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B0 75 Tl 2R 0 g B 4T W &7 22 Wl S ok B A 0 25 R0 N, 5 e NV o it R 7 I (R R R . et LS HONHUR)
Lt 80 : 1 mL/g. EAWANINIE 4.0%. MEf#E pH A 5.0~ BEMEESA) 1.5 hy B T)# 400 W, A HFA] 34.0 min, ZET %
PER N 14.15% . LRINFILI AN GG R W] 40 E & 284 DEAE-52 274 & JZH7H:F0 Sephadex G-200 J2HTFEM S 4li1k
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5! HATPRIE . T REAERE ™, SROTI S W AR 75 i By AT

W8S (Phaseolus vulgaris Linn.) FAMNEEEAZIY)
FI'SE A4, Bxe)E, WHEAeR, My, JEre
TEgEWM, AP EMREENAZ . HEAR. &K
WEY . B YR T 8B 0 22.4%. 52.8%.
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GO I AT IR, SR Lo(3h) IEACIRBR ik
S ERERAERCLE, FE AL Plackett-Burman R4
Wit A Box-Behnken H Uy & Vet HE A Y Bh g 12
WL S ZHE0) T ESH0T A . TR, 4r4b
AN ERE NG RERT S IDU AN AN A A OE2ed (Apeia o) P e
BT, LA TF R 01 0 22 i 0 5 s i 2 A 4 7 22
SERRAE S EYIS ST RS S %

1 ORSIE

1.1 #RERF

CUE e T AR R TR AL AR SR
Sigma A Hl; 4F4EFEME (1800 U/mg)  AJNE M
(1000 U/mg) . HIHEE (1000 U/mg) : LifE&RAY
BHEABRA R BFA el 4% (DEAE-52) . Sephadex
G-200 BEfS: GBIV EMRHEA RA A M.
B AN, k. K 2. A, &4 IE TR,
TRl KW BALER. SEREY . & RS bt
g E 2 A
1.2 UB58F

WA RIYIR L (FZ102 78, K R TR s A B
AT ;- KE® pH i (PHS-3C B, FilgFmifss) ) .
e AR K A (RES2AA M, LW ZEAAAE:) D) 5 H
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TR (TB-114 B, Jb s LA RAEAT A
mD o HBGE X TR (DHG-9140A %Y, g —{HRHL
HRAFD ; dHAEE KT (DK-S24 B, LRk 7L
BRAEARARD ; HyEEABIEENL (KQ-600D A,
Bl o M A A A A PR A A D) s A RO L
(TGL-16G-A B, Bl RN D s MK ZHE
T4 (SHB-3 2, HMALAXAS) D 3 ESRETIENL
(FD-1-50 7Y, Jbi{fliEe REsci s G mAFD 5 &HbnT
WA eETE (UV-2102C Y, JERFINERARAFD
LAMETEL(UV-3200PCS Y, F g I A A FRA 7))
AL AN (1S10 2, SE[E Nicolet XA F])
2 REHZE
2.1 AESZBENERIZRE

TG T OXGE 0.5 m/s. #% 80°C. 1h, &
BIKERN 7.59%) « Wikl 80 Hi—iflE (R, 3
FEARRATIMEE, SO°CIHIR 2h, 2 KD —»EAAE T
(20CYA 10 h J5, ElE<-50C, HEAE<1S5 Pa 4fF
NP 16~24h, R —HEMFRE 2.0 g TRACFER 4T
T B — AR TR 2 A I 2808 /K B2 V8 — AT A R B - TR
S ANGEMBER Y pH 50 C AL T, G s E S
W R — VKKK 15 min—>50C4AE T, i s i kb
FREAE M FE— B0 (3000 t/min, 15 min) —id JE—UEHR
CMA Sevag WA LEAJEINA 4 (56T 95% L0, T
ACHABAEPEESTR) -0 (4000 r/min, 10 min)
RytiE JHORE. WEIR GRS 2 0O SRR
— LT 2 B
2.2 LIESZESENNE
2.2.1 FEMEATAE XL

