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Abstract

Three water-soluble polysaccharides fractions (PFP1a, PFP2b and PFP3c) were isolated and purified from Pleurotus ferulae
by DEAE-Sepharose CL-6B and Sepharose CL-6B column chromatography. Their chemical characterization was conducted
by chemical methods, chromatography and Fourier transform infrared spectroscopy. Antioxidant activities of crude polysac-
charides from P. ferulae (CPFP) and its purified fractions were investigated on the basis of superoxide anion, DPPH, hydroxyl
radical scavenging activity and reducing power. The result indicated PFP1a, PFP2b and PFP3c had obvious characteristic
peaks of polysaccharides and were mainly composed of six kinds of monosaccharides including rhamnose, arabinose, glucose,
mannose, xylose and galactose. The average molecular weight of PFP1a, PEP2b and PFP3c were approximately 5.9 x 10° Da,
3.2%10° Da and 2.6 x 10* Da, respectively. PFP1a, PFP2b and PFP3c exhibited antioxidant activities in a concentration-
dependent manner. The results demonstrated that the three polysaccharides had the potential to be new natural antioxidant

in the food and pharmaceutical industry, especially the PFP2b and PFP3c containing more uronic acid.
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Introduction

Oxidation is an essential biological process in which many
living organisms produce energy. However, the uncontrolled
production of oxygen-derived free radicals is hostile and
harmful to cells. It can cause a chain reaction resulting in the
multiplication of new free radicals and some damage such as
interference and manipulation of proteins, tissue loosening,
genetic damage and promotion of disease and aging [1, 2].
In the last decade, huge interests had received great attention
and extensive research had been conducted to determine free
radical scavengers or antioxidants that can reduce the risk
of oxidative damage and several cardiovascular diseases.
Although synthetic antioxidants such as propyl gallate (PG)
and butylated hydroxytoluene (BHT) can effectively inhibit
oxidative damage, their potential toxicity to humans is being
considered and worried [3]. In order to protect the human
body from free radicals and reduce risk of various diseases
such as heart disease, cancer, arthritis and aging, many
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efforts have been made to find new and safe antioxidants
from natural sources [4].

Recently, many bioactive polysaccharides obtained from
different natural sources have been demonstrated to play
an important role as free radical scavengers in preventing
oxidative damage in living organism and can be explored
as novel potential antioxidants [5, 6]. Polysaccharides have
attracted much attention in the field of biochemistry and
pharmacology [7].

The popularity of edible mushrooms has increased
because they are highly nutritious food and also considered
to have nourishing and medicinal properties, especially in
Chinese folk or traditional medicine. Some mushroom poly-
saccharides have been demonstrated to play an important
role as a dietary free radical scavenger in the prevention
of oxidative damage in living organisms [8—10]. Therefore,
discovery and evaluation of polysaccharides extracted from
edible mushrooms as new safe compounds for functional
food or medicine has become a hot research spot.

Pleurotus ferulae is an edible mushroom that belongs
to the family of pleurotaceae and agaricales and grows on
the roots of Ferula communis [11]. Nowadays, P. ferulae
is commonly planted in China. However, up to now, no
detailed investigation has been carried out on purification,
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characterization and antioxidant activities of different poly-
saccharides isolated from the fruiting bodies of P. ferulae.

Therefore, the aim of the present study was mainly to
investigate purification and characterization of the major
polysaccharides of the fruiting bodies of P. ferulae and
evaluate their antioxidant activities in vitro for seeking a
new natural antioxidant used in food and pharmaceutical
industry.

Materials and methods
Materials and chemicals

The fruiting bodies of P. ferulae were obtained from Altay
(Xinjiang province, China). It was dried at 50 °C in an
oven for 48 h and ground to pass through a 1 mm screen.
DEAE-Sepharose CL-6B and Sepharose CL-6B were pur-
chased from Pharmacia Chemical Co. Dextrans with differ-
ent molecular weights, standard monosaccharide, sodium
salicylate, 1,1-diphenyl-2-picrylhydrazyl (DPPH), phenazine

Fig.1 Scheme for extraction
and purification of polysaccha-
rides of the fruiting bodies of P.
ferulae mushroom

methosulfate (PMS), nitroblue tetrazolium chloride (NBT),
B-nicotinamide adenine dinucleotide (NADH), and potas-
sium ferricyanide were purchased from Sigma Chemical
Co. (St. Louis, USA). All other chemicals and solvents used
were of analytical grade.

