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Optimization Extraction, Monosaccharide Composition and
Antioxidant Activity in Vitro of Polysaccharide from
Tricholoma matsutake

LIANG Shuangmin'?, GUO Qi"?, GE Changrong', XIAO Zhichao'”

(1. Livestock Product Processing and Engineering Technology Research Center of Yunnan Province,
Yunnan Agricultural University, Kunming 650201, China; 2. College of Food Science and Technology,
Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To improve the extraction rate of Tricholoma matsutake crude polysacchar-
ide, and explore the antioxidant effect of 7. matsutake polysaccharide (TMP) purified fractions.

[ Methods | The crude TMP was extracted by ultrasonic assisted water extraction and alcohol pre-
cipitation, and the extraction process was optimized. The crude TMP was separated and purified by
DEAE-Sepharose Fast Flow ion column, the monosaccharide components were analyzed by ion chro-
matography, and the antioxidant activity in vitro was determined. [ Results ] The optimal extraction
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process parameters were: extraction time was 2.25 hours, solid-liquid ratio was 1 © 31 (g : mL), ex-
traction temperature was 83.50 °C, under these conditions, the polysaccharide extraction rate was
8.67%. Three polysaccharide components (TMP-1, TMP-2 and TMP-3) were collected after purifica-
tion, which mainly composed of fucose, glucosamine hydrochloride, galactose, glucose and mannose.
Rhamnose existed in TMP-1, and glucuronic acid existed in TMP-2 and TMP-3. Crude TMP and puri-
fied polysaccharides had certain antioxidant activity and there was a dose-effect relationship. The anti-
oxidant activity was as follows: crude TMP>TMP-2>TMP-3>TMP-1. [ Conclusion ] TMP has cer-
tain antioxidant activity, and the antioxidative activity of crude TMP is the best. The antioxidant activ-
ity of TMP after separation and purification is reduced. This study provides a theoretical basis for the
development and utilization of T. matsutake polysaccharides, and is of a great significance for the

research and development of functional foods.
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FAEE [Tricholoma matsutake (S.Ito et Imai) Sing]
NFRFA T BE . NESE, RIS (Basidiomy-
cete) 1 H (Agaricales) R} (Tricholomataceae)
H B & (Tricholoma) KAV EEM, 7E E EE 5
MEEM, W, =8 . PORSEH ., MR
TRE R RKMARZ —, BA MR KRR
FLEERRER, A2/ ERY T, Mk, &
HET. . 4R RIEDIY%, BHAdUElk.
BITHEROE . PURESFIIY . e
RS, W2 AR 2 A . RIS
WER . MAERIRY) (20 A SEA . bibig. 2
mREET] . PURTEEENE . LR FRIBESE/E Y,
TELR AR it A B 2 T A R/ I AR s, B
T, AXMEZRENRE 28 TIEHZ R
PR BT 20, . YIN SEP R T #0K
PRI | BT BN ERIGE | RS O vE AR IR UL |
PSR R 7 e R T R 37 52 A o 2 BB B A
HEZWMER, BREAEORHE AL
TR T 20 BAEEEUN T HUKRE . B
FEPRH B EORT fOIE 4R BB Y P T 2 R B
Fo HIE, X THEZHE B2k 5 & 45 bk
LS LA . s T SRS R E FABIL =2 6] 7
KAMAERE . AR AN E ZHEL5 1] REATF
fEES, BHRG TIAE 2R F Y, T,
A 5T R R 75 I Al B K SR BE T TE S U 2
B, A ez TS LA AR U T2 X 2
AT B itk X alifb)a B4R AT S A Rt
585 MEMFZ BN DPPH H H3LF1 ABTS H i
REIERE . SEEBEE TR R

