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Research Progress of Edible Fungal Polysaccharides

JIANG Hao', SUN Tao', YAO Haoyu', LI Xingkai', WANG Yanling', LEI Peng"’, WANG Rui', XU Hong',
LI Sha', SUN Dafeng’

(1.College of Food and Light Industry, Nanjing Tech University, Nanjing 211816, China;
2 Kunming Institute of Edible Fungi, China Federation of Supply and Marketing Cooperatives, Kunming 650033, China)

Abstract: Polysaccharide is one of the most important active ingredients of edible fungi, which is composed of diverse
monosaccharide. Polysaccharide has various biological activities such as antioxidant, antitumor and immune regulation.
Therefore, it has been widely used as additive in functional foods. In recent years, more and more researches have been
conducted on edible fungal polysaccharides, including the structure analysis, extraction process, conventional fermentation
process, biosynthesis and biological activity. In this paper, the monosaccharide composition, molecular weight and
glycosidic bond connection methods of several common edible fungal polysaccharides are reviewed, and the advantages
and disadvantages of traditional and new extraction methods are discussed. Afterwards, the current status of edible fungal
polysaccharides produced by fermentation in shake flasks and small bioreactor is summarized, and finally the biosynthetic
mechanism of polysaccharides and its current research status are summarized. Sorting out, this review could provide a
theoretical basis for the research and industrial utilization of fungal polysaccharides.

Key words: edible fungal polysaccharides; polysaccharide structure; polysaccharide extraction; biosynthesis; biological

activity
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Table 1 Monosaccharide composition, molecular weight and glycosidic bond connection mode of several edible fungus

polysaccharides from different sources

EZ g 37 FRUMEZH AL 53 Fhi(Da) B R T E PN
Glc:Man:Gal:GIcA=98.90:0.11:0.38:0.61 N
PV NIEN Glc:Man:Gal: Ara:Fuc:GlcA: GalA= ggi 1 83 E }:j ; :a:g:giﬁzzg [8]
97.56:0.14:1.04:0.11:0.45:0.50:0.20 ’ a8
(1-3)-Glep/(1—6)-Manp/(1—2,6)-Galp
Man:Glc:Gal=23.02:49.21:27.77 2.54x10* (1-3,6)-Glep/(1—2)-Manp/(1—)-Galp
A g (1-3)-Glep/(1—6)-Glep/(1—)-Glep [9]
Man:Glc:Gal=10.92:78.60:10.48 4.63%10° (1-3)-Manp/(1—2,3)-Manp/(1—2,6)-Manp
(1—-6)-Galp
HH Gle: Xyl:Man: Gal:Fuc=0.3:1.00:1.59:0.01:0.85 3.43x10° (1-3)-a-Manp/B-Xylp-/B-GlcAp- [10]
ko Fuc:Gal:Gle=5.2:23.9:1.0 1.5x10* a-(1—6)-Galp/O-213; & ffja-L-Fucp [7]
(1 — 4)-0-D-Glep/C-6/3 E 11,3,6-B-D-Manp#Fil
e A . . _ . . 6 595
KW AL Man: Gle: Gal=3.30:23.30:1.00 4.1x10 1.4,6-0-D-Galp [11]

7 : Gle: H%5HH; Man: H#885; Gal: 27U Xyl: AWH; Ara: FIRARE; Fuc: #r804H; GleA: 4 HIARR; GalA. 2 FLBHEARR .
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Table 2  Extraction methods of polysaccharides
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REWIWFFE R, JERT IR AE A Y IE A T T — & 1AL
T, (H TG RY BRI, G iE
TIFFEHR IS A AE AN IS 55 LA S s S5
5.1  IAhEEM

H A1, FaiE S TCIE M e I BT 2 —, £ Fh s
R %) P ey 1 JEC vy A 9o S8 R i B T 33 T e S A
YE BN B EE R AT TAEBRERP . AT AN TAE#TIE Y
Feml I, OB LR 20 A R i R
AT - a. 1 ARERARI R THB, FIAEZRREIE 1Y & 2 5 b H 3254
Tl £ S A M I 2B o BRG Ay X g 1) S e ek
VERT; d XM s 4 At % A2 sl RS i U VR S

B ERE BT LGl iS5 S R 4 a4
Jie JE A A R S R ek B AU E A . Zhang
S 3 A SR 2 HR R U 220 T LA s LR A S
MIPRT isAR R ED UM TE . — T, R 2 Zhim it
B LRI AR RS LA, B InZpi AR (2R ¢ IR,
B—J7 i, R ZHHEE p53 FER A Bax FENEE 5%,
TV Bel-2 3L R 23R I PG caspase fiff 55 SRARE #E
CT26 MR AN yd T BLAh, Li 2500 fUif o8 & I
JH PR 2208 nT S o4 i R I RE A S B GO/Gl
WA, 2 HepG2 Fll HeLa JEE 4 pa 8 T 4 JE
I REAF A4 J5E R AT e 2 22 08 mT DABA S 12 )8 HepG2 ¥
AUb p27kip FERFN p2 1 cip FERFER, T4
A RKFE T ITLTTI cyelinD1/CDK4 FERFN cyclinE/
CDK?2 R AgTE e,
52 ®ERTEMN

A28 R 1T I M S AR 2 ) SR AR ) T P 2
—o  HATRE R S e R IS R g R
A e OO BV 2 At D) BB (BRI BRI 2 L PS4 7=
A sz, R 2T LLE a5 S A R R
ORI e VAR, IR, 54588 IR U 549
SRR E TV E Y, Rk Py SEG T, £
HEOT IR E AN AL A AR . H SR A A B T AR D



