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Abstract 

Rainwater actions transform hydrogen sulfide released from the free decomposition process of 
lignocellulosic residues (forestry, agriculture, municipal or industrial waste) into sulphuric acid, which is 
an environmental pollutant. Fungi have the ability to metabolize lignocellulosic substances to proteins 
which are assimilable for both animals and humans. Through this controlled decomposition of waste 
organic matter, the pollutant feature of these lignocellulosic residues is converted into an economically 
profitable aspect. Purpose: To investigate the role of microwave treatment in the improvement of the 
lignocellulosic waste processing biotechnology. Materials and methods. The biological material was 
represented by mushroom cultures of a Pleurotus ostreatus strain grown on malt agar medium, incubated 
at 20-25 C0C for 7 days. The mushroom cultures were used to inoculate a barley grains buffer medium 
with 2% CaCO3. Incubation was performed at 20-25 0C for 30 days. The obtained culture was inoculated 
on coarse lignocellulosic substratum, previously moistened and treated by microwaves for 5-6 minutes, at 
65-80 0C. Results. Fructification was vigorous, suggesting that microwave treatment initiated preliminary 
thermal transformations in the substratum, which facilitated or speeded the decomposition of 
lignocellulosic substances by fungi. The substratum was not contaminated with competing fungi, the time 
and cost for obtaining the substratum being decreased by 20% compared to the classical method. 
Conclusions. Microwave tratement could contribute to the efficient lignocellulosic waste recovery that can 
lead to new sources of food raw materials that could be used as culture substrata for food and medicinal 
mushrooms, soil fertilizers, feed and for ecological production of composite materials and biofuels. 
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1. Introduction 

The bioeconomy encompasses the production of renewable biological resources and the 
conversion of these resources and waste streams into added value products, such as food, 
feed, bio-based products and bioenergy (European Commission: Innovating for Sustainable 
Growth: A Bioeconomy for Europe, 2012). 

In order to provide an insight into the possible amount of agricultural residues available, 
a recent study of the Joint Research Centre of the European Union was carried out for the 
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geographical assessment of potential bioenergy production in the EU-27 from residues 
available from eight crops (wheat, barley, rye, oat, maize, rice, rapeseed and sunflower). The 
applied method considered competitive uses and environmental constraints by retaining a 
minimum ratio of residues in soils. As a result it was found that on average, 42% of the 
produced residues could be sustainably collected (MONFORTI & al., [1]).  

Many of biomass resources have the required specific characteristics and suitability to 
be used as sustainable feedstock for energy production. Out of these, of special interest is the 
lignocellulosic waste due to its structure and chemical composition containing a significant 
proportion of materials potentially usable in the production process. Therefore, an appropriate 
management of this waste could decrease the risk of uncontrolled degradation, while 
increasing the biosecurity of the natural and built environment.  

Cellulose is the main component of plant cell wall polymer and represents the largest 
source of polysaccharide on earth but also an important renewable source. An eco-efficient 
recovery system of the lignocellulosic waste in bio-resources and products consists in the 
biodegradation of agriculture and forestry waste for the generation of solid biofuels.  

Pleurotus sp. is one of the most appreciate mushrooms, several species being cultivated 
commercially due to their high nutritional value, very good taste and medicinal use, short life 
cycle, reproducibility in the recycling of certain agricultural and industrial wastes and low 
demand on resources and technology (YILDIZ & al., [2]). Many investigations from different 
regions of the world confirmed that Pleurotus sp. mushrooms are highly nutritive and contain 
various bioactive compounds, including terpenoids, steroids, phenols, alkaloids, lectins and 
nucleotides, which have been isolated and identified from the fruit body, mycelium and 
culture broth and are shown to exhibit promising biological effects (LINDEQUIST & al., [3]). 
For example, P. ostreatus has been reported to have antidiabetic, antibacterial, 
anticholesterolic, antiarthritic, antioxidant, anticancer, eye health and antiviral activities 
(MATTIALA & al., [4]). The protein content of P. ostreatus is reported to vary according to 
strains, physical and chemical growing conditions (AKYUZ and KIRBAG, [5]). Also the 
substratum used for the harvesting of the Pleurotus mushroom is valuable as a fertilizer and 
can be used as a soil conditioner for the plants growth (BRENNEMAN & al., [6]). 
Additionally, fermented residues could be used as animal feed after mushroom cultivation 
(SOTO-CRUZ & al., [7]). Thus the cultivation process of Pleurotus can solve one of the most 
important problems in soil waste disposal, bringing an economical gain and assuring the 
protection of the environment.  

