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Extracellular  polysaccharide  (EPS)  and  intracellular  polysaccharide  (IPS)  were  produced  in a  mycelial
liquid  culture  of  the  Hirsutella  sp. liquid  fermentation.  The  polysaccharides  were  precipitated  with  50%
ethanol  (EPS-1,  IPS-1),  65% ethanol  (EPS-2,  IPS-2)  and  80%  ethanol  (EPS-3,  IPS-3).  The  polysaccharide
fragments precipitated  in lower  ethanol  percentages  had a lower  neutral  sugar  content  and  a  larger
molecular  weight.  EPS-1,  EPS-2,  IPS-1  and  IPS-2  were  composed  of  glucose  (Glu),  galactose  (Gal)  and
irsutella sp.
olysaccharide
olecular weight
onosaccharide composition

ntioxidant activity

mannose  (Man).  Galactose  was  not  detected  in  EPS-3  and  IPS-3.  Evaluated  by  the  1/IC50 values  of  hydroxyl
radical  scavenging  activity,  the polysaccharides  with  higher  protein  content,  lower  neutral  sugar  content
and  molecular  weight  about  10–20 kDa  were  found  to  have  better  radical  scavenging  activity.  Signif-
icant  correlations  demonstrated  that  the  antioxidant  effect  of  the polysaccharides  was  influenced  by
monosaccharide  composition  (mannose,  r =  0.942;  glucose,  r = −0.905).
orrelation

. Introduction

Cordyceps sinensis, one of the most valuable medicinal fungi
n traditional Chinese medicine, is initially recorded in Ben-Cao-
ong-Xin (New Compilation of Material Medical) and used for the
reatment of various diseases (Li et al., 2003; Zhu, Halpern, & Jones,
998). Recent studies have demonstrated its multiple pharmaco-

ogical actions such as anti-aging, anti-tumor, immuno-stimulation
nd antioxidant activities (Chen, Wang, & Nie, 2013). C. sinensis is
roven to have broad medicinal effects, which is beneficial to sev-
ral systems in human body, including the circulatory, immune,
ardiovascular, respiratory and glandular systems (Ma  et al., 2008;

ang & Fang, 2004).
Polysaccharide has been reported to be the major bioactive sub-

tance of C. sinensis and most of other medicinal fungi (Leung,
hao, Ho, & Wu,  2009; Li, Yang, & Tsim, 2006; Yang, Gao, Han,

 Tan, 2005). Pharmacological research has declared polysaccha-
ide to have great medical merits, such as anti-tumor, anti-oxidant,
ypoglycemic effect, anti-fibrosis, anti-fatigue, kidney protection,

ncreasing plasma testosterone levels and radiation protection

Wang, Jin, & Zhang, 2013; Yan, Wang, & Wu,  2013). The excel-
ent bioactivities of polysaccharide subsequently make it the focus
f looking for new drugs (Kiho, Yamane, Hui, Usui, & Ukai, 1996).

∗ Corresponding author. Tel.: +86 0532 8203 2290; fax: +86 0532 8203 2290.
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144-8617/© 2014 Published by Elsevier Ltd.
© 2014  Published  by Elsevier  Ltd.

The intracellular polysaccharide (IPS) from fungi documented and
applied in commercial products is mostly extracted from the fruit
bodies or mycelia, while the extracellular polysaccharide (EPS)
is isolated from the liquid media used for mycelial cultivation
(Wasser, 2002; Zhang, Cui, Cheung, & Wang, 2007). Since natural
C. sinensis is very rare and not sufficient to meet the increasing
demand, mycelial fermentation has become a major and more eco-
nomical source for IPS isolation (Leung et al., 2009).

