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ABSTRACT

Antioxidant activity of four mushrooms was assayed by using 2,2-diphenyl-1-picrylhydrazyl (DPPH), reducing
power, iron chelation, ABTS, DPPH and hydroxyl radical. Furthermore, total phenol and flavonoid contents of
these mushrooms extract were also determined. Rutin and quercertin were used as standards. All the four
mushrooms exhibited potent and concentration dependent free radical scavenging activity in all the assays tested.
However, Pleurotus ostreatus had the highest radical scavenging ability. Reductive ability of these mushrooms were
also found to increase with increase in concentration. Total phenol and flavonoid content deter mination showed that
all the mushrooms are rich in phenols and flavonoids. Pleurotus ostreatus had the highest phenolic and flavonoid
content among the four mushrooms indicating that it has the highest antioxidant capacity among the mushrooms
studied. All the results of the in vitro antioxidant assays reveal potent antioxidant and free radical scavenging
activity of P. eryngii, T. robustus, P. cinnabarinus, P. ostreatus. This potent antioxidant activity may be attributed
to its high phenolic and flavonoid contents and may be responsible for their nutritional and therapeutic uses.

Keywords: Mushrooms, Phenolics, Flavonoid®leurotus eryngii, Termitomyces robustus, Piccnoporrus
cinnabarinus, Pleurotus ostreatus.

INTRODUCTION

Reactive oxygen species (ROS) are generated throoghal metabolic processes or as by product ofemxous
insult [1,2,3]. ROS include free radicals such agesoxide anion (¢J), hydroxyl radical (*OH), as well as non
radical molecules like hydrogen peroxides, @), singlet oxygen'Q,) e.t.c. [4,5]. The production of ROS is
balanced by the antioxidative defense system irthheandividuals. Oxidative stress is generated mwitae
equilibrium shifts in favor of free radical genéoat as a result of a depletion of antioxidant lsvé@verproduction
of free radicals can cause oxidative damage to dliecales, (lipids, protiens, DNA), eventually leaglito chronic
diseases such as atherosclerosis, cancer, diabdetespatoid arthritis, post ischemic perfusion ipjumyocardiac
infarction, cardiovascular diseases, chronic infleation, stroke and septic shock, aging and othgemrative
diseases in human [6,7]. Antioxidants are substatita when present at lower concentration comptrédat of
an oxidizable substrate, significantly delay orverg oxidation of the substrate, or compounds de¢dy or inhibit
the oxidation of lipids or other molecules by inhiitg the initiation or propagation of oxidationah reactions
[8,9].

Nowadays, much attention has been given to naamtbxidant because of their associated healthflienfLO].
Mushrooms have been used as food supplement iougultures because they are rich source of ptei
vitamins, fats, carbohydrates, amino acids and rais¢11]. Some common species liRkeurotus tuber-regium has
been reported to cure headache, stomach ailmeitls and fever [12]; asthma, smallpox and high #lpoessure
[12,13]; while other species likeentinus tuber-regium andLentinus tigrinus are used for treating dysentery and for
blood cleansing respectivelpwricularia species have been used traditionally in the treatraf hemorrhoids and
various stomach ailments [14]. Some species aeralsommended to anemic patients, owing to thejh Holic
acid content while some are reputed to possesdiangtic, anti-allergic, anticholesterol, anti-tunamd anti-cancer
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properties [11]. Due to the reported nutritionatl drealth benefits of mushrooms and derth of infdionaonin
vitro antioxidant properties of these mushrooms, thiglyssought to determine the antioxidant propenefour
selected wild Nigerian edible mushroon®elrotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus,
andPleurotus ostreatus

EXPERIMENTAL SECTION

Chemical

All chemicals used, including solvents, were of lgtigal grade. Thiobabituric acid (TBA), 1, 1-diphg-2-
picrylhydrazine (DPPH), sodium nitroprusside, feiwammonium sulphate (Fe(Wk(SQy),), trichloroacetic acid
(TCA) and buthylated hydroxyltoluene (BHT) were abed from Sigma_Aldrich (St Louis, MO, USA).

Plant collection

The mushrooms samples were collected from logsaafds, palm logs, and humus soil from different tmoes in
Akure, Ondo State, Nigeria and; identified in thepartment of Crop Soil and Pest Management, Theraed
University of Technology, Akure. The mushroom sagsplwere later de-stalked, washed and sun dried and
grounded into a powdery fine texture and storadatn temperature in air tight polythene bag priouse.

