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Abstract

Acrocomia aculeata, belonging to the Arecaceae family,
a palm tree known locally as macauba or bocaiuva,
displays potential for obtaining vegetable oil with appli-
cation in the production of biofuels, food and pharma-
ceuticals. The objective of this work was to improve the
nutritional aspects of macauba residues by myceliation
by the fungi Pleurotus ostreatus and Pleurotus sajor-caju.
The extraction of its oils (from the pulp and the kernel)
generates residue, the most interesting being the bran
or cakes. In this study, macauba’s kernel and pulp bran,
as well as their mixture with parts of the fruit, such
as the epicarp, were submitted to the bioconversion
treatment with the fungi P. ostreatus and P. sajor-caju.
The composition of ash, crude protein, neutral and
acid detergent fiber, lignin, cellulose, crude fiber, ether
extract and in vitro digestibility were determined, in
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comparison to the control samples. In all samples
there was a considerable increase in ash, protein and
digestibility when compared to the control. Among the
results obtained, the sample of the mixture of pulp bran
and kernel in a 1:1 ratio stands out, which went from
roughage to concentrate and was classified as protein.
In the kernel bran-pulp bran (1:1) sample, production
was carried out until the maturation phase with the
fungus P. ostreatus. Fruiting occurred 80 days after the
initial mycelium. The biological efficiency of this culture
was 34.42%, and the value found for the crude protein of
the mushroom produced was 33.11%.

Keywords: Agroindustrial co-products. Bioconversion.
Edible fungi. Feed animals. Macauba bran.

Resumo

Acrocomia aculeata, pertencente a familia Arecaceae,
palmeira conhecida localmente como macauba ou
bocaiuva, apresenta potencial para obtencdo de dleo
vegetal com aplicagdo na produgdo de biocombustiveis,
alimentos e farmacos. O objetivo deste trabalho foi
melhorar os aspectos nutricionais de residuos de
macauba por meio da miceliagdo pelos fungos Pleurotus
ostreatus e Pleurotus sajor-caju, visando seu uso em
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alimentagdoo animal. A extragcdo de seus éleos (da polpa
e da améndoa) gera residuo, sendo o mais interessante
o farelo ou bolos. Neste estudo, o caroco e o farelo
da polpa da macauba, bem como sua mistura com
partes do fruto, como o epicarpo, foram submetidos ao
tratamento de bioconversdo com os fungos P. ostreatus
e P. sajor-caju. A composi¢do de cinzas, proteina bruta,
fibra em detergente neutro e &cido, lignina, celulose,
fibra bruta, extrato etéreo e digestibilidade in vitro
foram determinadas, em comparagcdo com as amostras
controle. Em todas as amostras houve aumento consi-
deravel de cinzas, proteina e digestibilidade quando
comparadas ao controle. Entre os resultados obtidos,
destaca-se a amostra da mistura de farelo de polpa e
améndoa na propor¢do de 1:1, que passou de volumoso
para concentrado e foi classificada como proteina. Na
amostra farelo-polpa de améndoa (1:1), a produgdo
foi realizada até a fase de maturagcdo com o fungo P.
ostreatus. A frutificagdo ocorreu 80 dias apés o micélio
inicial. A eficiéncia biolégica desta cultura foi de 34,42%,
e o valor encontrado para a proteina bruta do cogumelo
produzido foi de 33,11%.

Palavras-chave: Coprodutos agroindustriais. Biocon-
versdo. Fungos comestiveis. Alimentacdo animal. Farelo
macauba.

Introduction

Macauba (Acrocomia aculeata) is a palm tree
native to tropical America, widely distributed in
the Brazilian savannah. Its fruits stand out for their
high production of vegetable oil, which can be
extracted from both the pulp and the kernel. The
extracted oils, as well as the fruits in natura, have
great pharmacological and nutritional importance
(Silva et al., 2019; Moreira et al., 2022). The bran
obtained from the extraction of oil from macauba'’s
pulp and kernel are rich in important residual
nutritional properties, such as vitamins, antioxidants
and minerals. These bran can also be nutritionally
enriched by bioconversion processes, with potential
application of these enriched residue in ruminant
diet formulations (Revello, et al., 2020). We have
applied this fermentation process to other agroin-
dustry residue substrates with excellent results (Faria
etal., 2022).

The use of microorganisms to bioconvert agri-
cultural residue into products with high nutritional
content, mainly by increasing proteins, vitamins and
digestibility (Tanruean et al., 2021), is an excel-lent
option to add value to these substrates that, after
cultivation, present significantly improved charac-
teristics compared to the original substrate (Sekan
et al., 2019; Paiva, 2021).

Bioconversion is a process of transformation of
a certain raw material involving living cells, such as
in fermentation processes using microorganisms or
portions of the cell, like enzymes, providing the
reuse of organic matter with high lignin and cellulose
levels (Carvalho et al., 2021). The objective of this
study was to implement a biotechnological method
involving solid state cultivation utilizing Pleurotus
sajor-caju and Pleurotus ostreatus, with the ultimate
goal of enhancing nutritional value and integrating
macauba residues into animal feed formulations.

Material and methods
Obtainment of pure bran and its mixtures

The macauba tree fruits were collected in the
Panambi region, a district of Dourados, Brazil. The
fruits were removed from the bunches and washed
to remove dirt adhering to the skin, and then stored
in plastic bags and refrigerated (-5 °C). The removal
of the shell (epicarp) and pulp were performed
manually, as well as the breaking of the endocarp to
remove the kernels.

The pulp and kernel were crushed and then
subjected to drying at room temperature and stored
in closed plastic bags under refrigeration (-5 °C) until
use.

The pulp and kernel underwent an exhaustive
oil extraction procedure with hexane in a Sohxlet
extractor (Oliveira et al., 2017). The pulp and kernel
bran were packed in closed plastic bags and stored
under refrigeration (-5 °C), after drying in an oven at
60°C.

The epicarp was manually extracted, dried in an
oven and ground in a knife mill fitted with a 1 mm
sieve at the outlet.

