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Abstract: In order to explore the impact of cryogenic ball milling treatment on the structure and physicochemical
properties of sorghum starch, this research took sorghum starch as the research object, on the changes in particle size
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sorghum starch subjected to cryogenic ball milling for different time periods were analyzed. The results showed that with the

increase of milling time, the sorghum starch granule was disrupted and the particle size decreased; The relative crystallinity

of starch granule decreased from 17.86% to 2.91%, the half-peak width of the band at 480 cm ' in the Raman spectrum

increased from 16.37 to 19.99, and the ratio of the infrared absorption peaks R4, decreased from 0.81 to 0.75, indicating

a decrease in short-range molecular order. 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

1767.33 cp to 430 cp and 842 cp, respectively. The gelatinization parameter of starch exhibited a decrease, with the enthalpy

value AH decreasing from 9.82 to 0.22 J/g. Following the cryogenic ball milling treatment, the birefringent characteristics of

starch gradually diminished then disappeared, and both the storage modulus and loss modulus decreased. The results of this

research provide a theoretical foundation for the practical application of cryogenically 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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Table 1 Grain size parameters of sorghum starch at different ball milling times

4k 28 1 4] /min D (4,3) D (3,2) D (0.1) D (0.5) D (0.9)
0 23.80+3.76° 18.14+0.49" 12.46+0.37 18.68+0.08" 29.26+1.01%
20 18.36+0.01" 9.63+0.01° 11.61+0.01° 18.51+0.01° 26.35+0.03°
40 18.20+£0.01™ 9.17+0.00% 11.21£0.02° 18.42+0.01° 26.23+0.01°
60 15.25+0.45¢ 8.82+0.11° 4.87+0.01° 14.13+0.35° 27.06+1.09°
80 21.34+4.73" 10.29+0.37° 6.04+0.20° 15.56+0.55" 31.8144.19

Z: R¥ D@43). DG2) RAMZFSIAGERFH AR, F—FHELERFRFELATEAZEMEZF (P<0.05),

TARE.
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Table 2 Effects of different ball milling times on the relative crystallinity, R, 710220 R1022/005» FWHM and thermodynamic

properties of sorghum starch

AL P2 AT A /min - ABRT4E 55 /% Riosmnon Riomes FWHM at 480 cm’' T,)C T/ C T.)C AH/(J/g)
0 17.86£0.01°  0.81£0.01° 0.81£0.07°  16.37+0.13°  65.25+0.94° 70.54+0.11" 80.42+1.35" 9.82+0.86"
20 14.96£0.01°  0.79+0.00° 0.88+0.01°  16.76+0.15°  63.85+0.33" 70.50£0.02° 79.71+4.75" 6.24+0.87°
40 8.46+0.01°  0.77x0.01° 1.07+0.001°  18.58+0.24"  63.79£1.01° 68.66+0.06" 78.55+2.46™ 2.61+0.41°
60 6.66£0.00°  0.76£0.00° 1.17+0.03°  18.94£0.29°  64.79£1.92° 69.06£0.46" 73.64+1.36° 0.37+0.16°
80 2.91£0.01°  0.75+0.02° 1.24+0.01° 19.99+0.35°  47.80+£3.08" 51.46+£3.47° 55.96+2.01° 0.22+0.11°
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Fig.2 Grain size distribution of sorghum starch at different

ball milling times
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Fig.8 Thermodynamic 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
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Fig.9 Polarized cross plot of sorghum starch with different

ball milling times

E:a A 0min, b 20min, ¢ 4 40 min, d 3 60 min,
e 4 80 min.
22.5 AERBENFHERDHEAT G A

) 25 3 51 S IR W 28 55 kR A & 1) B4R
PP EEEFABIE A R E (G), IR R
(G™)o Bl 10 AN A VA VR BR S ] 8] 51 S € #r 1) i e A
s E M. ETUES, G MG

HEEE MR ARG R, H G KT 6", Wit
BEVER B £ IS ERAT N . M FE IR T, %
FEA I G’ G BEA ¥ VR BRI IS (8] (0 58 00 1 98 /0,
— 7 THI T BE A A VR R B A B e B E A A
SERBBOR, SR 4 X BB, EEs M TET D)
AESTBR AR, 2 VRER DA mh (1 B U1 77 X6 e oy BURL B
W, AR A BTBT DR PN, e S A D 2
JEBRAK, 55— 77T, WURERESBEIR T i SV M (140
FEAT P, A ST ot J2 PO 2o PEE A

a 1000} ffa/r~’/~ﬂ’* .
800 | e *
£ F ol
= 600 U
O aa—
B 400} “
s - v
b 2 g v v
Z 200F w7 . .
= ot T o~ 40min
°T e 20min 60 min
<+ 80 min
-200 L L I L | )
0 2 4 6 8 10
i | Hz
b 80 B
70 + N
- A
g 00F - .
= 50F . - v
O = - .
IH 40| v a - .
i * A v -
—_
w30+ A -
= é:' - " . 440 min
T ".‘ = Omin v—60 min
110] e 20min oo
0 L L 1 L | )
0 2 4 6 8 10
i# | Hz
B 10 R4 Bk BB B 16 B R M i A
MFEEETH L

