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[(HWE] UMEMEIEHR (Acaudina molpadioides) ARET it Jy SEU6 JFURL, Ob AL Bl fi i vk 20551, WG
il 8 S [ 43 I B g b R 2N 2 K, ORI e A R ATk o B sl b R 2 W T. 22380, X s
GRS o e Bt R R Z AR RSN R T . 25 SRR . JEHRER B fE RN H (m/V) 1:40,
TNEEE 2. 4% (%) . pHE 7.5, 45 CFE#E 8 h, SRIGHIEST AR 40T FE/MT 10 ka BT
Z MK, PRIBCRIRF] (29.602 + 1.012) % 5 F T rb It 85 1 G R0 A TR, 1 i 5 (o DX 4 0 0 78 R0 R — YK T fi
UUUERFAT IR B AR I W, Je M AL /38 7% MR A EE, 45 C TEER 4 h; FRIDATR 7240 8% 11
ARINE R, 60 CTHEMF 4 h, pHAEXEIH 7.0, MHERHRIEER] (14.511 £0.162)% . e REBRIESR
4. BaER 77 0.20 MPa, B BT 7040 6% , #HAEIREE 35 C., B3 EHM/RZHK P, (5 ~ 10 ku,
48.47% ). P, (1 ~5 ku, 18.46%) M P, ( <1 ku, 33.07%); 5 NMH L G, ( <10 ku,
63.09% ). G, (10 ~100 ku, 7.24%) . G, (100 ~200 ku, 4.67% ) M G, ( >200 ku, 25.00% ), FH Q-
Sepharose-Fast-Flow [ 8 T3¢t ZHrikxt G, #474l4k, 7£0, 0.5, 1.5 mol/L PEMELMEE T, 53] 3 44l
RZHEA G, G, ,H1 G, . BAMNTEAGIT RGNS R SR, AR T F B R Z oW - OH iy
FRBEIESSIUT N . Py >P, >P,, X DPPH - 1 0, - BIIEBREESISRIGITUT N . P, > Py > P, A[HEGEHLK
FHZHEXT - OH | DPPH- H1 0, - MITEKREE S IFITFKIK A . G, >G, >G, >6,, G, >6;>G, >G,, G, >
G, > G, >Gy; AALZHEXS - OH MTEFREE ISR SIUT K : G,_, >G,_, >G,_5, X DPPH- #1 0, - HYIFERAE
FIRFSFYI R G, , >G, , >GC, 5.
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Study on the Extraction and Antioxidant Activities of Polysaccharides and

Polypeptides from Acaudina molpadioides( Semper)
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Abstract: In this paper, dried body walls of low-value Acaudina molpadioides were selected as research
materials and enzymatic hydrolysis technologies for preparing polysaccharides and polypeptides were optimized.
Polysaccharides and polypeptides with different molecular weight (MW) range were isolated by ultrafiltration,
and then polysaccharides was purified by using column chromatography. The antioxidant activities of polysac-
charides and polypeptides were measured in vitro. The results showed that the extraction rate of polypeptides

was (29.602 +£1.012) % under the opimized exiraction conditions as follows: ratio of material to raw material
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1:40,2.4% trypsin, hydrolysis temperature 45 “C, pH value of 7. 5, hydrolysis time 8 h, and then polypeptides
of MW blow 10 ku were obtained by ultrafiltration. The polysaccharide was extracted from the ultrafiltrate and
precipitation of previous hydrolysate by the combination of neutral protease and papain. The samples were hy-
drolyzed with 7% neutral protease for 4 h at 45 °C and pH 7.0 following with 8% papain for another 4 h at
60 °C. The extraction rate of crude polysaccharides was up to (14.511 £0. 162) % . The ultrafiltration condi-
tions were confirmed with 0.20 MPa, material liquid concentration 6% at 35 °C. Three polypeptides were ob-
tained, 48.47% between 5 ~10 ku named P, 18.46% between 1 ~5 ku named P, and 33.07% below 1 ku
named P,. Four crude polysaccharides were obtained, 63.09% blow 10 ku named G,,7.24% between 10 ~
100 ku named G,,4.67% between 100 ~200 ku named G; and 25.00% above 200 ku named G,. Three pure
polysaccharides G, _,, G,_, and G,_; were obtained by using Q-Sepharose-F-F ion-exchange column chroma-
tography. The elution concentrations were 0,0.5 and 1.5 mol/L. The results of antioxidant activity assay indi-
cated that the - OH radical scavenging activity of polypeptides was P, >P, > P, and the DPPH- and O, - were
P, >P, >P,. The - OH, DPPH- , and O, - scavenging activity of crude polysaccharides with different MW
were G, >G, >G; >G,, G, >G, >G, >G,, and G, >G, >G, >G,, respectively. The DPPH-, O, - and - OH scav-
enging activity of pure polysaccharides were G, |, >G, , >G,_; and G, _, >G,_, >G, _,, respectively.

Keywords: Acaudina molpadioides; enzymolysis; polysaccharides; polypeptides; antioxidant activities
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WK (Acaudina molpadioides) , J& T 911 (Echinodermata) 7244 (Holothuroidea)
Z:H (Molpadioides) ", fENFRE K FANMAIE S AN, WK 2 A e R E AR, ) R
W, ISR 2E . AHSERFIE R 20 TR A FEME AR, 28, B, 21, OFR
BWR | e RMEE TR IR Sy, BAMRESERMEMLNE, & TE s R EES, 1
A2, B EAAR, B, A5 A I8U8 3 1 0r B PRIT Z4R RS R 2 W IR e
A I BA R