PAPFAN HBT TS TR . DIPTSR AR B M Y

PE—LIFEA ER IS
1 MREEZ%

1.1 EEMRSEG

WEIA ST TR ILREFEMAERAF ™ H
B LR STH); 22-BFAXN 3-2FHFH It
WEME R -6-fith 1R ) i EL (ABTS), 1-1-—K3E-2-=
B HE R (DPPH) W [ R T KU Ak 27 1R B
HIRAT; PLRIMER (Vo). & WU 2 iR —4hEh
(EDTA-2Na) W [ L I A= R A R A
16 Fh U bR AE S CABERE . BB . BTRI(AbE
FURE . BATHE . ORBE . HERME . SRME . B
EFUMEIERR . WATREIERR . AR IR IR AR
IR L . N-CBE-D ZLwjains . U
WEfR . HEEPERETR) 1A H gAY ARE
FRONE] . DA EIRFI4 R o rat .
1.2 FEHR SRS

A360 MO T (R R A R
Zvdl); LGI-10N HZS R VR TERAL (bt W AR}
KIBABRAT]); H2-16RK &2 B 0L (5
A AL A A A FR 2R3 SCQ-9201B 8 75 i 1
peds (L 28 U3 A PR E]); 1CS5000 &5
FO %4 (35 E ThermoFisher A H)).
1.3 R
1.3.1 AAEH 2 I

HERAPRIBUA BRI K 5 g (RS 2 0.001) THEMR
i, DU S SRR, VAR O S 4
WYL (1R 600 W, i 40 kHz) #5720 min, Z
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JEr Fi R — R IR BRI ] | RN AN PR R VA TR
B; LA 6500 r/min B0 20 min, W& FIETR, U8
WER 2K, AIF LW RHRERE V4R
L, A VSRR 3 f5 TR S, BT (4 °C,
24h); #E 24h )5, LL4000r/min B> 15min, 7T
TEMIIMAGBAIKE %, LA 6 500 t/min B.0> 20 min;
BT IR B T80 C IRA7, 1SRIME M ZHE,
VLI AR, SRR I — G R VA N R A EE R
RO, ehlmE a2, IR E
FZ PR ICR . S 2 L BOR=P A 2 0
Jo AN TRAL B 3 5 < 100%
1.3.2 HREFERRL

SEFHFHEFEN T WHRFRIAE R A
5g FAIZ 0.001), %18 1.3.1 7 LB £
B, TEIRHEIRIE 90 €. B 1:30 (g mL).
REERTE] 2 h A F TR R 2, A BIR
IR BRI | OB AR B A 1] X F A 22 iR
BRI
1.3.3 AR T

E AR 06 A -, A A Box-Behnken i
B IRTS,  mo (R 2 PR R M o [T 7K
FILER 1,

#1 WEEREEREKFE

Tab. 1 Experimental factors and levels of response surface

7K level
K% factor
-1 0 1
1235} ] /h extraction time 1 2 3
IR/ C extraction temperature 75 85 95
BHBLEE/(g © mL) solid-liquid ratio 1:20  1:30 1:40

1.3.4 B Z RS 50 )

K H Sevag 12 it 25 45 HORL 20 v 9 JR L
WCEERES , R4 BAT 72 h, SR A
LK., 2 I BRADFORD"4{¢ 18 1Y 2% D 3 22 5 7
ENiIR g Rt A R e 2 e R e = i
oo PR E AME R 20 03 giF T 40 mL
7R, %%, 181k DEAE-Sepharose Fast
Flow T4 (4.6 cmx50 cm), ARIKHZEWK A
0.1, 0.3 1 0.5 mol/L NaCl & W Vel , i 3 N
2 mL/min, WCAEVEMWE (B9 10.0 mL), DA%
WEABRIUE, SRR B — Bt R 72 R e D0 2 457 v 1Y)
M, IKPRVRB Y S R — I
e . BENT. TR, AR RFIRSEZRELL Y

1.3.5  FATE 20 SOpE A R I s

B 16 P OB BRAE S BC T A ZY 10 mg/mL FRifE
VW, FEREEECHIN 0.1, 0.5, 1.0, 5.0, 10.0.
20.0 1 50.0 mg/L A6 B VR FERRUE M

B F a3 (IC) A alifh 5 v 5 2 W4 7
B BB R, BURE S S mg TS, A
2 mol/L TFA 10 mL, 120 °C 7Kf# 3 h, Z&MKJ5 N
AJK 5 mLiREZA), W 100 uL JilZE 900 uL £ &
7K, 12 000 r/min B0 5 min, HCEWEHHE IC
i, ik . DionexCarbopacTMPA20 (3 mmx
150 mm); JishAH: H,O (A). 250 mmol/L NaOH
(B). 50 mmol/L NaOH #/1 500 mmol/L NaOAC (C);
Jii: 0.3 mL/min; #FFEE: 5ul; FER: 30 °C;
RS . H A=A 2
1.3.6  AN[RIZH 23 i B 22 W A AP S8 A v 1 1Al s

