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ABSTRACT
Recently, the removal capacity of different heavy metals from sites contaminated by low-cost
materials has been studied, with promising results. These adsorbents include dead
microorganisms, clay minerals, agricultural waste, industrial waste, and other materials. The
objective of this work was studying the removal capacity of Cr (VI) by a commercial mushroom, the
macromycete Agaricus bisporus (white strain), by the Diphenylcarbazide colorimetric method It was
found that the biomass removal 100 mg/L of the metal at 21 minutes, pH 1.0, 28oC, and 100 rpm.
On the other hand, if the concentration of the metal is increased, the removal capacity for the
analyzed biomass decreases at 28oC. 200 mg/L are removal at 60 minutes, while with 1 g/L of the
metal, its removal 90.3%. If the concentration of the bioadsorbent is increased, the removal of the
metal also increases, and the presence of other heavy metals does not influence in the removal of
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the metal, and this was desorbed 70.4%, with NaOH 0.5 N. Finally, it was observing that after 7
days of incubation, 76.2%, and 66.1%, of Cr (VI) present in naturally contaminated earth and water,
were removal, respectively.
Keywords: Removal; biomass; heavy metals; Agaricus bisporus.
and about 650 possess medicinal properties [5].
In developing countries such as India and
Mexico, with great biodiversity, mushrooms are a
boon for progress in the field of food, medicine,
and unemployment because they contain various
nutracetics, there are also many medicinal
mushrooms that are very useful for the
development of human health as food, medicine,
minerals, and drugs among others [4,7].

1. INTRODUCTION
Fungi are a very important component of the
biological diversity of forest ecosystems and play
a fundamental ecological role in the way they
obtain their nutrients. They are formed by
branched hyphae, which are grouped into
mycelial cords and reproductive bodies, visible
and measurable in centimeters [1]. They are
saprobic organisms that absorb dead organic
matter from the substrates where they grow, are
parasites of trees, or associate their hyphae with
the roots of trees (mycorrhizae) with various
plant species; there are edible and poisonous
ones. Saprobic fungi and symbionts contribute to
the recycling of organic matter; pathogens can
modify the composition and structure of a plant
community
[2].
Although
macromycetes
constitute one of the taxonomic groups with great
diversity, knowledge about their richness and
presence at the local level is very scarce [3]. It is
estimated that in Mexico there are between
140,000 and 200,000 fungal taxa [1,4], while in
the world their number exceeds 1,500,000 [5].
Approximately 10% of them are macromycetes
and the rest are micromycetes [1]. The
conservation of this biodiversity is relevant, given
the current global trend towards its loss. One of
the strategies that have been used for this
conservation includes the mycettobiota, which is
the establishment of protected natural areas,
such as national parks, biosphere reserves or
protected areas of flora and fauna [6].

In Mexico there are reports of fungal populations
in different places such as the population of
macromycetes in the “Las Palomas” station,
Guanajuato [10], fungi from urban areas of
Mexico City and the State of Mexico [11],
different species of Agaricus in Mexico [6], the
study of fungi of biocultural importance in
communities of Oaxaca [12], arbuscular
mycorrhizal fungi associated with corn plants in
Guasave, Sinaloa [13], edible wild fungi from the
Yucatán peninsula [14], boletal mushroom of a
tropical holm oak grove in the southeast of
Mexico [15], and the record of Ganoderma
subincrustatum in Sonora [16].
On the other hand, the great industrial growth
has produced a progressive increase in
wastewater discharges from the same and,
therefore, a deterioration in water quality.
Pollutants pose a danger to both human and
environmental health. Some pollutants are of
organic origin, such as hydrocarbons and
pesticides, and inorganic, such as heavy metals,
which play a fundamental role due to their
importance and potential danger [17]. Some
metals that are of great toxicological and
exotoxicological importance are: mercury,
chromium, lead, cadmium, nickel, and zinc,
which, once released into the environment,
accumulate, and concentrate in the soil and
sediments, where they can remain for hundreds
of years. affecting ecosystems. Therefore, it is
more feasible to control the problem from the
source and source of emission before they reach
the environment [17]. Therefore, it is very
important to try to eliminate the greatest number
of pollutants from the different contaminated
ecological niches to reduce said contamination
and reduce the risks to human health. The
elimination of different heavy metals and other
contaminants by this type of fungi has been

On the other hand, fungi have a long association
with humanity and have a profound biological
and economic impact. Since ancient times, man
has consumed wild mushrooms probably
delicately, due to their pleasant taste [7]. They
have a great nutritional value with a high content
of proteins, vitamins, minerals, fibers, trace
elements and low/no calories and cholesterol [8].
Mushrooms have been described as a rich
source of different bioactive substances such as
antibacterial, antifungal, antiviral, antiparasitic,
antioxidant, anti-inflammatory, antiproliferative,
anticancer, antitumor, cytotoxic, anti-HIV,
hypocholesterolemic, antidiabetic, anticoagulant
and hepatoprotective compounds, among other
[7,8,9]. Of the approximately 14,000 known
species, 2,000 are safe for human consumption
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reported, such as: The biosorption of Cadmium,
Lead and Copper by organic carbon of A.
bisporus and Pleurotus ostreatus [18,19], the
accumulation of Mercury, Cadmium, Lead and
Arsenic by Amanita ponderosa, Boletus edulis,
Marasmius oreades and Tricholoma georgii [20],
the accumulation of different heavy metals by the
edible
fungi
Melanoleuca
cognata
and
Melanoleuca stridula [21], the removal of Copper
(II) by different macromycetes [22], the removal
of Cu (II), Zn (II) and Cd (II) by a mineral-rich
compound of A. bisporus [23], the removal of
Mercury, Lead, Cadmium and Chromium by P.
ostreatus [24], the removal of Lead and
Cadmium in water by biochar from Ganoderma
lucidum [25], the phytoremediation of soils
contaminated with heavy metals by P. ostreatus
and Megathyrsus maximus [26], and the removal
of heavy metals from coal wash effluents with the
fungus P. ostreatus [27]. On the other hand, the
adsorption efficiency of other pollutants such as:
paracetamol and α-ethynyl estradiol (EE2) by A.
bisporus and Lentinula edodes has also been
reported [28], the removal of sulfonamides by P.
ostreatus [29], acid red 97 and crystal violet by A.
bisporus [30], malachite green by different
macromycetes [31], and textile dyes using
Trametes versicolor, P. ostreatus and A.
bisporus [32].

galactans, mannanes, xylan, and often mixed
polysaccharides (heteropolysaccharides) such as
mannoxylans, glycoxylans etc., with different
types of bonds, relatively branched and with both
α and β configurations, as well as a chitin
complex embedded in a β-glucan matrix [30,33,
34], and [35]. Too, the fungal cell wall of the fungi
is composed of functional groups containing
amide, carboxyl and phosphate, and these
structures can facility the adsorption of this metal
and other compounds as colorants [30,35], and
[36].
Therefore, the objective of this work was to
evaluate the adsorbent capacity of the biomass
of a commercial A. bisporus mushroom in the
removal of Chromium (VI) in aqueous solution.

