
INTRODUCTION

Paper and bioethanol industries produce large amounts of
waste that contains lignin (Cotana et al., 2014). Its biode-
gradation to CO2 and H2O can be achieved by the use of
mushroom Lentinula edodes (Leisola et al., 2012). This
mushroom is widely used in traditional Chinese medicine
(Matjuðkova and Raipulis, 1999). It has immunomodulating
and anticancerogenic characteristics (Kang, 2013). At pres-
ent much attention is being paid to the cultivation of myce-
lium of this mushroom, which can be used as a zinc source
in various diets (Turùo et al. 2007). It was shown that dry
mycelium possesses hepatoprotective properties (Sasidha-
ran et al. 2010). This mushroom produces also a lignino-
lytic enzyme complex that includes laccases and peroxi-
dases (Raaska, 1993; Ward et al., 2003). All enzymes of
this complex are very interesting because of their possible
biotechnological applications (Sweeney and Xu, 2012). Use
of L. edodes presents a very interesting biotechnological ap-
proach because it simultaneously offers two solutions: effi-
cient lignin-containing wastes biodegradation and an effi-
cient approach for L. edodes biomass production. This

biomass can be thereby used as a source of biologically ac-
tive compounds for the pharmaceutical industry. One of the
lignin-containing wastes is wheat straw, which is produced
in large amounts yearly in agricultural farms. Wheat straw
may contain up to 23% lignin (Salvachúa, 2011).

The main goal of this study was to evaluate Lentinula edo-
des mushroom mycelium cultivation using lignocellulose
and lignin waste obtained after furfural and glucose produc-
tion from wheat straw.

MATERIALS AND METHODS

In this study we used the mushroom strain Lentinula edodes
DSM 3565 received from the German Collection of Micro-
organisms and Cell Cultures. Cultivation of this mushroom
was performed in liquid medium (28 days) and on solid me-
dium (16 days) at +22 °C. Liquid nutrient medium was pre-
pared on the basis of 2 times dilution of Malt Extract Broth
(Biolife, Italy). To prepare solid nutrient medium the same
diluted liquid medium was used with the addition of 20 g/l
agar.
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Cultivation of L. edodes mycelium in liquid nutrient me-
dium was performed in 250 ml flasks containing 75 ml of
medium with two variants: on an orbital shaker at 140 rpm
(aeration conditions) and in static conditions (without shak-
ing). At the beginning of cultivation each flask was inocu-
lated with two mycelium disks. After termination of mush-
room cultivation, all flasks were filtered (two times) in
sterile conditions to separate mycelium from cultural me-
dium. Mycelium was washed two times with sterile distilled
water. Then it was dried at 45 °C and biomass yield was de-
termined. Filtrates were stored at –20 °C until determination
of laccase activity.

Petri plates were used for cultivation of mushroom on solid
nutrient medium. In this case the central part of each Petri
plate was inoculated with mycelium previously grown for
ten days. A sterile metal hollow tubule with diameter 0.7
mm was used for inoculation. Mycelium colonies were
measured daily.

Liquid and solid nutrient media were supplemented with
wheat straw lignocellulose that remained after production of
furfural or with wheat straw lignin that remained after pro-
duction of furfural and glucose. In some experiments kraft
lignin (Sigma-Aldrich Chemistry) was added to liquid and
solid nutrient media.

Laccase activity was determined by spectrophotometry at
� = 436 nm using the 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid (Sigma-Aldrich Chemistry) method
(Niku-Paavola et al., 1990).

Experiments were conducted at least in triplicate. Results
were expressed as means ±SD.

RESULTS

Lentinula edodes mycelium growth in liquid nutrient

media

L. edodes mycelium cultivation in liquid medium contain-
ing commercial kraft lignin. We determined the effect of
addition of kraft lignin at concentrations 0.05%, 0.25%,
0.5%, 1.0%, and 2.5% in liquid medium on L. edodes myce-
lium formation. These experiments were performed in
flasks with shaking (140 rpm) and without shaking. The ob-
tained results are shown in Table 1. Addition of lignin in
concentration 0.25–0.5% increased mycelium biomass yield
approximately two times compared with yield in conditions
without lignin addition, for cultivation with and without
shaking. Addition of 2.5% lignin to nutrient medium led to
strong suppression of mycelium growth also in both cases
(with or without shaking). Mycelium growth was related
with decrease of nutrient medium pH from 7 to a lowest
value of 3.5.

