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Isolation, Purification, Structure Characterization and Antioxidant
Activity of Alkali-extracted Polysaccharide from Abalone Viscera

LIN Zhichao', PAN Xiaoming>*, WU Qici', XUE Yu', HUANG Jiafu', PAN Yutian""

(1.Engineering Technological Center of Mushroom Industry, Minnan Normal Univercity, Zhangzhou 363000, China;
2.Mendel (Xiamen) Biotechnology Co., Ltd., Xiamen 361000, China)

Abstract: Objective: Alkali-extracted polysaccharides from Abalone viscera (Aavp) were isolated and purified. The struc-
ture and antioxidant activity of Aavp were studied, which would provide a reference for developing and applying polys-
accharides. Methods: The crude alkali-extracted polysaccharide was prepared by hot alkali extraction and alcohol preci-
pitation. After the purification of DEAE sepharose fast flow and sephacryl S-400 HR, the purified polysaccharide was
obtained and subjected to the structural analysis and antioxidant activity assay, such as Gas chromatography (GC), high-
performance liquid chromatography (HPLC), infrared spectroscopy (IR), and thermogravimetric analyzer (TGA), etc.
Result: Four kinds of components (Aavp Ia, Aavp Ib, Aavp Ila, and Aavp IIb) were obtained from the crude polysaccharide.
Because of the highest yield, Aavp Ila was selected for further structural analysis. Aavp Ila was composed of xylose and
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galactose, with a relative molecular weight of 166513 Da. IR characterized the a-glycosidic bond configuration. The

composition of Aavp Ila was possible as follows: The molar percentage of the galactose 1 —4 glycosidic bond was 11.81%,

the galactose 1—3 glycosidic bond was 34.14%, and the galactose 1—2 glycosidic bond was 10.14%. The molar percentage

of the xylose 1—3 glycosidic bond was 33.85%, and the 1—2 and 1—4 glycosidic bond was 10.06%. Thermogravimetric

analysis showed that Aavp Ila was broken and decomposed at 226.4~332.6 °C, and the thermal weight loss rate was

43.65%. Antioxidant experiments showed that Aavp Ila had a scavenging rate of 85.89% for superoxide anion radicals and

62.17% for DPPH radicals, respectively, presenting a certain antioxidant activity. Conclusion: Aavp is a heteropolysa-

ccharide with specific antioxidant activity.

Key words: abalone viscera; alkali extraction polysaccharide; monosaccharide composition; thermogravimetric analysis;

antioxidant activity
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1.2.3 Aavp 4iifk

1.2.3.1 DEAE Sepharose Fast Flow (DFF)4E)Z2#7
SR AR i A, s )2 O s AN T
FREL 5 g HLZHF Aavp, FEHTHf#H T 40 mL Tris-HCl
(pH7.2, 50 mmol/L) ¥##, 0.2 pm SAFLIgBET &,
FEZ DFF B 7AWk BFEARUA @ 5.0 cmx25 cm),
JH 0.5 mol/L NaCl AR JEBEM, i~ 2 mL/min,
WAL VR, K 22l & i . LA EC R AR, 208
i NAAER, 23 HIVEm 2 . ARPRUEmL I ZealicdE 3=
W, VRN 75 RR AR, AR R T8 o
1.2.3.2 Sephacryl S-400 HR =287 &l MisLL,
52 J2HT TR AN T : 2R 0.2 mol/L NH,HCO,
FEVLE 30 mL/h - Sephacryl S-400 HR #¥ (#&
HFLR ® 2.6 cmx90 cm)24 h J5, 40 mg il i ik
DFF #: 2T 3R15 10 24 535 f# T 1 mL 0.2 mol/L
NH,HCO, W m AR, WACHE BRI W I 5 D Z2 4 2
HE, 2 UE el £k, WACHR PR i £k S0, YR e 25
K, AR B M (4 °C), F M al K hoAE IR
Cl (AgNO, JTLTELP), ISR T1RA o
1.2.4  Aavp WL T
1.2.4.1 Aavp 2RI K47 FHEME  FIJH HPLC
Kl Aavp 20 5341035 K 5y F 5P ZBERR W :
Dextran T-10, T-40, T-70, T-110 Fl T-500, & & &
10 mg/mL. HPLC (A% 4514 Agilent ZORBAX GF-
250 43 HrAE, HiiE 0.3 mL/min, FEIR 65 °C, AR N
HBLEIK, SR AR ZERG IS ASI, HELEE 65 °C, HEFE AR
20 pLo DAARUERE S i 1 O BE B [0 Mw 19 X8
B 7 ), A5 mEFR . B Aavp BESH B EE ]
RABTFFE, 15 Mw,
1.2.4.2 SRAMGIESHT B ZHIRE SO R 0.5 mg/
mL 7K, 7E 200~500 nm P71 95 [l 47 £2 41
PR
1.2.4.3 £IAMGIHESHT B 1 mg THRALEILZBERE
fhAN 100 mg WALEIRTEE S, IEnGE A S, AR
HHZTAM GRS AT, 4 ECh 400~4000 cm ™',
1.2.4.4 BABEAHITHT PRI 200 mg Zlifk Aavp £
fi, % T 4 mL 1 mol/L 19 H,SO, K, £, 100 °C
KW 8 h )&, FAME AT Ba(OH) , %W H A1, 5500
(3000 r/min, 10 min), GV H4E 2= 4 mL, 250
(12000 r/min, 10 min) RXFRUTIEY), FIHWR A5 UR
TR, S . BREL 10 mg bR R TR 5 RN 2220 B
FRdES, TIA 10 mg FRFRFZHEZAN 0.5 mL MEEE, 90 °C
7K 30 min, WA E =6, BN 0.5 mL ZPRET, 90 °C
K 30 min, FERLZE 0.45 um A YL 38 S 31T GC
53T o

