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Summary
Antioxidant Activity of Ganoderic Acids, Polysaccharides and Crude Extracts from the
Ganoderma neo-japonicum Mushroom

Ganoderma neo-japonicum (GNJI) is a new mushroom recently founded in Bu Gia Map National Park on the
decomposing bamboo stump (Schizostachyum sp.). The mushroom has been cultured and studied in the recent years. In this
study, the antioxidant activities of ganoderic acids, polysaccharides, and crude extracts from GNJI mycelia and fruitbody had
been determined by the antioxidant abilities against 1,1-diphenyl-2-picrylhydrazyl (DPPH), nitric oxide (NO), Fe?*- 2,4,6-
tri(2-pyridyl)-1,3,5-triazine (FRAP) free radicals. The results showed that the fruitbody (FrbExt) and biomass (MasExt) crude
extracts had higher antioxidant activity than Trolox on DPPH (EC50gg, = 743.422pug/mL; EC50pueex = 799.943ug/mL),
NO (EC50grpeq = 714.194ug/mL; EC50yspx = 907.563pg/mL) and FRAP (ECS50pueq = 103.313pg/mL; EC50ygex =
234.814pg/mL). In multifactor anova analysis showed that crude extract, ganoderic acids showed higher antioxidant activity
than polysaccharides and fruitbody had higher antioxidant effect than biomass.

Keywords: Ganoderma neo-japonicum, Antioxidant, Ganoderic acid, Biomass, Polysaccharide.

1. Introduction

Free radicals are produced either from normal
cell metabolisms in endogenous or from external
sources (pollution, cigarette smoke, radiation,
medication). When overload of free radicals, the
free radicals cannot gradually be destroyed, their
accumulation in the body generates a
phenomenon called oxidative stress. This process
plays a major part in the development of chronic
and degenerative illness such as cancer,
autoimmune disorders, aging, cataract,
rheumatoid  arthritis,  cardiovascular  and
neurodegenerative diseases...[1]. G. [lucidum
polysaccharides exhibited the higher DPPH , O,
and OH free radicals scavenging activities. It
could significantly enhance the antioxidant
enzyme activities (SOD, CAT and GPx), and
reduce levels of IL-1f3, IL-6 and TNF-a in rats
with cervical cancer [2]. Triterpene group
included ganoderic acids A, B, C and D,

lucidenic acid B and ganodermanontriol were
screened for their antioxidative effect against
pyrogallol-induced erythrocyte membrane
oxidation and Fe (II)-ascorbic acid induced lipid
peroxidation [3].

G. neo-japonicum Imazeki (GNJI) have been
known as lignin-degrading mushroom by Jo et al.
[4]. It was then studied to improve the cellulose
degradation activity by this same author's
publication [5]. The culture process of GNIJI
mushroom was supplemented with methionine by
Lee et al. [6] to effectively increase the
production  of  ergothioneine and was
supplemented with tryptophan by Park et al. [7]
to increase the efficiency of phenolic
compounds. Extraction of GNJI had abilities to
manage of type 2 diabetes mellitus [8].
Antioxidant activity of GNJI had found with
ethanol precipitation from the mycelia [9],[10].
Active substances with strong antioxidant
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capacity cryptoporic acids H and I were reported
by Lin et al. [11] in fruit body.

Therefore, this study aimed to comparison
antioxidant activities of crude extracts from GNJI
biomass, GNIJI fruit bodies and their fractions of
polysaccharides and ganoderic acids.

2. Materials and methods

Mushroom materials

GNIJI fruit bodies in Bu Gia Map National
Park were collected, washed, and dried at 45°C
until there is no change in weight (lower than
20% of humidity), finely ground, vacuum sealed
and stored at room temperature. The process of
morphological description and DNA sequencing
for identification was carried out at the laboratory
of the Institute of Biotechnology Research and
Development, Can Tho University (template
code GN202005). GNJI biomass was harvested
from the culture process (culture medium
containing 90% rice, 5% cornstarch, 5% rice
bran). These biomass samples and fruit bodies
were harvested to produce extracts (fruitbody
extract - FrbExt, biomass extract - MasExt),
polysaccharides (fruitbody polysaccharides -
FrbPol, biomass polysaccharides - MasExt) and
ganoderic acids (fruitbody ganoderic acids -
FrbGAs, biomass ganoderic acids - MasGAs)
fractions which used to test for antioxidant
activity.

