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Effects of High Energy Ball Milling on Physicochemical Pproperties and Structure of Rice

Starch
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Abstract: The rice starch was milled for 5 min, 10 min, 20 min, 30 min, 60 min 90 min and 120 min with the high-
energy ball mill, respectively. The samples were characterized by RVA, DSC, LPA, SEM, PM, XRD, FTIR. The
results showed that peak viscosity, trough viscosity, breakdown value, setback value and final viscosity all decreased,
which decreased from 6.80 Pa-s, 3.75 Pa-s, 3.06 Pa-s, 5.35 Pa-s, 1.61 Pa-s, 81.00 °C to 2.33 Pa's, 0.49 Pa-s, 1.84
Pa‘s, 1.06 Pas, 0.57 Pa‘s and 69.37 °C after 30 min of ball milling, respectively, these parameters tapered off with
the further prolonging of ball milling time. Peak G and peak M1 for the phase transition both decreased with the
increasing of ball milling time, and these peaks completely disappeared after increasing ball milling time up to 30

min. The structural analysis showed that the crystalline structure of rice starch gradually diminished with increasing
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ball milling time, and that was almost destroyed for over 30 min of ball milling. 5 min or 10 min ball milling caused
the irreversible expansion of starch granules to some extent, ball-milling for over 20 min destroyed the starch
granules and led them to congregate. The high-energy ball milling mainly changed the structure and conformation
of rice starch, but did not form new chemical bonds and groups.
Keywords: rice starch; ball mill; physicochemical properties; structure
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Fig. 1 Effect of ball milling on pasting properties of rice starch
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Table 1 Effects of ball milling on pasting parameters of rice starch



I ] : ool = CEr

T i pagitch 5 min 10 min 20 min 30 min 60 min 90 min 120 min

PV(Pa's) 6.80+0.042 4.33+0.10° 3.10+0.05¢ 2.95+0.034 2.33+0.00f 2.35+0.02f 2.02+0.04¢ 2.48+0.13¢

TV(Pas) 3.75+0.142 2.32+0.09° 1.29+0.07¢ 0.77+0.02¢ 0.49+0.01¢ 0.40+0.01¢f 0.33+0.03f 0.30+0.02f

BD(Pa-s) 3.06+0.16* 2.01+0.03¢ 1.81+0.05¢f 2.18+0.02° 1.84+0.014¢ 1.95+0.03¢d 1.69+0.07f 2.18+0.11°
FV(Pa's) 5.3540.102 3.55+0.13" 2.34+0.09¢ 1.68+0.044 1.06+0.02¢ 0.97+0.01¢f 0.90+0.01% 0.82+0.072
SB(Pa-s) 1.61+0.06? 1.24+0.03> 1.04+0.03¢ 0.92+0.02¢ 0.57+0.00° 0.56+0.00° 0.57+0.02¢ 0.52+0.05¢
PeT(min) 5.40+0.072 5.40+0.00? 5.33+£0.07% 4.98+0.04° 4.51+0.03 ¢ 4.55+0.04 ¢ 4.52+0.09 4.47+0.00¢

PaT (°C) 81.00+0.07* 76.70+0.05° 74.35+0.05¢ 69.37+0.034 68.07+0.06°  68.80+0.48¢ 68.77+0.43¢ 68.55+0.05¢

Ve A AT AN AR ) B L [A] 4 22 53 2 (P<<0.05)
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Fig. 2 Effect of ball milling on thermal properties of rice starch
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Fig.3 Effect of ball milling on grain size of rice starch
Digv Dsov Do Al span SR AEARKIERTRIAR KNS ATRFAE IS B3R 2 Pros. W 2 aTULE H,

BRI Gb P 51 ROKTE R ] Dion Do Fl Do (L5 22800, ELIG Il P22 BEER B I R SEAC T ANOR, AT
LRI AR UL, BREE 5 min A5 A RCE 7 308800 1 0.43 3.78 #5411 0.58 £, TIEREE 60 min £ i
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Table 2 Effect of ball milling on grain size of rice starch

