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Sulfated Modification and Bioactivity Analysis of Polysaccharide from

Porphyra
LI Yao'?, XIONG Xinqi', XU Chang', FENG Xuezhen', FENG Shuzhen'*"

(1.School of Medicine, Guangxi University of Science and Technology, Liuzhou 545006, China;
2.School of Science, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract: The polysaccharides were obtained by microwave-assisted enzymatic extraction from Porphyra, and then

modified by sulphate method. Single factor and orthogonal experiments were used to optimize the sulfated modification

process of polysaccharides, which were identified by Fourier transform infrared spectroscopy (FT-IR). The antioxidant and

hypoglycemic activity changes of the polysaccharides modified by sulphate and chlorosulfonic acid-pyridine method were

also studied. Results showed that the optimal technology parameters were the ratio of solid to liquid 1:80 g/mL, the mass

ratio of Porphyra polysaccharide to ammonium sulfate 10:9 g/g, reaction time 33 min, and the maximum degree of

substitution was 2.94. FT-IR showed that the characteristic absorption peaks of sulfate radical group appeared near 801 and

1123 cm™’, and the possible substitution position of sulfate radical group was C-6. The sulfate modification could

significantly improve the scavenging ability of DPPH, O, and OH free radicals and the inhibitory effect on a-glucosidase

activity of the polysaccharides (P<0.05). The antioxidant and hypoglycemic activity of the polysaccharides modified by
sulphate method were both higher than that by chlorosulfonic acid-pyridine method (P<0.05), indicating that sulphate

method was applicable to modify the Porphyra polysaccharide. This study provides a theoretical basis for the further

development of polysaccharides from Porphyra as a functional food.
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Srhar a2 nE, AR g RSP R,
Horp, SRS RIS S BRI, ST AR
20%~40%, & E = H 5P, fEhiafh . B
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KR ZZ WA W PEAHXT 3555 , H R Ak 2# &
PR A E s v, Horh, iR A T R 2 hE L
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1 A 2RI L5 | AGRRRIL A, i ZhEshi &4
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BYSZIAAS—, U MRERIRTA A TR IR AL I B i 5 4
SRS 2T DPPH [ R 3L A9 BREE T, (HXT 2
R T BREE T B2 A 551 S R - ik E vk
TR A AE T B 35 0 T XS SR 2] 52 ) F 39
TERAE S, (EXHBARAES T A R IEATE R E RS,
1 AN B 1 15 S R - MH W VA L, VR IRVAS I 5 5%
OB IS T AR PR

LA PR 23 A o 52, SR M B BR Tk
XD TR R AL A, A I AR 22 R A G
PRI AE RIS, W15 S AEATHT a1 22 B4k 14,
LUESAS R R A A1 772 (S 18 - Mk e 5 TR i 1
120) X RS W AR AR TG P RN SR IS P B S, LA
I SR 2 BN R IR A AE T ik, 124 e L
Y, SRR R SRS
FEARIR R S
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1.1 MRS5S

R CRATTPHILERTE L (20°54'107~21°40"
30" N, 109°0520"~109°11'35" E), & K% W 1 R
PR B A e LT R TR A Bl R (99%) | 4-
T4 FE e -a-D- 1 2 BETF (98%) | a-1H ZBEIFAEF (10 U/
mg) Sigma AN F; FHEEABF(50 Umg) dbmEZE
SEFERHLA B F s Hognian 2 o 4t

DFT-200 /=3 J7 BB iRAL RS T AR AL
BN AL104 S BEHL TR Mgde J1-FER] 24X
ZRONT]; LGI-50C W R THEML ks 722 Seie i 45
FRRATF; DH-9077A HIEIR TIEFE iR 252
B4 AT BN F]; TDL-5000bR S0ELOHL  Big4e
EREELEST; KW-1000DC /KIS NS4RS
WA H]; UV-2600 2580000 REH  MRaEC St )
HVE T DF-101S fERINF@E i iFeds WX T
AT FR DAL\ 7l MultiskanGO 4= K34 lilibR
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1.2 XFEE

