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Abstract: To investigate the effect of sulfated modification on the structure and function of coconut haustorium
polysaccharide (CHP), three kinds of sulfated coconut haustorium polysaccharides (SCHP-2, SCHP-3, and SCHP-4) were
prepared using sulfation reagents containing different ratios of chlorosulfonic acid and pyridine (v/v, mL/mL: 1/2, 1/3, and
1/4) after extracting CHP from the raw materials of coconut haustorium, and their basic chemical compositions, structural
characteristics and antioxidant activity in vitro were compared and analyzed. Results showed that all three sulfation reagents
were able to modify CHP (characteristic peaks of S=0O and C-O-S were observed near 1100~1250 cm ™' and 820 cm™ in
infrared spectra, respectively), and the degree of substitution (DS) was the highest (0.75) at the ratio of chlorosulfonic acid
and pyridine for 1/2. The total sugar, uronic acid content, and molecular weight of the three SCHP decreased, and the molar
content of monosaccharides also changed when comparing with that of CHP. The thermal stability had slightly weakened
as well (the degradation temperature of polysaccharides decreased from 211.17 “C and 282.01 °C of CHP to 194.86~
207.70 °C and 233.35~262.46 °C. of SCHP, respectively). The results of antioxidant experiments in vitro showed that the
scavenging activity of SCHP on DPPH and hydroxyl radicals was lower than that of CHP, and the larger the DS was, the
more obvious the decrease in activity was. In terms of the ABTS' radicals scavenging ability and ferrous ions chelating
activity, increasing DS could enhance the activity of SCHP. At 8 mg/mL, the ABTS" radicals scavenging rate (54.82%)
and ferrous ions chelating rate (15.59%) of SCHP-2 were significantly (P<0.05) higher than CHP (33.67% and 8.86%).
These results would provide the support for the modification and functional application of coconut haustorium

polysaccharides.
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2R LH E 23T Al 55 e I 1) B 48 A 2 19 B IR B 4
FHEEZ 1 REVEFITE A I e R A . 2=
S50 Tt 5 R IR 25 v PRI W R B TR] A SRS, IR A
Hh Z2 g AT RTE TE AR R & 43 410.00 pg/g A
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o FERIIRPEZR Z8E, 6 mg/mL BEXt DPPH B i 2EH1
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1) — BB TE LS L SRR e . T AN, TR AE
A 3/ NEREE ( Chlorella sp.22) Z2BE0AS MU A AL
AT IRE I, it 228 DPPH [ Hh 3 Fiey 2 08
ZH RO B 1 ~F 25005 A AR BE (1C 5) 4359 i ke 1
29.28 mg/mL F 960.16 pg/mL AL ZE 14.49 mg/mL
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1.2 LWHE
1.2.1  ZHEFE SRl 5
1.2.1.1 HE-Fiaskl b (CHP) il 4% Ko et fie -+
W g FHZEME /K VRS, T 50 °C SXT1E: 48 h, B
ol 60 Hif, 1S ZIW AR A, BUKRAFHI KRS 3 5 R
Y 95% Z W (m/v, g/mL)7E 70 °C FEIFAEAE 8 h, H4
WA AT 50 °C THREEE, SREHIR 1:20 B
e (m/m, g/@) ¥ AR AR 5 K& F/KIRE /ST 90 C
FEHL 2 h, 4000 r/min Z5.0> 20 min, WA 1T, BUk
A PR BN RS A1 S, 7E 55 °C TR IUERR
45 = JFARFRNY 14, BUH4i W FH Savage 15 2R 1
J&, T 2R E B JG R IR 7T WA 85 5 Lk R
WO T 55 C il EZFR A ik ¥ Savage i, L
15:1 B JF = b5 AB-8 KL AR (m/m, g/g) IR &,
F 4 °C PRFHNLE 12 h; BEBRMAEIT DA 4 5AELAY
TeIK B, 4 °C PULTE 24 h, 4000 r/min B5.0> 20 min &
BEUUE, IR T IS8 a2 (CHP)! L,
1.2.1.2 RRILAEF 1K 35 2 05 (SCHP) Uil 4 &
S, ¥R 1:20 1:3 1 1:4 B9 B (v/v, mL/mL) ¥ 4%
1 iR 7F VKU 5514 S M2 A Bk se s b, I 7E
IR T HEEE 30 min, 1534 [F] 24 780 49 5 B2 AL 3571 o
SRS, B 150 mg A CHP 5 30 mL A9 JE7K N,N-_—H
FLR IR ), =i N YEY 30 min, FH5351
A 17.5 mL 3R = Fh a1k, 70 °C #$kE 2 h
J&, BHEIZEZE IR, I 100 mL k7K, 35 1 mol/L #9
NaOHZE W 5 pH £ 7.0; JH 3500 Da i&EHra&iE i
48 hiim, W e 4 5 ¥ R Tk, 793 = Fh SCHP!',
e R 1 A 3 79 Ao 4eU A 1R Atk e Eb g (1:20 1:3
M 1:4), ¥ L3k = PR 1k W 2% Z 543 5w 24 A
SCHP-2. SCHP-3 #ll SCHP-4.,
1.2.2 AR2ERUTHT SR AR - AR A | Rk~
i iR T AN 2 T 2 5 TR A2 CHP 1 SCHP FY 8%
BHIERR FI AR 1 BT 5 521 SR BaCL-W k! il a2
BUREE(DS), It (1)~=R(3) 115

