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Abstract

The antioxidant and antimicrobial potential of the ethanolic extract from Pleurotus ostreatus PS1101109 mycelium was
determined based on inorganic and organic nitrogen sources in a culture medium. The presence of ammonium sulphate and
corn extract resulted in a greater accumulation of bioactive compounds. The results were confirmed by the ECs, and
minimum inhibitory concentration (MIC). The extracts of P. ostreatus PSI101109 mycelium selectively inhibited the strains
used, both of which were of the genus Candida, at an MIC value of 12.5 mg ml™". The most resistant strains were found to
be Escherichia coli and Listeria innocua. The capacity of the antioxidant was evaluated by the DPPH scavenging activity, -
carotene-linoleic acid, the reducing power, the scavenging effect on superoxide radical, the scavenging effect on hydroxyl
radical and the scavenging activity on nitric oxide. Compounds with antioxidant effects were present in the extracts.
Lycopene was an exception because it was found to be lacking in values when culturation was performed in the presence of
peptone and yeast extract, but had a maximum value on ammonium sulphate.

Introduction

Therapeutic applications and use of fungi have long
been a tradition in the history of Asian countries. The
empirical knowledge from these countries has been
scientifically demonstrated in the recent decades due to
the increasing interest shown toward this form of therapy
in Europe and the USA (Smith er al, 2002). The
increased interest in exploiting the properties of
mushrooms for medicinal purposes reveals the importance
of natural sources of biologically active substances
(Hobbs, 2000). Recently, fermentation in solid layer with
Pleurotus sp., was used to convert wastes into animal feed
or for production of enzymes (Murcia et al, 2002).
Fermentation in liquid medium can, on the other hand,
lead to the production and obtention of a more consistent
and reproducible biomass and may prove useful in the
production of mycelium with high nutritional value and
healing properties (Tang et al., 2007).

Pleurotus ostreatus is a fungus found in the mountain
forests of Romania (Petre et al., 2010). It is used as food,
but not in quantities as high as Agaricus bisporus species.
In terms of nutrition, it has a low fat content while it is
rich in dietary fibres, proteins, vitamins and minerals
(Chirinang & Intarapichet, 2009). In addition to food
consumption, biologically effective extracts can be
obtained from the oyster mushroom’s mycelium. The
most powerful and direct action in combating some
common health problems is the inhibiting of free radicals
(Barros et al., 2007). These extracts exhibit antioxidant
effects similar to those of some synthetic compounds,
such as butylated hydroxyltoluene (BHT), vitamin E, or
ascorbic acid (Jayakumar et al., 2009).

The presence of some compounds, such as ascorbic
acid, a-tocopherol, B-carotene and phenolic compounds is
an indication that mushrooms are equipped with
antioxidant properties (Murcia et al., 2002). Of these,
flavonoids and phenolic acids contribute largely to the
antioxidant effect. The carotenoid compounds and the
ascorbic acid are, generally, available in the P. ostreatus
mycelium extracts with a level of about 3 mg 100 g' and
25 mg 100 g of mycelium, respectively (Jayakumar et
al., 2009). The quantities differ from one strain to another

and are directly influenced by the culture medium used
for producing the mycelium (Petre et al., 2010).

The carbon source — and especially the nitrogen sources
— has a direct influence on the quantum of biologically active
substances in the extracts (Barros et al., 2007). Thus, various
processes for submerged cultivation of mycelium were
developed in order to quickly yield substances possessing
biological characteristics. Other important compounds that
can be determined are the amino acids like cysteine
methionine (Mattila et al., 2002) and lovastatin, which have
the effect of reducing blood cholesterol and blood pressure
(Jayakumar et al., 2009). There have been researches carried
out, which also show its anti-inflammatory and anti-cancer
properties (Thekkuttuparambil & Kainoor, 2007).

Because the effect of the extract depends on the
mycelium source, the purpose of these researches was to
find the best nitrogen source wherewith to obtain
mycelium that is endowed with antioxidant and
antimicrobial capabilities. Antioxidant activities were
demonstrated by B-carotenelinoleic acid, reducing power
and scavenging effects on radicals. The contents of
phenolics, flavonoids, ascorbic acid, B-carotene and
lycopene components were also determined.

