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Structural characteristic and anti-oxidant activity of polysaccharide
from Hirsutella sinensis extracted by subcritical water
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Abstract: The extraction condition of polysaccharide from Hirsutella sinensis by subcritical water was optimized using the re-
sponse surface experiment. Then,analyze the structure and antioxidant activity of polysaccharide to provide theoretical basis
for the rational development and application of H. sinensis polysaccharide. The optimal extraction conditions were that the ex-
traction temperature was 160 °C ,the time was 35 min and the extraction flow rate was 3.5 mL/min,and the extraction rate of
polysaccharide was up to 18.32% The study on antioxidant revealed that the polysaccharide had certain antioxidant activity.
The results indicate that subcritical water extraction was a potential method to extract polysaccharides from H. sinensis with
high yield and good antioxidant capacity.
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Fig. 1  Glucose standard curve
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Table 1 Factors and levels of response surface design
K2 Factor
K- AR B i) C ik
Level Temperature Time Velocity of flow
(°C) (min) (mL/min)
-1 130 25 1
0 160 40 3
1 190 55 5
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Fig. 2 Molecular weight standard curve of TSKgel
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Fig. 3  Protein content standard curve
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Fig. 4 D-Galacturonic acid standard curve
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Table 2 Experimental design arrangement and results

2 Factor

RAUI P fE > 0. 05 , BB AR N ZF 12 5L 30 45 5
WAL/ R =0.977 7, R, =0.949 1, Bl %A 5

BT 2% Yield SEBRSE IS AT b A BE A v AR T DL R
frun ACC)  B(min)  C(mL/min) (%) 94.91% PR RIS AL ; 25 R 2B C. V. % =1.90 %
1 130 25 3 15.48 BE IS IR AT 5 . (R LE o 14. 865, i B A5 7
2 190 25 3 15.69 K EEAR T o 2B R B B AT A B v, T LA
3 160 25 I 11.72 FHZAS IR s S A BOR AT 10 . 7 2553 s
. 160 s S s 58 Rrf, —IRITA B .C X ZHEGHRA D520 (P <
0.01) 3¢ HI AC BC Xt Z 184 W50 (P <
| . * L 0.05), R A B AT B
° 10 0 ’ 7.8 FLEF BT, AN 30X SR 500 - B-ff ] >
7 130 40 5 15.11 C-Fil > A-JE
8 160 40 3 18.07 2.1.3 wp @ =B
9 190 40 5 16.96 PRI 2 R RR B FH e 7 T 6] R 45 v T 45 S DL 1]
0 160 20 3 1821 5o B SA At e O AT RS AT [R] X 22 0
0 60 20 ; 5 5 PRI FE M0, 22 W5 5% B B O (1) %) 39 M0 422 P58 iy
SRR A B B BN e R fE b R EE
. o v : o 38 111 5 B AT IE: , =4k i T ey T4, 00
13 160 40 3 18.18 F ] RS =2 8] 08 22 AR /N s BT SB 22 4
14 160 55 5 17.56 AR RE IR | VAL 1 1 o 0 2 2 S n s e 1
15 130 55 3 17.08 PO ERMLBAMIBIE B 63K 3 SR UM E A5 H.
16 190 55 3 17.29 YERIT B AR 25 181 5C v, 2 B ORI
7 160 55 | s 10 () 28 VT34 o0, Bt 3 S 3 I Se B R b, Rk 2
WEIEDE , B3R 3 UhBH P& [ 58 AR 2%
*3 EEERFTEHHE
Table 3 Analysis of variance for the regression model
TS Fr s I K5 . ,
Source of variance Degree of freedom Sum of squares Mean of square
F Model 9 30.25 3 34.13 <0.000 1
A 1 0.61 3 3.29 0.1124
B 1 5.38 3 54.64 0.000 2
c 1 0.77 5 7.81 0.026 7
AB 1 9x10° 5 9.14 x 107 0.992 6
AC 1 0.91 1 9.20 0.019 0
BC 1 0.57 3 5.79 0.047 1
A? 1 4.54 3 46.01 0.000 3
B 1 2.42 5 24.56 0.001 6
c* 1 11.66 3 118.44 <0.000 1
% Residual 7 0.69 3 - -
BT Lack of fit 3 0.43 5 2.27 0.2223
4R 9% Pure error 4 0.25 1 - -
HEI2 Cor total 16 30.94 - - -

TE:P<0.05, 2257+ B3 ;P <0.01, 25 BE,

Note: P <0. 05, significant difference; P <0.01 , extremely significant difference.
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Fig. 5 Response surface and contour plots of interactions among factors
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Table 4  Comparison of subcritical water extraction and hot water extraction

PO R

Extraction method Temperature ( °C)

Ik Hot water 90

Il 57K Suberitical water 160

Fi Ji] EZ s
Time( min) Yield of polysaccharide (% )
240 17.28
35 18.32
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Fig. 6 FT-IR spectrum of polysaccharide extracted

by subcritical water and hot water
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Fig. 8 Ferric ion reducing antioxidant power of