The mixtures used in this study were all prepared
in a 1:1 ratio on a dry basis, as follows: pulp bran +
kernel bran and pulp bran + epicarp.
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Bioconversion by the fungi Pleurotus sp.

The 100% pulp and kernel bran (initial pH of 5.1)
and mixtures 1:1 (initial pH of 5.22) were submitted
to the mycelium process with the fungi P. ostreatus
and P, sajor-caju. The samples myceliated were: whole
pulp, pulp bran, pulp bran-epicarp (1:1), pulp bran-
epicarp (2:1), pulp bran-kernel bran (1:1). Both fungi
were grown in the dark, at a temperature of 25°C
and humidity of 60%, following the methodology
cited by Paz et al. (2013) and Giunco et al. (2021).

The fungi inoculated were P sajor-caju strain/
batch 146/16 and P. ostreatus strain/batch 147/16,
purchased commercially in the form of spawn from
the Company Funghi e Flora, located in Valinhos, Sdo
Paulo (fungal inoculants produced in sterile media
using cereal grains).

Sample preparation

In transparent polypropylene bags (20 x 30 cm)
equal amounts of the samples that served as sub-
strate were weighed and water was added to each
one so that the humidity was as high as possible,
since 60 to 75% of humidity favors growth and 85 -
97 % favors fruiting (Aghajani et al., 2018; Bellettini et
al., 2019).

The bags were closed with cotton plugs, to allow
gas exchange during the process, and sterilized in
an autoclave at 121 °C for 25 minutes. After this time,
the samples were left in the autoclave to cool down
and then placed inside the laminar flow chamber
(Marconi, Piracicaba, SP, Brazil), previously sterilized
with 70% ethyl alcohol and ultraviolet light.

A small amount (approximately 0.3 g) of mush-
room spawn was inoculated into each sample with the
aid of flame-sterilized anatomical dissection forceps.
Each bag was opened by removing the cotton plug,
trying to keep the bag opening above the flame, as
well as the bag containing the mother culture. The
initial culture was introduced into the center of the
bag and quickly closed with the cotton plug. This
procedure was performed for each sample of the
experiment.

For the mycelial colonization phase, the samples
were incubated in a biochemical oxygen demand
(BOD) incubator (Quimis, model Q315M25) at a tem-
perature of 25°C, being monitored daily.

Mushroom production

The cultivation of P ostreatus was carried out
in two samples: 100% kernel bran and pulp-kernel
bran in a 1:1 ratio. Initially, they were submitted to
the mushroom inoculation and incubation steps,
observing the growth of the mushroom in the
mycelium phase in BOD in the absence of light.

For fruiting, the substrate, completely colonized
in a dark environment, was transferred to an envi-
ronment with natural light and ventilation, as de-
scribed by Cardoso et al. (2013), in a container with
water at the bottom, as a way to stimulate the forma-
tion of fruiting bodies (Aghajani et al., 2018).

The polypropylene bags were removed when
the first signs of fruiting were seen and supported
on metal grids until the mushrooms were harvested,
where they were cut at the base of the stalk, at the
point of union with the substrate, and then weighed
for calculation of biological efficiency (BE), using the
following equation according to Silva et al. (2020):

BE (%) = fresh mushroom weight (g) <100

dry substrate (g)

Where: fresh mushroom weight is the total weight
of harvested mushrooms and dry substrate weight is
the initial amount of dehydrated substrate.

A pH measurement was carried out by soaking
the samples in distilled water, with stirring in a mag-
netic stirrer, for 4 hours. Afterwards, the sample was
filtered and the pH was measured in a bench poten-
tiometer (Quimis Q400AS) calibrated with buffer so-
lutions pH 4.0 and 7.0. According to Bellettini et al.
(2019), the ideal conditions in which the mycelium of
P ostreatus can grow is a pH variation between 5.5
and 6.5.

Analysis for initial characterization, after enrich-
ment with fungi and production of mushrooms

The determination of physical and chemical prop-
erties on a wet basis were performed as described
by Faria et al. (2022) as follows: dry matter (DM)
(#934.01), ash content or total mineral content (TMC)
(#924.05), crude protein (CP) (#920.87, Nx6,25), neu-
tral detergent fiber (NDF) (Mertens, 2002), acid de-
tergent fiber (ADF) (Van Soest and Robertson, 1985),
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lignin (from the value of cellulose, the calculation
was carried out to determine the content of lignin
according to Faria et al., 2022), cellulose (Goering
and Van Soest, 1970), ether extract (EE) (#920.39),
crude fiber (CF) (#962.09) and in vitro digestibility
of all samples, before and after enrichment with
fungi, was performed in triplicate, at the Animal
Nutrition Laboratory/College of Agricultural Sciences
at the Universidade Federal da Grande Dourados
(UFGD).

Statistical analysis

The computer program R (R Core Team 2014)
was used to analyze the data obtained in the
experimental tests. The data were submitted to
exploratory analyzes to eliminate the existence of
outliers and the bases of analysis of variance (lin-

earity, homocessance and error normality). After
the preliminary analysis, analyzes of variance (p >
0.005) and Tukey’s test were performed following
the statistical model Yij = p+Ti+eij, where: Yi =
observed variable i; p = overall mean; Ti = effect
of in mixtures of pulp bran with kernel bran; eij =
experimental error.

Results and discussion

Initial characterization of samples and substrate
mixtures

The results of the preliminary evaluation of the
pulp, including the initial amount of oil, pulp bran
and pith bran, epicarp, macauba bunch and mixtures
of pulp bran with pulp bran, macauba bunch and
epicarp in a 1:1 ratio are showed in Table 1.