Materials and Methods

Chemicals: All chemicals and reagents were purchased
from Merck (Sigma, Aldrich GmbH, Sternheim,
Germany). All other unlabelled chemicals and reagents
were of analytical grade.

Culture and storage requirement: The mushroom, P.
ostreatus PSI101109, was isolated from the stem of a
poplar (Béaneasa forest, Romania). It was authenticated by
Dr. D. Pelinescu, Faculty of Biology, University of
Bucharest, Romania (Gezer et al., 2006). The mycelia were
maintained on potato dextrose agar (PDA) at 4°C (Atlaf et
al., 2010). The microorganisms were subcultured at regular
intervals (45 days) to retain viability (Vamanu, 2012).

Media preparation and fermentation condition: The
fungi were initially grown on a PDA medium for 10 days at
25°C. The inoculum was obtained by growing mycelium in
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a LabTech rotary shaker. The cultivation parameters
applied were 150 rpm, for 5 days and at 25°C, in 500 ml
Erlenmeyer flasks containing 250 ml of the following
synthetic medium (per liter): 6.0 g glucose, 100.0 g malt
extract, 20.0 g yeast extract, 1.0 g KH,PO, and 0.5g
MgSO,4 x 7H,0. The medium was adjusted to pH 5.5 with
0.2 M NaOH (Altaf et al, 2010). The submerged
fermentation was carried out in Erlenmeyer flasks of 1000
ml, containing 700 ml of liquid medium (KH,PO, 0.2%,
CaSO4 0.5%, MgSO, 0.05%, Na,HPO, 0.01% in 5%
extract solution of corn flour), and the procedure was
performed using four different nitrogen sources: corn
extract (dry matter 40%); peptone; yeast extract; and
ammonium sulphate. The nitrogen sources were added as
10 g I'". The inoculated flasks were shaken and maintained
on a rotary shaker (LabTech, Korea) at 150 rpm and at
25°C. After 7 days of growth, the mycelium was recovered
from the liquid medium by centrifugation at 4000 x g for
15 min. Thereafter, the obtained mycelia were washed
thrice with distilled water and were submitted to freeze-
drying in an Alpha 1-2 LD freeze-dryer in the absence of a
cryoprotector agent (Barros et al., 2007; Naraian et al.,
2009; Vamanu, 2012; Khandakar et al., 2008).

Preparation of mushroom extract: The extract was
obtained by ethanol extraction of freeze-dried mushroom
mycelia. Mycelia were submitted to ethanol extraction
through stirring at 150 rpm for 24 h, at 20°C, while the
ratio was 1 g freeze-dried biomass for 10 ml solvent. The
broth was centrifuged at 3000 x g for 15 minutes and the
supernatant was filtered using Whatman No. 1 filter paper.
The ethanol extract was freeze-dried. The freeze-dried
extract was then re-dissolved in 80% ethanol (v/v) to yield
solutions containing 1.0, 2.5, 5.0, 10.0, 15.0 and 20.0 mg of
extract per ml (Barros ef al., 2007; Vamanu, 2012).

Antimicrobial  activity: [n  vitro  antimicrobial
susceptibility tests were performed using a panel of
microorganisms from the laboratory collection of the
Faculty of Biotechnology, Bucharest, Romania, using
Gram positive bacteria (Listeria innocua CMGB 218,
Bacillus cereus CMGB 215, Staphylococcus aureus ATCC
6588), Gram negative bacteria (Escherichia coli CBAB 2,
Pseudomonas aeruginosa ATCC 15442), and yeasts
(Candida albicans ATCC 20231, Candida sp. ICCF15).
The yeasts and bacteria were maintained in 20% glycerol,
kept at —80°C (Jagadish et al., 2009; Vamanu, 2012; Ajaib
etal.,2011).

Determination of minimum inhibitory concentration
(MIC): The standard agar dilution protocol with doubling
dilution was used. The MICs of the extract for each test
microorganism were regarded as the agar plate with the
lowest concentrations without growth (Oboh et al., 2007,
Vamanu, 2012).

