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ABSTRACT 

Methanol and hot water extracts of five ligninolytic mushrooms (Ganoderma lucidum, Lentinus sajor-caju, 

Schizophyllum commune, Pleurotus florida and Pleurotus ostreatus) and a leaf-litter-degrading mushroom 

(Volvariella volvacea) from the Philippines were evaluated in vitro for their antioxidant activities. MTT [3-(4,5-

dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide] assay was used to determine the antioxidant activities of 

the extracts of the different mushrooms. Both the methanol and hot water extracts of G. lucidum with 0.75 and 0.54 

nm absorbances, respectively, showed better antioxidant activities than those of the other evaluated ligninolytic 

edible mushrooms and standard compounds (Vitamin C and TBHQ). Vitamin C and TBHQ had 0.49 and 0.39 nm 

absorbances, respectively. On the other hand, methanol extracts of L. sajor-caju had the highest bioactivity having 

an absorbance of 0.80 nm. Likewise, the different stages of the basidiocarps of V. volvacea, regardless of strain, 

exhibited antioxidant activities with partially and fully opened stages. Moreover, hot water extracts of V. volvacea 

demonstrated higher antioxidant activities than its methanol extracts. Results of the assay suggest that the five 

ligninolytic and leaf-litter-degrading mushrooms from the Philippines exhibited antioxidant activities. 
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INTRODUCTION 

 

 

Bioactive materials that prevent the proliferation of cancer cells and other physiogenic diseases, such as diabetes, 

arthritis and hypertension, are derived from natural sources that must be consumed on a regular basis either as 

functional foods/nutraceuticals or nutriceuticals. Nutriceuticals, which are commercially available in capsules or 

tablets, are extracts from food sources whose chemical characteristics have been refined or partially refined that 

enhance the immune response of the human body against diseases [1]. They are primarily for prophylactic purpose 

even though their therapeutic potential cannot be underestimated. On the other hand, nutraceuticals, which may 

include isolated nutrients, dietary supplements, modified/enriched foods, and herbal and processed products, such as 

cereals, soups and beverages, contain functional food ingredients, such as dietary fiber, polyunsaturated fatty acids, 

proteins, peptides, amino acids, minerals, vitamins and other antioxidants, for example, glutathione and selenium [2] 

[3] [4] [5].  These materials, which benefit the human body beyond basic nutrition, usually serve as antioxidants and 

anti-inflammatory, antimicrobial and immune boosters.  

 

People regardless of geographical location are oftentimes confronted with both natural and manmade stresses owing 

to modern lifestyle coupled with the changing environment including climate changes. Oxidative stress due to the 

accumulation of reactive oxygen species has been linked to the above-mentioned diseases. Reactive oxygen species 

such as hydroxyl and superoxide radicals, which are produced by sunlight, ultraviolet radiation, chemical reactions 
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and metabolic processes, have a wide variety of pathological effects on cellular processes [6]. Although the cells in 

the human body are capable of producing oxidative enzymes, such as superoxide dismutase and catalase, as means 

of natural defense, there is still need to take in antioxidant supplements or food rich in antioxidants to prevent 

further cellular damage due to ROS. Thus, the consumption of functional foods containing alpha tocopherol, 

ascorbic acid, carotenoids, polyphenol compounds and glutathione from fruits, vegetables, pulses, cereals and their 

by-products, which possess antioxidant properties [7] [8] [9] [10] [11] is deemed imperative. This intake is 

necessary to balance ROS especially under physiological conditions where there are insufficient antioxidant defense 

and repair systems in the body. Edible mushrooms have also been evaluated for this purpose, some of which have 

shown promising results. For instance, mushrooms (Pleurotus sp., Agaricus bisporus, Morchella esculenta, and 

Boletus edulis) consumed in Europe exhibited an almost 90% 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging 

activity [9]. Similarly, Lentinula edodes also exhibited a potent radical scavenging activity [11]. Grifola frondosa, 

Phellinus spp., Pleurotus porrigens, Hygrocybe conica, Volvariella volvacea, Coprinus comatus and Russula 

delicata [12] [13] [14] [15] [16] [17] have also been found to have antioxidant activities. In this paper, the 

antioxidant activities of five species of ligninolytic mushrooms (Ganoderma lucidum, Schizophyllum commune, 

