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Abstract 
The present study was designed to investigate antioxidant, antimicrobial and cytotoxic potential of pet 
ether, chloroform and methanol extracts of Ganoderma lucidum available in Bangladesh. Antioxidant 
activity of the extracts was evaluated using DPPH radical scavenging assay and determination of total 
phenolic content. Antibacterial and cytotoxic activities were studied using disc diffusion method and 
brine shrimp lethality bioassay respectively. Results showed that the methanol extract had highest 
antioxidant activity (IC50 value for DPPH was 47.58 μg/ml and total phenolic content was 167.9±3.252 in 
mg/g, Gallic acid equivalents) compared to the pet ether and chloroform extract. In antibacterial study, all 
the extracts showed mild to moderate activity with zone of inhibition ranging from 7 mm to 21 mm. In 
brine shrimp lethality bioassay, the LC50 values for pet ether, chloroform and methanol extracts were 
941.88 μg/ml, 367.28 μg/ml and 295.8 μg/ml respectively which revealed weak cytotoxic potential of the 
extracts. 
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1. Introduction 
Ganoderma lucidum (Reishi, Lingzhi) that belongs to Ganodermataceae is an edible 
mushroom that has been used for centuries in Traditional Chinese Medicine for its health 
promoting properties [1]. It is widely grown on a commercial scale and commonly purchased 
for its medicinal and spiritual properties in China, Korea, Japan and other Asian countries [2]. 
The fruiting body, mycelia and spores of G. lucidum contain approximately 400 different 
bioactive compounds, which mainly include triterpenoids, polysaccharides, nucleotides, 
sterols, steroids, fatty acids, proteins and trace elements which are responsible for its anti-
inflammatory, analgesic, antibacterial, antiviral (including anti-HIV), immunomodulatory, 
antiatherosclerotic, chemopreventive, antitumor, radioprotective, sleep promoting, 
hypolipidemic and anti-ulcer properties [3-10]. Reishi has now become recognized as an 
alternative adjuvant in the treatment of leukemia, carcinoma, hepatitis and diabetes, raising the 
possibility that it could be effective in preventing oxidative damage and resulting diseases [3, 9].  
The antioxidants in human diets are of great interest as possible protective agents against 
oxidative stress and decrease the adverse effects of reactive species on normal physiological 
functions in humans [11]. G. lucidum is rich in “mushroom nutraceutical” which is a new class 
of compounds with medicinal values collected from the mycelium or the fruiting bodies of it 
[12].  
A large number of research works on the phytochemistry, pharmacology and several other 
aspects of G. lucidum has been conducted but there has been no report on phytochemical 
screening and in vitro bioactivities of different extracts of G. lucidum collected from 
Bangladesh. So the present investigations were carried out to study the phytoconstituents and 
in vitro antioxidant, cytotoxic and antimicrobial activities of the different extracts of G. 
lucidum available in Bangladesh. 
 
2. Materials and methods  
2.1 Chemicals and solvents: DPPH (2, 2-Diphenyl-1-picrylhydrazyl) was obtained from 
Sigma-Aldrich co. USA. Folin-Ciocalteu reagent, ascorbic acid and sodium carbonate were 
purchased from Merck, Germany. All the other chemicals used, including the solvents were of 
analytical grades. 
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2.2 Plant material and extraction: Dried powder of the 
fruiting body and mycelia of G. lucidum was purchased from 
the National Mushroom Development and Extension Centre, 
Savar, Dhaka, Bangladesh on 13th April, 2013. 200 gm 
powdered plant materials were submerged into pet ether, 
chloroform and methanol using 1 liter of each solvent in an 
air-tight flat bottom container for seven days with occasional 
shaking and stirring. The major portion of the extractable 
compounds of the plant materials were dissolved in different 
solvents which were collected and then evaporated with rotary 
evaporator (IKA, Germany) at low temperature (40-50 °C) and 
reduced pressure. The dried extracts were stored at 4 °C until 
used.  
The yield percentage (w/w) of G. lucidum in different solvents 
is shown in Table 1. 
 

