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Abstract: In this study, using Phellinus igniarius as raw materials, the extraction conditions of Phellinus igniarius
polysaccharides were optimized, the structure and immune regulatory activity were analyzed and evaluated. Using
extraction temperature, extraction time, solid-liquid ratio, and extraction frequency as factors, single factor experiments and

orthogonal experiments were used to optimize the extraction conditions of polysaccharides from Phellinus igniarius. After
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purification by enzymolysis and dialysis methods, the structural features of this polysacharide were characterised using

HPSEC (Mw), FTIR (functional group), HPAEC (monosaccharide composition) and methylation analysis (linkage

patterns), and their immunomodulatory properties were investigated using RAW-Blue™ cell line. Results showed that, the

optimal extraction conditions of polysaccharides from the fruiting body of Phellinus were as follows: The solid-liquid ratio

was 1:40 (g/mL), the extraction temperature was 100 °C, the extraction time was 2.0 h, and the extraction times were 3.

Under these conditions, the extraction yield of polysaccharide was 6.71%, the total sugar content was 81.69%+0.19%, and

the Mw was 10.77 kDa. The polysaccharide obtained belong to glucan family constructing mainly by (1—4)-Glc, small

percentage of (1—6)-Glc and (1—3)-Glc as side chains. This polysaccharide could enhance the embryonic alkaline

phosphatase secretion activity and the phagocytosis ability of RAW-Blue™ macrophages, which would provide a

theoretical basis for its application in both food and phamacetical area.

Key words: Phellinus igniarius; fruiting body; polysaccharides; Structural characterization; immune activity
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IR SE R . BRI AT sE R, R EA
BrihyEd . Pria i . R IS AN G 28 U 717 45 22 P 24 PR
PO SR B M 5 SR LR DA

ZHE IR R AEYTE MR T, AT A
Ty A RIS AE H AR BEIR U, R bk

PUIRE™ . B IUBET T ROz P8 151 SR i A TS
TEo HAT, BRI SIS A A Y iE TR
A RER, (HE SR MR B2, AR SR SR
h Z PG S AR E R A B R 22 = . ARIIFSER
JH BRI 3 5206 MOE SR g A S i - Se R 2 i g 42
BT 224500, SRH/KIREBEDUR SR B N | ZaRifiids
BT WA TR AR AlAL, AR XT3 T )
RE | AFHEATAMDGRE | B Al R B 3RS A b
5K . BRJE, SR RAW-Blue ™ZH i 535G T P
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i 2285 (Phellinus igniarius) KT RN Z T
FEUTFEETHRL; Tk 2 mE, I, 20K, &k, —
FRILAR YA a0fral, REET VLRI T BRA R
WA . R0y . IR Yo prall, e fbik
F— s BEEHE GG . AR . SRR TE S
HIRBEbRUES, . JEHE YAt S Sigma 2

Hls AL el iR T AR RN EL UK
W2 . JC/KBRIREN I ko al, REET RO BRA
s WL rbral, et E RO A RS A
DMEM #3323 (EYF])  32HE Gibeo 28wl ; B
B oh egsli, iR YRR Y A FR 2
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(HEik5)) 3£ E Hyclone 2 7l ; RAW-Blue™#
M. QUANTI-Blue™ 555 XK, 2 H
Invivogen /N H] o

X622-ZH BIFIRFV B E 453/ F]; RE-
2000 BUGEFLZE AL IR ER) s INFINITE
200 PRO BIEHRAY  FHi-+ TECAN 2 wl; 6890N 7l
UL R A B2 )5 1S50 s HL it
LIAMGEE Je AN ] Prominence LC-20A #IyR 24
ERORAH ISR H A RS AL ICS-5000+25 114,
T 32 Dionex 2\ H],
1.2 XFEE
1.2.1 FETEARZHEHEE
1.2.1.1 $2HU0rEE R TSR ZHEER /KSR BEUT
RIREY, B FSRST | i 60 HE,
INAZEIBEK CBRR LE 1:40), in#k 100 °C, #iEFE: 2 h, 55
> (6000 r/min, 25 °C, 30 min) I EE W, HE
3. A 3 AEAFREITICK 215, 4 °C #'E 48 h, B
.L>(6000 r/min, 20 °C, 20 min) J5 BT TERLTA55) 3
BRPERI(SP-1)

38 3 AR AN A TR X SRR TR Zr 4l
fbo |FOKRYATEEEME, AT 3% 246
G, 76 40 °C. pH7 PYEEFE T HHE 2 h RBRE M,
KW, B5.0-(6000 r/min, 20 °C, 20 min) 7 ¥
W W& FH % M7 4% (8000~14000 Da) iB#HT 2 do &5 .0
(6000 r/min, 20 °C, 20 min) Z=3EITHE, B - iE W IESE
W s, A 3 AR TC/K LB, 4 °C #+E 48 he
2505 (6000 r/min, 4 °C, 20 min) BITHE, & H 2581
TSR R B TSR (SP-2) .
1.2.1.2  Eblal B K 2 HEAS 52 1000 52
5 SR FH A - R R

