e ZRENRBENEIERERENEEHAR
AEE2, ARG 2, BRGSO 2, PRS2, ZRIRZ, R ERME
(L. PR Rt F SR B AU gt s | PRI TR, | FEAR 541006 2. HEAREE TR 244K
FEAEY TSR, 7V EEA 541006)
WE: RAAEN-E LRI RN A R 3R PRI & 2 0, DAIRASAS (A AR B 1 3% R Ak i
B Z0E BRI R /N2 S AR R SR B T 2 L R[] R S o 4 S S8 AR AR B 20% R B IR 60°C
SR ] 3 h I, 45 FER P AL BRI A 0.781. il (A AT AL SATAN AS R PR AL i 25 2 W0
FUEA TG . 43R PN & 2 IR A 1.6 mg « mL I, 3R AL & RS R E k. &
FAES 1 B R RS 150900 44.45%..51.98% , JLi%5 B DPPH [ HH S5 B R AUE SR AE 710 3N 16.75%1.0.4576.,
A AT AR HL R B AR A RS T IS BR AR ) A R B R, R A AB M X e & 2 R
DPPH [ HHEFIIE I A I . DA LA BRI, FR BB 51 6 1 I 5 22 W 1) 425 K A8 A mT 4 v G
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Carboxymethylation Modification and Antioxidant Activity

of Enteromorpha intestinalis Polysaccharides

LI Xia?, HU Nan?, ZHAO Qidi?>, HUANG lJianling?, ZHOU Yuheng'*
(1. Guangxi Key Laboratory of Functional Phytochemicals Research and Utilization, Guangxi
Institute of Botany, Chinese Academy of Sciences, Guilin 541006, China.;2. College of
Chemistry and Bioengineering, Guilin University of Technology, Guilin 541006, China)

Abstract: Enteromorpha intestinalis polysaccharides carboxymethylation (EIPC) were made in
the NaOH-chloroacetic acid chemical reaction system to obtain carboxymethylated gut
polysaccharides with different degrees of substitution. The degree of substitution was affected by
the sodium hydroxide concentration, the reaction temperature and the reaction time. When the
sodium hydroxide concentration was 20%, the reaction temperature was 60 °C, and the reaction
time was 3 h, the maximum degree of substitution for carboxymethylation was 0.781. The
antioxidant activity of different Enteromorpha intesinalis polysaccharide carboxymethylation was
evaluated by in vitro antioxidant. At the concentration of EPIC was 1.6 mg + mL"!, the scavenging
activity to hydroxyl free radical and superoxide anion free radical were 44.45% and 51.98%, the
ability of scavenging DPPH free radical and reducing ability were 16.75% and 0.4576. Compared
with the pre-modification, the scavenging ability of hydroxyl radicals and superoxide anion was
greatly improved, and the carboxymethylation modification had a weakening effect on DPPH free
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radicals and reducing power of polysaccharides. The above results indicate that the structural
changes of the polysaccharides caused by carboxymethylation can increase its antioxidant activity.
Key words: Enteromorpha intestinalis, polysaccharide, carboxymethyl modification, substituting

degrees, antioxidant activity

WER MRS, BARKEFME, RIEHER. BE, NEITHLH A
BHEY . WrEBAESHITEEN, C@RIALH 40 B, REZE 115 FRE R
BH/NEWE BrE . FE . mirE S, fRAERKARE (P4, 2007),
W B EARIE T BT JE AT DM b B2, tr] DU & i, B I T Rba el wrs g
TR Z, SEFEE, TAANUDFERGER. JER. 20 VRARER (G2 E5%,
2013) . W& ZHERA Z R EYEEYE, DA BISCERIROE 7 S PR FH 2 BRI AR PUA AL
G AT BRI AR AP ZE 71 (Kim etal, 2011; f1%4%E%F, 2009; Jiao etal, 2009;
MRICREFN KA 75, 2009; BRI SE, 2012; Lietal, 2013; Jiaoetal, 2010).