Lentinula edodes mycelium cultivation in liquid medium
containing wheat straw lignocellulose (after production of
furfural) and remaining lignin (after production of furfural
and glucose). We determined the effect of addition to liquid

nutrient medium of lignocellulose which remained after
furfural production from wheat straw and of addition of lig-
nin which remained after furfural and glucose production
from wheat straw. The results of these experiments are
shown in Figure 1. Addition to nutrient medium of both
compounds (lignocellulose or lignin) at optimum concentra-
tion of kraft lignin addition (0.5%) led to increase of myce-
lium yield. This effect was stronger in the case of cultiva-
tion with good aeration (shaking at 140 rpm) than in static
culture. The yield of mycelium biomass in cultivation with
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T a b l e 1

EFFECT OF KRAFT LIGNIN ADDITION TO THE NUTRIENT ME-
DIUM ON YIELD OF LENTINULA EDODES MYCELIUM

Kraft lignin
concentration,

%

Mycelium yield, g

Cultivation with shaking
(140 rpm)

Static cultivation
(without shaking)

0.00 0.071 ± 0.001 0.083 ± 0.008

0.05 0.096 ± 0.002 0.146 ± 0.003

0.25 0.169 ± 0.004 0.128 ± 0.006

0.50 0.163 ± 0.002 0.134 ± 0.007

1.00 0.039 ± 0.001 0.043 ± 0.001

2.50 0.006 ± 0.001 0.007 ± 0.000

The results represent the mean ± standard deviation of at least three inde-
pendent experiments.

Fig. 1. Effect of wheat straw lignocellulose (0.50%) or lignin (0.50% ) ad-
dition on yield of Lentinula edodes mycelium. Cultivation with shaking
(140 rpm) (A) or in static conditions without shaking (B). Bars represent
standard deviation.



aeration was 2.5 times higher than in the reference culture
without addition of lignocellulose or lignin (Fig. 1).

In conditions of static growth without shaking, mycelium
formed a dense film on the surface of liquid medium, which
can be explained by the aerobic character of metabolism of
L. edodes. In well aerated culture (shaking conditions) my-
celium in liquid medium formed separate colonies resem-
bling small beads.

Activity of laccase in cultivation medium increased with ad-
dition of wheat straw lignocellulose or lignin after mush-
room mycelium growth for 28 days only in the case of culti-
vation with aeration (shaking conditions) (Table 2).

Lentinula edodes mycelium growth on solid nutrient me-

dia

We also determined the effect of addition of kraft lignin to
the solid nutrient medium (Fig. 2) on the growth of L. edo-
des mycelium on solid nutrient medium. Addition of kraft
lignin in small amount (0.1 g or 0.5%) during the first 14
days of cultivation resulted in slightly lower growth of my-
celium, but there was no effect during the next 14 days. Ad-
dition of larger amounts (0.5 g or 2.5%) of kraft lignin sig-
nificantly suppressed growth of mycelium during the whole
cultivation period. Cultivated on solid medium with addi-
tion of wheat straw lignocellulose obtained after furfural
production or wheat straw lignin obtained after furfural and
glucose production promoted growth of mycelium during
the first seven days of cultivation (Table 3).

DISCUSSION

L. edodes is an edible mushroom with high value. It con-
tains about 30% carbohydrates, 39% crude fibre, 17% crude
protein, and 2% crude fat (Wang et al., 2014). Many benefi-
cial medical uses of this mushroom for human health have
been shown and reviewed during recent years. These in-
clude reduction of cholesterol, lowering of blood pressure,
strengthening of the immune system, positive effects in ap-
plication in anti-tumours treatment, and improvement of
liver function (Bobek et al., 1991; Mau et al., 2002; Baba et

al., 2015). Improvement of human health by shiitake mush-
room is usually explained by chemical compounds such as
lentinan, eritadenine, and l-ergothioneine. It contains also
anti-oxidants and vitamins A, C, D, E (Mau et al., 2002;
Smith et al., 2002; Baba et al., 2015; Smith et al., 2015).
Besides application for the improvement of human health
this mushroom can be very efficiently used also in the feed-
ing and veterinary treatment of various animals. For exam-
ple, recently it was shown that fish diet supplemented
with L. edodes mushroom extract improved immune re-
sponse and disease resistance in rainbow trout and de-
creased mortality rate against Lactococcus garvieae (Baba
et al., 2015). It is also known that L. edodes produces high
amounts of hydrolases and oxidases for bioconversion of
lignocellulosic wastes (Harris-Valle et al., 2014). There in-
clude manganese peroxidase, a number of oxidases and
oxido-reductases like aryl alcohol oxidases and laccase
(Harris-Valle et al., 2014).

Usually shiitake mushroom is cultivated on hardwood saw-
dust with grains as the nitrogen source (Royse, 1997; Rossi
et al., 2003). It seems very interesting to use various agri-
cultural wastes containing lignocellulose and/or lignin for L.
edodes cultivation, as this would allow to simultaneously
decrease the amount of wastes and to increase mushroom
biomass yield using cheap substrates. This approach was
applied in our current study. For cultivation of L. edodes we
used lignocellulose and lignin which remained after furfural
production (for its further use in the chemical industry) and
after glucose obtainining (for the production, for example,
of bioethanol as a fuel) from wheat straw. Cultivation of
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T a b l e 2

LACCASE ACTIVITY IN THE CULTIVATION MEDIUM AFTER 28
DAYS OF LENTINULA EDODES MYCELIUM GROWTH IN AERA-
TION (WITH SHAKING) AND STATIC (WITHOUT SHAKING) CON-
DITIONS

Sample
Aeration
conditions

Static conditions

U/mL

Addition of lignocellulose
(0,5 % )

3222.22 ± 0.21 1366.67 ± 0.35

Addition of lignin ( 0.5% ) 3111.11 ± 0.43 1611.11 ± 0.12

Control sample 3000.00 ± 0.15 1777.78 ± 0.15

The results represent the mean ± standard deviation of at least three inde-
pendent experiments.