1,1-Diphenyl-2-picrylhydrazyl radical scavenging activity
of mushroom freeze-dried extracts: The DPPH assay was
performed as described by Hussain et al., 2011. Ascorbic
acid was used for comparison. The extract concentration
providing 50% of free radical scavenging activity (ECs,) was
calculated from the graph of radical scavenging activity
percentage against extract concentration (Rop et al., 2011;
Vamanu, 2012; Win ez al., 2011).
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Antioxidant activity by pB-carotene-linoleic acid: The
antioxidant activity was also assessed by measuring the
inhibition of the conjugated diene hydroperoxides arising
from the linoleic acid oxidation as described by Hussain
etal.,2011.

Reducing power: Reducing power was determined by
the method of Kim et al., 2009.

Determination of antioxidant component: The total
phenolic and flavonoid content of ethanolic extract were
determined using Folin-Ciocalteu reagent and the
aluminium chloride colorimetric method, respectively (Fu
et al., 2010; Al-Juhaimi & Ghafoor, 2011).

Determination of p-Carotene and lycopene were
determined by the method described by Barros et al., 2008.

Superoxide radical scavenging activity of freeze-dried
extracts: This was assayed as described by Lobo et al.,
2010. Ascorbic acid was used for comparison. ECs, value
(milligram extract ml™") was the effective concentration at
which hydroxyl radicals were scavenged by 50% (Xiao et
al., 2005; Vamanu, 2012).

Hydroxyl radical scavenging of freeze-dried extracts:
This was assayed as described by Philips et al., 2010.
Ascorbic acid was used for comparison. ECs, value
(milligram extract ml™") was the effective concentration at
which hydroxyl radicals were scavenged by 50% (Xiao et
al., 2005; Vamanu, 2012).

Nitric oxide scavenging of freeze-dried extracts: Nitric
oxide scavenging activity was measured
spectrophotometrically (Kumar et al., 2008a). Ascorbic acid
was used for comparison. ECs; value (milligram extract ml™)
was the effective concentration at which hydroxyl radicals
were scavenged by 50% (Xiao et al., 2005; Vamanu, 2012).

Statistical analysis: All the parameters for antimicrobial
and antioxidant activity were assessed in triplicate, and
the results were expressed as mean £SD values of three
observations. The mean values and standard deviation
were calculated with the EXCEL program of Microsoft
Office 2007.

Results and Discussion

1. Effect of nitrogen source on mycelia growth: It is
confirmed that the use of corn extract as a nitrogen source
may be recommended for obtaining a mycelium with
nutraceutical activity. It was suggested that certain essential
amino acids for growth could also be synthesised in the
presence of inorganic nitrogen sources. The development
of PSI101109 was achieved in an uneven manner, the
developed colonies having a different diameter. Colony
sizes were small, with an average diameter of 0.5 cm. It
was observed that in the presence of corn extract, the
hyphae color was darker — toward brown — while in the
other cases the color was beige. The difference between the
presence of ammonium sulphate and the most productive
source of organic nitrogen was almost 55%. The use of
ammonium sulphate resulted in the best value of 15.42 g 1"
!. For the three organic nitrogen sources, the order was:
yeast extract> corn extract> peptone (Fig. 1).
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Fig. 1. Effect of nitrogen source on mycelia growth of the
Pleurotus ostreatus PSI101109.
Values are expressed as means + SD (n = 3).

Although peptone and corn extract are considered to
be efficient nitrogen sources for fungal biomass
production, in the case of PSI101109 mycelium, the
resultant amount depended on the strain used (Petre et al.,
2010). The results obtained for other strains, such as
Leucopaxillus giganteus, Ganoderma lucidum, Cordyceps
militaris and Pleurotus citrinopileatus showed similar
behaviors (Barros et al., 2007; Vamanu, 2012).

2. Scavenging effect on DPPH: Using the DPPH free
radicals is a common practice in order to assess the
scavenging activity of antioxidant extracts, because it is a
fast and reliable method to detect the hydrogen-donating
ability of the different alcoholic extracts at low
concentration (Mustaffa et al, 2010). The decrease in
absorbance is due to the reaction between the antioxidant
components of the extract and the stable radical. The
scavenging effect of PSI101109 extracts on DPPH radicals
increased with the increase in sample concentration. The
maximum values were obtained for mycelium grown in the
presence of ammonium sulphate and also corn extract, with
a very small difference for a concentration of 20 mg ml™
(Fig. 2). The obtained order, according to the nitrogen
source was: ammonium sulphate> corn extract> peptone>
yeast extract. Thus, the ECs, for ammonium sulphate was
7.6 mg ml™'. Additionally, ascorbic acid revealed a much
higher ECs, value.

