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EXTRACT FROM WILD STRAIN OF MUSHROOM
GANODERMA LUCIDUM AS NATURAL ANTIOXIDANT

ABSTRACT: Recently, much attention has been paid to revealing natural biomaterials
for clinical purposes since use of synthetic antioxidants is restricted due to their carcino-
genicity. Among various natural antioxidants, polysaccharides, in general, have strong anti-
oxidant activities and can be explored as novel potential antioxidants. The aim of this work
was to examine the antioxidant properties of hot water extracted polysaccharides from Ga-
noderma lucidum in the form of mature fruit bodies, collected from the Bojcm:ka forest
near Belgrade, the Republic of Serbia. Antioxidant properties were assayed in vitro, by the
conjugated diene method, reducing power, scavenging abilities against 1.1-diphenyl-2-picryl-
hydrazyl (DPPH) radicals and chelating ability on ferrous ions. At concentrations of 1 mg/ml,
the scavenging ability of G. lucidum polysaccharide extract on DPPH radicals was 74.7 %.
At 1 mg/ml, the radical scavenging ability of the positive controls BHT, ascorbic acid and
a-tocopherol were 11.5, 77.1 and 79.4 %, respectively. The antioxidant activity of the polysac-
chari ed as the concentration increased to 78.0% at 20 mg/ml. Antioxidant
activities of ascorbic acid and a-tocopherol were 63.8 % and 65.4% at 20 mg/ml. Polysac-
charide extract from G. lucidum showed steady increase in the reducing activity as concen-
trations increased to 2.9 at 20 mg/ml. Ascorbic acid, used as a positive control, had a reduc-
ing power of 3.9 at 5 mg/ml. Chelating effects of the polysaccharide extract on ferrous ion
increased with the increased concentrations. At 0.1-20 mg/ml, the chelating ability of G.
Iucidum polysaccharide extract was between 10.3-87.8%. The chelating effect of the synthetic
metal chelator EDTA was 100% at 0.1-20 mg/ml, while citric acid did not prove to be good
chelating agent for ferrous ions in this assay since its chelating ability was 10.3% at 20 mg/ml.
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INTRODUCTION

Free radical species produced by sunlight, ultraviolet light, ionizing ra-
diation, chemical reactions and metabolic processes have a wide variety of
pathologlcal effects, such as causing DNA damage, carcinogenesis and cellular
degeneration related to aging (Cross, 1987;Becman and Ames, 1998).
Almost all organisms are well protected against free radical damage by enzymes,
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such as superoxide dismutase and catalase, or compounds, such as ascorbic acid,
tocopherols and glutathione (Nik i etal., 1994). In order to reduce the damage
of free radicals, synthetic antioxidants, such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propylgallate (PG), and tert-butylhydroqui-
none (TBHQ) are used. However, according to toxicologists and nutritionists,
the side effects of some synthetic antioxidants used in food processing, such
as BHT and BHA, have already been documented. For example, higher levels
of BHA and BHT have been suspected of being responsible for liver damage
and carcinogenesis (De O liveiraetal,2009; Prasad etal., 2009). Re-
cently, much attention has been paid to screening natural biomaterials.

Among various natural antioxidants, polysaccharides, in general, have
strong antioxidant activities and can be explored as novel potential antioxi-
dants (Jian getal., 2005; N g et al., 2006). Also, polysaccharides are poten-
tially useful for pharmaceutical purposes due to a variety of their biological
activities, such as immunological, anti-radiation, anti-blood coagulation, anti-
cancer, anti-HIV and hypoglycemic activities (Y an g et al.,, 2005; Y oo n et
al., 2003).

Therefore, the aim of the present work is to evaluate the antioxidant prop-
erties of hot water extracted polysaccharides from wild strain of the mushroom
Ganoderma lucidum in the form of mature fruit bodies, collected from the
Bojcinska forest near Belgrade, the Republic of Serbia. ln recent years, wild
edible mushrooms have become increasingly important in our diet for their
nutritional and pharmacological characteristics. Their nutritional values and
taste components have been studied. However, there is little information avail-
able about antioxidant properties of wild edible mushrooms.

Antioxidant properties were assayed in vitro in terms of antioxidant ac-
tivity, by the conjugated diene method, reducing power, scavenging abilities on
1.1-diphenyl-2-picrylhydrazyl (DPPH) radicals and chelating ability on ferrous
ions.

MATERIALS AND METHODS
Sample preparation

Fresh wild-growing fruiting bodies of mushroom Ganoderma lucidum
were collected from the Boj¢inska forest near Belgrade, the Republic of Ser-
bia. After collecting, the fruiting bodies were brush-cleaned, air-dried to con-
stant mass at 40 °C and ground into fine particles which were stored in the
dark prior to the analysis.