1.2.1 ERZHHMNIREC SRR 507 (7 k,
WEAEAS A . OB EER AR W S5 S A 150, AR T
e b TR AR T A . HERRARIUI R 5.00 g,
95% JC/K LRI R, YR URT 1R, JInid REZE 1R /K U
W pH 2= 7.0, 600 W T A BIHLEL 90 s, B0,
AR, WU, S R, DOUE TS S5 20 . Krse
A WS TR AR 1:0.5 F 50 °C KR I
2 h, JFWE/K K 5 min, EHEE 2K, HEME 280 nm
AbTE g, AR AR BT LR . REBRAAA S5O, TSR IR
45, TIE15 2852 M (Porphyra polysaccharide, PP)
1.2.2 ekl s b 5 20 1T 2 ik
1.2.2.1 WERAREE  FREL 0.10 g 5355 28 S5 e i ik
Fe B — e B EUTR & )5 B Al A TR R Pl i
=28, A 2.5 mL 1E T B, 38 iR A PR
g, KA HEIE 0 °C, Il —E BRI e, I
— B, RONVEEARS VT pH & 7.0, 3BT, B2
iU, DBV AR, ¥ OR TR RIS R AR b 55 S 2k
(Sulfated Porphyra polysaccharide, SPP)

1.2.2.2 PARIZRLE ik WEMEI 2.5 mL 1IET
B, 7R L 1:80 g¢/mL, $E3F W SRR o & kL
10:6 g/g. JRWHAE] 25 min F504 T, (SRR LE(1: 70,
1:80.1:90. 1:100., 1:110 g/mL) . 535 55N
TR E(10:4, 10:6, 10:8,10:10, 10:12 g/g) . 2
REESTE] (15, 20, 25, 30, 35 min) % BRI L350 20
BUREE M52

1.2.2.3 IEASAE T 7R R RSSO A
L BEHCERR LE(A) | S8R M SRR i B 1L (B) Fl
SR ] (COVE A IEAS ISR P 28, R R k6 3 4
KA, Lh SPP HUREE 48R, SR Lo(3*) IEAS I 56 i
AT A . HARY IE 31058 B T 38 KK D
1.

R 1 BRIRACESEZHER IE RS B R KoK

Table 1 Levels and factors of orthogonal experiments of SPP
o ARHRIE  BESEEWESRMESURIL  C VAR
K .
(g/mL) (g/g) (min)
1 1:75 10:9 27
2 1:80 10:10 30
3 1:85 10:11 33

1.2.3 SHEEAR-MLBETL M s R fb Lk =M
CHEN Z5") 177k, BEVEIS M, MERIFRER 0.1 g £53%
ZBEEIE T 10.0 mL 19 N,N-—H 5 FH i e o, o0
20 min f&, IIA G R AL (V &A% 1R vV ilkigE=
1:3)A =SB, 75 °C KRS I 1.5 he W
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FERJE , IMAGE & VKK, LA 2.5 mol/L 4 NaOH 77
W pH Z 0. TINA A5 ERFRN ICOK ZBEF 4 C
VKFE R, B0 L iEMT . WG L R TR RV AS R
TS (SPPL) .
1.2.4 HREEME
1.2.4.1 Bl S EWE  brdEih 22tk &
A -BH fig v U0, BRI T A5 & 1 R Y B TR 4 Y R
217.50 mg, LA 1.0 mol/L FYEL PR 5E %5 = 50.0 mL %5
O, AR IRARP R . HERI AN R A i iR
HPBRAEIE R (0.08. 0.16, 0.24. 0.32, 0.40 mL), in A
1.0 mol/L AUERERAME = 0.4 mL, il A 7.6 mL 3% —
SR 2.0 mL 0.2% S ALL-BH B, Feo0+E
], #E 15 min J&, 7E 360 nm A EOCE A, L
2.0 mL 0.5% 14 A S AL - WA s, EEE
EIRERAE, 7E 360 nm AR EOGEE A, LIBREZAR
PR AR AR, A -A, PP RZS TR UERRZE
1.2.42 BUREEAIRE  HUmBRIL S50 2.00 mg,
T 1.0 mol/L LR, LA IR¥E, fFFoo st /a B
WK 1 h, T HL 0.2 mL &2 ST RE S 4
BT, F B8 1.2.4.1 W OGAE, ARPEFRUE T2 A mi iz
I E 4R E (D R EE DS(Degree of
substitution, DS):
1.62S
= 5105 A (D
o DS SRR BURE, S SABRIRAR I E 4y & it
(%)
1.2.5 ZIANGIESTHT S SIFRER 2.00 g fili fh s
RIS 145 220 RE i, TRARER R 7, 76 4000~500 cm™
PRI B8 B PR R L P AR 2T A M G S R
1.2.6 AWiErESHT
1.2.6.1 HLEAIETESHT S o Ee A [F] s e B
BT S W55 2SR, LIAHR] BT e B i 42k
22 C VERNBAMEXTIR, S350 4538250200 (1 )y s, ) a2
X DPPH. O, #l1 OH H i JE:iTE BRAE 1 31154 1C,,
{H. Z3EZPEXT DPPH. O, f1 OH A A LAY R
R (2) .

