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Abstract
Global food production faces challenges concerning access to nutritious and sustainably produced food. Pleurotus djamor, 
however, is an edible mushroom that can be cultivated on agricultural waste. Considering that nutritional and functional 
potential of mushrooms can change based on cultivation conditions, we examined the influence of substrates with differ-
ent compositions of banana leaf and sugarcane bagasse on the nutritional, mycochemical, and antioxidant properties of P. 
djamor. The mushrooms were grown for 120 days and dried in a circulating air oven at 45 °C for three days. We conducted 
bromatological analyses and mycochemical characterization (1H-NMR, total phenolics, and flavonoids) of the mushrooms 
and assayed the antioxidant activity of extracts from the dried mushrooms using an ethanol/water solution (70:30 v/v). In 
general, the substrates produced mushrooms with high protein (18.77 ± 0.24% to 17.80 ± 0.34%) and dietary fiber content 
(18.02 ± 0.05% to 19.32 ± 0.39%), and with low lipid (0.28 + 0.08% to 0.4 + 0.6%), and caloric content (maximum value: 
258.42 + 8.49), with no significant differences between the groups (p ≥ 0.05). The mushrooms also exhibited high levels 
of total phenolics and flavonoids. The mushrooms cultivated on sugarcane bagasse substrates presented the highest values 
(p < 0.05). Analysis of the 1H-NMR spectra indicates an abundant presence of heteropolysaccharides, β-glucans, α-glucans, 
and oligosaccharides, and all the mushroom extracts exhibited high antioxidant activity. In conclusion, our study dem-
onstrates that agricultural residues permit sustainable production of edible mushrooms while maintaining nutritional and 
functional properties.
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Introduction

Mushrooms have been consumed as food and for their 
nutritional and medicinal properties for thousands of years. 
These fungi are considered a significant source of bioactive 
ingredients and present high contents of polysaccharides, 
proteins, dietary fibers, proteoglycans, vitamins like ribofla-
vin and thiamine, and minerals such as potassium, phospho-
rus, magnesium, iron, and copper, as well as antioxidants, 
terpenoids, lectins, phenolics/polyphenolics, polysaccha-
rides, and ergosterols [1]. Consumption of mushrooms is 
associated not only with nutritional benefits and health but 
also with sensory attributes [2].

Currently, there are around 2,000 edible mushroom spe-
cies worldwide. The button mushroom (Agaricus bisporus), 
the shiitake (Lentinula edodes), and the oyster mushroom 
(Pleurotus spp.) are among the most cultivated and con-
sumed species in Brazil and the world (Wan Mahari et al., 
3). Global mushroom consumption is about 12.74 million 
tons and is projected to increase to 20.84 million tons by 
2026 [4]. Due to ease of cultivation and high biological effi-
ciency of Pleurotus spp, they account for about 25% of the 
global production of mushrooms, [5].

Species of the Pleurotus genus are classified as sapro-
phytic. Some of the most common species in this genus are 
Pleurotus ostreatus (“oyster mushroom”), P. djamor (“pink 
oyster”), P. citrinopileatus (“golden oyster”), and P. eryngii 
(“king oyster”), among others. Thanks to an extensive enzy-
matic system capable of degrading and utilizing organic 
compounds [6], these species can utilize lignocellulosic 
substrates to develop, including byproducts from the food 
industry such as tea residues and spent beer grains [2].

The edible mushroom Pleurotus djamor Rumph. ex 
Fr. Boedijn (Basidiomycota) is naturally found in Brazil, 
in the north, the south, the northeast, and Paraíba state. P. 
djamor can be cultivated on various substrates and presents 
a shorter fruiting period than other commercial species of 
the genus. P. djamor is rich in proteins, dietary fibers, essen-
tial amino acids, carbohydrates, water-soluble vitamins 
and minerals, and abundant in bioactive molecules that can 
influence health [5]. The indigenous Yanomami people of 
Brazil have historically consumed P. djamor, especially 
when hunting was scarce. They mention that P. djamor is 
found on embauba tree trunks and, to a lesser extent, in the 
forests [7].

Cultivating edible mushrooms may help address the chal-
lenge of producing and consuming foods with fewer negative 
impacts on the environment yet offer beneficial biochemical 
components to human nutrition and health. Such cultivation 
follows the 17 Sustainable Development Goals (SDGs) of 
the United Nations’ 2030 Agenda for social, economic, and 
environmentally sustainable development [8]. Mushroom 

cultivation represents a crucial biotechnological alternative 
for obtaining high-value nutritional and medicinal foods. It 
also enhances agricultural sustainability by recycling agro-
industrial products. Moreover, when well managed within 
efficient systems (e.g., circular chain), mushroom produc-
tion can increase crop profitability since the waste generated 
during production can also serve as both animal feed and 
soil improvement agents [9, 10].

Banana production and sugarcane cultivation hold signif-
icant social and economic importance for Northeastern Bra-
zil. The “Brejo” microregion of Paraíba (Brazil) is a major 
banana producer at around 100,000 tons yearly. Sugarcane 
production in Brazil has witnessed a growth of 56.7% 
(231 million tons) between 2006 and 2017 [11]. Inadequate 
management of wastes generated from these activities could 
lead to serious environmental problems, including green-
house gas emissions, pest proliferation, and nitrogen immo-
bilization in the soil (Zárate-Salazar et al., 2020).

In Pleurotus spp. cultivation, substrate plays a crucial 
role due to its direct influence on productivity, chemical 
composition, functional attributes, nutritional content, and 
sensory characteristics [13]. Studies indicate that substrate 
composition variations affect mushroom yield and broma-
tological quality. Selecting an appropriate residual material 
as a substrate is essential for P. djamor cultivation since it 
will serve as a source of nutrition and lignocellulosic mate-
rial to support growth, development, and fruiting [6]. In this 
context, the present study aims to analyze the influence of 
substrates using banana leaves and sugarcane bagasse (in 
differing percentages) on the nutritional potential, myco-
chemical attributes, and antioxidant properties of P. djamor.

Materials and methods

Production of edible mushrooms

Inoculation

The biological material for inoculum preparation was the 
strain P. djamor PDJR2/UFPB, provided by the Edible 
Mushroom Research & Production Group at the Federal 
University of Paraíba. Preparation of the inoculum followed 
the methodology outlined by Moreaux [14] and Zárate-
Salazar et al. (2020) with few modifications. Initially, 
canary grass seeds (Phalaris canariensis L.) were cooked 
for 20  min. After air-drying, 3  g of calcium carbonate 
(CaCO3) and 13 g of calcium sulfate (CaSO4) per kilogram 
of the cooked grain were added. The material was sterilized 
in an autoclave at 121 °C and 103.4 kPa for 30 min. Then, 
5 disks of 1 cm2, containing potato dextrose agar with P. 
djamor mycelium were aseptically transferred to the grains. 
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The mixed material was incubated in darkness for 15 days 
at 28 ± 2°C until complete mycelial proliferation and subse-
quently stored in a refrigerator at 10 °C for use in the inocu-
lation stage.

