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Abstract

Defibration is one of the most energy spent stage in pulp and fiberboard production. Today’s different
methods are available for reducing energy needs at this stage. Fungi usage is an important method for this
purpose in recent decades. In this study, beech chips (Fagus orientalis), which is the most widely used in
the Turkish fiberboard industry, are pretreated with edible Pleurotus ostreatus white rot fungi and
investigated the effects of the chemical content of the chips. Consequently, totally 7727.6 gr P. ostreatus
mushroom is obtained and the lignin content of wood chips is dramatically decreased day by day. It was
observed that lignin content of wood chips decreased by 22.03% at 72th day after starting of fungi to
emerge. Accordingly this results, it will be potentially saved the mechanical fibrillation energy, because
dissolving the desired amount of lignin during fiberizing is reduced.

Key Words: Mushroom production, Beech chips, White rot fungus (Pleurotus ostreatus), Chemical
components of wood

Pleurotus ostreatus Beyaz Ciiriikliik Mantarmin Kayin (Fagus orientalis) Yongalarinin Kimyasal
Ozellikleri Uzerine Etkisi

Ozet

Liflendirme kagit hamuru ve liflevha {iretiminin en ¢ok enerji harcanan asamalarindan biridir. Glinliimiizde bu
asamadaki enerji ihtiyaglarini azaltmak amacli farkli metotlar mevcuttur. Mantarlarin bu amagla kullanimi son
yillarda 6n plana ¢ikan dnemli bir metottur. Bu ¢aligmada Tiirk liflevha endiistrisi i¢in olduk¢a yaygin kullanilan bir
tiir olan kayin (Fagus orientalis) yongalari liflendirme oncesinde yenilebilir bir tiir olan Pleurotus ostreatus beyaz
¢lirliklik mantar1 ile 6n igleme tabi tutulmus ve yongalarin kimyasal igerigine olan etkileri aragtirtlmistir. Caligma
sonunda toplamda 7727.6 gr P. ostreatus mantar iiretilmistir. Deneyler sirasinda mantarlarin ¢ikmaya baslamasindan
sonra 12 giin ara ile alman oOrneklerin lignin iceriklerinde siirekli bir azalma gbzlemlenmistir. Ilk mantarmn
¢ikmasindan 72 giin sonra lignin miktar1 % 22.03 oraninda azalmistir. Buna gore liflendirme sirasinda ¢oziilmesi
istenilen lignin miktar1 azaldigindan potansiyel olarak O6zellikle mekanik liflendirmede kullanilacak liflendirme
enerjisinden tasarruf saglanacaktir.

Anahtar Kelimeler: Mantar iiretimi, Kayin yongalari, beyaz ¢iiriiklik mantar1 (Pleurotus ostreatus), odunun
kimyasal bilesenleri

Introduction: during the fiber production with increasing
Wood fibers derived from wood raw energy price (Singh et al., 2010).
material are used in the production of paper Some methods are investigated to reduce

and fiberboard (Eroglu and Usta, 2000). of energy consumption in fiber production by
Fiber production from wood raw material is mechanical energy. First of all it’s called by
possible by softening or lignin removal in the chemical thermo-mechanical pulping
cell walls with combinations of mechanical (CTMP). In this process, some chemicals,
energy, chemicals and temperatures (Kirci, which assist softening of wood chips, are
2000). Especially medium density fiberboard sprayed onto chips in TMP process. However
(MDF) is one of the famous wood composite the energy consumption is reduced, the
materials for various using areas. Generally chemicals are increasing cost of the fiber
MDF’s are produce from wood fiber production (Singh et al., 2010).

obtained by thermo-mechanical pulping Wood is a natural renewable material and
(TMP) methods because of high yield and it is a source of food for some creatures.
low energy cost then other pulping methods Researches on the basis of this property has
(Hua et al., 2012). But nowadays, TMP focused some fungi species which are
process requires considerable energy cost decrease lignin in the wood cell wall. These
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species usually degrade firstly lignin and
later hemicellulose and cellulose. After the
lignin degradation of wood, wood’s color is
bleached. Therefore these fungi are named as
white rot fungi (Nilsson, 2009).

