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Optimization of Polysaccharide from Okra by Slowfreezing—
Microwave Assisted Extraction Method and Its Hypoglycemic Activity

ZHANG Yanjun "~ ,LI Jing, ZHANG Yuling, HAN Yonghong

(School of Pharmaceutical Science and Chinese Materia Medical , Jiangsu College of Nursing, Huai’ an 223005, China)

Abstract ; Slow freezing—microwave assisted extraction optimized by single factor experiment and response surface methodology
was implemented to extract polysacchrides from Okra.To explore the hypoglycemic effect of okra polysaccharides, the inhibitory
effects on the activities of a—glycosidase were studied by the colorimetry of pNPG,the effects on blood glucose were studied in
adrenaline—induced hyperglycemia model mices.Results showed that the optimal conditions were slow freezing time 16 h, liquid
—solid ratio 40: 1 (mL/g), extracting time 2.2 h, extracting temperature 65 °C, microwave power 310 W.Under these
conditions , the extraction rate of polysaccharide was 17.17% ,which was significantly higher than a single extraction process.
The polysaccharides from Okra could significantly inhibited the activity of a— glucosidase, the inhibition rate was 68.26% at
10 mg-mL ™" ;and significantly reduced the blood glucose level of adrenaline—induced hyperglycemia mices (P < 0.01).The
extraction rate of okra polysaccharides was improved by slowfreezing — microwave assisted extraction method.Okra
polysaccharides had better potential for the hypoglycemic effect,and might be developed to prevent and treat diabetes.
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1.2 WHE
12,1 mkZE Lm0 e k2 2R 92, alifkoK
THVGE T, W R T Bkt 0 (60 B ) L3 A AR
TBEINE , FE TV, MAKEE M 5 R B T K IR —
WORHUIRG , 75— IR T K i e — e i uTTa], 4R
JETE-20 CIREE NV R—E M), 76— E P14 F ki
Ab ¥, PEIBOR I A SRR Sevage 1877 ( =44 W £/ 1E
THEE 4: 1), R4 IR IE S5 # &, 4000 r/min & .0
10 min, BCEWEH, IO 3 SRR 95% LW i 4 °C
DLIE L 7, 4000 r/min B .0> 10 min, JT1E YA U H
70% ZBEE MR 95% L BEHF W TC/K S WEVE s, SRS
FHE B oK, D E WOGRE
1.22  FRIRSCE LB 2R R N IR 4R
i, LU S R B (] CWBORH LG L B2 I A] | R 4R U RE LTk
P 5 A PR AR R 25, 25 4845 TR 38 % B Rk
ZEZWEAS RN . BE OB 4001 (ml/g) 23
IR 60 °C ,iZ4RAFE] 2 h, ik P14 300 W, #RFTEANA]
ZZURATA] (8 .12 (16 .20 .24 h) X} B K25 ISR 52
M 5 [ 2 22 R B E] 16 h, {2 3R B 60 °C , 3= $i i [A]
2 h, LI 300 W, R FEAS [FIWRORE L (20 1,300 1,
40:1.50:1.60: 1 mL/g) X} 85 Rk 3% L BHA5 55 (19 52 ) 5
(&8 2 ZRET ] 16 h, oRkEk 40: 1 (ml/g) |, i 42 1R
60 °C, i D14 300 W, #RFTA R $RATE] (1 (1.5 2 |
2.5.3 h) X Bk 3E 2B AS AR 00 52 0 5 [E] 2 2% R B [E)
16 h, BOEHE 400 1 (mL/g) , IZ$2AFE] 2 h, 4 o3
300 W, 584 [6] 3= $2 15 & (40 .50 .60 .70 .80 °C) X}
BRKZE S RIY LN ; 8] S2 R IN 3] 16 h, WOk L
40: 1 (ml/g) ,IZIZIRE 60 °C ,JZ4EMT[E] 2 h, I
[ 4 38 D3 3 (100,200,300 400 500 W) Xif B Fk 35 £
BEAS SR S
1.2.3  many e R L3RBT 2 FE SR R 3R S i 1Y
FLal B, 7% B8 Box—behnken Design {56 1% 11 R 3, %k
PEWCEHEE A GRARETE] B IREEIREE C YR D 45
4 NRFEANE B EEER, LB Rk 38 2 0515 332 2 i i
B, SR T PG RIZR = 7K~ i) iz T 50 B v e A T il g i 1)
VIR R 5P mid R LR 1,
1.2.4  AKZEZHE S mn il E
1.2.4.1 32 B MObs ME 2R n 2t o o R IR
105 °C 8 2 1H 1 A A5 25 8% 0.0250 ¢ B T 250 mL ¥
UM, sl Ak oK 25 = 20, B S, BAS e R
100.00 g/ mLAYFRIER 2 U . B MR bR iy
W 0.0.1.0.2.0.3.0.4.0.5.0.6.0.7.0.8 mL T 10 mL %
O, SR DA 6% PRI HS WK 1.0 mL, ¥ fir F2
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Table 1  Code table of factors
and levels of Box—Behnken design
SES
AOF ARG BREESE CRHREE D MR
(ml/g) (h) () (W)
-1 30:1 1.5 50 200
0 40: 1 2.0 60 300
1 50: 1 2.5 70 400