BSMEN HRIE, Bz SO E . JHal, B2 mEEAES T, 53
VORI BIEIE S LGS U RS DIROR . RIS T otk 2657 i3
WL SRR EEA N T, FEAEESHRYCE R LGS E R RN 2 Fraant ",
EIIESCIG 2 20 g Wk s 1 . IR . DU . R AR 42U AL S 2 AR T
FSARRE R S A B, T & & B 2 BT 8 0% LA L, 2 i A AR i R B AR Y i
BHEB WG SRR R Y TE PR OE E A AR R LR . SUIE Sy | BRm . BU AR T
B S AW RN RHEARZE S R TR RO A S 2RI 2 K RS LT
SRR IERL, SRR FEIE A S5 5 W 7k, WHSE TG i #5 A TR] 3 ot i B i b I 28 A 22 ik iy 1
2, XA 43 ok Bty M N2 05 1 22 BR AR SN AT PEEA T T 34 AT

1 MHEEFE
L1 #R5iRHF
Vb IS0 B TS it A i, SERmT e AR SR>, KBRIIE, K& ST
P, T 45 CHHEPULRIEE, R, oFe0 HIf, WuEHIT8, RAREE, PFETTRSh&EH,
ATRE AR (2x10° U/g), TEBRAR (2x10° Us/g), FETHEMAY TRARA R, BEA
(2.5x10° U/g), dbRlREFFHEARAT,; 4 MiGEH . D-BREWA8 . D-HZBHEERR . Tris-base,
[ 254 A 2A R A BR A Al 3 Q-Sepharose-Fast-Flow BEAR (4325 3E11) , 3E[E Pharmacia; HAh ]34
ol e TEa
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1.2 UsF5E&

Cary50 LHNAT WLAEIEE T, SEE Varian 22 7]; TH - 300A £ RA1, BT - 100 fHZE . DBS -
100 o0 cERs, HIEHIY PSS JEHE (1.5 em x40 em, 1.5 em x70 em), I BEIXES AR
INF]; RE -52AA BEREZE AN, IR oR b as) ; SHB - I MK Z A5, AR .52
PR EEIEREE (UPO10, USI00, UV200, UPO10, UPO05, NPO10), BZNFEMEH AA R H]

1.3 SEAHZE
1.3.1 TZ2nfk
VT TR — JBE B Bl — KB — B0 R (RIS H) — EiE gk —
N ERW MR IGRA ) BB (R [RZ T B B A IR k)
10 ku BRUE | oy b AR TR B U K B O (TR ) —
HEIEST (ARG i B i T 20 ) — B 5ciit Z0mE (Rt Z2H0) |
1.3.2 ROWE SR 5 s 0 I

O R I S SRR - BRARTE Y s RS A A R Folin — WL
1.3.3  FEESEHOE K20 2 ik
1.3.3. 1 FRHHRYIH%L

VEFIRA G, P AR BRI JICER I, AR 0 8 ) 550 156 BH 5 B AL %) S5 A g A A5 1 T X bl S
5, DABGAR SR A R S O bR SR 2L L g R AR R A, SCR T 10 ¢ T
S8, BRI (m/V) A 1:40, F 1 mol/L (R FRVE AN S A AL SR WOE T pH (H, SNBSS R 2%, 7F
FL IR R AR 3 KA AR 4 h 5, BT 100 C /KR KBS S min, R0 (4000 t/min, 15 min) ,
B WOEZ T 100 mL, 203 FHAEES — BREREEF Folin — BRI A, R Ay, , THE B P ORI 1
i, Ve FH AR 0P 2R P T e s OB B A X ORI T — IR AR, BB S A B U B
XoF VR Tt A 1T 0 R 0 B VIR A T IR A
1.3.3.2 [ tie

X SIS FH A HEA T R R AL, B AR B | B pH AR X 4 ~HEEK, B
R RPN KT, 9003 OPATIE, TR A i SO & sl T & i, AR R R S
g AN RERIE BN GEE 3 K, FIH L (3*) 3SR E0 R A7 I 3SR 80, Xt A3 Fh 52 56 H
Tit 1 it ik S AR EA T AL
1.3.3.3  RUEHA R E A g5

PEHUR S 2 W50 e TR BERE S5 8 AR 2 M A SN 25, BIAKEEE , F 28 T R B I 4 4
AR L, —Fhg R BEK M ) LM R SRR SE, 2 MR BORZ BB E], P, DL
FERG R T2 FEah, 2 FOOUHA R 2 A B, B e fig 48
1.3.4 BIEAMARLI

FE PR T LAAS R AR e 0 . ROV B R TR S B S IR, AR 5 1 A8 i Ay £ ot 4
PR e A AEAR IR A, AR i LA R4 e ) 38 g B 7 B B e TR IR B UR RN, BR AR .
[ (LMH) = V/(T x S); BEALEE LA B [a] 30 2o 5407 55 v AR o VA R I 1 i R R
BARAS R, BEREE (MMH) = M/(T' x S) , Hir, vV RHIEESWIARTR (L), M bR IEE TR
BHTEIEHE (g); S AHPHUBIER A RTA (m®); TR T8 JFURIR 3 18 15 26 01 i 79 8 A9 15
G, FAL504 h F1 min,

1.3.5 IR By 90 R 2 O 2 0

Ve T i 5 ku BT 1 ku BB AR YR b )R 22 IR S TR AT R IE 2> 2%, e AR BE 43
TR 10, 100 F1200 ka FHEIE BAR U6V TN 22 M 4R VR A TR B8 TRORB I 0 2, R T &
TEFAEIE DT, SR ARRUN R A BB TR 1/5 B, A BIHEIEL S, IRKIEE S, 1 ku BB
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A1 ku B, SHERERIFA R TSR] 3 MR Z AR 4 . YIRS 10, 100, 200 ku &4 1
200 ku B, BHTRRERIFR VR TIRAS 2 4 Nl b TORL 284157
1.3.6 MR & T a2 0 G, 1 B 738 ekt 2 bk alif

