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Abstract

Ethanolic extracts of oyster mushrooms (Pleurotus pulmonarius, P. ostreatus, P. djamor
var. djamor and P. djamor var. roseus) and the split gill mushroom (Schizophyllum commune) were
successfully investigated for their antioxidant properties. The study was carried out to determine
the capability of the extracts to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals, to
determine its reducing ability towards ferricyanide complex (FRAP assay) and to determine the
concentration of total phenolic content (TPC) and total flavonoids content (TFC) in the macrofungi
ethanolic extracts. Inhibition concentration at 50% (ICsp) for each extract to scavenge DPPH
radicals was detected from 2.75 mg/ml to 12 mg/ml where S. commune from the fourth flush
showed the lowest ICso value among all tested mushrooms. The greatest ability to reduce
ferricyanide complex to ferrous form was observed in P. djamor var. djamor at concentration 10
mg/ml in both first (1.23 = 0.02) and second flushes (1.23 £ 0.00). Meanwhile, the highest TPC was
determined in P. djamor var. djamor extract (51.94 + 0.04 mg TAE/g dry weight of extract)
whereas S. commune gave highest reading of total flavonoid content in TFC assay (29.80 + 0.27 mg
QE/g dry weight of extract). All the mushroom samples showed appreciable antioxidant properties
which therefore, can be promoted as natural antioxidant preference in food and pharmaceutical
industries.
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Introduction

Malaysia, which is located in a tropical region characterized by a warm and humid
environment is a great habitat for the growth of edible macrofungi such as oyster mushroom
(Pleurotus sp.), split gill mushroom (Schizophyllum commune), mound mushroom (Termitomycetes
sp.), shiitake (Lentinula edodes), paddy straw mushroom (Volvariella volvacea), bracket fungi
(Ganoderma spp.) and Jew’s ear mushroom or locally called as monkey’s ear mushroom
(Auricularia sp.). Among the macrofungi that have been cultivated for food, oyster mushroom
ranked second, behind the button mushroom, Agaricus bisporus (Aksu et al., 1996) with a shared
volume of 24.2% of world production. The use of mushrooms in Malaysia includes in food,
processed food, medicines and in remedy preparation. The commercialization of oyster mushrooms
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in Malaysia has increased through time although some local people still depend on the collection of
wild edible mushrooms in rural areas.

Macrofungi from the genus Pleurotus, widely known as oyster mushrooms are preferred by
many people for their delicate taste, mild yet chewy texture and unique aroma. According to
Department of Agriculture Malaysia, the import of mushroom for the local market was about 21077
metric tons in 2007 (Ishak, 2011). Malaysians consume an estimated 324 gram of mushrooms per
person per year and this figure is predicted to increase in the future. The world trade of these
mushrooms shows an increasing pattern and gives promising opportunity for the traders (Chang,
2001). This trend happens not only because of high demand from consumers but also the ability to
apply cheap cultivation strategy. They have been cultivated in large amounts since a long time ago
by using lignocelluloses materials such as sawdust, paddy straw, wheat straw and cotton and
proven to be successfully cultivated on banana pseudostem, Bahia grass (Martos et al., 2011),
bamboo leaves, lawn grasses (Kumari and Achal, 2008), yam peelings (Dioscoria sp.), cassava
peelings (Manihot sp.), wild grass straw (Pennisetum sp.) corn straw and oil palm fruit fibers
(Okhuoya & Okogbo, 1991).

The split gill mushroom or locally called as ‘kulat sisir’ (literally mean as ‘comb fungus’) is
the most common edible mushroom that can be found in many countries including western and
eastern regions. For that reason, it is not surprising that this mushroom has always been used as a
model type for macrofungi analysis in academic studies and scientific researches. Despite its
availability, split gill mushroom is scarce in commercial Malaysian market, probably due to limited
sources of natural substrates and its seasonal environment is unsuitable for the development of fruit
bodies. Sometimes, this mushroom can be found at weekend market or night market, but usually
the price is quite high. Unlike oyster mushroom, split gill mushroom is not commercially cultivated
although the substrates are nevertheless the same. The cultivators find it unattractive to grow this
type of mushroom due to its low product yield, small fruit body and its ability to degrade substrate
in a short period of time compared to other edible mushrooms, which lead to its low biological
efficiency.

