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Abbreviations 

CAT Catalase 

DAD Diode array detector 

DPPH 2,2-Diphenyl-1-picrylhydrazyl 

EC50 Extract concentration providing 50% antioxidant activity or 0.5 absorbance in 

the reducing power assay 

FB Fruiting body 

GAE Gallic acid equivalents 

GPx Glutathione peroxidase 

GSH Reduced glutathione  

HPLC High-performance liquid chromatography 

IS Internal standard 

M Mycelium 

MMN Melin-Norkans medium 

MS Mass spectrometry 

PDA Potato dextrose agar medium 

PE Polysaccharides equivalents 

Ph Phenolic extract 

Ps Polysaccharidic extract 

RI Refraction index 

RSA Radical scavenging activity 

S Spores 

SOD Superoxide dismutase 

TBARS Thiobarbituric acid reactive substances 

v/v ml/100 ml 

w/v g/100 ml 

	
  
 



ABSTRACT 

Ganoderma lucidum is one of the most extensively studied mushrooms due to its 

medicinal properties. Herein, a systematic study was carried out in order to compare the 

antioxidant activity of phenolic and polysaccharidic extracts from fruiting body, spores 

and mycelium, obtained in three different culture media, of G. lucidum from Northeast 

Portugal. Phenolic extracts were characterized using high-performance liquid 

chromatography coupled to photodiode array detection, while polysaccharidic extracts 

were hydrolysed and further characterized using HPLC and refraction index detection. 

In general, the phenolic extracts (Ph) proved to have higher antioxidant potential than 

their corresponding polysaccharidic extracts (Ps). Amongst phenolic extracts, FB-Ph 

provided the highest antioxidant activity (EC50 ≤ 0.6 mg/ml) and the highest content in 

total phenolics (~29 mg GAE/g extract) and phenolic acids (p-hydroxybenzoic and p-

coumaric acids). S-Ps was the polysaccharidic extract with the best antioxidant activity 

(EC50 ≤ 2 mg/ml); nevertheless, the highest levels of total phenolics were obtained in 

FB-PS (~56 mg GAE/g extract), while the highest levels of total polysaccharides (~14 

mg PE/g extract) and individual sugars were observed in mycelia obtained from solid 

culture media, M-PDA-Ps and M-sMMN-Ps. The free radical scavenging properties, 

reducing power and lipid peroxidation inhibition of G. lucidum seemed to be correlated 

with phenolic compounds mostly in a free form, but also linked to polysaccharides.  
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1. Introduction  

Ganoderma lucidum (Curtis) P. Karst. is a woody Basidiomycota mushroom from the 

Polyporales order and Ganodermataceae family; it could be a parasitic species of living 

hardwoods (especially oaks) or saprobic of deadwood from hardwoods. It has been used 

in functional food and preventive medicines in the Far East for more than 2000 years 

and becomes a popular dietary supplement ingredient in Western countries, with an 

annual global market value of over $1.5 billion for G. lucidum extracts (Sullivan, Smith, 

& Rowan, 2006). 

Some pharmacological properties have been related to its capacity to lower the risk of 

cancer, liver, and heart diseases and to boost the immune system (Paterson, 2006). The 

beneficial health properties of Ganoderma species are attributed to a wide variety of 

bioactive components such as polysaccharides, triterpenes, sterols, lectins and some 

proteins (Ferreira, Vaz, Vasconcelos, & Martins, 2010). 

There are some reports regarding antioxidant properties of G. lucidum methanolic (Mau 

et al., 2002) and aqueous (Lin, Lin, Chen, Ujiie, & Takada, 1995) extracts, but also of 

its polysaccharides (Jia et al., 2009; Ping, Yan, Bing, Guo, Yun, & Ping, 2009; Liu, 

Wang, Pang, Yao, & Gao, 2010; Kozarski et al., 2011) and phenolic compounds (Kim 

et al., 2008). Phenolic compounds possess an established antioxidant capacity and their 

antiradical mechanism has almost completely revealed (Ferreira, Barros, & Abreu, 

2009). Regarding polysaccharides, their antioxidant properties have been evaluated by 

the free radical scavenging abilities of 1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl 

radical, superoxide radical, conjugated diene method, reducing power and chelating 

effects on ferrous ions (Ping et al., 2009; Liu et al., 2010; Kozarski et al., 2011). Their 

radical scavenging activity seems to be related to an increase in the antioxidant enzyme 

activities: superoxide dismutase (SOD) which catalyzes dismutation of superoxide 



anion to hydrogen peroxide, catalase (CAT) which detoxifies hydrogen peroxide and 

converts lipid hydroperoxides to nontoxic substances, and glutathione peroxidase (GPx) 

which maintains the levels of reduced glutathione (GSH) (Guo et al., 2009; Ping et al., 

2009). Besides the increase in the enzymes activity, some authors described an increase 

in the mRNA expression of SOD and GPx (Jia et al., 2009).  