FRAEZemI A LU 2 mL AS[E1H R iR As 2 s vk
SABRAESY, 3B 50 uL 80% Ry Al 3 mL ¥R AR

SN L NE-RE)
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SRR A S
ZamE©) = 225 00
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x 100

Ao m oEES AT L (mg) s m, A EREUS Z8E
MBI (mg); C, SIS Z2WH I ENELLE (%) o
1.2.1.3 FARESCIG T $RBOREE: BRix 5 g #Rbh,
RN LA 1:30(g/mL) | $2EXASTE] A 1.5 h $2E0K
A 1 IR BB A TJG/K ZERIREECH 4 45 BEDT
Hf 18] Sy 0 B L A S5 T, 5 5N TR 2 BURLEE (60
70. 80. 90, 100 °C)XTZHEIFZAIFZIN

PEHU ] FRE 5 g FEAL, TEFRIUEEE R 80 C..
BHE LA 1:30(g/mL) . $2EBGKECH 1 ¥k, BEDTHTID
ATCK LEEREECH 4 4% . BEDTRS TR] A i i i3
ST, BEEAFEHREETR] (0.5, 1.0, 1.5, 2.0, 2.5 h)
Xof AR I L]

BHE Lb: BREE 5 g AR, FEIRBURE Y 80 G| 42
HeAstalky 1.5 h $2BORECH 1 K. BEIIRIIATG/K 2,
BERIFEECH 4 £ BEDTRS [a) D st e 544, 2%
ZEANERK L (1:10, 1:20, 1:30, 1:40, 1:50 g/mL)
Xof WIS R o

PEEORHL: FRim 5 g BEAL, TEFR BRI R 80 C..
PRELAE]A 1.5 hy BHE L 1:30(g/mL) . BEESTAT N
ATCK LEEAEECH 4 % . BEDTRR] A S I R )
TEOLT, ZHERANAFEBR B (1, 2. 3. 4. 5 OXF = HE
RS
1.2.1.4 EAZRE I ARYESCER [16—-17] 86 A
A PRI BSOS BRI IE SRS T 22, R
PREHURBE . HEEAT A DA AR XS 56 iy s s,
T AASSEEGRFH A =B E S8 P 2R, SRk
PE 3 WK, MRKPE Ly(3*) IR R IR = HE — /K FIERR
P0G, IRFEF BT SR B I A . TEAE I
B P KSBET HINE 1 s

1 IEsIR N E Kt

Table 1 Factors and levels of orthogonal test
K
SES
1 2 3
ARBURE (°C) 80 90 100
B H ] (h) 1.0 L5 2.0
CHRIE L (g/mL) 1:20 1:30 1:40

1.2.2 FXS-FREAINE &SR HERE (A
B SR TSRS 4y, AR FE SR
(10, 40, 70, 500 A1 2000 kDa) MrdfEdh . @i
AT

£6,3% #% . Ultrahydrogel 7.8%300 mm 2§ 1 #% FI
Ultrahydrogel 6x40 mm {474 ; i 204H: 0.1 mg/mL
NaNOs; #ii#: 0.6 mL/min; HEAAHEEE: 40 °C.
1.2.3 (HHEFLIAMNEEME  FREC 1 mg £ 5
150 mg T4 KBro, FWHAMTEEIYS], R 54T
i b 2L AN SRS T 45 20 PG B A 4000~
400 cm' A EL LT AMSEEE
1.2.4 PRBE R RE RS SCHR [20] ik I THASEE
M, YT SR SR 2 B L R, B
BAEIT AN

FE I 5E : FREX 1.5 mg BE S T-22EUM b, A
1.5 mL 2 mol/L =3 PR, &1, 120 °C /K% 3 h, V&K
JEJET - i 0.5 mL FIPE, y0iE T (FEAE 5 1K), B
S SE AT T 1.5 mL BB Atk i, 8 Tk
A SE A A AR ZH R o

T U R - FRIBCEREAR M i CA bl . BRESPh. BiT
PrAAE . EZUBE . AN . AR . H S Sl ZUBEE
iR . A IR ) 1 mg, 533 T 1 mL /K, £5-HL
500 pL RS IN/KFREE 5 mL, {8 B i
FRUESH AR S, B S SR R

