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Abstract: The impact of freezing ball milling treatment on the structure and physicochemical properties of sorghum starch was aimed to
be examined by the study. The research focused on sorghum starch, analyzing the influence of various ball milling durations on particle size
distribution, microstructure, crystal structure, ordered structure, thermodynamic, and rheological properties of sorghum starch. The results
showed that the sorghum starch granule was disrupted leading to a reduction in particle size with the increase of ball milling treatment time. The
relative crystallinity of starch granule decreased from 17.86% to 2.91%, the half-peak width at 480 cm™ of the Raman spectrum increased from
16.37 to 19.99, and the ratio of the infrared absorption peak at Riwu71020 decreased from 0.81 to 0.75, indicating a decrease in short-range
ordering. Regarding the hydration properties, the water absorption index of sorghum starch notably increased from 0.75 g/g to 4.81 g/g. The
peak viscosity and setback values of starch decreased from 3 163.00 cp and 1 767.33 cp to 430 cp and 842 cp, respectively. The pasting
parameter of starch exhibited a decrease, as indicated by the enthalpy value AH decreasing from 9.82 to 0.22 J/g. Following ball milling
treatment, the polarization characteristics of starch gradually diminished, and both the storage modulus and loss modulus decreased. The results
of this investigation offer a theoretical foundation for the practical utilization of ball-milled sorghum starch.
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Fig.1 Scanning electron microscopy images of sorghum starch treated with different ball milling times
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Fig.2 Grain size distribution of sorghum starch at different ball milling times
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Table 1 Grain size parameters of sorghum starch at different ball milling times

4L 32 B 14) /min D (4,3)/um D (3,2)/um D (0.1)/um D (0.5)/um D (0.9)/um
0 23.8043.76° 18.1440.49° 12.4640.37° 18.6840.08° 29.26:41.01%
20 18.360.01" 9.6340.01° 11.6140.01° 18.5140.01° 26.3520.03°
40 18.2040.01% 9.1740.00% 11.2140.02° 18.4240.01% 26.2340.01°
60 15.2540.45° 8.824.11° 4.8740.01° 14.1340.35° 27.06:41.09°
80 21.3444.73® 10.2940.37° 6.0420.20° 15.5640.55° 31.814#4.19°
E: AT D(4,3). DEREMAM ARG EARTFH IR, F—0|KELER AR FEEATEALENEZR (P<005) , Tk
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Fig.3 XRD patterns of sorghum starch at different ball milling times
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Table 2 Effects of different ball milling times on the relative crystallinity, Rig7/1022, R1g221005, FWHM and thermodynamic properties of

sorghum starch

AFERT A /min ABRTLE Sh/% Rioa771022 Riooomes FWHMat480cm®  T,/°C T/ C TJC AH/(J/g)
0 17.8620.01°  0.8140.01°  0.8140.07° 16.3740.13°  65.2540.94° 70.5440.11*° 80.4241.35*  9.8240.86°
20 14.9640.01°  0.79#0.00°  0.8820.01° 16.7640.15°  63.8540.33% 70.5040.02°  79.71#4.75°  6.2440.87°
40 8.4640.01° 0.7740.01° 1.0740.001°  185840.24"  63.794.01° 68.6640.06° 78554246  2.6140.41°
60 6.6640.00" 0.7620.00°  1.1740.03° 18.9440.29°  64.7941.92° 69.0640.46°  73.64+1.36°  0.3740.16°
80 2.9140.01° 0.7520.02°  1.2430.01° 19.9940.35%  47.8043.08° 51.4643.47° 5596+2.01°  0.2220.11°

