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ABSTRACT 
  

With the increasing world population, the necessity of using lingo-cellulosic wastes for production of single cell 
protein (SCP) as animal feed seems to be important. Microbial protein was produced by physical, chemical and 
biological treatment of wheat straws under solid state fermentation. 
The effects of alkali and heat pretreatment of wheat straw and urea concentration in solid state fermentation was 
studied. Pretreated wheat straw was fermented with Pleurotus ostreatus var florida and then protein and glucose 
concentration was analyzed. Fermentation of 2% NaOH solution at 100 0C on 0.3 g/l  urea in mandels medium by 
inoculation with wheat grain based inoculate with Pleurotus ostreatus var florida for 30 days have a product 
containing 63.24% protein. .  
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1.INTRODUCTION 
 
A growing global need of protein necessitates the use of unconventional protein sources such as cultured 

microbial biomass, generally referred to as single cell protein (SCP) [1]. 
Lignocellulosic materials such as wood and straw are renewable resources [2]. These vast resources are the 

potential source of SCP [3]. 
Lignocelluloses are generally composed of 30-56% cellulose, 10 -24% or more hemicelluloses, 3-30 % 

lignin and 3-7.2% protein. The major limitations of straw as an animal feed are low digestibility and low protein 
content [4]. Close associations of cellulose with lignin prevents full microbial digestion of straw in the rumen [1]. 
Efforts have been made to increase the feed value of cereal straws by chemical and physical treatments [4]. 
Recently agricultural wastes containing lignocelluloses can be upgraded by solid state fermentation with 
Pleurotus ostreatus. Solid state fermentation (SSF) requires less energy input than liquid fermentation [5]. 

The edible mushroom P. ostreatus has been shown to degrade lignin and generally cultivated on wheat 
straw [5]. 

This fungus synthesizes hydrolytic and oxidative enzymes. The major hydrolytic enzymes are endo-1,4-β –
D–glucanase (EC 3.2.1.4), Exo-1,4 – β – D-glucanase (EC 3.2.1.91) and Xylanase (EC 3.2.1.8 ) [6]. 

There are three extracellular enzymes that are essential for lignin degradation : two glycosylated heme-
containing peroxidase, lignin peroxidase (EC 1.11.1.14 ) and Mn–dependent peroxidase (EC 1.11.1.13 ) and a 
copper – containing phenol oxidase, laccase (EC 1.10.3.2 ) [6,7]. 

The mushroom (Pleurotus florida) is widely used in the delignification of several substrates to 
improve the digestibility and feeding value of wheat straw in most cases with parallel protein enrichment 
[8, 9, 10, 11, 12]. 

The results of Kutlu et al.,[8] indicated that Pleurotus florida inoculation increased digestibility and 
nutrient content of wheat straw (P<0.05). Pleurotus florida increased digestibility, crude protein, crude oil, 
nitrogen-free extract about 22, 60, 20, 5%, respectively, while reducing crude fiber content about 16%. 
Urea supplementation inhibited mushroom growth (fruiting Body) on the wheat straw.  

There have been studies on the amino acid and protein content of fruit bodies of Pleurotus species [13]. 
Mycelium like the fruiting body has been shown to be valuable nutritionally as a source of amino acids and B 
complex vitamins. They can therefore serve as a protein supplement for human beings or as an animal feed [14]. 
Wheat straw is the most widely used natural substrate for P. ostreatus (16 % glucose, 11 % xylose together with 
other monosaccharide's). 

This study dealt with the cultivation of P. ostreatus var florida on wheat straw. The objective of the study 
was to obtain the maximum yield of SCP from pretreated wheat straws. 
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2. MATERIALS AND METHODS 
 
This study carried out on department of biomedical sciences, Alzahra University and also on institute of 

Biochemistry and Biophysic, Tehran University.  
 
2.1. Microorganisms  

Non-toxic fungi P. ostreatus var florida were kindly provided by Dr. Mohammadi Goltape, at Tarbiat 
Modares University , Agricultural Collage , Fungi collection. P. ostreatus var florida culture was maintained by 
sub-culturing on Potato-dextrose agar (PDA) medium. 
 
