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Abstract: Supplementation of the substrate of mushrooms with calcium silicate and other minerals is
usually used as a preventive measure against pests and other contaminants during the production
of oyster mushrooms. Little is known of the effects of this supplementation on the quality of the
mushrooms produced. In the work described herein, the supplementation of oyster mushrooms
was performed with 5 supplementation levels (0%, 0.5%, 1%, 2% and 4%) on mushrooms from two
different locations in Brazil, the two flushes of mushrooms produced were analysed in terms of
phenolic compounds, organic acids, and the antioxidant, antibacterial and antifungal activities, and
finally the data was subjected to a linear discriminant analysis to understand the discrimination
of the supplementation percentages. Overall, intermediate supplementation until 1% seemed to
have a positive effect on the mushrooms from Mogi-das-Cruzes region, while high supplementation
favoured the mushrooms from the region of Presidente Prudente. Supplementation showed positive
effects on the mushrooms by increasing the production of some secondary metabolites while not
showing any negative cytotoxic effects.

Keywords: oyster mushrooms; polyphenols; calcium silicate; antioxidant; antimicrobial

1. Introduction

Bioactive compounds are found in many foods and are compounds capable of mod-
ulating metabolic processes and promoting health improvements, and have a biological
value that goes beyond the nutritional value of the food. Examples of these compounds are
polyphenols, carotenoids, tocopherols, organic acids, phytosterols, carbohydrates, fibres,
vitamins C, A and E, and minerals, among others, which have antioxidant, antibacterial,
and other health improving effects [1].

Mushrooms are very appreciated for having excellent nutritional and medicinal
properties, being widely appreciated for their taste. Of all edible species of mushrooms,
Pleurotus ostreatus (Jacq.) P. Kumm (oyster pearl mushroom) is one of the most cultivated
and consumed, while also showing beneficial health properties [2,3]. Due to its broad
importance to the human diet, there is a need to deepen the study of its composition in
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bioactive compounds to better understand its health benefits, but also understand how to
increase these bioactive compounds through sustainable methods.

Silicon and calcium are beneficial for plants and mushroom growth, they contribute
towards the wall of the cells, thus helping to maintain textural integrity, while also stimu-
lating the development of mushroom fruiting bodies. Supplementation with calcium in
the form of calcium silicate improves post-harvest storage conditions, thus improving the
quality of mushrooms and increasing their shelf life [4-7].

Calcium silicate bases have many applications and are used in different areas. They are
used in the biomedical field, where they have shown great biocompatibility, antibacterial
activity, and bioactivity; the latter plays a fundamental role in the regeneration and healing
of tissues, and the performance of calcium silicate materials is largely attributable to
their bioactivity [8-10]. It has also been widely used in the production and cultivation of
different plant crops [11-15]. The high compatibility of calcium silicate and mushrooms
when compared to other supplementation materials has attracted attention towards its
supplementation in several crops.

There is currently no information on the possible effects of calcium silicate supple-
mentation during cultivation on bioactive molecules of oyster mushrooms. A previous
study showed the impact of calcium silicate on the agronomical yields and chemical com-
position of oyster mushrooms, pointing out that very slight changes were sought in terms
of nutritional quality, but an increase in bioactive compounds like tocopherols and vitamin
D, [3]. Following the results of that study, the effects of varying concentrations of calcium
on the substrates of P. ostreatus were sought for the antioxidant, cytotoxic and antimicrobial
activity, as well as the effects in polyphenols and organic acids.

2. Materials and Methods
2.1. Standards and Reagents

High Performance Liquid Chromatography (HPLC) grade acetonitrile (99.9%), n-hexane
(95%) and ethyl acetate (99.8%) were purchased from Fisher Scientific (Lisbon, Portugal).
Organic acid standards and 2,2"-azobis(2-methylpropionamidine) dihydrochloride (AAPH)
were obtained from Sigma-Aldrich (St. Louis, MO, USA) and phenolic standards were ac-
quired from Extrasynthese (Genay, France). Potato dextrose agar (PDA) and potato dextrose
broth (PDB) were acquired from Oxoid microbiology products (Hampshire, United King-
dom). p-lodonitrotetrazolium chloride (INT) from Panreac Applichem (Barcelona, Spain),
Tryptic soy broth (TSB), and Mueller-Hinton (MH) from Biolab® (Hungary). All other
reagents and solvents were of analytical grade and obtained from common sources. Water
was treated in a Milli-Q water purification system (TGI Pure Water Systems, Greenville,
SC, USA).