A A RS A ATAR R 1S B4 A AR
(@ 0.53 mmx30 m); E KM E FARKNER (FID); <
b= IR 270 °C; AR AE R 220 °C; 46 &% 16 =
300 °C; AR W : 2 N, 2~ 20 mL/min; H, &

30 mL/min; 255~ 200 mL/min; #EFER 1 pl.
1.2.4.5 FEIFEEME SR FHSRMEARCY 19 7 2 m LA
(e

HRUEHHER 25 : 4B E 0. 0.5, 1.0, 1.5, 2.0,
4.0 mL ¥ JE A 15 mmol/L NalO, bR #E% W T4
Hr, malizk 2 4 mL, M iR T 35l B 20 pL
VEW, K ERZE 5 mL, 78 223 nm RN EK G .
LA NalO, ¥Rk B2 A Ae b, WSGRE AR, 2kl
e

o LR 4R fh: FRERURE Y 205 mg, JITA 150 mL
NalO, IFH, #ECI N o T 4., 24, 48 h 25 [a] B [A]
WORERRBE 250 1%, 223 nm M EWSEEEE . fFHEA
REJE, AGT i 2 BRI 30 min, WREAX 2 mL AF
W, LAY BK A 38 s 59, FH 0.01 mol/L NaOH %5 i fr
A, LA NalO, ¥ W i &5 1 X B 22 HCOOH 7™ 4=
B FISTEERINAGE B KBH,, #G Y 18~24 h,
Pz FRAN S BORERAH 5000 Da B IE IR 18 25 4%
b KBH,, TSP+ o

Smith [Ffif: BUZHEEE 10 mg A 5 mL 2 mol/L
PR TA T, TR BT B, 100 °C 7K 8 he 453,
A Ba(OH), M=K H 1, &, ugid A/ oK Pk,
IR SRR, YR T

SAESTHT: TrERIE] 1.2.4.4,
1.2.4.6 FESFHT BRI FTSHTNE Aavp 19
PEEME . AMR: N, T : 50 mL/min; Y5 E Y5 H:
28~900 °C; FHi##%%: 10 °C/min,
1.2.5 Pria i e
1.2.5.1 ZBEASNERR O, -REJ1IE  ARYE LA
SECY [ A ekt . B Al AN Rk
FOPLIR AR, 435"~ 0.2, 0.4 | 0.6, 0.8, 1.0 mg/mL;
[F] A< 43 31 e i 0.2, 0.8, 1.6 . 3.2, 6.4 mg/mL [
Aavp FH Z HEIE W A1 Aavp a ¥E W o B 2.55 mL
Tris-HCI ¥ #% (pH8.2, 0.05 mol/L), 25 °C fH JE i
20 min, JIIA 0.4 mL 3R AN [F] ¥k BE A9 B0 IR 100 1R 35
W . Aavp ¥ Z WA WA Aavp 1la ¥ W, B30 A
10 mmol/L 42K =W} 0.05 mL, JeiHH4), 2V 4 min
JaSEEIAA 50 pl 10 mol/L HC1 2% 1 )2 J¥% , 325 nm
A RE RS CRE . #5033 IHHRTE R

B(%) = % x 100

0

= (3)