- 452 - £ Tl B4

2022 4 6 H

JIELAR 0 A 51 LA K/ INBRAAS Y Th Zi PR - i 7K P3G
Jintesl, —BRFIE 2 R B, R KR G A7 A RE
BRI A BAE . ST G AN RIS IR ) Z 4%
5 TLR4 (W R AT T 2781, BB TLRA J2 3% 42
ZWE R R R AN M B S B AN i e T 2 A2 A, SRR
H SRR AR T i 2 A5 B K AR H 2
WAl il o X P L 2 HEAZAR TLR4 455, 55 E
WELMATE b 53 R AR T, R GeZe il VE
53 MEMEM

2 T R A G R v = A T R AU (ROS) FEAS
E S TPl E B EMEM . RT3
NS PERSZ 40, 2253 ROS Boid A= gEmis | &
NP, N BEPRIA L JERESE 0, HATIIIFSY
W, PRI PTEA LT TR B T G SR A
e DEPL A AL BTG PESC B . SRR b HLAT W 5
DPPH ., #45FH & ¥ [ 3RS A A RE
HE5SFRERFEMAE, &8 - Bpierss
M2 pHE LK OH. DPPH. ABTS FI#E 4 A &t
s H 5K Y S B8 T AR LR 71 DA K b A TE
PRSI, P fhmEE b ) SRR T A, TEBT 14
TN P R TR . s 2 O e AER Sh
PUAEATE PR AR T R4 T T I, R BT T |k
AW (CAT) . A LY AL (SOD) | i A Ak W g
(POD) . A H KT A AL E (GSH) 4510, PAEA
W 22 AR FR Sy B B 22 AT AR SR T A AR T, T
DUREARHT AL B MDA B2, i3S A b5k
R s, M AE LAY 4 it 222 ROS SEAb i &
¥ T EE/EH,
5.4 [EIEEEM

B FH BB 22 08 X 8 PRI AR AT — 3 I B AR
JH, EEE BT 1 p AN AR Ay B . AR S A
Y NI 25 BETH AR FIOBE [ A= 2 L L B TR W PR Jps A
Fe ) HoAth I e R AR PRI TR TR, R bk
A LB R Bel-2 Fl PDX-1 BUFRIAESE £ 4
AN S ol AT PR A S 2 S T A Sy
LA PA e 5 AL, TR 32 R 2H 2172 sk i 22
R o REATC IR 7K - RGN B 5 22K 7 s A 5=
PR A IR VR P30 OB AT T i, B A AT, 2
SR MRS . R 2 Z2HE0T LIS AMPK Jf
VA SR I A3 A AE DG AT K SR B LR I, 1K il (i) 475
WEIFRETR (Ll . SUbH-1,6 T RERRHES . BRI TSI ERINR
BRPEWGSE . BAh, B T A A s R
4(GLUTH) 93238, UMR I EPHEFETY, =
PRI —Fh ZBEIE N T 077 e 2 A i A A A -
6~ IR 1 i, FAATS T W5 i Bt 38, T
5 TR A A RO
55 MmAEM

PRI SIS NG IR LR WA BT A . Al sl
AT TT BET | & RAE T, B —Fh H FA P L
o BRI, 1o BE Y SRE I N 1T BB S B0 MR R AE, XX 5

R A G, B B 2 E A TR NPT R TS
Mo PN HERIU ZHEENR 2 5 S I 5
RO, AT s e AV B/ B B R, v S8RE R,
Jf H. AT LA i 3 5% Ifi B 15 4 (SOD . GSH-Px. CAT
1 T-AOC) FNiH B A8 BT 1 A Ak S v (MDA F1 LPO)
Sk BIPTAEAIRE, Wos B m b TR LB P, R
BRI ER AP A 2 E T . esh, ek R iin &
PR PTRIEPE R SRS IR R, ek ak 2 hEiG
J¥ C57BL/6 /NG ARG, SEACRLEL AR, DT fhifE
WP, JPEN T INOS . COX BRI S ik 55 7K
SRR . 3X LB X i H A% 0 2R P AR B 3T NF-«B.
p65 Fll MAPK/Akt iRAZIE,
56 IMRE

£ BB 2o W AT LG ok VR R AR S A kg e
PERGORPT 1L ST AR/ N BRI g i fa sl
FRWACUHZH 2, Xu 5577 B0, Al v $2 By —Fh
ZpE AT LSS EEAT /N BRI S e N 28, IRz i
PIHEAI L AR, 105G T AR I PR I i i A R A
LB BE TR /AT I LU AR, Gt T /DR =, B
JHEL T Z 0t n] DLIE ) 32 @ AU S g2 07 ok E 2% 5
% REZPHE RV N IETE R TL-2 A=
&& T2 NR s TR, Mg T /N RoE A
VA EIC R il A = WA EN= NS 3 NI B DB i B =y ]
IL-6 43k, FHINEHE 25 . PHILIL L= 1) (—Fh 5 4715
FESEIFERR) A p53 (] B —Fh By 2R HEFID
MIFRIR, WA LR i

BHEWMZHHIO T Z N H TR, 22
FHTREGE R . A0 P se SR Am S i VE
SRR R AR B TR R 11 & o, I B Bk Ak L H B0 A
o, BRSPS AR YU, SR 2 T HE
TERIPTEALTE I T AR S (S e R R,
M), T30 MDA 174 F1 R RIS 22 K- 1 4
IR GEEFR M B R R 1 2R BE, 3O Y 24
bRz —)E0,
6 SESRE

