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Abstract: Waste generated in mushroom cultivation represents a valuable raw material with health
benefits, the use of which contributes to a reduction in food waste and to the circular economy.
Hydroethanolic extracts obtained by ultrasound-assisted extraction of four edible mushroom species
(Agaricus bisporus var. Portobello, Boletus edulis, Lentinula edodes, and Pleurotus ostreatus) were charac-
terized according to their antioxidant, antibacterial, and cosmeceutical potential. The extract with
the best properties was incorporated into a cosmetic cream. Concerning the phenolic contents and
antioxidant capacity, the extracts of A. bisporus and B. edulis stood out from the other two due to their
higher levels. The compounds p-hydroxybenzoic and gallic acids were present in all mushrooms in
the ranges of 0.010 to 2.554 nug/g DW and 0.032 to 0.112 pg/g DW, respectively. The extract of B. edulis
inhibited all the bacterial isolates, with minimum inhibitory concentration values ranging from 5 to
20 mg/mL for Gram-positive and 10-20 mg/mL for Gram-negative strains. In the anti-hyaluronidase
assay, A. bisporus extract (10 mg/mL) was the most effective, with 74.4 & 7.5% enzyme inhibition, and
was selected for incorporation into the cosmetic cream. The cream with A. bisporus extract showed
significantly higher phenolic contents and antioxidant capacity than the cream without the extract.
Overall, our results support the high value of mushroom reuse as a source of natural antioxidants in
the cosmetic industry.
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1. Introduction

According to the Food and Agriculture Organization (FAO), around one-third of the
food produced for human consumption is lost or wasted along the food supply chain [1].
This large amount of waste represents a loss of valuable material that can be used as raw
material for new products and applications, thus contributing to a circular economy [2,3].
The world production of edible mushrooms has been increasing year on year [4], repre-
senting an increase in the waste generated by this industry. Such wasted material includes
mushrooms, caps, and stipes with shapes, sizes, or calibers that do not meet commercial
standards (5-20% of the production weight), surplus production (<5%), and spent mush-
room substrate (>20% of the production weight) [5]. Nevertheless, this discarded material
also offers enormous potential due to its richness in bioactive compounds [5].

The health benefits of mushrooms have been covered in several recent reviews [6-9].
Edible mushrooms are low in fat and cholesterol and high in fiber, making them a healthy food.

Appl. Sci. 2023, 13, 7357. https:/ /doi.org/10.3390/app13137357

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13137357
https://doi.org/10.3390/app13137357
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-3230-4650
https://orcid.org/0000-0001-6291-8413
https://orcid.org/0000-0002-7492-4965
https://orcid.org/0000-0003-0963-5785
https://doi.org/10.3390/app13137357
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13137357?type=check_update&version=1

Appl. Sci. 2023,13, 7357

20f17

In addition, mushrooms have been described to possess beneficial health effects such as gut
microbiota modulation [10,11], reduction in brain oxidative stress [10], anti-obesogenic effects
and liver steatosis prevention [12,13], anti-cancer [14,15], anti-inflammatory [16-18], and an-
timicrobial [19-21], among others [6-8]. Moreover, they have antioxidant, anti-hyaluronidase,
anti-tyrosinase, anti-elastase, and anti-collagenase activity, making them suitable for use as
cosmetic ingredients [22]. One of the most promising options to add value to food waste is
the extraction of bioactive compounds, which aligns with the current market demands for
health-promoting products [2]. Phenolic compounds extracted from mushroom waste can be
used in the production of functional foods, dietary supplements, or nutraceuticals and used
as natural antioxidants in the cosmetic industry [22,23].

The species Agaricus bisporus var. Portobello (brown button mushroom), Lentinula
edodes (shiitake), and Pleurotus ostreatus (oyster mushroom) are some of the most cultivated
and consumed mushrooms [24]. In addition, Boletus edulis (Porcini or King Bolete) is one
of the most highly prized wild edible mushrooms, very appreciated for its flavor and
texture. In the present work, we analyzed the phenolic contents and antioxidant capacity,
the antibacterial properties, and the cosmeceutical potential of the hydroethanolic extracts
of these mushroom species.

2. Materials and Methods
2.1. Mushroom Materials

The mushrooms Agaricus bisporus var. Portobello, Lentinula edodes, and Pleurotus
ostreatus were cultivated in greenhouses and obtained from the Portuguese mushroom
producers Mogaricus Cogumelos (Mogadouro, Portugal), Aparéncia Primaveril (Meda,
Portugal), and Floresta Viva (Amarante, Portugal), respectively. A. bisporus was produced in
compost, and L. edodes and P. ostreatus were produced in lignocellulosic substrate based on
wheat straw and sawdust. Boletus edulis was collected in a mixed forest in Sabugal, Guarda,
Portugal. The mushrooms were dried at 40 °C in an oven (Termaks, Nordic Labtech AB,
Griindau, Germany) and then ground to a fine powder. The samples were kept in the dark
in hermetically sealed plastic bags until analysis (Figure 1).

2.2. Mushroom Extracts

Mushroom extracts were obtained using ultrasound-assisted extraction, as previously
described [25]. The solvent used was 40% (v/v) ethanol (Sigma Aldrich, St. Louise, MO,
USA) according to previous analysis carried out by our group. This concentration proved
to be better than the other tested regarding the extraction of phenolic compounds and
antioxidant activity. Briefly, solid-liquid extractions were performed at a ratio of 1:75
(grmL). The extraction was carried out for 20 min in a pulsed mode of 5 s on/5 s off
cycles using an ultrasonic processor device (Hielscher UP400St, Berlin, Germany), with a
sonotrode of 14 mm diameter, 400 Watts, 24 kHz, and adjustable amplitude (1:2.55). After
completion of the extraction, the samples were centrifuged (4500 g for 20 min at 4 °C),
and the supernatants were filtered (Whatman no. 4 filter paper), collected, and stored
at —20 °C until analysis. All the experiments were performed in triplicate. Finally, the
total extracted volume was concentrated in a vacuum rotary evaporator (IKA-RV 10, IKA,
Staufen im Breisgau, Germany) at 38 °C to remove ethanol and stored at —20 °C before
lyophilization to obtain the final extract.

2.3. Evaluation of Phenolic Composition

The total phenol, ortho-diphenol, and flavonoid contents were assessed using colori-
metric and spectrophotometric methods based on the literature [26], with minor changes.
The assays were adapted to microscale using 96-well microplates and a microplate reader
(Multiskan GO Microplate Photometer, TermoFisher Scientific, Vantaa, Finland).

