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Pleurotus mushrooms are valuable food supplements with health and environmental restorative potential. In this paper, we sought
to evaluate the biological activities and profile the bioactive compounds found in Pleurotus ostreatus cultivated from agro-waste
supplemented with maize flour. We investigated carbon to nitrogen (C/N), antimicrobial, antioxidant, and antimalarial potential
for the varying supplementation during mushroom cultivation. GCMS was utilized for screening bioactive compounds found in
P. ostreatus. Changes in supplementation directly correlate with changes in compound profiling. Nonetheless, some compounds
were found to be common amongst the tested mushrooms, including pentadecanoic acid; 9,12-octadecadienoic acid, methyl ester;
pentadecanoic acid, methyl ester; octadecanoic acid; and diisooctyl phthalate. The highest antimicrobial potential against Gram-
positive Staphylococcus aureus was observed when maize flour supplements were increased to 12% and 18%. Our data dem-
onstrated that the observed antioxidant (DPPH, ABTS, and reducing power) and antimicrobial activity could emanate from
various supplementation conditions. Furthermore, supplementation has an impact on the mushroom yield and phytochemical
profiles of the produced mushroom.

1. Introduction

Mushrooms have established significant value in humans as
they are increasingly incorporated into humans since they
have profound functional and nutraceutical importance
[1]. Amongst the most cultivated mushrooms, the oyster
(Pleurotus) mushroom ranks as the third most cultivated
species following the button and shiitake mushrooms [2].
The Pleurotus mushrooms have an added advantage of
worldwide distribution since they can grow in temperate to
tropical regions with temperatures ranging from 12 to 32°C
[3]. Furthermore, the process of cultivation of oyster

mushrooms is useful for reducing environmental pollution,
and hence it is deemed as one of the environmentally
friendly procedures since the mushroom produces mycelia
which degrade lignocellulosic waste via a complex enzyme
system [4]. For the mushroom mycelia to degrade and
utilize lignocellulosic waste for its growth, specific nutri-
ents are needed, and hence the mushroom-growing sub-
strates should be supplemented to increase mushroom
yield and improve rapid growth [5, 6] and nutritional
property, and hence the nutritional contents of mushroom
are influenced by the composition of growing
substrates [7].


https://orcid.org/0000-0003-2832-1343
https://orcid.org/0000-0002-7798-3020
https://orcid.org/0000-0003-4167-9294
https://orcid.org/0000-0002-2967-7846
mailto:pooeo@ukzn.ac.za
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2762972

It has been documented that Pleurotus spp. need to be
grown on substrates containing carbon, nitrogen, and in-
organic compounds for growth [8]. Hence, the addition of
supplements is a necessity to enhance the production of
oyster mushrooms; however, the supplementation ratio
should be of a certain limit to avoid the possibilities of
contamination [9] and yield reduction [10]. Therefore, the
substrates utilized for mushroom growth should have a well-
balanced carbon-to-nitrogen (C/N) ratio that is supplied by
nutrients within the substrates [11]. For example, the
P. ostreatus mushroom requires an optimal C/N ratio for
better growth on the substrate [12]. Hence, it was one of the
objectives of the study to find an optimal C/N ratio of
Pleurotus ostreatus mushroom using maize flour as a sup-
plement. However, numerous mushroom species are well
known to produce a variety of metabolites that have anti-
oxidant, antimicrobial, antitumor, antihypertensive, anti-
platelet aggregation, antihyperglycaemic, antigenotoxic, and
antiviral activities [13]. It is worth noting that recently
mushrooms have been reported to have compounds such as
anthraquinones, flavonoids, and steroids which possess
antimalarial activity [14]. Some of these metabolites from
mushrooms such as phenolic compounds can be affected by
different factors such as substrates and supplements used
during cultivation [15]. Some authors have stipulated that
supplements such as wheat bran are rich in compounds that
have antioxidant activities [16], and hence Magdziak et al.
[15] have recently found that the addition of 20% WB caused
little effect on the synthesis of low-molecular-weight organic
acids within P. citrinopileatus.

Hence, our study only focused on growing Pleurotus
ostreatus mushrooms on sugarcane waste (sugarcane leaves
and sugarcane bagasse) substrates supplemented with maize
flour, which has been rarely used when compared to other
supplements such as wheat bran. To our knowledge, no
information confirms the effect of utilizing maize flour as
a supplement on factors such as mushroom bioactive
compounds, antioxidant properties, antimicrobial proper-
ties, and antimalarial properties of the mushroom. Hence,
the medicinal benefits of adding maize flour to the
mushroom-growing substrates could probably be achieved.