In the search for active compounds, studies have been performed using extracts 

from the fruiting body, while mycelium has been dismissed (Saltarelli et al., 2009). The 

benefits of in vitro cultivation include the ability to manipulate the culture medium to 

optimise mycelia growth and a shorter cultivation time (Paterson, 2006). It is known 

that media composition and their constituent’s concentrations also influence fungi and 

plant cells metabolism and production of metabolites in vitro (Chattopadhyay, Farkya, 

Srivastava, & Bisaria, 2002; Nigam, Verma, Kumar, Kundu, & Ghosh, 2007). The 

production of fruiting bodies includes a long cultivation in a plastic bag and, therefore, 

mycelia are alternative or substitute products of mature fruiting bodies, for use in the 

formulation of nutraceuticals and functional foods (Saltarelli et al., 2009). 

Furthermore, biomedical investigations have been conducted mainly in China, Korea, 

Japan and USA (Paterson, 2006); only in the last few years some experiments 

demonstrating medicinal properties of local Ganoderma, have been performed in 

Europe as well (Saltarelli et al., 2009). Portuguese Ganoderma species have not been 

characterized so far and it will now make part of the chemical, nutritional and bioactive 

inventory of potentially interesting species (and not yet characterized in literature) from 

different Portuguese habitats. Being a potential source of important antioxidants this 

wild species can be used as a nutraceutical and/or functional food and, its 

biotechnological production in vitro could be an interesting approach for large scale 

production. Different media can account for differential growth rates and mycelia 



biomass production at the same time that they can interfere in oxidative stress 

metabolism and antioxidants production.   

In the present work Ganoderma lucidum from Northeast Portugal was used to perform a 

chemical characterization and antioxidant activity evaluation of phenolic and 

polysaccharidic extracts from its fruiting body, spores and mycelium produced in 

different culture media. Phenolic extracts were characterized using high-performance 

liquid chromatography coupled to photodiode array detection (HPLC-DAD-MS), while 

polysaccharidic extracts were hydrolysed and further characterized using HPLC and 

refraction index (RI) detection. The bioactive compounds were related to free radical 

scavenging properties, reducing power and lipid peroxidation inhibition.   

 

2. Materials and methods 

2.1. Standards and Reagents 

Acetonitrile 99.9%, n-hexane 95% and ethyl acetate 99.8% were of HPLC grade from 

Lab-Scan (Lisbon, Portugal). Phenolic standards (gallic, p-hydroxybenzoic, p-coumaric, 

and cinnamic acids), sugars (D-fructose 98%, D-glucose, D-sucrose 99.0%, D-mannitol 

98% and D-trehalose di-hydrate 99.5%), starch and trolox (6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid) were purchased from Sigma (St. Louis, MO, 

USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward 

Hill, MA, USA). All other chemicals and solvents were of analytical grade and 

purchased from common sources. Water was treated in a Milli-Q water purification 

system (TGI Pure Water Systems, USA).  

 

2.2. Preparation of samples 



Samples of Ganoderma lucidum (Curtis) P. Karst. were collected in Bragança 

(Northeast Portugal) in July 2011. After taxonomic identification of the sporocarps 

(Phillips, 1981; Hall, Stepherson, Buchanan, Yun, & Cole, 2003; Oria de Rueda, 2007), 

specimens were deposited at the herbarium of Escola Superior Agrária of Instituto 

Politécnico de Bragança. Fruiting bodies (FB) were further separated from spores (S) 

using a scalpel. Mycelium (M) was isolated from sporocarps on: 

i) solid Melin-Norkans medium (sMMN) pH 6.6 (NaCl 0.025 g/l; malt extract 5 g; 

casamino acids 1 g; (NH4)2HPO4 0.25 g/l; KH2PO4 0.50 g/l; FeCl3 0.0050 g/l; CaCl2 

0.050 g/l; MgSO4.7H2O 0.15 g/l; thiamine 0.10 g/l; glucose 10 g/l; agar 20 g/l, in tap 

water) (Marx, 1969); ii) incomplete solid MMN (sMMNi) pH 6.6 (NaCl 0.025 g/l; 

(NH4)2HPO4 0.25 g/l; KH2PO4 0.50 g/l; FeCl3 0.0050 g/l; CaCl2 0.050 g/l; 

MgSO4.7H2O 0.15 g/l; thiamine 0.10 g/l; glucose 10 g/l; agar 20 g/l, in tap water) 

(Marx, 1969); iii) liquid MMN (lMMN); pH 6.6 (NaCl 0.025 g/l; (NH4)2HPO4 0.25 g/l; 

malt extract 5 g; casamino acids 1g;  KH2PO4 0.50 g/l; FeCl3 0.0050 g/l; CaCl2 0.050 

g/l; MgSO4.7H2O 0.15 g/l; thiamine 0.10 g/l; glucose 10 g/l) (Marx, 1969); iv) Potato 

Dextrose Agar medium (PDA) pH 5.6 ± 0.2; potatoes infusion from 200 g/l; dextrose 20 

g/l; agar 15 g/l (Biolab). 

