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Preparation of Dietary Fiber from Enzyme-assisted Aqueous Extraction
of Soybeans through Carboxymethylation and Its Functional Properties

JIANG Lianzhou ZHANG Qiaozhi GUAN Jiaqi GONG Han LI Yang SUI Xiaonan
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Enzyme-assisted aqueous extraction ( EAEP) is an environmental-friendly method which is an
alternative to conventional hexane oil extraction. During EAEP of soybeans, an additional by-product,
residue fraction was produced. About 4.4 kg residue would be produced for every liter soybean oil
extracted. The residue fraction of EAEP of soybeans contains substantial amount of fibers, which can be
considered as a rich resource of dietary fiber. A soybean dietary fiber was prepared from EAEP residues
and further modified through carboxymethyl substitution. According to the results of single factor
experiments, Box — Behnken response surface methodology was conducted to investigate the correlation
between operating parameters and degree of substitution ( DS). The results indicated that the effects of
four parameters on DS followed an order of etherification time, chloroacetic acid dosage, alkalization
temperature, and etherification temperature. For optimizing the four independent variables, square
regression analysis was performed. The regression model was fitted with determination coefficient R* of
0.968 4 and optimal parameters were as follows: alkalization temperature was 25°%C ; dosage of
chloroacetic acid was 1.05 times of the mass of raw fiber; etherification temperature was 70°C  and
etherification time was 3.8 h. The DS under above conditions was 0.430 5. Compared with the raw
sample, the water holding capacity, oil holding capacity and expansion capacity of modified fiber were
8.21 g/g, 3.80 g/g and 9. 88 mL/g, which were improved by 89.61% , 20.63% and 114.32% ,
respectively. The infrared spectrum showed that carboxymethyl substitution was occurred during
modification. The modified dietary fiber from EAEP of soybeans exhibited desired functional properties,
which can be used in meat, beverage and bakery products.

Key words: soybeans; dietary fiber; enzyme-assisted aqueous extraction method; carboxymethylation

modification ; response surface analysis
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JB 3 2 4 & 18 S o AR 8 i 38 T A0 o) i
W, AR KW v 25 38 43 B4 0 R e ) — 2R K Ak &
P SFR, AR R AR AR RIK. 2
WSS R LR AT DU A AR W), 16 7T L&)
B A AR kb SO G B AR Y AR
ES DO IS S g DR ol (R P 2 v) g 1 3 (A [ |
P | AT I AR L T 807 A R A 91 BT 45 M s 45, R Ik
RBRRAE L RERET T WIRE R
27 4k 43 0] ¥ M BB 4T 4k ( Soluble dietary fiber,
SDF) F1 A 1 M i & 27 4k (Insoluble dietary fiber,
IDF) . AR A E & 2F 4 41 il b, SDF N 7 10% LA
b, HLEE AR R SR Y S K R AT AT R ) 4% R IR 2 A
o8 1R B0 T A LA 457 /KRR U B I I S R L TE N
PPy R B AR FRIAE Y L (TR SRR IR I B 2 2T
e Z AT PERE 2T 4, KW v 22 BB L n
TRERHEARS , R, 38 2ok ) B Ak 2 F0 2R W 5 T R
VeI I £ 2T 2 R AT 48 W ki 4 T AR B RN AR
BURVE , — TR E Py ShE BRI I R
A i —Fh B AL F B M vk R WP R — b
5 8 K e AT 3 ek IO s S o 38 g B 2R Ak 2 A v
AT X K 23 SR AR T S T 1R i A T fig
Rk, A —E B B BA Sl Vs e 4k
AR BEVEFA o JRl e T LT K R A T P £
EFAE N EURE, R R B Sk A A& i 10 15 £ 2 4 AT
245 FRORE 0 40 R U R AR MR A O 5 A
DAAS T P 22 2K i 1 28 4 Dy J5ORE, 3 5 2R WY 6 Ak s
il & w FOK J1 A B R A 4, fR oK ) 2T
105. 79% 5 /% [ 46 2 1 LG 3 Oy JEURE, SR R R O
A B 1 o L0 IR 1 4T 4, 22 3 ) i Ik B R B
1 BLA B 1 B IR

