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FE:CRRNMOLHBIRI T i, AAMIEZFERG SBELZTAH TN, BT LR L LR
FEMRL(AHZZ 408 380 um) W KRR EL £ & FARKRZI, g/mL, ARk, Bk
BAVER EZT SBERBRBA RGN YA, M B Box-Behnkenvh B drik, W FA4ELAK T S LT
WH MR FRITRGABMA, BN EZLZRENFOIETRE, FARK L TRRY
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A HLIR A R P, O E N R 22
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FRLE W T P, R IR . [ LR | P SE DT T B A
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ZH T i B R T 10 mg/mLM?, $ R ToAR R 2 R
— R ELIT R 1 5 2 R 2

PR Z ZHENITERZ B G T A KR

Y5 B H8: 2025-10-27

M EfARERD: A

FRIES ALY, PR vk AR AR A PR, (HI R
I ) i JBCISS T) RS e ) £ BBGI JRE, HL Z2 pE A R
Mo MTAFA S JRE O R BB S U1 AT, P i B
LR DA RGR w2 AR, (BRI A, B i
JZEHE R K A MU S X WL, SR 2R D A
P2, (Rl e B 4 BBOE 1) R AR 4 R 380 0z o 3k
AN B AR B, R CTYRE, W BRI S A
b, AT RUTE R R A R0 M) FH 25 A TR 20 A 5
AR A v 2 b4 FIR AR 7 ) B i U T2
RZEZPEAR R —Fh R IR A TR, IS PEBL
il S B R TR AR L WS ER A 2 D)
Bt AR B0, R T 280G TR AR, R
ZHRRO TR S AR AR e, L
F o BT, PRI 7 ik BRI N S RSN
RIEFRE, 5 EA A MR A R N PFA AR LE, £
SRVEU T IR R T BRARAEEE, DR )iz

EEWHE: HR A AP E (82060645); LT RHESAR H AT H [ RBHIF (2018) 5 1-1 5 ]
TEE B RWIT(2000—), Zo, WA, Wid2E, EZWF5E 07 1) R v 2536 Mo 1 4R B B8 e 214k . E-mail: Y30231158@mail.ecust.edu.cn

BIEBERA: # i, E-mail: Whan@ecust.edu.cn

SIAARS: RV, 2 8,5 6, % EWRZ TSRS SR T 200 R A IS RO SY [0]. A A TR 4R (1 AR AR , 2026, 52(3):

389-398.

Citation: SONG Yuxin, LI Rui, HAN Wei, et al. Optimization of the Extraction Process and Antioxidant Activity Study of Polysaccharides from Ganoderma
sessile Fruiting Body[J]. Journal of East China University of Science and Technology, 2026, 52(3): 389-398.


http://dx.doi.org/10.14135/j.cnki.1006-3080.20251027001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251027001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251027001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20251027001
mailto:Y30231158@mail.ecust.edu.cn
mailto:Whan@ecust.edu.cn

390 AR B TOR A o2 R CH SR B 22 O

552 3%

SR, AT AT B — 5 A AE SR R .y o JIR ke ) R
Z MO A, [R5 | A LR 2R T 2540 Hr
K2 I A e B A TSR 43, AT LUKE A S A [ e
A MBI E ARG P R g T 25 S, SRR T 0N OC &R
AR, B T B R SR

YT MR ZEEZHS & LR 3 fL
EGUR 5T 25 11, A B AR T Z 7 Ak,
FEitE— 20 R ARGV ) A SCLATO R 2 A5
TG, W ZWE B AR A VI e s, SR PR il B 4 B
J7¥, 454 Plackett-Burman 3245 A1 Box-Behnken i i/
BRI R R Al AR IR . 2 IS & 40
TH 0 B 3 BU R R S0 S TE M, B R 250
IR TE AR FHER B S R

1 UEF5TH

1.1 {488

UVI1901PC B 45 5h-1] UL 4366 BT, 1 By
Bl A A B2 73 BI-300A BB ML, FEZAS RIS AT
FRA 7] ER-692 UG 4R Uk &, rf [ f 72544 Tl
SN F]; TDZS-WS RUELAIL, W RS A S 560 =AU AR T
RAT RSl SB2000 BUZK i i, L2 AN AR AT BR 2>
Al MEREE) AL104 Y4347 KF, A6 a3l an AR BH A
FRAF .