X 22 BB AT & B B T LSO 2 B A0S YE (Wang etal, 2013). HAT, X2
WAL SAAB B  TAB IR0 W7 VR A A . DBy E A AE ik, ok, 78 AR 72 v N A5 4
R Z 10— Fh b FE 7V R AL CHEARFR, 2013). BFFTERW, ZHELI R L s ik
PE, AT DO 5 m KM, JF HILAYEYEAS 21 025 G0, BB R T 18 A YE e
Parvathy etal (2005) #Ri& R HEAL 7 -H B REREMRE R &R THESEAN (20000
BB MS BIR P BRI Z 0E, R ZHELFAE TK, 1B E BRE M1E f m mT s 30
mg - mL A F, RORHI T LA el e, BAR S 0 2 BB Fe?t-VC 51 1R BT
JE 2oL A4 i Jo o S S ], 0 MBI B0 M PR BRI R AP A S8R, [T e 0 ) G Ak 1)
Ji K -

AR i & ZHEAT R B, DR FEIREE i & 20, HIRREME
Xt fivr & 2 BER SN EAGTE YR 2 e, SR AR AR, I R B 2R AR Dh R
PR FEA

LML S T71
1.1 %

1.1.1 JERHS5 )

JWivr e (Enteromorpha intesinalis), KT EHHIAHUMNE, BT B R RIOR B EE .
SEMLE, RAR, &4, IRIMR, KRR, AE=F. =84, =&k, XEK,
IR AN, BERRE A, MAREZRR, PR, £ I G E =
#réfi: DPPH, ZR AR Tkik ettt
L12 X 5% %

RIS, B ERESREIRAR AR, RN BTR
F, MRRE-FER 2 R A IR A A s ERGUER AR I hirEas, P PG AR A A
FREE T, FEZFIHRLAES (JEE0); DL-5-8 BUBOHL, il e S R2A A ;5 UV760CRT
BANAT WA ST, B HRE A M A A PR A ] s L2044, 2% B Thermo Fisher
ATl WIHEEZ TN, Jb RS A R A .

1.2 J5i
1.2.1 il & 2 B3 EL

Joitr & Beis, T 50°C N RET, KRk 20 Hif, 80%[K LEE 85°CH Rl sE I 3 Ik,
W 2h, EEFREIE T FREC R 5 g, $H— 2 RHR EL DN 2800 K, AR EREL, HhiE,
PEM O3 BIEWORAR, M 4 RAARFRTE K L BEDTIE, 4°CHEE 48 h, 4000« min', &0



15 min, HUUUET R, B2 EH 28 (Enteromorpha intesinalis polysaccharide, EIP) (X
ERE, 2016),
1.2.2 BRI & 2 6

JVr s 50 22 R AR A AL N- S IR I V5 AT % (Silvaetal, 2004). FRE
120 mg 73 & 28, I\ 10 mL 20% NaOH 1 25 mL [ 5 A BEE R, oK%, P 3 h J5H]
FRAR BT B o BT AR (25 mL SFANBEAA 3 g LR 10 mL 20% NaOH il £ 7R 5760
AR AR R, BETHRE 60°C, HidE 3 h, (FikRMN, AAEER. A 1mol- L
(R ERBR A pH=7. FIV/KFZIEAK > BIENT 48 ho FERZRRIEW, AR T, BRHRP L
ity & % B (Enteromorpha intesinalis polysaccharide carboxymethylation, EIPC) .
1.2.3 ZLAMGE ot

3 AFREL 2 mg (1) EIP A1 EIPC JiH A 100 mg /4 KBr T3 e, #FEHNE, KR
HATLLAMD g S, HREE Y 4000~400 cm .
1.2.4 EIP 32 H AL . R 250

NaOH #f: FRHUEIP 120 mg, EALMHE 3 ¢, RIREE 60°C, KMET[E] 3 h %44
N, EZR[E NaOH WK (10%- 15%-. 20%-. 25%- 30%) RfiHF & 22 KE 2 F AL BUR FE 1)
AR

SN R IE: FRELEIP 120 mg, fER LB & 3 g, 20% NaOH ¥, MY (A] 3 h Z&51F
T, HBEAFEE (40°C. 50°C. 60°C. 70°C. 80°C) Xif if #5 22 4 #2 FH I AL BUAR B (I 52

