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ABSTRACT

Polyphenol-rich fraction from edible mushroom, Rigus flabellatus, was tested for vitro antioxidant activity in
terms of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicscavenging and chelating effect of ferrous iaeslucing
power, total antioxidant capacity assay and estiorabf bioactive components namely, total phedaV,ohoid, 8-
carotene, lycopene and ascorbic adiindings showed that Egvalues were below 1 mg /ml. Estimated putative
antioxidant components are in order of phenol >vflnoids > ascorbic acid >3-carotene > lycopene. Result
implies that P. flabellatus can be a potential smiof natural antioxidant which may be used as fagaplement to
treat various oxidative stress related diseases.

Keywords: Chelating effect, DPPH, free radical, mushroomyo#uy power.

INTRODUCTION

The presence of free radicals in the biologicatesys was not generally considered likely until thigcovery of

superoxide dismutase in 1969. Oxyradicals are naelyw accepted as being very important, not onlyhie aging
process but also in numerous human diseases amdielis such as cancer, heart ailments, diabettenmation,

gastric ulcer, hepatic damage etc., where they kiker a primary or secondary role [1]. All livimgganisms are
equipped with stress-response systems that reghlatgrocesses of somatic maintenance and repaithéy often
fall short, necessitating administration of dietanpplements to help combat oxidative stress aliatiece ailments,
which in turn leads to the search for antioxid48is

In the past few decades several antioxidants haea bought out, both natural and synthetic, whiehbaing used
as food additives; but the reported carcinogenfeced of synthetic antioxidants [3] have expeditedensive
research for naturally occurring antioxidants. \Wthplants are considered as a major source ofaiatatioxidants
due to elevated levels of phenols and flavones ymeasearchers are being fascinated by the nutrthdemedicinal
properties of various edible mushrooms. Mushroomv&Hong been used as medicine by the Chineseacardtly,
a lot of attention is being paid to the therapewidue of mushrooms based on their role in humaaitine
Mushrooms accumulate a variety of secondary metabaincluding phenolic compounds, polyketidespéses,
and steroids. Some of these compounds have tremsridgportance to humankind displaying a broad rasfge
useful antibacterial, antiviral, and pharmaceut&etivities as well as less toxic effects [4]. Tés a plethora of
mushrooms in the world of fungi, only a handfulvdiich has been studied, leaving a huge unchartettktto be
explored and exploited; and vast knowledge to laeesh

Owing to its geo-climatic exclusiveness, a larggetst of mushrooms are found in the state of Westdal, many

of which are eaten by the local natives [5]. A nemlof wild edible mushrooms of West Bengal havenbee
extensively studied and found promising for theatmgent of diseases like cancer [6], microbial dissa[7, 8],
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cardiovascular diseases [9], ulcer [10], diabetts],[ hepatic injury [12, 13] etc. In our presentdst, we
demonstrate the antioxidative properties of Polyplheich extract of a wild edible mushrooRleurotus flabellatus
Sacc. and estimate the putative compounds thaerehe antioxidant properties to this fraction.

EXPERIMENTAL SECTION

MUSHROOM SAMPLING

Basidiocarps of. flabellatuswere collected in the month of August from thealomarkets of Darjeeling and
Sikkim and identified using standard literature ,[1%]. A voucher specimen (AMF - 397) was depositedhe
Mycological Herbarium of University of Calcutta, ikata, West Bengal, India.

CHEMICALS

Ammonium  molybdate, BHA (butylated hydroxyanisole),2,2-diphenyl-1-picrylhydrazyl  (DPPH),
ethylenediaminetetraacetic acid (EDTA), ferrousoddle, Folin-Ciocalteu reagent, gallic acid, L-afio acid,

Methionine, nitroblue tetrazolium (NBT), potassiufl@ricyanide, quercetin, riboflavin and trichlroticeacid

(TCA), were purchased from Sigma chemicals Co. I(Btis, MO, USA). All other chemicals and reageunsed

were of analytical grade.

PREPARATION OF EXTRACT

Polyphenol rich fraction oPleurotus flabellatusvas extracted according to the method of Khatus £013) [16]
with a slight modification. The BasidiocarpsRiturotus flabellatusvere dried and powdered and kept in ethanol at
25°C for 2 days to eliminate triterpenoids, stesadghd other alcohol soluble compounds. It was fittened and the
residue was similarly re-extracted. After filtratiathe residue was air-dried and boiled in ditilleater for eight
hours to extract the water soluble biomolecules fiteted. Polysaccharides were removed from thteafe by
ethanol precipitation and centrifugation. The sop&ant was then dried in a rotary evaporator, dred dried
material was re-dissolved in distilled water toasbtdifferent concentrations and stored at 4°Caftalysis.

