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Wi M F MR (Cordyceps militaris, 4“5 CM-
10, A Ml 2B B B 24 7., M TGS 75 52 (SPE)
BALB/C Hik/INR,8 IS, |7 7R s 2 St 4 s 4y oh
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8 k3 B AR K By AT R R A I 1 A AR A T AR A 77

o Eh R A A WE IUIR 15 95 (PDA) :20% 1 57|
2% EE 293508, H Ak pH, DA A N
(PDB) :20% + 5. 2% %, A4k pH, A& & B
BR AR BE (SSF $5 9758 ) . /NEE T3% Bk 2 20% Fi oK
7% , ki H A2 7E 550~1 700 wm 2 [8]
1.2 FERASME

RPMI1640 K5 329 8 A4 4+ 1L . JC B Hank s
W . JCHE PBS,Gibico /A ] ;Con A, 3£ [# Sigma A
Al AR (B sl ) Sk 2 (fht k) A
Wi (o brat) SARER (AT el ), ) Ak T
Extaq fi§ , H 4% Takara /28 F) ; S5 (o354l ) , Kt
MIRFR R AL 21200 A W) 5 Hoe 2R 35 2 23 A
g gy, ;N AR A ) TR R

SAF-680T bR, b I A R A
5810R Eppendorf £5.0:4L, 7 [ Eppendorf 2\ ] ;
HZQ-F160 &)@ k%Ki 7246, M /R IEAR I 73
ARIF KA RS A ; DHG-9140 H A KT 64 ,
RG22 A0 88 2N W] ;SPX-250AB A= L 15 3546, )M
AR AW B R A BR 2 A ;Elga # 46 K AL Ultra
Bioscience, % [F Elga /A H]
1.3 IHREEELE

K CM=10 PR A7 B T2 Bl 5% 22 7 44 1 3
JERE 23 (PDA) Y, F 23 CH: 57, Fr b 22 4 Kl
A 3/4 JE RS d, SR R R AL I T o R
B A A B 1% (PDB) Y, F 25 °C, 150 t/min
PR 4 d, 153 B34 5] T 22 BRI AR Fh 7

FREL 20 g SSF 557 5% T 6 emx 9 em 1Y%
W B B ZH B R #E 101.25 SRk Fe A ELER
WU (0.3% MR — 41 ,0.15% B 2 £ ,0.05% 4
£, HH pH), 121 CHEKH 40 min, BRHEE
I FEJCH 25 1F F L 25 mI/100 g SSF B 372 319 e
R AR T T35 32 . SSF T 25 CHE 5% 10 d
Ja 52 25 CHHE % 15 d, SR B SSF RT3k 18 i
F 55 CF 4 48 h, ZWEHLKIRE 80 wm 5 i
U8 ,—80 CHATEH .
1.4 WEHE SSF WA KRR

Mg SSE = s [ BT ML 20 R R
TR DR AR, JF 50 SR AT
B

FEHFRK &S GB 50095.95-2010 & i
A [ AR HEHEAT I GE . M 2B & 5 R ] Saha

LU Ty 0 L U R IR Y 7 4% Shih
SESI TN E . RS N R WM E S R
Dong Z515 7k
1.5 HYERTH
1.5.1 shi i d Kb 3 A /N BUFE fiff FH i B h
T FRAE SPF G5 A1 Tt B2 45 I 78 22 °C, G S 7 B
12 h, A BRE RAKGERL 1, 16 5245 905 8
/N BEAL SN 4 4 (n=10) ; 1E % XF B 41 (NCN,
WG T 2K A% K ), IR B 4L INCL, SSF 79 35 mg/
(kg-d)], =4 [NCM,SSF 7= 4 70 mg/(kg-d)]
Flis F A [NCH, SSF 774 210 mg/ (kg-d)]. Frf
() Bl W) AR S AE B R A 9~10 s =2 8] it 70 1 b
HORFE 4R
1.5.2 KRBT /B N T b 2 R 2
R, AR SR /N BTG sh AR B O, B S8 Bk i i
SR/ BRI AR 5 4
1.5.3 ZEMEHSRE  ESRBEE/NRERT,
SR A /N BB B 2 B N B AR 1k, /R
A 1T IRER 24 h J5, REBGH/DN R, )
1.5.4  IMURCFE S REE XTI BUR IR BROR i,
it A7 AE-80 °C., 17 W 1L 775 v 20 i P57~
1.5.5 HAMGRE /N BUHEN F 4585 i
) TCHCH R B BB S R T 4140
FEFRE , WE RS T B =48 5 (g)// UK T & () x
100% , A28 2053 il 08 il o0 B S
€2 1 2H 2R 5
1.5.6  Con A 175511 /N UMb B2 40 i 5 Ak 52 55
YA VHR EEL 200 L o) - JC AT R B 3R /)N BROMLDE
FH Hanks WSV, H BCH 04 L4 i & F 200 H
O S | AR A AN LB TR R . Hanks WS VE
2 WA, P 58 4 K 57 3 (89% RPMI-1640 Ki 5%
0% M0 4 75 1% R WL, 5x107° mol/L $i %
o100 U/mlL £ %5 2 A1 100 U/ml 75 55 %) ¥4
21 it Rk U E N 3x10° A /mL 1) 40 B
MTT 32 46 10 24 A 185 5 6 A6 1718, 78 24 fLAR
FALMA 1 mL 4B E W, —FLn 7.5 pL. Con
AW (RTREWEN 7.5 pg/ml), 7 —FLEH3F
I8 K 24 FLACE T 5%C0,,37 CHY CO, 55 F:46
I 68 h, &L 0.7 mL A& JiG 4 1M T 1Y 58 4 1%
FRHEER e 0.7 mL K555 5 FE A 50 WL MTT(5 mg/
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mL) i 5% 4 ho BEFREHRE  BILMA 1 mL RS
EE (0.04 mol/L. HCL) , 7843 R4, {48 (6 25 i 5¢
LR IR IE R B 96 FLEE IR L, A
fL 200 pl, HIEEFR G E 570 nm 3K Ak 10O
{EL(OD), T35 9k B 40 if 1) 38 FE 5% AL fE o MLk B2
200 6 P9 3 5 2 A RE S LU R in ConA 9 IR AR
ZHFIR
1.5.7 U HU B SSF 7= 9 % 1fiL 3 Hh IL-2 A IFN—y
EEIEE M F ELISA 250 G I /s Bt v 14
F—y(IFN—y) FI LA~ R -2 (1L-2) .
1.6 BEEEHSH