Z MR [22], RH Q-Sepharose-Fast-Flow 58 B 25123kt X%F G, #1743 B4k, HUE 520
MR B RUUEE LAE, W mL/min, BEEE S mL, RAEE - BLERTE A 280 nm 4b
SEAMRIE Ay A8 A WURE R 2R MR P BT S i, ZHlveling, 2« SiEdl sy, &
ik (3500 w) BRER . BEzEWk4dn . WURTIRS, (R TERaHmA
1.3.7 REAmME (- OH) WERBEHE

ZHRSCHE [23 -24], W IKRZMRIKIMA 1.0 mL BERERZE i (pH =7.40, 1 mol/L) . 1.0 mL
FLACLAF (100 mg/L) | 1.0 mL EDTA-Fe* ik (1 mmol/L) . 0.5 mL £ EERESIFR LA ST mL
T 3% H,0, K, IREI5T, 37 C T ARIEFHE 30 min, 7EUEHK 520 nm AEDWEOGEE(E, 100 A
(JH 1.0 mL BERRER G2 v N 3. 5 mL 2808 /KIAE ) o IR #RAE T, DL 15 mL Z&IRK AR i
U H, 0,3 W, WOGEEEIC R A; LLO.5 mL Z&8R/KAVE RN, WOBEEMEICH 4,, - OHIGFRFITEL
KA. - OHTERRR (%) = (Ag - A,)/A x 100
1.3.8 1, 1 - R - L A 3L (DPPH- ) IEBREE I AN &

SRR [25 -27], B HWRERRE AT 2. 0 mL F10. 1 mmol/L #J DPPH - — Z B4 2. 0 mL,
FEMRAA], EFME FROEHEE 30 min, FE 517 am AIROGEEAE, B8 A, (ARS8 50%
B BRI ), FEAR Rk, DL 2.0 mL Jo/K ZEECE: DPPH - — ZEHAR, MO, iZ
M Ay LL2.0 mL oK SRR R, MG REE(E, 28 Ay, DPPH - i5BR#HEAXh . DPPH -
BWHRE(%) = (1 - (A, - A)/A,) x 100 ,

1.3.9 HAMETAHME (0, -) HEREEHMIE

ZHOCHR [23, 27 B9, JRm Lk, B Tris - HCI 2 #h3 (pH =8.2, 0.05 mol/L)
4.5 mLFIWRERESVAI 0. 1 mL, JREAT, 25 CHR/KB TN 20 min, FHIA 0. 4 mL 452 =ik
A (10 mmol/L, LA 10 mmol/L #RF2 M HIACH] ) , FIMRS), 25 CHRAKM HHER N 4 min, 0
A 10 mol/L AR ERZ 0. 1 mL 2 1R R, K 320 nm AbMAS R OGIEIE R Ay (H Tris — HCL 28 #h il
4.5 mLA1 10 mmol/L #£/#2 0. 5 mL 1B AW IAE) . & MAF HEAE 2, LL0.4 mL 10 mmol/L ELFR
PRI = By, IMAEWOBEIE R A; LL0. 1 mL 10 mmol/L AYERRRACEFE AR, MASWOGIETT N
Ay, 05 - HRFIHE AN, 0 - BHREE (%) =[1 - (A; -A4)/4,] x 100

2 FER55H
2.1 EEARTT AT K % Bk & HER IR MO B
211 R

3 AT, IR R R, T (AR AR R L, AT R o I
Frfbk R (BRI T (BRGSO A IR B, 33 AT RS2 th TR 1 R 9 S v 2 1 Rl
kST LR L — MRS A

INBEER SR 1 5, VEFHE T Ryl A A e B T R R, AV o SO o
B, AN MR AR S RSSO IR X JEORHR AT — YRR, R4S PR S BRSOk (28],
SRIF B R TR 10 ku (19 RE REA3 29 15 B 40T B AR A/ NS T 2 M, 4 0038 ) T A
BEF R (29, 602 £ 1.012) % , T VELF HLARRER RS, R BAME A RPEHI7E 2% LU .

TR FH Pt 5 A T 10— U T R I B VRO B S 0 5, 2 BRI e JTORL 2
AR 1SR s S AT TP A A IR 1A 1 2 P B R IE A, bk R I R A 25 10
pHAH 7.0, INNGERE 4% , BHRIRIE S0 °C, WERAHE 4 h, AJNE (A BERR S0 N . B pH {5 7.0,
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INBERE 4% , BEFFRIEEE 50 °C, BEARAESTE] 4 h, SUBHAp—A50, REFHAM AL, 7955 24
S R RN Z B R A 2, 45 R BUE V[ . Bf# pH Bk 6.0, 6.5, 7.0, 7.5, 8.0; Jinfgst
1%, 2% , 4% , 6% , 8% ; WEfHIRIE N 40, 50, 60, 70 °C; MEEERIEIN2, 4, 6, 8, 10 h,

R REFABMBEIBER

Tab.1 The results of screening experiment for optimum proteinase

il T2 B Time AL s AREDICHE P i FHEDAI T
. pH Total sugar content ]
Enzyme species /h Enzyme added/ % Temperature/ “C /(g LY Protein content/ (g + L™ )
[ FT Trypsin 4 2 8.0 37 0.311 +0.010 6.783 +0. 101
FPPE 2R I Neutral proteinase 4 2 7.0 50 0.502 +0.013 5.263 +0.162
AJREE 1 Papain 4 2 6.5 50 0.423 +0.007 5.036 +0.139