Extraction of water soluble polysaccharide fraction

Up to 10% of dried powdered tissue was suspended in Milli-Q water.
Polysaccharide extraction was done by autoclaving at 121°C for 45 minutes.
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The extract was cooled down and centrifuged at 9000 x g for 20 minutes.
Supernatant was concentrated to 10% of the starting volume. Two volumes of
96% ethanol were added and left at 4 °C overnight. After centrifugation, the
pellets were washed with 70% ethanol, and dried in vacuum at 42 °C. Purifi-
cation was done by dialysis using ZelluTrans/Roth” 6.0 regenerated cellulose
tubular membrane (MWCO: 8.000-10.000) against Milli-Q for 24 h at room
temperature in order to remove residual small molecules as polyphenols, pep-
tides and polysaccharides < 8-10 kDa. After centrifugation high MW polysac-
charides were ethanol precipitated and vacuum dried for later use.

DPPH (2.2-diphenyl-1-picryhydrazyl) radical scavenging activity

The assay was done according to the modified method of Bilos (1958). In
the first series, each polysaccharide powder (0.1-10 mg/ml, 2ml) in Milli-Q
water was mixed with 1ml of freshly prepared DMSO solution containing 0.2
mM DPPH. In the second series, each sample was mixed with 1 ml DMSO
solution. The reaction mixture was vortexed vigorously for 1 min and kept in
the dark at 20 °C for 40 min. The absorbance of the resulting solution was
measured spectrophotometrically at 517 nm against the blank using UV/VIS
spectrophotometer (Shimadzu UV-1650 PC, Japan). DPPH free radical scav-
enging activity was calculated by the equation [1-(As-Aj)/Ac] x100, where Ai
was the absorbance of 2 ml extract mixed with 1 ml DPPH solution, Aj was
the absorbance of 2 ml extract mixed with 1 ml DMSO solution, and Ac was
the absorbance of blank-2 ml of DMSO mixed with 1 ml of DPPH solution.
Ascorbic acid, BHT and a-tocopherol dissolved in DMSO were used as the
positive control. The ECs, value (milligrams of extract per milliliter) was the
effective concentration at which DPPH radicals were scavenged by 50%, and
it was obtained by interpolation from linear regression analysis.

Antioxidant activity

The antioxidant activity was determined by the conjugated diene method
with slight modifications (Lingnert et al, 1979). Each polysaccharide
powder (0.1 to 20 mg/ml, 100uL) in Milli-Q water was mixed with 2 ml of 10 mM
linoleic acid emulsion in 0.2 M sodium phosphate buffer (pH 6.5). Then, 6.5 mM
Tween 20 was added to provide a stable emulsion which was shaken in the
dark at 37 °C to accelerate the oxidation. After incubation for 15 h in 0.2 ml
of antioxidant mixture, 6 ml of absolute methanol was added. The absorbance
of the supernatant mixture was measured at 234 nm against a blank using a
UV/VIS spectrophotometer (Shimadzu UV-1650 PC, Japan). The blank was
the solution with all reagents but without extract. The proportional antioxidant
activity was calculated from the equation [(Ag— A)/ Ag] x 100, where Ay was
the absorbance of the control reaction and A, the absorbance in the presence
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of the sample. Ascorbic acid and a-tocopherol were used as positive controls.
A value of 100% indicated the strongest inhibitory ability.

Ferric-reducing antioxidant power assay

Reducing power was determined according to O y a i z u (1986). Each
polysaccharide powder (0.1 to 20 mg/ml, 2.5 ml) in Milli-Q water was mixed
with 2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% po-
tassium ferricyanide. The mixture was vortexed and incubated at 50 °C for 20
min. Then, 2.5 ml of 10% trichloroacetic acid (w/v) was added and the mixture
was centrifuged at 2000g for 10 min. The upper layer (5 ml) was mixed with
5 ml of Milli-Q water and 1 ml of 0.1% ferric chloride. The absorbance was
measured at 700 nm against a blank using a UV/VIS spectrophotometer (Shi-
madzu UV-1650 PC, Japan). The blank was the solution with all reagents but
without the extract. Higher absorbance indicated higher reducing power.
Ascorbic acid was used as the positive control.

Chelating ability on ferrous ions

Chelating ability was determined according to the methodof Dinis etal.
(1994). Each polysaccharide powder (0.1 to 20 mg/ml, 1 ml) in Milli-Q water
was mixed with 3.7 ml of Milli-Q water and 0.1 ml of 2 mM ferrous chloride.
The reaction was initiated by the addition of 0.2 ml of 5 mM ferrozine. After
10 min. at room temperature, the absorbance of the mixture was determined
at 562 nm against the blank. Blank was the solution with all reagents but with-
out the extract. Lower absorbance indicated higher chelating ability. The ECs,
value (mg extract/ml) was the effective concentration at which ferrous ions
were chelated by 50%. Citric acid and ethylenediaminetetraacetic acid (EDTA)
were used for comparison.