FEMEEARTEM A TR, I RAFAE-80 Cri,
i FHZE 8 DNA $2 HUal70] & 52 DNA, i PCR
Py AL V3 M V4 X 16S tRNA FE[H, 6
B EEEYE LR RA A #17 [lumina
Miseq )3, F| H I-Sanger 43471 = *F- 5 X} 54> 16S
rRNA 3 P 781 2547 9 F 28 B0 A, X 2 R A 1
T L RN 22 5 I 2 M ARG 50 A5 1E AT e 2 AT AL
a3
1.7 Sitom

I I SPSS {4 b 3E 4 SSE 774 5 F LR
DR L NN 1% 1 G LR NG 1 0 A 1
T8 T2 L DR AR A SR DL S I bR 25 ROR

>R Fl SPSS H A rp 8 J7 22 53 M 1k X 5 06 KO0 R AT
R ZE 0T, P<0.05 £on 2E 5w A Gt e X,

2 HEREHW
21 WHRESSFEYEFIERISELR
25 W R T AR 3 I e TR B D A
MR SR — 300 20 R RR AR B R AR I
HEA S5 7SRy B R b e fe . b
AR, AR SRR T SR RE AL T
SO, i B SSE ) S SR A Fr LR 1
H & 1 A 01, SSF P ) 2 1 T KL 2 B A U R R
S T TSR (P<0.001) , i SSF 7= 47 i
TR FEEN S (P<0.001), &R
TN, TR R A A MR A A TG S
TR, PoA RS S REZ YA R
FIARA T, B RN T AZ R A A1 FiT A2A H
ATy, M RRATAZ R A2B H A3 IR 2%
A EAR, BREZEF AL A2A A2B A3 Y3E )
FRAR LT 32 R R R Y T, A LR AR AT
TR BSOS A3 R T BR 1S M R E
Jf g sl gh AR WA WIS, K iR
AR A o BUR R B R AE SSF W) SSF HAT
GF VAL TR T

*1 SSFEHMEFLUEHSEE
Table 1 Comparisons of contents of SSF products and fruiting body

RA R F 54k
EaQREEI% 25.98 + (.54 17.94 +0.22
A5 A E % 16.01 + 0.24%%% 8.34 +0.07

k¥ F 4 F/mg-g! 11.15 + 0.14%%%* 4.53 +0.06
W& #/mg- gt 0.873 + 0.008# 2.83 +0.02

£AY FE 4 Fiug g

979.25 + 15.90%**

1911.15 £39.42

TE 5 PO L+ 38R 28 57 i 35 (P<0.05) . 7R 22 5l ik 35 (P<0.01)  *. 37R 22 5l . 3 (P<0.001) .

2.2 WFHE SSF =3t /hRIEREN T
XF /N R T 28 d W% S 4 E) 4% 21 /)N BLIR
BIHOUIEH R OR A B A 8 X 25 24/ k17
FREE, 4 4/ R R AN 2 R, #5514/
B BT 12 55 % B2 T W 3 k22 5, R W] SSF 779
XoF T /N B A4 BT 1 A= K TE W I 52
2.3 WFHE SSF =3t/ S R B A
LY TN T 250 AE 52, 25

TS S W INE A R R R, R U R ROR A S
P 1) HE A e 15 52 B 2 AN B2 IR, 45 T/
BRAS [7] 7] 2 72 304 28 d,SSF 7™ W % /) BRL 25 U 2%
IR AE R L3R 3, ATl 4 4% E & 22 80 18 5 1
e A, A AT AT AN [R5 1 SSF =850 /1 B
(Y HE A5 JC .35 PRS2 R, U] SSF 7= M) e e JCREYE
PN 07 2 AR PN 2 PRI S8 45 R R s o A
AR ZR5 AR5 N IR IR 5 19 O 2R LU B G 105 S 1T
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8 k3 B AR K By AT R R A I 1 A AR A T AR A