Substrate preparation

Two types of substrates were used to cultivate the P. djamor 
mushrooms: banana leaves (Musa spp.) and sugarcane 
bagasse (Saccharum spp.), combined in 5 formulations as 
presented in Table  1. The substrates were obtained from 
local producers (Areia, Brazil) of bananas, rapadura (unre-
fined sugar), and cachaça (sugarcane spirit). The materials 
were individually air-dried in a greenhouse, then crushed 
to 0.5–1 cm particle sizes and sifted through a 2 mm metal 
screen. The homogeneous mixture was transferred to 
polypropylene bags (25 cm × 30 cm), and distilled water 
was added until achieving an average moisture content of 
66.70 ± 5.21%. The substrates were then sterilized in an 
autoclave at 120 °C and 103.4 kPa for 60 min [6].

Mushroom cultivation

The bags containing the substrates were inoculated at a ratio 
of 4 g of P. djamor per kilogram of sterilized substrate. The 
material was kept in the absence of light at 24 ± 2 °C and 
85 ± 1% relative humidity for 15 days until complete myce-
lial colonization. Two vertical cuts of 5 cm each were made 
on either side of each bag to stimulate fungal growth. The 
bags were then transferred to a fruiting area and maintained 
at 28 ± 2 °C, relative humidity of 92 ± 1%, and a light inten-
sity of 200 lx (8.5 volts). Automated daily spraying of 2 L 
of water was conducted throughout the production process 
to maintain the optimal humidity range in the cultivation 
room. The total time from the inoculation to harvesting was 
120 days. The harvested mushrooms were dried in a circu-
lating air oven at 45 °C for three days. The dried mushrooms 
were then ground into a powder using a knife mill with a 
10-mesh sieve. The resulting powder was stored in dry con-
tainers for subsequent analyses [12].

Bromatological analysis of mushrooms

Bromatological analysis of the dried mushrooms was per-
formed in accordance with the Association of Official Ana-
lytical Chemists – AOAC (2016) standards [15]. Moisture 
content was determined by drying in an oven (Med clave 
- Model 4) set at 105 °C for 24 h. Water activity was deter-
mined by directly reading the sample using a water activ-
ity measuring device (Aqua lab - Model Dew point 4). Ash 
was analyzed gravimetrically after sample incineration in 
a muffle furnace (Jung - Model 0612) at 550 °C for eight 
hours. Protein content was quantified using the Kjedahl 
method, adopting a conversion factor of 4.38 (in place of 
6.25) for total nitrogen - crude protein, due to the high pro-
portions of non-proteic N in mushrooms [16]. Total fat was 
determined using prior cold extraction with chloroform and 
methanol in a 2:1 ratio and subsequent gravimetric quanti-
fication, according to the method of Folch et al. [17]. Crude 
fiber content was analyzed gravimetrically after sequential 
digestion with 1.25% H2SO4 and 1.25% NaOH. The total 
carbohydrate content was estimated by difference, accord-
ing to Eq. 1 [9]:

%Carbohydrate =100 − (%Moisture + %Ashes+
%Protein + %Fat + %Crude fiber)

� (1)

The energy value was determined according to Eq. 2 [9]:

Energy (kcal/100 g) = (4 × gCarbohydrate)
+ (4 × gProtein) + (9 × gFat)

� (2)

Preparation of mushroom extracts

To prepare the extracts, 2 g of dried P. djamor mushrooms 
were extracted by maceration with 50 mL of ethanol/water 
solution (70:30 v/v) at room temperature and protected from 
light for five days. The extracts were then filtered with a 
0.45 μm nylon syringe filter, stored under refrigeration, and 
protected from light [18].

Mycochemical characterization of the extracts

1H nuclear magnetic resonance spectrometry (1H NMR)

To obtain the 1H NMR spectra, we used dimethyl sulfox-
ide (DMSO-d6, 99.96 atom % D, containing 0.03% (v/v) 
TMS) solvent purchased from Sigma (Sigma Co., St Louis, 
MO). For analysis of the P. djamor hydroalcoholic extracts, 
we used the method proposed by Refaie et al. (2009), with 
some modifications. Three 30 mg aliquots of each extract 
were weighed and solubilized in 550 µL of DMSO. The 

Table 1  Various substrate formulations used to grow Pleurotus djamor
Substrates Banana leaves Sugarcane bagasse
100%BL 100% 0%
75%BL + 25%SB 75% 25%
50%BL + 50%SB 50% 50%
25%BL + 75%SB 25% 75%
100%SB 0% 100%
BL: banana leaves; SB: sugarcane bagasse
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signal, and finally, a binning spectrum was obtained with a 
range of 0 to 11 ppm and a range of 0.040 ppm.

We applied two methods of exploratory data analysis, 
namely Principal Component Analysis (PCA) and Hierar-
chical Cluster Analysis (HCA), using PAST software (ver-
sion 4.03). The data were derived from the matrix generated 
from binning spectroscopy, and prior normalization was 
performed. PCA was executed using the cross-validation 
method. The binning spectrum, generated in MestReNova®, 
led to a data table (matrix) processed in Microsoft Excel® 
and exported in.csv format to PAST (version 4.03).

Total phenolic content

The total phenolic content of the extracts was determined 
using Folin-Ciocalteu reagent with gallic acid as the stan-
dard phenolic compound [20]. For the assay, we mixed 
200 µL of mushroom extract or gallic acid, 40 µL of Folin-
Ciocalteu reagent, and 1640 µL of distilled water and then 
homogenized by stirring for 1 min. We then added 120 µL of 
a 15% sodium carbonate solution. The mixture was stirred 

resulting solution was transferred to an NMR tube (inner 
diameter: 5  mm, length: 7 inches) for 1H NMR spectral 
analysis (Fig. 1). The 1H NMR spectra were obtained on 
a Bruker ASCEND 500 MHz spectrometer (Bruker, Cov-
entry, UK), and followed the parameters shown in Table 2. 
Chemical shifts for all samples were referenced using the 
DMSO-d6 solvent signal at 2.50 ppm. The spectra were 
processed using MestReNova® (MNova) software - version 
14.2.0. The 1H NMR spectra were subjected to preprocess-
ing based on referencing procedures for the solvent signal, 
baseline correction, phase correction, alignment, normal-
ization of the total spectrum area, removal of the solvent 

Table 2  Acquisition parameters for the 1H-NMR spectra of Pleurotus 
djamor
Parameters Dada
Number of Scans 8
Gain 101.0
Relaxation Delay 4.6100
Pulse Rate 8.0000
Pre-saturation frequency 3.36150
Acquisition time 3.2768

Fig. 1  1 H-NMR spectra (500 MHz, DMSO-d6) of Pleurotus djamor. 
B. Region between 4.1–5.4 corresponds to anomeric proton signals. 
C. Region between 3.4-4.0 corresponds to other protons belonging to 

osidic units. D. Region between 0.55–3.3 indicates aliphatic hydro-
gens or methyl groups linked to glycosylated chain hydrogens
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DPPH assay

The antiradical activity was determined by DPPH radi-
cal (purple coloration) methodology - hydrogen donation, 
which reduces to form a yellow-colored DPPH-H (hydra-
zine), according to Rufino et al. [23]. Initially, we prepared 
a DPPH solution (1.18 mg in 50 mL of ethanol). Appropri-
ate aliquots of the samples were then mixed with ethanol 
to obtain final concentrations ranging from 12.5 µL/mL to 
100 µL/mL. After 30 min of incubation in the dark, we read 
the absorbance at 515 nm in a spectrophotometer. We used 
ethanol as a blank and ascorbic acid (3µM to 23 µM) as 
the positive control. The percentage of sequestering activ-
ity (%SA) was calculated using Eq. 3. Acontrol is the absor-
bance of the control, containing only the ethanolic solution 
of DPPH, and Asample is the absorbance of the radical in the 
presence of the extract or the standard ascorbic acid. The 
results were expressed as µM ascorbic acid equivalents per 
mL of the extract (µM AAE/mL).