AP E N Z 105 C TR EEE, FHFRIK
10.00 mg ZIH/K M, BN 50 mL ¥Rt e, Hil
TR FE A 0.20 mg/mL R A R BRI A IR
0. 2.0. 4.0, 6.0, 8.0. 10.0 mL #ZJFibr7ER T 50 mL
HEIEINARKESR, A% T 6 NMHIEZIE
WET, EBA FRBEHK 2 mL, H5MA 5%, 1.0 mL
AR 5 mL WRBRIRIES), =i R E 30 min, 05
BN AN, T 490 nm P KAATOERE . AROG
A FREAERR, ARV AR IR E C (mg/mL) A ARFE,
bR 2, B HBIEIT R €=0.1584-0.0012,
R*=0.9993.
.2.2 “apEa SBFERHE

V21 5 2R 2 0 0 25 VR K R R R R Y R
B, FEEN 2.0 mL 200 M 28R S iid% 2.2.1 J5 A,
T 490 nm AP e R, HE 3K, BOPIME. %
VARG E 2 20 R LR

nCV,

NG 2R =
BRE = T000m

s C MM 20 I S 2 0 FF S 0T R B
(mg/mL) 5 n AFEEAEEG Vo LG 2 BRE M 2

x100%

2.3 EEMREHEEHNHE

FRPE AT IR TE I 45 R, B0 2R A A A, SRR
JREE I SR A AR o R TIR &, AR o 3R 4
WLl b, B K PR B B = 2 R4S R . A I 2 RSOk
[10,12-16] (153, IFmsA ok

HERAFREL 2.0 g UG LB E T4 T 27 =4
i, LA 100 1 1 mL/g ORI ZEIR K, I AT AR R A
TR — SAMVAOR pH {1, BEE pH 1 6.0 50°CIRLE AN
60 min FEARSAE, $ZANFLLA IIANAS A B 2 20 AR K
AN, RIRMG AT XM AT i AR E S (R
1, FVKACKREE 15 min, FF4% 2.2 86757200 B H0R
W T 2 B R, R BUSCR R AP I 2 A i 4 4k
17 5 SR

F1 EXREERKFR
Table 1 Factors and levels of orthogonal experiment
[X % Facts

. L
Leve Amount of papain  Amount of pectinase Amount of
A1/% B1/% cellulase C1/%
1 0.5 0.5 0.5
2 1.0 1.0 1.0
3 1.5 1.5 1.5

2.4 AESZREENEEZRRR

B SOCHR LA, FRECHUARHE (2 S K 2.0 g,
AJNEE Il RIREEMLT 4R LU ELL 3 0 1 1 3 RA,
Tiiise 3% RN NEG & WORkE 80 ¢ 1 mL/g. pH {H 6.0+
AN ] 1.0 hy BR300 W B I] 30 min 4 T
SR IE U, DIERE (2001, 40 114 60 : 1.
80 : 1,100 : 1,120 : 1 mL/g)« ABRAINE (1.0%- 2.0%-
3.0%. 4.0%- 5.0%. 6.0%) - MEf# pH{H (3. 4. 5. 6.
7. 8) . BT (0.5, 1.0, 1.5, 2.0, 2.5, 3.0h) . #&
P (1004 200, 300, 400, 500. 600 W) . A
(10, 20. 30. 40. 50. 60 min) 6 DA EA R T Y
TR AR (R A0, 422 2.1 A1 2.2 23850 BRI, &
I Z AR, LR MY ES 3 K.
2.5 HMAEEEZREREZRRNIFRILIT

MRYE TR A MR L . AR INE . BEfE pH
fH BEfRITIR] . B IhE . BRI 6 AN 52 A 25 R id
ZAEH, BT ZEACT R (R 2)

% 2 Plackett-Burman iRXI&% iR E ZEKFRANERL

Table 2 Factors and levels of Plackett-Burman experimental

design
Wiy UK (5w (D
Al
B Facts Coding Low level Top level
ORI T . .
Liquid-Solid ratio/(mL-g™) X 601 1001
AT I
Amount of compound enzyme/% = 30 30
iEfiEt pH L
X; 4.0 6.0
Enzyme hydrolysis pH value }
JEf# I (8] Enzymolysis time/h Xy 1.0 2.0
BRI Ultrasonic power/W Xs 300 500

JE AN H] Ultrasonic time/min Xs 20 40
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F) H] Box-Behnken i 4 ¥ vF JR 2, DL Plackett-
Burman R30I E K 4 ANGTLLINE G 20815 3 5 I 25 A
2, TR R =ACFRIRE st (WK 3) o g
[E] YRR - A3 A1

x3 MEEZHERSKFHG
Table 3 Factors and levels of central composite design
experiments for RSA