Total phenols. The content of phenolic compounds in the extracts was determined by
mixing 20 uL of each sample extract, 100 puL of 10% (v/v) Folin—Ciocalteu reagent (Sigma
Aldrich), and 80 puL of 7.5% (w/v) aqueous sodium carbonate (Sigma Aldrich) in a 96-well
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plate and then incubating at 42 °C for 30 min protected from the light. The absorbance was
then measured at 750 nm. The calibration curve was generated using gallic acid (Sigma
Aldrich) as a standard at concentrations ranging from 5 to 200 mg/L. The results were
expressed as milligrams of gallic acid per gram of dry weight (mg GA/g DW).

L~e ~

Ultrasound-assisted
extraction (UAE)

Drying oven Powdered samples
Ratio: 75 mL/g
Solvent: 40% (v/v) ethanol

Vacum rotary Time: 20 min in pulsed

evaporation mode (5 s on/5 s off)
Enzymatic assays HPLC-DAD
- Anti-hyaluronidase - 6 phenolics
- Anti-tyrosinase
Cream formulations with the extracts Antimicrobial activity Total phenols, ortho-
- Stability tests -MIC diphenols, flavonoids,
- Total phenols and DPPH -MBC ABTS, DPPH, and FRAP

Figure 1. Flow chart of the experimental design. ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid); DPPH, 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl; FRAP, ferric-reducing antioxidant
power; HPLC-DAD, high-performance liquid chromatography with diode array detector; MBC,
minimum bactericidal concentration; MIC, minimum inhibitory concentration.

Ortho-diphenols. The ortho-diphenol content was evaluated by mixing 160 uL of
the diluted extracts with 40 uL of 5% (w/v) sodium molybdate solution (Sigma Aldrich)
prepared with methanol/water (50:50, v/v). The plates were incubated at room temperature
and protected from the light for 15 min. The calibration curve of this method was generated
using caffeic acid (Sigma Aldrich) as a standard at concentrations ranging from 2.5 to
30 mg/L. The absorbance was read at 375 nm, and the results were expressed as milligrams
of caffeic acid per gram of dry weight (mg CA/g DW).

Flavonoids. For the assessment of flavonoid content, 24 uL of the diluted extracts
was added to 28 pL of 5% (w/v) sodium nitrite (Merck, Darmstadt, Germany). After a
5 min incubation at room temperature, 28 uL of a 10% (w/v) aluminum chloride (Merck)
solution was added, and the mixture was left to react for 6 min. Then, 120 pL of 1 M sodium
hydroxide (Merck) was added, and the mixture was shaken for 30 s. The calibration curve
was generated using catechin (Sigma Aldrich) as a standard at concentrations ranging from
5 to 200 mg/L. The absorbance was read at 520 nm, and the results were expressed as
milligrams of catechin per gram of dry weight (mg catechin/g DW).

2.4. Determination of Antiradical and Antioxidant Capacities

The antioxidant activity of sample extracts was determined using 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl
(DPPH), and ferric-reducing antioxidant power (FRAP) spectrophotometric methods, as
reported by Yu et al. [27], with some modifications.

ABTS. For the preparation of ABTS + radical cations, an ABTS stock solution (7.0 mM)
was prepared with ABTS salt (Sigma Aldrich). Then, 5 mL of the ABTS stock solution
was mixed with 88 uL of a 148 mM solution of potassium persulfate (Sigma Aldrich) and
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diluted to a working solution with sodium acetate buffer (20 mM, pH 4.5), showing an
absorbance of 0.70 £ 0.02 at 734 nm. Subsequently, 188 uL of ABTS working solution and
12 uL of sample dilutions or distilled water (blank) were mixed and reacted for 30 min at
room temperature. The absorbance was read at 734 nm.

DPPH. A DPPH solution (8.87 mM) was prepared by diluting DPPH (Sigma Aldrich)
in methanol (99.9%, v/v, Sigma Aldrich). Then, the DPPH solution was diluted to a working
concentration with 70% (v/v) methanol to reach an absorbance of 1.000 at 520 nm. Then,
10 pL of sample dilutions or 70% methanol (v/v, blank) was added to 190 uL of the DPPH
solution. The plate was allowed to rest in the dark, and the absorbance was read at 520 nm
after 15 min of incubation.

For both assays, the inhibition percentage of the radicals was calculated using the
following Equation (1):

(Abs blank — Abs samples)

% Inhibition = (Abs blank)

x 100 1)

FRAP. To measure the reducing capacity, a FRAP working solution was prepared by
mixing 10-volume acetate buffer (300 mM, pH 3.6), 1-volume 2,4,6-tris(2-pyridyl)-s-triazine
(TPTZ, Sigma Aldrich) (10 mM dissolved in hydrochloric acid), and 1-volume ferric chloride
(20 mM in water, Sigma Aldrich). The solution was maintained at 37 °C for 10 min before
use. Next, 20 uL of sample dilutions was added to each well of the microplate, followed by
the addition of 280 uL of FRAP working solution. The reaction was incubated at 37 °C for
30 min, and the absorbance was read at 593 nm.

The three antioxidant assays were adapted to microscale using 96-well microplates
and a microplate reader (Multiskan GO Microplate Photometer, TermoFisher Scientific,
Vantaa, Finland), using Trolox (6-hydroxy-2,5,7,8-tetramethlychroman-2-carboxylic acid,
Sigma Aldrich) as a standard at concentrations varying from 0.016 to 0.500 mM for ABTS,
from 0.156 to 1.250 mM for DPPH, and from 0.039 to 1.250 mM for FRAP. All the results
were expressed as micromole of Trolox per gram of dry weight (umol Trolox/g DW).

2.5. Phenolic Compound Analysis Using High-Performance Liquid Chromatography with Diode
Array Detector (HPLC-DAD)

The profile and content of polyphenols of each mushroom extract were analyzed using
HPLC-DAD, as previously described [28], with minor modifications. Briefly, sample extracts
(10 pL), in triplicate, were injected into a C18 column (250 x 4.6 mm, 5 um particle size; ACE
HPLC Columns, Advanced Chromatography Technologies Ltd., Aberdeen, Scotland, UK)
with water with 0.1% of trifluoroacetic acid (TFA, Sigma Aldrich) (solvent A) and acetonitrile
(Sigma Aldrich) with 0.1% TFA (solvent B) as eluent. The elution was performed at a flow rate
of the solvent of 1 mL/min, with a gradient starting from 0% solvent B at 0 min, 0% solvent B
at 5 min, 20% solvent B at 15 min, 50% solvent B at 30 min, 100% solvent B at 45 min, 100%
solvent B at 50 min, 0% solvent B at 55 min, and 0% solvent B at 60 min. Chromatograms
were recorded in a 200-600 nm range. The identification of individual polyphenols was
assessed using the following parameters: UV spectra and UV maximum absorbance bands,
peak retention time, external standards, and the literature. The external standards used were
catechin, epigallocatechin gallate, gallocatechin gallate, gallic acid, p-hydroxybenzoic acid, and
naringenin (Extrasynthese, Lyon Nord, Genay Cedex, France). Naringin (internal standard;
Extrasynthese) was run simultaneously with the samples. All standards (1 mg/mL; 70% (v/v)
methanol) were freshly prepared and injected into the HPLC system before the samples. The
concentrations of the individual compounds were determined using the internal standard
method and expressed as pg/g DW.

