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Ultrasound—Assisted Deep Eutectic Solvent—Based Extraction of Polysaccharides from
Phellinus igniarius and Its Antioxidant Activities
YU Qiu—ju, SUN Ke, GENG Feng-ying
(College of Medicine and Food, Xuzhou Vocational College of Bioengineering, Xuzhou 221006, Jiangsu,
China)

Abstract: The ultrasound-assisted deep eutectic solvents ( DES )—hased extraction of polysaccharides from
Phellinus igniarius was optimized with the yield of polysaccharides as the indicator. Single factor test and Box—
Behnken design were employed to investigate the effect of the molar ratio of DES, water content of DES, liquid-
to—solid ratio, ultrasonic power, ultrasonic time, and extraction temperature on the yield of polysaccharides and
optimize the extraction process. The DPPH and hydroxyl free radical scavenging rates and the inhibition rate on
tumor cells in vitro were explored. The extraction process was optimized as choline chloride and glycerol at the
molar ratio of 1:2, water content of 30% in DES, ultrasonic time of 30 min, liquid—to—solid ratio of 39 : 1 (mL/g),
extraction temperature of 58 °C, and ultrasonic power of 90 W. Under these conditions, the yield of polysacch-
arides was (13.11+0.16)%, which showed the relative error of 0.91% compared with the predicted value. The
purified polysaccharides exerted the antioxidant activity and tumor cell proliferation—inhibiting ability in a dose—
dependent manner. Ultrasound —assisted DES —based extraction of polysaccharides from P. igniarius has high
yield of polysaccharides. Moreover, the extracted polysaccharides have strong antioxidant and antitumor
activities.

Key words: polysaccharides from Phellinus tgniarius; ultrasound —assisted; deep eutectic solvents; Box —

Behnken design; antioxidant; antitumor
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K (Phellinus igniarius ) 3R EE2 5 25 FHE Y,
TR TR A SRR T P PR S A
BOMTARSET, HORGG PEZE 25 T s A&, BT
1EYS BRI R RIS | S M o LS 2 b
(8%~12% ) HE I A S22 A2 1 (I L =05 28 A= i
K2 Wy a0, ARG BB R B, R 22K i oh 2
WEFITE 22 R N ZHR - & W BA — & RIPT M 42 &
B T PUARP HUIALS VEBR A RO ] B R AR
AT 1 4 DA K TFET 4 A 30 VR T, TR 5% 58 20
R ELR I U — KR BRI R 2 F 2SR
FH 00 B T A B P R IBE el B 45 U7 YR R IS, 5%
BRI RGR , PRI 2R FHOK | SRS RS2,
5 5 AR ATV [ A B $ B B R SRR T
ZHEATORAR , 45 R R T i T LE A g T A R A
3T M4 2 Z2 MR IO 7 ] LU 20
b0 R St g 7 A A3 AR ARONE , R A AR Al O 2 R
R PR AR R 75 R P Rl AF 4 R R R IR B 2 T2,
AITE—E T PR R SR,

A% L dgs 175 571 (deep eultectic solvents, DES) J&— Ft
BB AR R TR AR AL Ge v VRN S Ak B
ToREME AR A | AR E M REFEAIR L U A
PER, AT DES 12 RSP 32 BRI 23 58 07 1h B AT
MURRPLSAOs Ey 22 5 FUBT R i g s R, )iz
TR 240 TR AU Y O3 1 SR IBCRS R, e 1
TN HUE A RN 10 45 R R U] DES /E b
IV ) e 75 5 A AR 1 L T 7K P P i B L TR ) A
1A O 7, AHF] E TR kR W T 581
SR Z AR IBGTOE . IR 12D SR
TR Z BRI B IBCHOR , 3 B IR T3, Al L™ B
VU SR B IET G A B DES ZEH, i it
ey e AR/ 73 G IS ) S BB S K i 1 =
FERGURR TG VA TR,y SR8 M i i i — 25T
RAF RS2

