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Abstract: The optimum deproteinization technology for water-soluble dietary fiber (SDF) from wheat bran and its effect on
the physicochemical properties of SDF were studied in this research. On the basis of enzymatic single factor and response
surface experiments and using the removal rate of proteins and the loss rate of polysaccharides as indicators, several methods
were compared including enzymatic method, isoelectric point method, sevag method, combination of enzymatic and isoelec-
tric point method, combination of enzymatic and TCA method, and combination of enzymatic and sevag method. The results
showed that the combination of enzymatic and TCA method was the best. The optimum conditions were determined with
single factor experiment and response surface analysis: alkaline protease addition was 1.6% , reaction time 1.2 h, reaction
solution temperature 55 C, pH 8.0, and then treated with 1.5% TCA. Under these conditions, the protein removal rate was
90.58% and the polysaccharide loss rate was 28.88% . The physicochemical properties closely related to SDF processing
were significantly improved. The research can provide a theoretical basis for the comprehensive utilization of SDF in wheat
bran.
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4 (water-soluble dietary fiber, SDF) { FE i 5, HA
FHEE = L R PELS | e A AL B A 1 R S 22 F
(i A G , X2 ) T A s
IKARBEUTH AR 45 %k SDF, st 1 A HLR ) (4
FLEGRER T REMEN, S8 SDF S AR, AF]
T H e Al | G5 S, S 10 T R
e W T R R R A g Rk, dnfar
R 2 BR/NFZ Bk SDF Wi, nT LI 2 1 ff
WA Oy, RIS A5 i /N EE &K SDF 1Y
.

H Ao, W8 s 0 vk R A &0 T B
(Sevag) $£:1 | =4 2.1 (TCA) ") | i Wa 4 T i
U8 Ll B YTVE (isoelectric point, pD) =171 kg
HEZHEY | PR L%, HiP Sevag , TCA
SR A L R A AR R m BB & A =X, 7R
AR PRV Bt 22 B 0 5 B o T AU, AT RE g i 2
WEES R PREIR 5 FIES, lFAPLIERISIA, 2Tk
N E Az SRR A R E A ET T A
SRR /INIK, BETCES /NI BE B 22— R TTRE.
Tl a8 SRl INAZ SR LA B i 1 2 4k, BRTIR B
— B Ry B S A R B R R 1, X
A&k SDF (FE WA A ZH) , HENERE AR RS
PR R E I A Z WL, AKX pl 35 TCA k.
Sevag 75K SMHALE A IGI/NZSR SDF B T
T T WIS, BT/ INAE R R A R A 4k
PR T2, It AR S5, /N2 5k SDF
(iE—2Palifk | G5 S e RO R S g BT &
FI SRS AR .

1 HESHE

1.1 EREiEH

INZEEREZ , R AR T S A e A A PR .

AMiEAEMA, £F Sigma AH ; GPEE A
(20 000 U/mL) . ifif f=5 - o€ # i (25 000 U/mL) Al
BB HE S (30 000 U/mL) |, #4645 (h ) E e
ARA BRI T 5 HoA IS R 53 B 2l 7).

1.2 (&F5E&E&

Alpha—1506 E5M-—1] WA, BifE T
IEA BN W] 5 pH-400 FIBUE pH 3, 2636 AR
BHE F AT R 7] ; ST-40R U i 5 B 0L,
F[E Thermo Scientific /A Fl; RE-52AA HUJighk % k&
1L, IS A AL RS T s LC-20AT R R Af {3
1, HASEHEA H.
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1.3 INEFEKBMEESENHE

INEER R i 40 B FREX 100 g /N3,
FEEIREE 12 10 IINZEK  IRAS))E, AT pH
R 6. e 1% EREZ I EL BTN SR a—JE Ry, 95 °C
fERBERE 1 h, ORI JCTE R BR s B HI R =
60 C, FE4% 1% %k {2 119 Em A WE AL , 8 T 48 1
30 min, 95 ‘CHIF 15 min KAEFLEFE. 7E 95 ‘CHH IR
FE L h, R, U PR, EE IR 3 K, FrRIE
WAIE, B0 2 FARFUG 1/10, RV Z Wk 45
W, Rk R A .