Statistical analysis

All experiments involving physicochemical analysis, total 
phenolic and flavonoid content, and antioxidant activity 
were performed in triplicate, and the results were expressed 
as mean ± SD (standard deviation). Normal distribution of 
the data was assessed with the Shapiro-Wilk normality test, 
and homogeneity of variance was assessed using Bartlett’s 
test. We performed a one-way ANOVA analysis of vari-
ance to determine significant differences (p < 0.05) between 
treatments, and when significant, we applied Tukey’s test. 
All analyses were performed using R software Version 4.1.0 
in the RStudio interface [24].

Results

The data for the physicochemical analysis of P. djamor 
mushrooms cultivated in different substrate compositions 
are presented in Table 3. Overall, due to the nature of the 
cultivation substrates, the data reveal non-significant varia-
tions in values (p ≥ 0.05). The dried mushrooms maintained 
an average moisture content ranging from 16.09 ± 1.25% to 
12.06 ± 2.88%, while water activity varied from 0.50 ± 0.21 
to 0.67 ± 0.05. Ash content ranged from 4.51 ± 0.23% to 
5.05 ± 0.04%. The protein content was uniform among the 
mushrooms, ranging from 17.80 ± 0.34% to 18.77 ± 0.24%. 
The lipid content was low, around 0.24% ± 0.06 to 
0.43 ± 0.17. The lipid content in the 25%BL + 75%SB and 
100%SB composition was higher than in mushrooms cul-
tivated in the other substrates (p < 0.05). The crude fiber 
content of the mushrooms varied from 18.02 ± 0.05% 

and stood for 2 h, protected from light. After the reaction 
period, absorbance was detected at 760 nm. The total phe-
nolic content was expressed as µg gallic acid equivalents 
per mL of extract (µgGAE/mL), using an equation obtained 
from the calibration curve of the gallic acid standard (20 to 
100 µg/mL).

Total flavonoid content

Total flavonoid content was determined using the method 
of Tambe & Bhambar [21], with quercetin as the flavonoid 
standard. We mixed 200 µL of mushroom extract or querce-
tin and 1000 µL of a 5% aluminum chloride (AlCl3) solu-
tion in methanol for the assay. The volume was completed 
with distilled water to 2000 µL. After 10 min, the absor-
bance was measured in a spectrophotometer at 425 nm. The 
total flavonoid content was expressed as µg of quercetin 
equivalents per mL of extract (µgQE/mL), using the equa-
tion obtained from the calibration curve of the gallic acid 
standard (10 to 50 µg/mL).

Antioxidant activity

ABTS assay

The 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS) radical cation scavenging activity assay was per-
formed according to the methodology of Re et al. [22]. 
The ABTS radical cation was prepared by reacting a 7 mM 
aqueous solution of ABTS (2.5 mL) with 140 mM of potas-
sium persulfate (44 µL). The mixture was kept in the dark 
for 16 h. Before the assay, the ABTS reagent was diluted 
with ethanol to obtain an absorbance of 0.70 ± 0.05 at 
734 nm. We then mixed appropriate aliquots of the extracts 
with 1800 µL of the ABTS radical solution to obtain final 
concentrations of 12.5 µL/mL to 100 µL/mL. The solutions 
were kept without light for 6 min before reading absorbance 
at 734 nm in a spectrophotometer using an ethanol blank. 
We used Trolox (2 µM to 16 µM), a water-soluble vitamin 
E analog for a positive control. The percentage of scav-
enging activity (% SA) was calculated according to Eq. 3, 
described below:

%SA = (100×( Acontrol − Asample )) / (Acontrol) � (3)

Where Acontrol is the absorbance of the control, containing 
only the ethanolic ABTS solution, and Asample is the absor-
bance of the radical in the presence of the extract or Trolox. 
The results were expressed as µM trolox equivalents per mL 
of the extract (µM TE/mL).

1 3

1121



Brazilian Journal of Microbiology (2024) 55:1117–1129

to 19.32 ± 0.39%, and carbohydrate content was around 
42.13 ± 1.85% to 46.30 ± 3.39%. The highest average 
energy value was found for the 75%BL + 25%SB treatment 
at 258.42 kcal/100 g. However, the results were similar to 
the other groups (p ≥ 0.05).

The 1H-NMR spectroscopic data revealed a set of signals 
from the various compounds present in the mixture. Visu-
ally comparing the spectra before and after data grouping 
revealed no changes. No alterations were detected in the 
behavior of the scores when compared to the preliminary 
PCA, indicating that the principal information was not 
modified by data reduction. Unused regions of the spectra 
were removed to avoid analysis interference. No distortion 
of spectral signals was observed after aligning the spectra 
in the new dataset, demonstrating that the peak shifts were 
satisfactorily corrected. The analysis of 1H-NMR spectra 
indicated an abundant presence of polysaccharides. The 
spectra exhibited characteristic signals of anomeric protons 
in 4.1–5.4 (Fig.  1A) and other signals related to protons 
from osidic units between 3.4 and 4.0 (Fig. 1B). There were 
also intense signals at 0.55–3.3, indicating the presence of 
aliphatic hydrogens or methyl groups linked to hydrogen in 
glycosylated chains (Fig. 1C).

Fourteen principal components (PC) were necessary to 
construct the PCA model, and 69.166% of the explained 
variance was accumulated in the first two components 
(PC1 and PC2) (Fig. 2). Figure 2A displays the scores plot 
of the first two PCs and reveals that the mushrooms from 
the 25%BL + 75%SB, 50%BL + 50%SB, 75%BL + 25%SB, 
and 100%BL treatments tend to cluster with low dispersion 
in the PCA model. The treatments were grouped according 
to the presence of hydrogen signals, with relative shifts to 
anomeric protons and protons belonging to osidic units, as 
observed in the loadings plot (Fig.  2B), suggesting little 
difference in their metabolic profiles. However, the 100% 
SB treatment and its corresponding replicas clustered on 
the opposing side. These signals also presented shifts in 
the sugar protons region, with lower shifts between 0.8 and 
2.9 related to methyl groups or sugars. Two distinct groups 
emerged in the analysis, with no sample lying outside the 
Hotelling Ellipse (95%). Similar results were also observed 
in the cluster analysis using the UPGMA method, adopting 
the Euclidean distance with a cophenetic correlation coef-
ficient of 0.9 and significant bootstrapping.

The total polyphenol and flavonoid contents in P. djamor 
mushrooms are presented in Table  3. Polyphenol content 
was higher in mushrooms cultivated on substrates with 
higher proportions of sugarcane bagasse (25%BL + 75%SB, 
and 100%SB), with a significant difference compared to 
the other groups (p < 0.05). The mushrooms exhibited 
total polyphenol values ranging from 123.65 ± 13.58 to 
480.17 ± 98.78 µg GAE/mL. Increased sugarcane bagasse 
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Fig. 2  PCA analysis of 1 H-NMR data from hydroalcoholic extracts of Pleurotus djamor. (A) Score plot with 87.94% of the variance explained in 
the first two components (PC1 and PC2). (B) Loadings graph of PC1 and PC2
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on 25%BL + 75%SB presented lower µM TE/mL than the 
others (p < 0.05). No differences were observed between 
mushrooms regarding µM AAE/mL (p ≥ 0.05).