In the case of Ramaria flava, similar percentages of
DPPH scavenging activity have been reported for the
ethanolic extract. The values of DPPH scavenging activity
are similar in the case of inorganic nitrogen source and of
corn extract, with those of the alcoholic extracts of
Lentinus lepideus fruiting bodies (Yoon et al., 2011). The
performance of ethanol extracts of PSI101109, regardless
of organic or inorganic nitrogen source used was higher
than the standard ascorbic acid, which is in agreement
with the previous studies, but only half when compared to
the synthetic antioxidant compounds like BHT and BHA
(Jagadish et al., 2009; Vamanu, 2012).
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Fig. 2 Scavenging activity of extracts from the Pleurotus ostreatus
PSI101109 mycelium against 1,1-diphenyl-2-picrylhydrazyl.
Values are expressed as means = SD (n = 3)

3. Antioxidant activity on B-carotene-linoleic acid: (3-
carotene—linoleic acid assay is used to assess the ability of
the extracts in protecting P-carotene, and the data are
expressed as antioxidant activity (Zargar et al., 2011).
This method is based on the determination of the coupled
oxidation of carotene and linoleic acid (Kumar et al.,
2008a,b). The most effective nitrogen source was the
inorganic ammonium sulphate, followed by a very small
difference of about 3% by the corn extract (Fig. 3).

For organic sources, the order was: corn extract>
peptone> yeast extract. ECso is about 8 mg ml™" for
ammonium sulphate, but corn extract shows an increase
of 50%, namely, about 12 mg ml™". In contrast, for BHT,
the value is 0.2 mg ml™'. The inhibition ratio corresponds
to previous studies on antioxidant activities for
Leucopaxillus giganteus and Agaricus arvensis which
were of 61.4 and 46.7%, respectively, for concentrations
below 10 mg ml™. Higher values presented the alcoholic
and aqueous extracts of Lentinus edodes fruiting bodies
which have exceeded 95% for a concentration of 20 mg
ml™! (Yoon et al., 2011; Vamanu, 2012).

4. Reducing power assay: Determination of reduction
capacity is an indicator of the antioxidant potential of
ethanolic extract of P. ostreatus PSI101109 mycelium
(Fig. 4). The reaction mixture, yellow in color, exhibits a
color change to blue, depending on the reducing power of
each sample (Ferreira et al, 2007). The reduction
capacity is dependent on the extract concentration in the
analysed sample. In the case of the extracts obtained from
the PSI101109 strain, a very good reducing power was
obtained, up to a maximum of 1.1, for ammonium
sulphate. For the organic nitrogen sources, the order was
as follows: corn extract> peptone> yeast extract. The
difference was 21.8% less compared with the inorganic
sources of nitrogen, and 23.61% compared to ascorbic
acid, at a concentration of 20 mg ml™'. In comparison with
other similar strains of P. ostreatus at 1 mg ml™" extract
concentration, the reducing power values were higher,
except the yeast extract (Kim et al., 2009).
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Fig. 3 Antioxidant activity against B-carotene-linoleic acid of
ethanolic extracts from Pleurotus ostreatus PSI1101109.
Values are expressed as means £ SD (n = 3)

5. Antioxidant components: The content in compounds
with antioxidant effect shows that these types of
lyophilised extracts can exert a protection against
diseases, such as cancer and cardiovascular dysfunctions.
Following the studies carried out, it was demonstrated
that the quantitative distribution of bioactive compounds
depends on the source of nitrogen, with a significant role
of the inorganic source. Also, corn extract represents an
important new source of organic nitrogen, it being a cheap
alternative to standard organic nitrogen sources.