2.6. Antibacterial Activity

Clinical isolates were collected from patients hospitalized in the Hospital Center of
Tras-os-Montes and Alto Douro (CHTMAD), Portugal. Ethical approval was granted by the
Ethics Committee of CHTMAD. These strains belong to MJH and MJMC collections and
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are stored at —70 °C in aliquots of brain-heart infusion medium with 15% (v/v) glycerol.
The antimicrobial activity of the mushroom extracts was assessed using Gram-positive and
Gram-negative bacteria obtained from wound exudates. All the strains were identified
by morphological and biochemical tests (Gram staining, morphological identification of
colonies, conventional biochemical identification methods, and MicroScan WalkAway
identification panels), followed by Kirby-Bauer antibiotic sensitivity assays with different
antibiotics. Escherichia coli (E. coli; ATCC 25922) and Staphylococcus aureus (S. aureus; ATCC
25923) strains were obtained from the American Type Culture Collection.

Minimum inhibitory concentration (MIC). The MIC was evaluated using the microdi-
lution assay, as reported by Taofiq et al. [29], with minor changes. Initially, each extract was
dissolved in 50% dimethyl sulfoxide (DMSO, Sigma Aldrich) to reach a final concentration
of 220 mg/mL. Then, 50 uL of the extract solution in 50% DMSO at 220 mg/mL was added
to 450 pL of Mueller-Hinton Broth (MHB) medium (Oxoid, Basingstoke, United Kingdom),
making a solution with a final concentration of 22 mg/mL at 5% DMSO. Subsequently,
190 uL of this extract solution was added to the first well of each column of the 96-well
microplate (Orange Scientific, Braine-1’Alleud, Belgium) and submitted to successive dilu-
tions over the remaining wells containing 90 uL. of MHB medium, starting by withdrawing
a volume of 100 pL from the well containing the highest concentration and adding it to
the well just below and thus repeating this procedure sequentially. Afterwards, 100 puL of
inoculum (1.5 x 108 CFU/mL) was diluted in 9.9 mL of MHB medium. Then, 10 uL of this
solution was added to all the wells, achieving a final volume of 100 uL in each well and con-
centrations ranging from 20 to 0.156 mg/mL. A negative control was prepared with MHB
5% DMSO. The positive control used was gentamicin (Applied Chemical Laboratories,
Basel, Switzerland). The microplates were left at 38 °C and incubated for 24 h in a heated
incubator (MIR-162-PE, Panasonic, Japan). The MICs of each extract were determined by
adding 2,3,5-triphenyltetrazolium chloride (TTC, Merck; 0.2 mg/mL, 40 uL) to each well
and incubating the microplates at 38 °C for 2 h. In the presence of viable bacteria, the
colorless TTC dye is reduced to formazan (red color). The lowest extract concentration that
prevented the color change, i.e., that shows complete inhibition of microbial growth, is
defined as the MIC [30].

Minimum bactericidal concentration (MBC). The assessment of MBC, the lowest
concentration of mushroom extract that kills 99.9% of the bacterial populations tested,
was carried out as previously described [21]. Briefly, the content from each well without
changes in color determined from the previous assay was plated on Mueller-Hinton Agar
(MHA) medium (Oxoid, Basingstoke, United Kingdom) and left at 38 °C for 24 h. After
this subculturing, the MBC was defined considering the lowest concentration that yielded
no growth.

2.7. Anti-Hyaluronidase Activity

The hyaluronidase inhibition was evaluated using a turbidimetric method adapted
to the microscale, as reported in [31], with minor changes. In brief, 20 uL of the samples
(extracts dissolved in distilled water at 0.1, 1, or 10 mg/mL) was added to 20 pL of enzyme
diluent (20 mM sodium phosphate with 77 mM NaCl and 0.1 mg/mL of albumin (Sigma
Aldrich); pH 7; 37 °C) and 20 uL of the Type I-S hyaluronidase from bovine testes (ref.
H3506, Sigma Aldrich) (40-100 U/mL in the same enzyme diluent). The mixtures were
left at 37 °C for 10 min. After the incubation, 20 puL of hyaluronic acid (ref. H7630,
Sigma Aldrich) (0.5 mg/mL in 300 mM sodium phosphate buffer; pH 5.35; 37 °C) was
added. The hyaluronic acid solution was heated to 90-95 °C until the hyaluronic acid
dissolved completely, and then the solution was placed in a water bath and cooled to
37 °C. The mixtures were incubated at 37 °C for 45 min, after that, 100 uL of acid albumin
solution (2 mg/mL in 79 mM acetic acid with 24 mM sodium acetate; pH 3.75; 25 °C)
was added to precipitate undigested hyaluronic acid. The reaction mixtures were left
at room temperature for 10 min, and then the turbidance was measured at 600 nm in a
microplate reader (Multiskan GO 1510, Thermo Fisher Scientific, Vantaa, Finland). For the
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assay, 5 blank (B1 to B5) samples were prepared according to Paczkowska-Walendowska
etal. [32]:

- B1: 20 uL of distilled water + 20 pL of enzyme diluent + 20 pL of enzyme diluent + 20 uL
of 300 mM sodium phosphate buffer + 100 pL of acid albumin solution;

- B2:20 puL of distilled water + 20 pL of enzyme diluent + 20 pL of enzyme diluent + 20 pL
of hyaluronic acid solution + 100 uL of acid albumin solution;

- B3: 20 uL of distilled water + 20 puL of enzyme diluent + 20 uL of hyaluronidase
enzyme solution + 20 pL of hyaluronic acid + 100 pL of acid albumin solution.

For each sample, the following blanks were prepared:

- B4: 20 uL of sample + 20 uL of enzyme diluent + 20 uL of hyaluronidase enzyme solution
+ 20 pL of 300 mM sodium phosphate buffer + 100 uL of acid albumin solution;

- B5: 20 pL of sample + 20 pL of enzyme diluent + 20 pL of enzyme diluent + 20 pL of
hyaluronic acid solution + 100 uL of acid albumin solution.

