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Abstract

Biological antioxidants extracted from plants and fungi have potential abilities to scavenge free radicals and
inhibit lipid peroxidation, playing important roles in preventing diseases, for example, cancer, and aging
induced by reactive oxygen species, which may cause oxidative damage to DNA, proteins and other
macromolecules. The antioxidant potency of cultivated fruit-bodies of Cordyceps militaris (L.) Link was
investigated in this study. Five established in vitro systems were employed, including the 1,1-diphenyl-2-
picryldrazyl (DPPH) free radical scavenging, hydroxyl radical eliminating, iron chelating, inhibition of linoleic
acid lipid peroxidation and reducing power. The aqueous extract from cultivated fruit-bodies was subjected
to the test of amino acid, polysaccharide and mannitol. Ascorbic acid (Vc), butylated hydroxytoluene (BHT)
and ethylenediaminetetraacetic acid (EDTA) were used as positive controls for comparisons. Among the
assays, the aqueous extract of C. militaris fruit-bodies shows a significant scavenging effect on DPPH,
eliminating the capability on hydroxyl radicals and the chelating effect on ferrous iron. The extract also
shows positive results of inhibiting linoleic acid lipid peroxidation and reducing power.
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Cordyceps militaris (L.) Link, an edible and medicinal fungus,
was reported to have various pharmacological activities in re-
cent years (Nan et al. 2001; Yoo et al. 2004; Won and Park
2005). Recent studies have demonstrated that C. militaris can
be used to treat a wide range of conditions, including liver
disorders (Nan et al. 2001), tumors (Yoo et al. 2004), and aging
and inflammation (Won and Park 2005). Various metabolites
extracted from C. militaris, for example, cordycepin, cordycepic
acid, superoxide dismutase (SOD) and polysaccharides (Zhang

et al. 2003), have been proven to have pronounced biological
effects on the human body (Wasser 2002; Yoo et al. 2004).

Antioxidants play important roles in preventing the diseases
induced by reactive oxygen species (ROS) (Willcox et al. 2004),
which result in oxidative damage to DNA, proteins and other
macromolecules and are associated with degenerative or patho-
logical events, such as aging, asthma, and cancer (Klaunig and
Kamendulis 2004; Balaban et al. 2005). However, there are
serious concerns about the carcinogenic potential of synthetic
antioxidants widely used in the food industry, for example,
butylated hydroxyanisole (BHA) (Thompson and Moldeus 1988)
and butylated hydroxytoluene (BHT) (Witschi 1986; Thompson
and Moldeus 1988). Therefore, intensive research has been
carried out to develop natural alternatives, which may serve
as potent candidates in combating carcinogenesis and aging
processes. One of the possible natural sources may be de-
rived from the edible and medicinal fungi.

The antioxidant activity of C. militaris has attracted many
research interests. The exo-polysaccharides from culture



1366    Journal of Integrative Plant Biology    Vol. 48    No. 11    2006

liquid of C. militaris were reported to have moderate anti-oxi-
dative effects for lard (Li and Xu 1997). The antioxidant activity
of aqueous extract from cultivated C. militaris has also been
found to scavenge hydroxyl and superoxide anion radicals
(Shen and Shen 2001). There has been no report on the scav-
enging effect on DPPH, metal chelating and reducing power of
the extract from C. militaris so far. However, a direct correla-
tion between antioxidant activity and metal chelating and also
reducing power has been reported for extracts from some
plants and fungi, for example, Coleus aromaticus Benth.
(Kumaran and Joel Karunakaran, 2006) and Antrodia
camphorata (M. Zhang et C.H. Su) Sheng H. Wu, Ryvarden et T.
T. Chang (Mau et al. 2004). Due to the increasing interest in
using natural antioxidants to scavenge the ROS, there is a
need to obtain an overall assessment of the antioxidant activi-
ties of the extract from fruit-bodies of C. militairs, which can
now be cultivated in large scales.

In the present study, the antioxidant activities of the hot wa-
ter extract from cultivated fruit-bodies of C. militaris were
investigated in vitro and evaluated by the scavenging abilities
on DPPH and hydryoxyl radicals, the chelating ability on fer-
rous ions, the reducing power and the inhibition of linoleic acid
peroxidation.