Fig.10 Changes in storage modulus and loss modulus of

sorghum starch at different ball milling times

3 #ip
FRVERM A EIRBE A  fE, HEZ RE4 M

155




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

HAL MR R A T BER . RFRTEH, HEAR
BRI A] A RE K, Vi AR 3R THI AR 2 0 %% 38 )
IZLRR . A URER EE AL BERR T Ve b R FE A 7 4544
TER I A K &5 BT 17.86% BE A 2.91%, $i 2%
% 480 cm ' 4L FWHM H 16.37 #I1 % 19.99. ¥E
K IR K PR 0.75 glg KA 4.81 glg, IR
Ko VEMMILAERIEEREITAMEY) T, AH HH 9.82 J/g
PR3] 0.22 J/g, R VRERES A FRBLIR T S 4 JURE
fokasErE, WILERIN. 2 EArR, A REREE A B
A RT3 = SR R R A 1 55 T ek 2 AL R
77, AEIE A BLHTE SRR R R . [RIRHARER
P b P B v S R R G A IR, P R A
#, MUMMHES S HMEARS THER S, Bf
AP D RERLVERS B RN IV . DR, A TRERES
REAE N SR Wy B e e I — PP RO 1, IR
R AT & AR IRIRE E a Rt s %,

[11 YAN S, LI Z, WANG B, et al. Correlation analysis on
physicochemical and structural properties of sorghum
starch [J]. Frontiers in Nutrition, 2023, 9: 1101868.

[2] AUDREY L G, JOSEPH M A. Sorghum polyphenols
and other bioactive components as functional and health
promoting food ingredients [J]. Journal of Cereal Science,
2018, 84: 112-124.

[3] JUNCAIT, BENUA, MARGARET A B, et al. Interactions
between sorghum starch and mushroom polysaccharides
and their effects on starch gelatinization and digestion [J].
Food Hydrocolloids, 2023, 139: 108504.

[4] R, 2R X SR, A AR v e U b B M ) By
HT 3] AR 44 ,2023,38(1):71-79.

[5] LIT, HUANG J R, YU J, et al. Effects of soaking
glutinous sorghum grains on physicochemical properties
of starch [J]. International Journal of Biological
Macromolecules, 2024, 276(1): 131522.

[6] HUANGY, TIAN L, YANG Q, et al. Nitrogenous fertilizer
levels affect the physicochemical properties of sorghum
starch [J]. Foods, 2022, 11(22): 3690.

[71 HIRA A, TAHIRA M A, ABID H. Native and modified
Sorghum starches as wall materials in microencapsulation
of nutmeg oleoresin [J]. International Journal of Biological
Macromolecules, 2018, 114: 700-709.

[8] CAVALLINI C M, FRANCO C M L. Effect of acid-
ethanol treatment followed by ball milling on structural
and physicochemical characteristics of cassava starch [J].
Starch-Starke, 2010, 62(5): 236-245.

[91 HUANG Z Q, XIE X L, CHEN Y, et al. Ball-milling

156

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

treatment effect on physicochemical properties and
features for cassava and maize starches [J]. Comptes
Rendus Chimie, 2008, 11(1-2): 73-79.

HAN N, FAN J L, CHEN N, et al. Effect of ball milling
treatment on the structural, physicochemical and
digestive properties of wheat starch, A- and B-type starch
granules [J]. Journal of Cereal Science, Singapore, 2022,
104: 103439.

CHEN Y, HAN X, CHEN D L, et al. Dry ball-milled
quinoa starch as a pickering emulsifier: preparation,
microstructures, hydrophobic properties and emulsifying
properties [J]. Foods, 2024, 13: 431.

LIU C C, JIANG Y, LIU J D, et al. Insights into the
multiscale structure and pasting properties of ball-milled
waxy maize and waxy rice starches [J]. International
Journal of Biological Macromolecules, 2021, 168: 205-
214.