The percentage of hyaluronidase inhibition was calculated using the following Equation (2):

(AS — AB4) — (AB3 — AB1)

(AB5— AB4) — (AB3—AB1) ' @

% Hyaluronidase Inhibition =

where AS—absorbance of the sample, ABl—absorbance of blank 1, AB3—absorbance of
blank 3, AB4—absorbance of blank 4, AB5—absorbance of blank 5.

The half inhibitory concentration (ICsp) was calculated by regression of a dose—
response curve. Three independent experiments were carried out in triplicate.

2.8. Anti-Tyrosinase Activity

The anti-tyrosinase activity was determined according to a method formerly de-
scribed [33], with slight changes. The ethanolic extracts of each mushroom were dissolved
in 50% DMSO at a final concentration of 0.1, 1, or 10 mg/mL. The assay was executed in
a 96-well microplate by adding 40 pL of mushroom tyrosinase enzyme (Sigma Aldrich)
(1000 U/mL), 80 uL of phosphate buffer (50 mM, pH 6.5), and 40 pL of the extracts properly
diluted (or control). For each sample (or control), a blank containing all the reaction mixture
components except the tyrosinase enzyme (replaced by phosphate buffer) was included.
In this assay, 50% DMSO instead of sample was used as a negative control and 1 mg/mL
Kojic acid (Sigma Aldrich) (dissolved in distilled water) was used as a positive control. The
microplates were incubated at 30 £ 1 °C for 10 min, and then 40 pL of L-tyrosine solution
(0.2 mg/mL prepared in distilled water and slightly heated in a water bath until complete
dissolution) was added. Then, the reaction was incubated in the oven at 30 + 1 °C for
60 min, and the absorbances were read at 475 nm. The Equation (3) was used to calculate
the percentage of tyrosinase inhibition:

(C1—C2) — (S1—952)
(C1—C2)

% Tyrosinase Inhibition = % 100 3)

where Cl—absorbance of the control with enzyme, C2—absorbance of the control without
enzyme, Sl—absorbance of sample with enzyme, S2—absorbance of sample without enzyme.

The half inhibitory concentration (ICsp) was calculated by regression of a dose—
response curve. Three independent experiments were carried out in triplicate.

2.9. Cosmetic Cream Formulations with the Extracts

The extract with the best cosmeceutical properties was incorporated into a cream with
natural ingredients prepared using a commercial kit (Kit Crema Facial Antiedad, purchased
from Gran Velada, Zaragoza, Spain). Accordingly, the selected extract was added to the
formulation at a percentage of 0.2%. As a control, a cream without extract (0%) was used
and is hereinafter referred to as foundation (FD).
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2.9.1. Stability Tests

Four batches containing two creams (with and without extract) were prepared and
analyzed as follows:

Centrifuge Test. The cream stabilities were assessed as described by Rodrigues Ueoka and
co-workers [34]. Briefly, to evaluate possible instabilities of the creams, such as phase separation,
precipitation, sedimentation, and coalescence, a centrifugation method was carried out at
3000 rpm for 30 min (Hettich Benchtop centrifuge UNIVERSAL 320, Tuttlingen, Germany).

Thermal Stability Tests. An accelerated stability test to check physicochemical varia-
tions was also performed using heating and cooling cycles, as previously described [35],
with some modifications. One batch containing two creams (with and without extract)
was placed at 4 °C for 24 h and immediately put at 40 °C for another 24 h. This step
was repeated four times, completing a period of 8 consecutive days. For the storage test,
3 batches containing 2 creams each (with and without extract) were kept at 4 °C, 25 °C, or
40 °C for 30 days. Prior to evaluation, all the samples were left to achieve room temperature.

pH Measurements. The determination of pH values was conducted using a VWR
pHenomenal™ MU 6100 L meter (Darmstadt, Germany). The measurements were taken
24 h after the preparation of the cream, after the heating and cooling cycles and after the
30-day storage assay at different temperatures. For the measurement, the samples were
previously diluted to 10% (w/v) in distilled water.

2.9.2. TPC and Antioxidant Activity of the Creams

The sample preparation for the determination of TPC and antioxidant activity using
the DPPH assay was performed as reported by others [36], with slight changes. Shortly, 1 g
of cream was diluted in 10 mL of 40% (v/v) ethanol and then centrifuged at 4500 rpm for
30 min and filtered. Then, the quantifications of TPC and antioxidant activity using the
DPPH assay of the creams were evaluated as defined above for the extracts. The TPC was
expressed as milligrams of GA per 1 g of cream, and the antioxidant activity by DPPH was
expressed as uM of Trolox per 1 g of cream. The measurements were taken in triplicate,
24 h after the preparation of the cream.

2.10. Statistical Analysis

All the measurements were conducted in triplicate. Statistical analyses were per-
formed using the GraphPad Prism software (San Diego, CA, USA) for Windows (version 7).
The results of the samples are presented as mean + standard deviation (SD) (n = 3). Dif-
ferences between samples were evaluated with the non-parametric Mann-Whitney U test
considering a significance level of p < 0.05.

3. Results and Discussion
3.1. Phenolic Contents and In Vitro Antioxidant Capacity

The TPC, ortho-diphenols, and flavonoids present in the ethanolic extracts of the
studied species are shown in Table 1. Regarding the TPC contents, all extracts were
significantly different from each other (p < 0.05). The extract of B. edulis had the highest TPC
values followed by A. bisporus, while L. edodes and P. ostreatus extracts presented the lowest
contents. Bach et al. [19] quantified the TPC levels of A. bisporus, both white and Portobello
varieties, and L. edodes, obtaining similar values to ours. In a previous investigation,
B. edulis also presented the highest contents of phenolics, followed by A. bisporus and then
by P. ostreatus [18]; nevertheless, the TPC levels obtained were lower than ours. Garcia
et al. [20] evaluated the TPC levels in the aqueous and methanolic extracts of two varieties
of L. edodes, Donko and Koshin, obtaining lower TPC levels compared to our results, except
in the aqueous extract of the var Koshin, which was similar. In another work of Garcia
et al. [21], the TPC values of B. edulis aqueous and methanolic extracts were considerably
higher than ours. Concerning the ortho-diphenol levels (Table 1), both B. edulis and L. edodes
extracts showed the highest contents (p < 0.05), differing significantly from A. bisporus and
P. ostreatus. In the work of Garcia et al. [20], the contents of ortho-diphenols found in the
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two varieties of L. edodes were considerably lower compared to ours, independently of
the extraction solvent used to obtain the extract. In turn, Garcia et al. [21], showed that
the ortho-diphenol values in B. edulis aqueous and methanolic extracts were much higher
than ours. The use of different extraction approaches may be responsible in part for the
differences between our results and those obtained in previous studies for both TPC and
ortho-diphenols, which influence the concentrations of these two parameters. Regarding
the flavonoid levels, A. bisporus extract had the highest contents (p < 0.05), while P. ostreatus
displayed the lowest values. All extracts were significantly different from each other
(p < 0.05). Palacios et al. [18] showed that B. edulis had the highest flavonoid content,
followed by A. bisporus and then by P. ostreatus.