H. sinensis crude polysaccharide
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Fig.9 The DPPH radical scavenging activity of

H. sinensis crude polysaccharide

3 it

ASCAfH Design-Expert #0447 FH e 137 T8 258
Ak [ Bk B A A9 I K BB T 25, AR 9% Box-Be-
hnken ZH 45 [ BT SV I 5544 BT B8 (A) (B[R] (B)
M (C)3 M EREF LA, F R P EY B L
WE O S AR I AR SR IBCR A R il 160 °C (1) [i] 35
min i # 3. 5 mL/min, 5514 T 20 R HURE K
(18.32 +0.08) % , 5 H e FUE 4230r , i LA 15
RURT DU e [ 76 0 2280 10 IV s SRk Bt A 7 )
FAMHT SR A e Rz 1 A 2 B I T 2 B A
VI A ORI AR B BOIR A5 A 2 Y 2T
Hi4EH R e 4 000 ~450 em™ NI ARAT I 25 5
O I STV I A BT 22 M 1% A B 45 4 o = 2B S
PRAMIT AL TR RSB0 45 S B, Wl K 3 B [
WML RA — WL REE S . X 45 SRR
I K SRR — Pl AE 1 2R BT 2, AT R4S
R R AP AR RE T h R B A

S 30k

1 Sung GH,Hywel-Jones NL, Sung JM, et al. Phylogenetic clas-
sification of Cordyceps and the clavicipitaceous fungi[ J].
Stud Mycol,2007,57 :5-59.

2 Li SP, Yang FQ, Tsim KWK. Quality control of Cordyceps

sinensis ,a valued traditional Chinese medicine[ J]. J Pharm

10

11

13

14

15

16

Biom Anal,2006,41.1571-1584.

Lo HC, Hsieh C, Lin FY, et al. A systematic review of the
mysterious caterpillar fungus Ophiocordyceps sinensis in
DongChongXiaCao (Déng Chong Xia Céo) and related bio-
active ingredients[ J]. J Tradit Complement Med, 2013, 3.
16-32.

Li Y,Wang XL, Jiao L,et al. A survey of the geographic dis-
tribution of Ophiocordyceps sinensis[ J]. J Microbiol,, 2011,
49.913-919.

Qiu XH, Cao L, Han RC. The progress,issues and perspec-
tives in the research of Ophiocordyceps sinensis[ J].J Environ
Entomol ( 7355 B #1244k ) ,2016,38.1-23.

Dong CH,Yao YJ. On the reliability of fungal materials used
in studies on Ophiocordyceps sinensis [ J]. J Ind Microbiol
Biotechnol ,2010,38 :1027-1035.

Han RC, Wu H, Tao HP, et al. Research on Chinese
cordyceps during the past 70 years in China[ J]. Chin J Appl
Entomol ( i F B #2242 ) ,2019,56 :849-883.

Guo MY, Liu Y, Gao YH, et al. Identification and bioactive
potential of endogenetic fungi isolated from medicinal cater-
pillar fungus Ophiocordyceps sinensis from Tibetan Plateau
[J].Int J Agric Biol,2017,19.307-313.

Zhang Y] ,Sun BD,Zhang S, et al. Mycobiotal investigation of
natural Ophiocordyceps sinensis based on culture-dependent
investigation|[ J |. Mycosystema ( & ¥ %% it ) ,2010,29 . 518-
527.

Jiang Y, Yao YJ. Anamorphic fungi related to Cordyceps
sinensis[ ] |. Mycosystema ( ¥ & 4% ) ,2003,22:161-176.
Liu XJ,Guo YL,Yu YX, et al. Isolation and identification of
the anamorphic state of Cordyceps sinensis (Berk. ) SACC.
[J]. Acta Mycol Sin( EFH2#4k) ,1989,8:3540.

Li ZZ ,Huang B, Li CR,et al. Molecular evidence for anamor-
ph determination of Cordyceps sinensis ( Berk. ) SACC. [ .
Relation between Hirsutella sinensis and C. sinensis[ J]. Myc-
osystema( [ £ 4t ) ,2000,19 :60-64.

Wang JQ. Characterization of chemical composition and poly-
saccharide structure from natural Cordyceps sinensis and cul-
tured mycelium[ D ]. Nanchang; Nanchang University ( 5 &
K2F),2017.

Yao SW,Li Y, Chen LH. Pharmacodynamic differences in the
literature research of Cordyceps sinensis and its fermented
mycelium[ J ]. China Pharm ( p [# 2 5 ) , 2015, 26 ; 294-
298.

Fang MS. The study on the therapeutic effect and mechanism
of Hirsutella sinensis mycelium on the model of heart failure
[ D]. Hangzhou ; Zhejiang University (#71.K2%) ,2021.