The percentage yield extracts were calculated basetty weight as:
Yield (%) = (W1 x 100)/ W2
Where W1 = weight of extract after solvent evagoratW?2 = Weight of the grinded mushroom powder.

DETERMINATION OF TOTAL PHENOLS

Total phenols in the extract was measured directigg Folin-Ciocalteu reagent [17], where 1ml af gxtract (100
mg/ml) was mixed with 1ml Folin-Ciocalteu reagentilancubated for 3 min at room temperature. Afteubation,

1ml of 35 % saturated M@Os solution was added in the reaction mixture, voluadgusted to 10 ml with distilled
water and incubated in the dark for 90 min, aftdriclr the absorbance was monitored at 725 nm with a
spectrophotometer. Gallic acid was used as standatdl phenol content of the sample was expressenhg of
gallic acid equivalents per gram of extract.

DETERMINATION OF TOTAL FLAVONOID CONTENT

Flavonoid concentration was determined by the desdrmethod [18]. The extract (100 mg/ml) was @itutvith
4.3 ml of 80% methanol and 0.1 ml of 10% alumininitrate and 0.1 ml of 1 M aqueous potassium acetate
added to it. After 40 min at room temperature, dbsorbance was determined spectrophotometricakyl@atnm.
Total flavonoid concentration was calculated usingrcetin as standard.

DETERMINATION OF TOTAL R-CAROTENE AND LYCOPENE CONT ENT

3-carotene and lycopene was determined by thewfnifp process [19]. 100 ml of the extract (10 mg/mBs
vigorously shaken with 10 ml of acetone-hexane wm&t(4:6) for 1 min and absorbance of the mixtures w
measured at 453, 505 and 663 nm. [3-carotene aopdyge contents were calculated using the followeipaations:

Lycopene (mg/100mg) = -0.0458A + 0.372Ap5— 0.0806As3.

3-carotene (mg/100mg) = 0.216A— 0.304A0s + 0.452A53

DETERMINATION OF ASCORBIC ACID CONTENT

Ascorbic acid content was determined by a methodeasribed [20] with a little modification. Standaascorbic

acid (100 pg /ml) was taken in a conical flask aratle up to 10 ml by 0.6% oxalic acid. It was tachtvith a dye,
2, 6-dichlorophenol indophenol (21 mg sodium bicadte and 26 mg of dye in 100 ml water). The amofilye
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consumed (Y ml) is equivalent to the amount of ascorbic acide extract (w pg/ml) was similarly titrated withet
dye (V> ml). The amount of ascorbic acid was calculatedguthe following formula,

Ascorbic acid (ug /mg) = [{(10 pg Avhl) x V,ml} x w pg] x 1000.

TOTAL ANTIOXIDANT CAPACITY ASSAY

The assay is based on the reduction of Mo (VI) to (M) by the extract and subsequent formation @freen
phosphate/Mo (V) complex at acid pH [21]. The tubestaining the extract (1 mg/ml) and reagent smhu¢0.6 M

sulfuric acid, 28 mM sodium phosphate and 4 mM amionm molybdate) were incubated at 95°C for 90 mifter

the mixture had cooled to room temperature, themasce of each solution was measured at 695 ninsaga
blank. The antioxidant capacity was expressed @wbis acid equivalent (AAE).

2,2-DIPHENYL-1-PICRYLHYDRAZYL (DPPH) RADICAL-SCAVEN GING ACTIVITY

Different concentrations of PfPre (0.5 to 2 mg/mBre added to 0.004% solution of DPPH [22]. Thetomx was
shaken vigorously and left to stand for 30 minhe tark. Absorbance was measured at 517 nm againsink.
EGCs, value is the effective concentration of extracttBcavenged 50% DPPH radicals and it was obtdiyed
interpolation from linear regression analysis.

REDUCING POWER

Reducing power of PfPre was determined following thethod of Oyaizu, 1986 [23]. Variable concentragi of
PfPre were added to 2.5 ml 0.2 M phosphate buffer §.6) and 2.5 ml 1% potassium ferricyanide. Thgtume
was incubated at 50°C for 20 min. 2.5 ml of 10%hidroacetic acid was added to the mixture and ceasrifuged
at 12000 rpm for 10 min. 2.5 ml of the supernataas mixed with 2.5 ml distilled water and 0.5 mil%. ferric
chloride and absorbance was measured at 700 nnmcAgase in absorbance of the reaction mixture taisn to
mean an increase in reducing power of the sample.