1.2 ##

Toh R Z R, >k A 3 E k% B 1K Lettuce
Lake Park, 58 [ 16 i Ml B2 B £ 1P, o+
SRR RE R T T AR R B SR U RIRIE 5 51 AR 1
fbs KB TR, AR H

AT AR TCOK S . VR B R . G /K 4 B
FeSO, - 7TH,0 F1 KsFe(CN), , [ 24 £ i fk 24155 A FR
8Tl 2,2 BRI - -3- O ORI WE IR - 6T iR (ABTS),
R A A R A RN W] ECER . L-PT IR I R
(Vo), L Ia kAR R A R A W5 1,1- 2K 86 -2-—
T 528 F (DPPH), i BaThr T A= AL BB e A BR A
Al; K,S,0q, 1 B2 W Ak 2% 3 50 A BR 23 7] 5 HL0,.
C,H;0; . NaH,PO,2H,0 . Na,HPO, 12H,0 , ¥ %
B B A BR A 7l CHCLO, . FeCly, [l 78
AR A BR A

2 LI HE
21 RESBELSBHNE

2.1.1 Mz ke HEMNMHE N ZH Lk
BRI 8 7 N R - R 1 PR ) -AR AR v . AH EE

AT -BRR T, T B R v 2 MRV o 5 . EBIPE
LS R R R H ORI R R EUE Y, SR,
fifi 2 Ak . AR T 22 2 0 I 5 7 vk, LT -
T R v L A 1948 A1 RIpY 42 38 FH F oK A6 & 4 iy
E, TE 2020 R E 25 M) th gl /R R 2 200 5
W Ty s, e R 2 205 L ICKE BB (CH,,00) 11,
Hotr & (s 80 A3 F 0.90%, (PR & Uk
H S RE R 2 0 F-H53 ) IR LA TR H AR R B o B 2
PRI I, AR SR FH T - 7 2 0 i 2R 2 2 1 5 o
BEXTIZ 7 A U 5 I B ok g T 0, s 40 52
FEWT, 38 LTS YRR S R B T A U, SIS
e . FoE
212 #®EBEAREIE RGO E S ORI DU % 8
FRUESL 100 mg, A 100 mL 253, in2: 8 7K
FEZS, 4], WU IE fE v, KR e A5 T E vk B Ry
0.25 mg/mL [ 5] % EAR 1 TR -
213 2 &R EGH & K00 AR BGE BB bR AE 5
T BT £ 5380k 80% 14 Bt 1R 5 Y, T ) o dk R 3 oh
1 mg/mL 1% B - B VA v, BLEC LA -
2.1.4 R AAEAREG XA H) RSO0 IO A BE AR
HEVEW 0, 0.2, 0.4, 0.6, 0.8, 1.0 mL, 73 %% T 25 mL
e e, &k 2 2.0 mL, BB A 2.1.3 35 HI Y
TR -BRRR VS T, 257, BT koK, &dbinse)s, Jere
B KV TPORCE 10 min, R JEFEAVKOK T, BRI R E
L, W, DR B K O A o I B L, S
2B PRI VR, FEHARRE Y 2~3 WK, 4% IR Ah-T
U566 EE v (b [ 24 4 ) 0401), T 625 nm I K
b ) SE W G HE (4) o Lh A YA BR, R (e,
ng/mL) AR AR AR, 22 A o ith 2, A5 B2k )3 7 72
A=0.018 lc+ 0.051, fHC R %L R2=0.9995 . £k
BA RIFLRMECR, MIHSCR B2
215 HXSBEkOF & RZFLERMABEIH
R, &I N IR AR S AR TR E0CN 90% 1) BV
t2~3 d, SRS AR R IE BT T . AL ERAE A E T
50 C ML, Foor LT, IB AT, FREBUGE &+
W J5 00 25 6E {8 PR B AL Gy A A 3L, o R 3 5
40 H (380 pm) 1 [ 19 20 5, 118 O- A7 LA 25 J5 2Ll
Mo KPR g RZEBAR, #H% 2 =85, 4%
T el n 25 85K, R Z MR/ E W, KE
B3 MR S EGHE AT O BRI, S5 RS AR R U,
oA LIE R, Ve dE . UR T, RAREU Y R . FREL—
B T AR IR, s i R K A, A9 20
T
2.1.6 ZHEes6NE  BUEENERER, 8T
25 mL ML a4, #5 I8 2.1.4 R A, 8 ) A BT o
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il e T AR AT FUAE i 4R I 4 22 0 R VR B, U T A
Z B BN -