2. MATERIALS AND METHODS
2.1 Bioadsorbent Used
The A. bisporus (white) mushroom was obtained
from a supermarket in San Luis Potosí, Mexico,
in May 2020, and was classified considering that
when the people of the region collect wild
mushrooms, they generally collect different nontoxic species. of the same genus, assuming they
are the same fungus as: commercial mushrooms
Champignon and/or Champignon c: white A.
bisporus strain and Portabella: brown A. bisporus
strain (Fig. 1a). It was washed 24 hours with
EDTA at 10% (w/v), one week with trideionized
water with constant agitation, and water changes
every 24 hours. Subsequently, it was boiled for
60 minutes to removal the dust and adhering
organic components, and it was washed again
under the same conditions for 24 hours. It was
dried at 80°C for 24 hours in a bacteriological
oven, ground in a blender and stored in an
amber bottle until use (Fig. 1b).

This bioadsorption of contaminants by this
biomass, has been suggested to be due to some
compounds of the cell wall of the fungus, which
is made up mainly of neutral polysaccharides
(made up mainly of glucose and to a lesser
percentage of galactose, mannose, and xylose)
and amino acids (N-acetylglucosamine in the
form of chitin), with a lower proportion of proteins
and lipids, in amounts that they differ significantly
depending on whether it is the vegetative or
aggregate mycelium. The polysaccharides
formed are mainly glucans together with

(a)

(b)

Fig. 1. Agaricus bisporus. a. Commercial strain. b. Stored and ground biomass
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adsorption of Copper (II), Zinc (II), and Mercury
(II), for residues of Flammulina velutipes,
Auricularia polytricha, Pleurotus eryngii and P.
ostreatus [46], and a removal of 93% from 100
mg/L of Lead (II) with the biomass of P. ostreatus
[18]. Changes in cell permeability of unknown
origin could partly explain the differences found
in the incubation time, providing greater or lesser
exposure of the functional groups of the cell wall
of the analyzed biomass [47].

2.2 Chromium (VI) Solutions
We worked with 100 mL of a 100 mg/L
Chromium (VI) solution obtained by diluting a 1.0
g/L standard solution prepared in trideionized
water from K2Cr2O7. The pH of the dilution to be
analyzed was adjusted with 1 M HNO3 and/or 1
M NaOH, before adding it to the cell biomass.

2.3 Removal Studies

On the other hand, the highest metal adsorption
was observed at a pH of 1.0 with the analyzed
biomass (Fig. 2), which is similar to that reported
for P. sajor-cajor, G. lucidum and A. bitorquis,
with an optimal pH of 2.0 and 2.5 for the
elimination of Iron (III), Nickel and Cobalt [45],
but some authors report different pH values
optimal for the removal of this and other metals,
such as A. bisporus biomass, in which the
maximum removal efficiencies were 79.82%, and
67.30% at pH 7.5 and pH 5.5 for Cadmium (II)
and Zinc (II), respectively [39], for the biosorption
of Cadmium, Lead, and Copper by organic
carbon of A. bisporus and P. ostreatus, it was
observed that an increase in pH increased the
adsorption capacity [18], a pH of 5.0 for the
biosorption of different heavy metals by peach
pod modified and colonized by A. blazei [41],
different pH values (3.5, 4.5, 6.0 and 6.5), for H.
tawa [42], a pH of 8.0 for A. campestris used as
a biosorbent in the treatment of wastewater
containing Copper and Lead ions in a dynamic
process [43], an initial pH of 6.0 for the
biosorption of cupric ions for a chitosan
compound from A. bisporus [44], and for different
mushrooms [45], a pH between 5.0 and 7.0 for
removal of Chromium, Copper, Lead and
Mercury by different macromycetes [22,24,45]
and [48]. This is probably since the dominant
species (CrO42- and Cr2O72- of Cr ions in solution,
interact more strongly with the ligands carrying
positive charges [47,49].

1.0 g of A. bisporus biomass, (previously
sterilized at 15 pounds and 120oC, in 250 mL
Erlenmeyer flasks) was mixed with 100 mL of a
100 mg/L Chromium (VI) solution [at different pH
values, temperatures, concentrations of Cr (VI)
and biomass and 200 mg/L of other metals] and
were incubated at 28oC and 100 rpm, taking
aliquots of 5 mL each at different times, which
were centrifuged at 3000 rpm (5 min), and in the
respective supernatant was determined the metal
concentration
in
solution,
using
the
Diphenylcarbazide colorimetric method [37]. All
experiments were performed a minimum of 2
times in duplicate.

3. RESULTS AND DISCUSSION
The optimal time and pH for the removal of
Chromium (VI) by the biomass of the fungus A.
bisporus, was 100% at 21 minutes, pH 1.0, 100
rpm, 28oC and 1.0 g/100 mL of bioadsorbent,
with a concentration initial metal of 100 mg/L
(Fig. 2), using a Corning Pinnacle 530 model pH
meter and 1 M HNO3 to keep the pH value
constant, since the capture rate is controlled by
the rate at which the adsorbate it is transported
from the outside to the inside of the bioadsorbent
particles [38]. In this regard, a time of 240
minutes has been reported for the biosorption of
Cadmium (II) and Zinc (II) by the biomass of A.
bisporus [39], an optimum time of 2 hours for the
solutions of 100 mg/L and 500 mg/L of
Chromium (VI) with the modified biomass of
Pleurotus cornucopiae [40], 15 minutes for the
biosorption of Lead, Chromium and Copper by
the palm pod of peach modified and colonized by
Agaricus blazei [41], 20 hours of incubation with
0.59 mM Chromium (VI) for Hypocrea tawa [42],
240 minutes for 96.4% elimination Lead by
Agaricus campestris [43], 60 minutes with 8 g/L
of bioadsorbent for Copper biosorption for a
chitosan compound from A. bisporus [44], 2
hours for elimination of Chromium (VI) by
Pleutrotus sajor-cajor, Ganoderma lucidum and
Agaricus bitorquis [45], 120 minutes for the

