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Abstract: To improve the extraction efficiency of Tremella ficiformis polysaccharides (TP) and to investigate their struc-
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tural characteristics and anti-inflammatory activity, dynamic high-pressure microfluidization (DHPM) was employed as an
auxiliary extraction technique, and the extraction parameters were optimized using single-factor experiments and Box-
Behnken response surface methodology. TP was structurally characterized by high-performance gel permeation chromatog-
raphy (HPGPC), ion chromatography (IC), and Fourier transform infrared spectroscopy (FT-IR), and its anti-inflammatory
activity was evaluated in a lipopolysaccharide (LPS)-induced RAW264.7 macrophage inflammation model. Results showed
that a regression model with microfluidization pressure, solid-liquid ratio, and extraction time as independent variables
exhibited good fitness. The optimal extraction conditions were determined to be a microfluidization pressure of 140 MPa, a
solid-liquid ratio of 1:40 (g/mL), and an extraction time of 90 min, under which the TP yield reached 36.01%. Chemical
composition analysis revealed that TP contained 86.12% total sugars and 33.11% uronic acids, with no detectable free pro-
teins or monosaccharides, indicating that TP was a highly purified acidic polysaccharide. Structural analyses further showed
that TP had an average molecular weight of 568385 Da and was composed of xylose, fucose, mannose, glucuronic acid,
galactose, and glucose, in which the relatively high proportion of glucuronic acid confirmed its acidic characteristics. FT-IR
spectra demonstrated that TP was mainly composed of S-pyranose-linked polysaccharide chains. /n vitro experiments indi-
cated that TP exhibited no cytotoxicity within the concentration range of 100~200 pg/mL and significantly reduced the
LPS-induced secretion of NO, TNF-a, and IL-14, while increasing the production of the anti-inflammatory cytokine IL-10
(P<0.05), demonstrating its notable anti-inflammatory potential. In conclusion, TP prepared by DHPM exhibits clear struc-
tural features, high purity, and remarkable anti-inflammatory activity, highlighting its potential as a natural functional ingre-
dient for inflammation-related applications.
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fiff(225 USP/mg) Gibco 2wl A T4KiR57] CCK-8
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Table 1 Factors and levels of response surface experiment
SN
¥ — - e —
ABERIETI(MPa)  BEWELL(g/mL)  CEREURTE (min)
1 100 1:30 30
2 120 1:40 60
3 140 1:50 90

1.2.4 Ak2ERSr 40T e R TEDL AR 2 SR B SRR
J&, Z 2 = W X 28 (CTP) 1 7 Bk 2
aifb. ¥ CTP LA 1:30(m/v) I T ZE4BK, InAAFR
SYEL 10% B =5 LR (TCA) W VE pH = 2.5, T
4 °C §'E 12 h J5 L)L 5000 r/min 25.0> 10 min =& E
B, B B3SO 1/4 {RFR ) AB-8 KALIAE,
T 50 °C. 1000 r/min it 2 h, FHIEERW ARG 2 A
8000~14000 Da iEHT4E, 7€ 4 °C iEHT 3 d(H: 6 h it
K)o BHTIREHAE . 95% L BEEETUS R T, BNf5-4li
AR H- 20 (TP) . AW S LT S5 E | {2
JRAT 5T BB R TE TP YR i N A S T
RIS BIFH LA AN ERF Y TP AE AR

TP M AT T8 T 58 - B R 2R 5 -
AL AR 120, I OB SR FH DNS 124, BB iR R FH 8] 355
FEEIRTEPA, B8 TR 5 S e vk o, i i A
REARFE N Ze iy, 2 IR 2O & .
CxVxN
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o, C MR E B0 SO . BRSPS
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W, 4 0.22 um JCPE BERR ST UE S A5 H o T (g AE
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1.2.6 FUBEZH R E (6 IC M2 TP LS Hbl
H RS, MERARE 5 mg TP BRI B T L80m T, )5
R IIA 2 mL 3 mol/L i =3 4%, T 120 °C 4%
PR AKA# 3 he KoK G IREMIE RS % 2 10 mL

EE%) = x 100 = (2
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W

OD.5. — 0D,
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1.2.9 4 NO 43 /K S 52 Bo il il ik BN 1
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96 FLA H, T 37 C. 5% CO, 514 FHi3% 24 h L4

YHHETE S1(%) = x 100 = (3

WEEE , 3R VEWE, #ie FA T AR 25
X BRZH (58 4= K532 5 | LPS BiAll (58 e k537
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H Z ¥V W +10 pg/mL LPS) . HA 2 WA &= 20
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B 97 3k (GF B ZH A AU 20 A NS 58 il B 58 17 3R 3,
o M EFESEEFREL), F 37 C THIIFE 2 h
Ja 32k L. BE)S, BRXTREA AN, HAvsal A
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24 h, B IR AGHTRY 96 fLA P, 28 NO 55 &
T BH 5 Al = AR ) NO ikt
1.2.10 TNF-a. IL-18 F IL-10 Bl KBl
JHREE N 1x10° cells/mL FIZHMTENL, 124351 100 pL
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1.2.9 W A T A AL B, ARG 57 IS, 3%
JRIG i e 28 A 0 3 7] 6 56, B 45 00 5 48 o A7~ TNF-
o, IL-148 A IL-10 B&& .
1.3 IR

A SEg R E 3 VAT IS, IR A
+hRHEZE . FPEiE it Origin 2019 Fl GraphPad Prism
9.4.1 FRAGHEAT 43 Hr Fi2z: &, B 38 A SPSS 16.0 %X
XTSI B G A T B 2R 25 53T (ANOVA), SR H
Duncan ;863577 i 2153, P<0.05 A A58
eI
2 GREHH
21 BERIRER

S TR 5 9 R 7 %ot 4R B 22 5 A5 23 10 52 i 4
%l 1A Ffr7s, 7E 60~160 MPa 705 [ (4, 45 H 2 i
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2 " 3 [ S S T S
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= 204 Qi 20 i:ht
i e = 20
RN d ¢ AN R
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D 304 E 30,
25 25 4 > E g 2 Z
g 20 ﬁt 204
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Effects of different extraction factors on the yields of polysaccharides