W= LVG x 100% (1)
mx1
K, K MR BEAREG VR ARF (mL); m N EEEY)

B (g)o

2,17 AEFEFERE ORI AR A
W, 3% 2.1.4 TR E S WO R 6 K, THAAR 3
AIXFRUEN 22 (RSD) A 0.12%, & WA A 5 K4
2.1.8 A& M EE RSO T — AR Y A
W60y, /3y HI7E 0. 1, 4, 8, 10, 12 h#% 2.1.4 T )5 1%
I 2 W6 BE R, TS %) RSD A 1.12%, 2 XS 7E
12 h W E T R AT

219 TAMER FHEHIR 6 ORI
W, 4% 2.1.4 5 7 e OB A, 315545 3 RSD
0.94%, FWIZ 7k EH LS .

2.1.10 AeAf el R R 8 REH I — 2 AR A AR
SR, SEAT RIS 6 0y, MBI 2.1.2 5 il & 1) A 4
WERRHER 0.1 mL, $% 2.1.4 505 20 & WO BE(E, it
35 RSD 4 2.06%, 7% B 71 I )4

22 BREHRRNEE

R R GEVEAG PRIy A | BRI ] | R ] 2
BB DL BB L (TER R 2 40 H (380 pm) 3 K i
BHEBETREZ, g/mL, MR, FXH
RN ) A4S DR TR B 220 & S i 52 ), R FH B
N2 S i, BN R E 45 DAKF, B8
BIPATE S 3 ¥k, DA BH A 25 PR 286 B2 USR5 i
e RS LI A R ] R S R
2.3 Plackett-Burman i%it323&

HEHREZELR T, | FEMWRZ &R
a5 AR, Rtk — e B R, W S
Sl A S 1 52 4R, 7 Design-Expert 13 4 v ik
T Plackett-Burman 35 11, XF 5P 2 52 56 (1) B L
(4, g/mL) | $EHNR (B, W) | 2B A (C, min) | 2
T B E] (D, min) | $2HOK B (E) 4% 38 BUH A~ K F- (1,
—1), AT 12 45056, ML PATES 31K, UL
Wi i N AT 5, A R A LR 1.

2.4 Box-Behnken Mi 57 & SE36

254 B IR & 5206 A Plackett-Burman 14 11 45 5%,
TCHAR R 2 S5 B FE AR B[] (C). R ] (D) Fid
BB (E) Ry Wi 17 1A AL 1) B A8 o, [ 8 BH L Ry
1:30, $2ECIN R 325 W, DA RS 8 R (E, S
A Design-Expert 13 JF#E47 =& =K 3 17 4
(n=3) 356 1% Box-Behnken %11, LALALREL T 22, %
ARl ) R (B 45 5 B ShatE AT F ARG DLy M s AL 4K

# 1 TR Z K Plackett-Burman B2t R K%

Table 1 Factor levels of Plackett-Burman design for G. sessile

Factor

Level
A B C D E
-1 1:20 195 1 20 1
1 1:40 455 9 40 3

S BRI S R IR A . B
RIS (D). 0). Ik D)3 DIKF, FHEEA G
KDL 2,

2 TWIRZ ) Box-Behnken 31K & /K%

Table 2 Factor levels of Box-Behnken design for G. sessile

Factor

Level
C D E
-1 1 20 1
0 5 30 2
1 9 40 3

25 {ESMAELEMELR
R 288 572 FLR T A AT PR ) 32 22
Yy S m . ASAIE S A e R TR, #RE T JE
1 R 2 2 WEAE ROl B 4R UL T R T 2S48
FEMCIERN I, 2% 40 G R 2 2R IR S T A AT T F
SE I Uk 5 62T IR 25 G T L B 45 2, N i A5 4R
Py C 1 B BT Mk B AR I 1.5, 1.20 1.0, 0.8, 0.6,
0.4, 0.2, 0.1, 0.05 mg/mL FIFE TR, %2 ARSIt
AAIEYE . 2T RV FE VO I B 7R T T RE 0 PR AR
PR IX (AL, I 3 — 2 5% o oLt v B 45 1 A T T R
o S L Ve /R R BRPEXT IR, B vk B R A
—3.
251 BZLRAME S Zhao S5 (WL E LI
VA6 B, TC o) i 19 3 2% vh i (PBSS) , LA K i 0 4k
590 1%, 10% F1 0.1% FERE IR . — A LR
WO = E AL W, T 700 nm P4 A0 43 59100 1 H:
WG REAE . IR ) SEER A R LA EE A ROR
252 DPPH a @ & Frkak 7w S8 Du %P [
SEY T, BCH DPPH AR . T 517 nm %4 A0 I 5
K FE WO C R, Ly g Rkt (2) 115
Ag—Ai+A;

