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Abstract: In order to realize the efficient utilization of Grifola frondosa Polysaccharide (GFP), a novel Deep Eutectic
Solvent (DES) was used to extract GFP. The extraction conditions were optimized and the antioxidant activity of the GFP
was investigated. Grifola frondosa was used as the raw material, DES-2 (choline chloride-ethylene glycol) was found as the
optimal polysaccharide extraction solvent among the eight DESs after screening. On the basis of single factor experiments,
the orthogonal experimental design was used to optimize the extraction conditions of GFP. The optimal extraction condition
was determined as follows: DES-2 water content, 10%; DES-2 molar ratio, 1:1; liquid- to-material ratio, 80 mL/g; extraction
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temperature, 60 “C ; extraction time, 40 min. Under such conditions, the extraction yield of GFP was 30.25%, which was 2.23 times

that of the traditional hot water extraction method. The results of antioxidant studies indicated that the polysaccharide extracted by
hot water (W-GFP) had ECs, values of 0.11, 0.45 and 0.26 mg/mL in the DPPH, ABTS and -OH radical scavenging tests,

respectively, whilst the G. Frondosa polysaccharides extracted by eutectic solvents (D-GFPs) had EC;, values of 0.11, 0.56

and 0.23 mg/mL, respectively . Therefore, this study showed that extraction of G. Frondosa by DES had the advantages of

being green and having high yield, and the obtained GFPs exhibited relatively strong antioxidant activities, which provides a

theoretical basis for the development and utilization of GFP functional foods.
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%5 2H R, HBA

HBD FERE  ARE %

DES-1  &Abfesk - k&
DES-2 &ukfesk - L =8

DES-3 #ALfaak -1,4- T =8z qphes

DES-4  &dbfesk - Hid
DES-5 HWE - RE
DES-6  #3¥# - =5
DES-7  #3E#-1,4-T =82
DES-8 HE AR -

LEXC

VS S 122 30
LB 1:2 30
14- T=8 12 30
i 1:2 30
VS 122 30
LB 1:2 30
14- T=B 12 30
Hih 1:2 30

13 LBk

13.1 HBTAL 2 A DES#H) %] &

IKAEF SR T 45 CHET, R mEHLR )
W 60 H i 15 2 A LA A I 4 B 2 % HHRAT
ZH# 71K (Hydrogen Bond Acceptor, HBA) (G fLAH
Bk AR Bt & (Hydrogen Bond Donor,
HBD) (JR&E. Z B, 14-7 B, HuD #%28E/K
Eb 12 9B 4, &/KEN30%, 7F 80 'C NHE i+,
HEW BB LB WRIRAA . A E SR G % H R
BB A, DES W45 KALRINZER 1 fis.
132 KA B BRI A4 &

DES #2007 : B 0.1 g KM IER KT 10 mL &
O H, 1% 40:1 (V/m), TN &K E N 30% 1
DES W& ¥ 5. SR EJETE 50 CF K hn#
30 min, fE 2 311xg {124 F &0 10 min, K I
TEWH e T EiE AR, BI18 D-GFP A2
Z M8 Xiao ZP 7%, B 0.5 mol/L (IS A AR
)\

PRI L 0.1 g IKAERY R T 10 mL 250
B, FOBHEE 40:1 (mL/g), MIANZEKIEE 5] .
RIS TE 85 'C R/KIE N 30 min, 7E 2 311xg
MIZAF R B0 10 min, # E3EREH JFid % FiER
R, BIfS W-GFP R
133 Ritfe s #eEnE

SRR EECITE, KMTE 2 b S R A
Wy - BRERVEHA T, THE 2R K A
FrAE OB AT, T 105 CHEF-AEIEE, i HR &
WRIEN 0.1 mg/mL R BRI . 205l O il o S
% 4 0.02. 0.04. 0.06. 0.08. 0.1 mg/mL ] i %j H

FRfEfR R UL R XTI, N Z& /K42 0.1 mL,
3 AN 6% Wy 0.1 mL. KRBT EZ 0.5 mL
B EGS L, WREY, EEHE 10 min.
HHL 02 mL T 96 fLARH, 7£ 490 nm &, H R
G 5E OD {8 &2 il 7 Ml b A it 2. DL &R
e R IRIE (mg/mL) AEEAA AR, OD fH N 92k
bR, EFRUERZE T 1=6.882 6x+0.122 7, MK FRE
R*=0.992. H{ 0.1 mL FEEAT DL B3R1E, BT FES
HBEAT 3 ANDL PAT SRS, HRESME 3 K. KL
ZRER R AR P