On the other hand, at low concentrations of the
metal (200 mg/L and 28oC), the biomass studied
showed the best removal responses, adsorbing
100% at 60 minutes while with 1.0 g/L of Cr (VI),
removal was 90.3% (Fig. 3a). These results are
consistent for the removal of Mercury and Lead
contained in water effluents by P. ostreatus,
since at 60 minutes 90% of the metal is removed
in solution (50 mg/L) [18], for modified P.
cornucopiae, with a removal efficiency of 75.91%
and 48.01% with 100 mg/L and 500 mg/L of Cr
(VI, respectively [40], for H. tawa, in which, the
initial concentration of Cr (VI) is increased from
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G. lucidum and A. bitorquis, since the biosorption
of both metal ions increases, when increasing
their concentration from 25 to 200 mg/L [45],
which may be due to the increase in the number
of ions that compete for the functional groups
available on the surface of the biomass [46]. But
they are different for the removal of Copper (II)
by different macromycetes in which the optimum
removal temperature was 25oC [50]. While, at
60oC, the biomass studied removal 100% at 90
minutes with 1 000 mg/L of the metal (Fig. 3b).
With respect to other biomasses, these results
are similar for A. bisporus, in which by increasing
the temperature from 25 to 35 and 45oC, the
biosorption of Cd (II) and Zn (II) increases
significantly [39], for chitosan from A. bisporus,
Lead absorption increases from 92.76% to
94.1%, when the temperature increases from
10°C to 30°C [51], and in Pleurotus eryngii, the
elimination of 90% to 96% of Cd (II), when the
temperature was increased from 25 to 50°C [52].

0.59 to 4.13 mM, the biomass yield decreases
[42], for A. campestris and other macromycetes,
in which at an Initial concentration of metal ions
lower than 50 ppm, the biosorbent exhibited the
highest adsorption efficiencies [43]. While the
gradual increase in the concentration of Copper
and Lead in the medium culture, gradually
decreased the adsorption efficiencies of a
chitosan compound from A. bisporus, because
the maximum percentage Lead removal rate was
93.5% at an initial concentration of 20 mg/L,
while for high concentrations of the metal the
removal is lower [44], for the Agrocybe
cylindracea fungus treated with Fe3O4, because
when increasing the concentration of Cr (VI) from
20 to 1 000 mg/L, decreased the removal from
98.28% to 7.94% [45]. But, these results are
different for the biomass of A. bisporus, in which
the removal of Cd (II) and Zn (II) increases at a
higher concentration of heavy metals [39], for
removal of Cr (III) and Cr (VI) by P. sajor-cajor,

Fig. 2. Effect of pH and incubation time on the bioadsorption of Cr (VI) in aqueous solution by
the biomass of A. bisporus. 100 mg/L. 1 g of biomass, 28°C 100 rpm

b.- 60oC

a.- 28°C

Fig. 3. Effect of initial concentration of Cr (VI) on the bioadsorption of Cr (VI) in aqueous
solution by the biomass of A. bisporus. 1 g of biomass. 100 rpm. pH 1.0
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In the Fig. 4, the influence of the biomass
concentration for the removal of 1.0 g/L of Cr (VI)
is shown. If the amount of biomass is increased
from 1 to 5 g, the removal of the metal in solution
also increases, with 90.3%, with 1 g of biomass
at 160 minutes, while with 5 g of biomass, the
removal is 100 % at 100 minutes, at pH 1.0,
28oC and 100 rpm, because there are more
bioadsorption sites of it, since the amount of
bioadsorbent added determines the number of
binding sites available for the biosorption of
heavy metals [47,49]. Similar results have been
reported for three brown algae and one fungus
(Cystosiera compressa, Sargassum vulgare,
Turbinaria sp. and A. campestris), since by
gradually increasing the amount of biosorbent
from 0.1 to 1 g, the removal of metal ions Cu2+
and Pb2+ is increased [43], for the removal of
Lead
using
the
eggshell
(Dromaius
novaehollandiae) and a chitosan compound from
A. bisporus, with an increase in removal from
88.6% to 94.1% and concentrations of the
bioadsorbent from 3 to 7 g/L [44], for the biomass
of Lentinula edodes modified with MgCl2, the
elimination of Cd (II) and Cu (II) increases by
increasing the amount of the bioadsorbent of 1 at
5 g/L [53], for the elimination between 80% and
98% of Chromium, Copper, Manganese, Zinc,
Aluminum, Iron (III), Nickel and Cobalt, from
wastewater with 5 kg of biomass of A. bisporus
[48], for the removal of Mercury and Lead from
aquatic effluents by P. ostreatus, which
increases from 70% to 96%, by increasing the
biomass concentration from 1 to 5 g [18]. But
they are different for P. ostreatus nanoparticles,
where the adsorption capacity of Mn (II) in
aqueous solution decreases with increasing
adsorbent dose [54], and for the elimination of
Zirconium by G. lucidum [55].

On the other hand, industrial effluents frequently
contain more than one type of metal ion, which
can interfere in the elimination/recovery of the
metal of interest by the biomass to be studied
[47,49]. In this work, the presence of other
metals in solution such as Lead, Mercury, Cobalt
and Copper (200 mg/L), does not interfere
significantly with the removal of Cr (VI) in
solution, although removal takes between 10 and
30 minutes more (Fig. 5), which may be due to
the optimal removal pH found (1.0), and
coincides with some reports in the literature for
other biomasses where it is reported that the
presence of other metals (Na+, K+, Ca2+, Mg2+,
SO42-, NO3-, PO43-, Cl-) does not interfere
significantly in the adsorption of Cd (II) by P.
eryngii [52], for the biosorption of Copper in the
presence of Cl−, SO42−, NO3- and HCO3−, using
chemically modified chitosan beads [54], for the
removal of Cr (VI) by the pink shrimp of the Gulf
of Mexico (Farfantepenaeus duorarum) [56], for
Zhihengliuella sp. ISTPL4 does not interfere with
the removal of different heavy metals in the
presence of others [57]. But, they are different for
the biomasses of P. sajor-cajor, G. lucidum and
A. bitorquis, because in the presence of the
cations: Na+, Ca2+, and Al3+, and the anions Cl–,
NO32-, SO42-, and CH3COO–, the removal of Cr
(III) and Cr (VI) is affected in presence of cometallic cations and not by the presence of
anions [45], for the adsorption of Pb (II) ions and
Cu (II) in natural chitosan and chitosan treated
with H2SO4, increasing the concentration of NaCl
and NaNO3 decreases the elimination of Pb (II)
and Cu (II) [58], and for the yeast
Sacchamomyces cerevisiae, in which the
presence of heavy metals interferes with their
removal [59].