Edible macrofungi received worldwide attention for their nutritional values such as protein,
carbohydrate and antioxidant components such as ascorbic acid, B-carotene and o-tocopherol
(Chang et al., 2007; Duru & Mercan, 2007; Jagadish, Venkata, Shenbhagaraman, & Kaviyarasan,
2009; Jayakumar, Thomas, & Geraldine, 2009; Tsai et al., 2009; Wong & Chye, 2009). Several
researches had proven that high amounts of antioxidants may prevent the oxidative stress caused by
the presence of free radicals which lead to disorder in physiological effectiveness such as cell
damage, generating of cancer cell and brain cell aging (Bejma & Ji, 1999; Poon, Calabrese,
Scapagnini, & Butterfield, 2004; Wei, & Lee, 2013). Oxidative stress might occur with the
presence of oxidation agents, decrease of antioxidants or both factors. This action will lead to the
production of reactive oxygen species (ROS) and free radicals as the harmful by products in
oxidation process. Stress may be derived from many sources that affect the human physiological
system including from food intake, radiation exposure and radical substances inhalation, and it is
closely related to human lifestyle and surroundings.

Antioxidants play an important role in maintaining human health due to their ability to
scavenge free radicals in the bodies. Fortunately, human body is designed to have its own defence
system such as superoxide dismutase enzyme, glutathione enzyme and catalase to fight harmful
substances and prevent cell damages (Halliwell, 1996). However, the consumption of supplemented
antioxidants present in our diets such as in fruits, vegetables and mushrooms is very important to
offer adequate security. Hence, the objectives of this study are to determine the antioxidant
activities, total phenolic content and total flavonoids content in the ethanolic extract of selected
commercial mushrooms (Pleurotus pulmonarius, P. ostreatus and P. djamor var. roseus) and
cultivated wild edible mushrooms (P. djamor var. djamor and Schizophyllum commune) that are
available in Malaysia.
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Figs 1-5 — Matured fruit body of oyster mushrooms, Pleurotus spp. and split gill mushroom,
Schizophyllum commune. 1 Pleurotus pulmonarius. 2 Pleurotus ostreatus. 3 Pleurotus djamor var.
djamor. 4 Pleurotus djamor var. roseus. 5 Schizophyllum commune.
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Materials & Methods

Mushroom strains

Pleurotus djamor var. djamor and Schizophyllum commne were collected from oil palm
plantation of Universiti Putra Malaysia (UPM), P. pulmonarius and P. ostreatus were obtained
from University Agriculture Park, UPM and P. djamor var. roseus was bought from night markets
at Brinchang, Cameron Highland, Pahang, Malaysia. Mushrooms identification was carried out and
all specimens were deposited at Mycology Laboratory, Faculty of Science, Universiti Putra
Malaysia, Serdang, Selangor, Malaysia.

Fungal isolation and spawn preparation

The fresh samples (2x2 mm) were isolated on 9 mm Petri plate containing Difco™ Potato
Dextrose Agar (PDA) media and observed until the mycelial colony covered the whole plate. Pure
cultures of isolates were obtained from subculture preparation and spawn was prepared by using
sterile wheat grains. The grains were washed, autoclaved at 121°C for 20 minutes and allowed to
cool in 100 ml conical flask. The fungal mycelia were inoculated on the grains and the mouth of the
flask was covered with aluminium foil and wrapped with parafilm to prevent contamination by
insects, fungi and bacteria. The spawn was ready to use for polybag cultivation after the mycelia
covered all the grains in the conical flask.

Substrate preparation

The substrates consist of sawdust, rice meal and calcium carbonate, CaCOs3 in 100:10:0.1-1
ratio. Polypropylene bags were filled with 800 g of substrates with 70% of water (Norouzi et al.,
2008) and the bags were tightly closed with neck and cap then sterilized once in hot steam
container for 24 hours. The substrate was allowed to cool down before being injected with
mushroom spawn. The regular amount of spawn was 3% based on the substrate weight (Kalberer
and Kunsch, 1974). The bags were subsequently kept in spawn running room with 75-85% relative
humidity until the formation of primordia. Then the bags were uncapped and transferred to the
fruiting room to allow the normal development of fruit bodies. The bags were kept in bed position
on rack (240 cm x 90 cm) at 25°C with a 12 hours photoperiod and 80-90% relative humidity.
Adequate ventilation was provided to prevent increase of carbon dioxide gas, CO, concentration in
the room which will inhibit the fruit body development (Norouzi et al., 2008).