2.2. Pretreatment of wheat straw  

Wheat straw was obtained from a farm in a local harvest in Karaj. It was milled and pretreated during 30 
min. at 100 °C (treatments 1, 3, 5) or 120 °C (treatments 2, 4, 6) with a NaOH 1% or 2% solution in an 
autoclave. After cooling down the pretreated wheat straw filtered and washed with water free of alkali, dried at 
80°C and weighted (Table 1). 
 

Table 1 Pretreatment Conditions 
Sample NaOH % Temperature Time 
1 
2 
3 
4 
5 
6 

2 % 
2 % 
1 % 
1 % 
0 %(distilled water) 
0 % (distilled water) 

100 °C 
120 °C 
100 °C  
120 °C 
100 °C 
120 °C 

30 min. 
30 min. 
30 min. 
30 min. 
30 min. 
30 min. 

 
2.3 Inoculums 

The method of Surinder [15], was used for preparation of  P. ostreatus var florida inoculum.1 Kg wheat 
grains per 1.5 liter water were boiled for 15 min. and maintained in boiled water for 15 min. The excess water 
drained off and the grains were aerated, Gypsum and Calcium carbonate (1.2 gr. and 3 gr. respectively) were 
mixed with the boiled grains. 

The 0.5 liter bottles were filled with the 250-300 gr. grains mixture and were autoclaved at 121°C for 2 hr, 
cooled and inoculated separately with a small amount of P. ostreatus var florida from PDA slants and incubated 
at 22 -24 °C for 30 days in the dark room until thick white growth of the grains was observed. 
 
2.4 Effects of different media 

Mendel's medium  as described by Mandels and Weber [16] as essential media has been used. The media  
contained (per liter of distilled water): (NH4)2 SO4  1.4 g, K2HPO4  2 g, CaCl2 0.3 g, Mg SO4.7H2O  0.3 g, 
protease peptone  1 g, yeast extract  0.25 g, FeSO4.7H2O 5 mg, MnSO4.7H2O 1.6 mg, ZnSO4. 7H2O 1.4 mg, 
CoCl2.6H2O 2 mg. with 0.3g/l urea (medium A1) and (NH4)2 SO4  1.4 g, K2HPO4  2 g, CaCl2 0.3 g, Mg 
SO4.7H2O  0.3 g, protease peptone  1 g, yeast extract  0.25 g, FeSO4. 7H2O 5 mg, MnSO4.7H2O 1.6 mg, 
ZnSO4.7H2O 1.4 mg, CoCl2.6H2O 2 mg. with 2.1 g/l urea (medium A2) and distilled water only without 
Mendel's medium (A3) were compared for effects on the efficacy of SCP production. 
 
2.5 Solid state fermentation (SSF) 

20 grams of pretreated wheat straw in a 500 ml bottles were supplemented with 100 ml medium A1 or 
medium A2 and autoclaved at 100 °C (for samples of 1, 3, 5) and 120°C (for 2, 4, 6 samples) at 1 at for 15 min., 
cooled, inoculated from the inoculums cultures (5% of substrate weight) and incubated in the dark room at 25 °C 
for 28 days. The cultures in glass bottles were checked for mycelia growth. The solid straw residues which are 
colonized by the fungus were collected, dried at 60 °C for 24 hrs. Dried samples were powdered then samples 
were soaked with 1 ml of NaOH 1N at 100 °C and boiled for 10 min, the mixture was centrifuged at 5000 g rpm 
for 30 minute.  
 
2.6 Estimation of protein and Glucose  

The protein was estimated in the supernatant by Bradford assay [17] and Lowry method using bovine serum 
albumin as the standard protein [18]. Reagent C was prepared by adding reagent A (2% Na2CO3 in 0.1N NaOH) 
and reagent B (50mg CuSO4 and 100mg potassium sodium tartrate in 10 ml) in a ratio of 50:1 The sample (0.1 
ml) was added to 1ml of reagent C. After 10 min, 0.1 ml of Folin reagent (diluted 1:1 with deionized water) was 
added and mixed. After 30 min, 3.8 ml of distilled water was added and the absorbance was measured at 660 nm. 
Glucose content of samples was analyzed by Glucose oxidase assay [19]. 
 

3. RESULTS 
 
3.1. Bioconversion of straw and protein yield 

When P. ostreatus var florida was grown on wheat straw substrate utilized depended on the Nitrogen 
content in media, concentration of NaOH and heat temperature and so SCP production was varied. In table 2 the 
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protein and glucose contents on dry basis are reported. SCP production of pretreated wheat straw by P. ostreatus 
var florida varies from 13.2 % (by 5A3 test) to 63.24 % (by 1A1 test) .In particular 1A1 shows the highest 
content of protein. 
 