Mycelia were grown in Petri dishes (9 cm diameter) with 8 ml of solid media covered 

with cellophane and in flasks (250 ml) with 20 ml of MMNc liquid medium, 25 ºC in 

the dark. After 15 days of growth (when mycelium reached maximum radial growth in 

PDA medium) the mycelium was recovered from the medium. All samples were 

lyophilised (FreeZone 4.5 model 7750031, Labconco, Kansas, USA), quantified and 

reduced to a fine dried powder (20 mesh). The codes attributed to each sample are given 

in Table 1. 

 



2.3. Preparation and characterization of phenolic extracts  

2.3.1. Preparation of phenolic extracts 

The lyophilized samples (~1 g) were extracted with methanol:water (80:20, v/v; 30 ml) 

at -20 °C for 2 h. After sonication for 15 min, the extract was filtered through Whatman 

nº 4 paper. The residue was then extracted with two additional 30 ml portions of the 

methanol:water mixture. Combined extracts were evaporated at 40 ºC under reduced 

pressure (rotary evaporator Büchi R-210) to remove methanol. The aqueous phase was 

washed with n-hexane, and then submitted to a liquid-liquid extraction with diethyl 

ether (3 × 30 ml) and ethyl acetate (3 × 30 ml). The organic phases were evaporated at 

40 ºC to dryness, re-dissolved in water:methanol (80:20, v/v) for the antioxidant activity 

assays, and further chemically characterized. 

 

2.3.2. Quantification of total phenolics 

The extracts solutions (1 ml) were mixed with Folin-Ciocalteu reagent (5 ml, previously 

diluted with water 1:10, v/v) and sodium carbonate (75 g/l, 4 ml). The tubes were vortex 

mixed for 15 s and allowed to stand for 30 min at 40 °C for colour development. 

Absorbance was then measured at 765 nm (Analytikjena spectrophotometer). Gallic 

acid was used to obtain the standard curve (0.0094 – 0.15 mg/ml), and the results were 

expressed as mg of gallic acid equivalents (GAE) per g of extract. 

 

2.3.3. Analysis of phenolic compounds  

The extracts solutions were (1 ml) were filtered through a 0.22 µm disposable LC filter 

disk for HPLC analysis. The analysis was performed using a Hewlett-Packard 1100 

series liquid chromatograph (Agilent Technologies) as previously described (Barros, 

Dueñas, Ferreira, Carvalho, & Santos-Buelga, 2011). The phenolic compounds were 



characterised according to their UV and MS spectra, and retention times compared with 

commercial standards. For the quantitative analysis of phenolic compounds, a 

calibration curve was obtained by injection of known concentrations (5-100 µg/ml) of 

different standards compounds, and the results were expressed as mg per 100 g of dry 

weight (dw). MS detection was performed using an Agilent Technologies MSD Trap 

XCT detector (Santa Clara, CA) equipped with an ESI source and an ion trap mass 

analyser, following the conditions described by Barros et al. (2011b).  

 

2.4. Preparation and characterization of polysaccharidic extracts  

2.4.1. Preparation of polysaccharidic extracts 

The lyophilized mushrooms (~1.5 g) were extracted with water at boiling temperature 

(50 ml) for 2 h and agitated (150 rpm; Velp Are magnetic stirrer) and subsequently 

filtered through Whatman No. 4 paper. The residue was then extracted with two more 

portions of boiling water, in a total of 6 h of extraction. The combined extracts were 

lyophilized, and then 95% ethanol (10 ml) was added and polysaccharides were 

precipitated overnight at 4 ºC. The precipitated polysaccharides were collected after 

centrifugation (Centorion K24OR refrigerated centrifuge) at 3100 × g for 40 min 

followed by filtration, and then were lyophilized, resulting in a crude polysaccharidic 

sample (Cheng et al., 2008). The crude polysaccharidic samples were re-dissolved in 

water for the antioxidant activity assays, and further hydrolysed for chemical 

characterization. 

 

2.4.2. Quantification of total polysaccharides 

The extracts solutions were (1 ml) added to 80% phenol (25 µl) and conc. sulphuric acid 

(1 ml). The mixture was shaken and allowed to stand at 30 ºC for 30 min. The 



absorbance was measured at 490 nm (Dubois et al., 1956). Starch (although being 

glycogen the storage polysaccharide in mushrooms, starch is the most available 

polysaccharide) was used to obtain the standard curve (0.625-40 mg/ml), and the results 

were expressed as mg of polysaccharides equivalents (PE) per g of extract. 