Results

Contents of amino acids in the raw powder, and polysac-
charides and mannitol of hot water extracts from culti-
vated fruit-bodies of C. militaris

Seventeen amino acids with the total percentage of 29.89%
were found in the raw power of C. militaris fruit-bodies, in
which all kinds of essential amino acids occurred except tryp-
tophan (Table 1). The extract with 5.14 mg/mL polysaccha-
rides and 1.67 mg/mL mannitol, i.e. 12.86% polysaccharides
and 4.18% mannitol in the raw powder, was used in further
study to determine the antioxidant activities.

Scavenging effect on DPPH radicals

DPPH radical scavenging activity of the extract was evident at
all of the tested concentrations (Figure 1). The scavenging
effect increased with the increasing concentrations from 0.5–
5.0 mg/mL and at concentrations of 5.0–9.0 mg/mL, it was found
to be over 80%, significantly higher than that of ascorbic acid
at the same concentration.

Scavenging effect on hydroxyl radicals

As shown in Figure 2, the extract from fruit-bodies of C.
militaris had scavenging activity toward hydroxyl radicals in a

dose-dependent manner. The scavenging activity was rela-
tively lower than that of BHT within a concentration range of
0.1–8.0 mg/mL. However, it exceeded BHT at a higher concen-
tration (10.0 mg/mL) where the scavenging activity of BHT

Table 1. Contents of amino acids from cultivated fruit-bodies of
Cordyceps militaris

Amino acid Content (mg/g)a

Threonine 20.91
Valine 9.68
Methionine 2.63
Isoleucine 49.65
Leucine 11.30
Phenylalanine 10.07
Lysine 16.81
Histidine 7.68
Tryptophan   ND
Hydroxyproline   ND
Tyrosine 11.82
Taurine 0
Aspartic acid 26.48
Serine 16.39
Glutamic acid 30.25
Glycine 12.07
Alanine 19.58
γ-Aminobutyric acid 10.22
NH3 0
Arginine 26.53
Proline 16.84
Cysteine 0
Total 298.91

aThe weight (mg) of amino acid in every gram of raw powder. ND,
not detectable.

Figure 1. The scavenging ability on 1,1-diphenyl-2-picryldrazyl
(DPPH) radicals of the extract from cultivated fruit-bodies of
Cordyceps militaris.

 Extract from C. militaris   Ascorbic acid
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decreased.

Fe2+ chelating activity

The extract showed a moderate ability of ferrous ion chelating
and reached 66% at a concentration of 8.0 mg/mL (Figure 3)
and slightly decreased as the concentration increased. EDTA
showed a bet ter  chelat ing abi l i ty  at  a l l  the tested
concentrations.

Reducing power

The reducing power of the extract from C. militaris was shown
in Figure 4. Like the other antioxidant activities, the reductive
potential of the extract exhibited a dose-dependent activity
within a concentration range of 1.0–8.0 mg/mL and a slight
decrease at the concentration of 10.0 mg/mL.

Antioxidant activity on linoleic acid peroxidation

The inhibition of peroxidation of C. militaris in the linoleic acid
system was moderate at all of the tested concentrations but
lower than that of ascorbic acid (Figure 5). The scavenging
effect increased with the increasing concentration up to a cer-
tain extent (7.0 mg/mL) and then decreased with further con-
centration increase.

Discussion

There are numerous methods and modifications for evaluation
of antioxidant activity of a compound. A single method may not
provide a comprehensive picture of the antioxidant profile of a
studied sample. As in Dong and Yao (2006, unpublished data),
the antioxidant properties of hot water extract from fruit-bodies

Figure 2. The scavenging ability on hydroxyl radicals of the extract
from cultivated fruit-bodies of Cordyceps militaris.

Figure 3. The Fe2+ chelating activity of the extract from fruit-bodies
of Cordyceps militaris.

Figure 4. The reducing power of the extract from cultivated fruit-
bodies of Cordyceps militaris.

Figure 5. Effects of the extract from cultivated fruit-bodies of
Cordyceps militaris on linoleic acid peroxidation.

