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Introduction
Mushrooms are large, heterotrophic, spore-producing 

fungi belonging to the kingdom of fungi1. Most of the culti-
vated edible mushrooms belong to the phylum Basidiomy-
cota, although some genera of the phylum Ascomycota 
such as species of the genus Morchella and Tuber have 
been successfully cultivated and commercially exploited2. 
Mushroom usually grows either above the ground on the 
soil or on a substrate prepared industrially and used as a 
substrate3. The species belonging to the genus Pleurotus 
are economically important and its importance comes after 
the white button mushroom. Its importance is due to the fact 
that it is rich in proteins, essential amino and fatty acids, 
sugars, vitamins and important minerals such as calcium, 
iron, manganese and copper, as well as this mushroom had 
several medicinal properties in resisting cancer diseases, 
hypersensitivity and atherosclerosis4,5. Oyster mushroom 
contains protein in abundant quantities, it is also rich in vi-
tamin B, oyster mushrooms do not contain cholesterol that 
causes hypertention, in addition to the fact that it contains 
high percentage of lovastatin, which lowers cholesterol le-
vels, this led to encourage the study of oyster mushrooms 
for their benefits in adjusting cholesterol levels in the blood6. 
Oyster mushroom was grow on dead wood and other subs-
trates rich in cellulose and lignin, it can be grown on agri-
cultural and industrial wastes containing lignocellulosic bio-
mass, such as wheat straw, soybean straw, cotton stalks, 
corn cobs, etc7. Wheat straw was used as an ideal substrate 

for the production of oyster mushroom, but it is not available 
at all times of the year, in addition to its use as animal feed 
at high prices, which prompted researchers to find other 
substrates as alternatives to the substrate of wheat straw, 
such as wild plants, agricultural residues and date palm 
waste8. The productivity and biological efficiency of oyster 
mushroom were increased in some mixtures when compa-
red to wheat straw alone, due to the difference in the ability 
of these substrates to provide nutritional and environmental 
requirements, in addition to the difference in the contents of 
cellulose, hemicellulose and lignin9. Several methods have 
been used to sterilize oyster mushroom substrate such as 
pasteurization, steam sterilization, hot water sterilization, 
chemical sterilization and sterilization with plant extracts in 
order to get rid of unwanted microorganisms present in the 
substrate10,11.

Materials and methods 

Treatments of experiment
This experiment was carried out in Department of Hor-

ticulture and Landscape design/College of Agriculture/ Tikrit 
University in Iraq for production of oyster mushrooms Pleu-
rotus sapidus, was conducted to test seven different mix-
tures of substrates (wheat straw 80% + 20% wheat bran, 
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Abstract: This study was conducted in order to test some agricultural wastes from fruits and sterilization method in 
the production of oyster mushroom Pleurotus sapidus. This study included two factors, the first is the type of substrate 
which consisting of seven combinations: A0 (wheat straw 80% + flour bran 20%), A1 (pomegranate peel 25% + wheat 
straw 75%), A2 (pomegranate peel 50% + wheat straw 50%), A3 (pomegranate peel 75% + wheat straw 25%), A4 (date 
fruit residues 25% + wheat straw 75%), A5 (date fruit residues 50% + wheat straw 50%), A6 (date fruit residues 75% 
+ straw wheat 25%). The second factor is the sterilization method, represented by two methods of sterilization, the 
first is sterilization by Autoclave (P0) and the second is sterilization using hydrogen peroxide H2O2 at two concentrations 
of 3% (P1) and 5% (P2). A2 achieved the shortest period of growth and spread of mycelium which was 51.67 days and 
the highest amount of total wet yield was 199.2 g.kg-1. A0 and A6 had the shortest period for primordia formation which 
was 61.0 and 62.8 days, respectively. The mixture of A6 substrate gave the longest production cycle duration of 40.8 
days and the highest biological efficiency rate was 44.78%. A1 and A2 gave the shortest fruiting period of 6.22 days. The 
P0 sterilization method recorded the shortest period for the growth and spread of mycelium, shortest period for the 
formation of primordia and the longest production cycle resulting in 48.88, 47.4 and 43.6 days, respectively, while the P1 
sterilization method recorded highest wet yield of 175.6 g.kg-1 and the highest biological efficiency rate of 39.85%.
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pomegranate peel 25% + wheat straw 75%, pomegranate 
peel 50% + wheat straw 50%, pomegranate peel 75% + 
wheat straw 25%, molasses factory wastes (date husk only) 
25% + wheat straw 75%, molasses factory waste (date 
husk only) 50% + wheat straw 50%, molasses factory waste 
(date husk only) 75% + wheat straw 25%), with two types of 
substrates sterilization, the first is thermal by Autoclave and 
the second is chemical using hydrogen peroxide (H2O2) at 
concentrations of 3% and 5% .