Preparation of the sample

Preparation of the mushroom samples was determined according to Tsai et al. (2009). The
mushrooms were lyophilized (Labconco, Missouri) and ground to obtain fine powder. About 10 g
samples were extracted by stirring with 100 ml of ethanol at 25°C at 20xg for 24 hours and
filtration through Whatman No. 1 filter paper. The residue was extracted with two additional 100
ml portions of ethanol as described above and combined ethanolic extracts were concentrated under
reduced pressure below 40°C to obtain the crude extract. The crude extracts were redissolved in
ethanol at concentration 20 mg/ml and stored at 4°C for further analyses.

Scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals

This assay was performed by following the standard method of Bloise (1958) with several
modifications. DPPH solution was prepared by dissolving 5 mg DPPH powder in 2 ml of ethanol,
sealed in aluminium foil and kept in a fridge. Accurately 100 ul of test samples (0.6-20.0 mg/ml) in
ethanol was added with 5 pl DPPH solution in 96-well microtitter plates. Mixture was incubated in
the dark for 30 min. Absorbance was measured at 517 nm (SpectraMax Plus384, United States) and
ICso value (concentrations of each sample required to give 50% of the optical density shown by
control) was calculated. Inhibition of DPPH free radicals was calculated by using following
formula:

664



|nthItI0n Of DPPH radlcal (%) = 100 X (Acontrol - Asample)/Acontrol

Where, Acntrol = Absorbance of the control solution (containing all reagents except the test
extract)
Asample = Absorbance of the test extract

All test analyses were run in at least four replicates and averaged. Standard antioxidants
such as quercetin and butylated hydroxyanisole (BHA) were used as positive control.

Determination of reducing power by reducing ferricyanide complex

The reducing power assay of macrofungi was carried out by using the method described by
Oyaizu (1986) with several modifications. Different concentrations of the extract (2 to 10 mg/ml)
in 1.0 ml of distilled water was mixed with phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and 1%
potassium ferricyanide (2.5 ml). The mixture was incubated at 50°C for 20 minutes. Aliquots of
trichloroacetic acid (2.5 ml, 10%) was added to the mixture and then centrifuged at 1036 xg for 10
minutes. The upper layer of the solution (2.5 ml) was mixed with distilled water (2.5 ml) and FeCl;
solution (0.3 ml, 0.1%). The absorbance was measured at 700 nm (SpectraMax Plus384, United
States). The increasing absorbance of the reaction mixture was taken to mean an increase of
reducing power. The standard (BHA) and quercetin were measured by using same procedures.

Determination of total phenolic content

Total phenolic content in extracts was determined by using Folin-Ciocalteau reagent based
on method of Harborne (1989) with several modifications. Each sample (150 pl, 10 mg/ml) was
added with distilled water (1200 pl) and aqueous sodium carbonate, Na,COj3 solution (450 pl).
About 100ul of Folin-Ciocalteu reagent was added to the mixture and agitated. The mixture was
allowed to stand for 90 minutes and the absorbance was measured at 760 nm by using UV/visible
spectrophotometer (SpectraMax Plus384, United States). The concentration of total phenolic
compunds was calculated based on standard curve of tannic acid (0.2-1.0 mg/ml) and the results
were expressed as mg tannic acid equivalent (TAE) per gram of the extracts which resembled a
linear equation, y = 0.624x — 0.939, where R?= 0.995.

Determination of total flavonoid content

This assay was performed by using aluminium choride colorimetric method described by
Barros et al. (2008) with modifications. Mushroom extract (100 pl, 10 mg/ml) was mixed with
distilled water (500 ul) and sodium nitrite, NaNO, (5%, 30 pl). The mixture was allowed to stand
for 5 minutes. Aluminium chloride solution, AICI3.H,O (10%, 60 ul) was added to the mixture and
left for 6 minutes. Sodium hydroxide, NaOH (1M, 200 ul) and distilled water (110 ul) were added
to the solution and mixed well. Intensity of the mixed solution was measured at 510 nm
(SpectraMax Plus384, United States) and the concentration of total flavonoids contents were
calculated as equivalent to standard quercetin graph (QE), y = 0.016x — 0.031, where R*= 0.991.