Table 1 - Results of bromatological analyzes and in vitro digestibility carried out on samples and substrate mixtures

from the extraction of macauba oil (Acrocomia aculeata) on a dry basis

Analyzes (%) Samples
MP PB NB Epicarp Bunch PB+NB  PB+bunch PB + Epicarp
Dry matter 93.13 = 91.77 = 93.85 = 90.95 = 93.56 = 91.43 = 90.86 = 90.16 +
0.15 0.17 0.11 0.06 0.1 0.02 0.06 0.24
TMC (ash 429+ 6.64 = 434 = 405+ 6.52 + 540+ 6.32 = 578 =
content) 0.10 0.14 0.09 0.07 0.12 0.17 0.07 0.20
Crudeprotein  510%  783%  2781x  249: 176+ 1663+ 5.47 = 473+
0.32 0.33 0.52 0.25 0.41 0.26 0.17 0.15
NDF 51.57 = 56.95 50.38 £ 79.41 83.96 = 49.04 = 58.49 = 51.89 =
0.37 0.07 0.73 0.89 0.35 0.92 1.05 0.79
ADE 27.88 = 2333 £ 34.71 = 55.66 = 59.31 = 26.29 = 36.38 = 30.70 =
0.29 0.88 0.46 0.70 0.50 0.90 0.81 0.65
Lignin 7.64 4.00 = 16.01 £ 9.41 = 16.79 = 9.19 % 10.06 = 5.09 £
0.42 0.43 0.31 0.99 0.15 0.15 0.35 0.26
Cellulose 8.82 13.69 £ 12.35+ 45.56 + 35.60 = 17.09 £ 2585+ 26.01
0.60 0.52 1.78 0.98 1.1 0.20 0.63 0.85
Hemicellulose 79.45+ 80.28+ 85.09 + 135.07% 143.27+ 75.33% 94.87 + 82.59 +
theoretical* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Organic mater 95.71% 93.36% 95.66+ 95.95+ 93.48+ 94.60+ 93.68 + 94.22 +
theoretical** 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crude fiber 2391« 17.04 = 29.76 = 55.47 % 56.59 = 2145 =« 32.95 = 26.22 =
0.63 0.51 0.35 1.07 1.42 1.34 3.84 0.44
Ether 34.26 = 4.00 = 20.59 = 212+ not 10.93 + 1.86 £ 3.23
extract 0.24 0.02 1.28 0.45 done 0.05 0.06 0.08
Digestibility 70.91 72.91 67.97 = 2226 = 19.58 £ 63.64 51.73 = 59.73 =
3.50 4.95 0.69 0.50 1.40 1.21 0.50 1.85

Note: Data presented as average of triplicates + standart deviation. MP = macauba pulp; PB = pulp bran; NB = nut bran; TMC = total mineral

concentration; NDF = neutral detergent fiber; ADF = acid detergent fiber. *%NDF + %ADF; **100 - ash conent.
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The pulp of macauba was analyzed with its total
oil content (34.26%). After the process of extracting
the oil from the pulp, a minimum amount of it (4%)
was obtained. The pulp bran obtained after oil ex-
traction showed a higher proportion shared among
ash, crude protein, NDF and cellulose.

Ash or mineral matter results reflect the inorganic
portion of the food, indicating how rich the sample is
in mineral elements. A higher index can be verified in
the pulp bran followed by the peduncle, kernel bran
and, lastly, the epicarp.

In the analysis of crude protein, the highlight was
the kernel bran with much higher levels than the other
analyzed samples. This protein value of kernel bran
signals its potential as an animal feed ingredient.

The epicarp, as expected, showed higher values
for NDF and ADF, since the main components of
these fibers are cellulose, hemicellulose, and lignin.
High NDF values are indicative of limiting its use in
large quantities, as they cause the gastrointestinal
tract to fill up, making digestion by food enzymes in
the animal organism and absorption in the intestine
difficult (Revello et al., 2020). The analysis of the cel-
lulose content, as well as the NDF and ADF already
mentioned, showed very high values for the epicarp
(45.56%). The rates for pulp bran (13.69%) and kernel
bran (12.35%) were much lower.

Through the digestibility analysis, it was possible
to prove the consistency of the values mentioned
above, where the samples with the highest levels of
NDF, ADF, lignin and cellulose are precisely those
that presented the lowest digestibility, in line with
the statement by Rodrigues (2010): “negatively corre-
lated with digestibility, higher values indicate lower
digestibility”. The epicarp resulted in 22.26% of di-
gestibility, while the pulp and kernel bran presented
values above 65%.

Of all the analyzed samples, only the pulp bran
could be classified as energy (CP < 20% in dry mat-
ter) concentrate (CF < 18% in dry matter). The other
samples, according to the fiber result, were classified
as bulky (CF > 18% in dry matter) dry (moisture < 12%)
(Gongalves et al., 2009; Salman et al., 2010).

The values present in all blends correspond to
the average of each constituent. The addition of al-
mond bran to the mixture (pulp bran + almond bran)
improved the protein content, while combinations

containing epicarp resulted in a marginal reduction
in digestibility compared to pulp bran alone (72.91%).

Bioconversion and enrichment by mycelium
growth

Humidity variation and mycelial growth

In this study several imbibition water proportions
were tested envisioning to obtain the highest hu-
midity content for each material and mixture tested,
resulting in the maximum water adsorption for each
sample. The humidity obtained for each sample were:
up to 60% humidity for the pulp bran and up to 48%
for the bran with fat, showing that the fat prevents
the entry of water. In this composition there was no
growth of any of the fungi tested.

In the pulp bran with kernel in a proportion of
1:1 the humidity obtained was up to 56%, where
there was growth of P ostreatus with 51% humidity
and growth of P, sajor-caju with 56%. In the mixture
of pulp bran with epicarp also in the proportion 1:1,
there was a maximum humidity of 68% with growth of
P, ostreatus at 68% and P. sajor-caju at 65%, showing
that the composition is very important in the relation
humidity/aeration .

Each substrate has a different water retention
capacity and it is important to consider the maxi-
mum water addition for the final consistency of the
sample, which must present a friable aspect to allow
good aeration. A pasty mass hinders the porosity
of the material and directly influences the fungal
growth process (Bellettini et al., 2019). The ideal hu-
midity recommended in the substrate for the devel-
opment of fungi is between 50 and 80% depending
not only on the species of fungi being cultivated,
but also on the substrate used. That percentage
varies from author to author, and higher percentages
can be found.

Oxygen percolation through the sample proved
to be the most important criterion, which was facili-
tated by the use of the epicarp.