5.0 mL,¥%5] ,§ & 5 min, FHAMLK ER B 2B, 5057
F&o), B KB THCE: 30 min, ¥ H1, T 490 nm AR
FE WG BEAR , LA 208 BT R B (we/mL) SR AL AR,
WG IRE A S DN A B 22 1) A o if 2k, 45 21 1] 05 O A2 .
y =0.0681x +0.0095 LR =0.9994

1.2.4.2  EEGEZHESRINE B 1 mL BERkZEL
BERBGR T 100 mL 25 &) &, F 2lifb oK & 245 £ Z)
B MESREE 1 mL T 10 mL 2, 0 R
A 6% KW 1.0 mL, WAL 2 5.0 mL, {## & 5 min,
JHAAK E 2 2= 2, 38 20 )5 B K W & 30 min, ¥
A1, T 490 nm AL GE OGRS . AR [R1)H 5 R
e ARERIE AT AT 2R,

XV
HHE LR (%) =T

i om, U E 2R TTE (g) , V: 2R BUR

PRI (mL) |, n: Z2 052 IO Y F5 BT 20, m . B Rk 3%
IRECH R B (g)
1.2.5 BEFKSEZBEXT oo M2 W BTG RS2 R
RiAARZ A 67 mmol - L™ W2 41 2% wh ik (37 °C,pH6.8)
860 wL,1 mg-mL ™" &P H KW 25 wl,2.74 U-mL ™'
a— TR PETT W 35 pl, S KE Z P (2,6,
10 mg-mL "' )10 L, ff < 6BE(2.6.10 mg- mL™")
10 pL;¥#4J,37 CHEE 10 min, fiI A 15 mmol - L™
pNPG % #% 60 L, 4k 10 min, LA 0.1 mol - L™
RTREN I W 4 mL, F < 400 nm Ak & W 5% B
(A) o a— TP B E NN 20, R RS HE R
in pNPG A HAx[FIRE A, 25 VAN N pNPG, Hoax
s R FR oAbk (b FE T

B 2 (9 ) = AT (An=Aus)

Ay—A.
Ay a— PR E I IOGE Ay 20
FES A IS ERE s Ay FESR S AR IOSE T AL, - 28
P45 A e Y6 R
1.2.6  FEFKEE BT B b R 2T S0 MObE /IS BB
KRR R BH/NER 60 1 B AR 6 2H., % BE
ZHF 250 mg/kg bw B H — U EH Z H BUIK; 5564 $#
HEAIFRIEZH 100 mg/ kg bw A7 4 200 mg/ kg bw .5
FIHE£H 400 mg/kg bw £ H — R #E H E RS 20, [
B2 X IRLH AN AR AL A, B H —IREE
R A M ER K . BB ANBR AS X B4 A, o445 41
12 0.2 mg/kg bw & H —WRIEBEIES'E EIR R, 25 A
Xt PR G AR BRER K LS 7 do /5 —IRGE
W25 € 12 h, 2425)5 30 min HEHE SR ML, MO 2 25
JE A (FBG)

x 100

x 100
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1.3 HiESHT

SIS BAEIIRI x =5 Fon, R SPSS 17.0 Fiff:
XEAEHEAT G T, P <0.05 AR ZEF R E, P <
0.01 fARZEFI B E .
2 HBREHH
21 EREZWERENIZHERIHRER
2,11 ZRVRIS A B RK 28 ZHHAS R A2 AN A 92
RIS )X SRk 25 2 A5 AR 2 ma 25 1 an i 1 fros .
TEZEUR 8~16 h JEHIN , FEE Z2 7RI A] A SE <, Rk 2%
ZHEROAS RN WG, UK 16 h JE A3 RN 3
(P>0.05) . BRKIETEV YRS 40 N 7™ 2R 0K &
WEVR AR MO BE |, Z2 MR i 40 i B 1) BELAS AR 7 0l 2L, A3 )
TUNMEN Z BRI (BRGS0 B A
12 By R A A T 410 IR 28 SO F T 40 L N 2 PE 9 i3
W DRI ERE 16 h A AR SR RN ]