HIRE, BRI A S IE A, 2T i =4
A, AT R RIS SR SR B TR T, Rl
B E BT 5T T-Bog By, A& = w b s
PERAT AT T HRBCRWTSE . 20 B FH B B T oY
B2 TR TERSY, SRR V2, BRI X, [Wlnd
FILTBULE ITAGE T i LSS I 5 A 2 hE
PR HAR 2R RArr et Fein L 4R et
geh, F 2B HE R 2RI 1 O 208 T R0,
GG 00)E FH EL TR S MR IR LA S SeATe R e e ok
PRIRT SRS ER A A Dtk 5, (EZ AN SO PR al P L
FIrikas G, AR S T B SRR BRI
JAS

TR S R T 2 e, R
— PP AT R AT 0 S, 5 N SE AR TP R A P AE L
B, REEA R R L R, BB . KR



43 % 5 124 £ W% CHERSHERETE R - 453 -

HRZHE T 120 T R A A 3 B e i £
Whio AEWA ORISR T IR R B A H b
TEST TSI G AL, (ER 28 T A AR TR AL
R X — BB, Z e G M B A Frioe . IRZ
W HE BT B B 2R A= S st T T WESE,
JE LA B £ O 22— AR A e AR A
A AT ST o

H X & B E AR Z WA A 2 —>
LA, B TARE . RSN, KA
JHETE WA NI AR, (H 2B R R b
A RAFAEEE, I BAEE A T R e FHAAHE
R HRISE, (HARE—2E T 205,

SE

[1] XIEJP, YUN H, DONG H G, et al. Simultaneous extraction,
separation and purification of microbial genomic DNA and total
RNA from acidic habitat samples[J]. Analytical Methods, 2015,
7(3):909-917.
[2] PARNIAKOV O, LEBOVKA N I, VAN HECKE E, et al.
Pulsed electric field assisted pressure extraction and solvent extrac-
tion from mushroom (Agaricus bisporus)[J]. Food and Bioprocess
Technology, 2014, 7(1): 174—183.
[3] ZHAO Y M, SONG J H, WANG J, et al. Optimization of cel-
lulase - assisted extraction process and antioxidant activities of poly-
saccharides from Tricholoma mongolicum Tmai[J]. Journal of the
Science of Food and Agriculture, 2016, 96(13): 4484—4491.
[4] RUTHES A C, SMIDERLE F R, IACOMINI M. Mushroom
heteropolysaccharides: A review on their sources, structure and bio-
logical effects[J]. Carbohydrate Polymers, 2016, 136: 358-375.
[5] WANG Q, WANG F, XU Z, et al. Bioactive mushroom poly-
saccharides: A review on monosaccharide composition, biosynthes-
is and regulation [J]. Molecules, 2017, 22(6): 955.
[6] TABARSA M, YOU S G, YELITHAO K, et al. Isolation,
structural elucidation and immuno-stimulatory properties of polysac-
charides from Cuminum cyminum[J]. Carbohydrate Polymers, 2020,
230: 115636.
[7] LIQZ, WU D, ZHOU 8, et al. Structure elucidation of a bio-
active polysaccharide from fruiting bodies of Hericium erinaceus in
different maturation stages[J]. Carbohydrate Polymers, 2016, 144:
196-204.
[8] ZHANGY, ZENG Y, MEN Y, et al. Structural characteriza-
tion and immunomodulatory activity of exopolysaccharides from
submerged culture of Auricularia auricula-judaelJ]. International
Journal of Biological Macromolecules, 2018, 115: 978—984.
[9] E3kar, skAW, B3t 5. 56035 545 PEP-2 W& M RAER
Ja AT 4m B HepG-2 471 4F A 69 B [T]. & o T A3, 2016,
37(19): 111-116. [JIANG Y H, ZHANG L F, LU Y, et al. Chem-
ical characterization of Pleurotus eryngii polysaccharide PEP-2 and
its tumor-inhibitory effects against human hepatoblastoma HepG-2
cell[J]. Science and Technology of Food Industry, 2016,37(19):
111-116.]
[10] WEN L, GAO Q, MA C, et al. Effect of polysaccharides

from Tremella fuciformis on UV-induced photoaging[J]. Journal of
Functional Foods, 2016, 20: 400—410.
[11] LIQ, WANG W, ZHU Y, et al. Structural elucidation and an-

tioxidant activity a novel Se-polysaccharide from Se-enriched Gri-

fola frondosa[J]. Carbohydrate Polymers, 2017, 161: 42-52.

[ 12] BARBOSA J R, DOS SANTOS FREITAS M M, DA SILVA
MARTINS L H, et al. Polysaccharides of mushroom Pleurotus spp. :
New extraction techniques, biological activities and development of
new technologies[J]. Carbohydrate Polymers, 2020, 229: 115550.

[ 13] RUTHES A C, SMIDERLE F R, IACOMINI M. D-glucans
from edible mushrooms: A review on the extraction, purification and
chemical characterization approaches[J]. Carbohydrate Polymers,
2015, 117: 753-761.

[14] ZHANG M, CUI S W, CHEUNG P C K, et al. Antitumor
polysaccharides from mushrooms: A review on their isolation pro-
cess, structural characteristics and antitumor activity[J]. Trends in
Food Science & Technology, 2007, 18(1): 4-19.

[15] MORALES D, SMIDERLE F R, VILLALVA M, et al. Test-
ing the effect of combining innovative extraction technologies on the
biological activities of obtained f-glucan-enriched fractions from
Lentinula edodes[J]. Journal of Functional Foods, 2019, 60: 103446.
[16] SU C H, LAI M N, NG L T. Effects of different extraction
temperatures on the physicochemical properties of bioactive poly-
saccharides from Grifola frondosall]. Food Chemistry, 2017, 220:
400—-405.

