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) 3 =t=2 .
N & {4 BB 7= i 48 Bl [Bmim]C1-K,HPO, 37k #8
E e Wr
RIEMZE SR
MEE, KEL, HELHE
(RBUEY) TR (b 55 TR, WAt 2t 430415)

WE: [ B8] FT28 5 M8 [Bmim]CI-K,HPO, 2B A AR S eI RE T L., [ F&k ] RN R EBLE, ik
[Bmim]CI-(NH,4),SO,. [Bmim]CIl-Na,HPO,. [Bmim]CIl-Na,CO; #= [Bmim]CI-K,HPO, % 4 # S /KABIK & 69 - Aa4k /1 5 F I
%8 #1, A% [Bmim]Cl-K,HPO, 4 A& S KARR %, vAF IR Abelmoschus esculentus 5 BAE, KA F k48 [Bmim]Cl-
K,HPO, #2 I F AR % 45, K3t K,HPO, AE o4, #IRETE . RICRA . RE K, [Bmim]Cl RE2HF S AMAEHE T
REEW o, EELH ERBRELHO A L, 3 47% & & Box-Behnken %3, ML ZHKR SRR LEL, [ £
R ] AHZFARBREY AR ARE K, [Bmim]Cl A 244, RIBUGRE ., BT, KHPO, RENH; RELD
A 5mL R E o # 71.94% 49 B F ik 4K [Bmim]Cl, 5 mL & & £ % 22.31% % K,HPO, SR AR4K & &, 4% LAt )
29.36 min, IR E 55.69 °C, & E L 2500 mL-g "', HFHKRZBRIES 29.12%, BiE-TF A A 31.22%, AA5TARER
EH370%, [ 4] 4 5 %48 [Bmim]Cl-K,HPO, 2RI L ¥ A AR E S, /4., & FrKTenkEks, THT
TabfbA =, B8 &3 424
IR A, EMORSHE; BB ; [Bmim]Cl-K,HPO, X KA8; 4RIX; 5 & Box-Behnken #; AL
FESES: Q9463 RAARERD: A XERS: 2095-0756(2020)03-0547-09

Extraction of polysaccharides of Abelmoschus esculentus using
ultrasonic-assisted [Bmim] CI-K,HPO, aqueous two phases
optimized by response surface method

HE Ziqiang, ZHANG Huiling, YANG Zhengxiong

( College of Chemical and Environmental Engineering, Wuhan University of Bioengineering, Wuhan 430415,

Hubei, China)

Abstract: [Objective] This study attempts to explore the optimum technology of ultrasonic-assisted
[Bmim]CI-K,HPO, extraction of okra polysaccharides. [Method] Cloud point titration was used to compare
the phase separation ability and extraction ability of four aqueous two-phase systems, [Bmim]CI-(NH,),SOy,,
[Bmim]CI-Na,HPO,, [Bmim]CIl-Na,CO; and [Bmim]CI-K,HPO,. [Bmim]CI-K,HPO, was determined to be the
best aqueous two-phase system. The polysaccharides were extracted from okra (Abelmoschus esculentus) by
ultrasonic-assisted [Bmim]CI-K,HPO,. The effects of five single factors on the extraction rate were discussed:
mass fraction of K,HPO,, extraction time, extraction temperature, liquid-solid ratio and mass fraction of
[Bmim]Cl. On the basis of the optimum conditions of each single factor experiment, the Box-Behnken design of
response surface was applied to optimize the extraction process of okra polysaccharides. [Result] The results
showed that the effects of various factors on the extraction rate ranging from large to small included liquid-solid

ratio, mass fraction of [Bmim]Cl, extraction temperature, extraction time, and mass fraction of K,HPO,. The
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optimum extraction conditions were aqueous two-phase system consisting of 5 mL ionic liquid [Bmim]CI with
mass fraction of 71.94%, and 5 mL K,HPO, with mass fraction of 22.31%, extraction time of 29.36 min,
extraction temperature of 55.69 °C, and liquid-solid ratio of 25.00 mL-g'. Under the above optimized
extraction conditions, the predicted value of extraction rate was 29.12%. The validation average was 31.22%,
and RSD was 3.70%. [Conclusion] Ultrasonic-assisted extraction of [Bmim] CI-K,HPO, has such advantages
as high extraction rate, short time and recyclable ionic liquids, and can be used in industrial production. [Ch, 8
fig. 3 tab. 24 ref.]