2.2. Samples

One strain of P. ostreatus var. florida (Jacq.) P. Kumm was bought from producers of
Mogi-das-Cruzes (coordinates: —23.52327, —46.2659766, company—Funghi & Flora) hence-
forth described as “MC”, and another in Presidente Prudente (—21.9629448, —51.6337427,
company—Brasmicel), described as PP, both in the state of Sdo Paulo, in Brazil. The in-
oculum was prepared by subculturing the mushroom, following the steps of production
of subculture (petri dish with potato dextrose agar), production of mother spawn, and
production of grain spawn (sorghum with lime and gypsum) for compost inoculation, as
described by [16]. Two flushes of mushrooms were harvested for each inoculum.

2.3. Bioactive Molecules
2.3.1. Organic Acids

Organic acids were identified and quantified following the procedures described and
optimized previously by Barros, et al. (2013) [17] after extraction with metaphosphoric acid.
The analysis was done by means of ultrafast liquid chromatograph (UFLC, Shimadzu 20A
series, Shimadzu Corporation, Kyoto, Japan) coupled to photodiode array detector (PDA),
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using 215 nm as the preferred wavelength. 3.6 mM of sulphuric acid was used as the mobile
phase, at a flow rate of 0.8 mL/min. Quantification of organic acids was done by comparing
the area of their peaks with calibration curves obtained from the commercial standards
of each compound, using LabSolutions Multi LC-PDA software (Shimadzu Corporation,
Kyoto, Japan), with the results being displayed in g per 100 g of dry weight (DW).

2.3.2. Phenolic Compounds

For the analysis of phenolic compounds, each sample was placed in a beaker (~1 g)
and was extracted by magnetic stirring with ethanol:water (30 mL, 80:20, v/v) at room
temperature and 150 rpm, for 1h. The extract was separated from the residue by filtration
through Whatman No. 4 paper in a round flask. The residue was re-extracted again under
the same conditions and the filtrates were evaporated at 40 °C to remove ethanol (rotary
evaporator, Biichi, Flawil Switzerland). Subsequently, the aqueous phase of each sample
was frozen and lyophilized (freeze 4.5 FreeZone model 7750031, Labconco, Kansas, USA)
to obtain the respective extracts. The hydroethanolic extracts obtained were dissolved in
ethanol: water (80:20, v/v at 10 mg/mL) and filtered through a 0.22-um disposable LC
filter disk.

Phenolic compounds were determined in a Dionex Ultimate 3000 HPLC (Thermo
Scientific, San Jose, CA, USA), coupled to a diode array detector (DAD, set at 280, 330, and
370 nm) and a mass detector (MS), and also equipped with a quaternary pump, an auto-
mated injector (5 °C), a degasser, and a temperature adjusted column chamber (35 °C) [18].
The detection of compounds was achieved through a diode array detector (DAD) set at
280 nm of wavelength and coupled to a mass detector. The separation of the compounds
relied on a C18 columns (Waters Spherisorb S3 ODS-2 (3 um, 4.6 mm x 150 mm, Waters,
Milford, MA, USA) operating at 35 °C and the mobile phase consisted of 0,1% of formic
acid in water and acetonitrile, functioning in gradient mode. The gradient varied from 15%
of acetonitrile for 5 min to 20% during another 5 min, then 10 min at 25%, another 10 min
to 35% and finally another 10 min from 35% to 50%, being the column rebalanced from
10 min at a flux of 0.5 mL/min. The detection of masses was achieved using a Liner LTQ
XL ion trap mass spectrometer (Thermo Finnigan, San Jose, Can, USA) equipped with an
electrospray ionization source using nitrogen as the carrier gas [18]. The data was analyzed
using Xcalibur software and the results were in ug per 100 g of DW.