The total content in phenolics (following the procedure described above) was also 

determined in the polysaccharidic extracts, as they might contain linked and co-

extracted phenols. 

 

2.4.3. Characterization of polysaccharidic extracts 

The polysaccharidic extracts were hydrolyzed with 0.05 M trifluoroacetic acid (TFA, 2 

ml), maintained at 90 ºC for 16h and then centrifuged, following a procedure described 

by Cheng et al. (2008) with some modifications. The supernatant was lyophilized, 

redissolved in distilled water (1 ml) and filtered through 0.2 µm nylon filters for HPLC-

RI analysis, using the conditions previously described by the authors (Grangeia, Heleno, 

Barros, Martins, & Ferreira, 2011). Sugars identification was made by comparing the 

relative retention times of sample peaks with standards. For the quantitative analysis of 

sugars, a calibration curve was obtained by injection of known concentrations (0.5-40 

mg/ml) of different standards compounds, and the results were expressed in g per 100 g 

of dry weight (dw). 

For a comparison, free sugars were also determined. The lyophilized samples (1 g) were 

spiked with raffinose as internal standard (IS, 5 mg/ml) and were extracted with 40 ml 

of 80% aqueous ethanol at 80 ºC for 30 min. The resulting suspension was centrifuged 

at 15,000 g for 10 min. The supernatant was concentrated at 60 ºC under reduced 

pressure and defatted three times with 10 ml of ethyl ether, successively. After 

concentration at 40 ºC, the solid residues were dissolved in water to a final volume of 5 



ml and filtered through 0.2 µm nylon filters for HPLC-RI analysis using the same 

procedure described above (Grangeia at al., 2011). 

 

2.5. Evaluation of antioxidant activity 

The antioxidant activity of the phenolic and polysaccharidic extracts was evaluated 

using four different in vitro assays already described by the authors (Barros, Carvalho, 

& Ferreira, 2011): DPPH radical-scavenging activity and reducing power (performed in 

an ELX800 Microplate Reader, Bio-Tek Instruments, Inc), inhibition of β-carotene 

bleaching in the presence of linoleic acid radicals, and inhibition of lipid peroxidation 

using TBARS (thiobarbituric acid reactive susbtances) assay in brain homogenates 

(performed using the spectrophotometer already mentioned). The extract concentrations 

providing 50% of antioxidant activity or 0.5 of absorbance (EC50) were calculated from 

the graphs of antioxidant activity percentages (DPPH, β-carotene bleaching and TBARS 

assays) or absorbance at 690 nm (reducing power assay) against extract concentrations. 

Trolox was used as standard. 

 

2.6. Statistical analysis 

For each sample assayed three replicates were made and all the assays were carried out 

in triplicate. The results are expressed as mean values and standard deviation (SD). The 

results were analyzed using one-way analysis of variance (ANOVA) followed by 

Tukey’s HSD Test with α = 0.05. This treatment was carried out using SPSS v. 18.0 

program.  

 

3. Results and Discussion 

Phenolic (Ph) and polysaccharidic (Ps) extracts were prepared from Ganoderma 



lucidum fuiting body (FB), spores (S) and its mycelium (M) obtained in three different 

culture media: solid (s) and liquid (l) MMN and PDA. It was also performed an 

experiment of mycelium production in solid MMN incomplete medium (sMMNi), but it 

showed a very poor and insufficient mycelium development due to the stress caused by 

the absence of some nutrients in the culture medium, which induced the fungus 

fructification. Among the mycelia obtained in solid culture media, the mycelium 

isolated and grown in PDA showed a faster radial growth compared to mycelium 

isolated and grown in sMMN (solid MMN complete medium) (Figure 1). This growth 

doesn´t correspond to biomass production since sMMN produced higher biomass than 

PDA. Nevertheless, the lMMN (liquid MMN) revealed the greater mycelia biomass 

production after 15 days of inoculation, showing a rapid and an abundant growth 

(Figure 2). It is known that agar gel may restrict the diffusion of large molecules 

(Romberger & Tabor, 1971) as well as inorganic substances (Faye, David, & Lamant, 

1986). Compared to the solid medium, lMMN has a better distribution and availability 

of nutrients and oxygen that allows the fungus a better absorption of nutrients, resulting 

in a faster growth and a higher mycelia biomass. Liquid biomass production can be 

important for the direct production of suitable compounds in vitro, easy recovery and 

for the scaling up of this production. Alternatively, if the mycelium itself can not 

produce the compounds detected in the sporophore, the liquid inoculum can be used for 

spawn production and sporophore production with the advantage of its uniform 

distribution in the substrate and growth time reduction (Song, Cho, & Nair, 1987; 

Hassegawa et al., 2005).  

