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12029) BRAGFE Y T IR (Salmonella typhimurium ,
Btk 5 FIAT-10334) . KT & (Escherichia coil ,
RS FIAT-7239) 181 2% A5 2B B ( Pseudomonas
aeruginosa » BRI 5 FJAT-346) Y3k B 18 &4 4l
BB,
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U/ mg s B G Ay 0 85 i 1 500 ) 7 o B0 2 250
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PUBR e CE ¥ 57 BT (@) 45 3 70 R AL (m L) Y 1L
B> 1= 20 HEHL A Y E T 43 35 T 28 48K . 60 C RO 1
h;1 400 g B 0> 10 min, FEVLHE, EE RN 3 5K
1) 95 % (R 434k, T IR B 4 CEEVLE ;1 400 g
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W 1.05X10" U/g, #f#% 3 h J5 il /K K& 10 min,
Feim = =38, 7 pH Er 51 400 g B0 10 min, 5
FUUE, LIEWM 3 A5 RFLN 95 % LW 4°C FBEVTE IR 5
1400 g B0 10 min, 7 X2 LW VI SR % T
P e 2 AR R R RN EAT 3 IROPAT S5

1.2.4 WHEEABERERIRR

AN ] B9 i il (0. 6 X 10%, 1. 2 X101, 2. 4 X 10",
3.6X10",4.8X10",6X10'U/g) .pH(9.0,9.5,10. 0,
10.5,11. 0) i fi# ¥R (30,40,50,60,70 °C) FURHK L
(1:10,1:20,1:30,1:40,1:50) 8% £ K K 47 K0
Tl i 4 o 5 e 1. 2.3 TR AR AR D BRBEAT 5 2k AL 351
FEZHEA R A F T 3 WOFAT SR
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R 2 R 3R a0 45 2R, 26 BUAS [m] R 7K OF #E47 1F
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HEHU T mL S [R) 5T o Wk BE %) L 22 0 VS L 43 o0
A 9 mmol/L i B2 WA W A 9 mmol/L /K5 R-4
A W4 1 mL, 0 A 8.8 mmol/L i & fk &
(H, O %W 1 mLIBAIJ57E 37 C R i 1 h, T 510
nm A0 IO HE Y g (D) TR 22 R X R
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(14 Z5 18 7K AR R 22 W e T s ) I O B
2) TR 2, 2T G FE-XU-(3- 2, 35 F I 198 1 ok - 6- it
) A (ABTS) H i HEBE 7 i
208 95 R W AT B s k. % 7 mmol/L
ABTS 5 4.8 mmol/L W i fR ¥ i W 55 R IR
& IEER T ROLCE 12~16 h, 148 ABTS A 1 %
fift &L ABTS [ Hh 2 Af 25 WOHG B 3 734 nm &b 11
W SGRE (A 10) K 0. 70040, 001 4R TAEW.7E 10 mL
HLE 8 b I IO [R) 0 VR R L 2 B 0. 2
mL, A 3.8 mL ABTS TAEWR #2515 TEIRFHE 6
min, SR 5 I G2 VY A o 1L 8 03 20 (20 T 5O £ b
FEatxs ABTS A AL TERR A, 22 ABTS A 2k
B (Y) 5 0 5 T MR (XD I e R £k
B, — B,
Kb By I ACKLZ BRI OGS s B, O SRR
(RZE 8K AR ABTS I8 WIS W6 B 5 B, O 25 (AR
114 ZE 18 7K AR AL 22 W 3 T st ) I O B
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(PBS,pH 6.6)1.0 mL,1% (5 & 5 0O 25 AL 8 75 )
1.0 mL, A [R5 & 9 B2 A 2 A I 0. 25 mL, IR
JETE 50 °C M 20 min, FEAITA 10 %6 (43 50 =5
CREEW 1.0 mL, I B IR I, 4 000 r/min & .0> 10
min. T 2.5 mL, A 2.5 mL ZZi#K 5 0.1%
(B 80 BAL A 0.5 mL, # & 10 min, 155K
e @A b s @ )s, W& 700 nm Ab A9 WG
(A o) 28 LA DL AR IR B ZR IR /K AR M 2 A T

