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Abstract: Polysaccharides are biological macromolecules and their biological activities depend on their structure and
physicochemical properties. Studies have shown that chemical modification of polysaccharides can significantly increase
their structural diversity, improve their biological activities, and even add new biological activities. This article reviews
systematacially the research progress of chemical modification of polysaccharides in recent years, including frequently-used
methods of chemical modification, the influence of various chemical modification on molecular weight of polysaccharides,
physical and chemical properties and spatial structure, the biological activity of chemically modified polysaccharides as
well as their pharmaceutical and food industrial application prospect and challenges. It is expected to offer a reference for
the further research chemically modified polysaccharides and provide an important basis for the future development of food

and medicine based on human health.
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Fig.1 Sulfation modification of polysaccharides™
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Fig.2 Carboxymethylation modification of polysaccharides™
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Fig.3 Selenium modification of polysaccharides™

_ - O -
OH
CH.COOH CH,0S¢OH
N O » O,
™0 Na,SeO, T°
HO OH No-T HO OH No-T




44 5 11l W 25 B RER Tk R A T 471 -

WY T A . SRS R ) -5 T80 fm i
FEGE A 1 725 T LAAT 280 i 4 1 s i 5 e 1) [ S
ZWE(SeASP) . Tilifb /i, SeASP Y Fe KAl & H ik 5
22400 pg/g, MiHETE C6 {3 LAVAGERERE N B, &
EALIAS I RE A BT 1E 2 EE AR . %07
338 FH T Hs i AN i 1 22, SRS A &, Ak
FAEF 2, A R T B e A A wE AR
1.4 FAERILIEIE

RARAEAENIEIR A 2B A By, DR, FEad 2
P LA, BEIR AT T A W EE F AT 1) 54
o B AL R | AR SL A LA b
REEPIAERIREL, R =CanE 4 iR B il
A2 oA A 2 R N A TS P A R AR . HRT
H BB RR LA i 7 AT — U B (POCL,) 7% | B IR
F R | BRERE . AL — 8 (P07,
1.4.1 —&&EwEL  EERPEAA TR EnA
FI N, N- LR R, B POCL/MEBEANTA R
IREEW AT, G5RSG =i T H1, Bl
CPEDTHE L 3BHT . R THERY . Wang 5589 SR =44
AL TISBHR LBV (DS) R 0.34~0.5 BYIRISLE;
ZHE(PASP) o V-3 43 JoT 2 B i B 1 184 o v 484
e ERRME T =SUERE S — PR T ORI U,
AR FHER AR I e . A . N B (A AR
MBS DS g, Pk T Dam sk i IR 2R
S BRI A I U R BE MBI AL 22 hl %
1.4.2 IR SR K BB IR £ — & LL 1]
TRAIMAEGH IRZE R TRN . B IR
WV, HEIHT NaOH /KIER P, W BEDIEE, 2R5
THEPY, Wang Z500 g T BEIR LS EIRNE, 7F HyPO,/
PRZZ SN FER T, U T AL, TEIRFRAVE NI

RARIEFII S T, BERAR S5 5¢ TR = (0] i 2 )
BRI AS R 2 25 6. (B TR EXTSE
B B I REAIE AR 25, S B TR A 7E SR I3
A%,
1.4.3 BFRERY:  BERRERL TN H T 2R BE
BRI . —AImiEiR 4N (STMP) Fl — R BENR 4N (STPP) %
Fes Tk il S iR A, KRR N A Z BRI A
TR, I BRI AN YE 2 s, A 2B TGE, BT
R AR TH, A9 BIBER L ZZNECT . MEAEFL I W
A SE R I 25 5 STPP 5 STMP Jfita L. W
WREE L SBESTTR] . pH A 2K, A& S HEREFL TR 2 W
W BEERAR B 5 h 9.58%, T 24 HE IR = IRBEIREN S i
o EEAN R NIRRT OB s 2 )N
SR B . SO R . BEETR] . pH X DS 19
SEMEEI, BRI e BEdaE ] DS (B 2 b
HEBR LI
1.4.4 HEAMTHESE  EASK, AT B PSS
MR TR S A . 1 R TS
PRALFEERME(PCS) P, FEVKOKUS AR N, 5514
T, KB RN R AR A R A T LRI (MSA) I
WA WAFE) PCSo P FHDSER . B AN 2 Bk e 4,
T TERY RN BLUE MR R AU RIS T
IR BN 25 Wptinik 2 aeh, DARARRE e ok, $2
EZG AR RS TR AR IR A
5y P RS, XA A2 B RR I
1.5 ZBEtigim

BEWJERE S EA e Rl NP S S Ao L ) A IVAS RB PO N L
LA 2 k3L, I =NAnEl 5 iR . SRS LA
i Z2 My S AP RE, BRCAE Z2E 14 2 [a] HES, E—2 5
PRI R . Nit, BB T LIs A 2k

OH OR
o CO(NH,), o
~ »
~O H,PO, ~O
HO OH o1 RO OR o-T
R=H/PO,HNH,
K4 ZHERBERR e
Fig4 Phosphorylation modification of polysaccharides'
CH,0H CH,OAc
(6] (6]
(6]
OH N Ac,0 OH o
. N 0 g N
NaOH
OH OAc

K5 28R SRR RO

Fig.5 Acetylation modification of polysaccharides”!



- 472 - é’uﬁ&TWﬂ*ﬁ

2023 4F 6 A

PRI PR PES . & P TR 2RI M RETE:
P 2N CBRITHR A 76 Y TR M, I AHEE Ry
AL BTN o Ye S50 LT ERMIE 220 0 Uk,
SR O BRITERI4E Ac-CPPO.1, 4550, 2kt
SIAT LAELAE CPPO.1 MIfbZE g . — SRk

Fiy O-2 Fl 0-6 BB L BEREEUC . A 2592 X i

ISR hE ASP2 YT T 2B EALBE, 5 ASP2 AHLL,
ASP2 1) ZAAE G W 2 P T MR ZLALTE T, It
S, T LI AE i AR T, 2055 TN .
1.6 HibFEIm5E4%

220 A U AT DA E A e At — 2y vk i
A7, W Ak ik R . Je LAk . iRk
LTy M ARAS BT N, BN T 5 28
H | gy Bl M RAR S A A T R BTk . Aok
WA IR — S I SR 2, A4S L)
HetERE. H ULI R LSS TR 1 i,

® 1 ZHERe BTk

Table 1 Chemical modification methods of polysaccharides

L )7 (LTS
WRACE R, GUR A= LRI
BT I MR
CRRLISHS PR VLA DMP-Z R
KRR SRR . K-S
A R-SEAR A SR LT
ey SRR BRI UM
PRI HAL Rk
EARACAE WK UK . IR
RORECB LT M- CRAFE . DMF-Z T

S5&EETHA  BALE T 55 B S 2P (NaOHE 1T pH) 45 &

BEFEALE FIABESE, BARHEEEEM e ik
AL AL TPBESEIA] 5 2 rp R R S
I LAt R ARG 5 2ol Hh R e A R A B

2 EREITHXT SRR YEM RN

ASSCGETT T H I R 2013~2022 4[]
B WA RN Th SCE SCR B R, Geites
HAnE 6 s AR X 20 A YTE Y
i (ST B S A . BUMRE . GeREYE T L PO
B POAE L PUEENL . AR, BRIMAE AR . PrELSJE I

PUREEEE 7
TURETE
R MU AL 2
PUBEIMLTG T #
LTI IR
U 2

0 200 400 600 800 1000
TSR R F R
K6 2013~2022 fEAL B Z AR YT Tk
TGRSR R
Fig.6 Number of Chinese papers on bioactivity of chemically
modified polysaccharides published in 2013~2022

I, HAr e THraa k. PR T I AOIS SO A R R
B, WA, ARG web of science FTH E A1 P
ABAEEIN 2013~2022 A1 18] S b 18 1 04 1= Y
HIMESC K b, Gl g5 anE 7 Bion . Ras sy
FEaT LIAS A5 8 a ROk, 6T 2B fb2# &1t
PSSO R, B N T EN . ENSMET 2L
BRI AGE A D PR L2 hE . b BN
ST IR LR SR bl | i 2 i . kb
R SEHGE I . o[BS T 2 kg s 1
BRSSO R FRBE AR Oy 2 . mERNETFE
PEALZEAB e SR FB R 2 T kA, X Sk
[ AT SCHAZBESRASHT ™ 48 A, 1318 S0 ot
DL R R A5 SR BUR B s AT R ) g Bl L Sl
KA K LSRR 75 BE— VR AT o

