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Extraction and Structure Analysis of Wheat Bran Starch

LI Xin, ZHANG Hong-weil<, LIU Ying, GAO Fei, TANG Yan-jun, LIU Zi-wei
(College of Food Science, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China)

Abstract: Wheat bran was taken as raw material to extract bran starch by alkaline protease method and
ultrasonic-assisted alkaline protease method respectively. After extraction conditions of the two methods
were optimized, the granular structure and molecular structure of bran starch were analyzed. The results
showed that the optimal extraction conditions by alkaline protease method were as follows: solid-liquid ratio
1:10 (g : mL), enzyme dosage 529.92 U/mL, enzyme reaction time 50 min, reaction temperature 45 °C
and pH 12. The yield of starch was 30.40% and its content was 59.24%, while the powder was light brown;
the optimal conditions by ultrasonic-assisted alkaline protease method were as follows: solid-liquid ratio 1 :

15 g/mL, ultrasonic power 150 W and ultrasonic time 15 min. The yield of bran starch was 21.06% and its
content was 90.64%, while the powder was white. The purity and extraction rate of bran starch extracted by
ultrasonic-assisted alkaline protease method were better than those by single alkaline protease method.
Analysis results showed that branch/straight ratio of the wheat bran starch was 4.69 and broken starch
content was 1.78%. The starch bran particles were ellipsoidal, with an average particle size of 15.86 pm and
radial crystal structure of A-type.

Key words: bran starch; ultrasonic; enzymatic method; particle structure; alkaline protease; radial crystal

structure; A-type
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3000 J7 t A B NAR Bk e OB AL, M L
B, HAZE, Fit w72 R A
RPN T AT, /N B B A B E RBROK
Ay, BB, REELFYe . ik R RS
BRI B 2RI RETE RO, Horb ik & iy
N 15%~20%7, 5 BIF 582 A Bk B A /N ey
LS, B4R, WK, B
Y A% & SREOE I o icy) A S LT
R FHTER -

[ A AR B0 B o B O i e g i U L i
VU P Ol B U948 . Lumdubwong 45U
WFoE P R B, BEHI & e R e, BT
TRk, ARICTE R ARG o /22 R R YA 1 B
5Pk RBEERGE A 2 W, 2010 4, & EGEDT
SRR AR IR BUNE SR e R, TER TS
A 14.86% ; ABIEIE WAL T i AN b v 2R
VEAR U N Bk B SER B0 T 24, PR T IR I TE
AR BIN 12.00%F1 14.55%, BHEW BALT
il , L3 I o 2 P Ik B /N 22 B B
s, SRR, BARFIRIETS R, Hal
FERTRG o 2017 4F, Rl VAR FH A 75 Ik i B B
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ok B U R T TR B R 5 /N A Bk B T o B
TOPE T, S B/ INZZ2 ki e A v /B Ll 3.48,
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DGG-9140 HLHE RS T4 . ARG 50
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FHETREA BR AT ; WMP-6105 fwdt B iuss:
1 RGNS PR A ] 5 RVA4500 PR 6 B 43
B : Pl E RS (dbe) ARAR; £
TIREM R X AT o7 2 IR A 7] o
1.3 NEIHEEMIZIEEK

INFEFR B RME, 3 80 HFf, JA 0.1 mol/L
T TR 1 - B R S M P 28 WPV T, B 1385 o 4 — 8
(R P SR A TR P AL B (il I SR BRI 45 i Ik
AR, WS S 0 BN I — 2 B B R
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Table 1 Single factor experiment design

R lﬁl‘f& L/ il FH =/ &njﬁ[‘eﬂ/ ‘ T)Zﬂjo pH i
(g:mL) (U/mL) min WREE/°C

1 1:5 264.96 20 35 10.0

2 1:10 331.20 30 40 10.5

3 1:15 397.44 40 45 11.0

4 1:20 463.68 50 50 11.5

5 1:25 529.92 60 55 12.0

1.4.2 75 D B 2 1 Ik
1.42.1 HRZRSE el TEA AR, it
oM 2 B A , X 7R AR R R TR AL, B
T B RER SER T 141 RS2t B 5w 4k 1 1
fife 55 PRI R TR LR 2,

%2 BEAEMEOEELEAZIR

Table 2 Single factor experiment design

FE R/ (g:mL)  BARE/mn #EETR/W
1 1:5 5 50
2 1:10 10 100
3 1:15 15 150
4 1:20 20 200