Bl POy 5 min 10 min 20 min 30 min 60 min 90 min 120 min

Dy (um) 3.05+0.01° 3.92+0.02¢ 4.16+0.034 4.61+0.01¢ 4.7540.052 4.67+0.01% 4.59+0.06° 4.72+0.08%
Dso (um) 5.75+0.02¢ 7.34+0.01f 7.49+0.03¢ 7.99+0.01¢ 8.20+0.01¢ 8.34+0.01° 8.43+0.07° 8.61+0.05°
Dog (um) 10.23+0.024 13.3740.12¢  13.37+£0.06¢  13.83+0.06*  13.93+0.15>  14.87+0.06*  14.90+0.10®°  15.07+0.212

Span 1.25+0.012 1.29+0.012 1.23+0.002 1.15+0.012 1.12+0.022 1.21+0.012 1.22+0.012 1.20+0.042

e Al AT A& A R BRRE i ) (1) 22 7 12 3 (P<<0.05).

IR BRI S RRUBPRLARIR AN, S5 AR R — 8. P AR 2 500 7T AR BR A, A
REERBSI N TR AL S, A ST 10 PG AR PE K AT I AT 0. SRR 853 RS0 B 26 X
SYREER, TSRS T 3 2 MOV N BRI T S e 4 Tl AR, SRV BRI A A
AT, SET I TR I AL R IR G AT o BRI i — BT, SRR
R R, ELAE KL O 4 20h  L A JURL K, 1 7 B AT L T A
HITDR SRR TR G BRI B LT RN FUIE G, BRI K . T
TR ERIALEE, VE A TR R AR BRI R, TR DU AVE R BRI T3 K 1
BRI
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Fig.4 Effect of ball milling on scanning electron microscope image of rice starch
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Y X BHERATHIAE 20 D 150, 17°, 18°, 20°. 23°HEL 4 MR FIATHIE, HAE 17080 18°F i AAH
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TS P 550 OB AR AL, (R G S0 (1 88 P B S0, MK BN (] KT 30 min BALSE,  JER A S
(AT S I A S A 2R, 9 WA R o (V) R S Ak R o YA o R [ 45 o DX RGOS LU W Sk, o TR B k(1) 4.2
K, VM RIORL IR 25 it X B S IR, 245 R SR RE BRI AL FRVE ) (1 45 RAHSSBAT21, (B X e 4 it 45
FAIRHIR (1) 5 g 72
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Fig.5 Effect of ball milling on XRD pattern of rice starch
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Fig. 6 Effect of ball milling on polarized image of rice starch
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Fig. 7 Effect of ball milling on infrared spectrum of rice starch
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Table 4 Effect of ball milling on A47/A 2, of rice starch

FE pagich 5 min 10 min 20 min 30 min 60 min 90 min 120 min

Awa/As  0.81£0.01°  0.83+0.00°  0.85£0.00°  0.89+0.01¢  0.90+0.01¢  0.90+0.01¢  0.89+0.01¢  0.93+0.00°

Ve Al AT AN AR ) B L (6] 9 22 5 25 (P<<0.05)

3 4

TR FE BRI A T B 05 (5 2 SO AR VE R R A M AR I, Bl BRI TR K, AKE b (0
A BERE. BATBERBARE - B A DG B S MU IR B AR 8 35 52 T B
Fath . BREEACHE G| AL IORIE R E A S . AR AT SRR . Rt T ORI KT
AOREE o AR PE I 53R IR DRAE T, R o o P T Ty R S Ak B 5| S o 5 i DX 23 R A TG
FeAk,  FEOE R RORL 25 G WK IZIK 1T R I IR BE A, b T BRI A 38 5 | 3 9 R 48 0
IR, FECZ I U R BORL 5 25 2 2R A A SR o) 1 L S2 A IR A AR AR, R4 AR
RFESHIEAC . A E] S RERREE AL BRI, V2 H MO A AR 7™ BRI A e, 3070 T 701 MUE B
KENEBEH, B HEER 7 FAEBUCIRE FRUR A KGRI, 5B IRTE 0 MOR r Bokl 45 5848, ik
REVERFE RRLAR NI, T SR ARG T TS T 45 R BEFEAIG, e T8 H e 40 8 43 X 33
A RS, Bk KRR A & .