A 800 4 T2 R UIE P2
700 1 PR = A

I# 600 4 g = ZfLehl

3 500 1

& 400 1

i 400

3300 1

_ﬁ 200 1
100

B 1000 1= BBMLEH = @k
BRILLH = LR

so0 | = RIELZM |

600 -

400 A

SCIE Xk =4 ar

200 A

Bl7  2013~2022 4F MR A8 E N AME SCAR R BCR:
Fig.7 Number of papers published on chemical modification of
polysaccharides at home and abroad in 2013~2022

2.1 HURMIEM

P58 I 2 A= P 1 A EE 2 2H BER 43, BUEE i )
AT T S5 LA T B A A AR 0 A4 | i A 2 B v RUss A
PR . PRI, BOEE i PR AS AT Tk il 2 1y =G
Fo BRERALZHEXT E R 40 A 2R, AT LA E N
PrEEm 25 AP, Reis 80 PAEca i o2
ok i B 18 b 22 Ml B AT BB VE LT iR 1k 2 6
F50U1 Gefig il i3 BEMLiR 12 .  Francisco 557 A
LT T B R IR A b 2 B R B S PO BE I . B /iR
FPTIMARAE o PUEE I I% P R 22 NS b 8
alifb b 0 DU AR R L 2, RILERAR LR AN, 3=
B POBTEE M & AT T ASEIY, RAR SR 2 i
B B PrBEn e, St fbiEin s, b



44 5 11l W 25 B RER Tk R A T - 473 -

I — A, AL A U8 IR i PR~ R TEE
Bl () S ARSI 25 I, RS B ISR I TS 5
55, (R A AFAS AT (A5 R L A i B A A 5 88 1fn X1
FAndTCEE I A T A ) S SRR AR I S T AH B
VEF LA SR s esE myE ME, U R BRI T 7 F a7 1)
PR, LA T Gy bb, v RIS T FE AT (9 S SR TR S .
DAL, POBE I P B IO R (Y 1 T 54
22 mEMNEMN

PR RO IE T A i EERREE ) L 8551
KiHeJy. A S RRE DT DA m S R A
GRESI U BALG IR ERE T o 1A (ROS) il fE
FRAE A A, BRI T AL SRR EURE
2R MR RAA Qi AR v ER AP R R TR i, PiA
AT 38 oV A AR PN TR PR SRR B 1 SRk 5 . BT
EALTEPERT LG 2 ) R ARTEBREE T L AR A A e S
IHBRAE ST A H LI RE 71 . DPPH H H L& BRAE
J1. ABTS" F FHESHIRAE T . SRS IEae 55 ik
PEATASI T,
221 milRfbZHEPUERTE T Bl S R
BT 2R PR 25 . RIS, Z2hERE Rk,
TRERALA AT HEMERC . DAAEAIIITFTE 2, S50 1L
ZBEF L, A -OSO,H FEHA iR IR fb 220 B8 25 50
SR TR A 3 L, T EA & P A TS
PEROL, R, SRR AL Z BT A AT AT R
P, I ELBE G ORI A 2 W B i B i i 35 4 st
ZEAREEN XK TR WEHEA TR ik . 2tk i
PRAAEAT I LA TR P, S5 SRR IR fL 22 bk
MBTRALRE I . SRS RN R
SR s iR A b s .
2.2.2 WERRILZHEPTAEALTETE  BERICZHE DR
5 R AR B AH LL B SR ) DPPH | A8 /b Fniz it
FI S BRAE J15°0, KR a6 4k WU TR A
JEEA T BETENERIE A i ENERRAE I, Xie 457
X RN Z A TR IR AL S, bt e
P, B2 ib)s S bni#osis> . Chen 5509
I = Sl ML e v i) A5 AN TR U R R iR 1
FA N 3 [ ph SR AT S S B ITE bR RE 11
= TRV TR AL s N . BEIR Tk ZhEY
PraLIE PEEGE TR 20 T 19-OPOLH, JEH %L
H, -OPO;H, LA ¥tk 22, RIak iR 10 IO QR 2 ik
=, Praa eGP
2.2.3 B RHMbZREPUE TR RSB RT L
P 2Rt AE ARG, P S | AR B LA il
TSI P T, SRR L, PR 2 ST
FREREEAY S . Liu 5557 il & 100 W A pe R4l
Kol A AU BH B RIS 1 FR A A T R E ), el
WAEIPLAEALF . Duan 2510 il £ T AS R B QR 3
AR FH AR RIS 2o, JFErp U R B B e R HH ik
R IR 2 e Cp /S D AR Ay G/ 2R A e
3 BH #22 FR LA J5 1) 2 DU 22 AT TS )

b brERE, HZ0E00 5 R bt f b As — Iigtiessh
R =0 BAS A B A, 35 R FE L IE A RIS
RE I — BB TRe 45 A4 A A T4 s 2 h P At s M .
—REVE BN, BT E TG TR B QI B Y
it YR = AR ESS A A B R AS PR
FEIT, B QAR BE A 0 14 2 B AR B LA Ak
e
2.2.4 WEZHEABUEALIETE A5 H IR A L
(GSH-Px) 1] LL4fitad S Akd, BAIK B i 3r=As, 3
BEAKHR B 32 H 32 R, R R, il e
GSH-Px &0, IS st b8 fh e
TIEARTKSENA o Al Z B E AR P4 B AN e A =it
g5 ARG, T A B AT B ARV E ., B W 2 i 8l
PIIPTEACRE T o BT DAFEAR NI T B AL A 175
PR, T =BRGP, R PED TS RN B LR 41
WIGAVEFY, A 57 2 AT 22 030 1< 500G 220 544
file I I SR TR i AR P A RTE P, R
3L, DPPH H 3. ABTS™ [ i 5L R EE 1 Fik 5L
HE I 7 2R, Wik A 2 W WU e RB U5 T4 12
FEZZHHEC B IR AECT BRI (A SR B L
A SR AR NPT AL TP, BERSAE/NEUF . B
175 H HY GSH-Px {GPER s . B aR B IR =2
WEEAE — 2 P AEARTE TR, T BLIHGEPEA 2 R 22 5
G ZE A R A ST G A A ot 3 ek v ZE W P S
[ = (A= o = BT M1 E o8 =1 7] K 2 W A b (i i AN |
il e e S i AP TR AT TR Y S R 22
23 HEIETEM

T RE 2R Ge e N R AN B TP %5 SR .
ZWHVE N G REVE 7R, SR B A P R s )
e, —FhE H AR A Y, 5 —Fh
ELEANMOAN T Ik EL A0 ) i5 A i flE R 5210
2.3.1 GifRfbZHEMBEPR i Rk s ]
DAPAEE Z WA EL WE A 2 A AR BAE . e PT LAE
#H—E A (NO), HAUMIN-ZE-6 FIEH4EANFE-18
PRS0, AR S 109 Xu 2571 BIFSE T Rl ik 22
AN SRR S AR SR VR TTVE ), S5 R AR IR
fe W EA R A apEThRe, XX nl REVALE T LA R 5
Al —J7 T, Z20EEE IR R IR I E &, Ak
WRE LT R A B TG, B2 S SIRNVEE
Wl 2R AR E AR, P85 HS s 55—, Bl ik
5 2R 1Y) — IS E LS A P BB A A2 AR, S5
mi A 420 2 0 3 P 0 S B P 3R . Shen F5U7) il 8
TR R 2 28 (SMP) IF-AF 58 HIGE /N BB G 2E v
WG PER R, 5 R SMP Rl LAJLIE T A1 B ik
CLAR A, AT S —FP e i DI RE TR B b i VA 77 .
Yu SF WS B AAE X T BRI 0l (CP) feie
VAR BRI, 5 CP A EL, FiBR L7 BRI 22 e
b 5 BTN RGLObR B A B B AR T AR L AR L ) R A3,
FEBE/ N BRUMTE  IgA FIl 1gM 8953025, 3858 /)N BRAR R
RIENE o



- 474 - é’uﬁ&‘r\“/ﬂ*ﬁ

2023 4F 6 A

2.3.2 BAMALZZBER s SRR YE  ITAESk, AFST
R T WAL L A0 e B VR i, AR i 5
TRENAM . H ARG A0 . R B A0 AN W 20 3 2
Jin, FEEG SN PR RS, JE T e ;R GE . Feng
U SRR A )| A IR Z2 4 (pRCPS) XS ze il /1N B
PSR B TSR, 455855, pRCPS fE 3%
PRI S BRE H (1gG . IgA . IgM) K-, fEBEps
NI B, P AR F TR 2L . pRCPS i REME I
L s 4 i ) 75 AR, pRCPS 5 0 30T ik e 28 1 ik A
R AT S 25 R XS AR HI HoiAzip, 1Rt e e s B &
w, ¥oingn i N (1IFN-y, 1IL-2, IL-4, IL-5, IL-6
FIL-10) (537K, R SE A e sm A E AU,