Preparation of extract

Hundred grammes (100.0g) each of the powdered masiy were soaked in 1liter of distilled water féhaurs
after which they were filtered separately using &aivhan filter paper. The extracts were stored itighi
containers in a refrigerator at € until required for use. This serves as the stmtition for all determinations.

Determination of Total Phenolic Content

For the determination of total phenolic contentttid extracts , 0.25 mL of the extract was placed 5.0 mL
volumetric flask and 5.0 mL distilled water was addFolin-Ciocalteu’s phenol reagent (1.25 mL) wdded and
the resulting solution mixed together. After 2 m&a75 mL 20% (w/v) sodium carbonate solution wadeal] the
contents mixed together again and distilled wataes wdded to volume and mixed. The mixture was aibto
stand for 2 h after addition of sodium carbonateitsm; and the absorbance of the mixture measatetb0 nm
using a Lambda EZ150 spectrophotometer (Perkin EI®M8A). Tannic acid was used as standard andethalts
expressed as mg tannic acid equivalents per graheafample.

Determination of Total Flavonoid Content

The total flavonoid content of the different mushmo extracts was determined using a slightly modifieethod
reported by[15]. 0.5mL of appropriately diluted ggenwas mixed with 0.5mL methanol; @0of 10% AICk; 50uL

of 1mol L* potassium acetate and 1.4mL water, and allowedcdabiate at room temperature for 30 min. Thereafter,
the absorbance of each reaction mixture was subs#igjuneasured at 415 nm. Quercetin was used adassthand
the results were expressed as mg quercetin eqotvade gram of the sample.

Reducing Antioxidant Power

The reducing power of the individual mushroom ecxtsavas determined by assessing the ability of eatfact to
reduce FeGlsolution as described by[16]. Appropriate dilutmineach extract (2.5 mL) was mixed with 2.5 mL of
200.0mM sodium phosphate buffer (pH 6.6) and 2.51%_potassium ferricyanide. Each mixture was intedbat
50°'C for 20 min and then 2.5 mL 10% trichloroaceticddasas added. This mixture was centrifuged at 3%gfar

10 min. Five millilitres of the supernatant was edxwith an equal volume of water and 1.0 mL of O.fe¥ic
chloride. The absorbance was measured at 700 nm.farnic reducing antioxidant power was determired
triplicates and expressed as mg ascorbic acid algut/g of the sample.

OH" Radical Scavenging Ability

The ability of the extract to prevent ¥#1,0, induced decomposition of deoxyribose was carrietlusing the
method of [17]. Freshly prepared extract (0{llp@vas added to a reaction mixture containing 120,(20mM

deoxyribose; 400.Ql, 0.1M phosphate buffer pH 7.4; 4Qu0 20.0 mM hydrogen peroxide and 4QQ 500.0 mM

FeSO04; and the volume was made to 8Q0With distilled water. The reaction mixture wasiated at 3% for

30min and then stopped by the addition of 0.5ml2.&% TCA. This was followed by the addition of 04 rof

0.6% TBA solution. The reaction tubes were subsetiyiéncubated in boiling water for 20min. The alizance
was measured at 532nm in spectrophotometer angdheentage radical inhibition which was determired
triplicates was subsequently calculated.
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ABTS Antiradical Assay

Antioxidant activity of the extracts was determinesing the 2, 2’-azinobis-(3- ethylbenzothiazolBsulfonic
acid) ABTS antiradical assay [18]. The ABT@mother solution) was prepared by mixing equalivoés of 8 mM
ABTS and 3 mM potassium persulphate,Og) (both prepared using distilled water) in a voldmneeflask and
allowed to react for a minimum of 12 h in a darkqad. The working solution was prepared by mixirgyraL of the
mother solution with 145.0 mL phosphate buffer (##4). A range of trolox (6-hydroxy-2, 5, 7, 8-
tetramethylchroman-carboxylic acid) standard sohsi(100-100QuM) were prepared in acidified methanol. The
working solution (2.9 mL) was added to the methanextracts (0.1 mL) or Trolox standard (0.1 mL)aitest tube
and mixed with a vortex. The test tubes were altbveestand for exactly 30 min. The absorbance efstandards
and samples were measured at 734 nm with a Lamkti®b(E spectrophotometer. The results which were
determined in triplicates were expressedms| Trolox equivalents/g sample on dry weight basis