1.4 HEBEREARAXESHIR
1.4.1 Bgimeagid

B — o it M 2 0 vk 4 W, N TE B O
(20 mg/mL) TN SR R 0.5% 1% 1.5% 2% . 3%
(LRSI A, 18735 pH =8, 50 ‘C/K¥# 2h,95 C
PR K 15 min, B0, ME 3SR rP a1 & .
1.42 BB A

B — 7 R R AR, I 3% Bl 2 11 g
S3BIFE 40.45.50.55.60.65 C/KIE 2 h, JHT pH=
8,95 Cii K 15 min, B.0, ME FER P EA
.

1.43  BEgfgat e o945

I — 7 s R AR, A 3% B 23 1 g
P55 pH =8, 50 CIKI, 435Il 0.5.1.1.5.2.3 h,
95 °C /i fhk KM 15 min, &0, W2 L&A
.

1.44 AT

HR A B PR R S 45 L, 32 e B T FR )P Design
Expert 8.0, %285 BN 26 (1 A5 1 TOLAE.

1.5 AREABRBBEAMEARBER SERKE
sbA
1.5.1 pl#*

B — e R B Z B e, 43 09T pH & 3.0,
3.5.4.0.4.5,4 CHE 12h 5.0, BUET, 409
W FiR b 2 ME S .

152 TCA i

B — 7 AR A AR A0, T i A &6
TRFR— B W BE ) TCA W, 1f TCA e i 434K
IYBIKE] 0.5% . 1.0% . 1.5% .3.0% .6.0% , IG5
JERRE 30 min, BLOZEBRUIRE, ME b1 2 HA
B
1.5.3 Sevag %

B—E R Z R 4a W, INAZI AR 1/5
KT Sevag 2R (G0 5IE TEHARLL N 4 - 1),
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FIZUHRAE 15 min, B BRE PR Z AN E AT
ZAENLIER, DIEREL RARBERZ R, A5
B ZPEME AR
1.5.4 AR FikLEEesae

B — S (B R 4R, TE AR A 25 1 T T
fift)ei , 20 llE] pl 7% TCA 15 Sevag IAbHL, iff—2
AR .
16 SHESEASENNE

S I A SR TR B R L 23, DA
Vbt i P s 2 1 A SR A% S G-250
e, DA L3R 1R PR v 2 2o B e v
M R y=2.0773x+0.0305, HEZRE R =
0.992 4. FEAHENEIREMZ T TER y=9.291 7 x—
2.338, A ZREL R*=0.991 9. Z W0 2 A8 11 i
B o i (1D Fnak () 18

S A= 2 D x100% 0

12 Ay R RE S T Y S, ne/mLs 4, %
S DA 11 A T R o o MR R, g/,
%E%@z;ﬁgﬂmm% 2)

o
Ar: Co MWIHFE ST A S &, pg/mL; C N
TF AR AR PR SRR TP AR Y & R, pg/mL.
1.7 SDF EZRELFEMEN S FRES MIE
1.7.1 ERE

HERRFRBURE L 0.5 ¢ BF 100 mL .04, i
AZEMW K 20mL , 30 C {H ¥ /KB &% 30 min,
4000 r/min #5.0> 10 min, 3725 B, R T8
i, MR DLVE M BT it (o) , # MK 3) TH R i
(g/100 g).

ZEMOK SmL, &% ¥ A5 = Rk 30 min,
3000 r/min Z5.0> 10 min, 385 FIFRIFM 208 B
ERIKAT R RR IR () , 3 B2 (4) THEHK T (g/g) .
Fik = My s — e 4)
My

1.7.3 JEAIKE

WEBRFREURES, 0.5 ¢ BT 10 mL T, IAZE
1K 5 mL, #5505 EIRACE , SRR AR SR Y
PRFL (mL) , $% 8828 (5) B EIKE (mL/g) .

[/
K = Mw:n [ (5)
Hed
1.74 Hak

WERFRICRESS 0.5 ¢ BT 10 mL B4, A
P 5 mL, EIEHCE 60 min, fFEkE 52 2RIE)E
3000 r/min #5.0> 10 min, W2 3 2590 AT (mL) |, %
B (6) THE M (mL/g) .

R (6)
Mg,
1.7.5 AT RESH

K B R 535 (3% (HPLC) I %2 45 41 43 A A
Yo st oA, EiGAIE: KRy RID-10A #Y
INEEYTERTINER , A%k A OHpak SB-804 HQ, FHifi
30 °C, JslFH B LK, HE S BT R S mg/mL, i
FEH 20 uL, Jii i 0.8 mL/min.