R PE [ H J5 72 y = 0. 0542 + 0. 044 (R? =
0. 997 I3 7E BRI J5 i F Ao =0. 485 B XJ
R AR ol T A B L D I R A LR
1.2.7 NEBMFIRENE A N AEHE S ¥

KT EARM . REEAM. S EOR.READ
il BN A IR 1 il 5 R 25 1 G X B vE AR ) R BT AR
F1%) 60 £ P KL 22 0 0 PR Bl i, ik S 1L 2.3
TR B 20 R A L B AU A BE T B 0 B AE
J 232 5 3 fef FH o) 2 1 TR
1.2.8 fafa NREHE S ER AL

K H Sevage tE MR B ¥Rk LBREAYT L H, 0,
JBEBR RS 2 Al KL 2 H.

W =P B MIE T B H AR 30 1R & il 45 A
Sevage ¥ W » F5 R FURY 50 mg/mL A Z 0 A R
& M ZIEY 2 min,1 000 r/min& 0> 10 min, EB& T
AP AR EEE AR B R B TR E A 2
rpE] 2 OB B O R 2 R O R T S T
S VR R R AR 1 RO 2 B AR BT 50 mg/mL Y
W, —80 CAEIG .10 000 r/minBS.L> 10 min, B
VR IEAT IR A 0 5 TC I U UE B

ZHER IR VR TS R HL O, $EAT I €8 A0 11
PAARTEAY Ho O, E 53 $0(0.5%,1%,2%,3%.,4%,
5% Bt fA T EE (30,40,50,60,70,80 °C) it i 8]
(10,20,30,40,50,60,80,100,120 min) N ZLLH %,
SR 45 oI M E 560 nm Ak I IR (A 560 s BEAS B
HEAT 3 PP AT S5

W T £ A 3 S AR ROV B RS B AR A T A R
3500 kufyiEHr e 78 4 ‘C T BN 24 hoK BTG 1
ZWRVS AR A5 C P e 78 Rk 4, SR J5 s B R T
P ) A5 v 0 R 1 60 £ D U 22 R O A5
1.2.9 s A B & 05 3 40 & A0 30 0 E M E

SR BG4 B P RN B —20 (C e
AR BB B AP 7E LB BARRE 37 3 B RIZ, B F 30

CTRWEAREFE 24 hBEICR R IE A T 25 mL LB W
R 3R, 30 °CF 200 r/min $EHE 5 3% 24 h, Hil &
R WK KB A 15 mL & 1% R0 50 35
LB 5 7 58 A K B J5 09 F b, i s T J2 55 77 2k
KE M 0. 7% (B SHBO BN LB R ERH 2
50 CL R B, I % o 10° mL ™' 32 57 )5 il B
BRI NI AL BT L FLI AR 0.8
em s B EAT 6 A FL 43 BIXF R T 4 A 200 b B
WeBE 1A B PR X BE (GEAR /KO A 1T A BE X B (1 000
U/mL 8 HREMRIEH R WIRG W) . 7E 37 CHERRE
I 24 h J5 A R B DN,

2 HRESH

2.1 tHEBNEREBULMNSESE

252 AR TE B R AR B R R AT 1 22 B A R
3.15% . %% HAIE G &MWL Z SRR 0.19%.
DR, S 6 52 3 o 2 A £ P E 2 B SR L £
WS RARE A MR B S H A, LR RS 2k
bR T 2.
2.2 HHEBNHBRREESEOENIEE

1 70 P JUE 2 R 45 R 1 I A R 1 i 3 8 R A% 1
F1 R OG22 1 i Hoh G2 ol i vk 0 0. 2
mol/L. LA 2 Wi 15 3 K 46 b . 16 B A 80 SR I A 19 R
1 .

