MREmBE Modern Food Science and Technology 2026, Vol.42, No.5

ANBIKSEE T KRR 5 EHE RSy da BUHFE

B, RixE, BEAE, kT, RDE"
(HHREXFRBAFHRRF R, Hhkiy 410128)

WE . ARRNBE KT KA R AR R R SBRGFra, ZAR AR FTiksldy, BEBHEII, FHREAE
TN 10%. 12%. 16%. 20%. 28% BF K RALE . S R4 (BB MHEF. BESF. Ko Fil. #k. &
T, LM ) AR R &R (RASE., RMSR. BET5 ), SREAY, BMANBEKSHERK, KREEdH 1746 N
RFHME S392N; BB EE W 5.56% BRI ZE 6.49%, AR MEL 21.43% ; KEFHEIRE LAY ShEhk
JoFtHAE 16% KBt kA% (10.88% ) ; MAE. BE. RAFEE ;B ELEE 16% Koot (i, A E R I TAL
Ko A 16% B, KABFAEDLE . RHPARER Y, BIFRE T REERHBAAT K. b, 16% Kom, i
ARKORE. b, ok AR, BMRAT, BEIPSREG. HE. NBEKSH 16% B, KRBRHEL SR KK SR
KA. EHR A LA F T ik b N JE K 0 R AL T IR,

FEEA: F Tk NBRS KORE SHERLK

MBS 1673-9078(2026)5-213-222 DOI: 10.13982/j.mfst. 1673-9078.2026.5.0304

Quality Characteristics of Rice Flour and Fresh Rice Noodles under

Moisture Control before Milling

XTAO Qian, WU Miaoyuan, LIAO Luyan, ZHANG Yu', WU Weiguo

(College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: To investigate the effects of moisture content before milling on the quality characteristics of rice flour and fresh
rice noodles, a semi-dry milling process was applied. Rice hardness, rice flour quality characteristics (including damaged starch
content, particle size distribution, hydration properties, reconstitution properties, gelatinization behavior, rheological properties,
and microstructure), and quality attributes of fresh rice noodles (including cooking characteristics, textural properties, and sensory
scores) were systematically evaluated at milling moisture contents of 10%, 12%, 16%, 20%, and 28%. The results showed that
decreasing moisture content before milling significantly increased rice hardness from 17.46 N to 53.92 N. Damaged starch content
increased from 5.56% to 6.49%, and particle size increased by 21.43%. Hydration properties exhibited an overall increasing trend.
The aggregation rate initially decreased and then increased, reaching a minimum value of 10.88% at 16% moisture content. Peak
viscosity, trough viscosity, and final viscosity first increased and then decreased, with maximum values observed at 16% moisture
content. Scanning electron microscopy revealed that rice flour produced at 16% moisture content had smoother particle surfaces,
fewer mechanical scratches, reduced starch granule exposure, and better preservation of native starch granule morphology. For fresh
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rice noodles, hardness, chewiness, and paste viscosity were minimized at 16% moisture content, whereas elasticity and sensory

scores were maximized. Overall, optimal quality characteristics of both rice flour and fresh rice noodles were achieved when the

moisture content before milling was controlled at 16%. These findings provide a theoretical basis for moisture selection in industrial

semi-dry rice milling processes.
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Table 1 Sensory evaluation form for fresh rice noodles
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Table 2 Impact of moisture content before milling on the gelatinization properties of rice flour
NEEKG % EABRE B /cP BAEFE /P FBALICP RAFE /P B A{EP  LIERE/C
28 348833 %66.53%  2734.33+95.45" 754.00 £70.77" 4 744.33 £100.06" 2 010.00 +43.51° 80.23 +0.08"
20 3521.67£34.15%  2800.00 +57.51" 675.67=71.28" 4821.67+58.11" 2095.67 +35.84" 81.12+0.51°
16 3654.33£2491°  2804.00 +37.24" 850.33+49.24" 4827.67+61.60" 2023.67 £65.58" 81.55+0.23"
12 3587.00 7238  2729.00+70.70" 848.00 +41.68" 4817.00+41.94" 2128.00 +96.91° 81.43 +0.46"
10 3432.67£53.58°  2564.00 £69.46° 868.67 +100.20" 4 693.67 £30.89" 2129.67 +40.86" 81.47 £0.45"
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Fig.6 Scanning electron microscope image of rice flour
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Table 3 Impact of moisture content before milling on the textural properties of fresh rice noodles