Extraction and purification of polysaccharides

The powder of fruiting bodies of P. ferulae was extracted
with distilled water at 90 “C for 5 h, then filtered through
a vacuum filter and centrifuged at 2795Xg for 30 min. The
supernatant was concentrated in a rotary evaporator, and
precipitated with cold 95% ethanol (1:4, V/V) at 4 °C for
24 h and then lyophilized to get crude water-soluble polysac-
charides from P. ferulae (CPFP) (Fig. 1).

CPFP was dissolved in distilled water and passed through
a DEAE-Sepharose CL-6B anion-exchange chromatography
column (2.6 cm X 30 cm). The column was first eluted with
0.1 M sodium acetate buffer, followed with gradient solu-
tion of NaCl (0-1.5 M) at a flow rate of 1.0 mL/min. After
that, all eluted fractions (each for 10 mL) were collected and

The fruiting bodies of Pleurotus ferulae

l Refluxing with 95% ethanol

Filtrate

Supernatant

Elute with a linear gradient [from 0 to 1.5 M NaCl

Residue

Extraction with water

Supernatant Residue

l Precipitation with 95% ethanol

'

Precipitate
CPFP

Chromatograph 0nlDEAE—SepharoseCL-6B

eluted with 0.1M|NaAc-buffer

0.1 M NaAc-buffer

PFP3

'

PFP2 PFP1

Chrolnatograph on SepharoseCL-pB Chromatograph on SepharoseCL-6B

|

PFP3a  PFP3b

PFP3c PFP2a

L

PFP2b PFP2c PFPla PFP1b

@ Springer



224

Y.Chenetal.

quantified for the polysaccharide content by the phenol—sul-
furic acid method using glucose as standard [12]. Based on
the quantified curve, three polysaccharide fractions were
collected and denoted as PFP1, PFP2 and PFP3, and then
further purified on a Sepharose CL-6B gel-filtration column
(2.6 cm x 160 cm) with 0.05 mol/L NaCl. Three main new
fractions were collected and denoted as PFP1a, PFP2b and
PFP3c (Fig. 1).

Analytical methods

Total carbohydrate was determined by the phenol—sulphuric
acid colorimetric method with p-glucose as the standard at
490 nm [12]. The uronic acid content was determined by
measuring the absorbance at 525 nm using m-hydroxybi-
phenyl colorimetric procedure and with glucuronic acid as
the standard [13]. The protein content was measured accord-
ing to Lowry’s method using bovine serum albumin as the
standard [14].

Analysis of molecular weights

Molecular weights of PFP fractions were determined by high
performance gel permeation chromatography (HPGPC) with
a Waters HPLC apparatus equipped with two serially linked
UltrahydrogelTM Linear (7.8 mm x 300 mm) columns, a
Waters 2410 interferometric refractometer detector and UV
detector connected in series with a Millennium32 worksta-
tion. The molecular weights were estimated by reference to
the calibration curve made under the conditions described
above from dextran t-series standards of known molecular
weights.

Analysis of monosaccharide composition

Monosaccharide composition of polysaccharides was ana-
lyzed by gas chromatography. The PFP fractions (10 mg)
dissolved in 2 M trifluoroacetic acid (TFA, 2 mL) were
hydrolyzed at 121 °C for 3 h in a sealed glass tube. The
hydrolyzate was repeatedly co-concentrated with methanol
to remove the excess acid at 50 °C, and then the hydrolyzed
products were prepared for acetylation. Acetylation was
carried out with 10 mg hydroxylamine hydrochloride and
0.5 mL pyridine for 30 min at 90 °C. After the incubation,
the tubes were removed from the heat block, allowed to cool
to room temperature, and then 0.5 mL of acetic anhydride
was added and mixed thoroughly by vortexing. The tubes
were sealed and incubated in a water bath shaker set at 90 °C
for 30 min again. After cooling, approximately 0.1 mL of
clear supernatant was added to the autosampler vials with
inserts for injection into the gas chromatograph on a GCMS-
QP2010 Plus (SHIMADZU, JAP) instrument equipped with
a hydrogen flame ionization detector, using a DB-1 column
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(30 mx0.25 mm X 0.25 um). The chromatographic condi-
tions were as follows: high-purity helium was used as the
carrier gas at a flow rate of 1 mL/min. The temperature of
the injector and detector was 250 °C. An initial column tem-
perature held at 100 °C followed by 10 °C/min to 280 °C.
Injections were made in the splitless mode. The temperature
of mass spectrometer ion source was 230 °C. The sample
(1 uL) was injected into the column with the split ratio of
10:1.

