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Abstracts: The organic residue from gardens, which is generally not used efficiently, has been the central focus of this
research work. That is why the present work used the factorial methodology in the optimization of the production of
Pleurotus afin ostreatus using an organic residue, with the primary objective of using this organic residue as a substrate,
adjusting it through the balance of the C/N ratio, for the specific cultivation of Pleurotus. This is one of the edible
mushroom species worldwide, known for its mycelial biomass and bioactive components. The methodology comprised
several stages, including propagation of the fungus, generation of seeds using barley grains, inoculation with 5%
inoculum in polypropylene bags containing four different types of substrates, with five replicates for each variant. The
resulting production was measured, and the nutritional analysis of the fruiting bodies obtained from the substrate with the
highest productivity was carried out. The results obtained in the parameters of responses in the production of Pleurotus
afin ostreatus on an organic residue by the ANOVA method were (p<0.05) and the F-values for the models of factor A
(type of substrate), factor B (type of crop) and factor AB (type of substrate and crop) were 6.78, 2.99 and 6.10,
respectively. The nutritional composition of the fruiting bodies obtained from this substrate was determined. These
fruiting bodies exhibited a considerable water content, which reached 75.44%. On the other hand, a low concentration of
carbohydrates was observed, with a value of 15.86%, and a minimal amount of fats, barely 0.13%. It is important to note
that there was a particularly notable protein content, which reached 8.09% in relation to the wet weight. Finally, it is
concluded that the production values obtained in this research work indicate that the best substrate for the growth of the
fungus Pleurotus afin ostreatus is the organic residue S3, whose biological efficiency is among the highest values
recorded (37.849%) in the cultivation of this fungus. In addition, in the optimization by means of the factorial design, it
was observed that in order to have a greater productive capacity of Pleurotus afin ostreatus, it is necessary to work with
a ratio of 40.13C/N and with a type of sampling per day with a mass amount of 77g.
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1. INTRODUCTION

Organic waste from lawns in urban environments is not used efficiently and entails an economic cost in its final
disposal using many conventional technologie [1]. However, a sustainable alternative for its management is to use it
as a substrate for the cultivation of the edible fungus Pleurotus ostreatus, thanks to its strong biodegradative actions
[1]. It has a fruiting body known as mushrooms, which are occasionally soft-textured, and tend to thrive in soils with
a high concentration of organic matter and moisture. In addition, edible mushrooms exhibit outstanding nutritional
content, as they contain all the essential amino acids, unsaturated fatty acids, sugars, vitamins, and fiber that make
mushrooms an excellent dietary choice [2].

In addition, they have a wide range of compounds that exert beneficial effects against major human diseases [3].
In addition, the mushroom also possesses antitumor properties and contributes to cholesterol reduction [4].
Furthermore, its medicinal qualities influence the regulation of blood pressure and nervous disorders that have
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contributed to its consumption [5]. Likewise, the fungus acts as an effective biodegrader and detoxifier, transforming
organic waste that is difficult to digest and cannot be consumed into high quality and tasty food for humans and
animals [3]. This fact is even more evident in the context of soil, where saprophytic fungi thrive in the environment
that they have selected [1].

Many researchers have studied a great variety of organic residues for the cultivation of Pleurotus mushroom,
obtaining results of good productivity, such as coffee pulp which turned out to be the best substrate offering a
biological efficiency with 1.68 g fresh mushrooms/g dry substrate [6]. On the other hand, tomato stubble obtained a
biological efficiency of 92% to 139.8% showing potential as a lignocellulosic source for Pleurotus spp. cultivation [7].
In addition, the mixture of wheat straw and eucalyptus, and wheat straw indicated that they are suitable substrates
for the cultivation of Pleurotus ostreatus [8]. Likewise, the set of substrates based on kenaf combined with straw,
followed by the mixture with vine shoots showed better results for Pleurotus spp. growth [9] [10]. An adequate
growth of aerial mycelia was observed on dehydrated banana leaves with a production rate of 1.5+0.1%, but the
best biological efficiency was in the wheat straw substrate, with 129.34+9.1% [11]. However, the studies carried out
by [12] compared the yields of wheat straw with different pretreatments (immersion in hot water, steam sterilization
and use of fungicide) during the production of P. ostreatus fungi, obtaining as a result a high yield of 106.93%.
Another substrate was also used such as rice husk in weight which reached a higher yield of 350.2 gr for the growth
of fungus [13]. In the same way, a higher biological and productive efficiency of P. ostreatus was obtained with the
rice husk substrate mixed with eucalyptus sawdust [14] and fava bean husks resulted in a biological efficiency of
109% for the production of oyster mushrooms [15].