IK T 1 S — T T 2 ¢ € 2 i B R T o IR R il
iR T BEHR G AG B T R R TR K
ki R K L B TR R R R, SR L L
KA 7= 2 2 4.4 kg SR 70 I, XK
R BRI 15 BRI TR OC R BUK B T2 M4 5 AT
PEo WFIERBIBRIE 1Y T 2 WAL 4 B
it K /b BT W) B, RTOAE b R R LR 4E R R OK
R R T R g O R LR 4,
NI b DB BRI A PR, AR SCRAR
S K A AR Dy JRORH IBCH AR i R £ 2T 4k, O i
JR FY IO B N Rl 3 A T P G 8 0 9 R KRR
TEPRT S iR B R IR B 3 8 R X A Ak I, a5
Mg 7 T 925 1 B BT A S B B AR 8 A, O E — 2B X
16 1 o G B 2T 4 (0 Fp K 38 Rl R I K R A T e A

I

PEIEATINRE o
1 MB5FE

1.1 #HRl5EE

SRR KT R (AR 42 5, & KF10.54% Mg
197 J5 £ 53 # 19. 73% ML T 6= 43 4K 38.48% , JK
A 4.21% ) Wik W 1L £ 4] ; Alcalase 2. 4L
BN UIE AR (AU), ARRERCP D) Y TRA
PR 5 o-TE B0 1 78 250 G, L S RS E R A
MR R OB RNEE AR A A iR
SR A Hr Al

T20 RIBVIR AT 5 Bl , % [E Clextral 24 w] ; B+
G3AT RV, BHERE BB E AR A R R PHS — 25 7Y
B aARE T, Bl R s HE — 4 BUE R
K, EIEFSVIAL SRR R A R J0 — 1 ARG %
HL Bl 4P A , 4 IR T AR A A7 BR 23 W) s FDS AYYe 7R
TR, 26 VG 9 [ B A A s SHZ — B AU fE R /K 4 i
it DRSO A R A 53 — 18K B 5 38 TR
BI.OHL, Sigma A 7] 5K — 436 TIP3 iYL K — 370
B LR BAL B A IRAE S m sy ) #L4
ML, B & AL A BR A 7] 5 IRTracer — 100 #Y
ol L AR LT ARG TEAR, HAS By A ]

1.2 RIEFH*E
12,1 AR o e

BRI E KA GB/T 5497—1985 (IR E . M
PR B K o DN g i) 5 B IR B R R I E K R
GB/T 14772—2008 £ it H oKL IR I (4 I & ) 5 # 2R
H & &l , K48 GB 5009. 5—2010 { & i P& H
M SE ) 5 K 4y & R, M4l GB/T 5009. 4—
2010 Cfr il PR I AE ) o S RE B 4F 4k 5 1 (Total
dietary fiber, TDF) AT ¥ V5 i £ 2F 45 FAS V5 PR 12
G445 KPE GB/T 22224—2008 (& M lE & 4F
HE I AE )

1.2.2 KGR S AR G 2 4F 2 i 4%

B A o K G gk B A R 7, A S
JF SR P AR 25 2 O LT 450152021 A ) i A 42 B
T HEEmRmT .

RRERE R - — W S KFER 14.5% —
BB AL (60°C ,300 r/min) — #3 #4:k 60 H i —
TR 6 mL/ g— 3 1 i B S0°C , pH {2l 8.5
— il fif 3 h (g 1,85 mL/ (100 g)) — il K i
(100°C ,10 min) — &5 .02 4> 5 (8 000 g,20 min) — i
AR — R 10 mL/g, K ¥k 3 IR & Pk — il
U8 ,60°C T — 7K B e £ 27 4k .

