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ZHHREGK , 8 000 r/min Z.0> 10 min, B 15K
WA G I 2 A5 R BLTCK OB, #1820 150
SN T EEE, AR AR . KR
2R K SR I b, SR IBGR JE 85 °C, & It
1] 50 min, HEICKEL 3 U, WBORHEE 36 mL/g, HoAl
oI 5 i P Al B BRI AH ]

AL N S N N AR (o 7 X i
VARG TR R bR e, 72 490 nm f0 I H 2 4%
i, &I R ORI,

W(%)= (m/ M) x 1006 =(C x Vx
n)/ M (1)
A WoZ R m 2R (mg) ;M
RATAESF B B (mg) 5 € Dy 2205 32 BRI e &
(mg/mL) ;V AZHERBORA (mL) 5 n W
FEMERL
1.3.2 BRI

PRICRAG 6335 1, (8] P 24 360 W I
FBHEE 30 mL/g A IR EE 60 °C, 458 AR I [] 20
30,40 .50 .60 min Xf Z2HEA5 F 1500 5 [ 5E B S
Ui 360 W ik}t 30 mL/g 4 7 i) [3] 50 min,
HESB AR EE 50,60 .70 80,90 C Xt Z M5 1)
R ; [ 7€ P 22 360 W R i B 80 °C
BFE] 50 min, 2 ZEH0REE 10,20 .30 .40 .50 mL/g
Xt ZHEAG R
1.3.3 i i i A ik g i

TE 5 R 2R g Sl L, 30 BGER 7R R R
BF ) BCRH LGS B AR T, 22 BEAS5 A e AA, 1E
BRI X WA BOOR R AR
I ATAR AW g L L v N s = ) & A L ]
REE RS IZ AR W2 1, ] Design-
Expert 8 P E4T 119 7347, 25 [ H 73 #r ik 40
B2 IC YO R, BN R AT A6 2 WE 4 I i
T2

x1 MEEREIZTHEZRRAE
Tab.1 Factors and levels used in response
surface experimental design

7K F- Level
A Z& Fact A N —
B 3 Factor -1 0 +1
A A/ °C Ultrasonic temperature 70 80 90
B # A ] /min Ultrasonic time 40 50 60

C KL/ (ml/g) Material-to-liquid ratio 20 30 40

1.3.4  RAERZ RPN E
(1)DPPH H i35 BRAE 1 &
KR R Bl R O A 2 A K A7 7B
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ZREPUEAL TG P AT . B 0. 2 mmol/
mL f) DPPH 53, ¥ o #s F1 o FREBUK #2945
£ Z Bk (PGPO-AE ) | 75 2 Ik 75 21 ) 2 b
(PGPO-UE) 1l Ve & 1 g, /0 M B 20 mg/mL )
VTR, TR Lo B BE AL 5 2N [R) o 2 Ik B )
o BOM MR BU L ak 76 B 5 DPPH 45 VTR
5], ZEIREDE Y 30 min,517 nm Zh L S
YBUR TR AR L1 22 0 7 B TR 5 25 R /KR 50 L RO
MW s BORA [R] A4 B ) DPPH 159 5 28 18 /K TR
&) RO IR

X(%)=[1 - (A, - A,) /A,] x100% (2)
XX Sy DPPH [ 375 BR %5 A, Ry 5E FE 5
IR s A, NEE R AR OB EE s Ay 2SO BRI
I,
(2)ABTS" - H tyZLT% bR AR 1

Bl 14 mmol/L ABTS AW A1 4. 9 mmol/L
K,S,04 ¥, 1: 1 1RA), EikE ) 12 ~ 16 h, 1%
ABTS* i £ Wi 50% 2 B v W s PR il 45 T &2
WZYEHER 0.70 + 0.02,78 ABTS ™ - Mg .
BRI FP R EL BT A5 Z MR Ve W, B 2 il
AN TR) J3 R R R 1 T, ORI 3 mL 5 i 4
f ABTS™ « I 2 ¥ 6 mL, & %5],30 °C Jz b 20
min, 734 nm Zb I OB . DLZE IR KA 4 IR
2, MR

Y(%)= (1 - A/ A,) x 100%
XY O ABTS ™ A i SLIE BR % A, I 5E #E 5
WOGEE A, s % RO
(3) MR E 7 B th 3T bR AR

Fichl pH = 8. 24 ity Tris-HCl 2 wh 5 3 f1 1
mmol/L 487 =B is ™, % . B ERPIfh £
PR Ve %44 0.2.0.4.0.6.0.8.1 mL, F
Tris-HCl 2 Wi B 2 5 mL, AR TE = WA ik
0.3 mL, /K ZE 10 mL,J&5) . 322 nm Ab%EFE 30 s
TOSRE— R IOGRE , 15 AKE & 1 4B = i) [ 4R
PR, 55— R AR & 1 4B = B A4k
R