2.3.3 RE AL RZEIT T TEM: B0
il £ 14R B A0 R IR PR SRR A 3 /) BRAAS P9 41 it
G RE RV o REDIHE, 4h AR IR F A& i nT LA
A PN I 2T B L B i v8 A S B il 2 i, PR Thi
5 Th2 dHRSIERE LU . 1A, 53R B e i
AT LMESE B ik EL AN AR FE L IR A A M RE
77, IR I 0 s LW 2R 539 NO FIZM LA -,
TS E R G RE PR i P H U7

2.3.4 WHZMERIRREETTIEEE U wEsE T ik
KR ZZBERTXGHrE (ND) [R5, 555801, ffifb e
PR AT R e PR AR, v LR RS XS ND i
T PUARBLHT FIXS AR P9 9 TR R G e T BB e BE K ST
EPHBAVOY 3 XA H R B A DB 2 R T s
TRGIESE Tl H e NS Ig G Ig A
Ig M. IL-1 F1 IL-2 W& 5, $EmEeEiEt:. Feng 501
30 3o X A i 2 ok 22 0 (PSSP BEAT G e TG LG,
g5 B, Alifk PSSP w31 55 T DPPH. ABTS".
R [ S SO B E, 2R T s T RE
(BEASAETZ AR, A5 24 o= 20 o 6 i B W 4R ) A v
AE 71, R =ML G ZE DI BE, 123255 h ik PSSP AT
PAFE 25~200 pg/mL ¥R T e dEAr WEA i i 558, I
HXTAHAaYE 7196 A E - .

24 IBNEEM

2.4.1 TlgfbdErabiibanat:  ZbTHIE /e
FHMLGI 05 g g e 58, I1i55 S IR an i vE T
[FIEsE, B AT PAE 5o RGEASUIHIRE AL . V2R
AT DAYRS E A A 45 SR AR e A i vk, 3%
= AR E AR I RE YT o TR IRAES A5 U RER
ARty Z PRI A FLERE: MCF-7 4t . A\ 2515
A0fE LOVO RYIFE . BiliR b5 £t b vk /2L
1R i S i (LDH) 48 Jifd P9 375 P 4 (ROS) FITTR
(MDA) 4531 . 385 27 W AE FH FEE S8 16 42 157 AL g
(SOD) 7KL B AM i) S5 PR 7=, AT b A b B w4
Mitesz H,0, T, HptiEiErE S5 S B
AN JEIAREA A PR SS.  BEAh, AR TS £ A
REAER T g A A A A 25

2.42 BERRALZBEWPIMREIE T 2Btk
SR T ISR ZHEIBUMR TG T . Huang 285 Hil419)

BRIk levan(—Fhfifs s Z2 %) X HCT-116 F1 A549
Ji5 M A A ARSI R 16 M T TR 4R levan, I ELIBER
1k levan AT MGTE, RliE 2R AR 1515 508
AHPHT . SERERIEAT R FF IEILAIAH L, BRIt
T REG SR ZZAEAI PR NG TES . R, ZPERER AL
— PRI YA T IR TR AR
2.4.3 R RALZHRABUMRE NEYE R IS
T ZZHEEY FNER AL IR S Z M) X HepG, 4N
M BEPESIAA — 2 pAHIE, S 3 B B S
FOZhE LA TR TR . B Xt Rhizobium
sp. N613 4285 (LREPS) #E175% H LAk, #2 3k
1t LREPS(CM-LREPS) B & 4P isg Gk, Bt
JE K 0.659 1) CM-LREPS & 5 e . 3R ik =
M-I R AT S-180 Afvig i it B 4 s i i
SRS, o R I LA B AL AR S = ST
X SR A W S PR RS AN 2 A . X DA
F2 H FLSL A FIAR X e 09 A0TSR N T 22055 vyed
R SZARESE G b2,
2.4.4 WEZZHEABOMR N TE G — L iE L
A 2GFRVE R, HAE P LT BE 0 i B2 s p LA faie
eI FUARNIHT A LRE T, MMy b id P4 3 H X
TPE RGN, IR BIPTMIE RS, i BERE R
Az ssased, BELI-RE 2N DNA S, ZE KA. Gu
SO 33 ok PTG SS HR 40 R A 2 R H AR W nh
BEFTHISE, 45900 SeTPS-1 Hl SeTPS-2 X H
SEPUEALIE, 5B IE T RS MY DNA i .
25 IMREIEM

RER ZWEAHAT U R0 PRS0 M55, il it
i 8 A A A T LU I R o & W O, R SR £ X
HIV EECY . BRfb Wi nT DL a3 TPis 88 2 Hil4H
FEEIE TR BB R 2R A Y DI RE, L A i Sk 4]
P8R 7 L A ol A2 AR 24 B0 XS 7 17 W2 B/ FH s 3
MU 55 HR P AA P . Andrew 26 X R TR 1L
A TGS, G5 SRR IR L Z R REAZ TN
TR EE AL . B A, BT e R G, B
PrEALIRAS

BBt ] 32 = 2 R TR EE TR TR, Habt
o B TR S IR S A O B RS AT DG, — LR b2
W O Wl R XY T R FE A 2. Feng 551°° %111
TR (RCPS) T T AR BB IR (L1, 4 Fh
BRI 1 4 R WX R4l /v BE (Canine Parvovirus,
CPV) ¥R B B P Tve Baid 1, PO 2806 M
Hi T ARG R ik, B &I 1E
ShZBEHORTEE RS TEOR, I AT 8224
YRR
2.6 {REFIEM

IS e —Fh e EE R M A\ SR % . B AT
B UM A 25 it (i, o H—2k 2%
YR EIWER . —SEIR RPN EE R, £
HROVBEIR ALt —H i T ARG, ZEHeTAY T



44 5 11l W 25 B RER Tk R A T - 475 -

A AR RINY HRT 5 . Duan 2509 §F 57 T BERR AL 4%
Z B (PPOP) X} PU S A E IS BRI 495 1 2 4
E3gEZ8E(POP) AL, PPOP TEA P B B 58 A AT
PAPYWER, BXTIRERS S @M S i A —E
{F4WE . Jing 2507 X Lachnum YMA406 WA 2w
(LEP-2a) i1 b5 &1, USRI L PLEP-2a,
LEP-2a i1 PLEP-2a 388 o 2 V852 DU S fh ik 7 | 2 119
AP . HARFERMLG S T )4 Fas, Fas-L /Y
KLU K CCl, IFLHY Caspase 3/8 G # PARP 24
fig, WA T A 2%, bAh, PLEP-2a AT LA i
ESERAT e gt
2.7 IEEM

Z2 W 2 1T A R 11 32 AR 5 4 T 40 e AH A
FH, BEIRAMRASE, S3808E (1 BB Im R RIS f, TR
EAMEESET Y, ZhEn At — = TP
WETE, 7R A R 2540k i B W E R Y TN, 8
FH L Ab o5 R i 2 pH 00 R HH Ak At PR i Z2 0T
PIPTEETERELE SRR I AT AP Upd & . Madruga
SEUO FEBT AT T R B, 2 DS {H0 0.8, 1.0 £ 1.2
A, 2 F RE R P (CMKCs ) Xof 4 8 (0, 5 2 3R i . it
FEZEFOFT B . AT B RN SIS A i 4 A 2 R
HWEM . BboN, SRER b ZHA nT LA e PR IR 25
R HEEE R, YT TE T .
2.8 MEEREEM

H4 BV RSE ER SRR 3 S AR R
LA, A H G S el b s R e S E SR
Zh4, TR ZE AR, i bERE e A PR
SJRBFG, RS TR WA S 5 H IR
I E AR T E A O B AR, A AT AR GSH-Px
BTGP, AR PO B B, SR RSP E 4 R A H
S
2.9 [F&Mm¥PE. MASEM

TE NG AR v, B PRIPS S —Fh i LI
WA QI ZEELAIG IREE A E, EZEHM RS B 4z
5, SFEURE FE YN TE TR T DA
SR SZ AR Sy B 4, £ 25 5 3 s T
I BEATBEAL I T2 P K, ITXPHE PRI ATEY 7 2]
T, MR TR A T AT | SR AN B £H 403
FH TF KOO ZHE T AN o-TE M 1 . - 47 200 WL Tl
?lq_l:‘fi, ﬁﬁiﬁ%ffﬁ[ﬂl%%“o“]o Surhio /—%S‘F[IOS] XTJ‘ Lachnum
YM281 Hr il Ll LEP-1b ATl {1, SeLEP-1b
T AR i AR IALIE /)N BRUAY LR 7K, B Esh kot ke
WEALFEEYL, FEEEP AL .
3 RESRE

