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ABSTRACT

One of the most expensive steps in mushroom production is the disinfection of the substrate. This study aimed to evaluate different
methods of disinfecting various substrates used in the cultivation of Pleurotus ostreatus from the Amazon. P. ostreatus was grown under
uncontrolled temperature conditions in a greenhouse (at approximately 30 °C) on substrates formulated with residues (seeds) of acai and
tucumad palm trees, Brazil nuts shell and pine sawdust. The different substrate disinfection treatments comprised autoclaving, immersion
in hot water or immersion in calcium hydroxide (2%). The chemical composition of residues, substrates, and mushrooms was analyzed.
During cultivation, it was found that in the treatment with hot water, all the bags were contaminated, and treatment with calcium hydroxide
inhibited the colonization and growth of the mushrooms. P. ostreatus grown on the autoclaved acai substrate supplemented with tucuma
had higher production. The highest percentage of fiber content was obtained when the mushrooms were cultivated in the pine substrate
supplemented with Brazil nuts (32.68 to 33.65%), and the highest protein content (20.03 to 20.88%) was found in the mushrooms grown
on acai-based substrates. Considering that P. ostreatus showed higher productivity in autoclaved substrates, further studies should be
performed to develop alternative methods of disinfecting substrates for the cultivation of mushrooms in the Amazon region, as well as,
in other regions with a tropical climate. However, the cultivation of this mushroom is promising using some regional substrates, especially
with agai, which is one of the important natural products of the Amazon.

Index terms: Alternative substrates; biological efficiency; edible fungi; Pleurotus ostreatus.

RESUMO

Uma das etapas que encarece a produgdo de cogumelos é a desinfeccdo dos substratos. Assim, este trabalho teve como objetivo avaliar
diferentes métodos de desinfeccdo de diversos substratos utilizados no cultivo de um Pleurotus ostreatus da Amazonia. P. ostreatus foi
cultivado sob condices de temperatura ndo controlada em casa de vegetacdo (aproximadamente 30 °C) em substratos formulados
com residuos (sementes) de palmeiras de acai e tucumd, casca de castanha do Brasil e serragem de pinus. Diferentes tratamentos
de desinfec¢do do substrato consistiram em autoclavagem, imersdo em dgua quente e em hidréxido de calcio (2%). Foi analisada a
composicdo quimica dos residuos, substratos e cogumelos. Durante o cultivo, verificou-se que no tratamento com dgua quente, todos
0s sacos estavam contaminados e o tratamento com hidréxido de célcio inibiu a colonizagdo e o crescimento do cogumelo. P. ostreatus
cultivado em substrato de agai autoclavado e suplementado com tucuma apresentou maior produgdo. Os maiores teores de fibras totais
foram obtidos nos cogumelos provenientes do cultivo em pinus, suplementado com castanha do Brasil (32,68 a 33,65%) e os maiores
teores de proteinas (20,03 a 20,88%) nos substratos a base de acai. Considerando que P. ostreatus apresentou maior produtividade nos
substratos autoclavados, novos estudos deverdo ser realizados com o objetivo de se desenvolver métodos alternativos de desinfec¢do
de substratos para o cultivo de cogumelos na regido amazoénica, bem como em outras regides de clima tropical. Contudo, o cultivo deste
cogumelo mostrou-se promissor, utilizando-se substratos regionais, com énfase para o agai, um dos importantes produtos da Amazonia.

Termos para indexagao: Substratos alternativos; eficiéncia bioldgica; fungos comestiveis; Pleurotus ostreatus.

INTRODUCTION 2020). These materials are usually made from substances

disposed of in the agricultural and wood industries, where

Traditionally, mushrooms are cultivated using large amounts of wastes are generated; the cultivation of
lignocellulosic materials as substrates (Rugolo et al., mushrooms is a way to use the incompletely utilized raw
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materials (Sadh; Duhan; Duhan, 2018; Valenzuela-Cobos
et al., 2019). Thus, mushroom cultivation can reduce the
adverse environmental impacts caused by the disposal
of these residues by transforming them into low-calorie
products rich in nutrients and proteins (Singhal et al., 2019).

