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B ENTHRREAWHESHEAERE IR RN, RAWLELZBE, A4 ENEERSZH R
AR S M HAL A, R RS RE T BB T L # T A E R
KA RN S TR EERIZHNEEHEWEHEN KGR & EOHEHRAN O CSRE
BT, SRR . FHEEWERERNEETZ M TR 3 min(Ah# T #2 R ELNE B Th 38 480 W),
BHR LY 15 30(g + mL) RERIFEIY 1.5 h M IRIEE R 96 'C. 7£ 8.5 mg/mL MIMRE R, &4 25 RS 24,
SR 4 O AR A E SR TR 4.8 mg/mL IR E T, T 45 M4 0 f & 4 5
WERN KT R 2B AHAHREN O AXREYFMELE. SERIZH SREFE. B CH &R
B AR B/ NI EIRE A B3R 0.15.4.8.4. 8 mg/mL; BERHEMEH. M ABHE . & E 6 HERE
A ESIRE N/ MR RESD R 2.4.4.8.4. 8 mg/mL. REIREWEHLZENKBHAE . S XEHER
WA BB E AR FHEEZHAEEEB RS KB ATE . B QA REMaRERE

M HITEHEAEZER.
KB ELE ST 2 BB
FESHEE:Q939.9 T EkERIRAS A

0 35

LA, KTl Z MM B ERE R %,
TR SRR E KT E B
FREAFIYD T LG AR — RE B9 40 ol 78 T X X9 5 90
IR E & £ 300 KW bA WS e
AR it SRR RS RE S RITRITE
A RS, HX T HMEE R RE R 5
A A T B 2 BE A BRI PR A SR E D AR S
KW RE T Bt MO S 20 T 4 M A 2 8 A 4
BEWEHEN KRG E . S HOHARENA S
TR A0 R 5 TR0 I 0 7 28 A 22 B B9 4R B T
LHEAT T HRAL B T 2 AR D R R R T
R R SR T K BE.
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L1 # #

1.1.1 ®#H% 4 &1 7% (Flammulina velutipes)
12, %F #E ( Lentinus edodes) 39. KR & W &
(Escherichia coli ) 8099, & ¥ & # # R &

[

W fS H HA - 2013-04-26
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(Staphylococcus aureus ) ATCCB538 F1 H 14 /& Bk
W (Candida albicans) ATCC10231, i AR L8 =
R

1.1.2 F#¥H MEHEE NEWET
60 CHLAEAHLT , B #r g FL &N 0. 15 mm ¥,
L, BT TR R, &H.

1.1.3 B LHRA FEAN L HEEFA
(DNP-9162, FIERB AL R EHZH AR LG ER
FEPR(SKY-200B, | 75 3 S0l A R R M
TAER(CI-2D, R BB 4R (2R A R A DD L i
FrEROR T 0~150 mm, Figfs&EARA
AD BT RV (BL-220L, Bt H IR R 5 LigH B
AFD E 4% (VTX3500, LMS CO. ,LTD.) . &
DPLCTG16-WS, K W & LI ES A FRAFD .
B PVIE P 3% KU T 48 (DHG-9053A, | ¥ K 2252
iR A AR D e 78 K 4 (R-201, #B M K 35k
BIHRABRLED . .EHFR AL HESE (SHB
TIITA A M 3R T 82 A BR 2 5] L 308 5 1R K W
18 (DK-S24, P AL RREARLAE . HE
K (LDZM-60KCS, i H ZEIF#EM) D .41

EE R WALAHE TR AR 2012 F£FE QS TH (D20121509) 5 N TR K EHL WREIT 5T E B F QU

4T H (CX201208)
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W T, 4F - B A 200 0 < B 20 M B SR IR M B O 31