A=F A LA 2R EE R 5 | AT Sk Sk pie A
ZRERISE . BB A e, BT R AR
AilSt. A2 A L U 0 AN [RIER Rk
AR PAAELH AR EE SR H | S I BT A 42,
AR AR PR S A B LB AR R R
BT AR A 00 D250 55440, an s TR . BN s

(), B2l B LA K. pH . S5 RYeAE S8 1 PRy B
AP BT AR, BRI 20 20 0 A= s A, L g
B AEE . Z2PERIPTRAL . ST | PR A
a6 MU LG 55 30 P — 23 9 O B B2 25 1 S
il FREL | B AL . LIRS HE A A I A AT DA 2L
Hu A5 2 W AV R I S RN — RN G HRHIE,
SERE A IR R L . A A e e it
ZHERIT R SR RS, nTLE ECR L
AT B e A BRI RE R Pk

ASKRAIPRARAE T2 adm it P2t FE AT CRE RS Fl 22
WAL B NI IR BRI 25 A B0 1 H 1195 bR YL
T I AT R AW FEA BN 5 ZHEAEAS R SR A I 2%
A F T EE A DR IE AR AL A TR KRR T 25 1] . ¢
T FAHAEM I ZE A FE LT, T 2t T 2
HIBIFE s A HRARIRYE . DKISTR-SEATGIR BN . VKSR -V
AP 25 55— L B A M 7 IR iABMT T. 250 75 33F
— 2l e NEIINSME SCR KB R TR AR, i 22
PE—2LIRAM TR A AN 2 W 06 HLA54 . J7
VAN IE PR ; £ 2 0 22 A RE R R ok SCRp Al
JHAE AR 2R B Sl B B 2 22 A PERTCREME, I
RO s RS2 Ve 7/ 3l | SRS NI = A=l 3
i 2208 71 S HAE i PR E BB i A 5 24 Gl B
AARKIIBITE S ARG T T o

B3 3k

[1] ZHAO Y, YAN B, WANG Z, et al. Natural polysaccharides
with immunomodulatory activities[J]. Mini Reviews in Medicinal
Chemistry, 2020, 20(2): 96—106.
[2] WANG X, ZHANG S, SHANG H, et al. Evaluation of the an-
tiviral effect of four plant polysaccharides against duck circovi-
rus [J]. Research in Veterinary Science, 2022, 152: 446-457.
[3] ZHANG H, CUI S, LV H, et al. A crosslinking strategy to
make neutral polysaccharide nanofibers robust and biocompatible:
With konjac glucomannan as an example[J]. Carbohydrate Poly-
mers, 2019, 215: 130—136.
[4] WANG K W, YANG C, YAN S N, et al. Dendrobium han-
cockii polysaccharides, structure characterization, modification, an-
tioxidant and antibacterial activity[J]. Industrial Crops and Prod-
ucts, 2022, 188: 115565.
[5] XUY,WUY, SUN P, et al. Chemically modified polysaccha-
rides: Synthesis, characterization, structure activity relationships of
action[J]. International Journal of Biological Macromolecules, 2019,
132:970-977.
[6] LIS, XIONG Q, LAI X, et al. Molecular modification of
polysaccharides and resulting bioactivities[J]. Comprehensive Re-
views in Food Science and Food Safety, 2016, 15(2): 237-250.
[7] LIS, SHAH N P. Antioxidant and antibacterial activities of
sulphated polysaccharides from Pleurotus eryngii and Streptococcus
thermophilus ASCC 1275[J]. Food Chemistry, 2014, 165: 262—270.
[ 8] LIUY, TANG Q, DUAN X, et al. Antioxidant and anticoagu-
lant activities of mycelia polysaccharides from Catathelasma ventri-
cosum after sulfated modification[J]. Industrial Crops and Prod-
ucts, 2018, 112: 53-60.
[9] AHMAD M M. Recent trends in chemical modification and
antioxidant activities of plants-based polysaccharides: A review [J].

Carbohydrate Polymer Technologies and Applications, 2021, 2:


https://doi.org/10.2174/1389557519666190913151632
https://doi.org/10.2174/1389557519666190913151632
https://doi.org/10.1016/j.carbpol.2019.03.075
https://doi.org/10.1016/j.carbpol.2019.03.075
https://doi.org/10.1016/j.carbpol.2019.03.075
https://doi.org/10.1016/j.indcrop.2022.115565
https://doi.org/10.1016/j.indcrop.2022.115565
https://doi.org/10.1016/j.indcrop.2022.115565
https://doi.org/10.1016/j.ijbiomac.2019.03.213
https://doi.org/10.1111/1541-4337.12161
https://doi.org/10.1111/1541-4337.12161
https://doi.org/10.1111/1541-4337.12161
https://doi.org/10.1016/j.foodchem.2014.05.110
https://doi.org/10.1016/j.indcrop.2017.10.064
https://doi.org/10.1016/j.indcrop.2017.10.064
https://doi.org/10.1016/j.indcrop.2017.10.064
https://doi.org/10.1016/j.carpta.2021.100045

- 476 - £ Tl B4

2023 4F 6 A

100045.
[10] BEDINI E, LAEZZA A, PARRILLI M, et al. A review of
chemical methods for the selective sulfation and desulfation of
polysaccharides [J]. Carbohydrate Polymers, 2017, 174: 1224—1239.
[11] YUY, SONG Q, HUANG L, et al. Immunomodulatory activ-
ities of sulfated Cyclocarya paliurus polysaccharides with different
degrees of substitution on mouse spleen lymphocytes[J]. Journal of
Functional Foods, 2020, 64: 103706.
[12] HAN Y, OUYANG K, LI J, et al. Sulfated modification,
characterization, immunomodulatory activities and mechanism of
the polysaccharides from Cyclocarya paliurus on dendritic cells[J].
International Journal of Biological Macromolecules, 2020, 159: 108—
116.
[13] R46, 4k b, 1R, 5. v @k AR K AL 5 45 (1.
A K, 2019,29(5):492-497. [ ZHOU Y, LIN Z R, ZHANG
C, et al. Optimization of the sulfated polysaccharide of Hericium eri-
naceus by response surface methodology[J]. Biotechnology, 2019,
29(5): 492-497. |
[14] ZHUZ Y, LIU Y, SI C L, et al. Sulfated modification of the
polysaccharide from Cordyceps_gunnii mycelia and its biological
activities[J]. Carbohydrate Polymers, 2013, 92(1): 872—876.
[15] JIANG J, MENG F Y, HE Z, et al. Sulfated modification of
longan polysaccharide and its immunomodulatory and antitumor ac-
tivity in vitro[J]. International Journal of Biological Macromole-
cules, 2014, 67: 323—-329.
[ 16 ] SUNY, SUN W, GUO J, et al. Sulphation pattern analysis of
chemically sulphated polysaccharide LbGpl from Lycium barbarum
by GC-MS[J]. Food Chemistry, 2015, 170: 22—29.
[17] CHEN X W, HUANG W B, SUN X Y, et al. Antioxidant ac-
tivity of sulfated Porphyra yezoensis polysaccharides and their regu-
lating effect on calcium oxalate crystal growth[J]. Materials Sci-
ence and Engineering:C, 2021, 128: 112338.
[ 18] KATRITZKY A R, RAMSDEN C A, SCRIVEN EF V, et al.
Comprehensive heterocyclic chemistry III[M]. Amsterdam: Elsevi-
er, 2008.
[19] XIE L, SHEN M, WANG Z, et al. Structure, function and
food applications of carboxymethylated polysaccharides: A compre-
hensive review[J]. Trends in Food Science & Technology, 2021,
118: 539-557.
[20] LIU W, HU C, LIU Y, et al. Preparation, characterization,
and a-glycosidase inhibition activity of a carboxymethylated polys-
accharide from the residue of Sarcandra glabra (Thunb.) Nakai[J].
International Journal of Biological Macromolecules, 2017, 99: 454—
464.
[21] Aib. ZARF S AEsd KM % 69 TR 4E A B AL S 4546 (D).
L R T K5, 2021. [ ZHAO D. The preventive effect of
Auricularia auricular-judae (Bull.) polysaccharide against IBD and
its modification[D]. Shanghai: East China University of Science
and Technology, 2021. ]
[22] WEM, # AR, BIEH, 5. LR SHBILFEH MIXZ
LgmEnaga & F F %, 2022, 53(23): 7624-7632.
[ SHEN Y B, HAO E W, DU Z C, et al. Research progress on
chemical structure, structure-activity relationship and pharmacologi-
cal activity of Dimocarpus longan polysaccharides[J]. Chinese Tra-
ditional and Herbal Drugs, 2022, 53(23): 7624-7632. ]
[23] LIJ, SHANG W, SI X, et al. Carboxymethylation of corn
bran polysaccharide and its bioactive property[J]. International
Journal of Food Science & Technology, 2017, 52(5): 1176—1184.
[24] FAN L, WANG L, GAO S, et al. Synthesis, characterization

and properties of carboxymethyl kappa carrageenan[J]. Carbohy-
drate Polymers, 2011, 86(3): 1167-1174.