In mushroom cultivation, one of the most important
and expensive steps is the disinfection and sterilization
of the substrate to reduce contamination by other
microorganisms and selectively grow the product of
interest. Among the methods used, autoclaving is quite
effective; however, it has a high cost in the production
process (Xiong et al., 2019).

Substrate treatments include conventional methods,
such as thermal (pasteurization with hot water or steam) and
chemical disinfection (with formaldehyde, carbendazim,
chlorine, hydrogen peroxide, and calcium hydroxide)
(Rodriguez; Pecchia, 2017; Gowda; Manvi, 2019).
Although they are not effective in the complete elimination
of antagonistic microorganisms, they reduce the level of
microorganisms sufficiently for cultivation (Dias, 2010).

Another limiting factor for mushroom producers
in tropical regions is high temperature since many
species or strains of commercial mushrooms are adapted
to temperate climates; thus, an expensive temperature
control system or the use of species or strains adapted
to these temperatures is required. In this context, the
genus Pleurotus contains species and even strains within
a species, with different temperature requirements for
fruiting (Gaitan-Hernandez; Salmones, 2008).

Furthermore, the nutritional composition of
mushrooms can be highly variable between species
and strains of the same species, and can vary due to the
cultivation conditions, degree of maturation of the fruiting
body, structure of the mushroom (stem and stipe), substrate
composition, harvest, and storage conditions (Valenzuela-
Cobos et al., 2019). Therefore, correctly selecting the
strains and substrates for cultivation is important for
successful fungiculture.

For substrates, it is important to choose locally
available wastes. The northern region of Brazil is the
largest producer of the agai fruit (Instituto Brasileiro de
Geografia e Estatistica -IBGE, 2020). While processing
acai to obtain the pulp, 93% of the fruit is rejected as
residue, which does not have any adequate use (Maranho;
Paiva, 2012; Lima et al., 2021).

Another important product of the Amazon region is
Brazil nuts. By comparing the components of the fruit of
Brazil nuts (urchin, tegument plus almond), only 13.72%
of the total mass corresponds to almonds, with the rest
is inedible (Bitencourt et al., 2020). Another regionally
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appreciated fruit is tucuma. The edible part represents only
25% of the fruit, while the epicarp (peel) represents almost
30%, and the endocarp (seed) constitutes about 45% of the
fruit; this part is barely used (Ferreira et al., 2008), adding
a considerable amount of residue.

Pinus is one of the genera in Brazil that significantly
contributes as a source of wood to various industries,
being essential in the pulp and lamination industries and
sawmills. They are planted and used in all regions of
Brazil, although it is more common in the southern region
(Lima et al., 2016). Similar to other types of wood, Pinus,
as raw material, is not completely used during industrial
processes (Silva Junior, 1993). The wood industry in the
Amazon region uses materials inefficiently, where 15%
to 50% of the raw material in wood processing is lost;
thus, generating a large amount of waste (Sales-Campos;
Abreu; Vianez, 2000).

Thus, this research was aimed to evaluate the
production and quality of a strain of Pleurotus ostreatus
from the Amazon (Brazil), using regional wastes and
different disinfection methods.

MATERIAL AND METHODS

The lignocellulosic residues used in this study were
tucuma palm seeds (Astrocaryum aculeatum), shells of
Brazil nuts (Bertholletia excelsa), agai palm seeds (Euterpe
precatoria), and a mixture of pine sawdust (Pinus elliottii
and Pinus taeda), collected from wood and agriculture-
based industries in the State of Amazonas, Brazil. The
pine sawdust was previously washed in water (72 h) to
eliminate chemical constituents that could potentially
inhibit the growth of the mushroom.

The Amazonian strain of Pleurotus ostreatus
(Jacq.) P. Kumm (code 1467) was obtained from the
Culture Collection of Agrosilvicultural Microorganisms
of the National Institute for Amazon Research (INPA).