FT-IR spectra

Fourier-transform infrared spectra were recorded three times
from different polysaccharide fractions powder (1 mg) in
KBr pellets on a Nicolet Nexus FT-IR spectrometer in the
range of 4000400 cm™.

Superoxide anion scavenging assay of PFP fractions

The scavenging activity of the samples toward superoxide
anion radical was investigated according to the reported
method [15]. Briefly, each 1.0 mL of NBT solution
(156 pmol/L of NBT in 0.1 M phosphate buffer, pH 7.4),
NADH solution (468 umol/L of NADH in 0.1 M phosphate
buffer, pH 7.4) and PFP solution were mixed. 1.0 mL of
PMS solution (60 umol/L PMS in 0.1 M phosphate buffer,
pH 7.4) was added to the mixture. Then the reaction started.
The reaction mixture was incubated at 25 ‘C for 5 min, and
the absorbance at 560 nm was measured against a blank
(water and 0.1 M phosphate buffer instead of the samples
and NBT solution, respectively). The scavenging activity of
the samples on the superoxide radical was calculated accord-
ing to the following equation:

. . A —A,
Scavenging activity (%) = [1 - <A—>] x 100
0
where A, is the absorbance of the control (water instead of
PFP solution), A, is the absorbance of the sample and A,
is the absorbance of the samples under identical conditions
as A, with 0.1 M phosphate buffer instead of NBT solution.

Hydroxyl radical scavenging assay of PFP fractions

The scavenging activity of the samples toward hydroxyl radi-
cal was investigated according to the reported method [16]
with a little modification. The sample was dissolved in dis-
tilled water (10 mL) at the concentration of 250, 500, 1000,
2000 and 4000 pg/mL, respectively. 0.1 mL sample solution
was mixed with 0.8 mL of 1.75 mM deoxyribose, 0.1 mM
ferrous ammonium sulfate, 0.2 M phosphate buffer (pH
7.4) and 0.1 mM EDTA, then 0.1 mL of 1.0 mM ascorbic
acid and 0.1 mL of 10 mM H,0O, were added to the reaction
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solution. The reaction solution was incubated for 15 min at
37 °C and then 0.5 mL of thiobarbituric acid (1%) and 1 mL
of trichloroacetic acid (2.8%) were added to the mixture.
The mixture was boiled for 10 min and then cooled on ice.
The absorbance of the mixture was measured at 532 nm. The
scavenging activity of the samples on the hydroxyl radical
was calculated according to the following equation:

A
Scavenging activity (%) = <1 - A—1> x 100
0
where A is the absorbance of the control (without polysac-
charide sample) and A, is the absorbance of the polysac-
charide sample.

DPPH radical scavenging assay of PFP fractions

DPPH radical is a stable free radical, which has been widely
used to evaluate the free radical scavenging activity of natu-
ral compounds. Alcohol solution of DPPH has a character-
istic absorption maximum at 517 nm. When DPPH ethanol
solution is reduced, absorbance decreases and the solution
changes from purple to light yellow. The scavenging activity
of DPPH radical was carried out according to the reported
method [17] with some modifications. Briefly, 3.0 mL
various concentrations of CPFP and its purified fractions
(250-1000 pg/mL) was added to 1 mL of DPPH solution
(0.1 mM, in 95% ethanol). The mixture was shaken vig-
orously and left to stand for 30 min at room temperature
and kept in the dark. The absorbance of the solution was
measured at 517 nm with a UV—Vis spectrophotometer. The
DPPH radical scavenging activity was calculated according
to the following equation:

A
Scavenging activity (%) = <1 - A—1> x 100
0
where A is the absorbance of DPPH solution without the
tested samples and A, is the absorbance in the presence of
the tested samples with DPPH solution.

