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Extraction of polysaccharides from Phellinus igniarius mycelium
and research of its antioxidation activity in vitro
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Abstract. In order to obtain the optimal technological condition of polysaccharides extraction from Phellinus

igniarius mycelium, and study its antioxidation activity in vitro.Then, the effects of the extraction time, extraction

temperature, solid-liquid ratio and the extraction times of the polysaccharides by single factor experiments and

orthogonal experiments in distilled water on the yield of this polysaccharide were investigated.At the same time, its

scavenging abilities on superoxide and hydroxyl radicals and reducing power were observed. The orthogonal
experimental results showed that the optimal conditions were extraction temperature 100 °C, solid - liquid ratio
1:15 g/mL, extraction time 2 h,2 times.Under this condition,the average rate of extraction of polysaccharides was
6.64%.The polysaccharide content was 69.29% ,and the protein content was 3.20% of this crude polysaccharide.

When the concentration of polysaccharides from P.igniarius mycelium was 0.2 mg/mL, the scavenging rate on

superoxide anion was 49.4% ,scavenging rate on hydroxyl radical was 28.7% ,and reducing power was 0.072.The

results were all less than that of V.
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22 AR Z2 B 1 SC AR HZ A8 X 5% 8 TR B R R 2 2 B R
HIFEAACANTE , 24 = VA 241 Z W) = et 58 ok
T RIME, SEARIAT RV 28 MR, i O RS
AU, PUECI TR TR B R 4% it o 0 M B 1l 3 AR
JHNIBE Ak P45 58 7= 4 DNA &5 #g e 28, AT 12 5]
PR HUARVE R o B IR A AR 22 4 174 1% P 400 19 7910 A
GEHAEEZ N, A SCoe 3P A Y B AP AR
FZE 51 43 35 Ak AR W A 0 1 3% 9 BRI BRI AR ((Phellinus
igniarius , %5 5.0095) JE17 & BEFRAS B 2244, ik T
TR 22 AR Z2 B8 1 R B A5, I X 2K T 22 1A 22 Bl i FLAL
PRI AL TG M AT AT, S R LR 2B
R GEWFTE N H R A %

1 MRS5S

1.1 #R5EE

F2 B (Phellinus igniarius , H RS 5.0095)
FE] fk 2 P B R AR L 22 B S e W R . DU
PDB 7 3% S A Fh 7 55 3%, K WEE I & th /Ny
51.6 g/L %k iz 138 ¢/L. & K # 10 ¢/L. KH,PO,
1 ¢/L MgSO,-7H,0 0.5 g¢/L 2A %, A 4Kk pH, ¥ Fh+
W E R Wb, B E R 10% , 2 H &
100 mL/250 mL; F* 28 °C#E3# 135 r/min LR T 1 35
5 d, AR TR 224K I BE R TS

FACAHFEDU ML (NBT) R AR AR HEOR AN
WrgE R R R Eh (PMS) |34 J U S fifg ( NADH )
NFLHE DR G-250 A MEHEH..GKS
W |78 OB R R RS I L AL AT - 2R Y A
BREMET ¥4 AR 2 L ig E 254 A5 K o k2%
K .

HI850R & ¥ R 0o ML 151 ma A 52 58 = 4L
PRI R AT BR N Bl ALPHA2 -4 B vk T HL 1 E
CHRIST; Varian Cary 100 25 4h 435G ¢ ) H £ H
VARIAN ; NEXUS {57 204835656 B 35 [ #4
CEN =T
1.2 XLWHE
1.2.1 REWHLEWZHEWIRIT Y FREZHLKL
—dr e —it 40 B i — K TEBLAE — HK IR — 1T B —
80% Bt 12 h—» B & AR >EMN A% FR-HA
% ¥,