Spawn preparation

Initially, the strain of fungus was reactivated in
PDA (Potato Dextrose Agar) medium and incubated in
a BOD (Biological Oxygen Demand) incubator at 27 °C
till mycelia covered the plates completely to obtain the
primary matrix. The secondary matrix was obtained
from the primary matrix, inoculated under the same
conditions. The tertiary matrix or spawn was prepared
by using four different formulations, composed of
80% substrate-base (acai or pinus), 18% supplements
(tucuma or Brazil nuts) and 2% CaCO, (pH was adjusted
to 6.0). Subsequently, the substrates were humidified
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until saturated with water and autoclaved at 121 °C
for 45 min in glass flasks. After cooling, they were
inoculated with the secondary matrix and incubated at
27 °C in the BOD incubator until complete colonization
of the substrate by the fungus.

Mushroom cultivation

The substrates were formulated according to the
methodology of Sales-Campos, Minhoni and Andrade
(2010), and three different disinfection treatments of
the substrates were tested, consisting of sterilization by
autoclaving at 121 °C for 1 h, immersion in 2% calcium
hydroxide (Ca(OH),) for 24 h, and immersion in hot water
at 80-90 °C for 90 min. The colonized spawn (5% w/w)
was transferred to bags containing each type of substrate
(95% w/w), with a final mass of 400 g, in the laminar
flow cabinet. The amount of the colonized spawn used
(5%) was to allow Pleurotus ostreatus to compete with
contaminants, as some of the treatments could disinfect
only partially. The inoculated bags were incubated at
27 °C until complete colonization (around 60 days, to
maintain all treatments for the same duration and subject
to the same conditions). Later, they were transferred to a
production greenhouse under uncontrolled temperature
conditions (environmental conditions of tropical regions,
characterized by high temperatures and high relative
humidity). The fruiting bodies produced were collected,
dried (at 50 °C), ground, and stored for further analysis.
Visual analysis of the bags was performed daily to check
for contaminations.

Productivity was determined by the biological
efficiency, yield, and loss of organic matter (Sales-
Campos; Andrade, 2011).

Physicochemical parameters and centesimal
composition

The moisture and dry matter content were
determined by evaluating the weight difference after
drying at 105 °C. The pH of the raw materials, substrates,
and mushrooms was determined using a potentiometer,
previously calibrated with buffers of pH 7 and 4, following
the methodology recommended by the (IAL, 2008).
Organic carbon content was measured using the Walkley
Black method, according to Mendonga and Matos (2005).
Ash content, lipid, total fiber, protein (obtained from the
nitrogen content and converted by the factors 6.25 for
the residues and substrates, and 4.38 for mushrooms),
pH, carbon, total and available carbohydrates, and
metabolizable energy (calculated based on the values

of proteins, available carbohydrates, and lipids) were
determined according to the methodologies described in
Sales-Campos et al. (2011).

Statistical analysis

A completely randomized experimental design was
used for the treatments, using a 4 x 3 factorial scheme,
consisting of four substrates (acai + Brazil nuts, acai +
tucuma, pine + Brazil nuts, and pine + tucuma) and three
disinfection methods (autoclaving, calcium hydroxide,
and hot water), with 18 replicates and a total of 216 bags.
The data were analyzed by performing ANOVA, and the
means were compared by performing the Scott-Knott test
at alevel of significance of 5% using the SISVAR statistical
program (version 5.6) (Ferreira, 2011).

RESULTS AND DISCUSSION

Mushroom production was conducted without
temperature control during the rainy season in the Amazon
region (February to May), with temperatures ranging from
25.2 to 32.7 °C and an average of 29.65 °C (£1.57 °C).

Autoclaved substrates had a low contamination
rate, where only the substrate composed of pine sawdust,
supplemented with Brazil nuts (P+BN AUT), showed
5.55% of the bags with severe contamination (which
comprised more than 50% of the visibly compromised
bags). All treatments with hot water showed some
contamination, with the highest intensity observed in
P+BN HW, pine sawdust supplemented with tucuma (P+T
HW) and acai supplemented with Brazil nuts (A+BN
HW), where 33.33, 27.78 and 16.66%, of the bags were
contaminated, respectively.