Sample concentration (mg/mL)
Fig. 4. Reducing power of ethanolic extracts from the mycelium

of Pleurotus ostreatus PSI101109.
Values are expressed as means + SD (n = 3)

The extracts of mushrooms contain, in general, a
significant amount of phenolic compounds, the most
common being gallic acid. The amount of phenolic
compounds is therefore directly proportional to their
antioxidant capacity (Nuhu er al, 2011). The total
phenolic content recorded a maximum of 22.65 + 0.06 mg
100 g extract gallic acid equivalent. The lowest amount,
57.39%, was obtained for yeast extract. The determined
values (Table 1) are comparable to previous studies
related to total phenolic content in edible mushrooms
(Kim et al., 2008).

Table 1. ECs, values for radical scavenging effect and bioactive compounds obtained from different
mycelium extracts of Pleurotus ostreatus PSI101109.

ECs5) (mg/mL)
Peptone Yeast extract Ammonium Corn extract
sulfate

Hydroxyl scavenging activity 8.8+0.14 14.82+£0.11 74+0.1 10.05 £ 0.07
Superoxide radical scavenging activity 2.53 £0.05 2.69+0.12 1.14 £ 0.03 2.11+0.11
Nitric oxide scavenging activity 3.01£0.22 4.57+0.23 1.58+0.14 2.71+0.26
Bioactive compounds
Ascorbic acid (mg/100 g) 16 £ 0.06 13+0.03 22+0.07 23+0.08
Total free phenolics (mg gallic acid/100 g)  22.65 +0.06 8.04+0.16 12+0.12 11.01 £0.15
Flavonoids (mg quercetin/100 g) 258.45+0.9 161.1 £0.17 319.35+£0.01 96.6 +0.07
Lycopene (mg/100 g) - - 0.18£0.1 0.12+0.6
B-carotene (mg/100 g) - - 0.21 +0.08 03=+0.11

Values are mean +SD of 3 separate determinations, each in triplicate.

The quantum of flavonoids present was expressed in
quercitin equivalent with a maximum of 319.35 mg 100
g lyophilised extract. For organic sources of nitrogen,
the peak was 258.45 mg 100 g lyophilised extract for
peptone, followed by corn extract and then the yeast. The
flavonoid content of the lyophilised extract from
PSI101109 mycelium was higher than that of alcoholic
extracts from the mycelium of some Pleurotus florida and
Pleurotus ostreaus strains (Imran et al., 2011).

Only alcoholic extracts obtained from mycelium
grown in the presence of ammonium sulphate and corn
extract contained carotenoid compounds. The ammonium
sulphate determines the presence of a lycopene quantity
that was 33.33% higher than the extract of the mycelium
grown in the presence of corn extract (Vamanu, 2012).
Conversely, B-carotene is present in an amount 30%
higher in the extract of the mycelium grown in medium
with corn extract. The content of freeze-dried extracts is
consistent with the one determined for other strains
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belonging to species Boletus edulis, A. bisporus and
Macrolepiota procera, but is less than Suillus variegatus,
Suillus  bovinus and Tricholoma equestre strains
(Robaszkiewicz et al., 2010).

The amount of ascorbic acid ranged from 13 to 23
mg 100 g lyophilised extract. For ascorbic acid, the
amount is lower than for other strains such as, A.
bisporus, Calocybe gambosa or Cantharellus cibarius. By
contrast, in extracts from strains like Boletus edulis or
Marasmius oreades, this bioactive compound could not
be found (Barros et al., 2008).

6. Scavenging effect on hydroxyl radical: The hydroxyl
radical is the most reactive of the reactive oxygen species
(Vamanu, 2012). It can cause damage to tissues and death
at the cellular level. Because of these effects, using some
protectors against the hydroxyl radical action represents a
necessity (Luo et al., 2011). The obtained results show that
the efficiency of the extracts depends on their concentration
according to the source of nitrogen (Table 1). The order,
depending on the ECs, value was as follows: ammonium
sulphate> peptone> corn extract> yeast extract. As in
previous studies, the efficiency of using ethanol to obtain
extracts with important biological effects was demonstrated
(Krishnendu et al., 2011). Therefore, the extracts obtained
from lyophilised mycelium of PSI101109 can be
considered as good scavengers of hydroxyl radicals.