2.1.2  BERAIE R AR
2.1.2. 1 FGAFRE )X 22 BEHR HR 3 1 5

HE ATRE N, BEE B AR Tk LR A 2 R ICR R HTIE R, 2 ~8 h Z NI R H
MR, 8 h ZEaT g, &R NERASTAREARE 7> 7 B b, AR TR N 67T, G il
FEMIREAT, BHAS BRI, 7E2 ~8 h Z N, AJREFIEEAY 2GR A RS ﬁﬂm,Shﬁ%ﬁ
i, ZJEHFREL,
2.1.2.2  JinfiE X 2R IBOCR 1) 500

2 TR, B INEGE K, PR A 2 MR ORI E T, 6% BB AME, T
Je th B R, 3T e K BE B 3G R, BERRRR IR, BARORS A T T, R 2R
T % I R B B TE o A JINER 11 i 22 A JBOR Bl Il F2 ) 38 KIS K, 6% 2 )5 ke o it , 2
IR RMR B AR /N, KA R B LR 2R, PR A BMER KO, B 78 2 IR 5
G, ZPERBCRIEA AT RIRE I,

RS 12 = 12 ¢
B 5]
g | E i
£ 10 L s 10 -
3£ 6} 22 6}
M- O ]
224 L2 4
2 5L 22,
% S
% 0 L M 0 1
a b ¢ d e a b ¢ d e a b ¢ d e a b ¢ d e
rhbE R AR B MR R AR R
Neutral proteinase Papain Neutral proteinase Papain
Uil a,b,c,d,e 530 RN E AR BTl 2,4,5,8,10 h Pl sa,b,c,d,e 535 R m B 1% ,2% ,4% ,6% ,8%
Notes:a,b,c,d,e indicated enzymolysis time 2,4,6,8,10 h Notes:a,b,c,d,e indicated enzyme concentration 1% ,2% ,4% ,6% ,8%
B 1 EgfREEX SRR BE MR M B2 migExSERINENF I
Fig.1 Influence of enzymolysis time on Fig.2 Influence of enzyme concentration
the extraction rate of polysaccharide on the extraction rate of polysaccharide

2.1.2.3 [ pH BN ZHERBCR A5

HE 3 AT LAE B pH (ED k2 1 2 MR BCR 152 B2 AR/, pH {EAE 6.0 ~7.0 P,
ZHEPEIBCR HA /N EE TR, pH (EAE 7.0 LLERS, ZHHEBCR LA 24k, B pH (XA K
T B R R RS U LU I s, pH {EAE 6.0 ~7.0 N, ZHHEBCREEE pH & A3 KK,
pH {H7E 7. 0 Bf ZHHRHUCRIA BRI, ZJF8Ws/N, B, w8 AR G 1 6 09 B AR % pH
HIEHIAE 7.0 oAy, X SR UL A5 i ik — 2
2.1.2.4 [ BEXT Z AR BOR A5 10

H I 4 ATLUE i, HE R PR A JICER 16 1) 22 EROR i 2 T 32 10 T v 25 S B S 1 5 s/ N Y
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HaH, BERREECE 50 CIF, PRl ARSI ZHHRIBCR e s BRI AE 60 CI, AR H M) 2 hE
PRI, S350, milE 4 Rl LI, B B X i e B A S R S

A |
: E
s 7T 58
Bk <3
ZE 6r £%
22 22
e 5
= = £
®E 4y ]
= 3 g
® a b ¢ d e ‘ a b ¢ d e R a b ¢ d e a b ¢ d e
b 2R AR A B MR R AR IREE
Neutral proteinase Papain Neutral proteinase Papain
Wil :a,b,c,d,e 55 m"pH H M 6.0,6.5,7.0,7.5,8.0 Pl sa,b,c,d,e /5l RN 30,40,50,60,70 °C
Notes:a,b,c,d,e indicated pH 6.0,6.5,7.0,7.5,8.0 Notes:a,b,c,d,e indicated temperature 30,40,50,60,70 C
B3 pH{EXNSHERNENEIN 4 ERBEENESHERNENZE
Fig.3 Influence of pH value on Fig.4 Influence of temperature on
the extraction rate of polysaccharide the extraction rate of polysaccharide

2. 1.3 WA IE AR
2.1.3.1 ks AR E AR

MR R IA R, BOT Ly (3%) IEASREOREZZE P 2 UG R AR 18] | o | B pH (B, 7l
FRIRLEE 4 SRR XS AR BRI, AR 2, B E R WAR 3, MR 3 ATH, ESHER
IR, xf P A 22 MRS BCR A 2 e OOy . N > BEARREE > pH (B > BEff I (a], 75
BV AR DU AR5 F A B, C, D, . BRI TE] S 8 b, NG HH 7% , pHAE N 7.0, BRI N
45 °C, TEZAANF N A 3 WHRAIESEE, FH20iE TUARE BRI RBE Tk (10. 863 £0.120) %

2 PHEABETKIEERKEE
Tab.2 Factors and levels of orthogonal test of neutral proteinase

& Factors
K- - — ‘ —
Levels LT S ik Migfift pH {6 il i 1 2
’ Enzymolysis time( A ) /h Enzyme concentration( B) /% Enzymolysis pH( C) Enzymolysis temperature (D) /°C
1 8 5 6.5 45
9 6 7.0 50
3 10 7 7.5 55

R3 HHEABERRKEER

Tab.3 The results of orthogonal test of neutral proteinase

. A& Factors MR PR Extraction rate
BT A B C D of polysaccharide/ %

1 1 1 1 1 7.712

2 1 2 2 2 8.787

3 1 3 3 3 10. 365

4 2 1 2 3 7.782

5 2 2 3 1 9.051

6 2 3 1 2 9.153

7 3 1 3 2 6.990

8 3 2 1 3 8.595

9 3 3 2 1 10.163

k, 8.955 7.495 8.487 8.975

k, 8.662 8.811 8.911 8.310

ky 8.583 9.89%4 8.802 8.914

R 0.372 2.399 0.424 0. 665
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2.1.3.2  ARJREE I IEAS i

