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Abstract 
Mushrooms have been studied and found to accumulate a variety of second-
ary metabolites with antioxidant activities such as phenolic compounds. Be-
sides phenolics, other bioactive components such as flavanoids from mu-
shrooms are also generally associated with antioxidant activities. Previous 
studies have reported the association of mushrooms with their antioxidant 
potentials. However, very few studies are related to unexplored Malaysian 
wild mushrooms as a new potential source of antioxidant for which to best of 
our knowledge, no records are available. In this study, ten Malaysian wild 
mushrooms were collected from the forests around Selangor and Sabah and 
their potential antioxidant activity were evaluated. The total phenolic content 
and total flavonoid content were quantified. Antioxidant activities of the mu-
shroom extracts were analyzed by Ferric Reducing Antioxidant Power (FRAP) 
and 2,2-diphenylpicrylhydrazyl (DPPH) assays for their iron-reducing capac-
ity and free-radical scavenging capacity. The total phenolic content of all ten 
mushrooms ranged from 0.015 - 0.075 mg GAE/g dried extract and the total 
flavonoid content ranged from 0.025 - 0.131 mg QE/g dried extract. The 
FRAP values lies between 0.859 - 2.929 µM TE/g dried extract and the per-
centage of inhibition observed from DPPH assay ranged from 2% - 57% re-
spectively. There is a positive correlation between total phenolic content and 
antioxidant activities of these mushroom extracts. 
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1. Introduction 

Antioxidants are compounds that delay or inhibit the oxidation of other mole-
cules by inhibiting the initiation of oxidizing chain reactions propagation [1]. 
The antioxidant compounds play a major role in the prevention of diseases such 
as cancer, cataracts, cerebral pathologies and rheumatoid arthritis [2]. Mu-
shrooms have been studied and found to accumulate a variety of secondary me-
tabolites with antioxidant activities such as phenolic compounds. Phenolic 
compounds have the ability to neutralize free radicals [3] which are responsible 
for oxidative damage in the human body. In order to reduce oxidative damage of 
free radicals in the human body, synthetic antioxidants such as butylated hy-
droxyl anisole (BHA) and butylated hydroxyl toluene (BHT) are used. However, 
the uses of these synthetic antioxidants in food have been restricted due to their 
carcinogenic effects [3] which have also been suspected to be responsible for 
liver damage [4]. Thus, the development and utilization of antioxidant sub-
stances from natural resources has increased. Mushrooms have been reported to 
contain a wide variety of free radical scavenging molecules such as polysaccha-
rides and polyphenols [5]. Besides phenolics, flavonoids from mushrooms can 
also act as free radical scavengers to terminate the radical chain reactions that 
occur during the oxidation of triglycerides in the food system [6]. Flavonoids 
have anticarcinogenic, antimutagenic and cardioprotective effects that generally 
associated with antioxidant properties [7]. Several different methods have been 
developed to measure the antioxidant activities of compound. These methods 
include 2,2-diphenylpicrylhydrazyl (DPPH) and Ferric Reducing Antioxidant 
Power (FRAP). FRAP method was used to measure the iron-reducing capacity 
of mushrooms therefore it reveals the electron donating potential of the ex-
tracts. The ferrous-2,4,6-tri(2-pyridyl)-s-triazine [Fe(II)-TPTZ] complex formed 
upon the reduction of ferric-2,4,6-tri(2-pyridyl)-s-triazine [Fe(III)-TPTZ] has an 
intensive blue color and can be measured spectrophotometrically at 593 nm [8]. 
DPPH method was used to evaluate the free-radical scavenging capacity of the 
mushrooms. It is described as rapid, simple and convenient method for measur-
ing the ability of different compounds to act as free radical scavengers or hydro-
gen donors [9]. This spectrophotometric assay uses 2,2-diphenylpicrylhydrazyl 
(DPPH) radical as reagent. Hydrogen atom or electron donation ability of 
the mushrooms will be measured from the bleaching of the purple-colored 
ethanol solution of DPPH [2]. The objective of this study was to evaluate the 
antioxidant properties of ten Malaysian wild mushrooms based on the esti-
mation of total phenolic and flavanoid content and analysis by FRAP and 
DPPH assays. 