Among the residues used, pine sawdust (P) showed
the highest carbon and lowest nitrogen content, resulting
in a high C/N ratio (Table 1). The residues of agai (A),
Brazil nuts (BN), and tucuma (T) presented the same
nitrogen content and the cultivation substrates formulated
with these residues (A+BN and A+T) for all disinfection
treatments. In the substrates composed of pine sawdust, the
nitrogen concentration was not influenced by disinfection
methods, with concentrations about two times lower than
that in agai (Table 1).

For the mushrooms, the carbon content remained
around 40%, while the nitrogen values varied from 3.35%
to 4.87%, being higher in the mushrooms from the agai
substrates, regardless of treatment or formulation (Table
1). The C/N ratio was higher in mushrooms grown on pine
substrates without the influence of supplementation with
Brazil nuts and tucuma, or the disinfection methods.
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Table 1: Carbon (C) and nitrogen (N) content, C/N ratio, pH, and moisture content of residues, substrates, and
mushrooms. AUT: autoclaved, HW: hot water, CA: calcium hydroxide.

C (%) N (%) C:N pH Moisture (%)

Acai (A) 51.60+0.20b 045+0.00a 11429+0.33b 5.69+0.01b 16.65+0.14a

Residues Brazil nut (BN) 49.42+0.66c 045+0.00a 109.34+1.47c 6.22+0.01a 16.26+0.22a
Pinus (P) 5437+0.86a 0.15+0.00b 361.62+501a 462+001c 9.64+0.28¢c

Tucuma (T) 35.27+0.14d 0.45+0.00a 77.99+0.39d 4.14+0.01d 11.54+0.39b

A+BN AUT 49.01+0.74¢c 0.45+0.00a 108.77+1.82d 6.66+0.01f 6533+031e

A+BN HW 4937+041c 045+0.00a 10893+0.76d 6.35+0.01h 68.80+0.11b

A+BN CA 49.07+0.18¢c 0.45+0.00a 109.11+0.49d 8.46+0.01b 64.65+0.19f

A+T AUT 46.83+0.20d 0.45+0.00a 103.65+0.36e 6.73+0.01e 63.58+0.29g

A+T HW 46.96+0.23d 0.45+0.00a 104.19+0.87e 6.32+0.01h 67.51+0.46¢C

Substrates A+T CA 46.47 +0.38d 0.45+0.00a 103.21+092e 8.31+0.01d 66.57+0.21d
P+BN AUT 53.64+0.22a 0.22+0.00b 239.32+220a 6.66+0.01f 67.61+0.77c

P+BN HW 53.30+0.47a 0.22+0.00b 236.04+1.81a 6.28+0.01h 69.34+0.16b

P+BN CA 5357+0.34a 0.22+0.00b 237.70+£2.33a 8.65+0.02a 67.35+042c

P+T AUT 50.75+0.43b 0.22+0.00b 227.51+248b 6.40+0.01g 66.65+0.29d

P+T HW 50.68£0.59b 0.22+0.00b 224.21+293c 6.12+0.01i 69.94+0.08a

P+T CA 50.31+£0.43b 0.22+0.00b 222.84+1.81c 83320.01c 70.10+0.29a

A+BN AUT 4271+0.16a 4.87+0.09a 875+0.12b 6.10+£0.01d 92.59+1.83a

A+BN HW 41.65+021b 4.68+0.00a 890+0.05b 6.39+0.01a 92.83+225a

A+T AUT 4232+037a 4.83+0.15a 876+0.33b 6.09+0.01e 9239+0.92a

Mushrooms A+T HW 40.77+032c 478+0.09a 853+0.16b 6.32+0.01b 93.29+279a
P+BN AUT 42.84+0.25a 352+0.09b 1217+039a 6.33+£0.02b 90.87+2.03b

P+BN HW 40.61+030c 336x0.08c 12.10+034a 6.12+0.01d 90.73+2.57b

P+T AUT 41.24+0.22b 335+0.11c 1231+2034a 6.3120.01b 94.08+0.90a

P+T HW 41.44+055b 3.51+0.09b 11.81+041a 6.19+0.01c 9260+1.10a

Means followed by the same letter in the columns do not differ statistically from one another by Scott-Knott at 5% significance.