T AR J15 B-EHRAC PR B C-RIE L ; D-HEBGREE; E-H U a); A Rl 1E 3675 20 0] 22 57 i 35 (P<0.05), [ 6~ 8 [,
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BETE R S R I Se TR S A T ER, 76 120 MPa
Ak 3 1) e KA, 7530 25.03% S SR
120 MPa J&, ZHi3F 225 A 02 (P>0.05), X 1] fE
S T R I — 2 Y Bl N BB S A S e 241
YR IH S ) A% o, DI HE o 2R 2R, [ = R
JITT Re S BGH 4 Wa 59 Wi, SBUS R TIE, X5
EHEAERO T AR 2B R — 3. R, R
TS 100, 120, 140 MPa $EAT)S 225256,

AN RV B S AALR FRYR 00T 4R B Z2 A5 3R Al S a4
&l 1B JIras, B S A PRS0 BE N, A5 3804 DL g 35 A8
1 (P>0.05), F2BH— R A0 BH RN AT 336 1 40 i B il e 7
Ko S R TS O B AL RO AR AR
P52

ATV EE X AR B Z2 B SR 52 2 & 1C Bt
7N, 7E 1:40 g/mL A FHEKAE, 195K 27.16%, >4
B LY E— 2B, 1552 R W W4Tt Aok
ARV FIAS S BR T H, i EE R n eS| AL
FEMEEDTRCED 2, YRS, I, ek
b 1:30. 1:40. 1:50 g/mL BEIT)E2E5256 .

AN [R] B HR 2 X AR HE 22 WA R g SE i 4N 15 1D
TR, SR B H T, AR RS R E T
e AE 100 C PR B E KA, 15320 25.16%., X HA]
B2 FREEE R 5% 0 aliis shntk, &
TR AR B S A g it BE i fl, A 53 F R T4
L 2R 2T DR, $R U R RS 100 C
SAEL, S e N T S0 T s S PR IO X R HA R
PRI

S TR 2 s [R] X 4R B 2 B A5 R g 2 ma an 15 1E
PI7Ro TE 30~60 min PSR B ETHE, i 17.37% 4
JINZE 24.97%, iX 7] GEJ& BE 2 PR HUT A 2E S, 375 575 7T
LI SE A=y APl dh, {2 31 22 9% D20 20 40 i i
B YA ZE R 2 180 min B, 15 3RASALASH 12
PRI, BB E] B EX 30, 60, 90 min AT S L2525
LRETHTERBH, BRI BRSO A S S Je S v T Ab b
BE T SH0K
2.2 MEERERIEESR

il i3 8 Design Expert 11 X356 2 i 8dmiiqT
LG 537, 15 2 £ M 0 9 5 . Y=31.08+1.88A+
1.86B+3.36C—1.24AB+0.715AC+1.31BC+0.7777A>—
0.6547B°—1.20C?, Hi# 3 %, #BIAY F {0 82.25,
P<0.001, ZRIUIT P>0.05, 2273 A 3 (P=0.0616), i
BHIZ A B T 58 . R2 4 0.9906, 158 BH 422 A% 180 4814 1
. W FABEATAL, 250 B3 205 3 00 52 i 57
h: C>A>B, Hf, — kKT A, B. C, ZZ B.Ifl AB.
BC Fll R Wi C* X 2 B 45 55 H A7 B b 25 52 1)
(P<0.01), ZZ HIT AC FN_IRIT A%, B> X 215 %
HA BEI(P<0.05) . & 2 S T 45 R G
FEJ7 . WOk EG . BRERETA]) 2Z (8] 64 38 AR X Z S
IR, AB. AC. BC 0% HR T3 BEBENH, 5 m2R =R
S MR, RIS BAE R .

22 Box-Behnken Ml i e 1145
Table 2 Design and results of Box-Behnken response
surface test

o ATERE S BEHE L C%EYTWI'EU (LS
(MPa) (g/mL) (min) (%)

1 120 50 90 36.02
2 100 50 60 32.15
3 140 50 60 34,01
4 140 40 90 36.04
5 140 30 60 32.75
6 120 40 60 31.25
7 100 30 60 2591
8 140 40 30 28.45
9 120 40 60 30.91
10 120 40 60 31.45
11 100 40 90 31.43
12 120 30 90 29.71
13 100 40 30 26.7
14 120 40 60 31.05
15 120 30 30 25.05
16 120 50 30 26.11
17 120 40 60 30.75

®3 BRI 220 b

Table 3  Analysis of variance of regression model

IR SEE AmE B P PlH WM
LT 171.73 9 19.08 8225 <0.0001 o

AESRETT 2835 1 2835 12221 <0.0001 o
B-EHA I 27.64 1 27.64 11915 <0.0001  **
C-HRHUE  90.38 1 90.38 389.62 <0.0001  **
AB 6.20 1 620 2673  0.0013 o
AC 2.04 1 204 882  0.0208 *
BC 6.89 1 6.89 2970  0.0010 o
A? 2.55 1 255 1098  0.0129 *
B? 1.81 1 181 778 0.0269 *
c? 6.11 1 6.11 2634 0.0013 *x
3= 1.62 7 0.2320
AT 1.32 3 0.4398 578  0.0616
aliiR 2z 0.3045 4 0.0761
B 173.35 16

T PR 22 T B3 (P<0.01); *FR 27 B4 (P<0.05)

2.3 iy ER R EIEIE

iz Design Expert 11 AR 315 H, 3)
25 v A D e B B - 2 W 1) de i T 2538
s WRE ST 139.61 MPa. BH& IE 1:40.87 g/mL.
$2 BUHT [B] 89.36 min, I 4514 T 4R B- 2 BE15 %
36.58%. A T AESEER T AT ERAE, Wi AR T 2S00
Ry T E ST 140 MPa, B L 1:40 g/mL. #2
HEsFE] 90 min. ARHEIEHE J5 10 T 22307 3 I3
TESZEG, SR 2 B8 3N 36.01%+0.08%, A F FiE
TMAE 1% 98.44%, & A W) 17 [T v LAk AU S B T 22
GIEE

A, S EUE DHPM 4 B #E B A £ 3, 5 B AL
GEPIKREEBCO IR . gk 4 PR, FOUKEEES RN
15.61%, . 2K F DHPM 5 B #2 BU Y 36.01%(P<
0.05), #2424 2.3 1%,
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Fig.2 Response surface plots of interaction between two factors