NIE K% R /g FEW M /(gs) B MR R g
28 7 687.20 + 57.06™ 106.72 +12.47° 0.90 0.03* 0.69 £0.02° 4509.65 +59.17°
20 6 805.93 +259.22° 124.10 £9.77° 0.91+0.01° 0.57+0.01% 4229.26 * 82.78°
16 6 786.75 + 184.47° 138.09 +15.75" 0.92 0.02° 0.60 £0.02° 4160.10 +218.33
12 7531.73 £115.09° 167.28 £21.43" 0.88 £0.01™ 0.57 0.02¢ 4377.87 +63.25™
10 7952.59 £115.24° 171.35 £27.25° 0.87£0.01° 0.55+0.01° 468022+ 148.14°
3 g PIRRLE S, WO Z TAEUE T FiRgs it . e

BT FCLLRRICK O JERE, SR TER R, RS
RIC T N BEIK 53 368 KK o R A B B0 K 2 it Jo FR) 5
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220

N B AROUL P A J2 T FE I 8 16% N S K 73
X R AN S SRR R £t S K VR F ML, (B
X SE P LR K, 5 BT S5 5 AN R il A R A
B NEELZSH, PRI R EErE. 4
B BTN T TR AR N B K 2 B e FE R
7 EE R R .

[1] TIAN Y, DING L, LIU Y, et al. The effect of different milling
methods on the physicochemical and in vitro digestibility of rice
flour [J]. Foods, 2023, 12(16): 3099.

(2] SROHEE AR b 3y O S0 Kok i 5T R 5 A [T AR £ S5 IR,
2021,34(10):19-22.

(31 R BT B, A, 25 R PR T 20 ORI
TR RIS 0], 2 i Tol,2024,45(3):30-34.

[4] WU T, WANG L, L1, et al. Effect of milling methods on the




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.5

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

properties of rice flour and gluten-free rice bread [J]. LWT-Food
Science and Technology, 2019, 108: 137-144.
Wvsti, 2 B, B, A5 B B T 200 ROKO il JB R
Tlk,2019,40(1):105-107.

TONG L T, GAO X, LIN L, et al. Effects of semidry flour milling
on the quality attributes of rice flour and rice noodles in China [J].
Journal of Cereal Science, 2015, 62: 45-49.

TR, B AT e, A5 WL FE A T 20 ROK R A L
KN it 57 R e (D] R £ 5 IR, 2025,38(4):13-20.

ARG, B ARV, 5 BT 2 e G o M T AR R K
L RPN A R (1], & Tk R1H,2025,46(9):307-316.
A=A E TR, 5 EU G B T X ORI K AN 28 R 1Y
FEMA ]85 AR AR 5441R,2020,39(12):42-48.

WANG G, YAN X, WANG B, et al. Effects of milling methods on
the properties of rice flour and steamed rice cakes [J]. LWT-Food
Science and Technology, 2022, 167: 113848.

TR 7, 205 B RHE BT AR T ] A 3
T PERIFTE[]. 652 PG 2 B 2441,2021,37(5):63-67.
FA B B, A K AR BRI ) B e A ).
PR, 2017,22:103-107.

ZHANG R, WANG Z, HE X, et al. Effects of sweet potato

starch on the physicochemical properties and edible qualities of

LA [T]

instant fresh rice noodles [J]. International Journal of Biological
Macromolecules, 2025, 286: 138553.