Key words: botany; okra (4belmoschus esculentus) polysaccharide; ultrasonic-assisted; [Bmim]CI-K,HPO,

aqueous two-phase; extraction; response surface Box-Behnken method; optimization

Bk ZE Abelmoschus esculentus, H|ZMIMEREZE | k25 | FM G, #MERE, HHZEF Malvaceae £k
Y% J& Abelmoschus 1 FFAEZ5 B HEAAEY) . HET, A IAEEREGERE" 18 —FH 8 ) - fdts
S, EHCETE M. EE . EOR. 4R 0L RS2 AEYE Y, BARENE
R HMNES S ERKGE MR AR, Sree?, i, dom"™, BEmmEmas, $esukes )
K EA RIS AR A RE 1 S5 25 P ERY, FIRE, BT EA RIFAIGEH . LS rERe, MEE2me)
TS RS OB, UKELR AR R A AR R U R R A BRI . KSR F
RIRE TGN, LT, EWEMELE, RSN TR . Bk, ¥MKEZRmT kD
BCARIFFE AR, o P A BRI i bR T B RS RV BB S R I R R A IR BB S W Y
g%, HAMRRA ., PEEE R . BEBCECR M, B AGE B T R AL B R, SR
BRE, BTRAEASGHE R, RERELET . /L@ RE ke . YREGE R . BRI
P B IRAAR-TCHLER UK A AL IR AR [T E5 6 T B PR ROSUK A AR A, AT AR ) . oL
WIS . et . MCRE SIS, BRI Rny sk, SHTED RS FREK
SR ) FE L4y B U0 AR5 1 A SR A S TR A ) 42 B T WK [Bmim]Cl 5 K,HPO,. Na,HPO,,
Na,CO;3. (NHy),S0, 55 4 FhICHLER A L SUK AR R ARIE , 3 H [Bmim]CI-K,HPO, A fe R R FAl
H [Bmim]CI-K,HPO, BUKFHFE 5 8 75 I P B B2 208, i i FL K 28 = /K- 7 1] Box-Behnken %311/
TR ZA S, W TR 2 e (R U T 20250, DU S SRR 2R IO, R 2
i —2 I R PR A R

LI I I

1.1 MRS

BRER: P H IR BARARES . FUERSM (HPLC)=98%, iff & f8 A YRk BRA w4t
4520170829; 1-T J&-3-FJLBRMESHER ((Bmim]Cl): MM TRIEEM BRI A BR AR, 0bral; = /K EwER
A PUBERERA A RAE, ahra; KRG ERE AN VIR R A BR A, Arbral; o
IKBRTREN . R AL TR A FRA R, srbral; sifeey . EAERLALRARAR, obral; o8
1y . VBR AR Ry A BTl
1.2 UE5E&

AUY 120 B F R HARBHA A ; SK3310HP 5 I 1EEAY (53 kHz, 180 W): IR F#E 71X
AR TU-1810 BYSANAT WL A BTt Jbmt#rid A AR A BR ST A F) 5 SHZ-D A3 /KX &
ZBH P RIR TR RE-S2AAA BUERG 28 k4% i mMRHCARA R, TG16-WS Al &
FEEL O KU B OGS A BRA A
1.3 XWHE
1.3.1 AR & ead) RS PRIBCE 2 bR S 0.020 2 g, ZEWUKIRME T S0 mL AEMESR . 75,
BIASFR I N 0.404 g~ L' (R A HFR R IR, KT8 H 0.0, 0.4, 0.5, 0.6, 0.7, 0.8 mL %% fE
VEWE 6 3 10 mL A8, KU AZEM K 1.0 mL #2080k 5% Ky GEM, Y& 182 C 18
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1.0mL, IRGFESIEIN S mL WERER, ZXIRKERG, T 92 C /KL 30 min, Hi/KAH, F 487 nm
PR AL W SR . e/ e ik i AT M 438, 15 8] —u a7 R . »=15.316x-0.001 9, R’=
0.999 0. Hirp: y AWOLREE, x AEFKELHEFRIERIE .,
132 HAR S BBREWGITI SRR - R e SRS M T . IR0 R S U B VR o 5
MR FRAEINZR , Pt 22050 (0 SN (MRBRIR P (o 2 R A o s A 0, PR B P55 e R P I e 1) U
EWCEE, ARG AR — o et A 7 B AR A AT AR RS 2 i i, PR Rk E 2
PRI,

