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(1. B Ry kbl , B 2013065 2. B/ it LRI CAERORBESE oLy, BifE - 201306)

E: L HAW S (Hippocampus mohniker) S A}, >R FF M I 2 50 00 Ak 8 P i B SR UL 2 08 T2 4610, 38
TR EAT AT Al D U S SR O SO AL, PP A TR M . B SRR B B ) 47 min (RARTRLEE
87 C K 23 mL/g Rt SRR FL 2 08 HP 15278 9. 91% ;@ i A (A3 3 R A A5 3 2 Fh 2 % HP-1
FHP-2 ,HP-1 2450 L FUNE  H SR LB R L 11.32:6.39: 5. 64 4%, I & A > PRI AKE 5
P B ZEWE, HP-2 2 BTy o A A 2 M o 0 I R L 1 LW I R s FUOME L A R L R LU R L
29.03:18.18:8.48:6.30: 4. 88:2.70 4 i, I & A DA SEWEFIR WY  HP-1 HP-2 BA5 R 4F DPPH [ f 245 BR
fieJs, H HP-2 o, [RIA) HP HP-1 2 HP-2 Y B R R ), B & Z M RA RIS

KW AAMEDS; 20, A REG MmN Il SR i

PESES: TS254.1 XHEIRERS: A

5y ( Hippocampus ) J& T ¥ H
( Syngnathiformes ) ¥ v B ( Syngnathidae ) , 3= 243
A 50°N £ 50°S {13l s FH BT T i X8, H A7
BTEM RO E N T RS E T 813
Wy 48 Bl R R AR LB £ 2K R
FTFARGEEE 2 5h % HoRS TR N TARE ALV o WESE
HKU, M S B — RV REEAE T, Bt A
AN S/ E A& = (2
S, ELOS R I s A | B 928 R i i 28R AT R
WEA RIFEMAER"Y . HATXHE D RS
LR AE B IR R Z K A
g3, W B Z B OE S8 AR H G D
SNSRI K O TR, A W3 vk A0
B 24 Dt it B ol B Ak il A5 45 7 T R
BA Tz WA e A XU H A% D
(Hippocampus mohnikei ) 2y J5UR}, 38 13 0 bz T £G4
P B PR S 20 T IR & A Rk B
Y— 228 , ) A 001 5 BB 20 7 S Bt S AR T
A it T Z2 M8 1) 7l AR i AR 2 K 4k A
ARSCHE A BT T 5 TR R AKCE-5 f
{E-

IFE HHA: 2021-05-19 EE HHA: 2021-06-01
BEE&WH: ERARP-E4S(81572989)

1 MRS

1.1 ##5iF

HAHE D (R4 3 ~5 em, (& 10 ~20 mg,
Hi%3 ~10 4 H) B th 748 H BT S 4l
fRIORE, Bl 22 AYRHE A IRA A R . — &
e . & W be, Bilgh] RITARAF;95% &
it LFRTF . =R SR PUIR LR . DPPH, 5 245 4%
AL R ) 5 Sh R Fe i, b st fb T3 2%
Wy = IR R, Bl ik B il A A R A A
1.2 (FE5iEE

FEALER IR, BV AES) s
AR IR S T84 ( DH6-907385-111 ) , | ifg T
Sl A BRA R BEIT iR 5802 BL.OHL, 43n sk
AR T % 25 AL (RE3000-D) , ¥ IV 28 A=
FRAER T3 AT, 3E [ Agilent 24 7] 5 48 4MA]
WA BT, B SRS AR A IR 7] 5 bR
1, S EA B A A PR A F
1.3 LAHZE
1.3.1 i 2 $E

TE RS X T R4 60 °Cifg 5 T4 = {H &, f
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FERRI A o LB IELAE NS - 0RHEE 10 mL/g i
J& 80 °C UK 3 h HAL 3 Yk, 1 UEAS B B AG i
¥y Mo #2230 mL/g WROREEE [ B i TF 5 3 N
N ZEVR K P A B4 B U8 R A L SR DTTE
E.>(4 000 r/min,4 °C,20 min) EFR FIER, %
VR A, B THHLZ B HP'
1.3.2 LRI