Preparing fruit body and biomass crude
extracts (Ext)

The extract was prepared by extracting the
mushroom sample in hot water at 90°C for 24
hours at a ratio of 1:10 (w/v), the extract then
concentrating at 50°C until 50% volume
remained. The samples were adding 30% ethanol
at ratio 1:1 (v/v), evaporating at 50°C to 50%
volume, cooling at 2-5°C for 8 hours, remove
precipitate, continue to evaporate at 50°C until
50% volume remained [12].

Extraction polysaccharides (Pol) from the
Sfruit body and biomass

The degreased GNJI powder was extracted
with Junchen Chen’s protocol [13] which had
some modifications. Sample was added distilled
water at ratio of 1:3 (w/v) and incubated in a
water bath at 90°C for 5h, and then centrifuged at
3000 rpm for 15 min to remove the pellet. The
proteins in the supernatant were removed by

incubating trichloroacetic acid (TCA) at ratio 1:2
(v/v) in 1 hour and centrifuged at 5000 rpm for
15 min. The supernatant was added 96% ethanol
at ratio 1:2 (v/v) then incubated at 2-8°C in 24
hours and centrifuged at 5000 rpm for 15 min.
The pellet was collected and conducted by 96%
ethanol. The polysaccharides were measured by
using  Phenol-Sulfuric  Acid Method at
absorbance 490 nm [13].

Preparing ganoderic acids (GAs) fraction

Every gram of sample (biomass and fruit
body) was suspended in 15 mL 70% ethanol. It
was extracted two times; 24 hours each. After
removing biomass with cellulose filter, the
supernatant was dried at 50°C under vacuum
condition. The residues were suspended by water
and extracted with chloroform. The GAs in the
chloroform phase was further extracted by 5%
(w/v) NaHCOs;. The pH of NaHCO; phase was
then adjusted to be lower than 3.0 by 2M HCI.
Then GAs was extracted by chloroform and
dissolved in ethanol after chloroform evaporated.
The GAs was measured at 245 nm using thymol
as standard [14].

DPPH radical scavenging assay

Research substances with antioxidant effects
will reduce the color of 1,1-diphenyl-2-
picrylhydrazyl (DPPH). The free radical
scavenging activity of fractions was measured by
1, 1-diphenyl-2-picrylhydrazyl using method of
Sharma [15] which had some modifications.
Stock solutions of DPPH were prepared by
dissolving 7.89 mg in 100 mL methanol, kept 2
hours in dark. 40 puL solution of DPPH in
methanol was mixed to 960ul sample (at
reference compounds 100, 200, 400, 600, 800,
1000 pg/L). Trolox was used as reference
material (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid, CAS No
53188-07-1, Sigma aldrich). The samples were
testing included MasPol, FrbPol, MasExt,
FrbExt, MasGAs, FrbGAs. All the tests were
performed in triplicate, wrapped in aluminum
foil, incubated at 30°C. After 30 minutes,
absorbance was measured at 517 nm. The
percentage of inhibition was calculated by
comparing the absorbance values of the control
and test samples. The graph was plotted with the
mean of DPPH scavenging (%).
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DPPH scavenging (%) =

The percentage of DPPH scavenging used to
make scatter chart and the trend line was deduced
from the chart. The equation as y = ax + b of
trend line was used to calculate the ICs, with y =
50. ECsy value (a concentration of a sample
required to inhibit 50% of radical) was calculated
by using the method of Piaru et al [17] and
Nguyen Thi Thu Huong et al [18].

Nitric oxide radical scavenging assay

Inhibition of Nitric oxide radical was
measured by the Griess reaction [19] and had
some modifications. The reaction mixture
contained 400uL sodium nitroprusside S mM in
phosphate buffered saline (PBS, pH=7.4) and 200
pL sample (at reference compound in different
concentrations 100, 200, 400, 600, 800, 1000
pg/L). The mixtures were incubated at 25°C for
5 hours then centrifuged in 11000rpm in 15
minutes to remove the pellet. The Griess reagent
(1% sulphanilamide, 0.1% naphthyl ethylene
diamine dihydrochloride in 2% H3;PO,) was
added to the wells, continued incubating in 5
hours. All the tests were performed in triplicate,
wrapped in aluminum foil. Trolox was used as a
positive control; absorbance was measured at 546
nm. The mean of NO scavenging (%) was plotted
on the graph. The percentage of inhibition of
50% (ECsp) were calculated [16].

