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Abstract: To investigate the optimal extraction process and functional characteristics of soluble dietary fiber (SDF) from
corn bran. This study used corn bran, a by-product of corn processing, as raw material to extract soluble dietary fiber from
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corn bran through composite enzyme modification. The optimal process parameters were determined through single factor

experiments and response surface methodology optimization, and their physicochemical properties were studied. The results
showed that the extraction yield of SDF reached the highest value of 16.64%+0.21% when the content of cellulase was
1.5%, the content of xylanase was 1%, the enzymolysis temperature was 55 °C and enzymolysis time was 150 min. Its
solubility was 87.63%+0.43%, the holding water capacity was 2.87+0.16 g/g, the oil holding capacity was 2.30+0.12 g/g,
the glucose adsorption capacity was 5.32+0.12 mmol/g. Under simulated stomach (pH2.0) and intestinal environment

(pH7.0), cholesterol adsorption capacity was 11.74+0.15 and 42.93+0.08 mg/g and sodium cholacte adsorption capacity was

15.4340.17 and 50.67+0.10 mg/g, respectively. The research results can provide theoretical reference for the development

and utilization of soluble dietary fiber from corn bran.

Key words: corn bran; soluble dietary fiber; complex enzyme modification; response surface optimization; physicochemical

properties
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LB SDF. A 145" SR 52 & Bl A S IURR 59 b iy
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1 MR5ERE

L1 #REGEE

FOKBE RURIBVTAEY) T REAT BROS W15 GE R i
(2x10° U/g)  dbntB g 2 A Y8R A IR ST 7l
BRPEER B (2<10° U/g) /T PS4 RS 7l

TEMPBEEE(1.5%10° U/g) | £F4EZRREEF(1.1x10* U/mL) .
ARIMENG(2.8x10° Ulg) N =l A= 93 AR A B
Nl HoAtha5m 4 R 434l

TGL-16M EL.0HL W RGHA SE R AR TIT &
AR UV-2501PC 25811 WA 66T HAS
A E] DF-101 B gERE bl P PAEIX
A BRTHEL F]; RES2-99 gk 78 kas FIEWoRAg
A S
1.2 LWHE
1.2.1 EEEFPEEKE SDF k4 AR Li 2509
MIJTIEMSEIE . TR RS, 12 60 Bififs oKk
B ARy, PEAT A i EE NG, 2o IRIE TS HOR R Lt
1:10(g/mL)INA LB FK, IREGRIFAEIEE 60 °C.
pHS5.0 J& I A 2T 4k 2 Jiff (40 U/mg) . A & W il
(13 U/mg) AT EE %, % 5 100 °C 3 7K i K B
15 min, %8 AOAC J5ik, & a-VEMI B . &5 H RN
DEATBE BT B, DL SSRGS A 4 b ek e
PSR AEL Sy BARSHON . 52 Gkt FoR RS
WIREREZE 60 °C, pH P ZE 6.5, A 1% JEXEE,
fift 1 h, AR K 2SR EREZR 55 C B JH% pH
= 9.0, INA 2% FE 1B, BEfE 3 h, BRI K 25
FEFEZR 50 °C BHEHE pH 2= 4.2, ITA 1% 3EBIHETE
fifg, W f 2 h, WhoK W KGR R 50 2 =06,
4000 r/min Z5.0> 15 min, YL L35, LB A5 0B
4 2 BARFRAY 173, INA 4 15K FR 95% By ZEEVE 0L,
4 °C WU 10 h, PLHEWIES O 5 T, B &2 A kot
K2 SDF, fajk C-SDF.
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TEARPR, S5 B AR RBEBF AR & 1.2% . il f: B [A]
120 min. B§fF#IRE 60 °C WIS T 5 2L 47 4 £ i}
(0.5%. 1%. 1.5%. 2%. 2.5%) X} T K ¥ SDF 5%
Wi TELT4E R BFARNNE 1.5% . BEAFITE] 120 min, A
R EE 60 °C MYSR1F T 2R FERF(0.8%. 1%.
1.2%. 1.4%. 1.6% )% E>K )} SDF 15352100 ; ELF
AR BFRINE 1.5% . RFEVEAGZS I 1.2% . B
BE 60 °C Y45 T 5 82mf Bt ] (60, 90, 120, 150,
180 min) X} E K FZ SDF 15 3 [ 3 i ; 18 £T 4 K [ilg
W 1.5%. REBEEGR IR 1.2%. B f# B A
120 min 19 454 T 25 52 [ /% 5L BE (40, 50, 60, 70.
80 CHXTE K7 SDF F5RAYHFZIA
1.2.3  ma e GRS 7R AR B R 2R S 1 S
I, iZ A Design expert-13 4, AR 4E .04 505
VeI T, SR PO PR 28 =K S i o T oA, AST
AEZRBFAINE (A) . REEBERGFAS DA (B) . B AA]
(C) . Bff# I (D)2 32847, L C-SDF 153 A7 hif
AL, S8 A i 3 T AT X R R AR TR AR, DA
Wl A AAT, R 5B 1.