Table 1. Phenolic composition and antioxidant activity of ethanolic extracts from four edible mushrooms.

A. bisporus B. edulis L. edodes P. ostreatus
Phenolic composition
Total phenols
(mg GA/g DW) 8.53 £0.66 b 10.96 £ 0.51 a 476 £0.20c 439 £031d
Ortho-diphenols
(mg CA/g DW) 3.92+053b 444 +027a 474+021a 1.74 4+ 0.09 ¢
Flavonoids
(mg Catechin/g DW) 3.67+1.03a 1.61+£0.15b 154 +0.17b 0.80 £ 0.09 ¢
Antioxidant activity
ABTS
(umol Trolox/g DW) 30.00 £3.16 a 1589 +£1.17b 10.44 £ 0.73 c 8.89 +£0.78 d
DPPH
(umol Trolox/g DW) 56.15 £ 3.61 a 27.67 £2.00b 14.78 £1.20 c 11.78 £0.97d
FRAP
(umol Trolox/g DW) 50.67 £2.35a 5122 +282a 18.78 £2.17Db 10.22 +£0.67 ¢

Phenolic composition (content of total phenols, ortho-diphenols, and flavonoids) and antioxidant capacity
(ABTSe+ scavenging activity, DPPHe scavenging activity, and ferric-reducing antioxidant power) of four edible
mushroom species. For each parameter (row), the differences among the species were verified using the Mann—
Whitney U test considering a significance level of p < 0.05. Different lowercase letters report significant differences
between different mushroom species. All the assays were carried out in triplicate, and the results were expressed
as mean = standard deviation (n = 3). ABTS, 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); CA, caffeic acid;
DPPH, 2,2-diphenyl-1-picrylhydrazyl; DW, dry weight; FRAP, ferric-reducing antioxidant power; GA, gallic acid.

To evaluate the capacity of the mushroom extracts to scavenge ABTS radical cation
(ABTS+) and DPPH radical (DPPH-) and to reduce ferric (IIl) iron to ferrous (II) iron,
in vitro antioxidant activity assays (Table 1) were performed. Globally, for the three as-
says, the extract of A. bisporus presented the best results (p < 0.05), followed by B. edulis,
L. edodes, and then by P. ostreatus, which presented the lowest antioxidant capacity. For
the ABTS and DPPH assays, all extracts showed significant differences between them
(p < 0.05), while in the FRAP assay, A. bisporus and B. edulis had similar reducing powers.
Bach et al. [19] also showed that A. bisporus has a higher antioxidant capacity compared to
L. edodes. Furthermore, Reis et al. [37] demonstrated that A. bisporus methanolic extracts
provided the highest DPPH values versus L. edodes and P. ostreatus. In another study,
A. bisporus and P. ostreatus ethanolic extracts had the highest DPPH values and reducing
power, while L. edodes exhibited the lowest antioxidant activity [29].

In general, the extracts of A. bisporus and B. edulis stand out from the other two mush-
room species due to their high phenolic contents and antioxidant capacity, while P. ostreatus
always had the lower levels. Despite this, all mushroom extracts showed a phenolic-rich
composition and antioxidant capacity, making them suitable to be incorporated, for ex-
ample, into functional foods [23,38]. In fact, the mushroom supplementation of bakery
products, pasta, noodles, or rice porridge has been addressed in a few studies [38-43]. The
addition of A. bisporus, L. edodes, and B. edulis powder was shown to enhance the TPC
levels and the antioxidant capacity of mushroom-powder-supplemented pasta and wheat
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bread [41,42]. Moreover, the supplementation with these mushrooms reduced the rate of re-
ducing sugars released during the in vitro digestion of cooked pasta or bread, possibly due
to the increase in dietary fiber provided by the mushrooms [41,42]. The use of mushroom
by-products can thus be an important way of enriching food products while contributing to
waste reduction and a circular economy. In addition to the possible utilization of mushroom
waste to produce functional foods, the antioxidant capacity and phenolic contents of these
raw materials are also characteristics that make them good candidates for the design of
cosmeceutical formulations, since phenolic compounds are potent antioxidant molecules
able to scavenge skin reactive oxygen species (ROS), thus contributing to the anti-aging
effects of cosmetics [44,45].

3.2. Phenolic Profile

HPLC-DAD was carried out to identify and quantify the phenolic compounds present
in the extracts of the four mushrooms in this study (Figure 2 and Table 2). From the obtained
results, among six phenolic compounds identified, p-hydroxybenzoic and gallic acids were
present in the four studied mushroom extracts in the ranges of 0.010 to 2.554 ng/g DW and
0.032 to 0.112 pg/g DW, respectively. Our results are in accordance with other works [18,19]
that also identified these compounds in A. bisporus, B. edulis, L. edodes, and P. ostreatus.
Other compounds, such as catechin (A. bisporus and L. edodes), epigallocatechin gallate
(B. edulis), gallocatechin galate (A. bisporus), and naringenin (L. edodes and P. ostreatus)
were identified in our samples. In other studies, catechin and gallocatechin were also
identified in B. edulis [21,46] and P. ostreatus [18,46,47]. According to our findings, Gasecka
and co-workers [48] detected the phenolic compound naringenin in the extract from two
different species of Pleurotus, namely P. eryngii and P. ostreatus.

Table 2. Phenolic compounds identified and quantified from four edible mushrooms, expressed as
ng/g DW, and respective wavelengths of maximum absorption in the visible region (Amax) of the
standards and samples.