It is noteworthy that the sample of the mixture of
pulp bran and epicarp performed by weighing both
in a 1:1 ratio showed favorable characteristics for
growth. Again, this test proved the efficiency of using
the epicarp as a humectant.
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Characterization of post-mycelium samples

The results obtained, before and after inoculation
with fungi, for the samples that showed mycelium
growth, are presented in Figure 1 (data presented in
Tables 2 and 3).

Comparing the fungi P. ostreatus and P. sajor-caju
in the different samples, it can be seen that for the
ash analyses all P, ostreatus values were higher and all
lignin values for this same fungus were lower values,
meaning they are better in terms of animal nutrition.

As for protein, only in the kernel + pulp samples did
the PO fungus show the best value. For pulp + bunch
and pulp + epicarp, the best protein result was with P.
sajor-caju.

In general, for the mixture of pulp bran + kernel
bran, the best fungus was P ostreatus, while the
mixtures of pulp bran + bunch and pulp bran +
epicarp showed a relatively greater potential with the
fungus P, sajor-caju. However, none of them excelled
in all aspects. They alternate best values between one
and another sample.

A 80+ B 80+
7131 000
70 L 70 6431 6381
60+ 60 :
3 49.04 0] 51.89
o 50 2 50
€ c
o 404 o 40
S 2854 2
& 304 * 2857 S 304
1949 2039 2145
204 17.09 gt 14.46 204
104 919,707 826 10578754741, 601 667
"
0 0+
T™C CP NDF ADF  Lig. Cell. CF EE Dig. ™C CP NDF ADF  Lig. Cell. CF EE Dig.

Figure 1 - Substrate enrichment by mycelium growth: (A) macauba'’s pulp and kernel bran, (B) macauba'’s pulp bran
and epicarp.

Note: TMC = total mineral content; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; Lig. = ligning;
Cell. = cellulose; CF = crude fiber; EE = ether extract; Dig. = digestibility. Blue bars = control sample; red bars = with Pleurotus ostreatus;

green bars = with Pleurotus sajor-caju.

Table 2 - Bromatological composition and in vitro digestibility of dry matter, of mixtures of pulp bran with macauba
almond bran, in a 1:1 ratio, non-myceliated and myceliated with the fungi Pleurotus ostreatus (PO) and Pleurotus

sajor-caju (PS)

Analyzes performed (%)

Samples

PB + NB standard

PB + NB with PO

PB + NB with PS

Dry matter 91.43>+0.02 88.78<+ 0.06 94.79° +0.21
Total mineral content (ash content) 540+ 0.17 9.892+0.86 8.39>+0.10
Crude protein 16.63°+0.26 27.312+0.18 22.38°+0.27
Neutral detergent fiber 49.042 £ 0.92 42.86° +0.94 46.142 £ 0.33
Acid detergent fiber 26.29° +0.90 28.542 + 0.43 28.572+ 0.35
Lignin 9.192+0.15 7.07°>+0.04 8.262 = 0.50
Cellulose 17.09° +0.20 19.692 +0.66 20.392+0.38
Hemicellulose theoretical* 75.33+0.00 71.40 =£0.00 74.71 £ 0.00
Organic mater theoretical** 94.60 +0.00 90.11 £ 0.00 91.61 +£0.00
Crude fiber 21.452 + 1.34 14.46° + 0.80 15.59°+ 0.33
Ether extract 10.932 = 0.05 6.77°+0.22 6.45° + 0.07
Digestibility 63.64° = 1.21 71.312£1.29 70.10® + 2.58

Note: Data presented as average of triplicates + standart deviation. On the line, means followed by the same letter do not differ statistically
from each other by the Tukey test at the level of 5% error probability. PB = pulp bran; NB = nut bran. *%NDF + %ADF; **100 - ash content.
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Table 3 - Compilation of the results of bromatological and digestibility analyzes, on a dry basis, carried out on

mixtures of pulp bran with macauba epicarp, in a 1:1 ratio, non-myceliated and myceliated with the fungi Pleurotus

ostreatus (PO) and Pleurotus sajor-caju (PS) applying the Tukey test

Analyzes performed (%) Samples
PB + Ep standard PB + Ep with PO PB + Ep with PS

Dry matter 90.16° +0.24 89.18<+0.12 96.422 + 0.08
Total mineral content (ash content) 5.78°>+0.20 7.542+0.17 7.412+0.15
Crude protein 4.73<+0.15 6.01°+0.17 6.67°£0.29
Neutral detergent fiber 51.89<+0.79 64.312+1.02 55.09° = 1.52
Acid detergent fiber 30.70°+ 0.65 45.58 + 0.32 35.26° +0.37
Lignin 5.09°+0.26 9.06* = 0.71 9.17>+0.48
Cellulose 26.01 +0.85 30.96°+0.84 26.57°+0.42
Hemicellulose theoretical* 82.59 = 0.00 109.89 = 0.00 90.35=0.00
Organic mater theoretical** 94.22 +0.00 92.46 = 0.00 92.59 =0.00
Crude fiber 26.22°+0.44 37.10°+0.94 23.01¢+0.22
Ether extract 3.232+0.08 1.10c+£0.12 1.73+0.10
Digestibility 59.732 = 1.85 60.852 = 1.79 63.812 = 2.09

Note: Data presented as average of triplicates + standart deviation. On the line, means followed by the same letter do not differ statistically

from each other by the Tukey test at the level of 5% error probability. PB = pulp bran; Ep = epicarp. *%NDF + %ADF; **100 - ash content.

Only the mixture of pulp bran with kernel, after
enrichment with both fungi, went from roughage (CF
> 18% in dry matter) to concentrate (CF < 18% in dry
matter) and classified as protein (crude protein - CP >
20% in dry matter), this characteristic being of great
value because it gives the food a high energy content
per unit volume.

Enrichment of substrates by mycelium growth

Analyzing the data referring to the same sample
(mixture of pulp bran with kernel bran) for the ash
analysis, the treatments with P ostreatus and P
sajor-caju presented similar performances among
themselves and superior to the treatment without
fungus. The same occurred for ADF, cellulose and
digestibility (Figure 1).