3.2 The effects of heat and NaOH pretreatment   

Pretreatment with 1% NaOH at 120 °C produced 63.24% protein. The results showed that the temperature 
and NaOH concentration affected each other (fig.1). Generally pretreatment with NaOH and heat yielded better 
results perhaps because during this step the lignocellulosic material is heated to break down the lignin and 
carbohydrate structure, solubilize most of the hemicelluloses and make the cellulose fraction accessible to 
cellulase enzymes. This heating is done directly with steam and also a catalyst such as sodium hydroxide [20]. 
NaOH alkali pretreatment improves the movement of molecules in the pores of the substrate due to the substrate 
swelling and hydrolysis of lignin and hemicelluloses [21]. Fig.1 compared the results. 

 
3.3The effect of urea content in media 

In order to determine the effects of urea concentration on the nutrient content in Mendel's medium, SCP 
production was analyzed. The results with respect to dry matter content (25 mg dry basis) showed that the higher 
SCP yield corresponded to the lower urea concentration on the medium that means 0.3 g/l urea (medium A1) is 
better than medium A2 (2.1 g/l urea in medium)  and  A3 (without urea and medium).The elemental analysis 
results with three types of medium (0.3 g/l urea ,medium A1) ,( 2.1 g/l urea in medium,A2), (without urea and 
medium, distilled water,A3), are shown in table 2. 

The SCP yield of P. ostreatus var florida was markedly affected by urea concentration. This could be due to 
the lack of growth of mushroom in the alkali condition [21]. Günay reported that the optimum pH for the growth of 
P. ostreatus is 6.4 – 7.0 [22]. 

 
Table 2. Protein and glucose contents in 25 mg dry weight 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig1. The effects of heat (100 °C, 120 °C) and NaOH (1%, 2%) pretreatment in media A1 (Mendel's 
medium with 0.3 g/l urea) and A2 (Mendel's medium with 2.1 g/l urea) 

Sample Protein 
concentration 

mg/ml 

Glucose 
concentration 

mg/ml 

Protein 
% 

Glucose  %  

1A1 
NaOH 2%  

100 °C 

5.96 0 63.24 0 

1A2 
NaOH 2%  

100 °C 

2.43 2.37 39.12 9.48 

2A1 
NaOH 2%  

120 °C 

3.39 3.4 46.8 13.6 

2A2 
NaOH 2%  

120 °C 

1. 66 2.74 31.68 10.96 

3A1 
NaOH 1%  

100 °C 

1.34 3.63 28.16 14.52 

3A2 
NaOH 1%  

100 °C 

1.20 0.85 26.48 3.4 

4A1 
NaOH 1%  

120 °C 

1.56 1.12 30.6 4.48 

4A2 
NaOH 1%  

100 °C 

1.02 0 24.3 0 

5A1 
NaOH 0%  

100 °C 

1.11 3.11 25.28 12.44 

5A3 
NaOH 0%  

100 °C 

0.368 4.62 13.2 18.48 

6A1 
NaOH 0%  

120 °C 

3.44 0.68 47.18 2.72 

6A3 
NaOH 0%  

120 °C 

3.67 1.22 48.86 3.88 
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A1

A2

 
3.4 Discussion 

Lignocellulose is the only direct source of carbon for wood-inhabiting species of white-rot fungi, and its capture and 
degradation are thus of crucial important for the establishment and development of fungal mycelia and reproduction [18]. 
Lignocellulosic agricultural residues enriched in microbial protein by SSF may be used as animal feed [3]. 

In this study wheat straw that is the best substrate for P. ostreatus var florida [23, 24] was used by SSF. Pretreatment 
methods used to increase the protein production. Both heat and NaOH pretreatment have studied for many years and the 
positive effects of these methods have been shown [25, 26, 27, 28 ].  

We found that there was a negative correlation between heat temperature and NaOH concentration .As the heat 
temperature increased (120 °C), the low NaOH concentration (1 %) yield more SCP (fig.1).  