14,43%#¥ . Dionex CarboPac™ PA20, 3x150 mm;
TLEHAH: A A RB ALK, B A4 0.2 mol/L NaOH %
W, C AHM 1 mol/L W& MR &M% W s T sh AHAR R b 5]
A M B AH:C H=5:2:1; #ii#: 0.45 mL/min; FE1E5H
HEEE. 30 °C.
1.2.5 WAL S35 3CHk [1] W7t T 208
B REAB 50T . FREX 3 mg BESAAET 0.5 mL L HI AL
AR AT, A 20 mg S AEALERFN 0.5 mL ML e, 45
$£2.5h, JIA 3~5 mL KESFIK, 5460 JpioK)=, 5
2 3. WIS YUAH, S Je/K g a4t B 0.5 mL
AP BT 2 AT, A5 B AE WAL S T AR
T, FHIA 0.5 mL 4 mol/L =4ZJ& 100 °C. 7Kfi# 6 h,
AWK T, A 0.3 mL 258 77K . 50 uL 50 mg/mL
ZUKFN 3 mg BGRAGEN, =IEAEFE 12 he A 250 pL
VKZER, FHNA 0.5 mL 7 5% BEmR B, 20T,
A 4 K, A 0.5 mL ZF&HT, 100 °C Jnk 2 h, &34
J&hm 250 pL oK & B, AR T JE A 0.5 mL
AR e, S JCKGRRRENAE, FH 0.5 mL —&lH e
THVGE 2 REET, 19 BIRLYiHAT GC-MS il K
IS4

O3 AY s 5% FRIL~95% F ILnkE e BN (A
E; KRS KIGEES TR S (SR FHE: 120 °C
PR$F 3 min, LA 3 °C/min S EFHEZE 210 °C, 210 °C
PR 4 min; EREAE: 10 mL/min; BEEE R
280 °C; PEREIARRN: 2 puL; N, %iid: 25 mL/min; H, ¥

i#: 30 mL/min; 25 ALiE: 400 mL/min.



- 96 - £ Tl B4

2023 4 10 A

1.2.6 FETFIARSHNG SRV T E

1.2.6.1 4UEE 5N LEICH 37 °C /KT, B RAT
i) RAW-Blue™E g4l il @i . K g fese &=
A 9 mL SE43% AL (Hh e B 3= 500 - 10% 11
REAE TSN 1% FH 78 3% - 2 2 4L AT il i
A% B ES.CME R, 1000 r/min B5.0> 5 min 53F MG,
INASEA R FRIL TR, 582 BB, FA
iEETE IR, IR SR 37 °C, 5% CO, FyHiFE
R

1.2.6.2 4EMEALAL  HAh TXFECZE KB RAW-
Blue™ZHMIHA THAR . BriEasiirh ks ditse X, A
BERRERZZ R (PBS) vhisk 3 WK, ARG I A e 4 b
Frdk, FHANME] TR U] T, dl seam e, G
ST AR R A RE SR, I AGE BLSE B IR L,
WRFTIIE], A 37 °C, 5% CO, MIEEFRAR T %
1.2.6.3 ZHEXT RAW-Blue™4H il 53 i SEAP 114 5%
ma FERERFERhEEFE IS PBS Uk 2 R, D i
SEABE IR AT T 40, W HAN MR, R R
5.5x<10° ~/mL A ALK . 7€ 96 FLAR T BEFL I A
195 pL O 58 A 40 Mo, B In A 5 pL 50 pg/mL
ZHEE W, 25 A PBS #h &, FHMEXTRE A 5 ulL
2 ng/mL BIAEZHE(LPS), AR F246 TP % 3% 24 he
40 nL AN ELRL 20 96 FLARH, A 160 nL
i) QUANTI-Blue™ i (A,57], it ABEFRAR P %55 2 h,
MI5E 620 nmALISEE

1.2.6.4 ZFEMMAMEEVERE I R4 ss
43T 20N RAW-Blue ™4 7 ERE 1 p 5221,
BOGHE AR K R0 w4, 248 PBS 536 WITIR S
J&, B 100 pl $2 5x10* /L B 40 55 00 4 i 2
HePh T 96 FLAR Y, AEREFRAE ISR 12 h fi4HiheE
SE4E, IR IRIE, INARIERES, 5537 24 h, 5%
_EWER, A 100 pL FPELTER, H55E 30 min, 37 1
¥, A PBS 1EUE 3 ¥k, iA 200 pL BEER- 2. BE2m 28
AL, MIAE 540 nm AW EE, MR 4E T X0 H 4 i
W PP ELT A RE

ﬁ%ﬁﬁ@@:%;uw

b Ay A ITEF LG A IHEFLIOG
BE(H
1.3 HEALIE

>R Excel 2010 A3 TR AL P, SR JH SPSS
26 FRAAREE S Wl 3 S BT, Herb T SRS 3 IR
HAZ, LPEHERUE2ZE IR, SR Origin 2022 %
23
2 ZERESh
2.1 REFEAEZHERBEENMRL
2.1.1 REFIARHEE ISR B R 5
2,111 PRI X S8 IR AR SR Y 5
FPEIBORL B JE 52 2 BEAR R0 — D EZ R R . nE 1