CHELATING EFFECT ON FERROUS IONS

The ability of the extract of PfPre to chelate d&is ions was estimated by the method of Dinis 1294 [24].
Briefly, the extract was added to a solution of I iFReCL (0.05 ml). The reaction was initiated by the aidditof

5 mM ferrozine (0.2 ml), and the mixture was théralen vigorously and left to stand at room tempeeafor
10 min. The absorbance of the solution was measspedtrophotometrically at 562 nm. The percentap#ition

of ferrozine-F&" complex formation was calculated adJt A;) / Aj] x 100, whered, was the absorbance of the
control, andA; of the mixture containing the extract or the abaoce of a standard solution.

SUPEROXIDE RADICAL SCAVENGING ASSAY

Superoxide radical scavenging activity was studisihg the riboflavin-light-nitrobluetetrazolium (NB system,
suggested by Martinez et al. (2001) [25] with #dimodification. Each 3 ml reaction mixture contd 50 mM
sodium phosphate buffer (pH 7.8), 13 mM methionis@mple solution of various concentrationsRbgurotus
flabellatus 100puM EDTA, 75uM NBT and 2uM riboflavin. One set of reaction mixtures were esgd to light for
10 min to activate the riboflavin-NBT and the altsorce of each mixture was measured at 560 nm adaémdical
mixtures from another set kept in the dark for siaene duration. Butylated hydroxyanisole (BHA) wagdias
standard.

RESULTS AND DISCUSSION

RECOVERY PERCENT AND ANTIOXIDANT COMPONENTS

Table 1 summarises the percent yield, total phdtaipnoids, ascorbic acid, beta-carotene and lgnepcontent in
the Polyphenol-rich extract éfleurotus flabellatugPfPre). Data shows that total phenols, flavoneidg ascorbic
acid are the major antioxidant components, whefeaarotene and lycopene were found in vestigial arteu

Flavonoids | Total phenol$  Ascorbic acfdp- carotene | Lycopene
Yield % (Lg/mg)
8.25% | 6.304£09d 13.12+0.633 0.559 +0.015 0HPN05] 0.017 + 0.00

Table 1: yield percentage and antioxidant companehtpolyphenol-rich extract d?leurotus flabellatugPfPre).
Values are the mean * standard deviation of thegmrate experiments, each in triplicate. Total plemre
expressed in gallic acid equivalent (GAE) and flanids as quercetin equivalent (QE).

Phenolic compounds are known to be powerful chagaking antioxidants and they possess free radazalenging

ability due to their hydroxyl groups. The phenat@mpounds contribute directly to the antioxidataetion. In the
present study, the total phenolic content of P{RB12 pg/mg) was found to be much higher than dfidhe hot
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water extract ofP. eous[26], which was reported to be 8.77 pg/niy, laurocerasi(7.05 pg/mg) [15] andP.
citrinopileatus that being 8.62 pg/mg [27], while it was foundoa little lower than that &f. Squarrosulusvhich

was 18.1 ug/mg [28].

Ascorbic acid is reported to interact directly wittdicals such asOand OH in plasma, thus preventing damage to
red cell membranes, it also assisttocopherol in inhibition of lipid peroxidase bycsesling the tocopherol radical
[29]. In the present study, the ascorbic acid contef. dfabellatusextract was relatively higher (0.559 pg/mg)
when compared to the values reported from alcohebtracts of P. ostreatus(25 ng/l1 mg) [30] ané.
citrinopileatus (31 ng/mg) [27], but was comparatively lower thame tpolyphenol-rich extract oRussula
laurocerasi (1.03 pg/mg) [16]. Many other naturally occurrimgtioxidant components, includifgcarotene,
lycopene and flavonoids are known to possess stmatigxidative characteristics [31]. In this styglgarotene was
found in vestigeal amounts, i.e. 0.075 pg/mg whit®pene content was significantly lower (0.017mgj), which
are higher than that of the methanolic extrad® o8quarrosuluswhich were570 ng and 225 ng per mg respectively
[28], and polyphenol-rich extract d®. Laurocerasi(0.01 and 0.007 pg/mg respectively) [16]. The estéd
flavonoid content of PfPre is 6.304 ug/mg, whichmisch higher thaR. laurocerasi where it was reported to be
2.4 pg/mg [16]. Total phenols, flavonoids apdcarotene were the major naturally occurring andamt
components estimated in this study. The higher awsoof these components in this extract might emgta more
effectiveness in antioxidant activities.