Fig. 4. Effect of initial concentration of the fungal biomass on the bioadsorption of Cr (VI) in
aqueous solution.1 g/L of Cr (VI). 100 rpm. pH 1.0
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Fig. 5. Effect of the presence of different heavy metals (200 mg/L) on the bioasorption of Cr (VI)
in aqueous solution. 200 mg/L of Cr (VI). 28°C.100 rpm. pH 1.0

P. osteratus, a reduction in the biosorption
efficiency of 14.21% was observed for Cr (VI),
8.37% for Cu (II ), 6.48% for Ni (II) and 1.84% for
Zn (II), respectively, after four adsorption cycles
[62], a high desorption efficiency of 100 mg/L of
Lead (II) after five adsorption/desorption cycles
with P. ostreatus biomass [19], for the desorption
of Cd2+, Cu2+, and Pb2+ by the fruiting body of the
gelatinous fungus Auricularia polytricha, with 85100% desorption of the heavy metals analyzed,
being more effective solutions of HNO3 0.05 and
0.1 M/L than those of NaCl 0.1 and 0.2 M/L,
while water deionized exhibited an insignificant
desorption capacity [63], the 20 cycles reported
for the removal of 25 µg/L of Lead (II) and
Chromium (VI) by P. ostreatus [19,64], and an
efficient desorption of Lead and less for
Cadmium by biochar of G. lucidum [65].

Also, the capacity of different solutions to desorb
the metal (1g/L) of the commercial strain of the
macromycete was analyzed, obtaining a high
efficiency with NaOH 0.1 N and 0.5 N (62.3%
and 70.4%) at 7 days of incubation, respectively
(Fig. 6). These results are similar for the
desorption of Cr (III) and Cr (VI) with P. sajorcajor, G. lucidum and A. bitorquis, in presence of
EDTA, CH3COOH, H2SO4, HCl and NaOH, which
desorb between 80% to 100% of the metals
studied [45], for the desorption of 95% of Pb (II)
and Cd (II) by Lactarius scrobiculatus, with 1 M
HNO3 [58]. Also, the desorption of Pb (II) and Cu
(II) by natural chitosan and chitosan treated with
H2SO4, increased with increasing eluent
concentration [60], for the increase in arsenic
desorption using chitosan, when increasing the
initial pH from 3.5 to 5.0 [61], for the biomass of

Fig. 6. Desorption of 1.0 g/L of Cr (VI) by different solutions. 28°C.100 rpm. pH 1.0
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Fig. 7. Bioremediation of Cr (VI) from soil and water contaminated with 297 mg/g soil (pH 6.8),
and 400 mg/L Cr (VI) (pH 8.2) (5 g of fungal biomass. 28oC, 100 rpm
In order to analyze the possible use of A.
bisporus biomass for the removal of metal from
industrial waste, a bioremediation test was
adapted in aqueous solution, incubating 5 g of
biomass with 20 g of non-sterile soil,
contaminated with 297 mg Chromium (VI)/g of
soil, pH 6.8, and 100 mL of water contaminated
with 400 mg of Chromium (VI)/L, pH 8.2,
resuspending the soil in trideionized water to a
final volume of 100 mL, at 28ºC, and 100 rpm,
observing that after 7 days of incubation the Cr
(VI) concentration of the soil and water samples
decreased between 66.1% and 76.2% (Fig. 7),
without significant changes in the total Chromium
content (data not shown). In the control of the
experiment (without biomass), the metal
concentration of the samples decreased between
7% and 14% (data not shown), which may be
caused by the autochthonous microflora and (or)
reducing components present in the samples
[46]. The chromium removal capacity from
wastewater by these biomasses is equal or
better than others analyzed, for example: The
removal
by
A.
bisporus
of
aromatic
hydrocarbons, Pyrene, Cadmium and Lead from
contaminated soils [66,67], the elimination of Cu
(II) (46.01%), Ni (II) (59.22%), Zn (II) 9.1% and
Cr (VI) (9.4%) from real effluents by P. osteratus
[59], the remediation in soils co-contaminated
with cadmium and endosulfan using Pleurotus
eryngii and Coprimun comatus [68], the
bioremediation of wastewater by A. bisporus [39],
the elimination of paracetamol and α-ethynyl
estradiol (EE2) from waters contaminated by
biomass from the stem of A. bisporus and L.
edodes [28], the bioremediation of colored
effluents by A. bisporus [32], the removal of
Mercury and Lead in water effluents [19], the
elimination of water contaminated with mercury

[68], and the bioremediation of wastewater
contaminated with Aluminum by A. bisporus [35].
Finally, the fungal biomass used in this work was
classified taking into account that when the
people of the region collect wild mushrooms,
they generally collect different non-toxic species
of the same genus, assuming they are the same
fungus and call them: Champignon (Champignon
c ): A. bisporus white strain and Portabella: A.
bisporus strain brown [69,70], and there are few
studies with these strains, such as: the
evaluation of the composition, total phenols and
antioxidant activity of wild edible mushrooms
(Agaricus sp., Boletus sp., and Macrolepiota sp.)
and two commercial edible mushrooms (A.
bisporus strain white or Portabella, and A.
bisporus strain brown) from the State of
Chihuahua, in northern Mexico, finding that wild
mushrooms had higher phenol content and
antioxidant
capacity
than
commercial
mushrooms [71].