18
a a a
16}
S
% b
Q\EM
&=
® 12
I b
104 8 12 16 20 24 28

LRVRIN 1] (h)
BT GRURIN )X SRk 58 2 ME TS R A 20

Fig.1 Effect of slowfreezing time on the

extraction rate of okra polysaccharides
2.1.2 WORHEEXS B AR SE ZHEAS R A A ROk
PEXT B Bk 2E 2 HEAS AR AU S5 R K 2 Fros. BEAE
WORHFEEIEIN , Z2 W5 5 th B T e AR A
TERCRF L 402 1 (mL/g) B, BBk E Z2MHA 5 1 Bl A
KA, 5 HE A e B 25 57 (P <0.05) . il
BN BORY 22, TRk S AR i N -5 R A B 220 T RE
TS ARG, A5 W a0 SN ) (B 2580kt
FeHEE 40: 1 (mL/g) B, PRARSEHE A AR &L, [RIAR 42
EANRLPY HA A ST 12, 5 2 W LR S A, 00 )
ZHHBOT o DA E RO EE D 400 1 (ml/g)
VEFERORHEL 300 1,400 1,50 1 (mL/g) ZEAT Wi W 1L
(LRm 3

2001 3001 4001 50:1  60:1
WORHE(mL/g)

B2 OB OO SRk 58 M AR R
Fig2 Effect of liquid—solidratio on the

extraction rate of okra polysaccharides
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2.1.3 ZHERREIXT R R ZE 2RI R R R FE
PEB[E] X Bk 55 2 BEAS R A0 2 i 45 SR AN & 3 R
TEIZHEATTE] 1.0~2.0 h 7 [ P9, 85 Bk 5% 20 1 19 3R 1
SN 3E, 2.0 h B S B O AE, Ak S iE KR RS R], £
PRI I ARk, FESR BRI A, B TR Rl b
A BE 35 /0N | B AR S I N A 22 B B4 T BE RS BE 8 G,
Kt e A 0 R N, 2R A
SR R . (HIR R AE — 2 R 0 K Tk
17, A IR PRI TR B4 I, 20825 2 & A K s, i 52
T AR R R R R R ] 2.0 h, PEE
ZHRAETTR] 1.5 .2.0 2.5 h gEf i mm e Abies:

18F
a a a

_l6r
< b
L
=
R

12} b

10 - - - - -

0.5 1.0 1.5 2.0 2.5 3.0 3.5
BN Tl (h)

3 R TADX Rk 22 22 WE A A8 A 52 )
Fig.3 Effect of extracting time on the
extraction rate of okra polysaccharides

2.1.4  RARMREXTEAKEE ZHER RN A ER

PRI X BORK 2 2 BEAS AR AL S5 2R K 4 R .
TE 40~80 °C il BEJL I , BE A6 IR A3 N, Z2 8155
SEBUCI NS > B B fE 60 °C PSR,
HZEREF (P <0.05) . EHRIEE TS, Itk pE
I3 TS S, [ AR P WORS J , DT HE i 22 4l 4
HCRL AR T Z a0 i HE P IR Bl i 60 °C
J5 L ARSI B, M A S5 H B IR, S B B 1S
FRRAL™ o DR B AR I AR IR B S 60 °C, BRI

Kl 50 .60 .70 °C 347 M 0 T A A6 5 o
18

e b
16

(%)

14}
E:E
2121
A b
10}

I 1 Il Il 1 J

40 50 60 70 80 90
FAERE(T)
Pl 4 AR IR IS BORK 25 2 A AL

Fig4 Effect of extracting temperature on the

8
30

extraction rate of okra polysaccharides
2.1.5  PABIFRXT EAKEE Z AT R AR Y
FRAEAKIE Z WA AR A S5 RN S Fros . 20
FRAS 5 BE G T8 T 23 B 485 0 1T A DT 18 n L, 7 300 W
RS REIR T dy/ NG (= RS £ 6 I R - @ &0 O 2 v = I L | O o
L RE TG T iy, B R S AR PR YA, DATTT 7 AR R R
BAY 77, VR 4T 6 B 4T B AR 0 e L (R
DAt 300 W s, PR S5 B HR , B2 hE