2.4. Bioactivities
2.4.1. Antioxidant Activity

The thiobarbituric acid reactive substances (TBARS) inhibition and the oxidative
hemolysis inhibition (OxHLIA) assays were performed for antioxidant activity evaluation.
Trolox was used as a positive control in both in vitro assays. For the TBARS assay, the
lyophilized extracts were dissolved in ethanol /water (80:20, v/v), and subjected to dilu-
tions between 20 and 0.078 mg/mL. The inhibition of lipid peroxidation in porcine brain
homogenates (Sus scrofa) was evaluated by the decrease in TBARS; the colour intensity
of malondialdehyde-thiobarbituric acid (MDA-TBA) was measured by its absorbance at
515 nm. The inhibition rate (%) was calculated according to Spréa, et al. (2020) [19], and
the results were expressed in ECsj values (mg/mL, sample concentration providing 50%
of antioxidant activity).

The antihemolytic activity used the OxHLIA assay, as described and optimized by
Lockowandyt, et al. (2019) [20]. An erythrocyte solution (2.8%, v/v; 200 puL) prepared in
PBS (pH 7.4) was mixed with 400 pL of: (i) extract solution (6-500 ng/mL in PBS); (ii) PBS
(control); (iii) water (for complete haemolysis); or (iv) trolox (7.81-250 ug/mL PBS). After
pre-incubation at 37 °C for 10 min with shaking, 200 uL of AAPH (160 mM in PBS) were
added and the optical density was measured at 690 nm every ~10 min in a microplate
reader (Bio-Tek Instruments, ELX800) until complete hemolysis. The results were expressed
in ICs values (ng/mL), meaning the concentration of extract capable of promoting a At
delay in hemolysis of 60 and 120 min.



Sustainability 2021, 13, 5019

4 of 14

2.4.2. Antimicrobial Activity

The antimicrobial activity was analysed according to the procedure described previ-
ously [21]. The following Gram (+) bacteria, Staphylococcus aureus (ATCC 11632), Bacillus
cereus (food isolate) and Listeria monocytogenes (NCTC 7973), as well as Gram (-) bacteria
Escherichia coli (ATCC 25922), Enterobacter cloacae (ATCC 35030) and Salmonella Typhimurium
(ATCC 13311), were tested; as for the tested micromyecetes, the following were used: As-
pergillus fumigatus (ATCC 2011), Aspergillus ochraceus (ATCC 12066), Aspergillus niger (ATCC
6275), Penicillium funiculosum (ATCC 36839), Penicillium ochrochloron from the American Type
Culture Collection (ATCC 9112) and Penicillium verrucosum var. cyclopium (food isolate). The
microorganisms are deposited at Mycological laboratory, Department of Plant Physiology,
Institute for Biological research “Sinisa Stankovi¢”, University of Belgrade, Serbia.

A microdilution method was implemented to perform the antimicrobial assay [22].
Bacterial/fungal suspensions were adjusted with sterile saline to a concentration of
1.0 x 10° CFU/mL. The mushroom extracts were dissolved in 30% ethanol, mixed with
nutrient media for bacteria (Tryptic Soy Broth) or micromycetes (Malt medium) containing
bacterial / fungal inoculum (1.0 x 10° CFU per well) in a final volume of 100 uL.

Minimum inhibitory concentrations (MIC) and minimum bactericidal/fungicidal
concentrations (MBC/MFC) were defined as described previously [21]. Ampicillin and
streptomycin (Panfarma, Belgrade, Serbia) were used as positive controls for the antibacte-
rial activity test, while the commercial antifungals bifonazole and ketoconazole (Srbolek,
Belgrade, Serbia) were used as positive controls for antifungal assay. Thirty percent ethanol
was used as a negative control.