4. CONCLUSION
Recently, the removal capacity of different heavy
metals from sites contaminated by low-cost
materials has been studied, with promising
results. These adsorbents include dead
microorganisms, clay minerals, agricultural
waste, industrial waste, and other materials. In
this work, the biomass of a commercial strain of
A. bisporus was analyzed for the removal of
Chromium (VI) in aqueous solution, with the
following conclusions:
1. The biomass of the commercial strain of A.
bisporus (white) eliminates 100 mg/L of Cr
(VI) at 21 minutes of incubation, with 1 g of
biomass, 28oC, pH 1.0 and 100 rpm.
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2. If the temperature is increased, the
removal efficiency is increased.
3. To lower metal concentration, is higher the
removal efficiency.
4. To higher the biomass concentration, the
removal efficiency increases.
5. The presence of other metals does not
interfere in the elimination of Chromium
(VI) by the analyzed biomass.
6. In bioremediation tests, it was found that
biomass efficiently removes metal from soil
and waters contaminated with Chromium
(VI), therefore, their application is viable for
its treatment, in addition, the biomass used
is natural, of easy obtained, handling, and
affordable cost.

6.

7.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no competing
8.

REFERENCES
1.

2.

3.

4.

5.

De Lucio-Flores A, Otazo-Sánchez EM,
Romero-Bautista L, Gaytán-Oyarzún JC.
Hongos
macroscópicos
como
bioacumuladores de metales pesados.
Pädi. 2021;8(16):60–65.
Available:https://doi.org/10.29057/icbi.v8i1
6.5823. Español.
Mena Echeverria A, Méndez Cortes H,
Ramírez Tobias HM, Rojas Velázquez AN.
Comparación de dos suelos para la
producción de inoculantes micorrizicos en
San Luis Potosí, S.L.P. México. Scientia
Fungorum. 2021;51(e1315):1-9.
DOI:10.3388/sf.2021.51.1315. Español.
Guilcapi Pacheco ED. Evaluación de la
diversidad de macromicetos en el bosque
Palictahua Cantón Penipe, provincial de
Chimborazo para proponer estrategias de
su conservación. Trabajo de Investigación
previo a la obtención del Título de Magíster
en Biodiversidad y Recursos Genéticos
Mención:
Recursos
Fitogenéticos
y
microrganismos asociados. 2020. Instituto
de Postgrado. Universidad Técnica del
Norte. Ibarra, Ecuador.
Available:http://repositorio.utn.edu.ec.
Español
Guzman G. Inventorying the fungi of
Mexico. Biodiversity Conservation. 1998;7:
369–384.
https://doi.org/10.1023/A:1008833829473
Martínez Ventura DR. Biodiversidad y
distribución de macromicetes a través de un

9.

10.

11.

12.

23

gradiente altitudinal en el volcán de San
Vicente, El salvador. Tesis. Licenciado en
Biología. Escuela de Biología. Facultad de
Ciencias Naturales. Universidad de El
Salvador. San Salvador; 2021.
DOI: 10.13140/RG.2.2.35236.40328.
Español.
Palestina-Villa EN, Villegas M, GaribayOrijel R. Medel-Ortíz R. (2020). Las
especies
conocidas
de
Agaricus
(Agaricales, Agaricaceae) en México, una
actualización y revisión nomenclatural.
Scientia
Fungorum.
2020;50:1-15.
DOI: https://doi.org/10.33885/sf.2020.50.1
269. Español.
Sánchez C, Moore D, Robson G, Trinci T.
A 21st Century miniguide to fungal
biotechnology.
Mexican
Journal
of
Biotechnology. 2020;5(1):11-42.
Available:https://doi.org/10.29267/mxjb.20
20.5.1.11
Loftus MG, Sánchez C, Moore D, Robson
G, Trinci T. A 21st miniguide to sporophone
morphogenesis
and
development
y
Agaricomycetes
and
their
biological
potential. Mexican Journal of Biotechnology.
2020;5(2);1-50.
Available:https://doi.org/10.29267/mxjb.20
20.5.1.11
Hernández-Sánchez B, Santa Cruz-Juárez
E, Moore D, Sánchez C. Bioactive
compounds from fungi with antiviral
activities: Mechanism of action and
bioshyntetic pathways. Mexican Journal of
Biotechnology. 2021;6(1):165-189.
Available:https://doi.org/10.29267/mxjb.20
21.6.1.165
Doniz Padilla L, Cárdenas González JF,
Martínez Juárez VM, Acosta Rodríguez I.
Población de hongos macromicetos en la
estación “Las Palomas” de la Cuenca de la
Esperanza, del Estado de Guanajuato.
Tlatemoani. 2010;4:1-12.
Available:https://www.eumed.net.rev
›
tlatemoani › pgr. Español.
Pérez-Silva E. Hongos de zonas urbanas:
Ciudad de México y Estado de México.
Scientia Fungorum. 2018;47:57-66.
DOI:10.33885/sf.2018.47.1193. Español.
López-García A, Pérez-Moreno J, JiménezRuiz M, Ojeda-Trejo E, Delgadillo-Martínez
J,
Hernández-Santiago
F.
(2020).
Conocimiento tradicional de hongos de
importancia
biocultural
en
siete
comunidades de la región chinanteca del
estado de Oaxaca, México. Scientia
Fungorum. 2020;50:1-13.

Rodríguez et al.; JAMB, 21(11): 15-27, 2021; Article no.JAMB.75464

13.

14.

15.

16.

17.

18.

19.

Available:https://doi.org/10.33885/sf.2020.
50.1280. Español.
Cervantes-Gámez RG, Peñuelas-Rubio O,
Araujo-Benard N, Fierro-Coronado RA,
Trejo-Aguilar D, Maldonado-Mendoza IE.
Diversidad
de
hongos
micorrízicos
arbusculares
asociados
a
plantas
voluntarias de maíz en suelos de transición:
ecosistema natural-uso agrícola. Scientia
Fungorum. 2021;51(e1330):1-13.
DOI:10.33885/sf.2021.51.1330. Español.
Pinzón JP, De la Fuente J, Uitzil-Coli MO.
Los hongos silvestres comestibles de la
peninsula de Yucatán. Herbario Cicy.
Centro de Investigación Científica de
Yucatán. 2021;13:102-109.
Available:http://www.cicy.mx/sitios/desde_h
erbario. Español.
González-Chicas E, Capello S, Cifuentes J,
Torres-de la Cruz M. New record of
Boletales (Basidiomycota) in a tropical oak
forest from Mexican southeast. Botanical
Sciences. 2019;97(3):423-432.
DOI: https://doi.org/10.17129/botsci.2099.
López-Piña D, Samaniego-Rubiano C,
Morales-Estrada I, Gutiérrez A, GaitánHernández R, Esqueda M. Características
morfológicas
de
Ganoderma
subincrustatum silvestre y cultivada en
Sonora, México. Scientia Fungorum. 2019;
49(e1213):1-5.
Available:https://doi.org/10.33885/sf.2019.
49.1213. Español.
Omran BA. Facing Lethal Impacts of
Industrialization via Green and Sustainable
Microbial Removal of Hazardous Pollutants
and Nanobioremediation. In: Shah M.P.
(eds) Removal of Emerging Contaminants
Through Microbial Processes. Springer,
Singapore; 2021.
Available: https://doi.org/10.1007/978-98115-5901-3_7
Frutos I, García-Delgado C, Garate A.
Eymar E. Biosorption of heavy metals by
organic carbon from spent mushroom
substrates and their raw materials.
International Journal of Environmental
Science and Technology. 2016;13:2713–
2720.
DOI:10.1007/s13762-016-1100-6
Eliescu A, Georgescu AA, Nicolescu CM,
Bumbac M, Cioateră N, Mureșeanu M.
Biosorption of Pb(II) from Aqueous
Solution Using Mushroom (Pleurotus
ostreatus) Biomass and Spent Mushroom
Substrate. Analytical Letters. 2020;53(14):
2292-2319.

