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Fig.1 Amylose contents of three kinds of starches

before and after modification
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'H NMR analysis of three kinds of starches before and after modification
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Fig.3 Infrared spectra of three crystalline starches before and after modification
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Fig.4 Infrared deconvolution spectra of three kinds of starches before and after modification
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Table 1 Analysis of short-range ordered structure of three crystalline starches before and after modification

# CS0 CS1 CS2 PSO PS1 pPs2 PEA/SO PEA/S1 PEA/S2

R ss1ons 1.02¢ 0.91° 1.29" 1.31° 1.20° 1.29° 1.53¢ L1 1.27°

T RN TR 5 B 7R HoAT 8 22 57 (P<0.05) .

PEA/S0(43.3%)

CS0(26.9%) PS0(31.5%)

CSIC14.7%) PS1(13.4%) PEA/SI(18.2%)

PS2(25.3%) PEA/S2(26.8%)

CS2(19.8%)

510 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

it f i 4t £ Tt f
Diffraction angle(26)/° Diffraction angle(26)/° Diffraction angle(26)/°
(a) (b) (c)

5 MMA.E3MREENRIEEN

Fig.5 Crystal structure analysis of three kinds of starches before and after modification
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Table 2 Analysis of digestibility of three crystalline

starches before and after modifacation

Ha Bl e RS IR
% %o %
CSO 724 +1.6° 13.9 £0.6" 13.7+2.1°
CS1 60.4 +0.8" 20.9 £ 0.6 18.7+0.5"
CS2 585+ 1.4 259 +1.0° 15.6 £ 0.4
PSO 79.1 £ 1.4 144 £ 1.1° 6.4 +0.3°
PS1 58.2+0.6° 312+ 1.4 10.6 £ 1.3¢
PS2 565« 1.1° 35.6£1.2 7.9 +0.8°
PEA/SO 727 1.2 19.8 + 0.4¢ 75+1.2°
PEA/S1 559+ 1.0¢ 24.2 +0.5" 19.9 £ 1.4'
PEA/S2 61.9 £0.9" 332+ 1.0 4.9 +0.3¢

o 3 A R R A R R e B B S M 25 S (P<0.05) .
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FL#, 55— 52 A i O A B B P - 52 A i et
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U
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Fig.6  Hydrolysis curves of three starches before and after modification
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Origin 2018 #Xf4xt Bl 6 &l 17804, 15 2K
fift Bl 1 SRS T (6 3) 2 B A EERLME S, CS AN
PS 1) 7K fife - i v B 344 b 35 R AIK (P<0.05) , T 46
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Table 3 In vitro simulated digestion kinetics parameters

of the three starches before and after modification
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V-type seed and their intervention in starch regen-

The Structure and Digestive Properties of Ultrasonic Assisted Enzyme Modified
Typical Crystalline Starches

Dai Xianglin, Zheng Qihang, Hu Nannan, Li Qi, Xu Xiuying’, Wu Yuzhu, Liu Jingsheng
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118)

Abstract In this study, starches of three typical crystalline including corn starch (type A), potato starch (type B) and
pea starch (type C) were used as raw materials, and modified by compound—enzymes (branching enzyme, B-amylase)
and ultrasonic —compound —enzymes strategies to explore the structures and digestive characteristics of the three kinds of
typical crystal starches before and after modifications. The amylose content, branching density, molecular structure and
crystal structure of the three kinds of starch before and after modifications were analyzed by means of iodine —blue
method, nuclear magnetic resonance hydrogen spectrum, Fourier transformation infrared spectrum and X-ray diffraction,
and the mechanisms of the effect after modification on the digestible properties of starches were further explored. After
the compound-enzyme treatment, the results suggested decreased amylose content and the relative crystallinity, while the
branching density and the degree of molecular order were increased. The hydrolysis index (HI) and glycemic index (GI)
of slow digestion starch were significantly increased, and the changes of pea starch were the largest among the three
kinds of starches. The above indexes were further improved after the application of ultrasound. The three kinds of starch-
es were transformed into C+V structure with V structure as the main crystal after modifying by ultrasonic—compound-en-
zymes strategy. Conclusion: Among the three typical crystalline starches, pea starch was the most sensitive to modification
by compound—enzymes strategy. The ultrasonic—compound—enzymes strategy can change the structure of starch more effi-
ciently, thus improving its digestibility. The above researches could provide theoretical basis for developing processing
technology of functional food with desirable GI.

Keywords starch; the compound enzyme; ultrasonic; structural characteristics; digestive characteristics