 

3.1. Characterization of phenolic extracts  

The phenolic extracts were analyzed by HPLC-DAD-MS and the results are given in 



Table 2. Two phenolic acids, p-hydroxybenzoic and p-coumaric acids, and one related 

compound, cinnamic acid, were found. p-Hydroxybenzoic was not found in spores, 

while p-coumaric acid was not detected in none of the mycelia. The fruiting body (FB-

Ph) revealed the highest total amount (1.23 mg/100 g dw, dry weight), while the 

mycelium obtained in liquid MMN culture medium (M-lMMN-Ph) provided the lowest 

concentration (0.25 mg/100 g dw). Kim et al. (2008) reported a higher amount of 

phenolic compounds in a sample of G. lucidum from Korea (16.2 mg/100 g dw), as also 

the presence of different phenolic compounds, such as other phenolic acids and 

derivatives (gallic acid, protocatechuic acid, 5-sulfosalicylic acid and pyrogallol), 

flavan-3-ols (catechin), flavanones (naringin and hesperetin), flavonols (myricetin, 

quercetin and kaempherol), and isoflavones (formononetin and biochanin A). The 

absence of these compounds in the sample herein studied was confirmed using mass 

spectrometry (MS).  

 

3.2. Characterization of polysaccharidic extracts  

The polysaccharidic extracts were hydrolyzed with trifluoroacetic acid and analyzed by 

HPLC-RI. Furthermore, the sugars obtained after the hydrolysis process were also 

compared with the free sugars presents in the samples (Table 3). In general, the same 

sugars were obtained after polysaccharide’s hydrolysis or as free sugars and were the 

monosaccharides fructose and glucose, the disaccharides sucrose and trehalose, and the 

alcohol-sugar derivative mannitol. Nevertheless, the amounts found in each process 

varied as it can be observed in Figure 3 for the example of mycelium obtained in PDA 

(M-PDA-Ps), in which free fructose and sucrose were higher than the corresponding 

sugars obtained by polysaccharide’s hydrolysis, while the opposite was observed for 

glucose and trehalose (Figure 3, Table 3). Unless for the mentioned sample, the highest 



amounts of sugars were obtained after polysaccharide’s hydrolysis. Free mannitol was 

not detected in none of the mycelia samples, as also it was not obtained after hydrolysis 

of the M-PDA-Ps extract. In the other cases, mannitol was the most abundant sugar. 

Free sucrose was found in fruiting body and spores (FB-Ps and S-Ps), but it disappeared 

after polysaccharide’s hydrolysis giving glucose (it was not present as free sugar but 

appeared after hydrolysis) and fructose (increased levels after hydrolysis) (Table 3). 

Mycelia samples provided higher sugars concentration than fruiting body and spores, 

probably due to its incorporation from the culture media, as sugars are more available in 

this situation (in vitro growth) than in in vivo conditions (Kitamoto & Gruen, 1976; 

Barros, Ferreira, & Baptista, 2008). It can also be observed that the acid hydrolysis 

performed in polysaccharidic extracts of mycelia samples was not complete, as sucrose 

(disaccharide) is still present despite a significant decrease. Particularly, M-PDA-Ps 

provided the highest levels of free sugars (44.25 g/100 g dw), while M-sMMN-Ps 

revealed the highest sugars amount after polysaccharide’s hydrolysis (Table 3).  

 

3.3. Evaluation of antioxidant activity  

Four different assays were carried out for the in vitro evaluation of the antioxidant 

properties of the phenolic and polysaccharidic extracts: scavenging activity on DPPH 

radicals, reducing power and inhibition of lipid peroxidation in a β-carotene-linoleate 

system and in brain homogenates through the TBARS assay. Total phenolic and total 

polysaccharides contents were obtained by Folin-Ciocalteu and phenol/sulphuric acid 

assays, respectively.   

Among the phenolic extracts, the highest antioxidant values were found in the fruiting 

body (FB-Ph), which is in agreement to its highest total phenolic content (measured by 

Folin-Ciocalteu assay; 28.64 mg GAE/g extract, Table 4), and phenolic acids + 



cinnamic acid content (measured by HPLC-DAD-MS; 1.23 mg/100 g dw; Table 2). 

This sample gave the highest DPPH scavenging activity (EC50 0.14 mg/ml), reducing 

power (EC50 0.62 mg/ml), β-carotene bleaching inhibition (EC50 0.26 mg/ml) and lipid 

peroxidation inhibition through TBARS formation inhibition (0.10 mg/ml). Otherwise, 

culture medium samples revealed the lowest antioxidant properties and also the lowest 

phenolic concentrations, particularly sMMN-Ph sample that showed the lowest DPPH 

scavenging activity (EC50 9.65 mg/ml), reducing power (EC50 5.39 mg/ml), β-carotene 

bleaching inhibition (EC50 69.64 mg/ml) and TBARS formation inhibition (EC50 32.99 

mg/ml), as also the lowest phenolic content (3.17 mg GAE/g extract, Table 4). 