2. Materials and Methods

2.1. The Field and Laboratory Cultivation of P. ostreatus
Mushroom. Two different agro-waste substrates (sugarcane
bagasse and sugarcane top) were used for the cultivation of
P. ostreatus mushrooms. A slightly modified method by
Mkhize et al. [17] was adopted during the cultivation of the
P. ostreatus mushroom. The P. ostreatus mushroom was
obtained from the KwaZulu-Natal (KZN) Department of
Agriculture and Rural Development (DARD). (i) Mush-
rooms were precultured on the media named Potato Dex-
trose Agar (PDA), incubated under dark conditions for
a week at +25°C, and then stored at —4°C until further used.
(ii) Approximately 4-5 pieces of previously grown
P. ostreatus mushroom on PDA were then inoculated into
the fully prepared bird seed grain, and hence mushroom
spawn was obtained through the adoption of slightly
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modified method from Mkhize et al. [9]. (iii) Mushroom-
growing base substrates (sugarcane tops and sugarcane
bagasse) were thereafter prepared by soaking in water till
moisture of 65% was achieved, and the pH of the substrates
was balanced by adding standardized formulas of 1% gyp-
sum (CaSO,42H,0) and 15% CaCOs, and thereafter the
substrates were supplemented with maize flour, that is, 0%
(no maize flour), 8%, 12%, and 18%, respectively. After
supplementation, the substrates were pasteurized at tem-
peratures around 60-65°C for six hours and thereafter given
time to cool up to room temperature and inoculated with
previously prepared P. ostreatus mushroom spawn. After
inoculation, the substrates were incubated within the dark
environment under ambient temperature (+25°C) until the
mycelia colonized the entire substrate. (iv) The fully mycelial
colonized substrates were taken out of the dark environment
and were stored in the fruiting room which was constructed
of 30% gray shade cloth and was timely fogged to maintain
60% moisture, which promoted rapid fruiting of P. ostreatus
mushroom. The mushrooms were harvested and sun-dried
under 30% gray shade cloth.

2.2. The Carbon-to-Nitrogen (C/N) Ratio of Maize Flour-
Supplemented Substrates and P. ostreatus Mushroom Yield.
The substrates (sugarcane tops and sugarcane bagasse) were
initially screened for total carbon and nitrogen, adopting
a modified method from Amoah-Antwi et al. [18]. The
content of C and N within the abovementioned substrates
was analyzed with the combustion method using a machine
called CHN analyzer (Leco, Moenchengladbach, Germany).
About 3 mg of oven-dried substrates was analyzed in trip-
licate, with the C/N ratio calculated from the mean of the
obtained results.

The mushroom yield was calculated following a method
by Mkhize et al. [9]; hence, the following formula was
utilized to calculate the mushroom yield: MY = weight of
fresh mushroom harvested/weight of fresh substrate, where
MY = mushroom yield in grams.

2.3. P. ostreatus Mushroom Extraction. The P. ostreatus
extract was prepared through the adoption of a slightly
modified method by Chowdhury et al. [19]. The mushrooms
which were sun-dried under 30% shade cloth were milled
using a milling machine of 30 mm sieves. The mushroom
powder of 100 g was then weighed and mixed with 250 ml of
methanol solvent, which was thereafter allowed to be shaken
at 200 rpm for 24 hours under room temperature (+25°C).
After 24 hours, the mixture was allowed to be filtered using
Whatman No. 1 filter paper and the filtrate was allowed to
evaporate to dryness under the fume hood. The dried extract
was thereafter stored in a dark environment under ambient
temperature for future analysis.

2.4. Screening of the Bioactive Compounds within P. ostreatus
Extract. Screening of bioactive compounds within the
mushroom extract was done using gas column chroma-
tography (GCMS) following a modified method by Daffodil
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et al. [20]. Firstly, 3 mg of the extract was dissolved in 10%
methanol and thereafter mixed with 90% dichloromethane
(DCM) and shaken until homogeneity was achieved. The
GCMS analysis of mushroom extract was conducted using
the Shimadzu GCMS QP2010 SE. The gas chromatograph
was interfaced with a mass spectrometer which was
equipped with a Zebron ZB-5MSplus  column
(30mx0.25mm, 0.25pm). The GCMS detection was
through an electron ionization system that had an ionizing
energy of 70 eV. The method introduced helium gas as one of
the carrier gases, which was set to be at a constant flow rate
(1 ml/min), with an injection volume of 8.00 yl and a split
ratio of 10: 1. The injection temperature was at 250°C and the
temperature of the ion source was at 28°C. Oven temperature
and time were programmed as follows: 110°C (isothermal for
2min) and was increased at about 10°C/min to 200°C,
thereafter 5°C/min to 280°C, and finally ended with 9 min
isothermal which was at 280°C. The mass spectra were ac-
quired with 70eV ionization energy employed, with
a scanning interval of 0.5 seconds, in the mass range of 45 to
450 da. The running time for GC was 36 min in an overall
state, whereby the relative amount (%) of each component
was calculated by comparing its average peak area to the total
area. Firstly, all peak areas were added together to obtain the
total area of the peaks; thereafter, to calculate the % of any
compound in the mixture, its individual area was divided by
the total area of the peaks and multiplied by 100. A database
from the National Institute of Standard Technology (NIST)
mass spectral database 2010 (v11) [21] was used to interpret
the GCMS mass spectrum; hence, the database had more
than 62000 patterns within the library.