For the experimental condition involving the
treatment of substrates with calcium hydroxide, there
was no colonization of the substrate and, consequently,
mushroom growth. Therefore, it was not possible to
perform any physicochemical analyses or obtain values
for the production and centesimal composition.

Carbon and nitrogen are the main nutrients
required by mushrooms for growth, where carbon is
essential for the synthesis of macromolecules and energy
supply, and nitrogen is critical for protein synthesis and
cellular activities (Chang; Miles, 2004; Anike; Yusuf;
Isikhuemhen, 2016).

Agricultural wastes from crops like maize, wheat,
barley, lentil, sugarcane, and rice residues, are regularly used
for oyster mushroom cultivation and have been reported to
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have nitrogen levels ranging from 0.38% to 1.29% (Cueva;
Monzon, 2014). Upon comparing the nitrogen levels from
the wastes of those crops to the formulated substrates used
in this study, it was found that supplementation with BN
and T did not sufficiently increase the nitrogen content.

The recommended C/N ratio of substrates for
growing mushrooms should range from 75:1 to 80:1, but
ratios between 32:1 and 150:1 were also reported to be
effective (Chang; Miles, 2004), corroborating with the
results of agai-based substrates.

The residues had pH values between 4.14 and
6.22. After disinfestation, the pH of the substrates ranged
from 6.12 to 6.73 for hot water and autoclave treatments,
whereas the alkaline treatment resulted in a higher pH,
with values above 8.0 (Table 1).
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Sardar et al. (2015) observed that a pH of 6.0 was
ideal for the growth of Pleurotus spp.; however, they
had also reported that the mushrooms could grow and
adapt to pH ranging from 5.0 to 8.0. Colavolpe, Mejia
and Alberto (2014) obtained high productivity when
cultivating P. ostreatus on different substrates treated
with alkaline water. In contrast, Khan et al. (2013), when
testing different concentrations of calcium hydroxide (0,
2, 4, and 6%), found lower production of Pleurotus spp.
in the cotton waste substrate with higher pH and a higher
concentration of calcium hydroxide.

The substrates presented a moisture content ranging
from 63.58 to 70.10% (Table 1) and thus were suitable for
mushroom cultivation. Substrates should have a moisture
range of 50 to 75% to allow mushroom development and
not negatively affect oxygen availability (Chang; Miles,
2004). The moisture content of fresh mushrooms remained
in the 90% range for all substrates tested (Table 1), which
was within the moisture range reported in the literature
(Rahman et al., 2012).

The protein content of the A, BN, and T residues was
higher (by about three times) than that in P, whereas the residues
used as supplements (BN and T) did not show differences in
the protein content in the substrates A+BN or A+T (2.83%)
and did not have any protein increment (Table 2).

In contrast, pine-based substrates (P+BN and P+T)
showed an increase in protein content with the addition
of BN and T for all the disinfection methods (Table 2).
Protein content in mushrooms was about 25% higher
when grown on agai substrates than in other substrates,
with no significant difference between the disinfection
treatments (Table 2).

Sales-Campos et al. (2011) found protein
percentages ranging from 16.12 to 21.16% in the fruiting
bodies of P. ostreatus grown on different sawdust-based
substrates. Sardar et al. (2017) also obtained values
between 18.93% (sawdust) and 25.36% (cotton residue)
for P. eryngii.

The Pleurotus ostreatus and P. cystidiosus, when
grown on different formulations with sawdust, corncob,
and sugarcane bagasse, showed a positive correlation
between the protein content in mushrooms and substrates
before and after fungal cultivation (Hoa; Wang; Wang,
2015). Additionally, according to Silva et al. (2007), the
non-protein nitrogen content had a similar effect. Therefore,
the correlation was possibly between nitrogen content in the
substrate and protein content in the mushroom.