SDFf3#(%) = 100 A (D

# 1 Box-Behnken i®I6 [N & MK
Table 1 Factors and levels of Box Behnken test
%

o ASFEEMRRIE BRSNS CREF DAL
(%) (%) (min)  (T)

-1 1.0 0.8 120 50
0 1.5 1.0 150 55
1 2.0 1.2 180 60

1.2.4 C-SDF BRI E
1.2.4.1 ¥f#PE(Water solubility, WS)  AR#E Li £
BT IEISA B, RSHRFRE 0.3 g FEAH T 50 mL k>
Erp, A 30 mL Z&48IK, 75 °C 7K¥# 1 h, 4000 r/min
B0 15 min, BRZ5 WIFHROPE UM T 2HE, ¥
Fagap= ¥

M, -M,

0

R (%) = x 100 = (2

K My AT HE (g) s M, BIEW TS 19 [
e E(g) .
1.2.4.2 Fg7K 7 (Water holding capacity, WHC) R
P Yin U A 7 R , (HBS A S B, RS TR RR 4
0.3 g FEAh T 50 mL BB, LA 30 mL ZR4RIK,

25 °C 1RAHED 2 h, & 12 h, 4000 r/min 250> 15 min,

B 25 L3 U FHUR A0 3R BE T 29 A8 N R K 3
W IR B DT o

M, -M,
%ﬂ(ﬁ(g/g) = M.

A M, WAEEFIRE (g); My, AR T HE(g) -
1.2.4.3 Fg3h J1(0Oil holding capacity, OHC) AR ¥z
Ji ZEUST v g, (HESE 2. KPR E 0.3 g #F
fF 50 mL &0 H, A 30 mL K&, 25 °C &
% 2 h, #'E 12 h, 4000 r/min 25.0> 15 min, 25 i
W P 4RRr 58 B8 702 OV PN BRI R i+ I1
PREEDIVE T,

X (3)

M, -M,
M,
b My SRR E (g)s M, SRR T HE(g) o
1.2.4.4 4 %45 [} 58 77 (Glucose adsorption capa-
city, GAC) iyl #R4E Zheng 551 1Y 77 VA4 2
{EmgG ek, #EFFRE 0.3 g FEEITA 200 mmol/L
MR s M b . 7E 37 °C F 180 r/min /KBS HE Y
6 h, 4000 r/min Z5.0> 15 min, B 3SR 3,5- A5
IKAZ R (DNS 125) W 58 HoAs 24 0 &7 . GAC 1931
BN

i 71(g/g) = D

(Co_cl)
M

m

R 2T R Y BE 77 (mmol/g) = xV, & (5)