2.5. The P. ostreatus DPPH Scavenging Activity (Antioxidant
Activity). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal is said to be a stable nitrogen radical that has an ab-
sorption around 517nm. Antioxidant compounds or
extracts must be able to give an electron or a hydrogen atom,
which therefore converts DPPH into a more stable and
diamagnetic molecule [22]. The antioxidant activity of
P. ostreatus was evaluated using a modified method from
Ayeni et al. [23], whereby mushroom extracts were prepared
in numerous concentrations which ranged from 10 to
800 ug/ml. An amount of 5004l of DPPH (0.1 Mm) was
mixed with 1 ml of a mushroom extract, which was then
allowed to undergo incubation at room temperature for
30-60 minutes under dark conditions. Afterward, the ab-
sorbance of the mixture was read using a UV spectropho-
tometer set at 517nm. The lower absorbance observed
denoted that the extracts had higher radical scavenging
activity and vice versa.

The following formula was used to calculate the anti-
oxidant activity of mushroom extracts: % scavenging activity
= (Ac — As)/Ac * 100, where Ac = absorbance of the control
and As =absorbance of the sample.

2.6. ABTS Radical Scavenging Assay. The method by Re et al.
[24] was followed for evaluating the ABTS radical scav-
enging activity of P. ostreatus mushrooms, whereby 7 mM of

ABTS stock solution was mixed with 2.45mM potassium
persulfate. The mixture of ABTS and potassium persulfate
was incubated in the dark, at room temperature for a period
of 12-16h before further use. The ABTS solution was
thereafter diluted with 5mM phosphate-buffered saline
(pH 7.4) to achieve an absorbance of 0.70 +0.02 at 730 nm.
Afterward, 10 yL of mushroom extract was added into 4 mL
of the diluted ABTS solution, then left for 30 min, and
thereafter the absorbance was measured.

The ABTS radical-scavenging activity of the P. ostreatus
mushroom extracts was calculated using the following
formula: $% = (Acontrol — Asample)/Acontrol) x 100, where
Acontrol represents the absorbance of the control (ABTS
solution in the absence of mushroom extracts) and Asample
represents the absorbance of the test mushroom extracts.
The IC50 values were thereafter calculated for every sample.

2.7. P. ostreatus Reducing Power Assay. The ability of
P. ostreatus mushrooms to reduce free radicals was evaluated
following a method from Ayeni et al. [23]. 2.5mL of
P. ostreatus mushroom extract (10-800 pg/ml) and 2.5 mL of
0.2 M phosphate buffer (pH 6.6) were mixed with another
2.5ml of 1% potassium ferricyanide. The whole mixture was
allowed to be incubated at temperatures of 50°C for
20 minutes and thereafter was mixed with 10% trichloro-
acetic acid. The solution was thereafter centrifuged at
1000 rpm for 10 minutes. Approximately 2.5ml of the su-
pernatant was immediately pipetted out of the solution and
mixed with 2.5ml of distilled water and 0.5ml of FeCl,
(0.1%). The absorbance of the solution was observed at
700 nm, and hence higher absorbance denoted better re-
ducing power of the P. ostreatus extracts.

2.8. Antimicrobial Screening Activity. Microorganisms,
namely, Escherichia coli, Staphylococcus aureus, Candida
albicans, and Cryptococcus neoformans, were used to screen for
the antimicrobial properties of P. ostreatus extract, whereby
the microplate dilution assay was utilized for minimum in-
hibitory concentrations (MICs) [25]. The nutrient broth of
about 50 ul was added into 96 micro-titer plates, and then 50 ul
of P. ostreatus extract (5 mg/ml) that was previously dissolved
with 1% DMSO solvent was serially diluted downwards in the
rows in 96 micro-titer plates. The microbial cultures were
grown at 37°C for 24 hours, and then 50 ul of the microbial
cultures was set at 0.5 McFarland standard and inoculated into
96 micro-titer plates which was thereafter incubated overnight
at temperatures of 37°C. About 40 yl of p-iodonitrotetrazolium
violet (INT) reagent (0.2 mg/ml) was thereafter added into all
96 well micro-titer plates and incubated back for 30 minutes at
37°C. Then, the minimal inhibitory concentration (MIC) was
recorded as the lowest concentration of P. ostreatus extract
that managed to inhibit the microbial growth of the above-
mentioned microorganisms.