BB A (E-100, b AR P AP HEARERA
B A4S0 B T (722E, KRBT 8 15 45 48 R
ARDE. FEEN QB8 R BR (O
4 ORW (o) R &R (e 2D (BRI T A
(L2 gl BRI = — 40 (M 2D R IR 8 (fb 2%
a5, AT E.
1.1.4 B5Hi 5E 415 3% 2 (Complete Yeast
Extract Medium)™®, 4= P B & 1 15 15 55 3 (Beef
extract Prptone Medium ), I £ 22 7 %5 4% 3 g
¥% 55 2 (Potato Dextrose Agar Medium,PDA) . &
BE 20 g, HAH 2 ¢ IR 18 g, IN AZEEAK
1 000 mL,pH 7.2~7. 4.
L2 xH &
1.2.1 &41% A5 %0 kikEH i SOk [ 4-
510 77 1 BEAT 4 BT 20l P 7 8 100 W A B .
1.2.2 A@a&viestSBmaRm SN
4 &L RIS 3% SCER[4-5 11 77 ¥R R AT K 1 W
M Ah 2 R SR B, A4 2 R B, 60 CHET L B
T TR AR, & H.
1.2.3 FHEMEHGHAKZR AP
RPUEHRE BN RARIREE IR R K F AR
WILEST ., ARIETCI LR, PR L BRI
VRN 3 W N H RN R, £ 3 A KFE, B
B (g s mL) 1+ 20,1 30,1 ¢ 40, B 0.
0.5,1.0,1.5 h, R MPE:96,98,100 C,#47 L,
GHERRB I (R D, B 27 4 250 mL =
M. N OA, W 1~ A, BHAEERE 3K, &
BAZAMPIA L0 g FEEEMRAR , TRHE L
IAZERK B O, IR R 5 — B ), R B IX,
AHWREEBR, SRR LA 1.2.2. RAE
M- E W e BRI T 2R S &8 AR
9 AL PHAH R IR S HE R S B E RILPOKER
IR,
Fl PAABREELZRE L,GCHERRKFE
Table 1 Factors and Levels of orthogonal tests of

hot water extraction method

S
KE AR/ B &g CE#
(g : mL) 5[] /h 3/ C
1 1:20 0.5 96
2 1:30 1.0 98

3 1:40 1.5 100

1.2.4 BMEFERKZREILSRREE RS
¥ O RHL2.3 MERMEBKRERE I, EE
MRS T 3y 480 W, {5 4 B A ] 52 1 4 A
KL EI N 1.2.3.4 min, HIEABEFE#R 1.2.3 1
BRMEPOKBER T Z#AT, B & 4 M EAR
W 2 B S B A O U A 3 I ().

1.2.5 % 45k &4 B %) R BB AN
EH 7% B TE ML AN 2 05 TSR AR AR i S vk 5 ok
BIREE SR 45 A S R & s TR IBAK
e, B B 50 mg « mL ™' PR E BEEE V. SR R
—BREC N EAESHEERPERENEGE, 211
BR0.45 pm HFLIE IR UE, BB T EIE W . BT
RAR 4 OO AR, 25 H.

1.2.6 #HRXABRGMNE ¥R E.&E
BHERENHASRESHNEMIFRNETER
lR¥E I3k A4 N8R L R3S SR 5 F0 PDA B 57 e
B b, 45 8 FERERME T 37.37.28 C
K3 24 h, AT HE RIS, LTS, 4 B P BL—
HEHES ALEEEL KT, RS HE
B2 10°~10° cfu « mL7 BT KA T
P, & .

1.2.7 BHEAE GH & FHAT L35 12 1 8 4%
TR EZ N 6.0 mm Y FITEIELE F, K& .
1.2.8 WHEHAIHELAMNE e [# %
REFRETAR LINA 200 pL EEBRBIBRAEH S,
BURE AR, K R E MBI — R E
{147 2240 JC T ¥ R R IR D 30 min, X BE R 25 A0 B 5
KABFRESEAFEFEHEERFERE,IH
Iyt IAb 3, R =, B FEREFE DA
3% 24 h BUH, TR L WE M HEE EE K
AN OB A,

1.2.9 &AWk A MIC) ¢ m 2 B Fr
KB 2 BRBREYRBR—RINBER,
BMREZSHBBRYMESESES 7R 1.2.9, DA
11 T PR 4 A U R BE Dy /N A o VR B

1.2.10 HBHSWFH & * FH Microsoft Excel
2003 7T B 4317

2 #HRE5IE

2.1 BEEMSEHRKBRREREIVELRRE
FREMEERKBERENEZSRBRER S
srir L 2.
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F2 EXHBERSSH

Table 2 Results and analysis of orthogonal design tests

NE
= EWER/ %

B C
1 1 1 1 4. 40
2 1 2 2 3.83
3 1 3 3 3.75
4 2 1 2 4.56
5 2 2 3 4.60
6 2 3 1 5.19
7 3 1 3 3.77
8 3 2 1 4,16
9 3 3 2 4,95
K 399 4.25 459
K. 4.78  4.20  4.45
K; 4,29 463 404
R 0.79  0.38  0.55

FRPHENN 3 REE KB THE, LTRE.

