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Abstract 

Members of Ganoderma genus belonging to Basidiomycota, such as Ganoderma applanatum and 
Ganoderma lucidum have been noticed in traditional and modern medicine and pharmacology for their 
medicinal properties and bioactive compounds. The present study was undertaken to determine whether 
there are any differences between chemical properties of G. applanatum and G. lucidum. The fresh mature 
fruiting bodies of fungi growing on common hornbeam (Carpinus betulus) were collected in Neka, a county 
in Mazandaran Province, Iran, and their antioxidant activity and bioactive compounds content were 
examined by spectrophotometer and HPLC method. According to the chemical analysis, the total phenols 
and flavonoids content, betulinic acid and also antioxidant activity measured by DPPH radical scavenging and 
FRAP methods in G. applanatum were higher than the other, but G. lucidum had higher content of total 
polysaccharides and proteins. Also, the two other terpenoids (oleanolic acid and ursolic acid) were very low 
in these two fungi. 
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________________________________________________________________________________

Introduction 
 

Some fungi such as Basidiomycota have 
been noticed in traditional and modern medicine 
and pharmacology, because of their medicinal 
properties and bioactive compounds. Members of 
Ganoderma genus such as G. applanatum and G. 
lucidum belong to the family Ganodermataceae, 

class Basidiomycota, and have biochemical and 
medicinal properties. 

Ganoderma applanatum (the artist's 
bracket) is a bracket fungus with a cosmopolitan 
distribution. This fungus grows as a mycelium 
within the wood of living and dead trees. It forms 
fruiting bodies that are up to 100 centimeters 
across, hard as leather, woody-textured, and 
inedible. The history of medicinal uses of G. 
applanatum goes back to thousands of years ago 
among East Asian civilization. Also, there are 
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evidences for antioxidant activity and existence of 
bioactive compounds such as phenolics in G. 
applanatum extracts in modern investigations 
(Nagaraj et al., 2014, Vazirian et al., 2014), but in 
contrast to G. lucidum, it is less investigated, 
especially in Iran. 

Ganoderma lucidum (the lingzhi 
mushroom) is a large, dark mushroom with a 
glossy exterior and a woody texture. Its kidney-
shaped cap and peripherally inserted stem gives it 
a distinct fan-like appearance. When fresh, the 
lingzhi is soft, cork-like, and flat. It lacks gills on its 
underside, and instead releases its spores via fine 
pores. Depending on the age, the pores on its 
underside may be white or brown. It is also an 
ancient traditional medicine that is highly valued 
in Asian countries for treatment and prevention of 
many diseases. The beneficial health properties of 
G. lucidum are attributed to its antioxidant 
capacity and bioactive compounds such as 
polysaccharides, terpenoids, and proteins. The 
results of the antioxidant assays showed that G. 
lucidum occurring in south of India were found to 
possess in vitro antioxidant activities and 
scavenged free radicals (Lakshmi et al., 2008).  

Over 150 triterpenoids have been isolated 
from Ganoderma species. According to studies of 
Saltarelli et al. (2009) and Chien et al. (2011), the 
triterpenoids and polyphenols present in G. 
lucidum have been reported to show antioxidant 
activities. A few scientists such as Dzubak et al. 
(2006) have reported oleanolic acid, ursolic acid, 
and betulinic acid from Ganoderma species but 
their information were insufficient or inexact. So it 
is interesting to conduct quantitative analyses for 
determining these triterpenoids from Ganoderma. 
The quality control and standardization of the 
isolation of the terpenoids of Ganoderma fungi is 
a challenging task and HPLC is used to overcome 
these problems (Keypour et al., 2010). 

G. lucidum is the most studied and used 
species of the genus Ganoderma, but G. 
applanatum is less investigated, especially in Iran. 
The purpose of this study was to estimate and 
compare the antioxidant activity (using DPPH and 
FRAP methods) and bioactive compounds (total 
phenolic, flavonoid, sugar, protein and 
triterpenoids) between G. applanatum and G. 
lucidum from Iran. 

Materials and Methods 

Sampling and extraction 

The fresh mature fruiting bodies of G. 
applanatum and G. lucidum were collected from 
the common hornbeam (Carpinus betulus), in 
Neka, a county in Mazandaran Province, Iran, in 
July 2018. The shade and air-dried fungi were 
grinded and stored in freezer at -20° C for 
analyses.   
 

