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ABSTRACT

B-glucan was extracted from three edibl e varieties of mushroom namely Agaricus bisporus, Pleurotus ostreatusand
Coprinusatramentarius, using hot water extraction method and studieswere carried out to investigate their structural,
antioxidant and functional properties. Theantioxidant activitieswere determined using different assaysviz., DPPH (2,2-
diphenyl-1-picryl-hydrazyl), reducing power, meta chelating ability and ABTS (2,2-Azino-bis,3- ethylbenzothiazoline-6-
sulfonic acid). The FTIR wasused to dicit the structural conformationsof various B-glucans. Theantioxidant activities
varied significantly among all the sources of betaglucan, however, the betaglucan from Coprinusatramentarius showed
highest valuesfor DPPH (EC50=5.12+0.205), reducing power (3.75+0.195), chelating ability (2.89+0.256) andABTS
(3.5£0.503), whereas B-glucan from Pleurotus showed the strongest lipid peroxidation inhibition (EC50 4.15+0.503) as
compared to others. Asfar asthefunctional propertiesare concerned, Coprinus-glucan aso showed thehighest swelling
power, fat binding, foaming and emulsfying properties, however, al thefunctiond propertiesof betaglucanvaried sgnificantly
among all itssources. It was concluded that the -glucan from C. atramentarius showed better antioxidant and functional
properties as compared to -glucan from A. bisporusand P. ostreatus.
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INTRODUCTION

Human kind has been valued fungal sources, particularly mushroomsasan important edible and medical resourcesince
timesimmemorid, and they are used asan attractive sourcefor the devel opment of drugsand nutraceuticals[1]. Mushroom
bel ongsto aspecia group of macroscopic fungi. Theantioxidant activity of mushroom extractswasfoundto beduetotheir
polysaccharide content aswell asto their total phenolic contents[2]. Thefreeradical speciesproduced by sunlight,
ultraviolet light, ioni zing radiation, chemical reactionsand metabolic processesare causing awidevariety of pathologica
effects, suchasDNA damage, carcinogenesisand cellular degeneration related to aging [ 3] and they also contributeto
progressivedeclineof theimmune system[4]. B-glucans obtained from mushroomsarerecognized asbiological response
modifier (BRM) which areused for thetreatment of cancer and variousinfectious diseasesboth in modern medicineand
traditiona chemothergpeutic drug [5]. Polysaccharidesarepotentiadly useful biologicaly activeingredientsfor pharmaceutica
use, such asfor immuneregulation, for anti-radiation, anti-blood coagul ation, anti-cancer, anti-HIV and hypoglycemic
activities[6-7]. The mushroom derived polysaccharides|entinan, schizophyllan, and krestin have been accepted as
immunoceuticalsin Japan, Koreaand China[8].

MATERIALSAND METHODS

Wild and cultivated varieties of mushroom were procured from the Kashmir Valley. The cultivated varieties, namely A.
bisporus and P. ostreatus were collected from Mushroom Research and Training Centre, Division of Plant Pathol ogy,
SKUAST-K, andthewild variety, namely C. atramentarius samplewasrandomly collected fromthe outskirtsof Srinagar.
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Extraction of B-glucan from variousmushr ooms

B-glucan wasextracted from thevarious mushroomsfollowing the method of Smiderleet al. [9]. Fresh fruiting bodies of
A. bisporus, P. ostreatusand C. atramentariuswere collected washed with distilled water, diced and thendried inan
ovenat 30°C for 24 hours. Thedried mushroomswere milled and submitted to successive cold and hot agueousextraction,
successively for 6h (x3:1,000 ml each).The cold extraction was performed aiming to separate other compounds, such as
phenoals, heteropolysaccharides, and glycogen. The hot agueousextractsfrom each mushroom were evaporated to asmall
volume and the polysaccharideswere preci pitated by addition to excessethanol (3:1;v/v) and centrifuged at 10,000 rpm,
at 10°C, for 20 min. The sediment wasdialyzed against distilled water for 24 (12-14 kDacut off), concentrated under
reduced pressure and freeze dried. The purification was performed by freeze thawing process[10]. Therecovered
fraction weredissolved inwater and the sol utionswere submitted to freeze and thaw dowly untill complete separation of
solubleand insoluble polysaccharides. The precipitates, obtained after centrifugation (10,000 rpm at 4°C, for 20 min),
weretreated with dimethyl sulfoxide (50 ml), for 2h, at 60°C, dialyzed against tap water for 24 and then resubmitted tothe
freeze-thawing process, giving riseto solublefractionsof p-D-glucans.