(1) DPPH H HIFEBRFMIME . 2% SONG
UYL . BRIV E A 0.25. 0.50, 1.00,
2.00 1 4.00 mg/mL FATFERT ZHHFN 5 BB A
2.0mL, Z33HIA 0.2 mmol/L DPPH ¥ 2.0 mL,
IRA), iR FEDEFE 30 min, WEPHIK 517 nm
AEEIEEEME, LA Ve NBHPEXT IR, R 20 T
DPPH H H 2 HHFR%

DPPH [ 3355 % = (1 A _OAZ

)xlOO%o

e Ay M7 O RRLL GRAKICE RS BOt
JEE, UITAKE; 4, MFEmARWOGEEE, LA
T 4, IEESARIE Bk A0 E DPPH
VTR B
(2) ABTS H HEHRZFMNE . SHHIRIT
S, ¥4 7 mmol/L ABTS VA Tk LA IR 45 2%
M (10 mmol/L, pH 7.4) FsFs, 7K 734 nm
Ab 00 #5085 BE A1 34 31 0.70040.020, HU ABTS %
W 3.0 mL, I AASIE] 5 B VR A R 200 A 45 B
BHH VW 0.4 mL, IRAEZIECE 30 min, £
DSE B 734 nm AREIWOEREE(E, DL Ve i BT
M, AR TTHE ABTS A HEMTE G,
ABTS [ S % = (1 _AiA

0

) X 100%0

Kb A, WEERAK (BERR R 2% vP A ABTS
TAER) RIMOGRE A

(3) B JBE ARSI HNE . SRESCER [14] 197
o BUANIR BT i v BE AR 2R 45 SRR A 0
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3.5mL BilE Y, FEZEE T HIA 2 mmol/L FeCl,
0.1 mL Fl 5 mmol/L FEM BE 0.4 mL, #& 3l & i
10 min, % 562 nm &b AIWOEEE{E, DL EDTA-
2Na NAMEXTIR, AR RSB EGRET

. A
SIREEART] = (1 - A—1> Ap % 100%.
2

Krf: 4, IRETAR (KR FeCl, HHR) 1Y
WG REARL

(4) WIERE M2 . &% FAN 551k
A [7) o o Y B A TR 22 W N 45 BWE 20 S0 TS T A5
1 mL, MMA 1% (p) REILHHE W 1 mL. pH 6.6
WM R vP 1 mL, WAEHA, IREWTE 50 C
EIR 20 min J5, MIA 10% (p) =R LRI 2 mL,
SRJGFE 3 000 r /min 5.0 10 min, B3 2 mL,
IMAZEEK 2 mL, 0.1% (p) =& 4Lk 0.4 mL, TR
A5, EEEE 10 min, WE 700 nm &b Y%
JCRE(E, LA Ve APHMEXT IR, #e A A E
ZHEERRE T -

WIFERET] = A1 - Azs

Krf: 4, IAEERAR (iR =SB R)
IO REAA

MG B 22 WEAE AN [A) T f v 2T (98 R 32 1
WO FEMEALA AR B I 5 # , dd ik B0 il e 2
(median inhibition concentration, I1Csg) Y INE A

2 FERENH
2.1 I ETREARAE 2
AR E M LR LA 1, RN =
0.009x—0.001, R=0.9992, H:Hv, y #4341
WCREAE, x AP R (ng/mL).
2.2 /N [E] SRR N A R 22 B S R R 2
BEE RN LG . =PRI R BRI R,
iy A 22 0 12 IR 34 2 2 T o e RG24
(K1 2), R 1 :30(g : mL), JZ4EMHAEH 2h,
RARREE N 85 °C W, FAEH 2R B0 i
B,k 8.22%. 8.13% Fil 8.65%, Hit, LA
R E LR R A
2.3 ma R ARG R
PSS e T W B L VAT TR W AN
(% 2) BR: MEHZHERICEN T 5.130%~
8.824% 2 [H],