B

[1]HUOY, DU H, XUE B, et al. Cadmium removal from rice by separating and washing protein isolate[J]. Journal of food science, 2016,
81(6): T1576-T1584. DOI:10.1111/1750-3841.13323

[2] CHAMPAGNE E T. Rice Chemistry and Technology [M]. 2th ed. St. Paul: AACC Inc., 2004: 109-141

[3] AMAGLIANI L, O’REGAN J, KELLY A L, et al. Chemistry, structure, functionality and applications of rice starch[J]. Journal of
Cereal Science, 2016, 70: 291-300. DOI:10.1016/j.jcs.2016.06.014

[4] SHEN Y, ZHANG N, XU Y, et al. Physicochemical properties of hydroxypropylated and cross-linked rice starches differential in
amylose content[J]. International journal of biological macromolecules, 2019, 128: 775-781. DOI:10.1016/j.ijbiomac.2019.01.194

[5] KUMAR P, PRAKASH K S, JAN K, et al. Effects of gamma irradiation on starch granule structure and physicochemical properties of
brown rice starch[J]. Journal of cereal science, 2017, 77: 194-200. DOI:10.1016/j.jcs.2017.08.017

[6] ASHOGBON A O, AKINTAYO E T. Recent trend in the physical and chemical modification of starches from different botanical
sources: A review[J]. Starch - Stérke, 2014, 66(1-2): 41-57. DOI:10.1002/star.201300106

[71 LV Y, ZHANG L, LI M, 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. DOI:10.1016/j.ijbiomac.2019.02.028


https://doi.org/10.1111/1750-3841.13323
https://doi.org/10.1016/j.jcs.2016.06.014
https://doi.org/10.1016/j.ijbiomac.2019.01.194
https://doi.org/10.1016/j.jcs.2017.08.017
https://doi.org/10.1002/star.201300106
https://doi.org/10.1016/j.ijbiomac.2019.02.028

I ] : ool = CEr

[8] 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. DOI:10.1016/j.ifset.2015.03.013

[9] HUANG Z Q, XIE X, CHEN Y, et al. Ball-milling treatment effect on physicochemical properties and features for cassava and maize
starches[J]. Comptes Rendus Chimie, 2008, 11(1-2): 73-79. DOI:10.1016/j.crci.2007.04.008

[10] ZHANG Z, ZHAO S, XIONG S. Morphology and physicochemical properties of mechanically activated rice starch[J]. Carbohydrate
polymers, 2010, 79(2): 341-348. DOI:10.1016/j.carbpol.2009.08.016

[11] Navarro-Mtz A K, Martinez-Garcia R, Urzua-Valenzuela M, et al. High-energy ball milling treatment of soybean for Bacillus
thuringiensis culture media[J]. Journal of bioscience and bioengineering, 2019,128(3): 296-301. DOI:10.1016/j.jbiosc.2019.02.010

[12] AMADOR-RODRIGUEZ K Y, SILOS-ESPINO H, VALERA-MONTERO L L, et al. Physico-chemical, thermal, and rheological
properties of nixtamalized creole corn flours produced by high-energy milling[J]. Food chemistry, 2019,283:481-488.
DOI:10.1016/j.foodchem.2019.01.044

[13] REN T, YANG S, WU S, et al. High-energy Ball Milling Enhancing the Reactivity of Microscale Zero-valent Aluminum toward the
Activation of Persulfate and the Degradation of Trichloroethylene[J]. Chemical Engineering Journal, 2019, 374(15):100-111.
DOI:10.1016/j.cej.2019.05.172