0

SA, = x 100% 2)

HoHr, SA, 4 DPPH [ H 1 BR K, 4, R Sh 41Ok
JEAE, 4, TEK 2 BEAR R DPPH % WY W% B,
Ay FEBEFIRACERE S OB A

253 ABTS A WA F kb M2 S MRPRA DY



302 B T 2 5 RCE 6 2 0 52 %
OS2I 77 s . BC e R 7.4 mmol/L (4 ABTS ¥ i 197
F1 2.6 mmol/L 3 B FREH A W, SF A BUR &, G HR
' 12~16 h 5 HITE/K ZBER B 50 435, fliAW7E 734 nm 18y
P A A BT BE (B M ( 0.70 +0.02 ), £33 ABTS T 4 2
W T 734 nm Kb E A B 0 O E L, 926 2
LA (3) T ol

SA, = T ATA 00 3)

AO 15 ! ! ! : !
0 130 260 390 520 650

Horfr, SA, i ABTS A i 3ETHBR 2, 4, JFE 5 4L
JEAH, 4; 7 281K ABTS AR WO FE (A,
Ay HFEFIRAERE S OB
254 avuLFkisng SR Xue Z0Y Ay
56 7 1 T ) A PR 4 VR TR . HLO, VS VR AN K A5 TR 1%
Wo T 510 nm PR b I 450 S OB A, SC04h
Fe(4) 5.
SA. - Ag—A+A;
Horb, SA; ¥ A I ILIERR R, 4, WA A EE,
Ay R FE TR HO, BRI WO EEE, 4, L5
TR b I W A
255 %t ¥ o4 K IBM SPSS Statistics 27 #
X Z2 AR S EAS [RIVR BT DU AR 1) 2350 H i S R R
FILEA 5 T B4 47 B R 2 05 25 00 M7 B =R I R 6
H ) 2 T % ] Tukey HSD #36. i%07 a4 t 46
5 F 2 41 LA HT 8 B T, 0 — ORI R A
0 PR G 22 VR ¢ G B0 R 1) 1R 22 R ik [ R, A3 38
R R, 2T 25 0 B 35 IR R AT 1 28 0 A%
WIER Z 8 t K50, 24 P<0.05 B, 3 B 5256 4%
HegitrEqWER,

x 100% @)

3 ERES

31 BREHEZHRER
3.0.1 REHE 215 WA ORI, %
G D)2 2 o i 3 B s e, 25 SR & 1 TR .
F L1 AT, Bl SR R SO T T,
Tt B R IS TR T R, 7E 325 W Abik
SR o HY TG00 A0 AR it B, ek dp g 38 R R
I A 30 3 A G E, fin T R B N, AR R I A
BT R, TR I R T K RN EE ARG, S AR
AN 1A R 5 M YR 325 W I, IR &
[ i e iR AN, (HAR 3R B 5 e 2 R B B i
BT B AR . 25 b, SRR L) R 325 W
IEE £ 8

3.1.2 Bt #2215 W TR B, K

Extracted power/W
B TR ZAEAR R IR T B 2 e 73 4L (n=3)
Fig. 1 Polysaccharide mass fraction of G. sessile under different
extraction powers(n=3)

BRA (12100 1:20, 1:30, 1:40, 1:50) % 28
i B s, 25 AN 2 R o Rl RN E i
B, Z BR80T BT, IR B S R RE, HAE
BHEELOA 12 30 PR B (R . /R TIOR3 2 1Y i
WA, FERHR LN 1 0 10 B 75325 20 40 M6 P9 350 9 7 77 1o
D RRTAG B B, 2R R A 58 4 Rl W50
aod 20 A i B A A, AE e RS Rl IR L B v g
ABRAE o Bl R L3S I, R R R A 2 ik
TR K, T HIR W s AN, G kg,
BT i A3 8 1 T o R R A 2 S BCH AR
H AR B0 L 3 I, AR T J5 2200 53 B3 2l A A
[ B 34 S TR RE . 45 G 2 U IR B SR, BE RIS
HECRRR L, B 1 30 HEIT R 20