DPPH radicals scavenging activity assay 

The antioxidant activity of fungal extract 
was evaluated by methanol solution of 1,2-
diphenyl-2-pricrylhydrazyl (DPPH) to measure free 
radical scavenging activity according to Blois 
(1958). The absorbance of control (containing all 
reagents except the test compound) and test 
compound at 517 nm were measured with 
spectrophotometer (UV VIS, PG instruments, 
China). BHT was used as a positive control. Lower 
absorbance of the reaction mixture represents 
higher DPPH radical scavenging activity.  

The antioxidant power is explained by IC50 
as the effective concentration of extract that 
inhibits the formation of DPPH free radicals by 
50%. IC50 values were obtained from linear 
regression analysis. Extract concentration 
providing 50% inhibition (IC50) was measured from 
the graph plotted inhibition percentage against 
the extract concentration. Butylated 
hydroxytoluene (BHT) was used as the positive 
control. 
 

Ferric reducing antioxidant power (FRAP) 
assay 

FRAP method is based on reduction of Fe3+ 
to Fe2+ ions) Benzie and Strain, 1996). The 
absorbance was measured at 593 nm against a 
blank having all the reagents excluding the sample 
using spectrophotometer. Increased absorbance 
of the reaction mixture represents an increase in 
the reduction capability.  

Standard curve of FeSO4 concentrations 
(as the standard), Milli- Q and HCl (0.1% v.v-1) was 
prepared using the similar procedure from which 
the regression formula was derived. Results were 
expressed in μM FeSo4/g DW. 

Total phenolic content (TPC) assay 
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Total phenolic constituent in methanol 
extract was assayed employing the method 
described in Wang et al. (2005) involving follin- 
Ciocalteu reagent and gallic acid as standard. The 
absorbance of the blue color was measured at 765 
nm. The same procedure was repeated for all 
standard gallic acid solutions and a standard curve 
was obtained according to the equation. Total 
phenolic content was expressed as gallic acid 
equivalent in mg per gram of dry weight (DW) of 
sample using the following equation based on the 
calibration curve:  
 
y= 35.96x – 0.0096 

R2= 0.9986 
 
where y was the absorbance and x was the total 
phenol content in mgGA.g-1DW of sample. 
 

Total flavonoid content (TFC) assay 

Total flavonoid content was calculated by 
the method developed by Chang et al. (2002). The 
absorbance was determined at 765 nm. The 
calibration curve was prepared using quercetin as 
standard. Flavonoid contents were expressed as 
mg quercetin equivalent/g of sample dry weight 
(mg QE. g-1 DW) using the following equation 
based on the calibration curve: 
 
y = 75.931x -0.0901 

R2 = 0.9901 
 
where y was the absorbance and x was the total 
flavonoid content in mg QE. g-1 DW of sample. 

 

Total sugar content (TSC) assay  

The total sugar content of aqueous 
extractions was determined using the colorimetric 
phenol-sulfuric acid method proposed by DuBois 
et al. (1956). Sample absorptions at 470 nm were 
compared to the calibration curve of different 
concentrations of glucose (0.005- 0.04 mg.ml-1).  

 

 

Total protein content (TP) assay 

The total protein content of extracts was 
measured using the method proposed by Bradford 
(1976). Bovine serum albumin (BSA) was used as 
standard. The absorbance was read at 595 nm. 
The total protein content was calculated according 
to the standard curve and its equation. The result 
was the protein content in 0.5 g of sample which 
was changed per 1 g of sample. 

 

Quantitative analysis of triterpenoids using 
HPLC method 
 

To overcome the problems related to the 
quality control and standardization of the isolation 
the terpenoids (ursolic acid, oleanolic acid and 
betulinic acid) of Ganoderma fungi, HPLC method 
was used. A Waters liquid chromatography 
apparatus consisting of a separations module 
(Waters 2695; USA ) and a Dual Absorbance 
Detector (waters 996; USA ) were used for the 
HPLC analysis. Injection was auto sampler injector 
equipped with a 100 µl loop. The chromatographic 
assay was performed on a 25 cm×4.6 mm with pre-
column, Eurospher 100-5 C18 analytical column 
provided by KNAUER (Berlin, Germany) reversed 
phase matrix (5 μm) and elution was carried out in 
a isocratic system with methanol as the organic 
phase (solvent A) and distilled water (solvent B) 
with the flow rate of 1 ml.min-1. Peaks were 
monitored at 210 nm wavelength. Injection 
volume was 20 µL and the temperature was 
maintained at 25° C. Calibration curves for 
standards were prepared for quantification. Data 
acquisition and integration was performed with 
Millennium 32 software. 