0.6

WG EE(E
absorbance value
s o o
W IS W

e
o

y=0.009 0x—0.001 0

\ ‘ 0.1 R=09992
BEAS R4 o E AR TS P
1.4 AR5 50008 5 10 15 20 25 30 35 40 45 50 55 60 65
Al g 3 A7, 5 EE R A Origin pl(ugrmL")
8.0, SPSS Statistics 18.0 #I Design-Expert.8.0.6 i E1 i kihs
115301 o Fig. 1 Standard curve of glucose
8.5 8.5 r 9r
8.0}
g 81
:E % 7.5
gﬁé§ 7.0 b i
5
6.5¢ o
6.0 - - - - - - - - T N—
1:10 1:20 1:30 1:40 1:50 1 2 3 4 5 50 60 70 80 90 100

FH IL/(g:mL)

solid-liquid ratio

El2 Rligtt. REHEMRE

IR AR E]) /A
extraction time

R/ C
extraction temperature

BTN E A SRR IR B R AR

Fig. 2 Effects of solid-liquid ratio, extraction time and extraction temperature on the extraction rate of

Tricholoma matsutake crude polysaccharide
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Tab. 2 Design and response value of Box-Behnken experiment

56K % experimental factor

= GiEA e
méfnl:er & %lﬁ I‘lﬂ'/h ﬂlﬁ tl?/(g : m;) ?yj",?%ﬁﬁ;/uc extraction fieg jfj;iif(ﬁli‘isaccharide
extraction time solid-liquid ratio extraction temperature
1 2.00 1:40 75.00 6.618
2 2.00 1:30 85.00 8.642
3 1.00 1:30 75.00 5.130
4 1.00 1:30 95.00 6.758
5 2.00 1:30 85.00 8.824
6 2.00 1:20 75.00 7.522
7 3.00 1:40 85.00 7.312
8 1.00 1:40 85.00 6.118
9 3.00 1:30 95.00 6.264
10 2.00 1:30 85.00 8.302
11 2.00 1:30 85.00 8.652
12 1.00 1:20 85.00 5.602
13 2.00 1:30 85.00 8.550
14 3.00 1:30 75.00 8.030
15 3.00 1:20 85.00 6.350
16 2.00 1:20 95.00 6.746
17 2.00 1:40 95.00 7.358

2.3.1 [A AR AL 53 by

AT ZBHRICR (V) SHZ 2] (4), BHR
I (B). RIEEE (O By EHHBIAIY . ¥=8.59+
0.544+0.15B—0.022C~1.384’~0.878°~0.67C*+0.1 14B—
0.854C+0.38BC, KL IE R R=0973 1, R\4=
0.938 5, A5 REUCH 3.3%; i P=0.000 1<0.01,
AT P=0.113 3>0.05 (% 3). M4 BUR 1 A
RO . RN >R >R
2.3.2 W BT A A AT

BT Z2 BB BOR 27 12 3 B[R] 119 52 M K 1

WL, BRE SR EEIE 2 NMHRZ B B,
PO AZ R4 B 8] 1 52 ) K iR $2 R (B 3),
P, SRIBCR A G I P R IR e ], Lk
ERNE LU PRIREE, 5 220 Irai R —3.
2.3.3 AAEH 2 HEIR BRI BAIE

2 IR A, ASFER 2 R T8
H: BREERE] 225 h, BHEL 1 :30.67 (g : mL),
RIBREE 83.45 °C; XZ AT S I H2 IR
T2k BHmtE 2.25h, BREI 1 : 31 (g mL),
RAGIREE 83.50 Co 3 HATIRI S R R : 4