Regarding lipids, the residue of T had the highest
content, followed by that of P. The high value of lipids
in P was due to the presence of a considerable amount of

resins, waxes, and essential oils in the plant material, which
was not completely washed even after immersing the
residue in water (Vogelmann; Prevedello; Reichert, 2015).
Consequently, all substrates supplemented with tucuma
had a high lipid content, regardless of the disinfection
method. For mushrooms, pine-based substrates had
higher levels of lipids compared to those grown on other
substrates (Table 2).

In general, the lipid content values found in this
study were similar to those reported by Dundar, Acay and
Yildiz, (2009), who observed lipid content ranging from
2.45 to 3.15% for oyster mushroom grown on soybean,
corn, wheat, and cotton stalk substrates.

Pine sawdust and Brazil nut residues had the
highest fiber content, justifying a higher content of fiber
in the mushroom substrates containing these residues,
especially in mushrooms grown on P+BN, P+T, and A+BN
(Table 2). The high fiber content reported for Pinus may
be due to the higher content of components such as lignin
and hemicellulose, characteristic of wood waste.

Sales-Campos et al. (2010) obtained similar results
for fiber content, which varied from 18.89 to 31.30%.
However, unlike in the present study, rich fiber substrates
do not necessarily produce rich fiber mushrooms; for
example, marupa sawdust, which is a rich fiber substrate
(74.05%), produced poor fiber mushrooms (18.89%).

The total carbohydrate in the residues ranged
from 55.56 to 82.85%, with a high percentage in pine
residues, which was associated with high fiber content.
However, the available carbohydrate content in pine
residue was the lowest (Table 2). The highest percentages
of total carbohydrates were observed in the substrates
supplemented with BN. Additionally, among the
disinfection methods used, HW provided the highest total
carbohydrate content (Table 2). Mushrooms grown on
pine-based substrates had the highest total carbohydrate
content, which might have been associated with the high
fiber content of the wood residue (Table 2).

The available carbohydrates in the cultivation
substrate showed high variation among different residues
(A and P), supplementation (BN and T), and disinfection
methods (Table 2). For the mushrooms, the available
carbohydrate content was higher in the fruiting bodies
from the agai-based substrates than those grown on other
substrates (Table 2).

The level of carbohydrates in the mushrooms
recorded in this study was similar to the values reported
by Rahman et al. (2012), where 39.44 to 48.45% of
carbohydrates were reported for P. ostreatus grown on
rice straw supplemented with wheat bran.

Ciéncia e Agrotecnologia, 45:010321, 2021
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Table 2: Nutritional composition of residues, substrates, and mushrooms of Pleurotus ostreatus. AUT: autoclaved,
HW: hot water, CA: calcium hydroxide.