 

Statistical Analysis 
 

All experiments were replicated for three 
times to obtain mean values using IBM SPSS 
Statistics 21. 

  

Results 

IC50 value of G. applanatum was found to 
be at about 0.4 mg/ml and lower than G. lucidum, 
but its FRAP amount was higher. Therefore, this 
sample had higher antioxidant activity for the 
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ability of scavenging free radicals. Also, higher 
total phenolic and total flavonoid contents were 
recorded for G. applanatum. According to this 
study, G. lucidum had higher amount of total sugar 
and total protein content (Table 1). 

The comparative values of antioxidant 
activity and bioactive compounds content for the 
extract of G. applanatum and G. lucidum in Iran 
evaluated in this study and the results reported by 
other authors in different countries for different 

species of Ganoderma are shown in Table 2, where 
different values were observed for present study. 
In some cases, Iranian samples had higher values 
than those in other countries. 

According to the results of the presence of 
triterpenoids using HPLC method, G. applanatum 
and G. lucidum contained betulinic acid (shown as 
B) with 1.546035 and 1.264011 mg.g-1 values, 
respectively, but the other two terpenoids 

Table 1 
Comparison between antioxidant activity measured by DPPH (shown as IC50 ) and FRAP methods, total phenolic (TPC), total 
flavonoid (TFC), total sugar (TSC), and total protein (TP) contents of Ganoderma applanatum and Ganoderma lucidum  
 

 
IC50 

(mg.ml-1) 
FRAP 

(μMFeSo4/g) 
TPC 

(mg GA.g-1) 
TFC 

(mgQ.g-1) 
TSC 

(mg.g-1) 
TP 

(mg.g-1) 

G. applanatum 0.415044 107.4667 6.709924608 1.372561931 23.32240015 9.192309362 

G. lucidum 1.745815 38.78872 3.173155358 0.628333619 23.70827706 16.29558902 

 
Table 2 
Comparative values of antioxidant activity and bioactive compounds values for extracts of species of Ganoderma in India, Taiwan, 
and Poland according to Acharya et al. (2015), Rajoriya et al. (2015), Lin et al. (2015), Gąsecka et al. (2016)), and the present 
study in Iran for G. applanatum and G. lucidum 
 

 G. applanatum 
 

G. lucidum 
 

G. tsugae 
 

The present study (Iran) 
 

DPPH (mg.mL-1) 6 (India) 0.9 (Taiwan); 
1.3 (India); 

9 (India) 

10 (India) 0.415044 
1.745815 

FRAP (μMFeSo4.g-1DW) -* - - 107.4667 
38.78872 

TPC (mg GA.g-1DW) 11.6 (India) 
 

9 (India); 
22.3 (India); 
28 (Poland); 
41 (Taiwan) 

9 (India) 6.709924608 
3.173155358 

TFC (mgQ.g-1DW) 0.4 (India) 
45 

0.5 (Poland); 0.6 
(India); 2.1 

(India) 
4.8 (India) 

0.8 (India) 1.372561931 
0.628333619 

TSC (mg.g-1DW) - 112.5 (Taiwan)  23.32240015 
23.70827706 

TP (mg.g-1DW) - - - 9.1923.9362 
16.29558902 

*- These compounds for these species have not yet been measured by scientists 

 
Table 3 
The comparison of terpenoid acids content between Ganoderma aplanatum and Ganoderma lucidum growing on Carpinus 
betulus 
 

 Ursolic acid (mg.g-1) Oleanolic acid (mg.g-1) Betulinic acid (mg.g-1)  

G. applanatum trace trace 1.546035  
G. lucidum trace trace 1.264011  
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(oleanolic acid: O; ursolic acid: U) were very low in 
these two fungi (Table 3, Figs. I and II). 