Iron Chelation Assay

2.5 ml of each mushroom extract (1.0 mg/g) was thiwéth 2.5 ml of 200.0 mM sodium phosphate at pHs &

and 2.5 ml of 1.0 % potassium ferric cyanide. Téaction mixture was then incubated at°&Dfor 20 mins; after
which 2.5 ml of trichloroacetic acid was added aedtrifuged at 659 rpm for 10 mins. 5. 0 ml of tuwpernatant
was mixed with 5. 0 ml of water and 0.1 % FeCI3 wdded. The absorbance of the resultant solutientixen read
at 700 nm [19].

DPPH Antiradical Assay

The stock solution was prepared by dissolving 24g0DPPH with 100.0 mL ethanol and then stored @G 2intil
needed. The working solution was obtained by mixi@g0 mL stock solution with 45.0 mL ethanol to ahtan
absorbance of 1.1 units at 515 nm using the spgudtometer. Phenol extracts (3.0 mL) was allowerkéat with
27.0 mL of the DPPH solution for 6 h in the darklasorbance read at 515nm.

Statistical Analysis

All the experiments were done in triplicates; and tata collected were analysed and the resulsepied as mean
+ SD (n=3). Differences between mean, were analysedne way analysis of variance (ANOVA) followeg b
testing for multiple range comparisons between méBuncan’s). The differences between means we@ted as
statistically significant when p< 0.05.

RESULTS

Total phenol content and total flavonoid content

The total phenol content and total flavonoid cohtBheurotus eryngii, Termitomyces robustus, Piccnoporrus
cinnabarinus, and Pleurotus ostreatus are presented in Table Pleurotus ostreatus had the highest total phenol
content (66.24+0.00 mg) of tannic acid equivalentfg the extract as well as the highest total flaidn
(188.65+5.58 mg) of quercertin equivalent/g of éxéract when compared to the other three mushrooms.

Reducing Antioxidant Power

Figure 1 showed the reductive ability Rifeurotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus, and
Pleurotus ostreatus. Absorbance of the solution was increased witheiased concentration. A higher absorbance
indicates a higher reducing pow@&ermitomyces robustus had the highest reducing ability at all the corniion
tested whilePleurotus eryngii had the lowest reductive ability at lower concatitn but this ability at higher
concentration.

Table 1:In vitro anti-oxidant indices of the Selected Mushroom Exacts

Property Mushroom Samples Levels (mg/g)

Total Flavonoids Pleurotus eryngii 45.94+2.2 7
Termitomyces robustus 45.94+2.07
Pycnoporus cinnabarinus  61.97+2.27
Pleurotus ostreatus 66.24+0.00

Total Phenol Pleurotus eryngii 124.01+0.80
Termitomyces robustus 103.34+2.39
Pycnoporus cinnabarinus  162.72+8.77
Pleurotus ostreatus 188.65+5.58

Total phenol content is expressed in mg Tannic acid Equivalent per gram of the Extract; and flavonoids content in mg Quercetin Equivalent

per gram of the Extract
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Figure 1: The Reductive Potential of the Mushroom Etracts
Values are the average of triplicate experiments and represented as mean + standard deviation
Values having the same letter are not significantly different (P>0.05)
Sample A:Pleurotus eryngiiSample B: Termitomyces robustus, Sample C:Picnoporus cinnabarinus, Sample D:Pleurotus ostreatus
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Figure 2: The Hydroxyl Radical Scavenging Activity of the Mushroan Extracts. of 4 wild Mushroom Extracts
Data represents mean + standard deviation values of 3 to 4 independent experiments performed in triplicates
Values having different letter are significantly different (P>0.05)
Sample A:Pleurotus eryngii, Sample B: Termitomyces robustus, Sample C:Picnoporus cinnabarinus, Sample D:Pleurotus ostreatus.
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Figure 3: Metal Chelating ability of the Mushroom Extracts. of 4 wild Mushroom Extracts
Data represents mean + standard deviation values of 3 to 4 independent experiments performed in triplicates
Values having different letter are significantly different (P>0.05)
A: Pleurotus eryngii, B: Termitomyces robustus,C: Picnoporus cinnabarinus, D: Pleurotus ostreatus.
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Figure 4 : DPPH Radical Scavenging Activity of 4 wil Mushroom Extracts
Data represents mean + standard deviation values of 3 to 4 independent experiments performed in triplicates
Values having different letter are significantly different (P>0.05)
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Table 2: The ABTS radical scavenging activity of far selected mushrooms