[17] WANG Z B, PEIJ J, MA H L, et al. Effect of extraction me-
dia on preliminary characterizations and antioxidant activities of
Phellinus linteus polysaccharides[J]. Carbohydrate Polymers, 2014,
109: 49-55.

[18] SERMWITTAYAWONG D, PATNINAN K, PHOTHIP-
HIPHIT S, et al. Purification, characterization, and biological activit-
ies of purified polysaccharides extracted from the Gray oyster mush-
room [Pleurotus sajor-caju (Fr.) Sing.][J]. Journal of Food Bio-
chemistry, 2018, 42(5): €12606.

[ 19] BAEVA E, BLEHA R, LAVROVA E, et al. Polysaccharides
from basidiocarps of cultivating mushroom Pleurotus ostreatus: 1so-
lation and structural characterization[J]. Molecules, 2019, 24(15):
2740.

[20] SZWENGIEL A, STACHOWIAK B. Deproteinization of
water-soluble f5-glucan during acid extraction from fruiting bodies of
Pleurotus ostreatus mushrooms[J]. Carbohydrate Polymers, 2016,
146:310-319.

[21] CHENXY,JIHY, XU X M, et al. Optimization of polysac-
charide extraction process from Grifola frondosa and its antioxidant
and anti-tumor research[J]. Journal of Food Measurement and Char-
acterization, 2019, 13(1): 144—153.

[22] ZHANGL, WANG M. Polyethylene glycol-based ultra-
sound-assisted extraction and ultrafiltration separation of polysac-
charides from Tremella fuciformis (snow fungus)[J]. Food and
Bioproducts Processing, 2016, 100: 464—468.

[23] GIL-RAMIREZ A, SMIDERLE F R, MORALES D, et al.

Strengths and weaknesses of the aniline-blue method used to test


https://doi.org/10.1039/C4AY01608D
https://doi.org/10.1007/s11947-013-1059-y
https://doi.org/10.1007/s11947-013-1059-y
https://doi.org/10.1002/jsfa.7662
https://doi.org/10.1002/jsfa.7662
https://doi.org/10.1016/j.carbpol.2015.08.061
https://doi.org/10.3390/molecules22060955
https://doi.org/10.1016/j.carbpol.2019.115636
https://doi.org/10.1016/j.carbpol.2016.02.051
https://doi.org/10.1016/j.ijbiomac.2018.04.145
https://doi.org/10.1016/j.ijbiomac.2018.04.145
https://doi.org/10.1016/j.jff.2015.11.014
https://doi.org/10.1016/j.jff.2015.11.014
https://doi.org/10.1016/j.carbpol.2016.12.041
https://doi.org/10.1016/j.carbpol.2019.115550
https://doi.org/10.1016/j.carbpol.2014.10.051
https://doi.org/10.1016/j.jff.2019.103446
https://doi.org/10.1016/j.foodchem.2016.09.181
https://doi.org/10.1016/j.carbpol.2014.03.057
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.3390/molecules24152740
https://doi.org/10.1016/j.carbpol.2016.03.015
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1016/j.fbp.2016.09.007
https://doi.org/10.1016/j.fbp.2016.09.007
https://doi.org/10.1039/C4AY01608D
https://doi.org/10.1007/s11947-013-1059-y
https://doi.org/10.1007/s11947-013-1059-y
https://doi.org/10.1002/jsfa.7662
https://doi.org/10.1002/jsfa.7662
https://doi.org/10.1016/j.carbpol.2015.08.061
https://doi.org/10.3390/molecules22060955
https://doi.org/10.1016/j.carbpol.2019.115636
https://doi.org/10.1016/j.carbpol.2016.02.051
https://doi.org/10.1016/j.ijbiomac.2018.04.145
https://doi.org/10.1016/j.ijbiomac.2018.04.145
https://doi.org/10.1016/j.jff.2015.11.014
https://doi.org/10.1016/j.jff.2015.11.014
https://doi.org/10.1016/j.carbpol.2016.12.041
https://doi.org/10.1016/j.carbpol.2019.115550
https://doi.org/10.1016/j.carbpol.2014.10.051
https://doi.org/10.1016/j.jff.2019.103446
https://doi.org/10.1016/j.foodchem.2016.09.181
https://doi.org/10.1016/j.carbpol.2014.03.057
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.1111/jfbc.12606
https://doi.org/10.3390/molecules24152740
https://doi.org/10.1016/j.carbpol.2016.03.015
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1007/s11694-018-9927-9
https://doi.org/10.1016/j.fbp.2016.09.007
https://doi.org/10.1016/j.fbp.2016.09.007

. 454 - Q&T\lv*’Lﬁ

2022 4 6 H

mushroom (1— 3)-$-d-glucans obtained by microwave-assisted ex-
tractions [J]. Carbohydrate Polymers, 2019, 217: 135-143.

[24 ] WANGN, ZHANG Y, WANG X, et al. Antioxidant prop-
erty of water-soluble polysaccharides from Poria cocos Wolf using
different extraction methods[J]. International Journal of Biological
Macromolecules, 2016, 83: 103—110.

[25] LIL, YANG X, PAN L, et al. Comparing three methods of
extraction of Auricularia auricula polysaccharides[J]. Current Top-
ics in Nutraceutical Research, 2019, 17(1): 7-11.

[26] FANYN, WU XY, ZHANG M, et al. Physical characterist-
ics and antioxidant effect of polysaccharides extracted by boiling
water and enzymolysis from Grifola frondosall]. International
Journal of Biological Macromolecules, 2011, 48(5): 798—803.