 Extract from C. militaris     Butylated hydroxytoluene (BHT)

 Extract from C. militaris    Ethylenediaminetetraacetic acid (EDTA)  Extract from C. militaris     Ascorbic acid

 Extract from C. militaris     Ascorbic acid
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of C. militaris was evaluated by using a range of testing sys-
tems in the present study and the results suggested that the
extract had direct and potent antioxidant activities.

One of the quick methods to evaluate antioxidant activity is
the scavenging activity on DPPH, a stable free radical and
widely used index (Mokbel and Hashinaga 2006). The hot wa-
ter extract from cultivated fruit-bodies of C. militaris showed
stronger DPPH scavenging ability at the concentration over 5.0
mg/mL than that of ascorbic acid, a well-known antioxidant
(Figure 1). Further, the scavenging ability of the extract reached
more than 80% from the concentration of 3.0 mg/mL. Apparently,
it is a promising resource for natural antioxidants.

The hot water extract of cultivated fruit-bodies of C. militaris
was also reported to be effective on the scavenging hydroxyl
radicals (Shen and Shen 2001). The extraction in hot water of
95 °C for 30 min was adopted by Shen and Shen (2001), and
their results showed 76% of the highest scavenging ability of
hydroxyl radicals at the final concentration of 3.67 g/L (sample/
water). However, the extract method in the present study was
95–100 °C for 2 h, repeated three times, and the scavenging
ability of the extract reached 77% (Figure 2) at the concentra-
tion of 0.1 mL of 10.0 mg/mL (sample/water) sample in the 3 mL
reaction system (equivalent to a final concentration of 0.33
g/L). The longer extraction period, coupled with repetition, is
apparently more effective than the shorter and single extrac-
tion for aqueous extraction of antioxidant active compounds
from fruit-bodies of C. militaris.

For the iron chelating, the reducing power and the inhibition
of linoleic peroxidation, the extract from cultivated fruit-bodies
of C. militaris showed moderate abilities (Figures 3−5), al-
though comparatively lower than that of the commercial anti-
oxidants at the same concentrations. However, in considering
the overall antioxidant activity, the extract can still be a useful
bioactive material and purification of the extract may lead to
better abilities.

 The antioxidant activities of the extract from cultivated fruit-
bodies of C. militaris in the assays performed in this study
prompt the possible uses of the cultivated C. militaris to meet
the needs of the natural antioxidant sources for human health.
The fruit-bodies of the fungus are now readily available in
quantity as the species can now be cultivated in large scales,
providing sufficient raw material.

Materials and Methods

Cultivation of fruit-bodies of Cordyceps militaris (L.) Link

The strain of C. militaris was originally isolated by the first
author in 2004 and maintained on potato dextrose agar (PDA)
at 4 °C. For the strain identification, the Internal Transcribed
Spacer (ITS1-5.8S-ITS2) of nuclear rDNA was amplified and

510 bp of the fragment were obtained from DNA sequencing.
The sequence was compared with a data set for identification
of Cordyceps species generated in this laboratory and the iden-
tity of the strain was verified both morphologically and
molecularly.

For cultivation, the strain of C. militaris was incubated on
PDA medium at 20 °C for 10 d in a Petri dish, and then trans-
ferred to the seed culture medium, potato dextrose liquid medium,
by punching out 5 mm diameter of the agar plate culture with a
sterilized cutter. The seed cultures were grown in a 500 mL
flask containing 150 mL of potato dextrose liquid medium at 20
°C on a rotary shaker incubator at 150 r/min for 3 d. The culti-
vation was performed in 250-mL glass bottle each with solid
culture medium. The fruit-bodies of C. militaris were harvested
after 70 d of cultivation and dried in an oven at 45 ºC to con-
stant weight.