SEHUNG B T N E @R P i — i, 2% 4
F14 52 AU 7 R O A R TR R B R AR, 5 %0 TR

ZHAH b HAT B 25 5 (P<0.05) , H LT UL, SSF

7 WA AR IE /N BRI 7 25 B T2

x2 MRBEREZWAER

Table 2 The change of mice body weight

28 3 R A TR % 0 Rlg % 7 Rlg % 14 XJg % 28 X/g
xt FE 48 T H K 23.70 = 1.06 24.65 = 0.94 25.75 £ 1.50 2591 +1.32
AR & 28 35 mg/kg 23.99 +0.81 24.89 +0.83 25.50 £ 0.88 25.59 £2.01
Rl 70 mg/kg 23.80 + 1.22 24.60 + 1.41 25.20 + 1.65 25.09 + 1.82
Rl ! 210 mg/kg 23.86 + 1.41 2427 +1.37 24.50 + 1.63 24.36 + 1.80
% 3 SSF=#xf/NRAER R0
Table 3 Effect of SSF products on organ index of mice
7 2/% xt R8 48 1R Z 20 kil 2! & Al
wE 2591 +1.32 25.59 +2.01 25.09 = 1.82 24.36 = 1.80
SR 0.60 + 0.06 0.75 +0.14 0.61 +£0.04 0.69 = 0.10
AT R 5.39+0.70 593 +0.83 5.53+0.81 5.25+0.60
i 0.83 £0.22 0.78 £0.23 0.85+0.10 0.80+0.19
B 1.75£0.16 1.69 £ 0.51 1.84 £0.12 1.81+0.14
Fh 0.84 = 0.07 0.79 +0.14 0.85 +0.05 0.86 + .060
s 0.26 +0.05 0.29 +0.04 0.28 +0.02 0.29 +0.02
)3 0.29 +0.08 0.30 = 0.09 0.33£0.15 0.24 +0.10
A8 Wy 1.39 £0.29 1.36 £ 0.47 1.10 £ 0.12%* 1.12 £ 0.29*

W S HAAML . R 27 B (P<0.05), %% FR 25 EF(P<0.01), T,

2.4 MEHE SSF =Y /MRIFRERENEIN

MRE R AR A, J& T.B Ik 4 i 2R
BEMTRAL o TR L2 200 i 2 A T 30 S e AL A4 240
LG PE D RE I SE AR FR A, T2 ZE SR B Uk L 40 i
T AL RN 531k o G 2 0 1 Al B, R [ 55 SSF =
YA Con A 1755 /0N BRI Ibk B4 440 i % £ 11 52
WA 4 Fin . 525 A RF B % Con A
55 /Iy BN OB O 40 e Ak T W S S e (P>
0.05), Hr a7l e 20 b 35 4 v M UA L2 A B A Ak 2
(P<0.05,P<0.01) , 1 H.FE & 7 /& A 38, /s BRI bk
B 200 L 2 AL R R S B, R P R VR
SSF A 1t i 4H M 5 28 DI RE A .

IFN—y R E N Thl B4R 1, EE0s
o P8 A0 L 1Y) OB AR 5 o 9, TL-2 J2 E T ik
LA o I ) — R L R, R EHER RIA S
T 94 20 200 L 1) 34 5 RN oAk . TL-2 19 43 W 7K AR
S WAL 1 S AL RE SR 5527, 45 T /I BUAS [R) 77 2
ZAR W) 28 d,SSF =Xt /N BRI i IL-2 FITFN-

v AR A R L 5, 5L L, SSF T
TIZH 1 20 B PR v T R 2R

XL LRI R Y SSF RB IS 1E —
FREE b4 o A ) e e DI RE A A (2 2 Ik e £
AL AR D T, SRR IE A AR SSE R AER
o | I 37 e 240 A R o B A i
2.5 iFME SSF =33/ R B7 i E B A B2
2.5.1 /NEUFEEBEZ AT AR SRR
T 25 HXTIRAL (Con) 5 B 4 (Text2) 4 16 H
ANER ZEAE SR I

Ace TRECZ WM B W R F 8 EWiEE, 5
B RE 2 B B LIE FEP, Ace F5 B0 £ 1) 22 5 WL ]
la, 259 ATA BEALAT PRI AL Ace 154125 57+
2, SSF = Wyt i 18 TR B (0 ) R A AN
ERTE S AN

WL PLS-DA #% 2 AMEATE @ KF b (K
1b) & 8,2 28] X 5B &, #£ SSF =¥ ik & 1
UG, /N B A T A R X ) — o R 2 R 3
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F 4 SSF=#xf Con A %S/ AW E 40 i ¥ L B 22 0 #5 SSFE#HxmiEH IL-2 %1 IFN-y & E8I# T

Table 4 Effect of SSF products on spleen lymphocyte Table 5 Effect of SSF products on the contents
transformation induced by Con A in mice of IL-2 and IFN-y in serum
41 7 A ODysy,, P 28 7 IL-2/pg-mL* IFN—y/pg-ml"
=8y
Za4 0.355 = 0.060 * R 42 6821490  70.45+ 11.08
AR & 28 0.381 + 0.060 >0.05
o AR & 28 63.90 + 3.48 68.18 + 5.42
il ! 0.466 + 0.052 <0.05
F1a 12.053(P<0.01) SRl 61.92 +4.48 68.15 + 1.91

RUHBEAW Y IHEEROER R Venn B4 SEEWAASMA R OTUs A 2 4>, 3% % W] 5L 50 20 Fxt
TF 2 i) pr e FARAT i OTU 20H (B 1e) dllal MM Z AR K2R, H SSF =Y aBEANE
B EEN OTUs MIMLE =97% ,2 b4t EEBNESENE,

OTUs A 69 4~, X HELALH A i OTUs 47 37 1,

160- L 7.5
o Con
_ 1404 30 . * A Test2
;% 1204 § 2.54 L] - . L4
- 3
£ = 1007 o o0o0f |, 5
% 80- & 5 A
83 g 254
25 604 =
© S 504
£ 4o S -5
204 -7.5 .
0- -10.0 T T T T T T
Con Test2 2.5 0.0 2.5 5.0 7.5 10.0

COMP1(18.84%)