2.9. In Vitro Plasmodium falciparum Asexual Compound
Activity Screening. The Institute for Advanced Medical
Research and Training provided the Plasmodium falciparum



parasites, which were thereafter stored at 37°C within the
human erythrocytes (O+/A+). The human erythrocytes were
mixed with the complete culture medium which consisted of
RPMI 1640 medium (Sigma-Aldrich) that was supple-
mented as follows:

(i) 20 mM D-glucose (Sigma-Aldrich)

(ii) 25 mM HEPES (Sigma-Aldrich)
(iii) 200 uM hypoxanthine (Sigma-Aldrich)
(iv) 0.2% sodium bicarbonate

(v) 24 pg/ml gentamicin (Sigma-Aldrich)
(vi) 0.5% AlbuMAX II.

The abovementioned medium was supplemented in
a gaseous environment which consisted of 5% O,, 5% CO,,
and 90% N,. The P. ostreatus mushroom extract of various
concentrations was used to treat the in vitro ring stage
erythrocytic P. falciparum parasite. The treated parasite
cultures included the genotypic drug-sensitive strain,
namely, NF54 (200 ul at 1% haematocrit, 1% parasitaemia).
The assay included the positive control, namely, chloroquine
diphosphate (CQ, 1 4M), and the negative control, namely,
RPMI media. The parasite was grown in 96 plates and in-
cubated for 96 hours at 37°C under a gaseous environment
with 5% O,, 5% CO,, and 90% N,. After an incubation
period of 96 hours, 100 ul of P. falciparum parasite was
mixed with 100 ul of SYBR Green lysis buffer and thereafter
incubated at room temperature for a period. The fluores-
cence was then measured using a GloMax®-Explorer De-
tection System with Instinct® Software.

The activity of the extracts was classified below to pri-
oritize them for determination of full dose response: good
activity (IC50 that was below 10 yg/ml), moderate activity
(IC50 that was between 10 and 20 ug/ml), and no/minimal
activity (IC50 that was above 20 ug/ml).

2.10. Data Analysis. The experiments were conducted in
triplicate to ensure the accuracy of the obtained data. Sta-
tistical packages such as SPSS, original 6.0, and GraphPad
Prism were used for capturing and analyzing the data. The
one-way analysis of variance (ANOVA), which was followed
by Tukey-Kramer multiple comparison tests, was a method of
analysis used to determine the statistical difference, with
values considered statistically significant when <0.05.

3. Results and Discussion

Amendment of mushroom-growing substrates through the
addition of nitrogen and carbohydrate-rich supplements has
significant effects on mushroom quality and yield [26]. Thus,
controlling the C/N ratio within the compost (substrate)
becomes important to obtain profitable mushroom yields
[27]. Hence, within the current study, various levels of maize
flour supplements were added into mushroom-growing
substrates to improve the yield and medicinal properties
of P. ostreatus mushrooms. The results depicted in Figure 1
indicate that the yield of Pleurotus mushroom was influ-
enced by the addition of maize flour supplement, and hence
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it was noted that 0% MF (no maize flour) had a significantly
lower yield when compared to the rest of the treatments for
both substrates.

The two substrates (sugarcane top and bagasse) revealed
varying yields of mushrooms, with sugarcane substrates
producing higher yields for higher supplementation (12%
and 18% MF) when compared to lower supplementation
(8% and 0% MF). For the bagasse substrates, the yield was
significantly higher for all supplement levels when compared
to 0% MF (control). Such differences in yield could be at-
tributed to different factors such as growth factors, the
presence of carbohydrates that are not complex [28], and the
optimal C/N ratio within the growing substrates. Hence,
previous researchers such as Alborés et al. [29] have reported
that a lower C/N ratio produces mushrooms of higher yield
when compared to substrates with a higher C/N ratio. The
results in Figure 1 corroborate with the previous findings,
and hence it was noteworthy that bagasse substrates had
quite higher C/N ratio when compared to sugarcane top that
resulted in mushrooms grown from bagasse to have lower
yields compared to sugarcane which gave higher yields. The
observed results prove that substrates with low C/N ratios
turn to support fruit body formation (yield) better than
substrates with high C/N ratios as stipulated by Okere et al.
[30]. Furthermore, Chang and Miles [31] recommend a C/N
ratio of 32-150 as being the most appropriate in the culti-
vation of Pleurotus spp. Other authors such as Cueva et al.
[32] observed the best results when the C/N ratio ranged
from 37 to 53 for the mushroom strain 768/12. Thus, the
results proved that the composition of the substrates
probably influences the mushroom C/N ratio and mush-
room yield, and hence it was noted in Figure 1(a) that
unsupplemented (0%) substrates (both bagasse and sugar-
cane) had higher C/N ratio compared to the supplemented
substrates. Furthermore, the yield in Figure 1(b) was higher
for supplemented substrates compared to the unsupple-
mented substrates (0%), which means adding supplements
to substrates promotes the mushroom yield.