The chemical composition of polysaccharide, such as degree of
polymerization, glycosidic bonds and molecular weight, has great
influence on its antitumor activity, antiviral activity and hypo-
glycemic activity (Lou, Wang, Hong, Tang, & Liu, 2013). Studies
on polysaccharide structure and activities are the premise for its
application in the field of medicine and health care. Although, the
preliminary study shed light on the molecular weight, monosaccha-
ride compositions and activities of polysaccharides from C. sinensis,
studies on the relationship between structure and activities, espe-
cially how the different molecular weight fractions and chemical
constituents contribute to the bioactivities, are lacking (Huang, Siu,
Wang, Cheung, & Wu,  2013).

To investigate the antioxidant activity of polysaccharide pro-
duced by Hirsutella sp.  mycelia culture and relation with their
Chemical characteristics, gradient precipitation was  applied to

separate and purify the EPS and IPS (from mycelium). The char-
acteristics of EPS and IPS, including molecular weight, chemical
compositions, neutral sugar and protein content, were analyzed.
Hydroxyl radical scavenging ability was used to evaluate the

dx.doi.org/10.1016/j.carbpol.2014.09.076
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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mailto:jiangxl@ouc.edu.cn
dx.doi.org/10.1016/j.carbpol.2014.09.076


te Poly

a
a
i

2

2

m
w
C

w
T
t
u
1
N
a

2

b
g

r
r
c
a
w
f
c
E

m
W
f
g
a
T
w
m
w

e
(
2
p
a

2

b
o
G
J
P
t
w
o
w

L. Meng et al. / Carbohydra

ntioxidant activity of polysaccharides. The correlation between
ntioxidant activity and characteristics of polysaccharide was stud-
ed by statistical analysis.

. Material and method

.1. Strain and culture condition

Hirsutella beakdumountain X.L.Jiang, sp.nov., sharing the same
orphology and molecular biologic characteristics with C. sinensis,
as identified as a new species of Hirsutella and deposited in China
enter for Type Culture Collection (Li, 2009).

The fungus was maintained on Potato Dextrose Agar (PDA) slant,
hich was incubated at 25 ◦C for 15 days, and then stored at 4 ◦C.

he fungus was initially grown on PDA medium in a Petri dish, and
hen transferred to the seed culture medium. Cultivation in liq-
id media was carried out in 250-mL Erlenmeyer flasks containing
00 mL  of medium (200 g/L potato, 20 g/L sucrose, 4 g/L yeast, 1 g/L
aNO3, 1.5 g/L K2HPO4, 0.5 g/L MgSO4·7H2O, with an initial pH 6.8,
t 25 ◦C in a rotary shaker incubator at 160 rpm for 48 h.

.2. Polysaccharides isolation and purification

After fermentation, the supernatant liquid medium and mycelial
iomass were harvested from the fermentation broth by centrifu-
ation. The biomass was rinsed repeatedly with distilled water.

The supernatant liquid was concentrated by evaporation under
educed pressure at 50 ◦C. Ethanol was added slowly at 1 volume
atio to the concentrated extract liquid, left at 4 ◦C overnight for pre-
ipitation, followed by centrifugation. The precipitate was  collected
nd the supernatant was subjected to the next step of precipitation
ith a higher ethanol volume ratio. In this way, the precipitated

ractions were collected successively at 50%, 65% and 80% ethanol
oncentration, designated EPS-1, EPS-2 and EPS-3, respectively. All
PS precipitates were washed twice with ethanol.

IPS extraction from the mycelial biomass was  conducted by the
ethod of hot water extraction, referring to the method of Yan,
ang, Li, & Wu  (2011) with little modification. Wet  mycelia were

rozen at −20 ◦C, and then thawed overnight at 4 ◦C. After centrifu-
ation, the solid content was mixed with distilled water and heated
t 100 ◦C in a water bath for 40 min  followed by centrifugation.
he extraction was repeated once and the extract liquid collected
as concentrated by evaporation under reduced pressure. With the
ethod of EPS-1, EPS-2 and EPS-3 isolation, IPS-1, IPS-2 and IPS-3
ere isolated.