1 BN AR A A

Tab. 1 Conditions for protease enzymolysis of abalone viscera

& 11 il % b pH MR E/C
WEE AR NaOH-H;BO; 10. 0 40
VL R AR AT B R A 3.0 40
R =] PBS 7.0 50
AR 11 B PBS 7.0 65

e i H Tris-HCI 8.0 37
H KCI-HCI 2.0 37
H,O 80

6 b A 1l I A S B £ P IR 22 B A S A TR 1
JIt 7 R DL SR AP A A A I 2 R AT R A,
6. 6690, H AL T AN B BRE A RS AE & H
it} (p=<0. 05) » HiC i J0E Fi el 1 2 O TR A 412 A
P JIE 22
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Fig. 1 The enzymolysis effects of different proteases on the

yield of polysaccharides from abalone viscera

2.3 WHEERHBEREGTERERINR

T 2 1 T A ) R R IR s R A 2 R
DL 2 WEAS R Ry 46 b . R 15 1Y S5 AR T A 25 00 Dy < I Bl 1
1.2X10*U/g,pH 10. 5, B 40 °C, B I 1:30.
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Fig. 2 Effects of different factors of alkaline protease

enzymolysis on the yield of polysaccharides from abalone viscera

2.4 WHEEAHBEBFGEESTRE

IEASIR IR EE RN ZR 2 TR < 45 IR 38 X £ 0 Jo
JE B 5 W) RS/ IN R A Tl e > e > TR > pH
fERZEAH A FInEE & 0.6 X 10" U/g, i& B 50 °C,pH
11. 0. BHE Lt 1:40.

# 2 IEXIABLEER
Tab. 2 Result of the orthogonal test

SN
S5 o o(ZH/
i (121?%?1) (/C pH B (meeml D
1 0.6 30 10.0 1:20 0.721 1
2 0.6 40 10.5 1:30 0.752 7
3 0.6 50 11.0 1:40 0.799 0
4 1.2 30 10.5 1:40 0.749 6
5 1.2 40 11.0 1:20 0.689 7
6 1.2 50 10.0 1:30 0.743 8
7 2.4 30 11.0 1:30 0.625 7
8 2.4 40 10.0 1:40 0.598 3
9 2.4 50 10.5 1:20 0.606 2
ky 0.757 6 0.698 8 0.687 7 0.672 3
ko 0.727 7 0.680 2 0.702 8 0.707 4
ks 0.610 1 0.716 3 0.704 8 0.715 6
R 0.147 5 0.036 1 0.017 1 0.043 3

ok sky s ky 53 AR 6] 2K 22 0 o vk BE B S Y18
R Fmi 24,

2.5 saENEMASENRELEENE

W A5 2 11 00 10 N U AR 22 W E AT R A T SR AT T
MSE 25 R E 3 FF8.100 % 7 B H 3100 % 7
Kk ABTS H Hi & LUK 38 B RE 77 (A zo = 0. 485) X I 1
fife £y P I RHL 22 4 o R TR BE 43 5 R 9. 6,7, 5 F1 8. 2 mg/
mL . 2% B BT A5 0 22 8 5 AT AT e S AT
2.6 & N AEAE AR X B AR IR BY