It is worth emphasizing that the mixture of pulp
and kernel bran had an increase of 10.68% with
P ostreatus and 5.35% with P sajor-caju for crude
protein. The protein increase occurs due to an in-
crease in the amount of protein-rich mycelium whose
protein content is found between vegetables and
meat, thus increasing the proportion of proteins
when it permeates the substrate (Fayssal et al., 2021).
It is noteworthy that there exists a substantial disparity

in the total yields and biological efficiency of two
mushroom species. Furthermore, this discrepancy
persists even when the same species is cultivated
on distinct substrates, indicating metabolic dissimi-
larities between them, including variations in their
enzymatic machinery (Kurt and Buyukalaca, 2010).
This difference in growth rate (mycelialation) clearly
interferes with the composition of the mycelial
substrates as a result of the density of the mycelial
mass that permeates it.

The findings indicated that the blend of kernel
bran and pulp bran was myceliated with P. ostreatus,
exhibiting significant variances in all evaluations
compared to the control sample, particularly in
terms of NDF, lignin, and digestibility parameters.
Nonetheless, as intended, the mycelial specimen
displayed lower levels of NDF and lignin while pre-
senting marginally higher values for digestibility. Such
outcomes suggest a propensity towards enrichment.

Comparing the two mycelial samples with differ-
ent types of fungi, it can be seen that there was no
relevant difference between both fungi for the para-
meters: ADF, cellulose, crude fiber, ether extract
and digestibility. None of the fungi stood out in all
aspects. They alternated better values between one
and another analysis.
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Furthermore, for the mixture of pulp bran with
kernel bran, analyzing now the pulp bran mixed with
bunch for the analysis of ash, crude protein, ADF,
cellulose and digestibility, the treatments with P
ostreatus and P. sajor-caju presented performances
similar to each other and superior to the control
sample.

Also, as desired, the reduction of values for
both fungi, in relation to the control sample, for the
parameters NDF, crude fiber and ether extract, can
be seen. Only lignin remained practically similar in
all treatments. Lignin, being a recalcitrant material,
presents very slow degradation, so there was no
time for its degradation. Lignin degradation strongly
depends on the enzymatic activity of laccases,
mainly multicopper oxidases. These crucial enzymes
facilitate the ligninolytic mechanism by catalyzing
the degradation of aromatic compounds through
oxygen-dependent reactions (Durdn-Aranguren et
al., 2021). Moreover, laccases contain four copper
ions, which are required primarily for the synthesis of
the enzyme (Akpinar and Urek, 2012).

With the exception of dry matter, ash, and
cellulose, there was no statistical difference between
the two fungi tested in most parameters.

In the case of the mixture of pulp bran and
macauba epicarp (Table 3), the fungus P ostreatus
does not statistically differ from the control sample
in relation to in vitro digestibility, although it shows
a positive trend towards an increase in the result. As
for the fungus P. sajor-caju, in addition to digestibility,
the cellulose result did not show statistical difference.

When the comparison is performed on the same
sample (pulp/epicarp) between the two types of
fungi, it is once again verified that they alternated
better values between one and another. For the pa-
rameters: ash, lignin, and digestibility, there was no
significant difference between both fungi.

Comparing the three tests (Figure 1), the first
aspect that draws attention positively is the signifi-
cant increase in ash, protein and digestibility for all
samples in relation to the initial characterization,
that is, without fungus. The ash value was higher for
both treatments with fungi, being slightly higher for
P. ostreatus. This increase in ash is related to the con-
stant use of organic matter by the fungus, releasing
minerals into the substrate, thus improving its nu-
tritional quality through the bioavailability of these
minerals (Mbassi et al., 2018; Aradjo et al., 2020;

Fayssal et al., 2021). The increase in ash content was
also observed on various substrates (Bonatti et al.,
2004; Fonseca et al., 2009; Aradjo et al., 2020; Fozia
etal., 2022).

The increase in protein content is observed in
several studies with Pleurotus sp. (Fiorin, 2016;
Vasconcelos et al.,, 2019; Faria et al., 2022). Unlike
ashes, protein obtained better results with P. sajor-
caju. This difference in protein content between P,
sajor-caju and P. ostreaus is an inherent characteristic
of the species, with the former being marginally
more protein-rich than the latter. Additionally, there
exists a dissimilarity in the density of mycelia that
permeates throughout the substrate. This condition
was observed by other authors (Bonatti et al., 2004).

This same relationship did not apply to digestibil-
ity, as two samples had better results with the P
ostreaus fungus and only pulp bran + epicarp showed
a better value with P. sajor-caju. The digestibility of
fungi is contingent upon the specific fungal species
and substrate utilized. This variation in digestibility is
intricately connected to the enzymatic complexity of
each unique fungus as well as its media composition
(Mendes et al., 2005; Araujo et al., 2020).

According to Rodrigues (2010), NDF levels in corn
silage vary greatly, but around 50% is considered a
good level. For Signoretti (2011), the minimum fiber
content in diets for cows in early lactation should
vary between 27 and 30% of NDF and 18 and 20% of
ADF. The pulp bran + kernel bran samples showed
NDF results below 50% in all treatments. The mix-
tures of pulp bran + epicarp had values around 51
to 64%, due to the contribution of epicarp fibers in
the elevation of these values. The ADF results ranged
from 26 to 45% among all samples.

The lignin and cellulose content in the samples
did not show considerable variation after treatment
with the fungi. The lignin of the pulp + kernel bran
mixture had a slight decrease. For the pulp + epicarp
sample, a considerable increase (from 5 to 9%).
Cellulose, after mycelium growth, had an increase in
values for all samples.

Availability, competitive prices and nutritional
value are the main factors that influence the demand
for protein foods in animal feeds. It is expected
that, with the growth in the supply of other oilseeds
destined for the production of biodiesel (canola,
crambe, sunflower, macauba, castor bean, palm,
jatropha, turnip, etc.), the dependence of soybean
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meal in feed for animals is reduced, decreasing com-
petition with human food and increasing options for
producers (Oliveira et al., 2012).