VL, G0 2 AR I ROK R TR0 1 B I 52 IEA R R 1) B
%IJ[J .ﬁuu'ﬁﬁ@%rlk,zozl,mu):186-192.
GAO L, GUAN M, QIN Y, et al. Utilization of heat-induced
curdlan gel to improve the cooking qualities of thermally
sterilized fresh rice noodles [J]. International Journal of Biological
Macromolecules, 2024, 262: 129693.
GAO L, XU Z, ZHANG R, et al. Effects of erythritol on
rheological properties of rice flour and structural characteristics of
extruded dried rice noodles with rapid rehydration behaviors [J].
Food Hydrocolloids, 2023, 144: 109007.
FENG H, LI T, ZHOU Y, et al. Effect of rice bran and retrograded
time on the qualities of brown rice noodles: edible quality,
microstructure, and moisture migration [J]. Foods, 2023, 12(24):
4509.
g R T B A
TARE,2020,41(1):74-79.
P IE A SRR N Koy i ST R R i PR R 7] R R AR K, 2022,
28(3):34-41.
ASMEDA R, NOORLAILA A, NORZIAH M H. Relationships

of damaged starch granules and particle size distribution with

SR OKOR) R PE U e SRR R[] B

pasting and thermal profiles of milled MR263 rice flour [J]. Food
Chemistry, 2016, 191: 45-51.

WANI A A, SINGH P, SHAH M A, et al. Rice starch diversity:
Effects on structural, morphological, thermal, and physicochemical
properties-A review [J]. Comprehensive Reviews in Food Science
and Food Safety, 2012, 11(5): 417-436.

JI L, ZHANG H, CORNACCHIA L, et al. Effect of gelatinization
and swelling degree on the lubrication behavior of starch

suspensions [J]. Carbohydrate Polymers, 2022, 291: 119523.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

8T VR % g R 55 2 B o i R P 7K 3 AR A IR K
o it O AR LA (9] £ 271 ,2021,21(7):208-215.
GAO W, CHEN F, WANG X, et al. Recent advances in processing
food powders by using superfine grinding techniques: A review [J].
Comprehensive Reviews in Food Science and Food Safety, 2020,
19(4): 2222-2255.
NGAMNIKOM P, SONGSERMPONG S. The effects of freeze,
dry, and wet grinding processes on rice flour properties and their
energy consumption [J]. Journal of Food Engineering, 2011,
104(4): 632-638.
QIN W, LIN Z, WANG A, et al. Influence of damaged starch on
the properties of rice flour and quality attributes of gluten-free rice
bread [J]. Journal of Cereal Science, 2021, 101: 103296.
KRBT I, 065 AN FIHDE 77 2O Kb by TR S8 K 28 i
A2 80 [ 2 i RH7,2024,32(5):42-50.
KIAN-POUR N, OZMEN D, TOKER O S. Modification of food
powders [J]. Food Powders Properties and Characterization, 2021:
125-153.
ChIPAKWE V, SEMSARI P, KARLKVIST T, et al. A critical
review on the mechanisms of chemical additives used in grinding
and their effects on the downstream processes [J]. Journal of
Materials Research and Technology, 2020, 9(4): 8148-8162.
DONMEZ D, PINHO L, PATEL B, et al. Characterization of
starch—water interactions and their effects on two key functional
properties: Starch gelatinization and retrogradation [J]. Current
Opinion in Food Science, 2021, 39: 103-109.
ORI, 52 [ FR RO, S T 2 TR B B xR K
JR IR MR [, o BRI 27 412,2020,35(1):137-142.
JIAMYANGYUEN S, WICHAPHON J, BOONMEEJOY 1.
Classification of rice cultivars by using chemical, physicochemical,
thermal, hydration properties, and cooking quality [J]. Food and
Applied Bioscience Journal, 2019, 7(2): 42-62.
LR, N5 A BT 5 T MR T o A OO TR
T EE A [0]. A Tk AHEE,2020,41(13):22-26.
ANDO Y, NEI D. Comparison of potato void structures dried by
air-drying, freeze-drying, and microwave-vacupm-drying, and
the physical properties of powders after grinding [J]. Food and
Bioprocess Technology, 2023, 16(2): 447-458.
WU C, GONG X, ZHANG J, et al. Effect of rice protein on the
gelatinization and retrogradation properties of rice starch [J].
International Journal of Biological Macromolecules, 2023, 242:
125061.
ZHANG W D, WANG G, WEN P W, et al. Effect of purple
red rice bran anthocyanins on pasting, rheological and gelling
properties of rice starch [J]. International Journal of Biological
Macromolecules, 2023, 247: 125689.
HUANG J H, WANG Z, FAN L, et al. A review of wheat
starch analyses: Methods, techniques, structure andfunction [J].
International Journal of Biological Macromolecules, 2022, 203:
130-142.
YANG Y, WU N, ZHANG C, et al. Effect of addition of soybean
protein isolate on the retrogradation of rice starch [J]. International