TOTAL ANTIOXIDANT CAPACITY

Total antioxidant capacity of PfPre was determibgdhe formation of green phosphomolybdenum compldre
phosphomolybdenum method is based on the reduafitfo (V1) to Mo (V) by the antioxidant compound cathe
formation of green phosphate/Mo (V) complex witk thaximal absorption at 695 nm. Total antioxidaivdy of

the extract was estimated, using ascorbic acidtaaglard. On analysis, it was found that 0.5 mg @ is as
functional as approximately 34 + 3.7 ug of ascodiiml, expressed as 34 ug ascorbic acid equival@As). The
total antioxidant capacity of PfPre may be attrdsuto their chemical composition and phenolic cotnté recent
study [32] showed that some bioactive compounds ftarus fruits had strong total antioxidant adfryiwhich was
probably due to the presence of flavonoids, camtisnand ascorbic acid.

100 -

80 A

60 -

40 - B Ascorbic acid

% Inhibition

B PfPre
20 A

NN

0.1 mg/ml 0.5 mg/ml 1 mg/ml

Concentration

Fig. 1: DPPH radical scavenging activity of PfPre @mpared with that of the standard, ascorbic acid
Values are the mean + standard deviation of thigeasate experiments, each in triplicate

2, 2-DIPHENYL-1-PICRYLHYDRAZYL (DPPH) RADICAL-SCAVE NGING ACTIVITY

DPPH is a stable free radical and possesses actdidstic absorbance at 517 nm, which decreasegfisantly on
exposure to radical scavengers by providing hydragfem or electron to become a stable diamagnetieaule.
The use of stable DPPH radical has the advantapein§ unaffected by side reactions, such as enaghikition
and metal chelation [33]. Such reactivity has begdely used to test the ability of a compound otrast as free
radical scavengers. Upon treatment with an incngasoncentration of the PfPre, a marked decreaabsorption
was observed, indicating a potent DPPH scavendiliyeof the extract (Fig. 1). E§g of DPPH radical scavenging
activity was 0.48 = 0.02 mg/ml. When compared wath earlier investigations, the EGralue of polyphenol-rich
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fraction of Pleurotus flabellatugPfPre) was lower than the polyphenol-rich extadRussula lauroceragil6] and
Amanita vaginatd34]. On the other hand, the same fractiorRoisula albonigrdhad almost similar activity [35].
Ganoderma tsugaeas reported to have a lower f&alue than PfPre [36] while that Bleurotus eousvas much
higher [26]. Therefore, the DPPH radical scavengawivity of the polyphenol-rich extract from difént
basidiocarps were in decending or@erTsugad36] > R. albonigra[35] ~ P. flabellatus> R. laurocerasi16] > A.
vaginata[34] > P. eous[26]. Thus it can be said that the polyphenol-rich ext@fcPleurotus flabellatushas
significant DPPH radical scavenging ability.

REDUCING POWER

Reducing power of a compound may serve as a signifiindicator of its potential antioxidant actwi24]. The
presence of reducers (i.e. antioxidants) causegethection of the Fé/ferricyanide complex to the ferrous form. In
the reducing power assay the presence of antiotédarthe PfPre would effect in the reduction of ‘Fle Fé* by
the donation of an electron. The increasing absmdat 700 nm by measuring the formation of Pé?lgssian
Blue indicates an increase in reducing ability. téasly increase in reducing power was observed2{fidResults
showed that Eg for the reducing power of PfPre was of 0.87 + Om@/ml. PfPre was found to be a potent
reducing agent, with an Egvalue of 0.87 mg/ml. Compared with the reducingvers of previously studied edible
mushrooms from our previous reports, the polypheichl extract ofPleurotus flabellatusvas an excellent reducer
of ferric ions. The reducing power of polyphendkriextracts of different edible mushrooms in dedoenorder are
P. flabellatus> R. albonigra [35] >A. vaginata[34] > Russula lauroceradil6]. In similar studies, it was reported
that the hot water extract Ganoderma tsugaf86] andP. eoug26] had a lower reducing power compared to that
of Pleurotus flabellatugECsy 1.12 mg/ml).Apparently the polyphenol-rich extract Bf flabellatusis an excellent
reducing agent.