Extract (100 pg/ml) TEAC (nmol/g)
Pleurotus eryngii 0.422%+00.2
Termitomyces robustus 0.4052+0.010
Picnoporus cinnabarinus ~ 0.4082'+0.013
Pleurotus ostreatus 0.3935+0.001
Values are the average of triplicate experiments and represented as mean + standard deviation. Values having the same letter are not
significantly different (P>0.05)

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity &leurotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus, and
Pleurotus ostreatus were measured deoxyribose method. All showed patesh varying degree of hydroxyl radical
scavenging activity at various concentrations Fegir

ABTS radical scavenging activity

ABTS radical scavenging activity & eryngii, T. robustus, P. cinnabarinus, andP. ostreatus were shown in Table
2. All the mushrooms extract exhibited potent AB&8ical scavenging activity in concentration degaridnanner
with P. ostreatus having the most radical scavenging activity at tmmcentration.

Metal chelating activity

Figure 3 depicts the iron chelating ability Rieurotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus,
and Pleurotus ostreatus. The ferrous ion-chelating effect of all mushrooinsreased well with increasing
concentrationsPleurotus ostreatus had highest iron chelating ability compared toeotthushrooms extracts in this
study.

DPPH radical scavenging activity

The results of DPPH radical scavenging activity Rbéurotus eryngii, Termitomyces robustus, Piccnoporrus
cinnabarinus, and Pleurotus ostreatus are presented in Figure Bleurotus ostreatus had the highest DPPH radical
scavenging ability at the concentration studied parad with the other three mushroom samples.

DISCUSSION

Under increasing situation of excess of free rddiggeneration, which may distrupt normal functimfshuman
organism due to the damage of cellular lipids, giret, and DNA, the interest in antioxidant abiitief various
foods has increased for years. This trend recémtlydes recently also the wild growing mushroo8]]. Phenolic
compounds are an important group of secondary roktedy which are synthesized by plants becausplanft
adaptation to biotic and abiotic stress conditinohsas infection, water stress, and cold stressd@d can protect
the human body from free radicals, whose formatsoassociated with the normal natural metabolisnaerbbic
cells. Polyphenols are common constituents of tiadn diet, present in most foods and beveragetaof prigin.
They are capable of removing free radicals, chagathetal catalysts, activating antioxidant enzymeducingo-
tocopherol radicals, and inhibiting oxidases. Ttang considered to contribute to the prevention afious
degenerative human diseases such as Alzheimeeasd#is [22,23,24]. Tha vitro antioxidant properties of the
extracts of the selected mushrooms revealed thaigdics are found in large quantities in the mushrs; the high
total phenolic content (124.01+0.80, 103.34+2.36217/2+8.77, 188.65+5.58) mg/g tannic acid equivalen
for Pleurotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus, and Pleurotus ostreatus respectively
suggests that the total phenolic concentrationthé mushroom samples are in the ord@eurotus ostreatus
>Piccnoporrus cinnabarinus >Termitomyces robust s> Pleurotus eryngii (Table 1). This finding indicates that the
mushroom species are a significant source of piendlhe antioxidant activity of the mushroom egtsamay be
due to the hydroxyl groups in the phenolics [25]sifilar finding was reported in the extracts Eafcop Mia
ulmoides (Du-zhong) andAcacia confusa in which enriched phenolics correlated well witheithantioxidant
activities [26,27].

Flavonoids have been said to decrease capillagjlifygand exert a cortisone-like effect on tiss(8]; and protect
against cancer and heart diseases [29]. It theré@fagplies that the high flavonoids content in theshroom extracts
(Table 1); might be responsible for the therapeeffect (antihypertensive) of some mushroom speegatier
reported [25,28,30,31]. The highest concentratibflawonoids was recorded fét. ostreatus extract, followed by
P. cinnabarinus extract; while the least concentration of flavonoids wasarded for both th®. eryngii andT.
robustus extracts (Table 1).

