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Effects of Autoclaving Treatment Modifications on Multi-scale
Structure and Physicochemical Properties of Yellow Rice Starch

ZHANG Sumin, CUI Yan, CHEN Zhenjia, WANG Xiaowen’

(College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030801)

Abstract: To investigate the effect of autoclaving treatment modifications on the multi-scale structure and physicochemical
properties of yellow rice starch, a comparative analysis of the multi-scale structure (morphology structure, crystal structure,
and molecular chain structure) and gelatinization characteristics were conducted on the pre- and post-modified starch using
high-performance anion exchange chromatography, X-ray diffraction, infrared spectroscopy, scanning electron microscopy,
differential scanning calorimetry, and rapid viscosity analyzer. The results showed that autoclaving treatment modifications
did not significantly alter the total starch content of yellow rice starch. However, the content of amylose increased from
7.46% to 8.28%. In comparison to the original starch, the modified yellow rice starch exhibited an increase in the proportion
of short chains, while the proportions of medium and long chains significantly (P<0.05) decreased. The weight-average
molecular mass, radius of gyration, and polydispersity index of starch significantly (P<0.05) increased, while the Mn value
significantly (P<0.05) decreased. The microstructure of yellow rice starch underwent significant changes from its original

granular form to a flaky form with a rough surface and pore-shaped depressions after autoclaving treatment modifications.
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The results of infrared and X-ray diffraction patterns indicated that new functional groups were not generated in the

autoclaved yellow rice starch compared to the original starch. However, the crystal structure of yellow rice starch was

destroyed with a transition from the A-type to an amorphous configuration. In comparison to the original yellow rice starch,

the autoclaved yellow rice starch exhibited enhanced heat stability, shear resistance, and cold paste stability, and it was less

prone to retrogradation and aging. After autoclaving treatment modifications, the porosity of yellow rice starch decreased,

and the glass transition temperature range narrowed. The autoclaving treatment modification has a significant impact on the

multi-scale structure and gelatinization characteristics of yellow rice starch, providing a theoretical basis for further deep

processing of yellow rice.

Key words: autoclaving treatment; modification; yellow rice starch; multi scale structure; physical and chemical properties
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Wk W T I P ARy s AR aw R B A FR A
Fl; S AN JOKCBE. LR . NaOH, Tris-HCL, —
FRELAR (fgigal)  srbral, R M b bR
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PANalytical XPert Pro X ST 5HMY  PANaly-
tical 22 ] ; DSC3 Z /R HME UL 5 1 Mettler
Toledo 2\ F]; Multiskan EEFR{Y . ICS5000+5 {03
ZY¢ Thermo 2\ Fl; DAWN HELEOS- Il #0GGHEL
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BS-II L £L AP T4 BV BRBE R T 885
SCIENTZ-30YD/A YRR THENL T 24T
B A BRAF] o
1.2 XWFHE
1.2.1 HEORGERIHIE B EORUTES SO (1250 mm),
FREX 200 g #KBS, # H 5 0.3% 1 NaOH 5K, %
BORNRA EE 1:4 RS . BIRAS YR TE 45 C
TR S PERS K s R 3 he BAJS
B AR BSOS P, 3500 r/min B0 10~15 min,
B U, O TEAR I I AGE BE2ETR/K I iR, B
3~4 IR FJEECORTEMTEI pH M 2= eSS, LA
45 °C HLARER S XA hHE, A5 3 BEORTER)
1.2.2 JEHGEMCHERORTER il 4 FREGE BE 8K
TEH T 250 mL M HETE P, B Al 10% 19 85 oK 3E
B FL, FHB IS F1 38 5], 247 £+, £ 100 kPa.
120 °C T e R K B R R AL P 40 min, B S,
TEZEIR T ARG H, A 4 C BIVKFE P4 24 h
J&, XN A TR AR ER, MTTAS 31 R PR B ok
TEROL,