Besides influencing vyield, the composition of
mushroom-growing substrates and other factors such as pH,
growing conditions, and genetic factors may influence the
metabolic pathways of P. ostreatus mushrooms, thus
influencing the phenol content of the mushroom [33, 34].
Hence, during cultivation, the majority of the mushrooms
turn to produce some of these valuable secondary metab-
olites such as phenolic compounds which have health
beneficial roles that include antimicrobial, antioxidant, anti-
inflammatory, antiallergic, antimutagenic, and cardio pro-
tective benefits [35, 36]. Based on the findings in Figure 2, it
was observed that the cultivated P. ostreatus mushrooms had
the antioxidant property, as noted that they can scavenge the
free radicals (2,2-diphenyl-1- picrylhydrazyl (DPPH)) in
a concentration-dependent manner. Amongst the meth-
anolic extracts tested, it was revealed that all mushroom
extracts including the control (0% MF) showed to have
antioxidant activity, with maximum activity noted at the
highest concentrations (250 yg/ml and 500 pg/ml). For the
mushrooms grown in bagasse, it was observed that the
P. ostreatus mushrooms grown on unsupplemented (0%
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FiGure 1: (a) C/N ratio of mushroom-growing substrates, which were supplemented with increasing levels of MF, and (b) the yield of
P. ostreatus mushroom, which was grown on various supplemented substrates. C/N ratio: carbon-to-nitrogen ratio; MF: maize flour.

MF) bagasse had slightly greater antioxidant activity, es-
pecially at lower concentrations when compared to other
levels of supplementation. In regard to sugarcane-grown
mushrooms, it was also noted that P. ostreatus mushrooms
grown on 12% MF had slightly greater antioxidant activity,
especially at higher concentrations (100-500 yug/ml). The
variation in the scavenging of free radicals (DPPH) was
probably due to the content of phenolic compounds since
the antioxidant activity of the mushroom correlates with the
content of phenolics. In general, such findings prove that the
locally available substrates (sugarcane and bagasse), which
are of low cost, can potentially be used to grow nutraceutical
mushrooms with improved antioxidant activity.

Several publications have indicated that most human
diseases are caused by the uncontrolled production of re-
active oxygen species (ROS) and other free radicals [37], and
hence cells are endlessly exposed to a large number of
stressful conditions which lead to the generation of free
radicals such as OH and ‘O that cause oxidative damages in
biological systems [38]. Hence, free radicals implicate the
progression of several health conditions which include di-
abetes, cancer, atherosclerosis, cardiovascular diseases, and
neurodegenerative disorders [39]. However, Pleurotus
mushrooms are said to be rich in antioxidants that increase
the antioxidative capacity of plasma and therefore minimize
the risk of the abovementioned diseases [40]. Thus, nu-
merous biochemical assays have been utilized for screening
the antioxidant properties of various mushrooms, one of
them being the DPPH assay (the most popular and fre-
quently used) [41] and the other being the ABTS assay. The
antioxidant properties of P. ostreatus mushrooms were
further evaluated using ABTS assay (Table 1), and hence the
activity of P. ostreatus against ABTS radicals was determined
using I1C50, which corresponded to the concentration of
mushroom extracts that were able to scavenge 50% of ABTS.
Therefore, a higher IC50 value denotes the lower antioxidant
activity of P. ostreatus extracts [42], while a lower IC50 value
indicates higher antioxidant activity [43]. The results of the
study stipulated that P. ostreatus mushrooms grown on