Discussion

Culturing P. djamor mushrooms on the substrates formu-
lated in this study were suitable for producing mushrooms 
with high protein, dietary fiber, phenolic, and low lipid con-
tent. Lignocellulosic materials from local agronomic wastes 
support sustainable food production, being readily available 
and primarily underutilized.

content in the substrates also led to a significant rise in fla-
vonoids. The groups 50%BL + 50%SB, 25%BL + 75%SB, 
and 100%SB presented higher total flavonoid values (µg 
QE/mL) compared to the other groups (p < 0.05).

Considering the polyphenol and flavonoid contents, 
we analyzed their antioxidant capacity using the DPPH 
(Fig.  3A) and the ABTS (Fig.  4A) methods. At 100 µL/
mL, all extracts exhibited high antioxidant activity in both 
tests, with radical scavenging activity variations between 
83.01% and 91.6%. No significant differences were 
detected between mushrooms cultivated on either substrate 
(p ≥ 0.05). We calculated the trolox equivalents (µM TE/
mL) (Fig. 3B) and ascorbic acid equivalents (µM AAE/mL) 
(Fig. 4B) per mL for all extracts. The mushrooms cultivated 

Fig. 4  Effect of different substrate formulations on the antioxidant capacity of Pleurotus djamor mushrooms. Values are expressed as means ± SD. 
a: significant difference compared to 25%BL + 75%SB. b: significant difference compared to 100%BL. FB: banana leaves; BC: sugarcane bagasse

 

Fig. 3  Effect of different substrate formulations on the antioxidant capacity of Pleurotus djamor mushrooms. Values are expressed as means ± SD. 
a: significant difference compared to 25%BL + 75%SB. b, : significant difference compared to 100%BL. FB: banana leaves; BC: sugarcane bagasse
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To achieve more sustainable and healthy dietary patterns 
in the future, consumption of animal products should be 
limited, and alternative sources should be sought. The con-
sumption of red meat has been associated with a range of 
cardiometabolic issues [37] and its production significantly 
contributes to greenhouse gas emissions [38]. Fungi-based 
proteins are thus gaining popularity as alternatives to ani-
mal proteins. Edible mushrooms have been recognized as 
good sources of high-quality protein, and they can be used 
by individuals who do not consume animal protein [39]. In 
the context of a diverse diet, P. djamor cultivated under the 
conditions adopted in this study may serve as a sustainable 
alternative source of proteins.

The results suggest that mushrooms are a good source of 
carbohydrates as a major constituent (Table 3). The aver-
ages are similar to those reported by [9] and slightly lower 
than those reported by [27], respectively, with values of 
41.45–51.06% and 48.36–52.37%. Lipid content was as low 
as expected (Table 3); mushrooms generally present low-fat 
contents, making them low-calorie foods [32]. Fat was the 
only parameter that showed significant differences among 
the macronutrients, with mushrooms cultivated in the sub-
strate composed of 25%BL + 75%SB and 100%SB present-
ing the highest fat percentages (Table 3). Hasan et al. (2015) 
found that the lipid content of P. djamor decreased as the 
substrate base was supplemented with sugarcane bagasse, 
with values ranging from 3.58 to 6.34%. Another study has 
reported lipid percentages in P. djamor ranging from 1.63 
to 2.09% [40]. These variations in data may be attributed to 
the species, the growth medium, or the analytical methods 
used [41].

Energy values ranged from 245.71 to 258.42 kcal/100 g 
(Table 3), with no significant differences between treatments. 
The results fall within the 240.55 to 295.36 kcal/100 g range 
previously reported for P. djamor var. roseus by [40]. The 
World Health Organization [42] recommends reducing con-
sumption of energy-dense, high-fat, and high-sugar foods 
to prevent noncommunicable diseases such as diabetes and 
heart disease. In alignment with WHO recommendations, 
the Dietary Guidelines for the Brazilian Population [43] 
advises consuming minimally processed or unprocessed 
foods for a healthy diet. P. djamor (in line with both dietary 
guidelines) cultivated under the conditions of the present 
study proves to be strategic when consumed in minimally 
processed forms, offering a balanced nutritional value.

Mycochemical components provide edible mushrooms 
with functional biological properties for human nutrition 
and health. Bromatological analysis and 1H-NMR spec-
tra of P. djamor mushrooms indicated a rich presence of 
polysaccharides, which are common in extracts of edible 
mushrooms of the Pleurotus genus and are the most studied 
metabolites in this species [44]. They are the predominant 

Fresh mushrooms are composed mainly of water, mak-
ing them highly perishable. To extend their shelf life, they 
are often sold in dried form [25, 26]. In the present study, 
the mushrooms also underwent a drying process, and their 
moisture values after drying (Table  3), were much lower 
than the moisture content of fresh P. eryngii mushrooms 
(85.10%) cultivated on sugarcane bagasse [6]. Yet the val-
ues were similar to those reported for P. sajor caju (13.14%) 
and P. djamor (11.54%) subjected to cabinet drying oven at 
60 °C [27].

Water activity is an important quality parameter, espe-
cially in dehydrated foods, since it refers to the water 
available for microbial growth, affecting product stability 
during storage [28, 29]. Our results (Table  3) align with 
those observed in dried P. ostreatus at temperatures of 45 to 
65 °C, with values ranging from 0.556 to 0.597 [30]. How-
ever, they were above the range of 0.236 to 0.436 observed 
for P. djamor powders obtained through drying combined 
with blanching and sulfiting [29]. The variations may well 
be attributed to the different drying techniques and equip-
ment used in the experiments. Although no significant differ-
ences were found between treatments (Table 3), lower water 
activity values were generally observed in the samples with 
lower moisture content. This was expected, as water activity 
is influenced by water removal [28].

Ash content is essential for understanding the mineral 
content in food [31]. Compared with previous P. djamor 
studies where ash contents ranged from 5.24 to 6.98% 
and 5.91% [27, 32] our ash concentrations (Table 3) were 
slightly lower. Under the conditions of the present study, 
no statistical difference was observed in the ash content due 
to different substrates. Similar behavior was reported by 
Valenzuela-Cobos et al. [33] for P. djamor cultivated from 
wheat straw and peat moss in various proportions; they 
found no significant influence of substrate on ash content. 
Yet when cultivated from wheat bran supplemented with 
sugarcane bagasse (20%), P. djamor presented the effects 
of supplementation, and ash concentrations reached up to 
9.51% [34].

