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a  b  s  t  r  a  c  t

Four  polysaccharides  (CFP,  UFP,  MFP  and  EFP)  were  extracted  from  Flammulina  velutipes  using  hot  water,
ultrasonic,  microwave  or enzymatic  methods  optimized  by  orthogonal  test.  Preliminary  structural  char-
acterizations  were  conducted  using  physicochemical  properties.  Polysaccharides  extracted  by  all  four
methods  showed  similar  physicochemical  characteristics  and  FT-IR  spectra.  However,  SEM  images  of
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tissues  of  F.  velutipes  were  significantly  different.  EFP  demonstrated  better  antioxidant  activities  against
hydroxyl  radical  as  well  as improved  metal  chelating  activity.  UFP  showed  higher  DPPH  scavenging  activ-
ity,  but  CFP  exhibited  higher  antioxidant  activity  in  reducing  power.  Hence,  these polysaccharides  can
be  used  as  natural  antioxidants  in functional  foods  or medicine.  Further  experiments  on  the  biological
activities  of  these  four polysaccharides  are  currently  in  progress.
xtraction method

. Introduction

Antioxidant status in humans reflects the dynamic balance
etween the antioxidant defense and prooxidant conditions. When
he mechanism of antioxidant protection becomes unbalanced
y factors such as aging, impaired physiological functioning may
ccur, resulting in diseases and accelerated aging (Tiwari, 2004).
t is widely accepted that appropriate supplementation with
xogenous antioxidant may  help reduce reactive oxygen species
ROS)-induced oxidant damage. Due to concern about the side-
ffects of some synthetic antioxidants, there is increasing interest
n replacing synthetic antioxidants with natural antioxidants in the
ood, pharmaceutical and cosmetic industries (Chen, You, Huang,
u, & Chen, 2010; Tannin-Spitz, Bergman, Van-Moppes, Grossman,

 Arad, 2005).
Many reports have indicated that fungal polysaccharides have

trong antioxidant activities in general and should be explored as
ovel potential antioxidants (Song, Zhang, Zhang, & Wang, 2010;
ang et al., 2010). The antioxidant activity of polysaccharides

ainly depends on several structural parameters including sugar

omposition, molecular weight, type of glycosidic bond in the main
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chain, and the degree of sulfuric acid esterification (Lu, Wang, Hu,
Huang, & Wang, 2008).

Flammulina velutipes is one of the most popular edible fungi in
China and Japan because of its high nutritional value and attractive
taste. It has been reported that both the fruiting bodies and the
fungal mycelia of F. velutipes contain bioactive polysaccharides with
beneficial immunomodulatory, anti-tumor, and biological activity
on hepatocytes, as well as antioxidant activity (Leung, Fung, & Choy,
1997).

In this study, polysaccharides from F. velutipes were extracted
using hot water, ultrasonic, microwave, and enzyme-based
methods. Preliminary structural characterization of the four
polysaccharides was then conducted via physicochemical prop-
erty, Fourier transform infrared (FTIR) spectroscopy, and scanning
electron microscopy analyses. Finally, the antioxidant activities of
the extracted polysaccharides were determined against DPPH and
hydroxyl radicals, in addition to assaying their metal chelating
activity and reducing power. The main aim of this study is to inves-
tigate the application value of polysaccharides from F. velutipes.

2. Materials and Methods

2.1. Materials
The fruiting body of F. velutipes was obtained from the farm
at the Zhejiang Academy of Agricultural Science. The mushroom
were ground to fine powder, then defatted with petroleum ether
and pretreated twice with 80% ethanol prior to experiments.