Chemicals

Ferrozine, 2-deoxyribose, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
and linoleic acid (Analytical grade) were purchased from Sigma-
Aldrich (Steinheim, Germany); butylated hydroxytoluene (BHT,
Chemical grade) from China National Pharmaceutical Group
Shanghai Chemical Reagents Company (Shanghai, China); eth-
ylenediamine tetra-acetic acid (EDTA, Purity > 99.0%) from
Amresco (Ohio, USA); sodium acetate trihydrate (Analytical
grade), acetic acid (Analytical grade), hydrogen peroxide (H2O2),
trichloroacetic acid (TCA, Analytical grade) and ascorbic acid
(Analytical grade) from Beijing Chemical Reagents Company
(Beijing, China); and thiobarbituric acid (TBA, Purity > 98.0%)
from Acros Organics (Geel, Belgium); Mannitol (Analytical grade)
from Shanghai Zhengxiang Science and Technology Company
(Shanghai, China).

Preparation of the extract from cultivated fruit-bodies
of C. militaris

After the fruit-bodies of C. militaris were dried to consistent
weight at 45 °C, they were weighed and ground into a fine
powder. Raw powder (10.0 g) was extracted with 200 mL
distilled water at 95–100 °C for 2 h and repeated three times.
The filtrate was collected after vacuum filtration and adjusted
to a final volume of 250.0 mL. The extract at the concentration
of 40.0 mg/mL (sample/distilled water) was stored in the dark
at 4 °C before use.

Determination of amino acid, polysaccharide and man-
nitol contents of cultivated fruit-bodies of C. militaris

As a quality control of the fungal material used in the assays,
the contents of amino acids in the raw powder, and the polysac-
charide and mannitol contents in raw extract were determined.
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Determination of amino acids in the raw power of fruit-bod-
ies of C. militaris was conducted using a NEC 835–50 Auto-
matic Amino Acid Analyser (NEC Japan) at the Medical College
of Peking University (Beijing, China). The polysaccharide con-
tents in extracts were determined using the phenol-sulfuric
acid method (Dubois et al. 1956), and the mannitol contents by
the colorimetric method (Li et al. 1999) with some modifications.
In brief, for the contents of mannitol, 1 mL of the solution con-
taining 0.04 mL of extract and 1 mL of sodium periodate (0.015
mol/L) were mixed. After 10 min, 2 mL of rhamnose (0.1%) and
4 mL of fresh Nash reagent (2 mol/L ammonium acetate mixed
with 2 mL acetic acid and 2 mL acetyl acetone) were added to
the mixture, which was placed in a water bath at 53 °C for 15
min. The absorbance was measured at a wavelength of 412
nm on a Unico-2100 spectrophotometer (Shanghai, China). A
blank test was prepared by substituting distilled water for the
extract solution. A standard curve was prepared using a man-
nitol standard. One millilitre of solution containing up to 50 µg/
mL of mannitol was determined by the above method and the
mannitol content of samples was calculated by the linear re-
gression equation from the standard curve.

Scavenging effect on DPPH radicals

The scavenging effect of aqueous extract from C. militaris on
DPPH radicals was determined by the method of Blois (1958)
with some modifications. An acetate buffer (0.05 mol/L, pH 5.5)
and solution of DPPH in ethanol (0.50 mmol/L) were prepared.
The extract (0.5−9.0 mg/mL) of 1.0 mL was mixed with 2.0 mL
of acetate buffer, 1.0 mL of absolute ethanol and 1.0 mL of
DPPH solution. The mixture was shaken immediately after add-
ing DPPH and allowed to stand at room temperature in the dark
for 30 min. The decrease in absorbance at 517 nm was then
measured using a spectrophotometer (UNICO 2100, Shanghai
China). Ascorbic acid was used as a positive control, distilled
water in place of extract or ascorbic acid was used as a blank,
and the sample solution without adding DPPH was used as a
sample blank. The radical scavenging activity was measured
as a decrease in the absorbance of DPPH and was calculated
using the following equation, with Ab, As and Asb as the ab-
sorbance at 517 nm of DPPH of the blank, extract or control,
and sample blank respectively.