Lentinus sajor-caju, Pleurotus florida and Pleurotus ostreatus) and a leaf-litter-degrading (V. volvacea) mushroom 

from the Philippines are presented. P. florida and P. ostreatus are commercially grown in the country primarily for 

culinary purpose, while Philippine wild strains of G. lucidum, S. commune and L. sajor-caju have been successfully 

domesticated by the Center for Tropical Mushroom Research and Development at the Central Luzon State 

University and grown on a limited scale by a number of mushroom growers. On the other hand, V. volvacea is 

considered as the most popular and most highly preferred mushroom by Filipinos, being the first cultivated 

mushroom in the Philippines [18]. 

 

 

MATERIALS AND METHODS 

 

 

Preparation of mushroom samples 

 

Five strains of ligninolytic mushrooms (G. lucidum, S. commune, L. sajor-caju, P. florida strain 1 and P. ostreatus) 

from the Center for Tropical Mushroom Research and Development of the Central Luzon State University, 

Philippines were separately grown in 7 x 142 inch polypropylene bags. On the other hand, P. florida strain 2 was 

grown in a pulp and paper waste formulation (Fig. 1).  

 

Spawn of strains of V. volvacea from Central Luzon State University and Butuan, Philippines were inoculated 

separately into beds of rice stubbles and banana leaves following the usual procedure of growing V. volvacea under 

outdoor condition [19]. Fruiting bodies were harvested and sorted into different growth stages such as button/egg 

stage, partially open and fully open. The harvested fruiting bodies were thinly shredded by hand and air-dried.  
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Preparation of mushroom extracts 

Twenty five grams each of air-dried ligninolytic mushroom samples was pulverized separately in a waring blender 

and boiled in 600 ml of reversed osmosis water The mushroom samples were vacuum-filtered using Whatman filter 

paper no. 1.  Similarly, 25 g each of air-dried mushroom samples from each growth stage of the two strains of V. 

volvacea was separately soaked for 30 min in 600 ml of reversed osmosis water to rehydrate and subsequently 

boiled until the mushroom tissues became tender. The boiled samples were cooled for 12 h, homogenized and 

centrifuged at 10,000 rpm, 4ºC for 10 min. Both the supernatant and residue of each mushroom sample were placed 

separately in a refrigerator for 12 h. The supernatants, which constituted the hot water extracts, were lyophilized for 

48 h. On the other hand, the residues were soaked in methanol for 24 h. Soaking was repeated after the first 

methanol extract was collected. Methanol extracts from both collections were combined and evaporated in vacuum. 

Ganoderma lucidum Lentinus sajor caju 

Pleurotus ostreatus Pleurotus florida 

Schizophyllum commune Volvariella volvacea 

Fig. 1. Fruiting bodies of test mushrooms 
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Both the lyophilized hot water and vacuum-dried methanol extracts were stored in a refrigerator in preparation for 

bioassay. 

Preparation of mushroom extracts for thin layer chromatography 

To screen for possible UV-active compounds from mushrooms, thin layer chromatography was performed using 

silica gel as the stationary phase and chloroform/methanol (4:1) and hexane/acetone (4:1) as the mobile phases. 

MTT antioxidant assay of mushroom extracts 

The protocol of Liu and Nair [8] for MTT antioxidant assay was adopted with minor modifications. Extracts were 

prepared in DMSO (10 mg/ml) of ACS reagent grade (EMD Chemicals, Inc.). MTT (1 mg/ml) was dissolved in 

DMSO and temporarily stored in a refrigerator. An 10 µL aliquot of each of the mushroom extracts in DMSO was 

mixed with 190 µL of MTT solution and 200 µL of DMSO (250 ppm) in a 2-ml glass vial with Titeseal closure 

(Fisher Scientific, Inc.) and vortexed. Duplicate glass vials containing the reaction mixture (250 ppm) were 

incubated at 37ºC for 18 h. 200 µL of the reaction mixture was pipetted out into each well of a 96-well cell culture 

plate. Vitamin C and TBHQ (both from Sigma Aldrich, Inc.) dissolved in DMSO at 25 ppm served as positive 

controls. The absorbance was read at 570 nm using an ELx800 Universal Microplate Reader (BIO-TEK Instruments, 

Inc.). 