Ferric reducing radical scavenging assay

Ferric to ferrous ion reduction at low pH
causes a colored ferrous-tripyridyl triazine
complex to form FRAP values are obtained by
comparing the absorbance change at 593 nm in
test reaction mixtures with those containing
ferrous ions in known concentration. The

Acontrol B Iqlest

100 (%) [16]

control

inhibition of ferric reducing antioxidant was
measured by the ferric reducing ability power
(FRAP) assay [20] with modifications. FRAP
reagent contained 2.5 mL of 10 mM tripyridyl
triazine (TPTZ) in 40 mM HCI, 2.5 mL of 20
mM FeCl; and 25 mL of 0.3M acetate buffer (pH
3.6) was freshly prepared. 10uL solution FRAP
was mixed to 990uL sample (at reference
concentrations 100, 200, 400, 600, 800, and 1000
ug/L). Trolox was used as control. The
percentage of inhibition was calculated by
comparing the absorbance values of the control
and test samples. All the tests were performed in
triplicate, wrapped in aluminum foil, incubated at
30°C. After 150 minutes, absorbance was
measured at 593 nm. The graph was plotted with
percentage of Ferric reducing antioxidant effect.
ECs value was calculated. [16]

Statistical analysis

The experimental results were analyzed by
statistical One-Way ANOVA and Multifactor
ANOVA on Startgraphic 16 software.

3. Results and Discussion

Qualitative analysis of ganoderic acids and
polysaccharides in crude extracts

The triterpene structure in ganoderic acids
absorbed the light at wavelength 245 nm. The
fruit body and biomass were determined the
amount of ganoderic acids by this UV
measurement method. Besides, the presenting of
sulfuric acid and phenol in crude extracts
liberated an orange solution composed of UV
absorbing chromophore at 490 nm. Whereby
polysaccharides total was determined on the
Spectrophotometer at 490 nm for the wavelength.

Table 1. The content of ganoderic acids and polysaccharides in crude extracts

Crude extracts Ganoderic acids (mg/g) Polysaccharides (mg/g)
Fruit body 1.19 140.26
Biomass 0.62 170.04

Inhibition of DPPH radical

The DPPH free radical is a long-lived organic
nitrogen radical with a deep purple color. When a
DPPH solution is mixed with an antioxidant, its
color turns from purple to yellow of the

corresponding hydrazine.

The DPPH radical is considered a model for a
lipophilic radical. A chain reaction in lipophilic
radicals was initiated by the lipid autoxidation.
The radical scavenging activity of the fractions
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were determined from the reduction in the optical
absorbance at 517 nm due to scavenging of stable
DPPH free radical [15]. Positive DPPH test

suggests that was Trolox. The scavenging effects
of fractions and Trolox on DPPH radical are
shown in Table 2.

Table 2. DPPH scavenging ability of fractionated extracts

ot P
Testing Percentage of DPPH inhibited of fractions (%) ECs, to DPPH
Menctloi 0 pg/mL 100 200 400 600 800 1000 (ng/mL)

pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL

FrbPol 0 9.37 15.06 26.39 36.40 47.24 57.41 854.90¢ + 10.46

MasPol 0 3.28 8.03 15.09 23.15 31.28 39.14 1275.87%+ 4.23

FrbGAs 0 7.49 13.38 24.99 36.17 47.44 58.61 845.46° + 0.36

MasGAs 0 6.49 11.98 22.35 33.05 43.33 53.43 929.81° + 0.81

FrbExt 0 10.04 16.06 29.04 41.22 53.96 65.41 743.42% + 091

MasExt 0 9.07 15.12 27.33 38.51 49.98 61.39 799.94° + 0.81

Trolox 0 4.24 9.42 19.99 29.78 41.34 51.44 972.65' + 2.58

* Symbols a, b, c... after value are homogeneous groups in statistic (P<0.01).