1.5 -
g 1]
c
©
2
o . .
2 B Ascorbic acid
< J

0.5 B PfPre

0 & . k : &
0.1 mg/ml 0.5 mg/ml 1 mg/ml
Concentration

Fig 2: Reducing power of PfPre with respect to thabf ascorbic acid used as standard
Values are the mean + standard deviation of thiggasate experiments, each in triplicate

CHELATING EFFECT ON FERROUS IONS

Iron can stimulate lipid peroxidation by the Fentaaction and accelerate peroxidation by decompgobjid
peroxide into peroxyl and alcoxyl radical that taemselves abstract hydrogen and perpetuate tfie rd@ection of
lipid peroxidation. The main mechanism of the fegdon chelating activity is the ability to deacti® and/or
chelate F& which can promote Fenton reaction and hydropemgiecomposition. Iron toxicity is associated with
an increased risk of free radical damage and ca@teslation therapy may possibly reduce iron reldtee radical
damage and increase the overall survival in caediowlar diseases [37]. At 100 — 500 pg/ml the timgjaffects of
the PfPre was between 20% and 60% (fig 3). It vegmonted that chelating agents are effective asnskcy
antioxidants because they reduce the redox pokehéieeby stabilising the oxidised forms of metaisg [38]. The
ferrous ion chelating ability of PfPre was effeetiand the Eg value was found to be 0.72 mg/ml. Our previous
investigations have shown that thesgalue of the polyphenol-rich extract fBr. lauroceras{16] was 0.58 mg/ml,
which is comparatively higher, while the E@alue forA. vaginata[34] was much higher than that of PfPre. PfPre
showed a similar E to that ofR. albonigra[35]. Hence, the studied mushroom extract showbkdriinterference
with the formation of ferrous and ferrozine compéad can be considered as a good chelator of eioms.
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Fig 3: Chelating effects of PfPre on ferrous ionsampared with that of EDTA, used as standard
Values are the mean + standard deviation of thigeasate experiments, each in triplicate

SUPEROXIDE RADICAL SCAVENGING ASSAY
Superoxide radical is known to be very harmful éiudar components as a precursor of more reasfpeeies. One

risk of the superoxide generation is related tanitsraction with nitric oxide to form peroxyniteitwhich is a potent
oxidant that causes nitrosative stress in the osgatems [39]. In the present study, the polyphiemah fraction of
Pleurotus flabellatuswas found to be a notable scavenger of superoxddkcals generated in riboflavin-
nitrobluetetrazolium (NBT) light system (fig 4). the present study, the Efvalue of the fraction was 0.71 mg/ml.
Compared with an earlier investigation, thesgE@alue of PfPre was lower than the polyphenol-riotiract of
Russula lauroceragil6] (1.56 mg/ml). It was also significantly lower thdre EG, value ofPleurotus squarrosulus
[29] (8.63 mg/ml) andAmanita vaginata[34] (1.2 mg/ml). In comparisonJricholoma gigantium39] and R.
albonigra [35] showed similar (0.735 and 0.74 mg/ml respectivelyperoxide anion scavenging activity. Thus it
can be inferred that PfPre is an effective scaveafisuperoxide radicals.

100 -
80 A
c
2 60 4
=
o
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£ 40 - O BHA
X
B PfPre
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o L NN . N
0.1 mg/ml 0.5 mg/ml 1 mg/ml
Concentration

Fig 4: Superoxide radical scavenging activity of Fre with respect to that of BHA, used as standard
Values are the mean + standard deviation of thigeasate experiments, each in triplicate

Table 2 summarises the Eg; values of PfPre for the different antioxidant actvities, which gives a view of its pontential as aantioxidant

Chelating DPPH Reducing SOD
ECs (mg/ml) | 0.72+.007] 0.48+.02 0.87+.021 0.70.812
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Table 2: EG, values of the polyphenol-rich extract Bfeurotus flabellatusfor different antioxidant activities.
Values are the mean + standard deviation of theparate experiments, each in triplicate.

CONCLUSION

As a result of the study, the polyphenol-rich esttiaf P. flabellatus(PfPre) was found to be an effective antioxidant
in differentin vitro assays, with significant amounts of bioactive congnts. PfPre was an excellent chelator of
Ferrous iron, scavenger of DPPH free radicals, cedof ferric iron and superoxide anions. ThesgE@lues for
these tests were all well below 1 mg/ml. Thusait be suggested as a natural additive in food aadmaceutical
industries.
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