1 #MRl5AHEZ%
11 a5

AN WA 66 FE T (UV-1800PC-DS2) : L 1iF
FEERANARA PR 7] A R T PL(FD-1A-50) : YT 95
TN ERATBRA ] 5 sl B O HL(TG18G- 1T ) : b vk
HEL A R A5 T 258 B AL(F=1000) b V851X
FHEH A IR R B PR (LE204E )« BV A7 —AU 3%
A RT3 M P RS (DSDZ1440) : Jois S5z, 1
B AT PR T 5 B A XT84 (DHG9030A )« I i —
TR IR AT PR H]
12 ok

FH (IR O E R K, T 60 Hif)
Ve B IR AR S 2500 A RS 7] 5 RS i HepG2215 T

Jii SMMC-7721: g AE s A= R A PR w5 ZLAR I
MDAMB415 Jilifii AE1201 , 548 BGC823 il : Toih 1
B e 2GR A R D 5 L EBERE K (colorimetric
thiazoyl blue, MTT )il & : FERLAE YR FRA
)yl - R TR (L, 1-diphenyl-2—picrylhydr—
azyl, DPPH ) : & L 56 AE Wb A IR STAE A A 5 Ak
NG A TCK CBE R IR R LB L
1,2 9 % 9 =B 1,3-T 2/ 1,6-C0 B 1L AL
fis ABHBE BRIR R KR (HO0,(34 R ATl - R
TR AR A BR TR A Al .
1.3 ik
1.3.1  ZHE S il e ik

TE FHBRIR — R BRI o 2205 i RS PR 110 °C
T Hg 2 T R A RE 2.000 g, FH/K B E 25T 100 mL
R A5 A AR E TR (20.00 mg/mlL) . 43K %
121 1.00.2.00.4.00.6.00.8.00,10.00 FR#EAE K 2 20 mL
I, A 4 mL 5% KWW 10 mL YR GRR , 7 B
FE5], 40 CRIEER LA 30 min 0% B4 TRk
Biilas F1E N, T 490 nm KA 5E 4575 WO
FEALZLH A-C(mg/mL)#hk . 152 AIFRAEMZE N A=
0.089C+0.002 27,R*=0.974 4 , VLS I 0~10 mg/mL.
1.3.2  ZHEEBCRMITHA

R FREL 2.000 g SREHANA 100 mL (1) H €
B IMA S KSR 30% EEIR LA 12 2 [ DES %
71 80 mL, AR P A H B B S D% 90 W
FEIIE] A 30 min, #0745 35 BT 50 CRIGHR N, #2
B 60 min, 204 i 85 P AR AR IE , UEWR £ 80% 4
BT 12 h,4 000 r/min 250> 20 min, JUIEE A, B % T
PRI HL 20, FK 2 25T 100 mL S0, RS 25 75 HL
1.0 mL AE3R00 , 4% 1.3.1 J7 0 HE iR A, A7
3L IS WK EE C(mg/ml), ¥ FA/A R E L6
PR,

ORI 0= CX1X100_ 6
mx1 000

A1 R HE RS BUARFR , mL; 100 At i A
FEAEEL 1 000 A4S E0; m AR S BT 2.000 g.
1.3.3  DES #Iil 4 S5k

DES (1l £ WL3% 1,

F1 REEEFNHE

Table 1 Preparation of eutectic solvent

[ENias SR S LA R EE
I SAALRRRE L 12
Il SALNETR 2" 1:4
Il| SALREHR 1,2 5 13
v Etdiin = 13
A SALNETR 1,3- T 12
VI SALRERL 1,6-C 111
VI SAALRE B 1A 111
VI AL A 1:1
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FE 25 CHAF TN S Az O S it A e 2 1 v
4 JEE IR L B L SEHE T PN, 90 °C e I fin 444
P, I IEEGE H WA . SR8 1 2.000 ¢
FH AT 100 mL HIEHEIEHH, 4 MA 60 mL8 Ff
oK 30%1) DES, & TR BRI 00 Wi
P E] 30 min, #4505 BT 50 CKIBF, FEHL
60 min, %18 1.3.2 J7ikiE R 2 HEEUR
1.3.4 BRRRAE T