1.2.2 R ZHISRITE

it (o ) = BT HLEZHIRIL 109

SR Ry — T e v, LA 7 285 0 S b v O, T e R
BEEr R RS T e W 1k, LUZE I AR O RR
S R R AR
1.2.3 R ZHHEICAR R
1.2.3.1  f2HUATR] AEFRFRECGR B R 445 0.5 g, 3%
B L 1:20 (g/mL) I AZE18 7K, F 100 °C 7K #4351
PEE 05.1.0,.1.5,2.0,25 h, 338, B H 2
250 mL, 52 B i TSR
1232 REUGEEMERE  MEFRIRE MR Z
Fr45 0.5 g, Hkb i b 1:20 (g/mL) it AZE18 K, 535
1 60 .70 .80 .90 100 C /K H#EEL 2.0 h, i 8, HEHL
WOEASZ 250 mL, g @bl & AR,
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1.2.3.3 {ERCBIR L BERE RS S PRI AL 0y S8 B
228345 0.5 g, F 100 C 54T, 33 I 1:5 (1:10
1:15 .1:20 1:25(g/mL) FyRL % FLHEH 2.0 h, T3, 3§
WE R ZE 250 mL, W SObE & 5 AR,
1.23.4 $FEERECERE R S PRI A 0y 55 05 e 24
345 0.5 g FRHR b 1:15 (g/mL) I AZEWE K, T
100 C 4202 2.0 h 45 $2Hc 1 .2.3 4.5 ¥k, 5 IF0E
W s, EZ5 2 250 mL, I B &8 JTEASR,
1.2.3.5  REKEEBR SR

IKFREY) BOBEAR 2 (% ) = BB 5 < B BRI
FR/RES TR H < 100
1.2.4 REHLZIRZHRBAIEAS L83 FEef
R I i el B, R =2 =K, #% L, (3*) 1IE
VT IEA T 5% B IR 22 R 22 B FROK $2 B IE 38 S5, LA
JEVBEASRAE R R AE, 45 R R KPP AN 1 iR, BSR4

®1 BN R KR

Table 1  The factors and their levels of orthogonal test
ES
K- S I ] PEIELE BHELE
(h) (C) (g/mL)
1 1.5 80 1:10
2 2 90 1:15
3 2.5 100 1:20

1.2.5 R 2R 2P B TS A

1.2.5.1 WP ATEREUE WA R B 22
PR ZWE ) S B A 7K FIAT BILI 0] v s i 4 , -5l — ot
BRI | (= 255 By 5z I 1 28 AR50 52 vz, 2 HE SRR

[8 ]34T

1.2.52  ZAMEHEAGI KU 1 mg/mL 1 58 8
B 22 AR Z2 WU MW B — R A KU, 7E 190 ~400 nm
RS

1.2.53  ZIAMSEIEIN 5 mg ¥ B AR,

KBr JE 5 , 7E 400~4000 cm ' (44X 4
1.2.6  Rui P 2R PR IRSMT A TS
1.2.6.1 ERBAGETFHNE KBREWmLhke
Wi FH Tris—HC1 22 vk (pHS8.0,16 mmol/L) ¥ A7 , il ik,
ANEHe E IR SR W . NBT  NADH 34§ Tris— HCI
ZZ i (pHB.0, 16 mmol/L) ¥ fif, ¥k &£ 43531 2/ 300,
468 pwmol/L; PMS FHZEM /K, He 4 60 pmol /L,
B 1.50 mL AS [&] ¥ BF B9 BE 5 7% W, 0.50 mL NBT,
0.5 mL NADH,JB%], #RJ5HIA 0.5 mL PMS, 25 [ % &
SRR AR 1.50 mL (1928 sh i, AR T IR AR TR,
25 C/K¥E 5 min Ji5 , 7EP 1K 560 nm 5 WG, 45
FERSPATINGE =W, A E TIERR LA
A
AO_AI