Substrates sterilization
In the first sterilization method, the substrates were pre-

pared and placed in mesh bags, they were soaked in tap 
water for 4-5 hours, then lifted and suspended to get rid of 
excess water for 24 hours, then they were mixed well with 
2% calcium carbonate (CaCO3) on the basis of wet weight12 
in order to ensure an even distribution of calcium carbonate 
in the substrate and adjust the acidity of the substrate to 
approximately pH 6.5, then the substrates (each substrate 
weight 1 kg) was placed in polypropylene plastic bags re-
sistant to heat and pressure and sealed with heat-resistant 
thread, then placed in Autoclave device in the Plant Tissue 
Culture Laboratory/ Department of Horticulture and Lands-
cape design / College of Agriculture/ Tikrit University, the 
sterilization was carried out under pressure of 1.5 bar and 
temperature of 121°C for 20-30 minutes13. Polypropylene 
plastic bags were taken out and left until its temperature 
decreased, then 2% of Pleurotus sapidus spawn was added 
to each bags by making a small hole in the bag and then 
closed well to prevent contamination of the substrate. In the 
second sterilization method, commercial hydrogen peroxide 
(50%) was used after diluting it to two concentrations, the 
first 3% and the other 5%14, after the substrates was prepa-
red and placed in perforated nylon bags, the bags were im-
mersed in a plastic container with a diameter of 40 cm and a 
height of 80 cm containing dilute hydrogen peroxide for 5-6 
hours, then lifted and placed on an iron shelf for 24 hours to 
get rid of excess water and hydrogen peroxide, then mixed 
well with calcium carbonate (2% on a wet weight basis) as 
it was found to be more suitable12 to ensure equal distribu-
tion of calcium carbonate in the substrate and adjusting the 
acidity of the substrate to pH 6.5, then the sterile substrates 
were filled with both concentrations in transparent plastic 
bags of the polyethylene 35 × 50 cm in dimensions and wei-
ghed so that each bag contains 1 kg of the wet substrate, 
then 2% (approximately 20 g.bag-1) of the fungal spawn was 
added to the substrate15.

Studied traits
A different set of traits were studied, including:
Time period for the mycelium run: which represented 

the number of days from the beginning of the spawning 
substrate until the completion of the mycelium full growth 
in the substrates.

Primordia formation period: The number of days from 
the beginning of the spawning until the beginning of the 
emergence of the first primordia outside the bag in the form 
of pinheads.

Formation of the fruiting bodies: which is the number of 
days from the emergence of the primordia until the fruiting 
bodies are ready to be harvested16.

Number of fruit bodies: represented the number of fruit 
bodies resulting from one bag containing 1 kg of wet subs-
trate for all flashes.

Total yield: total yield was estimated on the basis of 
substrate wet weight where the sum of all the yields produ-
ced from one bag containing 1 kg of substrate, and expres-
sed on the basis of g. kg-1 substrate16.

Biological efficiency: the ability of a substrate to pro-
duce the largest amount of fruit bodies and is expressed in 
terms of the percentage of substrate production.

Production cycle: the number of days from the begin-
ning of the harvesting stage to the last harvest.

Statistical analysis
All experiments units were performed at least in tripli-

cate according to the Randomized Complete Block Design 
(RCBD). The obtained data were evaluated by two-factor 
analysis of variance, and significant differences were deter-
mined by Fisher’s test (L.S.D) at significance level of 0.05.

Results

Effect of the substrates combination and the 
sterilization method and the interaction between them 
on the mycelium run of the of the oyster mushroom 
Pleurotus sapidus

The results of Table 2. showed that there were signi-
ficant differences between the averages of the substrates 
combination, where the A2 substrate combination (50% po-
megranate peel and 50% wheat straw) was superior on the 
most other mixtures with the shortest period of mycelium 
spread of 51.67 days. For the sterilization method, P0 ste-
rilization method (autoclave sterilization) gave the shortest 
period for the spread of mycelium, reaching 76.45 days, 
superior on the sterilization method using hydrogen peroxi-
de. In the interaction between combinations and steriliza-
tion methods, A0P0 treatment (80% wheat straw and 20% 
flour bran with autoclave sterilization) gave the shortest my-
celium completion time of 35.67 days, superior on the most 
of the other treatments.
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Table 1. Some laboratory test to substrates combination according to Al-Amiri16.
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Effect of the substrates combination and the 
sterilization method and the interaction between them 
on the time period for the primordia formation of the 
oyster mushroom Pleurotus sapidus