The literature contains several studies with similar 
results regarding P. djamor mushroom nutritional composi-
tion. Nayak et al. [35] and Das et al. [36] investigated the 
physicochemical properties of dried P. djamor mushroom 
powder and also found high amounts of protein and fiber, 
with low energy values. In a study conducted by [9], P. 
djamor was cultivated in three different substrates com-
posed of rice straw, corncobs, and coffee pulp. Unlike our 
study, they detected a significant effect of the different sub-
strates on the protein content of the samples, with a range of 
21.61–27.09%. These examples highlight the influence of 
substrate type on the nutritional composition of P. djamor 
mushrooms.
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activity. Phenolic acids are very commonly found in edible 
mushrooms. Tannic acid, gallic acid, protocatechuic acid, 
p-coumaric acid, ferulic acid, 5-O-Caffeoylquinic acid, 
syringic acid, gentisic acid, cinnamic acid, and vanillic acid 
are examples of phenolic compounds commonly found in P. 
djamor mushrooms [57, 60–63].

Just as the nutritional profile can be modified according to 
the substrate in which mushrooms are cultivated, the content 
of mycochemical components and antioxidant activity can 
also vary. We used five different compositions of sugarcane 
bagasse and banana leaves and detected significant changes 
in mycochemical characterization without affecting the anti-
oxidant activity of the mushrooms. We used two controls 
to cross-validate the results to increase the reliability of the 
antioxidant activity analyses. In this sense, we used trolox 
and ascorbic acid, which are antioxidant compounds with 
different chemical structures and activity profiles. Agro-
industrial residues such as agave bagasse and barley straw 
have also been used to cultivate P. djamor mushrooms [58]. 
The researchers found that the cultivation substrate influ-
ences the concentration of bioactive molecules in P. djamor 
fruiting bodies. Similarly, rice straw, corncobs, and coffee 
pulp have also been shown to modify the mycochemical 
profile and antioxidant activity of P. djamor [9].

Conclusion

This study showed that using agronomic waste such as 
banana leaves and sugarcane bagasse allowed the produc-
tion of P. djamor mushrooms with a high content of nutri-
ents and antioxidant mycochemicals. We highlight the 
presence of proteins, dietary fibers, polysaccharides, and 
antioxidant compounds related to the bioactivity attributed 
to P. djamor mushrooms. Few studies have been conducted 
with P. djamor to assess its prebiotic activity and result-
ing beneficial effects on human health. However, due to 
its interesting fiber content and based on our results, future 
investigations into its in vitro/in vivo prebiotic potential are 
warranted. Similarly, using this mushroom to produce other 
food products (either in flour or dehydrated powder form) 
promises enhanced nutritional value.
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components in mushroom extracts, as the major fraction 
corresponds to carbohydrates and a small fraction to soluble 
proteins [19]. When using substrates with varying agricul-
tural residue compositions, certain variations in the result-
ing mix of compounds present in the fungal extracts are 
expected due to the differences. The signals obtained from 
the spectra may correspond to a mixture of polysaccharides 
commonly found in the species, such as heteropolysac-
charides, β-glucans, α-glucans, and oligosaccharides, as is 
reported in the literature for extracts of the species [44–48] 
These fiber-like components, phenolic compounds, and fla-
vonoids are relevant since they directly relate to antioxidant 
and prebiotic activity.

We applied two exploratory data analysis methods (PCA 
and HCA) to identify patterns, similarities, or differences 
in the hydroalcoholic extracts of P. djamor. The mushroom 
extracts are complex mixtures comprising various compo-
nents (metabolites, proteins, carbohydrates, etc.), causing 
extensive overlap of chemical shifts and signal amplitudes. 
Due to this characteristic and the volume of generated data, 
we employed statistical analyses to uncover hidden relation-
ships among the samples through unsupervised exploration 
[49]. The 1H-NMR technique is a fundamental tool in car-
bohydrate analysis; however, assigning resonance signals 
from specific sugar residues can be challenging with unidi-
mensional experiments due to signal overlap. Bidimensional 
correlation NMR experiments can assist in resolving inter-
pretation issues. However, bidimensional experiments were 
unnecessary because our primary goal was to understand 
the chemical profile of the extracts and identify potential 
differences among them through visual graphical represen-
tation. We can conclude that groups exhibit signals in the 
sugar region indicative of polysaccharides. However, there 
is a slight difference in the chemical profile of the group 
formed by 100%SB compared to the mushrooms that grew 
with banana leaf substrates. Future studies may investigate 
the components responsible for this difference.

Fiber-like polysaccharide compounds influence lipid 
metabolism by reducing fats and sugars’ absorption and 
increasing fecal matter volume [50] Further, they interact 
with the human intestinal microbiome, producing a prebi-
otic effect [51, 52]. These polysaccharides confer antioxi-
dant activity to extracts without cytotoxic effects, enhancing 
protection against H2O2-induced oxidative stress in cellular 
models [45]. Studies with other Pleurotus species, such as P. 
ostreatus and P. eryngii have confirmed this immunomodu-
latory potential [53], antitumor [54], and improved cardio-
metabolic parameters [55].

Previous studies have demonstrated the presence of myc-
ochemical components in P. djamor mushrooms, which con-
fer antioxidant activity [56–59]. Total phenolic compounds 
and flavonoid content are generally related to antioxidant 

1 3

1126



Brazilian Journal of Microbiology (2024) 55:1117–1129

17.	 Folch J, Lees M, Sloane Stanley GH (1957) A simple method 
for the isolation and purification of total lipides from animal 
tissues. J Biol Chem 226:497–509. https://doi.org/10.1016/
S0021-9258(18)64849-5

18.	 Sharif S, Shahid M, Mushtaq M, Akram S, Rashid A (2017) Wild 
mushrooms: a potential source of nutritional and antioxidant attri-
butes with acceptable toxicity. Prev Nutr Food Sci 22:124–130. 
https://doi.org/10.3746/pnf.2017.22.2.124

19.	 Refaie F, Esmat A, Daba A, Aplicada ST-M (2009) Characteriza-
tion of polysaccharopeptides from Pleurotus Ostreatus mycelium: 
assessment of toxicity and immunomodulation in vivo. Redaly-
cOrg 21:67–75

20.	 Slinkard K, Singleton VL (1977) Total phenol analysis: auto-
mation and comparison with manual methods. Am J Enol Vitic 
28:49–55. https://doi.org/10.5344/AJEV.1977.28.1.49

21.	 Tambe VD, Bhambar RS (2014) Estimation of Total Phenol, Tan-
nin, Alkaloid and Flavonoid in Hibiscus Tiliaceus Linn. Wood 
Extracts. Research & Reviews: Journal of Pharmacognosy and 
Phytochemistry 2:41–7

22.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-
Evans C (1999) Antioxidant activity applying an improved 
ABTS radical cation decolorization assay. Free Radic Biol Med 
26:1231–1237. https://doi.org/10.1016/S0891-5849(98)00315-3

23.	 Rufino M do, Alves SM, de Brito RE, Pérez-Jiménez ES, Saura-
Calixto J, Mancini-Filho F (2010) J. Bioactive compounds and 
antioxidant capacities of 18 non-traditional tropical fruits from 
Brazil. Food Chem 121:996–1002. https://doi.org/10.1016/J.
FOODCHEM.2010.01.037

24.	 R Core Team R: A language and environment for statistical com-
puting 2021

25.	 Marçal S, Sousa AS, Taofiq O, Antunes F, Morais AMMB, Frei-
tas AC et al (2021) Impact of postharvest preservation methods 
on nutritional value and bioactive properties of mushrooms. 
Trends Food Sci Technol 110:418–431. https://doi.org/10.1016/J.
TIFS.2021.02.007