[14] AMADOR-RODRIGUEZ K Y, SILOS-ESPINO H, VALERA-MONTERO L L, et al. Physico-chemical, thermal, and rheological
properties of nixtamalized creole corn flours produced by high-energy milling[J]. Food chemistry, 2019, 283: 481-488.
DOI:10.1016/j.foodchem.2019.01.044

[15] ULLAH I, YIN T, XIONG 8, et al. Effects of thermal pre-treatment on physicochemical properties of nano-sized okara (soybean
residue) insoluble dietary fiber prepared by wet media milling[J]. Journal of food engineering, 2018, 237: 18-26.
DOI:10.1016/j.jfoodeng.2018.05.017

[16] ULLAH I, YIN T, XIONG S, et al. Structural characteristics and physicochemical properties of okara (soybean residue) insoluble
dietary fiber modified by high-energy wet media milling[J]. LWT-Food Science and Technology, 2017, 82: 15-22.
DOI:10.1016/j.1wt.2017.04.014

[17] FITZGERALD M A, MARTIN M, WARD R M, et al. Viscosity of rice flour: A rheological and biological study[J]. Journal of
agricultural and food chemistry, 2003, 51(8): 2295-2299. DOI:10.1021/j£020574i

[18] COZZOLINO D. The use of the rapid visco analyser (RVA) in breeding and selection of cereals[J]. Journal of Cereal Science, 2016,
70: 282-290. DOI:10.1016/j.jcs.2016.07.003

[19] WANG S, LIC, YUJ, et al. Phase transition and swelling behaviour of different starch granules over a wide range of water content[J].
LWT - Food Science and Technology, 2014, 59(2):597-604. DOI: 10.1016/j.1wt.2014.06.028

[20] JOHN W. DONOVAN. Phase transitions of the starch-water system[J]. Biopolymers, 1979, 18(2):263-275.DOI:
10.1002/bip.1979.360180204

[21] WANG S, COPELAND L. Nature of thermal transitions of native and acid-hydrolysed pea starch: Does gelatinization really
happen?[J]. Carbohydrate Polymers, 2012, 87(2):1507-1514. DOI: 10.1016/j.carbpol.2011.09.047

[22] XING J, Li D, WANG L, et al. Relationship between biphasic endotherms and multi-stage gelatinization of corn starch in excess
water[J]. LWT-Food Science and Technology, 2017, 81: 335-342. DOI: 10.1016/j.1wt.2017.04.012

[23] MARTINEZ-BUSTOS F, LOPEZ-SOTO M, SAN MARTIN-MARTINEZ E, et al. Effects of high energy milling on some functional
properties of jicama starch (Pachyrrhizus erosus L. Urban) and cassava starch (Manihot esculenta Crantz)[J]. Journal of Food Engineering,
2007, 78(4): 1212-1220. DOT: 10.1016/j.jfoodeng.2005.10.043

[24] PALAVECINO P M, PENCI M C, RIBOTTA P D. Effect of planetary ball milling on physicochemical and morphological properties
of sorghum flour[J]. Journal of Food Engineering, 2019, 262: 22-28. DOI: 10.1016/j.jfoodeng.2019.05.007

[25] GONZALEZ L C, LOUBES M A, TOLABA M P. Incidence of milling energy on dry-milling attributes of rice starch modified by
planetary ball milling[J]. Food Hydrocolloids, 2018, 82: 155-163. DOI:10.1016/j.foodhyd.2018.03.051