The crude EPS and IPS were dissolved in distilled water,
xtracted by the Sevag method to remove the dissociative protein
Staub, 1965) and purified by Q-Sepharose FF and Sephacryl S-
00 (Amersham, Pharmacia Biotech, Uppsala, Sweden). The active
eaks were collected, concentrated and lyophilized for following
ssays.

.3. Molecular weight estimation

The molecular weight (MW)  of polysaccharides was determined
y gel permeation chromatography (GPC) according to the method
f Liu (2012). Agilent 1100 HPLC system equipped with a TSKgel
MPWXL GPC column (300 × 7.8 mm2, Tosoh Corporation, Tokyo,

apan), a Wyatt Optilab rEX and Agilent ChemStation were used.
olysaccharide samples were dissolved in distilled water and fil-

ered through membrane prior to sample injection. The column
as operated at 40 ◦C and eluted by sodium sulfate at a flow rate

f 0.5 mL/min with an injection volume of 20 �L. The molecular
eight was derived from the calibration curve measured with blue
mers 117 (2015) 452–457 453

dextrin, molar masses of which was 180, 2500, 4600, 7100, 21400,
41100 and 84400 Da (Sigma, USA).

2.4. Component analysis

The total sugar content of the polysaccharide fractions was
determined by the phenol–sulfuric acid method, using glucose as
standard (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956). The pro-
tein content in the samples was measured according to the Kjeldahl
nitrogen method (Lloret, Andrés, & Legua, 2005).

The monosaccharide constituents of EPS and IPS fractions were
analyzed by gas chromatography (GC), following the method of
Chen, Du, & Zeng (2003). GC was performed on Agilent 6890 GC
instrument (USA), with flame ionization detection (FID) and a J&W
Scientific column (DB-225, 0.25 mm ID, 30 m).  Arabinose, xylose,
mannose, galactose and glucose were chosen as standards.

2.5. Hydroxyl radical scavenging ability

Hydroxyl radical (•OH) scavenging activity was measured
according to the method of Ma  et al. (2008) with some modifi-
cations. The reaction mixture contained 1 mL  of ferrous sulfate
(9 mM),  1 mL of salicylic acid–ethanol (9 mM), and 1 mL  of vari-
ous concentrations of polysaccharide (0–12 mg/mL). The reaction
was started by 1 mL  of hydrogen peroxide (8 mM). After incubat-
ing at 37 ◦C for 0.5 h, the absorbance of samples (Ai) was  measured
at 510 nm,  using Vitamin C (Vc) as a positive control. The hydroxyl
radical scavenging activity was  calculated as the following formula:

Inhibition rate(%) = (A0 − (Ai − Ai0))/A0 × 100

where A0 was the absorbance of the control group, Ai was the
absorbance of samples/Vc, and Ai0 was the absorbance of polysac-
charide.

2.6. Statistical analysis

All analyses were performed in triplicate and the data was
analysed by SPSS (version 19, SPSS Inc). Difference in antiox-
idant activities was  tested by analysis of variance (ANOVA).
Student–Newman–Keuls test was used to determine significant dif-
ferences. Correlations among data obtained were calculated using
Pearson’s correlation coefficient. Linear regression analysis was
used to calculate the linear regression equation.

3. Results

3.1. Molecular weight determination

The percentage content and molecular weight of these polysac-
charides were different (Table 1). The polysaccharide with larger
molecular weight was obtained with lower ethanol concentration.
Compared with EPS, the molecular weight distribution of IPS was
narrow, ranging from 23.1 kDa to 10.4 kDa, while the molecular
mass distribution of EPS changed from 43.0 kDa to 4.7 kDa. The
main composition of EPS and IPS were EPS-3 and IPS-3, the contents
of which were 70.02% and 49.27%, respectively.