JKF- Level
X% Factors
-1 0 1

AR INE
Amount of compound enzyme 4,/% 30 4.0 >0

Hitg i pH {5
4.0 5.0 6.0

Enzyme hydrolysis pH value B,

i T Ultrasonic power Co/W 300 400 500
i 75 18] Ultrasonic time D,/min 20 30 40

2.7 LESZBEMNS N

¥ ER i E R 20 SO 2 B ik DEAE-52 44 %
JENTAEFN Sephadex G-200 AT AL 4lifh, R —Fhali
ER RN RS 20, SWRgi. AT T2 me
ot S0,

RAMCE M K Fr R I 20 2 B 28 1K e
BTSN 1.0 mg/mL FIVERL AR A A, T
LN BE TR 400~ 190 nm YU B A BEAT I 4413

ZEAMERE M. LU KBr XF I, B 0.5g KBr 5 i
WML S 288 5 mg BF5), $ilad,  BLAMei
iy HT, F13VE FE 400~4 000 em™s

BELFEE AT BUITHREUN 2L & 28 25 mg HHT
TR AR AL, U502 T VA5 14D v MR 2 AR BT R ) PP IR 2
TR AL 7 03 i Smith FRAF, %58 BT BRI 74,
FH UL T 20 7 22 0 (P i e K

3 HEREHH

3.1 ESEmERLILMAE

IEASTREG 45 A R 438 (R4 5) WA, K
B0 21 22 BT R e /N, LR R E AR, 4F
Yr Mg s K H2F 4 3 AR AT 0 5 1
HREN W, RN WAL nTRERN 4T 4 R
Tt FH A T 11 T i v 200 oA ff A B e S oK i i 1 2 B, Al
ZHET o PN AL ZR N 4 B Ok, MR BUSCR
B ST TR N N 5 AT NG P g AN A I DS
PR b X R T X 40 TR R 40 B R P ) SR
SR FEMRERE AT PR, AST 40 i AZHL 2R P 23 i oK B BHLAS T
o0 o R 24 A

RAEFIRIRATT BN 413B,3C\3, BNEATAE R N &
H A3B3C3 WG, MlET 7 (43B,1C;3) $#EHK
B, T 3 WOTATRERRES, A ER r E 2REEROT
PHE R 11.87%, KT ITE 71 12.14%, XafREE TR
A TG LU A B4 o SR TRE AR A, i et I P A TR 1 i
ML R RN, FEEMHSCRE TR, AR

FEAG o 25 R8I B e AR SsiAs, - TR e ik 6 52 5 i 22
LLA4,3B,1C,3 A6, RIATER FI8E @ AU © 2T 4 b
=3 1 13 MRS
x4 EXRERITRER
Table 4 Orthogonal test design and results

AREAMRE ik RN

I n e Amount Amount -
Yield of
No. Amount of of of :deg/o
- . polysaccharides/%
papain 4,  pectinase cellulase
B, G
1 1 1 1 8.33
2 1 2 2 9.39
3 1 3 3 10.64
4 2 1 2 10.92
5 2 2 3 11.48
6 2 3 1 9.97
7 3 1 3 12.14
8 3 2 1 9.75
9 3 3 2 10.86
K 28.36 31.39 28.05
K, 32.37 30.62 31.17
K; 32.75 31.47 34.26
R 1.46 0.28 2.07
- eI
G CroA>B,
Important order
HALKT
Optimal level Ai3 Bi3 a3
BARA A

A13B13Ci3
Optimal combination 13B13C

*k5 AESMER
Table 5 Results of variance analysis
TirEKYE PR BAmE ¥ P P

Source of Sumof Degree of Mean

BEE
Fvalue Pvalue Significance

variation  squares  freedom  square
h 3.9441 2 1.9720 31.2856 0.0310 *
B, 0.1469 2 0.0734  1.1650  0.4619
Ci 6.4274 2 3.2137  50.9841 0.0192 *
W 0.1261 2 0.0630

W A ROR IR (P<0.01); HI*RIR B3 (P<0.05); P>0.05 AANEE.
Note: P<0.01 highly significant is marked with **; P<0.05 is significant, marked
with *; P>0.05 is not significant.