TE: A-BICRIE T SRR LE s B (ST 7 5 48 BN )5 C-RHR e 5 S MU ]

F 4 ARPEBOTEA R 2GR 1700
Table 4 Effects of different extraction methods on the yield
of Tremella polysaccharide

FRBOT: Eiine SUN F32(%)
DHPM# B4R 140 MPa, 1:40(g/mL), 90 min, 100 °C  36.010.08°
POk IR 1:40(g/mL), 90 min, 100 °C 15.61+0.03°

E: RS RNG R85 57 25 (P<0.05)

24 SREZENUZERS S

TP FEAMZE ST UNER S TR 42 TCA &
F1 . RELB IR0 ST AL TS, CTP 153 i) alifbsR
HZ20E(TP) 2 = i 2 hiali B, Horh, Sl
86.12%, WHEETR &N 33.11%, 2H] TP & —&E
A5 8 P P b A 5, LA LR () R 2R AE . 5
B, TP ARSI 2 i 25 25 153 AN 25 b, E—250F
HH 2 Al LA B S (ARE S 2% 5T S IR, v T e 2
HZFRAE S DI RENG ST

5 TP WAL F RSy

Table 5 Basic chemical composition of TP

pEE =g BAHZER (%)

RS 86.12+0.15
IR JEH ND
WHTE TR 5t 33.11+4.04
[{S)ine ND

¥ ND FoR A3,

25 REZENENSTFRE

TP (5 F il a5 A& 3 iR, RS H EL
P F2 e, R T oA —. IR LR
A Ta]24 2 33.4 min, RIFPRAEIIZE IR y=—0.1961x+
12.35(R*=0.9934) 1134, TP “FHJ43F 1>~ 568385 Da,
HEIEW P kA Y AR E 28 T
(5.6x10° Da) FEA—FL . 46.5 min &b/ NEZ 57
ZhAHZS 11(0.05 mol/L NaCl) X F&, HAR 57 i) a] — 2k,
AN RIS AEAS AR 5, SRR ST TER, ASSEm 53
THEITE
2.6 REZHERIEREARK

KBS T35 (1C) X TP A9 SO H isEA Ti 5,

10000+

5000+

IE5EE (mV)

20 30 40 50 60
PREEFHE] (min)
K3 TP AT R
Fig.3 Molecular weight map of TP

0 10

ZERNE 4 PR . FERTRSFAF R, 25 bnifi ol Sc e
TR ES, Fm S R AR RIE T T . 45k
BH, TP 32 i AABE (XyD) | &3 (Fuc) . H W
(Man) | # 2 B2 (GIcA) | #iIZHH (Gle) FifZLpH
(Gal) %5 6 Fh U Al (3R 6) o HiHp ANE & 2 By,
FR A2 R A H S8 0, - Z b 5 A AhE & BRIk,
AR HE 04 1T B G B4 A X EE SR EE SR 0.423:0.362:
0.137:0.053:0.013:0.011., TP A#:i 5 — = 2 3

120 | usebrote

3 (mL//”_—“_“~—__
0 10 20 30 40 50 60 70 80
Fif ] (min)

K4 RS BEARES AT TP iR (g
Fig.4 IC chromatograms of monosaccharide standards and TP
F: Fuc-# 3 . GaIN-$h R 2 21 7L . Rha- R0 . Ara-fi]
PLARBE . GIeN-EE R = 3 4 %5 B . Gal-*FFLBE . Gle-% % % |
GIcNAc-N-ZFt-D F I %8 . Xyl-AME . Man-H #& 8%, Fru-
RE . Rib-FZHE . GalA-F ZLBEBE R . GulA- 2 Bl BE 7R
GleA-Hi#TFHIENRR . ManA- T 58 BHEETR .
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A WETRERR , FLARRS R ZR L5 B A2 s B 3
A3 e BETRE PR 5 5 (33.11%) AW & . AR
B, B 2o Wi o AT IR | - U IR A5 IR
PNELEAL, e HIE AGe L A8 S A A i P i S
GEFSEl P

F 6 TP (1AM I B A BE R L

Table 6 Monosaccharide composition and relative molar ratio

of TP
EN {3t IE] (min) JEEIR L, VA THT
EaRl Y 5.984 0.362 11.292
PF U 16.075 0.013 0.507
A 18.275 0.011 0.82
A 21.484 0.423 18.893
HERbE 22.484 0.137 6.575
2 BRI IR 48.959 0.053 2.816

2.7 SREZHERIINEE ST

TP B4 21 4h 56 3% 2% S 4n 18l 5 BF 2%, £ 3600~
3200 cm™ YEFEIPN H BRE T 0 RO, S Y2 3L (-OH)
{45 IR B ERIE AR 2929 em™ B IACIEEXT V. C-
H mfhaaiiRsl, SRR S P AFA7E-CH FI-CH, KL
1635 cm ' W i Iig 3= 22 ok Y5 F 45 & /K 4 F 19 H-O-
H 25 ¥R 20, [A]B AT ge&B >k I T 72 3 (-COOH)
dr C=0 BUE4EPIREN; 1558 cm™ F1 1540 cm™ WUk
W TT U9 R THRMRER (-COO™ ) A K BRI 4G PR 5h 1,
L5 B k2l R RS I 2 A AR T IR (Gle A AHW &, 3F
— UL TP J& TR M £ HiPY; 78 1455~1066 cm™
X 3R P B 22 A R AR IR IKCHY, A C-O-C . C-O-
H & C-O #1935 ih S5 h4adz), & 2P a5+ i
BAUERAE R AR X 1, 917 em ™' 5 894 cm™!
FAARRAE IR AL 53531 3 10 MEL MR B 2548 U AR Bl A K2 B-HE
AR DY C-H AB PR3N, 3-8 TP L) g-HBUbH 1T
R MR R AR I o 32 . £ b, TP RILE /NGRS
NERWILE TR TEZhE, HoAA s iR R iR
PRER LA, DA p- AU 4 B2 00 nik e i 5k LA i T
FLLIR () Z2BE SR . DHPM %8 B BT AS TP 4558
e L L SIS0, PR T AR R T HRECSOR
P[RS At il T A A AR B B T 1) B R, 4R
T WA ISR SEREe M . X SRR E T R ek
DrRetE TSR T AT SRR