In most cases, the various substrates used for the cultivation of Pleurotus ostreatus do not adequately consider
the balance in the C/N ratio. In this particular research, the organic residue from the lawns of the gardens in the
university city of the National University of Callao is used as a substrate base. Four different substrates are created,
varying the C/N ratio, for the cultivation of a strain of oyster mushroom isolated in the city of Tingo Maria, Peru,
identified as Pleurotus afin ostreatus. To achieve this, the seed is developed in barley grains, cultivated for two
months in the different substrates, the biological efficiency is measured according to each substrate and the
nutritional content of the mushrooms obtained from the substrate that is more efficient in biological terms is
analyzed.

2. MATERIEL AND METHODS

The experimental work of the study consisted of a series of processes: first, the expansion of the strain was
carried out in a commercial culture medium; then, the seed was created by germinating barley grains. Next, a
variety of substrates were formulated and elaborated. These substrates were inoculated with the fungus and the
corresponding sowings were carried out in each one. Subsequently, the fruiting bodies of the fungus were
harvested, recording the production in each substrate. Finally, an analysis of the nutritional composition of the
fruiting bodies obtained from the substrate that showed the best production was carried out. To carry out this
experimental process, the procedures detailed in Figure 1 were implemented.

2.1. Obtaining the Strain and Organic Substrate
The seed grain of the fungus strain Pleurotus afin ostreatus was obtained from the city of Tingo Maria-Peru,

donated by the Instituto de Investigaciébn de la Amazonia Peruana-lIAP. The organic substrate was obtained
according to its C/N balance from a soil analysis laboratory.
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Figure 1: Flow diagram of the Pleurotus afin ostreatus application for the optimization of its use by means of a factorial design.
2.2. Mycelial Proliferation

The mycelium of the fungus Pleurotus afin ostreatus was seeded in six Petri dishes with potato dextrose agar
HIMEDIA [16] The spot inoculation technique was then used. These plates were then incubated at a constant
temperature of 25°C for a period of 10 days. During this time, the mycelial growth rate was evaluated and recorded
in millimeters per day.

2.3. Seed Processing

A fragment of agar with mycelium of the fungus, with an area of 2 cm?, was used as inoculum. This fragment
was placed on 500 g of barley that had been washed, moistened and sterilized. This mixture was placed in
polypropylene bags and/or glass bottles. Then, they were kept at a temperature of 25°C until the grains were
completely invaded by the mycelium of the fungus.

2.4. Substrate Preparation
2.4.1. Substrate Formulation

The composition of the substrate and the type of strain influence the performance of Pleurotus mushroom
cultivation, which is why it is of utmost importance to evaluate its physicochemical characteristics, in order to know
its potential nutritive nature at the moment of using it as a unique substrate or in mixtures [17]. For this purpose, the
substrates were formulated following the balance of the C/N ratio, applying the formula proposed by ITINTEC
(Institute of Industrial Technological Research and Technical Standards).
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Where: CQ=%C of the mixture, NQ= %N of the mixture, A= % of Sawdust, Xa = Total solids of Sawdust, %Ca =
%C of Sawdust, C= % of turf (%), Xc = Total solids of turf, Cc = %C of turf, Na =% N of Sawdust and, Nc = %N of
turf.

2.4.2. Substrate Characterization

Using the information obtained from the analysis of the percentage of carbon (%C) and nitrogen (%N) of grass
and sawdust, provided by the laboratory of soil, plant, water and fertilizer analysis of the Faculty of Agronomy of the
Universidad Nacional Agraria La Molina, together with the total solids data provided by the laboratory of
Microbiology of the Faculty of Environmental Engineering and Natural Resources of the Universidad Nacional del
Callao, the previously mentioned formula was applied. This calculation allowed the determination of the four types
of substrates, whose characteristics are presented in Table 1.