The studied sample of G. lucidum fruiting body revealed higher reducing power than a 

sample from Taiwan (~50% at 0.75 mg/ml; Mau et al., 2002) and higher DPPH 

scavenging activity than samples from Korea (~74% at 10 mg/ml; Kim et al., 2008) and 

from Taiwan (~50% at 0.5 mg/ml; Mau et al., 2002). Furthermore, the antioxidant 

activity of mycelium ethanolic extract of G. lucidum from Central Italy was previously 

reported (Saltarelli et al., 2009), and the EC50 value for DPPH scavenging activity (~0.3 

mg/ml; mycelium obtained in PDA culture medium) was lower than the one reported in 

the present study (0.90 mg/ml). Nevertheless, herein it was in fact demonstrated that 

PDA is the most indicate media to increase the antioxidant potential of G. lucidum 

mycelium (M-PDA-Ph with the lowest EC50 values among mycelia samples). An 

analysis of the three culture media where mycelia were obtained was also carried out, 

and once more, PDA-Ph provided the highest antioxidant activity (Table 4).  

The correlations between the antioxidant activity of Ph extracts and total phenolic 

contents were demonstrated by the high linear correlation coefficients obtained: from 

0.7211 in TBARS assay to 0.9012 in DPPH scavenging activity (Table 5). In fact, the 

chemoprotective effects of phenolic antioxidants against oxidative stress-mediated 



disorders stem mainly from their free radical scavenging and metal chelating properties, 

although their effects on cell signaling pathways and on gene expression (Soobrattee, 

Neergheen, Luximon-Ramma, Aruoma, & Bahorun, 2005).  

Among the polysaccharidic extracts, the highest antioxidant values were found in the 

spores (S-Ps), despite the highest polysaccharides contents found in mycelia samples 

(M-Ps) without statistically significant differences (13.23 to 14.50 mg PE/g extract; 

Table 4). Therefore, the correlations between the antioxidant activity and total 

polysaccharides content provided low linear correlation coefficients: from 0.3412 in β-

carotene-linoleate assay to 0.6831 in reducing power (Table 5). Nevertheless, some 

polysaccharides are linked to phenols, and might be co-extracted using polar solvents 

(Galanakis, Tornberg, & Gekas, 2010a; 2010b). Therefore, phenolic contents in 

polysaccharidic extracts were also determined, and fruiting body provided the highest 

levels (55.53 mg GAE/g extract), even higher than the content obtained in the 

corresponding phenolic extract. As this was also observed for the other samples, it 

might indicate that a significant amount of the phenolic compounds present in G. 

lucidum are linked to polysaccharides. Furthermore, considering phenolic contents 

obtained both in phenolic and polysaccharidic extracts, the linear correlation with 

antioxidant activity increased (Table 5). Phenolic extracts (Ph) of fruiting body (FB) 

and mycelia (M) proved to have higher antioxidant potential than their corresponding 

polysaccharidic extracts (Ps) (Table 4), highlighting the higher contribution of free 

phenolic compounds than the ones linked to polysaccharides.   

 

Overall, G. lucidum fruiting body, spores and mycelium obtained in three different 

culture media proved to have antioxidant properties in different extensions, considering 

phenolic or polysaccharidic extracts. Regarding phenolic extracts, fruiting body was the 



most potent and revealed the highest content in total phenolics and phenolic acids such 

as p-hydroxybenzoic and p-coumaric acids. Among the polysaccharidic extracts, spores 

provided the best antioxidant activity, but the highest phenolics content was also 

obtained in fruiting body, while the highest levels of total polysaccharides and 

individual sugars were observed in mycelia obtained from solid culture media (PDA 

and MMN). The free radical scavenging properties, reducing power and lipid 

peroxidation inhibition of G. lucidum seemed to be correlated with phenolic compounds 

mostly in a free form, but also linked to polysaccharides.  
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Table 1. Identification of the samples: Phenolic and polysaccharidic extracts of 

Ganoderma lucidum fruiting body, spores and mycelium obtained in three different 

culture media, and phenolic extracts from the three culture media.   