Reducing power of some medicinal plants has beed as one of the indices of their antioxidant ghilA report
by [32] revealed that reducing property can beaehantioxidative defense mechanism; this is pdeghrough the
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ability of the antioxidant compound to reduce tiaos metals. Antioxidant property of phenolicsdae to their
redox properties which allow them to act as redui@gents, hydrogen donors and singlet oxygen qeesdB3].

The result of the reducing power of the various Immosm extracts showed that robustus had the highest
reducing power as the concentration increases wthéelowest reducing power with increasing conaitn is

recorded fotP. cinnabarinus extract (Figure 1).

The hydroxyl radical scavenging activity of the fgms as shown in Figure 2 revealed that the Hzibty of the
mushroom extracts to reduce hydroxyl radicals tonhess water molecules (27.20 % at a concentratidi® pg/ml
of mushroom extract) was observedPilurotus eryngii extract whileTermitomyces robustus had the highest ability
to scavenge or fix hydroxyl radicals (86.09 % abacentration of 500 pg/ml of mushroom extract)e ffushroom
extracts appeared to exert potent antioxidant pdwencting as a scavenger against OH* free radibalrein
providing antioxidant defense systems. The finditep showed that the OH* scavenging activity of tingshroom
extract increases with increasing concentratiotheif extracts.

The ABTS radical scavenging activity is a more sensithadical that is used for the estimation of antiart
activity. The decoloration of ABTS radical catianan indication of the potency of antioxidants tmate electrons
or hydrogen atoms to deactivate these radical spethe reduced ABTS radical is colourless in awsfiuenching
reaction [34,35]. The ability of the individual niusom extracts to decolorize the ABTS solution shbepotency
of these mushrooms in scavenging organic radicals,ABTS* [32]. The result suggests that the asis of the
mushroom samples can prevent or reduce oxidatiedas caused by organic radicals.

Iron is essential for proper cell functions, sushaxygen transport, cellular respiration, and isoaactor for a
number of iron metallic enzymes. However, an exadsgee iron can cause the generation of reaatixygen
species from the Fenton reactions, which is a iiansmetal-catalysed decomposition of hydrogenlipid
peroxide into highly reactive and biological danmagihydroxyl and lipid peroxyl radicals [36]. Metahelating
ability results of the mushroom extracts showed the highest value (53.78 % at 400 pg/ml) was ek for the
Pleurotus ostreatus extract while the weakest metal chelating abili#p.08 % at 10 pg/ml) was recorded for
Termitomyces robustus since the metal chelating ability value was alsltwest among the four mushroom species
(Figure 3). It has been observed that Metal iorathey antioxidants would also remove the oxidatienage from
other less prominent but equally damaging pro-axiadaetal ions such as Cu [36]. Thus, the iron diveecapacity

of the mushroom species would prevent transitiotalséo participate in the initiation of oxidatig&ress.

DPPH (1, 1-diphenyl-2-picryl hydrazyl radical) indwn to be a stable radical at room temperaturéshwiccepts
electron or hydrogen radical to become a stablenaimetic molecule [37]. It has been used to detentihe
antioxidant activity of various neutral product8]3The effect of antioxidants on 1, 1-diphenyli2fgl hydrazyl
(DPPH) had been thought to be due to their hydrammating ability [39]. The highest scavenging \atti (22.0
%) was recorded foPleurotus ostreatus in the DPPH radical scavenging activity resultdjilev least radical
scavenging activity value (5.0 %) was recorded Rteurotus eryngii (Figure 4). The extracts of the mushroom
species of interest could be potential sourcesatfiral antioxidant. This finding was supported @] who
suggested that the strong anti-radical potencygssesl byDorstenia psilurus andDorstenia ciliate against DPPH
test might be the basis of for their strong theusipeefficacy in traditional medicine.

The antioxidant investigations on the different hme®m species revealed that all the mushrooms pedigh
reductive potential; metal chelation, and hydrasadical scavenging activities etc., with high cartcation of total
phenol and total flavonoids.

These bioactive compounds together with the higioxidant activities obtained in these species afshtooms
may be responsible for their nutritional and thergje uses.

These results therefore revealed the facthairotus eryngii, Termitomyces robustus, Piccnoporrus cinnabarinus,
and Pleurotus ostreatus contain valuable bioactive agents that could famdremendous application in drug
development.
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