2.4.3. Substrate Preparation

The organic grass debris was subjected to a drying process for one month. Then, these remains were cut into
segments of approximately 2 cm in length. On the other hand, both the sawdust and the grass were moistened
overnight and then left to air until they released only a drop of water when squeezed. Following the proportions
specified in Table 1. These components were mixed and 1 kg of substrate was taken in its wet state and placed in
polypropylene bags. These bags, with the substrate, were subjected to a sterilization process in an autoclave for 30
minutes.

2.5. Inoculation, Sowing and Harvesting

The fungal seed inoculum was added at a ratio of 5% to the wet weight of the substrate. This was equivalent to
50 g of seed per bag containing 1 kg of substrate. This process was carried out on a disinfected surface and under
the constant presence of a lighted Bunsen burner flame to maintain sterile conditions. The seed was mixed in the
first 4 cm depth of the substrate. After this stage, all the bags that were inoculated were placed in a dark place for
15 days, maintaining the environmental conditions of a greenhouse. Subsequently, the bags were exposed to light
for approximately 45 days, continuing regular irrigation of the crop until harvest time. The fruiting bodies were
collected using a previously disinfected scalpel. After collection, the fruiting bodies were weighed with a high
precision balance.

2.6. Factorial experimental design

Table 1: Factors and their levels for the response surface method-composite central design

Substrates Turf (%) Sawdust (%) CIN
S; 100 - 20,37
S 61 39 30

Ss 39 61 40,13
S, - 100 94,12

The focus of the study is on the harvesting of Pleurotus akin ostreatus mushroom grown on an organic
substrate. For a more detailed understanding of the independent factors intended to be adjusted, an optimal number
of experiments was calculated. This was done through the response surface method, used to optimize the process.
The details of these factors and the assignment of experiments are presented in Table 2. On the other hand, it is
known that the Response Surface Central Composite Design (CSD) is the most commonly used design [18].
Considered as a factorial or fractional factorial design with central points, extended with a group of axial points (also
called star points) that allow estimating the curvature.
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The factorial design provides the possibility of comparing how the manipulated factors affect various response
parameters, allowing the identification of statistically significant differences. For the analysis and interpretation of the
data, analysis of variance (ANOVA) was employed according to [19]. The regression model used is presented below
through the following equation (1).

y=Fp+ 0K +BX B BN+ BX K F RN+ R+ .ELLXJ.: +.EL:X:: +.3:3"1"-":: (1)

Table 2: Factors and levels used by levels

Factor Name Units Type Minimum Maximum
Type of .
A C/N Ratio category S1 S4 levels: 4
substrate
B harvest Harvest/day category Harvest 1 Harvest 3 levels: 3

Where: Y is a response, X1 and X2 are manipulated factors and B0, B1, 12 are unknown parameters.

To validate the model, an acceptability analysis was carried out depending on the F-value and p-value, in
addition to evaluating the model fit considering R?, adjusted R? and predictive R? (Table 5).

The present investigation employed a central composite design derived from a full factorial design, and 60
experiments were conducted as part of the analysis of variance (ANOVA). This methodology allows the evaluation
of the effects of the 4 factors. The independent factors and their respective levels used in the design are detailed in
Table 2. The intervals selected for these factors were adjusted to the closest possible values.

2.7. Optimization By Desirability Model To Optimize

Within the methodology used, the multiple response approach is integrated, in which the desirability model is
implemented. The purpose is to achieve an objective function that jointly encompasses all transformed responses.
This is achieved by combining the desirable ranges for each response using Equation (2):

D= (dy xdyg xdyxdy...xd,) (11 d)' )

Where, D, di and n are the desirability function, each individual response and the total number of responses,
respectively. For simultaneous optimization, high and low values are searched for each response. If any of the
responses is outside its desired range, the overall desirability is set to zero.