ghts reserved.
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(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0057240095 767.32850m
(pprotein(.6 57.47.3382(9 555.4979 TTm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9736861238 75688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00370.0942.75688674 m
(pdeproteinatTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32424.0807 75688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00426.0511 75688674 m
(psolutiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240457.25.4975688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00459.1829g75688674 m
(115.7.00c
(f
.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET47GS.934g75688674 m
(000c
(.00080 7.9701 315.6061 715.0247 Tm
(other)Tj
-476..637 75688674 m
(pre-precipitatTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32533.8047775688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00535.7751 75688674 m
(pwi 0 -.0002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g55324916775688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00555S462775688674 m
(pfourET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 30857112977 75688674 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00573.2681 75688674 m
(pvolumT( )Tj-2724961 9586 Tm
( )T
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.361.5808 746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00363.9892 746.404 m
(p95%T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.378.679 746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0038140174 746.404 m
(pethanolET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240409.9871.746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00412.3255.746.404 m
(pa TT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.426.5752.746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00498.9136.746.404 m
(pusTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32446.8852.746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00449.2236.746.404 m
(pto)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701457.0179 746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00459.3563 746.404 m
(pinvestigatT Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET501.2369 746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00503.5753 746.404 m
(ptm
irET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 30852129294 746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00524.2678 746.404 m
(pstructural( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97561.6455.746.404 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00563.9839 746.404 m
(pcharactTri2 121.46.3312
9586 Tm
( )Tza )Tj( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970682.5528 735.94627m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00383.6.49735.94627m
(pa TT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.397.8748 735.94627m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00399.9477735.94627m
(pa  )TxidaTmET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970443.9714 735.94627m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00446.04377735.94627m
(pactivitiT(.6 57)TjEMC
/headTj
two <</MCID 4>>BDC1 gs15)Tj
ET
/GS1 gs
BT
/F2 1 T35GS1212
709.65280002 2.3.T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.36750798
709.6527. 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T37240612
709.65280002 AnalyticalET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240408.626
709.6527. 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T410.6982
709.6527. 124methoTs6 57)TjEMC
/docum Tmdiv <</MCID 5>>BDC1 gsagain)Tj
ET
/GS1 g35GS1212
688.73120002 2.3.1.T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.373.5592
688.7311. 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T378.5405
688.73120002 GeneralET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240406.7133
688.7311. 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T408.7855
688.7311. 124methoTs6 57 Tf
.0002-5.3587(9 555.4979 TNeutralET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240394.7831 678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g39612491
678.27030002 sugar 121T
/GS2 gs
BT
/F5 1 Tf
7.9701 0 0 7.9701 417.11377678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g418.5798
678.27030002 conteTmET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970447.83647678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g443230247678.27030002115.7.00c
(f
.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET464.4129g678.27030002000c
(.00080 7.9701 315.6061 715.0247 Tm
(other)Tj
-465.879g678.27030002(examinTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32503.6153 678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g505.08147678.27030002 by)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701514.4218 678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g515.8878 678.27030002 tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97598.36047678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g529.82647678.27030002 phenol-sulfuric( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97588.5157678.27030002 .9701 114.8114 555.4979 Tm
(again)Tj
ET
/GS1 g589.9811
678.27030002 acid0002.43259319 555.4979 Tcolorimetric( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97400.8394 66758095 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0040GS3047766758095 m
(pmethoTT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.434.0952 66758095 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00437.5606-66758095 m
(p(T
/GS2 gs
BT
/F1 1again)Tj
ET
/GS1 g440.6289-66758095 m
(0 .58.7.677 rg(pDubois,ET
/T
/F1 1 Tf
7.9701 0 0 7.97469.1763 66758095 m
(powder061 715.0247 Tm
(other)Tj
-472.6416-66758095 m
(pGilles,ET
/T
/F1 1 Tf
7.9701 0 0 7.97495.913 66758095 m
(powder061 715.0247 Tm
(other)Tj
-499.3783 66758095 m
(pHamiltoj,ET
/T
/F1 1 Tf
7.9701 0 0 7.97537.2581 66758095 m
(powder061 715.0247 Tm
(other)Tj
-540.7234 66758095 m
(pRebers,ET
/T
/F1 1 Tf
7.9701 0 0 7.9756863942.66758095 m
(powder061 715.0247 Tm
(other)Tj
-57158595.66758095 m
(p&ET
/T
/F1 1 Tf
7.9701 0 0 7.97577.6216.66758095 m
(powder061 715.0247 Tm
(other)Tj
-58140869-66758095 m
((Smith, 121.48.4771 9586 Tm
( )T1956 Tm
( )Tj

