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Abstract

The aim of this paper is to estimate which of disinfection method is more effective in case of
higher yield and fewer cost in cultivation of Pleurotus ostreatus in rural areas. For this
purpose, four different treatments; scalping in hot water (60, 80 and 100<C), and chemical
disinfection (1% formaldehyde) were compared with sterilization by autoclave. It has been
noticed that method of disinfection affects mycelium growing duration(day), yield(g/kg),
biological efficiency (BE%), avarage weight of fruitbody(g), diameter of pileus(cm), stipe
lenght(cm) and width(cm). P. ostreatus took significantly much time to colonise the
substrate (19.9 days) disinfected by chemical disinfection compared with others. Chemical
disinfection (271.28 g/kg and 91.96%) and scalding hot water at 80°C (263.42 g/kg and
90.83%) had highest productivity in terms of yield and BE, respectively, while scalding hot
water at 60°C (136.08 g/kg and 46.92%) had least productivity. The largest diameter of
fruitbody was obtained by scalding in hot water at 80°C, while the longest stipes were
harvested in disinfected substrate by chemicals. In conclusion, cheaper and more easily
applecable scalping in hot water 80C and chemical disinfection may be use for the
disinfection of growing substrates instead of sterilization with autoclave in rural areas.
Keywords: mushroom growing substrate, disinfection methods, autoclaved, scalding,
chemical disinfection, Pleurotus ostreatus

1. Introduction

Mushroom cultivation has long been a bioconversion process and a useful approach to
treating solid agricultural and industrial wastes in both developed and developing countries
(Levanon, Danai & Masaphy, 1993; Chang 2006).

Pleurotus ostretaus (oyster mushrooms) are the second largest commercially cultivated
mushroom in the world (Royse, 2013) because of its flavour, good taste, high nutritional and
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medicinal properties (Ganeshan, Tewari & Bhargova,1989; Wang, Sakoda & Suzuki, 2001;
S.Yildiz, U.C.Y1ldiz, Gezer & Temiz, 2002; Silva, Dias, Siqueira, Schwan & 2007).

Masarirambi, Mamba & Earnshaw (2011) suggested that mushroom cultivation is an
alternative way of enhancing income level in developing countries due to its possibility of
low cost of production, high profit and quick returns. Ability of P. ostretaus is high to adapt
varied agro-climatic conditions (Jandaik & Goyal, 1995) and different agricultural wastes
(Nwokoye, Kuforiji & Oni, 2010). P. ostretaus was introduced in the 1970s to Turkey and
cultivation of this mushroom has significantly increased since five years (Eren & Peksen,
2016). In Turkey, small scale growers generally buy growing substrates from several compost
companies. For this reason, cost of production is increased greatly. On the other hand, some
growing substrates sold by malicious people may cause major losses on the production
because of wrong substrat formula, unsufficient disinfection, etc. If growers prepare their
own growing substrates, this may be a solution to solve the problem.

Oyster mushroom can be grown on various substrates due to its strong enzymatic features.
Different agricultural wastes used to prepare the substrates in each region depend on locally
available agricultural (Cohen, Persky & Hadar, 2002). Wheat straw, sawdust and other
agricultural by-products resulting after processing of waste paper, hazelnut and tilia (Y1ldiz et
al.,2002), maize, corn, rice, elephant grass (Obodai, Cleland-Okine & Vowotor, 2003),
sugarcane (Membrillo, S&nchez, Meneses, Favela & Loera, 2011), coffee (Gume, Diriba
Mulata & Abate, 2013) have been examined as alternative substrates for its cultivation.

Selectivity is important to determinate the quality of the growing substrate. Growing
substrate must present the best conditions for efficient and fast colonization by the mushroom
mycelium. Mushroom growth in the substrate, yield and quality can be limited by competitor
bacteria and undesirable fungi. So growing substrates of P. ostreatus require some
pretreatment in order to eleminate other microorganisms and enhancing mushroom mycelium
growth. One of the most important step in the preparation of mushroom growing substrate is
disifection which is referred to as pasteurization or sterilization.

The most commonly used by growing substrates producers in Turkey by steam pasteurization.
Although there are a lot of alternative procedures for substrate preparation, most of the papers
published by the scientific community report a preference for substrate previously sterilized
in an autoclave (Bonatti, Karnopp, Soares & Furlan, 2004; Shah, Ashraf & Ishtiag, 2004.;
Marino , Abreu, Mesquita & Ribeiro, 2008). Limited investment in appropriate
infrastructures is a limiting factor for small producers (Dias, 2010). Morever, these methods
are not an easy job for small scale growers in the rural areas.