19

18 |

W(GLP)%
> 3

—_
W
T

1:10 1:20 1:30 1:40 1:50
Solid-liquid ratio

[ 2 ToH R ZIEAR RN LT 22 i 2040 (n=3)
Fig. 2 Polysaccharide mass fraction of G. sessile under different
solid-liquid ratios(n=3)

3.1.3 #EETE 2 2.1.5 WO R T R S, %
ZEPLHUTE] (1, 5, 9. 13, 17 min) X} Z 85 & & 19 5%
Wi, Z5 AN 3 B . Bl B USR] A 3 n, 220
A BRSNS T 2% . T O B OHL
i, T4 R 4 P IR 1 T A A B I AR
PRITTT 22008 o i 4 B0 S 38 4 vy o R 0 DR pA s ]
Al 2 S5 53 T S BN, H T 22 W X B 43 1Y) B
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PR, AR PRE 2 T 0 2E, BHLAS 1A 08>
I P TN B, 2 R AT AR AT . TR R R
ST 11 14 18 2 5 B0V R R E e, T R B A
fifp T A S5 S TR M, DAY T 2 i i o 0 A i
1B Al TR . DA R RE A A 5 HH A, R O
AL, SO 5 min AR JOAR R 2 B9 $IBN TE] o

20

W(GLP)/%

0 4 8 12 16
Extraction time/min

(&3 TOAN R AR [ S MU A T A 28 0 04 (n=3)
Fig. 3 Polysaccharide mass fraction of G. sessile under different

extraction time (n=3)

3.1.4 ZERE $F2.1.5 WO I T O R L, &
LIZ WA (0, 10, 20, 30, 40 min) X 24 5 2 73 4L
(SZR, Z5 R ANE 4 Bin . W LUE th, 2055 5050
i 25 92 T s () ) 086 o, 2 LA A 2R A Ak, LIS e
AH HE A 2 3 B 22 W ) 1 W S B . 2 WEAE IR T )
15 A B i, X R R O R K TR B B
BBt ], B4k T 258, 20 0 L 25 R AT OF, A
FITFA R g A 5 AR, SR i i s 1]
2338 A% o B0 A I S [ R o s A 48040 14 4
fE RIS, S 253, 7 b, BEFRIZ AT [A] 4 30 min.
3.5 BBOKH HE 215 ORI TR L,
SEAR- R BN 22 08 o 5 43 B0y S e, 25 R IRl 5
N o Bt B OB Y, 220 BT A 0 A I 4
Tho MFRBCBI N Z 3 YA 4 YR, 220 2 7 5L

21

20

W(GLP)/%

19

18 \ . . . )

0 10 20 30 40
Soaking time/min

&l 4 JoAR R 2 FEAS RIS s (] F f) 2288 5 534 (n=3)

Fig. 4 Polysaccharide mass fraction of G. sessile under different

soaking time(n=3)

26

W(GLP)/%
3] [\)
[\S) S

393
(=]
T

18

1 2 3 4
Extraction cycles

B 5 TR ZAEARRBUREC T 19248 5w 5 4L (n=3)

Fig. 5 Polysaccharide mass fraction of G. sessile under different

extraction cycles (n=3)

) SIS 2 ke /1N, R BOR B 2 I, 22 o
I3ECH 4 WHRIBUR BT i 3 0T 88%. LI, 25 TE 3 4
TRE, PePR 2 Wk TR 250 .

3.2 Plackett-Burman 321§

321 &t BER DBRE L (4) . SETIE(B) | #2
HEHEN(C) L RFRT RN (D) | 2R B (E) Jy A8 i, LA
205 5T & 43 800 W 7 {5 24T Plackett-Burman 52 %,
HOR WA 3,

# 3 Plackett-Burman SZ55 BET S 455 (n=3)

Table 3 Design and results of Plackett-Burman experiment (n=3)

No. A B C D E w(GLP)/%
1 -1 -1 1 -1 1 25.62
2 1 1 1 -1 -1 21.96
3 -1 -1 -1 1 -1 15.81
4 1 -1 1 1 -1 20.51
5 1 -1 1 1 1 22.16
6 -1 1 -1 1 1 18.09
7 1 -1 -1 -1 1 17.08
8 1 1 -1 1 1 17.75
9 -1 1 1 1 -1 22.13