1.2.3 B W 3L AL K il ik B 1 &7 4 1 &%
SR B R T IEA B 0 5 o Bk
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it v I £ 1 4 4% 0K} EE 10 mL/g i A R A i
5 R £ 2T 4 46 5 A9 NaOH, I R g — 5 i ik
BERWUG A, T 15 2 1 BE R B Ak — & i |] . AR
—ERMEA LR, ET LIRS IA RN, T
W T R kAL — s B, kb R N S S, &
MR A pHAAE 2 7, LA WRAR IS A 4 5 RFE
K CEEGTTE , IR J5 T 60°C T8, Fp i S5 B 452 H
FALRE A4
12,4 B W LU B

S W s R E AR g B, TR
0.3 g /KEFENEE L 4E, m H i A 40 mL HCl )
(2 mol/L) ik 3.5 h J5 ik U8, FI 80% M I W vk
VEAE i H R IEWT AgNO K A TG C17 85 7, i A
i AL S R S, TR AR L % T 50 mL NaOH ¥ )
(0.5 mol/L) v, Jin #& fif ¥ Wi & & W, v B0 A
0. 1 mol/L HCI 45 1E¥ Wi 22 F) sk NaOH, LA Tk Hy
FeoR A, LLLL @ NIRRT 4 AR

0.162X
= 1
571 -0.058X (1)
/H\:':P X = CNuOll VNuOll - Cuc1 Vl[Cl (2)

A Dy—H R R
C.on——NaOH ke £ , B 0. 5 mol/L
Vyon——NaOH ¥ AR, i 50 mL
Coo—HCl E WA B 0. 1 mol/L

V

wo——TH#E HCI A, mL
1.2.5 R
1.2.5.1 AR ZERK
(1) R

gy LK R £ TR S TN R O IR R,
L 2.3 95 P T K R KA G B 47 e A iR 4%
I, A 15% NaOH %, T 25CHilifk 1 h, inA
HERA4EFRNALKRT 70°CHAL 4 h, DURT
S IO E A 18 b 0 5 B A ORI R

(2) Bt it 2

I 7K i 35 I B T HE P A 15% NaOH %
W, 735 20,25 .30 .35 40°CHf Ak 1 h, im A 5 g &
FYEFRIA SR, T TOCHEAL 4 h, P& Pr #4 K
(14 5 FH U

(3) A LBRE A

l6) 7K Al % i L 27 e WP A 15% NaOH ¥
B, T 25°CHRAL 1 h, 20 5l PR BCS i B 45 4E o L oA
0.5.0.75.1.0.1.25 1.5 WE 2 ®mm A, F 70C B
& 4 b, TN RE BT AR a0 R TR IO

(4) Mk A ik 2

I 7K T 35 I B T 4R P A 15% NaOH %
W, T 25CHA L h, MASERFHELERENAL

iz, 73 31 F 55 .60 .65 .70 75°C fik £k 4 h, I 5E Iy A5 A
i R R HY R A B

(5) kAL ] i)

] 7K i v i B 2R AR P A 15% NaOH ¥
W, T25CHfk 1h, MASKEEF4ESEENEL
i, F 70°C oyl lkfk 3.3.5.4.4.5.5 h, U & Fr 194
il P4 2 H A B
1.2.5.2 Wi

e LR B K55 5L Al |, R ] Box — Behnken
BT, AR AL IR B SR SRS it (5 i B A 4
JoT o Lb ) Tk Ak B ) T AR BE Ol B AR R LK B
JH £ 4k 1 R R JRUA B g o) 7 1, K TR 3R G )
&1,

£ 1 Box - Behnken X3 E & &K

Tab.1 Codes of variables in Box — Behnken experiment

i b il U AL ik A 3 i ik A, B i)
%,/ AN %y/C x;/h
-1 20 0.75 65 3.5
0 25 1.00 70 4.0
1 30 1.25 75 4.5

1.2.6 K : I £ £ 2k 4 30 Ak 2 vk e T 2
1.2.6.1  FRKEMEFM%E
FEK % 1 W 5E 2 B FERNANDEZ-LOPEZ %

(977 PRI 1 g e 27 4 5 30 mL 2848 KR &, &
F R BT ALY R 1 min 5 F %R (20°C) TR
24 h,3 000 g B> 20 min J5 , 7 25 13, FRIUCRI &
L £ 5, 45 K R 5N
M -M,