O | i . ; s "““ -

4000 3500 3000 2500 2000 1500 1000 500
P (em™)

K5 TP RYZLAMEIE A

Fig.5 Infrared spectrogram of TP

2.8 SRE ZHEXNT RAW264.7 HRESE HBISE
K PEAE TP X% 2 b ¥ HA 75 A 6 e 55 F X

RAW264.7 4UifL1E 11095200, >R A CCK-8 IL#E1 T4
M, gERAINE 6 Fros. TP TE 50~200 ug/mL U FE K
Xt 40 i TG AR A, Hod 100 A1 200 pg/mL & EE T
AT 1 BT (P<0.05), 0 TP FEIZIX |8l HAA
BRI wiagsrE, AR, 220 HER
MRS PR T R B A I A, B0 S
AR T FH IR . s 40 i g i sl il
MBEAHC . TP AR i P 3 — e LU RO 2
B AKEFNH S, XL sz I B — e AT )
FAME, ATRETE— 2 R _ e 4 B2 51001, A
TSR AN AR 1™, AH, MRIETHEE 500 pg/mL
B, RS 1 R RE, TR S R SR N iiBaE R ek
JRATHERUE €, 5 SCHRHRAE 1Y B PR 2 T BE AN, —
B AN, HA AEP AR R EE T 2 SR BRI 07 i8R
WaE T TP, 8 HH H AR D AN M4 5 7 1 2T 5 = 1
PUBPE . 25 b, TP 7E 100~200 png/mL ¥ 3 75 B P %
RAW264.7 4UaJCHH i 8tk & A VE R e 22 s i (il
FHHRE
1200 == 50 pg/mL
== 100 pg/mL
1000 == 200 pg/mL

mm 500 pg/mL
800

b b

600

400

AHIAFIE R (% of control)

C TP HA

Kl 6 TP X RAW264.7 ZHHIAETE K A5
Fig.6 Effect of TP on the survival rate of RAW264.7 cells
TE: C NZ FAXT IR, TP WA H- ZWEALHRA, HA Jyifs W iR
Z X IR,

2.9 SREZHEX RAW264.7 40P NO £33k FEaI820H

NO s& RAW264.7 A 32 2 RIS B &
BLRFEA T, HAE S REVR T P R ESCERVEN . 4R,
HIEAY NO 1T 5 | A EALRBL, SEEH R i3t —25
TR S HE R W, G 7 s, 525 R IR AR 1L,

307 mm (00 ug/mL == 200 pg/mL
a

25+ _:LL

NO (pumol/L)
— )
a S
Il Il

—_
(=]
|

d

]

C M

W
|

S

LPS 10 pg/mL
K7 TP X RAW264.7 4iiffil NO 737K H 5205
Fig.7 Effect of TP on NO secretion levels of RAW264.7 cells
TE: C %3 PO BRAL, MO BTRIZ (LPS B3I41), TP AR H £
WEALBRE, HA S i W] BT 2 L X HR2H
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BEAUZHAE LPS 55 F NO 43 /K 7 5 35 T (P<
0.05), Ui A S RERI AV A 7 il o) . SEIAIZHAH B, TP
AbFEZHAE 100 pg/mL A1 200 pg/mL ¥ & T i 25 [
Ik NO 14 43 W 7K S ( P<0.05) , 43 51 B A% 65.37%
il 58.49%. UEAh, HA £HA4 NO #HIVEAS TP 404H
i, CAWFSERM, 2R R 2@ 475 iNOS
2% 15 B BH W7 A DG 5 0E 15 55 38 B 1T R AR NO iy 2 &
A, TTIRCR R AE S 40471, TP G &M il NO
iy, eI HLELA P g B VSR E T -
2.10 SRE ZHEXT RAW264.7 4R TNF-a. IL-14 %0
IL-10 B E RSN

MR ) S IE 2 7 B TR 2 PRI -7~ 5T 48 R[]
B4, Hirh TNF-a Fil IL-18 J2 202 984 5T, 1
IL-10 J& HA CFEME I HT 2 g g P 150, dnEl 8

I IL-18 53h7KF- 5 25 T3 (P<0.05) , R SAEALRY
FAL ) . BARFEIMREER TP XSt HA AhHE S,
TNF-o 1 IL-18 19433 /K - A R R B R, Hop
200 pg/mL ZH #HIA/E A3 o i 2 (P<0.05) . 4,
TP I HA #a] £ ¥ IL-10 Ay 53, H:dp 100 pg/mL
ALFEZH FHE B HH B (P<0.05) . AR W, H ok

VL) Z2 B R REE I < P R+ R TS I XL )

VA R FEPTRAEA o Chan 450" 3 38 4% 4 5

(Amauroderma rugosum) T SEARFEHEUY 0] 7E LPS H)
B RAW264.7 i fifg AR TNF-a 5 NO BJ7K-F-,
FHfE I 1L-10 437 . Suabjakyong 45 P2 fff 5% & #i
5 B ( Phellinus linteus) 5 K K )2 FL & ( Phellinus
igniarius) ZZ0E AL AT RIS 40 ] TNF-o, IL-18 3 12
P IL-10, TP FEAWIFE I IE S iR H R 2

7R, 525 X IM4HAE L, LPS 5 S RIZH TNF-a PHE N —2, RWIFLE A8 RUFn At o v i .
A 1257 Em 100 pg/mL = 200 pg/mL B 125 == 100 pyg/mL = 200 pg/mL C 1257 =100 pg/mL -bzoo jg/mL
a c °
& 1004 o 1001 . be & 1007 d
5 5 d od 4 A
a.i 75 = 75 o 751
< 501 £ 50 £ 501
3 s S
251 b 257 Y 251
£ S| =
0- 0- 0-
C M TP HA C M TP HA C M TP HA
LPS 10 pg/mL LPS 10 pg/mL LPS 10 pg/mL

&8 TP X%} RAW264.7 4l TNF-a(A). IL-18(B) . IL-10(C) /K- F 5
Fig.8 Effect of TP on the secretion levels of TNF-a (A), IL-18 (B), and IL-10 (C) in RAW264.7 cells
F: C A FIXTIRZH, MO 2H (LPS #E72H ), TP SR H- AL IAH , HA ShiE W BT 2 L X A .