[25] WANG Z J, XIE J H, SHEN M Y, et al. Carboxymethylation
of polysaccharide from Cyclocarya paliurus and their characteriza-
tion and antioxidant properties evaluation[J]. Carbohydrate Poly-
mers, 2016, 136: 988—994.

[26] YANG W, HUANG G, HUANG H. Preparation and struc-
ture of polysaccharide selenide[J]. Industrial Crops and Products,
2020, 154: 112630.

[27] NAVARRO-ALARCON M, CABRERA-VIQUE C. Seleni-
um in food and the human body: A review[J]. Science of the Total
Environment, 2008, 400(1-3): 115—-141.

[28] GAO Z, CHEN J, QIU S, et al. Optimization of selenylation
modification for garlic polysaccharide based on immune-enhancing
activity[J]. Carbohydrate Polymers, 2016, 136: 560—569.

[29] PANG X F, YANG G N, ZHAO Q. Preparation of selenide
glyeyrrhiza polysaccharides[J]. Chem Eng, 2009, 37: 63—66.

[30] RENG, LIK, HUY, et al. Optimization of selenizing condi-
tions for Seleno-Lentinan and its characteristics[J]. International
Journal of Biological Macromolecules, 2015, 81: 249—258.

[31] FENGY, QIU Y, DUAN Y, et al. Characterization, antioxi-
dant, antineoplastic and immune activities of selenium modified
Sagittaria sagittifolia L. polysaccharides[J]. Food Research Interna-
tional, 2021: 110913.

[32] ZHU S, HU J, LIU S, et al. Synthesis of Se-polysaccharide
mediated by selenium oxychloride: Structure features and antiprolif-
erative activity [J]. Carbohydrate Polymers, 2020, 246: 116545.

[ 33 ] CHENF, HUANG G, HUANG H. Preparation, analysis, anti-
oxidant activities in vivo of phosphorylated polysaccharide from Mo-
mordica charantia[J]. Carbohydrate Polymers, 2021, 252: 117179.
[34] WANG J, WANG Y, XU L, et al. Synthesis and structural
features of phosphorylated Artemisia sphaerocephala polysaccha-
ride[J]. Carbohydrate Polymers, 2018, 181: 19-26.

[35] GHIMICI L, SUFLET D M. Phosphorylated polysaccharide
derivatives as efficient separation agents for zinc and ferric oxides
particles from water[J]. Separation and Purification Technology,
2015, 144: 31-36.

[36 ] WANG K, LIU Q. Chemical structure analyses of phosphory-
lated chitosan[J]. Carbohydrate Research, 2014, 386 48—56.

[37] LI XL, TU X F, THAKUR K, et al. Effects of different
chemical modifications on the antioxidant activities of polysaccha-
rides sequentially extracted from peony seed dreg[J]. International
Journal of Biological Macromolecules, 2018, 112: 675—685.

[38] T7HHE, #Ak NMAE, F. #BLEA L BsHRRIAS T L
7], &5 7 &,2022,43(12): 133-138. [YUFY,HU M,
MEN Y W, et al. Phosphorylation modification process of Inonotus
obliquus polysaccharides[J]. Food Research and Development,
2022,43(12): 133-138. ]

[39] HUS, SONG L, PAN H, et al. Thermal properties and com-
bustion behaviors of flame retarded epoxy acrylate with a chitosan
based flame retardant containing phosphorus and acrylate struc-
ture[J]. Journal of Analytical and Applied Pyrolysis, 2012, 97:
109-115.

[40 ] GRIESSER J, BURTSCHER S, KOLLNER S, et al. Zeta po-
tential changing self-emulsifying drug delivery systems containing
phosphorylated polysaccharides[J]. European Journal of Pharma-
ceutics and Biopharmaceutics, 2017, 119: 264—270.

[41] YE X, ZHAO Z, WANG W. Structural characterization and
antioxidant activity of an acetylated Cyclocarya paliurus polysac-


https://doi.org/10.1016/j.carbpol.2017.07.017
https://doi.org/10.1016/j.jff.2019.103706
https://doi.org/10.1016/j.jff.2019.103706
https://doi.org/10.1016/j.ijbiomac.2020.04.265
https://doi.org/10.16519/j.cnki.1004-311x.2019.05.0081
https://doi.org/10.16519/j.cnki.1004-311x.2019.05.0081
https://doi.org/10.1016/j.carbpol.2012.10.007
https://doi.org/10.1016/j.ijbiomac.2014.03.030
https://doi.org/10.1016/j.ijbiomac.2014.03.030
https://doi.org/10.1016/j.ijbiomac.2014.03.030
https://doi.org/10.1016/j.foodchem.2014.08.024
https://doi.org/10.1016/j.msec.2021.112338
https://doi.org/10.1016/j.msec.2021.112338
https://doi.org/10.1016/j.msec.2021.112338
https://doi.org/10.1016/j.ijbiomac.2017.02.065
https://doi.org/10.1016/j.carbpol.2011.06.010
https://doi.org/10.1016/j.carbpol.2011.06.010
https://doi.org/10.1016/j.carbpol.2015.10.017
https://doi.org/10.1016/j.carbpol.2015.10.017
https://doi.org/10.1016/j.carbpol.2015.10.017
https://doi.org/10.1016/j.indcrop.2020.112630
https://doi.org/10.1016/j.scitotenv.2008.06.024
https://doi.org/10.1016/j.scitotenv.2008.06.024
https://doi.org/10.1016/j.carbpol.2015.09.065
https://doi.org/10.1016/j.ijbiomac.2015.08.012
https://doi.org/10.1016/j.ijbiomac.2015.08.012
https://doi.org/10.1016/j.carbpol.2020.116545
https://doi.org/10.1016/j.carbpol.2020.117179
https://doi.org/10.1016/j.carbpol.2017.10.049
https://doi.org/10.1016/j.seppur.2014.11.031
https://doi.org/10.1016/j.carres.2013.12.021
https://doi.org/10.1016/j.ijbiomac.2018.01.216
https://doi.org/10.1016/j.ijbiomac.2018.01.216
https://doi.org/10.12161/j.issn.1005-6521.2022.12.018
https://doi.org/10.12161/j.issn.1005-6521.2022.12.018
https://doi.org/10.1016/j.jaap.2012.06.003
https://doi.org/10.1016/j.ejpb.2017.06.025
https://doi.org/10.1016/j.ejpb.2017.06.025
https://doi.org/10.1016/j.ejpb.2017.06.025