Z(%) =(1-AA/AA,) x 100% (4)
K. Z AT B 3B A4, A
FES G EB2R =W 1 B A AR AA, S SRR =
AR, BRSO WO R B o B i G (8
1.3.5  Fdsab ) gkl

a5 Y ik 3 UCOPAT IS, R Excel 2
JP X SRR 30T . i Design-Expert 8 -1
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RAE T ZRMFEAT R AT, HF 5 L SR KR 14
PO AS AL

2 RS0

2.1 BEZEIERER
2.1 1 HPE ] 2B R R R

iR L s, A IEE] 20 ~ 50 min 1, 28
SRICRBEA A A R4 &, IF7E SO min k5]
FRORAFA o SRy P I (A 50 b, AN R
A AESR A LN ) BB AN A 7 2RI .
FAIFTE] 2 50 ~ 60 min I, Z2WEAF M T R, X
A BRI (8] R 5] 220 Y 0 A A 2K
PR, 36 R 22 W S DG P 58] 2 SO min
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Fig.1 Effect of ultrasonic treatment time

on polysaccharide yield

2.1.2 HFS IR 2SR BRI

W 2 fr o, bl A A il RE T R 22 0 B I
AR BHTR E AR L 80 C AR KM, 7
B 80 Cm, Z WA R T 2% X
ARSI A A TR A AESR A )  (H R 4k
skl iRy I FS = RUPNITES i
(GESENird SRR

40

35 /'
30 /i

25 /
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HAIRE/C Ultrasonic temperature

B2 BFREXSESENZE

Fig.2 Effect of ultrasonic treatment temperature

EREE/
Polysaccharide yield

on polysaccharide yield

2. 1.3 JBOBLEEXT ZBESRIBCR AR

F L 3 R0, 220 i DU B RO L 38 A i
BER, WBORE L i 30 mL/g B, 38 e TP 22
TE—5E J PN, 38 R0 A R T 3 v 7 o
FERZ P A (ELIA 3 — s FREE i, ¥ 790 i 4
X AR B R Bk, HL ) 2 22 R 0 )
LYY AT ERAEE SO PR RO EE Y 30 mL/g,

40

35 //

30 /

25

20
10 2 30 40 50

W/ (mL/g) Material-to liquid ratio

3 EHEX SRR RN
Fig.3 Effect of liquid-to-material ratio

}I,,’—d

ZHRRE/S
Polysaccharide yield

on polysaccharide yield

2.2 MEERUSHARERSHENTE
2.2.1 WRIEIRK B RS

F4% Box-Benhnken (1) 1.0 41 4 ik 3o B 58
FEEA R R T, 45 41K 0 AT 3 0, T
SRR PRI, I 2.

F2 BEERBRXAEXRZERNEREIRITRER
Tab.2 Experimental design and corresponding results
of response surface analysis for optimizing ultrasonic-
assistant extraction of polysaccharides
from Gelidium pacifium Okam.

A AL B B I ) C R

RIS /°C /min / (ml/g) 5719?:?1%%?/%
Number  Ultrasonic  Extraction Material-to- Polysa.ccharlde
temperature time liquid ratio yield
: 70 40 30 20.03
2 %0 40 30 28.98
3 70 60 30 2.13
4 %0 60 30 25.10
> 70 50 20 23.02
6 %0 50 20 28.52
! 70 50 40 24.51
5 %0 50 40 30.03
o 80 40 20 24.85
10 80 60 20 26.00
! 80 40 40 26.26
12 80 60 40 28.57
- 80 50 30 29.97
4 80 50 30 29.98
1 80 50 30 31.25
o 80 50 30 29.99
17 80 50 30 30.05
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2.2.2 BIRIREEST S B E TR

K Design-Expert 8 F{F X135 2 45 R itA7 2%
TR, 7 A Z A TR (A) P
] (B) JBORHEE (C) 9 — R 10 n] 7 .

Y =30.25 +2.87 A + 0.21 B + 0.87 C
- 1.5 AB + (5.000E -003) AC +0.29 BC -
3.04 A>-3.14 B* -0.68 C?