2. Materials and Methods 
2.1. Sample Collection 

Ten species of mushrooms were collected from the forests around Selangor and 
Sabah. 
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2.2. Preparation of Mushroom Extracts 

Organic extraction of mushroom was carried out according to the method de-
scribed by Khlood et al. [10]. Fresh mushroom was minced and dried under va-
cuum at room temperature for 2 hours. Accurately, 40 mL of methanol and 
chloroform were added at 1:1 volume ratio. The homogenate was agitated for 2 
hours, filtered with normal filter paper, refluxed for 3 hours or until completely 
dry using a rotary evaporator at 50˚C. The dried extract was re-dissolved in 
100% dimethyl sulfoxide (DMSO) for highest concentration, diluted to 1 mg/mL 
and finally stored at 4˚C.  

2.3. Estimation of Total Phenolic Content (TPC) 

The Folin-Ciocalteu method was used for determination of total phenolic con-
tent (TPC) as described by Harbourne et al. [11] with slight modifications. Ac-
curately, 0.1 mL of sample or standard was mixed with 0.5 mL of Folin-Ciocalteu 
reagent. Then, 1.5 mL of 7.5% sodium and 7.8 mL of distilled water was added to 
the mixture and mix thoroughly. The mixture was allowed to stand at room 
temperature in a dark environment for 2 hours. Absorbance was measured 
against the blank reagent at 725 nm by using Helios Zeta UV-VIS Spectropho-
tometer from Thermo Fisher Scientific, USA. Gallic acid was used for the cali-
bration curve with a concentration range of 50 - 1000 µl/mL (R2 = 0.99). The 
TPC of the sample was expressed as mg gallic acid equivalent (mg GAE)/g of 
dried extract. All experiments were performed in triplicates.  

2.4. Estimation of Total Flavonoid Content (TFC) 

Total flavonoid content (TFC) was determined following the method by Singh et 
al. [12]. Accurately, 1 mL of sample or standard was diluted with 4 mL distilled 
water and 0.3 mL of 5% sodium nitrate solution was added. After 6 minutes, 0.3 
mL of a 10% aluminium chloride solution was added to the mixture. The mix-
ture was incubated at room temperature for 5 minutes. Then, 2 mL of 1M so-
dium hydroxide was added to the mixture after 5 minutes of incubation. The 
mixture was vortexed thoroughly and the absorbance of the pink colour was 
measured at 510 nm against a blank by using Helios Zeta UV-VIS Spectropho-
tometer. Quercetin was used for the calibration curve with a concentration range 
of 10 - 1000 µg/mL (R2 = 0.99). Results were expressed as mg quercetin equiva-
lent (mg QE)/g of dried extract. All experiments were carried out in triplicates.  

2.5. Analysis of Antioxidant Activities by FRAP Method 

The FRAP assay was carried out according to the procedure by Deetae et al. [13]. 
The FRAP working solution was freshly prepared. Accurately, 25 ml Lacetate 
buffer (3.1 g sodium acetate and 16 mL concentrated Acetic acid per 1 L of 
buffer solution) was mixed with 2.5 mL 2,4,6-tripyridyl-s-triazine solution (10 
mM/L 2,4,6-tripyridyl-s-triazine in 40 mM/L hydrochloric acid) and 2.5 mL iron 
(III) chloride solution (20 mM/L iron (III) chloride hexahydrate in distilled wa-
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ter) as the FRAP working solution. Briefly, 0.1 mL sample or standard was 
mixed with 3 mL FRAP reagent and 3 mL distilled water. The mixture was then 
incubated in the dark at 37˚C for 8 minutes. The absorbance at 593 nm was re-
corded using Helios Zeta UV-VIS Spectrophotometer. The total antioxidant ca-
pacity of samples was determined against a standard of known FRAP value and 
was expressed as µM of trolox equivalent (µM TE)/g of dried extract. All ex-
periments were carried out in triplicates. 

2.6. Analysis of Antioxidant Activities by DPPH Method 

The DPPH method was performed as described by Nuengchamnong and Ing-
kaninan [14]. Accurately, 0.1 mL of sample or standard was added to 2.9 mL of 
0.05 mM methanol solution of DPPH and incubated at room temperature for 30 
minutes in the dark. After incubation at room temperature, the absorbance of 
the sample or standard was measured where methanol was used as blank at 515 
nm by using Helios Zeta UV-VIS Spectrophotometer. All experiments were 
performed in triplicates. The scavenging activity on DPPH was calculated and 
presented as percent of inhibition.  