PLS-DA 43 #7 &
w (b) 41 2 5% £ 7 Il

(¢)Venn &

T+ Con g X JRAL, Test2 fR £ M 0 SSF 7= b HEIR AL, *. 0.01<P<0.05;%*. 0.001<P<0.01;***. P<0.001,
B1 SANMREEFERSHFEDFT

Fig.1 Analysis of fecal samples diversity of mice in each group

252 /NRIBERE BB 2 HEA R M4 2 L AE S K W 2 RT3 o A, 3B —
TIIKFHEAT T R 5 Lh 3 o0 B, /T VR Y FETTK I 2 HZ MR 22 5, al LUSE i B0 A & 3|
- (E 2a) 5 A SSF WG, ST — 8 B EE L BE Xof R 2 5 S 55 21 Jgn 3 TR R S T U KO R AR 5
TRADAT B VRIS JE B T T AR T 2 B, T v B A Ak (B 2b) /N IHEAT SSE R E T, 5
FTHAEXS F R, ZE R AR E, XA AL, AT HJR (Bacteroides) . % [N &
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Student's t-test bar plot on Phylum level

95% confidence intervals

Bacteroidetes [—— I—.:—l 0.6877
Firmicutes [y ——— 0.4401
Vermucomicrobia [ |—‘—| 09764
Proteobacteria B }-0:-0 0.258 ©
Actinobacteria I ® 0.121 :}E Ti
Tanericuﬁssl * 03343 ;
unclassified_k_norank_d_Bacteria | 5} 0.2548
Acidobacteria | ® 0.1483
Cyanobacteria | ] 0.5405
Chloroflexi ! ‘ 0.163
SN TS N T S N NN S —— L 1 1 1 1 1 1 1 1 1 1 L ]
0 10 20 30 40 50 35-30-25-20-15-10 5 0 5 10 15 20 25 30
| WLz 2
Proportions/% Difference between proportions/%
(a) Tk
Heatmap

g__norank_f__Bacteroidales_S24-7_group
g__Alistipes

g__Bacteroides

g__Lachnoclostridium
g__[Ruminococcus]_gauvreauii_group
g__Incertae_Sedis_f__Erysipelotrichaceae
g__Parabacteroides

g__Anaerostipes
g__norank_f__Clostridiales_vadinBB60_group
g__Coprobacillus

g__ Coprococcus_1

g__Roseburia

g_ Blautia

g__Parasutterella
g__Incertae_Sedis_f__Lachnospiraceae
g__Erysipelatoclostridium
g__Ruminiclostridium_5

g__Desulfovibrio

g__Marvinbryantia

g__uncultured_f _Ruminococcaceae
g__Alloprevotella

g__Ruminiclostridium_9
g__unclassified_o__Bacteroidales
g__unclassified_f__Lachnospiraceae
g__Lachnospiraceae_NK4A136_group
g__Akkermansia

T L1

gy

g__Rikenellaceae_RC9_gut_group 3.5
g__Prevotellaceae_UCG-001
g__uncultured_f__Lachnospiraceae 3.0
_: g__Rikenella :

g__Lachnospiraceae_UCG-005
g__Intestinimonas 25
g__[Eubacterium]_ventriosum_group
g__Bilophila
g__Aerococcus 2.0
g__Myroides

- g_ Tyzzerella 15

g__Corynebacterium_1
g__unclassified_p__Bacteroidetes
g__Staphylococcus 1.0
g__Helicobacter
g__[Eubacterium]_nodatum_group
g__Psychrobacter

g__Alcaligenes
g__Lachnospiraceae_UCG-001 0.0
g__Oscillibacter

g__Flavonifractor

g__Anaerotruncus -0.5
g__Citrobacter

g__Lachnospiraceae_UCG-006

0.5

Test2 Con
(b) 7% Heatmap &l
B2 EFTEBAKENNMNREEHERAQDYMERSH

Fig.2 Species difference analysis among fecal samples of mice based on phylum and genus level
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(Roseburia) . 8 B ¥R W B (Ruminococcus) .
Lachnospiraceae ,Parabacteroides A naerostipes <5 %]
Ja R W T 3 ek R e A AR 1Y a3 BT
B, k88 T v Y T s 4 O MR A AT LR AR
W o W 3E AT PR f 45 45 25 S0 BE IR 15 R (Short—
chain fatty acids,SCFAs) BEHIMRSE . FHENE TR
GlpiE b AR AL RE A, BB S N9 1 18 B B 2
AE, 25 S AT WA AT T e 1 5 ok, s T e
TRy o PR, B% A 1R BE W% BB AT EAE | 1T LD
AT LT R B 2R AR R A T Y, BT
INAUFT TR B AL T N R A TR, AT
S R I b M b B TR I 5 AU R A
FF R AU b, = — MR B 45 AR 1, B 2 i
B, BRI YT I 8 S DR, B G TR R
AE % A1) 1 FL IR A & R A R e Wy ot A7 A 7 AR T
W2 , ] BG4 B AR B JE , B 1 LR AR,
Ruminococcus Lachnospiracea A naerostipes [7] ¥
WR TR AEE, T2 EREE i E 2™
Y, Wl f SCRAs 19 2oy, T MR 2 i 18
RO RE ORI, 4R 1B S S 4E R i E R
FLIIS U S = Y = A VS R
Parabacteroides & NEF/NR M OWEHFZ — B
AT Z R AL DI RE , 7= A= KA BRIAR , 5 1
T ERAL, RAPUR e, Wb ke
SRR R DI R . KU, SSF P 4 A T 1
iz 38 oA g BERE R E KP4 1 N SCFA
(Vi B | 4 4 T 3 E R D RE IR e AR
S i LR G i 1 P2

5 X R L, 72 08 B R (Alcaligenes ) | 7 %
EREE & (Staphylococcus ) T WK & (Myroides ) %5
A S 2L 38 0 T e O P BT, A B S TR
J W 5 B A 1Y R AR A G Hh R
F# R (Alcaligenes ) BN 7 S5 BUR B 1R H
J& (Helicobacter) W ¥ A I TS84T &1 IH TS84T 1
WA C RS A —E B, TIELE W
ERIREH, ERTEE (Myroides ) & —FhHL 232
o, AT R PR R R PR AR g