164 0712043

T HK

THARMEA T DI 2 S R 2 3 300 W, e 4%
L P13 200 300 400 W 47 0 Lz TG AL K056

18¢
a

16} b b
&\i
i 14+
=
N

12

b,
10 1 1 1 1 1 J
0 100 200 300 400 500 600
BHEIDH(W)

KIS IR X BRkSE 2RI 0
Fig.5 Effect of microwave power on the

extraction rate of okra polysaccharides

22 mMEMRLIRITISTER
22,1 ma R BETE S AR AR R ER S

Yo 5B 7 ) Design — Expert, V8.0.6 # P, 1Lk H
A JZEEETE] B R HEIREE C R 13 D Sy ialEs K
G vi o i 1% 1P B S N (o oA g 1 D VAT o P = W
IRt IR 545 1R LER 2,

2¢2  Box-Behnken %1154 545 5

Table 2 Box—Behnken experimental design and results

SEy R A B C D ZHER(%)
1 0 -1 0 -1 11.07
2 0 0 -1 1 12.46
3 1 0 -1 0 12.08
4 -1 0 0 -1 12.96
5 -1 1 0 1325
6 1 0 -1 13.95
7 -1 0 0 1 14.22
8 1 0 0 1 14.49
9 0 0 0 0 16.26
10 0 0 1 -1 13.47
11 0 -1 0 1 12.15
12 1 -1 0 0 12.95
13 0 1 0 1 14.01
14 0 0 0 0 16.98
15 -1 0 -1 0 11.98
16 -1 0 1 0 14.87
17 0 0 0 0 16.52
18 1 1 0 0 15.28
19 1 0 0 -1 13.47

20 0 -1 -1 0 11.48
21 0 1 -1 0 12.46
22 -1 -1 0 0 1245
23 1 0 1 0 15.06
24 0 0 1 1 14.8
25 0 -1 -1 10.68
26 -1 1 0 0 14.98
27 0 0 0 17.22
28 0 1 1 0 15.93
29 0 0 0 16.34
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Table 3  Analysis of variance of regression model
E3 7R A B ¥5 FAE P1{H P
R 90.62 14 6.47 42.46 <0.0001 * %
A 0.29 1 0.29 1.91 0.1884
B 14.65 1 14.65 96.12 <0.0001 e
C 21.98 1 21.98 144.18 <0.0001 s
D 3.55 1 3.55 2331 0.0003 s o
AB 0.01 1 0.01 0.066 0.8016
AC 0.002 1 0.002 0.013 0.9099
AD 0.014 1 0.014 0.094 0.7631
BC 0.72 1 0.72 4.74 0.0471 #
BD 0.26 1 0.26 1.71 0.2125
CD 0.051 1 0.051 0.33 0.5736
A? 7.67 1 7.67 50.32 <0.0001 s
B? 18.55 1 18.55 121.7 <0.0001 e
c? 22.71 1 2271 148.98 <0.0001 s
D? 25.17 1 25.17 165.12 <0.0001 #
B2 2.13 14 0.15
KA 1.44 10 0.14 0.82 0.6363
Sl TR I 0.7 4 0.17
SEAN 92.75 28
R* =0.9770 R}, =0.9540

P <001 MW BEFE «+ " ;P <005 NEBFH =7 ;P>005 FABE,

222  [A ARG ROt M SR Design
—Expert. V8.0.6 27 B A4 %F ¢ 2 2l 86 455 5 JE A7 0 v
AT, S B BCZE 2RISR Y Sk (A) (B4
BFE](B) IR 3EIEEE (C) (kDR (D) UK 2K B4
WA ITFEY =16.66 +0.16A +1.11B +1.35C +0.54D—
0.05AB +0.023AC—-0.06 AD +0.42BC-0.25BD-0.11CD
—1.09A” —1.69B*> —1.87C> —1.97D* X} [\l )4 5 #2347
T 22530, a5 R UL 3,