[27] HUAMAN-LEANDRO L R, GONZALEZ-MUNOZ M J,
FERNANDEZ-DE-ANA C, et al. Autohydrolysis of Lentinus
edodes for obtaining extracts with antiradical properties[J]. Foods,
2020, 9(1): 74.

[28] RODRIGUEZ-SEOANE P, DIAZ-REINOSO B, GONZALEZ-
MUNOZ M J, et al. Innovative technologies for the extraction of
saccharidic and phenolic fractions from Pleurotus eryngiilJ]. LWT-
Food Science and Technology, 2019, 101: 774—782.

[29] WANG Y F, JIA J X, REN X J, et al. Extraction, preliminary
characterization and in vitro antioxidant activity of polysaccharides
from Oudemansiella radicata mushroom[J]. International Journal
of Biological Macromolecules, 2018, 120: 1760—1769.

[30] WUZ W, ZHANG M X, XIE M H, et al. Extraction, charac-
terization and antioxidant activity of mycelial polysaccharides from
Paecilomyces hepiali HN1[J]. Carbohydrate Polymers, 2016, 137:
541-548.

[31] GUOX, ZOU X, SUN M. Optimization of extraction pro-
cess by response surface methodology and preliminary characteriza-
tion of polysaccharides from Phellinus igniarius[J]. Carbohydrate
Polymers, 2010, 80(2): 344-349.

[32] LIU Y, ZHOU Y, LIU M, et al. Extraction optimization,
characterization, antioxidant and immunomodulatory activities of a
novel polysaccharide from the wild mushroom Paxillus involutus
[J]. International Journal of Biological Macromolecules, 2018, 112:
326-332.

[33] ZHANGJ X, WEN C T, GUJ Y, et al. Effects of subcritical
water extraction microenvironment on the structure and biological
activities of polysaccharides from Lentinus edodes[J]. International
Journal of Biological Macromolecules, 2019, 123: 1002—1011.

[34] ZHU M, NIE P, LIANG Y K, et al. Optimizing conditions of
polysaccharide extraction from Shiitake mushroom using response
surface methodology and its regulating lipid metabolism[J]. Carbo-
hydrate Polymers, 2013, 95(2): 644—648.

[35] XUE D N, FARID M M. Pulsed electric field extraction of
valuable compounds from white button mushroom (4garicus bispor-
us)[J]. Innovative Food Science & Emerging Technologies, 2015,
29: 178-186.

[36] YI'Y,XUW, WANG H X, et al. Natural polysaccharides ex-

perience physiochemical and functional changes during preparation:
A review[J]. Carbohydrate Polymers, 2020, 234: 115896.

[37] KLAUS A, KOZARSKI M, NIKSIC M, et al. Antioxidative
activities and chemical characterization of polysaccharides extracted
from the basidiomycete Schizophyllum communel]]. LWT-Food
Science and Technology, 2011, 44(10): 2005—-2011.

[38] KEL Q. Optimization of ultrasonic extraction of polysac-
charides from Lentinus edodes based on enzymatic treatment[J].
Journal of Food Processing and Preservation, 2015, 39(3): 254-259.
[39] ALZORQII, SUDHEER S, LU T J, et al. Ultrasonically ex-
tracted f-d-glucan from artificially cultivated mushroom, character-
istic properties and antioxidant activity[J]. Ultrasonics Sonochem-
istry, 2017, 35: 531-540.

[40] LI XY, WANG L. Effect of extraction method on structure
and antioxidant activity of Hohenbuehelia serotina polysaccharides
[J]. International Journal of Biological Macromolecules, 2016, 83:
270-276.

[41] MARIC M, GRASSINO A N, ZHU Z, et al. An overview of
the traditional and innovative approaches for pectin extraction from
plant food wastes and by-products: Ultrasound-, microwaves-, and
enzyme-assisted extraction[J]. Trends in Food Science & Techno-
logy, 2018, 76: 28—37.

[42] XUN, SUN Y H, GUO X L, et al. Optimization of ultrason-
ic-microwave synergistic extraction of polysaccharides from Mor-
chella conicalJ]. Journal of Food Processing and Preservation,
2018,42(2): e13423.

[43] YOUQH, YIN X L, ZHANG S N, et al. Extraction, purifica-
tion, and antioxidant activities of polysaccharides from Tricholoma
mongolicum Imai[J]. Carbohydrate Polymers, 2014, 99: 1-10.

[44] YUG, YUE C, ZANG X, et al. Purification, characterization
and in vitro bile salt-binding capacity of polysaccharides from A4r-
millaria mellea mushroom[J]. Czech Journal of Food Sciences,
2019, 37(1): 51-56.

[45] YUAN Y, LIU Y, LIU M D, et al. Optimization extraction
and Dbioactivities of polysaccharide from wild Russula griseo-
carnosalJ]. Saudi Pharmaceutical Journal, 2017, 25(4): 523—530.
[46] BISHOP K S, KAO C HJ, XU Y, et al. From 2000 years of
Ganoderma lucidum to recent developments in nutraceuticals[J].
Phytochemistry, 2015, 114: 56—65.

[47 ] POKHREL C P, OHGA S. Submerged culture conditions for
mycelial yield and polysaccharides production by Lyophyllum
decastes[J]. Food Chemistry, 2007, 105(2): 641-646.

[48] KIMS W, HWANG H J, XU C P, et al. Optimization of sub-
merged culture process for the production of mycelial biomass and
exo-polysaccharides by Cordyceps militaris C738[1]. Journal of
Applied Microbiology, 2003, 94(1): 120—126.