P::CXVXD

Mx1000

B

P—— KA SABIRE, %;

C——& a7 2t BB RAIE S B R ERE, mgmL ;

V——RIER A AAR, mL;

D——HiBAE5K;

M——EMEARE, g.
134 FHFRKE

i 1% K AR 2 B 19 2R A s 1K 3R 0 U R
(DES) #tAT # K & il %, % %2 DES 1 &% /K %
(10%-+ 20%-+ 30%-. 40%-. 50%). JE /R (1:1,
1:24 1:3. 1:4. 1:5). Wklte (40:1. 50:1. 60:1+
70:1. 80:1, mL/g). #EHUIEE (40, 50. 60. 70,
80 C). FEHUHF[E] (20, 30. 40. 50. 60 min) Xt
Z R B Fm
135 ERRBEHAK T

ETHRRFRELER, DA ETKE (%), BE
IREG. CVRIEE (mL/g) AHEEX %, Fl L&) it
ITIEAS S H oA, #3 HKRITE 2 BESR M e T2

%x100% (D

241




MR @i

Modern Food Science and Technology

2025, Vol.41, No.4

AR ISR R R B KT I3 2 Fos.

&2 EXRHBRERRKFIET
Table 2 Orthogonal test factor level design
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Fig.2 Effect of DES-2 moisture contents on extraction yields
of polysaccharides from Grifola frondosa

2.13 DES-2 Rkt KMH{E % #8135 498k

B 3 SR 7B IR B IR AE 22 BE A - B
DES-2 ¥ I BE /R ELAE 1:3 I ik B 5 K E 25.82%, B
JEIFIE L T R ss . X2 FNREE 2 RS
WIEGHE I, DES-2 IR RS, SFEHRMEEYMN
PHUE I ERE  EES R m,
SALNEE S H bR &4 2 1) B S E Fss, ASH
T HIRL G WA E . S REAE M BEREL, AT R
BRAR LA i, SR g . DR, SRR R L 1:3
BEAT IEAZ AR .
214 RFA KA S AR R R

TR A A 22 B A5 AR 2w B 4 Fo,

TOEHELTE 40:1~70:1 (mL/g) B, RIAE 2 R4S 26
DES ¥ & 34 i bk WORkHEAE 70:1 (mL/g)
), Z W18 KB KMH 33.47%, 1k B4L T,
HHATHRIE A, 75 80:1 (mL/g) B, ik
BHZ& T, nlRe2BRNECKH) DES H &2 55 2 b
5 DES Z I8 {195 F A BAE Y, S35 R FEK.
Rk, EFRBCRIEE A 70:1 (mL/g) #47 38R .

28 a
;
24 - c
. T
X d d
~ 20 -
g 161
A
12
8— 1 1 1 1 1
1:1 1:2 1:3 1:4 1:5

EE/K E (HBA/HBD)
[ 3 DES-2 EE/R Lk X3 R 1L & HES R R4
Fig.3 Effect of DES-2 molar ratios on extraction yields of
polysaccharides from Grifola frondosa
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Fig.5 Effect of extraction temperatures on extraction yields
of polysaccharides from Grifola frondosa
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Fig.6 Effect of extraction times on extraction yields of

polysaccharides from Grifola frondosa
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Table 3 L,, (4°) Orthogonal test results

wip g ABRE BT CHIS
1 1 1 1 26.90 +2.21
2 1 2 2 32.922.60
3 1 3 3 29.81+2.11
4 1 4 4 32.88 +1.87
5 2 1 2 23.51 +1.89
6 2 2 1 26.33 £1.29
7 2 3 4 23.89 +4.36
8 2 4 3 24.25+0.03
9 3 1 3 30.27 £4.29
10 3 2 4 27.33+3.36
11 3 3 1 20.57 +1.83
12 3 4 2 2447 +1.56
13 4 1 4 26.25+1.25
14 4 2 3 20.27 +0.69
15 4 3 2 15.35+0.65
16 4 4 1 15.68 +1.10
K, 30.63 26.73 22.36
K, 24.50 26.71 24.06
K, 25.66 22.40 26.15
K, 19.38 2431 27.59
R 11.25 4.33 5.22
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Table 4 Analysis of variance for orthogonal trials
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BRI 5254 3
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RE 4324 6
%3t 41491 15
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Fig.7 DPPH radical scavenging activity by Grifola frondosa

polysaccharides
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Fig.8 ABTS" radical scavenging activity by Grifola frondosa
polysaccharides
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