2.4.3. Cytotoxicity

The cytotoxicity of the mushrooms was analysed by means of the sulforhodamine
B assay, as previously described by Barros, et al. (2013) [17]. Methanol:water extracts
(80:20, v/v) were prepared for the cytotoxicity analyses, after that, they were redissolved
in water to obtain stock solutions of 8 mg/mL and then subjected to further dilutions.
Four human tumor cell lines were tested: NCI-H460 (non-small cell lung carcinoma),
MCEF-7 (breast adenocarcinoma), HepG2 (hepatocellular carcinoma), and HeLa (cervical
carcinoma) of DSMZ (Leibniz-Institut DSMZ- Deutsche SammLung von Mikroorganismen
und Zellkulturen GmbH). Each cell line was plated at a suitable density (7.5 x 10 cells/well
for MCF-7 and NCI-H460 or 1.010 cells/well for HeLa and HepG2) in 96-well plates and
allowed to bind for 24 h.

To evaluate cytotoxicity in non-tumor cells, a culture of cells (called PLP2) was pre-
pared from a freshly harvested porcine liver obtained from a local slaughterhouse, accord-
ing to a procedure established by Tsukatani et al. 2011 [23]. The absorbance was measured
at 540 nm using an ELX800 microplate reader (Bio-Tek Instruments, Inc., Winooski, VT,
USA) [24]. Ellipticine was used as a positive control and the results were displayed at G5
values (ug/mL) (concentration which inhibited 50% of net cell growth).

2.5. Statistical Analysis

Throughout the manuscript, all data are expressed as mean + standard deviation.
Samples were analysed through two-way analysis of variance (ANOVA) with type III sums
of squares, after verifying homoscedasticity through a Levene’s test. The post-hoc test
used was either a Tukey’s multiple test (homoscedastic sample) or Tamhane T2 test (non-
homoscedastic samples) for the different Calcium Silicate supplementation and a Student’s
T test for the two harvest periods. Using a two-way ANOVA, it is possible to verify the
influence of the two factors, Harvest number (HN) and calcium silicate supplementation
(CS), independently from each other. If a significant interaction was detected among the
two factors (HN x CS p < 0.05), they were evaluated simultaneously, and some tendencies
can be extracted from the estimated marginal means (EMM) plot. Inversely, if there was
no significant interaction recorded among the two factors (HN x CS p > 0.05), they were
analysed and classified independently using the post-hoc tests described above. Thus,
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the standard deviations were calculated from results obtained under different operational
conditions, and should, therefore not be regarded as a measure of precision, rather as the
range of the recorded values. All statistical analysis was performed using a p-value of
0.05 and using SPSS (version 25). A linear discriminant analysis (LDA) was performed
to discriminate the different two harvests and percentage of supplementation. The LDA
used the Wilk’s A test with and F-value of 3.84 for entering and 2.71 for removal, using the
leave-one-out cross validation procedure.

3. Results and Discussion

This work focused on the effects of different percentages of calcium silicate supple-
mentation on the different bioactivities and individual bioactive molecules of P. ostreatus
mushrooms.

3.1. Organic Acids and Phenolic Compounds

Table 1 shows the profile in organic acids and phenolic compounds of both mushrooms
with the supplementation of CS during the two harvest periods (1st and 2nd flushes).

Table 1. Organic and phenolic acids detected through ultrafast liquid chromatograph (UFLC)-diode array detector (DAD)
and HPLC-DAD-ESI/MS (electro-spray ionization coupled to a mass spectrometer), respectively, of the different mushroom

provenances across the two harvest periods in DW.