2 3 I, [BHEBL R P {E < 0.0001 , 15 BH [7]
USIASE A i JHG 8 5, e $LTT FH ok 6 o Br R AR B 54 56
HIE BFREE, R 3I P =0.6363 >0.05, 15i B JS L1 AN
S, | 7 R B B E R B R = 09770, R, =
0.9540 , PLBHZ B )3 J7 R P& B 85047, AR A I 2
X e 45 5 10 T B N, T R o e 22 vk P IR A I
B3BBG R ZE 20500 T 2 S o A .y &2 p
—KI B.C.D kI A* B® [C* .\ D® XF Rk e L2 b
1SR SE AR 3 P <0.01, 38 5.3 BC X 2 b§15 %
MISEM 3 (P <0.05) , — R I A, 3¢ H I AB AC,
BD .CD X} 2P R0 AN B3, IKIEAEREW F
(B HIWT, 25 PR 28 X 85 Bk 28 22 Wl A5 38 19 52 AR IR = =
PEIRE > F AT > S TR > Wk e .

223 W HHESE R AT UAERE AR TR H 5L
b5, HAth PRI 2R 358 B o T 31 A O 2K BB,
F) ] Design— Expert.V 8.0.6 £ il P§ K 3 22 [A] 38 H. 1
JHEAE = E AN 3D i oy i i L, DL 6 i T 35
JEE 1 B U R R UL b sz W T 4% PR 22 X i B AL 1 5
My, N TET B RE GG i, 158 BH B 2R X ) N (B 1 5 ) 3
K, R =22, W N T 3R BE S22, 1 BH R 2R X ) N B ) 5
M 20N TR A v R P v R s v T,

XofF AT N Rt R R, e Ab , A5 R R B T IR T TR
Jrd R S R el B sl E IS VA DR T G R = 1RSSR TN
BRI RS B AR ) B 38 TR AN 5,
SERLR TR A R T, SR B P S [ AR 2 A
FHIZEHAEM T . BC G4 M RIE , DI 215
JEE RN B B TR P IR 22 A4 32 AR S 3, 6 e R (E AY
SR, V2 BRI TR] 5 k] L VR R R S R L
TV DR 5 WOk EE I T R 512 R s [A] kT R
LRSS L EIZIERE, S HAEAA B, X
VA I=RESR A 2 N 14 N VA T W = e =4
PEAT IR IR HEIEE AR ) R SR 28 2 SR R
iR TR L, V2 32 1R 3 X e T2 S i fa] , 3 45 b 1]
RFHEDE TR X 5 BT8R A 251 B — 3%
224w R AL RS B IS UEIR S FIFH Design
—Expert.V 8.0.6 AFXt 45 R Z BT ek, Xt [B1F 5 72
BEATR A, FRAT T Y 85 Bk 3% Z WA Ry T2
AR :40.7: 1 (ml/g) I 4&ET[E] 2.19 h, 2
PRIREE 64 °C MU TIRE 310 W, FEULEEMF T, 2Rk S
IR RIS R 1717 % o 455 52 BRIE M, K
T 2B IE MR 40: 1 (ml/g) , 32 35 15 [a]
2.2 h, 3 RIE B 65 °C kxR 310 W, LI 4%
AR S A Y A7 3 06 96 E , 45 2] B Rk 2% 2 P4 R
A 17.10%+0.13% , 54 & T i {8 AH 2% 0.07% , i BH
AR R T AR AT S, Y SE PR o
2.3 EBEUMEZEXN -BEEHBEEHEENZME

oc— A5 28 W BT 1 7910 49 A AL o R 3 a4 i /)
B ZE I 08 oo— 48 260 0 T 180 9 395 1, AR AER S0 194 90 fiv
B F R KA S 9 B T A L 2 ] /N iz e SR SE A, M
1717 SE R 4557 260 B T A L Y, I AT AT 20 B 1 R R AT SRR
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Fig.6 Response surface diagram of the interaction of two factors
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Table 4  Inhibitory effect of okra
polysaccharide on a—glucosidase
A (% )
ZE% —1 -1 -1
2 mg-mL 6 mg-mL 10 mg-mL
(IR S5 5622 +0.36 7255034  86.18 £0.56

TAKIELZME 38.02£0.30"" 4546 £0.42°" 68.26 £0.65 "
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Table 5  Effects of okra polysaccharide on blood

glucose in adrenaline—induced hyperglycemic mice

20 541) I B¥#{E (mmol/L)
S HH 5.41 £0.59
B LAREREA 12.67 £0.62

B LR + ZHOBIZ
B EIRE + 2R Al
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B EIRE + s 841 078"
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