Different disinfection methods can be used for cultivation of oyster mushroom production
and its yield improvement (Khan, 2009). Jaramillo & Albertd (2013) were reported also that
various treatments such as steam sterilization, steam pasteurization, hot water immersion and
chemical treatment are used for the preparation of substrate for mushroom cultivation to
eliminate competitive fungi .

Scalding of the substrate does not demand a large investment and it is cheaper because it
requires fewer energy outlay. On the other hand, chemical sterilization is used for disinfection
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of casing materials in mushroom production.

The main objective of present research is finding out a cheaper and more easily applecable
for the disinfection of growing substrates instead of sterilization with autoclave in rural areas.
For this purpose, easily applicable methods for the disinfection (scalding in hot water at
different temperature and chemical disinfection) was compared with using autoclave
sterilization on oyster mushroom growth, yield and features of fruitbodies.

2. Materials and Methods
2.1.Materials

Agricultural wastes were obtained from local markets (Kirsehir, Turkey). Pure cultures of
Pleurotus ostretus (HK-35 strain) was provided from a mushroom spawn company. The
cultures were maintained in a potato dextrose agar (PDA) medium and stored in a refrigerator
at 4 °C. This study was conducted at the Mushroom Production Unit of Ahi Evran
University’s Faculty of Agriculture in Kirsehir, Turkey.

2.2. Spawn Production

Spawn was prepared on wheat grains as describe by Pieckenstain, Mercuri & Albertd
(1999). Briefly, wheat grains was boiled and then glass bottles filled with boiled wheat grains
and 1% w/w CaCO3 were sterilized for 1.5 h at 121 <C, cooled and inoculated with an agar
plug (1 cm diam.) cut from the advancing margin of a 5-d-old colony grown on PDA. Bottles
were incubated in the dark, at 25 <C until the completion of mycelial growth.

2.3. Preparation of Cultivation Substrates

Mixture of poplar sawdust (40%) and wheat straw (40%) was used as a base medium, and
wheat bran was added to this mixture at ratios of 20% to prepare the growing substrates.
Substrate was thoroughly mixed and then disenfected using the following methods viz., steam
sterilization in autoclave at 121<C for 90 min, scalding in hot water at 60<C, 80 <C and
100 <C for 1 h and chemical disinfection by formaldehyde.

In chemical sterilization, 250 ml formalin (40%) was added to 10 L water. Then the substrate
was soaked in chemical solution overnight. After overnight soaking the substrate was aerated
for few minutes and then filled to polythene bags.

After disenfection, 1 kg (wet weight) of each experimental group was packed into a plastic
bag of 25 <45 cm and inoculated in a laminar flow chamber using 3% grain spawn (on a w/w
wet weight basis). The bags were plugged with a cotton plug.

2.4. Experimental design and Mushroom Cultivation

The experiment was conducted in a randomized plot design. Ten replicates were performed
for each desenfection method.

Inoculated bags were incubated at 25+2 °C with 80% relative humidity in the presence of
light to be colonized by the mycelium. After full colonization, bags were transferred to a
cropping room at 1742 °C with a humidity of 80-90% in order to induce fructification. The
cotton plugs were removed and the tops of the bags were folded down. Cool white
fluorescent bulbs provided 8 h of light daily. Sufficient air changes were maintained to
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prevent high CO, concentration. Total mushroom yield (g kg—1 substrate) was obtained from
three flushes in a harvest period. Mushrooms were harvested as soon as the fruiting bodies
developed and attained their full size above the substrate with sharp knife from each
treatment bag. The following data were recorded; days taken for the completion of substrate
colonisation, number of days to pinhead formation and first fruiting. Morever weight of
basidiocarps (g), mushroom pileus diameter (cm) and stipe diameter (cm), stipe length (cm),
total mushroom yield (g) and bio- efficiency% (BE%) were also measured among the
treatments.
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The biological efficiency percentage (BE%) was calculated as follows: ([weight of fresh
mushrooms harvested/substrate drymatter content] > 100) (Royse, 1985). 2.5. Statistical
Analysis

The data obtained from the experiment were subjected to variance and means analysis, and
the statistical significance was compared employing Duncan’smultiple range test, using the
SPSS 16.0 for Windows statistical computer program at a significance level of 5%.

3. Results and Discussions

3.1. Number of days taken for full colonisation of substrate, pinheads and fruiting bodies
formation

Significant differences were found among the different disinfection methods regarding
number of days taken for full colonisation of substrate, pinheads and fruiting bodies
formation of P. ostreatus (HK-35) as shown in Table 1.

