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Effect of different drying methods on antioxidant activities of
polysaccharides extracted from Flammulina velutipes
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(School of Biology and Food Engineering, Changshu Institute of Technology, Changshu 215500, China)

Abstract; Flammulina velutipes was used as raw materials. Polysaccharides from Flammulina velutipes (FVP) were extracted
using conventional water extraction. FVP-H FVP-V and FVP-F were obtained with hot-air drying, vacuum drying and freeze
drying, respectively. Component and antioxidant activities of FVP-H ,FVP-V and FVP-F were investigated.The results showed
that FVP were acidic polysaccharides.Different drying methods had no effect on the monosaccharide species. However, it could
change the monosaccharide composition and uronic acid content.The relative molecular weight of FVP-H,FVP-V and FVP-F
were not obvious, which were 2342309 ,2375843 and 2358437 Da, respectively. FVP—H,FVP-V and FVP-F had a stronger
scavenging ability of DPPH radical, hydroxyl radical, superoxide anion free radical and reducing power. In a certain
concentration range, FVP were positively correlated with the antioxidant activity and reducing capacity. Different drying methods
had different effects on the antioxidant activity of FVP.FVP—F had highest antioxidant activities, followed by FVP-V and
FVP-H. Freeze—drying was the best drying method for preparation of FVP.
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1 JG/K 2 W I SR L A B L B R TV 2k L K A TR
HeFE CL =AML VRS AN IE T W &5 A il ek
SERF Bk tral,

Alpha 1-2 LD #1420l 1#2E CHRIST 44 F ;
722 Syt iR AERH AR A R E] s HK -
20B B EH L TN R BANLAR I &G R F
CR22G Il & ¥ R 0o #L  H 7K HITACHI 2\ &];
DHG-9030A iy #fE RS X T H4E il = R Fl2#
IXFSA BR 2> F] s SHB-B9S5 a3 /K EZHE SR A
MIREL TSR A BRAF  RE-52A JEF7E R LI
WERAAANZFA IR AT ; GC-14A SAHEATEL  H A
Shimadzu 23 7] s HH-2 £ e WA IR /K G  Sis
7S & JR W AR A R A F); Waters600 /57 & W AH €8 35
1 SEE Waters 23] 5
1.2 XWHE
1.2.1 FVP WHEHL A58 /K 75 U o & 4 6 2%, B
KW TG 1E 60 CE4F FE A T8 12 h, SR S5 HLAEHY
e, 3 100 B i, A B 24T 25 B 7E 70 C 44
AR I 2 WK, B 3 h, SR JE AR -8k 95% <
BEVeT 2 WK, LABR 25— S (0 38 | oAbl I SRS Al H Atk
— LB\ T, R R RIS ,60 C &M TN B
T4 24 h AR B S 4T 70 AR FE S A H . FREL 100 g £%
AR R T AR TE I A, i A 3000 mL ZE4E 7K, FE1H
TR IKYE 80 C FHEHL 6 h, $2HU WL 7E 4000 r/min 2514
T B0 20 min, | IE W AT e L 25 W 4n CIin B ig g
50 °C, L4 50 v/min, BELZS BF 1.5 MPa, ¥ 4 B5) 6]
8 h) . WeHHE R H Sevage %k LT H (6 K) , ¥ Uk 45
TR FH SR T g W B AR 22 BT 1 i — 2B sk, FHZE 18K
Ve, 15 B PE L, Ve VE AT 24 h, kAR E T4
ZHHRIUY A 4 A5IRT 95% £ 1% ,4 Cid R e &5
/0> (4000 r/min) , PLHERP ARGl FVP,
1.22 FVP W+ SR Eas T e
VR4 AR B #UX 5 £ B ( Hot—air drying FVP,
FVP-H) . H 55 T 4 £ #¥ ( Vacuuming drying FVP,
FVP-V) 1 ¥ Uk T M £ B ( Freezing drying FVP,
FVP-F) o #8 XU # T 8 45 4 IR BE 70 °C, XL
2.0 m/s, THEBF W] 16 h, B85 T T B4 R )E
50 °C,HZ5 % 0.07 MPa, THEASE] 12 h, ¥R TH%
fF IRBEE-50 °C ,JEJJ 0.06 MPa, T-4Eat[b] 48 h, £85F
=RFR B E B FVP A @ R, K4 & &
<5%,
1.2.3  FVP A0 A HobE &m0 2 DL 25 0 A
o HE iy, SR FH S 1 — B R 5, AR P A R A A L
A L34 A R RR U, SR AR AR - i B R
b LA LOBE 1B R A 6 RE AR, SR ) R BG
M
1.2.3.1 FVP JulEgH % B2 BERE S 10 mg T H3€
B, InA 2 mol/L i =FR LR (TFA) K 2 mL &
ZREME T 121 CoRfE 1 h, KRR R & TFA
J&,BaS T, SRS 2R ERAT A4k, Jin 10 mg
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RN I8 B LB ( NBR) A1 0.5 mL AtkiE , 90 °C
30 min 5, BUBBHIE =G, InA 0.5 mL BEERIEF,
90 °C F4k£Lz i 30 min #:47 L BEAk, 2N 7= 4 H $2%
AT AR ATE 5P o