b C AR RTE R P A AR B (mmol/L);
Cy W [ 5 3 W v b v Y 8 24 Bk )2 (mmol/L)
Vo FELE FIERAAFI(mL); M, SAEER B R (g) o
1.2.4.5 JH [ B W2 B 8 7 ( Cholesterol adsorption
capacity, CAC) I & MR ¥&F Benitez 5527 (1 J7 7%
e, (HRS A S B XS E T oA 9 £ AF]
FYZEIE /K FEAr P PR A, MEFAFR AL 0.3 g FrIlAR SN
A2 30 mL FHEEH B, 5353 H NaOH Fl1 HCL ¥+
PRZVEATTE] pH = 7.020.1 B IZIE 2R E5) Al pH =
2.0+0. 1 (FEHL I MB%) o BIRG W 37 C /KEIR
4 h, 4000 r/min £5.0> 15 min, B_F 35 #ER AR —
P4 v R v P B T s i
R R B (mg ) = M'D;Mz
o M, SR SR IE E R S5 (mg) s M, SRR
JERAEEEZ i (mg ) s M RS T EE (g) o
1.2.4.6 JHEREWK [ EE 71 (Sodium cholate adsorption
capacity, SCAC)WIIE  #R#E Cheng 550" (kA
R, (HESA . B 0.3 g #£445 30 mL 0.75 mg/mL
RPN IR A o 435 NaOH #1 HCL ¥k =
PETTE pH 2 7.0+0.1 (BAUIZE P EL) A1 pH & 2.0+
O0.1(BEIFLEH ¥R ) . 37 °C F/K¥ 3 h, 4000 r/min
5.0 15 min, SR MRS Eb 0 52 s e P IE R M

A~ EL
1 B o

HEBRAATR K 8 /1 (mg/g) =

& (6)

Ma _Mb
M,
b M, I AT IEER SN S & (mg ) s My, AR
JE REPREN B (mg)s M, i T (2) .

2 (D
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1.3 HELIE

IS HIEAT T = U0OPAT, BRI DL OSEEEbR
HEZE" RN, W PESI PR SPSS 26 SEit#kft, &4
PR R T 255307, LW R Tukey 43#T, P<0.05
FeoR 25 vk B 25 SR Origin 2022 3E47EITE 254
i 7 T ARG A B Design Expert 13 347
2 HBRESH
2.1 BERIWERSHH
2.1.1 E£F4EREFRAEX] C-SDF 15 3RA52N  £F4k
EEFAS NN E K 2 SDF 158 R0 52 0 i 18 1 s,
FHIE] 1 ATn, B A 4EZR B s i g3 C-SDF 15
IR SS9, HAELFAER IS it
i 1.5% By C-SDF 1§ ik Bl KEH ., MIKY —&
sk, I 5 T A O e PR 5 0T, TR o 3t B 2 A B 34,
(B2 Y EHFE IR R T 1.5% B, C-SDF 153 S 2%
12 T RE ) A, nT B O ER A It £, o C-
SDF 7K fift A= 43— e AR H 25 % T LBy
JBT, 5 C-SDF AR REAIN >, Rk, £F4E R
ARSI LA 1.5% $EF 70 0 a8 o dscad B o

14 a )
13+ be c
St
s 11+
s
m 10
5 91
xR
o 8r
7 -
6 . . . . .
0.5 1.0 1.5 2.0 2.5

LPYER TN (%)
1 4R MEA N X £ K B SDF 1531320
Fig.1 Effect of cellulase supplemental level on the extraction
rate of SDF from corn bran
T ARV NG FRER 25 A0 )R 25 57 2. 2 (P<0.05); [4] 2~
4 ).

2.1.2 AREBHEEFRINEXT C-SDF 18R My52m AR

PR S I EE X oK 2 SDF £33 ¢ i i &1 2 Al 1,

C-SDF 45 2R 1E A R PEEF S IN A 1% B3k ) 5

137
12 ¢

o
S

C-SDFIU% (%)

—_
A N 0 0 0 O
T T T T T T T

O‘.S 1‘.0 1..2 1‘.4 1..6
RIBEVEREAS L (%)
P2 ARSBHEREAS I XS E K B SDF #4381/ 52
Fig.2 Effect of xylanase addition on SDF extraction rate of
corn bran

=, BE S S IR R R BRI ISrThARTER £
WA SRBERf 70 50 Bl 5 T B T SR A R4/ N R AL
4y, f C-SDF & mt4, AR RBERFAS I EiE o
1% Bsf, ARSI N K S SDF A ISR ABESEZH 45, i
C-SDF 13358k M AR SBEG 1% WSt B HL
C-SDF 4 7 17 i e A s e