3.2 BEAZRKKER

RN AL G 2Rt Sk 6 s,
6 v K-

OB LG I D ISR T 2L GO () 8 4 i, S0
R, I B AR T B K A S N AT, 3 R U
BN ZEAH BT B KR 8k i be
SR, WMORCRHEESE 60 1 1~100 1 1 mL/g M'H.

il A o RV BV TR N, B A IR oK, g
5 RV A G I, nT sk BB AR, A
AN FEYPOER SRR K. AN, st
BRURJE, TR 8 b 2> 1 T, — 5By 1
REGRMA GBS, 8RR KA B V38 B AIG,
HEGEAT S PRI HIE FRr 20 AR R Z 34,
XSO A B2 AT A AH PR . AT PR R R AN S 24 e
KRG, I A BRI LR 3.0%~5.0% 4 H .
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Table 6 Effects of different treatments on extraction yield of red kidney bean polysaccharides

OB LI 2R R

T LRAPEI

(RS

REMRINEXZES B pH (B 20 S 2 0 Ry |

GRS AN ST I Y BY B RAN IS 2 el R EIPS EAN T R
PRI R PRI ESIN A

Effect of solid-liquid ratio Effect of amount of Effec-t of enzyme Effect of enzymolysis time Effect of ultrasonic power Effect of ultrasonic time on
. . complex enzymes on hydrolysis pH value on . ) . . . .
on extraction yield of red ) . . . on extraction yield of red on extraction yield of red  extraction yield of red
. extraction yield of red extraction yield of red . . .
kidney bean . . kidney bean kidney bean kidney bean
polysaccharides kidney bean idney bean polysaccharides polysaccharides polysaccharides
polysaccharides polysaccharides
- . HEH . ) . ) i )
WRE 2R LRI R pH (1 Z AR LOEWEE o BREER o BEHIE
" W o . : o Dy . } e
Liquide  Yieldof  PME iidof  Enzyme  Yieldof MM idor  EEHE Glder I of
. . Amount of . Enzymolysis Ultrasonic Ultrasonic
solid ratio/  Polysaccha- d Polysaccha-  hydrolysis Polysaccha- tGime/h Polysacch- ower/W Polysaccha- time/min Polysacchar-
(mL-g™) rides/% ~ compoun rides/% pHvalue  rides/% arides/% P rides/% ides/%
en 9
zyme/%
20:1 5.67+0.09 1 6.43+0.12 3 7.22+0.08 0.5 5.65+0.11 100 7.02+0.13 10 7.12+0.13
40:1 7.23+0.14 2 9.2140.09 4 9.89+0.11 1.0 8.23+0.14 200 8.12+0.08 20 8.91+0.08
60:1 8.41+0.17 3 10.39+0.14 5 12.87+0.07 1.5 12.56+0.08 300 9.89+0.14 30 12.86+0.14
80:1 12.56+0.11 4 12.84+0.11 6 10.26+0.13 2.0 12.75+0.07 400 12.67+0.15 40 10.25+0.11
100:1 11.81+0.12 5 12.53+0.07 7 8.31+0.09 2.5 12.87+0.12 500 10.97+0.12 50 9.79+0.09
120:1 11.55+0.08 6 12.16+0.13 8 7.55+0.12 3.0 12.91+0.09 600 9.91£0.17 60 9.12+£0.15

Ve PRIN R KT BRREG SAREAIEL. MM pH (. MEARI TR 875 Dh Mg A I TE R 80 0 1 mL-g”'s 3%. 6.0. 1h. 300 W. 30 min.
Note: Liquid-Solid ratio ,amount of compound enzyme, enzyme hydrolysis pH value, enzymolysis time, ultrasonic power, ultrasonic time is single factor fixed level was

80 : 1mL-g", 3%, 6.0, 1 h, 300 W, 30 min.

pH EANF, B A2 A0 ) S AT 5 AR AN [,
K] e BT R — Dy T s B R AR, S —
THTFECS 28] 24 25l 355 P P 0 P i A S A = i P 2 {1 0k il
NTHIEME G Bt pH AT 75 R BRI 1
o, WS TEA RRIA B K, B EA(E, Aol pdL
TN WO pH (LIS 4.0~6.0 KE

PRI ] AR S BRI Al 1.5 h ),
Z WA AR BHI (0] PR KA TR N, AT, RVIEAILS]
THINPARRES . WEEEEP BRI R, KRR 1]
X Z WSRO, PR REREAA I A5 1.0~2.0 h A'E.