®3 AESNMSREMFIE

Tab.3 Analysis of variance and judgment of significance

A R PR H FEARTT % FRI WK BN

source of variation sum of square degree of freedom sample variance F-test significant level significance
i model 20.47 9 2.27 28.14 0.0001 *x
TRARIN H] (4) extraction time 2.36 1 2.36 29.25 0.0010 o
BRI EL (B) solid-liquid ratio 0.17 1 0.17 2.17 0.1737
RIRIRSZ (C) extraction temperature 0.00 1 0.00 0.05 0.8348
A 8.04 1 8.04 99.53 <0.0001 **
B 3.16 1 3.16 39.13 0.0004 **
c 1.87 1 1.87 23.15 0.0019 **
AB 0.05 1 0.05 0.62 0.4585
AC 2.88 1 2.88 35.64 0.0006 **
BC 0.57 1 0.57 7.11 0.0322 *
% 7% residual 0.57 7 0.08
AT Tack of fit 0.42 3 0.14 3.84 0.1133
4% 7 pure error 0.15 4 0.04
SR ZE total error 21.03 16

7E/Note: **. P<0.01, *.0.01<P<0.05.
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FRIUE/%

extraction rate

1:40

BB /(g 2 mL)
solid-liquid ratio
W
)

1.00 1.50 2.00 2.50 3.00
AR E]/h
extraction time
FEICE/%

extraction rate

BARE/C

extraction temperature

T
1:20  1:25  1:30  1:35  1:40
BRI /(g mL)

solid-liquid ratio

PRI %

extraction rate

R C
extraction temperature

100 150 200 250 3.00
AR/

extraction time

LR/ %
extraction rate

FEHCR/%
extraction rate

FRICE/%
extraction rate

2.
1.50

g, Ky 0~ B
r‘?%'o U ps. 75.00 1.00 :é’fg%z%),& “\'\6‘6
D g X T 0
C‘],Ip ?? eﬂ»\{&c
sy
p,

B3 RiEAfE. RligtE. RIREE MR BRI NER S HERINERNZ M
Fig. 3 Effects of interaction among extraction time, solid-liquid ratio and extraction temperature
on the extraction rate of 7. matsutake crude polysaccharide

H 2P BOR S PR A 8.42%, 5 (&
(8.67%) BRI, F B ma W B A A AT AT
HINEH Z ) BRI T 2 A%
24 EMHZHVID > Bt g
24.1 MEMHZHENEDSE

EH AR EML WK 4, BIEH SRR =
0.009 1x+0.007 1, R*=0.999 3., K EFRHEHFH
N BT ER AR SR 15.73%; KBREA R
&, MAHHMZRPE A SRR 3.65%.

242 WMEHZ A

stk KBRS M EH 2 0TS
F| 4 FhhEe sy, 4350 TMP-1, TMP-2, TMP-3
1 TMP-4, H WS 50510 84.33% . 88.33%.
90.04% F1 95.33%, 4l & (B 5); {3 TMP-4
oy A & AR TS TF5E
2.5 KA HEATILAL A3 I R 4 R

&l 6 FIZE 4 AT%0: TMP-1 s 3em . $hm
REAENE . B BRI AR R
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0.5
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2 04t
m S
(0]
=203t
of-
S
202t
[
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0.1 R=0.999 3
0 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60 65
p/(ug'mL™)
E4 ZARinERZ
Fig. 4 Standard curve of protein
1.0 - 4038
0.9
0.8
106
g 0.7
= TMP-2 2
@ > 0.6 a_
[} —~
% 205 104 B
=204 TMP-3 ,:
=03 =
102
0.2 F TMP-1
0.1 TMP-4
0 - 0

0 50 100 150 200 250 300 350
P
tubes number

5 HEHEZPEL DEAE-Sepharose Fast Flow
BTFHESRSSHEE
Fig. 5 Stepwise elution curve of 7. matsutake crude
polysaccharide on DEAE-Sepharose Fast
Flow ion column

MR, BRI R 2.1:04:29:7.1:754:
12.2; TMP-2 F TMP-3 #ARHH et . EhR 2L
HiWE . CEFUNE . EIAINE . H RN R R R A
B, Hd TMP-2 Uit Lol 8.9 : 0.9 ¢ 19.6 ¢
43.5:22.6 : 4.5, TMP-3 Bl b} 6.6 : 8.6
14.6 : 52,0 : 12.0 : 6.1; ‘AEME . HERE L4
Wi CREILEE . AIARE A & BEE TMP-1, TMP-2
FTMP-3 1 FZ R, BREHHUAETE T TMP-1
W, AP RR A AE T TMP-2 F1 TMP-3 H1,
2.6 MAEZHERFA D RSN EAL TS