Table 1. Effect of different growing media on spawn running time, pinheads formation and fruiting bodies
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formation of Pleurotus ostreatus (HK-35)
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Days for completion Days for pinhead Days for fruitbodies
Treatment of spawn running* formation® formation®
Autoclave 17,0%** 24,1 32,5
Scalding at 60°C 17,6° 29,9° 36,2 °
Scalding at 80°C 17,78 26,8° 35.0%
Scalding at 100°C 16,8° 247" 32,0°
Chemical disinfection 19,9° 26,4° 32,9°

! Mean of 10 replicates

Asterisks indicate significance at *P <0.0.05, **P <0.0.01; values within the column row followed by the same
letter are not significantly different. Mean values in the same column followed by the same letters are not

significantly different by Duncan’s multiple range test.

Disinfection methods had variable effects on the duration of full colonisation ranging from
16.8 days (scalding in hot water at 100°C) to 19.9 days (chemical disenfection). Obodai, et al.
(2003) reported that the spawn run time of P. ostreatus was 15-33 days, while Baysal, Peker,
Yalinkilic & Temiz (2003) confirmed that this varied, in different growing substrates,
between 15.8-37.6 days. Spawn run time is influenced by other factors such as the strain,
substrate formula, amount of substrate available, spawning rate, spawn distribution and
temperature during incubation (Oei, 1991; Philippoussis, Diamantopoulou & Zervakis, 2003)
The faster spawn running in this study may be due to the using wheat bran which is known to
stimulate mushroom growth (Shen & Royse, 2001).

In the study, it was obtained that chemical disinfection required a longer period of time in
order that the whole substrate than other methods. Our findings are conformed with Ali,
Mehmood, Nawaz, Hanif, & Wasim (2007) who reported that all the species of Pleurotus
treatmented with formalin took more time for the completion of mycelial growth. An agueous
solution of formaldehyde use as a disinfectant as it kills most bacteria and fungi including
their spores. Alheeti, Al-Saeedi, Al-Assaffii & Sabaratnam, (2013), reported that sawdust was
treated with antifungal and antibacterial chemicals that may be lead to inhibit fruit bodies
formation. Toxic feature of formaldehyde may be slow mycelial growth down .

Scalding in hot water at 60°C was the most precocious of all disenfection methods tested,
forming their first primordia after 24.1 days of incubation. The pinheads were formed
between 7-12 days after the full colonisation of substrate. These results are corroborated by
the findings of Ahmad (1986) who reported that P. ostreatus completed spawn running in
17-20 days on different substrates and time for pinheads formation was noted as 23-27 days.
The fruiting bodies appeared on substrates disinfected by different methods 13-18 days later
after spawn running. Our results are in agreement with Tan (1981) who reported that P.
ostreatus took 2—3 weeks for fruit body formation after spawn running.
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3.2.Yield and bio-efficiency of oyster mushroom

There were significant (P<0.01) effects of the disinfection methods on the total fresh yield
and BE (%) of P. ostreatus HK-35 (Table 2). The harvest of mushrooms has been realized
during three flushes and the maximum yield was obtained in first flush than the second and
third flush, respectively, except scalding in hot water at 60°C.

Table 2. Effect of different growing media total fresh yield and BE of Pleurotus ostreatus (HK-35)

Fresh weight of mushrooms by flushes (g) Total fresh

Treatment First Second Third Yield (g/kg)'  BE (%)*
Autoclave 130,62 81.24 28.30 240,16 b** 80,05 b**
Scalding at 60°C 112.25 23.83 - 136,08 d 46,92 ¢
Scalding at 80°C 142.60 64.56 56.16 263,42 a 90,83 a
Scalding at 100°C 124.31 73.25 24.70 223,26 ¢ 76,87 b
Chemical disinfection 133.85 82,51 54.92 271,28 a 91,96 a

! Mean of 10 replicates
Asterisks indicate significance at *P <0.0.05, **P <0.0.01; values within the same column followed by the same letter are
not significantly different. Mean values in the same column followed by the same letters are not significantly different by

Duncan’s multiple range test.