WA S DR, 2L 2 M5 TH A I, )
RETT AR I8 75 3 S AL A LR B 1) 0 B P E 3 sii A7 B T

PUBE . R AN PR, (AN ) 2 A iR
MBI BN T RE R PR R R SR R A R
R it s B4R T HAR A gk . BN
RER A LTS, WOLRHH D) 2AE 300~500 W 'H .

21 G 2 WA R AEE A I A) 30 min IAf KAE, WRE
S DR R BE N A S N EATAS B R T, AN 2R
KB o 1 S R I TR 75 AR A 2 22 Bt 6 S
BY) ) B AR B s A0S B 7 AP i, 2 B T D
R I 25 B4 N REFE, BT LAEE 75 I TR E PR AE 20~40 min 4 'H .
3.3 Plackett-Burman iX3 & it R iFiEXFEERRLER

K FH Minitab 15 30PEX] 3 2 HEAT RS0 BT f2 45 FL %
PEOY, RN T, 8 Pian.

%7 Plackett-Burman iX3& % i1+ % M Rz {E
Table 7 Experiments design of Plackett-Burman and response values

AT - i g oEl . L N e
L HURHLE X An%)lrx‘négo?c)i)urjio/\fuznd Enﬁriepll;I ji?ofﬁsis Eiilﬂf '33:(');‘] 5)1(‘5t A Xs T 7 ) X EZ/Eo K
No. Liquid-Solid ratio P ¥ ydroly ymoly Ultrasonic power ~ Ultrasonic time  Yield of polysaccharides/%
enzyme pH time
1 1 1 -1 -1 -1 1 11.61
2 1 -1 -1 1 1 -1 9.64
3 -1 -1 1 1 -1 1 10.86
4 1 -1 -1 -1 1 1 11.73
5 1 1 1 1 1 -1 12.80
6 1 -1 1 1 -1 1 11.46
7 -1 1 -1 1 1 1 12.27
8 -1 1 1 -1 1 1 13.36
9 -1 -1 1 -1 1 -1 12.68
10 1 1 1 -1 -1 -1 11.91
11 -1 1 -1 1 -1 -1 9.80
12 —1 -1 -1 -1 -1 —1 9.02
% 8 Plackett-Burman iRXI&i&1+& E EMIEMN
Table 8 Factors and effect estimates of Plackett-Burman experiments
A% 2N H FEbrAER FAi PAi R W
Factors Effect Coefficient Standard error F value P value Importance Significance
i Constant 11.4283 0.1535 74.46 0
X 0.1933 0.0967 0.1535 0.63 0.556 6
X 1.0600 0.5300 0.1535 345 0.018 3 *
X3 1.5000 0.7500 0.1535 4.89 0.005 1 *x
X, -0.5800 ~0.2900 0.1535 -1.89 0.117 5
Xs 1.3033 0.6517 0.1535 4.25 0.008 2 ok
Xo 0.9067 0.4533 0.1535 2.95 0.032 4 *




9515 39 G N b ISR AN AT S R WK 4 297

& 8 MR HH, 2SR ggH P X
A X (BEfR pHED >Xs GEF IR >X, (RAEERIN
B) >X, GBARTD >X, (BN >X, G .
JLrh R pH ERIER 75 D2 0 21 2 B A 56 IR 5 M iA
BRI, S BN N B R I T 2k 3 W 25 7K1,
10 PEAAE I TR RTBOR} G SE AN s 2 o DRI B P i A pH {1
AR AR INERER NI 4 AN EE—P
AR S VAU B vt BT o RS T GRS AN 2 A

MR, FE4E5 G 5 R Z a0, R WRORH LR il At I [R) 3
AR R [ e AR K B, BIECEHEE Y 80 1 1 mL/g, i
fR ) 1.5 h E47 5 90056 .
3.4 ESZHERIMNEERLER

7E Plackett-Burman iR30 25 WALl |, %52 4, (HAHE
IR By (Bf# pHAE) « G, GESILE) F1 D, G
A 3X 4 ANHARRE, WS 2R R, SR
MNVERHMTOUAL, 25 W3R 9, BeAiid iy 22 b WAk 10,