Statistical analysis of experimental data

The data obtained was analyzed by using Microsoft Office Excel 2007 and Statistical
Package for Social Sciences 21 (SPSS 21) version software. Mean and standard errors of
replications were calculated. One-way analysis of variance (ANOVA) test was performed at 5%
probability to check the level of significance between the variables.

Results

Oyster mushrooms and split gill mushrooms are edible macrofungi that are indigenous to
pan-tropic regions including Malaysia. They are collected wild and commercially cultivated and
prepared in cooked dishes and preferred for their taste, texture and aroma. The ethanolic extracts of
Pleurotus pulmonarius (phoenix oyster mushroom or grey oyster mushroom), Pleurotus ostreatus
(pearl oyster mushroom or white oyster mushroom), Pleurotus djamor var. djamor (pink oyster
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mushroom), Pleurotus djamor var. roseus (pink oyster mushroom) and Schizophyllum commune
(split gill mushroom) as shown in figures 1 — 5 were screened for their antioxidant activity by four
assays named as 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, ferric reducing antioxidant power
(FRAP) or reducing power assay, total phenolic content (TPC) assay and total flavonoid content
(TFC) assay. The fungal specimens were currently deposited at the Mycology Laboratory,
Department of Biology, Faculty of Science, Universiti Putra Malaysia, Serdang, Selangor,
Malaysia.

Generally, tested macrofungi specimens contained 69.26% to 85.49% moisture content in
fresh fruit bodies (Table 1) where split gill mushroom, Schizophyllum commune was determined to
have the lowest moisture content while specimen of oyster mushrooms, Pleurotus spp. showed
significantly higher level (p<0.05). Total yield of mushroom ethanolic extracts ranged from 5.13%
to 12.01% of the fresh weight for all mushroom extract (Table 1). The average yield of extracts
were calculated as 9.24%, 7.41%, 7.252% and 8.70% for first, second, third and fourth flushes
respectively but the result did not show any discrete trendline with the number of flushes and there
was no statistical difference obtained (p>0.05). Therefore, we concluded that the number of flushes
had no effect on the yield of mushroom extract.

Generally, tested macrofungi specimens contained 69.26% to 85.49% moisture content in
fresh fruit bodies (Table 1) where split gill mushroom, Schizophyllum commune determined to has
the lowest moisture content while specimen of oyster mushrooms, Pleurotus spp. showed
significantly higher level (p<0.05). Total yield of mushroom ethanolic extracts was ranging from
5.13% to 12.01% of the fresh weight for all mushroom extract respectively (Table 1). The average
yield of extracts were calculated as 9.24%, 7.41%, 7.252% and 8.70% for first, second, third and
fourth flushes but the result did not showed any discrete trendline with the number of flushes and
there was no statistically different obtained (p>0.05). Therefore, we assumed that the number of
flushes has no effect on the yield of mushroom extract.

Table 1 Moisture content of mushroom fruit body and total yield of mushroom extract.

Mushroom species Moisture content in Total yield of mushroom extract (%)
mushroom fruit body (%)*  1st flush 2nd flush  3rd flush 4th flush
Schizophyllum commune 69.26 + 1.14° 6.70 9.11 7.17 9.78
Pleurotus djamor var. djamor ~ 85.49 + 2.29° 7.00 7.40 5.13 10.64
Pleurotus pulmonarius 81.79 + 1.16" 10.14 6.43 7.36 5.26
Pleurotus djamor var. roseus ~ 77.82 + 1.47" 11.32 6.41 9.34 5.81
Pleurotus ostreatus 78.52 + 1.60° 11.04 7.70 7.26 12.01

*Confident intervals of moisture content were calculated at 95% confident interval (p<0.05) in one-way analysis of
variance (ANOVA) test.
®dDifferent small letters indicated that there was a significant difference among sample.

Scavenging effect on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals

The macrofungi extract showed positive antioxidant activity by fading the violet colour of
DPPH solution to yellow and pale violet. The scavenging activities of radical were in direct
proportion with the concentrations of the extracts. As the concentration of extract was increased,
the scavenging activity towards DPPH radicals was also elevated. The results in this assay were
presented as concentration of extracts capable to inhibit 50% of radical solution (ICsy value) where
the extract with the lowest ICs, value was the greatest antioxidant holder.

