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Abstract: Solid-state fermentation was conducted using Cordyceps militaris and Astragalus membranaceus residue to
investigate the yield of main bioactive substances and their antioxidant effects in fermentation products. The yield of total
polysaccharides, flavonoids, terpenoids, saponins and phenolics were measured respectively, and the total phenolic content
of the fermentation product was extracted and optimized using response surface methodology. It was found that the total
phenolic yield per unit weight in fermented products was significantly higher than that in Astragalus membranaceus
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residue. The optimal extraction conditions for fermented phenolics was: Ultrasonic temperature 80 °C, duration 58 min,

ethanol concentration 38.7%, pHS5.4, achieving a total phenolic yield of 7.2434+0.19 mg/g. Antioxidant experiments

demonstrated that at 2.5 mg/mL, the maximum DPPH radical scavenging rate of total phenolics of the fermentation product

was 94.94%, while that of Astragalus membranaceus residue was 64.56%. For ABTS" radical scavenging, the maximum

rate of total phenolics of the fermentation product was 89.51% at 1 mg/mL, while the maximum rate of total phenolics of

Astragalus membranaceus residue was 59.54% at 2.5 mg/mL. Moreover, the total reducing power of total phenolics of the

fermentation product was 2.046 at a concentration of 10 mg/mL, which was significantly higher than that in Astragalus
membranaceus residue at 1.032 (P<0.001). In H,0,-induced PC12 oxidative stress models, fermented phenolics (10~10000 pg/
mL) significantly enhanced cell viability compared to Astragalus membranaceus residue phenolics. Further analysis showed

that the total phenolics of fermentation product led to a decrease in the level of MDA and an increase in SOD activity.

These results indicate that solid-state fermentation significantly improves both phenolic yield and antioxidant capacity

compared to unfermented Astragalus membranaceus residue. This study provides theoretical foundation for synergistic

utilization of edible and medicinal fungi and Chinese herbal residues.

Key words: Cordyceps militaris; Astragalus membranaceus residue; solid-state fermentation; total phenolics; antioxidant
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Table 2 Response surface design and results

s A #E B ﬁ‘?g C Z.@‘\', — RN ZE e
WRE FsJ i) PR EL P (mg/g)
1 0 0 -1 1 6.64
2 1 1 0 0 5.76
3 0 0 0 0 6.78
4 0 -1 0 1 7.17
5 0 1 0 -1 6.67
6 1 0 1 5.32
7 0 0 0 0 5.74
8 0 0 -1 -1 6.97
9 0 0 0 0 6.37
10 -1 1 0 0 7.04
11 -1 -1 0 0 6.88
12 0 0 1 -1 6.98
13 0 1 1 0 6.93
14 0 0 1 1 6.54
15 1 0 0 1 7.00
16 0 0 0 0 6.60
17 0 -1 -1 0 6.40
18 0 0 0 0 5.62
19 -1 0 1 0 6.21
20 0 -1 0 -1 6.69
21 -1 0 0 1 6.45
22 -1 0 0 -1 5.65
23 1 -1 0 0 6.48
24 1 0 0 -1 5.22
25 1 0 -1 0 6.75
26 0 1 0 1 7.23
27 0 -1 1 0 6.69
28 -1 0 -1 0 6.58
29 0 -1 0 6.81

3 BRI RDE T 22 b

Table 3 Regression analysis of variance for total phenol

extraction
FERIE A HBE HUr Fld Pl WM
(e 7.61 14 0.5438  7.97 0.0002 ok
A 1.1 1 1.1 16.09  0.0013 o
B 0.032 1 0.032 04695 0.5044
c 3.67 1 3.67 5385  <0.0001 o
D 0.0061 1 0.0061  0.089  0.7698
AB 0.4225 1 0.4225  6.19 0.026 *
AC 0.5476 1 0.5476  8.03  0.0133 *
AD 0.0012 1 0.0012  0.018  0.8953
BC 0.0144 1 0.0144 02111  0.653
BD 0.0144 1 0.0144 02111  0.653
CcD 0.01 1 0.01  0.1466  0.7076
A? 0.0038 1 0.0038 0.0563  0.8159
B? 0.2147 1 02147  3.15  0.0978
2 1.62 1 1.62 2371  0.0002 ok
D? 0.0759 1 0.0759  1.11 0.3094

FR2 0.9552 14 0.0682

RPIT 0.8139 10 0.0814 23 0.2186
aiR%E 0.1413 4 0.0353

Pyl 8.57 28

R’ 0.9438  AdjR*> 0.8967 Pred®®  0.7726

T *RR 225 3 (P<0.05); **FR/R 22 570 35 (P<0.01) .