/GS1 gsagain)Tj
ET
/GS1 g373.6 T1 657.348700020 g(p) Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET376.3725
657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00378.4992
657.3486 m
(pusTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240399.1805
657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00401.3073
657.3486 m
(pglucoseET
/S2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.44329901
657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00432.1168
657.3486 m
(p
.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET440.1104 657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00442.2371
657.3486 m
(pa
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32446.5327.657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00448.6595.657.3486 m
(psta TarTT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.482.3233.657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00484.4501
657.3486 m
(preferenc
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97590.4252.657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0052245519.657.3486 m
(pm
t -ial. -.0002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g556.5823.657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00558.7091
657.3486 m
(pProtein( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97586.4435
657.3486 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00588.5702.657.3486 m
(pcon-0002.432416-9586 Tm
( )T eTmET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97036916859.646.8879 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00373.5581 646.8879 m
(115.7.00c
(f
.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET388.6686 646.88780002000c
(.00080 7.9701 315.6061 715.0247 Tm
(other)Tj
-392.5408.646.8879 m
(pdet -minTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32437.163 646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0044140351 646.88780002pby)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970145083776 646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0045412478 646.88780002pusTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24047GS929 646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00478.80120646.88780002ptm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97491.27377646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00495.1459 646.88780002pmethoTT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.524.93657646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00548.80877646.88780002pdetailTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32559.7469 646.88780002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00563.6191 646.88780002pby)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970157249595.646.8878000200.58.7.677 rg(powder6.4194 Tm
0 g
(.)Tj
ET
/GS1576.83177646.88780002pSpectorET
/-2729432-9586 Tm
( )TT1978) Tm
.0002 0 09586 Tm
(of)Tj
ET37324408.636.427100020 g(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00380.8481 636.42710002pwi 0 -.0002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g398.5646.636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00399.9719.636.42710002pbovinTET
/S2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.445.8334 636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0042712407 636.42710002pserum( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9745 55569 636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00452.7641 636.42710002palbumin( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97484.5073
636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00485.9146.636.42710002pa( )Tj002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g493.9081 636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00495.3154 636.42710002preferenc
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9753112905
636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00532.6978.636.42710002pm
t -ial. -.0002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g566.7283
636.42710002powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0056861355
636.42710002pMonosac2 121.46.8521(9 555.4979 TcharidT0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET382.5808 645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00385.6784 645.96630m
(pcompositiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240433.1776g645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00436.2752.645.96630m
(panalysi.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET466.791 645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00469.8885 645.96630m
(pf
.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET484.999 645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00488.0966 645.96630m
(pconductTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32548.0565 645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0053111541 645.96630m
(paccordTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240568.4202 645.96630m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00571.5178 645.96630m
(pto)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970157326 T1 645.96630m
(00.58.7.677 rg(powder6.4194 Tm
0 g
(.)Tj
ET
/GS1582.4097 645.96630m
(pSheng 121.48.6431(9 555.4979 Tet Tm
.0002 0 09586 Tm
(of)Tj
ET361.5728 61Tf5055 m
(powder061 715.0247 Tm
(other)Tj
-363.9507 61Tf5055 m
(pal. -.0.0002 0 09586 Tm
(of)Tj
ET372.6696 61Tf5055 m
(powder061 715.0247 Tm
(other)Tj
-375S0477 61Tf5055 m
(p(2007) Tm
( )Tj