 

Discussion 

The antioxidant activity was measured 
using DPPH method to evaluate free radicals 
scavenging shown as IC50. IC50 indicates the extract 
concentration providing 50% inhibition of DPPH 
free radicals. The lower the IC50, the higher the 
antioxidant power. 

Oxidants and antioxidants have different 
physicochemical properties and may react with 
each other. Also, there are different explanations 
on different methods of antioxidant assays and 
there might be some other chemical moieties 
other than phenolics. Therefore, it is worthwhile 
to analyze the extracts by other methods such as 

FRAP assay. This method is based on the ability of 
the sample to reduce Fe3+ to Fe2+ and chelating 
Fe2+. Iron is an essential mineral for normal 
physiological activity of the human body, but 
excess can cause cellular damage. The ferrous ion 
is well known as the most effective pro-oxidant 
component in food systems. Also, the good 
chelating effect would be beneficial and removal 
of free ion from circulation could be a promising 
approach to prevent oxidative stress induced 
disease. Ferrous ion reacts with ferrozine and 
forms violet color Ferrozin-Fe2+ complex. Chelating 
compounds in the extract prevent the formation 
of Ferrozin-Fe2+ complex, which leads to decrease 
in the intensity of violet color (Nagaraj et al., 
2014). 

 
Fig. I. High performance liquid chromatography (HPLC) results of terpenoids (ursolic acid: U; oleanolic acid: O; betulinic acid: B) 
of methanol extract of fruiting bodies of Ganoderma applanatum growing on Carpinus betulus; the mobile phase comprised of 
methanol (solvent A) and distilled water (solvent B) at flow-rate of 1 mL.min-1 

 
Fig. II. High performance liquid chromatography (HPLC) results of terpenoids (ursolic acid: U; oleanolic acid: O; betulinic acid: B) 
of methanol extract of fruiting bodies of Ganoderma lucidum growing on Carpinus betulus; the mobile phase comprised of 
methanol (solvent A) and distilled water (solvent B) at flow-rate of 1 mL.min-1.  

 

A 



 3422 Iranian Journal of Plant Physiology, Vol (11), No (1) 

 

A lot of chemical compounds have 
antioxidant activity but in this study, it seems that 
total phenolic and flavonoid compounds had an 
important role in antioxidant activity of the 
studied fungi because we confirmed higher total 
phenolic and flavonoid compounds content and 
also antioxidant activity measured as IC50 content 
and FRAP method for G. applanatum. This 
suggests that there is a relation between total 
phenolic and flavonoid compounds content with 
antioxidant activity documented by pervious 
authors such as Pourmorad et al. (2006), Saltarelli 
et al. (2009), Modi et al. (2014), and Acharya et al. 
(2015) in Ganoderma genus.  

This is the first comparative study on the 
bioactive compounds of Ganoderma species 
growing on similar host trees. The comparative 
values of antioxidant activity and bioactive 
compounds content for the extract of G. 
applanatum and G. lucidum growing in Iran were 
evaluated in this study and the results reported by 
other authors in different countries for different 
species of Ganoderma are shown in Table 2, where 
different values were observed in the present 
study and in some cases Iranian samples had 
higher values than other countries samples. 

HPLC is one of the most important 
methods for the extraction and purification of 
terpenoids and has also been used for the 
extraction and purification of oxidized terpenoids 
for decades, especially for G. lucidum species (Lin 
and Shiao, 1987). A comparison between 
ganoderic acids of two Iranian and Chinese 
cultivars of G. lucidum showed that geographical 
and climatic conditions affect the bioactive 
compounds of this fungus (Keypour et al., 2010). 

Poomsing et al. (2013) and Ha et al. (2015) 
also found that habitat, species, fungus age, 
harvest season, cultivar, and growth media had an 
influence on the content of terpenoid compounds 
of G. lucidum and other species. This is why two 
species that grew on the same host trees were 
included in the present project. 

Oleanolic acid, ursolic acid, and betulinic 
acid are terpenoids that some researchers have 
noted in the fungi of the genus Ganoderma. 
Dzubak et al. (2006), for example, have referred to 
oleanolic acid in G. lucidum and discussed its 
medicinal properties, based on earlier literatures 
and research studies. Among the sources that 

Dzubak et al. (2006) cite to support their 
statement is Kozai et al. (1987) where only 
pharmacological properties of oleanolic acid were 
addressed and the presence of these substances 
in G. lucidum was not dealt with. In order to 
investigate the presence of these terpenoids in 
Ganoderma fungi, the relevant analyses were 
carried out in two species of Ganoderma in this 
study. 