26.	 Azeem U, Hakeem KR, Ali M (2020) Commercialization and 
conservation. Fungi for Human Health. Springer, pp 97–106. 
https://doi.org/10.1007/978-3-030-58756-7_8

27.	 Siti-Nuramira J, Farhana R, Nabil S, Jafari SM, Raseetha S 
(2022) Impact of drying methods on the quality of grey (Pleuro-
tus Sajor Caju) and pink (Pleurotus Djamor) oyster mushrooms. 
J Food Meas Charact 16:3331–3343. https://doi.org/10.1007/
S11694-022-01435-W/FIGURES/8

28.	 Mandliya S, Vishwakarma S, Mishra HN (2022) Modeling of 
vacuum drying of pressed mycelium (Pleurotus Eryngii) and its 
microstructure and physicochemical properties. J Food Process 
Eng 45:e14124. https://doi.org/10.1111/JFPE.14124

29.	 Nayak H, Kushwaha A, Chand K, Kushwaha K, Kulshrestha K, 
Shahi NC et al (2018) Effect of drying parameters on water activ-
ity of pink oyster mushroom (Pleurotus djamor) powder. J Phar-
macogn Phytochem 7:2288–2292

30.	 Engin D (2020) Effect of drying temperature on color and desorp-
tion characteristics of oyster mushroom. Food Sci Technol 
40:187–193. https://doi.org/10.1590/FST.37118

31.	 Ao T, Deb CR (2019) Nutritional and antioxidant potential of some 
wild edible mushrooms of Nagaland, India. J Food Sci Technol 
56:1084–1089. https://doi.org/10.1007/S13197-018-03557-W/
METRICS

32.	 Naknaen P, Itthisoponkul T, Charoenthaikij P (2015) Proximate 
compositions, nonvolatile taste components and antioxidant 
capacities of some dried edible mushrooms collected from Thai-
land. J Food Meas Charact 9:259–268. https://doi.org/10.1007/
S11694-015-9231-X/METRICS

33.	 Valenzuela-Cobos JD, Rodríguez-Grimón RO, Zied DC, Grijalva-
Endara A, Garcés-Moncayo MF, Garín-Aguilar ME et al (2019) 
Chemical composition and biological properties of Pleurotus 

References

1.	 El-Ramady H, Abdalla N, Badgar K, Llanaj X, Törős G, Hajdú 
P et al (2022) Edible mushrooms for sustainable and healthy 
human food: Nutritional and Medicinal attributes. Sustainability 
14:4941. https://doi.org/10.3390/su14094941

2.	 Carrasco-González JA, Serna-Saldívar SO, Gutiérrez-Uribe 
JA (2017) Nutritional composition and nutraceutical properties 
of the Pleurotus fruiting bodies: Potencial use as food ingredi-
ent. J Food Compos Anal 58:69–81. https://doi.org/10.1016/j.
jfca.2017.01.016

3.	 Wan Mahari WA, Peng W, Nam WL, Yang H, Lee XY, Lee YK et 
al (2020) A review on valorization of oyster mushroom and waste 
generated in the mushroom cultivation industry. J Hazard Mater 
400:123156. https://doi.org/10.1016/J.JHAZMAT.2020.123156

4.	 Shirur M, Barh A, Annepu SK (2021) Sustainable Production of 
Edible and Medicinal Mushrooms: Implications on Mushroom 
Consumption. In: Hebsale Mallappa VK, Shirur M, editors. Cli-
mate Change and Resilient Food Systems, Singapore: Springer 
pp. 315–46. https://doi.org/10.1007/978-981-33-4538-6_12/
TABLES/7

5.	 Niego AG, Rapior S, Thongklang N, Raspé O, Jaidee W, 
Lumyong S et al Macrofungi as a nutraceutical source: promising 
bioactive compounds and market value. J Fungi 2021;7. https://
doi.org/10.3390/jof7050397

6.	 Sardar H, Ali MA, Anjum MA, Nawaz F, Hussain S, Naz S et 
al (2017) Agro-industrial residues influence mineral elements 
accumulation and nutritional composition of king oyster mush-
room (Pleurotus Eryngii). Sci Hortic 225:327–334. https://doi.
org/10.1016/J.SCIENTA.2017.07.010

7.	 Sanuma OI, Tokimoto K, Sanuma C, Autuori J, Sanuma LR, 
Sanuma M et al (2016) Enciclopédia dos Aliment Yanomami 
(Sanöma): Cogumelos :108

8.	 Renard D, Tilman D (2019) National food production stabilized 
by crop diversity. Nature 2019 571:7764 571:257–60. https://doi.
org/10.1038/s41586-019-1316-y

9.	 Vega A, De León JA, Miranda S, Reyes SM (2022) Agro-
industrial waste improves the nutritional and antioxidant profile 
of Pleurotus Djamor. Clean Waste Syst 2:100018. https://doi.
org/10.1016/J.CLWAS.2022.100018

10.	 Grimm D, Wösten HAB (2018) Mushroom cultivation in the 
circular economy. Appl Microbiol Biotechnol 102:7795–7803. 
https://doi.org/10.1007/s00253-018-9226-8

11.	 IBGE - Instituto Brasileiro de Geografia e Estatística (2023) 
Censo Agropecuário 2017 2017. https://censoagro2017.ibge.gov.
br/templates/censo_agro/resultadosagro/index.html

12.	 Zárate-Salazar JR, Santos MN, Caballero ENM, Martins OG, 
Herrera ÁAP (2020) Use of lignocellulosic corn and rice wastes 
as substrates for oyster mushroom (Pleurotus Ostreatus Jacq.) 
Cultivation. SN Appl Sci 2:1–10. https://doi.org/10.1007/
s42452-020-03720-z

13.	 Bellettini MB, Fiorda FA, Maieves HA, Teixeira GL, Ávila S, 
Hornung PS et al (2019) Factors affecting mushroom Pleuro-
tus spp. Saudi J Biol Sci 26:633–646. https://doi.org/10.1016/j.
sjbs.2016.12.005

14.	 Moreaux K (2017) Spawn production. In: Diego CZ, Pardo-
Giménez A (eds) Edible and Medicinal mushrooms: Tech-
nology and Applications. Wiley, pp 89–128. https://doi.
org/10.1002/9781119149446.CH5.