UV-DAD/VIS UV-DAD/VIS
UV (nm) Bands (nm) of Bands (nm) of A. bisporus B. edulis L. edodes P. ostreatus
Standards Samples
Gallic acid 254 229, 269 224,261 0.032 £ 0.001 0.112 £ 0.003 0.103 £ 0.002 0.102 £ 0.003
p-Hydroxybenzoic acid 254 253 258 2.554 + 0.047 0.616 + 0.028 0.010 + 0.001 0.017 + 0.002
(-)-Epigallocatechin gallate 280 273 273 n.d. 0.252 4 0.008 n.d. n.d.
(+)-Catechin 280 237,279 226,279 0.597 £ 0.023 n.d 0.044 + 0.003 n.d.
Naringenin 280 226sh, 288, 331sh 224,283, 309sh n.d. n.d. 0.220 £ 0.001 0.275 £ 0.014
(-)-Gallocatechin gallate 280 273 274 0.061 + 0.027 n.d. n.d. n.d.

All the assays were carried out in triplicate, and the results were expressed as mean + standard deviation (1 = 3).
DW, dry weight; n.d., not detected.

In the literature, for the same mushroom species analyzed in this work, the phenolic
profile may differ. These differences in the compounds identified, as well as in the quantities
present in the samples, can be due to several factors. Such factors include cultivation
techniques, climatic and stress conditions, and ripening stage, as well as different extraction
methods and analysis techniques [47,49].

3.3. Antibacterial Activity

Nosocomial or hospital-acquired infections are mainly caused by ESKAPE pathogens,
which include a list of six bacteria species: Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacter spp., and
Escherichia coli [50]. Most of those pathogens are multidrug-resistant and are, therefore, a
significant problem for global public health with enormous economic costs. Accordingly,
there is an emerging need to find antimicrobials to combat ESKAPE pathogens and min-
imize their adverse effects [51]. Previously, Garcia et al. [21] reported the importance of
mushrooms as a source of valuable antibacterial compounds.
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Figure 2. HPLC-DAD chromatograms of A. bisporus, B. edulis, L. edodes, and P. ostreatus, recorded at
280 nm.

In our work, we assessed the effect of the four extracts from A. bisporus, B. edulis,
L. edodes, and P. ostreatus against ESKAPE isolates. The MIC and MBC of each mushroom
extract are shown in Table 3. The extract of B. edulis was the only one that inhibited the
growth of all bacterial isolates tested, with MIC values ranging from 5 to 20 mg/mL. The
MBC values of the B. edulis extract were similar to the MIC, except for MR S. aureus (MJMC
565-A), which was 10 mg/mL, and for E. faecium, which showed no bactericidal activity at
the highest concentration tested. The extract of A. bisporus was able to inhibit the growth
of all Gram-positive bacterial isolates, with MIC values ranging from 10 to 20 mg/mL.
Concerning the Gram-negative isolates, the A. bisporus extract inhibited the growth of three
of the five species under analysis, with MICs ranging from 10 to 20 mg/mL. For the extract
of A. bisporus, the MBC and MIC values were similar, except for E. faecium, which had no
bactericidal effect. The extracts of L. edodes and P. ostreatus had virtually the same effect
on the bacterial isolates tested, except for MR S. aureus (MJMC 534-B) and A. baumannii,
where P. ostreatus showed no growth inhibition. For the extract of L. edodes, the MBC values
observed were different from the MICs in E. faecium and E. aerogenes, and in those bacterial
isolates, the extract did not have a bactericidal activity. In turn, P. ostreatus extract does not
have a bactericidal effect on any of the bacterial isolates tested, except for E. coli, in which
the MBC was equal to the MIC (20 mg/mL).
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Table 3. Minimum inhibitory concentration (MIC; mg/mL) and minimum bactericidal concentration
(MBC; mg/mL) for ethanolic extracts of four edible mushroom species.

A. bisporus B. edulis L. edodes P. ostreatus CN
Bacterial Isolates Code MIC MBC MIC MBC MIC MBC MIC MBC MIC
Gram-positive
Enterococcus faecium MJMC 531-B 20 >20 20 >20 10 >20 10 >20 <0.156
MS Staphylococcus aureus MJMC 109 10 10 10 10 20 20 20 >20 <0.156
MR Staphylococcus aureus MJMC 534-B 20 20 20 20 20 20 NI - <0.156
MR Staphylococcus aureus MJMC 565-A 20 20 5 10 NI - NI - <0.156
Staphylococcus aureus ATCC 25923 20 20 20 20 NI - NI - <0.156
Gram-negative
Acinetobacter baumannii MJMC 525 10 10 10 10 20 20 NI - >20
Enterobacter aerogenes MJMC 534-A 20 20 20 20 20 >20 20 >20 <0.156
Klebsiella pneumoniae MJH 513 NI - 20 20 NI - NI - <0.156
Pseudomonas aeruginosa MJH 540 NI - 20 20 NI - NI - <0.156
Escherichia coli ATCC 25922 20 20 10 10 20 20 20 20 <0.156

CN, gentamicin; MR, methicillin-resistant; MS, methicillin-sensitive; NI, not inhibited; -, not determined.

According to our results, Fogarasi and co-workers [52] showed that among the
methanolic extracts of A. bisporus, B. edulis, and P. ostreatus, the extract of B. edulis was the
one that displayed the best activity against S. aureus, E. coli, and P. aeruginosa, with MIC
values of 13.49, 13.49, and 28.34 mg/mL, respectively. Bach et al. [19] also evaluated the
antimicrobial effect of ethanolic extracts from L. edodes and A. bisporus against S. aureus and
E. coli. The authors found that L. edodes extract was the most efficient against the bacteria
under analysis, with MIC values of 1.56 mg/mL and 100 mg/mL for S. aureus and E. coli,
respectively, while A. bisporus obtained a MIC value of 200 mg/mL for both bacteria. In our
investigation, L. edodes did not show such a great result against S. aureus, showing a MIC of
20 mg/mL for both MS and MR strains. However, we obtained a better result against E. coli
with a MIC value of 20 mg/mL. In another study by Erdogan Eliuz [53], the antimicrobial
effect of ethanolic extracts of L. edodes and A. bisporus against K. pneumoniae, S. aureus, and
A. baumannii was evaluated. The author demonstrated that the extracts of L. edodes were
more effective, showing MIC values ranging from 5.9 to 6.01 mg/mL, while the extracts
of A. bisporus displayed MICs ranging from 7.21 to 9.54 mg/mL [53]. According to Taofiq
et al. [29], the ethanolic extracts of P. ostreatus and L. edodes were more efficient than those of
A. bisporus in inhibiting the growth of MR and MS S. aureus, with MIC values of 2.5 mg/mL
and 10 mg/mL, respectively. In this study, the extract of A. bisporus showed the same MIC
for MS S. aureus but not for MR S. aureus (20 mg/mL). Regarding the effect of the extracts
against P. aeruginosa, only B. edulis was able to inhibit its growth (MIC =20 mg/mL); our
results are in agreement with the findings of Taofiq et al. [29].