Statistical analysis of the data in Table 3 showed there 
are significant differences between the combination of the 
substrates, the two factors of substrates combinations A0 
(wheat straw 80% and flour bran 20%) and A6 (date fruit 
residues 75% and wheat straw 25%) gave the shortest pe-
riod for primordial formation reached 61.00 and 62.80 days, 
respectively, significantly superior on the factors of substra-
tes combination A3 (75% pomegranate peel and 25% wheat 
straw) and A4 (25% date residues and 75% wheat straw). 
For the sterilization method, P0 (autoclave sterilization) ou-
tperformed the sterilization method using hydrogen peroxi-
de with both concentrations, which gave the shortest period 
for primordial formation reached 47.40 days. In interaction 
between substrates combination and sterilization methods, 
the treatment A0P0 (wheat straw 80% and flour bran 20% 
with autoclave sterilization) gave the shortest duration of 
primordial formation reaching 34.00 days, superior on the 
most other treatments.

Effect of substrates combination and the sterilization 
method and the interaction between them on the 
formation of the Pleurotus sapidus fruit bodies

It was shown through the statistical indications in Table 
4. there were significant differences between the substra-
tes combination, as the substrates combination A0 (wheat 
straw 80% and flour bran 20%) and A4 (date fruit residues 

25% and wheat straw 75%) recorded the longest period 
for the fruit bodies formation reached 7.89 days, superior 
on the substrate combination A1 (pomegranate peel 25%, 
wheat straw 75%) and A2 mixture (pomegranate peel 50% 
and wheat straw 50%), which recorded the shortest period 
for the formation of the fruit bodies reached 6.22 days, whi-
le there were no significant differences between the other 
substrates. For the sterilization method, there were no sig-
nificant differences between the means of sterilization me-
thods. The interaction between the substrates combination 
and the sterilization method had significant differences, as 
the two treatments A0P0 (wheat straw 80% and flour bran 
20% with autoclave sterilization) and A1P2 (pomegranate 
peel 25% and flour bran 75% with sterilization using hydro-
gen peroxide at 5%) showed superiority over most of the 
other treatments, where these treatments recorded the lon-
gest period for the formation of fruit bodies, which was 8.33 
days.

Effect of substrates combination and sterilization 
method and their interaction on the total fresh weight 
of oyster mushroom Pleurotus sapidus

The results of Table 5. Showed there are significant di-
fferences between the substrates combination, where the 
mixture of substrate A2 (pomegranate peel 50% and wheat 
straw 50%) significantly outperformed most of the treat-
ments with the highest wet yield of 199.2 g.kg-1. As for the 
sterilization methods, the sterilization method P1 (hydro-
gen peroxide at 3%) outperformed the sterilization method 
P2 (hydrogen peroxide at 5%) with the highest wet yield 

Investigated of the Hydrogen peroxide's efficacy in sterilizing various substrates for the formation of the oyster mushroom Pleurotus sapidus

Table 2. Effect of the substrates combination and the sterilization method and the interaction between them on the my-
celium run of the of the oyster mushroom Pleurotus sapidus (day)

Table 3. Effect of substrates combination and sterilization method and the interaction between them on the time for the 
primordial formation of the oyster mushroom Pleurotus sapidus (day).
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of 175.6 g. The results of the interaction between the two 
factors (substrates combination and sterilization method) 
showed that there were significant differences between the 
treatments, whereby A5P1 treatment (date fruit residues 
75% and wheat straw 25% sterilized with 3% hydrogen pe-
roxide) significantly outperformed most of the other treat-
ments with the highest wet yield of 233.1 g. kg-1.

Effect of substrates combination and sterilization 
method and their interaction on the number of Pleurotus 
sapidus fruit bodies

The results of the statistical analysis in Table 6. indicate 
that there are no significant differences between the subs-
trates combination factor in the characteristic of the num-
ber of fruit bodies, and the sterilization method used did not 
affect the number of fruit bodies, and thus no significant di-
fferences appeared between the sterilization methods. The 
results of the interaction between the two factors (substra-
tes combinations and sterilization method) indicate that the-
re are significant differences between the treatments, as the 
A4P0 treatment (date fruit residues 25%, wheat straw 75% 
with autoclave sterilization) outperformed most of the other 
treatments with the highest number of fruit bodies reaching 
to 6.33 fruit bodies.