MG R LIRSS, Bt Ly (3Y) IEACIREG S GEA N B BN 0] | i . pH (B, BEA# IR
JE 4 AN ZHHRBCRAEN, SHERENFRS, ERRBLERNES, RS /A, FEEHZEKF
LRI, XIATRE AR MR BCR A2 OO0 INBEE > pH (8 > BRI > BRI E], #3200k
JREE FI B S UM 251 A, By C,D, . BERRISIR] N 8 b, JNBEHEEN 8% , pHAE N 7.0, BHARIREEN 60 C,
TEZAAF N 20t 3 UCHAIE SIS, A5 207 i T4 BE Z2WE SRR (ABE T 5T 19 (9. 364 £0.173) %

F4 ARMEAMEZREERKFER
Tab.4 Factors and levels of orthogonal test of papain
A& Factors

ii T ] L Wit pH fi WL
Enzymolysis time( A)/h Enzyme added(B) /% Enzymolysis pH( C) Enzymolysis temperature (D) /C
1 7 6 6.5 55
2 8 7 7.0 60
3 9 8 7.5 65
x5 ANEEMEZAWER
Tab.5 The results of orthogonal test of papain
? Factors Z*)% %EEB;Y}E Extraction rate
ST
A B C D of polysaccharide/ %
1 1 1 1 1 6.009
2 1 2 2 2 7.464
3 1 3 3 3 8.365
4 2 1 2 3 7.055
5 2 2 3 1 7.320
6 2 3 1 2 8.009
7 3 1 3 2 6.964
8 3 2 1 3 6.115
9 3 3 2 1 8.979
k, 7.279 6.676 6.711 7.436
k, 7.461 6. 966 7.833 7.479
ky 7.353 8.451 7.550 7.178
R 0.182 1.775 1.122 0.301

2. 1.4 WA R A R

I g R IR IR A R, AT e 22 MR O A i 0 MR B B AR TTVER UG, L B e o i
DU A2 P A5 FH X 1A s TR MBS BCR IG5 , h IE AR IR 25 T LUE Y, 2R A A A TR il
e pH (38 7.0, DS & B AR50 B 15 P Ah SR (0 B A 25 1, ZEARRIIA A TN, ek
S it e UL A A 8], SRR A BETT T E LR 6, tha& 6 nI 0, 78 B A R E]— 2 A1 D0 R XU A
Bofii ], JCie R IR G B 2o DA, YRR R SCR A . X S5O TR) B R S v B P
ORI 56, A e FH RO B n 7 T B 0 I Ve el , MR CR B B T, 15025 5 Wi 7 %6
5 FTEE 6 M PHRBUR I LW A MR 0 7, 31X 0T BB B WO A il R A5 (i s e T 4% H B9 TR, T
L TC I [ B S 98 A i %) Fre DL AR 25 . 20 Bl P 5 8 S A T B AE SE SR B 4, BT
S NIRRT S, B SeIm AP R AR, TEINEGE 7% . BEIRIE 45 CRIAME TOKIE 4 h, B
TIMAAKINEE A, 7ENBE e 8% . BEHIEE 60 C USRI T /K4 h, AR pH (H A 7.0, ZHEE
BRI, 5% T (14.511 £0.162) % , HEMERLT .

I et LR B 22 A 22 00 2 1o S BB R O IF 98 L IR 20 . 2R FL AR SR FH IR 28 11 i AN
T A AU R R K g SR B 2 28, ASCIFsR 45 R S H 3, FORRAF; BRI
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AR IR WO J5ORE, e AR B Ml . ACTTCER 1 SRR 1R B 1 3 il o 2K i i 22/ VAT 8

H, R ZRERZ K,
xo BESWEREELE

Tab.6 Comparison of extraction rates between single enzyme and mixed enzymes

VES it 77 X EZEES it e it ik ] ZHEHLICR Extraction
Scheme Enzymolysis Enzyme species Enzymolysis temperature/ °C Enzymolysis time/h rate of polysaccharide/ %
1 1 A 45 8 10.863 +0.120
2 I B 60 8 9.364 +0.173
3 I AFIB A and B 45 8 11.301 £0.098
4 I AFIB A and B 60 8 11.880 £0. 139
JAJEB 545 J5 60

> I First A after B First 45 after 60 4.4 14511 £0.162
B A 60 J7 45

6 I First B after A First 60 after 45 4.4 13.291 +0.101

Vi A—HHEAR, B—AREAM,; | B—mgnem, 18R A mEm, 1A —XU 50 G He

Notes: A—neutral proteinase; B—papain; I—single enzymolysis; Il —mixed enzymolysis; Il—mixed enzymes successively enzymolysis
2.2 EHNESHAMSENBIREDIBSR
2.2.1 BIEAMARILL
2.2, 1.1 BN 56 R R R 2 AR A A 1 52

FERNRT B 0 BN 4% . BAEIRE R 25 C &M, MFRAS R #4E K 71 (0. 10, 0. 15,0. 20,
0. 25 MPa) X} JE B s FUBRALRE 2 M, &5 an& 5 s, MRS AT 0L, #£0. 10 ~0. 25 MPa [
JEEN, R R T s, S HERE R TR 0.20 MPa LU, S0 B T 22
Bl R T 38N, B ER KA T TR e IR TR SRR, AR BRI B2 . LR, 4k
SERGINET), BRT HIOINBEAESL, R ARSMEER)ZMNIRE | BURE ALY, InERS Y, Kk,
JEJ735%0 0.20 MPa DAJ5, FBEGE G 004% , MES0RE H 38 KA RisivIN 456 B o AR RE I L8 bR 2 &
Z )&, PRVEEJIHE$E 0. 20 MPa SHHL,