Fig. 2. Lentinula edodes mycelium diameter after growth on solid nutrient
medium with addition of kraft lignin.

T a b l e 3

EFFECT OF ADDITION OF 0.5% WHEAT STRAW LIGNO-
CELLULOSE ON GROWTH OF LENTINULA EDODES MYCELIUM
ON SOLID MEDIUM

Nutrient
medium

Mycelium diameter, cm

7 days 10 days 12 days

Control 5.5 ± 0.1 7.9 ± 0.1 8.0 ± 0.0

Addition of
lignocellulose

6.2 ± 0.0 7.8 ± 0.1 8.0 ± 0.0

The results represent the mean ± standard deviation of at least three inde-
pendent experiments.



L. edodes mycelium in liquid nutrient medium with addition
of 0.25–0.5% kraft lignin increased mycelium biomass
yield by approximately two times compared with reference
experiments without addition of lignin. Similar results were
obtained in experiments in which we added to the nutrient
medium 0.5% lignocellulose which remained after furfural
production or 0.5% of lignin which remained after furfural
and glucose production from wheat straw. This effect was
stronger in cultivation with good aeration than in static cul-
ture. Laccase activity in the medium increased after addition
of wheat straw lignocellulose or lignin only in the case of
mycelium cultivation with aeration. In cultivation on solid
nutrient medium, addition of wheat straw lignocellulose and
lignin promoted growth of mycelium only in the first 7 days
of cultivation.

There are few studies that can be compared with our results.
Nevertheless, it was previously shown that lignin-derived
phenols and polymeric lignin can promote growth of
white-rot fungi, including L. edodes (Beltrán-García et al.,
2001; Ferrara et al., 2002). Recently, addition of glucose
and lignin in nutrient growth medium was shown to pro-
mote fungal growth and glucose was necessary for the man-
ifestation of lignin growth-stimulating activity (Harris-Valle
et al., 2014). We did not examine the effect of glucose in
our study, but glucose was present in the used nutrient me-
dium for the growth of L. edodes. It is not clear if lignin can
be used by L. edodes as a carbon source or if it simply pro-
motes growth (Harris-Valle et al., 2014). However, the ob-
served significant increase of laccase activity after addition
of lignocellulose or lignin to the nutrient medium suggest
use of lignin as a carbon source. Of course, this should be
tested in future experiments. Recently it was proposed that
fungi can use lignin as a carbon source only in the case
when it exists as a small polymer (Leisola et al., 2012).
Therefore, in future experiments it would be interesting also
to test if preliminary treatment of substrate material with
lignin-modifying enzymes would facilitate lignin use for L.
edodes growth. The main conclusion from this study is that
lignocellulose and/or lignin which remain after production
of different valuable substances from various cellulose-
containing waste substrates (Rapoport et al., 2014) can be
also efficiently used for mushroom production and for the
development of new completely waste-less technology.
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LIGNÎNU SATUROÐÂS BAROTNES IETEKME UZ ÂRSTNIECISKÂS SÇNES LENTINULA EDODES AUGÐANU

Darbâ tika izpçtîta lignocelulozes un lignîna ietekme uz sçnes Lentinula edodes micçlija augðanu un lakkâzes aktivitâti kultivçðanas
barotnç. Konstatçts, ka L. edodes micçlija kultivçðana ðíidrajâ barotnç, kurai pievienots 0,25–0,5% kraft-lignîns, palielinâja biomasas
iznâkumu vidçji divas reizes, salîdzinot ar kontroles eksperimentiem bez lignîna pievienoðanas. Lîdzîgi rezultâti tika iegûti eksperimentos,
kuros 0,5% kvieðu salmu lignoceluloze pçc furfurola atdalîðanas, vai 0,5% kvieðu salmu lignoceluloze pçc furfurola un glikozes atdalîðanas,
tika pievienotas kultivçðanas barotnei. Minçtais efekts bija izteiktâks gadîjumâ, kad notika kultivçðana ar labu aerâciju, salîdzinot ar statiski
audzçtu kultûru. Pçc kvieðu salmu lignocelulozes vai lignîna pievienoðanas lakkâzes aktivitâte barotnç palielinâjâs tikai gadîjumâ, kad
micçlijs tika kultivçts, pielietojot aerâciju. Pçtîjumos par sçòu kultivçðanu uz cietâs barotnes novçrots, ka kraft-lignîna, kâ arî kvieðu salmu
lignocelulozes vai lignîna pievienoðana aktivçja micçlija augðanu tikai pirmajâs 7–14 kultivçðanas dienâs.
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