DS

i%ﬁ%%(%):(l—w)x 100 ® (2
ZH
A A gy SRR LG REAR, A gy ol HEZH

(IR CHEARL, Ao 25 FAZEL BRI
1.2.6.2 FFEIMBHEMESTAT DA EO0E A BHH X B,
25 g AR (7, I EASR) BT R BT AL iR
FERITJE B EESREZ2HERT a- I ZP0E T B RS HR /I
B ICs, B ZESEZMEXT o T A I 4T i) 384 =X
(35
YN -
NGBS %)y =[1- 2508 m%ﬁ!l‘a) 100 (3)

TH%JK( ) ( A‘%H&E_A%*HX‘JHK X ﬁ

P Ay AT CIELE, Ay
JE 2R WL AL, A o 25 ST IR 2L

WECEEMH, A it B2 FAXT HRZH IO G E (A
1.3 #HiEAE

% FH Microsoft Excel 2021. SPSS( SPSS 22.0
Windows, SPSS Inc, Chicago, USA) . Origin 2022,
TEAZ BT I(V 3.1)F1 Graphpad Prism 9 X1 44g
PTG SVERE . BRERILTT IS ) 5858 BT
S AT P RN B I PR R A T 2R DA 3R T 2553 HT (One-
way ANOVA, B {5 /KF 95%), £ & Fb ] S-N-K
B, R LUX + o/ Vg RERIR
2 GRE5HH
2.1 BEREERXEER
2.1.1 B EEXTEBURBERsEm BEE RN EL iR,
SPP M HURBE S ST J5 BRI a3 (& 1) . 7E
BRI A 1:80 g/mL B, BURREIA R AAE 2.07+0.01,
ORI L KT 1:80 g/mL Ji, B BE 52 BI%0 T i 55
T RERFET(P<0.05), S8 R AT e H Tk s ik
IR o B S IR 2 WA A 22, SR R . Y
W, PR LU AETE 1:75~1:85 g/mL Ji [ R E&i -

22
2.0

1.8

14} \;1

€

1:70 1:80 1:90 1:100 1:110
HBHELE (¢/mL)
PU1ORHAR G IS 5 )
Fig.1 Effect of the ratio of solid to liquid on the DS
T A RIS R R B 25 5 .3 (P<0.05), 14 2. 151 3 ]

2.1.2 YR MRS RN L T B BU U EE B R )

Bt 5 55 5 220 5 e R 0 o o L A 6, LR R
B Ae i 2 B RS W N a#((P<0.05, F 2),
10:10 g/g AFIA B E R, S 2.81+0.02, PiHA LA 7 R
IR 564, B I i s 2 58S 2 5 it R e Jo o
LR F 10:10 g/g Bt , W h B iR 2% & mad =,