Reducing power

The reducing power was determined based on the reported
method [18] with some modification. Samples with different
concentrations (250—4000 pg/mL) were mixed with 2.5 mL
of a phosphate buffer (pH 6.6, 0.2 M) and 2.5 mL of potas-
sium ferricyanide (1%, w/v). The mixture was incubated at
50 °C for 20 min. Then, 2.5 mL of 10% trichloroacetic acid
was added to to the mixture and centrifuged at 4000xg for
10 min. A 2.5 mL sample of the supernatant was collected
and mixed with 2.5 mL of distilled water and 2.5 mL of fer-
ric chloride (0.1%, w/v). After incubating at room tempera-
ture for 15 min, the absorbance of the mixture was measured

at 700 nm using ascorbic acid (250—4000 pug/mL) as a posi-
tive control. The increased absorbance of the reaction mix-
ture indicated an increased reducing power.

Statistical analysis

All the measurements were performed in triplicate and all
the values were presented as means of three determina-
tions + SD (standard deviation). The Statistical Analysis
Systems (SAS, version 8.1) software was used for statistical
analysis. One-way analysis of variance (ANOVA) was used
to determine the differences between the sample results. All
values with p <0.05 were considered statistically significant.

Results and discussion

Isolation, purification and characterization
of different polysaccharides fractions

CPFP were isolated and purified to obtain three major new
homogeneous fractions denoted as PFP1a, PFP2b, PFP3c,
which accounted for 82.6%, 75.2% and 67.5%, respec-
tively. The average molecular weight (Mw) of PFPla,
PFP2b and PFP3c analyzed by HPGPC were approximately
5.9%10° Da, 3.2x 10° Da and 2.6 x 10* Da, respectively
(Table 1).

The content of total carbohydrate, protein and uronic acid
of PFP1a, PFP2b and PFP3c was presented in Table 1. The
content of proteins of PFP3c was determined as 8.3%, while
no proteins existed in the PFP1a and PFP2b. No uronic acid
existed in the PFP1a and the content of uronic acid deter-
mined in PFP2b and PFP3c increased gradually from 6.6 to
27.2%. The monosaccharide composition was presented in
Table 2, PFP1a was composed of thamnose, arabinose, glu-
cose and galactose in a molar ratio of 1:3.6:2.3:3.1. PFP2b
was composed of rhamnose, mannose and galactose in a
molar ratio of 2:1.6:5.2. PFP3¢c was composed of xylose,
mannose and glucose in a molar ratio of 2.3:1.2:3.5.

IR spectra of PFP1a, PFP2b and PFP3c was shown in
Fig. 2. As shown in Fig. 2, a broadly stretched intense
peak at 3250-3500 cm™! was attributed to characteristic of

Table 1 Physicochemical characteristics of PFP1a, PFP2b and PFP3c
of P. ferulae mushroom

Samples PFPla PFP2b PFP3c
Total carbohydrate (%) 952+1.8 915+13 887+14
Protein (%) nd? nd?® 8.3
Uronic acid (%) nd? 6.6+0.2 27.2+0.6
Average molecular weight (Da) 5.9x10°  32x10° 2.6x10*

nd: not detected
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Table2 The monosaccharide composition of PFPla, PFP2b and
PFP3c of P. ferulae mushroom

hydroxyl (O-H) groups. A weak peak at 2750-3000 cm™!
indicated the presence of C—H group. A absorption peak
at 1600 cm™~! in PFP2b and PFP3c attributed to carboxyl

Samples Composition Molar ratio
(C=0) group in uronic acid. However, no absorption peak
PFPla Rha, Ara, Glu, Gal 1:3.6:23:3.1 4 1600 cm™" in PFP1a revealed that PFP1a had no uronic
PEP2b Rha, Man, Gal 2:1.6:5.2 acid, which agreed with our previous result of uronic acid
PFP3c Xyl, Man, Glu 2.3:1.235 measurement. A peak at 1024.2 cm™! was attributed to the
sugar ring and glycosidic bond C-O stretching vibrations.
Based on the above analysis, PFP1a, PFP2b and PFP3c had
characteristics of the functional groups of polysaccharides.
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Fig.2 IR spectra of PFP1a, PFP2b and PFP3c of P. ferulae mushroom
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Fig.3 Scavenging activity of CPFP and its purified fractions on
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Superoxide anion scavenging assay of CPFP and its
purified fractions