SN E] s FREX EIP 120 mg, ER O E 3 g MR E 60°C, 20% NaOH iRk & 451+
T, ESORF RBAA (1he 2he 3he 4he 5h) & 2088 P IEAL B 120 .
1.2.5 EIPC 32 H AL HUAR B e

TR 50N 0.25 mL 0.5 mg - mL! [ EIPC AT 0.25 mL BB, 182, 125°C
gk 3 h EEUH, BN 2 mL 2,7- SRR RV, RS T K I 20 min, B EIEE
M, BN 2 mL ZE1EK, DURE S 2 A0 R, e K 520 nm WIS (Eyler etal, 1947).
[FI, R OB R PR R B 5 2 0 BRIk R e 3, 1808 A, LA,
THE EIPC HU L 1 ME :

DS=162A/(76-80A)

Ho, DS NHUREE, A NTETERE SRR QR I AL
1.2.6 EIPC Ht LT 1l

I E EIPC % DPPH [ k. HAR BT B k. BRAEE h AL S B A ) Aid J5 g
71 CUEREE, 2016) KAIWT EIPC FIPTAMIEE . AIRIE B 78 LU RIS 2 H 5410
W& Z B BUEAE T, IR RIBUR R FE B H % 04 0.1, 0.2, 0.4, 0.8, 1.6 mg »mL"!
& 6 PRI BERE S o

(1) DPPH H Hi3:75 Frie /1l

B HAC 1) 1 A5 AR S 2.0 mL, 0 2.0 mL 0.04 mg - mL-! DPPH & (To/K ZEEAE N
WA, FEAMRAIE IR N #EE R M 30 min, fEPK 517 nm A E LR OERE Ai, [ E
To/KZEE (2.0mD 5 DPPH (2.0 mL) JRAWMIWIEEE Ae, TE/KZEE (2.0 mL) FIFE G
(2.0 mL) VRA WG E Ay, W DPPH H HESFBR R IFHE AR K (%)=[1-(A-Aj)/A]x100.

(2) AP ST IERRRE e

FETiEE 4.5 mL Tris-HCl ¥ (50 mmol - L', pH=8.2) Tk%, 7£ 25°Cii/K ik
20 min, ZJEMKUIIN FIRE TS A4 T TARRIAT 2K =AW (25 mmol - L) 0.3 mL FIFE &
0.2 mL, FREEAIEA LB, #K 319 nm AMEREE An & 30 s T—K, W5E 8 K.
DL B T ARAE 2 O R, FRR A 26 058 R H AT 2K = A E % Voo BL A
kR, BHECAREARFRER, HREBE V. BAPRBETAREBFERRITEAR: K



(%)=(1-Vy/V)x100.

(3) BIHH MEEMIE R

HY 0.2 mL ff] FeSO4-EDTA JE & (10 mmol « L) FHFZERE S, A 0.2 mL Ho-i
FIZFEVE T (20 mmol <L), ZRJEEIIN 0.2 mL #£5, 3 FBERZ 220 (0.2 mol <L, pH=7.4)
ERZE 1.8mL, RJEIIA 0.2 mL [ H,0, (10 mmol -L-1), 40°CIEIE /KA 1 h, JIA 1 mL 2.8%
M =& ORI N, BRI 1 mL 1%ARE 2R, A2 )5 TiKB i 10 min, %
HJET 532 nm eWDERUE Aso LLEESFIKYMPERT IR, e RobE Ao, UK IMLER N FH
PEXTHR,  WUEBOGAE Ace TUFEM ) B IR AE TR A

K (%) =[1- (As-A0) | (Ac—Ap) 1x100%

(4) &R RE 1M 2

FHL 0.5 mL R B Z B 5 E B, JEIA 0.5 mL 0.2 mol + L' PBS 4% 'K
(pH=6.7) F1 0.5 mL 1% F B, S0°C/K A EIR 20 min 54 #, O 0.5 mL 10%
=& ORET, WU 2 mL Z558K, 0.5 mL 0.1%0] FeCls I 78 /0iR 4], # & 10 min )5,
FEEAN-T] A3 6 FE T 700 nm IR AL I 58 VA TR AR

2 RS0

2.1 ZLAMERE S BT
% EIP A1 EIPC ¥ & B T8 B 20 AM G 3 43 MY Nicolet iS 10 FR AT HGIE RAE, FHoll g
2T AN G K YE A 4000~400 cm!, 453 LA 1.