PR 1.3, 1 5 TR i, LA 20 mL/g
HA 30 min 80 CHEE 3 h ¥ Ay M A LI 4%
4, I P A (20,30 .40 .50 .60 min) 322
J&#(50.60.70.,80.90 C) .y Bt (10,20.30 .40,

50 mL/g) kMR ANEL A L i AL TS
RSN

:%x 100 (1)
e WRZHERAR, % sm JpRLZ W BT i, mg; M
A FREA i i , meg

1.3.3 i o i i

DA PR 2R I 2 2R O kAl , B % =R =K
P BEAT R R AT (6 1), PE A IR AR R 2
PERRR AR, A Design-Expert 11 X {F5E47 1]
VASMT , B 185 T S RE B R T 2 4

F1 MEMREHERRRKTE

Tab.1 Factors and levels of response surface text

. 7K 3 Level
A & Factor 3 0 71
A #FE I} (] Ultrasonic time/min 40 50 60
B 2421 ¥ Extraction temperature/ C 70 80 90
C B Solvent-to-solid ratio/ ( mL/g) 20 30 40

1.3.4 HZWn itk

(1) BEN

WS il 5o 2 W TR KT, B
(4 000 r/min,4 °C,20 min) , L F{EWINAGEE
RO, LR Ty 3% , T FE ¥ 5 E A
B0 (4 000 1/min,4 °C,20 min) , B 3EROiE
RSG5 BT (IR 43 1 3 500 w) LSBT
W,

(2) DEAE-52 g2F 4 R A it 2lifk

FoT I Mk DEAE-52 SE8E 1 h, KERA ST, 3%
SIS, B 1k AR A, R RN TR R,
4l KPR . B B AT B AR, 0.0, 1
0.3.0.5 mol/L Y NaCl A A VR , 481 - i
PR AN W AR, 22 il il 2, O 1 W A8, Yk 4 L i
Mrifis v —H4lifk.

(3) Sephadex G-100 #ij SRAHEE AT 24k

FU 53 I SR S SERE 24 b, JSBR b )2 Bk
JREHAR ROk, AT e A, B Al K P 3 ~ 5 AN
& . BUGE B4 DEAE-52 214 2 5 T35 0 kk
Uil J5 I 2 A AT AR, A B 0.1 A1 0.3
mol/L NaCl {3 AT VR, W 4R , 2 193 - 12 A DU
WO REARL, 2 Tl R I il £, Wi 46 04 45, 3 A R
a5, T RS S alifb 28
1.3.5 HP-1 1 HP-2 BAMHLH B &

S SCHR (25 1 A5 3 X b o i L T 22 it
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Tk AL, B IS EHLA T, RAME R,
PN 1 mL/min, JREEFET R STRER K 70 eV
BRI EE S 150 C 5 #E R AE 165 C R R¥FE 7
min, ) 5 C/min EFF & 185 C ;5 min J5, Ll 4
C/min S T2 200 °C ;5 5050 FHEHE K 20
°C/min, FFZE 280 °C,{%4F 2 min, #47 GC-MS
58T

1.3.6  HE LG

(1) DPPH [ i iR g 1"

Ve i) B4L, & HP HP-1 HP-2 X — 284K
TrOREERE B B (DPPH - ) RS BRAE 1. FLE A
[l e B HP HP-1 HP-2(1.2 3 4.5 mg/mL)
VW, BRI AR B 248 1 DPPH %70 T 96 LR, )X
I 30 min () A 517 nm B EE A, AR A A
3 (2) 34 HP HP-1 \HP-2 X§ DPPH - (35 ER %

C=(1—AlA_Az)><100 (2)

0

X C 2 DPPH - 35ERZ, % ; A, s EON BRI
JCRE A, AR RBOGEE 3 A, R ARG EE
(2) BB JF I

it & 0.2 mol/L PBS(pH 6.6) 1% &4k
PAM 10% — A LR 0. 1% = A8, #% SCHk
(28 ] J5 ¥ I 7 A [F e B2 HP (HP-1  HP-2 %5 Vi 11
IR
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1.4 HiEALE

4y ) & A Origin 9. 0, SPSS 17. 0. Design
expert 11. 0 BRPF/p AT SL B0 4 5C 181 2 L LI R 52 5
Kt 5 e Ry T S R