Mogi-das Cruzes (MC)

. . . Total Protoca . . . Total
Oxalic Malic Fumaric . . p-coumaric  Cinnamic .
. . . Organic techuic . . Phenolic
Acid Acid Acid Acids Acid Acid Acid Acids
100 100 100 100 100
(/100 8) (/100 8) (/100 8) (g/100 g) (ug/100 g) (ng/100 g) (ng/100 ) (1g/100 g)
Harvest First ~ 019+£004 27+£03 0250 +£0.008 32403 116 4 27 56 + 17 36 + 11 208 + 48
Number (HN)  Second 022+005 30+03 0257+0009 35+03 177 + 46 32412 30+4 239 + 56
f’n"jll‘;e) f-test <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calci Control 0224008 251403 025140002 29403 137 £ 53 52 +1 26+5 216 + 57
S".‘l.“utm 05%  0214£003 31401 0.25 + 0.02 35402 167 + 74 33+8 3742 237 + 64
rcate. 1% 016 4+001 27402 0250+£0003  31+02 146 + 46 3746 27 +£1 211 £ 41
Concentration 287 +
(CS) 2% 0.17 + 0.02 000 0253 +£0.005 3304004 112416 41 + 28 35+ 12 187 + 56
4% 0244003 32403 025940002 37402 170 + 10 56 + 21 4049 266 + 21
p-value THSD <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(n=6) test
I?IEZXSS)S p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Presidente Prudente (PP)
Harvest First  020+£008 35+08 028 +0.02 40408 140 + 62 23+8 21+2 185 + 67
Number (HN)  Second  03+£02  28+04  027+0.02 34403 193 £ 29 60 + 19 3245 285 + 38
fnvjll‘g t-test <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
) Control 03402  26+02 0274002  320+004 113458 42 +£31 2446 179 + 94
Calcium 0.208 4
Silicate 0.5% 0,008 441 0.27 + 0.04 4+1 198 + 41 51 + 33 26+6 274 + 81
Concfg;ahon 1% 03 +02 30+£06 0278+£0004  35+04 190 + 16 23+5 31+ 12 245 + 33
2% 0254003 35+06 0294001 41+07 211 + 13 51+ 21 2742 290 + 11
4% 025+005 30+03 0252+0009  35+03 122 4+ 41 41+ 10 25+4 188 + 55
p-value THSD <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
(n=6) test
P(III:I:xg)OC)S p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

The presented standard deviations were calculated from results obtained under different operational conditions. Therefore, these values
should not be regarded as a measure of precision, rather as the range of the recorded values. t-test represents a student’s t-test, while THSD
test means Tukey’s honest significance test.

Table 1 is divided into two sections, each one pertaining to the locations of the strains,
namely MC and PP. Each section is further divided into an upper and lower section,
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referring to the two factors, namely HN and CS. This sectioning of the tables derives from
the two-way ANOVA employed to understand the influence of each factor individually, and
thus, in the upper section of Table 1, within the ranges of the means are all both the values of
HN, and in the lower sections are all the values from CS, namely 0%, 0.5%, 1%, 2% and 4%.
This type of representation of the results allows for a much more trustworthy interpretation
of the results, for each factor that caused change can be analysed independently of the
influence of the other. The existence of an interaction between both factors is demonstrated
by HN x CSp < 0.05, and thus only allows for general conclusions which can be extracted
from the estimated marginal means (EMM) plots, whilst HN x CS p > 0.05 shows that
each factor can be classified independently using Tukey’s HSD test to classify each factor
individually.

Regarding organic acids, three were detected, namely oxalic acid, malic acid and fu-
maric acids, with malic acid being the most abundant one. Overall, a significant interaction
was sought for all three organic acids for both mushroom provenances, as well as their
total amount, and thus only some general conclusions could be extracted from the EMM
plots, present in Figure 1.

Estimated Marginal Means of p-Coumaric acid for Mogi-das-Cruzes

Estimated Marginal Means of Malic acid for Mogi-das-Cruzes Flush
Percentage 80 — First
Control / // e
—0.5% 70
—1% ]
2% b
4% = 60
/ 3
| =
I 80 50
, s
— = —
/// § 40 =
- =
_— E
_—~ 2
- Z 30
-
— 20
First Second
Control 0,5% 1% 2% 4%
Flush
Percentage
(@ (b)

Estimated Marginal Means of p-Coumaric acid for Presidente Prudente

Estimated Marginal Means of Cinnamic acid for Presidente Prudente

Flush Flush
~First First
—Second —Second

Estimated Marginal Means
w
8

/ — - B

1% 2% 4% Control 0,5% 1% 2% 4%
Percentage Percentage
(0) (d)

Figure 1. EMM plots of mushrooms from Mogi das Cruzes (a,b), (a) malic acid, (b) p-coumaric acid, and Presidente
Prudente (c,d), (¢) p-coumaric acid, (d) cinnamic acid, mushrooms at the two different harvest periods.