In this study, G. applanatum had more 
antioxidant activity and also more betulinic acid. A 
positive relation between the amount of 
terpenoids and antioxidant activity was 
documented by pervious authors such as Lin et al. 
(2015) and Smina et al. (2016) on G. lucidum 
extract.  

This study suggests that G. applanatum is 
an ideal fungus for antioxidant activity and 
production of phenolics, flavonoids, and betulinic 
acid while G. lucidum is an ideal fungus for 
production of polysaccharides and proteins. 
Although there has been a great deal of focus in 
recent years on Ganoderma lucidum as an 
anticancer fungus, this research suggests that 
Ganoderma applanatum is a better option for the 
production of anticancer drugs because of its 
greater antioxidant properties. 

Acknowledgment 

We would like to thank S. Ali Mousazadeh, from 
Pasand Forest and Rangeland Research Station of 
Agriculture and Natural Research Center of 
Mazandaran, Iran, for helping in collecting 
samples, and Samaneh Chaharmiri for her advice 
on HPLC analysis. 

 

References 
 

Acharya, K., M. Bera, E. Tarafder and A. 
Dasgupta. 2015. 'Pharmacognostic 
standardization of Ganoderma lucidum: A 
commercially explored medicinal 
mushroom'. Der Pharmacia Lettre, 7(7): 175-
181. 

Benzie, I. F. F. and J. J. Strain. 1996. 'The ferric 
reducing ability of plasma (FRAP) as a 
measure of “antioxidant power”: The FRAP 
assay'. Analytical Biochemistry, 239(1): 70-
76. 



                                        Antioxidant activity and bioactive compounds of Ganoderma fungi 3423 

 

Blois, M. S. 1958. 'Antioxidant determinations by 
the use of a stable free radical'. Nature, 
181(4617): 1199-1200. 

Bradford, M. M. 1976. 'A rapid and sensitive 
method for the quantitation of microgram 
quantities of protein utilizing the principle of 
protein-dye binding'. Analytical 
Biochemistry, 72(1-2): 248-254. 

Chang, C. C., M. H. Yang, H. M. Wen and J. C. 
Chern. 2002. 'Estimation of total flavonoid 
content in propolis by two complementary 
colometric methods'. Journal of Food and 
Drug Analysis, 10(3): 178-182. 

Chien, Y. L., C. T. Ho, B. H. Chiang and L. S. 
Hwang. 2011. 'Effect of fermentation time on 
antioxidative activities of Ganoderma 
lucidum broth using leguminous plants as 
part of the liquid fermentation medium'. 
Food Chemistry, 126(4): 1586-1592. 

DuBois, M., K. A. Gilles, J. K. Hamilton, P. A. 
Rebers and F. Smith. 1956. 'Colorimetric 
method for determination of sugars and 
related substances'. Analytical Chemistry, 
28(3): 350-356. 

Dzubak, P., M. Hajduch, D. Vydra, A. Hustova, M. 
Kvasnica, D. Biedermann, L. Markova, M. 
Urban and J. Sarek. 2006. 'Pharmacological 
activities of natural triterpenoids and their 
therapeutic implications'. Natural Product 
Reports, 23(3): 394-411. 

Gąsecka, M., M. Mleczek, M. Siwulski, P. 
Niedzielski and L. Kozak. 2016. 'Phenolic and 
flavonoid content in Hericium erinaceus, 
Ganoderma lucidum, and Agrocybe 
aegeritaunder selenium addition'. Acta 
Alimentaria, 45(2): 300-308. 

Ha, D., L. Loan, T. Hung, L. Han, N. Khoi, L. Dung, 
B. Min and N. Nguyen. 2015. 'An improved 
HPLC-DAD method for quantitative 
comparisons of triterpenes in Ganoderma 
lucidum and its five related species 
originating from Vietnam'. Molecules, 20(1): 
1059-1077. 