3. RESULTS
3.1. Characterization Of Organic Substrates

In the process of obtaining samples of Pleurotus afin ostreatus harvests from substrates S1, S2, S3 and S4,
initial conditions are established. Three different levels of harvesting per day were carried out. The total yield of the
harvests was as follows: 91.6g for substrate S1, 121.2g for substrate S2, 105.6g for substrate S3 and 23.20g for
substrate S4. However, the analyses carried out with the factorial model in relation to the harvests of Pleurotus afin
ostreatus revealed the following factors: Factor 1 (A, which corresponds to the type of substrate as a function of the
C/N ratio); and factor 2 (B, which reflects the harvest measured in days), as detailed in Table 3. It is observed that
substrate S1 registered the greatest amount of mass in the harvest of the fruiting bodies of Pleurotus afin ostreatus,
reaching a total of 113g on the second day. In contrast, the lowest value was Og in the harvest of the fungus
cultivated on substrate S4.
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Table 3: Experimental setup for the model

RUN Factor 1 Factor 2 mass
A: Type of substrate B: Harvest (9)
CIN relation harvest/day g
1 S4 harvest 2 0
2 S3 harvest 1 95
3 S2 harvest 1 45
4 S3 harvest 1 75
5 S3 harvest 1 55
6 S4 harvest 3 20
7 S4 harvest 1 0
8 S3 harvest 2 16
9 S2 harvest 2 85
10 S4 harvest 1 0
11 S4 harvest 1 0
12 S1 harvest 3 10
13 S1 harvest 2 80
14 S1 harvest 2 113
15 S1 harvest 3 5
16 S4 harvest 1 0
17 S4 harvest 3 27
18 S4 harvest 3 27
19 S2 harvest 2 0
20 S4 harvest 3 18
21 S2 harvest 2 105
22 S1 harvest 1 42
23 S4 harvest 2 0
24 S3 harvest 2 18
25 S3 harvest 1 85
26 S4 harvest 2 0
27 S1 harvest 1 12
28 S2 harvest 2 45
29 S1 harvest 1 24
30 S3 harvest 1 75
31 S3 harvest 2 13
32 S2 harvest 1 43
33 S1 harvest 2 27
34 S1 harvest 3 43
35 S1 harvest 2 30
36 S2 harvest 3 30
37 S4 harvest 1 0
38 S3 harvest 3 12
39 S3 harvest 3 14
40 S1 harvest 2 5
41 S2 harvest 1 67
42 S4 harvest 2 0
43 S1 harvest 3 10
44 S4 harvest 3 24
45 S1 harvest 1 20
46 S2 harvest 1 38
47 S2 harvest 3 53
48 S1 harvest 3 25
49 S3 harvest 3 13
50 S3 harvest 3 0
51 S3 harvest 3 17
52 S2 harvest 3 0
53 S2 harvest 3 15
54 S2 harvest 1 43
55 S2 harvest 2 0
56 S3 harvest 2 15
57 S2 harvest 3 37
58 S3 harvest 2 25
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59 S1 harvest 1 12

60 S4 harvest 2 0

3.2. Relationship Between Growth and Biological Efficiency

A linear correlation was observed between daily growth of Pleurotus afin ostreatus and its radial growth. In
addition, the highest daily growth of 8 mm/day reached the highest growth value in a Petri dish with potato dextrose
agar with a value of 80 mm, while the daily growth of 3 mm/day reached the lowest growth value in a Petri dish with
a value of 30 mm (Figure 2a). On the other hand, the biological efficiency was obtained according to the C/N ratio of
the biological residue whose results are represented in (Figure 2b) where the correlation of the biological efficiency
and the carbon/nitrogen ratio (C/N) of the substrate in the production of Pleurotus afin ostreatus can be
appreciated. In addition, it was observed that substrates S2 and S3 presented a higher carbon nitrogen ratio 40.13
C/N and 30.00 C/N respectively, with a biological efficiency of 43.441% and 37.849% respectively.