30r

10‘:4 10‘26 10‘28 10210 101‘12
LR ST PR L (¢/g)
K2 BN S IR E b H X MR BE A5
Fig.2 Effect of the mass ratio of Porphyra polysaccharide to
ammonium sulfate on the DS
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TR 5, 25 5 3 i 2 MR RS, HL 2 1 i &5 B4,
R Ak S AN FE4T, BB CBERRAIRT . Rl 2535
LN SRR R B PR 10:8~10:12 g/g YL I I
Hridio
2.1.3 REFEIAT B A2 i IE 3wl I, 7E
15~30 min PN, SPP IR Fi Sz 7 B 5] A S 320 47
a4, ZE 2N BFE] 4 30 min B, SPP B9EAS B B,
7 2.850+0.001, 24 W BJ[E] R F 30 min B(35 min),
BUREE B2 FIE(P<0.05) . HEIFER AT EERETE 30 min
A, FITER AT 09 L, SEmifeuEms ki 5 205+
4546, WU EE Ty B B TRl — 2580, AR &
e PR v B ok v, RSSO BT 28, BB B IR, A
Ik, SR TR E Ry 25~35 min G-

301

2.8
26

15 20 25 30 35
J L[] (min)

3 )% BB 5
Fig.3 Effect of reaction time on the DS

22 ERIEMBURELZSHNHAE

2.2.1 IE3SIRIGE, FE MBI A 58S S AR 3
YRR U A>C>B, RIVBHRE Fb> 2 W s a]> 4530 22
PESIRPRERE L (FR 2) . 2EMias R (36 3)3R W,
A LU b S5 R B 1 T S5 S 2 B BE (P<0.05),
SN [A] 88350 2S5 B iR £k B 2 tb 3 U R T i
FESZM (P>0.05) o R 5 2 0E SPP it
FAFLHAA R ALCyB,, GG R R I 45 2R, e 20

K2 RIEES SR IESS I R4S
Table 2 Orthogonal experimental results of SPP

K3 TR

Table 3 Variance analysis results

F%E i 25775 Fil H FH M
A 5.13 2 11.29 0.001
B 0.79 2 1.74 0.201
c 1.54 2 3.39 0.054

R 455 20

Bt 12.02 26

R a - - — HUARE
A BRELL B SPGB L C RNIE

1 1 1 1 1.04
2 1 2 3 1.38
3 1 3 2 2.29
4 2 2 2 2.85
5 2 3 1 1.68
6 2 1 3 2.94
7 3 2 1 2.10
8 3 3 3 1.16
9 3 1 2 1.42
ky; 1.57 2.49 1.56
ky; 1.80 2.11 1.71
ky; 1.61 2.19 1.83
R 0.93 0.4 0.58

HZHF A>C>B

FAEdl G A,C,;B,

A SPP MEAET 20 Bl L 1:80 g/mL . X B[]
S 33 min, RS MRER R LN 10:9 g/g, F%
S BUREEY 2.94, & T HEEERY X 21 R 2P iR
AAEARIBIESE o
2.2.2 UERIESCES  FREX 1.00 g 5350, TERAEmNg
T2 CRhg b 1:80 g/mL . 2B [E] 33 min,
LESE B SRR E L 10:9 g/g) BHFTECEE, 1A
TR SR E B . 25530, il fb 5L
BEIBUCEE K 2.94, 5IEAS RIS B3
2.3 ZIAMRIESHR

