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Abstract: The effects of ball milling and ultrafine grinding on the microstructure, physicochemical properties, and application characteristics of
mung bean starch used in 3D printing of food were investigated. Commercial mung bean starch was used as the raw material, and ultrafine powder was
prepared by planetary ball milling. The particle size and distribution, microscopic morphology, crystal structure, short-range ordered structure,
gelatinization and rheological propetties, and 3D printing characteristics of mung bean starch before and after ultrafine grinding were studied using laser
particle size analyzer, scanning electron microscope, X-ray diffraction, Fourier transform infrared spectrometer, viscometer, theometer, and 3D printer.
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The results showed that the particle size of mung bean starch first decreased, and then increased, after ball milling. The particle size was small at 6 h, and
the median diameter (Dsp) was 15.68 um. The sample surface was rough and flat. The crystal structure of the starch granules was destroyed, and the
crystallinity and Ryg47102 value of short-range ordered structure of the starch granules decreased from 33.43% to 13.93% at 9 h and from 0.82 to 0.76,
respectively. After ball milling, the gelatinization and rheological properties of the mung bean starch were modified, and the viscosity and retrogradation
value decreased from 2 377.5 cpto 1 481.5 cp and from 1 008.5 cp to 549 cp, respectively. The loss factors G’ and G” first decreased and then increased.
After ball milling, mung bean starch powder can be effectively used in 3D printing. At 3 h, the model deviation rate was 0.66%, and mung bean starch

samples with low deviation rate and high printing accuracy were obtained. The study provides a theoretical basis for processing mung bean starch and its

application in 3D printed food products.
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Table 1 Effect of ball milling treatment on particle size parameters, crystallinity and R7/102» 0f mung bean starch

BT /h Dj¢/um Dsp/um Dygy/um A% £ dh S Yo Riparn022
0 8.64+0.01¢ 18.82+0.03" 35.33£0.30° 33.43£1.43° 0.82+0.015°
3 8.54+0.01° 17.77+0.03° 33.45+0.20° 26.95+1.19° 0.80+0.002°
6 7.17+0.01° 15.68+0.04¢ 29.35+0.16° 18.0543.54° 0.78+0.014°
9 9.57+0.01° 19.33£0.02° 35.71£0.07* 13.93+1.89¢ 0.76+0.008°

E: FIIAERARR NS FERTEARFRER (P<0.05).
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Table 2 Paste characteristics parameters of mung bean starch at different ball milling times

BrlE/h MERS R cp BAEEE B cp HA R4 cp RAFEE cp =) 4 {8 /cp BB 18] /min - BIKIRE/ C
0 1 647.00£26.87°  1369.00+14.14* 278.00+£12.73* 2377.50£3.41° 1008.50£16.26°  5.50+0.042°  78.68+0.46
3 1506.00+:2.83°  1249.00+56.57° 257.00+13.74° 2 097.00+4.24°  848.00+12.33° 5.60+0.00°  78.30+0.07*
6 1389.50+2.12° 1 067.50+64.35° 266.50+16.26° 1833.00£6.23°  759.50+6.36° 5.5240.014°  76.30+0.07°
9 1155.00£28.28¢  932.50+27.58¢  227.50+7.78%  1481.50+4.55°  549.00+16.97° 5.47+0° 78.63+0.6

ey

: RPIER IR B FERTERSERERF (P<0.05).
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Table 3 Effect of ball milling treatment on 3D printing accuracy

of mung bean starch

HE/A L%% D"/% H/% AR EE/%
0 1.18+0.06° 0.93£0.10° 1.49+0.15°  1.20+0.09°
3 0.57+0.06* 0.53+0.06° 0.89+0.02°  0.66+0.30°
6 134+0.04° 1.61£0.03 146+0.11°  1.47+0.44°
9  1.1540.13° 1.03£0.10° 1.37+0.04°  1.18+0.11°

E: R34 AR 6B FEk TR B 5 £ 57 (P<0.05).
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Fig.5 Rheological properties of mung bean starch after ball milling treatment
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