60 7‘0 8‘0 9‘0 160
FRIBURE (C)
P SRIBGELRE X 2 8 TSR M AR AR
Fig.1 Effect of extraction temperature on yield of
polysaccharide from Phellinus igniarius

T N FHRERF R 22 573 8 35 (P<0.05); B 2~ 4, & 7~
& 8 [

7R, BEESEBOR RGN, Z2pE 5280 in, 2S3Emuk
BEMSZE 80 °C B, ZHEIFIA R = {H A 5.31%. b
PRI B AR SEIE N, 2B R T R R, 3X
AR B IR #E T Z R, $2& T 26
BB TR S R T 2B RE AR, DT S
BASR TR, Bk, FEEBUEREEPE 80 °C H'H.
2.1.1.2  FREEF AL 32 8 7 SR 2 EAS 2R 10 5 )
PREUAH [a] 2 2 BER O B — RS, Rl 2 Br
7N, B PRI TR0, Z2 A SR A, 2 E e Ta)
WaZE 1.5 h B, 2P KRB EERN 5.31%. 242
HXEstalchy 2.5 h B, 20RO HEL R, X rTEE
SR kSRR nER A R] AT RS SR 43
Pl $EHRETAESE 1.5 h SEL

0.5 1.0 1.5 2.0 2.5
FEHUS ] (h)
P2 BRI AL 3 8 SR M AR A2
Fig.2 Effect of extraction time on yield of polysaccharide from
Phellinus igniarius

2.1.1.3 B LEX s soiik 2 g 52 ok
WX 2B REE I, Gl 3 R, FEEBHK
Lh3E I, SRty 2Rl Lk % 1:30(g/mL)
B, 2018 RN B SE R 5.31%. kSRR
L, ZHHS R tR B A . FRBGT AR g et
W LR DI —E S AR SE R S5 R OR 78 54l
PAITTHE AR, MR R IR B, RSN R
AT REXT BRI H A W A B S, S A B a3
A A BT, SRS SRR AR B, A}
W HEIEPE 1:30(g/mL) N EL,
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TRIRRR , 55 R TR T 200 ST M S i Mo 97 -

6.07
55¢
_50¢
5 45+
= 40)
=351
3.0¢
251

N

2‘?:10 1:20 130 1:40 1:50
BRE L (g/mL)
K3 BN X 58 8T SR IR 2 R
Fig.3 Effect of solid-liquid ratio on yield of polysaccharide
from Phellinus igniarius

2.1.1.4  FREOREC 58 T AR Z AR 2R 1y 52 )
FHE 4 W1, B SRR BB, R TR hE
RN, B SRR E 3 K5, 208
PR B PRI . BB UT N R, &gt
BORECH 3 IR, A4 R PR3N 6.23%.

707

5.0 I I I |
1

2 3 4 5
FEHREL ()
K4 SRIKBON 28T SL IR A 5
Fig.4 Effect of extraction times on yield of polysaccharide
from Phellinus igniarius

2.1.2 FRe TR IESS S Bk
FAR R 280 E 1 IEACIEG A R R K-, LAZBETS:
SEFER, AT Lo(3Y) IEAZ ISy . AR 25 53 T4 2R
#2 REZHHRBUESAER
Table 2 Orthogonal test of extracting polysaccharides from
Phellinus igniarius

st A B C g
FEY g mmesm ke 0O
1 1(80) 1(1.0) 1(1:20) 4.32
2 1 2(1.5) 2(1:30) 5.50
N | 3(2.0) 3(1:40) 6.38
4 2(90) 1 2 5.65
5 2 2 3 6.37
6 2 3 1 6.36
7 3(100) 1 3 6.22
8 3 2 1 6.31
9 3 3 2 6.53
X, 5.40 5.40 5.66
X 6.13 6.06 5.89
K 635 6.42 632
R 0.95 1.02 0.66

AR 2), sENn Z2 523800 R 22 32 )07 S B B )
(6] (B) > B (A)>BHRE L (O, Sk P& R
A B;Cy, BPERE LR 1:40(g/mL), 20N 100 °C,
PEUCETE] S 2.0 he I THRACLHE A;B,C; AR ILTE
IEZEFR, B 5 EAZ R P i @554 A B,C, i
ITHEUE S . SO UESLIG 45 ALB,C, 19 Z 15 %
6.71% WE =T A3B,C, MRS 6.53%(P<0.05),
JEAH ALB,C, FEAEH A
2.2 RETEAZENSEGERENSTFRENE

VLA 26 B R AR iy, A 250 B B mg/mL Sy Ak
i, OD 1E.(490 nm) MPNARPR, 22 il 45 26 SR AR v i 2%
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Fig.5 FT-IR of polysaccharides from Phellinus igniarius
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