Cultivation of Pleurotus ostreatus

The total colonization of the pure kernel bran and
the mixture with the pulp bran took place in 30 days,
and the induction of fruiting by light in 68 days. There
was only fruitification for the mixture of pulp bran and
kernel bran (1:1) with 75 days of testing; the treatment
with pure kernel showed dehydration characteristics
(yellowish and dry appearance) and was discarded.
The fruiting bodies matured within five days. Each
phase can be seen in Figure 2.

Figure 2 - Growth of the Pleurotus ostreatus fungus: (1)
beginning of mycelium; (2) complete mycelium growth
with 30 days; (3) day 68; (4) beginning of fructification
with 75 days; and (5) fructification bodies.

The fruiting bodies were harvested at 80 days
old, weighed and dried in an oven, together with the
enriched substrates, at 40 °C for 24h. The biological
efficiency obtained was 34.42%. In their work with a
mixture of sugarcane and macauba bagasse, Cardo-
so et al. (2013) reported a biological efficiency value
of 30.81% for a compound of 70% of sugarcane
bagasse and 30 % of bocaiuva bagasse from a juice
industry, material similar to the pulp used in this work,
and 37.51% for a compound of 50% of sugarcane
bagasse and 50% of bocaiuva bagasse.

Characterization of mushroom cultivation samples

The analysis carried out on the mushroom pro-
duced, on the substrate from which the mushroom

was removed - which consists of a mixture of pulp
bran + bocaiuva kernel bran in a 1:1 ratio - and on
the mixture of both - substrate plus mushroom - are
shown in Figure 3 and Table 4.

50 4904

4286

204 4118

2968
304 2854

2
1969 1985 2024

Percentage

019 797 992

™C CP NDF ADF Lig. Cell. CF EE

Figure 3 - Results of the parameters analyzed for the

mixture of macauba pulp and nut bran.

Note: TMC = total mineral content; CP = crude protein; NDF =
neutral detergent fiber; ADF = acid detergent fiber; Lig. = ligning;
Cell. = cellulose; CF = crude fiber; EE = ether extract; blue bars =
without fungus; red bars = Pleurotus ostreatus 30 days; green bars =

Pleurotus ostreatus 80 days.

It presents a comparison with the mixture of bran
from the pulp and kernel (1:1) with the characteri-
zation of the samples without treatment with fungi,
with those left to mycelium for a period of 30 days
and, finally, with those that remained for 80 days in
the mycelium process, evaluating whether the time
increase would make a difference in the nutritional
values.

The use of P ostreatus in human food has the
advantage of being a food supplement, since it
contains around 60% carbohydrates, 26% protein,
12% fiber, 0.9% to 1.8% fat, based on its dry weight; it
also has vitamins such as niacin, thiamine (B1), vitamin
B12, vitamin C, and minerals such as potassium, cal-
cium and phosphorus have been detected (Mbassi
et al., 2018; Fayssal et al., 2021). The high value of
crude protein of the mushroom produced in this
experiment (33.11%) stands out, and the result of
crude fiber (11.75%) is consistent with Vasconcelos
etal.(2019) and Faria et al. (2022) (12%).

With the exception of the crude fiber of the fun-
gus-free mixture compared with the same mycelial
sample for 80 days, all other parameters show dif-
ferences between the control sample and with P,
ostreatus fungus.

Revista Académica Ciéncia Animal. 2024;22:e22001 9



Table 4 - Results of bromatological and digestibility analyzes carried out on samples of pure mushroom, pure

substrate and mixture of substrate plus mushroom - on a dry basis. Compilation of the results of bromatological

and digestibility analyzes, on a dry basis, carried out on mixtures of pulp bran with macauba nut bran, in a 1:1 ratio,

non-myceliated and myceliated with the fungi Pleurotus ostreatus (PO) for a period of 80 days (d), applying Tukey test

Analyzes (%) Samples
Pure Pure Substrate + PB + NB no PB + NB with PB + NB with
mushroom substrate mushroom myceliation with PO 30d with PO 80d
Dry matter 90.71 = 0.01 93.29£0.17 93.26 £ 0.19 91.43*+0.02  88.78<x0.06 93.292+0.17
T™C 7.40 £ 0.22 10.39 £ 0.08 7.45+0.16 5.40b+0.17 9.89°+0.86 10.392+0.08
Crude protein 33.11 0.1 25.10 £ 0.39 23.97 =0.71 16.63<=0.26 27.312+£0.18  25.10°+0.39
NDF 40.23 =0.45 41.18 =0.11 44.89 = 0.91 49.042 = 0.92 42.86° = 0.94 41.18°>=0.11
ADF 20.53 £ 0.68 29.68 +0.23 2950+ 1.12 2629°+090  28.54°x0.43  29.68°+0.23
Lignin 5.03£0.52 9.92 +0.38 8.24 +0.53 9.19+0.15 7.07¢+=0.04 9.922+0.38
Cellulose 17.85+1.23 19.85 +0.27 21.94 £ 0.64 17.09> + 0.20 19.692 +0.66 19.85 = 0.27
Crude fiber 11.75 £ 0.66 20.24 = 0.00 23.25+0.89 21452+ 134 14.46>+0.80 20.24°=0.00
Ether extract not done 2.56 +0.37 4.35+0.21 10.93*+ 0.05 6.77°+0.22 2.56¢+ 0.37
Digestibility 84.16 £ 0.44 not done 75.87 £ 0.24 not done not done not done

Note: Data presented as average of triplicates + standart deviation. On the line, means followed by the same letter do not differ statistically

from each other by the Tukey test at the level of 5% error probability. PB = pulp bran; NB = nut bran; TMC = total mineral content (ash content);

NDF = neutral detergent fiber; ADF = acid detergent fiber.