R9 MEEACRETERER

Table 9 Experimental design and results of response surface methodology

e oA S A I Wi i pH B AT N ] EZ LIRS

No. Compound enzyme addition 4, Enzyme hydrolysis pH value B, Ultrasonic power C; Ultrasonic time D, Yield of polysaccharides/%
1 0 0 0 0 14.28
2 0 0 -1 1 12.43
3 -1 0 -1 0 11.98
4 0 0 0 0 14.18
5 0 0 -1 -1 12.95
6 1 0 0 -1 12.84
7 0 0 1 1 12.94
8 -1 -1 0 0 13.21
9 1 1 0 0 13.76
10 0 0 0 0 14.18
11 0 0 0 0 14.18
12 0 0 1 -1 12.85
13 0 -1 -1 0 12.64
14 -1 0 0 -1 12.94
15 0 -1 0 1 13.04
16 -1 0 0 1 12.63
17 0 1 0 -1 13.45
18 1 0 0 1 13.04
19 -1 1 0 0 13.25
20 0 1 0 1 13.33
21 1 0 -1 0 13.73
22 0 1 1 0 13.61
23 1 0 1 0 12.12
24 0 -1 1 0 13.15
25 0 0 0 0 14.28
26 0 1 -1 0 13.35
27 -1 0 1 0 13.66
28 1 -1 0 0 13.04
29 0 -1 0 -1 13.15

XPREGHHE (& 9) BEAT 0T, IR BIARSK N R AL

H kWA TR -

Y =+14.22000+0.071667 4, +0.10417B, —0.064167 C,
+0.21000 D, —0.82250 4,B, +0.1275 4, C, +0.17000 4D,
+0.15250 B,C , —0.062500 B,D, —2.50000£ —003 C,D,
—0.6304242 —0.72917B.2 —0.70667C;* —0.28292D;”

X Y AWZHESE, %: 4, By G Dyl EE

MRS INE (%)  BEf# pH (E. BA IR (W) FIE

[ (min) -

HE— XA K A R BT WE b, 45 R

W3 10,

M 10 85 F 0T F BRI P<0.0001 (2 %),

RPN P=0.0894>0.05 ORI , BEHAIRLS Wik vl 5,
APRF R 1A 5 FEAH AR RBEAT T 5[] I A TR g e s 2R
. R*=0.9870, Ui WABEA LA L A AIE e R B
R*2q=0.9740, FWITIIME 55D 2 [ AT S B SGE ;
FHRAR SR CV=0.75 %, i IILE S R . Rk nT L
AT BNDOEAN VSIS 7 32 <8 s viw b PR S I g
PR 20 AT AT e () e ma B AR R M2 0 &R, S —ik
T By Cyy ACTIN AsBys ArCon CoDy VAR IRIFIHIR) A%
B G D #E T g N 2 (P<0.01) , HARE
Ay Dy FIXEHIN ALD, J& T2 B ZE (P<0.05) , AT
B,Cow BD, NGB (P>0.05) o H 4y Bw G Dy AR
PE45 HFN Plackett-Burman 1056 7 5 25 43 B AH— 2
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Table 10 Variance analysis of parameters in regression equation

T ZERUE St H H sy FAifi P B
Variance source Sum of squares DF Mean square F value P value Significant
iR Mode 10.51 14 0.75 76.04 <0.0001 sig
Ay 0.062 1 0.062 6.25 0.0255 *
B, 0.53 1 0.53 53.63 <0.0001 Hok
G 0.13 1 0.13 13.19 0.0027 ok
D, 0.049 1 0.049 5.01 0.0420 *
A2B, 0.12 1 0.12 11.71 0.0041 ok
A,C 2.71 1 2.71 27421 <0.0001 ok
A:D, 0.065 1 0.065 6.59 0.0224 *
B,C; 0.016 1 0.016 1.58 0.2289
ByD, 2.500E-005 1 2.500E-005 2.533E-003 0.9606
D, 0.093 1 0.093 9.43 0.0083 ok
A 2.58 1 2.58 261.23 <0.0001 *
B 0.52 1 0.52 52.61 <0.0001 ok
G’ 3.45 1 3.45 349.47 <0.0001 Hok
D, 3.24 1 3.24 328.24 <0.0001 ok
¥4 Residual 0.14 14 9.868E-003
AR Lack-of-fit test 0.13 10 0.013 421 0.0894 A% Not sig
glii% % Pure error 0.012 4 3.000E-003
JA Total 10.64 28
HH A0S IR A AR RS BEA T 205 20 B SR A LD I S 2 B A 20
R AR SEMAINE 4.12%. M4 pH {EH4 3 16
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4.0%- HEf# pH fH 5.0 HEFINE 400 W FIHE 7 0 [H] = ™" - " ot
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IR A IN& 712 0.72 Ji/kg (LAALEE 1 kg 218G 1
B, FEMUTI, BARGIRISEM S, R e B
PERCE N T K Bl SO RA, 2T ECR 0.22 JT;
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Optimal extraction technology of polysaccharides from red kindey bean
using ultrasonic assistant with enzyme