(%) = e 100

AV PR W5 B = ST £ = WA B S € Il T
(Scavenging effect) ; A, A FE &R A(E , A, W as B X
iR
1.2.62 WEBREFEFEHMAIEMINE KHREHZLKE
R 2288 T /K s i, T ) B — 3R AN W) ok 3 1) R
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VW . FJCIK 20 B f A8 — 036, B0 vk BE ol
0.75 mmol/L 48 A FEIEW , B 1.0 mL 48 — A JEE
WO W A 0.2 mol/L #f W2 £k 22 wh i W& ( PBS,
pH7.40)2.0 mL FIZEMH/K 1.0 mL, TR IR & 25 7097
RA G, Jn A M A 0.75 mmol/L i iR V. 42k % W
1.0 mL, B4, #J5MA 0.01% H,0, 1.0 mL,37(C 7k
WV 60 min J5 , T 536 nm &b 8 56, 15
P AR H W S CREMEARIC N A, o FEMAE L 1.0 mL £f
ARG R 1.0 mL ZE40 K B E ik S Bk Al
[F), A i 45 I A5 9 TR SR E AR e A, RS
1.0 mLZRE/KAR B B & b iy 1,0, , #E k5 I
RAHE], R P17 B A R S EAR e 8 A, o AR
T =W HIHRAHRIEFEERR T WITHE A
L1 N

A,—A,
1(%) :A;_Al

v P B i = ST e = S S G S O T
(Scavenging effect) ;A, A MHAAE , A, S
MAE L Ay S AR A
1.2.63 WWIFEREIIME BREE LIRS L
BT i, B — &R S IR e R B RE IR T, £
Fo B 1.0 mL A & W, in A 2.5 mL £k 54647
(1% ) #1 2.5 mL PBS(0.2 mol/L,pH6.6) ,IB& 5] )5
T 50 C/RE RN 20 min, R HEIIA 2.5 mL =454
LR (AR5 H0 M 10% ) 1R 2], B0 (3000 r/min,
10 min) , W% B | & #% 2.5 mL, i A 0.5 mL FeCl,
(0.1% )IRE, TP 700 nm AP W SGRE . LIFE S
VTR IR B8 SR 8 As bR, A5 3] PR TR ' B (B R DN Ak PR 4
I
1.3 BUESITH

BPELL x £ s Feon, >R SPSS17.0 A R kAT
BAE T o
2 #R5it
21 RBIBEMERSENTEREMEIET

SR A — B R s , 76 490 nm Ab M 2 W ' 2 {H,
SOBERIPRAERTZR . Y =0.0064X-0.0028 (R* =0.9970) ,
LISy 10~100 pg.

SR 2% g s, 7E 595 nm &b I s W G R
B, EEMPRER 4. Y = 0.0135X + 0.0795 (R* =
0.9978) , L Fl o 10~60 pg.

STy — AL IR Y2 ) S 11 TT U PR, B0 S BUBE L AIK
THEFURGEZ S, SR8 P 22 R b 1 SRl SO |
BB G T oK, FEFOK R BUI 46 B S /K b, 1
SRR ZHEAEATME . R, 2R
SRR KBRS NEAS R OCHE R R . S T TR
R, AR SRS 2 AR R BT 250, SR BB R
Febr , IR E L T2 451 T $R I S L UL 3E
2% 8000 D iEHT4EBNT, A5 B 2, AR TR E, 1158
PG e b 2P E H &,

22 REFEMNREELZESESENZI

PEECA (8] X BB R A R UL 1. 7€ 0.5~
2.0 h B, 75 3 i 2 et BsF 1) A B T G s 3] 2.0 h 22
J& , B B A ) 4k 22 SE 4, RO AR R 00 35 in B B 5P

x 100
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Fig.1 Effects of extraction time on yield of

polysaccharides from P.igniarius mycelium

23 REEBEENRERZLEZEEENTMD
PEIREE X OB AR SR 2 m dn & 2 pros, B
TR EE P W T, 2B S s m . RE I
2 SEUYT- B BE RGN, DA HEE 7 A R G I e e 0 Rn
BB, W gE g . — MR U, TR RE R
HOSUR ity , A AR e H 38 A S — i AP 25 SR Bk K i
R IR BUREE 5 100 °C
1
10 b */*