Radial growth ofPleurotus afin ostreatus
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8 A A
%7 o 0
° A 3
gb A £
E g
-5 & 301
0
3 g
Y\J.‘ - o 25
£ s
23 P ) g
] o Growihiday (mm/dey) g =8 Biological Eficiency (%)
@ 2 g 15
o 10 Linoal (Biological Efficiency
f (%))
5
0
0 10 2 30 0 5 60 0 80 90 0 ’ T v v V y v v
0 10 20 30 4 5 6 70 8 % W
Radial growth (mm) o)

(2a) (2b)

Figure 2: Graph of the relationship between radial growth and growth/day (2a) and graph of the biological efficiency according to
the C/N ratio of the biological waste (2b).

3.3. Analysis Of The Amount Of Substrate Mass

The effects of the studied factors such as the type of substrate and the harvest of Pleurotus afin ostreatus
mushroom in relation to the amount of mass were determined. Figure 3 shows the semi-normal probability that
allows to analyze in a first instance the parameters with greater effects, where the color coding provides details on
the type of substrate and the mushroom harvest per day, obtaining as a result an interaction of both with a positive
effect on the amount of substrate mass used.
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Figure 3: Normal probability plot for the model
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3.4. ANOVA Analysis Of Factorial Designs

The significant main and interaction effects of the factors influencing the response parameters in the production
of Pleurotus afin ostreatus on an organic residue by the ANOVA method are shown in Table 4. For this, the
significance of each parameter of the model was evaluated through the F-value test and the p-value values for each
variable, including linear interactions, interactions and quadratic interactions. Table 4 presents the statistical values
for each factor. The p-value was below 0.05, which means that the coefficients of the model are statistically
significant. In addition, the quadratic models developed for each response were found to be significant. F-values of
6.78, 2.99 and 6.10 were obtained for the models of factor A (substrate type), factor B (crop type) and factor AB
(substrate type and crop), respectively. On the other hand, the accuracy of the statistical models developed to
predict the responses was confirmed by small probability values (p<0.05).

Table 4: ANOVA analysis for the quadratic model of response surface %DQO removed

Source Sum of Squares df Mean Square F-value p-value

Mass (g) =28.46+2.01 A[1]+11.93 A[2]+6.73 A[3]+8.08 B[1]+0.38 B[2]-16.62 A[1]B[1]-1.28 A[2]B[1]+33.72 A[3]B[1]+20.08
A[1]B[2]+6.22 A[2]B[2]-18.18 A[3]B[2].

Model 28840.13 11 2621.83 5.72 < 0.0001
A-substrate type 9328.27 3 3109.42 6.78 0.0007

B-harvest 2743.43 2 1371.72 2.99 0.0596

AB 16768.43 6 2794.74 6.1 < 0.0001

Pure Error 22002.8 48 458.39

Cor Total 50842.93 59

3.5. Statistical Model Analysis

Significant factors are shown so a statistical model has been developed where the equation was calculated in
terms of study factors as independent variables and the variable response to the mass in grams of the substrate.
However, for the determination of the repeatability of the equation of the generated model, an R2 was calculated
with a value of 0.5672, an adjusted R? with a value of 0.4681, a value that is in reasonable agreement with the
predictive R2 of 0.3238. In addition, the Adeq Precision indicator measured the mass ratio, giving a ratio of 8.0419
as shown in Table 5. Furthermore, the accuracy of the regression model is supported by the existence of an
adequate correspondence between the empirical response values and the expected values, i.e., it has a positive
relationship indicating a consistent agreement between the actual data and the model predictions (Figure 4).

Table 5: Fit indicators of the factorial design of the experiment

Statistician Quantity
R2 0.5672
Adjusted R2 0.4681
Predicted R? 0.3238
Adeq Precision 8.0419
Std. Dev. 21.41
Mean 28.47
CV.%CV.%CV.%C.V. 75.21
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Figure 4: Graphs of the evaluation between predicted and experimental values

3.6. Effect Of Mass Quantity

Figure 5 shows the interaction graph, which shows the statistically significant impacts of the type of substrate in
relation to the mass obtained. It is observable that substrate S3 reveals an increase in the production of Pleurotus
afin ostreatus compared to substrates S1, S2 and S4. This difference is represented and analyzed in a three-
dimensional graphical representation presented in Figure 6.
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3.7. Model Validation