M,

Wy =

X Wy e— KR /g
M,—REELF 4 T, g
M, —RE R LR g
R 3 A I E 15 4 7K S AR [ {E 2 A8 K I BF
fRERBK SRE R L 4ER &, B0 ) F 3 LR T Bl
PR AR W T T3 5 38 3% T 119 25 AR FF i, Fi il R
PR AW

(3)

0

0 M, - M,

HC — Mo
K 0, —Fr %, ¢/g
1.2.6.2 k%

I B 2R 1 I 2E 2 1 FEMENTA 25 1 97 1, K

I O0.3 g EReF4E, BT 10 mL &6 o, im0t
Fof o 7 P B £ 2T 4 AR B, 1 o A S mL 280
KRGS G T2 CE 24 h, R EBUKHEE
E2 LRI 7 RN )

(4)
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sV (5) R BT 4 5 5 e 7 L B R AR T

M, BB, M 5 AT i R B — 8. LK

A E— k%, ml/g YA ) B SO R AR 2, ML 0 A R T R IR B A
Vy— I ik B (B, mL 0. 190 6 , 2% 14 8 I /KA1 S 4 1 X 3 30 2% 1 2 5

Vi— ik Ja B, mL HF 2, BN F ep R R B 1 £ O R 0 R R A

M,—— BT T, g F2 %7, 3 A4 70 £ 250 R A R WA AR, 140 T 7 0 5 Ak

1.2.7  KEEERE 6 4 4 LT/ et I 5 A HE I, PG , A B 16 P 2 WA Sk R VA L OF

SR 7R 2 mg R A 2T dEAE A
55200 mg T4 A9 KBr {8 7 )5 15 3 54 AT 5 AT R 1
) AEFRIEEAE 2.5 wm DUN A K A AL B b g
JRRE T, 7E 500 ~ 4000 em ' ETH LA 4 em ' (1Y
IR BEARAR 32 U, R AR il P 1 K, O A A [
AT RET S
1.2.8  Hdlaintr

IR YRR B+ AR R I
523 W R SPSS 22. 0 AR K 47 22 57 WK
P53 (p <0.05) o

2 HRE5WR

2.1 KREKEEZRENEEZELZAY

KE KB EREN EEZAFHAR T FH
69. 05% T K AL AW . 20. 54% 5 4 5 6. 43% g M
3.98% K4y o ZALSEARL S H RDOR SRR TG 2 2F
Y iy A TR R ) —— i A R 2,
P R T R A A 2 T4% KA
Y .22% (A 5 .0. 43% iR B 3% Koy o Kt 5%
T S £ AT 4 R Ay BN 68.22% , TR N fRE A
Y FEERIE, D PR EEFEEMEAR, A
13 ity e ] ) B B 4L A £ T 4 0 AR A T RE DR R N B
JR& R, SR PR A4l T8N IDF, R BN
66. 69% , (5 L 4k 97.76% |, Tiii SDF Jit & 4>
BAUN 1.53% o MAREERE L4 & R 2 n, A
AL B i 20 3 HE e R Y R
it L IBRELRE | /K M R 7K 3R A T TR AN A BR A
T HAR TR 0 K DRI AT 0 B X T BRI K
T B A Y AT A PR Ak L L — e R
LA TR IR 1 2T 2 1 Th e FRR b
2.2 RNBFINNE|SAHELZFERNRENII

FR R B IUAR R I R A B R A AT AR
1321 2 Z WS 1 P R4 R 3 IR BHR TR R K %
S DI RE A M B A T R R R B ] A — R
FURI B R SR 2 R, A
F10 306 5 %ot 8 PR R BOA, 38 A 0 5 5 ), o A TR) S 2%
TFF 2R S Sy 5N 745 31 ) #2 HH 3 BA R
R, 0 0.403 5, Rk H 5 N AR H BRI B Ik Z
9 0.328 8, H 24 D T B ak S 79 B A Ry g A S5 B