FE A RS O T B RSP I ARV T 10 mL 255, FLMlfR] 1.3.1, MM REE . BRkSE 2 HR I
R=PE KL M T/ BB ZE T  < 100%
133 $RZEXE HEMKERT60C FTHEE4h)E, Bdlhmee, o 80 A, HAF#EH. HErifx
B 0.5 g #RKZEHY, BT S0 mL MR, A S mL AS[E 4350 [Bmim]ClZR AT 5 mL AN [ i 543
11 K,HPO, WS WROE MU RUK AR R, g 5 AN K58 R 3 K, HPO, it 74k R[] . $2HBOREE | W
Bl b . [Bmim]CLFT & - 80 09 4B e AR, TN ERAE &, 8 S Mg, 1w
7500 rmin~" F B0 10 min, TR

L AR %1 Box-Behnken i3 FI %5k ¥
1.3.4 vh & @K ?’f 5 /|\$ %iﬁ%}ﬁ% Hj E/‘J Table 1  Factors and levels of Box-Behnken design

iy et e e K
AR ERERL b, DIRINER Oy HAS Bk % 1 - :

ZWHRICR R A, B T PR R =K

N e A. K HPO, T i 5850/ %
m LA AR, ZRILEE 1. 2 20 23 26
. A _ B. YU ] /min 25 30 35
135 HFEAFB A BRI EE R . RELREC - . .
£ . SR T . : >
2010 14k 3 5 ﬂﬁ@ﬁlﬂfgﬁ%ﬁﬂiﬁﬁ Bemgn D W oL &) s " ’
Expert 8.0.6.1 FX R Ab B, X B 4f 19 b 35 Pk 2= E. [Brim]CUF 5 50/% 00 s o

USIZETN
2 FREGH

2.1 mARBUKKBTHE

53 5K 0 B BCH 2 B AR ME VA TR 0.4 mL . BORKZEFEIL B ARV 1.0 mL F 10 mL 5 &), HARAER
1.3.1, AIBLJGIX 400~800 nm JCIE4A4 o 1K1 1 W . A5 2 A s MV VR VR RK 5 4 B AHIRCAE 487 nm &b 3%
AR, SRR A 487 nm.
2.2 FUKIEEZRAIEE
22.1 MKABK F 5 ABRE A 89 5 SR Ml ST G R 4 A SUK AR R L, BB T IRAK
[Bmim]Cl 5 K,HPO,. Na,HPO4. Na,CO;. (NH,),SO, 5% 4 FICHLELIE BBUK A 2 19 43 FHAE 321720,
R 20 C R, Sl MER AR — 2 B ) JCHLER T 4 SRR T, InZRIROKE fE, FmA — 2 R
[Bmim]Cl, B =R, BSHE B mAEmRKEEE, LR, RE REE. IPESR
VEMRET, JCHLERAN [Bmim]Cl A9 BT 5340, 20 3 LA TCHLER 1 B A B0 A A A%, [Bmim]Cl A9 T 5 53 500CH
PR, ZhIHHE .

K2 1y 4 & g, thdk ERYaCh IR A A, MZET B, o2, thg o hwite
X . HE 274, (NH,),SO, Fll Nay,HPO, B 43 AHBE T3 25, AUA 3 A3k AL, K223 i (NH,),SO, il
Na,HPO, AFEH B, ANFES [Bmim]ClIE BAa 2 I SUK AR FR ;. Na,CO5 Fl K,HPO, 5 [Bmim]Cl fE
TE AR B BUK AR R, {H Na,CO5 I B A2 IR AR E iR, - ARa AR 728, RRELmt 4, i
K,HPO, 43 AHTE ™ HARFZE A K o
222 MOKARRZFBAEAGF L EAAHL . SRR BUARERE Y MR, %4 [Bmim]Cl-JCHLE W
TK AR Z % B RK S SR OB A AR BRE ) o MERA PRI — 8 0T A B Rk 250, r A S S mL — 5 T #2434
() 4 FCHLER (Na,CO;, NaHPO,. (NH,),SO,. K,HPO,) &l 5 mL — & Jfi & 43 507 [Bmim]Cl i 1Y
MKARPRZ 60 °C 7K 75 S B GRS D)% 180 W)30 min, HliUE, IEVRES.CS ., 76530 24y
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0.8 r S 80 r —o— Na,CO,
T A1) R b oA Y = —o— K,HPO,
0.6 _f 60 —&— Na,HPO,
. - —=— (NH,).SO0,
S04 K 9% 4R B g
0.2 E 20
() 1 1 ] — [] 1 1 1
470 480 490 500 0 10 20 30 40
A/nm &b 5 55T #U%
A1 mREKGHT B2 WkAakZAAE
Figure 1 Determination of maximum wavelength Figure 2 Phase diagram of two-phase aqueous system
Ao DUZE T ARAT A SRR SE ZHER RO RS, TR 4 FOSUKARIR R AHLL (R) . S FC R B (K) ARG
R= 2, (1)
Vi R2 AE [Bmim]Cl-THLE MoK 4 5 ZEENGE
C. hifILLE:
K= C_b ° (2) Table 2 Comparison of extraction ability of different [Bmim]-Cl-
5 N N inorgnic salts in aqueous two-phase system
KX M~@: Voo Vol B FAHE R [Bmim]CUR B AL T
. Se XUKARZ R K
R (mL); Cp. G, 20 AR, R AR B Rk ZE (%) R ik 5B (%e) HU%/1%
ZHETEWE (g' L) [Bmim]CI-(NH,),SO, 55/40 -