Scavenging activity of CPFP and its purified fractions
(PFP1a, PFP2b and PFP3c) on superoxide anion were
presented in Fig. 3. As shown in Fig. 3, scavenging activ-
ity CPFP and its purified fractions correlated positively
well (p <0.05) with the increase of polysaccharide con-
centration ranging from 250 to 4000 ug/mL. In addition,
scavenging activity of CPFP and its purified fractions
on superoxide anion followed the order: CPFP, PFP3c,
PFP2b, PFPla and were 81.2, 51.8, 46.8 and 12.5% at
the concentration of 2000 pg/mL, respectively. Among
three purified fractions, PFP3c was observed to posses
the strongest scavenging ability, which had the highest
content of proteinous substances and uronic acid in the
polysaccharide.

Among different reactive oxygen species (ROS), superox-
ide anion is generated first. Although superoxide anion is a
relatively weak oxidant, it may decompose to form stronger
ROS, such as singlet oxygen and hydroxyl radical, which ini-
tiate peroxidation of lipids. superoxide anion is also known
to initiate indirectly the lipid peroxidation as a result of the
formation of H,0,, creating precursors of hydroxyl radical
[19]. The excellent antioxidant activity of PFP3c might be
attributed to its special characterization and composition.
Higher scavenging activity was found when the content of
proteinous substances and uronic acid increased. This result
agreed with the findings that the content of proteinous sub-
stances in the polysaccharide molecules potentiate their free
radical scavenging activity [20]. In addition, PFP3c had the
lowest molecular weight (2.6 x 10* Da) among three purified
fractions. It had been reported that the molecular weight
of polysaccharides was an important parameter influencing
antioxidant activity and the low molecular weight showed
the high antioxidant activities [21].

Hydroxyl radical scavenging assay of CPFP and its
purified fractions

The hydroxyl radical scavenging activity of CPFP and its
purified fractions (PFP1a, PFP2b and PFP3c) was shown in
Fig. 4. All the samples exhibited weak scavenging ability
at low concentration with only about 10% at the concentra-
tion of 250 pg/mL. In addition, all samples showed hydroxyl
radical scavenging activity in a concentration-dependent
manner. Among all samples, the order of CPFP and its puri-
fied fractions on hydroxyl radical scavenging activity was
CPFP > PFP3c > PFP2b > PFP1la. There was no significant
difference on scavenging activity between PFP2b and PFP1a
at the concentration ranging from 250 to 500 pg/mL. At the
concentration of 2000 pg/mL, the hydroxyl radical scaveng-
ing activity of CPFP, PFP3c, PFP2b and PFP1la was 75.5,
62.9,23.2 and 19.2%, respectively. The results demonstrated
that CPFP and its purified fractions possessed hydroxyl scav-
enging activity. The highest scavenging activity of CPFP
may be due to the presence of some other chemical sub-
stances such as tocopherol, pigments as well as the syner-
gistic effects among them, which also contribute to the total
scavenging activity.

The hydroxyl radical is considered to be a highly potent
free radical in biological tissues which can easily react
with most cellular molecules such as amino acids, proteins,
and DNA, thus resulting in severe damage to the adjacent
biomolecules [8]. It is also believed to be an active initia-
tor for peroxidation of lipids [22]. Hydroxyl radicals were
generated by reaction of iron-EDTA complex with H,O, in
the presence of ascorbic acid, attack deoxyribose to form
products upon heating with 2-thiobarbituaric acid under acid
conditions, yield a pink tint. Added hydroxyl radical scav-
engers compete with deoxyribose for the resulted hydroxyl
radicals and diminish tint formation [23]. Hydrogen perox-
ide and superoxide molecules can lead to oxidative injury in
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Fig.4 Scavenging activity of CPFP and its purified fractions on
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the biomolecules indirectly by producing hydroxyl radical
via fenton reaction and/or iron-catalyzed Haber—Weiss reac-
tion, which can be prevented and/or inhibited by antioxidants
[24]. The hydroxyl radical scavenging ability was attributed
to various mechanisms, such as suppression against hydroxyl
radical generation, decomposition of peroxides and preven-
tion of continued hydrogen abstraction. The possibility of
scavenging hydroxyl radical of CPFP, PFP3c, PFP2b and
PFPla may be due to the supply of hydrogen by polysac-
charides, which combine with radicals and forms a stable
radical to terminate the radical chain reaction [25]. The other
possibility is that polysaccharide can combine with the radi-
cal ions which are necessary for radical chain reaction, and
the reaction is terminated [1]. Our results showed that PFP3c
and PFP2b containing uronic acid had the stronger scaveng-
ing activity than PFP1a containing no uronic acid, which
suggested that uronic acid might be an effective indicator of
antioxidant activity of the samples. Specific reasons need
further study in future.