Antioxidant activity assays

Assay for DPPH radical scavenging activity: Theradical scavenging activity of g-glucan was conducted by using the
method previoudly carried out by Fu et al. [11]. The0.1 mM solution of DPPH radica in ethanol wasprepared and 2 ml
of thissolution wasadded to 2 ml of water solution containing different content of IOPS (1, 2, 4, 8, 10 mg). Briefly, the
absorbance of solutionsat 517 nmwas measured using UV—vis spectrophotometer (UV-2450, Shmadzu, Japan). Vitamin
Cwasused asthepositive control. The DPPH radical s scavenging rate of samplewas cal culated asthefollowing equation.

Inhibition %= (A, —A_, J/A,,* 100%

blank

whaeAmplewmthe absorbancewithsampleand A, wasthe absorbance without sample. Ascorbic acid wasused as
positivecontrol.

Ferric-reducing antioxidant power assay: Reducing power was determined according to Oyaizu [12]. Each
polysaccharide powder (0.1to 20 mg/ml, 2.5 ml) in Milli-Q water wasmixed with 2.5 ml, 0.2 M sodium phosphate buffer
(pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The mixturewasvortexed and incubated at 50 °C for 20 min. Then 2.5
ml of 10% trichloroacetic acid (w/v) was added and the mixture was centrifuged at 2000g for 10 min. The upper layer (5
ml) was mixed with 5 ml of Milli-Q water and 1 ml of 0.1% ferric chloride. The absorbance was measured at 700 nm
against ablank using aUV/Vis spectrophotometer (Shimadzu UV-1650 PC, Japan). Theblank wasthe solutionwith all
reagents but without extract. A higher absorbance indicates a higher reducing power. Ascorbic acid was used asthe
positivecontrol.

Chelating ability on ferrousions. Chelating ability was determined according to the method of Dinis, Madeira, and
Almeida[13]. Each polysaccharide powder (0.1to 20 mg/ml, 1 ml) in Milli-Q water wasmixed with 3.7 ml of methanol
and 0.1 ml of 2mM ferrouschloride. Thereaction wasinitiated by the addition of 0.2 ml of 5mM ferrozine. After 10 min
at room temperature, the absorbance of the mixture was determined at 562 nm against the blank. Blank wasthe solution
with all reagentsbut without extract. A lower absorbanceindicatesahigher chelating ability. The EC50 va ue (mg extract/
ml) isthe effective concentration at which ferrousionswere chelated by 50%. Citric acid and EDTA were used for
comparison.

ABT Sassay : For ABTSassay the procedure followed the method of Arnao et al. [14] with somemodifications. The
stock solutionsincluded 7.4mM ABT Sd+ solution and 2.6 mM potassium persulfate solution. Theworking solutionwas
then prepared by mixing thetwo stock solutionsin equa quantitiesand alowing themto react for 12 h a room temperature
inthedark. Thesolution wasthen diluted by mixing 1 ml ABTS* + sol ution with 60 ml methanol to obtain an absorbance of
1.170.02 units at 734 nm using the spectrophotometer. Fresh ABT Sd+ solution was prepared for each assay. Fruit
extracts (150 ml) were allowed to react with 2850 ml of the ABTS* + solution for 2 hiin adark condition. Then the
absorbancewastaken at 734 nm using the spectrophotometer over thelinear range of the standard curve.
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Functional propertiesof variousfungal B-glucan

Variousfunctiond propertiesof B-glucan arestudied such asswelling power, fat binding capacity, emul sfying capacity and
stahility, foaming capacity and stability, bileacid binding capacity werestudied.