B, O, THBRE, %; A, & HATFEE K

325 nm ALY GAE; A, REZHAEI S 325 nm 4b11Y
W SAE

1.2.5.2 ZHHASNE R DPPH-GE HIE  HidR IR
1 Aavp Ila 43 S FH 1.2.5.1 FFEBHI RIBE K . ¥
2 mL 0.2 mmol/L. DPPH-¥& % (JG/K £, B i) A
2 mL ANFEHRBE IR AHIIR MAR FIT Aavp Ia U,
VRAY, ZEIRSREYG N 30 min, 7E 517 nm | 52 2
B $#A(4) 1R DPPH I BRF.
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. C, DPPHUE R, %; Ay, 25 FTAHTEPE K
517 nm ARFYRGIE; A, IR ARSI 517 nm AbFY
W GAH
1.3 HEIE

XY =K, A Design Expert 8.0.6 FEFT%K
PG4 HT, SR Origin 2017 %445 &], SPSS 26.0
A AT ISP (P<0.05) &
2 RS9
2.1 Aavp B
2.1.1 DEAE Sepharose Fast Flow Zlifk, £83d 5
1.2.3.1 Zb3H, Aavp 1534 11.21%. Aavp 4 DFF J2
ke85, 43348 Aavp I A1 Aavp II(E 1), 5%
533°A 3.08% Fll 61.63%. LLELASE TR, 3745
Aavp I F1 Aavp 11 2 BT HBESAE (14 1 €4 AR, T RBZVE
Rt RS AR 2%, 2R RGTHERHE T 5355 .

3.0 1
254 Aavp Il 0.6
T
m | =
20 04 &
% 151 i
S 02%
(=] V.o —~
10 g
Aavp | 4
0.5 1
- 0.0
0.0 A T

80 100 120 140
HH
&l 1 Aavp ) DEAE Sepharose Fast Flow A3 2 #T7E M £k
Fig.1 Elution curve of Aavp on a DEAE Sepharose Fast Flow
column

0 20 40 60

2.1.2 Sephacryl S-400 HR Zlift  Aavp I fll Aavp
11 43 54T Sephacryl S-400 HR JZ2H7, 455 an & 2
7R . Aavp la 1538 K 0 & 743 508 78.62% Fil
90.99%, 2 A ZUIREMA, ] GBI E /N3 R
SyREEEIE, T FEBE RS20, AT A, TR

35 A Aavp I a

2 .

11 Aavp I b
@ /\_
= 0 . . : : )
F:é 0 10 20 30 40 50
IS 318 Aavplla
o

2 .

1 .

Aavp Il b
0 T T T T |
0 10 20 30 40 50

(i
Kl 2 Aavp ) Sephacryl S-400 HR A1k i 2% £
Fig.2 Elution curve of Aavp on a Sephacryl S-400 HR column
A Aavp [; B: Aavp Il

20k, Aavp la 153 K 205 & 52453518 90.34% F
98.66%, W5 1A ZUIRIEA . Aavp Ta L% B B (6] A1
Aavp Ha FHZEA K, BLEH P 43F i Al Red iR .
55 1 FIE 2 ATE Y, Aavp 11 2H 50453 %0 05, T
2H 43 Aavp lla 15505 T 4143 Aavp b, R, 25
B Aavp lla A5 534T -

2.1.3 Aavp Ha gl 5T HIE 3A AT M4
J7 R 1gM =32.254—4.4177t,, R>=0.9902, Un[%l 3B
Fr7~, Aavp 1la 7 9.1872 min Hf ELAT — X RIS EL
PG, UL ZH 43 4 o B Aavp THa £/ B B [R1AG
ATTHE, 18 Aavp lla Mw 27 166513 Da., S5F2EE0E
DA Wy gk S Lo, FLf i B 2 hE Sy TRl 3x
10° Da, 35T Aavp lla , iX Al BESE R G PRI i5R%
FHIBHR S AR SO IO AN

A
14 1

NS}
L

Gi e 9.0K 1
=

(o)
L

4.0 4.5 5.0 5.5 6.0
LR EAI ] (min)

B 40000 -
9.1872

30000

20000 A

¥ (nRIU)

= 10000 4

0.