sugarcane substrates turn out to have lower potency
(>2.5 ug/ml) in scavenging ABTS radicals when compared to
the P. ostreatus mushrooms cultivated on bagasse substrates.
It was further observed that the unsupplemented (0% MF)
substrates had lower radical scavenging activity (>2.5 yg/ml)
when compared to the maize flour-supplemented bagasse
substrates. This was probably due to the presence of bio-
active compounds within P. ostreatus mushrooms, and thus
a previous study by Gupta et al. (2018). also specified that the
concentration and efficacy of bioactive compounds vary with
the type of mushroom, the type of substrate on which the
mushroom was grown, fruiting conditions, and storage
conditions of mushrooms. The highest ABTS scavenging
activity was observed on the P. ostreatus mushroom that was
cultivated on sugarcane bagasse supplemented with 12% MF
(5.6 ug/ml), followed by 8% MF (7.6 ug/ml), which shows
that maize flour supplement affected the antioxidant activity
of P. ostreatus mushroom. This means that the maize flour
boosted the phenolic content of mushrooms since previous
research indicated that the maximum ABTS scavenging
activity is usually associated with the total phenolic content
of mushroom extracts, and hence phenols are considered
a major antioxidant component [44]. The ABTS radical
scavenging activity observed for P. ostreatus mushrooms was
probably due to the hydrogen-donating ability and chain-
breaking ability of P. ostreatus mushroom extracts [45],
which means P. ostreatus mushrooms grown on maize flour
supplemented substrates potentially minimize the risk of
human diseases.

Amongst the antioxidant activities of any substance,
reducing power is also considered as one of the significant
indices [46], which depends on the nature of the compound
and its property to prevent the propagation of free radicals,
which is achieved through the transference of protons into
radical species [23]. All mushroom extracts from differently
supplemented substrates were evaluated for their ability to
have reducing power, and hence their ability to reduce
ferric ions (Fe’*) to ferrous ions (Fe**) was monitored. The
results in Figure 3 revealed that all extracts have the
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FiGgure 2: The DPPH radical scavenging activity of P. ostreatus mushrooms cultivated on (a) bagasse and (b) sugarcane base substrates

supplemented with varying levels of maize flour supplements.

TaBLE 1: Antioxidant activity (ABTS) of methanolic P. ostreatus
mushroom extract grown on maize flour-supplemented bagasse
and sugarcane substrates.

ABTS IC50 (ug/ml): mean IC50 value + SD

Maize flour supplement Bagasse Sugarcane
0% >2.5 >2.5
8% 7.6 +£0.09 >2.5
12% 5.6+0.01 >2.5
18% 44.2 +0.01 >2.5
Ascorbic acid 0.32+0.00

reducing capacity in a concentration-dependent manner,
and hence as the concentration increases, the reducing
capacity increases. The mushroom extract grown on ba-
gasse substrate supplemented with 18% MF had higher
reducing power when compared to other extracts, which
might have been due to its content of phenolic and fla-
vonoid compounds which usually play a great role in
antioxidant activities [47]. For the mushroom extract
grown on sugarcane substrates, it was noteworthy that the
unsupplemented substrates (0% MF) had slightly higher
reducing power when compared to the supplemented
substrates, and this probably meant that the supplements
(maize flour) on sugarcane substrate caused some slight
decrease in the reducing capacity of the supplemented
mushroom extracts. In general, from the results in Figure 3,
it could be stipulated that the reducing capacity of the
P. ostreatus mushroom varies for both substrates and for all
supplement levels, and this is an indication that there are
some variations in the number of reductones (flavonoids
and phenolics) that contribute to the reducing ability
(antioxidant) [48], and hence the observed findings are also
in line with Mkhize et al. [5] who also observed that the
unsupplemented substrates demonstrated higher reducing
capacity compared to the supplemented base substrates,
which was the case in the current study for the P. ostreatus
grown on sugarcane base substrates.