w(SO;*) =Cx V/W x 100 A (D
w(S) = 32 x w(S0;?)/96 X (2)
DS = _ 162XW(S) £ (3)

T 32-1.02xw(S)
FUH: C ARSI AE BT iR E, ug/mL; V AR

VEWARRN, mL; W S BREARE S T, mg; w(SO, )N
R AR S, %; w(S) NJCE &, %o

1.2.3 FEARLERIRAE

1.23.1 4y FEWE  BeH 1 mg/mL WAL SERR,
i 0.22 pm BEE, 7 DAWN HELEOS-II 18 ff %
SN 5 w5 REE IS 15 375 HERH (433 (HPSEC) X
ZHE ST A A AT E o AN TR
AR 0.1 mol/L SE AL N /K #E W, Wik >4 0.5 mL/
min, FAERA 200 pl, A1 25 °C.

1.2.3.2 HBEH AL AME  BURESY 10 mg TR A
1, In A 4 mol/L 9 =R 2% 4.0 mL, &< 1 min
HEB B Es R, e BIESS, T 120 °C /K& 2 h, f7%
HF R SR TR, Rl 30 =9 1R, sl
IKAEFZE 10 mL. #iRE 20 £i%, 37 0.2 pm JERR T
VESE, BUEWE 20 uL L4 Dionex Carbopac™ PA20
(3 mmx150 mm) &, 3% A5 Rl 5y, Ak 24 A6 0 28 1 1ICS-
3000 &G ASE e R L A AL . i A5 an
F: #shAH A K, B 24 250.0 mmol/L By SR AN,
C >4 1.0 mol/L /4 £ R 4M; ik 0.5 mL/min; HEAE{A
FH 10 pLs A3 : 35 °Cs; PEMR S5 1420 0~20 min, 94%
A Fl 6% B; 20~20.1 min, 89% A. 6% B Fll 5% C;
20.1~35 min, 74% A . 6% B Fl 20% C; 35.1~45 min,
20% A Fll 80% B; 45.1~55min, 94% A Fl 6% B,
1.2.3.3 4G5 E KRR RS KBr #& 18
1:100 itk (m/m, g/g) 1R, I ), F Nicolet67
AR B 2T A NG ASCI A I LA MG, IR [
>4 4000~400 cm™'

1.2.3.4 #Jj2EM e I TGA 8000 #HE 43
RITASCI 2E A f  FAFR e PR . ISR 2R N,
i i 50 mL/min; Y& B VS [l 25~495°C; J1 & # R
10 °C/min.

1.2.4 RAMLEARTE I a2

1.2.4.1 DPPH H HIEEIERAES S5k TN
B 7 IR R AE L, B 0.2 mL B9 MK 5 (0.5,
1.0. 1.5, 2.0, 4.0 mg/mL) 5 0.2 mL [ DPPH Z /&
(0.2 mmol/L)IRS)S, T 37 C #6030 min,
B BERAE 517 nm ARG . DPPH H i 374
Brd N

DPPH [ H1FE55 5 (%) = (1 _A _Az)x 100
A, —A,
X @D

K, Ags AL A, Fll A SRR ZEIR /K FN TG K
LFHRAWES 4 FESR 4 . JC/K ZEEEC DPPH
IR TRE S 2 2L SRR IR A R i 1 o S 2 P i
PRI
1.2.42 ABTS'HHEERGET) SHOERKEEN
FIITVEFERSVEIER, 4 1.0 mL ZBKIEK (1. 2. 4. 6.
8 F1 10 mg/mL) 5 4.0 mL ABTS T /E# (7 mmol/L)
FEATIRAT, 30 °C /KW Z)N, 10 min Ji5 T 734 nm Ab{
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i, Ap. A FIT A, 5353278 ABTS TAEWK . A
AhZHFHZEE K AC ABTS TAERAIEE L 2S 1410
W GAH
1.2.43 FRIEABEIIERGES) SROEKEU 1977
BI RV, B 0.2 mL Z2HEKER (1.0, 2.0, 4.0,
8.0. 10.0 Fl1 20.0 mg/mL) . 0.2 mL #YJ FeSO, 7K #
(6 mmol/L) ., 0.2 mL M/KAZER B W (6 mmol/L)
A1 0.2 mL i) H,O, 7KIFEW (6 mmol/L)IREG )5, % ik
WE N 1 h J5, T 510 nm AN 2 G RE . FREE
BEES S S i N w g g