R T A B 2 W, Sk 4R BB A £ Y R RL &2
WEIEAT — U e e P L, SRR 2 ISR 1L 4 B
ZNGTESR T 5 R AR g b, 8 A RS U R 4
Y 220 A B B, o (24, 181, 85) Y0 R I L 76 B 1tk 4
1 i 96 A S 36 P R 1 T A R A
2.7 VMRS MaNESHNRAEWL

i MW E

W WU fire A5 2] 11 B 16 P9 JUE 22 08 20 0] i A7 AR Ah 4t
AALTE PRI SE L 45 BN R 5 BT RS i Ok B R B 45
ZWERE LSRR A R SR RE D IR 5 () B L Bl
W FE B3N L5 R R B T R R I P e, B
rh B R I RCR S 8F.9. 6 mg/mL 5 R 1 U R
JIE AR 10 PN JIE 22 8 09 52 8 R RV BR R 10026, T
rhVE SR I R R AR P AR R R IR T R
iy ff T 45 2 B RE O (43 o 96.00% . 99.85% .
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Fig. 3 Antioxidant activities of primary abalone viscera polysaccharides

U % JT 75 22 B RE i (93 3 Ol 80,1606, 61,9504,

30
2l R 78.37 %) +5 il Y B A I A5 4 0 RE G 1 5 g
1 [ L 5 (o) JF 7% » 247 52 B o 88 2+ L 26 ¥ G 0 I 7

P it Ah B 2H AR R 4, 11, 2 mg/mL B8R 1 g A

;zb b ) B 41 Yt T 150 £ 4 U 00 2 3 JEE B 1
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o ’_1—‘ FG AR N il — R G e B 15 2 08 R (o il R
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VA RIE [ 2. M A 1 5 3. 0 6 1 LR LB B IR AR . H W U AT B B
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Fig. 4 Contents of abalone viscera polysaccharides derived from 2.8 H,O0, Hﬁ,ﬂ%ﬁﬂﬁ WHE%*E@%

secondary emzymolysis by different proteases T, 0, Ji [ 1 i Ay HE%?]%@%% )25 B A 6
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W7 ELF B AT (b 3 R R gy, 10,0 o ISR DI B Ok LR 5 54
mg/mL gﬁaﬁa*u*mgaﬁ&:mw%%ﬁéﬁﬂﬁw ?ﬁ?&sijﬁqﬁ pH i 9 Eﬁsbﬂ)\ 4%(14:@:{67\@)H2()2
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Fig. 5 Antioxidant activities of abalone viscera polysaccharides derived from secondary emzymolysis by different proteases
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Fig. 6 Effects of H, O, content (a),temperature (b) and

time (¢) on depigment of abalone viscera polysaccharides

2.9 HBENESENIEER

fif] 13 P I 2 0T 4 €6 7 8 K L B FE VD TTT I
PR K AT TR 40 2 R B0 B BT A 0 o R 3k 3 BT
7~ > O] UL IE 2 22 40 v B2 38, 4 e L 240 R %) 00 R B
e P A O R I Y S O A R A > 2 W o A R T A
2| 25 mg/mL B, X5 4 B0 4 B G 0 1 P AR 4 0 ol
11.62,11.39,11. 00 F1 7. 83 mm , B 5 [t FH 1 XF B (4
B A MR IR R R IR G WO B4

3 Hf N0 I e B E AR
Tab. 3 Diameters of the antibacterial circles of

abalone visceral polysaccharides mm

o(Z M /(mg « mL™ 1) B B

6.25 12.5 25 50 ATHE XTHE

P B b

EEAEAHIRE 6.69 8.74 11.62
RAOGEYITIRE 6.31 822 11.39 14.50 7.37 —
KIGHF

P RAME  5.30 6.59 7.83 8.39 7.22 —
W — R TCIBEEBE A 3 AT 5256 19 7 YA

14. 46 — —

3.44 8.62 11.00 12.28 9.53 —

3 #

ABIT S A B P A P AR MO D R U A IE 52
DR E T A 4R M fB D9 KL 2B B B T A%
PFIFIE TAEZ0F T 38 U 190 22 0 10 P/ AL T
P B DAL A SR P g T bk nfr ek 7 g 2 i B 4R B 60 £