FEEFRIL 2.000 g REKH A E T 100 mL ELIEHEIE
A B K 0%~80% JEEJR LR 20 1~1 14 1
DES LIS = Py =B ) , [ & e 10 : 1 (mL/g)~
5021 (ml/g) , B A DR BEE N 30 W~150 W, i P I [i]
WERE A 20 min~50 min, #8575 25 55, B 5T 20 °C~60 °C
AN 60 min, 43 HEEEE/RIL(2: 1.1 :1.1:2,
1:3.1:4) FKE (0% .15% .30% .45% .60% ) B IH H
[10:1.20:1.30:1.40:1.50: 1 (mL/g)] A I (30,
60.90.120,150 W) i 75 i} [5] (20,30 .40 .50 .60 min) ,
FEHURE (20.,30.40.50 .60 °C) X} 35 8 Z R BUR Y
AR
1.3.5 Box—Behnken i3 %11

TE R R Z 0 364 I, #R9E Box—Behnken 15115
B BN 2R ECR Y SR K AR L A BB
I B BRI C AN A AR TR T E i %
TRZE 5K E 2.

%2 Box—Behnken iZitEZE5/KE

Table 2 Box-Behnken design factors and levels

(SES
IR — T —
AW (ml/g)  BIRBURIE/C ¢ HEFTIER/W
-1 30:1 40 60
0 40:1 50 90
1 50:1 60 120

1.3.6 RE PGS

PR U0 AR 1) 22 85 2 HE LA R T TE VA W (nucleic
acid precipitation solution, TCA )% L8 H \H,0, ZFR A
F BHTASER/INMY TS LY 20 meg/mL FTETR™, 5 H
1.3.6.1 DPPH H 335 bR I

S AR 7715, 200 W 0.2 mmol/L DPPH-
CBEFWES 3 mL ARV EE(1.2.4.8.16.32 mg/mL)H:
SARTRIR ST, BN 30 min, 517 nm I K FL
SERE AL AHIEE K 0.2 mmol/L DPPH-ZBEA W 5 2
P 840 ) 0 52 HER G A A T A, ATRI M AV
PRI . DPPH F i 388 bR =R,

DPPH [ ﬁ%ﬁ%%l%z(l—%)xloo
0

1.3.62 I A A BREETT I E
S0 [ ISPV 5 1 S PR A R AE

TR R A 500 L 9.0 mmol/mL i R IV 2k %5
W .0.025%H,0, %W 2 mL AR (1.2.4.8.16.
32 mg/mL) FIFE SR LA K 500 WL 9.0 mmol/mlL. 7K A%
W TRAIETE 37 “CKIE ThE Y 30 min, 510 nm Ak
AR ICEE A AT 3 U, B2, LLR] S5k
BEM) Ve fHMEXT IR, FREE 1l 3R B F =0T

BRI 1] LB R R %e=( 1—% )x100
0

A KR S TR B WG RE A, R TIEE
AT GRS s A o R [RHAFR 2 B A G
1.3.6.3  MTT 320 52 224 X6 A [ ez 40 b 8 42 %) 410
1

A3 S R E S HepG2215 JIFE SMMC—-7721
FLIRJEE MDAMB415 Jifidis AE1201 A5 J8 BGC823 4
Ji, ¥ T 37 °C.5%CO, HMI3EFRA R R . BOS8UE
KIARIRE i, F 37 °C .5%CO, B 41 B RE 77246 H i
B 24 hJa, B AR R E (1.8.16.32.64 128,
256 pg/mL) YRR G 30 WL, 422 R 3% 24 h, /a0
W IS W, A 90 L B i B SRR 10 wl MTT
(500 pg/mL)ARZERE SR 4 h, FEFLINA 150 pL H A AR
W, SEAVARS T 490 nm A& FLIIWGEE A L AT
e 3 W, [l HEf 728 AL At BRI g o 4% T =3
A K I HI R (% ), F 4 GraphPad Prism 8.2.1 11
S EAM SR (1C5)