5



MR ESRBH Modern Food Science and Technology 2025, \ol.41, No.9

AE AR EERZE XRD Bl R BRI, F8A AR, BRI C R =R, 1] 3 Jgi ek g
AEEXT RS UERT XRD EIREf52m . BN, RIREGEER R BREE AL B f5 Ve 3I7E 1532 17.22 18.2°
23 HASRATHIE, RO SRR A BIGEMEHIE, DI TRERES 3 ek A R AE B MSCE. R 2 Fhaf bl
B, VER AT IR T BE G v VR BR B N [ ARG I s , ek )45 it 5% EH 17.86% 73 1) P 42 14.96% . 8.46%. 6.66%
1 2.91%, W RN S AL K SEAR L B SR R o G S8 RS IR . 72 Mayumi P AR Bk e T 44 5
KIS T R ORI, Bl VA VR BR B AL BRI R) R 3G In,  EH AR S o ) 3 A7 S0 O AT S i Pk D L 25 9 2K
X ] A T A RER S AL FE 5 R e BRI AT PP 45 M AN n R il 7 2R e e A, Sk 431 P OB B DA S e b
&8 i DXCH N () S E AL D R/ F R I 2B
214 BRI G RIEA LI IE A

HEM2AMEE (FTIR) A DUHTAINE MRAR A P51 . K 4 02 = e M 2 AR R S A AT 5 TR 2041
W il 4 fos, T RESSEE Brid ) HUREREEAT B IO, DB AN [FIYA VR BR B I ) A B 0 e w
ST R R A . TR R, VEMZE 1 047, 1022 F1 995 cm™ A fR 4T 4 MIRSTIce 15 e ¥ v 1) i s S 4G A B
Ry WSOV P T AR B ELRE VA RSB Ve R 1A P AN 8 TR X I A1 i 2 E58, 49 UM e 45 R R A G
B, [HE 1 047/1 022 cm™ AT 1 022/995 cm™ AEMROIGFEE I ELAEL AT LA T RAESER O REA 1k 5 Uit & AR
P, 3 2 WA, RARERIER Ruourmooe 71 Riogaeos (K1 ELAEII AN 0.81. BEHEAREREEI A (IS, Raoszees L
FHE) 1.24, Ripanors FFEE] 0.75. RIFAVRERESCEIIR T ek FIRURIREEN, HEF'E % 1) dn AR S5 A R AR 15 6
B, AR T, X458 5 XRD B s SAH 3. Soe ZPOE /A REREE AT 28 R K0 IR 7 th AT
TN, A UREREE A PR S BUE A B A P A5 A T A T = A B 2 I TCE TEAH, X TSI Re i
W TC R FERERA T .

A N— Wy
V 1047 < P W

W
waf/vvwﬁ\f\xﬂﬁg e T
“,«‘ | 80min

\/

" \\ //‘
Omin NS

- . r - v -
. . : : ; : .

1200 1150 1100 1050 1000 950 900 850  gop 4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™) Wavenumbers (cm™)

Absorbance (a.u.)
{
\
&
4
(
g
>
G
alies
5
,/’
g2/
/
|
(
/
/
oy
o )
3 f
2
Absorbance (a.u.)

B 4 RN FRIKERES R LI SN
Fig.4 Infrared spectra of sorghum starch with different ball milling times
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Fig.5 Raman spectra of sorghum starch with different ball milling times
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Fig.6 Water absorption index of sorghum starch at different ball milling times
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Fig.7 RVA gelatinization characteristics of sorghum starch with different ball milling times
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Table 3 RVA gelatinization characteristics parameters of sorghum starch with different ball milling times

4k 22 B 18] /min EAH HEE IcP BAEAEEICP AR ICP SALHEEICP =) %48 /cP AR AT IR)ICP MAALIREC
0 5433.674136.83 2270.674#48.22° 3163.00:11.66° 4038.00:14.00° 1767.33+03.74% 4.2740.07" 78.320.08°
20 4051.00:17.44° 2175.67431.09° 1875.33487.83" 3904.33+110.26° 1728.67485.70° 4.6520.06° 78.2740.04°
40 3004.334182.14° 1769.67490.29° 1234.67492.12° 3497.00:403.01° 1727.33426.58° 5.184051° 77.7240.04°
60 1.889.33484.91¢ 1199.67430.86°  689.67459.53¢ 24853349502° 128567477.69° 55140.90° 76.9340.03
80 1235.33108.31° 791.67495.30¢ 4436744.01° 1685.004141.36° 893.3346.32°  547+4.08° 70.1340.00°
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Fig.8 Thermodynamic characteristics of sorghum starch with different ball milling times
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Fig.9 Polarized cross plot of sorghum starch with different ball milling times
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