WEZ 0, Y Z 05 B 2 ) 10 mg/mL B X% A i
FLOWE BR R 25. 25 %0, 1 A F 58 o 4 B i £4 P ik
ZWEEAE Z M B W 9.6 mg/mL B, 5 A
FLVE BR8] 100 %0, AT VR SOk B R il
I B 1 0 0 T A E Lk A S BB, 5 48 Sephadex
G-100 PeME AL 85 4 F A 43 . 43 530 DU 2 3k 4 Y 2
FRE it ANk AT S5 B 4 bR 43 B BT AR T L 25 2R R
b AT T L o P U 2 A T R R A ER 0 2 B
AR 4y W 0. 14 A1 0. 08 mg/mL, R R
P AR LR S5 40 T B PR L0 RE ) # A AN [R) R
BT REE . ok A I O A G e PN U 22 OB R Y AE D BE
(Ase=0.2)% 51K 9.25 1 8.17 mg/mL, T 5 £
Y I R R R B R A3 34 DR RE ) R IR T Uk R I
V0 I s R AR T A 5 v B R P A
FT AT 22 W5 A 00 38 R RE 1 (A = 0. 485) 8. 16 mg/
mL &L, A7 A SCk e G LAk R B £ R
B WP S AL I 1 R 22 T 55t B3 e B 5 1 D IR
A BE SR PR i BT A5 6 0 N IEAH 2R S R AR 2
BA AP AAATE TR0 /N 53 1 o, A R bE L 2K
IR R NG R R — e A R BT, T X 2 )
Gy F 1 0T AE AR A 0 ok R b g R T — I A
M2 B, A BIF 5% v 4 BUAS 380 7 B0 e AR 22 5L A B Ar
H B S AR TS P L R HLAT AR G A 1 FH R

AW 5T 45 L ik 3% B 4l Ab I 0 Py Ik 2 0 X 4
o (A3 TR A AT R AT A I SOR L FE 25 mg/mLL BT K
JEF L R B AR T B e B DR 6 I 22
LA B e ST M ) [) B, SCRE KR UL ) A0 R 7 AR
T R % 2 Sy £ P I B A AR R 2
Al 55 5 T A 1o FH AR AL T B A

B 3k
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Extraction, Purification and Antioxidant and Antibacterial
Activity Analysis of Polysaccharides from Abalone Viscera

ZHANG Ruijuan,KE Lina,ZHENG Jing,SHI Yan, WANG Qin"~

(School of Life Sciences,Xiamen University, Xiamen 361102, China)

Abstract: The polysaccharides were obtained using abalone ( Haliotis discus hannai Ino) viscera as the material in this study and
enzymolyzed by alkaline protease,neutral protease,vernase,papain,pepsin and trypsin. The results of antioxidant experiments showed
that the yield of polysaccharides was the highest up to 6. 66 % when alkaline protease was used.Then through the single factor exper-
iment and the orthogonal experiment, the optimal condition for alkaline protease extracting polysaccharides from abalone visceral was
determined.Results of antioxidant activity showed that the concentration of primary polysaccharides from abalone viscera for 100 %
removal of hydroxyl free radical was 9. 6 mg/mL. the concentration for 100% removal of ABTS radical was 7.5 mg/mL, and the
concentration of reducing capacity at Ay =0. 485 was 8. 2 mg/ml.. The results indicated that the polysaccharides had a good antiox-
idant activity. Additionally,the polysaccharide content and antioxidant activity were the highest with secondary enzymolyzing by pep-
sin.Furthermore, we got the high-purity abalone visceral polysaccharides with Sevage method and repeated freezing and thawing
method to remove proteins, and with hydrogen peroxide method for depigment.Finally,double plate method was used to measure an-
tibacterial activity of the abalone visceral polysaccharides,which showed that the purified polysaccharides suppressed reproduction of

Staphylococcus aureus s Salmonella typhimurium ,Escherichia coli and Pseudomonas aeruginosa efficently.

Key words: abalone viscera; polysaccharide; extraction; purification; antioxidant activity;antibacterial activity