LA K % 9= (1-A2=A% )00

A=A
1.4 BHRab
FHI Excel 2016 HEATEUR %ISR R, e A i 56
B 3 0k, B a5 R T Y e Ahn i 22 3208 s R
Design—expert 11.0.3 #4354 700 37 RS0 15211317
BRI AT, >R FH IBM SPSS 22 #EAT i M/ Fl iy 22
ST, P<0.05 FR 2253 2

2 BER5H
2.1 MRS EFIRIAR R

ARG 1 70 LA AR P R B ) ] R — a2
WePE R S5 T, T LI B AR e B3R, B
s HARY) T BEIBECR , T, S8 A IR A
AAESETHECHCE T ARG A 8. ARWFFE e DES—

[ ~DES-VII % 58 & Z WL HCR 52, 45 5 UL 1,

F L1 AT, 8 IR v R 0] SR B 22 R i 2
ZAR K DES-IV>DES-VI>DES-VII>DES- V >DES-VI
>DES- I >DES- Il >5DES- [ . DES-IV iR BUR & i,
KF) 11.26%, 1M DES- T (4 BCR AL, (A 9.02% .
DES- IV B4 5 52 38 ZHHR IOCR 10 L A AT B2 th
ZAA WY HO Wtk S R 2SR AT £
W (R 1 ft R8I, J5 S e 8F DES-IVAE MR %
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Fig.1 Effects of different eutectic solvents on the extraction rate

of polysaccharides

7 5 N 38 8 R IOR 52
22 WRIT AR R EL
22.1 DES FEE/R XTS5 18 Z A BCR A2 1]
DES /R HEXT 58 88 2 WL BUR A5 00 ULIE 2.

%/

T ZHHEICR %

1:
DES-IVEE/R L
ARV NG FEERIR 25 57 13 (P<0.05)
B 2 DES E/RIEITRE SIERINER I
Fig.2 Effect of DES molar ratio on extraction rate of

polysaccharides

HIP 2 AT, 24 DES-IVEE/R b 21 51 1: 4 1),
ZWE SIS IT I/, AT RER T RE A 9 =B A
&, 6 DES MR BB EEREAR, ¥ HU R, B A T2
BRIV R o RS T3 =B A LG B 32— 2D O 8
DES /RS8N, H 5 22l 2 1] iR 1 22 BE A O, B
T Z W, [ SR IOCRBEHT b o I, EH%
DES-IVEE/R A 122 #7525
222  DES /K% 5 8 2R GRS

DES 57K 500 58 B Z MR IR A2 DLIET 3.

0TS DES BBEEL , 5 ZEN AN — S B A KRR
B IO I SO, BB 3 R R BUCRAE
FIKEA 30% /e AR RO, IX AT RER T RS 5K
T AYIE R, DES 5 24 2 [A] i1 UV 08 i AT
Wl T IR AR o DR M PR I 770 10 5 K
N 30%:
2.2.3  WRIANHES 5 2B IBCR A2

TR O 58 B 2 MR R A2 R DLIET 4.

12

10F

LRI %

0 15 30 45 60
DES & 7K 8:/%
A/INE FHE R R 225 13 (P<0.05) .

E 3 DES &KkEXNRESERINENZI
Fig.3 Effect of DES water content on extraction yield of

polysaccharides

127

10F

SR LWHEIR %

10:1 20:1 30:1 40:1 50:1
W e/ (ml/g)
ANIF NG SRR 22 5 . 3 (P<0.05 )
B4 RELLXRESERRENZN
Fig4 Effect of liquid—solid ratio on extraction yield of

polysaccharides

A 4 FIAL R HEAE 102 1 (ml/g)~40: 1 (ml/g)
PERCR BN, W E A 50 0 1 (ml/g) i & 88 2 4%
FEWCRA P R, AT R T 7 B, 7RV A
A R e B 22, R T 2 A o AE S 7 i gk
SEIG I, 20t 8] 25 B ZS A0 kA A RN, 4R ECRAS T
BB, BRI, 5 2200 BE PR & HE 30 1 1 (ml/g)~
50:1 (mlJ/g)s
2.2.4 PSRN S Z AL ECR R

R PR )R SR o R IR 52 LI S

127

10F

R HHRICR %

30 60 90 120 150
AR I

ANH/INE TR 225 1 # (P<0.05) .