301 18
4 =
s 25T T
= 16 2
L~ L =2
5 20 5 °k
D 5
[5) 'E 15 14 =4
= §E
=2 0l B =y
== 10 N o
i;K JIE 3 - Membrane flux 12 ‘g\
= St 34 BE Membrane efficiency 11 jﬁ%
0 L : 0
0.05 0.10 0.15 0.20 0.25 0.30

p/MPa
B 5 REE J1 3B R AR E 2 0 R 3 AL B

Fig.5 Effects of operating pressure on ultra-filtration
membrane flux and membrane efficiency

2.2 1.2 BB B 40 H5OGT R D8 RS R AR BE Y 52 )

FEPAEIR J170 0.20 MPa, #EMREE N 25 CHITEOL T, WA ARG T & 0 5 (1% ,2% ,4% ,
6% ,8% ) X A UE B & AERLRE R, S5 E 6 Fras, mE 6 nr UL, JEIE o b 2 R T 50
TR, X2 AR FE B S Bk BB L, TORGEE R, §TECR BN, BRI R S) H Bk
ZWACIR, BB Z, FERGEE TR, BRIORERE Ny &, BERGRIRAL, B
FRNB BT o B IEIN, TEARE O, T 3 BGA B 6% B IR RE IS R B2 B s/, 2R 5 &
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FEA A A RORAE B E BRI 2B 6%

40 1 18

-

35 17 %

% 2
| 1962
O~ ] T
L2 5 8
Ea 20 14 &4
=55 ;S
= ck

@ ~ 10 f e 12 jiz(

it JI6% 38 & Membrane flux &

= > f JE AL AE Membrane efficiency 11 &

0 1 1 1 L O

o 1 2 3 4 5 6 7 8 9 10
AL 5T 1 43 AL Material liquid concentration/%
E 6 #ikRE S E B iIEES S MR

Fig.6 Effects of liquid concentration on ultra-filtration
membrane flux and membrane efficiency

2.2, 1.3 BRI X R I AR e A AL B 1 5

TEBRAEE 10 0. 20 MPa ., BHE 50 4% 0T, W98 A RIEAEIREE (15,25,35,45 C) Xf
R Y T e RN BE ) R R, S5 ER AN 7 W, I 7 AT UL, R TR, R R R A R i 2 1
Ko B RHE SRR R L R, B ECRECE N, WA AL, AAESE T SR
THIBERE 2 TR, E: R T s (o 2 1 B 55 K o014 AR R R I I 25 A0 AR A5 B A AN I 55 3 i3
SETG YL IS g . YR T R E) 35 CCHY, REURSCRENG i B B R AK, £R A 75 I E AR g
NGRS, AL R 35 CAE IR,

35 19
. 30} 13 :
j=1 o 7 s}
§~; > 16 T2
o by
(5] v‘({\‘.
=& o 14 58
de 15 i '; SL é!.‘
=10 + -
= 538 Membrane flux 12 E’(K
ST JE % BE Membrane efficiency 11 =
0 L L L L 0
0 10 20 30 40 50

0/°C
7 BREREXBIREREMENEER RN

Fig.7 Effects of operating temperature on ultra-filtration
membrane flux and membrane efficiency

2.2.2 IR RN 2R A HE I8 A S e

e HALE) 3 DARS TR S ~10 ku, 1 ~5 ku Fl <1 ku B9iEHIRZ K, 28164 K P, .
P, HI Py, S A h 2K, AR RIS [F] 4 0 B i 1l I 22 K 1 1 IR 22 KT 6 9 v B
il P, (48.47% ), P, (18.46% ), P, (33.07%) .,

R E] 4 NAFESTFREEE (<10 ku, 10 ~100 ku, 100 ~200 ku, >200 ku) (K5 H K8,
AR G L Gy, GG, T 4 DRk d ingR 7, kR 7 T WL, B 531 I i3
K, R TOR Z2 05 rp SOBE & B, SR B g s>, o F R KT 200 ku AR ZHE G,
M S RO IR 55.99% , BHFESRCHE 6.33% . #ARHTSE H XA b Ho 48 w5 B4R 5 /b ol £
Wi G, it — ottt
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x7 EMNSHENLFER

Tab.7 Chemical components of Acaudina molpadioides polysaccharides

%
N2 B ST AR HAOH MAEMERER  CARRERE BMRARRE
Saccharides of 538 Total ViR Jou i 4K Jot ke 34K i o
Acaudina molpadioides sugar content  Protein content  Hexosamine content Glucuronide content  Fulose content Sulfate content
G, 14.56 40.36 3.73 1.07 1.08 —
G, 15.35 46.98 6.03 1.19 1.46 0.14
G, 22.04 32.98 11.35 3.84 5.74 5.36
G, 55.99 6.33 11.69 5.49 36.25 20.59
G, 67.35 4.98 3.21 7.99 43.98 1.29
G,_, 34.45 21.98 11.17 9.88 10.18 16.16
Gy 5 54.81 1.08 9.30 9.58 23.48 25.59