Effect of substrates combination and the sterilization 
method and the interaction between them on the 
production cycle (days) for the oyster mushroom 
Pleurotus sapidus

It is clear from table 7. presence of significant differen-
ces between the substrates combination, where the mixture 

of A6 substrate (date fruit residues 75% and wheat straw 
25%) outperformed the mixture of substrate A4 (date fruit 
residues 25% and wheat straw 75%) with the highest pro-
duction cycle duration of 40.80 days. In case of  the steri-
lization method, P0 (Autoclave sterilization) outperformed 
all other sterilization methods, as it recorded the highest 
period of 43.60 days. The interaction, A6P0 (date fruit re-
sidues 75% and wheat straw 25% sterilized by Autoclave) 
outperformed most of the other treatments with a production 
period of 68.70 days.

Effect of substrates combination and the sterilization 
method and the interaction between them on the 
biological efficiency (%) of the oyster mushroom 
Pleurotus sapidus

In table 8, it is clear that there are significant differen-
ces between the factor of substrates combination, where 
the mixture of substrate A6 (date fruit residues 75% and 
wheat straw 25%) significantly outperformed most of the 
other substrates combination with the highest biological 
efficiency rate of 44.78%. However, a significant difference 
was found between the sterilization methods, where the ste-
rilization method P1 (3% hydrogen peroxide) recorded the 
highest biological efficiency rate of 39.85%, significantly su-
perior on the sterilization method P2 (5% hydrogen peroxi-
de). In the interaction between the substrates combination 
and sterilization method, A6P1 (date fruit residues 75% and 
wheat straw 25% sterilized with 3% hydrogen peroxide) sig-
nificantly outperformed all other treatments, recording the 
highest biological efficiency rate of 61.34%.

Table 4. Effect of substrates combination and the sterilization method and the interaction between them on the formation 
of the Pleurotus sapidus fruit bodies (day).

Table 5. Effect of substrates combination and sterilization method and their interaction on the total fresh weight of oyster 
mushroom Pleurotus sapidus (g.kg-1).
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Table 6. Effect of substrates combination and sterilization method and their interaction on the number of Pleurotus sapi-
dus fruit bodies.

Table 7. Effect of substrates combination and the sterilization method and the interaction between them on the production 
cycle (days) for the oyster mushroom Pleurotus sapidus.

Table 8. Effect of substrates combination and sterilization method and the interaction between them on the biological 
efficiency (%) of the oyster mushroom Pleurotus sapidus.

Discussion
The difference in the period of completion of mycelium 

growth may be due to several reasons such as the method 
of sterilization, type of material used for sterilization, mois-
ture of the culture substrate, amount and method of adding 
the spawn to the mushroom substrate and requirements for 
the growth of the fungal strain used and its characteristics17. 
The reason for the variation in the growth period of the my-
celium and the primordial formation as well as the comple-
tion of the fruit bodies growth may be due to the different 
substrates and their components, this is consistent with18,19. 

The growth stages of oyster mushrooms are affected by the 
type of substrate and its components. The variation in the 
amount of the total mushroom yield (on the basis of wet wei-
ght) may be due to the different substrates in their ability to 
provide the mycelium with the nutrients, with different subs-
trates content of cellulose and hemicellulose compounds, 
hemicellulose degrades faster than cellulose compounds 
due to their low polymerization and amorphous nature20. 
The biological efficiency and production cycle differ accor-
ding to the different components of the substrate itself from 
cellulose and hemicellulose in addition to the strength of the 
mushroom spawn and the generation and the strain used of 
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the spawn21, the additives to the substrate and the amount 
of the mushroom spawn22. On the other hand, research did 
not agree on a specific efficacy and vitality for a particular 
species of mushroom or a substrate8,19.

Conclusions
The growth and production of oyster mushrooms was 

affected by different substrates and their combinations, as 
well as the sterilization method. Oyster mushrooms can be 
grown on substrates with pomegranate peels in their combi-
nations, and they may be effective in producing mushrooms 
if some additives were added to them. The method of ste-
rilization with hydrogen peroxide H2O2 can be used as a 
successful method for sterilization of cultivation substrates 
for oyster mushrooms, taking into account the soaking for a 
longer period and increasing the period of time before ad-
ding the mushroom spawn to the substrates to get rid of the 
largest possible amount of hydrogen peroxide. 
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