/GS1 gsagain)Tj
ET
/GS1 g400.3352.61Tf5055 m
(0 g(p.6 57j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97402.2798
61Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0040GS6577 61Tf5055 m
(pTm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97418.6604761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0042140383
61Tf5055 m
(pshapeET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970443.3693761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00445.7473761Tf5055 m
(pa TT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.4532997761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00462.3749 61Tf5055 m
(psurfac
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97489.8304761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00492.2083
61Tf5055 m
(pcharactTristic.0002 0 0 -.0002 106.843 565.9586 Tm
( )Tj
ET547.4301
61Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00549.808 61Tf5055 m
(p
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.557.2677761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00559.6456 61Tf5055 m
(ptm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97572.1182761Tf5055 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0057424961 61Tf5055 m
(psamplT( )Tj-2726502(9 555.4979 TaftTr Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET3724021 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00373.3646.605.0448 m
(pextractiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240412.3761 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00413.7196.605.0448 m
(p�CSE,ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240432.7511 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00434.09477605.0448 m
(pMAE,ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240453.9853 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00455.2588 605.0448 m
(pUAEET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24047 55416 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00472.6844 605.0448 m
(porET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 308480.7816 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00482.5.41 605.0448 m
(pEAE) Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET5004009 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00501.3519.605.0448 m
(pTm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970520.5826 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0052129262 605.0448 m
(pmeasurTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32559.6307 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.005600 -42 605.0448 m
(pby)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701570.3147 605.0448 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0057 56582 605.0448 m
(pscanning 121.47.2941(9 555.4979 TelectrTjET
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( )Tj
ET462.4371
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7.9701 0 0 7.9701 240367.0798
411.0955
 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T372.06197411.09560002pAssay Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET39246069
411.0955
 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T394.6792
411.0955
 124forET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 30840GS8723 411.0954
 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T406.9446g411.0955
 124antioxidaTmET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970449.0483 411.0953
 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T45 51206 411.0954
 124activityET
/GS2EMC
/documTntdiv <</MCID 7>>BDCTm
(/GS1 gs
BT
/F2 1 T354.1219739001740002p2.4.1.T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.373.5592
39001740002p.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T378.5405
39001740002pDPPH Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET399.166g39001739
 124.0103 565.9586 Tm
(15)Tj
ET
/GS1 gs
BT
/F2 1 T401.2383 39001740002pradTcalET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240446.3347g39001738 m
(powder)Tj
ET
/GS1 gs
B5
/F2 1 Tf
.0002 0 0 -.00428.407g39001739
 124scavengTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240468.6696g39001738 m
(powder)Tj
ET
/GS1 gs
B5
/F2 1 Tf
.0002 0 0 -.0047087419 39001738 m
(pactivityET
/ Tf
.0002-13.1323
9586 Tm
( )TTm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97380.0791 379.7131a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00385.6747g379.7131a)Tj7methoT( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97415.4653
379.7131a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00421.0609
379.7131a)Tj7reportTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32454.2546g379.7131a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00459.85.97379.7131a)Tj7by)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701469.1906g379.7131a)Tj0 .58.7.677 rg(powder
BT
/F2 1 Tf
.0002 0 0 -.00474.7863
379.7131a)Tj7Shimada,ET
/T
/F1 1 Tf
7.9701 0 0 7.97509.797g379.7131a)Tj7owder
BT
/F2 1 Tf
.0002 0 0 -.00515.3926g379.7131a)Tj7Fujikawa,ET
/T
/F1 1 Tf
7.9701 0 0 7.9755 58618g379.7131a)Tj7owder
BT
/F2 1 Tf
.0002 0 0 -.00557.4577 379.7131a)Tj7Yahara,ET
/T
/F1 1 Tf
7.9701 0 0 7.97585.8215g379.7131a)Tj7owder
BT
/F2 1 Tf
.0002 0 0 -.00591.4171 379.7131a)Tj7a TT
/G.4327732(9 555.4979 TNakamura Tm
T
/F1 1 Tf
7.9701 0 0 7.9739327783 369.25237m
(powder061 715.0247 Tm
(other)Tj
-395.8989 369.25237m
(p(1992) Tm
1 Tf
7.9701 0 0 7.9701 240441.2185 369.25237m
(0 g(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00423.3391 369.25237m
(pwasET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240438.4495 369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00440.5Tj
-369.25237m
(padaptTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32471.4366g369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00473.5572g369.25237m
(ptoT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.48 55515 369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00483.47210369.25237m
(pmeasure Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET516.2433 369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.005188364 369.25237m
(pfre
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97533.2354 369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.005355556 369.25237m
(pradTcalET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24056 52095 369.25237m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00563.33j
-369.25237m
(pscavengTj
ET
/.46.2492(9 555.4979 Tcapability.T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.393.4674T358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00396.8229g358.7915 m
(pToT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.406.1474T358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00409.5028T358.7915 m
(peachET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240447.1476T358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00430.5031T358.7915 m
(p1ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24043555008.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00436.6292
358.7915 m
(115.7.00c
(mLET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970448.4482
358.7915 m
(0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0045 580237358.7915 m
(p
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.459.262.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0046246174T358.7915 m
(psampl( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970490.0888.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00493.44437358.7915 m
(psolutiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24052446057.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00547.9611T358.7915 m
(pat)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97015355549.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00538.7045.358.7915 m
(pdiffereTmET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97057 58662.358.7915 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00575.2216T358.7915 m
(pconcen-0002.4787412(9 555.4979 TtratiTjs( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97383.9038.348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.003870 76.348.3307 )Tj7(0.31…5.00 )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97044785.7.0348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00428.8285 348.3307 )Tj7mg/mL),ET
/ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701460.739
348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00463.841.0348.3307 )Tj71ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240468.63897348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00469.96737348.3307 )Tj115.7.00c
(mLET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97048 57863
348.3307 )Tj0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00484.88747348.3307 )Tj7
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.49255477348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00495.449.0348.3307 )Tj7freshly )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970521.-.027348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0052448033
348.3307 )TjppreparTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32553245547348.3307 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0056245576.348.3307 )Tj7methanolic( )T.46.1523
9586 Tm
( )TdimethylT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.388.7177 337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00393.3799 337.87 )Tj7sulfoxid( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970428.3747g337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00433.037g337.87 )Tj7(DMSO) Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET463.1464g337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00467.8061 337.87 )Tj7solutiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240498.9677 337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00503.6298 337.87 )Tj7
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.51110894g337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00515.7518 337.87 )Tj7DPPH Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET537.238g337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0054 58977g337.87 )Tj7(0.325 -.0002 106.8908 607.8018 Tm
( )Tj
ET
/GS2 g566.0856 337.87 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00567.414g337.87 )Tj115.7.00c
(mM) Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET585.8956 337.87 )Tj0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00590.55547337.87 )Tj115.7.00c
(wasET
/.4326651 9586 Tm
( )0 0c
(added.T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.379.5205
34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00382.5114a34784092 )Tj7This( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97398.3391 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00401.33
34784092 )Tj115.7.00c
(wasET
/j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97416.4405
34784092 )Tj0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0041324313
34784092 )Tj(mixTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32443.4918 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00446.4826g34784092 )Tj7wellET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240462.9161 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00465.907 34784092 )Tj7a TT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.480.1567 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00483.1476T34784092 )Tj7thejET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240500.641 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00503.6319 34784092 )Tj7left Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET516.3196 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0051323104a34784092 )Tj7sta TTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240552.3547 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0055555435
34784092 )Tj7forET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 308566.1982
34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00569.189 34784092 )Tj730ET
/
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970578.7686 34784092 )Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00580.097
34784092 )Tj115.7.00c
(minET
/ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701595.2872
34784092 )Tj0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00598.278 34784092 )Tj7at)Tj
-3006341 9586 Tm
( )TroomT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.37446031T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00375.94347316.9484a)Tj7temperature Tm
( )Tj
ET
1 Tf
.0002 0 09586 Tm
(of)Tj
ET423.9128T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00425.253
316.9484a)Tj7inET
/ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701432.7604T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00434.1 76.316.9484a)Tj7tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97446.5732(316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0044 0 1347316.9484a)Tj7dark.ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240467.0884T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00468.4286.316.9484a)Tj7Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9748224313
316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0048327715 316.9484a)Tj7absorbanc
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97547.1025
316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00548.4447 316.9484a)Tj7
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.535.9024T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00537.2426.316.9484a)Tj7tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97549.7151T316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0055 50553
316.9484a)Tj7resultTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240585.0618g316.9484a)Tj7owder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00586.402(316.9484a)Tj7solu- )Tj.432144 9586 Tm
( )TtiTjET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240369.4229g306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0037019952g306.4876 m
(115.7.00c
(wasET
/j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97386.1057 306.4876 m
(0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0038706779g306.4876 m
(precordTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32421.-2437306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00423.29657306.4876 m
(pat)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701430.6844 306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00432.2567 306.4876 m
(p517( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97446.6499g306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0044 0 783 306.4876 m
(115.7.00c
(nm.ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240462.62657306.4876 m
(0 0c
(.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00464.1988g306.4876 m
(pBHAT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 236.480.85547306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0048224271 306.4876 m
(pwasET
/j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97497.53767306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00499.1098g306.4876 m
(pusTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32517.08147306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0051886537 306.4876 m
(pasET
/j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97526.64727306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00548.21957306.4876 m
(paT
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.532.51517306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00534.0873g306.4876 m
(prefereTc
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97570106247306.4876 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00571.63467306.4876 m
(pmaterial.0002.4782911 9586 Tm
( )TAllET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240364.5455 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00366.6155 296.0269 m
(ptestsET
/j
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97384.5552 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00386.6253
296.0269 m
(pTm
( )TjS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 220.405.8561 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00407.9262.296.0269 m
(ppreformTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32448.4679 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00450.5379 296.0269 m
(pinET
/ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701458.0453
296.0269 m
(p.0008)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00460.11547296.0269 m
(ptriplicate.ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 240496.6722 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00498.7423 296.0269 m
(pScavengTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 24054 57386 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00543.8087 296.0269 m
(pactivityET
/GS2T
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97572.2684 296.0269 m
(powder)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00574.3384 296.0269 m
(115.7.00c
(wasET
/j
ET
/GS2 gs
BT
/F1 1 Tf
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,1-Diphenyl-2- picrylhydrazxyl (DPPH), 3-(2-pyridyl)-5, 6-
iphenyl-1, 2,4-triazine-4,4-disulfonic acid monosodium salt
ferrozine), butyl hydroxy anisole (BHA), trifluoroacetic acid (TFA),