Swelling power: Theswelling power was determined according to the method described by Baeet al., [15]. A mixture
of 0.3gof sampleand 10 ml of distilled water was placed in ashaking water bath at 70 °C for 10 min, then transferred to
aboilingwater bath. After boiling for 10 min, thetubeswere cooled with tap water for 5 min and centrifuged at 1700g for
4 min. Swelling power was expressed astheratio of wet sediment weight to dry sampleweight.

Fat Binding Capacity: In-vitro fat-binding capacity was determined according to the method reported by Lin and
Humbert [16]. B-Glucan samples (0.2 g) were dispersed in soy oil (10 ml), and the mixtures were placed at room
temperature ambient conditionsfor 1 h and agitated on avortex mixer every 15 min. After centrifugation at 1600g for 20
min, the supernatant was decanted and the res due wasweighed. Thefat absorption was obtained from the amount of soy
oil boundto 1 g of dry sample.

Emulsifying properties. 1% samplewashomogenized with 5 ml of refined oil. The emulsionswerethen centrifuged at
1100 gfor 5min (5810, Eppendorf, Hamburg, Germany). Subsequently the height of the emulsified layer and thetotal
contentsin thetubewere determined. Theemuls on capacity was obtai ned through thefollowing calculation.

Emulsion capacity (%) = (Height of theemul sified layer/ Total height of tube contents)x 100
Emulsion stability was eva uated by heating theemulsion for 30 minat 80 °C and centrifuging for 5minat 1100 g.
Emulsion Stability (%) = (height of theemulsified layer after heating/ height of emulsified layer before heating) x100

Foaming capacity and Stability: Aqueousdispersions (2% w/v db) of the samplewere homogenized in ahigh speed
homogenizer (Remi InstrumentsDivision, Vasal, India) at 10,000 rpmfor 1 min.

Foaming capacity was calculated asthe per cent increasein volume of the sample dispersion. Thefoam stability was
determined by measuring thefoam volumewith time and computing half-life.

Foaming capacity (%) = (volume after whipping—volumebeforewhipping)/ %100
(Volumebeforewhipping)

Foam stability (%) =foam stability after standing time (60 min)/ x100
Initial foam volume

RESULTS
Antioxidant assays

It was concluded from Fig. 1 and Table 1 that Coprinus -glucan hasthe highest DPPH scavenging activity and reducing
power ascompared to Agaricus p-glucan and pleurotus B-glucan. Thechelating ability and ABTS of Pleurotus-glucan
wasmore as compared to Agaricus -glucan and Coprinus-glucan. So far asthefunctional propertiesare concerned,
Coprinusp-glucan hasthe highest swelling power, highest fat binding capacity, emulsifying propertiesand foaming properties.
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Figure 1. a) DPPH inhibition, b) reducing power, c) chelating ability and d) ABTSinhibition of Agaricus, Pleurotus and Coprinus sp.

Table 1. Functional properties of mushroom beta glucans

Source Swelling Fat binding Emulson Emulson Foaming Foaming
power. capacity. capacity stability. capacity. stability.
(9/gsample) (gail/gsample) (%) (%) (%) (%)

Agaricus 345+0.19 5.38+0.27 64.26+0.01 94.64+0.96 9.80+0.04 6.06£1.27

Pleurotus 3.74+0.21 553+0.32 65.35+0.03 96.73+0.02 10.20+0.36 9.16+1.44

Coprinus 4.59+0.10 6.65+0.35 65.47+0.08 97.68+£0.20 9.93+1.46 833+1.44
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