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Abstract: To achieve efficient utilization of Ganoderma lucidum polysaccharides (GLP), the extraction process of
polysaccharides from Ganoderma lucidum fruiting bodies was optimized through single-factor and response surface methodology.
Subsequently, the in vitro antioxidant capacity of GLP was determined. Based on these findings, an oxidative damage model was
established using H,0,-induced HepG2 cells to investigate the protective effects of GLP against cellular oxidative stress. The results
demonstrated that the optimal extraction conditions were as follows: extraction temperature of 88 ‘C , water extraction time of 2.5 h,

31 3Ckg

TRARH TR SERKOR, S5 R 2 2 B P G B S I 20 ST AT I 2 (] DA B R, 2026,42(4):184-194.

ZHANG Junyue, ZHANG Rui, CHAI Qiuquan, et al. Optimization of ultrasound-assisted extraction process and antioxidant
activity of Ganoderma lucidum polysaccharides [J]. Modern Food Science and Technology, 2026, 42(4): 184-194.

Wk HER: 2025-01-13 ; {EEIHHA: 2025-03-02 ; #EZHHEA: 2025-03-04

E¢TE: SMERHEEZRITRITIE (20240401053YY)

{EEEN: KEFA (2000-), %, MEMARE, MRAE: RAHESF, E-mail: zyl053421136@163.com
BITVEE: EEE (19822, &, RR, MRARE: RAREMREIFMSH4AFIFH, E-mail: yanmeixia@caas.cn

184



MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.4

liquid-to-solid ratio of 41:1 (mL-g), and ultrasonic treatment duration of 40 min. Under these conditions, the polysaccharide yield

rate was 3.05%. At a concentration of 1 mg-mL "', GLP exhibited remarkable scavenging activities against oxhydryl, 1,1-diphenyl-2-

dinitrophenylhydrazine, and 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), with scavenging rates reaching 79.49%, 70.55%,

and 79.61%, respectively. Cellular experiments revealed that 8 ug-mL™" GLP was able to restore cell viability to nearly 100%.

Compared with the model group, all GLP treatment groups showed increases of 28.44%~61.61% in superoxide dismutase (SOD)

and 58.61-101.75% in glutathione peroxidase (GSH-Px), as well as reductions of 14.28%~32.89% in malondialdehyde (MDA)

levels. Furthermore, GLP treatment effectively reduced reactive oxygen species accumulation and significantly downregulated the

expression of Nrf2 and HO-1 genes, while upregulating Keap! gene expression (P<0.01). The protective effects against oxidative

stress were mediated through activation of the Keapl/Nrf2 signaling pathway. This study provides a valuable reference for the

development of GLP extraction methods and antioxidant functional products.
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186

®1 MEESTEZERKFER

Table 1 Response surface analysis factors and level table

B4
KF
A/C B/h C/(mL/g) D/min
-1 80 2 30:1 30
0 90 2.5 40:1 40
1 100 3 50:1 50
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20 3 GLP/ IEARETE/ H,0,/ 3 FRB A/
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= G & R / 24 / 24
AR / 24 800 24
& Z 4 2 24 800 24
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£34L 100 uL BFHT 96 FLAR, AT 0. 2. 4. 8pgmL’
GLP ¥ T 19 24 h, CCKS kLA 40 ju A7 35 %, ik
HAE T4 GLP 2 EIR A, 2 5Hl% T 0.
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S——mpAEE, %;

A —— B HARAE;

A,—— =G RAB N

A——= O EBARE.
1.2.3.3  RZZHEXH,0,BHep G241 il S A4 1 B
A

1.2.3.2 TigE o, A5 130 5 2 i ) AR 552 40 i
TEAS
1.2.3.4 RZZHXH,0,8Hep G241 i S fb 1515
SOD. GSH-Px. MDA/ 50

1233 Tigih 5, WSS A MRs e, % E

Tl W AT A A5

1.2.3.5  RZZHEXTH,0,5HepG24H i S Ak 45473 7=
A ROSHIFEIH

1.2.3.4 WL H 5, LA 10 pmol L™ () DCFH-
DA, W##& 20 min, FF [, PBS ¥k, {818 %O6EM
B ALER .
1.2.3.6 R ZZHXTH,0,8HepG24H i S 1k R %
FImRNA L TE 7K 1) 50
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Table 3 Gene primer sequences

AR LT HEZZSINCRKD]
Lk GGTCATCACTATTGGCAACG
p-actin
T ACGGATGTCAACGTCACACT
B CGAGATATACGCAGGAGAGGTAAGA
Nif2
T GCTCGACAATGTTCTCCAGCTT
E# ATGAGGCATAGTGTGGAGCG
Keap-1
T % ACTACGGTGATAGCCTCCGA
Ea TGCAGGTGATGCTGACAGAGG
HO-1
T35 GGGATGAGCTAGTGCTGATCTGG