2.2.3 HZHE G, B Faci Z kit

FAMZWIG Tris-HCl Z2 P (7% 0 mol/L NaCl) WEBEAN 0 ~4 mol/L NaCl &HEVEMLfE, #H4E T
NaCl #BE R 0, 0.5, 1.0, 1.5, 2.0 mol/L MYPEMLFR XM KM G, HEA T4 RR BRI, VB0 an &l 8
B H1IE 8 Z3 i E NaCl ERER M} 0, 0.5, 1.5 mol/L, VEMLHIBE 3 T EAY LB, Vel
JE 38 UL A 2B 20 o P S B e A S S E I W g it &2, mT DA B s — Fh 2 W vh 8 i
ZNIRIRE T, 7ok, HE S Wl IE N, S SE A INIEE A, HEILRs ol e - &
FREAY., Mg =JeEATK, HEnTaeE —FMAn i, AIFNEERZ e Mg —
NE(EA R A 5y, ABREL . Wi . IR TR B, IR TR iRt 52016 K2 h 27
FIEORZUR, @B NG, . G, M G, o, G&FE FBb: B aifbig 81 3 Fhali 2 hE b2k
BLZESARK, UEBAAH R 73 By B N AR E R R 2 414y, T DGR R T i  r B . 20T
difbZhE G, . G, ,. G, Mtk 7, Hh ¢, A E&EEE S, §21.98%, #t—LRiE
T G, Wit R R (RN, B G, e —FE - EARE A, G, TILEAEEAR, i
FRAR RIS Sl o AR &, VB G, & B MR BR L 1 5 B M I G, P A S R s, 28
43.98% , BILCONE, HAIPEIETR LRI S Ak, Uil G, R—MaiERmE L2, XtE G,
REHEAN T NaCl VR R et T ok A LA
2.3 ERERISENRENLEE
2.3.1 IHBREIEAHMEE (- OH) [UEE

9 ~ & 11 ATRAAE N, R E iR MM ai b 20 - OH W BRAE 13 Bl T e i3
K EWS, HYET Ve, ARGF 0BG R Z KA - OH & BRAE 1 bl %5 43 o1 & 14 3% K b
ik, HESERE, ST FEim/D PX - OH MIEFREE &, AR BoHZ M, G, sk
BE S, TRERIELE 6 o/L i) - OH JERRFTIAE](98.42 £1.89) % , 3 FifghRaifb 2 HEd, G,
1) - OH THBRBE ST Fco
2.3.2 EBRL, 1 - ZOREE LA ML (DPPH - ) [YRE

HE 12 ATRVE N, Ve 7ERARI BT E T R0 HARSR Y DPPH - WEBRAE S, 1M LR o o i 3 34
i, BAEERSK, XTEHE 13 ~ B 15 v S, R RK R 2R alifk Z 8541531 DPPH - Y5 R EE
FI ¥ BE T B T A, (PRI T Ve, WHUTAE > F R Bt 2 ik$, P,AY DPPH - W5BRAE
B, TE 1 ~4 o/L i PIERRRIEE K, ZERIFIR/NEE S K, GO 20, G, 7R
R EENF 2 B ) DPPH - THERAE 18055, 2 ~4 o/L {5 DPPH - W5 KR MGE T, M (24,02 =
1.22)% 4 (79. 11 £1.72)% , ZJ5— HAAFFfH Y DPPH - 1EFBREE f1, 3 Al b R alifk Z 4,
G, .,/ DPPH - J5PRfE Ik, HAERMBEEWE 1 o/L B, DPPH - WEFREC A2 (42.56 +
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1.04) % , {HEGRKAEHHMNT TR, 5 - OH WEBRAESIZSML, G, i DPPH - WEBRAE J1 859 .
2.3.3 EREANETAHRE (0, -) MhE

HE 16 ATLLEH, Ve Xt 0, - HAKSRMIERREET, 1 ~4 o/LIEEN, 0, - THERFM (26.56 +
1.33)% ¥4% (94.98 £0.67)% , ZJG&T V%, WEHUKZIXT 0, - IHEREE R WA 17 iR, 1
HKZAK P, O, - IEBRAESIAIXT RS, H O, - TEBRARRHE TR B A T = A7 B 3 Ok 3, e 500

100 [
LOT —— ol Sugar absorbency 2.5 ® 0 — P,
08 — WG Protein absorbency o o = 80T =P,
== P WkR ¥ Elution salt (:()n(:entratif‘;n . 5 2 o701 “ACPp
: - ;Q 60t —X— Ve
1.5 S 5%
as £ sof &
~ =
1.0 = 6 2 40f o
05 2 % 3
’ T & 207 i
4 0 10t -
0 20 40 60 80 100 120 140 0 .. L )
X Tube number 0 2 4 6 8 10 12
8 BN %# Q-Sepharose-F-F B F X it BRI /(1)
i BT L 4% Pie
Fig.8 Constant gradient elution curve of polysaccharide 9 BN % AAN Ve 3t -OH K% IR fE
from Acaudina molpadioides by anion exchange Fig.9 Scavenging activities of peptides from
chromatography on Q-Sepharose-F-F column Acaudina molpadioides and Vc on -OH
100 [ 100
® 07 ® 90+
T 80 T 80t
< <
Eﬁ 70 + ‘é‘n 70 F
5 60F S 60
£ S0 = sof
s 40r & 40t
M 301 ¥ 30t
& 20t & 20
oot 10l
0 : 0 .
0 2 4 6 8 10 12 0 12
pl(g L") pl(g-L7)
10 &N E S ¥EXT-OH 1B K& 11 B4k HEX-OH KiEREEH
Fig.10 Scavenging activities of crude polysaccharides Fig.11 Scavenging activities of pure polysaccharides
from Acaudina molpadioides on -OH from Acaudina molpadioides on -OH
100 1 1(9)8
< 90T I I
S st z 807
E] z L
w 10T & 70
5 60 £ 601
S sof £ S0r
= 3 L
5 40T & 40
30 s 301
& 20f & 20¢
$r - i*@ 101
=10
0 ' ' ' ' 0 '
0 0.2 0.4 0.6 0.8 1.0 0 12
p(Ve)/(g-L7™) pl(g- L)
B 12 Vc 3f DPPH- K&k B 13 iFih K & Bkt DPPH- B & Bk 8
Fig.12 Scavenging activity of Vc on DPPH- Fig.13 Scavenging activities of peptides from