44 5 11l W 25 B RER Tk R A T 477 -

charide (Ac-CPP0.1)[J]. International Journal of Biological Macro-
molecules, 2021, 171: 112—122.
[42 ] AIC,MENG H, LIN J, et al. Emulsification properties of alka-
line soluble polysaccharide from sugar beet pulp: Effect of acetyla-
tion and methoxylation[J]. Food Hydrocolloids, 2022, 124: 107361.
[43 ] XIE L, SHEN M, HONG Y, et al. Chemical modifications of
polysaccharides and their anti-tumor activities[J]. Carbohydrate
Polymers, 2020, 229: 115436.
[44 ] REISS E, ANDRADE R G C, ACCARDO C M, et al. Influ-
ence of sulfated polysaccharides from Ulva lactuca L. upon Xa and
Ila coagulation factors and on venous blood clot formation[J]. Al-
gal Research, 2020, 45: 101750.
[45] Da SILVA CHAGAS F D, LIMA G C, DOS SANTOS V I
N, et al. Sulfated polysaccharide from the redalgac Gelidiella
acerosa: Anticoagulant, antiplatelet and antithrombotic effects[J].
International Journal of Biological Macromolecules, 2020, 159: 415—
421.
[46] GAO N, CHEN R, MOU R, et al. Purification, structural
characterization and anticoagulant activities of four sulfated polysac-
charides from sea cucumber Holothuria fuscopunctata(J]. Interna-
tional Journal of Biological Macromolecules, 2020, 164: 3421-3428.
[47] LIF, LIN Z, WU Y, et al. Antioxidant, anticoagulant and
thrombolytic properties of SIP-IV, a sulfated polysaccharide from
Sepia esculenta ink, and its derivatives[J]. Food Bioscience, 2022,
49:101959.
[ 48] RAHMAN I BISWAS S K, KODE A. Oxidant and antioxi-
dant balance in the airways and airway diseases[J]. European Jour-
nal of Pharmacology, 2006, 533(1-3): 222-239.
[49] Fwem. 42474 % 45910 1545 A 2 40 B At Ao 47 1 Ak
a4 #F 52 [D]. 4-Me: & Tk X 42, 2019. [ LIX L. Chemical modi-
fications of polysaccharides extracted from peony seed dreg, and
their antioxidant and antibacterial activities in vitro[D]. Hefei: Hefei
University of Technology, 2019. ]
[50 ] WANG J, BAO A, MENG X, et al. An efficient approach to
prepare sulfated polysaccharide and evaluation of anti-tumor activi-
ties in vitro[J]. Carbohydrate Polymers, 2018, 184: 366—375.
[51] HUH, LI H, HAN M, et al. Chemical modification and an-
tioxidant activity of the polysaccharide from Acanthopanax leucor-
rhizus[J]. Carbohydrate Research, 2020, 487: 107890.
[52] F&, 4094k, 236, 5 N AN B 46910 846 2 3L B AT
] A Rk E SRS R, 2018, 40(5):418-422. [LIR,
ZHONG Z Y, JIANG Y, et al. Study on the chemical modification
and the activity of Chaenomeles speciosa polysaccharide[J]. Jour-
nal of Youjiang Medical University for Nationalities, 2018, 40(5):
418-422. ]
[53] 5RFA, HHF, KA, F. SMAERF S MBARBALE LA
B B A E AT ST [T P B AR e AR, 2021, 36(12): 28-33.
[ ZHANG Z M, HUANG X F, ZHANG Q, et al. Sulfated structure
modification and antioxidant activity of Cardamine hupingshanen-
sis polysaccharide[J]. Journal of the Chinese Cereals and Oils Asso-
ciation, 2021, 36(12): 28-33. ]
[54] #=4, Bk, R E RBAKRA S H & BLRAMN
ERAT )], E =B HF FAFR M, 2020,37(3): 103
108. [ XU Y H, ZHOU X, QIAO Y Z. On Preparation and antioxi-
dant activity of sulfated polysaccharide in Moringa oleiferalJ].
Journal of Lianyungang Normal College, 2020, 37(3): 103—108. ]
[55] CAOY Y, JIY H, LIAO A M, et al. Effects of sulfated,
phosphorylated and carboxymethylated modifications on the antioxi-
dant activities in-vitro of polysaccharides sequentially extracted

from Amana edulis[J]. International Journal of Biological Macro-
molecules, 2020, 146: 887—-896.
[56] & MAH. K3RZE 3 5 My M FAE AL FIEAF B A M E
5 [D]. Afe: Ae Tk X5, 2021. [ JIN M Z. Structure charac-
terization, chemical modification and biological activity of polysac-
charides from Stropharia rugosoannulata[D]. Hefei: Hefei Univer-
sity of Technology, 2021. ]
[57] XIEL, SHEN M, WEN P, et al. Preparation, characterization,
antioxidant activity and protective effect against cellular oxidative
stress of phosphorylated polysaccharide from Cyclocarya paliurus
[J]. Food and Chemical Toxicology, 2020, 145: 111754.
[ 58 ] CHEN L, HUANG G. Antioxidant activities of phosphorylat-
ed pumpkin polysaccharide[J]. International Journal of Biological
Macromolecules, 2019, 125: 256—261.
[59] LIUY, HUANG G. The antioxidant activities of car-
boxymethylated cushaw polysaccharide[J]. International Journal of
Biological Macromolecules, 2019, 121: 666—670.
[60 ] DUANS, ZHAO M, WU B, et al. Preparation, characteris-
tics, and antioxidant activities of carboxymethylated polysaccha-
rides from blackcurrant fruits[J]. International Journal of Biological
Macromolecules, 2020, 155: 1114-1122.
[61] & Fuk, WhatAe, #03%, 5. F R S 40 5 F R4 AR
F AR AT 5T 1], 31 R kA5 2021, 60(15): 107-111.
[BAIJF, YAO Y C, ZHENG Y, et al. Study on the effect of car-
boxymethylation of Siraitia grosvenorii polysaccharide on its an-
tioxidant[J]. Hubei Agricultural Sciences, 2021, 60(15): 107-111. ]
[62] LIUY, YOU Y, LI Y, et al. Characterization of carbox-
ymethylated polysaccharides from Catathelasma ventricosum and
their antioxidant and antibacterial activities[J]. Journal of Function-
al Foods, 2017, 38: 355-362.
[63] CHEN F, HOU L, ZHU L, et al. Effects of selenide chitosan
sulfate on glutathione system in hepatocytes and specific pathogen-
free chickens[J]. Poultry Science, 2020, 99(8): 3979-3986.
[64] LUOL, WANG Y, ZHANG S, et al. Preparation and charac-
terization of selenium-rich polysaccharide from Phellinus igniarius
and its effects on wound healing[J]. Carbohydrate Polymers, 2021,
264: 117982.
[65] ZHU Z Y, LIU F, GAO H, et al. Synthesis, characterization
and antioxidant activity of selenium polysaccharide from Cordyceps
militaris[J]. International Journal of Biological Macromolecules,
2016, 93: 1090—-1099.
[66 ] A2, W%, HAK, ¥ Lk Fm 5 M f &AL EMNE
P47 [T]. Hsmte T, 2021, 38(10): 2064-2071. [ CHENG S, HE
F, FUL'Y, et al. Preparation of selenium polysaccharide from Rab-
dosia rubescens and analysis of its antioxidant activity[J]. Fine
Chemicals, 2021, 38(10): 2064-2071. ]
[67] BB, A, I E, 5. F il ZART Z4E0) ALK R A AR
AALF WA R (T]. F Bk S, 2021,46(6): 54-59. [LUMS,
ZHAO B, SUN W Y, et al. Research on physicochemical properties
and antioxidant activity of selenium-enriched Auricularia auricula
polysaccharides[J]. China Condiment, 2021, 46(6): 54—59. ]
[68] R#E, APA, B3, . RELINAM S HEREAE LI
A EWART]. RS F4,2020,41(15): 6-10. [ ZHOU L
Y, ZHONG R, JIAO L, et al. Antioxidant and antibacterial activities
of selenium-containing polysaccharide extracted from Armillaria lu-
teo-virens[J]. Food Research and Development, 2020, 41(15): 6—
10.]
[ 69 ] HUANG L, SHEN M, MORRIS G A, et al. Sulfated polysac-
charides: Immunomodulation and signaling mechanisms [J]. Trends


https://doi.org/10.1016/j.ijbiomac.2020.12.201
https://doi.org/10.1016/j.ijbiomac.2020.12.201
https://doi.org/10.1016/j.ijbiomac.2020.12.201
https://doi.org/10.1016/j.foodhyd.2021.107361
https://doi.org/10.1016/j.carbpol.2019.115436
https://doi.org/10.1016/j.carbpol.2019.115436
https://doi.org/10.1016/j.algal.2019.101750
https://doi.org/10.1016/j.algal.2019.101750
https://doi.org/10.1016/j.ijbiomac.2020.05.012
https://doi.org/10.1016/j.ijbiomac.2020.08.150
https://doi.org/10.1016/j.ijbiomac.2020.08.150
https://doi.org/10.1016/j.fbio.2022.101959
https://doi.org/10.1016/j.ejphar.2005.12.087
https://doi.org/10.1016/j.ejphar.2005.12.087
https://doi.org/10.1016/j.ejphar.2005.12.087
https://doi.org/10.1016/j.carbpol.2017.12.065
https://doi.org/10.1016/j.carres.2019.107890
https://doi.org/10.3969/j.issn.1001-5817.2018.05.004
https://doi.org/10.3969/j.issn.1001-5817.2018.05.004
https://doi.org/10.3969/j.issn.1001-5817.2018.05.004
https://doi.org/10.3969/j.issn.1003-0174.2021.12.006
https://doi.org/10.3969/j.issn.1003-0174.2021.12.006
https://doi.org/10.3969/j.issn.1003-0174.2021.12.006
https://doi.org/10.3969/j.issn.1003-0174.2021.12.006
https://doi.org/10.3969/j.issn.1009-7740.2020.03.021
https://doi.org/10.3969/j.issn.1009-7740.2020.03.021
https://doi.org/10.1016/j.ijbiomac.2019.09.211
https://doi.org/10.1016/j.ijbiomac.2019.09.211
https://doi.org/10.1016/j.ijbiomac.2019.09.211
https://doi.org/10.1016/j.fct.2020.111754
https://doi.org/10.1016/j.ijbiomac.2018.12.069
https://doi.org/10.1016/j.ijbiomac.2018.12.069
https://doi.org/10.1016/j.ijbiomac.2018.10.108
https://doi.org/10.1016/j.ijbiomac.2018.10.108
https://doi.org/10.1016/j.ijbiomac.2019.11.078
https://doi.org/10.1016/j.ijbiomac.2019.11.078
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.15.021
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.15.021
https://doi.org/10.1016/j.jff.2017.09.050
https://doi.org/10.1016/j.jff.2017.09.050
https://doi.org/10.1016/j.jff.2017.09.050
https://doi.org/10.1016/j.psj.2020.04.024
https://doi.org/10.1016/j.carbpol.2021.117982
https://doi.org/10.1016/j.ijbiomac.2016.09.076
https://doi.org/10.13550/j.jxhg.20210320
https://doi.org/10.13550/j.jxhg.20210320
https://doi.org/10.13550/j.jxhg.20210320
https://doi.org/10.3969/j.issn.1000-9973.2021.06.010
https://doi.org/10.3969/j.issn.1000-9973.2021.06.010
https://doi.org/10.12161/j.issn.1005-6521.2020.15.002
https://doi.org/10.12161/j.issn.1005-6521.2020.15.002