 

RESULTS AND DISCUSSION 

 

The ability of the five ligninolytic mushroom extracts to terminate the oxidation chain reactions via the removal of 

free-radical intermediates and the inhibition of other oxidation reactions was demonstrated in this experiment. 

Through the MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide] assay of Liu and Nair [8], the 

reduction of MTT to purple formazan in the presence of mushroom extracts was observed under in vitro condition. 

The thin layer chromatographic profile of the mushroom extracts showed no interesting UV-active spots. These 

spots usually indicate compounds containing chromophores. However, despite the absence of chromophores, both 

the methanol and hot water extracts of the five ligninolytic mushrooms exhibited varying antioxidant activities in the 

MTT assay (Fig. 2). This observation confirms previous reports that indeed mushrooms are antioxidants [20] [21] 

[22]. Mushrooms expressed varying antioxidant activities. For instance, among the five evaluated mushrooms, G. 

lucidum (both hot water and methanol extracts) had the highest bioactivity, which even surpassed the activities of 

the standard compounds (Vitamin C and TBHQ). The antioxidant activity of G. lucidum from the Philippines is 

congruent with the reports of previous researchers from other countries [23]. With regard to the type of solvent used 

in extraction, methanol extracts of L. sajor-caju showed the highest bioactivity. The hot water extract of P. florida, 

which was previously grown on rice straw and pulp and paper wastes, demonstrated comparable antioxidant 

activities to the standard compounds. This interesting observation suggested that the type of substrate used for 

growing the mushrooms did not affect the bioactivity. Although there was no marked significant difference, the 

variation in the bioactivity of the same strain of mushroom (P. florida) grown on different substrates was noted. 

Different forms (fruiting bodies, mycelia, stipe, and pileus) of mushroom from the same strain exhibited varying 

antioxidant activities [24] [25]. P. florida, being the most widely cultivated mushroom in the rural areas in the 

Philippines, is primarily consumed for culinary purpose owing to its favorable texture and flavor. Both hot water and 

methanol extracts of the other ligninolytic mushrooms, namely, S. commune and P. ostreatus, had relatively lower 

bioactivities than those of the other evaluated mushrooms and than standard compounds. Likewise, the most popular 

leaf-litter-degrading mushroom V. volvacea also exhibited antioxidant activities as manifested by the ability of its 

hot water and methanol extracts to transform yellow MTT into purple formazan after 18 h of incubation.   
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Fig. 2. Antioxidant activities of ligninolytic edible mushroom extracts at 250 ppm 

The hot water extract of V. volvacea demonstrated a higher antioxidant activity than the methanol extract (Fig. 3). 

This interesting observation therefore supports the practice of cooking this culinary mushroom by boiling in order to 

maximize its nutraceutical potential. The different growth stages of the fruiting bodies of the two strains of V. 

volvacea also expressed varying antioxidant activities with the partially and fully opened basidiocarps as having the 

highest activities. The antioxidant activities of these stages are generally higher than those of the standard 

compounds. This finding is vital information for mushroom growers and even buyers as to what stage of the 

mushroom must be harvested in order to maximize its full nutraceutical potential. Usually, mushroom growers 

prefer not to harvest the partially or fully opened basidiocarps because of postharvest problems such as weight loss. 

Similarly, mushroom consumers prefer not to harvest the partially or fully opened stages owing to unfavorable 

texture compared with the button stage. Both the methanol and hot water extracts of the partially opened basidiocarp 

of the V. volvacea Butuan strain had higher bioactivities than those of the Central Luzon strain. However, the fully 

opened basidiocarps of the Central Luzon strain had higher bioactivities than those of the Butuan strain. This 
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interesting observation suggests that it is the stage of development of fruiting bodies rather than the strain that plays 

an important role in the expression of antioxidant activity.  

Although specific compounds have not been isolated, purified or identified in this investigation, it is presumed that 

polyphenols [11] [26] and polysaccharide-protein complexes [27] are responsible for the antioxidant activity, as 

previously reported for other edible mushrooms with bioactivities. Other bioactive compounds, such as fatty acid 

derivatives [20] and exopolysaccharides [28] [29] [30], may also be responsible for the antioxidant activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Antioxidant activities of V. volvacea extracts at 250 ppm 
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