1.2.3  JEISPERTG BEOKGERY SN UEM T ELAE DER &
HEYIN 2

1.2.3.1 BEMFTEANE B 100 mg FE & T
15 mL &, A 4 mL 80% Z.l, 70 °C A& 2 h,
HA (] 3R HE YR 4, 12000 r/min &5.0> 10 min, & 1 .
il 4 mL 80% Z.BE, EEE FilRAEEE 3 k. /R
B3, Kb amds . wGE VK, A 2 mL KOH, 112
%], ¥&7% 20 min. S A 8 mL 1.2 mol/L HYWEAR 422
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R, TRAT, SEEIINA 0.1 mL JEBSEHETEEE . 50 °C
WFE 30 min, BIWIRGEIR ST . FFia4E rh 2300 AR
¥R H) 100 mL i, HHZERKESR . Bk
WA 0.1 mL 2194 1, InA 3 mL GOPOD i
F, IEIR S, F 50 °C THEE 20 min, £ 510 nm 4k
MERSGE . STER & mF I 1 Ao
AAXFxFV x0.9
W

ft':l:', AA:A;)QUZE*A;;H; F jﬂjﬁ%%‘?‘, FV j‘j{l)_llj
A WA B AR (mL) 3 WA AR S B 28 (mg) 5
0.9 J&—HE P TIS Mz & b i iE s & .
1.2.3.2 HEEEMESEMWE B4 EP &, U
BAPRHEL 10 mg A 5 o A 100 L £ B, 900 pL
NaOH ¥, iRiEiR 5] . 87K 10 min, FrRHEE
Z5ZE 10 mL, £l . BT @AY 15 mL 808, ITA
0.5mL E35. 0.1 mL & . 0.2 mL Mfb#is k., &
AKE 10 mL, ZEIEHCE 10 min, 7E 620 nm A 5E 1%
FE. SR FHAMREI TE &, W AN FHR B
HEVE AR UE SR A LA LR, AR vl i £k T i R
y=136.16x—12.258, R>=0.9993,
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1. C AR YR ELEETE M b il RT3 11 i 4
(%); M NEER BT (mg); 10 I IE RS
1.2.4 JRIBCHERTE EORTEMEER M IE SR
FHE F O HRIE R I BE R A i T e . SR
Dionex™ CarboPac™ PA200(250x4.0 mm, 10 um)
WA, YERERE N 5 uL. FishAH A 4H: 0.2 mol/L
NaOH; B #H: 0.2 mol/L NaOH/0.2 mol/L NaAc, f7&
A 30 °C, WE 0.4 mL/min; 3%E B4R EE : 0 min A/B
(90:10, V/V), 10 min A/B(90:10, V/V), 30 min
A/B(40:60,V/V), 50 min A/B(40:60,V/V);50.1 min
A/B(90:10, V/V); 60 min A/B(90:10,V/V)
1.2.5 FE#HREHERT S BKIER /- FENNE B
5 mg AF 5, I S mL FBhAH 80 °C A 3 h, -
Lo >R & B HE BH 2 3% 4§ ( Ohpak SB-805 HQ
(300 mmx8 mm) , Ohpak SB-804 HQ( 300 mmx
8 mm), Ohpak SB-803 HQ(300 mmx=8 mm) ); fI ki
60 °C; #HAEE 100 pL; ishtH A(0.5% LiBr, DMSO);
Wik 0.3 mL/min; Peli AL E: 48 120 min,
1.2.6 EHSCHERT IS BEUKDER X Pr HoK5
S48 i BRE S EBUE, IR B A, 3 100 H AR S,
i BXZY 100 mg JEMPETEHY & L, K&, &5,
_AAGI

EHLBE R Cu Ka(1=0.15406 nm), I
KON 1600 W (40 kV x40 mA), % Nal fiA A ER
%45 (scintillation counter) |3 X-GF s8R, 13
JLEISN 5°~60°, 2B K 0.02°, i) 4°/min, DS-
SS-RS ¥ & 4354 0.5 mm-0.25 mm-0.1 mm % Hsk