Yuan QH,Fan Xie, Jing Tan, et al. Extraction, structure and



54

KIRF=YIBE R 5T K

Vol. 35

17

18

19

20

21

22

23

24

25

26

pharmacological effects of the polysaccharides from Cordyceps
sinensis :a review[ J . J Funct Foods,2022,89:104909.
Meng L,Sun SS,Li R, et al. Antioxidant activity of polysac-
charides produced by Hirsutella sp. and relation with their
chemical characteristics [ J ]. Carbohyd Polym, 2015, 117;
452-457.

Qi WC,Zhou XT,Wang JQ,et al. Cordyceps sinensis polysac-
charide inhibits colon cancer cells growth by inducing apop-
tosis and autophagy flux blockage via mTOR signaling[ J].
Carbohydr Polym,2020,237.116113.

LiuWB, Xie F,Sun HQ, et al. Anti-tumor effect of polysac-
charide from Hirsutella sinensis on human non-small cell lung
cancer and nude mice through intrinsic mitochondrial path-
way[ J]. Int J Biol Macromol,2017,99 :258-264.

Rong L, Li GQ,Zhang YX, et al. Structure and immunomodu-
latory activity of a water-soluble a-glucan from Hirsutella
sinensis mycelia[ J]. Int J Biol Macromol, 2021, 189 857-
868.

Basak S, Annapure US. The potential of subcritical water as a
“green” method for the extraction and modification of pec-
tin:a critical review[ J]. Food Research International 2022,
161:111849.

Toor SS, Rosendahl L, Rudolf A. Hydrothermal liquefaction of
biomass ;a review of subcritical water technologies| J |. Ener-
gy,2011,36:2328-2342.

Ti YR, Wang WZ, Zhang YL, et al. Polysaccharide from
Hemerocallis citrina Borani by subcritical water: bioactivity,
purification, characterization, and anti-diabetic effects in
T2DM rats[ J]. Int J Biol Macromol ,2022,215 :169-183.
Trigueros E, Alonso-Riafio P,Ramos C,et al. Kinetic study of
the semi-continuous extraction/hydrolysis of the protein and
polysaccharide fraction of the industrial solid residue from
red macroalgae by subcritical water [ J]. J Environ Chem
Eng,2021,9.106768.

Gan A, Baroutian S. Subcritical water extraction for recovery
of phenolics and fucoidan from New Zealand Wakame ( Un-
daria pinnatifida) seaweed [ J]. J Supercrit Fluids, 2022,
190.:105732.

Halim NAA , Abidin ZZ,Siajam SI, et al. Optimization studies

and compositional analysis of subcritical water extraction of

27

28

29

30

31

32

33

34

35

essential oil from Citrus hystrix DC. leaves [ J ]. J Supercrit
Fluids,2021,178:105384.

Liu XX, Liu HM, Yan YY, et al. Structural characterization
and antioxidant activity of polysaccharides extracted from ju-
jube using subcritical water [ J]. LWT-Food Sci Technol ,
2020,117:108645.

Ti YR, Wang WZ, Zhang YL, et al. Polysaccharide from
Hemerocallis citrina Borani by subcritical water: bioactivity,
purification, characterization, and anti-diabetic effects in
T2DM rats[ J]. Int J Biol Macromol ,2022,215:169-183.
Liu JH,Li FQ, Jia DR. et al. Research on extraction, purifica-
tion and physicochemical properties of mycelia polysaccha-
rides of Hirsutella sinensis[ J]. Food Ferment Ind (& 5 %
fi# Tl ) ,2014,40.222-226.

Liu ZY,Du J,Wang Y. et al. Study on optimization of ultra-
sound assisted extraction technology of polysaccharides in
Cordyceps sinensis by response surface method[ J]. Mod Food
(IR EE ) ,2016,22:111-117.

Zha Y ,Zhang ZH,Li XZ. et al. Optimization of polysaccha-
ride extraction of Ophiocordyceps sinensis mycelium by plack-
ett-burman design combined with box-behnken response sur-
face methodology[ J]. Edible Fungi of China( " [E&HE) ,
2020,39.25-31.

Li D, Li PP, Luan ZJ, et al. Discriminant analysis by MIR
spectroscopy on different parts of Tibetan medicine Meconop-
sis quintuplinervia regel[ J]. Nat Prod Res Dev( KSR =¥t
5 K) ,2020,32:805-812.

Wei YF,Song H,Zong YX. et al. Study on the content, mono-
saccharide composition and antioxidant activity of the Sibi-
raea angustata polysaccharides precipitated by gradient etha-
nol[ J]. West China J Pharm Sci ( #£ 78 2§~ Z% ) ,2018,
33:489-493.

Wang BS,Huang HY ,Tan WH,et al. Ultra-high pressure as-
sisted extraction and antioxidant activity of polysaccharide
from Moringa oleifera seeds [ J]. Chin J Trop Crops( #ii/E
Y24k ) ,2022,43,2132-2138.

Yang JA,Zhang C,Wen YB, et al. Antioxidant activity of dif-
ferent molecular modified products of polysaccharide from
Camellia oleifera seed meal [ J]. China Oils Fats ( Hf [ Jiij
fig) ,2022,47.143-148.