L §/

/-/

60 7‘0 éo 9‘0 160
FEHCELE(C)

B2 BRI X 580 B 22 (A /K SR U S A 2R 14 5 i

Fig2 Effects of extraction temperature on yield of
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polysaccharides from P.igniarius mycelium

2.4 BB REBFLESBESENF

I 3 AT UL, Bl R B 3N, RO AS R 2 e
oo KR AR BT R T, SREGH B, Wb
WA B R A RS, 1 A P A [RDBR Ve J2 25 1 n , DATT Impe
R, (H2PRNE LR T 1:15(g/mL) B, SOpk A5
SEPYIGINE A B b, T A R R LY 2 3 s R Y
YR 2 R RE s T AR, BN RS Sevfke 4 i ME )R, PR itk %
PR L 1:15(g/mL)
25 REREBXRERLESESENRI

FEH BT SRS R0 5 ) LI 4, BOpE 15
258 o Pt MR 501 B N 2 R, 0 4l B i i BRI %K
A, A5 2R B0 S B4, BB Sk g — Uk B BBOH SR FH BT e
5, B 22 A4 AN L 5 T B S R 22 TR e R 25 AR R £
PEE B B PR B n = 2 kot 18Rk
14.4% ;3 YRIF, W13 IK 3] 16.37 % ; P-4k L2414 i
B, Z WA R e TTH B, Wi e &
FEARLRBU NG . 75 I B 53— W 32 BUH Sk 1Y 7
3 X B B TH A LA S S S 4 A5 B T AE S a B , o
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Table 3 Variance analysis of orthogonal tests results

i R A B C wE E SR T
BEFITAS 32.79742 6.02389 1.13909 1.26016 41.22056
BB o 2 2 2 2 8
¥ )5 (MS = S/f) 16.39871 3.01194 0.56954 0.63008 5.15257

F ( 26.02649 4.78027 0.90393
Fllﬁﬁfﬁ F0.01(2,2) =99 F0_01(2,2) =19 FO_1(252) =9
11 F { { B 69.29% K 4 S hE 3.20%
0 1 22 AR R
:?\% 9 _ Table 2 The results of L, (3*) orthogonal test
=l THE A B C R (%)
@ 1 1 1 1 6.65
7+ 2 1 2 2 9.03
ol , , 3 1 3 3 10.06
1:5 1:10 1715 1:20 1:25 4 2 1 2 10.11
FHELE (/L) 5 2 2 3 10.26
B3 BHR T SR8 B 22 AR 2 W A5 0 5% 6 2 3 1 10.55
Fig.3 Effects of solid-liquid ratio on yield of 7 3 1 3 12.05
polysaccharides from P.igniarius mycelium 8 3 2 1 13.47
9 3 3 2 14.10
6. —* £ K, 2574 2881  30.66
_ K, 3092 32.76 33.24
S 4] K,  39.63 34.71 32.37
SE k, 8.58 9.60 10.22
% 12+ k, 10.31 10.92 11.08
k, 13.21 11.57 10.79
104 ° , , R 4.63 1.97 0.86
1 2 3 4 5
PeliEL 2.7 REZENLFMHERIIE

P4 SREEON 3 BT 22 AR S ICY) SR AR 52 R
Fig4 Effects of extract numbers on yield of

polysaccharides from P.igniarius mycelium

26 IEXLE

TEBA DN S ny LAl b, 0 BCHR R A | 3 HGR
FE R L 3 A4 K 3R 8 B 5836 b, >R Ly (3%) 1E
AUV, PR EOR B E G S 2 Wk, AT A SR B v
LR AR T 2261, IEAC TR A5 IR LT 2, 7
2T LR 3,

FH#2 2 A7 R B AT 0L, 5 i 8obi A5 3R i IR 26 2R
R - FRELBT ] CA) > $2HURE (B) > B Lk
(C)o W kEK/NTH, AL T 24 A AB,C,,
T7 22457 HT (3% 3) [FIRE AT LG H 32 B At 1) 5 — P 324
FHB 2, R R URE , e R L .