Chemical disinfection was also suggested for disinfection of mushroom growing substrate by
a lot of authors (Afyon, 1988; Sanjeev, Rai & Saxena, 1992; Yildiz, 1997). Although, Ali et
al., found that cotton waste pasteurized by steam has higher productivity of Pleurotus spp.
than cotton waste disinfected chemically by formalin. Chitamba, Shamuyarira, Dube,
Mudada, Mapurazi, (2012) reported that cotton waste pasteurized by boiling water had the
highest BE, but it was however not significantly different from cotton waste disinfected by
Na hypochlorite. Similarly, in our study the best yields (271.28 g/1 kg wet growing substrate)
were obtained in the case of using chemical sterilization, followed by scalding in hot water at
80°C. The yield was induced with 12.9 % and 9.6% in comparison to autoclaved substrate
(control), respectively. Oei, (1996) , Apahidean, (2006) and Khan, Abbas, Rehman, Hag &
Hanan, (2011) suggested that sterilization of substrates is much more appropriate method for
effective cultivation of mushrooms to remove the existance of a number of microorganisms.
Khan et al (2011) suggested that lab autoclave (1hr) is a better sterilization method than hot
water treatment for 30 minutes. Caral, Vinay, Manasa, Vinothkumar & Babu (2013), reported
that that autoclaving method of physical sterilization yields a better yield in both the
substrates (sawdust and straw) than the chemical method of sterilization. But, our findings are
confirmed by Quimio, Chang & Royse (1990) who reported that substrate sterilisation is not
ideal since both beneficial and harmful organisms in the substrate are killed. Sanchez (2010)
reported also that substrate used for the oyster mushroom cultivation do not require
sterilization, but only pasteurisation, which is less expensive to diminish the damages
produced by different pathogens (bacteria, moulds or insect pests) on mushroom development
and yield. Vel&quez-Cedeno, Mata & Savoie (2002) cultivated successfully one strain
of Pleurotus ostreatus and three strains of P. pulmonarius on coffee pulp pasteurized at 80 C
for 1 h.
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The lowest production, 136.08 g/1 kg, was obtained in substrate disinfected by scalding in hot
water at 60°C, the yield difference given the control being very significant negative. This is
half comparative with the disinfected substrate by chemical method. This disinfection method
was not suitable in case of yield characteristics of P. ostreatus. But, the contamination of the
substrate disinfected by scalding in hot water at 60°C may have occurred probably due to
inadequate time used during disinfection. Hot water pasteurisation of sugarcane baggase was
suggesed at 60°C for 3 hours by Oseni, Dlamini, Earnshaw & Masarirambi, (2012)

\\ Macrothi“k Journal of Agricultural Studies

A much higher yield in the first flush, about 82.5% from the total yield in substrates
disinfected by scalding at 60°C. Remainder of yield was recorded on the second flush. There
is not any vyield on thirth flush. Colavolpe Mej & & Albertd(2014) reported that growth of
Trichoderma spp. was practically the same at 60 <C and 80 <C and if the mushroom grower
uses an immersion in hot water treatment, 60 <C should be used to save energy and lower
production costs. But our results are not confirmed by the findings of Colavolpe et al (2014).
The substrates disinfected by scalding at 60°C constituted a suitable medium to mycelial
growth on the substate, but then growth of Trichoderma spp. was appeared on the sustrate
and fruitbodies, it cause decrease of production and a loss in quality of fruitbodies. In other
methods, the highest production has been obtained during the first flush about 50% from the
total and second flush between 24.5-30%. Our results are corroborated by the findings of
Shah et al. (2004).

The biological efficiency (BE%) obtained in three harvests with the substrate prepared under
the different disenfection conditions is shown in Table 2. These values ranged from 91.96%
and 46.92%. Substrate sterilized by chemicals had the highest BE which was not significantly
different from substrate disenfected with immersion in hot water at 80°C  (90.83%).
Substrate disenfected with scalding in hot water at 60°C for 1 h had the lowest BE of
46.92% compared to others. Mejia & Alberto (2013) also reported that carbendazim treatment
produced highest yields (BE: 106.93%) while immersion hot water produced the lowest BE
with 75.83%. In addition, Diana et al. (2006) determined that the quantities of active chemical
substance in the mushroom fruit bodies was much lower than legal limits.

3.3. Stipe length and pileus diameter growth

The analysis of variance for avarage weight of fruitbody, pileus diameter and stipe length and
width of oyster mushroom indicated significant differences among the various substrate
disinfiction methods as shown in Table 3.