20.

21.

22.

23.

24.

25.

26.

27.

24

Available:https://doi.org/10.1080/00032719
.2020.174072219.
Chiocchetti GM, Latorre T, Clemente MJ,
Jadan-Piedra C, Devesa V, Velez D. Toxic
trace elements in dried mushrooms: Effects
of cooking and gastrointestinal digestion on
food safety. Food Chemistry. 2020;306:2-7.
Art. 125478.
DOI: 10.1016/j.foodchem.2019.125478
Bahadori MB, Sarikurkcu C, Yalcin OU,
Cengiz M,
Halil Gungor
H.
Metal
concentration, phenolics profiling, and
antioxidant
activity
of
two
wild
edible Melanoleuca mushrooms
(M.
cognata and M. stridula). Microchemical
Journal. 2019;150:2-6. Article 104172.
DOI:10.1016/j.microc.2019.104172
Jin Y, Zhang M, Jin Z, Wang G, Li R, Zhang
X, et al. Characterization of biochars
derived from various spent mushroom
substrates and evaluation of their
adsorption performance of Cu(II) ions from
aqueous solution. Environmental Research.
2021;196:110323.
DOI: 10.1016/j.envres.2020.110323
Zhang G, Liu N, Luo Y, Zhang H, Su L, Oh
K, et al. Efficient Removal of Cu(II), Zn(II),
and Cd(II) from Aqueous Solutions by a
Mineral-Rich Biochar Derived from a Spent
Mushroom (Agaricus bisporus). Substrate
Materials. 2021;14(35):1-17.
DOI: 10.3390/ma14010035
Vallejo Aguilar MLA, Marín Castro MA,
Ramos Cassellis ME, Silva Gómez S.E,
Ibarra Cantún D, Tamariz Flores JV.
Biosorción y tolerancia de Pb, Cr y Cd por
la biomasa de Pleurotus ostreatus (Jaq. Ex
Fr.) P. Kumm. Revista Mexicana de
Ciencias Agricolas. 2021;12(2):275-289.
Available:https://dialnet.unirioja.es › servlet
› articulo. Español.
Chang J, Zhang H, Cheng H, Tan Y,
Chang M, Caso Y, et al. Spent Ganoderma
lucidum substrate derived biochar as a
new bio-adsorbent for Pb2+/Cd2+ removal
in water. Chemosphere. 2019;241:125121.
DOI: 10.1016/j.chemosphere.2019.125121
Asemoloye MD, Chukwka KS, Jonathan
SG. Spent mushroom compost enhances
plant response and phytoremediation of
heavy metal polluted soil. Journal of Plant
Nutrition and Soil Science. 2020;183:492499.
Available:https://doi.org/10.1002/jpln.2020
00044
Vaseem H, Singh VK, Singh MP. An
ecofriendly approach to decontaminate toxic

Rodríguez et al.; JAMB, 21(11): 15-27, 2021; Article no.JAMB.75464

28.

29.

30.

31.

32.

33.

34.

metals from coal washery effluent using the
mushroom Pleurotus ostreatus. SN Applied
Sciences. 2020;2(1588):1-11.
DOI: 10.1007/s42452-020-03376-9
Menk JJ, Soares do Nascimento AI, Gómez
Leite F, Angrizani de Oliveira A, Faustino
Jozala
A,
et
al.
Biosorption
of
pharmaceutical products by mushroom
stem waste. Chemosphere. 2019;237:
124515.
DOI: 10.1016/j.chemosphere.2019.124515
Mayans B, Camacho-Arévalo R, GarcíaDelgado C, Anton-Herrero R, Escolástico C,
Segura ML, et al. An assessment of
Pleurotus
ostreatus
to
remove
sulfonamides, and its role as a biofilter
based on its own spent mushroom
substrate. Environmental Science Pollution
Research. 2020;28:7032-7042.
DOI: 10.1007/s11356-020-11078-3
Drumm FC, Pfigsten Franco DS, Georgin J,
Grassi P, Jhan SL, Dotto GL. Macro-fungal
(Agaricus bisporus) wastes as an adsorbent
in the removal of the acid red 97 and crystal
violet dyes from ideal colored effluents.
Environmental Science Pollution Research.
2021;28:405-415.
DOI: 10.1007/s11356-020-10521-9.
Odeon MK, Ogutcu M, Akko E.
Investigation of dye removal performance
using from synthetic wastewater containing
malachite green. International Journal of
Ecosystems and Ecology Sciences. (IJEES)
2020;10(2):375-384.
DOI: https://doi.org/10.31407/ijees10.218
Cano M, Ner, C, López AL, Castorena JH,
Santiago V. Remoción de colorantes
textiles utilizando Trametes versicolor,
Pleorutus ostreatus y Agaricus bisporus.
Avances en Ciencias e Ingeniería.
2021;12(1):1-11.
Available:https://dialnet.unirioja.es › servlet
› articulo. Español.
Bernardo D, Pérez Cabo A, NovaesLedieu M, Pardo J, García Mendoza C.
Comparative effect of the fungicide
prochloraz-Mn on Agaricus bisporus
vegetative mycelium and fruit-body cell
walls. International Microbiology. 2004;7:
277-281.
Available:www.im.microbios.org
Novaes-Ledieu M, Martínez JA, García
Mendoza C. The structure of the mycelial
wall of Agaricus bisporus. Microbiología.
Publicación de la Sociedad Española de
Microbiología. 1987;3:(1)13-24.
PMID: 3269795.