Acaudina molpadioides on DPPH-
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WREJLIEIN , BEWEETLR, PN POy O - TEBRAE M INGEAS , Bil, TRiZiu RN 2 p0ik M O, -
HERENBA W R ERCOCR, 75, P,i O, - IEERAEJISRT P, o X LLIE 16 I LIF Y, K2 ik
70, - IEEREETIIIA L Ve,

T 3 IO Z2 W8 S i 2% O - WEBREE IS RN 18, 18119 Firos, I TORL 24 M alifb 2 W Y

0, - THERAEIARESS , I T Ve, MH O - WBRAKE TR B A THm oA R R a2 e dh, %
100 ¢ x 100 [
E 80 sl Gz X’ = \_ﬁ_v, 80T ==le=s Gzp’_? ------------------
g S ASTY. ol g L -a-g
o 01 —x-G, & 7T 0 70 43
‘5 60T N E 60
£ 501 T 50 - .
b o 7 T e
5 [ & I ‘
i;i 20 F & 2071
101 10 -F
0 : : : : : ' 0 : : ; : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pl(g- L) pl(g-L)
B 14 B EZ 43 DPPH- HF R e B 15 #Ei/ R4k S 13 DPPH- 85 K g
Fig.14 Scavenging activities of crude polysaccharides Fig.15 Scavenging activities of pure polysaccharides
from Acaudina molpadioides on DPPH- from Acaudina molpadioides on DPPH-
100 1 50 1
< 90F JH T
“\2 80 | % 40
E 70t £ 35+
2 60f 230 |
£ 50t £25 ¢
5 407 5201
7 | MR
w20 ¥ 10
% 20T & -
0 0 ‘
0 1 2 3 4 5 6 7 0 12
p(Ve)l(g L")
16 Ve 3f O, - HIiE k& B 17 BRI O, - BBk EE
Fig.16 Scavenging activity of Vc on O, - Fig.17 Scavenging activities of peptides from
Acaudina molpadioides on O, -
50 501
45+ ——G 45 —— G,
st Tl 4o -G
I - A -Gy SN 2
2350 —x-(, T35 A= G
z E a0t
5307 % 30
;:-D 25t ED 25 1
20t €20
T <
o 15+ @ 15|
i 10} g 10
O w ST
0 0 !
0 12 0 12
pl(g- L™ pl(g-Lh)
B 18 B /NEESHEST O, KB R EE E 19 it/ Rai 213 O, - MiFk et
Fig.18 Scavenging activities of crude polysaccharides Fig.19 Scavenging activities of pure polysaccharides
from Acaudina molpadioides on O, - from Acaudina molpadioides on O, -
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e M e R g SR BORL 0, 16 20 o/L I, O, « iEBRFRNA 25% , WA Xt 0, - 1Tk
BRAE S 355, ASLIR I TORLZ R G A 0, - TEBRAE S MIXT i — 88, mIREE IR 4 F /N T
10 ku X — X [ M A S E SRR, 0 H RS DR T B 2 MO8 e, b 0, - i
BRoRmg s T HAL > 7 B BORL 20, aifb 2P0k 0L G, L1 O, - WERR B &, sk ES 2
10 /LI, G, B O, « WEBRRILIE G, ,IKF, G, B 0, - 1EBRAE 55, 1 FLRfE v 5 0 T
IR AR X SZEE AR X 2N A R FER AL 2 O, - TEBRAE S MBS 2 25 52

3 it

1) ASSEGG e FH B 2 1 X I b TP BE T M AT — IR AR, ZERR L (m/V) 1040, N it
2.4% . pH 7.5, FHARIEEE 45 CHISM NS h, SR #ER 73 B 10 ku AR IR/ 2915 201
HRZ AR, $EPCRIKE] (29.602 +1.012) % , B RS F B AN FUE 2 A 0 31T O i .
SEMA 7% By & A, 45 CHREMEIRE TEHE 4 hy BN 8% AN E 1, 60 °C i i B T i
fift 4 h, AR pH R 7.0, ZHHEECRIAE] (14.511 £0.162) %,

2) ARSEIS R A IR SR R AR T2 0.20 MPa, BHA TR 3ECH 6% , HAERE SN
35 C, FEIEM KA 2/ N1 5 A I e i R 2 SR R 2, 1551 3 ASARIR o B B
HHRZRK: P, (5~10 ku, 48.47%), P, (1 ~5 ku, 18.46% ), P, ( <1 ku, 33.07% )., +%EM/N3
TR B R T G T RS B A T I8 439, A5381 4 AR [R 4 it B 1 TR 20 . G,
( <10 ku,63.09% ), G,(10 ~100 ku,7.24% ), G,(100 ~200 ku,4.67% ), G,( >200 ku,25.00% ),

3) KM Q-Sepharose-Fast-Flow B 5§ 283kt JZHrikxd G, #4744k, 760, 0.5, 1.5 mol/L i
BT, B3B3 AT G, . G, M G,y ENBRER | WRURTIRISRIZLA AR SRR

4) ARSZE RSN R IR PERG I 25 SR, R 2R Z KX - OH S5 R AE I L Ve 5k,
Xf DPPH - JEBRAEI AN O, - THBRAENALSS, YRR Ve iy, ANRE>T R BUEHURZ AR - OH (193E
FRieSIsmsSiF 4. P, >P, >P,, X DPPH - 10, - BIEBREESRIGNUT R . P, > Py > P, ARG
HTAHLZHEXT - OH | DPPH - 1 0, - MYVEBRAE S5 55 P AKX A . G, >G, >G, >G,, G, >G, >
G, >G,, G, >G, >G, >Gy; gifbZHEXT - OH BIEBRAE ISR IGIF K. G, >G,_, > G, 5, X
DPPH - #1 O, - WG FRAESIRISUT N . G,_, >G,_, >C, 5,

[ &% X #f ]
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