Fungi belonging to basidiomycetes show a remarkable degradation activity, many 
species growing on cellulose-rich environments, such as "dead" wood, straw or dung. These 
substrata may be substituted with roughage, gaining a high nutritional value, both by 
enzymatic degradation of cellulose and lignin, as well as by the biosynthesis of mycelium and 
fruiting bodies. The cellulose substratum is significantly changed with a progressive increase 
of the crude and pure protein content (FICIOR & al., [8]). Protein concentration is probably 
due to the loss of organic matter (CO2 released during enzymatic hydrolysis), humidity 
decrease and the fixation of atmospheric nitrogen by fungi (TUDOR, [9, 10]).  

The aim of the study was to investigate the role of microwave treatment of the 
substratum for the improvement of the lignocellulosic waste degradation by fungi, in order to 
increase the raw materials usage as culture substrata for food and medicinal mushrooms, soil 
fertilizers and feed. 
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2. Materials and Methods 
The culture medium used to produce the fungal mycelium was first submitted to 

microwave sterilization (Patent EN 128 355 A2). Sterilization operation was performed by 
microwave injection through appropriately dimensioned slots corresponding to the 2450 MHz 
frequency (Fig. 1).  

 

 
Fig.1 Microwave sterilization machine. 

 
 The support for the preparation of mycelium was based on cereals (barley, wheat), 

which were washed in running water to remove dust, coarse debris (broken seeds, weed etc.) 
and were boiled to soften grain, up to 35 minutes (depending on quantity). After boiling the 
excess water was removed, the samples were weighed and homogenized with calcium 
carbonate (CaCO3) 2% and calcium sulfate (CaSO4) 6% to adjust the pH of seeds and to 
prevent sticking and agglomeration of moist seeds. In this way an optimal environment for the 
growth of mycelium on each grain was created. The as prepared grain support was distributed 
in amounts of 3.5 kg, in polyethylene bags with a capacity of 7 liters, for providing enough 
oxygen for the aerobic growth of mycelium inside the bag. The bags were placed on their 
width in the microwave sterilization plant, each 6 pcs. / charge, to achieve an uniform 
sterilization. The exposure to microwave sterilization of a batch of 21 kg granulated support 
(cereals with amendments) at 121 0C lasted 20 minutes. The hot sterilized bags were placed in 
an aseptic area and were left to cool to a temperature of 25-27 0C.  

The primary inoculation with a mycelium received from the Biotechnology Laboratory 
of the Faculty of Veterinary Medicine Bucharest was performed in a laminar flow hood, fitted 
with HEPA filters and UV lamp. Each inoculated bag was sealed by heat-sealing and 
incubated in an incubation chamber with controlled microclimate parameters, i.e. temperature 
of 24-26 0C, relative humidity of 60-65%, ventilation assured by HEPA filters, adequate 
illumination, for 17 days in case of P. ostreatus H421 and for 25 days for P.  florida T357.  