[49] SHUC H, HSU H J. Effects of sodium chloride on the pro-
duction of bioactive exopolysaccharides in submerged cultures of
Phellinus linteus [J]. Journal of Chemical Technology & Biotechno-
logy: International Research in Process, Environmental & Clean
Technology, 2008, 83(5): 618—624.


https://doi.org/10.1016/j.carbpol.2019.04.051
https://doi.org/10.1016/j.ijbiomac.2015.11.032
https://doi.org/10.1016/j.ijbiomac.2015.11.032
https://doi.org/10.1016/j.ijbiomac.2011.03.013
https://doi.org/10.1016/j.ijbiomac.2011.03.013
https://doi.org/10.3390/foods9010074
https://doi.org/10.1016/j.lwt.2018.11.062
https://doi.org/10.1016/j.lwt.2018.11.062
https://doi.org/10.1016/j.ijbiomac.2018.09.209
https://doi.org/10.1016/j.ijbiomac.2018.09.209
https://doi.org/10.1016/j.carbpol.2015.11.010
https://doi.org/10.1016/j.carbpol.2009.11.028
https://doi.org/10.1016/j.carbpol.2009.11.028
https://doi.org/10.1016/j.ijbiomac.2018.01.132
https://doi.org/10.1016/j.ijbiomac.2018.11.194
https://doi.org/10.1016/j.ijbiomac.2018.11.194
https://doi.org/10.1016/j.carbpol.2013.03.035
https://doi.org/10.1016/j.carbpol.2013.03.035
https://doi.org/10.1016/j.carbpol.2020.115896
https://doi.org/10.1016/j.lwt.2011.05.010
https://doi.org/10.1016/j.lwt.2011.05.010
https://doi.org/10.1111/jfpp.12228
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ijbiomac.2015.11.060
https://doi.org/10.1111/jfpp.13423
https://doi.org/10.1016/j.carbpol.2013.07.088
https://doi.org/10.17221/182/2018-CJFS
https://doi.org/10.1016/j.jsps.2017.04.018
https://doi.org/10.1016/j.phytochem.2015.02.015
https://doi.org/10.1016/j.foodchem.2007.04.033
https://doi.org/10.1046/j.1365-2672.2003.01754.x
https://doi.org/10.1046/j.1365-2672.2003.01754.x
https://doi.org/10.1016/j.carbpol.2019.04.051
https://doi.org/10.1016/j.ijbiomac.2015.11.032
https://doi.org/10.1016/j.ijbiomac.2015.11.032
https://doi.org/10.1016/j.ijbiomac.2011.03.013
https://doi.org/10.1016/j.ijbiomac.2011.03.013
https://doi.org/10.3390/foods9010074
https://doi.org/10.1016/j.lwt.2018.11.062
https://doi.org/10.1016/j.lwt.2018.11.062
https://doi.org/10.1016/j.ijbiomac.2018.09.209
https://doi.org/10.1016/j.ijbiomac.2018.09.209
https://doi.org/10.1016/j.carbpol.2015.11.010
https://doi.org/10.1016/j.carbpol.2009.11.028
https://doi.org/10.1016/j.carbpol.2009.11.028
https://doi.org/10.1016/j.ijbiomac.2018.01.132
https://doi.org/10.1016/j.ijbiomac.2018.11.194
https://doi.org/10.1016/j.ijbiomac.2018.11.194
https://doi.org/10.1016/j.carbpol.2013.03.035
https://doi.org/10.1016/j.carbpol.2013.03.035
https://doi.org/10.1016/j.carbpol.2020.115896
https://doi.org/10.1016/j.lwt.2011.05.010
https://doi.org/10.1016/j.lwt.2011.05.010
https://doi.org/10.1111/jfpp.12228
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ultsonch.2016.04.017
https://doi.org/10.1016/j.ijbiomac.2015.11.060
https://doi.org/10.1111/jfpp.13423
https://doi.org/10.1016/j.carbpol.2013.07.088
https://doi.org/10.17221/182/2018-CJFS
https://doi.org/10.1016/j.jsps.2017.04.018
https://doi.org/10.1016/j.phytochem.2015.02.015
https://doi.org/10.1016/j.foodchem.2007.04.033
https://doi.org/10.1046/j.1365-2672.2003.01754.x
https://doi.org/10.1046/j.1365-2672.2003.01754.x

43 % 5 124 £ W% CHERSHERETE R - 455 -

[50] XU C, GENG L, ZHANG W. Production of extracellular
polysaccharides by the medicinal mushroom 7rametes trogii (higher
basidiomycetes) in stirred-tank and airlift reactors[J]. International
Journal of Medicinal Mushrooms, 2013, 15(2): 183—189.

[51] SHIHIL, CHOU B W, CHEN C C, et al. Study of mycelial
growth and bioactive polysaccharide production in batch and fed-
batch culture of Grifola frondosalJ]. Bioresource Technology,
2008, 99(4): 785-793.

[52] PENG L, LIJ, LIU Y, et al. Effects of mixed carbon sources
on galactose and mannose content of exopolysaccharides and re-
lated enzyme activities in Ganoderma lucidum[J]. Rsc Advances,
2016, 6(45): 39284-39291.

[53] XUJW,JISL,LIH]J, et al. Increased polysaccharide pro-
duction and biosynthetic gene expressions in a submerged culture of
Ganoderma lucidum by the overexpression of the homologous a-
phosphoglucomutase gene [J]. Bioprocess and Biosystems Engineer-
ing, 2015, 38(2): 399-405.