The plots showed that malic acid from MC mushrooms supplemented with calcium
silicate (Figure 1a) showed higher values of this organic acid, and a further increase from
the first to the second flush, which was positively correlated with the increasing percentage
of calcium silicate. Malic acid is an important carboxylic acid with beneficial effects on
health [12,25]. Its values in the mushrooms increased with the increase of calcium silicate
supplementation. It seems that a supplementation with 0.5% of calcium silicate favors
the production of malic acid, especially in the first flush. Still, supplementation of 4%
does not seem to increase the amount of malic acid in the first flush when compared to
supplementation with 0.5%, but greatly stimulates its production in the second flush. With
regards to the phenolic compounds, once again, a significant interaction was detected for
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all, both for MC and PP mushrooms. Of the main compounds detected, protocatechuic
acid was the most abundant, followed by p-coumaric acid and finally cinnamic acid, which
was the least abundant. The EMM plots in Figure 1 allow for some general tendencies,
namely that for MC, supplementation with 4% shoed higher amounts of malic acid, while
the control sample showed the least (Figure 1a), while the first flush showed higher values
of p-coumaric acid with an increase related to the highest supplementation percentages,
while for the second harvest this tendency was inverted (Figure 1b). Still, for PP, the
second harvest showed higher values of p-coumaric acid, being this increase correlated
with higher supplementation of calcium silicate (Figure 1c). Cinnamic acid, the least
abundant phenolic compound showed and EMM plot for PP in which the highest amount
was sought for the second harvest, that showed a maximum of this phenolic compound at
1% of supplementation with calcium silicate (Figure 1d).

3.2. Antioxidant Activity and Cytotoxicity in Non-Tumour Cell Line

Table 2 shows the results of the two antioxidant activity assays carried out for the
mushroom extracts, namely TBARS and OxHLIA, and once again a significant interaction
was detected for both. The EMM plots show that for MC, in the OxHLIA assay, only the 4%
supplementation of calcium silicate showed activity, although it reduced from the first to
the second flush (Figure 2). For PP mushrooms, the supplementation with calcium silicate
did not show any activity in the first flush, only showing activity in the second flush. In
terms of TBARS assay, no EMM plots could be shown, although Table 2 shows a significant
interaction between the flushes and the calcium silicate concentration implying that the
slight changes found for this assay was due to both of the factors.

Both samples were tested against a porcine liver primary cell line, showing no cyto-
toxicity at the tested concentrations, which indicates that the supplementation of calcium
silicate in the mushroom substrate does not induce any cytotoxic effect. This result high-
lights the use of calcium silicate as a stimulant for bioactive molecules in certain crops
without the drawbacks of other substrate supplementations.

Table 2. Antioxidant activity of the different mushroom provenances across the two harvest periods.

Presidente Prudente (PP)

TBARS OxHLIA
(ECsp mg/mL) (ICsp pg/mL)
First 0.8+ 0.3 41 +23
Harvest Number (HN) Second 05402 56 + 38
p-value (n = 15) t-test <0.001 <0.001
Control 0.7£0.3 67 +8
0.5% 0.8+0.1 80 £ 30
Calcium Silicate Concentration (CS) 1% 0.6 £0.1 41 +£12
2% 0.8 £0.6 55+ 16
4% 04+0.1 n.a.
p-value (n = 6) THSD test <0.001 <0.001
HN x CS (n=30) p-value <0.001 <0.001
Mogi-das Cruzes (MC)
First 0.7+0.1 16 £ 32
Harvest Number (HN) Second 0.5+ 02 56 + 51
p-value (n =15) t-test <0.001 <0.001
Control 04+0.2 n.a.
0.5% 0.44 £ 0.05 n.a.
Calcium Silicate Concentration (CS) 1% 0.6 £0.2 30 + 33
2% 0.75 £ 0.02 54 £+ 60
4% 0.69 + 0.05 96 + 20
p-value (n = 6) THSD test <0.001 <0.001
HN x CS (n =30) p-value <0.001 <0.001

