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Abstract: To investigate the mechanism of the impact of the structure of lotus seed resistant starch on digestibility,
lotus seed starch was modified using different physical treatments (autoclaving, ultra-high pressure, microwave) combined
with pullulanase. The results showed that the particle size of the modified lotus seed starch increased, the surface of the
particles was rough and formed irregular lumps, the “Maltese cross” formation disappeared, the relative crystallinity (from
31.02% to 18.19%) and short-range ordering (1.56 to 0.97) significantly decreased (P<0.05), and the crystalline type changed
from C-type to B-type. In vitro digestion experiments confirmed that starch treated with ultra-high pressure combined with
enzymatic modification contained the highest content of high-resistant starch (56.50%). The digestion properties of lotus seed
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resistant starch were significantly correlated with the branched amylose chain length distribution and the short-range ordering

structure and crystalline structure. The increase in short-range ordering, relative crystallinity, and B1 chain and B2 chain

content of the starch molecules was conducive to the enhancement of the resistance of lotus seed resistant starch to enzymatic

hydrolysis, which may be related to the regulation of digestive properties. The relationship between the multiscale structure of

modified lotus seed starch and its digestive properties, were analyzed herein to provide a reference for the preparation of lotus

seed resistant starch with strong anti-digestive ability using novel food processing technology, and to guide the production of

low-GI lotus seed starch food with hypoglycemic function.
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R BMEFEMHIBES FBHFE (um)

Table 1 Particle size distribution characteristics of modified lotus starch (um)

)l:%"c‘:’ D[4,3] D[S,Z] DIO Dso D90

LS 20.13 £0.47¢ 11.10 £0.10" 7.22 £0.02" 13.97 £ 0.06* 25.50+0.72"
PLRS 152.67 £0.58° 66.10 £ 0.00° 44.07 £0.12° 144.33 £0.58° 273.67 £ 1.15°
HLRS 224.00 £ 1.00™ 140.67 £ 1.15" 10433 £1.15" 211.00 + 1.00™ 367.00 £ 0.00°
H-PLRS 22133 £1.15° 136.00 £ 2.00" 102.33 £0.58° 209.67 £0.58" 363.00 £ 1.00°
ULRS 145.33 £ 0.58" 48.07 £0.12¢ 27.60 £0.17¢ 132.67 £ 0.58" 282.33+2.08"
U-PLRS 166.67 £ 1.53¢ 62.03 £ 0.75" 40.93 £ 0.50" 158.67 = 1.53¢ 301.00 = 1.00°
MLRS 22533 £2.52° 130.67 £2.31° 105.67 £0.58" 212.00 £ 2.00 377.00 £ 2.00"
M-PLRS 180.00 £ 1.00° 86.37 £1.57° 71.63 £ 0.74° 165.67 £ 1.15° 311.67 +1.53¢
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* 2 BUEEFIEMHEKSH (%)
Table 2 Chain length distribution of modified lotus seed starch (%)

& DP6-12 DP13-24 DP25-36 DP37-76 FHREE
LS 18.74 +0.14° 50.81 0.41" 14.83 +0.23" 15.62 *0.42" 22.96 £0.21%
PLRS 17.41 +0.41° 5171 +0.15" 15.09 0.11* 15.79 £0.33" 23.16 +0.24°
HLRS 27.77 +0.08° 4597 +0.11° 14.67 +0.13° 11.60 +0.20° 20.82 +0.13°
H-PLRS 19.11 £0.79° 50.78 + 0.44" 15.22 +0.22" 14.90 +0.43% 22.69 +0.06°
ULRS 20.40 £ 0.59" 4939 +0.27 15.09 + 0.40™ 15.11 £0.55™ 22.63 027
U-PLRS 19.06 + 0.50° 50.21 +0.75¢ 15.56 +0.56° 15.17 +0.39"¢ 22.83 +0.17%
MLRS 18.44 % 0.08° 50.37 £0.27° 14.98 +0.38" 1621 +0.31° 23.200.10°
M-PLRS 18.79 £0.51° 51.23+0.27% 15.45+0.15" 14.53 +0.08" 22.64+0.19°
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HEEAFHE RSN, %A SGERE RNy
BOERE, M EAESRPUETE. E TR EY
LGS S AL S R B EFRFIC (P<0.05),
M 31.02% P& % 18.19%, HLRS Al ULRS i) Re & &
A =R BV 0N T R BE R B e R,
BORE 0 E SO AL R S5 AR 45 R R B TR R L
SR TR R Re ST RAMBIIER, TTaeEH
P LU B SO 45 B X M BR FE P R, B 3 [
Pty Ak B A1 A B B — A B T R T R R B S R TR
M) Re ¥ . Geng 2538 b 70 HA AN S ik i Ay g Ak
X ROV R e, 65 TR R B A g i 3= St v o
LR Z AT IR, X ik o K R A 7 2 P i R

R =22.50+0.42¢

R =18.87+0.61¢
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Fig.5 XRD patterns of modified lotus seed starch
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Fig.6 Fourier transform spectra of modified lotus starch
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Table 3 Deconvolution results for modified lotus starch

