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Abstract: 34 isolates of oyster mushroom recovered from different regions of Egypt were screened on the bases 

of their growth rate at different temperatures. Only five isolates were able to growth intensively at 35 ºC and 

isolate P1 together with P2 showed the highest growth rate. According to morphological and cultural 

characteristics of two tested mushroom isolates both belonged to Pleurotus ostreatus species. Besides measuring 

their growth rates under wide range of temperatures (18ºC, 28ºC, 35ºC and 40ºC) the ability of starch hydrolyses 

was also tested. Isolate P1 showed almost same hydrolysis rates, however there was a steady increase in 

hydrolyses of starch by isolate P2 which began to decline over 35°C. Some mushrooms produce not only 

hydrolytic but also oxidative enzymes, such as laccase. After 15 days of growing isolate P2 showed high laccase 

activity at 35ºC suggesting that this heat tolerant isolate could be a good candidate for various industrial 

applications or mushroom producers in Egypt.  

 

Introduction 

 

Mushroom cultivation is one of the most important agribusiness, because some species are 

produced as human food and able to recycle for animal foodstuff. Oyster mushrooms have 

excellent taste and high-content of proteins, carbohydrates, vitamins and minerals moreover 

produce various secondary metabolites of medical interest. White-rot mushroom could 

prevent and reduce several diseases, including high blood pressure, cholesterols (AGRAWAL et 

al. 2010) breast and prostate cancer (JEDINAK and SLIVA 2008).  There are more than 5000 

mushroom varieties belonging to the class of the Basidiomycetes and Pleurotus genus is 

spreading all around the world gathering several species. Pleurotus ostreatus is the second 

most cultivated edible mushroom worldwide after Agaricus bisporus. However, often missing 

heat-tolerant mushroom isolates and many mushroom producers suffered from it in Egypt 

(GULER et al. 2006). 

Nutritional and medicinal characteristics of Pleurotus ostreatus depend on the growth 

substrate. In nature, this fungus grows on dead wood, but it can be artificially cultivated on 

agricultural wastes. FASIDI and KADIRI (1993) reported successful growth of mushrooms on 

lignocellulose wastes and rapeseed meal may also find use as an inexpensive and efficient 

substrate for white-rot fungi (ZUCHOWSKI et al. 2013). The degradation of agricultural wastes 

involves some enzyme complexes made up of oxidative and hydrolytic enzymes. Moreover, 

applications of their oxidative enzyme, laccase in biotechnology include textile dye or stain 

bleaching, paper-pulp bleaching, synthetic dye decolorization (ANNUNZIATINI et al. 2005).  

The mycoremediation of pollutants such as petroleum, polycyclic aromatic is also 

achieved by the lignolytic enzyme complex of Pleurotus species (PALMERI et al. 1997, 

TELLEZ-TELLEZ et al. 2013). 

The objectives of this study were to isolate heat-tolerant oyster mushrooms, estimate 

their capacity of degrading starch and lignin which could be important factors in oyster 

mushroom spawn production in Egypt. 
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Materials and methods 

 

Sources of materials  
 

Samples of oyster mushroom varieties were collected from different areas of Egypt. Under 

aseptic conditions, samples of mushroom fruiting bodies were washed then wiped with 

alcohol (70%) and washed with sterile water several times. Small pieces of the core part of 

caps were separated, transferred on Potato dextrose agar plates (Duchefa Biochemie, 

Netherlands), and incubated at 28
o
C for 7 days. The culture transfer was conducted many 

times until obtaining the pure isolates. The clean fungal isolates were pre-cultured on potato 

dextrose agar (PDA) then new PDA plates were inoculated by 5 mm discs of 7 days old pure 

mycelia of isolates of P. ostreatus. Three replicates of each isolates were incubated separately 

at 18°C and 35°C temperatures for 10 days. 

The P. ostreatus isolate P1 was originated from the collection of Agricultural Microbiology 

Department, at Agricultural Research Center, in Giza, Egypt. 

 

Estimation the growth rates and the hydrolyses of starch by P. ostreatus isolates at 

different temperatures  

 

Potato starch peptone agar (PPA) plates were prepared containing 0.5% soluble starch (Difco, 

USA) 0.1% of peptone and 1.5% of agar. PPA plates were inoculated separately by a 5mm 

disc of 7 days old pure mycelium of P. ostreatus  and incubated at different temperatures (18, 

28, 35 and 40°C) for 15 days. 

