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Analysis of the Structure and Physicochemical Properties of Rice Starch

before and after Aging
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FAN Chuanhui, JIA Zhiwen, MEI Xin*
(Institute of Agro-Product Processing and Nuclear-Agricultural Technology, Hubei Academy of Agricultural Science,
Wuhan 430064, China)

Abstract: The structure and physicochemical properties of six different varieties of rice starch before and after aging were compared and
analyzed. The results showed that the amylose content, volume mean diameter (Dy 3)), crystallinity, gelatinization on set temperature (T,), peak
temperature (T,), conclusion/end set temperature (T,) and gelatinisation enthalpy (AH) of different varieties of rice starch were in the ranges of
17.24%~22.69%, 5.74~7.09 pm, 16.45%~18.19%, 64.77~73.03 'C, 71.73~81.13 "C, 77.17~87.40 C, and 12.62~18.44 J/g, respectively. After
aging of rice starch, the amylose content significantly increased (p<0.05), and crystallinity significantly decreased, with the aging having no
significant effect on the starch crystal form and short-range order. Aging had significant effects on the gelatinization characteristics of rice starch
before and after retrogradation, and the T,, T, T. and AH values of rice starch decreased significantly after retrogradation. With the increase of
temperature, the solubility and swelling degree of rice starch increased significantly. Aging decreased the swelling degree, solubility and light
transmittance of rice starch. The amylose content of rice starch was positively correlated with To and T,' (T, of retrograded starch), D4 3 of rice
starch was positively correlated with T, T,' and light transmittance, and the crystallinity of rice starch was positively correlated with T,, AH and
AH' (AH of retrograded starch). The results of this research can provide a theoretical basis for rational utilization of rice resources in Hubei, and
efficient utilization of old/aged rice resources and product development.
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Table 1 Amylose content of rice starch from different varieties (%)
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Fig.1 Scanning electron micrograph of rice starch from different varieties
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Table 2 Mean Volume particle size of rice starch from different varieties (um)
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Fig.2 Particle size distribution of rice starch from different
varieties
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Table 3 Crystallinity of rice starch from different varieties (%)
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Fig.4 FT-IR graph of rice starch from different varieties
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Table 4 Gelatinization properties of rice starch from different varieties
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Table 5 Gelatinization properties of retrogradation rice starch from different varieties
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T BRLET, ARESFICKIEMTE 55, 65+ 75+
85\ 95 C NEMEEE T MAT 0.68%~1.03%. 0.75%~
1.12% + 3.63%~6.01% « 10.88%~16.17% « 12.66%~
14.76%2 7], 55 ‘Cv 95 CF, AREEHFIKIERE
R LR (p<0.05) Z5, FEHIL 534, &
L2 HER AR RS RS, ANE R OCKTE
FTE 55 654 75+ 85,95 C FIARRIES AT 0.42%~

0.59%- 0.63%~0.86%- 2.46%~5.13%- 7.29%~11.02%-
9.25%~13.28% 2 [0], 75 C FAE S IKIER
FETCREZES, 95 C AR SR IOKIER T Al A7 i
FMEES, e, IR 1 STERIE MR E R, B
G KKTER B AR B A FIMREE N %, HAaRGE oy
BE TR B FEOKIEN 0 FRsmAomsE, Wk
SRR K B2 IS & LIS R 73~ R AR 4 K e RN AR
(RS, JERRMREE T D0,

* 6 IREXNTESMARTERERESN (%)

Table 6 Effect of temperature on solubility of rice starch from different varieties (%)

KA A 55°C 65°C 75 C 85 C 95 °C
— AFRAL 091£0.12°% 1124010 428+0.10 11384124 12.67+1.28**
A ZZ
= A 0.59+0.04  0.99+0.06"  3.27+0.09®  7.324027®  9.80+0.19%E

. AMAL 1.03+0.13%%  0.97+0.15®*  6.01+0.28**  13.50+0.34>*  13.27+0.18**
#5 88
7845
" AL 042+0.13°%  0.7240.06™%  334+£0.17"  7.29+0.16%®  11.62+0.43B
AL 0.84£0.03%  1.1240.03**  3.8240.23%  16.1742.08"%  14.76£0.27*
0 WAk L

ZZ w
i A 0.53+0.06  0.86£0.11%°F  2.49+0.12°®  9.94+0.05°®  9.25+1.01°B
i 1 2 AL 1.03£0.22*%  0.90+0.18™*  5.68+0.27*"  12.974027™"  14.76+0.15*