3% 25 8 R OVI1701 5 P 7 9% 6 40 457 4
(®0.32 mm x30 m) , <~ N, , i 1.5 mL/min, FID
AR RS, AL S IREE 260 °C , Kl #5375 & 250 °C
SRR P AR B G IR E 150 °C, {8 1 min, DL
10 C/minFF#E 2 190 °C , {58 1 min, L 3 °C/min F}
VB ZE 240 °C , {588 20 min,
1.2.32 FVP XS F sl B AE X 45 7 BT &
7 6100 . 26290 . 84000 . 158000 F1 291000 [ kF 7
Dextran AHZK 34, SR FH &5 R0 AH (43 ( HPLC) 32 5%
PREBETE] TR, LA TR Syt A b, 1gM Sy Ph AL BR 25 il AR
M2, K45 M0 J5 72 1gM = 13.0 - 0.467 TR, ¥
FVP-H FVP-V Fll FVP-F Z¥EHk (2 mg/mL) BERE
20 pL, AR¥E 45 TR, 38 of M H R AN A T 2
BEOUARXT 43T R . (4% 4 . Waters Ullrallydrogel TM
Linear( 7.8 mm x 300 mm) , ¥ | 5 : Waters2410 7~
ZPEKI 25, L 0.1 mol/L 1 NaNO, K Wi Zh4H, ¥i
# 0.9 mL/min, f£7& 45 °C .
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T RAE S 3, T 9% FVP %3 5E [ i B9 15 B 1E
FHo HUAS 8] e B2 1 2 AR WK (0.5.1.0,2.0,3.0,
4.0 mg/mL) #% 1.0 mL, 53N AGR IR 4K (9.0 mmol/L)
F11.0 mL /K47 8 — Z B (9.0 mmol/L) , X & 25 DA
1.0 mL B8 7RI Z MERE U, B /5 1.0 mL 33 4
ACEEEWIR BN B SN 3 WRTE 37 °C IR K
30 min, £ 510 nm AN E TG, id o A, PAER
BT R 2ok EE UL E#RAE, 7F 510 nm )
K AL SCHE ,IE S Ay LLE B T ARV i A AL A
R EE LR ERAE, 76 510 nm P A0 I FL R S
IER A, o = APRE S 53 3N RE , Vo VE S B XS IR AR
B 2 WERE S R RE BEAT I A , R S ST I E 3 IR R
SEEMAE R 2G5 OH (I BR %

-OH 3ERRA(% ) =[1-(A, —A,) /A, ] x100

FH A RN RS ROEEE A, RORR
InZBERE S AS ARG B A, R AN A4k
S XT BRI G
1.2.4.2 5k DPPH [ i BEM9 058 ARYE Liu 25
J7 9T FVP %) DPPH H H A2 TEBREH . 433
2 mL AS[a] BT R 09 2 HEAE i (0.5 .1.0.2.0 3.0,
4.0 mg/mL) , i1 A 2 mL A 0.1 mmol/L ) DPPH- 2,
By v (B FHERAD) YR A 5 G 2= IR E: 30 min, 7E
517 nm YA E WG, 10 A, LAIZEIRAK AR
ZHERER E S FRERAE  AE 517 nm P AR IR S
BELIEH Ay s PAZER K AUET DPPH - £ B3 W o 52 L
R VR TR A AE 517 nm K AR I A0 G EE,
0 A, Ve FESR BEHEXT IR, AR 2 WA O U (R A 3
AT SE B ESPAT I 3 W IF BLBCEME, 32 T =it
5 DPPH H HHELMTH BR 2R

DPPH HHHFEER A (% ) = [1- (A, —A,)/A)]
x 100
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A ROR N Z BRSO s A, FROROR
JINZBEARE S 10 25 LA I IO 5 A, ROR AN DPPH
FA Xl BB ZH A8 IO
1.2.4.3  JEERIEEAE T A 30 E
AU )5 P S AT B, B 4.5 mL (4 Tris— HC1 2% vl i
(50 mmol/L,pH8.2) 7E 25 C fHIR /K 20 min Ji5, il
A 1.0 mL AN [R] 5 £ 4 5 10 2 AR s (0.5 .1.0
2.0.3.0,4.0 mg/mL) 1 0.4 mL 4B 2K = Wy ¥ WK
(25 mmol/L,25 C /K ¥ Fi#) IR 2T, 7E 25 C /KB
5 min, 1A 1.0 mL HFTIRMLERZ (8 mmol/L) 2 1| )z
R, TGHAE 420 nm YA A E RO 10 A LAZE
TEARACE S RE MO BB A2 L AR, 78 420 nm P K
ALTARI G, IC A Aye Ve VE N BT R (R =
HREASE T T [RTARE E A7 0, 9 s 4 S AT 2 3 R B
SEME L, $F ETE O, - TE R R