Besides the antioxidant activity, it has been docu-
mented that several mushroom extracts also possess an-
timicrobial activity [49], which is due to wunique
compounds such as alkaloids, peptides, flavonoids, tannins,
terpenoids, proteins, and anthraquinones [50]. The study
revealed that P. ostreatus mushrooms which were grown on
sugarcane tops and sugarcane bagasse have antimicrobial
activity (0.08-2.5 mg/ml) against various microorganisms;
however, the observed activities were noted to vary
depending on the type of microorganisms and the level of
maize flour supplementation used for substrate supple-
mentation. Hence, it was noted in Table 2 that P. ostreatus
mushrooms grown in sugarcane top substrates had weaker
activity (MIC > 0.625 mg/ml) against E. coli microorgan-
isms and C. neoformans but had improved or moderate
activity (0.1 <MIC<0.625mg/ml) and good activity
(MIC < 0.625 mg/ml) against S. aureus bacteria. Such dif-
ferences in susceptibility for different microorganisms
might be because some microorganisms such as E. coli,
C. albicans, and C. neoformans are considered Gram-
negative, while other microorganisms such as S. aureus
are said to be Gram-positive. Thus, the Gram-negative
bacteria are known to consist of a cell wall that has an
outer membrane made of lipopolysaccharides, which po-
tentially prevents substances from invading the cell wall
[51]. The better inhibition of the Gram-positive S. aureus
bacteria compared to the Gram-negative bacteria corrob-
orates with the findings of Gezer et al. [52] who achieved
a similar trend for edible mushrooms found in Turkey. It
was further noted from Table 2 that supplementation of
sugarcane substrates with MF supplement influenced the
susceptibility of certain microorganisms, and higher sup-
plementation such as 12% MF and 18% MF resulted in
increased S. aureus susceptibility when compared to lower
supplements (0% MF and 8% MF). Thus, moderate activity
(0.3 mg/ml and 0.16 mg/ml) was observed at lower levels of
MF supplementation, whereas good activity (0.08 mg/ml)
was observed at higher levels of MF supplementation. Such
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FiGURe 3: Reducing power of P. ostreatus grown on (a) bagasse and (b) sugarcane substrates supplemented with maize flour supplement.

TaBLE 2: Minimum inhibitory concentration (MIC) of methanol
extract of P. ostreatus mushrooms grown on sugarcane substrates
supplemented with varying levels of maize flour.

MEF supplement Test organisms

level E. coli S. aureus C. albicans C. neoformans
0% 2.50 0.31 1.25 2.5

8% 2.5 0.16 2.5 2.5

12% 2.5 0.08 0.63 1.25

18% 2.5 0.08 1.25 1.25
Control drugs

Vancomycin 0.002  0.001 — —
Streptomycin 0.025  0.013 — —
Amphotericin — — 0.012 0.004

TaBLE 3: Minimum inhibitory concentration (MIC) of methanol
extract of P. ostreatus mushrooms grown on bagasse substrates
supplemented with varying levels of maize flour.

TaBLE 4: The in vitro antimalarial activity of P. ostreatus mush-
rooms cultivated on sugarcane substrates with varying levels of
maize flour supplement (at 20 and 10 yg/ml).

Dual screening of mushroom extracts
Asexual parasites, SYBR Green

MF supplement level % inhibition + SD

20 pg/ml 10 pg/ml
0% 0.00+7.27 2.74+1.97
8% 3.71+8.93 6.58 +1.58
12% 1.45+4.87 511+1.17
18% 7.04+4.16 4.55+2.20
cQQq ‘uM) 100 100

TaBLE 5: The in vitro antimalarial activity of P. ostreatus mush-
rooms cultivated on bagasse substrates with varying levels of maize
flour supplement (at 20 and 10 yg/ml).

MF supplement Test organisms

level E. coli S. aureus C. albicans C. neoformans
0% 2.5 0.63 2.5 1.25

8% 2.5 0.63 0.31 2.5

12% 0.16 0.63 2.5 2.5

18% 0.31 1.25 1.25 2.5
Control drugs

Vancomycin 0.002  0.001 — —
Streptomycin 0.025  0.013 — —
Amphotericin — — 0.012 0.004

variation in antimicrobial activity might be probably due to
the type and amount of bioactive compounds which vary
with environmental conditions such as soil nutrients,
precipitation, and temperature, which influence the con-
tent of secondary metabolites and biological activities of the
plants [53]. Hence, Kim et al. [54] also testified that the high
inhibition observed for RD mushroom extract was due to
high phenolic compounds.

Dual screening of mushroom extracts
Asexual parasites, SYBR Green

MF supplement level % inhibition + SD

20 pg/ml 10 pg/ml
0% 0.00 +10.59 0.00 +4.10
8% 0.00 + 8.46 0.00+2.18
12% 3.83+6.40 3.02+4.74
18% 0.00 +3.37 0.00 +4.63
CQ (1uM) 100 100

Furthermore, the results in Table 3 also proved that sup-
plementation of bagasse substrates with MF caused a major
influence on the susceptibility of different microorganisms
towards mushrooms grown on varying levels of supplemented
bagasse substrates. For example, E. coli was less or weakly
sensitive to lower levels of MF (0% and 8% MF), whereby at
higher levels of MF supplementation (12% and 18% MF),
moderate susceptibility of E. coli was observed. However,
unsupplemented and low supplementation (0%, 8%, and 12%
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FIGURE 4: GCMS chromatogram of methanolic extract of P. ostreatus mushroom cultivated on sugarcane substrates supplemented with

maize flour supplement.
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F1GURE 5: GCMS chromatogram of methanolic extract of P. ostreatus mushroom cultivated on bagasse substrates supplemented with maize