In this test most of fractions showed higher In this assay, the compound sodium
antioxidant ability than the control (P<0.01) nitroprusside (SNP) is known to decompose in
except biomass polysaccharides (MasPol). By aqueous solution at physiological pH=7.4

comparison of the ECs, showed the FrbExt,
MasExt, FrbGAs, FrbPol, and MasGAs had
23.57%, 17.76%, 13.08%, 12.1%, and 4.4%
higher effect than Trolox. In fruitbody had some
elements which have higher antioxidant effects to
DPPH than biomass because FrbExt had 5.81%
higher than the MasExt (P<0.01). The extracts
had polysaccharides, ganoderic acids and other
elements, this made the groups of extracts had
higher ability to reaction with DPPH radicals. In
comparison to result of Nguyen Thi Thu Huong
et al [18] on Ganoderma lucidum, ECs, effective
on DPPH were 1326 ng/mL (ethanol extract) and
1708 pg/mL (hot water extract). It showed that
most of fractions have higher antioxidant ability
on DPPH radical. The hot water extract of wild
basidiocarps had tested by Lin et al [11],[10] was
81.83ug/mL of ECsy on DPPH, but their result
was lower than control.
Nitric oxide scavenging ability

producing NO. Under aerobic conditions, NO
reacts with oxygen to produce stable products
(nitrate and nitrite). The compound in acting
wells changed to pink/red because of diazo
product appearance. The absorbance at 546 nm
used to determine amount of this product to
calculate antioxidant activity [16]. The nitric
oxide scavenging ability was showed in Table 3.
The result showed that all fractions had nitric
oxide scavenging ability. Specially, FrbExt had
21.26% higher antioxidant ability to nitric oxide
scavenging than control (P<0.01). MasExt had
same effect to Trolox at P<0.01 while the rest of
fractions had lower effective than control. In
comparison to other results, methanol extract
from C. odorata had 380 pg/mL [19] and low-
density polysaccharides from G. lucidum had 145
ng/mL of ECs [16]. It was observed that G. neo-

Jjaponicum have nitric oxide scavenging ability

lower than G. lucidum and C. odorata.

Table 3. Nitric oxide scavenging ability of fractionated extracts

Testing Percentage of NO inhibited of fractions (%) ECs, to NO
fractions | 0 pg/mL 100 200 400 600 800 1000 (ng/mL)
pg/mL pg/mL ng/mL pg/mL ng/mL pg/mL

FrbPol 0 10.91 14.67 20.97 27.55 33.92 40.78 127427 5.65
MasPol 0 5.53 8.15 14.64 19.40 24.84 29.49 1746.08 14.85
FrbGAs 0 12.02 14.51 21.12 29.40 35.30 41.57 1241.53% 9.40
MasGAs 0 8.36 11.87 19.31 25.92 32.19 38.71 1328.35% 7.51
FrbExt 0 19.99 2441 34.10 44.9 53.54 64.48 714.19° £ 2.65
MasExt 0 16.51 20.23 30.50 37.73 45.05 5332 907.56° + 7.90
Trolox 0 6.01 11.20 21.82 34.44 44.08 54.67 907.00° + 4.92

* Symbols a, b, c... after value are homogeneous groups in statistic (P<0.01).
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Inhibition of Ferric reducing antioxidant

The FRAP assay relies on the reduction of
Fe''-TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-triazine) to
produce Fe’’-TPTZ by the antioxidants. The
binding of Fe’" to the ligand creates a very
intense navy-blue color. The absorbance at 593
nm can be measured to test the amount of iron
reduced and can be correlated with the amount of
antioxidant. The ability to antioxidant of fraction
on Ferric reducing was showed in Table 4.

The reducing capacity was investigated by
measuring Fe’* - Fe** conversion and serve as a
significant indicator of its potential antioxidant
activity. The antioxidant activities of putative

antioxidants have been attributed to various
mechanisms such as prevention of chain reaction,

binding of transition metal ion catalysts,
decomposition of peroxides, prevention of
continued proton abstraction and radical

scavenging [16]. This result also showed that
FrbExt, MasExt, FrbGAs, and FrbPol had 70.22%,
34.60%, 31.87%, and 3.44% higher antioxidant
activity than Trolox (P<0.01). In contrast, MasPol
and MasGAs were lower ability than control. In
nearby, ethanol-NaOH fraction of G. lucidum had
ECs, value of 250pug/mL [16]. It was demonstrated
that G. neo-japonicum have higher antioxidant
ability on ferric reducing than G. lucidum.