Table 1: Represents the yield % of G. lucidum in different extracts 
 

Sl. No Solvent used Yield % 
1 Pet ether 1.8 
2 Chloroform 2.4 
3 methanol 5.1 

 
2.3 Phytochemical screening: The freshly prepared extracts 
were qualitatively tested for the presence of chemical 
constituents. Phytochemical screening of the extracts were 
performed using the following reagents and chemicals: 
alkaloids with Wagner’s and Hager’s reagent; terpenoids with 
modified Salkowski test; carbohydrates with Molisch's test, 
tannins with 0.1% ferric chloride; flavonoids with the use of 
concentrated hydrochloric acid; saponins with ability to 
produce stable foam and steroids with concentrated sulfuric 
acid. These were identified by characteristic color changes 
using standard procedures [13].  
 
2.4 Tests for antioxidant activity: 
2.4.1 DPPH radical scavenging activity:  
The free-radical scavenging activity of G. lucidum extracts 
was measured by decrease in the absorbance of methanol 
solution of DPPH (2, 2-Diphenyl-1-picrylhydrazyl) [14]. 
Scavenging activity was expressed as the percentage inhibition 
calculated using the following formula: 

100
A

A  - A
activity  scavenging radical free %

o

o 
 

Ao = Absorbance of control and A = Absorbance of sample 
 

Then % inhibitions were plotted against respective 
concentrations used and from the graph IC50 was calculated. 

Ascorbic acid, a potential antioxidant was used as positive 
control. 
 
2.4.2 Determination of total phenolic content 
The total phenolic contents of the extracts were determined by 
using Folin-Ciocalteu reagent [15] and Gallic acid (Merck, 
Germany) as standard. 10% Folin-Ciocalteu reagent was used 
to oxidize the extracts which was neutralized with 700 mM 
sodium carbonate solution. After 60 minutes, absorbances 
were taken at 765 nm. The total phenolic contents were 
determined from a standard curve prepared with Gallic acid. 
  
2.5 Antibacterial assay 
The antibacterial assay was carried out by the disc diffusion 
method [16] against 5 Gram-positive and 7 Gram-negative 
bacterial strains. 100µL of suspension of each microorganism 
containing ~100-150 CFU/mL was spread over the nutrient 
agar (Himedia, India). Dried and sterilized filter paper discs (6 
mm diameter), impregnated with 500 and 1000 µg of different 
extracts were placed gently in the agar plates. Standard disc 
(Himedia, India) of Kanamycin (30 µg/disc) and blank discs 
(impregnated with solvents followed by evaporation) were 
used as positive and negative control, respectively. After 
incubation at 37 °C for 24 hours, the antimicrobial activity of 
the test samples were determined by measuring the diameter of 
zone of inhibition expressed in mm. 
 
2.6 Cytotoxic activity: 
Brine shrimp lethality bioassay was used following the 
procedure [17] for evaluating cytotoxic activity using 
concentrations of 1.56 – 400 μg/ml for each extract. Different 
concentrations of Vincristine sulfate were taken as positive 
control. The percentage of lethality of brine shrimp nauplii 
was calculated for each concentration of the extracts. 
 
 
2.7 Statistical analysis 
Statistical comparisons were performed using Microsoft Excel, 
2007. Mean values ± S.D. were calculated for the parameters 
where applicable. 
 
3. Results 
3.1 Phytochemical screening: Phytochemical analysis 
revealed the presence of alkaloids, terpenoids, carbohydrates, 
tannins, flavonoids and steroids in all extracts of G. lucidum. 
The results also showed the presence of saponin in methanol 
extract (Table 2). 

 

 
Table 2: Result of chemical group tests of the extracts of G. lucidum 

 

Plant extract Carbohydrates Alkaloids Terpenoids Tannins Flavonoids Saponins Steroids 
PEGL ++ ++ +++ + + - + 
CEGL ++ ++ +++ + + - + 
MEGL +++ ++ +++ + + + + 

 
PEGL: Pet ether extract of G. lucidum, CEGL: Chloroform 
extract of G. lucidum, ME: Methanol extract of G. lucidum 
 
(+): Present; (-): Absent. 
Symbol (+++) indicates presence in high concentration, 
Symbol (++) indicates presence in moderate concentration and 
(+) indicates low concentration of the respective constituents. 
 