10 -1 1 1 -1 1 25.31

11 -1 -1 -1 -1 -1 16.25

12 1 1 -1 -1 -1 17.10

322 @Eo AR EMHA XTER 3 A EE
A7 [ 43 B R0 G 2 MRS 0, 25 SR LR 40 R
Design-Expert 13 814, LA &5 & 3 73 2 8 T i 73 4
(Y) Rmi iy (E, A2 [ 72 R ¥ =20.35-0.055 42A+
0.409 2B+3.34C —0.572 5D+1.02E , #H % % % R*=
0.9805, & Bz M1 J7 PRI AU A $UL5 BE R 47, 1A 5
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552 3%

2% 4 Plackett-Burman 25 5 2730 M1

Table 4 Plackett-Burman experimental variance analysis

# 5 Box-Behnken SLH T R KL (n=3)

Table 5 Box-Behnken experimental design and results (n=3)

Sum of Mean
Source Fvalue Pvalue Significant
squares square
Model 12781 5 2556 6036 <0.0001 ok
A4 3.69 1 3.69 8.7 0.0256 *
B 2.01 1 2.01 4.74 0.0722
C 105.67 1 105.67 249.55 <0.0001 ok
D 3.93 1 3.93 9.29 0.0226 *
E 12.51 1 1251 2953  0.0016 ok
Residual 2.54 6 04235

Total deviation 130.35 11

**Extremely significant(P<0.01);*Significant(P<0.05); DF—Degree of

freedom

FEEARFM. R 4 A R B2 (P<0.01),
FEEE] (C) AR B (E) X 2288 5 4 B 52 )
e 2.3 (P<0.01), BHE L (4) | =3B R] (D) X 22 B4 5
HO B S 2 (0.01<P<0.05) , $2 B (B) Xf £
S5 2 43 B B T TG 8 3 25 5 (P>0.05) o A AR
Je SRR 5 =, 5 29920 R R, TR R e g
WEVER 3 AN, RIS ER E] | 3R BRSO i
E] 1 A Ji ) oy TRTASE 760 (1) 25 SR P R
3.3 Box-Behnken [ ESRIGLER
33.1 BAFH 5 DRI (4). B EHEE]
(B) F4 BLUCEL (C) Sy 17 Th7 A5 R 1) A8 S, 2208 I
4380k Y AH, 12 F Box-Behnken S 56 1% 1T Gt
1517 HSEH), IT R M AR AR 5,
332 v @A 94 K H Design-Expert 13 %X
F, 57 T 2 L () 5 A AR E A 2T A 8E 7
FEH: Y =23.34+2.69A +0.075 0B+2.02C—0.867 SAB+
0.375 0AC +0.602 5BC —1.22A% - 0.820 0B> —0.732 5C?,
SCE T 2T R LR 6. A P<0.000 1, 168 1%
] 5 5 R A5 A 2 S A Wb 3 5 AR R LI P=0.913 6>
0.05, 22 55 A B 3 BERUAH OC R 2L R*=0.9840, & &
KR =0.9637( R* 55 R%, [{H°4 Design-Expert 13 %k
PRI T AR J7 22 001 A s 5AR ), 3B AR
RULE RO, R 2B, T B 96.37%0 i Ly {f A%
fEBN, S Hr s N RAER P PAE, TS HEXTZ
T BT Sk 43 K00 55 T BP0 Ok Ay« 4l LR [] (A) >4 B
UEL (C)>I2 T s 8] (B)o 2% B 7R AT Sk A 17 A 2 4 S
ATEGHEA TR

FR i Design-Expert 13 43 #7245 [1] 5 455 7 (1 il
T VR 2 i 2R L, AT B EOUR R 3K, IR A S R

No. A B C w(GLP)/%
1 -1 -1 0 17.56
2 1 -1 0 24.97
3 -1 1 0 19.36
4 1 1 0 23.30
5 -1 0 -1 17.22
6 1 0 -1 21.55
7 -1 0 1 20.47
8 1 0 1 26.30
9 0 -1 -1 20.24
10 0 1 -1 19.27
11 0 -1 1 23.10
12 0 1 1 24.54
13 0 0 0 22.62
14 0 0 0 23.00
15 0 0 0 23.26
16 0 0 0 23.55
17 0 0 0 24.27