onosaccharide standards (d-galactose, d-arabinose, l-fucose,
-rhamnose, d-mannose, d-xylose, d-glucose) and EDTA were
urchased from Sigma (St. Louis, MO,  USA). Cellulase (160 U/mg)
as supplied by Huzhou Lilai Chemical Reagent Co. Ltd. All other

hemicals and solvents were of the highest commercial grade and
btained from Huadong Chemical Reagent Co. Ltd. (Hangzhou,
hina).

.2. Extraction methods

.2.1. Conventional solvent extraction (CSE) of polysaccharides
rom F. velutipes

Approximately 2.0 g of ground powder was mixed with distilled
ater in a round-bottom flask. The flask was placed into a HH-6
ater bath (Guohua Wiring Company, Shanghai, China) and con-
ected to the condenser. Extractions were performed under the
onditions specified in Table 1a. The suspension was  centrifuged
4000 × g, 15 min) and the insoluble part of the plant material was
reated again as mentioned above. The supernatant was incorpo-
ated
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Table  1a
Analysis of L9 (3)3 test results of conventional solvent extraction (CSE).

No. A, extraction temperature (◦C) B, extraction time (min) C, ratio of water to raw material Extraction yield (%)

1 75 60 20 6.98
2  75 90 30 7.21
3  75 120 40 7.95
4  85 60 30 7.46
5  85 90 40 9.37
6  85 120 20 8.24
7  95 60 40 9.68
8  95 90 20 8.65
9  95 120 30 8.96
K1 7.38 8.04 7.96
K2 8.36 8.41 7.88
K3 9.09 8.38 9.00
R  1.71 0.34 1.12

R refers to the result of extreme analysis.
Extraction yield (%) = (polysaccharides weight/mushroom powder weight) × 100.