Fe FOEAS S 8645 i e 7 &8 ALB,C,, R IR
BF[E] 2.5 h, #2100 C Rk bk 1:15,3 RPA4T
Sy RIS RAYh 14.19% (14.23% Fi1 14.08%
S AR 14.17%

WEAE AL 7 2R $R BT 2] 19 S 85 K R B, LA
80% LBEULYE , T4 CHUE 12 h J5, B0, UIRER 7 .
BT R T PR E IS RN 6.64% , Hoh £

246 o1oxzorm

PR 22 IR b, fed BT R T e, R
WL B R B RN R, oMk, 5 ¥ T K, M T
FHEE 2B Bk S A AL R o il — ik 1 i iy 52 B
PE,RHBHEHZ R P A SIERN ;o — 280 I 2 B
P, 2RI ITAS R B 2208 T B A B SS W 5T 5 AR
SN 52 B0 R B, % I =55 R 22 W v AN 5 U S R
R - TRER T X R E T 2 R T 2RSS
67.89% ,BEHAS5HN3.59%

2.7.1  FAMGREKI AN ERTEENE S s, 5
TP 22 AR ZBEAE 196 nm ZbAT B S (g I e bds , SR B0 R
WA RRAE R ; 345 260 nm b A5 W S04, 3% B0 R %
T8 P R AE W2 8,280 nm AbA /b a i W, R BHAE /i
EOE= =18

2.7.2  LLANETER I
EanE 6 s,

5] 6 IR B AR 2R — IR MTELTL A
WP R LS A - 46 3385 em ™ ZE A7 A BESR Y O—H Al
N-H 1458 3),2930 ecm ™' 445 C—H HZ4aIR3), W4l
I WA UG S 3 235 4 S A) AR E I A 5 1880~ 1550 em ™' 22
Gk C =0 W45 ¥E3),1650~1500 ecm ™' 2 a2 N—-H
HIAS F R 8N, 1250~950 em ™' 2 [A]FFAE 1) W WA 06 A itk
R B35 A PR W AT 06, 56, BH TZOW3 % ) 75 A7 L s 754

IV 2R Z BRI LS8
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Fig.5 UV Spectrum of polysaccharides
from P.igniarius mycelium
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Fig.6 Infrared spectrogram of polysaccharides

from P.igniarius mycelium

28 RERLEZWWEMELFSE

2.8.1 VHEEREAE G E TG HENE Rk
ZHEMYEA 2 C (V) X8 E M B T 15 B ee 1 L
&l 7., £ 0.01~0.2 mg/mL ¥k 375 [l PN, B 25 9E 3 19
BTG IN, 22 0E Y R A B T R EE ) S8 1 0
MZBER E S 0.2 mg/mL B}, ISR RA BB, N
49.49% . T V. WBEESN 0.1 mg/mL BHERRRE £k
2 92% , 5 Z AH b, 220 X i A B T Y9 BR SR AH
Xt A o

90 1
80 1
70 A
60 1
50 1
40
30 1
20 4
10 4

0 T T T T
0.00 0.05 0.10 0.15 0.20

W SE (mg/mL)

BT SRETHLZRZHR VBRI A 5B T RE
Fig.7 Scavenging activity of V. and polysaccharide

TH B %(%)

