are significantly different (P<0.05) according to the Tukey's test.



24 D. Figlas et al.

Micol. apl. int., 26(2), 2014, pp. 19-25

Fig. 1. Schizophyllum commune cultivated in synthetic log system using plastic bags containing 1 kg 
sunflower seed hull (SSH) substrate (37.5 % SSH, 0.5% CaCO3, 2% CaSO4 and 60% water).
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