LU X, LIU H S, HUANG Q R. Fabrication and
characterization of resistant starch stabilized Pickering
emulsions [J]. Food Hydrocolloids, 2020, 103: 105703.
5% BBl R R 37, W 50, 55 ¥4 VR Bk B Ak B R oK VE B £
Ko R SO A PR RE R (7] 6T R ,2023,44(11):39-
47.

AHMAD M, GANI A, MASOODI F A, et al. Influence
of ball milling on the production of starch nanoparticles
and its effect on structural, thermal and functional
properties [J]. International Journal of Biological
Macromolecules, 2020, 151(15): 85-91.

R T ] JE, 8 S T K e - 52 SR S & ) o %
K EERRAE ] [ B 54 9R,2024,24(2):169-178.

LVY Z, ZHANG L M, LI M G, et al. Physicochemical
properties and digestibility of potato starch treated by ball
milling with tea polyphenols [J]. International Journal of
Biological Macromolecules, 2019, 129: 207-213.

WANG H W, DING J T, XIAO N Y, et al. Insights into the
hierarchical structure and digestibility of starch in heat-
moisture treated adlay seeds [J]. Food Chemistry, 2020,
318: 126489.

AH.CR,E.MS,GM M, et al. Structural changes in
popped sorghum starch and their impact on the rheological
behavior [J]. International Journal of Biological
Macromolecules, 2021, 186: 686-694.

SAVITA S, KAVITA T, RAJAN S, et al. Molecular
morphology & interactions, functional properties, rheology
and in vitro digestibility of ultrasonically modified pearl
millet and sorghum starches [J]. International Journal of
Biological Macromolecules, 2023, 253(7): 127476.

5L R B b OGS /N 22 E b R P R THT 2 R I R
M [D]. 4B M 0] B Tl K 22,2021

FENG C, SHENGMIN L, LU W, et al. Modified porous




MR B R

Modern Food Science and Technology

2025, Vol.41, No.9

(23]

(24]

[26]

(28]

starch for enhanced properties: Synthesis, characterization
and applications [J]. Food Chemistry, 2023, 415: 135765.
LUCIANA C G,MARIA A L, MARCELA P, et al.
Incidence of milling energy on dry-milling attributes of
rice starch modified by planetary ball milling [J]. Food
Hydrocolloids, 2018, 82: 155-163.

MAYUMI A, TOMOAKI H, MANABU W, et al.
Relationship between enthalpy relaxation and water
sorption of ball-milled potato starch [J]. Journal of Food
Engineering, 2011, 104: 43-48.

ASLIHAN Y, NURCAN T. Effect of ultrasound-
microwave and microwave-ultrasound treatment on
physicochemical properties of corn starch [J]. Ultrasonics
Sonochemistry, 2023, 98:106516.

SOE M T, CHITROPAS P, PONGJANYAKUL T, et al.
Thai glutinous rice starch modified by ball milling and its
application as a mucoadhesive polymer [J]. Carbohydrate
Polymers, 2020, 232: 115812.

HUANG Z Q, LU J P, LI X H, et al. Effect of mechanical
activation on physico-chemical properties and structure of
cassava starch [J]. Carbohydrate Polymers, 2006, 68(1):
35-128.

ZHANG Z, ZHAO S, XIONG S. Morphology and

physicochemical properties of mechanically activated rice

[29]

[30]

[31]

[32]

[33]

[34]

starch [J]. Carbohydrate Polymers, 2010, 79(2): 341-348.
P B R, B A A R B TR A T B o R R KM
WIPERFAE 52 00 [J]. 7 DR 27 4,2021,36(7):26-32.
SUNCY, HUY Q, ZHU Z J, et al. Starch nanoparticles
with predictable size prepared by alternate treatments of
ball milling and ultrasonication [J]. International Journal
of Biological Macromolecules, 2024, 272(2): 132862.

KB A E B 22 0 T VE B Y A S e K AR L
il [D]. R HE R R K 52,2018.

TAN X, ZHANG B, CHEN L, et al. Effect of planetary
ball-milling on multi-scale structures and pasting
properties of waxy and high-amylose cornstarches [J].
Innovative Food Science & Emerging Technologies, 2015,
30: 198-207

WANG S, WANG J, ZHANG W, et al. Molecular order
and functional properties of starches from three waxy
wheat varieties grown in China [J]. Food Chemistry, 2015,
181:43-50

TAN I, FLANAGAN B M, HALLEY P J, et al. A
method for estimating the nature and relative proportions of
amorphous, single, and double-helical components in starch
granules by 13C CP/MAS NMR [J]. Biomacromolecules,
2007, 8(3): 885-891.

157