The treatment of wood chips by white-rot
fungi has mainly studied for paper
production and named biopulping. According
the most research on this area, biopulping
improve the quality of mechanical pulps and
significantly reduce the energy consumption
(Singh et al., 2010). Myers et al. (1988)
studied the effects of two white-rot fungi,
which are Phanerochaete chrysosporium and
Dichomitus squalens, on aspen chips for
mechanical pulping. According the study
results, lignin content of samples was
reduced by fungal treatment. Particularly D.
squalens pretreatment significantly affected
fiber distribution and reduced fines content
of obtained mechanical pulp. In the other
research, Loblolly pine was pretreated with
Ceriporiopsis  subvermispora white rot
fungus. After four weeks, weight loss of
chips ranged from 4 -7% electrical
consumption of fiber production decreased to
21-37% and burst and tear indices of paper
samples, which are made from all fungal
pretreated fiber, improved (Akhtar et al.,
1992). When the aspen woods were
pretreated with C. subvermispora, the energy
consumption of refining decreased 40-48%,
burst, tear and tensile strength of paper
samples were improved (Aktar, 1994).

Akhtar et al. (2000) were tried to
industrial level biomechanical pulping by 50
tons spruce wood chips treated with white rot
fungus C. subvermispora. They reported that
after treated chips stored in outdoor chip pile
2 weeks, fiber production energy
consumption was decreased 33% ratio and
paper strength properties significantly
improved according to control.

Changes in the amount of Uludag fir
(Abies bornmiilleriana) and beech (Fagus
orientalis) wood chemical components by
the P. chrysosporium treatment were
determined. It was reported that
holocellulose and lignin ratios of both wood
type decreased when cellulose ratio and
solubility values increased (lIstek et al.,
2005).
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Kang et al. (2007) were treated pine
(Pinus densiflora) and poplar (Populus alba
x grandulosa) with three white rot fungi P.
chrysosporium, Trametes versicolor and C.
subvermispora. They determined relationship
between fungal activity and wood degrading
capacities of white rot fungus with wood
decay test and chemical analyses during the
60 days. They reported that large amount of
lignin in woods degraded at early stage and
P. chrysosporium showed the best capability
than other test fungus.

Mechanical and chemical properties of
pretreated beech heartwood and sapwood by
Coriolus versicolor were tested. It was
reported that heartwood of the beech wood
was founded more durable than sapwood
samples for this fungi according the test
results (Malakani et al., 2014).

Turkish fiberboard industry was the
world’s 3rd largest industry according to data
from year 2012 and developing day by day
(Akgiil et al. 2013). Turkish fiberboard
industry need more energy with this
developing and literature studies (Akhtar et
al. 1992; Akhtar, 1994; Scot et al. 1988;
Akhtar et al. 1999; Akhtar et al. 2000; Ferraz
et al. 2008) showed that fungal treatment for
mechanical  pulping can be saved
approximately 30 % energy consumption.
For this reason the importance of white rot
fungi using in mechanical fiber production
increases for Turkish fiberboard industry.
Besides this, nowadays many region of world
have famine problem. Thus increasing
production of edible fungus will be help for
the solution of this problem. A type of edible
mushroom Pleurotus ostreatus Jacq. is a
species of white rot fungi, which s
inhabitant on various broad-leaved tree
species, such as beech, poplar, alder, and
aesculus (Unal et al., 2012). Especially beech
is used quite a lot in Turkish fiberboard
industry. For this reason, P. ostreatus has a
great potential for biomechanical pulping in
Turkey.

The aim of this study is to focus on
determining of the amount of eatable
mushroom at different culturating times, and
at the same time, determining the changes of
chemical content of beech wood chips treated
by P. ostreatus fungi.
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Material and Methods

Production of Pleurotus ostreatus

Beech (Fagus orientalis) lumbers,
obtained from Kastamonu province in the
Western Black Sea region of Turkey. Wood
samples were cut into wheels, approximately
2 cm height, and dried. After that, chips, 2
mm thick and 1.5-2 cm high, were obtained
from the wheels. A part of chips were saved
as a control sample and others were sterilized
for the purpose of prevent the growth of
other organisms. Sterilized chips were
divided into 6 groups and each group was 4
kg. P. ostreatus micelles, produced in the
laboratory at 20 = 2 g and 60 + 2 g from
stock, were inoculated for each group.
Samples were climatized on 27+2 °C and

70+5% RH for a period of 15 days. After the
climatized, samples are shocked (4-5 °C for 2
days), they are set to a special cabinet (room
conditions and indirect lighten 24 hour a
day). Finally, treated chips dried on 40 + 2
degrees 3 days and mushroom production
was terminated after the occurring of the first
fungi every 12" days (12, 24, 36, 48, 60, 72
days).