Keypour, S., H. Rafati, H. Riahi, F. Mirzajani and 
M. F. Moradali. 2010. 'Qualitative analysis of 
ganoderic acids in Ganoderma lucidum from 
Iran and China by RP-HPLC and electrospray 
ionisation-mass spectrometry (ESI-MS)'. Food 
Chemistry, 119(4): 1704-1708. 

Kozai, K., Y. Miyake, H. Kohda, S. Kametaka, K. 
Yamasaki, H. Suginaka and N. Nagasaka. 
1987. 'Inhibition of glucosyltransferase from 
Streptococcus mutans by oleanolic acid and 
ursolic acid'. Caries Research, 21(2): 104-108. 

Lakshmi, B., J. C. Tilak, S. Adhikari, T. P. A. 
Devasagayam and K. K. Janardhanan. 2008. 
'Evaluation of antioxidant activity of selected 
Indian mushrooms'. Pharmaceutical Biology, 
42(3): 179-185. 

Lin, L.-J. and M.-S. Shiao. 1987. 'Separation of 
oxygenated triterpenoids from Ganoderma 
lucidum by high-performance liquid 
chromatography'. Journal of 
Chromatography A, 410: 195-200. 

Lin, M.-S., Z.-R. Yu, B.-J. Wang, C.-C. Wang, Y.-M. 
Weng and M. Koo. 2015. 'Bioactive 
constituent characterization and antioxidant 
activity of Ganoderma lucidum extract 
fractionated by supercritical carbon dioxide'. 
Sains Malaysiana, 44(12): 1685-1691. 

Modi, H. A., P. Shah, M. D. Shukla and S. K.Lahiri. 
2014. 'Determination of total phenolic 
content and antioxidant activity of 
Ganoderma lucidum collected from Dang 
district of Gujarat, India'. Natural Products: 
An Indian Journal, 10(3): 75-83. 

Nagaraj, K., N. Mallikarjun, R. Naika and T. M. 
Venugopal. 2014. 'Antioxidative activity of 
wild macro fungi Ganoderma applanatum 
(PERS.) PAT'. Asian Journal of Pharmaceutical 
and Clinical Research, 7(Suppl. 2): 166-171. 

Poomsing, P., K. Pattanapanyasat, P. 
Wongsinkongman and N. 
Soonthornchareonnon. 2013. 'Research and 
development of Ganoderma lucidum 
cultivated in Thailand'. Mahidol University 
Journal of Pharmaceutical Sciences, 40(3): 1-
7. 

Pourmorad, F., S. J. Hosseinimehr and N. 
Shahabimajd. 2006. 'Antioxidant activity, 
phenol and flavonoid contents of some 
selected Iranian medicinal plants '. African 
Journal of Biotechnology, 5(11): 1142-1145. 

Rajoriya, A., S. S. Tripathy and N. Gupta. 2015. 
'In vitro antioxidant activity of selected 
Ganoderma species found in Odisha, India'. 
Tropical Plant Research, 2(2): 72-77. 

Saltarelli, R., P. Ceccaroli, M. Iotti, A. 
Zambonelli, M. Buffalini, L. Casadei, L. 



 3424 Iranian Journal of Plant Physiology, Vol (11), No (1) 

 

Vallorani and V. Stocchi. 2009. 'Biochemical 
characterisation and antioxidant activity of 
mycelium of Ganoderma lucidum from 
Central Italy'. Food Chemistry, 116(1): 143-
151. 

Smina, T. P., J. Joseph and K. K. Janardhanan. 
2016. 'Ganoderma lucidumtotal triterpenes 
preventγ-radiation induced oxidative stress 
in Swiss albino micein vivo'. Redox Report, 
21(6): 254-261. 

Vazirian, M., S. Dianat, A. Manayi, R. Ziari, A. 
Mousazadeh, E. Habibi, S. Saeidnia and Y. 

Amanzadeh. 2014. 'Anti-inflammatory 
effect, total polysaccharide, total phenolics 
content and antioxidant activity of the 
aqueous extract of three basidiomycetes'. 
Research Journal of Pharmacognosy, 1(1): 15-
21. 

Wang, B.-J., C.-T. Liu, C.-Y. Tseng and Z.-R. Yu. 
2005. 'Antioxidant activity of Bupleurum kaoi 
Liu (Chao et Chuang) fractions fractionated 
by supercritical CO2'. LWT - Food Science and 
Technology, 38(3): 281-287. 

 