L LRI, SSF 4y 5 B A 22 A% 1 2O
W R, $& e iE ) SCFAs A & i 8 iy F B2
AR s A AR e, DT R GE
P2 LI RE I i 18 5 B D RE D7 TV

o 2022 4E55 7 1
3 #it

[E6] A 5 T AR DR BT ARG, B T B, R
Ao AR R — R IR AR kDT A
T 1A A% Tl A 4 A3 A 7 I O R R R
VTAER, BRI 2 I A 5T K I 24 T A 1Y AR
=W B R AE s, 2 —Fh BRI A R
DIRE b T, B )z ] TR A A A AN
FUR s s RN (SSR o NS S =P
B2 L, R AR ST AT IT % 2 o 1 P 4b
IRIFFE I o BE A I R e M B R R
8 DR A (0 285 FH A (E B AN WTIE S, (545 17 3 %t
THER 2B AT R BB e T
TR B PR 5 R 2 HLA AE HARIRES T i A K B
SO, TRt AT M T R T AR 7 AR
R, EARREREUE T A RRIR , K i B ORI M
Y, ARWFGE KRB, SSE 77 i B T R 2 0 A
BHERERDES T I, XERE SSF ™Y
AR T P R AR 2 i R A A AN EL
B T BV A W3 A — 20 R A 5

Jo 3 GRS KB o A AT R R, R R D
it MBE A I E A R . AEEE T
T R O R AT P M B A, AT B
@RI RE R 5% 72 . i a8 a5 A= v a] LA i It v )
A TR B I R W D Re U T B AR
I T B0 B 23l i 4= 28 ) KR R O IR R
RO B, 45 1 20 IS0 35 R 1, Sy B R RS A6 B
T R AN RIS S R A A 8 3 5 T i T T
FER L RURN 25 K A E SCFAs 17t 1 58 e i
TIRe , PR i T A5 Ak 27 i Jy 3 3ok i A= W0 e
S5l b oy f A AR e, o 240
Yy ELA PE TR T R B B A 0 1 R A R B
AT A A AR S R ORBIE YA AT
W J& (Bacteroides) % [C 1 J& (Roseburia) Ji B ¥R
W J& (Ruminococcus ) %A 15 W @ i & T+ &, 720
W & (Alcaligenes ) . ] % BR 0 J& (Staphylococcus) |
KB E (Myroides ) 5547 3 T RE b EREAR, X
7Nt SSF 7 W) 7 ] 19 g 3 1R D7 T AT B A g AR
WeAE .

25 LTIk [ SSF P2 Wi A JCEEE | O g B AR
MR, s ALK S e DI BE . [l iF 39 i g i vh
SCFA A= I RERY B, (2 2E 8 A 45 I A5 58,



224 T

8 k3 B AR K By AT R R A I 1 A AR A T AR A 83

WA FREY B R R B, Al T TR Y 4
J o 3% F W BLAT e A2 BEDLIA G B RO/ T, BoA
T2 g YR ™ fh 4T i 57 AN 38

& % x Wt

JEERME, TUMEME, FEELOD, SF. i By 2k Ay
FIEG B B R AF 5k ()], B A B, 2018,
39(21): 330-339.

ZUO0 J H, GONG X Y, DONG Y M, et al
Research bioactive

achievements in components,,

pharmacological effects and applications of Cordyceps

militaris [J]. Food Science, 2018, 39 (21): 330-
339.

RAETHONG N, LAOTENG K, VONGSANGNAK
W.  Uncovering global metabolic response to

cordycepin production in Cordyceps militaris through
transcriptome network —driven
analysis|J]. Scientific Reports, 2018, 8(1): 1-13.
ks, B, XA, AR i B R OE LA W g
B A Al S5 S RopT R S )] B R
2021, 42(8): 235-242.

XIANG T, XIA C, LIU J H, et al. Separation,

structural identification and anti—tumor effects of new

and genome —scale

compounds from Cordyceps militaris|J]. Food Science,
2021, 42(8): 235-242.
BI S, JING Y, ZHOU Q, et al

elucidation and immunostimulatory activity of a new

Structural

polysaccharide from Cordyceps militaris[]]. Food &
Function, 2018, 9(1): 279-293.

KIM D J, KANG Y H, KIM K K, et al. Increased
glucose metabolism and alpha-—glucosidase inhibition

in Cordyceps militaris water extract —treated HepG2

cells [J]. Nutritional Research and Practice, 2017
(11): 180-189.

HSIAO F S, CHENG Y, WANG S, et al
Cordyceps  militaris  hot  water extract inhibits

lipopolysaccharide —induced inflammatory response in

porcine alveolar macrophages by regulation of
mitogen—activated protein kinase signaling pathway[J].
Canadian Journal of Animal Science, 2017, 98(1):
44-52.

PARK S J, JANG H J, HWANG I H,
NF -KB

pathway and induces apoptosis through MKK7-JNK

et al.

Cordyceps militaris  extract inhibits the

(8]

[11]

[13]

signaling activation in TK —-10 human renal cell
carcinoma[J]. Natural Product Communications, 2018
(13): 465-470.

O, RRRSC, BUSE, AR R R AR 8 SR RO
ZRERIS 438 LR T EAREN R, 2011
(4). 1-4.

GAO Y, CHENG J W, HE L, et al. Research on
extraction and

separation of polysaccharides from

solid —state fermentation substance of Cordyceps
militaris [J].
China, 2011(4): 1-4.