 
 
 
 
 

 Samples Extract Code 

In vivo  

Fruiting body 
Phenolic  FB-Ph 

Polysaccharidic FB-Ps 

Spores 
Phenolic  S-Ph 

Polysaccharidic S-Ps 

In vitro  

Mycelium grown in solid MMN 
Phenolic  M-sMMN-Ph 

Polysaccharidic M-sMMN-Ps 

Solid MMN culture medium Phenolic sMMN-Ph 

Mycelium grown in liquid MMN 
Phenolic  M-lMMN-Ph 

Polysaccharidic M-lMMN-Ps 

Liquid MMN culture medium Phenolic lMMN-Ph 

Mycelium grown in PDA 
Phenolic  M-PDA-Ph 

Polysaccharidic M-PDA-Ps 

PDA culture medium Phenolic PDA-Ph 



Table 2. Composition in phenolic acids and related compounds of the phenolic extracts from Ganoderma 

lucidum fruiting body, spores and mycelium obtained in three different culture media. In each line 

different letters mean significant differences (p<0.05).  

 FB-Ph S –Ph M-sMMN-Ph M-lMMN-Ph M-PDA-Ph 

p-Hydroxybenzoic acid (mg/100 g dw) 0.58 ± 0.04 a nd 0.63 ± 0.05 a 0.21 ± 0.02 b 0.68 ± 0.07 a 

p-Coumaric acid (mg/100 g dw) 0.38 ± 0.03 a 0.28 ± 0.03 b nd nd nd 

Cinnamic acid (mg/100 g dw) 0.28 ± 0.03 b 0.33 ± 0.02 a 0.02 ± 0.00 d 0.04 ± 0.00 d 0.09 ± 0.00 c 

Total (mg/100 g dw) 1.23 ± 0.04 a 0.61 ± 0.05 b 0.65 ± 0.05 b 0.25 ± 0.02 c 0.77 ± 0.07 b 

 
nd- not detected 



Table 3. Composition in sugars (after polysaccharide hydrolysis and free sugars) of the 

polysaccharidic extracts from Ganoderma lucidum fruiting body, spores and mycelium 

obtained in three different culture media. In each line different letters mean significant 

differences (p<0.05).  

  FB-Ps S –Ps M-sMMN-Ps M-lMMN-Ps M-PDA-Ps 

Polysaccharide 

hydrolysis  

Fructose (g/100 g dw) 0.65 ± 0.07 c 2.15 ± 0.00 b 2.43 ± 0.07 a 2.11 ± 0.07 b 0.34 ± 0.02 d 

Glucose (g/100 g dw) 0.55 ± 0.06 d 0.83 ± 0.00 d 16.66 ± 0.57 a 4.52 ± 0.02 c 7.73 ± 0.30 b 

Mannitol (g/100 g dw) 7.36 ± 0.00 c 8.24 ± 0.11 c 33.43 ± 1.28 a 14.54 ± 0.38 b nd 

Sucrose (g/100 g dw) nd nd 1.49 ± 0.02 b 1.05 ± 0.00 c 4.96 ± 0.02 a 

Trehalose (g/100 g dw) 2.76 ± 0.00 c 3.27 ± 0.16 c 27.96 ± 0.27 a 17.44 ± 0.23 b 17.72 ± 0.25 b 

Total sugars (g/100 g dw) 11.31 ± 0.01 e 14.50 ± 0.05 d 81.97 ± 1.07 a 39.65 ± 0.10 b 30.74 ± 0.59 c 

Free sugars 

Fructose (g/100 g dw) 0.56 ± 0.11 c 0.63 ± 0.06 bc 0.48 ± 0.04 c 0.83 ± 0.03 a 0.76 ± 0.06 ba 

Glucose (g/100 g dw) nd nd 8.96 ± 0.11 a 7.53 ± 0.34 b 5.37 ± 0.34 c 

Mannitol (g/100 g dw) 6.43 ± 0.47 a 4.65 ± 0.09 b nd nd nd 

Sucrose (g/100 g dw) 0.84 ± 0.07 c 0.47 ± 0.03 c 7.04 ± 0.22 b 4.34 ± 0.24 b 28.00 ± 2.25 a 

Trehalose (g/100 g dw) 2.46 ± 0.37 d 2.91 ± 0.41 dc 12.66 ± 0.50 a 3.98 ± 0.01 c 10.11 ± 0.87 b 

Total sugars (g/100 g dw) 10.29 ± 0.88 d 8.65 ± 0.46 d 29.14 ± 0.56 b  16.68 ± 0.16 c 44.25 ± 1.10 a 

nd- not detected 



Table 4. Antioxidant activity (EC50 values), total phenolics and total polysaccharides of the Ganoderma lucidum fruiting body, spores and 

mycelium obtained in different culture media, and of the three culture media. In each column different letters mean significant differences 

(p<0.05). 

 
Phenolic content was also determined in the polysaccharidic extracts regarding the linked and co-extracted phenols; nd- not determined. 