B 5 BEDENZRHESERNENEZIN

Fig.5 Effect of ultrasonic power on extraction yield of

polysaccharides
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I, X 200 B e PRV E 455 , AN 2 o i
R TR BE S, 8 A  ZS AN, I 2 0
T (S TR K B — e R R, A RS S
W WA, BEARSRIBR . PR S 220 1%
PEBRA IR 60 W~120 W,

2.2.5 IS E] X S 2R ICR 1) FE

R P S () X 5 0 2 WP IR 52 DLIE] 6

121

Iy a a
87! 10 o
§ b b
R

4 6F
w5

4 1 1 1 1 1
20 30 40 50 60
AR ] /min

ARRVNG PR R 2557 1835 (P<0.05)
6 BEEXRESIERIENZIE

Fig.6  Effect of ultrasonic time on extraction yield of
polysaccharides

H1 &l 6 AT A1, # ISRIFE 20 min~30 min B, 53
ZHEREBCRE ETHEH R 30 min [FERIBCRETRE, 7T
REJE: PR Ay P B TR, T2 i 23 B8Ol ] J , 3 3%
A B ) IR RCR T SRIBCR Mg o (ELR A
] 4, H™ A IR s , AR o Ml o0 M, 12
WORTR I, iR A 5 ) 30 min
22,6 FRIGEE X R 2 BCRI R

RO X 2 5 SR ORI WL 7.

127
8
H10f
B
=
=
N
w 6r
S
4 1 1 1
20 30 40 50 60
PEHGR B/ C

AFVING FRER R 22 5 8.3 (P<0.05) .
E7 REGREXNRESIERENENZNE

Fig.7 Effect of extraction temperature on extraction yield of

polysaccharides

F L 7 T] 0, SR X SR SR IBOR A2 K
TE 20 C~50 CAAF T HE BRI, 78 60 CHFH-HL
RIFG T B HLIR PR ] RS b 2 TR (R v, 50 40
Tz sk, fedk R SE R R, A
FIF Z W A0SR 0 — 25 T s e, sy 2
BB S3 H BR A SR CR TR, L, 5 e i e P 42

BB 40 C~60 °C.

2.3 mhy A T S 4 R

2.3.1 AT SEEUA
M 107 1A B 5 2 L% 3

&3 Box-Behnken iZitiXiE4E R

Table 3 Box-—Behnken design experiment schedule and results

EW sy Al(mL/g) BIC CIwW Y%

1 30:1 60 90 12.25+0.62
2 40:1 60 120 11.91£0.35
3 30:1 40 90 10.57£0.45
4 40:1 50 90 12.83+0.42
5 40:1 50 90 12.71£0.51
6 40:1 50 90 12.77+0.38
7 30:1 50 60 9.34+0.36

8 40:1 50 120 11.19£0.43
9 50:1 50 120 9.78+0.31

10 40:1 50 90 12.80+0.34
11 50:1 50 60 10.82:£0.40
12 50:1 40 90 11.59+0.42
13 40:1 40 60 11.21£0.47
14 40:1 40 120 10.61x0.36
15 40:1 60 60 11.3420.42
16 50:1 60 90 11.35+0.39
17 40:1 50 90 12.60+0.37

A I BRI, o S S R IR B [l U AR
1 Y=12.80+0.099 54 +0.358 7B+0.001 7C-0.480 0A B—
0.571 14 €+0.292 5BC-1.244°-0.101 7B°-1.45C*,
2.3.2 WARLTE T

T ZEMA R IR 4.