BRJL, BERAN, IR, . Rk R R
WFFEERE[T]. B HE A4, 2011, 18(3): 100-104.
TANG Q J, XUE J J, ZHANG J S, et al

Cordycepin production using fermentation methods —
Acta Edulis

Forest By —Product and Speciality in

present status and future prospects|[J].
Fungi, 2011, 18(3): 100-104.
AR, R, BT, AR SR BN TR k1
W 22 W & N P AT P AT )]. B2
2018, 26(2): 84-87.

YU ST, SONG T T, JIN Q L, et al. Analysis of
polyphenol content and its antioxidant activity of
oats solid fermentation fungal substance of Phellinus
igniarius[]]. Edible and Medicinal Mushrooms, 2018,
26(2). 84-87.

BEAE, ArE AR, TR, AL Sk R IRIA T MR R g
W2 BT S AR PR )]. A T, 2017 (4)
9-12.

SHENG Y, HE Y H, SHEN Y, et al. Study on
antioxidant activity of polysaccharide from Hericium
erinaceus liquidand solid fermentation products [J].
Farm Products Processing, 2017(4). 9-12.

PR, B, WS, L R AMRORTER Y
P R N BRI, 2019, 27
(6): 366-369.

Ll J Z, GENG L, HUANG Y Q, et al. Application
status of biofermentation technology in edible and
medicinal Edible and Medicinal
Mushrooms, 2019, 27(6): 366-369.

R, IhHRT. A R A AR P 2 ) R TR
Yy BT i A2 Ak B (D] R R AR R, 2011,
11(9): 82-92.

LI L T, MA Y L. The changes and regulation on

ingredients and nutritional —functional factors during

mushrooms [ J ].

food fermenting[J]. Journal of Chinese Institute of

Food Science and Technology, 2011, 11(9): 82-



84 oE B A 2022 4E55 T
92. through the adenosine 2A  receptor —p53 —caspase —

[14] SAHA S K, BREWER C F. Determination of the 7PARP pathway [J]. Chemico—Biological Interactions,
concentrations  of oligosaccharides, complex type 2014, 216: 17-25.
carbohydrates, and glycoproteins using the phenol— [23] Ak#R, B, Bfd, S M SZ A B R R
sulfuric acid method[J]. Carbohydr Res, 1994, 254. A Ml R B YA A SOG2GBS (). 1 RURL 2
157-167. HoR-hBEZG B, 2020, 22(3): 573-584.

[15] SHIH I, TSAI K, HSIEH C. Effects of culture DU J, KAN W J, YANG J, et al. Possible
conditions on the mycelial growth and bioactive pharmacological mechanisms of adenosine receptor
metabolite  production in  submerged culture of and Cordycepin from Cordyceps militaris in the
Cordyceps militaris [ J]. Biochemical Engineering prevention and treatment of COVID-19 pneumonialJ].
Journal, 2007, 33(3). 193-201. Modernization of Traditional Chinese Medicine and

[16] DONG J Z, WANG S H, Al X R, et al Materia Materia —World Science and Technology,
Composition and  characterization of cordyxanthins 2020, 22(3): 573-584.
from Cordyceps militaris fruit bodies[J]. Journal of [24] LIUFU G S, ZHU Z R, LIU J, et al. The acute
Functional Foods, 2013, 5(3): 1450-1455. toxicity and subchronic toxicity test of Zhuqin

[17] MOSMANN T. Rapid colorimetric assay for cellular extract|J]. Medicinal Plant, 2015, 7Z2(6):. 25-27.
growth and survival: Application to proliferation and [25] BfEEE, SRoKZL, EEAERC, AF. SRR X/ B E
cytotoxicity assays[J]. Immunol Methods, 1983, 65 Rl N S T R N T A /v = B R Rl P =
(1/2): 55-63. WA, 2013, 29(29). 27-31.

(18] K, FIb, Sedhf. 7w b H5 R 586k PR o 5 A GUANG J Y, ZHANG Y H, CUI D F, et al
4 ML R 2 T RE M R )] & b Tk B8, 2016, 37 Effects of chlorogenic acid on proliferations and
(5): 349-352, 357. secretion function ofmouse spleen lymphocytes in
ZHANG L, WANG D, NIE ] S. Effect of vitrolJ]. Chinese Agricultural Science Bulletin, 2013,
Cordyceps  militaris  on  humoral immunity and 29(29). 27-31.
cellular immunity [J]. Scienceand Technologyof Food [26] WEME, FE. T Y0 LM IE T N 0 W 9T o R
Industry, 2016, 37(5): 349-352, 357. 0. FESREE= (AR50 ), 2005, 32(1): 10-13.

[19] SREIWE, mBide, XVHEDY, 5. 0 ROk PANG Y, ZHENG Q. Research progress on the
22 (R R0 [ R R B T S0 AR Th I P LAY B L AC(T]. T application of interferon in tumor treatment [J].
ol , 2019, 35(4): 57-62. International Journal of Surgery, 2005, 32(1): 10—
ZHU L N, GAO X H, LIU Y F, et al. Effect of 13.
culture method on the active components in [27] BRE e, Kb, VLEH, 5. = BRSE 2 X8 Lk
Cordyceps militaris[J]. Acta Agriculturae Shanghai, ThR L 20 A 5 B e Ak TL-2 1 1L—6 43 S H 3k (R 3 ik
2019, 35(4): 57-62. FISZIE)]. =4k, 2006, 52(1): 170-174.