15.	 Latimer-Jr (2016) GW. Official Methods of Analysis of AOAC 
International, 20th edn. AOAC International, Washington

16.	 Kalač P (2013) A review of chemical composition and nutritional 
value of wild-growing and cultivated mushrooms. J Sci Food 
Agric 93:209–218. https://doi.org/10.1002/JSFA.5960

1 3

1127

https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.3746/pnf.2017.22.2.124
https://doi.org/10.5344/AJEV.1977.28.1.49
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/J.FOODCHEM.2010.01.037
https://doi.org/10.1016/J.FOODCHEM.2010.01.037
https://doi.org/10.1016/J.TIFS.2021.02.007
https://doi.org/10.1016/J.TIFS.2021.02.007
https://doi.org/10.1007/978-3-030-58756-7_8
https://doi.org/10.1007/S11694-022-01435-W/FIGURES/8
https://doi.org/10.1007/S11694-022-01435-W/FIGURES/8
https://doi.org/10.1111/JFPE.14124
https://doi.org/10.1590/FST.37118
https://doi.org/10.1007/S13197-018-03557-W/METRICS
https://doi.org/10.1007/S13197-018-03557-W/METRICS
https://doi.org/10.1007/S11694-015-9231-X/METRICS
https://doi.org/10.1007/S11694-015-9231-X/METRICS
https://doi.org/10.3390/su14094941
https://doi.org/10.1016/j.jfca.2017.01.016
https://doi.org/10.1016/j.jfca.2017.01.016
https://doi.org/10.1016/J.JHAZMAT.2020.123156
https://doi.org/10.1007/978-981-33-4538-6_12/TABLES/7
https://doi.org/10.1007/978-981-33-4538-6_12/TABLES/7
https://doi.org/10.3390/jof7050397
https://doi.org/10.3390/jof7050397
https://doi.org/10.1016/J.SCIENTA.2017.07.010
https://doi.org/10.1016/J.SCIENTA.2017.07.010
https://doi.org/10.1038/s41586-019-1316-y
https://doi.org/10.1038/s41586-019-1316-y
https://doi.org/10.1016/J.CLWAS.2022.100018
https://doi.org/10.1016/J.CLWAS.2022.100018
https://doi.org/10.1007/s00253-018-9226-8
https://censoagro2017.ibge.gov.br/templates/censo_agro/resultadosagro/index.html
https://censoagro2017.ibge.gov.br/templates/censo_agro/resultadosagro/index.html
https://doi.org/10.1007/s42452-020-03720-z
https://doi.org/10.1007/s42452-020-03720-z
https://doi.org/10.1016/j.sjbs.2016.12.005
https://doi.org/10.1016/j.sjbs.2016.12.005
https://doi.org/10.1002/9781119149446.CH5
https://doi.org/10.1002/9781119149446.CH5
https://doi.org/10.1002/JSFA.5960


Brazilian Journal of Microbiology (2024) 55:1117–1129

50.	 Nie Y, Luo F (2021) Dietary Fiber: an opportunity for a Global 
Control of Hyperlipidemia. Oxid Med Cell Longev 2021:5542342. 
https://doi.org/10.1155/2021/5542342

51.	 Singdevsachan SK, Auroshree P, Mishra J, Baliyarsingh B, 
Tayung K, Thatoi H (2016) Mushroom polysaccharides as poten-
tial prebiotics with their antitumor and immunomodulating prop-
erties: a review. Bioactive Carbohydr Diet Fibre 7:1–14. https://
doi.org/10.1016/J.BCDF.2015.11.001

52.	 Aida FMNA, Shuhaimi M, Yazid M, Maaruf AG (2009) Mush-
room as a potential source of prebiotics: a review. Trends Food Sci 
Technol 20:567–575. https://doi.org/10.1016/J.TIFS.2009.07.007

53.	 Panda SK, Luyten W (2022) Medicinal mushrooms: clinical per-
spective and challenges. Drug Discov Today 27:636–651. https://
doi.org/10.1016/J.DRUDIS.2021.11.017

54.	 Elhusseiny SM, El-Mahdy TS, Awad MF, Elleboudy NS, Farag 
MMS, Yassein MA et al (2021) Proteome Analysis and in Vitro 
Antiviral, Anticancer and antioxidant capacities of the aque-
ous extracts of Lentinula edodes and Pleurotus Ostreatus Edi-
ble mushrooms. Molecules 26:4623. https://doi.org/10.3390/
MOLECULES26154623

55.	 Dicks L, Ellinger S (2020) Effect of the intake of Oyster mush-
rooms (Pleurotus Ostreatus) on cardiometabolic Parameters—A 
systematic review of clinical trials. Nutrients 12:1134. https://doi.
org/10.3390/NU12041134

56.	 Nayak H, Kushwaha A, Behera PC, Shahi NC, Kushwaha KPS, 
Kumar A et al (2021) The Pink Oyster Mushroom, Pleurotus 
djamor (Agaricomycetes): a potent antioxidant and hypoglycemic 
Agent. Int J Med Mushrooms 23:29–36. https://doi.org/10.1615/
INTJMEDMUSHROOMS.2021041411

57.	 Puttaraju NG, Venkateshaiah SU, Dharmesh SM, Urs SMN 
(2006) Somasundaram R. Antioxidant Activity of Indigenous 
Edible Mushrooms. J Agric Food Chem 54:9764–9772. https://
doi.org/10.1021/JF0615707

58.	 Cruz-Moreno BA, Pérez AAF, García-Trejo JF, Pérez-García 
SA, Gutiérrez-Antonio C (2023) Identification of second-
ary metabolites of interest in Pleurotus djamor using Agave 
tequilana Bagasse. Molecules 28:557. https://doi.org/10.3390/
molecules28020557

59.	 Sudha G, Janardhanan A, Moorthy A, Chinnasamy M, Gunas-
ekaran S, Thimmaraju A et al (2016) Comparative study on the 
antioxidant activity of methanolic and aqueous extracts from 
the fruiting bodies of an edible mushroom Pleurotus Djamor. 
Food Sci Biotechnol 25:371–377. https://doi.org/10.1007/
S10068-016-0052-4/METRICS

60.	 Palacios I, Lozano M, Moro C, D’Arrigo M, Rostagno MA, 
Martínez JA et al (2011) Antioxidant properties of phenolic com-
pounds occurring in edible mushrooms. Food Chem 128:674–
678. https://doi.org/10.1016/J.FOODCHEM.2011.03.085

61.	 Gąsecka M, Mleczek M, Siwulski M, Niedzielski P (2016) 
Phenolic composition and antioxidant properties of Pleurotus 
ostreatus and pleurotus eryngii enriched with selenium and zinc. 
Eur Food Res Technol 242:723–732. https://doi.org/10.1007/
S00217-015-2580-1/TABLES/6

62.	 Kim MY, Seguin P, Ahn JK, Kim JJ, Chun SC, Kim EH et al 
(2008) Phenolic compound concentration and antioxidant activi-
ties of Edible and Medicinal mushrooms from Korea. J Agric 
Food Chem 56:7265–7270. https://doi.org/10.1021/JF8008553

63.	 Fogarasi M, Socaci SA, Dulf FV, Diaconeasa ZM, Fărcas AC, 
Tofană M et al (2018) Bioactive compounds and volatile pro-
files of five Transylvanian Wild Edible mushrooms. Molecules 
23:3272. https://doi.org/10.3390/MOLECULES23123272

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

spp. cultivated on peat moss and wheat straw. Emir J Food Agric 
31:830–836. https://doi.org/10.9755/EJFA.2019.V31.I11.2034

34.	 Hasan MT, Khatun MHA, Sajib MAM, Rahman MM, Rahman 
MS, Roy M et al (2015) Effect of wheat Bran supplement with 
sugarcane bagasse on growth, yield and Proximate Composition 
of Pink Oyster Mushroom (Pleurotus Djamor). Am J Food Sci 
Technol 3:150–157. https://doi.org/10.12691/AJFST-3-6-2

35.	 Nayak H, Kushwaha A, Behera PC, Shahi NC, Kushwaha KPS, 
Kumar A et al (2021) The Pink Oyster Mushroom, Pleurotus 
djamor (Agaricomycetes): a potent antioxidant and hypoglycemic 
Agent. Int J Med Mushrooms 23:29–36. https://doi.org/10.1615/
INTJMEDMUSHROOMS.2021041411