Pr(c;;:)ein Li(;g/i(;is Tota(lo/zi)bers carbgﬁ;?jlrates carf:;\gah”)?dbrl('ftes Met:::rlg ple
(%) (%) (kcal 100 g™)
Acai (A) 2.82+0.00a 1.32+008c 4242+1.56c 77.98+0.09c 36.05+1.63a 167.41+6.28b
Residues Brazil Nut (BN) 2.83+0.00a 034+0.03d 5427+156b 7890+0.24b 24.62+1.77c 11294+7.00c
Pinus (P) 0.94+0.00b 638+021b 70.73+0.68a 8285+042a 7.07+0.70d 89.46+1.97d
Tucumd(T) 2.82+0.00a 28.83+0.17a 24.03+0.09d 55.56+056d 25.02+0.99b 371.78+3.48a
A+BNAUT  281+0.01b 1.19+0.09g 45.00+0.80c 7875+0.14e 33.62+0.80c 156.51+3.81d
A+BNHW  283+0.00a 1.33+0.12g 45.07+1.08c 8480+043b 40.26+1.23b 18437+4.12¢
A+BN CA 2.81+001b 1.62+006f 4552+128c 79.90+0.07d 3445+1.32c 163.62+5.06d
A+T AUT 2.82+0.01Ta 7.97+002c 41.36+101d 7532+0.16g 3426+1.10c 220.10t4.35a
A+T HW 2.81+001b 754+030d 41.71+1.28d 86.06+0.19a 44.28+1.19a 200.52+5.27b
Substrates A+T CA 2.81+0.00b 7.67+0.15d 41.90+134d 6881+1.05i 2723+1.97d 189.24+6.63C
P+BNAUT  1.40+0.01d 4.53+0.09e 66.38+1.02a 81.20+0.12c 15.08+0.95f 106.71+4.34¢g
P+BNHW  1.41+0.00c 4.61+0.26e 6538+054a 86.08+028a 20.81+0.81e 130.41+0.91f
P+BN CA 141+0.01c 472+0.05e 66.77+130a 72.16+085h 821+224h 73.69+874h
P+T AUT 139+0.02d 10.97+0.16b 56.72+0.67b 7532+0.11g 18.70+0.60e 179.09+2.14c
P+T HW 141+£0.00c 1095+0.04b 57.18+0.41b 76.94+0.12f 20.76+0.88e 187.22+3.87cC
P+T CA 141+£0.00c 11.18+0.06a 56.82+1.02b 66.71+032] 9.88+0.70g 145.79+2.84e
A+BNAUT 20.88+0.37a 249+0.05d 11.22+044d 59.31+021c 47.96+0.59a 297.77+324b
A+BNHW  20.03+0.01a 292+0.05c 11.27+0.27d 58.00+0.59d 46.65+036b 295.65+1.26b
A+TAUT  20.69+0.63a 290+0.03c 958+048d 5853+026d 48.69+0.36a 300.95+1.67b
Mushrooms  AfTHW 2045+037a 298+0.04c 9.98+0.09d 5931+038c 49.40+0.39a 306.21+0.86a
P+BNAUT 15.07+0.40b 299+0.07c 3268+1.44b 6488+0.26b 3293+150d 218.96+5.63¢e
P+BNHW  1437+0.33c 3.53+0.09a 3365+063a 6472+0.63b 30.83+0.05e 21246+221f
P+TAUT  1434+047c 3.26+0.14b 2310+1.11c 66.89+061a 44.03+060c 263.00+434c
P+T HW 15.02+041b 3.14+005b 22.06+131c 6458+0.36b 4207+1.11c 256.63+6.71d

Means followed by the same letter in the columns do not differ statistically from one another by Scott-Knott at 5% significance.

Regarding the metabolizable energy (kcal 100 g1),
the tucuma residue had the highest calories due to the high
lipid content in this residue. Consequently, substrates
supplemented with tucuma showed the highest caloric
values (Table 2). For mushrooms, the highest caloric
value was observed when grown on the substrate A+T
(Table 2). Information about energy and other nutritional
compositions in mushrooms is of great interest for their
use as healthy foods and food products (Ulziijargal;
Mau, 2011).

Among the production parameters, the loss of
organic matter (LOM), which indicated the substrate
decomposition by P. ostreatus, ranged from 20.1% to
45.6%, with the highest values observed for the autoclaved

Ciéncia e Agrotecnologia, 45:e010321, 2021

acai-based substrates (Figure 1 A). The biological efficiency
(BE) ranged from 16.4 to 57.3%, with the highest values
obtained for autoclaved substrates supplemented with
tucuma (Figure 1B). The same trend was observed for the
yield, with high values for the autoclaved substrate of agai
supplemented with tucuma (Figure 1C).

Bernabé-Gonzalez and Cayetano-Catarino (2009)
observed a higher BE for P. pulmonarius when cultivated
on Musa paradisiaca (banana) leaves treated with calcium
hydroxide (120.1%), but found no difference between the
disinfection treatments (immersion in hot water at 80 °C
for 1 h or in 2% calcium hydroxide for 24 h) in the BE for
P. pulmonarius cultivated on Chrysalidocarpus lutescens
(palmareca) leaves.



