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Abstract: Lotus seed starch—lipid complexes were prepared using an ultrasound-assisted hydrothermal method, and the
effects of ultrasonic power on their physicochemical properties and digestibility were investigated. Subsequently, reconsti-
tuted rice was produced using the complexes, indica rice flour, and coarse grain flour as raw materials. The processing con-
ditions were optimized by single-factor experiments and response surface methodology, with sensory evaluation, texture
profile, and cooking quality as indicators. The glycemic index (GI) of the optimized reconstituted rice was further deter-
mined in mice. The results showed that at an ultrasonic power of 360 W, the complexing index of the lotus seed starch—lipid

complex increased significantly, while solubility and swelling power were markedly lower than those of native lotus seed
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starch (P<0.05). Fourier transform infrared (FTIR) spectroscopy indicated an increase in structural order, and the resistant
starch (RS) content reached its highest level (38.06%+0.10%). The in vitro hydrolysis curve shifted downward, suggesting

improved resistance to digestion. The optimized processing parameters for reconstituted rice were as follows: complex addi-

tion level of 24%, moisture content 36%, extrusion temperature 121 °C, and screw speed 160 r/min. The reconstituted rice

exhibited significantly higher sensory acceptability, viscosity, cohesiveness, springiness, chewiness, and resilience than

commercial indica rice (P<0.05), indicating a superior eating quality. /n vivo mouse experiments further confirmed a GI

value of 46.07+7.56, classifying it as a low-GI food. This study provides a theoretical basis and technical reference for the

development of low-GI reconstituted rice.
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Infrared spectra of the lotus seed starch-lipid complex
with different ultrasound power
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Fig.4 Starch hydrolysis rate curves of the lotus seed starch-
lipid complex with different ultrasound power
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Table 4 In vitro digestible starch content of the lotus seed
starch-lipid complex with different ultrasound power (%)

FE LA PR RDS SDS RS
LS 53.37+0.11° 12.03+0.27¢ 34.60+0.32°
LS-0 50.060.19° 13.80+0.30° 36.14+0.16°
LS-240 48.18+0.45¢ 18.90+0.45" 32.92+0.01
LS-360 43.82+0.41 18.12+0.38" 38.06+0.10°
LS-480 44.92+0.11° 19.44+0.20° 35.63+0.14¢
LS-600 51.18+0.99 12.1840.63¢ 36.64+0.37°

TE: [Fl—FAR R/ NG FRER R 22 5 1 #5 (P<0.05), 2 7~3K 8]
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Fig.5 Effect of adding lotus seed starch-lipid complex
on reconstituted rice
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Fig.6 Effect of moisture content on reconstituted rice
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Fig.7 Effect of extrusion temperature on reconstituted rice
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Fig.8 Effect of screw speed on reconstituted rice
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Y=0.4462—0.0153A+0.0140B+0.0112C—0.0280AB+
0.0228 AC+0.0341BC—0.0457A%>—0.0841B*—0.0482C>
PE— XA K [M1)A R T )53 4T, 45
WL 6. IZIMARIRI P<0.0001, HAHIIH P=0.4932>
0.05, YLHARSAI AT 5 . ARRY a5 Z2EL R*=0.9768, iHA
PIERE R, 285 250 4.19 884K, UL
FER T, nIEEPESR . S ST A AR S IT LR
C XTH2H 2K W BT s A i 35 (P>0.05), AL B. AC
& H. I i BB R S 2 (P<0.05), AB. BC., A,
B>, C? X W (B RZ M B 52 55 (P<0.01) o 5 M) i Ji/
4 LY KR/ NA: ASB>C.

5 WA A BT A
Table 5 Box-Behnken design and results

o A ETIEN-IERE S

j:gﬁ 7 T B: K& C: HRIRE Y: Q/’?‘:ﬁﬂzﬁ
1 1 0 -1 0.2946
2 0 -1 1 0.2801
3 0 0 0 0.4477
4 0 -1 -1 0.3242
5 -1 -1 0.3893
6 -1 1 0 0.3668
7 1 -1 0 0.3219
8 0 0 0 0.4432
9 1 1 0 0.2988
10 0 0 0 0.4699
11 -1 0 1 0.3642
12 1 0 1 0.3607
13 0 0 0 0.4401
14 0 0 0 0.4300
15 -1 -1 0 0.2778
16 0 1 -1 0.2793
17 0 1 1 0.3716