2.1.3 BEEMERTEIXT C-SDF 153520 BEEAET [A]X%F
oK FZ SDF 195452 15l 3 o, i B ) a]
MW T, B AAVE I A% C-SDF 53 (14 5 i %
150 min ZAEEAEIEINREZ U6l N AR a3, TET
fAAF A 24 150 min B, C-SDF (415 3% 15 21 5% 5 18 -
i 5 B TR P4 0B 1, TR 42 45 35 5 VAV FHASE A i ik
Z, btz S E IR, FRARSLGE K BT Ta], SIS 23
W BE VAR, 53T 00 RS ALK A TR, Y
BERMBEZ MG, Bflalid <A} C-SDF th&giit—4
RS, 30 C-SDF 15548 /N1, PR I e 2k il 1 [a)
A1 150 min P IR EOEAGIRES

127

—
—_

S
T

N
T

C-SDFHEHUR (%)

-
T

60 80 100 120 140 160 180
i g 0of [A] (min)
B3 AR £ oK B SDF 1358110 520

Fig.3 Effect of enzymatic hydrolysis time on the extraction rate
of corn bran SDF

2.1.4 [EEHAIREEXT C-SDF 158328095200 iR EEXT
Tk SDF F53RAGFZ M AN & 4 1, Bl i iE R
Tl BEAIREE T C-SDF 1522 [y i) S Se 1 hn s
R A fb#asty, HAE 60 °C B C-SDF 4533 ik 5%
EH. EREAEET, B NEREE H B IR, S3000
TEHINGTE . R MEERE T T R, IR AR AN BEI R =
FAXT RN AR R BTE AL RE, SRS T T8

14 r a a

C-SDFHEHUR (%)
= >
le}

—_
—_
T

10

4‘0 5.0 6.0 7‘0 8.0
TEARLIE (°C)
K4 BEARERZX F KK SDF 154 (15200
Fig.4 Effect of enzymatic hydrolysis temperature on the
extraction rate of corn bran SDF
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Tt At 50 SR P REEATR 20, BRI bk, A0 320 G At 70 5 9 ol A
50 °C FEATm L EORAG S B
2.2 MapEEAIRIEEER

W N T A A A 6 4% R UL 2 2. S5 R C-
SDF 93} [ A8 fk 2T 4 LA R (A) . A Sl
B (B) | WA (C) . BRI (D) 4 [l ) 75 i
K. Y=16.58+1.78A+1.64B+1.63C+1.27D+0.15AB+
0.28AC—0.6025AD+0.5075BC—0.1525BD+0.0625CD—
2.26A%—2.96B>—2.48C*-2.65D?,

® 2 WANTEI BT AR

Table 2 Design and results of response surface analysis

ARG BARMENG CHEEff DA C-SDFf=

e ==}

FEE uomi wkt Bl R (%)
1 0 0 0 0 16.1
2 0 1 -1 0 10.78
3 1 0 0 -1 12.43
4 -1 0 1 0 11.71
5 0 0 0 0 16.91
6 0 -1 -1 0 8.47
7 1 0 1 0 16.37
8 0 0 1 1 14.19
9 0 1 1 0 14.61
10 -1 1 0 0 10.99
11 0 1 0 -1 11.7
12 -1 0 -1 0 8.23
13 0 0 0 0 16.49
14 0 1 0 1 13.89
15 0 -1 1 0 10.27
16 1 0 -1 0 11.77
17 0 0 -1 1 11.15
18 -1 0 0 1 11.89
19 0 0 1 -1 11.5
20 -1 -1 0 0 8.08
21 0 -1 0 1 10.91
22 0 -1 0 -1 8.11
23 0 0 -1 -1 8.71
24 -1 0 0 -1 8.13
25 1 1 0 0 14.8
26 1 -1 0 0 11.29
27 0 0 0 0 16.89
28 0 0 0 0 16.52
29 1 0 0 1 13.78

2 3 PR, BhmlA 7 FR AN P<0.0001 4K i
Zad; BRI P>0.05 SN s, R Rr
AT ASERY [y A1 )5 5 R B A RS, T LR S
M C-SDF bt B T S EsiA , AR A 5¢
[FTT R EL R2=0.9905, A XA IE R KL R? ,4=0.9809, LA
ERRVZEIAI A fE R . P AL BL C. D,
A% B*, C*, D* [y P {H}<0.001, UiEAAHSCEEXT C-
SDF 15 R 28 2.3 . AD iy P<0.01 %} C-SDF
PSR WL, BC HY P<0.05 I .
KR ZEX C-SDF 154352 M i ITUTAR K A : A(EF4EZE
HifF &5 ) >B (R ZRMH B HS &) >C (gt B (] ) >
D (B ) o