EE % 2 E‘“ %ﬂ . Tf [Bmim]c1—(NH4)2SO4 ;Fu [Bmim]Cl- Na,CO4 70/20 0.21 1.72 4.80
[Bmim]Cl-Na,HPO, SUK HIHT, {REGE A4 ;  [BmimlC-NaHPO, 6017 -
[Bmim]CI—N32CO3 ol [Bmim]Cl—KzHPO4 EF‘ ; % [Bmim]CI-K,HPO, 50/75 0.45 1.54 19.40
HORSY M, BT, [Bmim]CI-K,HPO, 3 Bl A

IKARBCR K, HE B LM B0 A e A

a4 VL 438, [Bmim]CI-K,HPO, BUK A A 3858 1 43 A B 01 5 A Mg 71, Ik, 34 [Bmim]Cl-
K,HPO, RIS I RUK MR R .
23 BEFRAKRER
23.1 K,HPO, i &4 # 3w K S B4 A 0 %rm PRI 0.5 g BRKZEH T 50 mL L&, #F S mL
JRHEECN 70% B [Bmim]ClLIEW . B E L 20 mL- g, $REUERE 60 °C . $2HATE] 30 min, 5 mL K,HPO,
AR R 20% ., 21% ., 23% . 25% . 27% WA N AT A HE B G5 TR 180 W), Hi &1 3 Rl
Bl % K,HPO, T A B, SRR ZE SR IR SR IE /)N, R /80 23% Ik, B SR i 11
I, SR TS PE R G, AN RIS S M A T SRR R, T AR AR ) AR A R
BHIRE , RN EKE NS B IE L, RS SR BOR AW K (B B0l i 23% B,
FEAEER AN, FORKEE 2R R WAL, 34 1
M, HEH 23% Jy K,HPO, 38 ‘B Y T 40480
232 REE N A AR BRREYG YR S
FKUR 0.5 ¢ B3 M T 50 mL ML i, 7 o6l
5 mL B 440k 70% (9 [Bmim]ClEW . 5 mL B
Ji i B0R 23% B9 KoHPO, 3 W, T IE He 20
mL-g”', $2HURE 60 °C, 4574 20, 30, 40, 18 ! : : : :
50. 60 min [ 4 {4 T 34T 7 HR IR (7 3 o R S

K, HPO, i1 & 77 ¥1/%
TR T ] K
180 W, W 4 A BISBUMIURES BB g 5y npo, g st a0k 5 IR0 on
%é(g %%%‘Eéﬂy%jt » 30 min Hd‘]iiuﬁﬁijt, {E 30 min Figure 3  Effect of K,HPO, mass fraction on the extraction rate of okra

E%B&%‘Fﬁ%, #iﬁ%%‘:ipgj}o %EEEXHTJ‘,‘EﬂiJE/(, polysaccharide
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ARREE R, FECERKSE SRR XE . I, BEEX 30 min A3 B AYHEER ]