RESULTS AND DISCUSSION

DPPH is a free radical compound that has been widely used to determine
the free radical-scavenging ability of various samples (Su et al., 2008). At
concentrations of 1 mg/ml, the scavenging ability of G. lucidum polysaccha-
ride extract on DPPH radicals was 74.7 % (Figure 1). At 1 mg/ml, the radical
scavenging ability of the positive controls BHT, ascorbic acid and a-tocopherol
were 11.5, 77.1 and 79.4 %, respectively (Figure 1). The radical scavenging
ability of the extract and positive controls at 1 mg/ml decreased in the follow-
ing order: a-tocopherol ~ ascorbic acid > G. lucidum > BHT. At 10 mg/ml, the
radical scavenging ability decreased in the following order: ascorbic acid >
a-tocopherol = G. lucidum > BHT.
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Fig. 1 - Scavenging ability on 1.1-diphenyl-2-picrylhydrazyl radicals (a); antioxidant
activity evaluated in the linoleic acid model system (b) of hot water polysaccharide extract
from G. lucidum. Each value is expressed as mean + SEM (n = 3).

Using the conjugated diene method, the antioxidant activity of the polysac-
charide extract from G. lucidum increased as the concentration increased to
78.0% at 20 mg/ml (Figure 1). Antioxidant activities of ascorbic acid and
a-tocopherol were 63.8 % and 65.4% at 20 mg/ml, respectively.

Polysaccharide extract from G. lucidum showed steadily increasing re-
ducing activity as concentrations increased to 2.9 at 20 mg/ml (Figure 2).
Ascorbic acid, used as a positive control, had a reducing power of 3.5 at 20
mg/ml. High reducing power of G. lucidum polysaccharide extracts at 20 mg/
ml suggested high potential in hydrogen-donating ability (A desun getal,
2007).

Chelating effects of the polysaccharide extract on ferrous ion increased
with the increased concentrations (Figure 2). At 0.1-20 mg/ml, the chelating
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Fig. 2 - Reducing power (), and chelating ability on ferrous ions (b) of hot water
polysaccharide extract from G. Jucidum. Each valu is expressed as mean + SEM (1 =3).

ability of G. lucidum polysaccharide extract was between 10.3-87.8%. The chelat-
ing effect of the synthetic metal chelator EDTA was 100% at 0.1-20 mg/ml,
while citric acid was not a good chelating agent for ferrous ions in this assay,
and its chelating ability was 10.3% at 20 mg/ml.
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ECsg values in antioxidant properties

The effectiveness of antioxidant properties was expressed as ECsq (mg/ml)
value which represented the effective concentration of mushroom extract re-
quired to show 50% antioxidant property (Table 1). Lower ECs, value corre-
sponded to higher antioxidant activity of the mushroom extract.

Tab. 1 — ECso values of polysaccharide extract from G. lucidum in antioxidant properties. Each
value is expressed as mean + SEM (1 = 3).

ECs’ (mg extract/ml)

Scavenging ability on DPPH radicals 016 +0.03
Antioxidant activity 8.89+0.12
Reducing power 2.69+0.17
Chelating ability on ferrous ions 348+0.10
“ ECyo value: The effective jon at which 1.1-diphenyl-2-pi (DPPH) radicals

were scavenged by 50%; the antioxidant activity was 50%; the absorbancc was 0.5 for reducing
power; and ferrous ions were chelated by 50%. ECso value was obtained by interpolation from
linear regression analysis.

With regard to scavenging ability on DPPH radicals, the polysaccharides
from wild strain of G. lucidum showed very good scavenging ability which
could be observed in their low ECs, values (0.16 + 0.03 mg/ml). Ascorbic acid
and o-tocopherol were both confirmed as excellent scavengers of DPPH radi-
cals (ECsp< 0.1 mg/ml). BHT also proved to be a good DPPH radical scaven-
ger (ECso= 11.86 mg/ml). An ECs, value of the antioxidant activity was 8.89
+ 0.12 mg/ml. a-tocopherol showed excellent antioxidant activity (ECsp < 0.1
mg/ml), whereas ascorbic acid also had a good activity as shown by its low
ECs value (1.64 mg/ml).