3.2. Chemical compositions

Protein, neutral sugar, and monosaccharide composition of the

polysaccharides were summarized in Table 2. The result showed
that all the polysaccharide fractions contained neutral sugar and
protein, which indicated the polysaccharides were protein-bound
polysaccharides. For both EPS and IPS, fractions obtained at lower
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Table  1
Molecular weight and percentage content of each polysaccharide fractions.

EPS/IPS EPS IPS

EPS-1 EPS-2 EPS-3 IPS-1 IPS-2 IPS-3

Content of each composition (%) 1.19 28.79 70.02 15.73 35.00 49.27
MW  (kDa) 43.0 19.5 4.7 23.1 21.5 10.4

Table 2
Components of monosaccharide and properties of EPS and IPS.

EPS/IPS EPS-1 EPS-2 EPS-3 IPS-1 IPS-2 IPS-3

Neutral sugar (%) 70.71 75.08 92.64 52.71 77.23 85.55
Protein (%) 19.86 20.30 2.00 33.97 20.38 1.90
Sugar  component (%)
Man  (%) 10.6 32.7 15.2 59.0 42.2 27.2
Gal  (%) 5.4 10.9 NDa 32.6 38.0 NDa
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In addition to molecular weight, protein content and monosac-

charide composition were also influenced by ethanol concentration
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Glc (%) 84.0 57.3 

Man:Gal:Glc(mol%) 1.97:1:15.63 3.24:1:5.68 

a Not detected.

thanol concentration (EPS-1 and IPS-1) had lower neutral sugar
ontent (70.71% and 52.71%, respectively). Quite the opposite, frac-
ions obtained at higher ethanol concentration (EPS-3 and IPS-3)
ad higher neutral sugar content (92.64% and 85.55%, respectively).

EPS-1, EPS-2, IPS-1 and IPS-2 were consisted of mannose, glu-
ose and galactose, while galactose was not detected in EPS-3 and
PS-3. In EPS, glucose was the major component (84.0% in EPS-
, 32.7% in EPS-2 and 15.2% in EPS-3), while the galactose was
he least components (10.6% in EPS-1, 57.3% in EPS-2 and 84.8%
n EPS-3). EPS-2 had the highest content of mannose (32.7%) and
he lowest content of glucose (57.3%) than EPS-1 and EPS-3. The

annose contents evaluated in IPS-1, IPS-2 and IPS-3 decreased
radually from 59.0% to 27.2%, while the glucose increased from
.5% to 72.8%. The main component of IPS-1 and IPS-2 was mannose
59.0% and 42.2%, respectively), with the lowest glucose content
8.5% and 19.8%). Compared with IPS, the polysaccharide fractions
PS had higher glucose content than that of IPS, but lower mannose
ontent than that of IPS.

.3. Hydroxyl radical scavenging ability

The polysaccharide fractions were discovered to have the abil-
ty of scavenging hydroxyl radical (Fig. 1). The scavenging effects
f EPS and IPS varied significantly with different concentrations
f polysaccharides (p < 0.01). Higher scavenging activities were
ound when the content of polysaccharide increased, presenting
osage dependence relations. The difference between the scav-
nging activities of different polysaccharide fragments was also
ignificant (p < 0.01). EPS-2 had higher hydroxyl radicals scaveng-
ng rate than EPS-1 and EPS-3. And among the tested three IPS,
he scavenging activity of IPS-1 was the best, followed by IPS-2.
ompared with EPS, IPS had better activity.

The IC50 values (95% of confidence limits) of the samples were
alculated by probit analyses and listed in Table 3. With regard to
C50 values in antioxidant activity, the scavenging activities of IPS

ere obviously stronger than EPS. The results were in agreement
ith the above analysis.

