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Abstract: To understand the relationship between the multi-scale structures of rice starch and its digestibility before and after
heat-moisture treatment (HMT), the digestibility levels of rice starch before and after HMT were determined by in vitro simulation
HMT-induced alterations in the multi-scale structures of rice starch were evaluated by small-angle X-ray scattering, X-ray diffraction, and gel
permeation chromatography coupled with multi-angle light scattering. The study showed that the degree of the semi-crystalline lamellae order,
relative crystallinity, and molecular weight of rice starch were reduced by HMT. Additionally, damage to the crystalline, lamellar, and chain
structures inside the starch granules, formation of V amylose-lipid complex, decreased levels of high-molecular weight (M,>2x107 g/mol)
fragments, and an increased proportion (0% to 21.3%) of low-molecular weight (M,<5x10° g/mol) fragments favored the formation of slowly
digestible starch and resistant starch.. However, when the proportion of the starch fragment with M,<5x10° g/mol was increased to 32.1%,
excess low-molecular weight fragments lead to the formation of rapidly digestible starch. The results provide a theoretical basis and basic data
for the adjustment and control of the digestibility of novel functional starch and/or starchy products by using HMT.
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Table 1 Effect of temperature in HMT on digestibility and relative crystallinity (RC) of rice starch A

H RDS/% SDS/% RS/% RC/%
KoK 93.9+1.5° 3.5+0.8¢ 2.6+0.5" 31.9+2.8°
HMT-100 83.121.8° 9.2+0.9 7.7+0.8° 30.9+1.3°
HMT-110 78.0+2.6¢ 12.0+1.1¢ 10.0+1.2° 29.742.1¢
HMT-120 84.0+1.4° 10.141.0° 5.940.2¢ 28.6+1.5%

E: HEBRTAHTHMAARERE, F—2 P AR FE AT RE MK E F(p<0.05).
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Table 2 Lamellar structural parameters of native and HMT-treated rice starches

b 4k 5 EAR B /am TR JEAR BB /am 5 5 BIR 2B /nm Mm@ AR 3% fa,
KA 8.98:0.02 2.82+0.01° 6.16+0.03° 10.30+0.01¢ 1.57+0.21°
HMT-100 8.99+0.03¢ 2.82+0.03 6.17£0.02° 10.23+0.01¢ 1.55+0.13
HMT-110 8.99+0.02¢ 2.83+0.02° 6.16£0.01° 9.92+0.02° 1.58+0.22"
HMT-120 9.01+0.01¢ 2.82+0.01 6.19+0.05¢ 9.76:+0.06° 1.65+0.16"

i BAER TN TR E R E, B2 ¥ KR 6 FERTA R E M £ R (p<0.05).
2 SOk BB FEVBHTRIRFE RN, ORI IR 2 TR
. k\ . gxg?g B%\T Ko Jzﬂﬁi%f% Hﬂ?/ﬁi‘wﬁ%ﬁ\ﬁ Eli iﬂ’ﬁ“éfﬁﬁ? UE
i i - HMT-120 K 7> T RERE BN SR 73 TAETE R AL A BB IS, M

MR /au.
=
T

q/A!

AXTERRE / au.

1 1 1 1 1

1
4 8 12 16 20 24 28 32 36 40
2 theta / °

B 1 IRHRSLIRRIE AT SAXS 1 XRD BhZk
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Table 3 Weight average molar mass (M,,) and its distribution of native and HMT-treated rice starches
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¥ 2 W7 AR 6 6 7 7 7 7 7 7
E 41 =/(g/mol) ! <5x10 5x10°~1.0x10 1x10°~2x10 2x10'~4x10 >4x10
F42/nm
g/mol g/mol g/mol g/mol g/mol
KRS 4.13x107 (2%) 127.0(2.0%) 0 0 29.7 48.5 21.8
HMT-100 2.66x107(1%) 123.5(0.7%) 10.2 18.0 15.5 40.3 16.0
HMT-110 2.31x107(1%) 120.6 (0.5%) 21.3 13.9 18.6 28.7 17.5
HMT-120 2.25x107(1%) 118.4(0.7%) 32.1 16.4 17.2 214 12.9
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