4Kl 4 Fras, SPP A1 PP 7E 3500~3300., 3000~
2800, 2000~1500. 1400~700 cm ' & [l P9 o~ i £
A AR I iz g 228 5 PP A H, SPP XE 1100~
1250 FH 800~850 cm™" Y[l P 1 BRI e ids, HJHE R AT
TERRER REAI RO BIFE 1123.29 em™ Y H1AY W2 WA,
XN S=O MIAXSFRAPLEIRS); ££ 801.47 cm ™' HHILMY
e, AT RE S22 C-6 I C-O-S HYXIBRB4EIR SN
A2, PLIHFRAR R HTE C-6 &R TR IE LR,
SR FE AR FH M B IR 15X 8858 2 T R T A& i
SERLIIEY . ERESEMHA R IR TG e L SR A Aty 3
ASARBEIR, (H FH 2 B0 3 A 152 ), Z 850850
b R A AR, FE R R ISOGAH ER s AR e R AR T
Lt

100

B (%)

20 F

622.09

o
a4
e}
!

O 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
PEEL (em™)
K4 BRIRICIEMIET S A 55 2 Lo ME R
Fig.4 FT-IR of Porphyra polysaccharide before and after
sulfate modification

24 WEREHRIERNEIEE ST

2.4.1 HEALIEHSHT  SPP. SPP1 Fi1 PP %} DPPH.
BB ES . 5 H SRV BRAE A B e B iy 8
KR (E 5). 5 XU &533 g AN, £8 0~5 mg/
mL Y JETE B N, SPP. SPP1 %} DPPH . # 4B T
2 E R =R O B IERERR RN IC,, Y LT PP
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Fig.5 Antioxidant activity of Porphyra polysaccharide before
and after sulfate modification

(P<0.05, 3% 4), UiWIBRAR LB M i 5 2 BT
AT PR 25 i THEMIHT, 3X AT REZ i TR AR AL fY
AT RIS ERBE AR BEVE T, BETTHE 55 55558
ZHEIPCERATRTER? . R IR A S I 555 2 HE,
G = P BT BRI 3 v T SR R - NI
(P<0.05), BEIIHRAR IR SE T 2E 5522 Mgt
AATETE

K4 TRRRAIE MR S5 WA WIS PR B R B (1CS,)

Table 4 1Cs, of Porphyra polysaccharide before and after
sulfate modification

o IC5,(mg/mL)
" DPPHAMHIM: HWAWETHME Fp L

o- IR
SPP  0.004+0.003° 2.69+0.33¢ 19.44+0.89°  13.56+0.35°
SPP1  0.95+0.63 4.32+0.53" 23.89+£0.50"  16.24+1.47°
PP 2.40+0.40° 5.23+0.29° 26.59+0.98"  26.18+4.66"

1 PRI NS 5 B AR BRI LT e 25 e
0.05),

2.4.2 PEIMVEEESHT  SPP. SPP1 Fll PP X a-7

2R I HAT — 2 I HRIVE R, ELBEAE U iy g,

e T s (] 6) o M TAF] 20 mg/mL
Bsf, SPP. SPP1 Fll PP X o~ 2 R 1 il (9 317 il =5
i, SrBN 24.27% . 23.17%. 11.89%; 1E 0~20 mg/mL
HREVL BN, SPP. SPP1 Xt -4 2 b il 00 il 4
i) ICs, (5T PP(P<0.05, % 4), 435k 13.56+
0.35. 16.24+1.47, 26.18+4.66 mg/mL, Ui R L 1E
AT A dk 2 R TR R S 2 AR I R IMUBE T 4, 5 XTAO
SR Y — 2K, X AT B TR AR EE A B AL, 14

ST MR o- AR RER RN HIVE I, S A
TEPENLAAY BB, IESE T A A B I SGH D0,

Horh, SPP1 MR IMUBETE 1Y 1C,, B35 " T SPP(P<
0.05) , 15¢.BH 5 Gl 12 - L W 125 4H Fb, VR R RV A M

I ZE PR SRR BRI B IS 1

100
80 -
60

40t

20 F ‘ﬁj

0 5 10 15 20
W (mg/mL)

K6 BRI IS S R RS
Fig.6 Hypoglycemic activity of Porphyra polysaccharide
before and after sulfate modification

TE: AT AR BT IR BT ehk .

3 &g
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