. VER AR

S Rios7100 e’ Roos/1000 e
LS 1.56 £0.03° 1.45 +0.03"
PLRS 1.27 +0.05° 1.06 % 0.05°
HLRS 1.05+0.01% 0.98 = 0.06™
H-PLRS 1.15 £0.05° 0.85 +0.04°
ULRS 0.97 +0.03° 1.02 £0.03%
U-PLRS 1.32£0.07° 0.90 +0.07%
MLRS 1.03£0.01 0.93 £0.03°
M-PLRS 1.08 +0.02* 1.03 +0.03%

27 EMRAFER
RARFETIEHR (LS) AIE % 7k (LRS)
() DSC #AEESE N 4. AIREL i 7. LS 1)
IR (To)v WEEEE (T, M REE (T
4354 70.05. 75.49 F11 80.28 ‘C. KB4y e P 1
VX (HLRS. H-PLRS. ULRS. MLRS. M-PLRS)
(10 T AR UV 2, 5 S 1 E M UKL A 3 5 A 20
AL BOR AT 0%, B e Ak, 5 Al L
YRR, WS (PLRS) A & K — ¥ i
PE (U-PLRS) 35 0] $i2 = ¥ V€ o (1) Ve (B0 A0 A0 Ui P8
(Tp)s M 7549 ‘CT+ 2 83.04 'C, A EIE -
Wl e R A T UE R Ay TREAH BAE R, AT TR B
PREETE S A TS RIRVER BRI 5 A
(AH) B 7 InFAGEFE A oS0 e F 28 d B, 3%
I AH 715 B A 7 B se s 45 B . T etk S 3
FUER R IE 238 PR (P<0.05), KB PERE IR
T ETVE R RIURL P 0 B SRR T £ 4
* 4 HEEFEMHRIZESH

Table 4 Thermodynamic parameters of modified lotus starch
S T,/C T,/C T./C AH/(J/g)

LS  70.05+1.07" 75.49 +0.23" 8028 +0.80" 11.22+0.18'
PLRS 79.19+0.41" 83.04+0.94" 88.78+0.59" 137+0.07°
HLRS — — — —
H-PLRS — — — —
ULRS — — — —
U-PLRS 78.89 +1.16" 82.59 +0.88" 87.95+0.98" 2.67 040"
MLRS — — — —
M-PLRS — — — —

=7 RFARTRENB) T Ty T Te 53

RTT e etk RYIBE, AH REBL.
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Fig.7 DSC curves of modified lotus starch
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Table 5 In vitro digestion properties of modified lotus starch

P RDS SDS RS

LS 3.02+0.03°  743+035"  89.56+0.38"
PLRS 3037+ 1.44% 23.14+0.72" 46.49+2.15°
HLRS  36.94+1.32° 27.29+0.74° 35.77+0.70°
H-PLRS 31.92+130% 2580+037° 4228+1.42°
ULRS  3891+0.99" 3127%033" 29.82+0.97'
U-PLRS  2640+0.51"  17.10+0.54°  56.50 £0.27°
MLRS  32.90+0.81° 26.68+0.56" 40.42+0.27
M-PLRS  29.26 +0.60°  23.74+0.22" 47.00 +0.76°

7Z:RDS. SDS. RS %A & TRy 1ZHEh.
A

FRAE V& #0724 N IV AR v, AT DL H 4
A R W AL JE F (Rapid Digestible Starch, RDS ).
2 94 1k € #r (Slowly Digestible Starch, SDS) LA
B PEVE B (Resistant Starch, RSP, K 4R 3% 1 i
K (LS) AISUMEE T 3E R (LRS) HI4A M IH {45
RUWE SR, LS & H 3.02% ) RDS. 7.43% K
SDS F1 89.56% [ RS, X 5 ¥F 2 K 58 & ¥ #E LA I
WHRK, RABTEMREW, FAERSENSTAT
P, Sopawong 2B 5T K W K AR FEAS RS =
9 80.72%. A MMEfE, EFEMM RS BT
K%, 1fi RDS 1 SDS & # b7+, H 1, U-PLRS A
H iKY RDS (26.40%) Flix @i RS (56.50%),
X RE RN BAVER T B 45 L R oy A T
J¥. PLRS (46.49%) [f] RS & & & % & T HLRS
(35.77%). ULRS (29.82%). MLRS (40.42%).
ULRS F1 HLRS (MK 45 & B2 FUK 5 + A 7 FE A H
XoF g 7K S N R RRURR, S EURS R R K. YR

76

e O R B R BT ) ), AR AR ) L T R AE
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TR A YEfF B om. 5 B — 4 B ol PR E R
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DO |-0.37 0.41 033 023 0.68 DO (N X ) 0.0
D[4,3]| 0.40 -0.37 -0.30-0.34 -0.27 D[4,3] ‘ -0.2
AH | 0.80 -0.84 0.64 -0.65 0.70 0.27 0.95 AH (@) ‘ . o4
RDS | 0.56 -0.62 ~0.44-0.36 -0.94 -0.77 0.12 ~0.81 RDS . . 06
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Fig.8 Correlation analysis of structural and physicochemical
properties of modified lotus starch
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