K FH U 80 R 5 A AH G 43 F BT 0L T R
FER 5 mg/mL (WG SRBEVEARE S, ARuERT R Ry
y=10.88-0.631 0 x, IR 4L R* = 0.998 4.

2 HRESH

21 EEBREBRFHMRL

My — My
%ﬁgﬁ‘}‘: Kb YUiE %100 (3) ;
20 211 $FRERR
1.7.2 #&KA RS I £ | JRLEE | I R] B i B AR, X 3
HEBRPREURE L 0.5 ¢ BT 10 mL 208 H, A DMEREXEFBERR A2 E 1R,
70 70 70
S 60t S 60} S 60}
% 50 | % 50 F % 50 F
g i a0
W 40| W 40t w40t
30 L L L 30 L L L 30 L L L
0 1 2 3 4 30 40 50 60 70 0 1 2 3 4
TR (R 8 T 4 /% i/ C M 8] /h

() TEROBSII

(b) B

(c)

B 1 BERINE GRE . FHEXEBRRERNIT

Fig. 1 Effect of protease amount, temperature and hydrolysis time on protein removal rate
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K 1 () "TUAE H - BEEINELE 0.5% ~1.5%
YA PN, BEINEG F A, S RAAS AR, BERRAE
FHANSR , B WG RR 2R 4 Y A S N
1.5% J& , S BBR I e T 22, LR G240,
DL R R I R 1.5% .

I 1(b) AT UL 76 40 ~ 55 ‘CIEEN, BEE ¥
()T i, TR T B bR, 2 G BR 2 1G n  {RRL
it 55 CHE, HEAMERREIF G REA AR T
At L 5 1 S S R 1 o 5 (EL el g R IR B 2 S R AR
P IR R AR AR B R, X S ) 1 5 e A 5
K. FIrLA, Mt i o) R e dpedd b BRIR B2 55 °C.

H I 1 (c) AT LA H - Bl B RIS, 22 1B RR
RGNS TG 1 h 5, B A RBR R R[] () 4E
KA B2, B B CERG AR A1k 1 h.

2,12 Fs H AR B EARAL 5 R L BT

HRP BRI KSR 45 I, 78 pH 8.0 214F N, LAEAY
I (4) | B TE] (B) FRLEE (O) WAsfb &, LIZE
FIIR B (Y) Sy B {F, 32 FH e 1 T P2 Y Design Ex-
pert 8.0, X2 71 25 11 0 A5 AR HEA T Ak, o 1 T
Box-Behnken il HISEIRZE R W 1, &S NG
EVER IR A5 R LK 2.

Design Expert 8.0 ZX {4 X S2 56 25 A 10 ¥ ds —
KT HHLA T FE R

Y=72.01+5094+6.63B+181 C+
0.58 AB-1.77AC-1.99 BC-5.71 4> -
4.16 B> - 14.42 C*

*1 BEREANMEESREHRESR

Tab.1 Experimental design and results of Box-Behnken
for enzymatic deproteinization

G A% B/h C/'C Y/%
1 1.50 1.00 55.00 70.03
2 1.50 1.00 55.00 71.02
3 1.50 1.00 55.00 73.01
4 1.00 1.50 55.00 63.12
5 1.00 0.50 55.00 52.01
6 2.00 1.50 55.00 73.43
7 2.00 0.50 55.00 60.01
8 1.50 1.50 50.00 61.13
9 1.50 1.00 55.00 72.31
10 2.00 1.00 50.00 57.05
11 1.00 1.00 50.00 42.29
12 1.00 1.00 60.00 50.25
13 1.50 1.50 60.00 59.98
14 1.50 0.50 60.00 49.71
15 1.50 1.00 55.00 73.67
16 1.50 0.50 50.00 42.89
17 2.00 1.00 60.00 57.92
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R2 HEHEZEAMOEAFEERTESHREEN
Tab.2 Variance analysis and significance test for the re-
gression equation model for enzymatic deproteini-
zation

WiH PR BEE ¥ FE PAg BEE
M 17855 9 1984 985  <<0.000 1 *k
A 207.5 1 207.5 103.0 <<0.0001 ok
B 351.7 1 3517 1746  <<0.0001 ok
c 26.3 1 263 13.1 0.008 6 ok
AB 1.3 1 133 07 0.442'5
AC 12.6 1 126 62 0.041 1 o
BC 15.9 1 159 79 0.026 2 o
A 137.2 1 1372 681 <0.0001 ok
B 72.8 1 728 362  0.0005 ok
c 875.9 1 8759 4349 <0.0001 ok
B s 14.1 7 2.0
AU 5.4 3 1.8 082 05486
afiR 2z 8.8 4 2.2
HEXE 17996 16
R 0.992
Rag 0.982

W wFORBIN % (P<<0.01) ; **FRBR1E 2 (P<<0.05).