2 HR50H

2.1 BENEJVRRERBEERRAEENESAS
R ESEA

WP Ta frow, B A I R]E R, 2R R
B4R R, 28 B 50 min B, X R A KE
11.30% , FitiJ 22 WA R AR, Tt by 7 ]
ST A T v B B 40 i 4 SR, N 38 2 b U
i, (EBE TR AR S i, 2% B0 3 22, HOl S

i/{

B AIRE K AT B3 5 | & 2 WERE R, 530 S BEDTTE IS
ZRATRAT BT AR, DR L 6 5 8 7 I ] S 50
min, WIE 1b s, & BT &, 201
WK, Y5k B 80 °C B, ik B A K H
11.07% ,E#E— Tt &, 208 T, &Y
T 10 Pl P I B T T PR 2 W A (R A
—ETRE AR T 2w d . El Le iR, b
BRI R, 2R 20 ETH, e Ry
30 mL/g B, iR BN B KRAA 9. 47 % , F I AE— i
P SEIBORE B T B Vi T 2 R R T
I B4 N 258 = AR K I A2 VR EE 25, A
(LIRS

—_
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12 12
e xR
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w5 R
g 8} 9
L Sal v
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#HAE R A) Ultrasonic time/min
(a)

BIRIRE Extraction temperature/‘C
(b) (©)

80 90 100 10 20 30 40 50 60
WBHE Solvent—to—solid ratio/ (mL/g)

E1 @BEREGRZRE. RMEXED SEERNRIE

Fig.1 Effect of ultrasonic treatment time, extraction temperature, solvent-to-solid ratio

on the yield of Hippocampus mohnikei polysaccharide

2.2 MEEERNEDS SIERINEN
2.2.1  ma AR s g

TERH R LI AL [, AR 4l Box-Benhnken
O G IR BT T T 17 ik, sk 2
N, W IR B K fe/ Nl 4.93% e K
H11.32% , F WA A3 56 R 3R 1 AN [R) 7K OF X 2
WA R AT B GE ), R B itE— 20 % Lk A7 [l
TR IT 2550 M7 o
2.2.2  FEAVAYEEST N R R

K] Design-Expert 11. 0 {4 X 105 45 5 it
AR R ZH X HER, Y =
8.78-0. 7480 A + 1. 14 B - 0. 6420 C -
0.0170 AB +0. 9460 AC — 1. 30 BC +0. 6838 A” —
1.31 B> -0.6032 C*,

= 3 Frow, XF iz Bl H 77 B AT 05 22 504,
BRI P <0.01, HA WM RIBIAL A
R A E s RT3 P >0.05 MK RER =

0.987 9, K WA B AL 4L & R 4F; H 5 B 1L Adeq
precision =30. 501 4 >4, 224 DL 45 R 0% 0
A Z MRS AT, v T 20 M RS0 ¥ B 22 Y
RECT LD, MG FAER/NAT I3 3 A EK
Xof T Z2 WEAT 225 1 1) 3 RO AR IR Oy 12 4
M (B) A RE (A) R (C) o HPER T
SEEIGAB X 221 200 5 0 25 A, AR T
X Z WA R BA R E (P <0.01)
2.2.3 g ES Z ST 20 e g i T A3 A
12 SOk b R BRI S R A I ) 2 ] 52
AR X Z 0052 00, bR S TR S WOk
Pl B 75 N (] S5 V08 19 58 ELAE T 1 S 2 RS
MR 3, TR 4 T B 5 P I ] 9 32 HLAE
PR o iR S A Y 1) 73 A, 45 3 B It T
ZARAT R R R I ] 47. 37 min (2 43R BE 86. 73
C R 22.86 ml/g, ZHEIS K 10. 16% . %
JE B S AT BRAE I, B e PR PR I 2 AR Sl
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INFIE] 47 min JZ5ETRE 87 °C BURHE 23 mL/g, il
AR 9. 91% , 5w 1y T 3 30 245 SRAH 3T, 46
WZ i R I T 2 0] 17

x2 MEEREEITRER
Tab.2 Design and results for response surface analysis
BRIBE  CHEHL