To verify the validity of the proposed model, a normality analysis was performed. This analysis made it possible
to visualize how the values are distributed along a normal line. As can be seen in Figure 7, the results follow a
distribution similar to that of a normal line. In addition, plot 8 of the residuals as a function of the fitted values for the
mass quantity data is presented. In this plot, the distributions of the results do not show a clear trend, which means
that the variance of the observations does not increase as the magnitude of the observation increases. Therefore, in
this case, it does not appear that the error or background noise of the experiment is significantly low

3.8. Optimization And Comparison With Standards

Response surface methodology was applied to optimize results related to substrate type and harvest stage of
Pleurotus afin ostreatus mushroom. Figure 8 presents three graphs illustrating how to select the appropriate
substrate type treatment most suitable for the growth of Pleurotus species. The results indicate that the optimal
substrate type optimization is achieved with S3, with one sampling type per day with a mass amount of 77g.

3.9. Analysis Of The Nutritional Composition Of Pleurotus Afin Ostreatus

From the optimization of the data on the production of fruiting bodies according to the type of substrate, the
optimum biological efficiency was obtained with substrate S3, which has a C/N ratio of 40.13 for the cultivation of
Pleurotus afin ostreatus. In addition, with regard to the nutritional composition of the fruiting bodies obtained from
this substrate, as presented in Table 6, a high-water content, a low concentration of carbohydrates and fats, and
especially a notable content of 8.09% protein on a wet weight basis, stand out.
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Figure 8: Optimization of substrate type and harvesting of Pleurotus afin ostreatus mushroom.

Table 6: Nutritional composition of fruiting bodies of Pleurotus afin ostreatus

Analysis Percentage
Humidity 75,44+0,25
Protein 8,09+0,01
Crude Fat 0,13+0,00
Gross Fiber 3,34+0,20
Ash 0,48+0,00
Total Carbohydrates 15,86

4. DISCUSSION

The study conducted by [20] determined that the formula for the cultivation of Pleurotus ostreatus under
controlled conditions depends on the type of substrate. For this reason, three organic substrates were used:
Bamboo spp. leaves, Traveler's palm leaves and Livistona palm leaves. In addition, an agro-industrial residue,
coconut tow, was used. The results of this study were evaluated by analysis of variance (ANOVA). Significant
differences were found at 95% significance level. The findings indicated a notable impact on biological efficiency
and productivity rate, with respective values of 11.9% and 17%. On the other hand, the least effective treatment was
the second formulation, which registered an efficiency and rate of 3% and 4.2%, respectively. Likewise, [21]
reported that the biological efficiency of S2 of C/N equal to 30 was 43.44%, S3 of C/N equal to 40 was 44%, S1 of
C/N equal to 20 was 32.83%, S4 of C/N equal to 94.12 was 8.315% according to ANOVA analysis of variance for
a=0.05.Concliyoi that the best substrate for Pleurotus afin ostreatus production was residual turf with 39% sawdust.

Studies on the biological efficiency of Pleurotus pulmonarius strains on an organic substrate such as, [22]
obtained an average biological efficiency of 55.73% (fermented straw) and 71.25% (unfermented straw), with a
production rate of 0.64% (fermented straw) and 0.92% (unfermented straw), with an average production period of
66 days and 58 days, respectively. Prior to planting, the pH of the fermented straw was 9.4 with 74% moisture, and
the control straw had a pH of 8.5 and 73% moisture. In addition, they concluded that the initial C: N ratio in the
control straw was 76% (dry basis) and in the fermented straw it gradually decreased to 47% at day 7 and [23]
showed that the C/N content fluctuated between 50.12 and 56.55 % and 0.38-1.29 % respectively. They concluded
that there is a direct relationship between nitrogen content with biological efficiency and protein in the fungus.
However [24] determined the effect of the substrate on the production of Pleurotus genus strains and obtained as a
result that the treatment with 100% grass obtained high values of EB with 38.2 % and 48.8 %, TP with 0.5 % and
0.6 % and R with 14.7 and 18.8 %, for strains ECS-123 and ECS-1123 respectively. They concluded that 0.5 %
nitrogen concentration and C/N of 96.76 is enough to obtain a good production of Pleurotus spp.
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The present research obtained significant effects among the factors that influence the production of Pleurotus
afin ostreatus on an organic residue by the ANOVA method. Where p-value values below 0.05 were obtained, which
means that the coefficients of the model are statistically significant. In the same way, the studies carried out by [25]
optimized the productive capacity of the oyster mushroom (Pleurotus ostreatus), by means of a Simplex Design with
Centroid for a total of 10 treatments. They used organic residues such as eucalyptus shavings, pine shavings and
corn stover and applied the analysis of variance (ANOVA), finding a significant difference (p<0.05) among the
treatments. They obtained as a result that pine chips increase the productive capacity and eucalyptus chips
decrease it. Finally, they obtained a corresponding model for each dependent variable, with a determination
coefficient (R? >0.98). On the other hand [23] evaluated cassava bagasse (YB) and wheat straw (WS) as substrate
for cultivation of Pleurotus ostreatus. They obtained as a result a ratio of 75:25 for (WS/YB) with an average
biological efficiency of 115% and 143%, respectively. In addition, they found a significant difference (p<0.05)
between strains and substrate.