The 1Cso values varied from 2.75 mg/ml to 12 mg/ml for all samples tested (Table 2).
Generally, the inhibition of DPPH radical by S. commune extracts showed the highest activity
compared to other macrofungi extract for all flushes. The 1Cs value for S. commune were as low as
2.75 mg/ml to 3.75 mg/ml and the extract from 4™ flush was assumed to be the strongest inhibitor
which showed 50% inhibition of DPPH free radicals at the lowest concentration (2.75 mg/ml)
among all tested extracts. On average, the strength of mushroom extracts to inhibit 50% DPPH
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Table 2 Inhibition concentration at 50% (IC50) values of ethanolic mushroom extracts.

Mushroom species I1Cs, 0f DPPH radical by mushroom extracts (mg/ml)*

1% flush 2" flush 3" flush 4" flush
Schizophyllum commune 3.00 3.70 3.20 2.75
Pleurotus djamor var. djamor 5.50 8.50 5.00 10.00
Pleurotus pulmonarius 6.00 7.50 4.20 4.75
Pleurotus djamor var. roseus 7.50 6.50 5.50 6.50
Pleurotus ostreatus 12.00 11.0 7.50 5.00

*Concentration of mushrooms extracts to inhibit 50% of 2,2- diphenylpicrylhydrazil (DPPH) solution

radicals can be simplified as S. commune (3.16 mg/ml) > P. pulmonarius (5.61 mg/ml) > P. djamor
var. roseus (6.50 mg/ml) > P. djamor var. djamor (7.25 mg/ml) > P. ostreatus (8.88 mg/ml)
accordingly.

Effects on reducing power

All the mushroom species showed appreciable reducing power activities at certain levels of
concentration (2-10 mg/ml). The greatest ability for reducing the ferricyanide complex to ferrous
form was observed in P. djamor var. djamor extracts at concentration 10 mg/ml for both first
(1.226 % 0.043) and second flushes (1.230 + 0.006) as shown in Table 3. However, the results of
reducing ability by synthetic antioxidants, BHA (2.510 £ 0.172) and Quercetin (2.719 + 0.024) that
served as positive controls were significantly two times higher than activity of mushroom extracts.
The strength of the reducing power at concentration 10 mg/ml was demonstrated as P. djamor var.
djamor (0.874) > P. djamor var. roseus (0.771) > S. commune (0.568) > P. pulmonarius (0.429) >
P. ostreatus (0.397) accordingly.

Total phenolic content (TPC)

The amount of total phenolics in different mushroom species varied from 38.45 to 51.94 mg
TAE/g of dry weight of crude extract where the extracts from third flush showed greater
antioxidant activity values compared to other flushes for all mushrooms tested. However, the
statistical analysis showed that the number of flushes had no effect on the phenolic concentration in
the extracts (p>0.05). On average of all four flushes, P. djamor var. djamor extract was analyzed to
have significantly highest total phenolic content among the tested macrofungi followed by P.
djamor var. roseus, P. pulmonarius, P. ostreatus and S. commune respectively.

Total Flavonoid Content Assay (TFC Assay)

Total flavonoid contents in the mushrooms extract varied from 1.40+0.52 to 29.80+£0.27 mg
QE/g of dry weight of extracts. The lowest and highest values can be observed in S. commune
extract at second and fourth flushes. Statistically, the test showed significant difference between
total flavonoid content and the additional of flushes for each mushroom species (p<0.05) in one-
way analysis of variance (ANOVA) test.

Mushrooms are preferred as nutritional food or supplement by individuals in search of a
healthy diet. This study determined that spilt gill mushroom contained 69.26% moisture in its fresh
bodies while the moisture content in oyster mushroom specimens, Pleurotus spp. is as high as
85.49%. According to Wong and Chye (2009), the elimination of moisture content may increase
the concentration of nutrients in the mushroom and may extend the shelf life of mushroom by
inhibiting metabolism reaction that lead to quality deterioration such as enzymatic browning and
lipid peroxidation. We found that the most preferable method to apply in antioxidant assays is by
using freeze dry technique. However, the drying activity may also cause the water-soluble nutrient
such as vitamin B and ascorbic acid to be flushed away with the water and sublimed into gaseous
state.
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Table 3 Reducing ability of macrofungi extracts at concentration 10 mg/ml for all flushes.