EER
AL 0.58+£0.04%  0.74+021%  4.98+0.08% 10.16£0.80"  13.28+0.01%®
W AMAL 097+0.07%  0.78+0.11°%  3.63+0.04%* 15954030  12.66+3.77**
534
¢ AL 0.58+0.06  0.63£0.10*  2.46+0.06®  11.02+£0.92  10.35+2.11%
. &AL 0.68+0.10°%  0.7540.05"*  5.94+0.10°*  10.88+0.26%*  13.04+£0.30**
T AL 05120068 0.73:0.09%A  5.13£0.17*®  9.32+0.17°®  12.42+0.25°8

R 7 BENTERMAAERFKERT (¢/2)
Table 7 Effect of temperature on swelling index of rice starch from different varieties (g/g)
KA 55°C 65 C 75 C 85C 95C
. AL 2412001 3.00£0.06™  10.98+0.22*  26.79+0.17%*  36.75+1.07
élﬁ{tﬁ% aB A dB B bB
Mk 234£0.03"  2.95+0.03**  9.95+0.16 23.58+0.22%  33.73+0.50
AMAL 2.3420.01°  336£0.06™  13.72+0.56™  31.22+0.38°*  33.15+0.58**

7845 88
" MAL 22840050 2.7740.07°®  10.38+£0.38F 29524091  32.35+0.18""
AMAL 229+0.04%4  2.66+0.05%  632+0.11%  28.80+0.67°*  39.08+1.03%
2 F kL
Zw
e AL 23040.050%  2.51+0.02 5424021 26.51+0.06°  31.90+1.98°8
) AWML 226£0.03%%  2.88£0.08%*  11.70+0.50°*  26.09+0.63%  29.70+0.33%
4G 15
AL 22540.03%A  2.53+£0.09°  11.36+0.11°%  22.35+044°®  28.41+0.34
AMAL 2342001 24940014 6.75£0.07%%  36.34+3.01%  45.92+1.39%4
Ak 534
(9
MAb  23120.03%°%  225£0.03®  5.77+0.18®  29.6242.28%  41.37+2.59%®
AMAL 22740054 2.73+0.08%F  14.11+0.11%  26.35£0.44%  30.24+0.03%*
HAe b
=1

AL 2.19+£0.05%%  2.75+0.00%  11.89+0.38%  21.61+0.51®  26.16+0.34%8
MR T HETLLEH, BEEREFE, RoKIEm
MK R EH S MRNEE SRLE T, ASFE M

FRita s ASE S OCKIERE 554 654 75+ 85,95 C
TR EE 2> A T 2.19~2.34 g/g. 2.25~2.95 g/g.

FOKIEM K AR R B E R (p<0.05), HERET
85 CHF, FEWIR 534 JErp R 38 i T oA S s
BRALHET, AFEEFICKIERTE 557 654 75 85, 95 C
TR I T 2.26~2.41 glg. 2.49~3.36 g/g-

6.32~14.11 g/g- 26.09~36.34 g/g. 30.24~45.92 g/g 2 |ii];
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5.42~11.89 g/g. 21.61~29.62 g/g. 26.16~41.37 g/g Z |ii],
MRt SEOCKIER IZIKE NRE, X nRe SRR K
ek EERER S8 EIHE G MEETRAR, TERTT
R P 5 FURTRL 25 R AL S 2 ok RN, JUH
S E R R A, AR Li SRR
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B, Jem BRI S BEEER S EA R, BREEh
REAGHIHIERIIIE . B> EREER INAE L S, HI4A
PG TUERIRIRI,  AERF SCRETEA SR RS HIAS 2
Phs TR HH B SRR AR B A 8, 5 SRR
Oy AT RS ek 1 dn R g, 3] 1 Sk
RLAI ARSI 2457 o

BRALHET B R i ff AR I e

ME S ATLUEH, BRGET, AESFOOKIER &
HHRAT 8.57%~10.40%2 [H], ZEPIAL L2 R IF1E
HIRE (p<0.05) K TIHABRF, FAE SIS
LTS BRMUERORIERIE RS T
B, ASTEFICKIER FIE RN T 8.40%~9.60%
], BEWL 534 T IME e i, ZEMIL L et
(B R, DKL 8], FEE KR
B S, Bk R TR ek
FHER—ANEERE IR, SIEEAHE, T

2.7

ZACE, ERTRRL T BRI SR, RS T
TR B RS, FEUE R K.
ol N mRERK Ay 4
b a ik A, a
10t A b B
A % :
§ A A c ?‘4
oM ©b b 5
; %
& %
| ?
Z
7 1 1 1 ﬁ 1 1

ZEFIR LT FRTEeS SR IME1S BEFIILS34 iR
& 5 FRISMHANREES R

Fig.5 Transparency of rice starch from different varieties

2.8 BRALHTE R R i A KK A 5 A
GREZEP N2

% 8 FRUETRTEMMAREM S SHMCE R

Table 8 Correlation of structure and physicochemical properties of aged and unaged rice starch