 

3.2 DPPH radical scavenging activity: From the analysis of 
Figure 1, it can be concluded that the scavenging effect of the 
extracts increases with the concentration. Methanol extract of 
G. lucidum (MEGL) showed the highest radical scavenging 
activity whereas pet ether extract (PEGL) showed the lowest 
activity. The IC50 values for the extracts and the standard 
ascorbic acid is shown in Table 3. 
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Fig 1: DPPH scavenging activity of various extracts of G. lucidum 
 
PEGL: Pet ether extract of G. lucidum, CEGL: Chloroform 
extract of G. lucidum, MEGL: Methanol extract of G. lucidum, 
AA: Ascorbic acid 
 
Table 3: IC50 value for DPPH radical scavenging activity of various 

extarcts and ascorbic acid 
 

Extract/ standard IC50 (μg/ml) 
PEGL 89.55 
CEGL 59.26 
MEGL 47.58 

AA 8.34 
 
 
 
 
 

3.3 Total phenolic content 
Among the three extracts, the methanol extract (MEGL) 
showed the highest amount of phenolic compounds followed 
by the chloroform extract (CEGL) and the pet ether extract 
(PEGL) (Table 4). 
 

Table 4: Total phenolic content of different extracts of G. lucidum 
 

Extracts 
Total phenolic content (in mg/g, Gallic acid 

equivalents) 
PEGL 61.7±1.272 
CEGL 106.6±3.111 
MEGL 167.9±3.252 

Values are represented as mean± SD with duplicate estimation. 
 
3.4 Antibacterial assay 
The pet-ether soluble fraction displayed zone of inhibition 
ranging from 8 mm to 12 mm with highest antibacterial 
activity against Escherichia coli (12±0.5 at 1000 μg/disc). This 
fraction showed very mild activities against other strains. Both 
the chloroform and methanol extracts showed mild to 
moderate activities against all strains of bacteria. The 
chloroform extract showed zone of inhibition ranging from 7 
mm to 15 mm with highest antibacterial activity against E. coli 
(15±0.29 at 1000 μg/disc). Among the three extracts, the 
methanol extract exhibited the maximum antimicrobial activity 
against all the experimental bacterial strains (zone of inhibition 
ranging from 7 mm to 21 mm) with highest activity against E. 
coli (21±0.5 at 1000 μg/disc). From the result (Table 5), it is 
obvious that this plants extracts can be highly useful in the 
treatment of diseases caused by E. coli. 

Table 5: Zone of inhibition of pet ether (PEGL), chloroform (CEGL) and methanol (MEGL) extract of G. lucidum and positive control 
Kanamycin 

 

Serial Name of the test organisms PEGL CEGL MEGL Kanamycin 

 
500 

μg/disc 
1000 
μg/disc 

500 

μg/disc 
1000 
μg/disc 

500 

μg/disc 
1000 
μg/disc 

30 μg/disc 

Gram-positive bacteria                                                    Zone of inhibition (mm) 

1 Sarcina lutea - 8±0.5 - 10±0.29 10±0.29 13±0.76 30±0.76 

2 Bacillus megaterium - 8±0.29 7±0.5 12±0.5 11±0.29 12±0.5 30 

3 Bacillus subtilis ATCC 6059 - 9±0.29 7.5±0.5 12±0.29 12±0.29 15±0.76 30 

4 Staphylococcus aureus ATCC25923 - 11±0.5 8±0.5 10±0.58 9±0.5 11±0.29 34 

5 Bacillus cereus ATCC 14579 - 10±0.29 8±0.29 8.5±0.29 10±0.58 14±0.76 30±0.76 

Gram-negative bacteria 

1 
Pseudomonas aeruginosa ATCC 

27853 
7±0.29 11±0.29 - 8±0.5 8±0.5 9±0.5 28 

2 Salmonella typhi ATCC 13311 8±0.5 11.5±0.29 7±0.5 10±0.29 8±0.5 11±0.29 17.5 

3 Escherichia coli ATCC 25922 8±0.58 12±0.5 12±0.76 15±0.29 17±0.58 21±0.5 30 

4 Vibrio parahemolyticus - - 8±0.5 10±0.29 10±0.58 14±0.76 20 

5 Vibrio mimicus ATCC 33653 - - 7.5±0.5 11±0.5 8±0.5 8±0.58 13.5 

6 Shigella boydii ATCC13147 - - - 8±0.58 7±0.76 10±0.29 23 

7 Shigella dysenteriae ATCC 26131 - - - 8±0.5 8±0.5 11±0.29 24 

Values are expressed as mean±SD (n=3). ‘-‘Indicates no zone of inhibition. 
 