233 RBUREATEAOR SHBRIREMGH A FREL0.5 g BRKEER T 50 mL BUEIRH, 78 5 mL FiRsrEk
K 70% F) [Bmim]Cl ¥, 5 mL 2380k 23% i K,HPO, VW, WIF 1 20 mL- g ™', $2HUHFE] 30 min,
PECHRLEE 7351124 30, 40, 50, 60, 70 C YA N HEATH S SR EL GRS D)% 180 W), FH AN S AT I BE
Th, fEdE T EAE LT, SRBCRIE K (HEE S, 2 AR 2, JRBECRRMN TR, H
I, HEH 60 C MiE H AR BUR E

3071 30
J26
261 <
Eé B22 1
W2 =
18
I 8 1 1 L L J 14 1 L L 1 J
10 20 30 40 50 60 20 30 40 50 60 70
it B [B]/min 'T.E. HY i .l_g /G
A4 FREUR ) A E AR SRR IR 0 R A5 FRIUREATEREK S BRIRE G0
Figure 4 Effect of extraction time on the extraction rate of okra Figure 5 Effect of extraction temperature on the extraction rate of okra
polysaccharide polysaccharide

234 REAEKK S BRI EGYh R 0.5 g EAKZER T 50 mL Mg, 75 5 mL B84k
K 70% () [Bmim]CliE# , 5 mL Jii &850 80 23% 1) K,HPO, ¥R, $2 B E] 30 min, $2BUEE 60 °C,
W L4350 17, 200 25, 30, 34, 50 mL-g ™' BS54 T UEA788 75 FEHL GEE A D% 180 W), &l 6 1]
M BEE W LR, BAZERY S [Bmim]CI-KoHPO, SUKAHEE MR AUE N, BRKZE AW 1. W
[ LT 20 mL- g™, BEAKEZHEIRBCR N, WRBRE Ll K, WRARSFHRER IR, SHREBEL
BRI L, RBCR TR, ik, $EH 20 mL- g ' A3 B A B o

2.3.5 [Bmim]Cl ;T &4 # AT AR S BRI E 6 HYra  FRIL0.5 g BAZEN T 50 mL BlE T, 78 5mL
JE A ECN 23% 1) K, HPO, I, HEERET[E]) 30 min, #EEUEEE 60 °C, W& 20 mL-g™', [Bmim]Cl Jii
BB R 65.0%., 67.5%. 70.0%. 72.5%. 75.0% )25 F T HEAT R A 4R E (75 DR 180 W), H
Bl 7 vl Hl: RS [Bmim]Cl &R, WRKE A DA EER L, [Bmim]Cl 5 & 5340 72.5% W} i
K, ZIFRBCETRE, EKEZHE DA EEERMM, Kk, BEH 72.5% & [Bmim]Cl & H /Y 5 5
I8

-J L5
=) =]
T 1

FRIE /%
(]
(2]

18
14 ! . . ! 65 67 69 71 73 75
10 20 30 40 50 [Bmim | & 4 £/%
‘/@2@ tt/(mL- g . =3 2 S - 3
(ml-¢ ) B 7 [Bmim]Cl R ¥ 4 # 3 %AK 3 4R A
B 6 & EDLAIARR S BRIRF MR E R
Figure 6 Effect of liquid-solid ratio on the extraction rate of okra Figure 7 Effect of [Bmim]Cl mass fraction on the extraction rate of
polysaccharide okra polysaccharide
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PORENL 4 €/ Bii LI = i) S s & | <SS e *3 HEHHE
SPEELRERIN IR EIT R y=27.27-0.134+ Table3 Variance analysis table
0.17B—0.35C+2.99D—-1.26 E+2.624B—0.0634C—1.144AD+ JIERUE IR AmE )5 F P A
0.644E+3.29BC+2.06BD+0.95BE—3.77CD+0.98 CE+ KR 72672 20 36.34  47.14 <0.0001  **

0.26 1 0.26 033  0.5684
0.46 1 0.46 0.59 0.4492

0.21DE-3.684°-5.53B°-2.75C*—3.04D*—4.85E", A
SPATER 3 B AT . AR P<<0.000 1(2E 5 B
*&E%), *ﬁﬂﬁ'ﬁ@(%gﬁﬂ@%ﬁﬁﬁ%?ﬁ C 1.93 1 1.93 2.50 0.126 6
"I'ﬁ,] , %;}u@j P=0.909 7> 0.050 0(%%71’:@%), D 143.28 143.28 185.88 <<0.000 1 *%
VLR LA BB AR iHkoEx 2540 32.95 =0.0001