[26] CHEN F, XIE F, LIU P, et al. Structure, thermal stability and suspension rheological properties of alcohol-alkali-treated waxy rice

starch[J]. International journal of biological macromolecules, 2019, 134: 397-404. DOI:10.1016/j.ijbiomac.2019.05.009


https://doi.org/10.1016/j.ifset.2015.03.013
https://doi.org/10.1016/j.crci.2007.04.008
https://doi.org/10.1016/j.carbpol.2009.08.016
https://www.sciencedirect.com/science/journal/13891723/128/3
https://doi.org/10.1016/j.jbiosc.2019.02.010
https://doi.org/10.1016/j.foodchem.2019.01.044
https://doi.org/10.1016/j.foodchem.2019.01.044
https://www.sciencedirect.com/science/journal/13858947/374/supp/C
https://doi.org/10.1016/j.cej.2019.05.172
https://doi.org/10.1016/j.foodchem.2019.01.044
https://doi.org/10.1016/j.jfoodeng.2018.05.017
https://doi.org/10.1016/j.lwt.2017.04.014
https://doi.org/10.1021/jf020574i
https://doi.org/10.1016/j.jcs.2016.07.003
https://doi.org/10.1016/j.lwt.2014.06.028
https://xs.scihub.ltd/https:/doi.org/10.1002/bip.1979.360180204
https://doi.org/10.1016/j.carbpol.2011.09.047
https://doi.org/10.1016/j.lwt.2017.04.012
https://doi.org/10.1016/j.jfoodeng.2005.10.043
https://doi.org/10.1016/j.jfoodeng.2019.05.007
https://doi.org/10.1016/j.foodhyd.2018.03.051
https://doi.org/10.1016/j.ijbiomac.2019.05.009

I ] : ool = CEr

[27] WB3CTY, REAEAA, ZRVLHE,55. HRKUER 1 d M TR AR PE D] R BRI 2441, 2015, 30(8):48-53. DOI:10.3969/j.issn.1003-
0174.2015.08.009

[28] ZHANG B, CHEN L, LI X, et al. Understanding the multi-scale structure and functional properties of starch modulated by glow-
plasma: A structure-functionality relationship[J]. Food Hydrocolloids, 2015, 50: 228-236. DOI:10.1016/j.foodhyd.2015.05.002

[29] HE S, QIN Y, WALID E, et al. Effect of ball-milling on the physicochemical properties of maize starch[J]. Biotechnology Reports,
2014, 3: 54-59. DOI:10.1016/j.btre.2014.06.004

[30]LIUT Y, MA'Y, YU S F, et al. The effect of ball milling treatment on structure and porosity of maize starch granule[J]. Innovative
food science & emerging technologies, 2011, 12(4): 586-593. DOI:10.1016/j.ifset.2011.06.009

[31] TEIXEIRA B S, GARCIA R HL, TAKINAMI P Y 1, et al. Comparison of gamma radiation effects on natural corn and potato starches
and modified cassava starch[J]. Radiation Physics and Chemistry, 2018, 142: 44-49. DOI:10.1016/j.radphyschem.2017.09.001

[32] WANITI A, FAROOQ G, QADIR N, et al. Physico-chemical and rheological properties of Bengal gram (Cicer arietinum L.) starch as
affected by high temperature short time extrusion[J]. International journal of biological macromolecules, 2019, 131: 850-857.
DOI:10.1016/j.ijbiomac.2019.03.135

[33] WU J, MCCLEMENTS D J, CHEN J, et al. Improvement in nutritional attributes of rice using superheated steam processing[J].
Journal of Functional Foods, 2016, 24: 338-350. DOI:10.1016/j.jf.2016.04.019.

[34] 2504, 250, (1Y, 45 AR A FRNT T TR AL AN 25 M RFAE RS2 0 [J]. 43 5 5 R B2 T2M,2019,45(13):148-153. DOL: 10.13995

/j. enki.11-1802 /ts.019047


https://doi.org/10.1016/j.foodhyd.2015.05.002
https://doi.org/10.1016/j.btre.2014.06.004
https://doi.org/10.1016/j.ifset.2011.06.009
https://doi.org/10.1016/j.radphyschem.2017.09.001
https://doi.org/10.1016/j.ijbiomac.2019.03.135
https://doi.org/10.1016/j.ijbiomac.2019.03.135
https://doi.org/10.1016/j.jff.2016.04.019