100+ EIP

EIPC

Transmittance (%)

80

60 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

P4
Wavenumber (om 1)

K 1 EIP 1 EIPC £L4ME i

Fig.1 IR spectrum of EIP and EIPC

Wi & 2 BER H BB 721, AMERA Z B FRHELL AR UEE : 3441 em™! (O-HD,
1260 cm™. 1204 cm'. 1077 cm™ (C-O-H), MMiHTE 1611 cm™ 2% (-COOH) ) C=0 JEX}
FRIRSIRUSCIE . 1422 cm ! b SIRIEAHEM F I (-CH3) 0 C-H AR, 1328 cm™ &b
C=0 [P AR e g om Bl s, RO TR I & 2P R I (-CH-COOH) 47
fEo
2.2 AR

W E NaOH ¥ 10%-~ 15%~30%, IR 40°C. 50°C~80°C, KMEf[H] 1hy 2 h~5
h, BFFCAS R 20 i & 22 Wi A RGOS (e, 25 SR 2.
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Fig.2 Effects of different factors on the DS of EIPC

EIPC [WHURFERE NaOH i 27 £ 163 K 2 805638 K /N %, NaOH it & 43 50N
20%M}, HUREERFE K, 4~ 0.701. HTBE%E NaOH i & 2036 0, NaOH ff S &3 i,
NFBIERNZHE S TN, SRS ZIEIKE Ry, ik omiEz g m, B
AR R BN 2, AR S SR T sy, AN TS S S R AR BE 3 . R,
R AR &1 NaOH, 2 A G AER RN, F158 CRAFIHRBEK, ke
IR . TRk, EREENN-R ORI i & 2 B 1) NaOH Jii & 43 50N 20%.

EIPC [ HUA L B B R BE T vy B3l K S N ey . IR BEE W=, 7> Fis 3l
FEIIER, 430 AH LR L2 38, A8 22 0 AR BEAN BT 19 0 4 e B3R FE 2] 60°CH , EIPC
MHREE SRR, 5 0.701. 4R fELRE A, 1E el SR 7K BN = 1 22 A0 22 WELE R A I
R A BT A EIPC HUARBEFRAIK . BRI, ik RS S A AN- S SRR AL BB M i 8 2 B
it N 60°C.

Bt 5 I A s SR ] ()38, EIPC B BESG . IOFAEHE] 1~3 h, B AE oAkt (&) 3 o,
SN %, BRI S R bR, TR EIPC OECC R B2 1. 24 n#t el 3 h
Ja, BE2IE U PR S PR, H S F R =434 2 s AR08 R = o0 i, 38 O EUIREE L
PTG A B ARE TR A B, i ERIRIR B . Rtk ZRG T RIE B SH LN
- TR FAB e 5 22 B S SLS 8]/ 3 hy MRES EUAR A 0.702.

2.3 Wi 2 W R FR RS IR T A A I T 1R S
2.3.1 DPPH H H LR AE
b 5 B AN K, EIPC %F DPPH H HHZEMISERAEH 2 N8 HA . Bk FkE



ARRE IR ik 38 2 T) S I 2 B S e P A, 3 BH R R A AR A I A BE R, i & 2 08
%} DPPH H B HTEBRAE J18RSS, R AR AR T W% ir & 2 BEi5 B DPPH H &
(E 3,

EIP F1 EIPC X} DPPH [ H1 & [135 B AE F 32002 BE 45 2 WEIR FE I3 RT3 K, M 2 BE ik AE
79 0.8 mg + mL I, X%F DPPH H HZERITERRBCRREF, HAG 7N 20.14%. 39.24%, K
T 0.8 mg - mL' 5}, EIP A1 EIPC %} DPPH H HEETERRAE /1A P T %, fER—KE T, EIP
FTEBR %2 EIPC 1) 2 5 (- 4),

