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Abstract: Acorn starch is a natural botanical starch with great development potential. Nevertheless, its poor swelling capacity, high
retrogradation tendency and insufficient functional applicability restrict its utilization as a food ingredient. To ameliorate the structural defects
and functional properties of acorn starch, high-energy ball milling was employed to modify acorn starch in this study, and the regulatory
mechanism of high-energy ball milling on the multi-scale structure and functional characteristics of acorn starch was systematically investigated.
The results revealed that high-energy ball milling did not alter the molecular skeleton of acorn starch, yet it disrupted crystalline structure and
double-helical order and reduced crystallinity. The starch particle size decreased initially and then increased; the maximum specific surface area
of 942.70 m? kg* was achieved at 300 r-min™. As milling intensity increased, solubility and water-holding capacity continuously improved.
Moderate and low rotational speeds (300~450 r min™) optimized gel structure, reduced water separation rate and enhanced freeze—thaw stability.
High rotational speeds (>750 r-min™) induced structural collapse of starch, with the RVA peak viscosity decreasing to 267.67 cP. Meanwhile,
gelatinization enthalpy declined sharply and thermal stability deteriorated significantly. Complete gelatinization of starch was observed at
900 rmin™ with gelatinization temperature approaching 0 ‘C. In summary, high-energy ball milling exerted a nonlinear regulation effect on
acorn starch characterized by performance improvement under moderate treatment and property deterioration upon excessive treatment.
Modified starches obtained at different rotational speeds can be applied in differentiated food scenarios according to their distinct properties.
This work provides theoretical fundamentals and technical support for the targeted preparation and high-value utilization of functional
ingredients derived from acorn starch.
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Fig.1 Infrared spectra of Acorn Starch Treated with different rotating speeds
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Fig.2 X-ray diffraction patterns of acorn starch treated at different rotating speeds
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Fig.3 Scanning electron microscopy of acorn starch treated at different rotating speeds
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Fig.4 Polarized spectrum of Acorn Starch Treated with different rotating speeds
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Fig.5 Particle size distribution of Acorn Starch Treated with different rotating speeds
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Table 1 Particle size distribution of Acorn Starch Treated with different rotating speeds

AESLALBAER/(rminT)  Dy/um Dsy/um Dgo/m Dpsz/um Dug/um  rA&EA/I(M kg™
0 50740.02¢ 137740.06° 71.0342.07° 8.1440.05° 26.100.62° 701.504.01°
300 3.6240.00" 9.8840.01" 18.0040.00° 6.0640.00"  10.4040.00" 942.7040.26°
450 3.8840.01° 10.2040.00° 19.0040.00° 6.980.00°  10.9020.00° 818.8740.12°
600 52840.01° 115040.00° 21.1040.10° 8.8640.02° 12.4740.06" 644.7041.23"
750 8.4740.02° 18.3340.15° 33.6740.40° 14.334.06° 19.800.20° 398.402.07'
900 7.9840.07° 165740.31° 30.774.16° 13.63#0.15° 18.1340.51° 419.3044.97°

E: RIS RRNBEFEATERFEE, P<0.05.
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Fig.6 Effect of different rotation speed on water holding capacity of acorn starch
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Fig.7 Effect of different rotation speed on solubility of acorn starch
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Fig.8 Effect of different rotation speed on water evolution rate of acorn starch
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Fig.9 Viscosity curves of Acorn Starch Treated with different rotating speeds
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Table 2 Pasting characteristic parameters of Acorn Starch Treated with different rotating speeds

A AL IR min™) AR REEICP AL ICP A fAg/cP RAREEICP ] 4 f&/cP SERFE/minG ASHERE/C
0 5 334.674199.68" 3077.33487.39* 2257.334125.12* 4561.00499.65° 1483.67465.27° 4.7340.00° 80.7840.03
300 5107.674861.39°  3251.674350.39°  1856.004511.03°  4504.004493.12°  1252.334216.82° 4.8440.10° 83.2340.03
450 4048.0048.28° 2659.33+18.50° 1388.67436.83° 4438.00454.29° 1778.67463.00° 5.0540.04* 82.6340.98*
600 3221.33480.08° 1848.33845.50° 1373.00414.80° 3827.33+124.56° 1979.00487.71° 5.0740.00* 76.1842.05°
750 1503.67475.45" 800.67425.40° 703.00451.68° 2101.00449.49° 1300.3341.06™ 5.0740.07° 60.77-41.61°
900 267.67412.50° 93.6743.51° 174.0049.00° 356.67-+8.50° 263.00415.00° 45530,04° 0.006.00°
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DXdle  EISEE R Rl o R IR B vy, AR G ORI P, DRI I A8 Rl FEE S 35 T e T R R B2 B 1K
MECEILTFE 900 rmin i, DSC A SILH B SRR Ik, TCIRIREBUHIRY Tor Tp & Tos IS AIHA T
re R FEN AL BRAE Ve R ORI E5 10 8 A A, R XSS HAF- 58 4 2%, 72 DSC FHRMINHT O R 4 78 7 ML 7%,
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Table 3 Thermodynamic parameters of Acorn Starch Treated with different rotating speeds

|

HE AL 24432 /(r min) TJC T,/ C TJC AHI( g™)
0 65.3742.18°  75.6140.46° 85.9041.41° 12574307
300 67.4940.16°  75.3040.34° 81.7240.90%  7.06:1.01°
450 67.2940.00°  74.06:1.26° 80.924053%  6.30:4.62°
600 83.6144.84°  99.8540.60° 105.3142.41°  1.5340.65°
750 100.0447.78* 114.19#.76° 117.3943.46%  1.2540.00°
900 - - -

i BRI RRINEFHATERLREE, P<0.05, “& 900 mint &3 TH&LLZ T AMUL, Tl HF4E IR ARL,
3 it

NEERRTIE SR S ThReetE, JHIRE G O RMEDRIRIE, &R i RN I 75K,
ASCHTTE T i RERREERIAR T0Ek 22 RUBESE K S DHRERFVERTIRHE ML . G55SR, AR B RR I BORRERS 2%
TER G S DIREREE, SR RIEGE RARR IR IN IR 2% . ROFSZBRAOKINT. 300 rmin™ (IR EREE AL FE AE
W TERE R BRI LR TR I, V5 SRRt R i, Sealiem At ME B M S 1252 . 600 rmin™
DAL e TR B AL B — SRR 1 Uk S S, ToRE RS RN, WIROARE AR, Ride 5 LR IR 2R S
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THEARAC R s AR B B AU T SO e R B P 28 45, BRI /R, 3RTHARRIARE T, RENSAT AU o
UV NTTININES YN BT ae s buR Sl NN T L AN = e cI A L e o T I AR P 82 N il B B S e R v
EMEAEZE, AHAMERER s FARTS, PR R SHERE AT 900 rmin ™ ER LR LI il SR FUEk) ot
WL, TERBRAIRAE, KEIKIEMRE, 2Ty EH, Ak R& TR IEmI REFE, fevs
SEUF A A RUEER N TR DR, o EBR S T d e AT LA FH 58 SRR T A P ) e
SRR E VE U AR ek, B SRR A R e, IR SRR e s AN T 7 5t
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