. Discussion

.1. Gradient ethanol precipitation for isolation and fractionation
f EPS and IPS
Ethanol precipitation was an effective method for fractionation
nd purification of polysaccharide in aqueous solutions. Polysac-
harides from broth and mycelia of Hirsutella sp.  were precipitated
84.8 8.5 19.8 72.8
:0:5.56 1.81:1:0.26 1.11:1:0.52 1:0:2.67

by gradient ethanol precipitation. The polysaccharides, although
isolated from the same strain, were distinct from each other in the
aspects of molecular weight, monosaccharide composition, neu-
tral sugar and protein content. Other studies also found that the
increase in ethanol concentration in certain range could lead to a
decrease in molecular weight of the polysaccharide (Bai, 2009; Bian,
Peng, Peng, Xu, & Sun, 2010; Zha et al., 2009). Ethanol could disrupt
the hydration layer of polysaccharide and facilitate the interac-
tions between the polymer molecules to form aggregates. The size
of aggregates grows with increasing ethanol concentration until
precipitation (Huang et al., 2013). Therefore, the biopolymers with
a higher molecular weight tend to precipitate earlier at a lower
0 2 4 6 8 10 12
Concentration (mg/mL)

IPS- 1 IPS- 2 IPS- 3 Vc

Fig. 1. Scavenging effects of EPS (A) and IPS (B) on hydroxyl radicals.
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Table  3
The IC50 values of EPS and IPS on hydroxyl radicals.

IC50 valueb (mg/mL) EPS-1 EPS-2 EPS-3 IPS-1 IPS-2 IPS-3 Vc

(
c
w
g
w

4
p

o
m
Z

F
g

Scavenging ability on •OH radicals 4.84 2.69 

b IC50 value: the concentration at which the antioxidant activity was 50%.

Yu et al., 2007). Polysaccharides precipitated by lower ethanol con-
entration had higher protein content. EPS-1, EPS-2, IPS-1 and IPS-2
ere consisted of mannose, glucose and galactose. There was  no

alactose detected in EPS-3 and IPS-3. The main component of EPS
as glucose, while mannose was the major constituents of IPS.

.2. Correlation of antioxidant activities with molecular
roperties
The biological activities of polysaccharides were heavily depend
n numerous factors including chemical components, molecular
ass, structure, even the extraction and isolation methods (Chen,

hang, Qu, & Xie, 2008). The polysaccharides from Hirsutella sp.  had

1
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ig. 2. Scatter diagram for OH 1/IC50 values and (A) molecular weight, (B) neutral sugar
lucose content in EPS and IPS.
4.27 1.32 1.58 1.91 0.064

different hydroxyl radical scavenging activitiy, which was affected
by MW and chemical composition.

The scatter diagram for OH 1/IC50 values and molecular proper-
ties were shown in Fig. 2. Polysaccharides with molecular weight
about 10–20 kDa had better activities (Fig. 2-A), suggesting that
the molecular weight of polysaccharides could play an impor-
tant role in the antioxidant activity (Asker, Ahmed, & Ramadan,
2009). It is reported polysaccharide fractions with relatively lower
molecular weight were reported to have better antioxidant activ-
ities (Chen et al., 2008; Ge et al., 2013), which was different

with the present study. And some other polysaccharide fractions
with best bioactivities have smaller molecular weight, less than
10 kDa (Zhou et al., 2004), indicating that IPS-3 and IPS-3 might
have excellent activities in other aspects, such as antitumor and

Glucose content (%)

Neutral sugar content (%)

Mannose content (%)

B

D

F

 content, (C) protein content, (D) mannose content, (E) galactose content and (F)
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Table  4
Correlation analysis of antioxidant activity and monosaccharide composition.