[54] LIM, CHEN T, GAO T, et al. UDP-glucose pyrophos-
phorylase influences polysaccharide synthesis, cell wall components,
and hyphal branching in Ganoderma lucidum via regulation of the
balance between glucose-1-phosphate and UDP-glucose [J]. Fungal
Genetics and Biology, 2015, 82: 251-263.

[55] PENG L, QIAO S, XU Z, et al. Effects of culture conditions
on monosaccharide composition of Ganoderma lucidum exopolysac-
charide and on activities of related enzymes [J]. Carbohydrate Poly-
mers, 2015, 133: 104—109.

[56] GONG P, WANG S, LIU M, et al. Extraction methods,
chemical characterizations and biological activities of mushroom
polysaccharides: A mini-review[J]. Carbohydrate Research, 2020,
494:108037.

[57] FOGLIS, PORTA C, DEL RE M, et al. Optimizing treat-
ment of renal cell carcinoma with VEGFR-TKIs: A comparison of
clinical pharmacology and drug-drug interactions of anti-angiogenic
drugs[J]. Cancer Treatment Reviews, 2020, 84: 101966.

[58] ZHANGY, LIS, WANG X, et al. Advances in lentinan: Isol-
ation, structure, chain conformation and bioactivities [J]. Food Hy-
drocolloids, 2011, 25(2): 196-206.

[ 59 ] ZHANG S, NIE S, HUANG D, et al. A novel polysaccharide
from Ganoderma atrum exerts antitumor activity by activating mito-
chondria-mediated apoptotic pathway and boosting the immune sys-
tem[J]. Journal of Agricultural and Food Chemistry, 2014, 62(7):
1581-1589.

[60] LIS, GAO A, DONG 8, et al. Purification, antitumor and im-
munomodulatory activity of polysaccharides from soybean residue
fermented with Morchella esculenta[J]. International Journal of
Biological Macromolecules, 2017, 96: 26—34.

[61] YANGM Y, BELWAL T, DEVKOTA H P, et al. Trends of
utilizing mushroom polysaccharides (MPs) as potent nutraceutical
components in food and medicine: A comprehensive review[J].
Trends in Food Science & Technology, 2019, 92: 94—-110.

[62] CUIY, YAN H, ZHANG X. Preparation of Lentinula edodes

polysaccharide-calcium complex and its immunoactivity [J]. Bios-
cience, Biotechnology, and Biochemistry, 2015, 79(10): 1619-1623.
[ 63 ] MALLICK S K, MAITI S, BHUTIA S K, et al. Immunostim-
ulatory properties of a polysaccharide isolated from Astraeus hygro-
metricus[J]. Journal of Medicinal Food, 2010, 13(3): 665—672.
[64 ] ZHANG X, QI C, GUO Y, et al. Toll-like receptor 4-related
immunostimulatory polysaccharides: Primary structure, activity rela-
tionships, and possible interaction models[J]. Carbohydrate Poly-
mers, 2016, 149: 186—206.

[ 65] PERERA N, YANG F L, CHERN J, et al. Carboxylic and O-
acetyl moieties are essential for the immunostimulatory activity of
glucuronoxylomannan: A novel TLR4 specific immunostimulator
from Auricularia auricula-judaelJ]. Chemical Communications,
2018, 54(51): 6995-6998.

[66] KOZARSKIM, KLAUS A, JAKOVLJEVIC D, et al. Anti-
oxidants of edible mushrooms[J]. Molecules, 2015, 20(10): 19489~
19525.

[67] SUY, LI L. Structural characterization and antioxidant activ-
ity of polysaccharide from four auriculariales[J]. Carbohydrate
Polymers, 2020, 229: 115407.

[ 68 ] KHATUA S, ACHARYA K. Alkaline extractive crude poly-
saccharide from Russula senecis possesses antioxidant potential and
stimulates innate immunity response[J]. Journal of Pharmacy and
Pharmacology, 2017, 69(12): 1817-1828.

[69] JING H, LI J, ZHANG J, et al. The antioxidative and anti-
aging effects of acidic-and alkalic-extractable mycelium polysac-
charides by Agrocybe aegerita (Brig.) Sing[J]. International Journ-
al of Biological Macromolecules, 2018, 106: 1270—1278.

[70] TENGIJF, LEE C H, HSU T H, et al. Potential activities and
mechanisms of extracellular polysaccharopeptides from fermented
Trametes versicolor on regulating glucose homeostasis in insulin-
resistant HepG2 cells[J]. PloS One, 2018, 13(7): ¢0201131.

[71] MA H T, HSIEH J F, CHEN S T. Anti-diabetic effects of
Ganoderma lucidum [J]. Phytochemistry, 2015, 114: 109—-113.

[72] YAMAC M, ZEYTINOGLU M, SENTURK H, et al. Effects
of black hoof medicinal mushroom, Phellinus linteus (Agaricomy-
cetes), polysaccharide extract in streptozotocin-induced diabetic
rats[J]. International Journal of Medicinal Mushrooms, 2016, 18
(4):301-311.

[ 73] ZHANG C, L1J, HU C, et al. Antihyperglycaemic and organ-
ic protective effects on pancreas, liver and kidney by polysacchar-
ides from Hericium erinaceus SG-02 in streptozotocin-induced dia-
betic mice[J]. Scientific Reports, 2017, 7(1): 1-13.

[74] XIAO C, WU Q, ZHANG ]I, et al. Antidiabetic activity of
Ganoderma lucidum polysaccharides F31 down-regulated hepatic
glucose regulatory enzymes in diabetic mice[J]. Journal of Ethno-
pharmacology, 2017, 196: 47-57.