35.

36.

37.

38.

39.

40.

41.

42.

43.

25

Corral-Bobadilla M, González-Marcos A,
Vergara-González EP, Alba-Elías F.
Bioremediation of Waste Water to Remove
Heavy Metals Using the Spent Mushroom
Substrate of Agaricus bisporus. Water.
2019;11(454):1-15.
DOI: 10.3390/W11030454
Da Rocha Ferreira GL, Vendruscolo F,
Antoniosi Filho NR. Biosorption of
hexavalent
chromium
by
Pleorotus
ostreatus.
Helyon.
2019;5(3):e01450.
DOI: 10.1016/j.heliyon.2019.e01450
Greenberg AE, Clesceri LS, Eaton AD.
Standard methods for the examination of
water and wastewater. 18a. ed. American
Public Health Association. Washington DC.
1998;3.58-3.60.
Verma A, Chakraborty S, Basu JK.
Adsorption study of hexavalent chromium
using tamarind hull-based adsorbents.
Separation and Purification Technology.
2006;50:336–341.
Available:https://doi.org/10.1016/j.seppur.2
005.12.007
Nagy B, Manzatu C, Maica Neanu A,
Indolean C, Lucian BT, Majdik C. Linear
and nonlinear regression analysis for heavy
metals removal using Agaricus bisporus
macrofungus. Arabian Journal of Chemistry.
2017;10:S3569-S3579.
DOI: 10.1016/j.arabjc.2014.03.004
Xu F, Liu X, Chen Y, Zhang K,
Xu H. Self-assembly modified-mushroom
nanocomposite for rapid removal of
hexavalent chromium from aqueous
solution with bubbling fluidized bed.
Scientific Reports. 2016;6:1-11.
DOI: https://doi.org/10.1038/srep26201
Massocatto C, de Andrade, Honorato AC.
Biosorption of Pb2+, Cr3+, and Cu2+ by peach
palm sheath modified colonized by Agaricus
blazei. Desalination Water Treatment. 2016;
57(42):19927-19938.
Available:https://doi.org/10.1080/19443994
.2015.1107503
Morales-Barrera L, Guillén-Jiménez FM,
Ortiz-Moreno A, Villegas-Garrido TL,
Sandoval-Cabrera A, Hernández-Rodríguez
CH, et al. Isolation, identification and
characterization of a Hypocrea tawa strain
with high Cr(VI) reduction potential.
Biochemical Engineering Journal. 2008;40:
284–292.
DOI: 10.1016/j.bej.2007.12.014
Negm A, Abd El Wahed MG, Hassan ARA
Abou Kana MTH. Feasibility of metal
adsorption using brown algae and fungi:

Rodríguez et al.; JAMB, 21(11): 15-27, 2021; Article no.JAMB.75464

44.

45.

46.

47.

48.

49.

50.

51.

Effect of biosorbents structure on
adsorption isotherm and kinetics. Journal of
Molecular
Liquids.
2018;264:292–305.
DOI: 10.1016/j.molliq.2018.05.027
Anantha RK, Kota S. An evaluation of the
major factors influencing the removal of
copper ions using the egg shell (Dromaius
novaehollandiae):
chitosan
(Agaricus
bisporus) composite. 3 Biotech. 2016;
6(83):1-16.
DOI: 10.1007/s13205-016-0381-2
Hanif MA, Bhatti HN, Bhatti IA, Asghar M.
Biosorption of Cr(III) and Cr(VI) by newly
isolated white rot fungi: batch and column
studies. Asian Journal of Chemistry.
2011;23(8):3375-3383.
Available:http://www.asianjournalofchemist
ry.co.in
Lia X, Zhang D, Sheng F, Qing H.
Adsorption characteristics of Copper (II),
Zinc II) and Mercury (II) by four kinds of
immobilized fungi residues. Ecotoxicological
Environmental Safety. 2018;147:357–366.
DOI: 10.1016/j.ecoenv.2017.08.058.
Abbas SH, Ismail IM, Mostafa TM, AH,
Sulaymon AH. Biosorption of heavy metals:
A Review. Journal of Chemical Science and
Technology. 2014;3(4):74-102.
Available:https://www.researchgate.net/pu
blication/266795209
Mancipe Calderón NG, Arias Rodríguez S.
Remoción de mercurio y plomo contenido
en efluentes de agua por el Pleurotus
ostreatus inmovilizado en diferentes
materiales. Tesis licenciatura. Ingeniero
Químico.
Facultad
de
Ingeniería.
Universidad de los Andes. Bogotá,
Colombia; 2020.
Available:http://hdl.handle.net/1992/48760.
Español.
Pradhan D, Sukla LB, Sawyerb M, Rahman
PKSM. Recent bioreduction of hexavalent
chromium in wastewater treatment: A
review.
Journal
Indian
Engineering
Chemistry. 2017;55:1–20.
DOI: 10.1016/j.jiec.2017.06.040
Jin Y, Zhang M, Jin Z, Wang G, Li R, Zhang
X, et al. Characterization of biochars
derived from various spent mushroom
substrates and evaluation of their
adsorption performance of Cu(II) ions from
aqueous solution. Environmental Research.
2021;196:110323.
DOI: 10.1016/j.envres.2020.110323.
Kumari AR, Sobha K. Removal of lead by
adsorption with the renewable biopolymer
composite
of
feather
(Dromaius

52.

53.

54.

55.

56.

57.

58.

59.