Determination of chemical components

Treated and control samples were milled
(particle size between 0.05 and 0.4 mm) and
were stored in closed glass jars at room
temperature until analysis. Standard test
methods are used for determination of
chemical components (Table 1).

Tablel The standards used in determining the values of P. ostreatus treated beech chips

Experiments

Standards

Alcohol-benzene soluble (%)
Hot and cold water soluble (%)
1% NaOH soluble (%)
Holocellulose content (%)
Alpha cellulose content (%)
Lignin content (%)

Ash content (%)

TAPPI T 204 om-88 (TAPPI, 1988 a)
TAPPI T 207 om-93 (TAPPI, 1993 a)
TAPPI T 212 om-93 (TAPPI, 1993b )
Chlorite method (Wise et al. 1946)
TAPPI T 203 om-93 (TAPPI 1993 ¢)
TAPPI T 222 om-88 (TAPPI, 1988 b)
TAPPI T 413 om-93 (TAPPI, 1993 d)

Results and Discussion

Amount of mushroom production on
periods is shown in Table 2. After the
production of mushroom, changes in beech
wood components and solubility values
relative to control sample are given in Table
3. Approximately 400 gr mushroom was
obtained from all groups in first period. The

yield decreased with increasing the time. The
main reason of this is high lignin content
reduction in the treated chips according the
Table 3 and Figure 1. Totally yield of
mushroom in first period nearly 10% and
approximately 2 kg yield was harvest from
the 4 kg beech chips according the 6th group
results.

Table 2. Amounts of the fungi produced on periods (gr)

Time Groups Total

(day) l.group 2.group 3.group 4.group 5.group 6. group
12 485.5 441.4 393.3 467.8 439.8 3179 2545.7
24 405.6 410.9 400.4 396.2 386.8 1999.9
36 390.7 375.7 390.2 380.7 1537.3
48 253.5 304.7 315.4 873.6
60 245.3 267.2 5125
72 258.6 258.6

Total 485.5 847.0 1194.9 1497.4 1776.2 1926.6 7727.6
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Table 3. Changes in the amount of beech wood component with incubation periods

Analyses (%)
Ti B
ime Lignin Holocellulose Alpha Alcohol 1% NaOH  Cold water  Hot water
(day) cellulose benzene L - - Ash
Content Content . solubility solubility  solubility
content extraction
Control ~ 23.6 £1.83* 73.0£0.19 43.9 +£0.03 2.92+0.00 19.6£0.07 3.50+0.00 4.20+0.07 0.42+0.03
12 20.9 £0.19 75.8£0.11 44.6 +£0.01 2.7740.02  20.2+0.14 2.68+0.03 3.40+0.00 0.46+0.03
24 20.5 +0.14 76.3 £0.22 44.9 +0.07 2.62+0.14 20.6+0.57 3.13+£0.10 4.00+0.07 0.51£0.00
36 20.1 £0.99 76.9 £0.31 45.440.11 2454021 21.0+0.07 3.10+0.00 4.33+0.18 0.49 +0.00
48 19.9 £0.14 77.1£0.20 45.6 +0.31 23740.02 21.7+0.07 2.90+0.07 4.05+0.07 0.59+0.00
60 18.8 +0.14 77.1+1.04 45.6 +0.13 2194026 22.0+035 2.93+0.04 4.63+0,11 0.77+0.00
72 18.4 +0.70 77.5+0.11 45.8 +0.07 2.0540.12 22.8+0.14 3.18+0.18 4.45+021 0.62+0.03

* Standard deviation values

Lignin serves as an adhesive between the
wood cells (Fengel and Wegener, 1989).
Therefore this content is most important
value for the defibration in fiber production.
Figure 1 indicates in detail the lignin content
change. The lignin content is decreased day
by day. After the 72 days, average 22.03 %
of lignin is degraded by P. ostreatus fungus.
Ferraz et al. (2008) were founded that lignin
was rapidly decreased in first 30 days for C.
subvermispora treated eucalyptus wood and
it can be said that lignin degradation is same
as for P. ostreatus treated beech wood chips.
Fungal treatment for mechanical pulping can
be saved approximately 30% energy
consumption with reducing lignin content
accordingly other studies (Akhtar et al.,

production as a method for reducing energy
consumption.