Comparing the myceliated samples for 30 and 80
days with each other, it appears that ash, NDF, ADF
and cellulose present averages that do not differ from
each other. The other parameters point to differences
with negative trends for the longer incubation time.
The protein had a small reduction (27.31% with 30
days to 25.10% with 80 days) remaining even, with a
very expressive value in relation to the same sample
without fungus (16.63%). The lignin and crude fiber
content were higher after 80 days of mycelium
growth, presenting values close to the samples
without treat-ment with fungi. The ether extract had
a significant reduction - from approximately 11%
without fungi to 6.77% with 30 days of mycelium
growth and, finally, 2.56% after 80 days of cultivation
with P ostreatus fungus, showing itself to be an
excellent decomposer of the fat present in the
substrate.

In view of this, it is possible to state that the in-
crease of time, in days, that exceeds what is neces-
sary for the fungus to cover the entire substrate (on
average 30 days), is not necessary to obtain good
results in the enrichment of the samples. This time
of more than one month of colonization (in this case,

50 days more) does not justify better nutritional re-
sults; the same is only feasible if the objective is the
production of mushrooms.

Conclusion

In view of the concern with new alternatives for
enriched substrates and the cultivation of mushrooms
in Brazil, giving priority to waste produced in the
region itself, taking advantage of the particular char-
acteristics of each one and collaborating to avoid
waste during the production chain, it can be seen that
P. ostreatus and P, sajor-caju resulted in great potential
in mycelial samples, adding a considerable increase
in ash, protein and digestibility in relation to the initial
characterization, that is, without fungi. On the other
hand, the mixture of pulp bran with kernel changed
from bulky (CF > 18% in dry matter) to concentrate
(CF < 18% in dry matter) and classified as protein (CP
> 20% in dry matter), this characteristic being of great
value for attributing to the food a high energy con-
tent per unit of volume. The cultivation of P. ostreatus
with the sample of the mixture of pulp and kernel
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bran resulted in a biological efficiency of 34.42%
and the high value of crude protein of the produced
mushroom (33.11%) was highlighted.

This way, the use of residue from macauba pro-
cessing, from the points of view of clean technology
and socio-environmental and economic issues, proved
feasible. The results obtained in this study show the
enrichment of the nutritional and digestive parame-
ters of these residues, showing as their main benefit
the possibility of their use in animal feed and human
food, as is the case with mushroom production.

References

Aghajani H, Bari E, Bahmani M, Humar M, Ghanbary MAT,
Nicholas DD, et al. Influence of relative humidity and tem-
perature on cultivation of Pleurotus species. Maderas Cienc
Tecnol. 2018;20(4):571-8.

Akpinar M, Urek RO. Production of ligninolytic enzymes by
solid-state fermentation using Pleurotus eryngii. Prep Biochem
Biotechnol. 2012;42(6):582-97.

Araujo PS, Silva PGP, Aradjo SS, Leite RSR, Silva CAA, Fonseca
GG. Changes in biochemical composition of cassava and
beet residues during solid state bioprocess with Pleurotus
ostreatus. Biocatal Agric Biotechnol. 2020;26:101641.

Bellettini MB, Fiorda FA, Maieves HA, Teixeira GL, Avila S,
Hornung PS, et al. Factors affecting mushroom Pleurotus spp.
Saudi J Biol Sci. 2019;26(4):633-46.

Bonatti M, Karnopp P, Soares HM, Furlan SA. Evaluation of
Pleurotus ostreatus and Pleurotus sajor-caju nutritional char-
acteristics when cultivated in different lignocellulosic wastes.
Food Chem. 2004;88(3):425-28.

Cardoso JCP, Demenjour PLMM, Paz MF. Cultivo do cogumelo
comestivel Pleurotus ostreatus em bagaco de bocaiuva e de
ca-na-de-agucar pela técnica Jun-cao. Evidencia. 2013;13(1):
31-40.

Carvalho PIA, Sales MRB, Aragdo Neto JC, Ferreira FV.
Residuos agroindustriais como substrato para cultivo indoor
de cogumelos comestiveis da espécie Pleurotus ostreatus. J
Biotechnol Biodivers. 2021;9(4):330-9.

Duran-Aranguren DD, Meléndez-Melo JP, Covo-Ospina MC,
Diaz-Renddn J, Reyes-Gutiérrez, DN, Reina LC, et al. Biological
pretreatment of fruit residues using the genus Pleurotus: A
review. Bioresour Technol Rep. 2021;16:100849.

Faria PM, Muzzi RM, Goes RHTB, Gressler MGM. Bioconversao
de coprodutos agroindustriais utilizando fungos Pleurotus
ostreatus e Pleurotus sajor-caju para alimentagdo de rumi-
nantes. Rev Acad Cienc Anim. 2022;20:e20008.

Fayssal SA, El Sebaaly Z, Alsanad MA, Najjar R, Bohme M,
Yordanova MH, et al. Combined effect of olive pruning residue
and spent coffee grounds on Pleurotus ostreatus production,
composition, and nutritional value. PLoS One. 2021;16(9):
e0255794.

Fiorin PFS. Bio-conversdo do carogo de algoddo em farelo
visando a melhoria nutricional através do cultivo de Pleurotus
ostreatus pela metodologia jun-cao modificada para a produ-
¢do de uma ragdo bovina com maior porcentagem nutritiva
[monografial. Dourados: Universidade Federal da Grande
Dourados; 2016.46 p

Fonseca GG, Gandra EA, Sclowitz LF, Corréa APA, Costa JAV.
Protein enrichment and digestibility of soft rush (Juncus
effusus) and rice residues using edible mushrooms Pleurotus
ostreatus and Pleurotus sajor-caju. World J Microbiol Biotech.
2009;25:449-56.

Fozia, Zahid A, Alharbi NK, Khan MI, Noreen A, Khan AA, et al.
Thiourea enriched cotton waste enhances biomass and nutri-
tion contents in (White oyster) and (Phoenix oyster) mushrooms.
J King Saud Univ Sci. 2022;34(4):102054.

Giunco AJ, Paz MF, Fonseca GG. Growth and proximate com-
position of Pleurotus ostreatus cultivated on green bocaiuva
pulp substrates with different nitrogen sources. Acta Sci Biol
Sci. 2021;43(1):e56198.

Goering HK, Van Soest PJ. Forage fiber analysis (apparatus,
reagents, procedures and some applications). Agriculture
Handbook No. 379. Washington, DC: USDA; 1970.