RERIFHE R A R*=0.9922, P<0.000 1, H%
P2, RUIBRILE R E R, mak 2 AlH:
TR 110 45 I P TRD | I RE — YR A B A KO, R
BT 3 AN PR30 8 R R S8 00 52 i bl S 25 28 HLI
AC . BC AZHRN B , W45 K20 F R 2
(A SEIR AR TR LA R MG 2R

Xof ] YIRS 7R 23 SR A i IO TRT 43T , A5 38045 il S0 [A]
ek X 3D A, i 2 Fs. AR 2 A3 AN
FREk ) EETARRE R LIE N R 55 CHE,
I R [A) () S S R B Y, s AR B
WINE RS 1.5% A4, BEY 1.0 h 224 & AR
BRIk S A 5 IFIE] R 1 h IS, B8 R i 45
& EMEREAR, S EAEA R E, SRS 1.5% A
A WK E] 55 CAART, BERRFR IR 5 KAl ; B
SO 1.5% B, B TE] AR BE 1 S m AN TR, A ELAE
M, BHECA 1.0 h 47, REERE] 55 CAAR,
B 3k 3 i KA.

o] = A AR S A i) G, BRI 1.53% ]
1.19 h i JE 54.30 'C W, 8 MR R KR (E N
73.77% . ARG S 17 0 i B I 1.6% IS T
1.2 h M 55 °C, &P i AR 4 oAb R 3 4
2 WA, B BB R P3N 73.91% , K8
TAE R 0.24% , K WIZAS IR GER 7 b FIUI SE A 400
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Fig. 2 Response surface plots for the effect of interactions on protein removal rate

22 AEBMEAFEAMEARBRRERSHERKIEN
A1)

AR 1 T 20 28 1 BB 26 e 2 W 0 2k 2R 1
RN 3 pis.

pl VESE LW . 7E pH Oy 3.5 ~ 4.5, B pH )5
N, BB BRI S v s 76 pH Ry 3.5 B, FEE
JRBRRIA B K. (WA KBl pH A8/ NZ T
B, B, Z76 2% Bk pH 3.5 i SR AL

TE TCA & JFHE 0.5% ~ 1.5% Ju RN, b
TCA T /BN, 2 BRI, W%
WA, Rk 50% Zoh. LA 25 IR FERR 2 h
PR, BEFE TCA FAELT 500 1.5% .

mE 3(c) AT%l: fi# Sevag ALFRRELHE N, £
WE U P DR IG, 3 YRANFRS , 2K 11 R 1

RS s 2 5 B AL PR, B R R
56.32% , (HZHERUMI R FEIAF T 58.02%. HIA]
W, B Sevag 1B A AR A AL,

i 3(d) PR, S AR Sk 4
R—3, 1€ pH 3.5 AR IMBRZRIR IR, 20
ARG pH Vs N2 e 0. PRIk e pH 3.5
Sk 7INZ R 22 0 e 0 RO 1 ) e A 5 L

I 3 (e) AT LAE H « Zad B o (R 2 Wk 40
TR SR RBE TCA ¥R RGN 2 B e B AR Y
B, BRI R RIS, 2 TCA RAWE
KB 1.5%M0F, 2 BER R IR B R 90.58% , 20
PR RE NN 28.88%, SH—Mi ] TCA :MEE FAH
He, B UBERR R B RN, O R B R AIL. 28
G5 I8 TCA AR AHCN 1.5% Rt
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Bt b PRV B A EE I 0, 48 Sevag ¥ 5 B 4L
i, ZHHR R EIR SI%A L. e nT W, B
H 2R AN PGS Sevag L.

100 100 100

< —o— IR < —o— B EGRE = —o— EBRRE
# o 8or = ZHEUOR @ 8o —— % w80y —— SRR
Pﬁé’ 60 F é 60 leer™S0—a g 60 |
ﬁi 40 ﬂ<c.>\ﬂ - 40 .’{_/-—————- ﬁ 40 %ﬂ
”E 20 F E\ 20 F tg\: 20+

0 : : : : 0 : : : ol— : : : -

2.5 3.0 3.5 4.0 4.5 5.0 0 2 4 6 8 1 2 3 4 5

pH TCAJ it 535U % PUBLN/ @8
(@) plik (b) TCA ¥ (c) Sevag ¥k
100 100 100

< —o— AR < N, S o ErikRE
#  80F —— DIk 80T —a w80t —a— R
% ol & —o— 1R &
S = or —— SRR = 1 e
= | = | = |
£ (:ba\n £ eee— A /.f
< & &
% 20 - = 20¢ % 20+

0 . . . . 0 . . N . . . .