E%%%ﬁ%@m:%xm

& (fRIFR DS) . BT pes (fRIFK SS) | 32 P8k (a7
PRRS).
1.2.7 RS RITS 2K GE R OB R B 53 BT
i FHFAH e S OB %o R AL R s 2R R DE A A K
MREEAGIE TINAE o WG TEAE SIS A3, S50 R
TSR b, BEATmE 4 AL B, ZE 500 F1 10000 A
B mEAnEn T,
1.2.8  JEIBERTG BEOKIER LLAMCIs s fil
JHAS B AR e 2T A MG AR A BT S5 K TE Ry
PEATINAE o BURRIIAES, 0.01 g, 43 5InA 1 g B97R1k
B, I e F B AR L S R O FE SR AT,
FER PR o EHER 4 em™, FHEREL 12
WK, PTG 4000~400 em ™! (130 5E SH0CF AT
M, PR FRA BT S BEORTER LT DGR Edat )
1.2.9 JREIMPERTE B REM BE W8
RVA P i B2 A 7 B 5o A4 v, FREX 3.0 g
JE AR FEET S B TER T RVA &L &b It A
25 mL ZEMR AR FLEC ) S vE R FL, X B S EOCN -
50 °C SEAF 1 min, 285 DL 12 °C/min (8438 B2 A 2
95 °C L ¥F 150 s, B /5 P LA 12 C/min BF R 2
50 C FHLR¥FF 120 s. JEFZ I E ML LR 10 s N
960 r/min, ZJ5 %3 160 r/mint®, &F~RE 5 B &
E IR, BOFE
1.2.10  JEHSCHE RS BOKGER IR 122K 1 90T
FIH DSC 287 F 4l B B 52 R AL BRI S 25K
TEBYROIR T2 B, FREX 5 mg TR P BERT S TERYRE
ST AR IR R, AN 15 pL AZEMEOK, BEIS R S 8
=, FLFL, LASSIHIRVE X I8, 358 DSC s 3 i
ALSHEOH: B HeTE 20 °C 47 10 min, BEfS LA 8 °C/
min FEBEFHEZE 130 CPY,
1.3 IR

PR IEAT 3 IREE R 2%, F Graphpad prism
5. Excel XTE AT B MGE 15341, SPSS18.0 4K
143547 05 225087, Sk Duncan #8472 & i, P<
0.05 FrrZEF W E,

2 HER55R
21 ERERTEEAES RIEM S EMNEETN S
BRSO

ELEEGENT S RS PR S A A B Y FE A
RZ—, M & R B A B, ik 1Al
R, I P RARBRS TE R SRR A BT, AR AN B

R ERAEIRREEEOKRTER SR &R R

Table 1 Total starch contents and amylose contents of yellow

rice starch before and after heat treatment

B JIEH (%) HAETER (%)
JRVEM 85.86+0.45° 7.46£0.20°
FEALBRYE R 86.97+0.87° 8.28+0.21°

{E: %S'EEP RIS B P A Rl NG bR R BB 2 )R AT 4k 25 5 (P<
0.05),
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(P>0.05), {H B A#ETER A & B3 3% ETH(P<0.05) .
XA BESRAE S A, T TEM TR A,
BUATE S EMAEA L. MR EE SRR,
VER ST P 0 S BEVE R A, AR T R TE R B
Py LA GEAT, LA VEAS IO LGN . BT TE R (1
I BRI RTER T A 22, DATTUSE TEAT 1)
AT,
22 ERRIEREREMEK SO

VEMY EEES 53 A0 SR M TE P AR AR T i 22 A
., HE 1 2 ", R BT IS B OK UE Y
SR AR AR 43 AT AR, TAF GEAR IIAE SR &
DP 12 4k B RUEEAKT . PAFITERFE A(DP 6~12) .
B1(DP 13~24), B2(DP 25~36) . B3(DP>36) lU%% i1

YT, b EE R E U4 R, o il TR RR
AL B R SRR TE Y T DAY I e Tk A A R
FH T BORTERS SR GE N & R, DI, TR/ i
Wk BE 7K i o B U b U BE /K AR B T, B0 b S
BEDE R WO R BE GE Y, A RS B GERY B
BEST RGN, A BEF B1 BELH B M EETE LA T
TE R OB 45 iy DX SR S5 44, B2 4544 Il HEZ TR
L5 T AR )2, B3 BER IR UKL Y 2 45
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Fig.l1 Effects of pressure heat treatment on the distribution of

5 10 15

starch chain length in yellow rice
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Table 2  Proportion of chain length distribution of yellow rice
starch after pressure heat treatment

FE DP6~12  DP13~24  DP25-36 DP>36
JRVEM 24.9+0.1°  52.8+0.2° 12.0£0.3*  10.3%0.1°
JERAABETERY  28.040.3°  51.540.1° 11.5+0.2° 9.0+£0.2°

iE: 2)%43 [FIZ A P A R NS TR A 2 LAY B 22 5 (P<
0.05),

A XN TCRETE X122, g v ARG S IITE R & B1 &F
Ll i v, T 2 R E %) 4455 s R AS S 3 1A AR
TELHHE o T JITE RS R AL BRI R v 5 b e S
T ECBREALE Z AT, 33t 22 R BN
o[RBT A BEECR AN, AR BORTE R O 1k
TR R, TS T SEM o T JF 46 5 10 B B,
RIS R ARl RE S,
23 ERGIBRIEERKEM S FENH