In the Figure 2, it is clearly shown that
holocellulose and alpha cellulose content are
changed by time (Figure 2). However, these
values has not changed at the same level
according to the periods. Qualities of lignin
can be shown as the reason for this situation.
Because lignin is a highly amorphous
polymer and has bonds between other
components of wood cell wall (Fengel and
Wegener, 1989). So, other polymers must be
degraded while reducing lignin. In the Figure
2, we can be showed that P. ostreatus
treatment is fewer degraded holocellulose
and alpha cellulose units when lignin is
degraded. As a consequence, P. ostreatus

1992; Akhtar et al., 1994; Akhtar et al., 1998; treatment is useful for biomechanical
Akhtar et al., 2000). Therefore, P. ostreatus pulping.
treatment can be used in wood fiber
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Figure 1. The changes in lignin content by incubation time (%)



Kastamonu Uni., Orman Fakdiltesi Dergisi, 2016, 2016, 16 (1): 83-89

Kastamonu Univ., Journal of Forestry Faculty

Ates et al.

% Alpha-cellulose

8

6

A 3.42 3.87 3.87 4.33
1.59 2.28

2

0 -
12 24 36 48 60 72 Days

Figure 2. Amount of change ratio of holocellulose and alpha cellulose content (%)

Holocellulose
%
8
6.16
6 c 24 5.62 5.62
384 452
4 -
2 .
12 24 36 48 60 72Days
Hot water
% 12 24 36 48 60 72 Days
15
10 10.24

3.1

-19.05

Alcohol-Benzene
72 Days

12

24 36 48 60

%

0
-5
-10
-15
-20
-25
-30
-35
-40

-10.27

-16.1
-18.84

-25.00
-29.79

Cold water
24

36 48

-23.43

% 1% NaOH

20

16.33

15

10

12 24 36 48

60

72Days

Figure 3. Changes in wood extractive and solubility values (%)

In the Figure 3, it is indicated that
changes on amount of wood extractives,
extracted by alcohol-benzene, hot-cold water
solubility and 1% NaOH solubility. The 1%
of NaOH (mild alkaline) soluble value is
important for determination of grade of wood
decay (Kang et al., 2007). 1% NaOH
solubility of the beech chips dramatically
increased with increasing P. ostreatus
treatment time (Figure 3). Wood extractives
are defined as a chemical compounds group
which is soluble in various neutral solvents.
In pulp and paper industry, wood extractives
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cause a lot of problems in the production
process and also affect the paper properties
such as the binding between fibers, and the
water adsorption (Jansson and Nilvebrant,
2009). Solution of these problems are that the
raw materials are waited nearly 6 weeks in
storage area for mechanical pulping
industries (Kirci, 2003). In the Figure 3,
Alcohol-benzene  soluble  values are
decreased during the incubation time.
Therefore, fungal treatments can be solved
the problems caused by extractives and this
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storage time can be reduced and valuated
with edible mushroom production.

Water soluble components of wood
mainly consist of carbohydrates, proteins and
inorganic materials (Fengel and Wegener,
1989). Hot and cold water solubility values
are not regularly changed by incubation time.
The main reason of this, increasing ash
content (Figure 4) and fluctuation in protein
content and amount of carbohydrates with
incubation time.
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24 36 48 60
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Figure 4. Changes in ash content ratios (%)

Figure 4 shows a steady increase in ash
content, excluding the last period. The
highest change is 83.33 % on 60 days. The
reason of the increase of the ash content may
be caused from the white rot fungi enzymes
(ligninases), which are used by fungus for
degrading lignin. Because ligninases contains
metal ions or prosthetic groups (Teeri and
Henriksson, 2009). Mushrooms needed more
than more lignin degradation when it grow
up and the ash content increasing with more
and more ligninases enzyme production.

Conclusion:

Consequently, P. ostreatus will be usable
for beech chips in mechanical pulping in
terms of lignin degradation without much
loss from amount of holocellulose and
cellulose. Further researches are needed to
determine the energy saving ratio and effects
of P. ostreatus on beech wood fibers and
fiberboards properties. These fungi should be
studied for other wood species, used in
Turkish fiberboard industry.

Because of the high nutrition value and
protein content of P. ostreatus, it should be
evaluated for some fiberboard plants as a
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pre-treating organism of wooden raw

material.
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