2.5 3.0 3.5 4.0 4.5 5.0 0 2 4 6 8 1 2 3 4 5

pH TCART 4 %u% Ab B E
(d) W&s& plik (e) [ifF4hia TCA Ik (f) B454 Sevag ik

B3 ARABEATIZHEAMBRER SHERKXENZIN

Fig.3 Effect of deproteinization technology on removal protein rate and polysaccharide loss rate

2.3 pli%x.TCA % . Sevag R EE A& AHREOH

AR
pl 3% . TCA 1k Sevag 75 M SHHALSE A E A+
ARBCR LBANIEL 4 Fiow , P v [al— S BUAE T AN [7)
FRFRERBE (P<0.05).

100

A = Wi %1%
g0 F T3 HBERR /%

60

40t

JI Bk 246 w01 2K 252/%

20

B4 ZAHBREREREEEGIE

Fig. 4 Comparison of protein removal methods

F ] 4 W . B AR S FE Sk S R S TR S Il
B, Z PRI A B, (A B RR R WA . X
S R Sy AR XT3 AR A A 45 428 I 1 A A G G Bk
F. TCA % . Sevag LH—EH], B HBBRFESF R
FIEH R ERE , (H Sevag WA M2 AL & T H:
P s B S A IR A U RR e i 2 m Hh
YER, BG4S G TCA R R IR 535 T ss
A Sevag ik, ZHMKFRERTIEE. HE5%IE,
TEREIAS & TCA BB/ INE KIS 2 h & .

2.4 SDFEEMEAHFEMEN S FREN T
EABRATG SDF AHXT 4> it /AR Al B b v
P 5 fE 6 fik.

9.992

0 5 10 15
£ 87 B 8] /min

(a) AT

9.992

0 5 10 15

P B 5 []/min
(b) Wi

B 5 ZEAMKRRIE SDFHEXM S FREN
Fig. 5 Comparison of molecular weight distribution be-
tween natural and deproteinized SDF
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LA AR H AL F S 1Y SDF A% 431
Jo i (R R A A W Rk D, R R L Rk L Ik
JEE Ry P 38 2 v TR AL BRY) SDF. ik J& K R 7E
BEAMBRG, T8 T HE 55X SDF a2l 50
THA4S G, il SDF H 205285 ok, [RIR g
TR Z A A R ok AR, SR TR | RK
IR . JF 1A) 4 Al AR 232 A8 K, 497 8] S I il
. MALHAM SDF hEASZM A TREHE—
A, 43T [ A ME R 5%, Tk 5 W+ 72 o E
FH R 45 B AR 0 5 {EAH 7 421K

b i i (g/100 g)
222 5k 41 (glg)
EEE WK 2 (mL/g)
r B Wil Pk (mL/g)
(P<0.05) b

=5}

[=)}

LRI T4

A BB T

SDFFE A

B 6 ZFABREIE SDF B
Comparison of physicochemical properties be-
tween natural and deproteinized SDF

Fig. 6

3 & i

=H

T T RO B P R DR 2% AR 0, TR S G A 3 Atk 1, LA
B RRE 2RI E e bR, T pl .
TCA 7. Sevag K 5Mkas &5 E% %5k SDF 45y
JREE I T 24P s e, seot sl R . B TCA
AR B A/ NEHOKEYERE B LT 4 h R BB
AL AR R A BRI ORIE T AR AN Z
KR AWEMSE A TCA B/ NES £
PP R O EGE A RE B, S T2
PR AR INE 1.6% . BFE] 1.2 h i§fFEEE 55°C.
pH 8.0 TCA L5434 1.5%, 1EMLAE R 8 Ui %
ALK 90.58%, ZHEHIR AN 28.88%. LM 1
BrEARALBRRG SDF 5 HN T 4R 2 VIAH SC A FLAL AR
PEAS BB E s, 2 Bk i UK PRI 4 4k
(R iE— 25 TF R BRI T B AR,
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