Mannose Galactose Glucose

The regression equation Y = 0.090 + 0.012X Y = 0.304 + 0.010X Y = 0.785 − 0.006X
Pearson correlation 0.942** 0.780 −0.905*

Significant (2-tailed) 0.005 0.067 0.013
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* Correlation is significant at p < 0.05.
** Correlation is significant at p < 0.01.

mmunomodulation. Polysaccharides with lower neutral sugar
ontent and higher protein content had better hydroxyl radical
cavenging activity (Fig. 2-B, Fig. 2-C). The antioxidant functions
f protein might be attributed to their constituent amino acids,
hich were capable of donating protons electron-deficient radicals

Elias, Kellerby, & Decker, 2008; Pérez, Iglesias, Pueyo, González,
 de Lorenzo, 2007). A strong correlation was found between
ydroxyl radical scavenging activity and monosaccharide compo-
ition (Fig. 2-D, Fig. 2-E, and Fig. 2-F).

Pearson correlation analysis test and linear regression analysis
ere used to analyze the relationship between the antioxi-
ant activity and monosaccharide composition of polysaccharides
Table 4). The antioxidant activity showed significant correlation
ith mannose content (p < 0.01) and glucose content (p < 0.05).
alactose content was not correlated with antioxidant activ-

ty (p > 0.05). High correlation coefficients were found between
ntioxidant activities and monosaccharide composition (mannose
ontent, r = 0.942; glucose content, r = −0.905), indicating the influ-
nce of mannose and glucose on the radical scavenging activity was
ignificant. The content of mannose had positive influence on the
ctivity, while the influence of glucose was negative. The result was
imilar to Xiang’s report that polysaccharide with higher mannose
ontent exhibited better radical scavenging activities (Huang et al.,
013; Xiang, Li, & Xu, 2012).

. Conclusion

Gradient ethanol precipitation was proved to be a simple and
easible method for isolation and fractionation of polysaccharide.
he polysaccharides with larger molecular weight, lower neutral
ugar and higher protein content were precipitated first, followed
y those with lower molecular weight, higher neutral sugar, and

ower protein content. Polysaccharide fractions with a relatively
igh protein content, low neutral sugar content and molecular
eight about 10–20 kDa exhibited better bioactivity. High corre-

ation was found between the hydroxyl radical scavenging activity
nd contents of mannose and glucose, suggesting monosaccharide
omposition had significant influence on the activity of polysaccha-
ide.

Acknowledgments
This work was supported by the Ocean Public Welfare Scientific

esearch Project No. 201105028-4, State Oceanic Administration
eople’s Republic of China (No. 201105028-4) and the Project
f Fundamental Research Funds for the Central Universities
201362041).

eferences

sker, M.  M.  S., Ahmed, Y. M.,  & Ramadan, M.  F. (2009). Chemical characteristics
and  antioxidant activity of exopolysaccharide fractions from Microbacterium
terregens.  Carbohydrate Polymers, 77(3), 563–567.

ai, L. (2009). Advance of research on structure of fungal polysaccharide—Structure,
purification and application of fungal polysaccharide. Hebei Journal of Forestry
and Orchard Research, 24(2), 445–448.
ian, J., Peng, F., Peng, P., Xu, F., & Sun, R. C. (2010). Isolation and fractionation
of  hemicelluloses by graded ethanol precipitation from Caragana korshinskii.
Carbohydrate Research, 345(6), 802–809.

hen, L., Du, Y., & Zeng, X. (2003). Relationships between the molecular structure
and moisture-absorption and moisture-retention abilities of carboxymethyl
chitosan: II. Effect of degree of deacetylation and carboxymethylation. Carbo-
hydrate Research, 338(4), 333–340.

Chen, H. X., Zhang, M.,  Qu, Z., & Xie, B. (2008). Antioxidant activities of different
fractions of polysaccharide conjugates from green tea (Camellia Sinensis). Food
Chemistry,  106(2), 559–563.

Chen, P. X., Wang, S., & Nie, S. (2013). Properties of Cordyceps Sinensis: A review.
Journal of Functional Foods, 5(2), 550–569.

Dubois, M.,  Gilles, K. A., Hamilton, J. K., Rebers, P. T., & Smith, F. (1956). Colorimetric
method for determination of sugars and related substances. Analytical Chemistry,
28(3),  350–356.