The presented standard deviations were calculated from results obtained under different operational conditions.
Therefore, these values should not be regarded as a measure of precision, rather as the range of the recorded
values. na: no activity. f-test represents a student’s t-test, while THSD test means Tukey’s honest significance test.
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Estimated Marginal Means of OxHLIA for Mogi-das-Cruzes

Percentage
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Figure 2. Estimated marginal means (EMM) plot of the oxidative hemolysis inhibition (OXHLIA) analysis of the Mogi-das-
Cruzes mushrooms.

3.3. Antimicrobial Activities

The minimum inhibition concentration (MIC) for the antimicrobial activity of the
different mushrooms is represented in Figure 3, where each microorganism corresponds to
a colour, and all of the different supplementation results are expressed within that same
colour. Furthermore, the minimum inhibition concentrations of the positive controls are
represented in each case through the red and blue horizontal lines.
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Figure 3. Antimicrobial activity of the mushrooms from both flushes and different supplementation percentages compared
to positive controls. For the antibacterial activity, the blue line represents the ampicillin minimum inhibitory concentrations
(MIC) while the red line represents the MIC of streptomycin. In the antifungal charts, the red lines represent the MIC
of ketoconazole and the blue the MIC of bifonazole. (a) antifungal activity of the mushrooms from Presidente Prudente;
(b) antibacterial activity of the mushrooms from Presidente Prudente; (c) antifungal activity of the mushrooms from
Mogi-das-Cruzes; (d) antibacterial activity of the mushrooms from Mogi-das-Cruzes.

The red line represents ketoconazole for the antifungal activity and streptomycin
for the antibacterial activity, while the blue line represents bifonazole for the antifungal
activity and ampicillin for the antibacterial activity. The mushrooms from PP showed
very uniform values and low variations from the first flush to the second (Figure 3a). The
best result was sought against B. cereus, in which some percentages of supplementation
displayed better activity than both positive controls. Furthermore, most samples of MC
showed better results against S. typhimurium when compared to ampicillin. Interestingly,
the antifungal activity for the mushrooms of PP (Figure 3b) showed different results, in
which the higher supplementation showed better results than the positive controls in
both flushes for the same fungi, A. ochraceus and P. ochlorochloron in the second flush. The
antibacterial activity for mushrooms from MC, represented in Figure 3¢, showed that the
mushrooms in the second flush had lower antibacterial activity and that supplementation
did not have much influence on the activity, although for B. cereus, L. monocytogenes and
E. coli, the values of the mushrooms were very close to the activity of one of the positive
controls. Regarding Figure 3d, the antifungal activity for the mushrooms from MC, the
supplementation did not seem to have an influence on the antifungal activity, and while
there seemed to be a decrease from the first to the second flush, very good results were
sought against P. ochrochloron, in which the mushroom seemed be have higher activity in
the first flush than both positive controls. Furthermore, the first flush was also between
both positive controls for A. ochraceus and P. funiculosum.
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Overall, P. ostreatus mushrooms seem to have a higher antibacterial than antifungal
activity and, in some cases, supplementation with calcium silicate increase this activity,
especially in PP against fungi and MC against bacteria.

3.4. Linear Discriminant Analysis

A linear discriminant analysis (LDA) was used to further discriminate the differences
induced by the supplementation with calcium silicate to the mushrooms from the two
regions. The LDA discriminated the supplementation percentages (Figure 4) for both
mushrooms.
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Figure 4. Linear discriminant analysis (LDA) of the different calcium silicate supplementation
percentages for each mushroom, (a) Mogi-das-Cruzes and (b) Presidente Prudente.