B2 B R s T S PR E A 2
BN Z Pt Aa R 22 L [RIE , AFE 5 TR Bl L Sk
LAY FRPESS Ao MRS . B RS R A
SCALFRESE, AR IR, STl T 107~
10° Da DX [8] 1) 55 B 2208 55 5 T2 b i MR g s e 1
EHIA S, A5 R H S R 2 T A e 2s U A2 AR
254, TS5 RIEN IR Y, 1eAh, & 5
e TS 1 i e LB TS 19 S5 IR T BT 1) ZE i i L
A 2 Y e YR Y B a), RT3 2 0 INOS . NF-
xB B¢ MAPKs %53 1% %Ik NO. TNF-a f1 IL-18
o FE AR, IR IE TL-10 BYFRIRNT, p-Fg RUPH 4
ZRCE P 2L RIRRIE, B 5 H e i m M )
HHSE, FEREAETE Y B WEAN S A AN S0 R 18 AL
VIS, AN, SANE . H i bESCs mevs o sE
FR S A e AT B s 2k S H A2 AR (MR) BiH:
AR FARILS A RE T T, IS5 B WS G y2E I8
PPN RGBSR A L AT HE, AHEFSTE R TP 78
RAW264.7 41 ifg b = 30 3 1 I i) NO. TNF-a. IL-
14 IR ZE TL-10 B9 X a1 P85 7, 1R nT 585 H i A
1 TR VEREZREL | p- AR B S A R IE LA S LR 22
B R DLV EER G L7 G5 A DRI FEAE G, T ZE A
IRV SZER i BT R T

3 ZEip

ASHIFGEIE T B A i R R R ey T AR
SN R BT 25, FEXT A RRE S5 Ak bt
RUWETEIAT T RGN W b ss SR, Tl
SRR 7 140 MPa., B L 1:40(g/mL) . A [A]
90 min N AR ISR, AL SEF T TP 15 3K
36.01%, BE = TAEGHUKEIREL . L4lifbiris TP N
E S EETRTES NS, DS Eh 86.12%, WHIEEFR & i
R 33.11%, FH4rF /2 5.68x10° Da, HKHLH AL LA
AN EEEERH B B, 204 EE R 2
BN BOPE B A B, OF B T i R R SR s
. PrREEHE BN, TP #E 100~200 pg/mL ¥ TS H
NEFRIL RAFEYAHAE, G Z M LPS 519
RAW264.7 B WELNIEA NO., TNF-a £l IL-1p4 [fyid &
A%, RIS R TL-10 %4330, 52 #0719 < XL Ja] 3]
TUPUREHME, G EIEUSTE, TP MbTRIEA T RES
Horp oy B LRI iR st & -FaHBIBETT
FRAGEEH R ARG . ARWFEEE SRR, i@ DHPM
WS EEE AN SRR | Al RS HEAT LRI 1
FRH BRI, ARk AT M TP 5 TLR4 ., MR Dectin-
1 e AZ AR AR BAE DL . 3T 2424000
S BT . RN BT SR S E L K S HA D BE 419



- 294 - £ Tl B4

2026 4F 9 A

PMEISOS AT T E— 2B R, S HAE R IRPTAFI L)
AEED AR AU A TT A P {1 BT S AR i

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE K

(1] RS H P A7 ] AR A7, 2023(10): 45-46.

[ ZHANG Baohua. "The crown of bacteria" Tremella fuciformis
[J]. Health Life, 2023(10): 45—46. ]
[2] YOON Y, HAN N, LEE J H, et al. Review of the effects of
Tremella fuciformis Berk extract as a functional phytochemical [J].
Asian Journal of Beauty and Cosmetology, 2023, 21(1): 151-164.
[3] ZFmk, R2, Ade, & 2F LT 5 KT 5ms e ll].
& % HF R 5 FF & ,2021,42(16): 77-82. [ LI Xi, DENG Lan,
ZHOU Ya, et al. Nutritional components comparison between
Tremella aurantialba, Tremella fucitormis and Auricularia aur-
ricula[J]. Food Research and Development, 2021, 42(16): 77—
82. ]
[4] WANG Xue, ZHANG Zhuo, LEI Huan, et al. Treatment of
ulcerative colitis via the in situ restoration of local immune and
microbial homeostasis by oral administration of Tremella polysac-
charide drug-carrying hydrogel[J]. International Journal of Biolog-
ical Macromolecules, 2025, 285: 138223.
[5] Bpd, SPEM, HER, 5. 4T S 4094 & S e fe = I
RuegRr R R [T]. 225 R |, 2018,26(3): 161-165. [ WU Yuji,
DENG lJiaying, WEI Zhengxun, et al. Research progress on prepara-
tion, characteristics and product development of functional polysac-
charide of Tremella fuciformis[J]. Edible and Medicinal Mush-
rooms, 2018, 26(3): 161-165. ]
[6] RUAN Yang, LI Hong, PU Lianmei, et al. Tremella fuci-
formis polysaccharides attenuate oxidative stress and inflammation
in macrophages through miR-155[J]. Analytical Cellular Pathology,
2018,2018: 5762371.
[7] KANG S M, KIM K N, LEE S H, et al. Anti-inflammatory
activity of polysaccharide purified from AMG-assistant extract of
Ecklonia cava in LPS-stimulated RAW 264.7 macrophages[J]. Car-
bohydrate Polymers, 2011, 85(1): 80-85.
[8] XIE Zhenglu, WANG Yang, HUANG Juqing, et al. Anti-
inflammatory activity of polysaccharides from Phellinus linteus by
regulating the NF-«B translocation in LPS-stimulated RAW264.7
macrophages[J]. International Journal of Biological
molecules, 2019, 129: 61-67.
[9] HUANG Linlin, SUN Qi, LI Quanhong, et al. Screening and
characterization of an anti-inflammatory pectic polysaccharide from

Macro-

Cucurbita moschata Duch[J]. International Journal of Biological
Macromolecules, 2024, 264: 130510.