Visualization of starch hydrolyses was done by flooding 1% iodine solution on PPA 

plates, 7 days after inoculation to produce deep blue colored starch-iodine complex. 

Hydrolysis rate of starch was calculated at different temperatures (18, 28, 35 and 40°C) 

measuring the clean hydrolyses zone (mm). Each treatment had five replicates.  

 

Culture conditions and assay for laccase activity 

 

Laccase activity was estimated by cultivating isolate P2 in a complex broth [30 g of glucose, 

15 g of tryptone, 7.5 g of yeast extract, 30 mg of CuSO4•5 H2O, and 40 mg of lignin-sulfonic 

acid (pH: 5.6) in one liter (HUBLIK and SCHINNERA 2000)] then incubated at 35°C in a rotary 

shaker (150 rpm). After 20 days of growth the culture was separated from the mycelium by 

filtration using Whatman No.1 filter paper. The culture filtrate was used directly for enzyme 

activity determination. 

Laccase activity was measured by the oxidation of 2,2'-azino-bis (3-

ethylbenzthiazoline-6- sulphonate) (ABTS) (Sigma, St. Louis, MO, USA) at 35°C according 

to BUSHWELL et al. (1996). The reaction mixture (1 ml) contained 600 μl fungal extract, 300 

μl 0.1 M sodium acetate buffer (pH 5.0) and 100 μl 1 mM ABTS solution. The oxidation was 

followed via the increase of the absorbance at 420 nm. One unit of enzyme activity was 

defined as the amount of enzyme able to oxidize 1 μmol of ABTS per minute. 
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Statistical analysis 

 

Data were subjected to statistical analysis of variance by ANOVA test in SPSS, 11 software 

statistical packages. The effects of experimental factors were evaluated by the analysis of 

variance (ANOVA), and comparisons between means were carried out using Tukey HSD test 

at the significance level of P < 0.05. 

 

Results and discussion 

 

Of the 34 isolates recovered from different places of Egypt, only five were able to growth 

intensively at 35 ºC (data not show). On the basis of its highest growth rate, isolate P2 was 

selected for the study of starch hydrolyses, laccase production and together with isolate P1for 

their morphological characterization. According to the morphological classification system of 

oyster mushrooms (SHARDA 1989, DUNG 2003), both tested isolates were found to be 

belonged to Pleurotaceae ostreatus.  

To evaluate their efficacy, growth rates of both P. ostreatus isolates were compared 

under wide range of temperatures (18, 28, 35 and 40ºC) on potato starch peptone agar plates. 

However mycelia developments of both isolates started one day after inoculation on PGA, 

applying starch as nutrient, the mycelium growth of P1 and P2 isolates could be recognized 

only after 24 h of inoculation (Figure 1). The mycelium developments of both isolates were 

the same at 18ºC. However, increasing the incubation temperature there was only a small 

decrease in the growth rate of P1 isolates.  The relationship between developments of mycelia 

at different incubation-temperatures showed that 28ºC was the most suitable temperature for 

mycelium growth of P1 and 35ºC was the best for P2 isolate. As well as isolate P2 had a great 

ability to grow even at the highest tested temperature (40ºC) where the growth of isolate P1 

was stopped. These results are in agreement with the results of FRITSCHE (1981) and ISIK 

(1996) who reported that 28-30ºC were suitable temperatures for mushroom mycelium 

development. On the other hand SONG (1975) reported that 39ºC was the optimum 

temperature for A. bitorquis and showed that the growth of mycelia declined under 15ºC and 

over 40ºC. 