[20] R H, 2R, XISCH, S R AE Y G R CHEN L L, ZHU X T, JIANG Q Y, et al. Effects
TE IR SR A TR, 2020, 36(7): of synthetic bursin on proliferation of chicken
1293-1304. splenic lymphocytes and expression of IL-2 and IL-
ZHAO X Y, LI Q, LIU W J, et al. Advances in 6]J]. Acta Zoologica Sinica, 2006, 52(1): 170-174.
biosynthesis of cordycepin from Cordyceps militaris [28] i, sk, Hdw, S m T oY s A W

[21]

[22]

[J]. Chinese Journal of Biotechnology, 2020, 36
(7): 1293-1304.

CAO H, LIU Z, CHANG Z. Cordycepin induces
bladder
activation of A3 adenosine receptors|J]. Tumor Biology,
2017, 39(7): 1393382749.

CHENA Y, YANG S, HUENG D, et al

Cordycepin induces apoptosis of C6 glioma cells

apoptosis  in  human cancer cells via

XE/IN BB 8 R RS ], B e R, 2017, 38
(1): 214-219.
QU W, ZHANG Z, MA ] Z, Effect of

probiotics on gut microbiota in mice evaluated by

et al.

high—throughput sequencing[J]. Food Science, 2017,
38(1): 214-219.

(29] WA, FUREM, SRR, 4. 45k AR SR

2 oF A PRARCRD B /N B TE R AR P ) B A



224 T

8 k3 B AR K By AT R R A I 1 A AR A T AR A 85

[30]

[31]

[34]

[37]

[38]

A &AERE, 2022, 43(5): 158-167.

WU M Y, KONG X L, ZHANG T Y, et al. Inulin
and soybean dietary fiber improved the intestinal
flora and metabolites in mice fed a beef—containing
diet[J]. Food Science, 2022, 43(5):. 158-167.
X, L5, KT, % RS mE R AT
FEI RGeS T, &R, 2022, 43(5): 363-
373.

LIU R Y, WANG H, ZHANG Z Y, et al. Progress
in understanding interaction of polysaccharides with
intestinal flora[J]. Food Science, 2022, 43(5): 363-
373.

CANFORA E E, MEEX R, VENEMA K,
Gut microbial metabolites in obesity, NAFLD and
T2DM[]].
(5): 261-273.

FAN Y, PEDERSEN O. Gut microbiota in human
metabolic health and disease [J].
Microbiology, 2021, 19(1): 55-71.
U7 g 58 LT T 0 ) B 5T B AT R O A
/NG G5 T RO RALHIDE D). TN FE TR
BEKRE:, 2019.

FAN H Y. Efficacy and mechanism of Bacteroides

fragilis on the prevention and treatment of Cronobacter

et al.

Nature Reviews Endocrinology, 2019, 15

Nature Reviews

sakazakii—induced necrotizing enterocolitis|D]. Guang-
zhou: Southern Medical University, 2019.
HSIAO E Y, MCBRIDE S W, HSIEN 8,

Microbiota

et al.

modulate behavioral and physiological

abnormalities  associated  with
disorders[J]. Cell, 2013, 155(7). 1451-1463.
BELENGUER A, DUNCAN S H, CALDER A G,

et al. Two routes of metabolic cross—feeding between

neurodevelopmental

Bifidobacterium adolescentis and butyrate —producing
anaerobes from the human gut[J]. Applied and
Environmental Microbiology, 2006, 72(5): 3593-3599.
SRATMS. A A7 38 N T R £k 7™ A T 1 43 e 0 T
BEIFAN[D]. 1. [IsCHKAE, 2016.

ZHANG Q P. Isolation, identification and funtional
evaluation of butyrate—producing bacteria from human
gut [D].
2016.

LOUIS P, FLINT H J. Formation of propionate and

Shanghai: Shanghai Jiao Tong University,

butyrate by the human colonic microbiota [J].

Environmental Microbiology, 2017, 19(1): 29-41.
TkHkfE, AR, Wt BAL HE SRR LA
T 5 K S B T TR RE A AR A B )] b AR S

[39]

[40]

[42]

[43]

[44]

[46]

227, 2020, 32(2): 146-150.

ZHANG L Q, LI X B, BAO Y G, et al. The
changes of intestinal microflora in children with
abdominal allergic purpura at acute and convalescent
stages [J]. Chinese Journal of Microecology, 2020,
32(2): 146-150.

VPECUR, /NI, VR, S W T IRE R R IE

AR A5 S b 25 09 T WU FE AT S R (D], v R SR Ty

2 Zeidi, 2020, 26(6): 226-233.
XU Z Y, LI XY, XU Y Q, et al. Research

progress of butyrate—producing bacteria in regulating
intestinal microecology and interventional effect of
Chinese herbal medicine [J].
Experimental Traditional Medical Formulae,
26(6): 226-233.

LOUIS P, FLINT H J. Diversity, metabolism and
microbial ecology of butyrate—producing bacteria from
FEMS Microbiol Lett,

Chinese Journal of

2020,

the human large intestine[]].
2009, 294(1): 1-8.

WU T, LIN C, CHANG C, et al. Gut commensal
Parabacteroides goldsteinit plays a predominant role
in the anti—obesity effects of polysaccharides isolated
from Hirsutella sinensis[J]. Gut, 2019, 68(2). 248-
262.

AHMED S, BUSETTI A, FOTIADOU P, et al. In
vitro  characterization of gut microbiota —derived
bacterial strains with neuroprotective properties [J].
Frontiersin Cellular Neuroscience, 2019, 13. 402.
AP, PR EL. BT R L BORET R ] B
WEi, 2014, 29(4). 321-326.

HU S K, XU J G. Research of Helicobacter spp.
and its pathogenicity[J]. Disease Surveillance, 2014,
29(4): 321-326.