flour supplement.
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MF) had moderate activity towards S. aureus when compared
to 18% MF. It was also noted that P. ostreatus extracts have
lower activity towards C. albicans and C. neoformans. Such
variations in antimicrobial activity could potentially be due to
variations in the concentrations of bioactive metabolites such as
phenolics and flavonoids, which are known to have strong
biological activity [55]. The antimalarial potential of mushroom
extracts was evaluated in the current study; thus, it was worth
noting that all mushroom extracts had weak anti-plasmodium
activity (Tables 4 and 5), which contradicts to the literature that
stated that mushrooms possess antimalarial activity [14].
Previous researchers have obtained possible antimalarial ac-
tivity of various mushrooms such as Pleurotus ostreatus [56], G.
lucidum, and T. pfeilii [57]. The possible reason for such weak
antimalarial activity observed in the current study could be
attributed to the fact that cultivated edible mushrooms are
known to have lower concentrations of secondary metabolites
[58], since the mushroom-growing substrates may not nec-
essarily provide all nutrients required by the mushrooms [59].

The abovementioned biological activities (DPPH, ABTS,
reducing power, and antimicrobial) of P. ostreatus mushroom
could be due to the types of compounds present within the
extracts. Hence, Tables 6 and 7 and the chromatogram in
Figures 4 and 5 prove that all P. ostreatus extracts had varying
biological active compounds of known activity. These com-
pounds were selected since they had known activities such as
antioxidant and antimicrobial. Hence, GCMS results in Ta-
bles 6 and 7 proved that various levels of MF supplementation
result in variations in biologically active compounds within
the mushroom. However, some compounds such as penta-
decanoic acid; 9,12-octadecadienoic acid methyl ester; pen-
tadecanoic acid methyl ester; octadecanoic acid; and
diisooctyl phthalate were found to be the most common ones
amongst certain supplement levels. The majority of these
compounds such as pentadecanoic acid, benzoic acid, Z-5-
nonadecene, and dihydroqginghaosu are well known to have
antimicrobial activity [60] and some antimalarial activity [61].
Furthermore, the antioxidant activity of some of these
compounds such as 9-octadecenoic acid methyl ester [62],
9,12-octadecadienoic acid, methyl ester [63], and squalene
[64] have been reported by various authors.

Hence, this proves that the type of supplement used on
the growing substrates has a major influence on the type of
compounds present within the mushroom, which could
potentially influence the biological activity of mushrooms.
However, it could be recommended that the bioactive
compounds from these mushroom extracts should be pu-
rified, isolated, and characterized based on their biological
activity, which could be either in vitro or in vivo. It could
prove to be useful in filling the gap of using synthetic
compounds for medicinal purposes since synthetic antiox-
idants such as BHT have proven to cause chronic cyto-
toxicity at high concentrations [65].

4. Conclusion

The study revealed that maize flour supplements promote
mushroom yield and better C/N ratio, which are optimal for
the growth and yield of P. ostreatus mushrooms. The observed

13

biological activities of the mushroom extracts were linked to
the level of maize flour supplement used upon growing
substrates. Hence, it could be concluded that supplementing
the mushroom-growing substrates with maize flour supple-
ments potentially influences the biological activities of the
mushrooms, such as antioxidant and antimicrobial activity,
probably through promoting variations in bioactive metab-
olites found in mushrooms. However, a correlation study
needs to be further conducted to fully understand the
abovementioned phenomenon. The observed activities were
potentially contributed by a variety of compounds such as
phenolics, flavonoids, vitamin E, and other compounds which
were synthesized by various mushroom extracts. Some of
these compounds such as pentadecanoic acid, benzoic acid, Z-
5-nonadecene, dihydroginghaosu, 9-octadecenoic acid,
methyl ester, 9,12-octadecadienoic acid, methyl ester, and
squalene, to name a few, had known biological activities.
Hence, it can be recommended for future studies that some of
the natural compounds, especially the ones with known
antimicrobial, antimalarial, and antioxidant activity, should
be isolated and purified, which would greatly minimize the
use of synthetic compounds such as butylated hydroxytoluene
(BHT) that have great toxicity within the human body.
Furthermore, the aspects of gene-encoding enzymes that
synthesize a plethora of potential secondary metabolites
should be explored to gain more bioactive compounds which
could potentially be novel in fighting against pandemic dis-
eases such as cancer, diabetes, malaria, and sexually trans-
mitted diseases to name a few. Furthermore, future studies
should focus on the activation of silent genes through various
strategies such as the one-strain compound approach, which
could also promote novel natural new compounds that have
various biological activities.
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