Table 3. Effect of different growing media on average mushroom weight , fruitbody diameter , stipe length
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and width of Pleurotus ostreatus (HK-35)
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Weight of fruitbody" Diameter of pileus'  Stipe lenght'  Stipe width'

Treatment (9) (cm) (cm) (cm)
Autoclave 29.45p** 6,08 b** 3,17** ¢ 1.00b**
Scalding at 60°C 22.15e 5.65¢C 3,58b 1.21a
Scalding at 80°C 32.42a 7,28a 2.81d 1.05b
Scalding at 100°C 28.22c 6,25 b 3,24¢ 1.01b
Chemical disinfection 25.68d 4,64 d 3,92a 0.93b

1 Mean of 10 replicates. Asterisks indicate significance at *P <0.05, **P <0.01; values within the same column followed by
the same letter are not significantly different. Mean values in the same column followed by the same letters are not

significantly different by Duncan’s multiple range test

The highest average weight 32.42 g per fruiting body was recorded from substrate disinfected
by scalding in hot water at 80°C and minimum on substrate disinfected by scalding in hot
water at 60°C 22.15 g per fruiting body. Kurt (2008) reported that avarage wieght of P.
ostreatus grown on different substrates between 17.0 -26.27 g. Vel&quez-Cedeno et al. (2002)
reported that weights of fruitbodies are different in every flush and fruitbodies in first flushes
almost weighed more than the fruitbodies in subsequent flushes. Although average weight per
fruiting body was lowest in substrates disifected by formaldehyde, in terms of number of
fruiting bodies produced, in same substrate produced significantly higher number of fruiting
bodies than all tested methods.

Quality properties of mushroom had been related with the fruit body size such as
determination of pileus (cap) and stipe (Owaid, Abed & Al-Saeedi, 2015). The mean pileus
diameter ranged from 4.64 cm in disenfected by chemicals to 7.28 cm in scalding in hot water
at 80°C. Pileus diameter of P.ostreatus was determinated in different growing substrates
between 4.0-10 cm by Yildiz et al. (2002). The stripe length and width ranges from 2.81-3.92
cm and 0.93-1.21 cm, respectively. The longest stipe was measured in substrates disinfected
by chemicals while the shortest stipes harvested on substates disinfected by scalding in hot
water at 80°C. It was reported that the stipe length varied between 1.21 cm (KUgikomuzlu,
2003) and 3.22 cm (GUer & Agaoglu, 1995), whereas stipe width was determinated between
0.97 cm (Guer & Agaoglu, 1995) and 1.12 cm (KUgkomuzlu, 2003). Our findings are
conformed with previous studies. Some undesirable characteristics for marketable quality
such as smaller mushroom cap diameter and relatively long mushroom stipe length were
determinated when oyster mushroom cultivated on substrate disinfected by formaldehyde as
well as high yield and BE (%). Thus, further research to increase the mushroom quality on
substrate disinfected with chemical is necessary. Although we determinated disinfection
methods influence fruitbody size, environmental conditions such as temperature, humidity,
fresh air and compact material also can affect stalk height, stalk diameter and cap size of
mushroom (Onyango, Palapala, Arama, Wagai & Gichimu 2011). In our study disinfection by
scalding in hot water at 80°C could shorten mushroom stipe length and enlarge mushroom
cap diameter, so it can increase marketable quality of Pleurotus mushroom.
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4. Conclusions

The disinfection method affect the mycelium development, yield, BE and size of fruitbodies.
The lowest yields were obtained in the scalding in hot water, at 60<C. Pastuerisation of
substrates at lower temperatures (60C) increases the risk of contamination, particularly from
Trichoderma species. This method is not sufficient to eliminate all of the microorganisms
present in a substrate although they can reduce contaminants to a level that permits
mushroom mycelia to colonize all of a substrate competitively then the first flush represents
the majority of production but the competitive micro organisms affecting the mushroom yield
on the next flushes. Furthermore, higher treatment times such as 2 or more may be
investigated in more detail to increase mushroom yield and decrease the infection risk.

In the study, sterilization method exhibited similar yield and quality features with scalding
with hot water at 100°C. The useful micro-organisms are destroyed at these temperatures and
due to they cant compete with the harmful microorganisms. This may be responsible for the
lower yield.

Scalding with hot water at 80°C is easier and cheaper alternative method to autoclave.
Although, Jaramillo & Albertg (2013) reported that immersion in hot water has some
negative aspects such as using a great amount of water and loss of nutrients extracted during
heating by lixiviation, in our study, scalding at 80°C was also determinated one of the best
method for yield and quality of P. ostreatus. On the other hand, chemical disenfection
method exhibited higher yield and biological efficiency compared to autoclaved substrate. It
may suggest a useful technique for substrate disinfection in rural areas because of low cost
as well as high yield and BE(%). Morever, chemical disinfection can be used for disinfiction
of growing substrate safely. In conclusion, chemical treatment of growing substrates for
mushroom cultivation can be a good alternative to sterilization to produce a good yield of P.
ostreatus especially in rural areas, where autoclave sterilisation is not feasible. This method
needs further research to increase the mushroom quality. It can be adopted to produce a good
quality of fruitbodies by next studies.
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