 DPPH scavenging activity 
(mg/ml) 

Reducing power 
(mg/ml) 

β-carotene bleaching inhibition 
(mg/ml) 

TBARS inhibition 
(mg/ml) 

Phenolics 
(mg GAE/g extract) 

Polysaccharides  
(mg PE/g extract) 

FB-Ph 0.14 ± 0.01 j 0.62 ± 0.02 i 0.26 ± 0.03 i  0.10 ± 0.01 g 28.64 ± 0.28 c nd 

FB-Ps 0.22 ± 0.03 i 0.81 ± 0.03 h 9.03 ± 0.56 c 1.21 ± 0.15 e 55.53 ± 0.74 a 4.19 ± 0.01 c 

S-Ph 0.58 ± 0.04 h 1.25 ± 0.04 g 1.61 ± 0.21 h 0.77 ± 0.01 fe 14.94 ± 0.22 e nd 

S-Ps 0.15 ± 0.00 j 0.69 ± 0.02 i 2.02 ± 0.29 hg  1.07 ± 0.49 e 43.17 ± 2.0 b 6.06 ± 0.03 b 

M-sMMN-Ph 0.91 ± 0.01 g 1.90 ± 0.03 f 2.80 ± 0.21 fg 1.10 ± 0.02 e 14.22 ± 0.29 e nd 

M-sMMN-Ps 1.37 ± 0.05 e  3.17 ± 0.03 c 4.01 ± 0.09 e 3.33 ± 0.31 c 16.36 ± 0.83 d 13.98 ± 1.77 a 

sMMN-Ph 9.65 ± 0.06 a 5.39 ± 0.18 b 69.64 ± 0.73 a 32.99 ± 0.30 a 3.17 ± 0.26 h nd 

M-lMMN-Ph 1.32 ± 0.03 e  2.82 ± 0.00 d 3.20 ± 0.39 fe 2.52 ± 0.18 d 6.03 ± 0.98 g nd 

M-lMMN-Ps 1.78 ± 0.08 d   2.73 ± 0.01 d 2.53 ± 0.40 fg 2.82 ± 0.19 dc 11.38 ± 0.21 f 13.23 ± 2.33 a 

lMMN-Ph 6.57 ± 0.07 b 2.09 ± 0.12 e 6.22 ± 0.96 d 14.33 ± 0.86 b 5.95 ± 0.09 g nd 

M-PDA-Ph 0.90  ± 0.03 g  1.32 ± 0.01 g 1.47 ± 0.40 h 0.45 ± 0.04 fg 15.19 ± 0.59 ed  nd 

M-PDA-Ps 0.99 ± 0.02 f 1.79 ± 0.03 f 2.12 ± 0.07 hg 2.29 ± 0.11 d 14.74 ± 0.34 e 14.50 ± 0.26 a 

PDA-Ph 4.93 ± 0.05 c 7.12 ± 0.21 a 24.79 ± 0.99 b 33.17 ± 0.65 a 5.06 ± 0.02 g nd 



Table 5. Correlations established between total phenolics, total polysaccharides and antioxidant activity EC50 values of the Ganoderma 

lucidum fruiting body, spores and mycelium obtained in the three different culture media.   
 

 DPPH scavenging activity Reducing power  β-carotene bleaching inhibition TBARS inhibition  

EC50 value (mg/ml) Linear equation R2 Linear equation R2 Linear equation R2 Linear equation R2 

Phenolics in phenolic extracts 

(mg GAE/g extract) 

Y=-17.518x+29.2720 0.9012 Y=-8.9400x+29.9660 0.8264 Y=-5.8862x+26.7970 0.7609 Y=-7.3613x+23.062 0.7211 

Polysaccharides in polysaccharidic extracts  

(mg PE/g extract) 

Y=-5.7084 x+5.3419 0.6526 Y=-3.7406x+3.5158 0.6831 Y=-0.9884x+14.2870 0.3412 Y=-3.9983x+1.8264 0.6774 

Phenolics in phenolic and polysaccharidic extracts 

(mg GAE/g extract) 

Y=-24.666x+50.052 0.7815 Y=-15.268x+56.297 0.7298 Y=-4.445x+10.716 0.4426 Y=-16.064x+62.645 0.7014 

 



 
 
Figure 1. Radial growth of the mycelia obtained in solid culture media: incomplete (M-

sMMNi) and complete (M-sMMN) MMN and PDA (M-PDA). 

 



 

 
 
 

 
 
Figure 2. Biomass production of mycelia in solid and liquid MMN, and in solid PDA 

culture media. 

 

 
 
 
  



 
 

Figure 3. Chromatogram of the sugars obtained after polysaccharide hydrolysis (A) and 

free sugars (B) of the mycelium obtained in solid PDA culture medium (M-PDA-Ps). 1-

fructose; 2- glucose; 3-sucrose; 4-trehalose; 5-melezitose (IS); ni- not identified. 
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