2% 6 Box-Behnken 3257 200t

Table 6 Variance analysis of Box-Behnken experimental results

Sum of Mean
DF

Source Fvalue P value Significant
squares square
Model 108.05 9 12.01 4822 <0.0001  Significant
A 5784 1 57.84 23227 <0.0001 ok
B 0.045 1 0.045 0.1807 0.6835
C 3252 1 3252 130.61 <0.0001 ok
AB 3.01 1 3.01 12.09  0.0103 *
AC 0.5625 1 05625 226 0.1765
BC 1.45 1 1.45 5.83 0.0464 *
A2 6.29 1 6.29 2527  0.0015 ok
B2 2.83 1 2.83 11.37  0.0119 *
(o 2.26 1 2.26 9.07 0.0196 *
Residual 1.74 7 0249
Lack of fit 0.1936 3 0.0645 0.1666 09136 Not significant

Pure error 1.55 4 0.3873

Cor total 109.8 16

**Extremely significant(P<0.01);*Significant(P<0.05); DF—Degree of

freedom
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Fig. 6 Response surface plot of the effects of various factor interactions on the polysaccharide mass fraction of G. sessile
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Fig. 7 Contour plots of the effects of various factor interactions on the polysaccharide mass fraction of G. sessile
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Table 7 Verification results of microwave extraction process of

G. sessile
wl/%
RSD/%

1 2 3 Average
26.25 26.41 26.37 26.34 0.33

8 PRI B HER

Table 8 One-way ANOVA results
Indicator DF F value Pvalue  Significant

Total reducing capacity  (8,18)  3179.572  <0.001 **
DPPH: scavenging rate ~ (8,18)  5613.514  <0.001 *k
ABTS " scavenging rate ~ (8,18)  10096.431 < 0.001 **
‘OH scavenging rate (8,18) 588.901 <0.001 *k

**Extremely significant(P<0.01);*Significant(P<0.05); DF—Degree of

freedom
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Fig. 8 Results of in vitro antioxidant activity experiments(n=3)
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Optimization of the Extraction Process and Antioxidant Activity
Study of Polysaccharides from Ganoderma sessile Fruiting Body

SONG Yuxin', LI Rui', HAN Wei', ZHOU Shuai?, FENG Na?

(1. Shanghai Key Laboratory of New Drug Design, Engineering Research Center of Pharmaceutical Process Chemistry,
Ministry of Education, School of Pharmacy, East China University of Science and Technology, Shanghai 200237,
China; 2. National Engineering Research Center of Edible Fungi, Institute of Edible Fungi, Shanghai Academy of

Agricultural Sciences, Shanghai 201403, China)

Abstract: To explore and expand new resources of Ganoderma lucidum polysaccharides, Ganoderma sessile was
selected as the research object, given that it remains under-researched and rich in active ingredients with high contents.
A microwave-assisted extraction method was adopted, with the polysaccharide content of Ganoderma sessile fruiting
bodies serving as the evaluation index. Single-factor experiments were carried out to investigate the effects of five
variables, including solid-to-liquid ratio(Ratio of powder mass of Ganoderma sessile 40 mesh to volume of deionized
water) , microwave power, extraction time, soaking time, and extraction cycles on the extraction efficiency of
Ganoderma lucidum polysaccharides. The Plackett-Burman experimental design was conducted to screen out three
dominant influencing factors: Extraction time, soaking time and extraction cycles. On this basis, a three-factor and
three-level regression model was established via Box-Behnken response surface methodology, so as to analyze the
effects of key parameters on polysaccharide content and achieve systematic process optimization.With vitamin C
solution set as the positive control, the in vitro antioxidant capacity of polysaccharides prepared under optimized
conditions was evaluated. The antioxidant indicators involved total reducing power, as well as DPPH, ABTS and
hydroxyl radical scavenging rates within a certain concentration range. The results showed that the optimal extraction
conditions for polysaccharides from Ganoderma sessile fruiting bodies were as follows: Solid-to-liquid ratio of
1:30 g/mL, microwave power of 325 W, extraction time of 9 min, soaking time of 30 min, and three extraction cycles.
Under these conditions, the polysaccharide content(mass fraction) reached 26.34%, which was consistent with the
predicted value, with a relative standard deviation(RSD) lower than 0.4%.The optimized extraction process for
Ganoderma sessile polysaccharides features simple operation, favorable stability and excellent applicability.
Meanwhile, the extracted polysaccharides presented potent in vitro antioxidant activity, which endows them with
promising development and application prospects.

Key words: Ganoderma sessile; polysaccharide; microwave extraction; Box-Behnken response surface method;

antioxidant
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