Table 1b
Analysis of L9 (3)3 test results of ultrasound-assisted extraction (UAE).

No A, extraction temperature (◦C) B, extraction time (min) C, ratio of water to raw material D, ultrasonic power (W)  Extraction yield (%)

1 30 30 20 100 8.76
2  40 30 30 200 10.58
3  50 30 40 300 11.46
4  30 40 40 200 10.23
5  40 40 20 300 10.35
6  50 40 30 100 9.56
7  30 50 30 300 10.98
8  40 50 40 100 9.77
9  50 50 20 200 9.36
K1 9.99 10.27 9.49 9.36
K2 10.23 10.05 10.37 10.06
K3 10.12 10.04 10.48 10.93
R  0.24 0.23 0.99 1.33

R
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TTableTable

 solution
 refers to the result of extreme analysis.
xtraction yield (%) = (polysaccharides weight/mushroom powder weight) × 100.

t 562 nm.  The percentage inhibition of ferrozine–Fe2+ complex
ormation was determined using the following formula:

helating activity (%) =
(

A0 − A1

A0

)
× 100,

here A0 is the absorbance of the control, and A1 is the absorbance
f the samples. The control contained FeCl2 and ferrozine complex
ormation molecules. EDTA was used as positive control.
.4.3. Reducing power
The reductive potential of all samples was determined by the

ethod described by Oyaizu (1986). Different concentrations of
est samples (0.31–5.00 mg/mL) were mixed with phosphate buffer

able
(2.5 mL,  0.2 M,  pH 6.6) and potassium ferricyanide [K3Fe(CN)6]
(2.5 mL,  1%). The mixture was incubated at 50 ◦C for 20 min.
Trichloroacetic acid (2.5 mL,  10%) was added to the mixture, which
was then subjected to centrifugation (10 min, 1000 × g). The upper
layer of solution (2.5 mL)  was removed and mixed with distilled
water (2.5 mL)  and FeCl3 (0.5 mL,  0.1%), and the absorbance was
measured at 700 nm.

2.4.4. Hydroxyl radical scavenging assay

Hydroxyl radical-scavenging activity was measured according

to Smirnoff and Cumbes’s work (1989). For this, 0.5 mL  FeSO4
(1.5 mM)  was mixed with 0.35 mL  H2O2 (6 mM),  0.15 mL  sodium
salicylate (20 mM)  and 1.0 mL  sample (0.31–5.00 mg/mL), then
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Table 1d
Analysis of L9 (3)4 test results of enzymatic method for extraction (EAE).

No A, extraction time
(min)

B, extraction
temperature (◦C)

C, ratio of water to
raw material

D, cellulase concentration
(wt.% of mushroom powder)

Extraction yield (%)

1 60 40 20 0.5% 7.26
2  60 50 30 1.0% 6.80
3  60 60 40 1.5% 7.94
4  120 40 30 1.5% 7.01
5  120 50 40 0.5% 7.45
6  120 60 20 1.0% 8.15
7  180 40 40 1.0% 7.71
8  180 50 20 1.5% 8.07
9  180 60 30 0.5% 8.90
K1 7.33 7.33 7.83 7.87
K2 7.54 7.44 7.57 7.95
K3 8.23 8.33 7.70 7.67
R  0.9 1.0 0.26 0.28
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Table 2
Comparison of the yields and basic physicochemical characteristics of polysaccha-
rides of the four methods.

Method CSE MAE UAE EAE

Extraction temperature (◦C) 95 110 30 60
Extraction power (W)  – 500 300 –
Extraction time (min) 90 10 40 180
Ratio of water to raw material (mL/g) 40 30 40 20
Yield (%) 9.68 12.67 11.46 9.02
Polysaccharide content (%) 58.63 52.58 60.10 64.31
Protein content (%) 1.64 3.86 1.36 0.96
Sugar components (mol%)
l-Fucose 25.34 18.49 15.31 6.45
d-Mannose 18.20 20.54 24.35 19.81
d-Glucose 21.35 31.46 37.86 37.89
d-Galactose 35.11 29.35 22.48 35.85
Phenol-sulfuric acid test +a + + +
�-Naphthol reaction + + + +
Iodination reaction –b – – –
Fehling’s test – – – –
Carbazole reaction – – – –
FeCl3 reaction – – – –
Coomassie brilliant blue reaction + + + +
 refers to the result of extreme analysis.
xtraction yield (%) = (polysaccharides weight/mushroom powder weight) × 100.

ncubated at 37 ◦C for 1 h. The absorbance of the hydroxylated sal-
cylate complex was measured at 562 nm.  BHA was used as the
ositive control. The antioxidant activity was calculated with the
ollowing equation:

cavenging effect (%) =
(

A0 − A1

A0

)
× 100

here A0 was the absorbance of the solvent control, and A1 is the
bsorbance of the test (sample or BHA).