The substratum used for the inoculation with the developed mycellia consisted of 
chopped wheat straw of 4-6 cm in size, immersed in cold water for 2 hours, drained, weighed 
and homogenized with addition of calcium sulfate at a rate of 3% from the weight wet and 
then placed in the microwave installation for pasteurization at 80 0C, the duration of their 
route through the facility being of 10 minutes. The pasteurized hot substrate was distributed in 
polyethylene bags with a capacity of 10 kg (20 bags). The bags were left to cool to a 
temperature below 300C, after which they were inoculated with the mycelium produced in the 
previous installation in a proportion of 4%. The tied bags were incubated at a temperature of 
22-26 0 C, for a period of 21 days. 
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In order to achieve the optimal duration and temperature sterilization small samples of 
50 g of boiled cereal grains/100 g of straw samples were exposed to microwave sterilization, 
at different temperatures and different times of exposure. These sterilized samples together 
with an untreated control were analyzed at the Faculty of Veterinary Medicine Biotechnology 
Bucharest, using three types of selective culture medium: nutrient - agar (NB), Gause and 
Pink Bengal media, distributed in Petri dishes inoculated with 0.1 ml, in order to assess the 
microbial growth and therefore, the efficiency of microwave sterilization. The inoculated 
dilutions and the number of analyzed samples are shown in Table 1.   

 
Table 1. Distribution of the analyzed samples. 

Grain samples No. of samples No. of dilutions/sample No. of samples streaked 
on solid culture media 

Untreated control 1 10-4, 10-5 
2/NB 

2/Gause 
2/Pink Bengal 

Microwave treated 
samples 14 

Concentrated, 10-1, 10-2 14 (10-1)/NB 
42/Gause 

42/Pink Bengal 

Straw samples No. of samples No. of dilutions/sample No. of samples streaked 
on solid culture media 

Untreated control 1 
10-4, 10-5 2/NB 

2/Gause 
2/Pink  Bengal 

Microwave treated 
samples 8 

Concentrated, 10-1, 10-2 8 (10-1)/NB 
24/Gause 

24/Pink Bengal 
 

3. Results and Conclusions 
Mushrooms are rapidly becoming recognized as a promising source of novel proteins 

(XIAOFEI, & al., [11]). Several proteins showing unique features have been isolated 
including lectins, lignocellulolytic enzymes, protease inhibitors and hydrophobins. They can 
offer solutions to several medicinal and biotechnological problems, such as microbial drug 
resistance, low crop yield and demands for renewable energy. Whereas, large-scale 
production and industrial application of some fungal proteins prove their biotechnological 
potential and establishe macrofungi as a valuable although relatively unexplored, source of 
unique proteins (ERJAVEC & al., [12]).  

One of the most important aspects on mushroom culture is represented by substratum 
disinfection (SIDDHANT, & al., [13]). The yield can be compromised if the competitive 
microorganisms are not removed from the cellulosic materials. Therefore, the aim of the study was 
to investigate the contribution of substratum microwave sterilization to the improvement of the 
lignocellulosic waste fungal degradation yields. Microbial inactivation kinetics through microwave 
thermal processing is the same as in the case of conventional inactivation kinetics, with the addition 
of a microwave effect, which is increasing the efficiency of sterilization or disinfection process. 

Concerning the grain substratum, the recovered number of microbial colonies was 
different, depending on the microwave exposure temperature (LE BAIL, & al., [14]). Following 
the interpretation of results it was found that the the optimal conditions for the sterilization of 
the 3.5 kg bags of cereal grains by microwaves are 1210C for 20 minutes (Table 2). The used 
installation can assure the sterilization of 1.2 t of granulated support /20 days. 
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Table 2. Microbial charge recovered on the solid culture media. 
 

No. Grain 
samples 

 
Dilution 

Number of colony forming units (CFU)/ml  
NB Gause Pink Bengal 

1 Untreated 
control 
 

10-4 Confluent microbial culture CMC) 8.5 x106 - 
10-5 1.3 x108 1.06 x 108 - 

 
2 

 
B 1.18  
/ 820C 

Undiluted 
(UD) 

- CFM - 

10-1 CFM CFM - 
10-2 - 3.4 x 104 - 

 
3 

 
B 1.2 
/ 400C 

UD - CFM 60 
10-1 CFM - - 
10-2 - - - 

 
4 

 
B 1.20 
/ 800C 

UD - CFM - 
10-1 - CFM - 
10-2 - CFM - 

 
5 

 
B 1.24 
/ 1000C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - 1.64 x 105 - 