1.42.2 EAgSEE ARERRE R SR RBOTIE
1.5 FREZER BN E

1.5.1 /N2 ER B JE b A il

1.5.1.1 &K ZI8 GB/T5009.9—2008, FR/K 1%
1.5.1.2 S/EEERA SRRt b R Py
SRR E B

1.5.1.3 EiiE =M GB/T 9826—2008.
1.5.2 /INZZ 3K Bz e by A0RE 45 + D

1.5.2.1 /NEFR Ve RIAR R BOCK R 5B
A SE , T BB . R A 1 B B AR

Dy, — D
Tt i 90 — 10

Dn: N%AYBURRIAR /N %50

1.5.2.2  /NEER I WE M ORISR S5 SR 4
ML AR E , ASLIRTEINE RN 10 kV,
RAEZE R 5000 %5, TAEFEE 53008 53.5 pm Al
53.7 um SR ARIUINZ ZRUE K3 1) SEM K14 .
1.5.2.3  /NEEK B VE R ORLZS 4k R AR
0 R B8/ IN A7 K e TE Ry ORI I O B4
X AT e /N ZERVE R 25 b A, e 4540
BT 40 KV, HLIE 40 mA, FHH3E 3 °/min, 4
i 20 YWl 5~90°, 4 0.02°, A FE 4 30 min,
1.6 HIENLIE

T SEE L E R 3 K, SR Excel 6.0

5 SPSS 26 HEATHHE AL B .

2 HERESH

2.1 INEEBEIEMHRE

20,1 B AR i PR R S

R R IR 3R S 25 SR L3 3,

AR LR 28 S 2 S M, K B DE ) 4 B
RN pH A . RNEE . B A 2
FTHE R TR R, ST pH 115 I, [
AR 45 °C, MWLl 1:10 (g:mL), B
HEHBEVEM 40 min, FEAEA 463.68 U/mL i,
Kk M E Ry B I TR de R (B o % e PR A 3 L 1)
SR, RUE T B RS T
2.1.2 BEPESE R AT

HR A5 B PR 28 512 6 23 2R 0 1 YA b xof 8k Bz A
B 1 R i A8 A A B I, PRI R B o R 1
10( g : mL), IEACSLH BT L3 4, SLERLh % 5,

WGBTS TER BRI ) F IR R R
A>B>C>D, LA AR ABsC.Ds, RV &
529.92 U-mL™", FEE/EFIHE A 50 min, S iR
45 °C, pH 12 Nl

Ds
3 BERLRHETHMERZ
Table 3  Single factor test of extraction amount of bran starch g
R VE A B
H#

1 2 3 4 5
pH 4.72+0.070 4.94+0.021 5.21+0.027 5.35+0.041 5.02+0.035
S i 3.7240.024 4.7440.035 4.9240.015 4.8140.029 4.97+0.012
i1 9% Lt 4.91+0.011 5.11+0.035 5.00+0.034 4.98+0.040 4.87+0.020
SN i ] 3.50+0.021 5.16+0.044 5.29+0.056 5.14+0.045 5.27+0.033
it FH 1 5.16+0.027 5.23+0.026 5.40+0.042 5.50+0.037 5.45+0.026
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Table 4 Orthogonal test factor level table

D RAR 2 i SN TR, SR EE A A
EIBS, AHTFIEp AR B

KT A B C D
& R (UML) WA E/min  RAEC pH
| 397 44 30 40 11.0 R BEREREZIEER
Table 7 Single factor test results of ultrasonic method g
2 463.68 40 45 11.5
=G =] =
3 529.92 50 50 12.0 %= BRECTERH R R
1 2 3 4
x5 FETIBRERE LGY B 2.209+£0.014 3.551+0.018 2.841+0.009 2.426+0.012
Table 5 Orthogonal test results table Lo(3*) MR 2.068+0.009 2.557+0.013 3.454+0.010 2.934+0.015
i3z A B c D TERHR R /g AT 2.421£0.010 2.727£0.007 3.484+0.012 3.058+0.009
1 1 1 1 1 4.79
2 1 2 2 2 5.05 214 T IRRE  E OE SS S S A
3 ! 3 3 3 325 R B PR 32 S g 5 R IE A S g, TR 285K
4 2 1 2 2 5.76
) ) , X X s B ZK R ILER 8, SIEi R L& 9,
. s < 53 ZoMR AT, B /INGE Bk B A IR £
7 3 1 3 3 6.05 WHZE R ASB>C, L4l G R ABCyo iR
032 2 2 541 FAAE RN 115 (g mL), AN
9 3 3 1 1 5.85 NN . A
200 W, ABATHE A 15 min B A9 85CR etk
k 5.03 5.53 5.24 5.24
ky 5.35 5.07 5.55 5.22 .
-5‘-_“ 3z
ks 577 554 535 535 ®8 EXIBWRRKER
Table 8 Orthogonal test factor level table
R 0.74 0.47 0.31 0.13

WUF SIS R 6, TERHERE AT,
R VER P ECE R 6.08 g, TEMRERN
30.40%, [HIER &N 59.24%, I FTHE 5k K I
By (A 2 B AR, 30 JIT A5 2k B T A £ ff B
Ty EEHA