On the other hand, studies by [26] evaluated the effect of chemical and biological supplements of oat straw to
increase the production of the fungus Pleurotus ostreatus by means of an analysis of variance and Tukey's test. As
a result, sorghum paste obtained a significant difference (p<0.05) in yield and biological efficiency, with 31.6%. [27]
corroborated the parameters such as biological efficiency (EB), productivity rate (TP), size, fat, fiber, total
carbohydrates, energy value and total proteins. They obtained a size of 5 and 10cm with a high EB for Pleurotus
pulmonarius RN2 (75.65%) and with a high protein content for the fungus Pleurotus djamor RN82 grown on corn
stover (43.07%). Concluding that there is a significant difference (p<0.05) for biological efficiency, protein and fiber
by effect of each substrate.

The results of this study showed that the percentage of protein for the fruiting bodies of Pleurotus afin ostreatus
according to the type of substrate (organic residue) was 8.09 % on a wet weight basis, in addition to 75.44%
moisture, 0.13% crude fat, 3.34% crude fiber, 0.48% ash and 15.86% total carbohydrates. Similar studies have
shown that [26] which obtained a nutritional composition of the Pleurotus ostreatus mushroom cultivated in coffee
pulp. They obtained as results 28.6 % in crude protein content and 29.7 %, in dry sample, with a high water content
(86 %) and a low content in carbohydrates (< 8 %) and fats (< 1 %) in fresh sample. They concluded that Pleurotus
ostreatus mushroom can improve people's health, nutrition and control diseases.

In turn, [21] where it was determined that the adequate substrate for the production of Pleurotus afin ostreatus
was an organic residue (garden pruning) which allowed a rapid invasion, with a high protein content (32.94%),
which was formulated with 61% of residual grass mixed with 39% of sawdust for a C/N balance equal to 30. In
relation to the nutritional composition of the fruiting bodies of Pleurotus afin ostreatus obtained from the culture on
the substrate of C/N equal to 30, it is distinguished the low content of total carbohydrates and fat and, a
considerable protein content of 32.940% in dry basis. In addition, [8] used four treatments with poplar chips,
eucalyptus chips, a mixture of wheat straw and eucalyptus, and wheat straw as a control. The results of the
research indicated that certain substrates, particularly wheat straw and wheat straw with eucalyptus, were suitable
for Pleurotus ostreatus production. The researchers concluded that this species exhibited a high protein content in
all substrates investigated. However, they noted that the carbon/nitrogen ratio decreased after the harvesting
process.

CONCLUSION

In conclusion, the production results obtained in this study indicate that the optimum substrate for the growth of
the fungus Pleurotus afin ostreatus is the organic residue S3, whose biological efficiency of this substrate is one of
the highest recorded (37.849%) in the cultivation of this fungus. In addition, in the optimization by means of the
factorial design it was observed that in order to have a greater productive capacity of Pleurotus afin ostreatus, it is
advisable to work with a ratio of 40.13C/N and with a type of sampling per day with a mass amount of 77g.
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