2.7. Statistical Analysis 

All experiments were carried out in triplicates. Data obtained were analyzed by 
using one-way analysis of variance (ANOVA) and Pearson’s correlation coeffi-
cient was performed. Significant differences between the means at 95% (p < 
0.05) level were considered statistically significant. Data was recorded as mean ± 
standard deviation. 

3. Results and Discussion 
3.1. Mushroom Collections 

Figure 1 show ten wild mushrooms collected from Selangor and Sabah forests. 
All mushrooms were found to be saprophytic as they live on dead trunk.  

 

 
Figure 1. Ten wild mushrooms collected from Selangor and Sabah forests. (a) Mushroom A. (b) Mushroom B. (c) Mushroom C. 
(d) Mushroom D. (e) Mushroom E. (f) Mushroom F. (g) Mushroom G. (h) Mushroom H. (i) Mushroom I. (j) Mushroom J. 
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3.2. Total Phenolic Content (TPC), Total Flavonoid Content (TFC) 
and Antioxidant Activities by FRAP and DPPH of  
Ten Mushroom Extracts  

Total polyphenols (TP) were the major naturally occurring antioxidant compo-
nents found in many edible mushrooms which may contribute directly to anti-
oxidative action because of their scavenging ability due to their hydroxyl group. 
The standard curve of gallic acid was prepared and total phenolic content of 10 
different mushroom extracts were calculated based on this standard and pre-
sented as gallic acid equivalents (GAE) per gram of dry extract. The 10 different 
mushroom extracts showed TPC ranging from 0.015 - 0.075 mg GAE/g (Table 
1). Among the 10 mushroom extracts tested, mushroom extract J showed high-
est TPC with 0.075 mg GAE/g followed by mushroom extract C (0.064 mg 
GAE/g) and mushroom extract H (0.062 mg GAE/g) with no significant differ-
ences. The lowest phenolic content was found in mushroom extract E with 0.015 
mg GAE/g.  

Total flavonoid content was calculated using quercetin as a standard and the 
results are expressed as mg of quercetin equivalents per gram of extract. The to-
tal flavonoid content of 10 mushroom extracts ranged from 0.025 - 0.131 mg 
QE/g (Table 1). It showed that mushrooms extract C which has high total phe-
nol content also exhibited high total flavonoid content (0.131 mg QE/g) with no 
significant different with mushroom extract J (0.122 mg QE/g) as compared to 
the other 8 mushroom extracts studied. This followed by mushroom extract H 
with 0.078 mg QE/g. The lowest flavonoid content was found in mushroom ex-
tract E and I with no significant different (0.026 mg QE/g).  

 
Table 1. Total phenolic content (TPC), total flavonoid content (TFC) and antioxidant ac-
tivities by FRAP and DPPH of ten mushroom extracts. 

Mushroom 
Extract 

Assay 

TPC 
(mg GAE/g dried 

extract) 

TFC 
(mg QE/g dried 

extract) 

FRAP 
(µM TE/g dried 

extract) 

DPPH 
(µg/g dried 

extract) 