K H Trizol ik 771 & 42 B 40 M2 b & RNA, & 1K
cDNA, T -80 CH{RfF. TEAED TR AN ARSI
K] B-actin. Nrf2. Keapl 1 HO-1 3& X 51 ¥ i3t 47 & 1,
B 51 5 W3 3. %€ & PCR K A TB Green
Jekhik, 1E3R 4 IR MR T EAT S50, £ qRT-PCR
RLEER, LA B-actin AF 8 K IEH, R 2-AACt 77
HEITE H IR mRNA A RIS & .
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Table 4 Reaction procedure 1L
TR THERHK  REBE/C  REHE < 1l
LM 1 95 3min W
95 3s g 107
AR 40 =
. 60 325 ® 09
95 15s 0.8
Vi 4%, 1 60 60 s 0.7 L L L L L
10:1 20:1 30:1 40:1 50:1
95 15s
WREHEE (mL-g™)
1.3 #IEHI G M7 d 71
Wi J87 1] 0 56 AH OC #5445, F) A Esign-Expert 8.0.6.1 150
BAFFAT AT s 2 52888 A GraphPad Prism 8 X %% S 145
WHATG 04T, BRI ERTT 2908 (ANOVA) ik f,i; 1.40 |
T2, P<0.05 #oREREE. 2 as)
2 #RER 130
1.25 1 1 1 1 1
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&8 75 I 6] / min
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PR E R 90 TR, IAF KA 1.94%, FIbikEL 80,
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J940:1 (mL/g) B, IAFEHKAA 1.22%, FIbiE$E 30:1,
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Fig.1 The effects of extraction temperature, water extraction
time, liquid-solid ratio and ultrasonic time on the yield rate of

c¢GLP were studied
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ENIE SRS DURS IS DE ATty ¢ CI ) bith

Y=-115.905 67+1.499 874+10.833 33B+0.967 700C
+0.964 533D+0.031 0004B-0.002 3754C-0.002 64D+
0.028 000 BC-0.018 5 BD-0.000 300CD—-0.007 7944~
2.807 67B°-0.009 944C*-0.008 369D°

KF:

Y——cGLP %%, %;

A——RIGRE, C;
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D——# F T, h,
213 @R T E 45

F 6. 7 B N[l AR () 5 2 o0 T AR 22 5 AT
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Mo #FK 6 AL By C. D WANREERM FAEREATHER,
SEMBUY . SEEUREE (A >R (C) > 5 I ]
(D)>/K$EmE (B).
% 5 Box-BehnkenNil i ER I it 54 R
Table S Box-Behnken response surface experimental design

and results

*® 6 EFERFTEDN

Table 6 Regression model analysis of variance

T

*
K5 FE /%
A/C B/h C/(mL/g) D/min
1 0 1 -1 0 0.98
2 -1 0 -1 0 1.05
3 0 -1 1 0 1.37
4 0 -1 -1 0 1.26
5 1 0 -1 0 1.11
6 1 1 0 0 1.02
7 0 0 1 -1 1.29
8 0 0 0 0 2.97
9 -1 1 0 0 1.64
10 0 0 0 0 3.01
11 0 1 1 0 1.65
12 0 0 1 1 1.19
13 1 0 1 0 1.02
14 1 1 0 0 1.31
15 0 0 -1 -1 1.02
16 0 0 0 0 3.03
17 0 0 0 0 3.11
18 -1 0 0 1 1.95
19 -1 0 1 0 1.91
20 1 0 0 1 1.01
21 0 0 -1 1 1.04
22 0 -1 0 -1 1.44
23 -1 -1 0 0 1.97
24 0 -1 0 1 1.66
25 -1 0 0 -1 1.26
26 0 1 0 1 1.39
27 0 0 0 0 2.92
28 1 0 0 -1 1.36
29 0 1 0 -1 1.54

RRFH ) #Hz  FfA P{A 2 EKF
Model 1349 14 0.9636 106.69 <0.0001  significant

A 07252 1 07252 80.29 <0.000 1
B 00037 1 0.0037 04069 0.5338
C 03234 1 03234 3581 <0.0001
D 00091 1 00091 100 03332
AB 00961 1 00961 10.64 0.0057
AC 02256 1 02256 2498 0.0002
AD 02704 1 02704 29.94 <0.000 1
BC 00784 1 0.0784 868 0.0106
BD 0.0342 1 00342 379 0.0719
CD 0.0036 1 0.0036 03986 0.5380
A 394 1 394 43628 <0.000 1
B’ 3200 1 320 353.84 <0.000 1
c 641 1 641 710.18 <0.000 1
D’ 454 1 454 503.03 <0.000 1
&£ 01264 14 0.0090
LR 0.1064 10 0.0106 2.12
iz £ 00201 4 0.0050
EBE 1362 28
R*=0.990 7

0.244 4 not significant

R:;=0.981 4

® 7 OEARENRZE ST

Table 7 Statistical analysis of regression model error

Ean| b ERa | L
AT E 0.0950 G F B 0.990 7
FHH 1.64 AR e 23K 0.981 4

TR AZES % 5.80 SDUEPEOYE3 0.952 7
&7 0.644 0 157k 30.646 3

214 BEREZEAERAH

M S T G TR RRBE . A R b LR, S E
VE PR R 25, 2 B DR 20 45 SR R s iRk . e A 2
AlR1, 2 BEAS E T . AD >AC >AB >BC
>BD>CD.

a

WA/ %
B: #IX I / h
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RZPZHAFEN 1.45%, 5K RS 7] 3 hy
WOEHEE 50:1 (mL/g) 64 R BOKIR S5 5 X,
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Fig.3 The effect of GLP on free radical scavenging rate
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