7. Scavenging effect on superoxide radical: The
superoxide anion radical is not very reactive, but its
generation favours the production of hydrogen peroxide
and of hydroxyl radicals. At the cellular level, the
damages are determined by its derivatives (Sarikurkcu et
al., 2010). Table 1 shows the inhibition capacity of
lyophilised mycelium extracts from PSI101109, in the
form of ECsy. According to obtained data, the most
effective extract was that obtained from mycelium grown
in the presence of an inorganic nitrogen source. For the
three organic sources, the order was as follows: corn
extract> peptone> yeast extract. The value of the
scavenging effect on superoxide radicals is relatively
similar to values obtained for the mushrooms, Clitocybe
geotropa and Leucoagaricus pudicus, at a concentration
of 10 mg ml™". The value is 50% lower than the inhibition
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achieved for Amanita caesarea at the same concentration
(Sarikurkcu et al., 2010; Vamanu, 2012).

8. Scavenging activity on nitric oxide: Nitric oxide
radical is associated with the development of
inflammatory disorders (Wagay, 2011). Nitric oxide
radicals generated from sodium nitroprusside were found
to be inhibited by the PSI101109 mycelium extract.
Ethanolic extracts showed inhibition effects on nitric
oxide, with a maximum for the extract of mycelium
grown in the presence of inorganic nitrogen source
(»<0.05). For the organic sources of nitrogen, the
obtained order, according to the value of ECsy, was: corn
extract> peptone> yeast extract. Thus, the concentration
of the extract of mycelium which achieved a 50%
inhibition was approximately 1.58 mg ml™’ for the
ammonium sulphate. As regards the organic sources of
nitrogen, the sample concentration was with 41.7, 47.5
and 65.4%, respectively, higher in the order presented
above. The data are comparable with those obtained from
Morchella esculenta methanolic extract and are generally
20% lower than ascorbic acid (Ningappa et al., 2007;
Vamanu, 2012).

9. Effect of nitrogen source on antimicrobial activity:
The ethanol extracts of the PSI101109 mycelium were
screened against some human pathogenic bacteria and two
fungal ones to check antibacterial and antifungal activities,
with the results being presented in Table 2. The two yeast
strains were inhibited by the extract of mycelium grown in
the presence of corn extract and ammonium sulphate,
resulting in a MIC value of 12.5 mg ml™. E. coli CBAB 2
and L. innocua CMGB 218 were found to be resistant to all
extracts. Yeast extract resulted in the highest MIC value of
25 mg ml™, regardless of the strain used. In general, the
inorganic nitrogen source, ammonium sulphate, and the
corn extract led to obtaining mycelia whose extracts had
the most pronounced antimicrobial effect (Vamanu, 2012).
The obtained results are similar to those presented by
Barros et al, (2007), on Leucopaxillus giganteus
mycelium, whose extract showed a similar MIC for the
same microbial species tested. The same is true for the
comparison with ethanolic and methanolic extracts from
Ganoderma lucidum (Quereshi ef al., 2010).

Table 2. Antimicrobial activity of mycelia extracts obtained by using four different nitrogen sources.

MIC (mg/ml)
Nitrogen source Escherichia Bacillus Listeria Candida Candida Pseudomonas | Staphylococcus
coli cereus innocua sp. albicans aeruginosa aureus
CBAB 2 CMGB 215 | CMGB 218 | ccp15 | ATCC 20231 | ATCC 15442 ATCC 6588

Corn extract 25 12.5 25 12.5 12.5 12.5 12.5
Ammonium sulfate 25 12.5 25 12.5 12.5 12.5 12.5
Yeast extract 25 25 25 25 25 25 25
Peptone 25 25 25 25 25 12.5 12.5

Values are mean 3 separate determinations, each in triplicate
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Conclusions

Using such extracts from the lyophilised mycelium of
the PSI101109 mushroom may represent a significant
component in order to find alternatives to the classical
medication. The extracts of the tested mycelium
demonstrated their capacity to inhibit the development of
some microorganism strains which can facilitate the
evolvement of infectious diseases in humans. The
obtained results can have a positive effect on human
health and may represent an important component in the
manufacture of products used in ethno-medicine.
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