Li Ying, Chen Xuemei, Yan Yueping, Lai Danni, Chen Xiaohong, Shi Xiaogiong
(Minxi Food Research Institute, Longyan University, Longyan 364012, China)

Abstract: Red kidney bean is a kind of valuable edible and medicinal soy food, which contains rich nutrients and a lot of
effective ingredients. Polysaccharides are the main active component of red kidney beans, which have a variety of
pharmacological effects such as anti-aging, anti-virus, anti-oxidant, antitumor and decreasing blood sugar and blood fat. In
recent years, there have been substantial studies on the healthcare value, nutrition composition, product development of red
kidney beans, but the extraction process of polysaccharides from red kidney beans and the analysis on its structure and
biological activity have not been explored yet. The study respectively used enzyme’s characteristics of effectively destroying
the cell wall and keeping the activity of polysaccharide, etc, and the ultrasonic’s characteristics of rapidness and energy saving
by producing the effect of cavitation, shearing and intense mixing in liquid with the dispersion effect, to damage the cell tissue.
By using the combined enzymatic and ultrasonic method assisted to extract polysaccharides out of red kidney beans, taking red
kidney beans as raw material and polysaccharides yield as the index, and fixing the temperature at 50°C, the study firstly
applied the Lo(3*) orthogonal experiments to screen out the best ratio of compound enzymes; and then on the basis of single
factor experiment, the Plackett-Burman design was used to analyze solid-liquid ratio, amount of complex enzyme, pH value
for enzyme hydrolysis, enzymolysis time, ultrasonic power and ultrasonic time, and these 6 factors were significant.
Furthermore, the main factors affecting polysaccharides yield (pH value for enzyme hydrolysis, ultrasonic power, amount of
composite enzyme and ultrasonic time) were investigated and optimized by response surface design using Box-Behnken
center-united experiment software. Meanwhile, red kidney beans polysaccharide structure had been preliminarily analyzed by
using ultraviolet spectrum and infrared spectrum scanning, together with analytical results of the glycosides. The results
showed that the best ratio of compound enzymes for Papain, Pectinase and Cellulase enzyme was 3:1:3; among 6 factors, the
influences of pH value for enzyme hydrolysis and ultrasonic power on the extraction of red kidney beans polysaccharides
reached extremely significant effect, and amount of composite enzyme and ultrasonic time were the significant factors. For
optimum technological parameters, i.e. solid-liquid ratio 80:1 mL/g, amount of composite enzyme 4.0%, pH value of 5.0 for
enzyme hydrolysis, enzymolysis time 1.5 h, ultrasonic power 400 W and ultrasonic time 34.0 min, the yield of the
polysaccharides of red kidney beans was 14.15%. Ultraviolet spectrum scan and infrared spectrum scan showed that after
DEAE-52 chromatography column and Sephadesx G-200 cellulose chromatography column, red kidney beans polysaccharide
had higher purification; the connecting way of red kidney beans polysaccharides was alpha (1—4) and (1—6) connection,
which could be speculated by periodate oxidation and Smith degradation analysis. The results provide theory basis for further
development and utilization of combined enzymatic and ultrasonic method in assisting to extract polysaccharides out of red
kidney beans and subsequent research on red kidney beans polysaccharides structure characterization and biological activity.
Key words: polysaccharides; ultrasonic waves; enzymes; red kidney; Plackett-Burman design ; response surface analysis ;
structure analysis