DPPH radical scavenging assay of CPFP and its
purified fractions

The scavenging activity of CPFP and its purified fractions
on the DPPH radical was shown in Fig. 5. The scavenging
activity of CPFP and its purified fractions on DPPH radical
was correlated positively well with increasing concentra-
tions. In addition, the DPPH scavenging activity of CPFP
increased significantly with the increasing concentrations
and were stronger than that of its purified fractions at every
concentration point. Interestingly, PFP2b exhibited higher
radical scavenging activity than PFP3c at the lower concen-
trations (250—-1000 pug/mL). However, the radical scavenging
activity of PFP2b was lower than that of PFP3c at the higher
concentrations (2000-4000 pg/mL). At the concentration
of 2000 pg/mL, the scavenging activity of CPFP, PFP3c,
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Fig.5 Scavenging activity of CPFP and its purified fractions on
DPPH radical
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PFP2b and PFP1la on the DPPH radical were 83.6, 62.1,
49.8 and 17.5%, respectively. The mechanism of scavenging
DPPH radical is caused by the fact that natural compounds
can transfer either an electron or a hydrogen atom to DPPH
[26]. The results indicated that CPFP and its purified frac-
tions might act as electron or hydrogen donator to scavenge
DPPH.

Reducing power of CPFP and its purified fractions

Reducing power of CPFP and its purified fractions was
shown in Fig. 6. As shown in Fig. 6, at the concentration
range of 250-4000 pg/mL, reducing power of CPFP and
its purified fractions increased with the increase of sam-
ple concentration, which was weaker than ascorbic acid.
At the concentration of 2000 pg/mL, reducing power of
CPFP, PFP3c, PFP2b and PFP1la was 0.67, 0.34, 0.31 and
0.25, respectively. The results indicated that the order of
CPFP and its purified fractions on reducing power was
CPFP > PFP3c > PFP1a. It has been reported that there is a
direct correlation between antioxidant activity and reducing
capacity [27]. Reductones are also reported to react with
certain precursors of peroxide, thus preventing peroxide
formation [28]. The oxidation and reduction are dynamic
antithesis in the body. Reducing power assay is widely used
to assess the potential antioxidant activity of many chemi-
cals [29]. In the reaction system, the addition of the anti-
oxidant substances could reduce the Fe’* in the potassium
ferricyanide to the Fe?* form monitored by formation of
prussian blue at 700 nm [30]. The reducing properties were
generally associated with the presence of electron-donating
groups or hydrogen atoms, which could react with free radi-
cals to stabilize and block radical chain reactions [31]. Our
results indicated that the reductone and hydroxyl groups of
CPFP and its purified fractions could act as electron donors
and reacted with free radicals to convert them to more sta-
ble products, thereby terminating the radical chain reaction.
CPFP and its purified fractions were likely to contribute to
the observed antioxidant effect and their reducing capacity
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Fig. 6 Reducing power of CPFP and its purified fractions
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may serve as a significant indicator of its potential antioxi-
dant activity.

Conclusions

Three main polysaccharide fractions (PFP3c, PFP2b and
PFP1a) were isolated and purified successfully from CPFP
by DEAE-Sepharose CL-6B and Sepharose CL-6B column
chromatography. Antioxidant activity assay indicated that
radical scavenging activity of PFP3c, PFP2b and PFP1a was
in a concentration-dependent pattern. PFP3c and PFP2b
exhibited greater capacity in scavenging free radicals. The
results implied that some factors such as the content of pro-
teins and uronic acid and molecular weight may affect their
antioxidant activities. However, the antioxidant mechanisms
of the three polysaccharides are not fully understood. There-
fore, it is suggested that possible antioxidant mechanisms of
the three polysaccharides should be clarified in our further
research work. In addition, the structural feature, relation-
ship between chemical characteristics and antioxidant activi-
ties and the identification of toxic and safety of the three
polysaccharides need further research as new natural anti-
oxidant in pharmaceutical and food industries in the future.
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