- 478 - £ Tl B4

2023 4F 6 A

in Food Science & Technology, 2019, 92: 1-11.
[70 ] KIM JK, CHO M L, KARNJANAPRATUM S, et al. In vit-
ro and in vivo immunomodulatory activity of sulfated polysaccha-
rides from Enteromorpha prolifera[l]. International Journal of Bio-
logical Macromolecules, 2011, 49(5): 1051-1058.
[71] XU L, HE D, ZHANG C, et al. The regulate function of
polysaccharides and oligosaccharides that with sulfate group on im-
mune-related disease[J]. Journal of Functional Foods, 2022, 88:
104870.
[72] SHEN M, CHEN X, HUANG L, et al. Sulfated Mesona chi-
nensis Benth polysaccharide enhance the immunomodulatory activi-
ties of cyclophosphamide-treated mice[J]. Journal of Functional
Foods, 2021, 76: 104321.
[73] YUY, MO S, SHEN M, et al. Sulfated modification enhan-
ces the immunomodulatory effect of Cyclocarya paliurus polysac-
charide on cyclophosphamide-induced immunosuppressed mice
through MyD88-dependent MAPK/NF-xB and PI3K-Akt signaling
pathways [J]. Food Research International, 2021, 150: 110756.
[ 74 ] FENG H, FAN J, LIN L, et al. Immunomodulatory effects of
phosphorylated Radix Cyathulae officinalis polysaccharides in im-
munosuppressed mice[J]. Molecules, 2019, 24(22): 4150.
[75] LINL, YANG J, YANG Y, et al. Phosphorylation of Radix
Cyathula officinalis polysaccharide improves its immune-enhancing
activity [J]. Journal of Carbohydrate Chemistry, 2020, 39(1): 50—-62.
[76 ] #3486, AT, Wik, . ATELRA ZHEHNE T LM
R EREA, S mF W I]. & A5, 2017, 38(22): 275-283.
[ WEI Y M, HE Z, TIAN H F, et al. Optimization of preparation of
carboxymethylated polysaccharides from longan (Dimocarpus lon-
gan) pulp by response surface methodology and their antioxidant ac-
tivity and immunoregulatory activity[J]. Food Science, 2017,
38(22):275-283. ]
[77] 2% ZEfeAe i TRACAIRA 54540 5 & B L3 RALAe
IR T HERGAAID]. & T S mEAKE, 2016, [ WANG
J. Study on the preparation, antioxidant and immunomodulatory ac-
tivities of acetylated and carboxymethylated polysaccharides from
Dimocarpus longan pulp[D]. Nanning: Guangxi Medical Universi-
ty, 2016.
[78] ik, MALK 35 % 469 4] & R 52 ND 2 % 9% 2R 89
o [D]. %M : %M K5, 2021. [ JT X. Preparation of selenium
garlic polysaccharide and its effect on chicken ND vaccine[D].
Yangzhou: Yangzhou University, 2021. ]
[79] Era. mALH3E % AR A4 1 26 09 40 1 7 i A 3L S 90
WAARBL(D]. B F: BT KF,2021. [WANGD Y. An-
timicrobial activity of selenzing glycyrrhiza uralensis fisch polysacc-
charide combined antimicrobial agents and its immunomodulatory
effect[D]. Shihezi: Shihezi University, 2021. ]
[80] E Ei&, 74, £ A%, 5. NaHSO3/NaNO2 #1545 i %
AR A B EEA (). B AT E 25,2021, 34(6): 1250-1254.
[ WANG Y H, WEI Y, JIANG Y X, et al. Study on the modifica-
tion of Laminaria japonica molysaccharide by NaHSO,/NaNO,
method and its antitumor activity [J]. Heilongjiang Medicine Jour-
nal, 2021, 34(6): 1250-1254. ]
[ 81 ] XIEL, HUANG Z, QIN L, et al. Effects of sulfation and car-
boxymethylation on Cyclocarya paliurus polysaccharides: Physico-
chemical properties, antitumor activities and protection against cel-
lular oxidative stress[J]. International Journal of Biological Macro-
molecules, 2022, 204: 103—115.
[82 ] HUANG T Y, HUANG M Y, TSAI C K, et al. Phosphoryla-
tion of levan by microwave-assisted synthesis enhanced anticancer

ability [J]. Journal of Bioscience and Bioengineering, 2021, 131(1):
98-106.

[83] CHEN X, XU X, ZHANG L, et al. Chain conformation and
anti-tumor activities of phosphorylated (1—3)-f-d-glucan from Po-
ria cocos[J]. Carbohydrate Polymers, 2009, 78(3): 581-587.

(84 ] K. B30 % 450l 2 F HRASA6 & 0I5 76 M 0 F 0
[D]. & &z /AHIFE K5, 2020. [ NIU Q C. Study on the
carboxymethyl modification and antitumor activity of polysaccha-
ride from natural Portulaca oleracea L.[D]. Nanchang: Jiangxi Sci-
ence and Technology Normal University, 2020. ]

[85] Rk, &, Z—R, ¥ A THRKEE S EAHE RSN B
A1), PRI 252,2019,36(11): 1328—1332. [ SONG
B,LI X L, WU Y Z, et al. Study on preparation and anti-tumor ac-
tivity of carboxymethylpachymaran[J]. Chinese Journal of Modern
Applied Pharmacy, 2019, 36(11): 1328—1332. ]

[86] Zsher. WAL Rhizobium sp. N613 B9k % 45l 4] & B 3 &
& AR (D], KJR: L% X %, 2013. [ NIE R H. Preparation
and study on biological activity of selenium exoplysaccharide from
Rhizobium sp. N613[D]. Taiyuan: Shanxi University, 2013. ]

[87] TAO Y, ZHANG Y, ZHANG L. Chemical modification and
antitumor activities of two polysaccharide-protein complexes from
Pleurotus tuber-regium[J]. International Journal of Biological
Macromolecules, 2009, 45(2): 109—115.

[ 88 ] MAOG, LI Q, DENG C, et al. The synergism and attenua-
tion effect of selenium (Se)-enriched Grifola frondosa (Se)-polysac-
charide on 5-fluorouracil (5-Fu) in Heps-bearing mice[J]. Interna-
tional Journal of Biological Macromolecules, 2018, 107: 2211-2216.
[89] ZHOU L, SONG Z, ZHANG S, et al. Construction and anti-
tumor activity of selenium nanoparticles decorated with the polysac-
charide extracted from Citrus limon (L.) Burm. f. (Rutaceae)[J]. In-
ternational Journal of Biological Macromolecules, 2021, 188: 904—
913.

[90] GU Y, QIU Y, WEI X, et al. Characterization of selenium-
containing polysaccharides isolated from selenium-enriched tea and
its bioactivities[J]. Food chemistry, 2020, 316: 126371.

[91 ] SONG S, PENG H, WANG Q, et al. Inhibitory activities of
marine sulfated polysaccharides against SARS-CoV-2[J]. Food &
Function, 2020, 11(9): 7415—7420.

[92] CHENL, HUANG G. The antiviral activity of polysaccha-
rides and their derivatives[J]. International Journal of Biological
Macromolecules, 2018, 115: 77-82.

[93 ] ANDREW M, JAYARAMAN G. Marine sulfated polysac-
charides as potential antiviral drug candidates to treat Corona Virus
disease (COVID-19)[J]. Carbohydrate Research, 2021: 108326.

[94 ] MING K, CHEN Y, YAO F, et al. Phosphorylated Codonop-
sis pilosula polysaccharide could inhibit the virulence of duck hep-
atitis a virus compared with Codonopsis pilosula polysaccharide
[J]. International Journal of Biological Macromolecules, 2017, 94:
28-35.