 
6 

 
B 1.33 
/ 400C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - 7.5 x 104 - 

 
7 

 
B 1.9 
/ 420C 

UD - CFM - 
10-1 7 x 103 CFM - 
10-2 - CFM - 

  
B 1.15 
/ 500C 

UD - CFM - 
10-1 3.8 x 103 1.1 x 103 - 
10-2 - CFM - 

  
B 1.28 
/ 600C 

UD - CFM - 
10-1 3.1 x 103 1.18 x 104 - 
10-2 - 2.3 x 104 - 

  
B 1.31 
/ 400C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - CFM - 

  
B 1.17 
/ 600C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - CFM - 

  
B 1.19 
/ 800C 

UD - CFM - 
10-1 1.05 x 104 1.9 x 103 - 
10-2 - 1.52 x 105 - 

  
B 1.35 
/ 900C 

UD - 120 - 
10-1 1.5 x 103 4.5 x 103 - 
10-2 - 1.2 x 104 - 

No. Straw 
samples 

 
Dilution  

Number of colony forming units (CFU)/ml  
NB Gause Pink Bengal 

1 Untreated 
control 

10-4 8.9 x 106 6 x105 - 
10-5 4.8 x107 CFM - 

 
2 

 
P 1.10 
/ 600C 

UD - 20 - 
10-1 9.8 x 103 2 x 102 - 
10-2 - 5.4 x 104 - 

 
3 

 
P 1.17 
/ 800C 

UD - CFM - 
10-1 3.6 x 103 1 x 103 - 
10-2 - 4 x 104 - 
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4 

 
P 1.15 
/ 700C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - CFM - 

 
5 

 
P 1.2 
/ 400C 

UD - CFM 180 
10-1 4 x 103 CFM - 
10-2 - 6.5 x 104 - 

 
6 

 
P 1.5 
/ 500C 

UD - CFM - 
10-1 CFM CFM - 
10-2 - CFM - 

 
7 

 
P 1.16 
/ 700C 

UD - 750 - 
10-1 CFM CFM - 
10-2 - CFM - 

 
8 

 
P 1.9 
/ 600C 

UD - CFM 470 
10-1 CFM CFM 1.2 x 103 

10-2 - CFM - 
 
9 

 
P 1.20 
/ 900C 

UD - CFM CFM 
10-1 CFM CFM - 
10-2 - CFM 7.3 x 104 

 
Concerning the straw substratum, unlike the conventional method, when the 

lignocellulosic substratum is subjected to treatment with hot water for 24 h, the plant brings a 
real benefit achieved by shortening the pasteurization time also with power saving, the 
installation allowing the sterilization within 10 minutes of an amount of 200 kg straw-based 
substratum. The production tests showed that the substratum treated with microwaves and 
inoculated with mycelium (Fig. 2, 3) exhibited a very good coverage with the fungal 
mycellium, good fruiting and a vigorous development of fungi, without the developing 
competitor molds or disease attacks.  

 

         
      Fig.2  Seeded substratum.                                                   Fig.3 Fructification. 

 
Microwave heating for sterilization or disinfection purposes, is preferred to 

conventional heating methods, the main reason being that the process is much faster, 
requiring less time to reach the desired processing temperature. This advantage is most 
obvious in the case of solid and semisolid materials, which depend on the slow thermal 
diffusion in conventional heating. The absorption of microwave energy in the material, can 
raise the temperature enough to inactivate microorganisms in order to obtain an effective 
sterilization or disinfection. Moreover, the microwave heating could be instantly started and 
stopped assuring a high efficiency of the sterilization process. Therefore, the costs of the 
substratum disinfection by microwaves are more effective, being about 10 Euro / ton of the 
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disinfected substratum (80 kWh x 0.5 USD / kWh), while for steam disinfection it increases 
to approximately 100 Euro / ton of disinfected substratum. The substratum processing in a 
microwave field, at high temperatures combined with the short exposure time lead to bacterial 
contaminants inactivation, correlated with a reduced thermal degradation of the nutritive 
components. 
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