Table 4. The ferric reducing capacity of fractionated extracts

—_— Percentage of FRAP inhibited of fractions (%) F
] 100 200 400 600 800 1000 EC(S";’mLR‘) 4
Opg/mL " omL = pgmL  pgmL  pgmL | pgmL | pg/mL -

FrbPol 0 14.46 53.52 77.21 84.66 88.57 90.80 | 347.47% % 2.80
MasPol 0 3.91 15.72 56.96 69.59 77.49 82.77 510395 £ 3.04
FrbGAs 0 38.20 65.84 82.30 88.27 91.23 93.08  24459° + 1.90
MasGAs 0 7.79 4778 73.70 82.31 86.62 80.55 | 383.72" + 1.64
FrbExt 0 64.12 77.71 87.32 91.15 93.20 9447 | 10331° = 1.85
MasExt 0 41.76 64.74 83.32 88.54 91.09 92.96 | 234.81° £ 2.77
Trolox 0 6.21 42.79 72.16 81.42 85.45 8839 359.03° £ 0.93

* Symbols a, b, c... after value are homogeneous groups in statistic (P<0.01).

Multifactor analysis of ECs
The values of ECs, were analyzed by
Multifactor Anova method with two factors

were types of extract and sources of extract.
The result of analysis was showed in Table 5
and Table 6.

Table 5. The effect of extract types to ECs, in DPPH, NO, FRAP assays

Types of extract ECs of DPPH (pg/mL) ECs of NO (ug/mL) ECs of FRAP (ug/mL)
Crude extracts (Ext) 771.683° +  30.986 810879° +  106.305 169.063° +  72.119
Ganoderic acids (GAs) 887.635° + 46215 1284.940° + 49343 314.158 76253
Polysaccharides (Pol) 1065.390° +  230.626 1510.180° +  259.006 428929° 1 89.349

* Symbols a, b, ¢ after value are homogeneous groups in statistic (P<0.05).

Table 6. The effect of extract sources to ECs, in DPPH, NO, FRAP assays

Sources of extract ECs) of DPPH (ng/mL) ECs, of NO (ug/mL) ECs, of FRAP (ug/mL)
Fruit body (Frb) 814.592° + 53.542 1076.670* = 272.399 231.792* + 106.211
Biomass (Mas) 1001.880° + 213.087 1327.330° + 363.440 376.308° + 119.518

* Symbols a, b after value are homogeneous groups in statistic (P<0.05).

The analyzed results in Table 5 showed the
significant differences in antioxidant activity of
extract types at P<0.05. The crude extract had
average ECsy 771.683 pg/mL, 810.879 pg/mL,
and 169.036 pg/mL (on DPPH, NO, and FRAP
assays, respectively) which were lower than those
of ganoderic acids and polysaccharides (Table 5).

It can be explained that crude extracts may have
more antioxidant compounds or synergistic
activity than its ganoderic acids or
polysaccharides. Comparing to Trolox in Table 2,
Table 3 and Table 4 both the crude extracts and
ganoderic acids had values of ECs, lower than
Trolox. This was mean the crude extracts and
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ganoderic acids had better effects on DPPH,
NO, and FRAP assays. Moreover, there were
some of other substances in GNJI has
antioxidant activity as cryptoporic acid -H -I,
ethanol precipitation... beside the ganoderic
acids and polysaccharides [11].

The sources of extract were analyzed by
multi-factor ANOVA. The fruit body of GNJI
had higher antioxidant activity than biomass
(P<0.05). The results in Table 6 showed that
ECso value of the fruit body extract lower than
that of biomass extract against DPPH, NO, and
FRAP free radicals, 22.97% on DPPH, 23.9% on
NO and 62.7% on FRAP assays (P<0.05),
respectively. It may be explained that fruitbody

contained more ganoderic acids than biomass
(Table 1). Besides, undetermined substances
could be presented in spores, cap and stalk which
differ from mushroom mycelia.

4. Conclusion

The crude extracts, ganoderic acids and
polysaccharides from fruitbody and biomass of
Ganoderma neo-japonicum showed significant
antioxidant effects on DPPH, nitric oxide, and
FRAP assays. Therein fruit body and biomass
extracts possessed the ECs, values lower than
that of control. The results suggested that G. neo-
Jjaponicum might be play a vital role for the
prevention of some diseases related to free
radicals.
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