[75] REN Z, LI J, SONG X, et al. The regulation of inflammation
and oxidative status against lung injury of residue polysaccharides
by Lentinula edodes[J]. International Journal of Biological Macro-

molecules, 2018, 106: 185—192.


https://doi.org/10.1615/IntJMedMushr.v15.i2.70
https://doi.org/10.1615/IntJMedMushr.v15.i2.70
https://doi.org/10.1016/j.biortech.2007.01.030
https://doi.org/10.1039/C6RA04798J
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1016/j.fgb.2015.07.012
https://doi.org/10.1016/j.fgb.2015.07.012
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carres.2020.108037
https://doi.org/10.1016/j.ctrv.2020.101966
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1021/jf4053012
https://doi.org/10.1016/j.ijbiomac.2016.12.007
https://doi.org/10.1016/j.ijbiomac.2016.12.007
https://doi.org/10.1080/09168451.2015.1044930
https://doi.org/10.1080/09168451.2015.1044930
https://doi.org/10.1089/jmf.2009.1300
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1039/C7CC09927D
https://doi.org/10.3390/molecules201019489
https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.1111/jphp.12813
https://doi.org/10.1111/jphp.12813
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1371/journal.pone.0201131
https://doi.org/10.1016/j.phytochem.2015.02.017
https://doi.org/10.1615/IntJMedMushrooms.v18.i4.30
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.ijbiomac.2017.08.008
https://doi.org/10.1016/j.ijbiomac.2017.08.008
https://doi.org/10.1016/j.ijbiomac.2017.08.008
https://doi.org/10.1615/IntJMedMushr.v15.i2.70
https://doi.org/10.1615/IntJMedMushr.v15.i2.70
https://doi.org/10.1016/j.biortech.2007.01.030
https://doi.org/10.1039/C6RA04798J
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1007/s00449-014-1279-1
https://doi.org/10.1016/j.fgb.2015.07.012
https://doi.org/10.1016/j.fgb.2015.07.012
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carbpol.2015.07.014
https://doi.org/10.1016/j.carres.2020.108037
https://doi.org/10.1016/j.ctrv.2020.101966
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1021/jf4053012
https://doi.org/10.1016/j.ijbiomac.2016.12.007
https://doi.org/10.1016/j.ijbiomac.2016.12.007
https://doi.org/10.1080/09168451.2015.1044930
https://doi.org/10.1080/09168451.2015.1044930
https://doi.org/10.1089/jmf.2009.1300
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1016/j.carbpol.2016.04.097
https://doi.org/10.1039/C7CC09927D
https://doi.org/10.3390/molecules201019489
https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.1111/jphp.12813
https://doi.org/10.1111/jphp.12813
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1016/j.ijbiomac.2017.08.138
https://doi.org/10.1371/journal.pone.0201131
https://doi.org/10.1016/j.phytochem.2015.02.017
https://doi.org/10.1615/IntJMedMushrooms.v18.i4.30
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.jep.2016.11.044
https://doi.org/10.1016/j.ijbiomac.2017.08.008
https://doi.org/10.1016/j.ijbiomac.2017.08.008
https://doi.org/10.1016/j.ijbiomac.2017.08.008

- 456 - £ Tl B4

2022 4 6 H

[76] RENY, GENG Y, DU Y, et al. Polysaccharide of Hericium
erinaceus attenuates colitis in C57BL/6 mice via regulation of oxid-
ative stress, inflammation-related signaling pathways and modulat-
ing the composition of the gut microbiota[J]. The Journal of Nutri-
tional Biochemistry, 2018, 57: 67-76.

[77] XU X, YANG J, NING Z, et al. Lentinula edodes-derived
polysaccharide rejuvenates mice in terms of immune responses and
gut microbiota[J]. Food & Function, 2015, 6(8): 2653—2663.

[78 ] LIW J, NIE S P, PENG X P, et al. Ganoderma atrum poly-

saccharide improves age-related oxidative stress and immune

impairment in mice[J]. Journal of Agricultural and Food Chem-
istry, 2012, 60(6): 1413-1418.

[79] PANW J,DING QY, WANG Y, et al. A bioactive polysac-
charide TLH-3 isolated from Tricholoma lobayense protects against
oxidative stress-induced premature senescence in cells and mice[J].
Journal of Functional Foods, 2018, 42: 159—170.

[80] PENG X B, LIQ, OU L N, et al. GC-MS, FT-IR analysis of
black fungus polysaccharides and its inhibition against skin aging in
mice[J]. International Journal of Biological Macromolecules, 2010,
47(2):304-307.


https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1016/j.jff.2017.12.070
https://doi.org/10.1016/j.ijbiomac.2010.03.018
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1016/j.jff.2017.12.070
https://doi.org/10.1016/j.ijbiomac.2010.03.018
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1016/j.jnutbio.2018.03.005
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1021/jf204748a
https://doi.org/10.1016/j.jff.2017.12.070
https://doi.org/10.1016/j.ijbiomac.2010.03.018

	1 多糖的结构特征
	2 多糖的提取工艺
	2.1 热水提取法
	2.2 酸碱提取法
	2.3 超声辅助提取法
	2.4 微波辅助提取法
	2.5 酶辅助提取法
	2.6 亚临界水萃取法

	3 多糖的发酵工艺
	4 多糖的生物合成
	5 多糖的生物活性
	5.1 抗肿瘤活性
	5.2 免疫调节活性
	5.3 抗氧化活性
	5.4 降血糖活性
	5.5 抗炎活性
	5.6 抗衰老

	6 总结与展望