PE— A AR Y R A S B A9 1 2 A o

05

T

BRI E
°c o o
8] 98] FS
T T T
1
H

S
=
T

K FEe 2B RNE
SSEE 3R

P15 R I R X K T A T A R P R RO ) 52 T
Fig.1 Influence of solvent on DS of EAEP dietary fiber

2.3 BRZABISMER
2.3.1 AL

A 15% NaOH ¥ 43 51 F 20 .25 .30 .35 40°C ik
JER AL 1 h, IMASERIEFENALSEKT
TO°C AL 4 b, I Bl f 3 B2 X i £ 27 48 5% Y BRI
BE M RZ MR, AL 2 BT

045

FRE SRR
s ©
o B

<
1
=)

| I | |
0 25 30 35 40

WALIRBEC
P2 il alh BE X K Al G £ £ 4 1 R IR 9 5 i
Fig.2 Influence of alkalization temperatures on DS of

EAEP dietary fiber

Bk S R, NaOH A kg 52 07 rp B i R 2 ) Joi
(e ef R, LA I8 R R 2T 2 v K, 943 Pk A 52 7 3%
JIVE R . NaOH 55 i £ 2F 4k 25 ¥y 500 E i ¥
FE L, Y 8 2 WEEN AR VR T — 2P ik Ak 5 g i 3 1
ol BESR AR B B, R W BRI T
J5 BT R e, AE 20 ~ 30°C S [ A IR EE Y T
B R TR L R 2 4 3 M O B, R
TR AN WG K, o S S Bk b o B B AL B 2 3 P R g
MR Ry 25°C i R H S HUAC BE IR B B ok, o 0.417 3,
Yk ST R I BE B A R TR AT 4k 45 R SR I A
(AN G5 | 338 45 45 /N 23 [, % U R A5 A L
M, 30 8 25 10 B BF Y ) RE R BB AL IR B S 25°C I
R RO B AR, B 25°C 20 &= i, X RO

S
()
[l
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W RERE B R B A L PR b 7 00k el £ L B s i 5%
25°C Jyprpls A5,
2.3.2 AZBRIINE

A 15% NaOH 35943 3 F 25°C F oAk 1 h, 53 51
T 5 i £ £F 4 Ji & b o4 0.50,0.75.,1.00 1. 25
1.50 (5 SR F T0°C ik 4k 4 h, ) 58 5 & 1R U8 in it
Xof J B T A R R SR IROCR B A s ), AN T 3 TR o

051

o
=

R SRR
(=2

o
o

ot

0.1 1 1 1 ]
0.50 0.75 1.00 1.25 1.50

RLBBNE
P 3 S BRN N i Xl 7K T 2 27 4 72 FP BRI JE Y 5 i
Fig.3 Influence of chloroacetic acid dosage on DS of EAEP

dietary fiber

WAL 3R] T B4R £ R VS L 1 0, AR Y R
R 5 561G I 5 2 N A A, S Bk B H
B i3t — 7 ), 2B B 28 A R T 0 — o, B B
TG 2 BRI, H 598 M A Rl A AR B 2
B, R P BUR B B B A LR
A i, 2 RN EA LRSS NaOH Y, AR
A R PR 8, 32 S 17 kA s I 3 238 AT, i) i g 1
I, SO G R 3 R Y L RN
1.0 B, R WU B, o 0.412 6, 5%
T B DR S AR R T AR B, BRI AE A AL SR S R
W EFSEEdEREL N 1.0 /ERHH
RS
2.3.3  [EfbRE A

Pl 15% NaOH ¥ T 25°C Fiffk 1 h, A 5 g
AL RN A LR H T 55.60.65.70 ,75°C ik
A& 4 b, 00 kA TR RE X T £ 2T 4R AR R IO Y 52
Wi, 4N &l 4 R o

0.45

N
'S
(=

FRAVEICE
(=]