A 0.037 ± 0.003c 0.055 ± 0.006c 1.499 ± 0.111c 11.204 ± 1.885d 

B 0.026 ± 0.004d 0.038 ± 0.001d 1.262 ± 0.131c 17.112 ± 1.147c 

C 0.064 ± 0.011b 0.131 ± 0.014a 2.579 ± 0.093b 55.612 ± 1.515a 

D 0.029 ± 0.002d 0.057 ± 0.003c 1.165 ± 0.082c 9.659 ± 1.576d 

E 0.015 ± 0.001e 0.026 ± 0.004e 0.959 ± 0.128c,d 3.586 ± 0.190e 

F 0.024 ± 0.002d 0.025 ± 0.002e 1.049 ± 0.131c,d 6.305 ± 0.598d,e 

G 0.025 ± 0.004d 0.058 ± 0.002c 0.935 ± 0.102d 9.180 ± 1.578d 

H 0.062 ± 0.010b 0.078 ± 0.010b 2.929 ± 0.111a 44.185 ± 0.694b 

I 0.023 ± 0.003d 0.026 ± 0.001e 0.859 ± 0.076d 6.610 ± 0.912d,e 

J 0.075 ± 0.001a 0.122 ± 0.010a 1.469 ± 0.128c 1.770 ± 0.032f 

a-gMean values ± standard deviations represented by the same letters within the same column are signifi-
cantly different (p < 0.05).  
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The iron-reducing capacity of the mushroom extracts were determined by the 
FRAP method, which depends upon the reduction of a ferric-2,4,6-tri(2-pyridyl)- 
s-triazine [Fe(III)-TPTZ] complex to its ferrous-2,4,6-tri(2-pyridyl)-s-triazine 
[Fe(II)-TPTZ] that has an intensive blue color and can be monitored at 593 nm 
[8]. The range of total antioxidant capacity of mushroom extracts lies between 
0.859 - 2.929 µM TE/g (Table 1). Among all the mushroom extracts, it was 
showing that mushroom extract H which also contain high phenolic and flavo-
noid contents also exhibit high value of FRAP with 2.929 µM TE/g followed by 
mushroom extract C with 2.579 µM TE/g. Similar trends have been reported by 
Tripathy et al. [16], where maximum total phenolic content seen for wild mu-
shroom I. radiates, also exhibit high value of FRAP. The lowest value of FRAP 
was found in mushroom extract I (0.859 µM TE/g). However, there is no signif-
icant differences between this value with the value obtained for mushroom ex-
tract E (0.959 µM TE/g), mushroom extract F (1.049 µM TE/g), and mushroom 
extract G (0.935 µM TE/g). 

The free radical scavenging capacity of the mushroom extracts was measured 
by DPPH assay where the stable, purple-colored radical DPPH were reduced in-
to the yellow-colored DPPH-H. The percentage of inhibition of mushroom ex-
tract was shown in Figure 2. Mushroom C shows the highest percentage of rad-
ical scavenging activity ranging from 50% to 60%, followed by mushroom ex-
tract H with 40% to 50% of radical scavenging activity. These results indicate 
that the antioxidants in these mushrooms extracts are moderate DPPH radical 
scavengers. There was significant difference of highly percentage of inhibition 
observed between these two mushrooms extracts compared to the others. High 
inhibition percentage indicates higher antioxidant activity of the extract. Higher 
activity of the extract may be due to the presence of high hydroxyl groups, which 
is proportionate to their phenolic content [15]. However, mushroom extract J 
shows the lowest percentage of inhibition even though it yields the highest TP 
content. This may due to the bright orange colour of the extract which may in- 

 

 
Figure 2. The percentage of inhibition of mushroom extracts by DPPH. 
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Table 2. Pearson’s correlation coefficient (R) between antioxidant activities of wild 
mushrooms. 

 FRAP DPPH 

TPC 0.760 0.540 

TFC 0.661 0.555 

 
terfere with purple-colored solution of DPPH.  

3.3. Antioxidant Activities of Mushroom Extracts in Relation  
to Total Phenolic and Total Flavonoid 

Antioxidant capacities can be related to the total phenolic content of the mush-
room extracts. Puttaraju et al. [17] suggest that the antioxidant activity was var-
ied among the mushroom extracts probably due to the combinational effect of 
different phenolic compounds in the plant itself. The correlation coefficient was 
used to measure the degree or strength between the total phenolic content (TPC) 
and total flavonoid content (TFC) of mushroom extracts with FRAP and DPPH. 
Correlations were divided into categories based on the value of the strength to 
which the two variables are related: very strong (1.0 - 0.80), strong (0.79 - 0.60), 
moderate (0.59 - 0.40), weak (0.39 - 0.20), and very weak (0.19 - 0.00) as sug-
gested by Evans [18]. Table 2 demonstrates the correlation coefficients, R, be-
tween values obtained from each assay.  

Total phenolic content (TPC) were strongly correlated with FRAP (r = 0.760) 
and moderately correlated with DPPH (r = 0.540). A moderate correlation was 
noted between the total flavonoid content (TFC) with FRAP (r = 0.661) and 
DPPH (r = 0.555). This may suggest that phenolic was the major antioxidant 
components in the mushroom extracts that contributed to their antioxidant ac-
tivities. This result was consistent with previous findings that reported positive 
correlations between TPC and scavenging ability of DPPH in mushrooms [19]. 

4. Conclusion 

This study revealed that some of wild mushrooms from Selangor and Sabah for-
ests contain bioactive compounds that associate with their antioxidant proper-
ties. A moderate correlation between phenolic content and antioxidant activities 
suggest that phenolic was a major compound that contributed to the antioxidant 
activities of the mushroom extracts. However, some wild mushrooms are poi-
sonous therefore, further study are required to evaluate the toxicity of the 
mushrooms. An intensive study on molecular identification of the mushrooms is 
needed for documentation purposes. 
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