0, (%) = (Ay—A,) /A, x 100

Ay BRI ZBERE S A AR IROBE ; A,
FIN N Z BERE S ISR
1244 B9 E AR R Wu 0 97 S F oY
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i FVP ZBERE 55 7 (0.5 .1.0 2.0 3.0 4.0 mg/mL)
FIBT i 43 B0R 1% AL A s W 2.5 mL, IR &3
7,50 CHaiE/K % 20 min &5, IIA ST =480 10%
=& LR 2.5 mL 20k W o BUR W 3 2.5 mL,
I 2.5 mL ZE/E 7K F1 0.5 mL FeCl, , -4 35 # &
10 min 4500 r/min Z5.0> 10 min, £ 700 nm 75 K Ak
WS, Ve AE N BH G B, B S AT 3 W iR
YME,

1.3 HBEZITHH
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AT IR AR 20 FVP b2 20 i ULER 1, AR
1 Al LFHH,FVP-H FVP-V Fll FVP-F &4
PEVE R T JOBEIE R . — LS A RMERRB N £
WEESHR MR 2o, M A2 454 531, R P 22 ph 4k
B T S Rt 3k A (3 R M I 1R N R AR ) A1, T B
ST AT v RO R I T X = o B R M 2
W, =R s R R S R (I E e E) 25
A& . FVP-H [FHRE IR & 5T FVP-V Fl1 FVP-
F, 2255 (p<0.05) XA fe2& M F FVP-H £ T4
TR R AR B AE X R R IR TR B R
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Table 1  Chemical composition of FVP dried
by different methods( % ,W/W)
b \ 4oy i
AME HH B HERERR
FVP-H 8525 +1.79° 2.35 +£0.16" 4.16 +0.31"
FVP-V 84.38 +1.16* 2.46 £0.25* 495 +047°
FVP-F 86.78 +1.53* 2.39 +£0.15* 478 £0.26"

RN AT YE = AR 2 (n =3) , [AIATAS [R5k
FOREFWE (p <0.05) ;3K 2 [H],
2.2 FVP s$¥EHRK

FRUERPE 2 A S AR S R DL 1, 45 H
TASTE] Y R (] AR Y B bE . R TR T A5 3
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UL 2~ & 4, BpEH pl (BT E o040 WAk 2, IAE 2~
B4 fnzk 2 vl LLVEH, =F FVP 2l AR H 7
W L ERZEBE AR  ZUOBE DY R Bpol 20 B, Horh FVP-H F
FVP-V BB i 22 R AN B i, FVP—F Ffl gl il 5
FVP-H #1 FVP-V 227 R 3 (p <0.05) , ] T Jr
TR Z2 W HROBE A 2 A S, 2 AR B Y A4
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Fig.1 Gas chromatogram of standard

monosaccharides with acetylation

2.3 FVP XS FRE

SR S RO AR 3% 7 155381 T FVP-H (FVP-V
F1 FVP—F AR 53— o, 85 2R 43 B Wl 5~ &1 7, A
K 5~& 7 AT LIFE H ,FVP-H FVP-V 1 FVP-F FH %}
AyF JE R4 SRy 2342309 2375843 2358437 Da, AN[H]
TR T AR B 0 ZHE AR ST 43 R AR AN B
2.4 TFIEHEX FVP AL EER RN
2.4.1  FRIFIEXT FVP 23 H A IEERE N T
JETTEEXT FVP 3 BR PR H B SR 00 52 45 2L UL 1A 8,
TE—E MW ELHE N, fiE FVP-F FVP-V Fl
FVP—H J5 s & B 38 im , %o 355358 B i 36 00 1 R AE A 1

K2 ORFETHRITER FVP B (% )
Table 2 Monosaccharide composition of FVP dried by different methods( % )

FE i A -
N H g b 2=k b
FVP-H 37.67 +1.69* 12.51 +0.21* 4336 +1.12° 6.45 +0.29"
FVP-V 38.04 +1.57° 11.88 +0.46" 43.81 +1.38° 6.36 +0.46°
FVP-F 34.42 +1.09" 9.13 £0.35" 48.84 +1.28" 7.62 +0.39"
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{H55TF Vo
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Fig9 Scavenging effect of FVP dried

by different methods on the DPPH radical
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Fig.11 Effect of FVP dried by different methods

on reducing power scavenging
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