#6 WHEOBHERHEEHRIIIRER

Table 6 Validation test results of alkaline protease
extraction of bran starch

S 1 2 3 S
VEM P /g 6.06 6.11 6.08 6.08
TR R/ % 59.25 59.40 59.07 59.24

A B C

K m (goml) BESEW B min
1 1:5 100 10
2 1:10 150 15
3 1:15 200 20

R9 EXZHLERE LG3Y
Table 9 Results of orthogonal experiments

D kK VE R

2.1.3 PR BARE SR A T R SR

B 10.00 g /NAEERBIEORE, Solr e R i
figk, R RSO )RR B SR AR LR 7o AR T
AP, BEZE PRI 22, /INA R B VE R 4R R
Wz, BRILTE 1 : 10 (g: mL) LUS, BT
Yrute e T I, TER R IR T UG AR . 7S 2 3k
R, EF I TR, Bk B e 1) 4R BURCR B4
DRl Ay P 0 R A I D A B, (U R BE Ao
[F P fhe 2 D M3 DA 1 B ) ) 248 445 K v 3 85 HE R
BB R FE R AR F Y o {ELAE R ) R A

SIS R .
ST A B C C T

1 1 1 1 1 1.925

2 1 2 2 2 2.005

3 1 3 3 3 2.001

4 2 1 2 3 2.019

5 2 2 3 1 1.808

6 2 3 1 2 2.004

7 3 1 3 2 2.049

8 3 2 1 3 2.011

9 3 3 2 1 2.021

ki 1.977 1.998 1.980 1.918

ko 1.944 1.941 2.015 2.019

ks 2.027 2.008 1.953 2.010

R 0.083 0.067 0.062 0.038

ZLUGUE SR W HL, FR B TE R A S8 B R R
2.106 g, EKLTVEMIFEA 21.06%, WM T ERN
90.64%, %k €M 2 H AR
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Table 10  Verification experiment results table

e 1 2 3 T E
TEM U /g 2.091 2.088 2.140 2.106
TR /% 90.07 91.04 90.82 90.64

2.1.5  /NEEREZ TR SR IO A

PO BT WA B R e B IR
TEM TSR A, (Hai Bk, I hiEm &
i HA 59.24%, IS TEM B IRIR WS €, ik
Hh S G824, 8 I 5 B e 8 e 4R
PR ER K TE RS R A 21.06% , AL TH8ME 5 1
B, EHIEN & EIAE) 90.64%, Uik 4l
Ho SME, INEZEREFRIER & 19.87%,
DAL P 2 1 il 1 8k B DE B B IBCR R 90.64%
T 7 3 2 Bl ik ) S B3l 96.06% , Ut BH i 7 I8¢
Sl B T I L T ) K g A )
BUSCR T, T B IO Kk e BE b o A G TR
G S] 37
2.2 INEERBEMINE
221 EHEEVERY . SCHEVERY MW TE R & Bl E

JINZEBR B VE oy Y S VE M 1 D I T L
TR, FERH B s U TS B 3,48, mEIE
TASL, HEHER =R 1.78%, BHEH
TR, DR IR, X o-TE A A
B-UE A il ) BB E Ry, BB TE M B AL = AT RS
T B AL I P RS A AR AR A T RO S )
TR, HBLER, i,

Fz N HREEHESRBERENSE
Table 11 Bran starch components and broken starch content
HHE B2 3/ W
% /% HEEEL TER/%
IINZE R B TE N 17.57 82.43 4.69  1.78+0.002

i

2.2.2 /NAZ KB BN UKL S HG 5 oR AR S A

ZHUBETHT (B 1), /N2 5K Bz TE Ry JURE TR IR
HAWEERIE MR BROBRZS , FIURLSS #4 2 Bk,
TORE RS /INESE XS — [ AT DA 2 Sk /N JoUR () [ 3k
ieks, x5/ —8,

INFZE BRI BERY D90, D50, D10 fH 435K
29.35, 15.86. 3.047, F-XpRife N 15.86, BHEE
1 1.658, /N ER I VER T D90, D50, D10 #/)h
FANEERY, B R T/NE TR, WA/

5k B2 VR S R N R &, INEEER
TE A B RIUREAL BE 43 A Y LA AR A R B AR AT
ok AR (10~40 pm ), B &Y (1~10 um) Fl C #Y
(<t pum )P4 ply e m] A0 A0 /N Bk R e LA A
AohE, @A B,

Bl NEHREEMITHE T EMREG
Fig.1 Scanning electron microscope image of
wheat bran starch

Fz12 PNEREEHRED
Table 12 Wheat bran starch particle size distribution

B D90/um  D50/um  D10/um  E{KE

IINFE Bk B VE By 29.35 15.86 3.047 1.658

223 /NAEHR B GEAIURLAS i 4 R RE

1L 2 AT LAFE H /N2 K B 3 A5 UKL AT A5 Ml 't
TFUER, ZATEFRR G, BT Uil
BRH VERY A AR 0 45 S A5 /N TERR TR

2 NEREEMRETFER

Fig.2 Wheat bran starch polarized cross image

HE 3 WIHL, FERTH AN 18.04°F1 23.08°H)
ERH VE R 1 BB R AT S 0G ,  HUAREAE R LR Bk e
TER R A RIFERS, SRR AR FIB AR ], N
FER L B Bk N £
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Fig.3 X-ray powder diffraction patterns of bran starch
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