3R 2 AR ARG R, 2 R ME®
K, U I PR R X SE 5 1 S B K. B F Ra>Re
>Rp, BTLL,3 ma R ACEHR ) X F 75
1 25 58 0 R IR 5 | K, HCh C(E R IR
), AR /N R BOZ AR E]) , 52 0 2 5=
ERCRM ERINF - A>C>B. AE 280 H1L,A
WEH K, R KX,BHEES K, & K,.CHE
K, A K, B A,B,C, #5452 08 932 IR 1Y
AR A R AN W R R AR R
WA 12 30(g s mL) ,REEMEIE 1.5 h, BiEHE
EH o6 C, B 2K, EEHWERRE T 2N
FEIK 5. 19%.
2.2 WEAENEFEHESERKRRZEIZMNE

MEERRRE
M 3 AL ERMMPOKBREZGF T, BEM

TR AL B ] D9 3 min, £ 3 AL B S . $OK B
BERBEENSER 5. 68%, LRk EE
BB EENTESH 0.48%.

£3 MEAEREYSHERRNEM

Table 3 Effects of microwave time on extracting of

polysaccharide
B [B] /min 1 2 3 4
EHER/% 4,60 4,91 5,68 4,48

TE AR BT 480 W,
2.3 ZHEZWEBRPEEHIENE

50 mg « mL "4 $T %5 M3 S KR 2 WE U VR I Sk
ZHN& R RN 8. 5mg » mL',50 mg + mL'3FEE
SN Z R W T SN Z R S &N 4.8 mg -
mL ™!, 50 mg « mL™~ s FAR S HE R P 2R
RN 9.3 mg e mL M B SC K B K 7S AN
EMBRTERNREERERBER 4.8 mg -
mL " (5FFRIZHBRHZSHEETE—FLE
TR ] — ¥R BE T P A 2k 2 HE M TS Y 2=
5.
2.4 SHERMSRE. FERISENSERT

2 ER I E

MR 4 AIA, &5 2 AN X KA . &
HEHHRBANOGSREYTMEEN; &
Mo WX K & B AEAHRENA AR
BREE A M HIAE A H b X K A RS 0 R AE
BUR b, 45 % 5 5K 18 S MR RS IR, 4
20 0T B 22 T P T ) 30 RV D 9R TR 22 IR
B R EWKE SN KT E . B OHA
BRI E IR B A M H R, HAEBOR
WL MR EFHEEMRKEESREZ
HRWEEEFEZR, TR BN ZHS%
AFAE R, & 5ok Mo 20 x5 ik 3 thE vk T M
HIFEH A Fr i — 3G

R4 EHERISE.FERNSENEEARSHENNEEE

Table 4 Antimicrobial activities of F. velutipes polysaccharide and L. edodes polysaccharide

M B B A2/ mm
S5 41 )
K # 58 SO R [SRERe ]
pogic 6. 000. 00 6.000. 00 6.000. 00
S5 H SN 2 HE 6.0010. 00 6.002-0. 00 6.000. 00
Tt s 2 0 10. 76 £0. 28 7.8540.12 8.3740.11
B EWEZ N 6.98240.03 6.360.33 6.7540. 25

TR A EAR 6. 00 mm, SEI A & 146 IS ZHFR B W E K 8.5 mg « mL T, 2h MO 205 F0 75 2% B 2B I R

BWEY R 4.8 mg - mL7".



56 4

W T, 4F - B A 200 0 < B 20 M B SR IR M B O 33

2.5 BESBIXGTE . $EBFAKFNA

BB E B &AM E R E MIC)

MR 5 FTAT, 7 2k M Sh 288 i 0 T 280CR e vk
R B R 5K B SR RS 45 e M A 5
A 4 M o 2 WX KR FF B A BN SR B R
0.15mg - mL ", W& HAHWHKE. . AOEKRE
R/ MIEREREI N 4.8 mg e mL 1 3K 6
T A 48 TR 2 X K B A T Y e T R B B
WEH 2.4 mg - mL ' XS EAHEHRENOE
CHRENERNMERBEETY N 4.8 mg -
oL 708 b 20 0 X K i AT B A B /NI R I B
ViR BE B AR T A B 2 W X R S A TR A R
BB E.