3.5 Cytotoxic activity 
In brine shrimp lethality bioassay, the lowest LC50 value 
(295.8μg/ml) was revealed by the methanol extract (MEGL) 
and the highest LC50 value (941.88μg/ml) was demonstrated 

by the pet ether soluble fraction (PEGL) where the standard 
Vincristine sulphate (VS) showed LC50 value of 0.451 μg/ml. 
The extracts showed very negligible cytotoxic activity 
compared to the standard (Table 6). 
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Table 6: Effect of various extracts of G. lucidum on shrimp nauplii. 
 

Concentration Log C % mortality LC50 (μg/ml) 
(μg/ml) PEGL CEGL MEGL PEGL CEGL MEGL 

400 2.60206 50 55 60 
200 2.30103 40 40 45 
100 2 30 40 40 
50 1.69897 20 30 30 
25 1.39794 15 25 20 941.889 367.282 295.801 

12.5 1.09691 10 20 15 
6.25 0.79588 0 10 10 

3.125 0.49485 0 0 0 
1.5625 0.19382 0 0 0 

0 0 0 0 0 
PEGL: Pet ether extract of G. lucidum, CEGL: Chloroform extract of G. lucidum, MEGL: Methanol extract of G. lucidum. 

 
4. Discussion 
Phytochemical tests showed the existence of terpenoids in high 
concentration in all of the extracts with low to moderate 
concentration of alkaloids, carbohydrates, tannins, flavonoids, 
and steroids. Presence of these phytocompounds can be 
correlated to the biological activities of G. lucidum found in 
this research. 
In recent years, there has been increasing interest in the 
involvement of reactive oxygen species (ROS) in several 
pathological incidences because the oxidation induced by ROS 
can result in cell membrane disintegration, membrane protein 
damage and DNA mutation, which can further initiate or 
propagate the development of many diseases, such as cancer, 
liver injury and cardiovascular disease [18]. As a result, 
antioxidants with free radical scavenging activities may have 
great contribution in the prevention and treatment of such 
diseases. Preliminary phytochemical screening of the extracts 
of G. lucidum showed the presence of flavonoids and tannins. 
Polyphenolic compounds, like flavonoids, tannins and 
phenolic acids, commonly found in plants have been reported 
to have multiple biological effects, including antioxidant 
activity. Therefore, these compounds present in the plant 
extract may be responsible for the antioxidant action in the 
tested models. From our study, a positive correlation was seen 
between total phenolic content and total antioxidant activity 
(DPPH radical scavenging activity) of G. lucidum. The 
variation in total phenolic content can be expected for the plant 
extracts due to the presence of other constituents. From the 
result, a straight relationship can be drawn between total 
phenolic content and DPPH scavenging activity, since higher 
the total phenolic content, lower the IC50 values of the 
respective extracts. All of the extracts showed highly potential 
antioxidant activities as compared to the activity of the 
standards. 
In the present study, almost all of the extracts of G. lucidum (at 
different concentrations) exhibited low to moderate 
antimicrobial activity against various strains of Gram-positive 
and Gram-negative bacteria. The ability of the crude extracts 
of G. lucidum to inhibit the growth of bacteria is an indication 
of its antimicrobial potential which may be employed in the 
management of microbial infections. Methanol extract showed 
the maximum potential antimicrobial activity which was also 
found consistent with other literature findings [19]. 
Various extracts of G. lucidum produced concentration 
dependent increment in percent mortality of brine shrimp 
nauplii. All the extracts of G. lucidum showed weak cytotoxic 
activity compared to the positive control Vincristin sulphate 
which is supported by the previous studies [20]. The results also 
support the use of G. lucidum as a nontoxic vegetable by mass 
people. 

G. lucidum contains different triterpenes and polysaccharides 
which may be responsible for different pharmacological 
activities including its antioxidant and antimicrobial action [21-

23]. 
This study is suggestive that G. lucidum can be used as 
antioxidant and antibacterial agent in the development of new 
drugs. Further work is under progress to identify the bioactive 
principles and elucidate their mechanism of action of specific 
bioactivities. 
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