Several studies evaluate the antimicrobial effect of mushroom extracts [54], and the
results vary considerably among them. There are many factors that could be responsible for
this discrepancy, such as the mushroom origin, the extraction methodology, which includes
per se many variables (ratio, solvent, temperature, and the type of assisted extraction,
among others), and the nature of the bacteria, which can be from a culture collection or
from clinical isolates with an antibiotic resistance profile. In our study, the edible mushroom
B. edulis was the only one that inhibited the growth of all the bacterial isolates tested. Since
mushrooms have bioactive compounds that, combined with conventional therapies, can
have synergistic effects in cancer cell signaling pathways [55,56], it is possible that B. edulis
could also enhance the effect of antibiotics or other agents used to treat microbial infections.

3.4. Cosmeceutical Properties of Mushroom Extracts

The pursuit of ingredients of natural origin with bioactive effects is a constant in the
cosmetic industry. In this regard, we evaluated the capacity of each mushroom extract to
inhibit the activity of skin-related enzymes, namely, hyaluronidase and tyrosinase, which
have direct implications in skin aging, one of the main targets of the cosmetic industry.
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The anti-hyaluronidase activity of mushroom extracts has been assessed to deter-
mine their potential as anti-aging and anti-inflammatory agents [57]. Table 4 shows the
percentage of inhibition of the hyaluronidase enzyme of each mushroom species at three
known extract concentrations (0.1, 1, and 10 mg DE/mL). Comparing the four species
under analysis, the ethanolic extract of A. bisporus demonstrated the most significant ca-
pacity to inhibit the enzyme hyaluronidase at 1 and 10 mg DE/mL, with values reaching
43.0 £ 7.1% and 74.4 £ 7.5%, respectively, and an IC5g of 5.4 £ 0.4 mg DE/mL. Recently,
Nitthikan et al. [58] also assessed the hyaluronidase inhibitory activity of brown A. bisporus
extracts. The authors found that, at 1 mg/mL, the ethanolic and the aqueous extracts
inhibited the hyaluronidase enzyme by 55.03 = 0.25 and 55.94 + 3.98%, respectively. At
the same concentration, our results are only slightly lower. Nevertheless, at the higher
concentration of the extract (10 mg DE/mL), the inhibition percentage reached was con-
siderably higher. Thus, A. bisporus extract could be considered a good candidate as a
skin anti-aging agent. In our study, the extracts of B. edulis, L. edodes, and P. ostreatus did
not show anti-hyaluronidase activity. Furthermore, these same extracts did not show a
dose response; hence, the ICsy values are not displayed. On the contrary, Abd Razak and
co-workers [57] demonstrated that aqueous extracts of P. ostreatus, at 10 mg/mL, reached
above 50% inhibition of hyaluronidase. In another study, carried out on a different species
of Pleurotus [59], no activity against the hyaluronidase enzyme was observed.

Table 4. Anti-hyaluronidase activity of the ethanolic extracts from four edible mushrooms
(0.1-10.0 mg DE/mL) expressed in percentage (%) of inhibition and ICs values expressed in mg DE/mL.

Mushrooms 0.1 mg DE/mL 1.0 mg DE/mL 10.0 mg DE/mL IC5¢ (mg DE/mL)
A. bisporus 6.4 1 10.3% B; ab 43.0£7.1% AB; a 744+ 75%B;a 54+04
B. edulis 0.3+£05%b 20£20%c 12+ 11%c n.d.
L. edodes 6.6 =4.0% a 70+14%b 3.2+ 5.4%bc n.d.
P. ostreatus 6.7 £ 6.6%a 6.8 £4.7% bc 33+£1.6%Db n.d.

All the assays were carried out in triplicate, and the results were expressed as mean =+ standard deviation
(n = 3). For each concentration (column), the differences among the species were verified using the Mann-Whitney
U test considering a significance level of p < 0.05. Different lowercase letters report significant differences
between different mushroom species. Different uppercase letters report significant differences between different
concentrations for each mushroom (row) at p < 0.05, according to Kruskal-Wallis multiple comparison test. DE,
dry extract; n.d., not determined.

Our results suggest that extracts of A. bisporus could be incorporated into anti-aging
natural formulations, since it displays excellent levels of hyaluronidase enzyme inhibition.
Indeed, there are already commercial products that incorporate extracts of A. bisporus
(https:/ /incidecoder.com/ingredients/agaricus-bisporus-extract). For instance, the cos-
metic “Fastscription™ Instant De-Puff Eye Gel” (https://wexlerdermatology.com) owned
by Dr. Patricia Wexler (Wexler Dermatology) contains extracts of A. bisporus and other
ingredients that improve the skin surface and prevent wrinkling [22]. Other applications
for the use of A. bisporus extracts have been suggested. For example, the high vitamin D
content and several minerals in A. bisporus extracts make them suitable to be incorporated
into shampoos to resolve hair problems such as dandruff, oily hair, and hair loss [60].

The most common approach to achieving skin whitening is through the inhibition of
tyrosinase, an enzyme which catalyzes the most important steps of mammalian melanogen-
esis [61,62]. Many factors can cause hyperpigmentation of the skin [63]; therefore, finding
inhibitors of this process, i.e., natural inhibitors of the tyrosinase enzyme, is of great interest
in the natural cosmetic domain.

Regarding the ability of our extracts to inhibit tyrosinase activity, Table 5 shows that at
the tested concentrations, none of the four mushroom species reached a 50% inhibition of
the enzyme. However, at the higher concentration tested, A. bisporus inhibited the activity
of tyrosinase up to 39.9 £ 2.6%. Since the tyrosinase inhibition percentage increases as the
dose of DE used increases, it is possible that a slightly higher concentration of the DE could
result in an inhibition near 50%. In accordance, A. bisporus also showed the lowest ICsq
value compared to the other mushroom extracts. To evaluate the cosmeceutical potential of
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ethanolic extracts from A. bisporus, P. ostreatus, and L. edodes, Taofiq et al. [29] reported that
A. bisporus ethanolic extracts had the highest anti-tyrosinase activity of the three extracts,
while L. edodes and P. ostreatus presented the lowest activities. Our results demonstrated
that L. edodes extract displayed the lowest ability to inhibit tyrosinase, followed by B. edulis
and P. ostreatus, which showed similar results. In agreement, L. edodes showed the highest
ICs value, followed by P. ostreatus and B. edulis. On the contrary, Yoon et al. [64] described
that the methanolic extracts of L. edodes (0.125-1 mg/mL) showed anti-tyrosinase activity of
15.12-54.61%. In another study in methanolic extracts of P. ostreatus (0.125-1 mg/mL), the
authors reported a significant inhibition of tyrosinase activity of up to 11.36-59.56% [65].

