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Separation and Characterization of Starch Granule Outer Shells

YANG Qi' HUANG Junrong' YAN Qing' MA Yun' FANG Chenlu' ZONG Wei’
(1. School of Food and Biological Engineering, Shaanxi University of Science and Technology, Xi’ an 710021, China
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Abstract.: The structure of starch can be divided into four levels: molecule, blocklet, shell and granule.
Based on the starch gelatinization characteristics determination program of six kind of starches ( sweet
potato, cassava, pea, mung bean, corn and wheat) , outer shells from different starches were obtained by
using insufficient gelatinization method ( treatment temperature from 95°C to 73 ~89°C , pH value from 7
to 1.5 in acetic acid solution of 7.1 mol/L). The results of scanning electron microscopy ( SEM) and
laser scanning confocal microscopy ( LSCM) showed that the outer shells were hollow, distorted, rough
and had openings or holes, compared with the native starch granules. Acetic acid can affect the
morphology of starch, during the gelatinization process almost all the internal substances of starch
granules were dissolved into the solution, and the molecular distribution of outer shells became loose or
partially dissolved with the expansion of particles. Starch outer shells can maintain its own structure better
in the treatment process, which was quite different from the internal structure. The thickness of outer
shells was ranged from 50 nm to 470 nm, the amylose content and relative crystallinity were lower than
those of the native starch, and the molecular weight ranges was 4.3 x 10’ ~5.2 x 10" g/mol, which was
close to the molecular weight of native starch (3.8 x 10" ~4.7 x 10" g/mol). There were no significant
correlations between the thickness of outer shells and the particle size, amylose content and relative
crystallinity of starch. The outer shell of corn starch was relatively complete, which can be used as a type
of biomacromolecule slow-release self-assembly coating material and had a broad application prospect.
Key words: starch granule; starch outer shell; separation; microstructure
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Fig. 1 Differential scanning calorimeter curves of
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Fig.2 Scanning electron microscope images of native starch and starch outer shells
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HiP 2 WT LA Y, A 2R S B9 6 Fh e By 0K AR 2
28, BB A 3o L 4 B AR 149 A1 52 45 4, J5 % AT A



370 & A Bl B ¥ i

2020 4

1w DL 0L A B PP s o 3% 5 2 BT E B A
VEMANTE AL RVA R 58 2 {4 B, pH {15 1.5
ZRVEW) o« RV, VE Wy A1 575 1 0 3B AR 0 A W 3
Wy, U0 L Ak B R 3 M R N A 4 R % A
Ao P B HEAT LT A R0 B B . LR R E R
F9 T 550 365 TR W, 49 4 %8 /)N 22 R K T TE M B 2 T
B SR B S, 7 R S ke N 2 T R
T A AR

T A TS 19 1 7 5 4 6 3 43 B DU 1 3 4
TSR, BB E R A1 52 78 Ab B 5o B e B LA 4 3 4 4
S5 R, 5 R 45 R R H 22 AR K. A SRR
HA i, SO A R A BT Y. BFSE &
BUVE B S5 A8 T T 5 T M 10 I A OE A O e
SRR DR BN A NI R (o8 S & N
EKFEM ST LB A B ETER b LG R, R
TER AN M 3k A2 b 4052 B4 Tt & A T 8
o B KRS I S0 72 454 T 300 T IR B b, 16 b B
i P B BRI S A ) A1 5 R
T U T K SE A T I A 0 TSR AR I
B

3 S K A BERT S B WOE It R AR, AT DL7E
JELVE R (Pl 3a ~ 36) e B I 00 % 3] 3 9 0K 19 956 119
v g g LT 5 A B SRR R G . T
APTS 0] 5 3E 0 73 1 09 38 I3 2K ot 45 & A6 306 IR 5
TR G526 B LLAE A R 4 F i s LT

B3 JRUVE AR FE M Ah 52 i O Sk 3 AR B BT IR 1R

T U8 3 30 AR it A S B VE R IR SRR i SR &2, T )
55 APTS 254 AT 008 BE T R, V& M3 FURE 9 38 11
JE RN 3 A1 22 W) BB TE A3 FH S UE R AR 1
WA HES o Sk [ 27 )% R ) B v A 7 o (T i
G3EL 3% 19% (42% ) 1) £ OK UE # #E AT CLSM W ¢
(BB ,0.5 ~4 min, JEe B YL 0) , & I H & B
B 5 POR N ES RS I A E B R R .