[95] FENG H, FAN J, YANG S, et al. Antiviral activity of phos-
phorylated Radix Cyathulae officinalis polysaccharide against ca-
nine parvovirus in vitro[J]. International Journal of Biological
Macromolecules, 2017, 99: 511-518.

[96 ] DUAN Z, ZHANG Y, ZHU C, et al. Structural characteriza-
tion of phosphorylated Pleurotus ostreatus polysaccharide and its
hepatoprotective effect on carbon tetrachloride-induced liver injury
in mice[J]. International Journal of Biological Macromolecules,
2020, 162: 533-547.

[97 ] JINGL, ZONG S, LI J, et al. Potential mechanism of protec-


https://doi.org/10.1016/j.ijbiomac.2011.08.032
https://doi.org/10.1016/j.ijbiomac.2011.08.032
https://doi.org/10.1016/j.ijbiomac.2011.08.032
https://doi.org/10.1016/j.jff.2021.104870
https://doi.org/10.1016/j.jff.2020.104321
https://doi.org/10.1016/j.jff.2020.104321
https://doi.org/10.1016/j.foodres.2021.110756
https://doi.org/10.3390/molecules24224150
https://doi.org/10.1080/07328303.2019.1700996
https://doi.org/10.7506/spkx1002-6630-201722041
https://doi.org/10.7506/spkx1002-6630-201722041
https://doi.org/10.1016/j.ijbiomac.2022.01.192
https://doi.org/10.1016/j.ijbiomac.2022.01.192
https://doi.org/10.1016/j.ijbiomac.2022.01.192
https://doi.org/10.1016/j.jbiosc.2020.08.007
https://doi.org/10.1016/j.carbpol.2009.05.019
https://doi.org/10.13748/j.cnki.issn1007-7693.2019.11.003
https://doi.org/10.13748/j.cnki.issn1007-7693.2019.11.003
https://doi.org/10.13748/j.cnki.issn1007-7693.2019.11.003
https://doi.org/10.1016/j.ijbiomac.2009.04.010
https://doi.org/10.1016/j.ijbiomac.2009.04.010
https://doi.org/10.1016/j.ijbiomac.2017.10.084
https://doi.org/10.1016/j.ijbiomac.2017.10.084
https://doi.org/10.1016/j.ijbiomac.2021.07.142
https://doi.org/10.1016/j.ijbiomac.2021.07.142
https://doi.org/10.1016/j.foodchem.2020.126371
https://doi.org/10.1016/j.ijbiomac.2018.04.056
https://doi.org/10.1016/j.ijbiomac.2018.04.056
https://doi.org/10.1016/j.ijbiomac.2016.10.002
https://doi.org/10.1016/j.ijbiomac.2017.02.085
https://doi.org/10.1016/j.ijbiomac.2017.02.085
https://doi.org/10.1016/j.ijbiomac.2020.06.107

44 5 11l W 25 B RER Tk R A T - 479 -

tion effect of exopolysaccharide from Lachnum YMA406 and its
derivatives on carbon tetrachloride-induced acute liver injury in
mice [J]. Journal of Functional Foods, 2017, 36: 203—214.

[98 ] AMORIM R N S, RODRIGUES J A G, HOLANDA M L, et
al. Antimicrobial effect of a crude sulfated polysaccharide from the
red seaweed Gracilaria ornatalJ]. Brazilian Archives of Biology
and Technology, 2012, 55: 171—181.

[99] LIY T, CHEN B J, WU W D, et al. Antioxidant and antimi-
crobial evaluation of carboxymethylated and hydroxamated degrad-
ed polysaccharides from Sargassum fusiforme[J]. International
Journal of Biological Macromolecules, 2018, 118: 1550—1557.

[ 100 ] MADRUGA LY C, SABINO R M, SANTOS E C G, et al.
Carboxymethyl-kappa-carrageenan: A study of biocompatibility, an-
tioxidant and antibacterial activities [J]. International Journal of Bio-
logical Macromolecules, 2020, 152: 483—491.

[101 ] CHIBA M, FUJIMOTO N, OYAMADA N, et al. Interac-
tions between selenium and tin, selenium and lead, and their effects
on alad activity in blood[J]. Biological Trace Element Research,
1985, 8(4): 263-282.

[102] DAS T M, RAO C P, KOLEHMAINEN E. Interaction of
metal ions with N-glycosylamines: Isolation and characterization of
the products of 4, 6-O-benzylidene-N-(o-carboxyphenyl)-f-d-glu-
copyranosylamine with different metal ions[J]. Carbohydrate Re-
search, 2001, 335(3): 151-158.

[ 103 ] KESHAVARZ-REZAEI M, HATAMIAN-ZARMI A, AL-
VANDI H, et al. The HbAlc and blood glucose response to seleni-
um-rich polysaccharide from Fomes fomentarius loaded solid lipid
nanoparticles as a potential antidiabetic agent in rats[J]. Biomateri-
als Advances, 2022, 140: 213084.

[104] Exfh, 25, M F. 4 2RGS0 H & B A5k
rdap R AR [J]. 6% 142,2021,42(21):33-41. [ WANGSL,
WANG X, HAN Y, et al. Preparation of selenium polysaccharide
from sweet corncob and its inhibitory effect on amylase[J]. Packag-
ing Engineering, 2021, 42(21): 33—-41. ]

[ 105] SURHIO M M, WANG Y, XU P, et al. Antihyperlipidemic
and hepatoprotective properties of selenium modified polysaccha-
ride from Lachnum sp[J]. International Journal of Biological
Macromolecules, 2017, 99: 88—95.


https://doi.org/10.1016/j.jff.2017.06.057
https://doi.org/10.1590/S1516-89132012000200001
https://doi.org/10.1590/S1516-89132012000200001
https://doi.org/10.1016/j.ijbiomac.2018.06.196
https://doi.org/10.1016/j.ijbiomac.2018.06.196
https://doi.org/10.1016/j.ijbiomac.2020.02.274
https://doi.org/10.1016/j.ijbiomac.2020.02.274
https://doi.org/10.1016/j.ijbiomac.2020.02.274
https://doi.org/10.1007/BF02989581
https://doi.org/10.1016/S0008-6215(01)00234-8
https://doi.org/10.1016/S0008-6215(01)00234-8
https://doi.org/10.1016/S0008-6215(01)00234-8
https://doi.org/10.1016/j.bioadv.2022.213084
https://doi.org/10.1016/j.bioadv.2022.213084
https://doi.org/10.19554/j.cnki.1001-3563.2021.21.005
https://doi.org/10.19554/j.cnki.1001-3563.2021.21.005
https://doi.org/10.19554/j.cnki.1001-3563.2021.21.005
https://doi.org/10.1016/j.ijbiomac.2017.01.148
https://doi.org/10.1016/j.ijbiomac.2017.01.148

	1 多糖的化学修饰
	1.1 硫酸化修饰
	1.1.1 氯磺酸-吡啶法
	1.1.2 浓硫酸法
	1.1.3 三氧化硫-吡啶法

	1.2 羧甲基化修饰
	1.2.1 溶媒法
	1.2.2 水媒法

	1.3 硒化修饰
	1.3.1 冰醋酸-亚硒酸钠法
	1.3.2 冰醋酸-亚硒酸法
	1.3.3 硝酸-亚硒酸钠法
	1.3.4 氯氧化硒法

	1.4 磷酸化修饰
	1.4.1 三氯氧磷法
	1.4.2 磷酸及其酸酐法
	1.4.3 磷酸盐法
	1.4.4 五氧化二磷法

	1.5 乙酰化修饰
	1.6 其他化学修饰方法

	2 化学修饰对多糖生物活性影响
	2.1 抗凝血活性
	2.2 抗氧化活性
	2.2.1 硫酸化多糖的抗氧化活性
	2.2.2 磷酸化多糖的抗氧化活性
	2.2.3 羧甲基化多糖的抗氧化活性
	2.2.4 硒多糖的抗氧化活性

	2.3 免疫调节活性
	2.3.1 硫酸化多糖的免疫调节活性
	2.3.2 磷酸化多糖的免疫调节活性
	2.3.3 羧甲基化多糖的免疫调节活性
	2.3.4 硒多糖的免疫调节活性

	2.4 抗肿瘤活性
	2.4.1 硫酸化多糖的抗肿瘤活性
	2.4.2 磷酸化多糖的抗肿瘤活性
	2.4.3 羧甲基化多糖的抗肿瘤活性
	2.4.4 硒多糖的抗肿瘤活性

	2.5 抗病毒活性
	2.6 保肝活性
	2.7 抗菌活性
	2.8 抗重金属活性
	2.9 降血糖、血脂活性

	3 总结与展望
	参考文献