) VERA S 0/ _ _AI_AZ
FIRE 00 = (1- T3 x 100

L))
o, Ag. AL A, FIT A5 53 5 20 FHZE 1 /K R
TCK BEIRA A LA FRSR A . LAZRIR K AR
H,O, MR fh 25 FLLH AN LAZR AR /K AR i iy Xt
BRZH IIOCAE
1.2.4.4 WEKEFEGREIIME =8 Yan 51 19
J7 IR VRS, B 1.0 mL 28 /KIE#K (0.5, 1.0,
2.0, 4.0, 8.0 Fl1 10 mg/mL)5 1.0 mL B9 FeSO, /K%
# (0.1 mmol/L) . 1.0 mL IWFEMIZE/KZ K (0.2 mmol/
L) Fe40IR 4], =1 B 10 min J5 T 562 nm &b
GlE . WK FEE G R R 2
A %) = (1 A :iZ)X 100 =& (7

3 0

A, Ag. AL A, FIT A SRR FAZERAR AR
FES ARG A as I 2H L R R EH L 2R TR /K AR
FAAE & 25 13 20 DA ZARR AR AR A %) X HELZH B TRz
B IR
1.3 BRI

TRLH S 22/ =TT, G5 R LB EARIE
22278, F Office 2010 FI1 Origin 2021 %k {F3EF7
BRI AN R ZFHIVE, SPSS 25.0 BTN E Ty
Z53 B (ANOVA) Fll Duncan ¥ 56 LA 4% 2H (8] 1Y 22
5, MK (P<0.05)

2 HBRESH
2.1 FRERMCAE IR FIRES MR A o B9

WRIR ER A7) () P 2SN A B 2 5 e 2 WH AR b
Py T AR (DS) SRR 2= P, I H &R Stk
BE LB 450 1:20 1:3 F1 1:4 BB R AL 3550 il &
T SCHP-2. SCHP-3 Fll SCHP-4 = F it iR AL AT~
R Z M (SCHP), HIEAMb S i/ ansR 1 s, ml LA
F il B R R A 50 b SR R o L B, =

B DS M SCHP-4 11 0.61 34115 SCHP-2 14 0.75,

Uk I B v e R e 1) b Sl 1R 1) L9 mT 42 v CHP

PIGRERALFR . SR, —Fh SCHP [ e 08 FIUHHEE BiR
EEE CHP A B IR (P<0.05), H DS Mok, [
IC AR BE K B B 35, 3X 5 Li %1%, Cao 4812 Fil Xiao
SRV A (T IE 25 e AH— 2, anpE 5 B il 0.19
BEAE] 1.19, 661k 5 R e 20 A SR S B2
60.41% K E] 33.35%P%, ZERIAIIHFIT LSS Bos: ik
A<= (i 22 46 (Orchis chusua D. Don) Z VK
BEEPR S B N 19.36% AR EE 13.89%M" . Xt #E F 5
M, e fEMis, —FF SCHP B&E R & E
= TCHP(P<0.05), iX 7 e & AR LI 5 | A BBk
iR R 42 42 & T 22085 b 85 F 0T 0 AR X S B 2
W, X 5 Nuerxiati 252 B8 45 SBAH & . A6,
SCHP-2 f%E 1 i & &5 SCHP-3 = 8] - JC . 1k
252(P>0.05).

E RN SRS 2 RN e 2 T I Wy

Table 1 Chemical composition of CHP and SCHP
% CHP SCHP-2 SCHP-3 SCHP-4
BUBE(%)  56.8742.35°  21.88+1.24°  23.19+1.37°  32.9+1.19°
BHEER (%) 23.64+£1.57° 4.29+0.63°  4.42+0.15°  5.27+0.37°
EEF(%)  038+£0.08°  1.23+0.08°  1.18+0.05°  0.55+0.05"
DS / 0.75£0.02°  0.64+£0.03°  0.61+0.01"

TE: W —AT AN Rl 5B R0R 22 57 .35 (P<0.05) .