2.3.2 WANZTAISIAT S EAT A e T AN
ZRANIE] 3 7S o Wi D pHE TR RIS o 2 1] UL Sz R 1
PP DR 2R S HA T I A ™ 4 s I A3 A 2 ), g

>
=)

B (mg/g)

B

e, 10 4
g 80
iy ('nin) 904.0

c. 35 .
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3 KRB R R U i SR ELAE A 1 TR

Fig.3 Response surface plot of total phenolics extraction
variables and their interactions in fermentation products
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R RIE ST DPPH [ i 0 R
ZEIRANIE] 4A PN, ZESEI0HC BE TS I DY, 25 i Ak
B =4 b B X DPPH [ H JLATE 5 RE ) bk
HENNTT L8, YI7E 2.5 mg/mL BFFERFE BRI, 43
A 64.56% Fll 94.94%, 1C, {H53514 1.108 mg/mL
F110.1765 mg/mL, X /&5 Vo 19 1C5, 1H} 0.0079 mg/
mL. X3 R B Y SR DPPH H HJ&EE
BT REIZH (P<0.00 1), (HEMIET Voo KBE=
Yy R B BE i X ABTS H FH 26 1 5 32 00 2 495 21 an
K 4B FrR, R st ABTS' H LA iR
SR R E R NS RS A TR, B TE 1.0 mg/
mL P& BRRIR B R, TE RN 89.51%, 1C,, (H H
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Fig.5 Effect of total phenolics of Astragalus residue and fermentation products on the survival rate of PC12 cells
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Table 4 Level of malonic acid and activities of superoxide
dismutase in each group of cell

210 MDA (nmol/mg) SOD(U/mg)
X HR2H 1.64+0.13¢ 454.74+455.14°
ERIZH 2.30+0.10° 119.36+52.11°
BRI 2.150.15% 101.04+15.89"
R 1.70£0.07" 372.59+58.03°
1 FIFIARING FhER/R 25 57 B 35 (P<0.05) .
3 iR

ASHIF ST A i s X B R AT R RS R W, &R
GEWEOE T R BERTG S HE . B RS SS . SR
PR ST A R A8 b, AH P s 4, iP5
IR WE =) v 1) B I A58 i SR v (P<0.001), 156
P s P 1) D 2 RS A A A 0 7 3 TR T B A K IR A
Hr R B S T R 2 T AR R R, Sk
TR . FELEIEARE ., X A =4 A R B
17T T2k, 158 BRI T 240 A 1R
80 °C . S IIA] 58 min., Z AT/ 4L 38.7%. pH
N 5.4. TEMCEAT T RSN 7.243+40.19 mg/g, 5
RETE 25 H e TR 7.237 me/g 3308, AL T 255
BT E . A, ARSI 2B, R EE )
W AR S ML A RE T i 350 T 8BS 2H (P<0.001)
TE H,0, 75514 PC12 4l A AL I S g v, & 1™
Wy i ) A T AH 3R T B R ZH A 10. 100, 1000,
10000 pg/mL ¥ B3 [F P ik 35 3 & 1 4l i A7 0 5
(P<0.05, P<0.01, P<0.001, P<0.01), &34 01 &
IR B ) By S EL MDA KRG, SOD #i T
15, BaEH & W= b v Sy 5 R R 4 i
RN . ASHIFSY A i e SR 2l 255 01 & R
JHARAE T ET A SRR, N e SR B AT 2B TR AT
FE- 5 MR AEER AR
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