[10] 28X, Ami) R-FTAF, FiRiE, . 0 R — 480 B 2L,
25 M) AT AR A AR IE AT R [T]. AR Bk g, 2025, 38(6):
131-137. [ WEI W, GASHAR A, LI Y Z, et al. Study on the isola-
tion and purification, structural analysis and in vivo anti-inflamma-
tory activity of homogeneous polysaccharides from Elaeagnus
angustifolia L. flowers[J]. Cereals & Oils, 2025,38(6): 131—
137. ]

[11] B, sk, I E, . RARBTAL R 24T M 5
BRR T EHAE SR EF RIS, 2025,5003):
190-198. [ NI Liying, HU Fuxia, SUN Mengxue, et al. Optimiza-

tion of extraction process and anti-inflammatory activity of polysac-
charide from Flammulina velutipes mycorrhizae with steam explo-
sion pretreatment[J]. Food Science and Technology, 2025, 50(3):
190-198. ]
[12] R E, £k, Faos, 5 4F SRR T LTI
SR A5, 2013(27): 11148-11149. [ ZHOU Shuaifei, MAO
Shumin, QIN Hongyan, et al. Study on the extraction technology of
polysaccharide from Tremella fuciformis[J]. Journal of Anhui Agri-
cultural Sciences, 2013(27): 11148—11149. ]
[13] saody. BRLERBURT S 4800 L L AR MATT]. &
& AR5 &, 2015,36(11): 17-21. [ BAO Huimei. Study on
extraction technology and stability of Tremella polysaccharide by
enzymatic hydrolysis[J]. Food Research and Development, 2015,
36(11): 17-21. ]
[14] FRi&, 30O, RARBE, & BOLM B RBURT S 45 L LR
(J1. & B R 3 ,2024,44(8): 1-5,12. [ CHEN Jie, GUO Linkai,
SONG Dongxiao, et al. Optimization of microwave-assisted extrac-
tion of Tremella fuciformis polysaccharide[J]. China Fruit & Veg-
etable, 2024, 44(8): 1-5,12. ]
[15] M, 21454, SKITIA, 5. Ok Bh 3 BRI % 48 T 240
B R T B (T R SR A4, 2019,40(14): 289-295.
[ YANG Jiadan, LIU Tingting, ZHANG Shanshan, et al. Optimiza-
tion of microwave-assisted extraction and rheological and gelling
properties of polysaccharide from Tremella fuciformis[J]. Food Sci-
ence, 2019, 40(14): 289-295. |
[16] 4rekiE, A&, Tk, & RERBURRET S LY
oA [J]. & o #F R 5 FF &£ ,2016,37(21): 54-57. [ ZHONG
Shuxia, DENG Jie, WAN Shili, et al. Optimization of polysaccha-
rides extracting process from Tremella by ultrasonic assisted[J].
Food Research and Development, 2016, 37(21): 54-57. ]
(17 ] FTEH, E4k, 5040 R, 5. 2 548 & BRI B R FT R
FoHr % M LEM AR B E Hh [J]. R S 3, 2022, 43(19): 95-101.
[ HE Xuemei, YUE Jian, QIU Furong, et al. Effect of dynamic
high-pressure microfluidization assisted extraction on the structure
and activity of polysaccharides from Polygonatum kingianum Coll.
et Hemsl [J]. Food Science, 2022, 43(19): 95-101. |
[ 18] MR&m, HF3ie, Wi, 5. B3 EMHPAAT BT & RO
oy [J]. RS AF R 5 FF &, 2017,38(3): 81-85. [ CHEN Meili, XU
Yanhua, ZONG Wei, et al. Effects of ultra-high pressure microflu-
idization treatment on quality of pomegranate juice[J]. Food
Research and Development, 2017, 38(3): 81-85. ]
[19] £, ARW, HE, F. 20 5835 EHS R F3E 4
Be AT A 09 % m [J]. & S A5, 2010,31(24): 62-65. [ JIANG
Ying, TU Zongcai, CHEN Yuan, et al. Effect of dynamic high-pres-
sure microfluidization pretreatment on the yield of lentinan[J]. Food
Science, 2010, 31(24): 62-65. ]
[20] 24 5%M, LAX, . HERLSERHAFARREE
wF5 B8R [J]. & sA 5, 2010, 31(24): 83-86. [ LI Zhi, TU Zongcai,
MAO Yuanwen, et al. Extraction of flavonoids from sweet potato
leaves by dynamic high-pressure microfluidization technology[J].
Food Science, 2010, 31(24): 83-86. |
(21 ] RAd, RUks, BREX, F. 3) &8 & BRI RERIER
F L2 U] R%AR L FA,2019,40(19): 155-159.
[ QIN Lingxiang, ZHOU Jingqi, CUI Shengwen, et al. Study on
extraction of polysauharides from Auricularia auricular by dynamic
high pressure micro-fluidization technology [J]. Food Research and
Development, 2019, 40(19): 155-159. ]
[22] B=% BT SHBERRAAYEWAT[D]. 481 48
#RM K, 2017. [ PENG Yunfei. Enzymatic extraction and bio-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.20402/ajbc.2022.0055
https://doi.org/10.1016/j.ijbiomac.2024.138223
https://doi.org/10.1016/j.ijbiomac.2024.138223
https://doi.org/10.1016/j.ijbiomac.2024.138223
https://doi.org/10.1016/j.carbpol.2011.01.052
https://doi.org/10.1016/j.carbpol.2011.01.052
https://doi.org/10.1016/j.ijbiomac.2019.02.023
https://doi.org/10.1016/j.ijbiomac.2019.02.023
https://doi.org/10.1016/j.ijbiomac.2019.02.023
https://doi.org/10.1016/j.ijbiomac.2024.130510
https://doi.org/10.1016/j.ijbiomac.2024.130510
https://doi.org/10.3969/j.issn.1005-6521.2016.21.013
https://doi.org/10.3969/j.issn.1005-6521.2016.21.013
https://doi.org/10.7506/spkx1002-6630-20210817-219
https://doi.org/10.7506/spkx1002-6630-20210817-219