36.	 Das AR, Bhattacharjee S, Saha AK (2014) Chemical analysis 
of a wild edible mushroom: Pleurotus Djamor (Rumph. Ex Fr.) 
Boedijn. Mushroom Res 23:161–166

37.	 Chung MG, Li Y, Liu J (2021) Global red and processed meat 
trade and non-communicable diseases. BMJ Glob Health 
6:e006394. https://doi.org/10.1136/BMJGH-2021-006394

38.	 Leroy F, Beal T, Gregorini P, McAuliffe GA, van Vliet S, Leroy F 
et al (2022) Nutritionism in a food policy context: the case of ‘ani-
mal protein’. Anim Prod Sci 62:712–720. https://doi.org/10.1071/
AN21237

39.	 Niazi AR, Ghafoor A (2021) Different ways to exploit mush-
rooms: a review. 14:450–460. https://doi.org/10.1080/26895293
.2021.1919570

40.	 Selvakumar P, Rajasekar S, Babu AG, Periasamy K, Raaman N, 
Reddy MS (2015) Improving biological efficiency of Pleurotus 
strain through protoplast fusion between P. ostreatus var. flor-
ida and P. djamor var. roseus. Food Sci Biotechnol 24:1741–8. 
https://doi.org/10.1007/S10068-015-0226-5/METRICS

41.	 İnci Ş, Kırbağ S, Akyüz M (2022) Growth period, yield, and nutri-
ent contents of Pleurotus Citrinopileatus Singer grown on some 
local agricultural wastes in Turkey. Biomass Convers Biorefin 
1–10. https://doi.org/10.1007/S13399-022-03374-4/METRICS

42.	 WHO - World Health Organization Healthy diet 2020
43.	 Brazil (2015) Dietary guidelines for the Brazilian population, vol 

1, 2nd edn. Ministry of Health of Brazil, Brasília
44.	 Barbosa JR, Freitas S, Oliveira MM, Martins LCS, Almada-Vil-

hena LH, Oliveira AO RM, et al (2020) Obtaining extracts rich 
in antioxidant polysaccharides from the edible mushroom Pleu-
rotus ostreatus using binary system with hot water and super-
critical CO2. Food Chem 330:127173. https://doi.org/10.1016/j.
foodchem.2020.127173

45.	 Rodrigues Barbosa J, dos Santos Freitas MM, da Silva Martins 
LH, de Carvalho RN (2020) Polysaccharides of mushroom Pleu-
rotus spp.: new extraction techniques, biological activities and 
development of new technologies. Carbohydr Polym 229:115550. 
https://doi.org/10.1016/J.CARBPOL.2019.115550

46.	 Greve B, Haumaier L, Zech W (1993) Spectroscopic (IR, NMR) 
characterization of water-soluble organic substances extracted 
from straw, straw incubated with Pleurotus Ostreatus, and straw 
compost. Z Für Pflanzenernährung Und Bodenkunde 156:103–
108. https://doi.org/10.1002/jpln.19931560202

47.	 Ruthes AC, Smiderle FR, Iacomini M (2015) d-Glucans from 
edible mushrooms: a review on the extraction, purification 
and chemical characterization approaches. Carbohydr Polym 
117:753–761. https://doi.org/10.1016/j.carbpol.2014.10.051

48.	 Ruthes AC, Smiderle FR, Iacomini M (2016) Mushroom het-
eropolysaccharides: a review on their sources, structure and 
biological effects. Carbohydr Polym 136:358–375. https://doi.
org/10.1016/j.carbpol.2015.08.061

49.	 Winning H, Larsen FH, Bro R, Engelsen SB (2008) Quantita-
tive analysis of NMR spectra with chemometrics. J Magn Reson 
190:26–32. https://doi.org/10.1016/j.jmr.2007.10.005

1 3

1128

https://doi.org/10.1155/2021/5542342
https://doi.org/10.1016/J.BCDF.2015.11.001
https://doi.org/10.1016/J.BCDF.2015.11.001
https://doi.org/10.1016/J.TIFS.2009.07.007
https://doi.org/10.1016/J.DRUDIS.2021.11.017
https://doi.org/10.1016/J.DRUDIS.2021.11.017
https://doi.org/10.3390/MOLECULES26154623
https://doi.org/10.3390/MOLECULES26154623
https://doi.org/10.3390/NU12041134
https://doi.org/10.3390/NU12041134
https://doi.org/10.1615/INTJMEDMUSHROOMS.2021041411
https://doi.org/10.1615/INTJMEDMUSHROOMS.2021041411
https://doi.org/10.1021/JF0615707
https://doi.org/10.1021/JF0615707
https://doi.org/10.3390/molecules28020557
https://doi.org/10.3390/molecules28020557
https://doi.org/10.1007/S10068-016-0052-4/METRICS
https://doi.org/10.1007/S10068-016-0052-4/METRICS
https://doi.org/10.1016/J.FOODCHEM.2011.03.085
https://doi.org/10.1007/S00217-015-2580-1/TABLES/6
https://doi.org/10.1007/S00217-015-2580-1/TABLES/6
https://doi.org/10.1021/JF8008553
https://doi.org/10.3390/MOLECULES23123272
https://doi.org/10.9755/EJFA.2019.V31.I11.2034
https://doi.org/10.12691/AJFST-3-6-2
https://doi.org/10.1615/INTJMEDMUSHROOMS.2021041411
https://doi.org/10.1615/INTJMEDMUSHROOMS.2021041411
https://doi.org/10.1136/BMJGH-2021-006394
https://doi.org/10.1071/AN21237
https://doi.org/10.1071/AN21237
https://doi.org/10.1080/26895293.2021.1919570
https://doi.org/10.1080/26895293.2021.1919570
https://doi.org/10.1007/S10068-015-0226-5/METRICS
https://doi.org/10.1007/S13399-022-03374-4/METRICS
https://doi.org/10.1016/j.foodchem.2020.127173
https://doi.org/10.1016/j.foodchem.2020.127173
https://doi.org/10.1016/J.CARBPOL.2019.115550
https://doi.org/10.1002/jpln.19931560202
https://doi.org/10.1016/j.carbpol.2014.10.051
https://doi.org/10.1016/j.carbpol.2015.08.061
https://doi.org/10.1016/j.carbpol.2015.08.061
https://doi.org/10.1016/j.jmr.2007.10.005


Brazilian Journal of Microbiology (2024) 55:1117–1129

manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 

1 3

1129


	﻿Nutritional and antioxidant potential of ﻿Pleurotus djamor﻿ (Rumph. ex Fr.) Boedijn produced on agronomic wastes banana leaves and sugarcane bagasse substrates
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Production of edible mushrooms
	﻿Inoculation
	﻿Substrate preparation
	﻿Mushroom cultivation


	﻿Bromatological analysis of mushrooms
	﻿Preparation of mushroom extracts
	﻿Mycochemical characterization of the extracts
	﻿﻿1﻿H nuclear magnetic resonance spectrometry (﻿1﻿H NMR)
	﻿Total phenolic content
	﻿Total flavonoid content

	﻿Antioxidant activity
	﻿ABTS assay
	﻿DPPH assay

	﻿Statistical analysis
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