MVERY Fh5E (& 3g ~31) Yt [ vh i) LLE 3, 4b
BS MVEM I e R A T A BRI K, ELAR O T 0 4 A
R 2 ~3 A% R TIE 940, H A% 11 94 o i 3 e fIK
TR VE R 5 iR B, 3R W A Ak B Ao R b 3 R IBORE
1 e R e W5 7 N N £ s o O <
WURLIEZ K A2 75 WOl BB 20 7 th o SCER[28 JWF5 T
1o ELAE B K VE R LE N A T B (70% BL5EJE H, 100 ~
140°C ,30 min, APTS Je @) v i) FORLIE 25284k, K B
5 EHE EORVERTEIRF 120°C I A FF 4R H 30 B 5
Fk , L B S 93 TR 1 R0 25 #4 T 3R B 3K, 7 130°C in
30 min J5 , HLE 00 I 2 W 55 L I X AN R
Wk B BB T R 4 o C B SR s RS A0

MZ L ECTRIEFR (pH A 1.5 K BE 7. 1 mol/L)
rp S A R B o BT R e e AL BRI SR A
MPBEZZME A - 16 ~ 1ISCXEM HATAEIE (K 1), 7T
DI RIS I8 K% R BiE K /NE 6
TER A5G o FE A A5 1 T YR BR A B BEh S8 R 1

e

(g) 213, vEky A%

A\

Fig.3 Confocallaser scanning microscope images of native starch and starch outer shells



5 113

Bt 45 ER MURL AN 5T o 8 7 vk S H A BUR AR B A 371

2.3 EMIINRHIRIE

R 2 NABER SN TEIESE | BE VR BURE KR
e ML REE AR XSS R EEA T T LR BN
TEB 1) S0 7 5 BEATAE 22 53, 6 Bl 3 Moy ) UKL A1 ¢ J5-
JEAE 50 ~470 nm Z [, 3 28 ROSF R LU JRUTE B 69 41 72
R %, PR o 7 Ak B i w0 by A0 e R GE oy B0RE
HRREE WIALVE R A A T AN R RR I A WK I I o 382K
I ELZRE R B S 7 R E LB 0T, 7E 95 ~470 nm 22
[ 5 5 K 9 B 8 o X8 A AR b e TR R B, AX
50 nm 747 5 /N BERY I Bre W A1 7 K T 130 nm, W] BE
55X R e B AL B R R AR G . TERD ORI AN 2 1
SRR 355, %8 T (R of 36 o o 5L, AU PR A2 5
A BA — & Ja ], B Ak 305 15 21 19 3E By oh 52 8
HAZER

VE R Hh 7 B T BE TE A S AR T EIE B HE
SCHETE A 1 BE T RO B LR E 45 4, A LR

HE B Y W T REARPUAN S Y Sh T o Gl 2 A R
A AT, AT (0 3 A5y AL 8 I % JiK L AL 1A T 4 Jo
MR W T T 5e b & A R SOk
B SR X RS A B TR IRA s BRI A
SCHR (29 ] X B 8% 35 53 By BE 47 16 5 0 10 A0 3
(4 mol/L CaCl,,21°C) Jiz I 5 5k 77 MUKL 1) . 5% ¢
By A, BUTE B A0 B A ELBE VE A & T I
MR X5 ARSI ZR A, ol G2 th T A & 72
o VA 0 B T R AR b A EUE I, OB P B Y B
i V€ B 23 6 A DEHE U B BT WOR S BUR A BURL
Hh Y L B T B R A1

JELRE A Y F R AR L 13,1 ~27. 4 pm,
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Tab.2 Shell thickness, amylose content, particle size, gelatinization degree, relative crystallinity and molecular

weight of different starch and starch outer shells

E A ST/ ELBEVE R I i B % JRIEMRLAE  AMFEREAL HH X 45 &/ % SF R/ (geomol ')
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Fig.4 X-ray diffraction patterns of starch before and after treatment
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