Macrofungi species

Reducing ability of extracts (10 mg/ml) based on the number of flushes

Readings of absorbance at 700 nm

Lst flush 2nd flush 3rd flush 4th flush
Schizophyllum commune 0.44 £0.02° 0.58 +0.01° 0.43 £0.00° 0.82+0.01°
Pleurotus pulmonarius 0.35+0.01° 0.42 +0.01° 0.42 +£0.00° 0.53+0.01°
Pleurotus osteatus 0.29 +0.00° 0.34+0.01° 0.38+0.01° 0.57 +0.00°
Pleurotus djamor var. djamor ~ 1.23 + 0.02° 1.23 +£0.00° 0.47 £0.00° 0.57 £0.02°
Pleurotus djamor var. roseus  0.96 + 0.00 0.48 +0.01° 0.72 +0.00° 0.93 + 0.00°

Each value is expressed as mean + SE (n = 4).
Means with small letters indicate significantly different within the species at 95% confident interval (p < 0.05).

The reducing power of a compound is known to be associated with the presence of certain
antioxidant agents and reductones such as ascorbic acid (Jayaprakasha et al., 2001; Duh et al.,
1999). The extracts acted as electron donor to reduce the ferricyanide (Fe*") to ferrocyanide (Fe?")
which turned the yellow solution of test compound containing ferric ion to Pearl’s Prussian blue or
green to intense blue colour solution (depending on the extracts ability) as the reduced form. As
reported by Shimada and colleages (1992), we assumed that reducing power in the mushrooms
extract might be due to their hydrogen-donating ability that stabilized the corresponding molecules
by accepting hydrogen ions from the extracts and terminating the radical chains. Thus, the
properties of reducing capacity may serve as a significant indicator of antioxidant potential of a
tested compound as stated by Meir et al. (1995).

In this study, the trend lines for total phenolic content differed between one species to
another, which indicates that every species has their own unique strategies in phenolic synthesis
and metabolic reaction. The previous literatures stated that the exposure of living cells to variety
sources of radicals such as sunlight and chemicals may lead the organisms to develop their own
protection systems in both enzymatic and non enzymatic reaction (Ferreira et al., 2009; Arbona et
al., 2003). Thus the production of phenolic compounds in fungi is believed to provide adequate
defensive mechanisms towards radicals and reactive species of certain chemicals. In earlier
discoveries, the total phenolic content for both Pleurotus eryngii and Pleurotus ostreatusi were
determined to have 0.03 mg/g and 0.09 mg/g of dry weight (Kim et al., 2008), Pleurotus djamor
and Pleurotus sajor-caju showed 13.22 mg/g and 14.43 mg/g of extract in TPC assay respectively
(Puttaraju et al., 2006) while the total phenolic content in Pleurotus ostreatus was analyzed to have
0.71 mg/g of dry weight (Jayakumar, 2008).

Phenolic compounds such as phenolic acids and tannins are known as major components of
antioxidant in plants and mushrooms. Previous literatures reported that genus Pleurous contained
several types of phenolic compounds such as vanillic acid (Kim et al., 2008; Puttaraju et al., 2006),
myricetin, naringin, homogentisic acid, 5-O-caffeoylquinic acid (Kim et al., 2008), chrysin, rutin
(Jayakumar et al., 2008) gentisic acid, gallic acid, protocatechuic acid caffeic acid, tannic acid.
syringic acid, cinnamic acid and p-coumaric acid (Kim et al., 2008; Puttaraju et al., 2006). In
addition, Ferreira (2009) stated that most antioxidant properties that can be found in mushrooms are
mainly in the form of phenolic acids and flavonoids, followed by tocopherols, ascorbic acid and
carotenoids. The total phenolic content of the current mushroom extract that ranged from 38.45 to
51.94 mg TAE/g extract indicated higher content of phenolic than Persian sour summer
pomegranade (Reza et al., 2011), cabbage leaves (Brassica oleracea) and water leaf (Talinum
triangulare) (Olajire and Azeez, 2011) which showed 21.03+1.51 mg GAE/g extract 22.1+2.95 mg
QE/g extract and 49.26x4.76 mg QE/g extract respectively.
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Fig. 6 — Percentage of DPPH radical inhibition by different concentration of macrofungi extract
based on number of flushes.

Table 4 Total phenolic and flavonoid content in mushroom extracts.