.5. Statistical analysis

All the experiments were carried out in triplicate and data were
xpressed as mean ± standard deviation. Statistical analysis was
erformed with one-way analysis of variance (ANOVA). Statisti-
al significance of differences between the groups was  assessed by
tudent’s t-test. All the calculations were performed in the SAS 9.0.

 level of P < 0.05 was taken as statistically significant.

. Results and discussion

.1. Optimization of the extraction conditions of the four methods

An orthogonal test was used to optimize the four extraction
ethods (CSE, UAE, MAE  and EAE). Table 1 shows the polysaccha-

ide yield obtained under the experimental conditions evaluated.
ith regard to CSE, extraction temperature had the highest R

alue (1.71) and exerted the greatest effect on the polysac-
haride yield. The effects of the variables on extraction yields
ollowed the order: extraction temperature > ratio of water to raw

aterial > extraction time. With regard to UAE, ultrasonic power
xhibited the greatest effect on the extraction yield, as evidenced
y the highest R value (1.33), the effects of the variables on extrac-
ion yields followed the order: ultrasonic power > ratio of water
o raw material > extraction temperature > extraction time. With
egard to MAE, microwave power had the highest R value (2.03)
nd exerted the greatest effect on the polysaccharide yield, the
ffects of the variables on extraction yields followed the order:
icrowave power > extraction temperature > ratio of water to raw
aterial > extraction time. With regard to EAE, extraction temper-

ture and time exhibited higher R values (1.0 and 0.9, respectively).
he effects of the variables on extraction yields followed the
rder: extraction temperature > extraction time > cellulase concen-

ration > ratio of water to raw material.

As shown in Table 1, the optimum conditions for each process
ere: CSE at ratio of water to raw material of 40:1, an extraction

emperature of 95 ◦C, and an extraction time of 90 min; UAE at ratio
a Positive.
b Negative.

of water to raw material of 40:1, an extraction temperature of 40 ◦C,
extraction power of 300 W and an extraction time of 30 min; MAE
at ratio of water to raw material of 30:1, an extraction temperature
of 110 ◦C, extraction power of 500 W,  and an extraction time of
10 min; EAE at ratio of water to raw material of 20:1, an extraction
temperature of 60 ◦C, an extraction time of 180 min, and an enzyme
concentration of 1.0% (wt.% of mushroom powder).

3.2. Physicochemical property analysis

Table 2 shows the efficiencies of CSE, MAE, UAE  and EAE for
extraction of polysaccharide from the fruit body of F. velutipes.
MAE  and UAE exhibited higher efficiencies with high yields and
short extraction times, compared to CSE and EAE. Considerable
pressure was built up inside the materials during the MAE  pro-
cess (Kratchanova, Pavlova, & Panchev, 2004). This high pressure
drastically changed the physical properties of the cell wall, break-
ing down the structure of cells and improving the capillary-porous
structure of treated tissues. High-intensity shock waves generate
intense pressures, shear forces and temperature gradient due to

the bubble of cavitation; indeed, this is responsible for the majority
of physical, chemical and mechanical effects of ultrasound within
a material, which can rupture plant cell walls and accelerate mass
transfer into the solution, increasing the extraction efficiency (Chen
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Fig. 1. Infrared spectra of the four polysaccharides from Flammulina velutipes.

t al., 2012). Enzymatic hydrolysis disrupts cell walls, accelerates
he migration of target compounds from the material to the sur-
oundings and increases the contact area; these effects enhance the
olysaccharide extraction efficiency (Li, Zhang, Han, & Row, 2012).
he heated solvent used in CSE diffused slowly through the cell
alls, and dissolved and carried away the target compound. Thus,

he microstructure of tissues was slightly damaged.
Neutral sugar content was highest in EFP (64.31%) then fol-

owed by UFP (60.10%), CFP (58.63%) and MFP  (52.58%). Each extract
ontained protein and its concentration decreased in the follow-
ng order: MFP  > CFP > UFP > EFP. Analysis of sugar composition was
erformed on the four polysaccharides by GC indicated that they
ll consist of l-fucose, d-mannose, d-glucose and d-galactose. As
hown in Table 2, the results from the phenol-sulfuric acid, �-
aphthol, iodination, Fehling’s, carbazole, FeCl3, and Coomassie
rilliant blue tests were similar for all four polysaccharides. These
imilarities indicated that the four extractions were polysaccha-
ides that contained some proteins, but did not contain starch,
educing sugar, uronic acid, or polyphenols. In conclusion, the basic
hysicochemical properties of the four polysaccharides were sim-

lar.