Regarding the mushrooms from MC (Figure 4a), the model defined 4 functions that
accounted for 100% of the variance, although the first two included 99.6% (function 1—
62%, function 2—37.6%). Among the 10 parameters analysed, 8 had discriminating ability,
namely p-coumaric acid, OxHLIA assay, malic acid, protocatechuic acid, TBARS assay,
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oxalic acid, cinnamic acid and fumaric acid. The ones most correlated with function
1 were TBARS and OxHLIA assay as well as p-coumaric acid, while p-coumaric acid,
protocatechuic acid and oxalic acid were highly correlated to function 2. By analysing
Figure 4a a clear discrimination between the different supplemented mushrooms is visible,
with the 4% calcium silicate supplemented mushrooms showing greater difference from
the other samples, which was based on the antioxidant activity and p-coumaric acid values.
Regarding the LDA for PP, shown in Figure 4b, the model also defined 4 functions that
accounted for 100% of the variance, and the two first ones together accounted for 94.6%
(function 1—72.5%, function 2—22.1%). Eight parameters showed discriminant ability,
namely OxHLIA assay, cinnamic acid, protocatechuic acid, total organic acids, TBARS
assay, p-coumaric acid, fumaric acid and oxalic acid. The parameters that best correlated to
function 1 were p-coumaric acid, cinnamic acid and total organic acids, while p-coumaric
acid, total organic acids and oxalic acid were best correlated with function 2. Figure 4b
shows that contrary to Figure 4a, not all supplementation percentages were clustered,
namely the control (0%) 0.5% and 2% supplementation were discriminated from 1 and 4%
according to function 1, while the latter were separated according to function 2. Overall, the
parameters were better at discriminating the supplementation from the mushroom from
Mogi-das-Cruzes. Supplementation at 4% stands out as the most distinct from the other
percentages and the control sample, revealing that an increase in supplementation probably
over 4% might induce higher changes. Further studies with increasing supplementation
percentages are needed to understand if they can improve on the chemical parameters of
the mushrooms or have damaging effects.

4. Conclusions

Supplementation of mushroom substrate with minerals and other components has
been carried out with relative success, aiming at controlling pests or increasing crop yields.
Previous work has been carried out with calcium silicate studying the effects on biological
yield and individual bioactive molecules [6]. In this work, the analysis of supplementation
of calcium silicate was tested in terms of the potential bioactive properties that could arise
or decrease from this supplementation. Overall, very slight changes were sought for the
parameters analysed, implying that supplementation can have a beneficial effect on the
antioxidant and antimicrobial activity of the mushrooms without drastically changing their
chemical composition. For the mushrooms from MC, 1% of supplementation of calcium
silicate seemed to promote an increase of cinnamic acid, although 0.5% of supplemen-
tation increased p-coumaric acid revealing that lower concentrations of calcium silicate
are favoured in terms of secondary metabolites. The antimicrobial activity did not seem
affected by the varying percentages of supplementation, although the mushrooms revealed
some antimicrobial activity against A. ocharaceus and P. ochrochloron. The mushrooms from
PP showed that higher supplementation favoured the increase of p-coumaric acid and malic
acid and the antioxidant activity while also increasing the antimicrobial capacity against
A. ochraceus and P. ochrochloron. The parameters used in the LDA had higher discriminat-
ing ability for the supplementation of the mushrooms from MC than from PP. Overall,
supplementation of calcium silicate does not seem to negatively affect the mushrooms in
terms of their bioactivities, organic, phenolic compounds or induce cytotoxicity, and might
even have beneficial effects, namely their increase. From a sustainability point of view,
the use of calcium silicate is moderately used in agriculture to help increase resistance to
certain pests without the drawbacks of pesticides. Furthermore, it is a source of silicon for
plants and mushrooms and using it as a stimulant for bioactive compounds in mushrooms
stands as a valuable tool for their production. Thus, the use of calcium silicate can stand as
an important supplement in agriculture, although further studies on vegetable crops and
other mushrooms are needed to widen knowledge.
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