0 é éll é é lIO 1I2 1I4 ll6
AR EA AT E] (min)
E 3 aFaEbrfEfiZ(A) M Aavp ITla HPLC EljE(B)
Fig.3 Standard curve of molecular weight (A) and HPLC
spectrum of Aavp Ila (B)

2.2 Aavp lla BIFIRLEI D

2.2.1 AMNGIESHT BHIE 4 ATH, Aavp TTa £ 260
F1 280 nm &b A ELAMK WL, T Z A S84 I,
DRIt a5 14 Aavp 1la FEASAS S k% FeE 1% .
222 ZIAMGIESHT  Aavp Ha SIRALENRESIE
JEHATLANCIE TP, WE S 7R, Aavp Ha HAg L
R BG5S, 3367.1 cm ™! 52 O-H fH45IR
Bl LAY 2892.7 em ! g C-H i 45 IR 3 i LAY 5
1643.05 cm™' I§2-CHO 119 C=0 {4irahiitnl; Aavp
Ia 7£ 1730~1700 cm™" A=A oigs, FeBH HOR &0
5 iR B 3 2 & B A BY; 1369.21 5 1419.35 cm'!
& C-H 7P f4 ¥8 3h & i 19 ; 1029.73. 1076.08 Fll
1155.115 em™ Ak A Sigs i BRAT ML R BRSO C 4540
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Fig.4 Ultraviolet spectra of Aavp
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Fig.5 Infrared spectra of Aavp Ila

B8 858.17 cm ™' Ab fF FE W W W%, Ui BH Aavp Ila
T o-HUNH IR Z2EES AR LT A E] 5 A A Mg 45RO
PILTAMESAE L, #R3EAT SR 255, (H2 AT
1 FEMZ IS0, BEFH PR AP ZZ WA SR AR — s i 22591 o

223 HUPHARSTHT  BEPRREROAR B RS TRIAN R R
B (xy1) 1.529 min. # %505 (glu)2.253 min. PZLHH
(gal)2.361 min FIFTH{HE (ara) 1.506 min. FHE 1
AT, 415y Aavp 1la A5 -0, £ B8 1) (8] 43 531 A
1.53 F1 2.359 min, W[ #EFN Aavp 1la BHHZH 54350
ARBEFI-ZLE . AR AR, DI EE SR E 4y He oy
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Table 1  Analysis of monosaccharide component of Aavp Ila

M4 ARFEAE] (min) WEEA(PA-S) Fihrlb(%) FERE (%)
AH 1.53
LB 236

4391
56.09

31.25
47.82

39.52
60.48

2.2.4 MHEHEEMESSRE  Aavp Ia &S iliR & kb
I, R SR COBEFR LN AR 2.694 9 mol Eifillig, ¥ W
W2 y= e o XFEL 6 4387, Py b 45 A4 5 BE SR B 43 L
Sy HIH 20.20%, FREEEE 11.81%, AW 33.85%, 2FF,
HH 34.14%. HRYE = LR 40 fb-Smith REAF R, 5 2L

PHERIL 1 —4 WHITERA: sl ReEms, 1—3 A sk
FLBE, EFLbE 152, 1—6 BEH AR BH Tl ABESR
H 152, 14 P AR B H I, 153 B A R
PE . ARYE LR EPE T A, Aavp Ta H 22 ZLbE
1—4 PHIFEREE /R B4 Eb N 11.81%, 2EFLBH 1—3 BE
T8l 34.14%, T HREA =4, FrLh Aavp
a A ZLNE 16 B, [Tl HEs, 22U
1—2 B8N 10.14%. Aavp Ia FARKE 1—3 HEH
FEEE IR EH 43 bl 33.85%, B T AKE 1—2. 1—4 BT
RO R YER S H W, i F R A AL RN Smith B
RTG53y B S AP A L), HBEA B 45
e FTREME 1, 24 H& KB 1—4 FIRHHE 153 B, K
B 1—4 BEIR T 50 R 10.06%; AT REPE 2, 24 H& AR
BE 12 FIRME 153 B, B 152 BE/RH 5 Lb R
10.06%; Al HETE 3, M & AR 1—4. 152 FIARKE
13 B, AW 1 -4 FRME 152 BB/ E 43 LR
10.06%.
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Fig.6 Gas chromatogram spectrum of monosaccharide standard
samples and Smith degradation products of Aavp Ila
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BB (RIS R B R K I R B R, SR E R 2
N 11.59%; 55 "B Be A Aavp Ila 19 2 5K 3, 7E
302.4 °C I HEIRBITRK, PI8TE 226.4 °C, iXHrB
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Fig.7 TGA curves of Aavp Ila

2.3 Aavp lla BUREWESE SR
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Fig.8 Scavenging ability of Aavp Ila and Aavp on superoxide
anion free radical
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Fig.9 DPPH: scavenging ability of Aavp Ila and Aavp
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