Journal of Food Science and Technology, 2024, 59(4): 2446-2457.

221




MR @i

Modern Food Science and Technology

2026, Vol.42, No.5

[39]

[41]

[42]

[43]

[44]

[45]

[46]

222

WANG Y, CHEN L, YANG TY, et al. A review of structural
transformations and properties changes in starch during thermal
processing of foods [J]. Food Hydrocolloids, 2021, 113: 106543.
HU W X, CHEN J, XU F, et al. Study on crystalline, gelatinization
and rheological properties of japonica rice flour as affected
by starch fine structure [J]. International Journal of Biological
Macromolecules, 2020, 148: 1232-1241.

JIANG J, L1 J, HAN W, et al. Effects of reheating methods on
rheological and textural characteristics of rice starch with different
gelatinization degrees [J]. Foods, 2022, 11(21): 3314.

CHENG Y, LIANG K X, CHEN Y F, et al. Effect of molecular
structure changes during starch gelatinization on its rheological
and 3D printing properties [J]. Food Hydrocolloids, 2023, 137:
108364.

BT TS 240G, X 0 A6 B H A B R KO IR AR B L R R A
PRS2 [T]. & LA} 22,2021,42(15):89-98.

BHINDER S, KAUR A, SINGH B, et al. Proximate composition,
amino acid profile, pasting and process characteristics of flour
from different Tartary buckwheat varieties [J]. Food Research
International, 2020, 130: 108946.

RONIE M E, HASMADI M. Factors affecting the properties of
rice flour: a review [J]. Food Res, 2022, 6(6): 1-12.

WANG L, GUO M, ZHANG Y, et al. Effects of soaking treatment

[47]

[48]

[49]

[50]

[51]

[52]

[53]

on water distribution of rice grains, starch characteristics and
eating quality of wet rice noodles [J]. International Journal of
Biological Macromolecules, 2024, 278: 134621.

FMRAS, B M, W BT, 55 KB it 5T DAY B 2 7 B 7 IR 2 Jé
BT M A RHE,2022,30(6):71-79.

LI CM, YOU Y X, CHEN D, et al. A systematic review of
rice noodles: Raw material, processing method and quality
improvement [J]. Trends in Food Science & Technology, 2021,
107: 389-400.

TR M 200 KA A 5T A ] i i
TR EE,2024.

E R AR RS o RPN S S I AP Ny DA P N i e
JRFEMA ], A DRI 2 9R,2020,35(1):137-142.

B G R, AR R U B T I AR /N KOR R T 2% T R
PERSZMA ] & &8} 2,2018,39(15):132-138.

ZHANG J, YOU Y, LI C, et al. The modulatory roles and

regulatory strategy of starch in the textural and rehydration

JR IR 52 [D].

attributes of dried noodle products [J]. Critical Reviews in Food
Science and Nutrition, 2024, 64(16): 5551-5567.

HEO S, LEE S M, SHIM J H, et al. 2013. Effect of dry- and wet-
milled rice flours on the quality attributes of gluten-free dough and
noodles [J]. Journal of Food Engineering, 2013, 116(1): 213-217.




