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Fig.1 Electron micrographs of complexes treated with different freeze ball milling times
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Fig.2 XRD diffraction patterns of complexes treated with different freeze ball milling times
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Table 1 Crystallinity, R and static rheological fitting parameters of the complexes
treated with different freeze ball milling times
H o 25 50 % R onom K/Pa-s" n R?
WRS 34.80 = 0.56* 0.685 + 0.000* 5.947 + 0.388* 0.553 = 0.016" 0.992675
WRS-10%0BG-20 29.72 + 1.32" 0.671 = 0.004* 4.644 + 0.345" 0.475 +0.019° 0.98459
WRS-10%0BG-40 25.90 = 0.37¢ 0.653 + 0.002" 3.913 = 0.264¢ 0.497 + 0.017¢ 0.988992
WRS-10%0BG-60 19.12 + 1.544 0.651 = 0.007* 1.970 = 0.100¢ 0.586 + 0.013" 0.996325
WRS-10%0BG-80 8.62 +0.38" 0.610 = 0.009¢ 1.008 £ 0.033¢ 0.653 + 0.008* 0.998919

T R BAS [F) 2 e 7 R R AR 2 0] 2% 573 1 3 (P<0.05)
2.3 FT-IR&#f

i K T8 55 AS TR V4 VR BR ES f [) Ach B ) 525 00
LT AMETE AN 3 s e B T 0 JRORE K e K3 1)
2T AN E G 3 385 em! Ab Y B 06 431 8] O—H 4
B 45 9% 2,2 929 em™ &b 7R —CH,— 1 JE X R 1%

WRS

WRS-10%0BG-20
WRS-10%0BG-40

WRS-10%0BG-60
WRS-10%0BG-80

1000 500

R

Absorbance/a.u.

4000 3500 3000 2500 2000 1500
A
Wave number/cm™

(a)
& 3

Wi ,930,1 023,1 081 em™ Ab A7 WA, 3k S 16 (4 %
N C—O0-H % Sl e 4 i e i 388 5 O BEAS ) 7%
R B AL RE i R 35 1R, R B A% W s e 1 A Y
(A8 A, BEAT e S I BRI MR AU 5 A | 3 50
o AL e -B- TR R G . 74k, 3

WRS

WRS-10%0BG-20

WRS-10%0BG-40

J\ 050 WRS-10%0BG-80
1047

1200 1150 1100 1050 1000 950 900 850 800
WAL
Wave number/cm™

(b)

o

Absorbance/a.u.

AEREKERBLEHESY FT-IR B i

Fig.3 FT-IR spectra of the complexes treated with different freeze ball milling times
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Table 2 Characteristic parameters of RVA of complexes treated with different freeze ball milling times

# AL REE [P SRR E/CP M RRE/P A REE/CP = AAE/cP LR B /min #I4L R E/C
WRS 931.00 + 442.67 + 488.33 + 546.00 + 103.33 = 555+ 69.25 +
6.56° 6.81° 9.02 8.19° 1.53 0.04¢ 0.22°
WRS-10% 45133 + 451.33 + 152.33 = 373.00 + 74.00 = 6.02 £ 71.10 =
0BG-20 10.69" 10.69" 451" 7.00 1.00" 0.04* 0.00
WRS-10% 401.00 + 270.00 = 131.00 = 332.67 + 62.67 = 6.05 £ 70.80 =
0BG-40 10.44¢ 5.29¢ 5.20° 6.35° 1.53¢ 0.04 0.22*
WRS-10% 245.67 + 175.67 = 70.00 = 22333 + 47.67 + 571 % 69.68 +
0BG-60 9.24¢ 7.51¢ 1.73¢ 6.35¢ 1.15¢ 0.08" 0.88"
WRS-10% 159.33 + 122.33 + 37.00 = 163.33 + 41.00 + 5.60 £ 68.93 +
0BG-80 4.04 1.15¢ 3.61° 6.11° 6.00° 0.07" 0.08°

TE IR SAS ] 5 RE R AN TRV R il 2 [] 22 5 B 2 (P<0.05)
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Fig.6

Dynamic and static rheology diagrams of the complexes treated with different freeze ball milling times
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Table 3 Content of functional starch of the complexes treated with different freeze ball milling times
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Effect of Freezing Ball Milling Treatment Time on the Physicochemical Properties
and Digestibility of Waxy Rice Starch—--glucan Complexes

Yu Zhenyu, Hao Zongwei, Zhang Qiang, Hu Yao, Han Shengjun, Xiao Yaqing, Liu Yingnan,
Liu Kang, Zheng Mingming, Zhou Yibin"

(Key Laboratory of Agricultural Product Fine Processing and Resource Utilization, Ministry of Agriculture
and Rural Affairs, Anhui Engineering Research Center for High Value Utilization of Characteristic Agricultural Products,
Food Processing Research Institute, State Key Laboratory of Tea Plant Biology and Utilization, College of Tea & Food
Science and Technology, Anhui Agricultural University, Hefer 230036)

Abstract In this paper, the physicochemical properties and digestibility of waxy rice starch (WRS) and oat-B-glucan
(OBG) complexes prepared at different freezing ball milling times were investigated, and the physical and chemical
properties and digestibility of the complexes prepared at different processing times were characterized and evaluated by
scanning electron microscopy, infrared spectroscopy, rheometry and simulated in wvitro digestion. The results showed that
with the increase of the freezing ball milling time, the surface of the complex particles became rougher and the shape of
the particles became more irregular, with agglomeration and agglomeration. The infrared spectral results showed no signif-
icant changes in the individual absorption peaks and no new chemical bonds were formed. The freezing ball milling
treatment caused the OBG to mosaic or attach to waxy rice starch through hydrogen bonding, and the relative crystallini-
ty of the complex decreased from 29.72% to 8.62%, and the short—range orderliness also decreased gradually. At the
same time, the content of the double helical structure of the complex decreased and the content of the amorphous region
increased significantly. The peak viscosity and regeneration values decreased from 931.00, 103.33 ¢P to 159.33, 41.00
cP, respectively, with the increase of freezing ball milling time, and the values of consistency coefficients K, G’ and
G" decreased, enhancing the fluidity and stability of the system. In terms of digestibility, the complexes prepared by
freezing ball milling were less digestible than the native waxy rice starch. When the ball milling time was 60 min, the
maximum resistant starch content of their complexes reached 35.92%. This study provides new research methods and
technical tools for starch processing and modification.

Keywords starch-B—glucan complexes; freezing ball milling; physicochemical properties; digestibility