R3 EEAREMFTESN

Tab.3 Variance analysis for the established regression model

p 3/ 7 B B ¥ F P Ze etk
source sum of squares df mean square F P difference
FRI model 171.09 9 19.01 27.09 0.0001 % ok
A 65.78 1 65.78 93.74 <0.0001 % %
B 0.35 1 0.35 0.5 0.5012
C 6.09 1 6.09 8.68 0.0215 *
AB 8.94 1 8.94 12.74 0.0091 * %
AC 1.000E - 004 1 1.000E - 004 1.425E - 004 0.9908
BC 0.34 1 0.34 0.48 0.5110
A? 39.01 1 39.01 55.59 0.0001 % %
B? 41.62 1 41.62 59.31 0.0001 %k
c? 1.97 1 1.97 2.81 0.1378
2 residual 4 91 7 0.7
I lack of fit 3.65 3 1.22 3.87 0.1121 yNTES
%72 error 1.26 4 0.31
A sum 176 16

T = 2R EE (P <0.01) ;5 « 25783 (P <0.05)

Notes; # # indicates there was a very significant difference (P <0.01); s indicates there was a significant difference (P <0.05)

e 3 N, AR R 5 4 QAR AR L R
oy BRL P s /T 0,05 (P OB/ ) G
PEBE ), B TR A 56 R R = SR/ =
171.09/176 =0.9721 , {5 BRI A FR B B 4T, I
HRWIR L P AR %, RUIBAUR KL, X &
WK BT S A [l U5 AR s, AT A ok
Sy BRI A 7S AR R A RS 2 T4
PR MR 3 B S T R A L A
WORE LG B AR A X Z2 A5 3250 ) B K, FT AR P XoF
3 AREM 2B 300 R E R AT HE Y IR
FE > WORHLE > S B ], 25 ] SRR AR R i g
BT A5 7S B R IR A 12 2 W e
LA B IR 84. 84 °C L HT[1] 49. 47
min OB} 36. 28 ml/g, A HRELE J 31.21% .
2.2.3 RS H AR X 205 238 00 0 W 1 43 B

N3 () P FIIEL 4 w] A1, R RS I () R R S
FEASHAE A AR 2K (P <0.01) o 2588 7 B
[ — 2 ], I o R 75 Ui B P A G, 2 1S 3 AN
hn H3E g e B i T 2. X ATREE T
TR AR 3N T S R NS B 4 1 is Bl ARk
PRVE R A H T At 2% 1 09 R T4 2 4 328
B M58 P YL B — i B, e 7 B[] £ 34
ZHR R 2T B G REIR G, XER A
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RAT L3 200 0 B 5 2L 80 10 40 o 40 i PR 2 0
BRI T B — 5 I ], 25 22 B A 58 A e
TR I PR, A ) T 2 41 5 A R, AT 4
AR (L R I ) 9 0 B — o R, Frak
B P BT VIR 4 S B R A0 W it , 1 20 WS
AR TR IR 5 OB HC A 28 A
75 I 5 0RF LE B 58 AR R BT, (L M TR 4
T Y 7 LB — 2 I, B YRR 14 i £
TRARITHENN . IR — 52 I, B 25 6 75 R 3 1Y
SN2 S AR S N 5 e T 5%, T B 25 4 7 )
TEI B AR BRI 38 0 22 M 75 SR S0 T 0/ o

L5y 1 DR R 0 W 5 P AT L 75 72 Bl
BRI A7 46 36 20 08 e 125 4« 75 Ol i
84.84°C B A[a] 49. 47 min JEHEL 36. 28 mL/
o, SRR N 31.21% , {52 f 3] 52 bR 1R 1Y
A, B e T2 A IB IE - B A LS 85 °C
FAFIE] 50 min JERHL 36 mL/g, HEAEI ST
PEAT T BRUESZEG , IR He B R 4R 46 1 T A5 58
ARARE S R B R RO ML . AR 4 T
DAFE Y, 52 B 8 P 32 R R 5 A 700 e 4R B R
UL, FWNZ AR AT AT [ I P v 5 K R ik
FHA S FARBCR
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Polysaccharide yield

B S ] /min

Ultrasonic time

=
28
Lo 2
W 2
@'5 % |
E 40 35 '857-90
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S 0 e
C WikRHEE/ (mL/g) A EFEERE/C

Material-to—liquid ratio Ultrasonic temperature

B a0 =50 2°

ZRERE/%
Polysaccharide yield

B
B I ] /min

Ultrasonic time

C Wit/ (al/g) 20 40
Material-to-liquid ratio
B4 AENKARZESHESE
32 B 550 i Wi 2 T (B #0257 2k
Fig.4 Response surface and contour plots showing
the interactive effects of ultrasonic temperature,
ultrasonic duration and liquid-material ratio on

polysaccharide yield from Gelidium pacifium Okam.