478 17

D , % Sl e R DI 2R L2l S iR - 295 -

logical activity of Tremella polysaccharide[D]. Fuzhou: Fujian
Agriculture and Forestry University, 2017. ]
(23] Z&, BT, Bk, 5. REr-BE AN 2B A S FH
AT HRAD]. £ & T A, 2021,42(18): 308-316.
[ WANG Yingxiang, TANG Ziwei, PENG Teng, et al. Optimiza-
tion of phenol sulfuric acid method for the polysaccharide content of
wine-steamed Polygonatum cyrtonema Hual[J]. Science and Tech-
nology of Food Industry, 2021, 42(18): 308-316. ]
[24] &m#, @F, T4, 5. @ KRFEREESEHN T
54 [J1. 7 & 46 £ ,2021,48(16):243-244,248. [ YU Limei,
XIANG Ping, YE Lijuan, et al. Determination and analysis of
reducing sugar in four kinds of fruits[J]. Guangdong Chemical
Industry, 2021, 48(16): 243-244,248. |
[25] %2, 2 & 5F, HREAL F. K R AZABEEE R T 2
KA ERE S M P AEma 2 F 1], P B4 &, 2018,27(6):
644-649. [ REN Zhenyun, LIU Aiping, CHEN Xiaohang, et al. An
improved m-hydroxyldiphenyl assay for determination of uronic
acid content in pneumococcal polysaccharide [J]. Chinese Journal of
New Drugs, 2018, 27(6): 644—649. |
[26] #rE, e ady, RITH, F. & B 5g Ik & X 2R R
bR T kA 7], X 24 %,2022,41(2): 196202, [ XU
Ya, FAN Huifen, ZHAO Dingling, et al. Optimization of extraction
method for water-soluble protein determination by coomassie bright
blue method[J]. Soybean Science, 2022, 41(2): 196-202. ]
[27] % & RN SO EMFAER LR T LA T 69t
B fe A% [D]. ¥k & F 4K, 2023. [ LIU Xin. Study on the
structural characterization of Russula griseocarnosa polysaccharide
and its improvement on hematopoietic function based on immuno-
regulation[D]. Changchun: Jilin University, 2023. ]
(28] ET B RS, &, F 9 REFT RIS LMH LA
M %8R % o A 1], B 4 & R ,2019,38(7): 1141-1148.
[ CHUNYU Yanjie, LU Zhenming, GENG Yan, et al. Analysis of
the intracellular polysaccharides extracted from the fruiting bodies
and fermented mycelia of Cordyceps cicadaelJ]. Mycosystema,
2019,38(7): 1141-1148. ]
[29] 2%, 586k, BTE, F A THEBEST RAW,,, ML
A G R F ko B d K ek A R4 D], 20T & 4Rk, 2024,
65(5):51-62. [ WU Cong, LAO Zhizhan, YOU Xuelian, et al. In
vitro anti-inflammatory activity of white tea oligopeptide fractions
[J]. Acta Tea Sinica, 2024, 65(5): 51-62. ]
[30] &, % 2, ZkM, F. 3 &5 EMAAMBHIRRGAGH 5
I ERMB R BAFR ], BRI S A, 2024,45(13):
136-143. [ GAO Yue, LIU Yu, YUAN Xintong, et al. Optimiza-
tion of dynamic high-pressure microfluidization-assisted extraction
and antioxidant activities of polysaccharides from pomegranate
peel[J]. Food Research and Development,2024,45(13): 136—
143. ]
[31] FSOE, R, 5RE, 5. /T 540 BRI T LM HALHT
7 U] &R AR5 & ,2020,41(9):93-97. [ YIN Wenhui,
LIANG Zenglan, ZHANG Rui, et al. Extraction and isolation tech-
nology of Tremella fuciformis polysaccharides[J]. Food Research
and Development, 2020, 41(9): 93-97. |
[32] A&, FHR, 3¢, 5. w0 @XM AL AT 58 T 20A% 5 4B
WA B AR T R RS R F i [T]. B & A A, 2015,
36(22):57-62. [ LIU Jie, LI Yashuang, BAO Ying, et al. Extrac-
tion optimization of polysaccharides from the roots of Ferula
sinkiangensis K. M. Shen and their antioxidant activities in vitro[J].
Food Science, 2015, 36(22): 57-62. |
[33] &, & &4 X &, 5. @k ke e