Total phenolic content (mg TAE/g dry weight  Total flavovoid content (mg QE/g dry weight

L\A:(?ir:e goom of extract)” of extract)®

P Ttflush 2" flush 3™ flush 4" flush 1 flush 2" flush 3 flush 4™ flush
S. commune 4051 + 3845 + 4099 + 4569 + 141 + 140 + 458 + 29.80 +
' 0.72° 0.07° 0.32° 0.11° 0.49° 0.52° 0.49™ 0.27°

P. djamor var. 5194 + 49.11 + 5019 + 3962 + 1488 + 748 + 6.30 + 3.02 +
djamor 0.67° 1.69° 0.98° 0.27° 2.13° 1.42% 0.74° 0.75'

P oulmonarius 3936 * 4305 £ 4490 + 4450 + 756 + 86l + 940 & 984 %
P 0.19f 0.349 0.94" 0.39%" 1.34° 2.76° 4.73° 2.93¢

P. djamor var. 43.89 + 4181 + 43.07 + 4655 + 566 + 629 + 538 + 842 +
roseus 0.99' 0.15' 0.27' 1.06' 1.92" 1.92" 0.62" 2.22!

P ostreatus 4023 + 4191 + 4391 + 4283 + 339 + 1161 + 1297 + 1157
' 0.44 0.63' 0.30™ 0.461™ 2.72) 3.21% 2.43¢ 2.91

A Total phenolic content was calculated using tannic acid equivalent (TAE) which resembled as linear equation, y =
0.624x — 0.939, where R*= 0.995.

B Total flavonoid content was expressed as quercetin equivalent (QE) which resembles as linear equation, y = 0.016x —
0.031, where R*= 0.991.

“Each value was expressed as mean + SE (n = 3 for total phenolic content and n = 6 for total flavonoid content). The
mean differences were significant at the 0.05 level in one-way analysis of variance (ANOVA) test.
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Fig. 7 — Reducing power of macrofungi extracts at concentration 10 mg/ml towards ferricyanide
complex with both BHA and Quercetin as positive controls and ethanol as negative control.
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Fig. 8 — Concentration of total phenolic and total flavonoid content in ethanolic extracts of tested
macrofungi.

The TFC assay was estimated to extract flavonoids, isoflavonoids and neoflavonoids or
collectively called as bioflavonoids. This ketone containing compounds will form acid stable
complexes with the C-4 keto group and either the C-3 and C-5 hydroxly group of bioflavonoids.
However, this method showed limitation to estimate flavanoid, the none-ketone group flavonoid.
According to Mohy et al., (2009), flavanoids responded poorly in aluminium chloride colorimetric
method but reacted well with the presence of 2,4-dinitrophenylhydrazine. Reversely, flavonols and
isoflavones with C2-C3 double bond could not react with 2,4-dinitrophenylhydrazine but worked
best in aluminium chloride.

Several studies have demonstrated that flavonoid may act as antioxidant by breaking the
radical chains into more stable products in liver microsomal membranes, with ability to protect low
density lipoprotein or LDL from being demolished by heavy metals and macrophages (Van Acker
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et al., 1998) and also play an important role to provide instinctive protection against oxidative
stress and side effects by its contribution with vitamins. By comparing with previous literatures, all
mushroom samples showed higher total flavonoid content than Persian sour summer pomegranade,
1.46 g CE/g extract (Reza et al., 2011). The total flavonoid content of split gill mushroom extract
from fourth flush (29.80 mg QE/g extract) is determined to have higher value than African eggplant
leaf and stem (Solanum macrocarpon), onion bulb (Allium cepa), bird’s eye chilli (Capsicum
frutescens), Malabar spinach (Basella alba) and cabbage leaves (Brassica oleracea) which showed
10.23 mg QE/qg extract, 12.62 mg QE/g extract, 24.78 mg QE/g extract, 26.53 and 19.29 mg QE/g
extract respectively (Olajire and Azeez, 2011).

With the established antioxidant activities of the mushrooms extracts, we suggest that the
chemical characteristics of the oxidative components and phytochemicals in the extracts should be
further investigated for the development of medicinal mushrooms in the pharmaceutical industry.
On the other hand, the discoveries and experimentation of nutritional content and antioxidant
properties in wild edible mushrooms are most encouraged because of their unknown medicinal
potential.
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