Substrate disinfection methods on the production and nutritional composition of a wild oyster...

A+BNAUT ———————— & A+BNAUT B¢ B
A+BNHW-:]f A+BNHW {:Hd
A+TAUT- ]a A+TAUTd ——a
A+THW-:|d A+THW q‘:l—‘d
P+ BN AUT -:Ie P+BNAUT 12—*6
P+BNHW ¢ P+BNHW1‘:!-*€
P+TAUT ——————— e P+TAUT ——ib
P+THW —:Hl P+THW-T:|—*C1
0 10 20 30 4 50 6 70 8 9 100 0 1'0 2'0 3'0 410 5'0 GIO 710 slo 9'0 160
Loss of organic matter (%) Biological efficiency (%)
A+BNAUT | =S €
A+BNHW [
A+TAUT ] —J—ia
A+THW 3
P+BNAUT [———5hf
P+BNHW [————3f
P+TAUT ] ——1—ib
P+THW _:‘—w
0 40 80 120 160 200 240

Yield (g kg!)

Figure 1: Shown are bar plots with the mean (+SD) of Pleurotus ostreatus cultivated on substrates after different
disinfection treatments with three productive parameters; A: loss of organic matter, B: biological efficiency, and
C:yield. A+BN: acai + Brazil nut, A+T: acai + tucuma, P+BN: pine + Brazil nut, P+T: pine + tucuma. AUT: autoclaved,
HW: hot water. Bars with the same letter do not differ statistically from one another as per the Scott-Knott test

at a level of significance of 5%.

Mejia and Albert6 (2013), when cultivating P,
ostreatus on wheat straw, observed that immersion in hot
water reduced production by up to 20% when compared to
other disinfection treatments, which might have been due
to the loss of water-soluble nutrients by washing.

According to Gume, Muleta and Abate, (2013),
oyster mushroom cultivation should result in BE values
around or above 40%. However, although the BE expresses
the bioconversion of the substrate in mushrooms, yield
or productivity are parameters more meaningful for
producers since these parameters can be observed directly
and objectively. Additionally, Siqueira et al. (2011)
reported values above 10% as the minimum to have a
good yield for oyster mushroom production. Nowadays,
oyster mushroom growers expect to have 15% to 20%
productivity.

Akhter, Chowdhury and Aminuzzaman (2017)
reported higher production of P. ostreatus in the substrate
treated with hot water at 80 °C for 3 h, compared to the
substrates treated at 60 or 100 °C for 1, 2, or 3 h. Immersion
in hot water to reduce contaminants (microorganisms) is

one of the most popular techniques. It is used worldwide
by producers and is an inexpensive and easy-to-implement
technique (Mejia; Alberto, 2013). However, autoclaving is
the most effective method for eliminating microorganisms
but requires huge investment, making it difficult to be
implemented for cultivation in underdeveloped regions
(Nunes et al., 2017).

Thus, treatment of substrates using hot water
can be effective in producing mushrooms in rural areas
(Akhter; Chowdhury; Aminuzzaman, 2017) if it is well-
executed and raw materials are used appropriately. Other
alternatives to the autoclaving system are composting or
pasteurization; these methods have provided good results
in the cultivation of mushrooms at a lower cost (compared
to autoclaving) and without eliminating beneficial
microorganisms present in the substrate (Gowda; Manvi,
2019). The choice of the substrate used in mushroom
cultivation is extremely important since it influences the
centesimal composition of the mushrooms and allows
the optimization of production according to the desired
nutritional characteristics.

Ciéncia e Agrotecnologia, 45:010321, 2021



CONCLUSIONS

Autoclaving is the most efficient method of
disinfection, providing higher mushroom productivity.
However, in case of insufficient investment in
infrastructure and equipment and a need to reduce
the energy costs, it is suggested to use the agai-based
substrate treated with hot water for the cultivation of P
ostreatus in the Amazon region.
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