R A ﬁ?élﬁ,“ﬂ Extraction Solvent- g)ﬁ%{%%
Ultrasonic . Polysaccharide
Number time/min temperature/ to-solid ;fiel %
< ratio/ ( mL/g)
1 60 80 20 7.63
2 50 90 40 6.20
3 60 80 40 8.29
4 40 90 30 9.75
5 50 80 30 8.69
6 50 70 20 4.93
7 40 70 30 7.75
8 60 90 30 8.52
9 50 80 30 8.86
10 50 70 40 6.20
11 50 80 30 8.85
12 60 70 30 6.59
13 50 80 30 8.57
14 40 80 40 8.20
15 50 90 20 10. 14
16 40 30 20 11.32
17 50 80 30 8.95
2.3 BEZENAEL

HP 5 Jcitiid DEAE-S2 B FAc it aiifl ,

3a itz , VeI A AN [ NaCl %53 (0,0. 1,
0.3.0.5 mol/L) , U4 0. 1 mol/L(27 ~29) #10. 3
mol/L(52 ~54) NaCl {5 R VR N 1) Z W, &
Sephadex G-100 7 SR WHEE AT i — 2P 4lifh, 15 3
B XFRI 2 &, R BN Y — 200, an &l 3b
B WCAR WA TR 4 LB BT V8 VR TR S B 4l
b2, w44 HP-1 I HP-2
2.4 EBYEER

2 GC-MS 437, HP-1 F1 HP-2 34 & 2% 4 |
Horb HP-1 b5 i 05 BT RLross A B2, B
Mg SRR 2, M HP2 &S A R 2 I A
HEJHE SRR . WLk 4,
2.5 HP.HP-1 HP-2 3t DPPH BB &S/

e 4 fos, Bk R 0 ~ 5 mg/mL i}, HP
X7 DPPH [ HBETCIE BRAE T, 2lifk 5 1 i 5 2 0%
HP-1 F1 HP-2 3 R &4CR B 3 i, o HOZ HP-
2, 7EMRBESN 5 mg/mL B, H: DPPH [ | HE35 BR3¢
1 72.48% 5 Ve 7 20 (HARSR /R T %
BT ALRE J7 o R ARAEDY XL - 22 8 Y B
SRR, Alifb 5 ) Z % DPPH B | 356 1 3 BR 2L
RTThT A 1 B A4k 1) 2 B P A A0S PR B4R
Tto

®3 ERAKRBEMFTESN

Tab.3 Analysis of variance in regression model

kIR FITA B

7

Source Sum of squares df Mean square F P
T Model 39.18 9 4.35 63.26 <0.0001 * *
A 4.48 1 4.48 65.04 <0.0001"**
B 10. 44 1 10. 44 151.74 <0.0001""
C 3.30 1 3.30 47.91 0.0002"*
AB 0.001 2 1 0.001 2 0.016 8 0.900 5
AC 3.58 1 3.58 52.01 0.0002" "
BC 6.80 1 6.80 98.83 <0.0001""
A? 1.97 1 1.97 28.61 0.001 1"
B? 7.26 1 7.26 105.51 <0.000 1"
c? 1.53 1 1.53 22.26 0.0022""
5% 7= Resdual 0.4817 7 0.068 8
24l Lack of fit 0.3913 3 0.130 4 5.77 0.061 7
%% Error 0.090 4 4 0.022 6
ST Sum 39. 66 16

T+ FORZEFRE (P <0.05) 5+ » FIRZEFMEE (P <0.01),

Notes: * indicates there was a significant difference (P <0.05); # # indicates there was a very significant difference (P <0.01).
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gl12-T g1z g1z,
=) = =l
g 10} N o 10NN - | 3 10
e e ' %o 8h
s o L] | 3
5 £ ‘ By 6
N NS s
§ 7] g s
e i =
& & 40 =~ 90
80 50 30 80 30
55 75 55 25 ) L 2%
ABIFERE 6070 BRILEE AR 6020  BiMUREE BRI 7020 BiCRHE
Ultrasonic Extraction Ultrasonic Solvent-to-solid Extraction Solvent-to-solid
time/min temperature/'C time/min ratio/ (ul/g) temperature/C ratio/ (nL/g)
(@) (b) (0