There are various reports on starch degrading microorganisms from different sources 

and respective amylase activity (DOODNATH et al. 2000, KATHIRESAN et al. 2006, NWAGU and 

OKOLO 2011, ALARIYA et al. 2013). Temperature is an important factor of amylase production 

and these two pure isolates performed significantly different ability of starch degradation at 

different incubation temperatures (Figure 2). There was a steady increase in hydrolyses of 

potato starch caused by isolate P2 which began to decline over 35°C. Figure 2. illustrates slow 

and almost same hydrolysis rates of isolate P1. Consequently, potato starch was slowly 

degraded during the incubation period, indicating lower hydrolysis activities. The highest 

activity was found at 35°C by P2 strain, double more than the activity of isolate P1. However 

starch degradation of both isolates was decreased at 40ºC, the difference was increased from 

two to four times, indicating high-temperature resistant isolate, P2.  
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Figure 1. Growth of two isolates of Pleurotus ostreatus (P1 and P2) at 18ºC (A), 28ºC (B), 35ºC (C) 

and 40ºC (D) 

1. ábra  A két Pleurotus ostreatus (P1 és P2) növekedése különböző hőmérsékleten  (18ºC (A), 28ºC 

(B), 35ºC (C), 40ºC (D) 

 

Mushrooms as saprophytic fungi are producing not only hydrolytic but also oxidative 

enzyme complexes. Moreover ELSAYED et al. (2012) showed that soluble starch was the best 

inducer for their laccase formation. Interestingly, the specific activity of laccase was increased 

with increasing soluble starch concentration up to 15 g/l, which was the best concentration of 

soluble starch for laccase formation. 

Many investigators reported different incubation periods for optimum production of 

laccase. SIVAKUMAR et al. (2010) estimated that maximum laccase production at the 7th and 

10th day of incubation in case of Lentinus edodes and Ganoderma sp, respectively. 

Oppositely, CAVALLAZZI et al. (2005) found maximum laccase activity with Lentinula edodes 

after 30 days of incubation. According to CAVALAZZI et al. (2005) our result showed high 

laccase activity only after 15 days of growing (Figure 3). The lignolytic enzyme system of 

white rot fungi, although may be present in the primary phase of growth, usually is triggered 

in response to N or C depletion, attaining its maximum in the idiophase when the mycelial dry 

weight is decreasing (KAAL et al. 1995, ELSAYED et al. 2012). 

Our results show that P. ostreatus isolate P2 has great potential to transform easy 

degradable agro-industrial wastes at higher temperature. 
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Figure 2 Hydrolysis of potato starch by both isolates (P1 and P2) of Pleurotus ostreatus at different 

temperatures 

1. ábra  A két Pleurotus ostreatus (P1 és P2) keményítő bontó képessége különböző hőmérsékleten 

 

 

Figure 3 Effect of incubation time on laccase activity of Pleurotus ostreatus  

isolate P2 at 35 °C . 

3. ábra  Az induklációs idő hatása a Pleurotus ostreatus (P2) laktáz aktivitására 35 °C -on 
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HŐTOLERÁNS GOMBA IZOLÁTUMOK KEMÉNYÍTŐ HIDROLÍZISÉNEK ÉS LAKKÁZ 

AKTIVITÁSÁNAK VIZSGÁLATA 
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Összefoglaló: Egyiptom különböző régióiból izolált 34 db gomba növekedési rátáját vizsgáltuk különböző 

hőmérsékleten. Az izolátumok közül öt mutatott intenzív növekedést  35 ºC-on, ezek közül is kiemelkedett a P1 

és P2 izolátumok növekedési intenzitása. A telepek morfológiai és mikroszkópikus sajátosságai alapján mind a 

két izolátumot Pleurotus ostreatus-ként azonosítottuk.  

A gombák növekedése mellett a keményítő bontó képességük mértékének meghatározására is sor került, igen 

széles hőmérsékleti tartományban (18 ºC, 28 ºC, 35 ºC és 40 ºC). Az eltérő hőmérsékleteken a P1-es izolátum 

keményítő bontó képessége nem mutatott jelentős eltérést, ezzel szemben a P2-es jelű laskagomba keményítő 

hidrolízisének intenzitása a hőmérséklet növekedésével nőtt, és csak 35 °C fölött csökkent drasztikusan. A 

hőtoleráns P2 izolátum lakkáz aktivitásának mérését is elvégeztük a növekedés különböző fázisaiban. A 15 

napos tenyészet mutatott legmagasabb lakkáz aktivitást 35 °C-on, mely eredmény alapján igen kedvező lehet 

termesztésük az egyiptomi klímaviszonyok között, illetve ipari célú felhasználásuk is nagy perspektívát mutat.