-55 6I0 6IS 7I0 7I5

BEALIREE/C

Pl 4 Tt Al a2 X /K T I £ T 40 R P R UL E ) 5% i
Fig. 4 Influence of etherification temperature on DS of

EAEP dietary fiber
nlEl 4 Jron , BEREAG IR BE B T, 77 R R I
PRBE 85 B Th e o W b R Y8 o B b it A
55 ~T70°C{u A I, B AR M 0.315 7 BTt

F0.406 1, kb i 0 TF o0 T kLR A 2
CEZ i EOr R S e e Ei R R
AV A% B P9 AF B A L, DA A2 22E 4R HY 35 AR 7= 9 1
R T AL R T T0°C I, 4k 22 T iR
JE W SRR A e R A T R AR R . E &
BRI 56 1] 2 [ R 1 R B, LT 4k 5 R Ak b R
N, 7P A BRI 2 B . Y Tk Ak R B Ry 70°C B
R R IA B B L R 0.406 1, 2% 3 BE BE AT R E
N RLFE SUTT A R dE R SN S i ek 1k 7
FH 7847, B 0 7E O 1b Bk 10 5 B 2 % 70°C Sy
O
2.3.4 [t fb A (E

DL 15% NaOH ¥ F 25°C F Ak fk 1 h, in A 5 g
B F R WA LR T 70°C 4 Jl kL 3.0.3.5,
4.0.4.5.5.0 h {5 ik ke Bof Jia) Xoh J £ 2F 44 B2 P 3R L
FRBEB5Z R, A& 5 BT .

0.45

R E ST
o o
S

g
w
=]

| I | )
0 35 4.0 4.5 50

fikfL A/h
S kA I )Xo 7K I 0 2F 4k 7R PP B TBUIR B 1 5%
Fig.5 Influence of etherification time on DS of EAEP

0.2

W

dietary fiber

By 1S AT, AL R 3 ~ 4 h B, R
SR I Tk b s ) 9 184 0m T 328 ¥ T A K Tk Ak
() 485 BB e iy A7 4 B 78 4, 4 Tk Ak B[R] A 4 ~
5 hEF, RN E IR Ak 2 FE K R B ] B TR R
Kb F ik IR 8 v 5 T BOLR A & A R, T RE K
3% 22 AR TP R 40 R R T ke, DTG il R R R
IR BE 2R AR o 2 1k Ak B (] R 4 he B, R HY R IR
BT, R 0.409 5, [ UL 78 1t Ak Fik Ak ) [7] B5f 326 %
4 h Rl .

2.4 MEERKEERSSH
2.4.1 BERIEEST 505 25087

e Bk R R SR, DU AT R P
SR Sy e 1 (L, 35 B B Ab U B LG R AN n A L T
AR FE F gk AL E] 4 P SR HT Box — Behnken
B T AT e N TE A AT RIS R A R K 2,
Ferp X, X, X X 00 B A IR SR S RS N i
Pk A T P85 R Tk £ BT 0 9 G A £

i 34 Design-Expert 8. 0. 6 ¥4, % 3 2 A F 4%
AT Z U M M LG, 15 21 15 1 2F 2 R 3 AR
JE (D) XA IR BE X, G S BRES & X, |k Ak I
X, (BEAR I TR] X, 09 Y Z2 300 [m] )5 J5 FE AL 7Yy
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& 2 Box— Behnken Xt 5% R
Tab.2 Experimental design and results of