JFIESe, JUN, AR, AE. W TTERBE AT B 0 BF 5
JE[J). hEgkSLE A, 2018, 10(33): 101-104.
ZHOU X L, ZHOU Y, ZHU Q,
advance on Helicobacter Pylori|]].
Medical Education, 2018, 10(33). 101-104.
LICKER M, SORESCU T, RUS M, et al

Extensively drug —resistant Myroides odoratimimus —a

et al. Recent

China Continuing

case  series of urinary tract infections in
immunocompromised patients [J]. Infection and Drug
Resistance, 2018, 11. 743-749.

S, ESUE, ARk, R 22 REIREFIRE
W PR 7 5 B T 2 P 20 BT D). TR B A 3 R 2 Ak

2020, 41(1). 25-28.



86 oE B A 2022 4E55 T
ZHANG P P, YAN W J, LI Y, et al. Analysis of al. Probiotics and prebiotics in intestinal health and
clinical characteristics and drug resistance of 22 disease : From biology to the clinic[J]. Nature
strains of aromatic bacteria[J]. International Journal Reviews Gastroenterology & Hepatology, 2019 (16):
of Laboratory Medicine, 2020, 41(1): 25-28. 605-616.

[47] FEE, XUEHE, ml, L IR N TR R [S1] PICKARD J M, ZENG M Y, ROBERTA C, et al
AWFgE R[], Lo R R, 2014, 42(7). 13- Gut microbiota: Role in pathogen colonization,
17. immune responses, and inflammatory disease [J].
ZHOU S J, LIU G J, SHANG H Z, et al Immunol Rev, 2017, 279(1). 70-89.

Research progress on artificial culture technology of [52] F&H, Rk, EEA, 5. N Mlumina NovaSeq Wl
Cordyceps militaris[J]. Jiangsu Agricultural Sciences, JPHCAR O 3 Bl AeM KB 18 TR ] &
2014, 42(7): 13-17. MRk, 2021, 42(9): 100-106.

[48] wha s, XUVEE:, BRfl. 5 How 288w 0 X 0 kS 1 WANG Y, SONG G, PANG S J, et al. Effects of
JH- 458 03 B ) A0S B B I DR A PR (D). £ R A three kinds of coarse cereals on gut microbiota of
2020, 41(1): 209-214. rats explored by Illumina NovaSeq sequencing
HAN Y W, LIU Y Y, CHEN W. Synergistic pro- technology[J]. Food Science, 2021, 42(9): 100-
tective effects of Cordyceps militaris polysaccharide 106.
supplemented yogurt on alcoholic liver injury in [53]1 HdiE, B, FhaEaE, . TREILAF w0 R AR
Kunming mice[J]. Food Science, 2020, 41(1): 209- B A= W A ST )] U 2R A, 2019, 39(1):
214. 38-42.

[49] M1, ML, BREES, 5. WBIEHEE S RAEME XIAO X, YANG W C, DU B B, et al. Study on
i W 9 BE e [T 8 I s 2 R 2 e i, 2021, biotransformation of cordycepin by Lactobacillus
30(1): 6-9. caseil]]. Journal of Microbiology, 2019, 39(1). 38-
RAN Y, XIAO M F, CHEN S W, et al. Research 42.
progress of gut microbiota and inflammatory bowel [54] LI H, CHRISTMAN L, LI R, et al. Synergic
disease[J]. Chin J Gastroenterol Hepatol, 2021, 30 interactions between polyphenols and gut microbiota
(1): 6-9. in mitigating inflammatory bowel diseases[J]. Food &

[S0] SANDERS M E, MERENSTEIN D J, REID G, et Function, 2020, 11(6): 4878-4891.

Abstract To explore the safety of different doses of Cordyceps militaris solid fermentation

The Immune and Intestinal Regulation Effect of the Solid—state Fermentation

of Cordyceps militaris in Mice

Chen Jieming'?, Zheng Taotao',

Guo Liqiong'?,

Lin Junfang'?, Zheng Qianwang'*

(‘College of Food Science, South China Agricultural University, Guangzhou 510640
“Research Center for Micro—Ecological Agent Engineering and Technology of Guangdong Province, Guangzhou 510642)

(SSF product) and its effects

on intestinal health and immunomodulatory function of normal mice, and to evaluate the potential effects of SSF product

on body health. The content of solid fermentation products of Cordyceps militariswas analyzed by HPLC. The mice were

randomly divided into four groups: control group, SSF product low, middle and high dose [35, 70, 210 mg/(kg-d)] group.

After 4 weeks of feeding, the weight of organs, the proliferation and transformation ability of spleen lymphocytes and the

level of cytokines in serum were measured. The changes of intestinal flora were detected by high—throughput sequencing.

The results showed that compared with fruiting body, the contents of protein, crude polysaccharide and cordycepin in the

solid fermentation of Cordyceps militaris were increased by 44.8%, 92% and 146%, respectively. There was no significant

difference in body mass and organ coefficient among different groups. The intake of medium and high dose of SSF

product could reduce the coefficient of testicular fat pad

(P<0.05), and had a significant effect on the induction of
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cellular immune regulation in mice (P<0.05). The SSF product decreased the diversity of intestinal flora. The abundance
of conditional pathogenic bacteria decreased significantly, and the abundance of beneficial bacteria increased significantly.
The results showed that the SSF product was safe and non-toxic. A certain dose of SSF product could reduce body fat,
enhanced immune function, reduced the abundance of conditional pathogenic bacteria, promoted the proliferation of
beneficial bacteria, and had the function of immune regulation and promoting the intestinal health of mice.

Keywords Cordyceps militaris; solid fermentation; immune regulation; intestinal flora