o6 AT T 20

Table 6 Variance analysis of regression equation

W& KI5 A ¥y FfH PH

i) 0.0677 9 0.0075 32.68 <0.0001
A 0.0019 1 0.0019 8.09 0.0249
B 0.0016 1 0.0016 6.86 0.0345
c 0.0010 1 0.0010 432 0.0763
AB 0.0031 1 0.0031 13.62 0.0078
AC 0.0021 1 0.0021 9.03 0.0198
BC 0.0046 1 0.0046 20.17 0.0028
A’ 0.0088 1 0.0088 38.24 0.0005
B’ 0.0298 1 0.0298 12936 <0.0001
c 0.0098 1 0.0098 42.54 0.0003
5% 2= 0.0016 7 0.0002
AU 0.0007 3 0.0002 1.12 0.4932
gl 0.0009 4 0.0002
B2 0.0694 16
R>=0.9768 R, ;=0.9468 C.V.%=4.19

R A 7 RS HT AT LAAS S A S 80k : 3% T3¢
BN A ST N 24.10%, K53r&H 35.69%, H5F
JEIRE 121.22 °C, 245957 0.449, B SCbrA ™
BAE, M B AESBE A IR - IR E G
HE: 24%, K5-EH 36%, BFERE 121 C. itk
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Fig.10 Cooking physicochemical properties of different rice

Ao FEAPRAZEEIR S T ERICK, IXnT e
SHAE R RS I R, A ZR TP O T SRR R N
TR, AT TER) BN, MR s AR S BT

YU S WG pENs - A2 -G 6B RS2 T 4578 74
BT AR, 45 N 5T RRHAR LE, S TeEk-E

AW L BRZE TR K F RN ZE B R R R R
(P<0.05) . THiZ&PIITER-IBILE S YETEM 7T 3%
T 7 AR — R OB I BB, IEZE T AT EE E T
fi#t, FAEZEAE AR A BRG0P HL, T REATG
SR K ZRFN IS H ), ARSLG T, S INSEFTEM -
REFRE AW Is, T K 7K SRANT G 38 ) 28 (%
(P<0.05), FRHAFE T LK TP TER PR Z Rl 25 &
BB, KOG P, AEZEE B RBR A Hh AR5 2544 -
2.10 =5 GI{ERUNE

ME 11(A) AT B H, 35T B 2H K IUE 0 28
AR FEAIT B NICKT- 22, Ui A E T B R 5 7
PERERSZ 1%, 317 A T AEFp i 2%, i sy -
Ao BE 11(B) AT, £ 2H7E 30 min B IR
HENME R, {H 35 2H K AR BE RS I E IS FHoAth
2, R T EAURFE S 2 . /N FSE 56
ANFEPKA GIAH, nI ST LKA 46.07+7.56, 251
HZHK R 60.01+5.42, THEHICK GI {H24 79.46+5.08,
= H A B 22 R (P<0.05), Hoi &K 8 T
= GI &b, T EAKE T GT &b

7 AFEPRBRE TN AR
Table 7 Sensory results of different rice
o HIEER 38 Mk - yom— W
BV - —— - LR (g ibis:i! S
Ak Gift, e kL SE R S bicti B LTS
HETHEYK 14.00 6.00 5.00 450 8.00 8.75 9.25 21.75 4.50 81.75
S HEAK 14.00 5.50 475 4.00 7.75 7.50 8.50 21.25 4.00 77.25
ALK 18.25 6.50 6.50 4.00 6.75 6.25 7.50 23.50 4.00 83.25
8 AR BTHRRE
Table 8 Texture and sensory results of different rice
RS £ FR Tz (g) Rtk (g-s) Lt R NEL R (g) nl 42 1t
SEFEAK 1923.95+13.17° —41.07+2.14° 0.98+0.01° 0.81+0.01* 1621.86+60.62° 0.40+0.01*
FHELK 2481.28+40.71° —12.28+1.43° 0.9620.04° 0.78+0.06° 2018.66+6.98" 0.39+£0.01°
THEHIK 1831.89+216.00° -31.9242.91° 0.59+0.05" 0.39£0.01° 623.15+48 47° 0.19+£0.04°
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