F % ¥ ey R ). & R H,2019,41(6): 60-64. [JIANG Yi,
ZHENG Huihua, LIU Guangjian, et al. Study on ultrasonic-assisted
extraction optimization of Tremella aurantialba polysaccharides via
response surface methodology[J]. Edible Fungi, 2019, 41(6): 60—
64. ]
[34 ] VINATORU M. Ultrasonically assisted extraction (UAE) of
natural products some guidelines for good practice and reporting [J].
Ultrasonics Sonochemistry, 2015, 25: 94-95.
[35] #ER RITEESBHORRLS B BHELRENE
WA [D]. At M #r i Tk X 52, 2015. [ WEI Zhengxun. Study
on extraction, isolation, structural identification and biological activ-
ities of polysaccharides from Tremella fuciformis fruiting bodies.
Hangzhou: Zhejiang University of Technology, 2015. ]
[36] YUAN Hongjie, DONG Lin, ZHANG Zhiyuan, et al. Produc-
tion, structure, and bioactivity of polysaccharide isolated from
Tremella fuciformis[J]. Food Science and Human Wellness, 2022,
11(4): 1010-1017.
[37] 34 AWF 3B F RIER L3 L REAMRTFL
[D].»sR#E. Z AP E X%, 2021. [ WANG Rui. Study on
chemical characterization, anti-inflammatory and antioxidant activi-
ties of polysaccharides from steamed Aconiti Radix Lateralis
Preparata[D]. Harbin: Heilongjiang University of Chinese Medicine,
2021. ]
[ 38 ] WEI Qiang, ZHANG Yihan. Ultrasound-assisted polysaccha-
ride extraction from Cercis chinensis and properites, antioxidant
activity of polysaccharide[J]. Ultrasonics Sonochemistry, 2023, 96:
106422.
[39] HOU Shoubu, TAN Minghui, CHANG Senlin, et al. Effects
of different processing (Paozhi) on structural characterization and
antioxidant activities of polysaccharides from Cistanche deserti-
colalJ]. International Journal of Biological Macromolecules, 2023,
245 125507.
[40] #2488, 45, Z4F. P REMW S LM EIEL RIFLEA
teAE R [T]. & s A5, 2005(8): 55-57. [ CHENG Chao, LI Wei,
WANG Xingping. Study on the structure analysis and antioxidation
effect in vitro of water soluble polysaccharide of Pleurotus
ostreatus[J]. Food Science, 2005(8): 55-57. |
[41] WENL R, GAO Q, MA C W, et al. Effect of polysaccha-
rides from Tremella fuciformis on UV-induced photoaging[J].
Journal of Functional Foods, 2016, 20: 400—410.
[42] ZHANG Ying, ZENG Yan, MEN Yan, et al. Structural char-
acterization and immunomodulatory activity of exopolysaccharides
from submerged culture of Auricularia auricula-judae[J]. Interna-
tional Journal of Biological Macromolecules, 2018, 115: 978—984.
[43] CALDAS L A, SANTOS P D, CARBONERO E R, et al.
Immunomodulatory effect of polysaccharides from the mushroom-
forming basidiomycete Gymnopilus imperialis (Agaricomycetes,
Basidiomycota) [J]. Pharmaceuticals, 2022, 15(10): 1179.
[44 ] HOU Chunyan, CHEN Lili, YANG Liuzhi, et al. An insight
into anti-inflammatory effects of natural polysaccharides[J]. Inter-
national Journal of Biological Macromolecules, 2020, 153: 248—255.
[45 ] fRad, Mz, iR, 3. B8 30 b 3 KSR R IR
o B R G R[] LA R S A3, 2024,40(3): 191-199.
[ ZHANG Huimin, XING Yan, QIU Runkang, et al. Extraction,
separation and structural identification of anti-inflammatory active
substances from purslane (Portulaca oleracea L.) [J]. Modern Food
Science & Technology, 2024, 40(3): 191-199. ]
[46] A ALK RFAR, F. FRBRRG %09 R Z Sk
FiEmk g U] F B & & F 1k, 2025,25(2): 124-133. [ DU



- 296 - £ Tl B4

2026 4F 9 A

Xiaoqin, XIA Yan, ZHANG Wanchao, et al. Comparison of anti-
inflammatory activity of Ganoderma lucidum polysaccharides in
vitro by different extraction methods[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2025, 25(2): 124—133. ]

[47] JEN CI, SUCH, LAI M N, et al. Comparative anti-inflam-
matory characterization of selected fungal and plant water soluble
polysaccharides[J]. Food Science and Technology Research, 2021,
27(3): 453-462.

[48 ] YIN Miao, ZHANG Ying, LI Hua. Advances in research on
immunoregulation of macrophages by plant polysaccharides[J].
Frontiers in Immunology, 2019, 10: 145.

[49] OUYANG W J, O’GARRA A. IL-10 family cytokines IL-10
and IL-22: From basic science to clinical translation[J]. Immunity,
2019, 50(4): 871-891.

[50 ] RALLIS K S, CORRIGAN A E, DADAH H, et al. IL-10 in
cancer: An essential thermostatic regulator between homeostatic
immunity and inflammation-a comprehensive review[J]. Future
Oncology, 2022, 18(29): 3349-3365.

[51] CHAN P M, TAN Y S, CHUA K H, et al. Attenuation of
inflammatory mediators (TNF-o and nitric oxide) and up-regula-
tion of IL-10 by wild and domesticated basidiocarps of Amauro-
derma rugosum (Blume & T. Nees) torrend in LPS-stimulated
RAW?264.7 cells[J]. PLoS One, 2015, 10(10): €0139593.

[52] SUABJAKYONG P, NISHIMURA K, TOIDA T, et al.

Structural characterization and immunomodulatory effects of
polysaccharides from Phellinus linteus and Phellinus igniarius on
the IL-6/IL-10 cytokine balance of the mouse macrophage cell lines
(RAW264.7) [J]. Food & Function, 2015, 6(8): 2834-2844.

[53] YIN Zhenhua, LIANG Zhenhua, LI Changqgin, et al.
Immunomodulatory effects of polysaccharides from edible fungus:
A review [J]. Food Science and Human Wellness, 2021, 10(4): 393—
400.

[ 54 ] SUN Ligin, WANG Ling, ZHOU Yan. Immunomodulation
and antitumor activities of different-molecular-weight polysaccha-
rides from Porphyridium cruentum[J]. Carbohydrate Polymers,
2012, 87(2): 1206-1210.

[55] NOVAK M, VETVICKA V. p-Glucans, history, and the
present: Immunomodulatory aspects and mechanisms of action[J].
Journal of Immunotoxicology, 2008, 5(1): 47-57.

[56] LI Wenjuan, TANG Xiaofang, SHUAI Xiaoxue, et al. Man-
nose receptor mediates the immune response to Ganoderma atrum
polysaccharides in macrophages[J]. Journal of Agricultural and
Food Chemistry, 2017, 65(2): 348-357.

[57] TANG Jun, HE Zihan, ZHANG Baohui, et al. Structural
properties, bioactivities, structure-activity relationships and bio-
applications of polysaccharides from Auricularia auricula: A
review [J]. International Journal of Biological Macromolecules,
2024, 280: 135941.



	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 动态超高压微射流法提取银耳多糖
	1.2.2 单因素实验设计
	1.2.3 响应面法试验设计
	1.2.4 化学成分分析
	1.2.5 分子量测定
	1.2.6 单糖组成测定
	1.2.7 红外光谱分析
	1.2.8 细胞培养及活力测定
	1.2.9 细胞NO分泌水平测定
	1.2.10 TNF-α、IL-1β和IL-10释放量测定

	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.2 响应面优化试验结果
	2.3 响应面最优条件验证
	2.4 银耳多糖的化学成分分析
	2.5 银耳多糖的相对分子质量
	2.6 银耳多糖的单糖组成
	2.7 银耳多糖的外光谱分析
	2.8 银耳多糖对RAW264.7细胞活力的影响
	2.9 银耳多糖对RAW264.7细胞NO分泌水平的影响
	2.10 银耳多糖对RAW264.7细胞TNF-α、IL-1β和IL-10释放量的影响

	3 结论
	参考文献