FHIE 5 s, PR R3S B R T 3D E a3
Bz, 156 BH R 22 =2 (0] 19 32 B A FH B BH 4 5 i T 6 ik
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Table 3 Variance analysis of regression model

TR PO HBE ¥J5 o FE PE BFME

e 237.39 14 16.96 103.80 <0.0001  **x
A-LFAEET 38.20 3820 233.84 <0.0001  **x
B- KM 32.14 32.14  196.78 <0.0001 %
C-Filffit ] 31.82 31.82 19478 <0.0001
D-Filffi % 19.33 1933 11833 <0.0001  **x

1
1
1
1
AB 0.0900 1 0.0900 0.5510  0.4702
AC 0.3136 1 03136 192  0.1876
AD 1.45 1 145 889  0.0099 o
BC 1.03 1 103 631  0.0249 *
BD 0.0930 1 0.0930 0.5695  0.4630
CD 0.0156 1 0.0156  0.0957 0.7617
A’ 33.25 1 3325 20352 <0.0001  ***
B’ 56.84 1 56.84 347.95 <0.0001  ***
c 39.82 1 39.82 24376 <0.0001  ***
D’ 4551 1 4551  278.62 <0.0001 ¥
W2 2.29 14 0.1634
ERPu 1.84 10 01840 1.65  0.3336
HrigZs 0.4471 4 0.1118
B 239.68 28

e * WL (P<0.05); i i B 3 M2 55 (P<0.01 ) 5 bl B M2
$P<0.001,

S22, SRR AN . ARYE 3D mi A A 3R
& H A A T LUAHEWTR RAEAE A RN SRR
B, AD. BC Y22 B AE X B A9 52 ) 2. 5%, iX 5
7 253 AT A5 S AR ]
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A T 2 2250 LT 4 RIS 1.76% . A
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G LR T A E AT 1, XHifb i) C-SDF
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Fig.5 Response surface graph of the interaction of various factors on the extraction rate of corn bran SDF

%4 C-SDF My HLsFE
Table 4 Physical and chemical properties of C-SDF

CAC(mg/g) SCAC(mg/g)
e WS(%) WHC(g/g) OHC(g/g) GAC(mmol/g)
pH2.0 pH7.0 pH2.0 pH7.0
U-SDF 81.59+0.30° 1.49+0.21° 1.7240.11° 3.57+0.08° 8.94+0.10° 29.99+0.13" 9.62+0.23 32.87+0.08"
C-SDF 87.63+0.43° 2.87+0.16* 2.30+0.12° 5.3240.12° 11.74+0.15° 42.93+0.08" 15.43+0.17* 50.67+0.10°"

TE: U-SDF AT F K B P PRI 27 4k, C-SDF A 5 oK i T M S 274, 151N [ k3R 22 5tk 8.5 P<0.05.

FZ R, TT LAHERT, C-SDF E/NMg P E FA S i IE
[ B ACRE T B R, T AERR MR SN I PR B 452 R A7
TER S T, 1115 C-SDF 5 JH [F B4 T #8455
TE AT, PR 22 (AR BHER VR FH 85 5 70
559, e 28520 C-SDF X i1 [ B i) 1% Bt ik 147 7
F%. 341, C-SDF XTHFEREH LS & G JI7E pH7.0 4%

F AT pH2.0 251 F, iX Al RS2 K o dletk s C-
SDF Z5H4 B Igidn 2L, Hb2RmiARG IS, i 1
C-SDF 5 HBREN A 25 G A AT, 58 1 RH R 4P W B4
fER, W AT HEN N C-SDF 7E pH7.0 &1 F F b
S EERCIRSGE 1Y, BRI AN ZE S AHY IR, (4
FCREHR B FER T A/ Nz T A i 45 -G, FRATIRTHR
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