AT WESE He FRALD B GE B K G My 43 B YRS T,
SR i O AR 53T HERH i 5 22 UM A T
S I BRI H 22 G053 AT R IR S SR TE R I LE X5 53
T, HE 2 A, FRIET S DR TE R AR iR
A — A A 2 530, AR PR IE M T AR AE 2 =
E IR BT 0 SCEETERSY . 32 3 2 B AL BT 8K TE
Koy PRI INEE S . N 3 T LU Y, R H
ONERA i e - W LI L S PN An o K a oy cw T A
F2F(P<0.05) . PIFIEM I My, B E T M, =
My, TH AT BES JEM Hh S AETER & A . TRkt
S JE B Y My, f1 R, FI1 22 43 1045 20 Tt i

a  1x10° 4

;‘/\‘ - Molar mass] — LS - RI

1y
\

1x10% 4

BEJR Bt (g/moL)

1x107 4

30 40 50 60 70
Fif 1] (min)

=2

1x10° 5 i
A Molar massl — LS -~ RI

= 1x107 4 | \/

_J
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B2 A BRI S BORTENS 711 9 70 A

Fig.2 Distribution of molecular weight of yellow rice starch

before and after pressure heat treatment

T a. JEVERS; b, RPN FHTERS

K3 RPAEE KT TR R

Table 3  Effects of pressure heat treatment on the molecular weight of yellow rice starch

M M FE IR B A (%)
B W " My/M, R,(nm)
(x10°) (x107) <107 1~9x107 1~5x10¢ >5x10°
JRVEN 1.2340.01® 3.49+0.04° 3.52+0.11° 193.91+0.91° 14.87 75.55 8.79 0.79
JE I BRE A 1.26£0.01° 3.01£0.04° 4.11£0.03° 204.63+0.63" 20.55 70.86 7.62 0.97

TE: RPRZIEAE AR R/ ING RNz M BA k2252 (P<0.05)



84 - 8 TR

20244 9 A

M, SRR, DA T e 22, i — 2 Vi [l
P e = = A P52 155 B s R [ =l ¢ S IR
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R, IS Mw (H AR K, B8 FERAE AT LA 45 fi
VEMY 43T, AR A% A b KB Lu 5], 384 0 4 4% i LY
257200 St SEE A AT A EE SR & o (AR R IR
AL PR TR 2 R BOE S S THEMIWT R, T4y T &=
T BE R RERR ST AE /N, 43F 3434 8 {43
FEIT MRS, 155 RT AR v
24 [EARLCIBRIEEREEMRAEHE DT
TEMY T R ZS A HES A et 222 5 3E K 4y
THIGAT 5, TERY B ATUR 45 4 ST AP B AN 7
TEFFEA S . A T RS R AL FEXT B R TE A A
LEFE B RZ M, R IR S B BOK TE R XRD B E
7T 500, BARSTEILIE 3. K 3 FhRTLIE Y, JREE
BITE 20 FIRTET M 14.71°, 15.46°, 16.88°, 17.94°,
20.08°. 22.91°0F H PRATT 54, 17.94°437 S 04 2 B iR
W, RELH Y A B AR . 2 R A B S 1Y) X-52k
TS ENTA B b A RRE I, SN Z5 L 20 fiT
B SRR S H, U 7R R FRAL B 2 )5 K TE A Y
ZERIERIEIR, 31 PN A ER IR R D HES A% Sy
ZETHUASKLHED . i A B S ARG AR S AR A AR T
Xl B 7 AR AT R S A SR B K DE MY 7R R B
v, B S S EETER AL L TERY O TR G B A
JEHER AT AR T i AR
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Fig.3 X-ray diffraction patterns of yellow rice starch before

RZ

L

and after pressure heat treatment
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HEJS ATER 5L RIR, AR, 7R FLIRIVIRA,
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PN, iR Rk, TERY S IR S, ERETE RN
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Fig.4 Scanning electron microscopy images of yellow rice
starch before and after pressure heat treatment
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Table 4 Characteristic values of RVA spectra of yellow rice starch before and after pressure heat treatment

A WEHREE (MPa's)  AEEE(MPas)  HU{H(MPa's)  RZAFGE(Pas)  BITHE(MPas)  WE(ERSE] (min)  BIfLIEEE(C)
JETENY 2611 1103 1508 1820 717 4.4 78.4
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Fig.5 Infrared spectra of yellow rice starch before and after

pressure heat treatment
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Fig.6 Thermodynamic parameters of yellow rice starch before
and after pressure heat treatment
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