%4 Box-Behnken 5 E&EE 71231 S BRIVE M T =0
Table 4 Variance analysis of Box—Behnken response surface

model equation for polysaccharides

P 3 FaA HmE U5 F P
g8l 19.27 9 2.14 80.49  <0.000 1
AEE 0.0556 1 00556 209  0.1913
B HERGR 1.03 1 1.03 38.70  0.000 4
CHALIZE  0.000 0 1 0.0000 0.0007 0.979 4
AB 0.921 6 1 09216 3464  0.000 6
AC 0.707 0 1 07070 2658  0.001 3
BC 0.342 2 1 03422 1286  0.008 9
A? 5.11 1 5.11 192.14  <0.000 1
B 0.039 0 1 00390 147 02652
c 8.18 1 8.18  307.55 <0.000 I
5k2: 0.186 2 7 0.026 6
AU 0.080 7 3 00269  1.02 04722
ANRZE 0.1055 4 0.026 4
SR 19.46 16
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RS RC , 2 2Z DU SN

T L H 2
60 ZHMEPEIUR %
2
B
uc
2
=
x
350 400 450 50:1
A W/ (mL/g)
120 ZHHREICE %
110
100
=
2
B
o
30:1 35:1 40:1 45:1 50:1
A WIE EE/(mL/g)
ZHEPEIUR %
s
{)%_H\\ 90
B
&} 80
70

60

40 45

B $EHGRIE/C

B8 &ERZEIERAX S IERINE NG E

Fig.8 Response surface diagram of interaction of various factors on polysaccharides
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WG T | F 88 R IR A BE 1 A2 U /I RE T
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WIS I L -5 P )R R B IR B R M 5 — B, BT
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234 FAET R EIERE 8 I
. e . P IC5=81.19 wg/mL
TN R IR 23 P R L 39.3 ¢ 1 (m/g) | E .
PRI 57.6 °C @A TR 87.44 W, IR IR Ny &
12.99%. $EEEEHSRIRT ZEREE T IE LT itk al :
AT 3 RIS EIRES R E 39 1 1 (ml/g) JRBGEIE 58 °C. 0 i s ;
AR TR A 90 W, REE WA HE R 5 13.16% | IeC
13.27% . 12.90% , H X bR R 254 1.20% , F-341{E 100+
13.11% , 5 AR 35 22 K 0.91% , (34 W S22 450 00 T ) ¢ b
BRI T LS8 e Y R
24 FELHALHIEST O icem12740pgm 2
AR BB LR Ve X DPPH A iy Bk 5t = 40f
H AT BR R ILE 9, Sl
< < »> . ,
J;%. 1000 mazwaem ov, 0() 1 2 3
& 80
T o 1gC
ﬁé 40 - 100
o ﬂ 5 % ¢
e 5 3 r
& Omﬂ @ﬂ @ B A4, .
= S 60F  1Cy=161.10 pe/ml
1 2 4 8 16 32 b s0=101.1U pg/m
FEZ W/ (mg/mL) g:— a0k
& 1 gawem ov, 207
M‘ 80 < *
& 0 . .
60 0 1 2 3
Eﬁ 40 - lgC
{0
w20 * * 100 [
;&j 0 W’—I—‘ mﬂ E:j B %5 N d
1 2 4 8 16 80T
WP/ mg/mL) ;;; 60 I 1C5=166.80 pg/mL
5 1 mg/mL W R HA, * F7 05 5 2 (P<0.05) . S ¥
H9 REREMEZSIEN Vet DPPH H i 2R N 20 //
Rz of v, ,
Fig.9 Scavenging rate of DPPH and hydroxyl radical by 0 1 2 3
different concentration of polysaccharides and V¢ 1gC
W 4 Fros, 2k 2R DPPH [ 28 A BR 1or
FRHE A LA BE S S SR ARG KT Ve AT 80t
BRAET), S E 1 me/ml, BACH] 32 mg/il B, % £ Wl commnn
DPPH A AR ERA 510 5.26% 12.38% .21.94% | E Ll /1
39.46% .63.25% .71.32% , %} ¥ 5 1 B B A T 5 2 45 50 = " /
A 3.53%.7.66% .13.24% .21.38%.39.77%.51.26%. % o
< n 1
e OB S DPPH H L AR SE ) F SRR I % : 5 3
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