2.2 FRERCIEIHIT R IR RS 2 R LA A FHIERI R2 0

2.2.1 4r1848r CHP il SCHP 9431 KX Hs
A3 I s S R, G RS I % (LS) v, CHP
FH 2 A “AEmE I LA B, T2 R AL &1 i i) SCHP-
2 1 SCHP-3 {FE B H 1 4-HLlg, SCHP-4 2 B “ —
AR —7=5 7 B4 E 7R 22K 25 (AR 9, 4 Fh 24

BARABH LT 2 g, Hg s &4 T BB ARfk: CHP
1.1+
] CHP
0.9
0.7 1 ,
o JCHAG I 2%
=05 T
= PR 2RI
0.3
0.1
—0.1 T T T T T T T T T T T 1
0 5 10 15 20 25 30
AHiE] (min)
1.1+
SCHP-2
0.9
0.7
£ AR
=05 g
z2 ]
0.3 TRZEREI AR
0.1
=0.1+1 T T T T T T T T T T T ]
0 5 10 15 20 25 30

IS H] (min)
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Fig.1 High performance gel permeation chromatography

of CHP and SCHP

5L RS TR, SCHP KB “Sem n IR B2
(1), Bk, HPSEC th 34 W2 4311 H g i
F¥ RS JE A, LG TR g, 43FEEE N, HIE 1
FIZE 2 BT, 3 Fh SCHP 7F LS A B4 H WA 6] B S iz
T CHP, JUHJE SCHP-2 fyHHIEATRIAESS 58 13.43 min,
254 dRI HHIEEZH S 1) i B R AR AE £k, ERUE AR RR 1L
BRI ZZREAR CHP 1953 THR/N

#— 2L F| ] ASTRAS.3.4 ¢ 4F i+ % CHP Fl

2 TN MR IR L2 WE R 2 T2 AL

Table 2 Molecular parameter and monosaccharide composition

of CHP and SCHP
HFR CHP SCHP-2  SCHP-3  SCHP-4
H g s ]
. 12.13~22.48 13.43~23.31 12.87~23.61 12.88~23.62
(min)
Mn(g/mol) 5185 529.10 1148 1173
G
Mp(g/mol) 2520 366.6 662.5 661.7
Mw(g/mol) 59250 1967 5187 4358
Mw/Mn 11.43 3.72 452 3.72

0.40+0.38* 0.18+0.002 0.12+0.003¢
Rha 0.92+0.01°  0.67+0.07° 0.68+0.35° 0.82+0.001°
Ara 4.41£0.05° 1.05£0.76" 4.09+0.36" 4.19+0.13°
M Gal 7.5540.05® 7.77+0.09° 7.17+0.15° 7.58+0.07%
(mol%)  Gly  83.54+0.29° 84.19£2.06" 83.53+0.19" 82.85+0.05°
Xyl 0.94+0.15° 3.03+1.17° 1.82+0.11° 1.7140.03"
GalA  2.4120.11° 3.10£0.16" 2.52+0.08° 2.68+0.18"
GlcA  0.24+0.04° 0.18+0.05° 0.19+0.003° 0.184+0.01°
T Mw: T340 F2; Mn: 503553785 Mp: I63540F 15 Mw/Mnh £
WUHEAESG Fuc, Rha, Ara, Gal, Glu, Xyl, GalAFIGIcA%> A Bk
BBl . BTREAFVRE L LB, ATHE . ACHE, SRl IR W A
Pz [Fl—47 PO ) 1R 25 57 1 3 (P<0.05) o

Fuc 0.13+0.05¢

SCHP 4y, 4583 2 sk, CHP. SCHP-2,
SCHP-3 Fil SCHP-4 ) My, 433l 59250, 1967, 5187
F1 4358 g/moL, 1 BV iR A 7 B e v (DS i ) 1Y
SCHP-2 I /iy srF 1, 5 Li 0 R ss
R—2, DS /1 0.34 #5J%) 0.7 15}, HiliRfbsk ki (Rus-
sula virescens ) ZHEH) 4TS 3.8x10° Da [FFILF]
2.5%10° Da, iX A] B i 1Y SV IR & 5L o A Fil P
WEBEMER I N . 225 M EHE 20 (Mw/Mn) 2 17 5 22
WA H0 5040 i B S S, FUE BT T 1, W5+
A A, 3 2 AIA], CHP 95T B 53 i i
R4 HEC(Mw/Mn A 11.43), SCHP #) Mw/Mn 18 3%
CHP A B i B (3.72~4.52) , (B R T 1, $27R H

30 -
, Az BRUES
20
5 3
2 27 45 6
% 10 A 7 9
E A H
. °] e | T T 77\ JL
~10 1 -
T T T T T T T T 1
0 5 10 15 20 25 30 35
100
. . B: CHP
O 60
g
o _
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