Sodium hydroxide (NaOH) has been extensively studied for many years, and it has been shown to disrupt the lignin 
structure of the biomass, increasing the accessibility of enzymes to cellulose and hemicellulose [29–30]. The effect of 
alkaline pretreatment depends on the lignin content of the materials [31, 29]. Alkali pretreatment processes utilize lower 
temperatures and pressures than other pretreatment technologies [32]. 

NaOH can increase the internal surface of cellulose and decrease the degree of polymerization and crystallinity, 
which accelerates the lignin structure disruption [33-34]. 

The hydrothermal pretreatment method subjects the material to high pressures and temperatures for a short 
duration of time after which it rapidly depressurizes the system, disrupting the structure of the fibrils. The disruption of 
the fibrils increases the accessibility of the cellulose to the microbial enzymes during hydrolysis [35].  

 
It seems that these factors have positive effects alone but together can cause new results. Heat temperature may help to 

release different phenolices for their metabolic conversion. Balazs [36] has also reported heat treatment of corn cobs and straw 
for getting better yields in P. ostreatus and P. florida [37]. 

The various heat treatments of the wheat straw before inoculation affected the bacterial populations and the substrate and 
to produce extracellular lignocellulolytic enzymes [7]. 

The effect of alkali pretreatment on cellulase hydrolysis of wheat straw was studied by Carrillo [21]. They found that alkali 
pretreatment increase the sugars yield obtained comparing untreated and treated wheat straw about 3 times. 

Pamment [38] reported that dilute sodium hydroxide pretreatment effects a major improvement in sawdust degradability by 
Chaetomium cellulolyticum. The product from fermentation of the pretreatment solids may have some value as a feed for 
ruminants and this product appears to be a better source of SCP [38]. 

SCP yield of P. ostreatus var florida was studied on 3 type media, i.e. A1 (Mendel's with 0.3 g/l urea), A2 (Mendel's with 
2.1 g/l urea) and A3 (distilled water). Data in table 2 show that A1 was the best tested media for P. ostreatus var florida. The 
highest in 1A1 test (63.24%), this was followed by 6A3 test (48.86 %), 6A1 (47.18%) and 2A1 (46.80% of dry basis). 

This medium A1 is suitable for fungal growth and could also be used as growth stimulator for P. ostreatus var florida. 
This data show that when the urea is high on the media, the growth of fungus decreased. 

Concentration of Nitrogen had considerable influence on yield as well as on the protein production by P. flabellatus. Yield 
of the mycelium increased from 5.75 to 12.87 g/l of the medium as the ammonium citrate concentration was increased from 
0.25 to 2 g/l [14]. 

The effect of varying Nitrogen concentrations on enzyme production by P. dryinus IBB 903 and F. trogii IBB 146 was 
studied. By gradually increasing the Nitrogen concentrations from 0 to 10-40 mM, fungal protein content in the final biomass 
was about doubled [6]. 

In the literature contradictory evidence exists for the effects of the nature and concentration of the Nitrogen source on 
lignolytic enzyme production. 

While high Nitrogen media gave the highest laccase activity in L. edodes, Rigidoporus lignonus and Trametes pubescens , 
nitrogen-limited conditions enhanced the production of the enzyme in Pycoporus , P. sanguineus and Phlebia radiata. 

Tekere [39]  showed that some Trametes species produced the highest manganese peroxidase (MnP) activities in a medium 
containing high Carbon and low Nitrogen conditions. Kachlishvili [6] also showed that sample fungus grew well and produced 
significant enzyme activities when no Nitrogen source was present in the medium because of the existence of Nitrogen in the 

Protein % 
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lignocellulosic substrate and we know that the C/N ratio in wheat straw is high (81.08 %,Table 3). These findings are in 
agreement with our results about 6A3 test that produced high yield of protein (48.86 %). 

 
Table 3.Carbon and nitrogen content in some lignocellulosic wastes 

 
 
 
 
 
 

The results also remind clear that A2 medium is not suitable for P. ostreatus var florida cultivation. Kutulu 
reported that P. florida did not grow on 2% urea treated straw. They suggested that P. florida and urea treatment 
could not be combined in terms of the improving feeding value of straw [22]. 

In summary of this experiment ,the results suggest that we can produce  much more protein yield of wheat 
straw by pretreatment with heat , NaOH and P. ostreatus var florida but use of this product for animal feeding 
needs more investigations like amino acid analysis . 
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