F5 BEEBISENAGHE.SECFEREN
HaEIRFNEMIERE
Table 5 The MIC of L. edodes exopolysaccharide

against E, coli, S. aureus and C. albicans

HFHERSMZHERRERE KB &H6H HES
WE/(mg+mL™) PR R
4.8 +++ + ++
2.4 ++ - -
1.2 ++ - -
0.6 + — -
0.3 + — -
0.15 + - -
0.075 - - -

7RI B+ RN M B A 6~8 mm;
“F+7RAMEEFE 8~10 mm; “++ +"RRM A B E
10 mm L I,

*6 EEEWMSENAEAR.SEREEREMN
HeESKENE/MIERE
Table 5 The MIC of L. edodes polysaccharide against

E. coli, S. aureus and C. albicans

FHEAMEHNRE KB SR HER
WL/ (mg » mL™5) Fres IR E28:)
1.8 + + +
2.4 + — —
1.2 + — —

E RO E TR A E B 6~8 mm;
T RAMEBEAE 8~10 mm;“+ + +T KR E B E
10 mm L) .

3 & &

ERELZAGT. FHEERRERT ZHE
(& & 5. 6800, AP aS AN BHE L LA 2

MEHEWN S ME SN ES R &4 4
S ZBEXF 3 B kIR R R 2 0 90 1T M, 7 A
ZRMEEEW RS 3 At B kYA AR
JEE A0 R BN InR .

a FAEWEBERERNORETZ b B
J71:30(g s mL), AL 3 min(BL M 9T 2R
g 480 W), ARG R 96 CHUKIRE 1.5 h, #uk
Bi# 2 K.

b. F%E MU 2Bt 3 Fl 032 B Ak A4 4 4
HBABKE ARG E ARSREMERE
BEBRE. FHMES X KRBT EEERTH
MRIE .

c. AR TANG S HEXT 3 Fi 4k iak B B 1 1 1 4
MR GRS R 4 O A IR A
KIGFE. FLEEN ST 3 Fh 4tk 5 vk i 10
1B FAAHIE.

d. ] v B 1 B B B A 22 00 R B 15 T 2 0
X 3 i pb ik B Ak 0 40 AR S R, A B R B
Jonvirg 3 o

e. B 7% MU A1 22 8 I 25 58 40 2 B % 3 AL
B MEEERFELZS, FERIZHHNE
B 472,

Bkt

BMHALERFTR AR LIBXEHRZARL
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Extraction and antimicrobial activities of polysaccharide from

Lentinus edodes and Flammulina velutipes
HU Guo-yuan , LI Chao-ying , CHEN Mo, ZHANG Qian, ZHANG Zhe
(Hubei Key Lab of Novel Reactor & Green Chemical Technology ,Key Laboratory for Green Chemical Process of Ministry of
Education, School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430074, China)
Abstract; To develop and apply the polysaccharide of anti-bacterial and anti-fungi from edible fungi,
Flammulina velutipes exopolysaccharide and Lentinus edodes exopolysaccharide were extracted from
the fermentation broth of F. welutipes and L. edodes by mycelia liquid fermentation. L. edodes
polysaccharide was extracted by hot water extraction with microwave, and the optimum extraction
factors were determined by orthogonal experiment. Agar diffusion method was used to measure the
activities of exopolysaccharide and polysaccharide against Escherichia coli (E. coli), Staphylococcus
aureus (S. aureus) and Candida albicans (C. albicans). The optimal conditions of hot water
extraction method is that the microwave time is 3 minutes at 480 W, the ratio of material to water is
130 (g/mL), the extraction time is 1. 5 h, and the extraction temperature is 96 ‘C. Under the dosage
of 8.5 mg/mL, F. wvelutipes exopolysaccharide have no inhibition activities against E. coli, S. aureus
and C. albicans. Under the dosage of 4. 8 mg/mL, L. edodes exopolysaccharide and L. edodes
polysaccharide all have inhibition activities against E. coli, S. aureus and C. albicans. The minimum
inhibitory concentration (MIC) of L. edodes exopolysaccharide is 0. 15 mg/mL, 4. 8 mg/mL and
4,8 mg/mL, and the MIC of L. edodes polysaccharide is 2. 4 mg/mL, 4. 8 mg/mL and 4. 8 mg/mL
against E. coli, S. aureus and C. albicans, respectively. The L. edodes polysaccharide of different
concentrations have different inhibition activities against E. coli, S. aureus and C. albicans. L. edodes
exopolysaccharide and L. edodes polysaccharide have different inhibition activities against E. colz, S.
aureus and C. albicans, and the inhibition activities of L. edodes exopolysaccharide is better than that
of L. edodes polysaccharide.
Key words: Lentinus edodes; Flammulina velutipes; polysaccharide; fermentation; extraction
AL R %