Elias, R. J., Kellerby, S. S., & Decker, E. A. (2008). Antioxidant activity of proteins and
peptides. Critical Reviews in Food Science and Nutrition, 48(5), 430–441.

Ge, Q., Mao, J. W.,  Guo, X. Q., Zhou, Y. F., Yin, J., & Mao, S. R. (2013). Composition and
antioxidant activities of four polysaccharides extracted from Herba Lophatheri.
International Journal of Biological Macromolecules, 60,  437–441.

Huang, Q. L., Siu, K. C., Wang, W.  Q., Cheung, Y. C., & Wu,  J. Y. (2013). Fraction-
ation, characterization and antioxidant activity of exopolysaccharides from
fermentation broth of a Cordyceps sinensis fungus. Process Biochemistry, 48(2),
380–386.

Kiho, T., Yamane, A., Hui, J., Usui, S., & Ukai, S. (1996). Polysaccharides in fungi
XXXVI, hypoglycemic activity of a polysaccharide (CS-F30) from the cultural
mycelium of Cordyceps sinensis and its effect of glucose metabolism in mouse
liver. Biological and Pharmaceutical Bulletin, 19(2), 294–296.

Leung, P. H., Zhao, S., Ho, K. P., & Wu,  J. Y. (2009). Chemical properties and antioxidant
activity of exopolysaccharides from mycelial culture of Cordyceps sinensis fungus
Cs-HK1. Food Chemistry, 114(4), 1251–1256.

Li, R. (2009). The biological characterization and active substances of a new Hirsutella
strain.  Qingdao: Ocean University of China.

Li, S. P., Zhao, K. J., Ji, Z. N., Song, Z. H., Dong, T. T., Lo, C. K., et al. (2003). A
polysaccharide isolated from Cordyceps sinensis, a traditional Chinese medicine,
protects PC12 cells against hydrogen peroxide-induced injury. Life Sciences,
73(19), 2503–2513.

Li, S. P., Yang, F. Q., & Tsim, K. W.  (2006). Quality control of Cordyceps sinensis, a
valued traditional Chinese medicine. Journal of Pharmaceutical and Biomedical
Analysis,  41(5), 1571–1584.

Liu, G. (2012). Chemical compositions, �-glucosidase and �-amylase inhibitory
activities of crude polysaccharides from endodermis of shaddock (Citrus max-
ima). Archives of Biological Science Belgrade, 64(1), 71–76.

Lloret, S. M., Andrés, J. V., & Legua, C. M.  (2005). Determination of ammonia and pri-
mary  amine compounds and Kjeldahl nitrogen in water samples with a modified
Roth’s fluorimetric method. Talanta, 65(4), 869–875.

Lou, Z. X., Wang, H. X., Hong, Y., Tang, Y. X., & Liu, y. j. (2013). Research advance on
activity and structure-function relationship of polysaccharide. Cereals and Oils,
24(7),  46–48.

Ma,  J. B., Shen, Y. S., Li, F., Shi, X. Q., Zhao, G. H., & Xie, Y. M.  (2008). Study on scavenging
free radical effect of polysaccharide-1b from Armillariella tabescens. Edible Fungi
of  China, 27(6), 38–40.

Pérez, R. A., Iglesias, M. T., Pueyo, E., González, M.,  & de Lorenzo, C. (2007). Amino acid
composition and antioxidant capacity of Spanish honeys. Journal of Agricultural
and Food Chemistry, 55(2), 360–365.

Staub, A. M.  (1965). Removal of protein-Savag method. Methods in Carbohydrate
Chemistry,  5, 5–6.

Wang, Q., & Fang, Y. (2004). Analysis of sugars in traditional Chinese drugs. Journal
of Chromatography B, 812(1), 309–324.