26

novaehollandiae) and chitosan (Agaricus
bisporus). Environmental Technology &
Innovation. 2016;6:11–26.
DOI: 10.1016/j.eti.2016.04.004
Amin F, Talpur FN, Balouch A, Samoon
MK, Afridi HI, Ali Surhio M. Utilization of
Pleurotus eryngii biosorbent as an
environmental
bioremedy
for
the
decontamination of trace cadmium(II) ions
from water system. Water Science &
Technology. 2018;78(5):1148-1158.
Available:https://doi.org/10.2166/wst.2018.
365
Xie H, Zhao Q, Zhou Z, Wu Y, Wang H, Xu
H. Efficient removal of Cd(II) and Cu(II) from
aqueous solution by magnesium chloridemodified Lentinula edodes. Royal Society of
Chemical Advances. 2015;5:33478-33488.
DOI: 10.1039/c4ra17272h
Ma M, Peng Y, Wu B, Lei D, Xu H. (2013).
Pleurotus ostreatus nanoparticles as a new
nano-biosorbent for removal of Mn(II) from
aqueous solution. Chemical Engineering
Journal. 2013;225:59-67.
DOI: 10.1016/j.cej.2013.03.044
Hanif A, Bhatti HN, Hanif MA. Removal of
zirconium from aqueous solution by
Ganoderma lucidum: biosorption and
bioremediation studies. Desalination Water
Treatment. 2015;53(1):195-205.
Available:https://doi.org/10.1080/19443994
.2013.837005
Tovar J, Hernández N, Rodríguez A,
Cárdenas JF, Martínez VM. Acosta I.
Remoción de Cromo hexavalente en
solución acuosa por la biomasa de la
cáscara de camarón rosado del Golfo de
México
(Farfantepenaeus
duorarum).
Avances en Ciencias e Ingeniería.
2020;11(4):35-45.
Available:http://www.executivebs.org/publi
shing.cl/category/revista-aci/ Español.
Gupta B, Mishra A, Singh R, Thakur IS.
Fabrication of calcite based biocomposites
for catalytic removal of heavy metals from
electroplating
industrial
effluent.
Environmental Technology and Innovation.
2021;21(1-14):101278.
DOI: 10.1016/j.eti.2020.101278
Kamaria A, Wan Ngah WS. Isotherm,
kinetic and thermodynamic studies of lead
and copper uptake by H2SO4 modified
chitosan. Colloids Surf B: Biointerfaces.
2009;73:257–266.
DOI: 10.1016/j.colsurfb.2009.05.024.
Massoud R, Hadiani MR, Khosravi Darani
K. Bioremediation of heavy metals in food

Rodríguez et al.; JAMB, 21(11): 15-27, 2021; Article no.JAMB.75464

industry: Application of Saccharomyces
water. Chemosphere. 2020;241:125121.
cerevisiae. Electron J Biotechnology.
DOI:10.1016/j.chemosphere.2019.125121.
2019;37:56-60.
66. García-Delgado C, Yunta F, Eymar E.
Available:https://doi.org/10.1016/j.ejbt.201
Bioremediation of multi polluted soil by
spent moushroom (Agaricus bisporus)
8.11.003
60. Anayurt RA, Sari A, Tuzen M. Equilibrium,
substrate: polycyclic aromatic hydrocarbons
thermodynamic and kinetic studies on
degradation and Pb availability. Journal of
biosorption of Pb(II) and Cd(II) from
Hazardous Materials. 2015;300:281-288.
aqueous
solution
by
macrofungus
DOI: 10.1016/j.jhazmat.2015.07.008
(Lactarius
Scrobiculatus)
biomass. 67. García-Delgado C, Alonso-Izquierdo M,
Chemical Engineering Journal. 2009;151:
González-Izquierdo M, Yunta F, Eymar E.
255-261.
Purification of polluted water with spent
mushroom (Agaricus bisporus) substrate:
DOI:10.1016/j.cej.2009.03.002
61. Kwok KCM, Foong Koong L, Chen G,
from agricultural waste to biosorbent of
McKay G. Mechanism of arsenic removal
phenanthrene, Cd, and Pb. Environ.
using chitosan and nanochitosan. Journal
Technol. 2017;38(13-14):1792-1799.
Colloid Interface Science. 2014;416:1-10.
DOI: 10.1080/09593330.2016.1246614.
DOI: 10.1016/j.jcis.2013.10.031.
68. Wang Y, Zhang B, Chen N, Wang C, Feng
62. Javaid A, Bajwa R, Shafique U, Anwar J.
S, Xu H. Combined bioremediation of soil
Removal of heavy metals by adsorption on
co-contaminated
with
cadmium
and
Pleurotus
ostreatus.
Biomass
and
endosulfan by Pleurotus eryngii and
Coprinus comatus. Journal of soils and
Bioenergy. 2011;35(5):1675-1682.
DOI: 10.1016/j.biombioe.2010.12.035
sediments. 2018;18(6);2136-2147.
63. Huang H, Cao L, Wan Y, Zhang R, Wang
DOI: 10.1007/s11368-017-1762-9
W. Biosorption behavior and mechanism of 69. Văcar CL, Covaci E, Chakraborty S, Li B,
heavy metals by the fruiting body of jelly
Weindorf DC, Frențiu T, Pârvu M, Podar D.
fungus
(Auricularia
polytricha)
from
Heavy Metal-Resistant Filamentous Fungi
aqueous solutions. Applied Microbiology
as Potential Mercury Bioremediators.
and Biotechnology. 2012;96:829-840.
Journal
of
Fungi.
2021;7(386):1-21.
DOI: 10.1007/s00253-011-3846-6
Available:https://doi.org/10.3390/jof705038
64. Vallejo Aguilar MLA. Utilización de lacasa
6
de Pleurotus ostreatus y su biomasa 70. Callac P. El género Agaricus En: Cultivo,
residual para la degradación de colorantes
Mercadotecnia e Inocuidad Alimentaria de
Agaricus bisporus. 1ª. ed. José E. Sánchez
azoicos y la remoción de metales en aguas
residuales. Tesis Doctoral. Posgrado en
Vázquez, Daniel J. Royse y Hermilo Leal
Ciencias Ambientales. 2021. Instituto de
Lara, Eds. ECOSUR, El Colegio de la
Ciencias.
Benemérita
Universidad
Frontera Sur, Cap. 2007;119-36. Español.
Autónoma de Puebla.
71. Palestina-Villa EN, Villegas M, GaribayAvailable:https://hdl.handle.net/20.500.1237
Orijel R, Medel-Ortíz R. Las especies
conocidas
de
Agaricus
(Agaricales,
1/12695. Español.
65. Chang J, Zhang H, Cheng H, Tan Y, Chang
Agaricaceae) en México, una actualización
M, Caso Y, et al. Spent Ganoderma
y
revisión
nomenclatural.
Scientia
lucidum substrate derived biochar as a new
Fungorum. 2020;50:1-15. Español.
bio-adsorbent for Pb2+/Cd2+ removal in
DOI: 10.33885/sf.2020.50.1269
_________________________________________________________________________________
© 2021 Rodríguez et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/75464

27

