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Effect of freezing ball milling treatment on the structure, physicochemical
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Abstract: [Objective] To investigate the effect of ball milling treatment on the structure, physicochemical properties, and digestibility of
high-amylose corn starch (HACS). [Methods] In this paper, the effect of different ball milling durations on the particle size distribution,
microstructure, crystalline structure, short-range ordered structure, thermodynamic properties, and digestibility of HACS were analyzed.
[Results] After ball milling treatment, starch granules were disrupted, the surface became rough, and agglomeration occurred, resulting in
an increase in particle size. With prolonged milling time, the crystallinity of starch decreased from 21.02% to 0.03%, and the "Maltese cross"
pattern gradually weakened and eventually disappeared. The amylose content increased from 71.435% to 79.285%, and the short-range order
was enhanced. In terms of thermodynamic properties, the thermal stability of starch decreased after ball milling. In terms of digestibility, ball
milling significantly improved the digestibility of HACS. [ Conclusion] Frozen ball milling treatment can improve the physicochemical

properties and enhance the digestibility of HACS.
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Table 1 Particle size parameters of high-amylose corn starch with different ball milling treatment durations
FE G D(4,3) D(3,2) Dy Dy 518
HACS 11.13+0.08° 6.0640.02" 4.24+0.01" 9.7940.01¢ 18.30+0.02¢ 1.44+0.02¢
HACS-20 12.3940.09* 6.18-0.08° 4.45+0.00° 10.040.00* 19.4740.03¢ 1.50=40.00%
HACS-40 13.1440.36% 6.294+0.01¢ 4.48+0.01° 9.9740.01¢ 19.78+0.09¢ 1.53+0.01¢
HACS-60 15.00+1.65° 6.820.02° 4.54+0.00° 10.83+0.02° 22.11+0.19° 1.6240.09°
HACS-120 20.75+0.69" 8.00+0.03" 4.60+0.00 12.70+0.03° 41.66+1.25° 2.91+0.09
HACS-180 28.78+0.99" 8.67+0.03" 5.01+0.01° 13.63+0.03" 63.02+4.10° 4.26+0.29°
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Figure 2 Scanning electron microscopy image of high-amylose corn starch treated by freezing ball milling
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Table 2 Effect of freezing ball mill treatment on the
crystallinity, R, 710, and full width at half

maximum of high-amylose corn starch
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i 1 1% Ruow o 45
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Figure 4 Effect of freezing ball milling treatment on infrared spectra of high-amylose corn starch

2.1.5 FLBIGIENM S BoR TR EEE T RN S
25 7K [) Bk 5 I I Acb Y o ELRE R K TR 1 hr 2 OGS
BFE 22 W, 7 2 O ] T 480 em A B 1 HF X 5 B
A L5 R AR A R AU . T LA G 480 em A e i 4
Y (FWHM ) (9 (R R AR JE 8 1 J6 B A P 24540 . &2 7]
AL 5 R 4 b B A R K TE R A L, 2 0 4 E A
24.610 [ 2 22.231 J5 X3 5 25.149, F W JE f A ¥ 45 4 2
N 5 AT L 33X AT AR 2 UE 40 SUSER e i A S 4 Atk
L REVE M FHEE R N A T IR S M, S B R A
P2 R RN . T 180 min Bk Ab B BOGE A A A R T
KRG AU R VE R B R AT A T R
X5 LA 2 R B
22 AEKEMSESEEXREMRLEENZIE

P 6 Sk AN [ B JB5 BsF i) A B R A g7 T R K T8 4 O
TFE . ERIRET & A EREm 2R AHEEN

/ k HACS-180 s/~ A
/ \ HACS-120 ~N A

z

m £ | )

E £ HACS-60

e

= HACS-40
~

HACS
1 | 1
3000 2500 2000 1500 1000 500

/ \ HACS-20 s A

Wavenumber/cm™
B 5 ARIREAEA G AEERENER GG
Figure 5 Effect of freezing ball milling on Raman spectra

of high-amylose corn starch
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Figure 6 Effect of freezing ball milling treatment on polarized cross of high-amylose corn starch
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Figure 7 Amylose content of high-amylose corn starch

with different ball milling treatment durations
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Figure 8 Effect of freezing ball mill treatment on the thermal properties of high-amylose corn starch
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Table 3 Effect of milling time on RDS, SDS, and RS

content of high-amylose corn starch

B i TRIGATER /% BIETER /% BUHETER /%
HACS 44384092"  15.69+0.37°  39.930.56
HACS-20 51.82£0.37°  16.6641.12*  31.52+1.38"
HACS-40 66.66-1.28°  7.7440.56° 25.604+0.73°
HACS-60 71.88£0.96° 7.184:0.56°  20.94+1.52¢
HACS-120 75.90+0.37° 7.78+0.76"  16.32+0.92°
HACS-180 85.75+1.31° 5.11£0.36° 9.1440.97"
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