Wang, J., Jin, W.,  & Zhang, W.  (2013). Hypoglycemic property of acidic polysaccharide
extracted from Saccharina japonica and its potential mechanism. Carbohydrate
Polymers, 95(1), 143–147.

Wasser, S. P. (2002). Medicinal mushrooms as a source of antitumor and
immunomodulating polysaccharides. Applied Microbiology and Biotechnology,
60,  258–274.

Xiang, Y. L., Li, J., & Xu, X. Q. (2012). Chemical properties and antioxidant activity
of exopolysaccharides fractions from Inonotus obliquus in submerged fermenta-
tion. Journal of Zhejiang Sci-Tech Univereity,  29(6), 863–867.

Yan, J. K., Wang, W.  Q., Li, L., & Wu,  J. Y. (2011). Physiochemical properties and
antitumor activities of two �-glucans isolated from hot water and alkaline
extracts of Cordyceps (Cs-HK1) fungal mycelia. Carbohydrate Polymers, 85(4),
753–758.

Yan, J. K., Wang, W.  Q., & Wu,  J. Y. (2013). Recent advances in Cordyceps sinensis
polysaccharides: Mycelial fermentation, isolation, structure and bioactivities: A

review. Journal of Functional Foods, 6, 43–47.

Yang, X. B., Gao, X. D., Han, F., & Tan, R. X. (2005). Sulfation of a polysaccharide
produced by a marine filamentous fungus Phoma herbarum YS4108 alters its
antioxidant properties in vitro. Biochimica et Biophysica Acta (BBA)-General Sub-
jects,  1725(1), 120–127.

http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0175
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0145


te Poly

Y

Z

Z

Chinese herbal medicine: Cordyceps sinensis Part I. The Journal of Alternative and
L. Meng et al. / Carbohydra

u, R., Yang, W.,  Song, L., Yan, C., Zhang, Z., & Zhao, Y. (2007). Structural character-
ization and antioxidant activity of a polysaccharide from the fruiting bodies of
cultured Cordyceps militaris. Carbohydrate Polymers, 70(4), 430–436.

ha, X. Q., Wang, J. H., Yang, X. F., Liang, H., Zhao, L. L., Bao, S. H., et al. (2009).

Antioxidant properties of polysaccharide fractions with different molecular
mass extracted with hot-water from rice bran. Carbohydrate Polymers, 78(3),
570–575.

hou, G., Sun, Y. P., Xin, H., Zhang, Y. N., Li, Z. E., & Xu, Z. H. (2004). In vivo
antitumor and immunomodulation activities of different molecular weight
mers 117 (2015) 452–457 457

lambda-carrageenans from Chondrus ocellatus. Pharmacological Research, 50(1),
47–53.

Zhu, J. S., Halpern, G. M.,  & Jones, K. (1998). The scientific rediscovery of an ancient
Complementary Medicine, 4(3), 289–303.
Zhang, M.,  Cui, S. W.,  Cheung, P. C. K., & Wang, Q. (2007). Antitumor polysaccharides

from mushrooms: A review on their isolation process, structural characteristics
and antitumor activity. Trends in Food Science & Technology, 18,  4–19.

http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0160
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0165
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170
http://refhub.elsevier.com/S0144-8617(14)00986-2/sbref0170

	Antioxidant activity of polysaccharides produced by Hirsutella sp. and relation with their chemical characteristics
	1 Introduction
	2 Material and method
	2.1 Strain and culture condition
	2.2 Polysaccharides isolation and purification
	2.3 Molecular weight estimation
	2.4 Component analysis
	2.5 Hydroxyl radical scavenging ability
	2.6 Statistical analysis

	3 Results
	3.1 Molecular weight determination
	3.2 Chemical compositions
	3.3 Hydroxyl radical scavenging ability

	4 Discussion
	4.1 Gradient ethanol precipitation for isolation and fractionation of EPS and IPS
	4.2 Correlation of antioxidant activities with molecular properties

	5 Conclusion
	References