Scavenging activity (%) =                          × 100         (1)

Scavenging effect on hydroxyl radicals

Scavenging effect on hydroxyl radicals was studied following
the method of Halliwell et al. (1987). The 1.0 mL reaction mix-
ture containing 0.4 mL of sodium phosphate buffer (20.00 mmol/L,
pH 7.4), 0.1 mL of extract (at concentrations of 0.1–10.0 mg/mL),
0.1 mL of deoxyribose (60.00 mmol/L), 0.1 mL of hydrogen

peroxide (10.00 mmol/L), 0.1 mL of ferric chloride (1.00 mmol/L),
0.1 mL of EDTA (1.04 mmol/L) and 0.1 mL of ascorbic acid (2.00
mmol/L), was incubated at 37 °C for 1 h. Solutions of ferric
chloride and ascorbic acid were made up immediately before
use in deaerated water. The reaction was stopped by adding
1.0 mL of TBA (1%) and 1.0 mL of TCA (2.8%). The mixture
was then boiled for 15 min, cooled in ice, and then measured
for the absorbance at 532 nm. BHT was used as a positive
control. The radical scavenging activity was calculated using
the equation mentioned in the above section on scavenging
effect on DPPH radicals, where Ab, As and Asb are the absor-
bances at 532 nm of the blank, extract or BHT, and sample
blank respectively.

Ferrous ion chelating activity assay

The chelating activity of the extract on ferrous ion was carried
out following the method described by Decker and Welch (1990).
The 1.0 mL extract (0.1–15.0 mg/mL) was mixed with 3.7 mL
of deionised water and then the mixture was reacted with 0.1
mL of ferrous chloride (2.00 mmol/L) and 0.2 mL of ferrozine
(5.00 mmol/L) for 20 min. The absorbance at 562 nm was
determined. EDTA was used as positive control and chelating
activity on ferrous ion was calculated as the following equa-
tion with Ab as the absorbance of the blank without extract or
EDTA and As as the absorbance in the presence of the extract
or EDTA.

Inhibition (%) =                  × 100                   (2)

Measurement of reducing power

The reducing power of the extract was measured as reported
by Yen and Chen (1995) with some modification. The extract
(2.0–10.0 mg/mL) of 1.0 mL in 2.5 mL of phosphate buffer (0.20
mol/L, pH 6.6) was added to 2.5 mL of potassium ferricyanide
(10 mg/mL), and the mixture was incubated at 50 °C for 20 min.
After 2.5 mL TCA (10.0 mg/mL) was added, the mixture was
centrifuged at 1 160g for 10 min, and then 2.5 mL of the super-
natant was mixed with 2.5 mL of deionized water and 0.5 mL of
ferric chloride (1.0 mg/mL). Ascorbic acid was used as a control.
The absorbance was then measured at 700 nm against a blank
in the spectrophotometer. A higher absorbance of the reaction
mixture indicates a higher reducing power.

Antioxidant activity in a linoleic acid system

The thiocyanate method was used to determine the antioxidant
capacity of the extract on inhibition of linoleic acid peroxidation
(Chang et al. 2002). Linoleic acid emulsion was prepared with
linoleic acid (0.280 4 g) and Tween 20 (0.280 4 g) in 50 mL of
phosphate buffer (0.20 mol/L, pH 7.0). A reaction solution,

Ab−(As−Asb)
Ab

Ab–As
Ab
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containing 0.5 mL of extract (1.0–9.0 mg/mL), 2.5 mL of linoleic
acid emulsion and 2.0 mL of phosphate buffer (0.20 mol/L, pH
7.0) were mixed with a homogeniser. The reaction mixture was
incubated at 60 °C in the dark to accelerate the oxidation pro-
cess for 8 h. To 4.5 mL of ethanol (75%), 0.2 mL of ammonium
thiocyanate solution (300 g/L), 0.1 mL of the sample solution
and 0.2 mL of the ferrous chloride solution (20.0 mmol/L in
hydrochloric acid) were added in sequence. The solution was
stirred for 3 min and its absorption value at 500 nm was taken
as the peroxide value. The inhibition of ascorbic acid on linoleic
acid peroxidation was also assayed at the same concentration
for comparison. The solution without adding extract or ascor-
bic acid was used as blank. All the tests were performed in
triplicate.

Inhibition effect in the linoleic acid system was calculated
using the same equation given in the section on ferrous ion
chelating activity assay above, where Ab is the absorbance of
the blank and As is the absorbance of the aqueous extract or
ascorbic acid at 500 nm.
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