.3. FTIR analysis

FTIR spectroscopy is typically used for the qualitative mea-
urement of organic functional groups, especially O H, N H, and

 O. Fig. 1 shows the FTIR spectra of the four polysaccharides
rom F. velutipes. There were stretching vibrations of O H and
aturated C H at 3300–3500 and 2927–2930 cm−1, respectively.
wo amide bands, one at around 1640 cm−1 for Amide I (for C O)
ndicated that the four polysaccharides had conjugated proteins.
he group of bands extending from 1485 cm−1 to 1350 cm−1 were
ssigned to CH (O CH2) flexural vibrations. The absorption band
t 1000–1200 cm−1 suggested that the four polysaccharides con-
ained pyranose monomers in their structures. The bands in the
ange of 350–600 cm−1 were assigned to skeletal modes of pyra-
ose rings (Yang & Zhang, 2009).

.4. SEM analysis

The extraction efficiency was related to physical changes in the

ell wall of the plant tissue. The microstructures of F. velutipes tissue
fter extraction were observed by SEM image. The results in Fig. 2
howed that different extraction methods produced different phys-
cal changes. The cell wall of the F. velutipes tissue (Fig. 2A and D)
ers 98 (2013) 1524– 1531

was almost intact after treated by CSE and ESE. However, cell walls
treated by UAE and MAE  (Fig. 2B and C) were explosively damaged.
It was in agreement with previous investigations (Balachandran,
Kentish, Mawson, & Ashokkumar, 2006; Ying, Han, & Li, 2011). The
SEM analysis provided strong evidence of the high polysaccharide
extraction efficiencies of the UAE and MAE  processes.

3.5. Antioxidant activity

3.5.1. DPPH scavenging effect
The DPPH radical is a stable free radical and can accept an elec-

tron or hydrogen radical to become a stable diamagnetic molecule.
It has been widely accepted as a tool for estimating the free-radical
scavenging activities of antioxidants (Hu, Lu, Huang, & Ming, 2004).
This assay can accommodate many samples in a short period and is
sensitive enough to detect active ingredients at low concentrations
(Sanchez-Moreno, 2002).

In this study, DPPH was  used to determine the proton-
scavenging activity of the four polysaccharides (CFP, UFP, MFP  and
EFP) extracted from F. velutipes. The dose–response curves for the
four tested samples are shown in Fig. 3A. The four polysaccharides
demonstrated clear scavenging activity at all tested concentrations,
and their activity correlated well with concentration, increasing
up to 5.0 mg/mL. UFP and MFP  showed the higher activity. At
2.50 mg/mL, the scavenging activities of CFP, UFP, MFP, EFP and
BHA were 58.50%, 66.75%, 64.34%, 57.93% and 99.82%, respectively.
Ultrasonic and microwave treatments may  induce the degrada-
tion of polysaccharide, which was supposed that the chemical
groups in degrade sample have more chance to contact with radical
because of the better water-soluble and more surface area (Zhang,
Wang, Mo,  & Qi, 2013). The effect of antioxidants on DPPH scav-
enging was thought to be due to their hydrogen-donating abilities.
In this study, the tested samples showed scavenging activity on
DPPH, which may  be attributable to a strong hydrogen-donating
ability.

3.5.2. Reducing power
A direct correlation between the antioxidant and reduc-

ing capacity has been reported (Amarowicz, Pege, Rahimi-
Moghaddam, Barl, & Weil, 2004). Reducing properties are generally
associated with the presence of reductones, which can donate a
hydrogen atom and exert antioxidant action by breaking the free-
radical chain (Gordon, 1990). Reductones are also reported to react
with certain precursors of peroxide, preventing peroxide formation
(Duh, Du, & Yen, 1999). Thus, the reducing capacity of a compound
or extract may  be a significant indicator of its potential antioxidant
activity (Fan, Li, Deng, & Ai, 2012). The reducing powers for all sam-
ples are shown in Fig. 3B, the absorbance was 0.058–0.174 for CFP,
0.068–0.158 for UFP, 0.053–0.126 for MFP  and 0.054–0.099 for EFP.
However, the reducing power of the four tested samples was  much
weaker when compared with the positive control, BHA. Reducing
properties are generally associated with the presence of electron-
donating groups or hydrogen atoms. These data on reducing power
of the tested polysaccharides indicated that it could play a role in
the antioxidant observed.

3.5.3. Metal chelating assay
Iron-chelating may  produce important antioxidant effects

by retarding metal-catalyzed oxidation (Kehrer, 2000). Effec-
tive Fe2+ chelators may  also afford protection against oxidative
damage by removing Fe2+ that may  otherwise participate in
HO.-generating Fenton-type reactions. Minimizing Fe2+ may  also

protect against oxidative damage by inhibiting the production of
reactive oxygen species and lipid peroxidation. The Fe2+-chelating
capacity of the tested samples was determined by measuring
iron–ferrozine complexes (Fig. 3C). The Fe2+ chelating effects of all
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olysaccharides were concentration-dependent. The Fe2+ chelating
ffect of EFP was the highest than the other polysaccharides, though
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