25.40

AB 27.46 2746 3552 <0.0001  *+
T R 2 [ VX R (R=0. , T
%%imﬁiﬁZl?zE%i@f? (R*=0.974 2), #& o bote 0016 G0 08870
R RE A B 95.35% B 28 Bk 25 Z R AR R 19 2 4k b 520 520 674 oolss s

(RR4=0.953 5); A5 R AN 4.31%, HAR/r AE 1.64 164 213 0.1573

JERUIN, AR AT, IR AT 2 Hr BC 4330 1 4330 5617 <0.0001 e
OO B Ak SE M PR R . i FAE RN o BD 1706 1 1706 22.13 <00001  **
W 5 A~ BRLDRL 2R 0T B Rk 25 2o 4 BRI 2 T S ) BE 365 1 365 473 00393  *

B W . DGR A E)> E((Bmim]Cl JiT & 4 cD 5670 1 5670 73.56 <0.0001

B0 > CHEHUR E) > BAEHUE [8]) > A(K,HPO,, it CE 3.88 1 388 503 00339 ¥

A8 i PAEAR/NOTHER . — kI, D, DE 0.17 1 0.17 022 0.6446

E SHEBCR N 5.8, Wi, 4. B. C. 4 118.50 1 11850 153.73 <<0.0001  =*

D. EXHBAFHWIMREE; gmdih, B 266531 26653 34590 <0001 e

AB. BC. BD. CD ZIMEMAHERCR s rhy  © 059 1 6599 8561 <0001
D 80.51 1 80.51 104.45 <<0.0001  **

B3, AD. BE. CE Z[alfF FIXH $ ORI 52

= N P e | E 204.92 1 204.92 265.84 <<0.000 1 Hk

BE . Fl 8 NN & A AR H X E Rk S LA BE 1027 s -
e ST S AL A s et ' ‘

= - N e - o Y3 12.36 20 0.62 0.45 0.909 7

T 3 B A AR R N Ak 2% 22 b A LAY REW col s L3
FET 25N KHPO, SR 4341 22.31%, 4 B 74500 a5
B BT E] 29.36 min, HEHPOEFE 55.69 °C, W [E b oma. R 0051s

— oy . =} s V. ’ di V-

25.00mL'g 1, %%&MK[BH’IHH]CI B\%—iﬁ:}é&7l.94%o P50 . **%%%E*&E%(PZJO.OI); *%@ﬂ?%ﬁﬁ%(l’<

TEMEAAET, SRR S HOR Al ik 29.12%. 0.05)
2.5 WIERLE

SRR AE DT AE A K,HPO, it 73 % 22%, #2 WA ] 29 min, 4@ MU 56 C, W IE I
25.00 mL-g ™', B TR [Bmim]Cl J5Tit 5340 72% B0 FEATIRIER S . 5 WOPAT il iy BBk SE 2 p i
BURA: 30.28%. 32.48%. 30.24%. 32.47%. 30.64%, V-YI{EH N 31.22%, HIXHRAER2E N 3.70%

3 i

IR T4 2B R [Bmim]Cl 5 4 FHJEHLER [(NH,),S0,. Na,HPO,. Na,CO; fll K,HPO,] & i,
B XK AR AR AR &, Gl R IR B R S SR R TP At L A e R B BOR 6
[Bmim]CI-K,HPO, WA LG ) BUKARR R o 85 I IAR-TCHLER SUK AR R X IR oI5 4, & — g Al gk
Tk

VR S ANRE . KoHPO, Bt /04, SRS a] . $RIGREE | R L RN ES T i [Bmim]Cl i3 &t 73
TP RIS, DA R R AR A S mth A e 17 TS, R A i B [Bmim]C1-K,HPO, SUK AR
ICEE Bk 28 2 W) A T2 o] bl [ A BE RS0 . 7E 5 mL & F A [Bmim]Cl i & 4350k 71.94%, 5 mL
K,HPO, i /50 h 22.31% W SUK AR R o, B[R] A 29.36 min, $#REBUEE R 55.69 C, WE KR
25.00 mL- g ' (AR T, BEBCE SRR R 29.12% ., TR BN L T 23t BaEFT 5 g
RIS, BRKZE SRR AN 31.22%, FAXTFREIR2E R 3.70%
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Figure 8 Response surface of the interaction of various factors on the extraction rate of polysaccharides from okra
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