F4 WWHIRBESHEESEMNILE
Tab.4 Comparison between ultrasonic
extraction and traditional water extraction of

polysaccharide yield from Gelidium pacifium Okam.

$EICT LW % FI{E/ %
Extraction methods Polysaccharide yield Mean
iﬁfﬂ{f . 31.14 31.50 31.36 31.33
Ultrasonic extraction
KA

14.32 14.96 14.21 14.16

Traditional extraction

2.3 KARXZHERELEENE
2.3.1 DPPH H 3L BRNETE

Hi &S B, KA FERZ MR Ve X DPPH [
HIFE AT R AE J7 Bl J5T ik o B2 14 T g T A R
5. EAA[E BT W T, DPPH [ i 5L (975 BR g

HFRMEW N Ve > PGPO-UE > PGPO-AE, 11
7£ 5 mg/mL B}, PGPO-UE, PGPO-AE J Ve [
DPPH [ 335 KR40 51 26. 03 % 17.10 % il
96.54 %

w 100 .

g 80 ——PGPO-UE
= —— —
22 o Sgpo AE
%2 *
& 40
#L o

] 20

= |

S 0

0 10 20 30

JREWE/ (ng/mL) Mass concentration

B S5 XAEXZHEX DPPH B HEREREE
Fig.5 DPPH radical-scavenging activity of

polysaccharides from Geligium pacifium Okam.

2.3.2 ABTS [t L35 506 Tk
FH &L 6 AT, BE K A 46 52 22 0 o Wk BE 1 4
i, ABTS [ HH L AIH BRAE S AN T4 &, 2k
E{jv 20 mg/mL I}, &8 A SO A LS Z B A
HILIERRAE R E 27.77 % ., WK &, 7%
R E T PGPO-UE ff) ABTS H i 3L 3% B e
FHKTF PGPO-AE {BATER T Ve,

w 100
=
2 80 ——PGPO-UE
*® 2 —a—PGPO-AE
@rg 60 ——VC
ﬁéw
40
TS
2 20
5 9
[~=1
0 10 20 30

JREIWE/ (ng/nl) Mass concentration

B 6 KALXSHEXT ABTS AHEMNEREE
Fig.6 ABTS radical-scavenging activity of

polysaccharides from Gelidium pacifium Okam.

2.3.3 HAEMAET A BRI

TP 7 RTAL, 3 R df b B B 1 B el 2k Y
TEBRAE S KB i e JBE oy 3 i ini 3 56k, HOK A1 46
SR 20 Wi R S T 3 B E ) B, W O 8
mg/mL FYEERRILF- 355 50 % , Bl e B2 o —
AR, HOG BRI Ve SR ELHEE3 FhRE A,
AT A hEERIERRAE S K/ : Ve > PGPO-
UE > PGPO-AE,
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Ultrasonic-assisted extraction and anti-oxidation of polysaccharides from
Gelidium pacifium Okam

CUI Mingxiao', WANG Xiaochen', WANG Yu', WU Junwen', LIU Kehai'”
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306 ,China; 2. Shanghai Engineering
Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China)

Abstract; Ultrasonic-assisted extraction of polysaccharides from Gelidium pacifium Okam. was optimized by
response surface methodology based on the single factor experiment, The experiment results showed that the
optimal extraction conditions were ultrasonic temperature 85 °C, extraction time 50 min, and material-to-
liquid ratio of 36 ml/g. Under these extraction conditions, the extraction yield of polysaccharides was
31.21% . The antioxidant activities of the extracted polysaccharides were evaluated by measuring the
scavenging ratio of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical,2,2’ -zainobis (3-ethylbenzothi azoline-6-
sulfonic acid) ammonium salt radical (ABTS" ) and superoxide anion radical. The results of antioxidation
experiment indicated that the polysaccharides from Gelidium pacifium Okam. removed DPPH radical, ABTS
radical and superoxide anion radical, showing a dose-effect relationship. The antioxidant activity of
polysaccharides obtained by ultrasonic-assisted extraction was higher than that obtained by aqueous extraction.
Key words: Gelidium pacifium Okam; polysaccharides; ultrasonic-assisted extraction; response surface

methodology ; antioxidant activity
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