2.3.2 18R MERE

ZHEE IR e 15 HOG AR B EAHSC, WOt FE BN 38 I 8 IR /e oM . it e
BER N FEARL IR RN AT DA SRAVPAN 22 W TR A 5 55 o Bl BUIR P AR T3 O, 3R H 3610
WE ZHEIE AR 2T PR B, RIR B U B ROR, i & 2 W58 R 1
REJ1BkS, SRR W BB AR T i & 2 PE R R E (K3,

TE—E FIKREVa I N, EIP 1 EIPC Wik R A8 ) SR E 2 IEMH G, M2 HKEHN 0.8
mg - mL B, WOGEEAE SN 1.264 0.59, iKE KT 0.8 mg - mL' i), HIEFREE IS A
. 5 Ve MHEL, EIP M EIPC Bk 5 e /I #SELAUR,  H EIPC KR AE Al (B 4).
233 BA A HEERAE

B R LA WIE K, RIS S 202 B HERERIER 2 a1
—E M EREEIE Bl EIPC X2 B ARG R B8 B A%, ik b, 2RI Emm
AR EEBRR, i & Z WERTERR 2 B R Be 0SS, RR R IEWBE R T i s £
PSR A M (K 3),

EIP #1 EIPC )25 3 (AL IE BR e ) 3 /2 BE & W BE (3 R 2218 18 K. Mk EN 1.6
mg -mL I, BEHHERTERGE TP, HAE3 08 19.84%. 44.45%. [F]—IKET,
B IABIN S G & Z RS R R RE R R R T 2 5. 5 Ve RS A ISR
JIXFEG, B S RIS R EE 71 B G N, UL & 2 RERR IR B A R T H X R AL A B
BiEkrae 1 (B 4,

2.3.4 HEPIETIERRE

EIPC B4 BH 85 1 3 AL RTERRAE /1, Bk LR BEE B B Rk, S5
H HEERTERR R L (B 3D,

EIP H1 EIPC X} 8 %0 P 55 7 (15 B AF FH 3 2 B & R BE (0 3 R M 38 K, Mk 1.6
mg » mL B, JOGE A B & ITERRAE I BN 28.94% . 51.98%. [FA—IKE T, RHHEILE
WA & 2 BB R SRR AE L, FOH A B & T iE BRI A IR R 4R T, iR H
SEAAB X i i 5 2 W7 i ol 4L B V20 1 e 0 PR 3 TR R R A« U BH i & 22 W 1) R R
AB A FI T 0T A B 55 7 HTERRE R (B 4).
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ability before and after modification; C. Hydroxyl radical scavenging ability before and after
modification; D. Superoxide anion scavenging ability before and after modification.
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Fig. 4 Antioxidant activity of Enteromorpha intestinalis polysaccharides before and after

modification
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W AN SRR i B 2 WA TR SR AAB M, PR T SRR 2 A A B
FE - ONEIRFE R SN TR IR . 24 120 mg A HF S 20 20% K07 N EE- S ALK, 3.0 g
A RMIEIE 60°C. [N TE] 3 h, EIPC [EUCER K, N 0.781. %L, JmiF
B 2 BRI R R E A DL RS B A B R AR R RE ) IR LUK, MR
1.6mg » mL" B, XFFER [ EH 2 )97 R A5CR BR JEER I 22.45% 38 N2 T 44.46%, 15 B AT 25
T E BRI RSt 28.94% M ME T 51.98%. 1 HE K DPPH [ 13 1 fe 71 A8 S5 g /11
Bt e & 22 BEVR FE 3G K36 K, (ERAB M IS I i & 2 BT bR DPPH H Hh2E 1) &8 ) Fl
W JEVERE S PG AT RE R TR B 5, WSROI s, 1 S B AR E E .
B AR B K, 6Hi R 1 E 3 DL AT il B 8 7 1 R (0 e 0 T SR R g K, b
i 5% DPPH [ FHFE (1 B8 3 RO JE M BB 0wk s , 2 R SR04 mT DA SO Il e & 22 W R 4
P, AFR R A AS A B AR B AN S ma P b i PR ME— R 3R o (R, AH 481t
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