Table 5. Anti-tyrosinase activity of the ethanolic extracts from four edible mushrooms (0.1-10.0 mg
DE/mL) expressed in percentage (%) of inhibition and ICs5j values expressed in mg DE/mL.

Mushrooms 0.1 mg DE/mL 1.0 mg DE/mL 10.0 mg DE/mL IC5¢ (mg DE/mL)
A. bisporus 6.2 +1.9%B;c 14.7 + 1.2% AB; b 39.9 +2.6% A;a 132+14a
B. edulis 129 £24%B; b 16.1 = 2.0% AB; b 23.3 +3.7% A; bc 36.6 +15.9 ab
L. edodes 152 +1.4%B; b 16.6 + 3.3% AB; ab 18.8 £ 1.8% A; c 93.7 £ 36.4 bc
P. ostreatus 20.0+1.7%B; a 202+ 1.6%B;a 241+14%A;Db 71.7 £ 27.7 bc

All the assays were carried out in triplicate, and the results were expressed as mean =+ standard deviation
(n = 3). For each concentration (column), the differences among the species were verified using the Mann-Whitney
U test considering a significance level of p < 0.05. Different lowercase letters report significant differences
between different mushroom species. Different uppercase letters report significant differences between different
concentrations for each mushroom (row) at p < 0.05, according to the Kruskal-Wallis multiple comparison test.
DE, dry extract.

There are few publications that address the inhibition of the tyrosinase enzyme in
these mushroom species, and the variation in the results obtained in the existing studies
may be due to the numerous factors that influence the ability of the extracts to produce
a specific effect. Although the extract of A. bisporus was, among the four, the one that
presented a greater inhibition percentage at the higher concentration used, none of the
mushroom extracts in this study, in the tested conditions, can be considered a natural
whitening agent.

3.5. Incorporation of A. bisporus Extract into a Cosmetic Cream

The addition of an extract with antioxidant capacity to cosmetic creams may protect
the skin from external and internal harmful factors, such as pollutants, ultraviolet rays, and
stress, that, with time, are responsible for the formation of wrinkles and dark spots [57].
Moreover, extracts that are able to inhibit the hyaluronidase enzyme may be incorporated
into cosmetic formulations to improve skin suppleness and reduce the formation of wrin-
Kkles, acting as anti-aging and anti-inflammatory agents [66]. In this regard, as the extract of
A. bisporus showed the best antioxidant and anti-hyaluronidase capacity, it was selected to
be incorporated into a cosmetic cream (hereinafter referred to as AB).

3.5.1. Stability Tests of a Cosmetic Cream Containing A. bisporus Extract

To ensure the quality and safety of the creams, stability studies, which consist of
subjecting the samples to different conditions, were performed. Accordingly, the creams
were assessed by testing at 4 °C, 25 °C, and 40 °C for 30 days and under four alternating
heating and cooling cycles (one cycle corresponds to 24 h at 4 °C and then 24 h at 40 °C).
All the potential alterations in the characteristics of the formulations between the pre- and
post-assays were recorded in terms of visual color and texture, phase separation, and pH
(Table 6). The results showed that both creams (FD and AB) were stable and maintained
the initial characteristics after the thermal stability tests, with no phase separation or pH
variations. Likewise, the color, homogeneity, and odor of the creams remained unchanged.
Therefore, the formulations were considered stable.
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Table 6. Results of the stability tests of the creams without (FD) and with 0.2% A. bisporus extract (AB)
under different conditions: 4 °C, 25 °C, and 40 °C for 30 days and four heating and cooling cycles.

. 30 Days Heating and
Initial Cooling Cycl
Parameters 4°C 25°C 40°C ooling Lycles
FD AB FD AB FD AB FD AB FD AB
Color White Beige White Beige White Beige White Beige White Beige
Homogeneity Good Good Good Good Good Good Good Good Good Good
Feel on skin Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth
Phase separation No No No No No No No No No No
pH 4.51 4.52 4.55 4.57 4.51 4.64 4.60 4.71 4.71 4.75

3.5.2. Phenolic Contents and In Vitro Antioxidant Capacity of a Cosmetic Cream
Containing A. bisporus Extract

The biological properties of the creams, including the total phenolic content and the
antioxidant activity (by the DPPH assay), were evaluated. For this, the samples (FD and
AB) were assessed 24 h after the production of the formulations (Table 7). The considerable
difference between these values and those previously obtained for TPC and DPPH are
due to the dilution of the extract in the cream. The results showed that both total phenol
contents and antioxidant activity were significantly higher (p < 0.01) in the cream containing
the extract of A. bisporus compared to the foundation. Thus, adding A. bisporus extract
considerably improved the antioxidant potential of the cream, a very desirable property
in the cosmetic industry that has been experiencing an increasing demand for natural
antioxidants [67].

Table 7. Total phenols and antioxidant activity (measured with DPPH) of the creams without (FD)
and with 0.2% A. bisporus extract (AB).

Creams Total Phenols (mg GA/g Cream) DPPH (uM Trolox/g Cream)
FD 249 £0.11 599 +£1.73
AB 3.51 £0.13 * 16.27 + 2.36 **

The differences between the two creams (FD and AB) were verified using the Mann-Whitney U test, ** p < 0.01.
All the assays were carried out in triplicate, and the results were expressed as mean =+ standard deviation (1 = 3).
DPPH, 2,2-diphenyl-1-picrylhydrazyl; GA, gallic acid.

4. Conclusions

The mushroom cultivation process contributes to food loss and waste generation.
Therefore, it is important to value these residues and encourage their reuse, since due to
their rich composition in bioactive compounds, they have the potential for application in
several fields. In this study, we evaluated the antioxidant, antibacterial, and cosmeceutical
potential of four common edible mushrooms (A. bisporus, B. edulis, L. edodes, and P. ostreatus),
and the extract showing the best properties was chosen to be incorporated into a cosmetic
cream. The extracts of A. bisporus and B. edulis stood out from the other two mushroom
species in all the parameters assessed. Considering its excellent antioxidant activity and
anti-aging effect, the extract of A. bisporus was incorporated into a cosmetic cream, which
was compared to the same cream but without the extract of A. bisporus. The cream with A.
bisporus extract showed a greater total phenol content and increased antioxidant activity
compared to the cream without the extract, emphasizing the high value of the reuse of
mushrooms as source of natural antioxidants in the cosmetic industry.
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