2 BZREMEEERMNESSHEEESM

Fig.2 Interactive effects of various factors on polysaccharide yield

g 3.0
S
E 2.5 0.4 £ g 2.5 —eHP-1
oS 3 =g ——HP-2
®Y 2.0 BS T 2.0
RE 0.3 7 9%
Ko 1.5 ﬁqs : 1.5
E g ' . ﬁ o g 8 .
o8 0.2 58 ES
g%t 10 2 giLo
2 Y
= 0.5 I ! i 0.1 % 205
[ ] Q
[y o = \".__ -_-i'/ M 0 § 0 taypeage = =e s
10 20 30 40 50 60 70 80 5 10 15 20 25 30
%5 Tube number &5 Tube number
(a) DEAE-524F4 B FACHALAL (b) Sephadex G-100%SSHEHBAL 2L
DEAE-52 ion—exchange column purification Sephadex G-100 gel column purification
E3 Bkl
Fig.3 Elution curve of Hippocampus mohnikei polysaccharides
#F 4 HP-1 51 HP-2 BE¥EHERM 100 R . N
» b * * —$
Tab.4 Monosaccharide composition of HP-1 and HP-2 % 80 N
E T e
5 5 BR 15 i) JEE IR H =60 / —e—HP-1
S i Retenti Mol g ——
Tye Name etention olar £ 40 / HP-2
P time/min ratio g —+—Vc
— o 20 L]
kot 16.38 11.32 = ; i/./'/
LR 16.53 6.39 0
- i T
H 16.31 5.64 & 20 \
HP-1 AEDRIEE 14.98 1.45
Hh‘{ﬂﬁ -40 }\.
A 15.07 1.34 T~
pesii 15.05 1.15 0 1 2 3 4 5
s 14. 86 1.00 JREWE Mass concentration/ (mg/mL)
e SikE) 9.89 29.03 .
4 HP _HP-1 _HP-2 % DPPH B EE
s 3.9 - B4 HP.HP-1,HP-2 3} DPPH & EiAT# 7
SRR 38.23 3. 48 Fig.4 Scavenging effect of HP, HP-1,
e 7 p 11.08 6.30 HP-2 on DPPH free radical
HP-2 o
Gt 12.80 4.88
H & h 16.03 2.70 \
2. HP HP-1 HP-2 gyif R
R 4.23 1.88 6 > N HIZE R )
= e y ol a
IS 15.23 1.00 BREALER i) = Bk Rl g B A P AL T Rg

A9 A SRR A K, 5 = S AR S 2R B AE
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700 nm Kb B RS AMRIUE - . Qi S
JIE7R , BEAE 28R B 0, W' B2 2 i b O, %
B HP (HP-1 [HP-2 {134 58 7 it 46 e 55 15 i 2
W, HAEAHRIMRE R, HP-2 38 7 ) Bk, i
FHRIZMR S E e, HE xRzl HP 5
J5 0% T HP-1, 7E 0 ~5 mg/mlL ¥k &0 Fl A,
HP HP-1 HP-2 [y £ P45 Jr #2030 v =
0.026 +0.030x,R* =0. 967 ;y,,, =0.021 +0.024
x,R*=0.983;y,p, =0.047 +0.030 x,R* =0.973,
e 6 frzs, HP-1 (HP-2 75 [R DPPH [ i KL fEg

RISy o) LA A OGE, HAE R B R KT
0.9, HP H A JE Iy, HXF DPPH & A 1H KR
1, T UAFEAE HP B3R5 ) 5 DPPH - 5 BRZE MY

HHSAE
0.12
0.10 ¥=0. 059x-0. 010 49
R=0. 909

HP-13E J& /1
Reducing power of HP-1

4 6 8
HP-1%}DPPH - {EEZE
Clearance rate of DPPH e« of HP-1/%
(a)

10 12 14 16 18 20

700 nm"% % {H

Absorbance at 700 nm
=)
—
=)

0 1 2 3 4 B
JRE W E Mass concentration/ (mg/mL)