—=— SRR LR

+VC

from of P.igniarius mycelium on superoxide anion radicals
2.8.2 JHERFEEE A RAEAYIEEDE  7E Fenton & 5
th H,0, 5 Fe’ JZ i =4z 3 [ f 3 - O, - OH KE 4
TARIAE-Fe’ EALMCN AR R IE-Fe’ T, BT Y B
A8, T8 536 nm Ak B9 W IACTF J< BEUES , T
AIHEFR-OH BE 1 4 s vl 5 48 — & dE 56 4+ - OH, filf
15 536 nm Kb 11 WK YE 55 AR BE VN , 8 I IOG B AR
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PO 7S A T 0 S RS [ Pl R T IR

SR 2R ZBE Vo XF R [ b R R RE
J1ULIE 8, FE 0.05~0.4 mg/mL ¥ B2 G [ N, i 2 4
XF YR AL 1 H 104 i % o3 B R R 1 B o T 328 T 4
T UGBS 0.2 mg/mL B, W BR %R 28.7% |, XUk Ry
0.4 mg/mL B}, 7ERRFEILE] 50% ; 5 V, MHE, HEBE
22 (R Z WAL A i B O PR R BN, X AT REZ R R
Ve /NPT AR, A B HE AR 3R 0 P e AL TR
M, ARMHHE ELRETE B - OH, iR GEFH KT Fenton JZ W, I,
/DR ZR R - OH B8 77 A T X T K 43 1 19 200 ok U
- OH WA 5 Z2 Wik U 1 i) U T 45 A K A BE Bk
T B, R S 28 09 25 20 53 2 WIS R - OH BTE PR 22 o

100 +
s .
80 1
S
< 60
ME 40 -
20 —— V¢
—=— SR AR 2
0 T T T :
0.0 0.1 0.2 0.3 0.4
W% (mg/mL)

K18 A ZHEM V, IHBRRE A MR
Fig.8 Scavenging hydroxyl radical activity of

V. and polysaccharide from P.igniarius mycelium

2.8.3 IRJEREIMIMIE IR RE g 2 A I AR BT AR
AP E AT e B R AR . DUE BN R, 2
A4 F2 WP T B 1 JRUPE B 5 A, R Uk A 0 A D
R RREAC B, TERR M 25 IR s 5 =Mk
BRIZ I, A B AE DI A 700 nme A AT B I A IS B 4
JBT, A 4 R S R R A A, DU 3 R A2 3 It R 4 i 114 3R
JRRE TR,

SRR 22 AR 2B 0 I TR I 2 S5 R ULIE 9OA LV
PRI JE I 2 45 )R 0L 1K 9B, i B AT A, £ 0.1 ~
1.0 mg/mL B BN, R E 2K M7 5
e 22 (B B AT IR 4 1 5 300G &R, B AT Bl e 3 11 14
I ET AN . S E R 1.0 mg/mL B, 2285 1A R
J1209 0.095, R 22K Z IR REE J1 5 Ve AHLE
YAAXT A5 , vl e B T2 M R T,
A 3 U A S A X L
3 %t

AR S HGAE A B DY) 2R S 56 N TE 38 SE B, SR FH R OK
PRI 22K 2, SCU 55 R R W], 52 58 3 T 4
AR Z BEPE IR ) = A PR R 9 58 5 7 2« i R[]
> PRBURE > B L. LR 6 RS R REFL T 2
ZHCh P IR TA] 2.5 h, 32 B BE 100 °C, BHR He
1:15(g/mL) ,$2HL 2 IR FEIZ AT T S W 224k 2 %
M IR CR S 6.64%  ZFRE LK ZHE A6
AN, TCUR , 25 ¥ TK, AN & TEM AN Ui 55 Bk, &2
W& B 69.29% , HE M i o 3.20% o WRJE K
0.2 mg/mLFY & B T 22 1A 2208 X0 B 4 11 28 1 YT BR
Hhy 49.49% X HE B B B IE R AN 28.7 % , i 5

(F#% 267 W)
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