Gongalves LC, Ferreira DA, Carvalho WTV, Ferreira PDS, Ramirez
MA. Qualidade de ingredientes para alimentacdo de bovinos.
In: Borges | (org.). Alimentos para gado de leite. Belo Horizonte:
Editora FEPMVZ; 2009. p. 545-68.

Revista Académica Ciéncia Animal. 2024;22:e22001 11



Kurt S, Buyukalaca S. Yield performances and changes in en-
zyme activities of Pleurotus spp. (P. ostreatus and P. sajor-caju)
cultivated on different agricultural wastes.

Bioresour Technol. 2010;101(9):3164-9.

Mbassi JEG, Mobou EY, Ngome FA, Sado KSL. Effect of sub-
strates on nutritional composition and functional properties of
Pleurotus ostreatus. Curr Res Agr Sci. 2018;5(1):15-22.

Mendes AA, Castro HF, Pereira EB, Furigo Jr A. Application
of lipases for wastewater treatment containing high levels of
lipids. Quim Nova. 2005;28(2):296-305.

Mertens DR. Gravimetric determination of amylase-treated
neutral detergent fiber in feeds with refluxing in beakers or
crucibles: collaborative study. J AOAC Int. 2002;85(6):1217-40.

Moreira VE, Veroneze R, Saraiva A, Duarte MS, Guimaraes
SEF, Lopes MS, et al. Growth performance, carcass and
pork quality traits of growing-finishing pigs with high and
low breeding values for residual feed intake fed diets with
macauba (Acrocomia aculeata) pulp as alternative raw material.
Agriculture. 2022;12(11):1860.

Oliveira IP, Correa WA, Neves PV, Silva PVB, Lescano CH, Michels
FS, et al. Optical analysis of the oils obtained from Acrocomia
aculeata (Jacq.) Lodd: Mapping Absorption-Emission Profiles in
an Induced Oxidation Process. Photonics. 2017;4(1):3.

Oliveira RL, Ledo AG, Ribeiro OS, Borja MS, Pinheiro AA, Oli-
veira RL, et al. Biodiesel industry by-products used for ruminant
feed. Rev Colom Cienc Pecu. 2012;25(4):625-38.

Paiva GA, Silva APR, Medeiros JD, David GQ, Weihs ML,
Almeida AASD, et al. Edible mushroom production in agro-
industrial residue in Mato Grosso Amazonia. Res Soc Dev.
2021;10(14):e548101422523.

Paz MF, Demenjour PLMM, Cardoso JCP, Leite RSR. Cultivation
of edible mushroom Hiboukitake in caja bagasse by in Jun-Cao
technique. J Biotec Biod. 2013;4(2):146-52.

Revello CZP, Goes RHTB, Raposo Jr JL, Muzzi RM. Avaliacdo do
valor nutricional de residuos do processamento da macauba
como potencial ingrediente para ra¢do animal. Cadernos de
Agroecologia. 2020;15(4):1-11.

Rodrigues RC. Métodos de anélises bromatoldgicas de ali-
mentos: métodos fisicos, quimicos e bromatoldgicos. Pelotas:
Embrapa Clima Temperado; 2010. 177 p.

Salman AKD, Ferreira ACD, Soares JPG, Souza JP. Metodolo-
gias para avaliagdo de alimentos para ruminantes domésticos.
Porto Velho: Embrapa Rondénia; 2010. 21 p.

Sekan AS, Myronycheva OS, Karlsson O, Gryganskyi AP,
Blume Y. Green potential of Pleurotus spp. in biotechnology.
PeerJ. 2019;7:e6664.

Signoretti RD. Qualidade do leite: interpretagdo dos resultados
de sélidos totais. Scot Consultoria, 2011 [cited 2023 May 9].
Available from: https://tinyurl.com/2s37ubdr

Silva PVB, Ramiro MM, Iriguchi EKK, Corréa WA, Lowe J, Car-
doso CAL, et al. Antidiabetic, cytotoxic and antioxidant activities
of oil extracted from Acrocomia aculeata pulp. Nat Prod Res.
2019;33(16):2413-6.

Silva RM, Carmo CO, Oliveira TAS, Figueirédo VR, Duarte
EAA, Soares ACF. Biological efficiency and nutritional value of
Pleurotus ostreatus cultivated in agroindustrial wastes of palm
oil fruits and cocoa kernels. Arqg Inst Biol. 2020;87:e0852018.

Tanruean K, Penkhrue W, Kumla J, Suwannarach N, Lumyong S.
Valorization of lignocellulosic wastes to produce phytase and
cellulolytic enzymes from a thermophilic fungus, Thermoascus
aurantiacus SL16W, under semi-solid state fermentation. J Fungi
(Basel). 2021;7(4):286.

Van Soest PJ, Robertson JB. Analysis of forages and fibrous
foods. Ithaca: Cornell University; 1985.202 p.

Vasconcelos MS, Muzzi RM, Velilha Jr CM, Silva MA, Gées RHTB,
Paz MF. Bioconversdo dos farelos de soja, nabo forrageiro,
gergelim branco e bagaco de cana-de-acucar, com o fungo
Pleurotus ostreatus. In: Congresso Brasileiro de Quimica; 5-8
nov 2019; Jodo Pessoa, PB. Jodo pessoa: CBQ; 2019.

Revista Académica Ciéncia Animal. 2024;22:22001 12


https://tinyurl.com/2s37ubdr

	Introduction
	Material and methods
	Obtainment of pure bran and its mixtures
	Bioconversion by the fungi Pleurotus sp.
	Sample preparation
	Mushroom production
	Analysis for initial characterization, after enrichment with fungi and production of mushrooms
	Statistical analysis

	Results and discussion
	Initial characterization of samples and substrate mixtures
	Bioconversion and enrichment by mycelium growth
	Humidity variation and mycelial growth
	Characterization of  post-mycelium samples
	Enrichment of substrates by mycelium growth

	Cultivation of Pleurotus ostreatus
	Characterization of mushroom cultivation samples 


	Conclusion
	References 