5 HP.HP-1 HP-2 xRN
Fig.5 Reducing power of HP, HP-1, HP-2

0.18

0.16 y=0. 003 01-0. 064 9x
0.14 R=0. 958
0.12
0.10
0.08
0.06
0.04

HP-2i8 5 1

Reducing power of HP-2

30 40 50 60 70 80
HP-2%}DPPH - {EkZE
Clearance rate of DPPH e of HP-2/%
(b)

6 HP-1 HP-2 {yif 5 /15 DPPH - 5 AKX 1%
Fig.6 Correlation between the reducing power and DPPH - clearance of HP-1 and HP-2

3 e

RPN T A KRS R PR B I A
B Hop kR N T o e y5 e
T dsc i F  FEAE Gk Sk 3 a1, 51 AR 75 il B
PRIBURT 248 7 $2 I HoF [, 48 vy 4 ICRE0OR R AT 22
51T ARG P o T 3 0 T P el B 3
HUG ML Z 0 T2, 43 2 R R BUA A, Z hE 15
RIKFN9.91% , MM/ A5 R ZR 2R R
il T — 25 0, PR e L A o Y — 2
Je 24 FE PN A2 WA 5 B4 A, 4R v R
(B Sk, H AT 2 A A Ak 7 2 TUTE i 2 AT
VAR e R R, AR SR
FAREENT 4> b A3 5 2 Fh ¥y — 20 HP-1
HP-2 #1175, HP-2 A HOHLZ B LA T 47 1 4t
AL, F I A AL 5 X A s A 4
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B R 2 IR B AR B 5 MR, S R
HAEYE M E BN E S HP-1 K HP-2 Hp
NN E AR, 4 GC-MS 4347, HP-1 =2 g i 4
BRI H S A, HP2 % LA 2
W A BERER CEFUMIRE IR 2 FLE A H
FRMHLEL IR, 3 2 G — A 45 g A N P 20 17 25
SE TR, ZWHEYIETE SR, TE Y R, £
FErgPT A AL M LT BT g% R IR L i
FORERMLE Z —, B N AME R T2 HR
PUAATE T, O B0 B 5 A W 4 5 ) A 5T T
Mo AMEEA &, & AR
W, A 2 25 R R Bt A4 VE L DNA % 1k
IR S I, 1k — A5 353 5 BIL A 400 g 0 i i 4L 41,
R LMY . LW B A A 1 AT i
L F45 DPPH - 1 [E & [ L s2 3, 53 4h
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LL DPPH [ Hi L3 bk S FLE 5 1 4845, VRN T
U T 2 MR BT AT P DU A ) 20 1 ) g
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Optimization of extraction of Hippocampus mohnikei polysaccharides and
study on antioxidant activity

WANG Yu', LIU Kehai'?
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquatic
Products Processing and Storage Engineering Technology Research Center, Shanghai 201306, China)

Abstract; In this study, the extraction conditions of polysaccharides from Hippocampus mohnikei were
optimized by single factor test and response surface test, and the monosaccharide composition and antioxidant
activity of Hippocampus mohnikei polysaccharides were determined. The results showed that the optimum
extraction condition were ultrasonic time 47 min, extraction temperature 87 °C , and solvent-to-solid ratio of 23
mL/g. Under these conditions, the extraction yield of crude polysaccharide HP was 9.91% . Two kinds of
polysaccharides, HP-1 and HP-2, were obtained after being purified by column chromatography. HP-1 was
mainly composed of glucose, galactose, mannose in a molar ratio of 11.32:6.39:5. 64, with a small amount
of arabinose, xylose, fucose and rhamnose. HP-2 was mainly composed of glucosamine, glucuronic acid,
galacturonic acid, galactose, glucose, mannose in a molar ratio of 29.03: 18. 18:8.48:6.30:4.88:2.70,
with a small amount of fucose, and xylose. HP-1, HP-2 had the ability of scavenging DPPH free radical,
among which HP-2 had the best effect. Furthermore, HP, HP-1 and HP-2 had reducing power, indicating
that Hippocampus mohnikei polysaccharides had better antioxidant activity.

Key words: Hippocampus mohnikei; polysaccharide; ultrasonic extraction; response surface optimization;

monosaccharide composition; antioxidant activity
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