Ei-Eos Y, Ys Ys Y, Ys Yo Yo
Y, (KAL) 0.352  -0.340 0.283 -0.316  -0.053  -0.340 0.145
Y, (M4%) 0.311 0.095 0.608* 0.141 -0.372 0.041 -0.055
Y, (&RMAG) 0.132  -0.176  0.535* -0.265 -0.188 0.076  0.990**
Y, (FRL) 0.596*  0.355 0.909* 0326 0.645* 0394 0.741*
Y; (RMEL)  0.936*  0.808* -0.539* 0.777* 0.640* 0.571* 0.336
Y; (4%) 0.512*  0.320 0.334 0.408 0.553* -0.148  -0.029

E: k. S5 R| R FRESMEEMK, Y Y IRAKRESEARA AR S EtEmS 2. 2. e, T,o AH. T,/ . AH' .

85 CIMKE . 85 CIsfiE. BhE,

M 8 I LLE H, RERCKIER I B
TEESH T,. T, BIEMX, G, KKERKE
HIEM S ES AH, T,” « AH' J 85 CIAMRIE AR
PERRESET, 5 T, MRMHEEE (p<0.05) KF.
R IKIER ) Duas 55 Ton To' ~ BRI
Ky BRLE, BRIZEJEEAL, KOKVEMI Dpyss Hfh 7
Wriabr A G B W deFt, Hrh S T, HIEAESC EAR
BEIEMX. 5 T, HEFEEMEX EAZRREEIEH
K. 585 CIZIKEE ARG EA R B EAG, M5
FEICRBEE (p<0.01) IEMSE FFEEEF B,
RFAIKIER 45 E S 3 T, AHL AH' . 85 CIiZ
MKEE R IEAEDG, BRILIS, BR T, 4b, JOKIER II4S &
& 5 HAM T HERR A S TE R R RS, HA S T, ik
BEEMKLNEREE MR, 5 AH. AH' HE#
IEFHR FREREAEZE EMAR. 5 85 CIKEIA R AR
BB (BEEFE MR « 585 CHTh %L
G FRER ARG, 5iFE6F HIEAHK TR AR,

M5 T, HEEFAME TR IEMA.
3 g

3.1 6 MM RBRCORTER I B =T
17.24%~22.69% 2 [8], BRibrl B3 (p<0.05) #&FK
KIER EREEM & REMEKIER 1) Dpasys 4
ESHINT 5.74~7.09 pm. 16.75%~19.11%2 [a], [
A ROKVER B2 DA G AE A 3 14 J6 B S s
PR IR R 503 T ROKGERD 1) Dpasys BRI T ROKTERD 1)
SEEREE, MU AN B OCKIER RSN, HR
A PSS AN R B K

32 HEEICKIER T T, & AH 2 3INT 64.77~
73.03 C. 71.73~81.13 C. 12.62~18.44 J/g 2 [d], %
AR IKIER R AT B 520, BRAGERTE T RK
JERI Tor BEAK T AHo BHIAEJIOKTER T, T, - AH’
AT 39.17~45.10 “C. 49.40~55.43 C. 0.76~6.33
Vg Z 18], BRAGXT [ AR IOKVER MR B Y2 5],
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MRA SEORER 7 A B AR TER T, T, T B
Tt AH' TR, BEERET S ORIER S K
JERIE FTHE, RGBT IORIERIE S 1
IKEE. B,

33 RKEMMWEEEN SRS T T, RIEMHX,
585 CIZIKEE R HUAHDG JOKIER I Duss T R I1E
K, 5 Duss BHRREEE (p<0.05) EMHK; X
KIEHSE g S AH. AH' 21EM%, 5T, 85 C
TR P 2 5535 IE AR

3.4 XTEERT AWRFCAE S, SAHE IS A AT,
A ARFEZ L. i SR, i@ L
AAEE, TTIRFEACKIEM I Tow RifR, AH, (EARRELZ
B IORIER IR O EE 1) KRR AR AR5 1)
Jin ZPIRF R, BRATAE R KR T BB
BHHBMERREAML, 5K T, T,. T. 2E#
EHIE, 53 AH 25K, REWE g,
BEE SOKIER KA N, VAR EIRIE 2 BT
P R, FTRES ORIEMRIE . b3y
P, URAh, RMIORIER R . AR
IRE UL RGE R MR R S, L sCREe i 5K S o)
i BELBEGERT5 ST BETERY LUAE DA R R K ye i HoAth A
TR AT, AT RE S 2 R W AR

3.5 AWFF LA RETFEIAECR 6 MK
IR, SRR IR RS, b BT R
AR JG KGR R a5 M S AR R, AL B Rk
FURA R« BOR SR i 80R F SRR = i
RARUEFESARYE . IR R BT SR IOk
TR RORIER ORI G546 5 R 1 1 5 T
S ERMUHIEAL T E RO, AR IOKBREERE
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