H &7 AT YRR h 4.00 mg/mL 1,
PAEML Z M . TMP-1. TMP-2, TMP-3 Hl V¢ %}
DPPH [ H 5E35 B 16 PR 430 R 84.42% . 46.54% .
66.87%. 62.52% H193.75%, ICs, [EMIH 0.359 .,
10.226., 0.873. 1.043 11 0 mg/mL, DPPH iHERAE

J10 Vet EH Z8>TMP-2>TMP-3>TMP-1,

W 8 Al HqTEHE Y 0.25~4.00 mg/mL
B, WA Z 0. 2B 415 F Ve 11
ABTS [ 305 B 2 3 Bl 5 JoT et vl B85 Ay 348 Jon o
=, W E N 4.00 mg/mL B, FAEH Z M
TMP-1, TMP-2, TMP-3 Fl Ve ) ABTS H th3Lig
B3R 2 51N 89.98%. 39.91%. 85.56%. 78.53%
F1100.04%, ICso fEAMKIK N 0.507, 14.514, 0.525,
0.716 #1 0.001 mg/mL, ABTS & RHE 1N Ve
WAFEH 2 4>TMP-2>TMP-3>TMP-1,,

FHIE 9 AT 0. M N 4.00 mg/mL A,
FAEEMIZHE . TMP-1, TMP-2, TMP-3 Fl EDTA-
2Na ) 42 J& 2 5 68 1191 9110 83.41%. 36.22%.
69.13%. 48.18% H199.93%, ICs, MK N 0.602
9.671, 0.870, 4.786 Fll 0 mg/mL, HH, FAHH
ZHEA TMP-2 R SR & B E A RE S, [A#R
T EDTA-2Na,

i & 10 TR . FATEEZ WE YL 5L RE ) B T
TR R TR R, YRR 4.00 mg/mL
I, PAECHLZHE . TMP-1, TMP-2, TMP-3 Fil Vc
134 JEBE 1 43 1R 0.872. 0.056. 0.822. 0.764
M1 1.477, 1Cso fHAKIK A 1.348, 110.142, 1.517,
1.840 Fl1 0 mg/mL, RJREAES K. VerH £
Bi>TMP-2>TMP-3>TMP-1,

3 g
3.1 MEHEZHRFERRGSR

P25 M (M = ELE G, a2 b
HATWF S 08 22—, AT S KRR B AR AG A 0
WSO R DL IR, AT, PAEAH iR
BOT A T R BOE | HOKERBGEDY .
PRBOEIAE  BAATE )T N — | BRAER e
Mo RAMFRIBIKIREETCE", ¥ 2 M0y
TR AR, BRSO AR IUR | ARk
HUrta] . Sl AT AL, BE R L . IR R
] IRARTR R E T s gk, Rk
X 3N R PEATIRIUT 20098 . A BAF&R
FHma 7 TR LA = 2RI T2, e e fEdR
BORHG LM 12 27 (g - mL), $2BCR K 3.96%, &
B A2 HoRHR H R B AR LA, R B R
RHPGER, SRR RHGL . b L EHE
Al RS R 0 S A PR, RN LR S
RN BEE, ZRA e e (IRHR L REsk
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Tab. 4 Content of purified components of polysaccharides from 7. matsutake %
oy B BN AR Ik HIETHE HEEpE IR
component fucose rhamnose glucosamine hydrochloride galactose glucose mannose glucuronic acid
ARH
TMP-1 2.1 2.9 0.4 7.1 75.4 12.2 not detected
TMP-2 8.9 AR 0.9 19.6 43.5 22.6 4.5
not detected
3 |88

TMP-3 6.6 AR 8.6 14.6 52.0 12.0 6.1

not detected
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AR R LT . BEE IR LR 85 °C.
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