Box — Behnken design

W75 X, X, X Xy Dy
1 -1 -1 0 0 0.3130
2 1 -1 0 0 0.264 2
3 -1 1 0 0 0.2718
4 1 1 0 0 0.394 8
5 0 0 -1 -1 0.3640
6 0 0 1 -1 0.3583
7 0 0 -1 1 0.2875
8 0 0 1 1 0.286 6
9 -1 0 0 -1 0.3473
10 1 0 0 -1 0.3722
11 -1 0 0 1 0.2697
12 1 0 0 1 0.2435
13 0 -1 -1 0 0.270 1
14 0 1 -1 0 0.3695
15 0 -1 1 0 0.3512
16 0 1 1 0 0.368 6
17 -1 0 -1 0 0.3502
18 1 0 -1 0 0.2732
19 -1 0 1 0 0.248 4
20 1 0 1 0 0.390 1
21 0 -1 0 -1 0.367 1
22 0 1 0 -1 0.3697
23 0 -1 0 1 0.2390
24 0 1 0 1 0.3112
25 0 0 0 0 0.4127
26 0 0 0 0 0.4301
27 0 0 0 0 0.4265
28 0 0 0 0 0.4311
29 0 0 0 0 0.404 2

D, =0.42 +0.011X, +0.023X, +7.39 x10 °X, -
0.045X, +0.043X,X, +0. 055X, X, -0. 013X, X, -
0.021X,X, +0.017X,X, +1.20 x 10 * X, X, -
0.63X; —0.044X; —0.041X; —0. 053X,

X ZBE T AT 7 22 0 e, B R Wk 30 i i 22
ST as R AL, B AR ALY F AR 30. 60, 22
WZE (P <0.000 1), KMWT2ERARE (P>
0.05) , U B 5 12 5 3 30 45 R 1R 22 /N, L5 B EE 3
B R R R 0.968 4, Ui IZ 5 B 2 5k
A i g 96. 84 % 1ty PR 75 8 A% A, HAth PR 2R %o JOAX B
14 52 W) A] 220 W AN 1, AT 3 e iR R R L T
SHCHATION . |1 3R 3 AT, — R X, X, R
X2 X2 X2 XD RASHI X, X, X, X, %% H LB
AR5 T 35 B AR S 2 K (P < 0.01) , — R X, 52
I X, X, X, X, ik 3 K- (P <0.05), DL E 4
RRWIE S B0 R BB B 19 % e B 28 HAE
L MAER LM SR, IR 3 &S HF E

RN, FA B 2% 2 BO0 R PR R BORRE 532 Wi R 2 1 /N
F o < AR ) S8 SRS I Al TR At
R3 WMEMERFESH
Tab.3 ANOVA of response surface results

P33 FIrE AW ¥5or F r
FER 0.10 14 7.19x10°% 30.60 <0.000 1
X, 1.58 x10 73 1 1.58 x107®  6.72 0.0213
X, 6.58x107° 1  6.58x107% 28.01  0.0001
X, 6.56x107* 1  6.56x107* 2.79  0.1170
X, 0. 024 1 0. 024 103.86 <0.000 1
X X, 7.38 x10°? 1 7.38x107° 31.41 <0.0001
X, X, 0.012 1 0.012 50.91  <0.000 1
X, X, 6.53x10°* 1  6.53x10°* 2.78  0.1177
X, X, 0. 021 1 0.012 10.17  0.0153
X, X, 1.21 x10 73 1 1.21 x107* 5.15 0.0395
X;X,  5.76x10°° 1 5.76x10°° 0.025 0.8778
X3 0.026 1 0.026 110.32  <0.000 1
X3 0.013 1 0.013 54.03  <0.000 1
X2 0.011 1 0.011 45.96  <0.000 1
X; 0.019 1 0.019 79.02  <0.000 1
Tk 22 3.29x107% 14 2.35x1073

L 2.72x107° 10 2.72x10°%  1.92  0.2765
iR 5.66x10°* 4 1.42x107°*

Jo¥ii] 0. 10 28 R?=0.9684
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Fig.6 Response surfaces exhibiting effects of parameters on DS of EAEP dietary fiber
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Tab.4 Physiochemical properties of EAEP dietary fiber

. ek e/ g Ak %/
it £ £F 4 25 5 » . o
(g7 ) (g-g™) (mL-g™")
IKERE R4 4.33+0.06° 3.15£0.09" 4.61 +0.13"
R AL K i i ) )
8.21 +0.07" 3.80 +£0.15* 9.88 £0.10°
i £ 21 4k
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Fig.7 Infrared spectrum of EAEP dietary fiber
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