For reducing power ECs, value was 2.69 + 0.17 mg/ml. Ascorbic acid showed
excellent reducing activity (ECso < 0.1 mg/ml). ECs value of the chelating
ability of G. lucidum extract was 3.48 + 0.10 mg/ml. The chelator EDTA showed
higher activity (ECso < 0.1 mg/ml). An ECs, value of the citric acid was < 20
mg/ml.

CONCLUSION

The results of the present study suggest that polysaccharide extract from
wild strain of the Ganoderma lucidum mushroom acts as natural antioxidant.
The extract exhibited good antioxidant activities, and some even showed
higher potency than the standard synthetic antioxidants in some instances; for
example, G. lucidum polysaccharide extract had higher activity in the DPPH
assay when compared to BHT. Polysaccharide extract may be a good source
for the development of antioxidant food additives. Further investigations are
necessary to verify these activities in vivo.
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EKCTPAKT ITYMCKOT COJA TJbUBE GANODERMA LUCIDUM
KAO TTPUPOJTHU AHTUOKCUTAHT
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Pesnme

V nanaumme BpeMe cBe Behe Makma ce MOKJIama NMPOHANAKCHY NPHPOTHUX
GHONOIIKMX MaTepHjasIa KOji HMajy aHTHOKCHIaTHBHA cBojcTaBa. Hexerbenn edext,
omTeheme jeTpe U KapiHHOTEHE3a, O CTPAHE CHHTETHUKHX AHTHOKCHIaHATA KOjH ce
KOPHCTE Kao alHTHBH HCXPAHH Cy YBEIHKO noTephenn. Mehy pasmuaurum npupo-
HHUM aHTHOKCH/IAHTHMA MOJINCaXapin IPUBIIade cBe Behy Makmby Kao je/iniberma ca
M3PAKEHOM aHTHOKCHAaTHBHOM akTuBHOIThy. ITusb pana je 61o na ce ucnutajy aHTH-
OKCHJIaTHBHA CBOjCTBA BPEJIOT BOACHOT EKCTPAKTA MOTHCAXapua r/bise Ganoderma
lucidum j W3 3PCIHX I1. TeJa, NPUKYIBEHHX Y BojunHCKoj mymu
y Gausunu Beorpana, Peny6inka Cpouja. AHTHOKCHIaTHBHA CBOJCTBA CY HCIUTHBAHA
nomohy aHTHOKCHIaTHBHE METO/IE Y MOJIEN CHCTEMY JIHHOJIEHHCKE KHCENHMHE, Mepe-
HEM CHare pefyKIiuje, criocodHocTH Xatama 1,1-mndennn-2-nmuxpunxuapasun (DPPH)
pajKaa i CriocoOHOCTH XeJuparma joHa reoxkha. Ilpu koHneHTpauuju o1 1 mg/ml
crniocobHocT xBataa DPPH pajukaia noiucaxapiHOI KCTPAKTa IIyMCKOT coja
Ganoderma lucidum nocturna je HuBo on 74.7%, 10K Cy H3MEPEHE BPEHOCTH, IPH
HCTOj KOHLIEHTPALHjH, 3a TO3UTHBHE KoHTposie BHT, ackopbuHCKy KHCETMHY H a-TO-
kodepon nznocune 11.5, 77.1 u 79.4%. AHTHOKCHIaTHBHA aKTHBHOCT H3MEPEHA y MO-
JIeIT CHCTeMy JTIHHOJICHHCKE KHCEIIMHE 3aBUCHIIA je O/l KOHICHTpaluje 1 nosehasana ce
ca nosehamem koHueHTparmje. M3mepena je BpensocT ox 78.0% mpu KOHIEHTpaLHju
0120 mg/ml. AHTHOKCHJATHBHE aKTHBHOCTH aCKOPOHHCKE KMCETHHE H 0-TOKodepona
Tpu KoHUeHTpauuju o1 20 mg/ml 6uite cy 63.8 1 65.4%. Penykimona ciocoGHOCT T10-
JIHCAXapHIHOT EKCTPAKTA JIOCTHIIA je HHBO o1 2.9 nipu 20 mg/ml u 3.9 npu 5 mg/ml
KOJl acKOpOMHCKE KHCE/THHE Koja je kopuuthena Kao no3utuBHa KoHTpona. CriocobHoCT
xenupama jona reoxkha ce nopehasana ca nosehamem konuenTpanuje. [lpu kouueH-
Tparmju ox 0.1-20 mg/ml n3mepena ciocoGHoCT Xemupara Gua je usmehy 10.3-87.8%.
Xenaruu edekar EDTA 6no je 100% y oncery o 0.1-20 mg/ml. JlumyHcka Kucennxa
ce HHje nokasana kao 106ap xemupajyhu arenc (10.3% mpu 20 mg/ml).
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